1 DESCRI PTION Optical -Di sk Recordi ng Medi um Pl ayi ng
Appar atus and Method for Sane, and Recording
Apparatus and Method for Same Field of the Invention
The present invention relates to an optical -di sk
recording nmediumin which main data is recorded in
the form of a conbi natDBSCHIPAION and | ands forned on
one side of a substrate, a reflective |layer and cover
| ayer are stacked over the substrate side where the
pits and | ands are fornmed, sub data is recorded in the
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LSRR TR, DY bR SR A0y fr Same,
the output |eyel of a,reading signal wll be raised at
the por b1 ol Keeodling A paraces agd M&oiar 3t ay: ng
apparatus and nethod for the optical -di sk recording

medi um and a recordi ng apparatus and net hod for
recordi ng sub data to the optical-disk recording

Fieldnddhadnvéaiteorpr esent i nventi on contai ns subject matter
related to Japanese Patent Application JP 2005-030272

Thegttescht iftentiRpRgses Raba ptichl-Uik x@eoﬁﬁh% waédiuh in which
2005 and Japanese Patent Application JP 2005-205439
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e entire contents of _ ng 1 ricor porat ed herein
side B sUBLAAENR R BIARAIC o1E B S 158t
side WRHRH SVSCHBIdb AT ot sch g dalthi Teepidedinalipgomm ofanarks
formédhl()e)rf %gdi%?iggkigseerl?;hlﬂc%%%h;; a %vrsitri]r?grg iaogvieﬁo kt)ﬁ/e reflective layer and
the output level of a reading signal will be raised at the portions where the marks
are formed, a playing apparatus and method for the optical-disk recording medium
and a recording apparatus and method for recording sub data to the optical-disk
recording medium.

The present invention contains subject matter related to Japanese Patent
Application JP 2005-030272 filed in the Japanese Patent Office on February 7,
2005 and Japanese Patent Application JP 2005-205439 filed in the Japanese Patent
Office on July 14, 2005, the entire contents of which being incorporated herein by

reference.

Background Art

The optical disks used to record information include the ROM (read-only



~injection nolding of plastics with a stanper having
pits and | ands forned thereon in advance. O the ROM
di sks of this type, CD (Comgact Di sk) and DVD
(Digital Versati |l e Disk), for exanmple, are w dely used
as recordi media to record content information such
memﬁgy};ﬁéiecR dlésk isewilelpused anapiankage mediumyoves pheworld
thereto data recorded in a ROM di sk sold as a package
becansminany replcabilsstratesthieesdfaian kb pleslucbd e ashert thaerby
produced and prejudicial to the interests of a person
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di sk. Cenerally, the coun felt ks are produced
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rec abl e di sks. Var.ious techni ques for copy

content AHANTAEE A5BUSIEy WigE8ediCher et of ore to  prevent
such counterfeit information-recording nedia from
b¥skphaviogubegalby copiedsheretw datp recortieel ini gROMalisk sbld as a
such techniques is to append, for exanple, unique

packagtemietfur a¢d-oalléd tonmmet fenditios, dagk evbr Heak prodiltetantian
be built a systemin which unique identification
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technlque and k player catlon
theR i t| on and sends it to an external server via a
e wor K. Even if such counterfeit di sks have been

and ted, the external server wll
?@sﬁﬁ’atb%w el averrogusied By dBrmite @ staceher by
nformati on and the system can thus detect that th
masteémg]% ebasigpE rigmals feaddrowean authgnticated disgnand rephcatmg

di stributed. Further, the systemcan also identify a
opticalalisk=by the snglernaidey copyitigstighdistread frpn tenaithghticated disk

di sk pl ayer having sent the
to recordable disks.

Various techniques for copy prevention have been proposed heretofore to
prevent such counterfeit information-recording media from being produced by
those having no due right.  One of such techniques is to append, for example,
unique identification information to each of disks. There can be built a system in
which unique identification information is appended to each disk with this
technique, and a disk player reads the identification information and sends it to an
- external server via a network. Even if such counterfeit disks have been produced

and distributed, the external server will detect a large amount of the same

identification information and the system can thus detect that the counterfeit disks



detected identification information to the external

server. Even identification information uniqgue to each

aut henti cated di sk should b& recorded not to easily

be copi ed as above by a commercially avail abl e di sk

drive, which will be useful for protection of the
havedwmspg)mdﬂmd and diiihutidt a Furtharethei syktenDoan his identify a

account, it was proposed to record identification

counterfait diski makérort distritngét by tidetgifydyes didk plagethsking\sent the
form ng marks which will cause the refl ectance of the

detect&d Ecﬁﬁﬁiﬁ(ﬁtxbﬁﬁﬁfoﬁr?atiﬂ?ﬁﬂ%gtﬁe e&%exﬂhﬁé‘éﬁéﬁd in the

Japanese Patent No. 3454410, nmain ta such as
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make a smal| ~ change, in reflectance of a portion,
Whlclawvé)q neetpl for potecaionsof he coperight fercthieveainadase in thendisk.
mar ks are recorded to the reflective |ayer of the
&nt ihimhcahek, hywas pragosed trdcase iddritifiuationghésrniation to the
power than the reading |aser light. The change in

refledtidvel lageadL theCdivk &F foymine nimky swhich selloaake thdRiflectance of
reading of the main data recorded in the formof a
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refl ectance, and i nt egrate t he sanpl es, for exanpl e.
identificationiinformpsionisgeconsied tynEreiing markarvehich widl make a small
inserted as sub data are determ ned between the sub
changtainareflectande rofambrpﬂoay aboee ther plitngr tands, of édaefeoiinethyer.
algorithm 4 Thus, in the authenticated disk pl ayer

The insarke 98¢ Rcorded tolgns idhlecaos 4yt the @Pﬁchh@lsk

' are to be recorded according to the sinmlar al gorlthm
irradih@n & 1A% lighHidHRk in power than the reading laser light. The change in

reflectance caused by the marks is so small that reading of the main data recorded
in the form of a combination of pits and lands will not be influenced. Thus, the
marks will not be read while the main data is being read.

It should be noted that to read the sub data itself, a separate playing system
may be provided to sample many parts of the reading signal of the main data, each
given the small change in reflectance, and integrate the samples, for example. In
this case, positions where marks are to be inserted as sub data are determined

between the sub data recorder and player according to a predetermined algorithm.



recording and thus read the identification information
as the sub data accurately. Disclosure of the
Invention In the foregoing, 4t has been described that

a counterfeit disk is produced by illegally copying
information in an authenticated ROM di sk without any

Thusgire the guthentieated idjsk playes ipisquissitde i identify possmgisnghere the
signal s obtained by reading the authenticated ROV

markgiask to bewev@aded accordiigtd éid sidiitde algorithins @o bonerndddod
using a stanper prepared by transcribing the physical

recoﬂ'ihi’g)tﬁn&fthﬁ%aaltﬁé Edléi%tﬁid%llftiohhiﬁf?gﬁ‘a}tﬁﬁ{‘ﬁé Rt s‘gtﬁ) Bt stately.

as it is. Mire specifically, t atter technique Is
such that the cover layer and reflective |layer of the
ROM di sk are separated fromthe substrate to expose

Di its d Jands forned on the substrate and the
ISCE)SHE%Qf{He Vﬁﬂém&onvexiti es thus exposed on one side
of the substrate are physically transcribed to copy
ilnftlhe ferceemg; ddirsdeaen dascrihed dhafia caurgerfeid khislgisaproduced by
di scl osed in the Japanese Patent No. 3454410 is such
illegalhacopymg ksfoanmationr imeth arthentiedteé ROVEdishyeithoit apcdue right,
optical disk to provide identification informtion
nametltﬂ,l 16 iepiovtut b usigl thalreddinls. sigedrobiived BYapadiap thé

is method permts to prevent production of a
e & o [k : i Bt cia _
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a starp B iRt by DapSifindth Sy bRRl Hidhechthe sl of he
cove refl ective |layers are separated fromthe
authegﬁsg{eﬁil?@l\/éﬁgsl%a%gtlger n of pits 5 and lands forned on
the substrate i s physically transcribed to produce a
Mqyei spgceifinadly, throlatter tachniguris sachithietribietdoar layrer and
information to the reflective |layer, it is
reflective layer of the ROM disk are separated from the substrate to expose pits
and lands formed on the substrate and the concavities and convexities thus exposed
- on one side of the substrate are physically transcribed to copy information recorded
on the disk. |
- The technique disclosed in the Japanese Patent No. 3454410 is such that
marks are formed on a reflective layer of each optical disk to provide identification
information unique to the optical disk. Seemingly, adoption of this method
permits to prevent production of a counterfeit disk having information in an
original disk illegally copied thereto since marks formed as identification

information to each disk on the reflective layer cannot be transcribed in case the

cover and reflective layers are separated from the substrate and a pattern of pits



necessary to irradiate |aser light having a relatively
hi gh power to the reflective Ilayer. Wen irradiated
wi th such a hi gh-power | ase5 |ight, the tenperature of
the marks-recorded portion, for exanple, of the
reflective layer will be higher and the substrate
and langls formied oe thersubaiaty isphystelly wansarited:togrdiduke a replica
itself will possibly be deformed. That is to say,
diskthere is a possibility that the marks to be forned
only on the .reflective layer will physically be
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transcription, the sub data is possibly copied
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layery, | hpR rRdieldh Bithyek e Bierbow e lentisht 6&'!:&‘@? crikire of the
and 1B. FIG 1A is a sectional view of an optical disk
marksgecoided nertignaforiezagple, efiberefeetive byer mafll ehigher and the

| ayer 102 and cover |ayer 103 and havi ng the marks

substtaterveid] thns bedhemedlle expardddasethat e disk itsedf will posdibly be
di sk 100, main data is recorded in the formof a

deforeggthi nation of pits and |ands being a
concavity-convexity pattern to one side of the disk

194t isdka gt Heré ﬁé ﬁgééigﬂi‘r& Sﬂﬁﬁthl- ORarkido %%\Sﬁtftn;eﬁycgfly H3he

are stacked on avi ng the

i be
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er |i htt ortian, ah ethe pits or.
physipREGimsqrBition, e’ sifufag 15 pssiBly eppicdonavith B ais data.

In the exanpl e shown in FL.G 1A, the marks are

Thespersdinghobmssks fasridentifivation pf adbisletartheoigflestive layrer by
. _the reflective layer 102. To record the marks as sub
irradidting laseadight haying dheelatige higltepawievelill Hel giplpioedbelew with
reference to FIGS. 1A and 1B. '

FIG. 1A 1s a sectional view of an optical disk 100 including at least a substrate
101, reflective layer 102 and cover layer 103 and having the marks formed on the
- reflective layer 102.

In the optical disk 100, main data is recorded in the form of a combination of
pits and lands being a concavity-convexity pattern to one side of the disk 100, and
the reflective layer 102 and cover layer 103 are stacked on the disk side having the
pits and lands formed thereon.

As having been described above, marks 110 as sub data are recorded by

irradiating laser light to a portion, above the pits or lands, of the reflective layer



irradiated to the reflective |ayer 102 as above, so
that portion where the marks 110 are fornmed will have
the tenperature elevated dué to the | aser-1light
irradiation and the heat be transferred fromthe
reflective |ayer 102 to the substrate 101. As a

102 plethglapticahdiskuldit. r alnetheaxample showsi inlKIthd Adéhe maslis are
partially due to thermal expansion or the like. The

recordetl amaportionyiabbve egdet eteemiuaiianidgst kO fleotine dayor 102.
portions of the substrate 101 which are in contact

¥o RcbREtHeShh A&t AVt dHar la&&zhgﬁtslﬁ;ﬁig@ alrBldtively b h @wer is

this case, if the cover 1ayer reflect|v
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on the reflectlvela er. 102 wi || betranscrlbed
the h@%i Bagansigped feamm the Teflectiveoiaper A0 tathepsubsivate 101 Asa
concavities 11 Ca corresponding to the nmarks

result, thar substintel 100 witlkepessitilade déformed pabtialiyatee 16 thesmadl
have a reflectance which is a little |ower than that

expaiiot be tlgd like. | ands. Thus, a replica substrate,
produced by physically transcribing the surface shape

t he%ﬁﬂﬁg&ﬁ R 1ééhltdﬂeefﬁ ﬁé’s’ RSh Rﬂr&ég‘% 35%@55 of the

concavities a correspon

I on
substfF 191 1 ehigk i Upiaf “@@a{%ﬁﬁe&%ﬁg‘fﬂ%f’?%ﬁﬁéﬁ%ﬁ@ in FIG.
r data |f| t|on dat a
1A, ﬁ Sitods, HiBs clvenlaes otk dNiective Bnandf deare Septated
acking a_reflective |ayer and cover I a)ﬁgr on the
from ﬂeﬂpwttsgaé@ b8l aaddhe pubstrate dgl 4 eaposed atftheiséde thereof where
aut henti cated optical disk producing process, there

the pitd and kedspare domeed, thayonoavities léDa sdemksg tcawmgspdml to the
' main and sub data in an original authenticated
mark®pl 0 t@be doailicd onleon therelectbr lahey 162 ll be transcribed to the
substrate 101 as shown in FIG. 1B. The concavities 110a corresponding to the
marks transcribed to the surface of the substrate 101 will have a reflectance which
is a little lower than that of the other lands.

Thus, a replica substrate, produced by physically transcribing the surface
shape of the substrate 101 having formed on the surface thereof the concavities
110a corresponding to the marks 110 that should nomaly be formed only on a
portion of the reflective layer 102, will have the marks, as sub data to be used as

identification data unique to each disk, copied thereto as they are.

By stacking a reflective layer and cover layer on the replica substrate thus



It is therefore desirable to overcone the
above- nenti oned drawbacks of the related art by
provi di ng an optical -di sk ré&cordi ng nmedi um pl ayi ng
apparatus and nethod, capable of positively
di scrimnating between an authentically produced
obtaipgdiasan thi erthenticated epiticahdiskqikogucingquacess, theare geilll e
copyi ng the authenticated disk, a recording apparatus
prodacell maneduniafeit deks dianing the mpimonid syl dafask an original -
recording nedium sub data that permts to
auﬂléiitﬁ:@fé%%m}a? gt vsiad Iherdhd Beftidycaed optical - disk
and a replica disKk illegally replicated based on the
. et tical -di :
05 RS Al o, P8 oty BRFL R b ROAE ROk of the
recordi ng. . ar at ys nmet hod. According to an
relategf 3 bty GRE A niicel e Terobhing sRESiume pluoiids BPugratmy and
apparatus for playing an optical-disk recording nmedi um
methpacopam E@OEPQQIBQ’J}@@@CHHHW% hetweanaamavibestigeldy produced
~the formof a conbination of pits and | ands on one
opticsi disk tandraaplisadisk prehsed by idlegally icopylngythe anbemtioated disk,
| ayer stacked on the substrate and to which sub data

a recolingappatachs ahd Arthed, fopteomriifg, 36 ah @ptedl-aiskifeeording

reflective layer by irradiating witing-power |aser

medihing §hb datd Mt F)@t\flrmhfif E(%) Yischimbtd balydehen ﬁi’t&%réfr?éeatctsﬁ gptical

readi ng signa e raised at portions

disk RS S RE APty Fepl AR P S st et dls§and an
opticHSL3R 5 ko g S b P e s gsening
been irradiated to the optical-di sk recordi ng nedi um
apparaies %Wﬂmﬁaar atus further includes a sub data
detector for detecting the 8 Ilevel of the sub data on

Algeotslisg $0 ah eniimodiasanit of dlie gatsent imgntiba, thereés plyire
readi ng signal generated by the reading signal

ppandhnytog o UL MCIRSR agnating g gk
having§h&mddth PEcoMIBl B thd RGP HPa combination of pits and lands on one
side thereof and at least a reflective layer and cover layer stacked on the substrate
and to which sub data is recorded in the form of marks so formed on the reflective
layer by irradiating writing-power laser light to the reflective layer that the level of
a reading signal will be raised at portions where the marks are formed, the
apparatus including a reading signal generator for generating a reading signal by
detecting a return part, from the optical-disk recording medium, of reading-power

laser light having been irradiated to the optical-disk recording medium.

The above apparatus further includes a sub data detector for detecting the



data | evel having been detected by the sub data
detector has a correct polarity, whether the
optical -di sk recording nedi8mis an authenticated one.
Accordi ng to anot her enbodi ment of the present
invention, there is also provided a recording

levelayfighe aubslataon tlee bagds ng tiseibesdktted detectimgothici wediie of she reading
recording nediumincluding a substrate having main

signal geferat€dbyiabe rendifg sigdalmzeheratorcipredeicomindd Pirhpling point,
and | ands on one side thereof and at |east a :

and 4 R AR UL A8 s b A BE Sy e s
i di t ] - | th | :
data G hMG Hich FOEAPY4h8 o AR AR QP et At B
whetR e clisahainh togrHNE SNEUTE R BBEORGRICa 908 ot us.
including a recording nmeans for recording the sub
decardipgithenethdreabetiisient of thelprageneitivention, thene ixalsh

of the marks is formed to such a size and depth by

provided adieadidigg bpparatind forgepondirig kals data fo ghoptidtditkeecording
| evel of a reading signal will be raised at the

mediBer kR #aebstrie HViKS mAh el PEBRAARYIn #id forkFof a

| onered at the mark-formed portions in an optical -di sk
comth RGBT G Al TR yerana
cover 58t ol N e BBl A 58! EBight o
poni B e b P R i
substrate in the formof a conbination of pits and

recordiaganedinméa formn madrke oni the retlgetivealayer oomespandinghyrto the
stacked over the substrate side 9 where the pits and

predetandacdiengthrionds, the decorfimppdpparstusdachdite hre¢ddinponm®ans
of marks fornmed by irradiating |aser |light having a

or RS PAISpki 1 RREAEE e IBE B 8 Bk Bt ofthe
mark @R oFRadb$ch a size and depth by irradiating the writing-power laser
light that the level of a reading signal will be raised at the portions where the marks
are formed but will be lowered at the mark-formed portions in an optical-disk
recording medium produced by physically transcribing the substrate shape of the
above optical-disk recording medium.

The above playing and recording apparatuses according to the present
invention are compatible with the optical-disk recording medium in which main

data is recorded on one side of a substrate in the form of a combination of pits and

lands formed, a reflective layer and cover layer are stacked over the substrate side



recordi ng nmediumincluded in the present invention, it

is possible to produce an optical-disk recording

medi um havi ng such a charact®eristic that the | evel of

a reading signal will be raised at the portions where

the marks are forned while the level will be | owered
whergtthe péts madidands aredfopmet]; and sivh data ispecemleddingke form of marks

recordi ng nedi um produced by physically transcri bi ng
formed ysinbsliatateclasbalightdiaiihg aabaviag podraalthdirsfliective layer,

recordlng medium That is, the sub data can be so
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di"'sk recordin Ile w e
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present invention includes the determ ning unit that
readingsigal madl haeaisadt atithe portions v erathe manksatisdenmed while the
detected at the correct polarity as above. That is, in
level oeidlebe evened at thexmankdotmed portient inpar apﬁtgfl,—dilsheecording
optical -di sk recordi ng medi um | oaded in the playing

mediappgroduged &g pHLidalifaeshdceibies thesiitienté SladRrbOMe above

t he contrary if the sub data  polarity is not

opt1c§]ﬁdifs§%coﬂdlﬁ?g ARIdiGA! - dFiRd i5 88 rsqg Qﬂagi‘?ﬁ& g@sb%éﬁ@ieﬁ%s to
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level .is raised in the authenticated dis t
have FHP% Iy fnasifeitn tﬁe OB RRLA I Jiany; Cuiny ? %@@&l%é@hﬁg on

t he authenticated disk. Also, it was found that it
recordiaganadium producedshy dlegadlyRaming the metheativatedioneher
the disk can be forned to 10 have such a
Omathaxaeoouat,i the abbue playing pparatos decuwydapptr thieywresent
according to the present invention, when the

v o0 o oy st o B thae
has be&'@tBctcd dt IhECbARCPOSSitPds Gbove. That is, in case the sub data
has the correct polarity, the optical-disk recording medium loaded in the playing
apparatus can be judged to be a authenticated one. On the contrary, if the sub data
polarity is not correct, the optical-disk recording medium loaded in the playing
apparatus can be judged to be a counterfeit one,

As above, it was found that in case he marks are recorded on the lands, the
reading signal level is raised in the authenticated disk but it is lowered in a

counterfeit disk produced based on the authenticated disk. Also, it was found that

it depends upon the size and depth of the marks whether the disk can be formed to



portion, corresponding to the |land, of the reflective

| ayer, the sub data is recorded by irradiating the

| aser light to formthe marks to such a size and depth

that the reading signal level will be raised at the

mar k- formed portions of the authenticated disk, while
haveisuchial ¢hapacteastie. e dThus,dndhe mesdeding apprhrpiosticoosding ta the

counterfeit disk produced based on the authenticated
preseit SkverBiony idtbaciheoy dting@piovedd lasiélslk%htrig ¢eadiafdl ®edieyBrtion

with the sub data recorded in the Tormof such marks,
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correfggﬁndlﬁ .t@rthéga | giﬁaﬁ {tﬁé‘gg&%ééfn%%ﬂ Ié@ﬂlhrﬁ form the I;]nearks ona

t henti cate posite to"that 1n t

porti i A FpBhlifl B WRISKETT oAl L dHh SRt licorde
by iriie therigraiehtdS eireithe FATKS (g fisien o Rpih that the

srecording medium produced by depositing a reflective .
readipg yignad hevel veibl be enisadbat thetmartkefarewed petitiogs #fsheapthenticated
prepared by physically transcribing a substrate shape
disk, avidlelt svillre lopetedat sdéls markeformiedgportidhsiin preoduteeteibgtisk
depositing a reflective layer on a substrate from

produdedBhstd ©ncthe Guftdenticafd Béisky e BypyRiduass ReopticsauRd

by separation. According to the present invention, it

: . _ i cale di ,
recortng e Srit R A 0B1a3c BRHI S KOitn JIREPR IS, by

r t .t he.readi sj.gnal, J.evel.,that wll b .
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will be l.qwered in.,a counterfeit disk produced based
the th?lﬁbélt qﬁ@?ﬂtﬁ&?ﬁﬁ@@%@ pajthe pHihenticated skl of the sub

data read fromthe authenticated optical-disk

Neto tit tlae lepticahdisk redsedimgomedivaniprodeses by physigallyf

the sub data read fromthe 11 counterfeit disk. As a

transerésnpta, subistrate shapet' refercaintolieerehrimebrs weeptichbdisk recording
aut henti cated optical -di sk recordi ng nedi um and a

ARty BB XA SRt AL ATl e
using a stamper prepared by physically transcribing a substrate shape and also an
optical-disk recording medium produced by depositing a reflective layer on a
substrate from which the original reflective layer has been removed by separation.
According to the present invention, it is possible to produce an optical-disk
recording medium having sub data recorded therein in the form of marks so that
the reading signal level that will be raised at the portions where the marks are
formed will be lowered in a counterfeit disk produced based on the authenticated

disk. Thus, the level of the sub data read from the authenticated optical-disk

recording medium will be opposite in level to that of the sub data read from the



aut henti cated optical -di sk recordi ng nedium Al so, the
pl ayi ng apparatus and nethod is adapted according to
the present invention to jlidge whether an
opti cal -di sk recording nedium | oaded in the apparatus
Is a authenticated once by determ ning whether the
countesfeit disk. subs azesult, dbsarmmmtionaant eemade ibehiveen the
recordi ng medi um has a correct polarity, and al so

aunthergdtahbdpticainiichoredhat mg @edigrdndn ¢himtetfei @neito pretct
recordi ng nmedi um whereby a copyrighted article

contéit GRtARRE hded EmAR H5@! as ifﬁ)}fgfﬂgﬁﬂ' REc18%EEAHAeE 3R aRe

protected. The foregoling a eat ures, aspects
: . invention will becone
authé%%%g@%c?agﬁﬁ%lgge#ogﬁngmﬁﬁg%T ail ed description of
odinments. of the present |nvention en taken i.n
AR hEiering anparahs S50 dusthadyr adted achoulingre e present
) DESCRI PTI ON OF THE DRAWNGS FIG 1A is a_ sectional view
mvergionge jwgee sehethesan optieak-digk reeardingpmedinmdoaded injthea
' at portions, above predeterm ned | ands, of a

apparagid Bt ambhehtgxted ohce by dgtermomingliwdietherathd 169 ¢5 df sBbidata
a sectional view of a substrate of the optical disk

detectéd frohhthd @itigidivieredorditiy mBANERHAE al RYRIct PBIdHty, and also
omtted. FIG 2 is a sectional view of an optical-disk

read 6&%{9}&&9&&%? ¢iBrded the?ﬁ@cﬁ%ﬂ@é’c@? %cc%xﬁ hRAIGh whereby a

i nvent i on 3 explains an exanple of tHe process o
copy RS He SFoRRY e Stk 0 BRI AnE Ho AT S P prgected.

SBEifofiebin i ol R b SRV ASnOG VAU @b ke Bresent
invengi;gzaefﬁtbé%éggypgg@g @gégﬁéfcﬁg\;gﬁéﬁq@? 'd‘égc‘}iﬁtiio"’hgé? "
embodiments of the present invention when taken in conjunction with the
accompanying drawings,
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a sectional view of an optical disk, showing marks formed as sub
data at portions, above predetermined lands, of a reflective layer of the optical disk,
and FIG. 1B is a sectional view of a substrate of the optical disk with the reflective
layer and cover layer being omitted.

FIG. 2 is a sectional view of an optical—disk recording medium as an
embodiment of the present invention.

FIG. 3 explains an example of the process of producing the optical-disk

recording medium as the embodiment of the present invention.



data to the optical -di sk recordi ng nmedi um as the

enbodi nent of the present invention. FIG 6 explains

t he manner of sub data recotding. FIG 7 shows the

data structure of a data content to be stored in the

sub data recorder. FIG 8 shows a flow of operations

e 4i axplaios thit datatshercturde afanainbdata e beubcordatido the

recorder. FIG 9 is a schematic bl ock diagramof a
optical-dysk reeording enddidni@dtheddmbb@imdtasaht presepninvhtionl. G

10 explains the operation of sub data reading. FIG 11

FIV5 ik B%cﬁ@{lﬁtiéttlﬂd?}éﬁ Hidgrah e@@gg@?%@@ﬁde% ‘Eltsﬁtg to record sub

stored into the player “as t ment o

aata L R BYETE A rAA BD h l O

. enbodi nent of the present invention; FIG 13 shows the
VeI, t s of experinents made on the characteristics of

the reading signal at mark-formed portions of the

a6 6 sxpink themantenef suiatmraeondieg. enbodi nent of

the present invention; FIG 14A schematically

IFIGug shawsghe ldata ssudttize of a dbtmesordentoto of stohe] in the sub data

substrate shape of a mark-recorded optical -di sk
recorfécor di ng medium and FIG 14B is a sectional view

taken along the line Xin FIG 14A. 13 FIGS. 15A 15B

? g@. §3hods %Dﬁ%&raéii (¥Ru Aidhsd ﬁﬁgl? i1{1 Egccgrﬁg‘#ﬁaﬂ%eéﬁfb&ata by the sub

culation, by si ation, I CS

to mark and mark reflectance) of the reading
datal%’lggﬁéﬁt}' | evel where the marks are recorded on

g&&dg tlsearl rsn;:ﬂ]gl%étlig %%crll: éﬁgﬂf’m of a player as an embodiment of the
present invention.

FIG. 10 explains the operation of sub data reading.

FIG. 11 shows the data structure of a data content to be stored into the player
as the embodiment of the present invention;

FIG. 12 shows a flow of operations made in reading sub data by the player as
the embodiment of the present invention;

FIG. 13 shows the results of experiments made on the characteristics of the
reading signal at mark-formed portions of the optical-disk recording medium as the
embodiment of the present invention;

FIG. 14A schematically illustrates the results of observation of the substrate
shape of a mark-recorded optical-disk recording medium, and FIG. 14B is a

sectional view taken along the line X in FIG. 14A.



on the optical -disk recording nediumto which main

data is recorded in the formof a conbination of pits
and |lands. FIG 16 expl ains the optical conditions set

for obtaining the results of calculation shown in

FIGS. 15A to 15C. FIGS. 17A, 17B and 17C graphically
iHIGS tloa, el SBhand d S0 grmpbicatlyl itlustraieche rbsultsofedletlation, by
of the characteristics of the reading signal |evel

simuVhng of hiee oB4rsSteRistics E%lfp’tﬁdo WAl dridlemaBi tefidcigncd) &f the
depth are changed. FIGS. 18A, 18B and 18C are

e Ll S AR Ry AT
on SR S b thth om o

t hentigat.ed djsk., FIG 19 graphically illustrates the
a combuiafipg fPlEsaarrdjaﬁflﬁ-on of the characteristics (depth

to mark and mark reflectance) of the reading signal
IF&Gel 6 wrplaing the optided condidionsest Serdobtsining thas:sulis aft o
15C for explaining that on the assunption that the

calculaaahi stopwen gmEFIGISetSA toi KHS. wi t hout i ncrease of the
mark refl ectance, the polarity of the reading signal

GLhe 7mar T MdRdCnaaphRAly ifusirdteehe pésliIRlyR&Icdation, by
aut henti cated di sk and a counterfeit disk produced

_simufléfi%ﬁdo?fhé éﬁrﬁ%ﬂeﬁ@ﬁ&% ?P{h%dreghﬁfgﬁigﬁ%ﬂ?ﬁv%fwgﬁfgeomeﬁﬂhf% are

l'ustrates results of ca
characteri stics r.k _dept h,and rk reflectance) of
form‘%cﬂxé\rhegégp r'%ar isé?ﬁ%{mn;?g@@% %ﬁé“rh@ngﬁ " marks are recorded
i,n FlLG fo pl ai ni ng that on _the assunptjon .
FRS” 1R, w By 8C G seetinal Views o4 das ophieal-Givk goemding
.the reading signal level, the polarity of the readin
medigingieslexalaining that thef eptinad deptht obmark-forined poetions is different
_ bet ween an authenticated disk and a counterfeit disk
betwegenmoatuaeithehticsted alisk rd awidhardrfsiatl shodiced based on the
authenticated disk.
FIG. 19 graphically illustrates the results of calculation of the characteristics
(depth to mark and mark reflectance) of the reading signal level where the marks
- are recorded as in FIGS. 15A to 15C for explaining that on the assumption that the
reading signal level rises without increase of the mark reflectance, the polarity of
the reading signal at the mark-formed portions is different between an
authenticated disk and a counterfeit disk produced based on the authenticated disk.
FIG. 20 graphically illustrates the results of calculation of the characteristics

(mark depth and mark reflectance) of the reading signal level where the marks are

recorded as in FIG. 19 for explaining that on the assumption that the mark



FI G 21 graphically illustrates the results of
calculation of the characteristics (mark depth and
mark refl ectance) of the rebdling signal |evel where
the marks are recorded as in FIG 19 for expl aining
that on the assunption that the mark reflectance

reflectance inarsasgistwith irse ofithe headieadigngl &vghathelpoladityamiithe
the optical depth of the mark-formed portions is

readiigfignainit themmekfoaned poheniid GalifidreitPetwsen an authenticated
counterfeit disk produced based on the authenticated

disk Qh& 'ﬁ coﬁlﬁ?erﬁéif é{s'ktpiroﬂflcécl‘ﬁa% e 1 %ﬁtﬁ@ﬁﬁca’%&% didxe

formnmed pOTtIOﬂS I's di tween

%? :‘%&@ﬁgglv\gv@ﬁ ot?éﬂng @%Oﬂé?ég%gﬁﬁélgﬂgaﬁgﬂ (g%tﬁgzcﬁlgaaqtgmtlcs
(maris?i%pﬂﬁaraf Bk eSlecraRean O reragi Vel gt he marks are

operations made in a judging circuit included in the
recorgr«'dyié in FdG; h @hﬂﬂdﬂnﬂng lgt arhtheprssumptionrthehtheomark

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
reflegianeeincréaves witoriseiof thdseadésg signebldve] drd dhé optitaivdepth of

concerning the enbodinments thereof with reference to
the rﬂdﬁE—fBﬁﬁ@d@@M@ﬁ@s@hﬁf&tﬁﬁ%eﬁvbeﬁ hauhthdiRicabsd @Rkt counterfeit

the present invention will be described concerning the
disk é&'dﬁg@éﬂ Egﬁ&%ﬁ‘f ﬁthe§tlcéi?ﬁ'cﬁ§ll fgé f)&lﬁt@?ff?ﬁgﬁ ggﬁﬁiﬂg W8nal at

the W%ﬁh@%@ﬁﬁ%ﬁﬂ%ﬁf?ﬁ?ﬂ% Y ¥ et s °

tclgl be descri bed as one enbodi nent of the
Coun@bfeﬂ PXdi sk

FIG. 22 explains the waveform of a reading signal obtained in the optical-disk
recording medium as the embodiment of the present invention.

FIG. 23 shows a flow of operations made in a judging circuit included in the
player as the embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be described in detail below concerning the
embodiments thereof with reference to the accompanying drawings. It should be
noted that the present invention will be described concerning the following
subjects:

1.  Optical-disk recording medium

2.  Sub-data recorder

3. Player



F

recordi ng nmedi um according to the present invention.

The optical disk, generally indicated with a

reference nuneral 100, is of5a ROM (Read-Only Menory)
type. More particularly, it is forned based on a disk
structure and format conplying with the standard for

4. di §kpticalidisk ragopdinayedivek, recoutte andiplayémasdmbodiments
light beam of 405 nmin wavelength is used to wite

dr_ r €xsdidabidisknedcoodingirgediusn As shown in FIG 2, the

di sk 100 includes a substrate 101, reflective |ayer

Todt, &1 oti@d gk 78 bl H8cAbed B8 ofil %ﬁﬁ&hﬁle}l@ Jafﬂﬁ@ogtzical-disk

cover |ayer 103 stacked on the reflective |ayer

recorﬁﬂ%ﬁféﬁ?ﬁﬂl )‘17:81;(%% rf};attlfé@f)ﬁ%gné ﬁqo%bﬁg yn;[gl%tckp‘igcragﬁﬁék generally
indicBRg7HeR arBlireHnS aincrat TS 8pr Adt L (REg ORI eGory] Brpe.

formed, The ., portiogn having the concave section is
Moreclaarrﬂéularbﬁ 111! is \ﬁﬁrméd tbﬁ&eqo@n @ dipk sructwge and forpateomplying with
section is "land". The disk 100 shown in FIG 2 has
the standanchfariacdisk eaBed &BluRagdpiskr(ttadentack)h infwhizh a light beam
conbi nation of such a pit and [ and, nore specifically,
of 408sra ipiviaviebeigith ia@nsed andrité epeddl inFoeuaRbh Sipnalke | ayer
102 is stacked on the SI de of the substrate 101 where

r:keshol%{ i R 3 g?é’ drﬁ&’es g Eﬁﬁﬁﬁe&e leeraﬁgé\éﬁR/e layer 102

ayer 103 made”’ po ycar onate or

soc PP 0 P SASPIL 0045 e .Mt e
reftct b o PSS ESRR 5 ma Hh il suchas

faormed 16__ on the one S|de of the substrate 101. Al so,
polycarhonage.| eEhe wubstagter! Olozas apaisermginving fCoacAR-wONVEX section
for exanple, to provide return light corresponding to
formeaden thesidethereofivaxwhizhtthe reflboativd layer 102 ghforidél.  The
focused by an objective |l ens 110 on

portion having the concave section is called "pit" while the portion having the

convex section is "land".

The disk 100 shown in FIG. 2 has information recorded thereon in the form of
a combination of such a pit and land, more specifically, as a pit length and land
length.

The reflective layer 102 is stacked on the side of the substrate 101 where the
pits and lands are formed. Further, the cover layer 103 made of polycarbonate or
the like is stacked on the reflective layer 102,

| Since the reflective layer 102 is thus stacked on the substrate 101, it will have

a concavo-convex section corresponding to the shapes of the pits and lands formed



the reflective layer 102 is irradi ated through the
cover layer 103 as shown in FIG 2. At a sub data
recorder 50 and player 1, whbich will further be
described later, information recorded in the form of
a conbi nation of pits and |ands is detected on the
on thezpriesside of thesubstratad 0. f Adsotthe reBettiot layer 189 s famzed from
of the irradiated |aser light. FIG 3 explains the
a mepl ddes Yoo txpmpit) ¢o g@oﬁﬁe rdiush 10 cehevpondingliétke To
produce the disk 100, formatting is first done in step

concilyd-bofl9e# Bael #HEh Gase? 1ighe e 1D IHBR BIad bBR AV lbfs 110 on

done using a conputer or e. In"step

; _ . .
te rGRRHEN 1348 o SPUA RGBS RIPHATTR R 1574 ARk i 2
At PHESETREVARS 1 G ler 5P, B Ebahss gRiORACTRR:

) conformng to the standard for on optical_ disk or
inforgagienreggordegiin(the dearadia) cambination ofiit and lagds iis detected on

' witten or read using a |light beam of 405 nmin

the bagis eif angturngmriyiftdmidbe eafdectivecdyemni 0B, sftherimadmtediBeGlight,
4. 1t should be noted that actually, an error

FGes teixphifP e praReseof produeinetid disk 400shaka RPPRRded
to the user data, and the user data is subjected to

At ' t : i [ ;
TS ffpuiey HRCGRRTOR: R AAESE oty Abb S11 B3 wnip FIG
' fr L gt t.i Ln . ste 11 is. subjggted to a
3. Th OThatls b 115 AbpktiBie ™ sphipldn & s TS
nmbodi nent, the data,raw i.s subjected.to, RL 1, 7) PP
FrarptST, oplsit (Gsrcnihiot Do RtoRISdfrheating 10D eobysried
i modul atj on and NRZI (Non-Return to Zero Inverse) i
into avisymad datsrovacpafareringde amredetegmined standand. dahecording to this
resulted 17 fromthe variable-length nodulation in
emboslimpn$ the cohearsimsisanade teprovafe pidasa zowt condiomising to the
actually fornmed on the disk 100. The data resulted
standfl{]d)fdrtdiﬁolﬁt@éd‘[&ﬁ@k B8 BhEL R DK @rddeftirk) PahicH {rfBrifhtion is
e
written or read using a light beam of 405 nm in wavelength as will be explained
with reference to FIG. 4. It should be noted that actually, an error detection code
and error correction code are appended to the user data, and the user data is

subjected to interleaving and other processing.

Variable-length modulation is made in step S12. The data row resulted from
the formatting in step S11 is subjected to a variable-length modulation.
~ According to this embodiment, the data row is subjected to RLL (1, 7) PP (Parity
Preserve/Prohibit, RLL : Run Length Limited) modulation and NRZI (Non-Return

to Zero Inverse) modulation. A pattern of "0" and "1" of the data row, resulted



user data will be referred to as "main data" herein.

Next in step S13, a nmaster is prepared using a

mast eri ng apparatus. |nsteplBS13, photoresist is first

applied to a glass substrate. Then, |aser |ight

corresponding to the main data resulted fromthe
fromvthe ivabinble-rengtihmeshildtion imstep S19, bpc@nes apattermdi pitednd

to the glass substrate having the photoresist applied

lands detugldy forasedbaviee dukl B)G.he latter is being rotated,
to thereby forma concavo-convex pattern along a

e A ?QsdlﬁeﬁoﬁomTtﬂétfo aV| i g ﬁ@?&lﬁlﬂ@%ﬁ@ﬁh&ﬁ%ﬂﬁ{ﬁg?ﬁe %If the

Next, the photoresi st its an

ég%s‘ﬁﬁf‘?%?et%ﬁféﬁé?%& Gt bR s hacd on e

ace of lj\ihe | ass substr(gte to forma netallic
T ISTRECDRESAPPING maplerIng apparys.
formsdls usedtoforma disk in step S15. In _step

&1 stepaS k3, ghysderesist 19 fisst applied do saglass Bbstrate. rreTbem,u lgser light
master D14. Then, the stanper is placed in a nold and :

corregponding ¢o ithe nradh diatagrelsalthdi e sheisadable-lehgtimiodealation in
substrate 101 by injecting a |ight-transparent

step SMiMdd@atéQ% theé ?ﬁi@s @ﬁbst@&bﬂﬁ@[r?ﬂ@@ot@fés&@t'a@pﬁédttﬂ&eon
i ke. mthe subsfrate 101 for here, there Wl

o s AR A8 LSNP L gy
ke.Th flect
along %?%% T3 f?%dﬁ? LR it s SPnER  on the si de
Rl it Bt SR afohe Ffach Pl velond
reflective | ayer 102 Thus there is first fornmed a
for figatenn tntherglassubstigte, tand elaetmolyticylating isimaderosr thersurface of

(mai n data-recorded disk) D16. Next, sub data is
the glaes sulehticht¢ to Kirepa ndtéllid masterdD B4 ap showh. data is

recorded in addition to the main data recorded in the

The m&hllid@abliet DNPthRTarRedtis uledfo Al1AY 8 disk in step S15.

In step S15, a stamper is first formed based on the metallic master D14,
Then, the stamper is placed in a mold and an injection molding machine is used to
form the substrate 101 by injecting a light-transparent synthetic resin such as
polycarbonate, acrylic or the like. On the substrate 101 formed here, there will be
formed pits and lands corresponding to the main data resulted from the
variable-length modulation in step S12 along a recording track.

Then, the reflective layer 102 is first stacked, by deposition, on the side of the

substrate 101 where the pits and lands are formed, and the cover layer 103 is

stacked on the reflective layer 102. Thus, there is first formed a disk having only



In this case, serial nunber information unique to each

di sk 100 (disk D16) is to be recorded as the

substantial part of the subl&lata. That is,

identification information (serial nunber) unique to

the disk 100 wi Il be appended to each disk 100 having

- the main datbratarded theveate nnhedatarreasrded diskepD$617 above.

Al so, an error correction code is al so appended as the
Ndxtdaitadata iededdrded it etept SE7.i dBMhid btep! kWi data is recorded in
informati on as the substantial data. Appending of the

additféd &Y thfe%éfne&éth 9@}‘,&1‘&@8 iREREES S BF FIRL Rﬁgiﬂdeﬁhhﬁﬁt@n Lb88bove.
t i hiormatl o

Identification information during

B e R AP B S BB i
to begsordedaBe SRhelARGFTRbPL B i dHaq JOt . dRE Hogton

) specific section of the main data recorded in the )
inforpgtigndsetiglenpnbennmiquetp thet disk d 00axillbe appendiskter ¢asbalisk
in detail later. In step 517, the sub data recording

100 havimg thee snb dite rscdrdaddtthercoaasdarstég0S1¢ abbivgur ed as
shown in FIG5. Note that in this case, the sub data

A16d, UESrePEdréditon 868 isfd1S@bppEnddi £ Rt ubdatd Ml addition to

error correction code. However, other data nay

the iclﬁ Fﬁi‘chﬁBﬂ'iﬁ%rﬁ@tfgﬁca{sutﬂ%%ub?tan{iglegﬁ#ﬁ qu%@%’ld[: afgf‘the error

ustrates t ata structure o
I r t he disk 10 produced i he . . .
correlER EAEPHARLS S St enn il e it s informayign during
. uni,t of r.ecording called "RUB" is defined as shown in
inforppationzeadifg. 19 RUB i ncl udes 16 address units
"sector” as shown) and two |inking frames. Each
yrikiadiptinglaser Hght banitge weitiagmowes todheaefectnexlayer 102,
RUBs. In this case, one sector fornms one address unit.
mark&arch oécdried adeltlessubudathSn positions on the reflective layer 102,
corresponding to predetermined positions in a specific section of the main data
recorded in the form of the pit-and-land pattern, as will be described in detail later.
In step S17, the sub data recording is made by the sub data recorder 50

configured as shown in FIG. 5.

Note that in this case, the sub data includes only the identification information
and error correction code. However, other data.may additionally be included in

the sub data.
FIG. 4 illustrates the data structure of the main data recorded to the disk 100
produced in the aforementioned process shown in FIG. 3.

First, one unit of recording called "RUB" is defined as shown in FIG. 4. One



consists of 31 franes as shown in FIG 4. One frane is
formed fromdata of 1932 channel bits. In the

Bl ue-Ray Disk (trademark) riéferred to as an exanple in
this enbodi nent, since the nain data conforns to the
RLL (1, 7) PP nodulation rule, so the nunbers of

RUBcindbslesdt addressitniin("sactoe’s as slmwnhamd two lmkpng ftaemayt h Each
and land length, are limted in length each to 2T

linkifig fiamneis piovided & 8buffer arciegsicen RiiBgodes of 9T not

conform ng to the nodulation rule is inserted in

Ris cal, Stesdctt fg{l]gﬂ%é}ﬁ‘fé 5& @I‘ﬁ@ uﬁﬁ@lﬂ B?"[h@ﬁ&ﬁl‘étsé Qhits

a frane sync si

cons%tﬁf 5F it USRS e e A g o2
changel . 4 tg Hert 6 Cirl HERcHAR Fefonts G rargple in this

identification information unlt%e to each disk 100.
emborhmest,giece theemgirbdatatconfemas tiethesRLb(d s 7) BE modulationdule,

sub data different in pattern fromone disk 100 | oaded

so the nutriiers ob cdd¢s" (et YET inshiccessiamothbeis, adliskengtthaend land
data is to be recorded in a predeterm ned section on

lengthNgrediraited B feridtd oABH k6 27 @ hhAndlsbitYreed’ as sub data

in predetermned positions in the predeterm ned

?&eﬁdcgé‘stlﬂﬂ_ g CBEQS gpog ﬂcﬁ%%m&gn@%rtbsthg o@NSfoh ule L?. gnserted

recor e mar I h such pr m ne positions.
. nal £G0[ b ta . by the s cor der shown i n.
in "SEEE K InEig ?gaclbf@%am? B 1 AGRAIROEA Tetne e Bgal at
not own) ang a spindle notor 51 is put into
themg@t%ﬁﬁ?l@ﬁm&@er late the disk D16 along with the
turntable. The record| ng area of the disk D 16 being
S nned by an optical pickup OP to read

a recordi ng signal

Next, the sub data recorder 50 to record the aforementioned sub data to the
disk D16 is will be described below with reference to FIG. 5.

As having been described above, the sub data is identification information
unique to each disk 100. Therefore, the sub data recorder 50 operates to record
sub data different in pattern from one disk 100 loaded in the sub data recorder 50 to
another.

Also, the sub data is to be recorded in a predetermined section on the disk
D16 and marks are to be formed as sub data in predetermined positions in the
predetermined section. The sub data recorder 50 is designedl to record the marks
in such predetermined positions.

To record sub data by the sub data recorder 50 shown in FIG. 5, the disk D16



(main data) recorded in the disk D16. As shown, the
optical pickup OP includes a | aser diode LD as a | aser
source, objective |lens 52 2 condense and focus | aser
light emitted fromthe | aser diode LD to the
recordi ng surface of the disk 100, photodetector PD to

is firgtepleced an adumtableanpt siownhaend arwﬁcﬁe aviotioa$dris lpugimto rotation
fromthe disk D16, etc. The return |light detected by

to rotabe thehdisk el @ alodi With phevirtiesblen The repbrdied ardal ekthe disk
OP is converted by an IV conversion circuit 53 into an

D16 ghﬁ%{ t:h'lelg ?Jt)ta%cﬂﬁ%ann@& %iyr éﬂ‘légﬁ%aglf fi}ig_l'ﬂgﬁbfsﬂo%aﬂ a r%cordirslﬁ signal

p O a matrix crrcu matrix circult
: I ' hgpal RF, tracking error signal
(manggggaﬁg&f%&i%é HZ%?%Eg?%gQ FE on the basis of the
retyrn |ight supplied fromthe IV conversi circuit
4 shigvin, g opficalpickug QR gludes # e dipdenDras & fager source,
. data recorder 50 to control a _tracking drive signal
objectivedgus p3dasondenss andyineus faves dight iesuitted dram the dsseadiode LD

drive circuit 56 also included in the sub data

to the mrordieg shbfaca aftike Haski KOGYfphobeddteatokiPilyto deteot a s¢tgmapart of
TE and focus error signal FE supplied fromthe matrix

the ireAdigtedtlaset-lightdrorhriae @ikdDA 6l ¥, si gnal TD and focus
drive signal FD are supplied to a biaxial actuator

: . : | et _
TRe e Wi SRGRE b PoPRERZAYED IR ViR ANKe Ml
: f ~bh jectiye | 52 and in a. ckin direction
pickufOPIS BBl FTed BF e ¢itudFing drehub o7 Bto shiglboifiel si¥hal, and
objective lens 52 is noved in the focusing and. .
the elgFhida ﬁ’@n&i oBIRied tof MRET SEPUILH. | FEAR MR Aitgvitc54
and FD. 21 In a_tracking/focusi n%rser vo system
- generptes| aniading sigsal BE; trackingaurar $gnalblBand|foaus ewor signal FE on
circuit 56 and biaxial actuator, the servo circuit 55
the bamiouf thesretimsleghtaupphied fromake 1Y enversish gieitT3.and
focus error signal FE, such a control that a beam spot
A servo circuit 55 is also included in the sub data recorder 50 to control a
tracking drive signal TD and focus drive signal FD supplied from a biaxial drive
circuit 56 also included in the sub data recorder 50 on the basis of the tracking
error signal TE and focus error signal FE supplied from the matrix circuit 54. The
tracking drive signal TD and focus drive signal FD are supplied to a biaxial
actuator (not shown) supporting the objective lens 52 movably in a focusing
direction parallel to the optical axis of the objective lens 52 and in a tracking
direction perpendicular to the focusing direction. Thus the objective lens 52 is

moved in the focusing and tracking directions on the basis of these signals TD and

FD.



of the laser light irradiated to the disk D 16 w ||

trace a train of pits (recording track) fornmed on the

di sk D16 and be kept accurallely focused. The sub data

recorder 50 further includes a binarization circuit

57. The reading signal RF generated by the matrix

dnacpackisg/ foensing peivedystena it Inding theso servei aivauit 55, biaxial

al so included in the sub data recorder 50 and in which
drive ¢ironiit 56 had biaxivbadtadtorpthe seri oacyit ddtmroviespbasdd'on the

The binary data is supplied to a sync detection

trackﬁi%éﬂ:bf sigRaPTE dd-fdcis@sr ls?%‘d‘eﬂ GE.QRBh a%ddittd] that% bddif spot
clf ock th

PLL circuit 59 generates a CLK_ syn_chronous W
. | r . . . .
of th Sftef HBAL LEftiaR 13 e SRICRIBINFARE: & f2ink pr Bls Preprding
onents,. ES Lally, the clock i S ed as an
 trackf SRR B The SRR DLE aplfbekntacsatds oriesih 57, and
t%iea sync detection circuit 58, address detectiaon
dihedwibtdage regerden bl dathergiasBidesiadhinarization cBeuikmi’ch The
W Il be-explained bel ow The sync detection circuit 58
readingsignad RE gendreteslupptlicantatyizn airguid &ais sapplied to patinanization
to be inserted into each frane shown in FIG 4. Mre
circulBgcalko éadlhiled i ehe sindatd etesidep SOGINHCGHI Which idetildles a

9T section which is taken as the sync pattern to

‘ heoniaati om : . .
conv&eBito 3”?%&?2% 001y 4qt | O'Theﬂiﬁa%{@%fﬁ iS¥ lzén(?f@é syric

supplie appropriate one e s
: {8 | [ I8S et.ecti circuit 60
detecgiﬁg%g{%ﬁxgtris h‘% g ii‘d@%gggﬁdo:c?%gﬁr(gqucq]f@ﬁ# '60 detects
dr, informati on on the .basis of ., the frame. sync ..
BRGPIL s s cneiedr a.cloe kL synchuggous vabh dinsigedied
. information 22 is supplied to a controller (not
binary dgie pndisapplienitrasi an eprratipniclecksisheardt apprepoipteegnesof the

In the controller, it will be used for seeking or the
systemni doanpénans. t Espeddlgsthe daodloChl isusddsassarppperationalack to

recording timng generation circuit 63 included in the
the binarization circuit 57, and to a sync detection circuit 58, address detection
circuit 60 and sub data generation circuit 61 which will be explained below.

The sync detection circuit 58 detects, in the supplied binary data, a sync
pattern to be inserted into each frame shown in FIG. 4. More specifically, the
sync detection circuit 58 detects a 9T section which is taken as the sync pattern to
detect frame synchronization. The frame sync signal is supplied to each
appropriate one of the system components including the address detection circuit
60 and others.

The address detection circuit 60 detects address information on the basis of

the frame sync signal and supplied binary data. The detected address information



sub data generation circuit 61. The sub data
generation circuit 61 includes the recording timng
generation circuit 63 and 2 RAM (Random Access
Menory) 62 as shown in FIG 5. The sub data generation
circuit 61 generates a witing pulse signal Wp for

is supplied th mgontrbllentod showng thatconteeds the etirediubldatd 6ecagder 50.
shown in FIG 6 on the basis of the supplied sub

In thelabatroHdy iewsl] befuseddivt soeksnppt tledlike.omAliss thedddsss
detection circuit 60 and a clock CLK supplied from

inforht¥@ioRlik s Hé’(‘i to g%%&'gh?gaﬁgen%:gl%ﬁe%ndﬁfﬁnf 6% ‘i’l’i(ﬁhﬂﬁl in the

operatlon the su tiron circult
tail later. A laser power controller
sub ‘%ﬁag%’('g%%ﬁg &gﬁtdéﬁn the sub data recorder 50 controls
e r of laser l.ight d froma J.aser diode LD.
e, B0 Fse 2enr Abomaitsiens bIRCuies WedReorting i snsgation
pul se signal Wp supplied fromthe sub data generation
01rcut,t| Gand a&JAM. RendamoAeesss tMemozxk62 pswbewadntlfI6k der The sub
64 controls the |aser diode LD to emt |aser |ight

data gendratjom cirenititriggenenates wheritingeulse signgl Wapdor s¢amding sub
Wpis at the L level. Also, it controls the |aser

data @ IpsleecoRIdPtetict dibR TG 44 SHEwhay IFIG. 6 onVthe habis dﬂh@fsupplled
when t he vvr|t| ng pul se signal Wp is at the H Ieve

sub d4¥d '&dﬂf 2’10%91&’? eﬂ’fﬂ&hqﬁe %ﬂﬁféss'cf%?@c‘txdnl 1%t4’60 and a

under t e contr 'aser  “power contr ol
S [ e refl ective |ayer 102.
clockf[@;k ﬂ%&ﬂ!?dﬁoﬁtﬁglﬂfﬁ 8&:}1{}2& ayer 102 wll be sub
ta .o he disk D16 EI G 6 shows b.data is
%&%ﬂ@géﬁ%ﬁ? ALY tORSHAIAO QE%?s%%lﬁ) data geugEatian gigcuit
circuit 61. In FIG 6, there are shown an exanple in
61 willbe pxplemedsin desaiblater as a code for each bit of sub

data and an exanple in which "1" is recorded as a
Addserf moweactntselbdr 63t also included in the sub data recorder 50 controls

the power of laser light emitted from a laser diode LD in the optical pickup OP on
the basis of the writing pulse signal Wrp supplied from the sub data generation |
circuit 61. In this case, the laser power controller 64 controls the laser diode LD
to emit laser light having a reading power when the writing pulse signal Wrp is at
the L level. Also, it controls the laser diode LD to emit laser light having a
writing power when the writing pulse signal Wrp is at the H level.

With irradiation of the writing-power laser light under the control of the laser
power controller 64, marks will be recorded on the reflective layer 102. The
marks on the reflective layer 102 will be sub data on the disk D16

FIG. 6 shows how sub data is recorded by the aforementioned sub data



First, the code is represented by a set of an odd | and

and an adj acent even |and, each of which has a

predeterm ned |l ength, of th& |ands forned as the main

data. For each set of such odd and even

predeperqined-len%th | ands, the code is defined as
generaffonpieeuit hé. nin F1Gs6y theos aedshown he eadmplaimdwhith '@ is

the code is defined as "1" when the mark is recorded
recordedtaRer eadenfor2adh bitroflsud d&namales stenpleiin which 61" tiveecorded

mark is recorded on a land of 5T. In this case, one

asa&ﬁiétférre‘ﬁ'@hﬁgcﬂﬁitpne address unit is assigned as a
section to be assigned for recording a code of one

Pits, B 8RR ehrb S By SRR o 3 gl o

eac ther,iin one . address, unit t epresent the sane .
land G368 ol ViTkB RS Arpredienipiney B9sth. ot hE Biisdoumedas THa main
to _be recorded, the mark is recorded only on the odd
data. pr Baregashmet o suelngdd andryenipredetenminesklength langs, the code is
shown. Also, in case a code "1" is to be recorded, the
definndiak "08 whenothdanarknisyrecordedeon theerdd land, while the code is
predeterm ned-length and in one address unit. Note

definbdak "1 0 witcthehfakUi rd@delbmbiheas@ndafd. t he reading
signal RF is sanpled at every set of the adjacent odd

. I . .
Bt YRS SROFATIAG; (M e RES RecoPafl i 284 BTST, In
. e even land is . subtracted f.romthe val ue of. the
this ch Rl iEpichyis SR BEShnil & hsbidhel s HsSlight6 be
. _evep" subtraction), ich will be. described in_detail
~ assigned tar re B qodsot Bieshiy srednd nbﬁ%wtbgatﬁ- ihak 13, {he
readi ng signal_ at the 24 portions where the marks are
mark igtenoaded anlcachset ofvedd and [exen landradjatentrte #ach gther in one
signal at the portions where no nmarks are recorded, as

addresmuniteo peptesentntheaame dwle avstowoin Fi@. 6ar ks recor ded
only on even lands is "0", the "odd - even"

AlY, iA¢hs®A code "0" is to be recorded, the mark is recorded only on the
odd predetermined-length land in one address unit as shown.

Also, in case a code "1" is to be recorded, the mark is recorded only on the
even predetermined-length land in one address unit.

Note that to read the sub data thus recorded, the reading signal RF is sampled
at every set of the adjacent odd and even predetermined-length lands in one
address unit and the value of the reading signal RF sampled at the even land is
subtracted from the value of the reading signal RF sampled at the odd land ("odd —
even" subtraction), which will be described in detail later.

Here will be considered an example in which the reading signal at the



will ideally provide a negative value at each of the

adj acent predeterm ned-length |ands. That is,

integration of the "odd - e¥en" subtraction val ue

calcul ated at each set of adjacent

predeterm ned-length ands will positively result in a
portiorgstheve thevmiades adei reboicked Wodl bel@rereih le@al thaa the reading

contrary, in case the code for the mark recorded only

signdlfat @vepottii@ where nb markdgre redrdede e m stacth efise the

will ideally provide a reading signal |level having a
J; 26N 1t _ " ;
codeBOE M AR SKEr B RS bl BRERAY o s the 0045, s gubiraction

¢ the."odd -, even' subtractjon,v e W1l positivel
will 938y B¥6 s % Sk VRS RLARAGLR Mlitcs® Bieddtmihgd tength
val ue whi ch cannot be lqlet ect ed. 'Note that sjnce_the
landsyj skhatge, integraon ebdas nedd —cvenhsuptraction valglswatedsat
adapted such that the reading signal level is raised ‘
each aet effad) pmntipofﬁéetmmdtr}wgﬂa?amis varlkepdsativiely resuliin b negative
further be described later, a reading signal |evel

valudwhiclhgedrhie dprestdd. ve val ue will actually be detected
in case the marks are recorded only on the odd |ands

G 1R oty Mgt MALodE Y& thB MM AR RoFRIPSAY DY & éifland is

W Il be detected in case the marks are recofded only

ERL " e ul 200 . e : [ [ .
1", 1B U8 S PR bR o SRR HEOY R ol By ARy flhaving
sub data recorder, 50,.in the me _manner as.in, th as
a posijie Vb8 of B4GH RE s wiarerdyeRO T minEa el aisar Higetore,
. portions \/}(nere t he Jar ks are fornmed, Note here that .
integeatioueot the "odde puen’esubtctioacsbes myllippsttelyresnlbines reading
. the specific section as above and one val ue is judged
signab teved having ppositivetvahod whicthcarnd besdeteetedr di ng
patterns at the tine of reading the sub data as having

Dere tit siridenbe dislb 906 asshe eintwidimentst thepreséiet inhanigen is
in reflectance of the reflective |ayer due to the

adaptr@g'ffsti(élg tﬁgégggé gﬂ%dltﬁ% %ﬁd}dl -rlr%f@kici@i’%ﬁ%d Bethie188ns Where the marks
are formed as will further be described later, a reading signal level having the
positive value will actually be detected in case the marks are recorded only on the
odd lands while a reading signal level having a negative value will be detected in
case the marks are recorded only on the even lands.

For the convenience of explanation, it is assumed here that sub data are
recorded by the sub data recorder 50 in the same manner as in the past and the
reading signal level will be lowered at the portions where the marks are formed.

Note here that since the same pattern of recording is repeated over the

specific section as above and one value is judged based on a plurality of such same



recording can be limted to a small one, the

bi nari zation of the main data can be prevented from

bei ng i nfluenced by the recifded marks. Also for other

codes in the sub data, marks are recorded in the

simlar manner to the above-nentioned one. In this
recordase pattéras s theltitre of tehdbr thesobdiada ay bavie beemndescribed

address units as the codes included in the sub data.

abovEOso itsafficisthiat the cHanee ie eefscthice SRt Ratite I&/er due to the
section where the sub data is to be recorded (will be

marklrxgESf&g? id Qmﬁg. | ;B%gﬁ?é the ﬁg@%gﬁ%ﬁ@&%g@ '(Ejlg? 26 BOABER

rmne vance e su

or.de . a_pl ayer . efefore.. t sub .da
recordEF4E be ZGniRaY iEa RilcPrc, HERGA{rian a13hE niif Ml gan be
mar over.a . pJurality of address units as the
PIGV%Bé( g‘% F%ﬂgil}ﬁ’&%‘igb’itgﬁf@qﬂiée mHeber m ned.
Concerning the aforenmentioned recording technique, it
$Hsuifer oider endestmdtherssbalatianatlss axe reedrded ibéhe sinwilatemanner
on a predeterm ned-length land is recorded on an
to theealymye-tieativaed odet a Inithis cast, thesabhiaya bdllhenacoakd over as
accurately. That is, if the mark is recorded on the

manyesifefPhitPRs He ddRsRhCRERS IRNEsHD gagt h | and, the
mar k-recorded portion wll correspondi ngly be

fBPrERRERg el theR AR (58 stb Bl o, HEHBH viHS shERHb Bata i
' ' tLon. t hj th kK is.ta.b .
to be Pe@Fed it BeeRistahl & AR SR S A T i Geep i
detertgineEin Aty tsevesh s FACABgCondosoAHRCapDir Thercfore,
not be influenced in this respect as well. For the
the sudf datanreeaidenét is desigded do oprrdithe aforementioneddnadks over a
timng generation 26 circuit 63 in the sub data

pluralignef address vnite as thebsutsimanretordmGsection (asi gredeteimined.
generate a witing pulse signal Wp at a tinme as shown

CBnbéiait th@lorémenfihed R&or&Rdaechuiqueh shBART Bé Réminded
timng generation circuit 63 generates a witing pul se

here that if a mark to be recorded on a predetermined-length land is recorded on an

edge, the main data will not possibly be binarized accurately. That is, if the mark
is recorded on the edge portion of the predetermined-length land, the
mark-recorded portion will correspondingly be decreased in reflectance so that a
wrong land length (or pit length) will possibly be detected during binarization.

On this account, the mark is to be recorded at the center of the land on which
the mark is to be recorded. Thus, since the edge portion can authentically be
obtained, so the binarization will not be influenced in this respect as well.

For the aforementioned recording operation, the recording timing generation



signal Wp that takes the Hlevel only at the center
of the odd predeterm ned-length Iland. Al so, for the
code "I", the recording tinké,g generation circuit 63
generates a witing pulse signal Wp that takes the H
| evel only at the center of the even
circuplr i et thendukediath @epetationndreiihe] shewarmddat gsrdesigned to
and operations for inplenmenting the aforenentioned
genetate Anvtitiag qfulseeﬁ%@ﬂi Wap it bltirhe ad ehewnbiadrTee leow Phdils, for the
reference to FIGS. 7 and 8. First, the sub data is

ot PRt A L SRR RS o
s 398 SRS P RO B e 50 SR b enes

uni bove, Fqr this recording, it is necess to
land. (i, g Bt 105 theororonig AILGeNeraRon GUSuLT AR eqprates
such a sub-data recording section. On this account,
a writing adse signabWrphat T@kﬂagﬁthQEhl enlyras ske aenter of theheven
sub-data recording section will be pre-stored in the
predddétvhiizdilengtielandb data generation circuit 61 shown in
FIG 5. FIG 7 shows the data structure in the RAM 62.
Fhesdystenh @oAAShRIRNSAHIGpratibAd fesindsiehRTSingther mat i on

on each address unit in ~ the sub-data recording

i . . i t i . .
afore AR EMEATOEPeodliBw B B8 RetiTial By Bifififerepee to
FIGSLzm d that the sub data recorder 50 is to be

ed by the 27 nmaker of the disk D16 (disk 100).
herefore, it js possihle to know.in advance that the,
g&ﬁ&é{\? sBp data 18 1eeeleddnpepredgtsranned 61?11? tafegRIdsng section
- which is a ROMdisk. Thus, the content of nmin data
on the diskcPd @l | nifee prastetetonined subhedata secapdmigsection, marks are

recorded only on the odd or even predetermined-length lands in each address unit
as above. For this recording, it is necessary to know the content of main data in
each address unit in such a sub-data recording section.

On this account, the content of main data in each address unit in the sub-data
recording section will be pre-stored in the RAM 62 in the sub data generation
circuit 61 shown in FIG. 5.

FIG. 7 shows the data structure in the RAM 62.

First, the address shown indicates address information on each address unit.in
the sub-data recording section. The content of main data recorded in each address
unit is stored at each address. |

It should be reminded that the sub data recorder 50 is to be managed by the



pre-stored in the RAM 62 correspondingly to an address

as above. Further, each value of sub data to be

recorded (assigned) by the 2zZcording timng

generation circuit 63 in the RAM 62 correspondingly to

an address. Each value of the sub data is stored by
makertd thedoskdDi g (diski H¥)gernkheatfore, itiis possible3oikmosv ihadvance

RAM 62. The recording timng generation circuit 63 '

that the Goardtdfintaintduie fo Bagbcordad e fes dRMID tigiwhisk Rph REIM disk.
fromoutside into the RAM 62 starting at the top

i S5enel A SR EPRE RIS LTINS chose
pre-sP 81t TSR oF POrEsd iRty todta ity SEABHAS B2 1T 0
e cachiaus Sf Silhdraiade Terosied @esanedlbi he rmsording

. . the value of sub data stored at a corresponding

timingqzanetatias cabaw 63 intbe Rkt 62 ngme'smrrrbnggh@x an address. Each
circuit 63 can identify on which of the

valuepsfethetsabrdae ik stergi by tleadscording tislény pénerdtian minckit 63 into the
shoul d be inserted, the odd or even one. Mre

RANSEECI th%%bdrdiﬁg" 915301 géﬁ@r_a’cﬁirp@iréﬁiﬂ b8 %ehﬁgﬁ%ﬁgﬁéﬁ}ésoéhch
with an address’ i s ",anmrk is to be inserted on

t dsl.predet: e mned- | | ' i
value (biiiedR SEfFHEd BiE bl R0 ol AER AL 82 <PAHIRESE the!fid address
hand,, 1 f the,.value.is 11111 , the mark is to be
ofthq ﬂﬂje'p?éor%ﬂrqlﬂ% SS%?P'pr edet erm ned-1 engt h | and.
Eﬁrth r, in this case, the mark i.s go be inserted at
us.cBfIesOIging HENINg gengratiom Cifghit A31pR 1dedilyata is to
be recorded as above. Therefore, the sub-data

predetesouingd+gngtbdadds & theemninf datd, acanrdingdo the wontenhof data to be
pul se signal Wp is generated which will take the H

stored emolthaR AM 62pamhslsotthe oddrand evehemmsdethat t he
center of that |and.

predetermined-length lands.

In addition, referring to the value of sub data stored at a corresponding
address as above, the recording timing generation circuit 63 can identify on which
of the predetermined-length lands thus identified a mark should be inserted, the
odd or even one.

More specifically, in cése the value stored in association with an address is
"0", a mark is to be inserted on the odd predetermined-length land in an address
unit including that address as shown in FIG. 6. On the other hand, if the value is
"1", the mark is to be inserted on the even predetermined-length land.

Further, in this case, the mark 1s to be inserted at the center of the land on




More specifically, such a witing pulse signal Wp is
first generated by preparin ALL 0" data including
all channel bits in one add?gss unit. Then, a data

row in vvhr ch the code "1" has been |nserted at atinme

t |on) identified as above should be
whicidhe sabalats & (o erecardedons aree. N Eerioret fh wibrdata recording
generated a data row for one address unit, in which
land ls_ld@ttﬂé'mis andither avaiting ppheisigo Wip ishgerteratetlavhighiwill take
is to be inserted and "0" stands in all other bit

the Hhtsiel avasimBaden tho mmarkhis declirdad meYhe Edfter 6L AT 1AM,

tim ng generation circuit 63 can supply the |aser
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t hat trme
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data r%\rérérmfesh o0 11 bisbeg gr%tpgth@\%ﬁbﬂ#gﬂ@t@Oslﬂorf@tldeﬂtlﬁed
i nstep S101, the dISk D16 is Ioaded into the sub data
as abpye shewid Iypgengrated fos dhe JAL4 0 daiapp Namely, there is gbnerated a

data recorder 50 instep S 102. The sub data supplied

data taw tfreoseibddizss unitcr whictb0l 'l stasdpphlyeith 4 bittpsitiotbin which
data generation circuit 61 as shown in FIG5. As

the nhak i g be fikedRAUNdIe abadein N6ty HidedatbAYS
supplred to the sub data recorder 50 1 ncl udes

(drs 9(&&1188@5' 2@%?@:@??2@ on cgoo%&l%%t%gﬂ ?‘ ﬁcﬁt%@ canl
I li.ed to,th
supply E‘f%s%P p@%ﬁ%%r%%? R E %gﬁéﬁ“?rnttﬁar il take
the FI3k6 only 21§ e ovaen ReOmRGk B rpeorbpe ARG shewn in FIG
. Iatter In step S103, each value of the sub data is
6 1s reachedd at a correspondi ng addr ess.

Sub data is recorded by the sub data recorder 50 as will be described in detail
below with reference to the flow diagram shown in FIG. 8.

First in step S101, the disk D16 is loaded into the sub data recorder 50. Also,
sub data is supplied to the sub data recorder 50 in step S102. The sub data
supplied to the sub data recorder 50 is supplied to the sub data generation circuit 61
as shown in FIG. 5. |

As having been described above, the sub data thus supplied to the sub data
recorder 50 includes identification information unique to each disk D16 (disk 100)
and error correction code.

Note that although the sub data is supplied to the sub data recorder 50 after




That is, the operation nade in step S 103 is

equi valent to the aforenenti oned operation of the
recording timng generation2®ircuit 63 in the sub data
generation circuit 61 to store each val ue of the

p ed b data_ at a correspondi ng address in
the dighpf ed uetodfe dattenasgabave, ineay ) ersrupphpdm(dmc swbndata

address value Nis initialized to a value NO In step S
recortles 50 heferer thealisk 1§01is hadgdgatoethetlatier.ci rcuit 63
initializes an internal counter to the value NO in

dndesp Sd0Yenchatueof Hasutodatatis sarbd afd r:eﬁesﬁéndmgladdress
be descrl bed below. In step S 105, the val ue of sub
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m nat ed arly, "in’s

Oper%ﬁsbﬁt;?fﬁnl%ﬁ% B P ASREIAA OB 6508 o geperation

. correspon |ng dres es based on the counts in
circuy %Po%t%e %ﬂw@ % SR atayadja g Tespepdmgaddress in
correspondin addresses in the RAM 62. In case the sub

the RefbiVa62 spugirucied as shovnda K. be "1 ", the recording
‘timng generation circuit 63 generates a data rowin
istelp S04, ian dddvess edduaiN iswmitiaites toof valueN€vein mﬁ S104,
of predeterm ned-length lands in the nain data at

the reﬂ!é@'dhﬁgstnhﬁlg Béherbfi6n 2ASHATS MiliallzStAPin®rh8btoudiBl o the

as a data row including all channel bits in one

_Valueﬁ on } t%eéfegﬁgea de?tatrBHfsat%g ﬂﬁ?&saas%ﬁf" é%’sérﬂﬁd

e correspon tO the cén er )

belovgven pr edeterm ned- | ength | and |s "1" while all other
odes are "0". 30 On the other hand, in case the sub
the recordin

¥ tﬁﬁ%ﬁv l éhf‘ara e@ﬂ M&ta&gséﬁ@@@é@t iheiaddresohaying the

which a data rowin which "1" is inserted at the
valueddig discaiminatedoddVione pertiqadptiorstem8 405 cthgtriscoradinig tinming
generation circuit 63 discriminates between ones "0" and "1", associated with
corresponding addresses based on the counts in the above counter, of the sub data
values stored at corfesponding addresses in the RAM 62,

In case the sub data value is determined to be "1", the recording timing
generation circuit 63 generates a data row in which "1". is inserted at the center of
the even one of predetermined-length lands in the main data at the address having
the address N (in step S106). Thus, as a data row including all channel bits in one
address unit, there is thus generated a data row in which only the code

corresponding to the center of the even predetermined-length land is "1" while all

other codes are "0".



the main data at the address having the value N (in

step S 107). Thus, as a data row including all

channel bits in one address3@nit, there is thus

generated a data row in which only the code

rresp nding to the center of the od
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are " ". As seen fromthe foregoing explanation, the
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such a data row by identifying an even or odd
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I el i one ess recor
row i?*. gé‘ AN RRE R R ORKSS Halfotiers ity R58EH¢A data
A E q ﬁratlon of daf.a ro for aII addresses i s
row ‘6‘0‘?{1&‘3 (qily Hhe £osde corrgepqneting 49 Hep esntergl therddit i on
circuit 63 %ud ges whet herea@gleneratl on of the data rows
predatermaimegtlengthf landds I'1" whalesaltiptes codes et Y's) in the
sub- data recording section. The operation in step S
N3Seen fedrhahe é‘dre@e@dkpﬂgna@@m thbeed:(ﬁ‘sltiahg tiﬁﬁn'g weaeRition
made by the recording timng generati on (of rcuit 63,

circu@fo vt AteeulchtaedAalr i(ﬂht ?‘&1
|n|t|al$§1§é tgthe valg in g?m S 104 has reached

prede@er@‘iﬁé& YeR %ﬂﬁqﬁh& e gyggﬁfon \!Vi’l c{h{}% th€ Fhder B the land on the

ment negative, nt er nal

eached .t he deter ned cou
basis Qﬁ*}%&%ﬁf QIR RAR ARAGHBIRACE B &H@reépﬂngeg@ﬁ%e%)ﬂle
RAM? then the recording timng generation circuit 63 .
‘urns to step S 105. 31 Thus, the recording timng
eneration circuit 63 generates the data row for all
r ggtienating thaidata row theluding alhchanreldrith ingoreeaddross unit,
In case the result of judgnent in step S 108 is
the reabfdinginhing, gdrieaatiors cirtiit BBgudges in step S108 whether generation

of data rows for all addresses is conﬁplete. That is, the recording timing
generation circuit 63 judges whether generation of the data rows is complete for all
the addresses (sectors) in the sub- data recording section. The operation in step
S108 is effected depending upon the result of judgment, made by the recording
timing generation circuit 63, of whether the internal counter having been initialized
to the value NO in step S104 has reached a preset predetermined count.

If the result of judgment is negative, namely, if the internal counter has not
yet reached the predetermined count, the address value N is incremented by one (in

step S109) and then the recording timing generation circuit 63 returns to step S105.



i nternal counter has reached the predeterm ned count
and generation of data rows for all the addresses is
conpl ete, the sub data star3k being recorded in step
S110. In response to the start of sub data recording,
seeking is first made for the tg address i.n the
Thus {he Feecsdingdening gerasation sirchitiGfegencrtes doe dataitew for all the
Sill. For exanple, the seeking in step S 111 can be
addressdmitsyindbatsnbtdata yecapdingectipa. syst em conponents on
t he basis of address information on a predeterm ned
dnlradatie reseii@wfdudgmencin sep®i0%eignsfighadve bt B ifahe
for controlling the entire sub data recorder 50, In

interhSSRAMSE R &Qﬁ}éﬁﬁfé‘%ﬁ]@dé@hﬂi E&Bltaa‘iilgr %egl%{éﬁrrll)r% g? data rows

sub-data recordi ng ection, the recor |
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witing pulse signal Wp based on the data rowis
addresgrie the subdatrerecordingesceiion iy thy diskel O0cinostep SLKI f oFor

synchroni zation with the main data to be read. Al so,
exampie theise¢kiggpnissap Sibhein Ve madeaby sohebHngsamnbpeidts system

response to supply of address information on the

composeAtstbitheSoAsid 6Naddread ﬁ[f@ﬁﬁaﬁehwﬂﬁggfﬁét&ﬂﬂﬁhﬂ Qflb-data

fromthe address detection circuit The writing

recorﬂﬁiﬁ&c%ﬂoﬁw mhRs 8¢ ﬁ?gﬁ%@‘i’lteﬁ go%@&lt{'&fiﬁ@tc{hg %&glké‘klﬂ? data

generation” circult asis o a ow

' recorﬁ‘%ﬂé take the Hlevel at a correct tinme as shown in
%. Therefore, with the |aser power controller 64

witching the 32 ., output of t | aser, diqde LD fro
FhESSPOUSE F{gﬂ?ﬁs@k%%%ﬁl@ itoR) aggrﬁés i the $ieb-Hats peopting
.the witing pulse signal Wp, nmarks can be recorded in
sectiogp the recopdisig iming gereration sareditng? generhtes\vaavuisingf pulbe signal

I nput sub data, on the disk D16.

Wrp based on the data row generated for each address unit as in step S106 and
5107, and supplies it to the laser power controller 64 (in step S112). The writing
pulse signal Wrp based on the data row is generated based on the timing of the
clock CLK for synchronization with the main data to be read.

Also, the writing pulse signal Wrp starts being supplied in response to supply
of address information on the recording section as address information supplied
from the address detection circuit 60.

The writing pulse signal Wrp generated by the recording timing generation

circuit 63 on the basis of the data row will take the H level at a correct time as

shown in FIG. 6. Therefore, with the laser power controller 64 switching the



Note that although it was descri bed above that the sub
data is supplied from outside, a circuit to generate
a serial nunber for each di%k D16 | oaded into the sub
data recorder 50 may be provi ded and sub data based on
identificatjon infqormation supplied fromthe circuit )
outph @1@ lasesciade hL) Honrig w2ding powes tihwaKing pewenen the basis
recorded to disks D16 having the same title and having
of therwnitingpulsesignal iWr, anadkstcand eemchrdedier coreed pdsitions,
therein while the main data to be stored in the RAM

correigondingebithe rahanaflielinpaoaitedita, vhilehdRRDIEL been
expl ai ned above. For recording sub data to di sks D16

heote Qﬂaﬂﬂgﬁcﬁfgﬁrﬂ v&Fa'stdfe%téﬁb@@‘ﬁ’B&?é thdt the §%I§e Hhees SE’I‘BPH?% from

updat e t tent o e main data to store
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the reflective layer 102 as above is constructed as
suppligd frope theyeisewit By be storedinthenl@ANIE2 he schemati ¢

bl ock di agram shown in FIG 9. Note that FIG 9 shows

ddsq, swbpiata cam befrecdweled! tayhsksIDW ihalying tireedame titlewindl having

wWth the sub data reading with om ssion of the

main diafpegAtih @dntns t6 Bheh ¥icdadcordleunBbiedaWiffe thBSnain data to be
bi nari zation post in the main data readi ng system
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ging clrcui

I ' G 9 . I t he..di sk 10 d .
above, B8t itaidiedupi Bt B gRMIFLe havineciisynr e biRgee i
t I ith the turntable j edet er mi ned
st 1 B ke PRI 807 ol e AR 2
di sk D16 being rotated is scanned with [aser |ight
corregpandirglyttodhe chntempof eaainglatk tpborecnrded antortheldighD16.
fromthe disk D16 is

3. Player
Next, the player 1 to play the disk 100 in which the sub data is recorded in the

form of marks formed on the reflective layer 102 as above is constructed as will be
described with reference to the schematic block diagram shown in FIG. 9.

Note that FIG. 9 shows only a portion of the player 1 which is related mainly
with the sub data reading with omission of the demodulation system provided
downstream of the binarization post in the main data reading system.

Also, no explanation is made of the inversion circuit 15 and judging circuit 16
shown in a dashed-line block in FIG. 9.

In the player 1, the disk 100 placed on a turntable (not shown) is rotated by a




detected to read recording signals (main data)

recorded in the disk D 16. Also the optical pickup OP

in this player 1 includes a3} aser diode as | aser

source, objective lens to condense and focus | aser

. light on the recording surface of the disk 100,

spindjeanpter 2nalongwighihotusniable in & peedstgrarinedgotasion driving

novably in the tracking and focusing directions,
manmpdrot diet reconting aretev £itte disk ©16 beipgrrotaiéd ihecdnasdiwith laser

light irradiated to the disk 100, etc. Also, it should

lighteeninet €Eorhthe dtpﬁchhﬁckhﬁm afd r&f®n 1idheFrdoh 9 disk D16 is
irradiated to the °disk 100 has a readi ng power. The

. . . i
deteciE 4 ld B80n TP CRPL A6 R gt MRS st et
' i r.cuit ' lectrjcal si . d
SRR DR AERLS gl s B TShEkERS oot B e
sourésh oPIEHNELFES s Condense i iopwyser bl patiorcoupptwatace of
fromthe IV conversion circuit 3. Also, the matrix
the diskr Q) tiaxial mechamienatoesupport thelkohjgctéve ensangnably i the

and focus error signal FE (now shown). These signals

trackargearsd fyduseg divecti@sy, photidetettbr tdétecsh esiin partWithe laser
they will be used for servo control of the tracking

light ansdibReD Bk difle1000dtect i ve | ens. The readi ng si gnal
RF generated by the matrix circuit 4 is supplied to a

IS SAONRT. AR o330 30 1 ey RaBEIMERARA e
disk t(?(gﬁ” zat |qon circuit 5 converts the supplied reading

4 ARRGTHE RO Rary data "0" or "I". The binary data
IS supplied to.a PLL circuit 8, sync detection )
The cghum dizht dnfogmaBios drsected byithe hotedetagior in the optical

pickup OP is converted by an IV conversion circuit 3 into an electrical signal, and
this electrical signal is supplied to a matrix circuit 4. The matrix circuit 4
generates a reading signal RF on the basis of the return light information supplied
from the IV conversion circuit 3.

Also, the matrix circuit 4 also generates a tracking error signal TE and focus
error signal FE (now shown). These signals are supplied to a servo circuit (not
shown) in which they will be used for servo control of the tracking and focus of the
objective lens.

The reading signal RF generated by the matrix circuit 4 is supplied to a

binarization circuit 5 and also to an A-D converter 11 which will be explained in

detail later.



Al so, the binary data is supplied to a detection pul se
generation circuit 12a included in a detection pul se
generator 12 which will furd4er be described later.
The PLL circuit 8 generates a clock CLK synchronous
i.th the supplied bhinary data, and supplies it _as an _ .

%&@ﬂaaﬁa@@ ERCHl e ests the supphedreadiyg signal RF into binary
conmponents. Especially, the clock CLK is al so supplied

data Q" oh&l Het €he bomrpuaseis spppéiedtto aPELroitcuit & 2yn¢ etection
shown). The sync detection circuit 9 detects a sync

circu®d tnd addrése detdcoionidiccwguppl i ed  binary data into each
frame shown in FIG 3. Mre specifically, it detects a

$e.5] 9 Wha T%z?ﬁt.ﬁ @ﬁ@yﬁlfedot%té ﬁéﬁcfiBn%agﬁtl&féeiéagtgﬁ ggmflig 12a

synchroni zati rame sync sig

. EORT | . Systiem co nepd s . -incl.udi t he addres

inctu 8 18 Bidshb i 0 B eERERRR°TA Bindtal il Rt RS GRNRIRRT ager.

t address information jn the supplied  binary
&Sxeiﬁé.ﬁ cificuithgractatesiheork £eK SyRehegngns with fize supplied
. detected address information is supplied to a

binary glata,dndesuppliss isasoan pperation doek tokach happropriate system

player 1. It is used in the controller for seeking

compamentsAl dospechedlyadst eloski CEKrivafsosupiedstophk idettctiont hdse
detection pul se generation circuit 12a in the

genefdGoAitcuit P24 Gfot sisRenat or 12. 1t shoul d be noted for
confirmation that the optical pickup OP, IV conversion

THES: e Gl 8y SAESBAGHR A AR e

sync detection
. ction circuit 10 haw be described, aboye, are
binarffF kS Lol b HQupiR SITRE. aVlA s R bp GRS @
.the %iqsk 100. ‘That is, to read the sub, data, these
sectiqrypdyd h @S asSynsrhAtiesn & Heteck firmasygionizatipAg syst em

The detection pul se generator 12 generates a detection

bhe Seana¢ gya¢ sigmal is supplied to appropriate system components
including the address detection circuit 10.

The address detection circuit 10 detects address information in the supplied
binary data on the basis of the frame sync signal. The detected address
information is supplied to a controller (not shown) which controls the entire player
1. Itisused in the controller for seeking etc. Also, the address information is
supplied to the detection pulse generation circuit 12a in the detection pulse
generator 12.

It should be noted for confirmation that the optical pickup OP, IV conversion

circuit 3, matrix circuit 4, binarization circuit 5, PLL circuit 8, sync detection

circuit 9 and address detection circuit 10, having been described above, are also



i ndicative of a detection point corresponding to a
mar k recordi ng nethod determ ned for common use
bet ween the player | and sub>data recorder 50 in
reading the identification information as the sub
ta. The detection pulse generatqr_ 12 includes the
used di geading themadn datsgeserdsd inghe disk L00.2a Thatisatoread the sub
12b. The detection pul se detection circuit 12a
data,gbpse components faandegétbear pwhain-dxia oeadihg spstsits of t he
information stored in the RAM 12b. The detecti on

MHesdeteptidh palsgeraceited 1 D geavintd £detedtibh Pulsdyi gnalth

converter 11. The A-D converter 11 is supplied wt
o ogadi . | ] r] ! . he
ndic g o oYt EBr SR Aig (58 itk reEbl i ekl
' ' it e ti;on puls .
deterigB, 5 L3 Morf G5 GOHAICEH ot Wl R ) A0 RE0 Ry 20 in
.data det ion circuit.13. The sub data detection
readlggrtﬁgiufen?% ggnﬁormaggg}@%&e,@ fcul ation of the
val ue supplied fromthe A-D converter 11 to detect
daerisiegtian pylse genenatorbd includemthe dstegtiompulse generation
each of the sub data on the basis of the result of a

circuitall2alaatliaaR AMohdbe s gBnel detgction tpwsead eteetiem tironit d 2hggbtherates
- even" subtraction, for exanple. Note that the

- the detetgioh ipalsedDp Bbthddagisvay the ififsithdtont fierddeinthie FPAM 12b.

pul se generation circuit 12, A-D converter 11 and sub
: i ol bl - WM cAl ' il
The 4 Qo e L Ol el G i e R o R D S Bt
C trd ' it [ uppl i,ed to. an E ror .
Ehe 7S SOl isionTied 35h i o BB oy the matrix
. 1he | anat i on de herein is based_on the )
cireuiydS uﬁ‘@w SrBidverge 1 RoamrD e sunpl readingignal dyt aha time
. circuit 16 shown in a dash-line block are not
- desigpatsdiwidh the detertion padss signal Bpbaedsupplies thesempied value to a
identification information and error
sub data detection circuit 13.

The sub data detection circuit 13 makes a predetermined calculation of the
value supplied from the A-D converter 11 to detect each value of the sub data.
That is, it will detect each of the sub data on the basis of the result of a calculation
corresponding to the aforementioned "odd — even" subtraction, for example.

Note that the detection of sub data value made by the detection pulse

generation circuit 12, A-D converter 11 and sub data detection circuit 13 will be

described in detail later.
The sub data value detected by the sub data detection circuit 13 is supplied to

an ECC (Error Correction Code) circuit 14. It should be noted that the



correction code. The ECC circuit 14 reproduces the
identification information b meki ng error correction
on the basis of the error c&rection code in the sub
data. The reproduced identification information is
supplied to a host conputer 6 shown in FIG 9. The
explanadiondpadeherein iy baseghon the asnmptiondhatithenvepdencireny 15
by supplyin? correspondi ng conmands to a controller
and jodgings¢ioouij 6 showmtinal dashelinablock greayotpravidedor
exanpl e, the host conmputer 6 sends a command for

g alisn@asefthtkabrtditbtMdes thedaesefcdtivd fofhstiod 8d error
The main data thus read fromthe disk 100 will be

comsBSEREd mpSRECORal| B ELEEHC Sy it normation by
AR A ot 5 TRl e
S oGRS B b B

predet erm ned network. Thus, the host conputer 6 can

showpdrd l§8fa communi cations with an external devi ce,
especially, a managing server 70 shown in FIG 9, via
ilhe hwsedemputsrredesighates vasivok kasdst dftoperhgoneby shiopling
that the host conputer 6 and nmanagi ng server 70 in

corre§puriliggeotimBids tov tbn@eREADt RoWn) ko BEnH#EFfHd &ftfte &)Iayer 1.
l'ater. In the player 50 constructed” as above, the sub

For o484 OSSR 25 RIS OIS gy
' j [ O i d t 7 I f
recorfSER ek AL Fhe. S RaSHLERE6 Bdet I e B2
binarioed hyhe 3o cuRel gaflisa BRojeried 6 mafulehen (RbL 1-7 PP
data to one address unit. For the conveni ence of
modudsiinmin axrpd aorree@n end libodiketin aplersodwldtion system (not shown),

and supplied to the host computer 6.

Also, a network interface 7 is provided for the host computer 6 to make data
communications via a predetermined network. Thus, the host computer 6 can
make data communications with an external device, especially, a managing server
70 shown in FIG. 9, via the predetermined network such as the Internet.

Note that the host computer 6 and managing server 70 in this embodiment
will operate as will be described later.

In the player 50 constructed as above, the sub data is detected as will be
~ described below with reference to FIG. 10.

FIG. 10 shows an example of mark recording in which "0" is assigned as the



| ands forned as the main data in the sane pattern.
First, the sub data is recorded with 1-bit information
bei ng assigned to each add¥&ss unit in a

predeterm ned sub-data recording section on the disk

havi ng gﬂr evi ously been described. A code is
VaIU(? e P@@bﬁt@%ﬂl% data feone addicseuntdndhe disk Lo and apexrmple

is recorded on each of odd ones of the

of mmkewebaimg neavhiehdih i3 assigned dethecddue sf dat ibiteof the sub data to
0" In case a mark is recorded on each of even ones

one aafdréssqimt anpgr tHeh@reaternce dfeixphathtiors FIG, 10 thédvsitke p1ts and

in case the code is "0" as shown, he mark is record

t
Iandsggzle g';acrah}srrt{fl%e e%%?ﬁnwsd&ﬂgﬁaﬁée address unit. In
0 cor ed on 0

F30F, P SRRl b resuded IR Bl pkat i Gihe @éwéflﬁﬁ to cach

| ands, i n the addr.es : Intheforegomg
address uiih uREsdst R R Sb1dsts Briordoe SaG0nEB fhaalck 108as

herein as a portion of which the reflectance will be a
having preveousdyvbeend deseribed. t he waveform | evel of the

reading signal RFis a little |lowered at a portion

vheode ishrepresentedi as wilkbe descritzsa] bélown. Inncaseadinatk fshecorded
sub data, the value of the reading signal level wll

on eabB dfwdidesheshishe éﬁ’é’détbﬁnﬁﬁﬂ'-lengﬂﬁﬁﬁﬁs' ﬂlerc%fde% td@ﬁﬁ@d ak "0".

the mark-recorded portion that each mark is

In cafifa Hﬁﬁﬁﬁg ?Qccg'af:& ) f%@{l tveﬁ %Eleg %[Ftsﬁ ‘?Jn , the code is deﬁned

predet er m ned- I engt aving een
nq@bo e r.ecorded at .the cen
1 e ety W s aERorg TS Gas SFGTE: ﬁxesmwr ety on
cente of t he nar, cord and,  and t he
ach ﬁ@r dipBes phthe Rrgde @Liﬁ ?@A&met he adgeessgmit.  In
authentically obtainable as will be seen fromthe
case the\wetsrisn' oY, thaenarkadireeprdeid gmdy orrash@dithe even Gnegof the
Thus, the binarization of the main data can be
predetermined-length lands in the address unit.
In the foregoing, the portion where the mark is recorded has been described
“herein as a portion of which the reflectance will be a little lowered. Thus, the

wavetorm level of the reading signal RF is a little lowered at a portion where the
mark is recorded, as shown.
| In reading the sub data, the value of the reading signal level will be judged -
based on the small change in reflectance at the mark-recorded portion.
Note that each mark is to be recorded as sub data at the center of a
predetermined-length land as having been described above. With the mark being

recorded at the center of the land, the reading signal level is lowered only at the



prevented from being affected by the sub data
recordi ng. As having been descri bed above, when the
code is "0", the value of th® reading signal RF will
onIy be | owered a I|ttIe on the odd

pre tZlgerm ned- Iedg l ands. On the other hand, when
centenf thgamanksrecprded laad|aadehe sraveserm @4 dhe geaslipp signRE RF at the
will only be lowered a little on the even

edgeps atttentica g dbtaingble dsamibbe Toan fbar the waveforngofithe reading
each value of the sub data assigned to each address

signdlRF shoivnVih FIG 00 | GahusOtltebinaiiz@MonoF i ffain B8ta can be
predeterm ned-length lands in the address unit the
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[ evel rea

rded can et ec ed " y et er,
R feyBedies 46‘&’%@?}@5‘3%%%‘9%9@% a&eﬁegif g
mark is or ded, for exanpl e.
readifgsigiil Ribatilily Dileworaa dgde onghe odd niRGaRRiRsdleagth
recorded only on the odd predeterm ned-length | ands
landsandOntbe othteshande whetdhe sode is "1", the lewel lof the reading signal RF
recorded only on the even predeterm ned- I ength | ands.

will anlydiehlesvened ddittletonvthelevea predeorhiaid-sngtieleidst he
code is "0", no marks have been recorded on the even

Hﬂ&fﬁb% ffbf‘jiiﬁgﬁg ¢héh hanSomd shBafatAsHEN&d td chlf:é’(ﬂ'ﬁ'ess

, the” mar kS have been recorded on“the od
unt, Rﬁﬂﬁ%‘%c A& %M%difethr@féﬁlﬁgﬁg@#ﬁgﬂﬂwqﬁéﬁe
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rm ned-1| e thI ndsthereadlng signal RF is
Rbedeeel o ar et tigealddt aphamask-reeqsided ortion can

More specifically, V\/nen the result of the "odd - even"
be detagted by determising a difference iv deved frarhhe ecadiing sigingh RF at a

RF at the odd predeterm ned-length lands is
portion where no mark is recorded, for example.

It will be seen that when the code is "0", the marks are recorded only on the
odd predetermined-length lands and that when the code is "1", the marks are
recorded only on the even predetermined-length lands. In other words, it will be
seen that whenever the code is "0", no marks have been recorded on the even
predetermined-length lands and that whenever the code is "1", the marks have been
recorded on the odd predetermined-length lands. Thus, by making the "odd —
even" subtraction as to the reading signals RF at the adjacent odd and even

predetermined-length lands, it can be examined on which of the odd and even

predetermined-length lands the reading signal RF is lowered in level (whether the



| owered in |level, which nmeans that the marks are
recorded on the odd predeterm ned-length |ands. On
the contrary, when the resuB? of the "odd - even"
subtraction is a positive value, the reading signal RF
at the even predeterm ned-length land is lowered in
mark; i rgeordgdch neans that the marks are recorded on the
even predeterm ned-1ength |Iand. Actually, however,
ndiose specifcgdy, podsadtheresik of deel'odd sieyeal' sEhtradison is a
above, the fall in level of the reading signal RF at
negatilve vahids theeiddes sipant R¥ati the sddgpredéteritbd-funstiMddds is
_ possi bly be confused with the noi'se. Therefore,
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ositive judgnment of the reading. signal value. On this
subtr3gie it a Ppﬁlél%goﬁﬁ%tthe reaing g1g5ipl Kt algihgiaveg t he

result of the "odd - even" subtraction made of the
predetemgineg-lengthalangtis dawhresein fluehehiohj meams thad theanrks are

even predeterm ned-1ength | ands and judgi ng the val ue
recorded onethbievea psedpterdninedt agttaliddess unit on the basis
- of the result of integration. Wth this operation, it

IActudI0s HoW el ndies id & Iﬁo&@t&ﬁhéﬂé@ggg%ﬁgnafﬁpe&y%ove,
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data. For naki ng the above-nenti oned -~ even
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e reading sign aval ['abl'e e center o
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geperat es, detection pulse sjignal Dp as shown in FIG
the refglizad 1he Jodd i grar” SbitagEongpicaallon ISesi g readinggignal

for the "odd - even" subtraction. As will be seen from
RF oyt aset #f adirsett 0dd andreven predetegmidedslength lartds is odd

- even" subtraction, a signal should be generated

insuffatiientfdrgpositivdpidgrhemad{ thelrgadihgtsignal value.

On this account, the sub data is read by integrating the result of the "odd —
even" subtraction méde of the reading signal at each set of the adjacent odd and
even predetermined-length lands and judging the value of one bit assigned to the
address unit on the basis of the result of integration. . With this operation, it is
possible to positively detect the level of the sub data.

For making the above-mentioned "odd — even" subtraction, it is necessary to
sample the level of the reading signal RF available at the center of each of the odd
and even predetermined-length lands. The detection pulse generation circuit 12

- shown in FIG. 9 generates a detection pulse signal Dp as shown in FIG. 10 as a



center of each of the predeterm ned-length | ands as

the main data. For generation of such a detection

pul se signal Dp, correspondfthg timng should be

gener ated based on the content of the main data stored
.oint ge sub-data recording sectlon on the disk 100 as
signgl foy desigaatiom odpamplingrtiminggfosdhe fodd greveniispbtragtiome

af orenenti oned sub data recorder 50. Different from

thewsllbedatn froam dilted 0585 theaketeeion phse pignat D forsthedodd —

used at the disk maker side. Therefore, the content

even! eglotraletibr, @ §1?§alcﬁh%|&ld-89 geasnedd %wfpfaﬁke?;ttl@é EOlehvel bAK at the
player 1. On this account, the player 1 is used to
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in FIGY9. FIG 11 shovvs the data structure of the main
recorgingsectionshuthe, disk H80rmsiin geaerationsef theasriting gudsesigaal Wrp
each correspondi ng address. The detection pul se
in theyafoeeratntioned swhidhtat@aoidertie det ecti on pul se
generator 12 generates, based on the content of the

MaffBraid eorh thé beb HRROFGDRILrFES Hoevet,ahe gﬂa r 1t RdrAled at
12b, a data row of which the éode in correspondi ng

the dffs'}cfﬂléleeri side.1 gﬂ@féfofét el c&&’eg e%%?d@ci In digg 1b6 ctaﬂﬁq be

orenent i one generétlon 0 I'ng pu si'gna

Pfe-S‘fé‘éﬁ%FaﬂbeﬂEY%i IS e ALl | B %qsi%rre@ﬂéhe main

ener at ed,. and pp! it to the A-D
data (53t Sub Pt oA Sbiopdm BiF lbaded it 00 pd et (therein
of the readl ng signal RF at a tinme designated with
for usere geseceateithn plectienpudgeasigmpl Dphat is, in correct
timng as shown in FIG 10.
In the player 1, the main data read from the sub-data recording section is

stored into a RAM 12b provided as a memory in the detection pulse generator 12
shown m FIG. 9. FIG. 11 shows the data structure of the main data. As shown,
the main data thus read is stored at each corresponding address.

The detection pulse generation circuit 12a in the detection pulse generator 12
generates, based on the content of the main data in the recording section stored in
the RAM 12b, a data row of which the code in corresponding timing is "1" and

-other codes are all "0" as in the aforementioned generation of the writing pulse
signal Wrp. The detection pulse generation circuit 12a generates a detection pulse

signal Dp based on the data row thus generated, and supplies it to the A-D



The player 1 reads the sub data as wll be described
in detail belowwth reference to the flow diagram
shown in FIG 12. First instlep S201, the disk 100 is
Ioaded into the player 1. Then in step S202, the
ores the main data at each address in the

COHV@U@I 3& all iﬂ@e%l?j cagverderct) samplesithe leyed pt thoreadieg signal RF at
| oadi ng the disk 100, the player 1 will start seeking

a timealesigmatedp ittieatssection pulse signati By thatde; i cogrect ¢inimg as
predet erm ned between the player 1 and sub data

showre@odFd&r1 050 i n response to a command fromthe host
conmputer 6 shown in FIG9, for exanple, to read the

eﬁ)lg tlgl {i‘ rtﬂ@ ‘ggb 'ﬂa&eh&s Wil ‘?Jreddéggnﬁt@& i QBtail ﬁ?&{lowq\%lth

us rea e detection genera
C hown._ i FI G 9 es the bi nary dat a
referé%({)ep Itbglff(}vg lqgjf@nﬁ F J@n %I rcuit 5 at each

rres dresmthe M12 t he is of
First By fepﬂ?gﬁ isi lpade Pﬁ%tﬁ%Braé’@aress hen in step
detection ci rcwt 10 In step S203, the address val ue
S202Nthespleger 1 stares the mam detal aieasipadiiresstin she selp-dgrogcoading
internal counter is initialized to a value NO for the

sectiateor ¢he diskpll(se generation circuit 12a to generate a
data row i ndicative of timng of sanpling the reading

Up@ma!ba&%ﬁlgf 0k AJEN0edtegiayen Wwillstav lséelaﬁ TEPHR ﬂvavedaddress

bel ow. In step S204,  there is generated a ata ro

in thé"éﬂbcﬁata]recbﬁi §§6t§ﬁp§éﬁg&%§np%& BLfbed tlf?e player | and sub data

predeterm ne eng mal n da

ving,the valu eration in st
recor@04F ?fgr%aass%gp { Ramien® £l e ndd gtRBIEL b SHhowh
12a referring to the content of .the rraln dat a stored
for examplretorqod 1B maindatd secorded iy giekscprtingseson.  For the
eneration circuit 12a qener ates a data row in which
main gatajthuﬁ geadhe detection pulse generation circuit 12a shown in FIG. 9

stores the binary data supplied from the binarization circuit 5 at each
corresponding address in the RAM 12b on the basis of address information
supplied from the address detection circuit 10.

In step S203, the address value N is set to an initial value NO.

In this step S203, an internal counter is initialized to a value NO for the
detection pulse generation circuit 12a to generate a data row indicative of timing of
sampling the reading signal RF for each address unit as will be explained below.

In step S204, there is generated a data row in which "1" is inserted at the
center of a predetermined-length land as the main data at the address having the

value N.



at the center of the predeterm ned-length | and as the
mai n data stored in association wth the address N in
the RAM 12b is "1" and the €bdes in other positions
are all "0". Since in this enbodinent, the nmarks are
to be recorded on_the lands_of 5T, for exanple, there
sHisPRETBHOB & stept B hisamade byihe detastion mHss gerrrationgircuit
at the third bit in the 5T section is "1" and the

12a refeteingdo thbeonteme of the main datal dtotedl' in hethAMid 2bbovithat is, the
operations, there is generated a data row indicative

dete@forﬁpulﬁ@%@héﬂiﬁoﬁ@if&liﬂ 04 Béncds eSdats vbiv iatwhidh only the code
address N. After generatihg the data row including all

at hE LARBELT M et IRaR 1A be e R BUBRIORN iR HsS6iciation
. L . . L1, addres. [ .
with BRI B Nrinhe RAR 2655 BE e nSErdE B aurppsfions are all
nan CliCUit 12a jud whet h ti f ot dat
07 S5 b b SAER To Sa BELE R G i s
recordi ng section. The operation in step S205 is
for example; gkerbyphonkd begeetiatad pdhaoyeirewhicloonky thewode she
by judgi ng whether the internal counter once

third bt ini the i5Aeskctiontib @1V ahdeh&iCodes st thp cREDibasra dlhthed a -
preset predetermned count. |If the result of judgnent

VEith gehboee o;ﬁéﬁﬁbﬁs thérd i_@%én%%e&é@ al 02 ¥ SR dRATIVBQIS a
yet reached the predeterm ned count, the address val ue

samplfnbSiHATRMAMANG hERaRE/NS206) and then the
etec 0

tron pul'se generation circui't” 12a returns to step

RO senbiithis BREER he oty 3 ARV Sad Sliepg omit,
in the sub-data reco_rdi,ngasecti on. ILn_case. the

43 )

the detegtipn pyfsejgeagratinn cincwit dga dpdees i siep S2RAwhether generation

is, if the internal counter has reached the _
of datgrrewes for mllrastiressentis aonipletner dthadis, dhe dateationymilsd generation

~all the addresses is conplete, the sub data starts

circuihdRagudgesowtiether meateypionidBhe data rows is complete for all the
address units in the sub-data recording section. The operation in step S205 is
effected by the detection pulse generation circuit 12a by judging whether the
internal counter once initialized to the value NO in step S203 has reached a preset
predetermined count.

If the result of judgment is negative, namely, if the internal counter has not
yet reached the predetermined count, the address value N is incremented by one (in
step S206) and then the detection pulse generation circuit 12a returns to step S204.

Thus, the detection pulse generation circuit 12a generates the data row for all the

address units in the sub-data recording section.



Upon starting the sub data recording, the detection
pul se generation circuit 12a will seek for the top
address in the sub-data rec@&ding section in the disk
100 in step S209. The seeking in step S209 can be
made by the aforenentioned controller (not shown)
dnwase e ressltafgudemenhin step 5241s's effiematies shat is, 1f the
. informati on on a sub-data recording section
interpalentemégrhasedatiyed the predeteemined esurft askdoyameratidd 6f dta rows
for exanple. In response to seeking for the top

for aRdkE addresSest 1@%0%&1516&‘3‘%1?6 5185 Qafd at$BEMicdRcordeddin step S208.

detection pul se genefation circuit 12a-generates
S G RedRind 7 dofRrib R @%ﬂ%‘ﬂ%ﬂ gircuit
e A-D 11 09, T
120 PR st idrbaddiBadin 5 BhSUaS spcordheE seitions Buibertisk 100

gene ated IS enerated based on the tlmn of the
in stepy 2209 cLkhe secking ir sreamd2eY cam wmardthé%afer@@ﬁatmaed

be read. Also, the detection pulse signal Dp starts
contrpBengnas shpwing given ae sussnmsionoors thepbasis of addifess imfbrmation on a

at the top address in the recording section as address
sub-datd recoedingrsectivn @irb@@ieﬁﬁﬁf@dﬂ%ﬂkﬁlﬂiﬁ genfjpitéct shown in FIG. 8,

circuit 60. In next step S2 10, the val ue of the sub

fore%ﬁ}?le' s detected by naking the "odd - even"
subtraction of the val ues sanpl ed based on the

FEHSRL50, A R 59 U5 035L Bt BoBh Rl

: ectlo circuit A-D convert.e 1 sa es t
the digOEF pRRerasetariam et 2 eero Gl detpekian mﬂ%ﬁlgﬁé{"ﬁp
matrix circuit 4 at a tinme designated with th
basedyen the daja rowm g@lega@ﬁlafpr pach addiess gaitrasdm SEmSa@'ﬂ,ezmd gupplies
ul se generation circuit 12a, and supplies it to the
it to teeA-Ddennvedter dd tinautes S209i t Tie. detection pulse signal Dp based on

the data row thus generated is generated based on the timing of the clock CLK for
synchronization with the main data to be read.
| Also, the detection pulse signal Dp starts being supplied in response to supply

of information at the top address in the recording section as address information
supplied from the address detection circuit 60.

In next step 5210, the value of the sub data is detected by making the "odd —
even" subtraction of the values sampled based on the detection pulse signal Dp.

The operation in step S210 is made by the A-D converter 11 and sub data
detection circuit 13.

The A-D converter 11 samples the level of the reading signal RF supplied



The sub data detection circuit 13 nmakes the "odd -
even" subtraction having been expl ai ned above with
reference to FIG 9 by subtf4cting the even sub data
val ue supplied fromthe A-D converter 11 fromthe odd
sub data valuye. The result of the "odd - even" .

fromdthg anafels Grcuit4 iahadine designatedonsh the detestionmulse gignal Dp
detect the sub data value on the basis of the

suppliad depmatthe detestion pulscgersubtiomcarcui! [2a, asd suppli¢seid to the sub
the ECC circuit 14 in which it will be

data defeotion @ircaftt €] based on an error correction code
included in the sub data to reproduce the

: ulf éizftﬁtdetf’%tfoﬁf QiR g%g’%aé@geché a6y Lf %\Fe?x‘gistﬁﬁgaﬁ‘gglg having

normatlon_ US_ repro_ IS sugpie ah
been SAFRLEE abo v P Epishot o 100 IS e RReBR et awt g

‘ thus .supplied to the host conputer 6.is used b th
valug iplied oty § %-45 geuvsiterehl TRmugic,edd sup data wilue. | The result
Opti cal -di sk recording medium recorder and player as
of the neddi-resien spbtraeiomis ndegratrsstoridach adBiass unitte datedtsthe sub
can be witten and read as the sub data to and from
data valae oaf thedtaisiseofl thgenteppiaf value. di sk 100. As above,
the marks are recorded as the sub data on the

Batheobidaea Valveris 0gplieio e ECU sieande 14 he wigeRingilvhe
mai n data recorded in the formof a conbination of as

emor PO AEb Gy PRSI TEUD oo B Y188
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reprogieqd oD A (ke BEsLERREACES B WhORbmilihe wieghas copyright
Not e however that the marks are recorded to the

- managemeat infpemptigsr 102 by irradiation of laser |ight

having a relatively high power. The portion irradiated
The identification information thus supplied to the host computer 6 is used by

the iatter as will be described in detail later.

4. _ Optical-disk recording medium, recorder and player as embodiments

As having been described above, the marks can be written and read as the sub
data to and from the reflective layer 102 of the disk 100.

As above, the marks are recorded as the sub data on the reflective layer 102
not to influence the reading of main data recorded in the form of a combination of
as pits and lands. So, when the main data is only read from the disk 100, the sub
data will not be read from the disk 100. Therefore, recording the sub data in the

form of marks on the reflective layer 102 is advantageous in that the reading signal



with the high-power |aser light will be heated and
thus thermally expanded, and the substrate 101 under
the reflective layer 102 wi43d possibly be defornmed due
to the thermal expansion. FIG 1A shows this

i deformation of the supstrate 101, At the portions
m th@vldéﬂiemq wall met ke copredataca covmtetfeittdisk.subst rate 101

will thus be concaved (as indicated wth a reference
MNoterhaiwever Gadt theenarks arrs recopded eal thbue fleotivd dayeratQ2rigy
for exanple. When the substrate 101 is exposed with

irradidt@nceMater lapterhal®ise anelativtlek weRY €Thel P3rthgi ehdiated
separ at ed f?%%the substrate)elfg%lvlg% such asﬁdi sk 100,
. i \
it R b e Rt will B8 Ly e R pRldcd ind the
rks;are reecorded_as dat a ho in FIL.G
substi 18 1T i EGIRNE D030 07 wiebsc By BE M Torid 5 o the
teae mar k-recorded portions, the reflectance will be
thermal £¥PaBsiant i tt1 e due to diffraction. That is, if the
shape of the substrate 101 has physically been ]
flantdrshioed, thishdefoumatianofithe subgrate d P od vsethegwrtions svhere
and thus a counterfeit disk is possibly producible
the nizake d1 0 areafornad, tlenbulssttatel 101 skill thus deawvndabed (o dicated
that such a counterfeit disk fornmed by the physical
with A réRséddeitRBrad 1 1DARwHeRSE (3 atdBd A8 eRb FHE RBSIND Br
| arge scale by preparing a stanper on the basi s of
examﬂ% substrate 101 havi ng been concaved (concavities
a) at the mark-recorded portions thereof and

[ a.r [ .substrate. usi ng the st r. 465 To
SPROLAR QustBle Bl icemasearieh T SovatTades TS had Feectfye
bstrate f db hysical |y t i bi th
layer JGRdietag seprated omnbeibaraw Liksel 863 a3 sk 100, concavities
aut henti cat ed di sk 100 shoul d be produced by recording
110a w1l hedfioamed amthie sumfaceaifithe substrate 101 correspondingly to the

portions where the marks are recorded as sub data, as shown in FIG. 1B.

At the concavities 110a formed correspondingly to the mark-recorded
- portions, the reflectance will be reduced a little due to diffraction. That is, if the
shape of the substrate 101 has physically been transcribed, the sub data will be
reproduced as it is and thus a counterfeit disk is possibly producible based on an
authenticated disk. It should be noted that such a counterfeit disk formed by the
physical transcription of the substrate can be produced on a large scale by
preparing a stamper on the basis of the substrate 101 having been concaved
(concavities 110a) at the mark-recorded portions thereof and forming a replica

substrate using the stamper.



wi |l be opposite in polarity to sub data in a
counterfeit disk including a substrate forned by
physically transcribing thedsubstrate of the
aut henti cated di sk 100. Using the dlfference in sub
data polarity hetween the authenticated an
deupierertiie prpduetion of aggunigrfaihdisk mphlidmg a@nbsatratg formed
aut henticated or counterfeit, it is possible to
by phisscallyniranscriting ke sulbstete bE ah ianétendicdteskdiakd 08, thesk
produced on the authenticated disk. can be Judged by
autheigicated diskd 0@@1@@1@66 W@d@bd‘df 19y fRteeding S ddth sy tﬁﬁt lh@flatter

sub data val ue . is end,” the authenticated di sk

will H@Q Gatd g&ﬁfuflﬁfe f\}};ﬁﬂ ?atﬁq}i% (%Lﬁlbt?i@@ﬁ sk por ?ﬁdlhgeal sulbstrate

ng Si the mar

n t ha. er rt |
fOfHI%EBP rSleal s Qpbih e’ bl b Pt B Ticalf iste 100.
v i ng..a disk Olnvvhlchtherealn95| nal
ﬁﬁ% ﬁ% ditfasence 1@1—@-&’ datampdarityhatwegn ﬁﬁ@ aﬁﬁm igatedrangh
that at the other portions. The property is as shown
counterfeft) sk to judge which art epticaldisk tsydutheatisatedtdrecounterfeit, it is

vertical axis indicates a value resulted from

possible tegtiatiimmnate bichwecere s autheticatde disk tandra digk pirbduotal o the
of the reading signal RF at the portion where the mark

authenfichirdqliged fromthat of the reading signal RF at the
ot her portion where no mark is recorded. That is, the

can ORFGA5E1 POIBNARE SRSk, BRSNS

Value' s. Also, the "Pw (nW" al ong the horizontal aX| S
i'ndi cat es a Iaser pomer used for recording the marks.
,FA;? In FI the solid curve indicates the

[
the aiihamiing ek L0 ahemITDNTEACH hadeproperty

recor ded therein by the sub data recorder 50, and the

that thineeding signal kvl et thednar-fermed pprtapsrwill be hagher than that at
- counterfeit disk having physically transcribed

the other portions. The Applicant of the present invention succeeded in
developing a disk 100 in which the reading signal level will be higher at the
mark-formed portions than that at the other portions.

The property is as shown in FIG. 13. In FIG. 13, the "Amplitude" along the
vertical axis indicates a value resulted from integration of the result of subtraction
of the value of the reading signal RF at the portion where the mark is recorded
from that of the reading signal RF at the other portion where no mark is recorded.
That is, the larger the integrated value, the large the value of the reading signal RF

at the mark-recorded portion is.  Also, the "Pw (mW)" along the horizontal axis

indicates a laser power used for recording the marks.



therein the substrate of the authenticated di sk 100.
Note that the results of experinents as shown in FIG
13 were obtained by recorddhg the marks under the
followi ng conditions: The mark was recorded on a | and
havi P}g a J[orede_ter_rri ned I ength 5T on the disk 100. .
AnddG d Bethesgoliseting survgyindicates e nrapedy o anomthersicated disk
formed fromanAgSn alloy deposited to a thickness of
100 by ingimarks recuddd thereirabk the sub Hetadicsérded G0, tihé tlseiiashed-line
data recorder 50 was operated wunder the follow ng _
curve fiilicdteofiss mfﬁwﬁﬂ Febdurpbreitdisk Navid, idaAB e franscribed
wavel engt h ]ﬁ 05°'nm - Recording Ili negrﬁvyesl ocliiztet;g 4.9

there{ﬁdﬂle suﬁygfage SR HithehtidaRddisRO gip A so. the \?vihiSléhloo

I sk D16 having main data recorded therein,

1] l.so referred to. as "maipn dat.a- ded di,sk.

Bt B AR SR dEnelioh s 48 oM RTIRE fac e otdingd by

|l ue-Ray Disk (trad rk) standard having previously
fecorag%th%%égﬁ rttﬁe WHIG ftigNsch Tp of 320 nm (1T

length = 78 nm), pit width of Tp/3 and a pitch depth

dheinark wes seedided ohe leodiaring b pradetkrmied lengthh&T on the
~experinents was prepared by separating the reflective
disk 1G0.er A1) the esfl¢dtiveslapert 162 of #ldisk 00ewds $rni&Dfrom an AgSn

having the marks recorded therein under the above

alloy dlepasitéPfsa tidicRiédsast4(Phly the substrate 48 101,
physically transcribing the shape of the substrate 101

’3"“8 tr&&%r@ e ThAIR] the gﬁgégp(gg e SR ﬁ%{aé%q%o%c?e]r YW logigﬂﬁed

_ he stanper, an rng-ar ective [ay
underth’ fgﬂoquggséggaﬁ{oagse 101 thus formed.

- Numerical aperture NA 0.85

- Laser wavelength A 405 nm

- Recording linear velocity 4.9 m/s

- Mark recording timing 30 ns

Also, the disk 100 (disk D16 having main data recorded therein, which will
also referred to as "main data-recorded disk D16" hereunder) was designed in
compliance with the Blue-Ray Disk (trademark) standard having previously been
described to have a track pitch Tp of 320 nm (1T length = 78 nm), pit width of
Tp/3 and a pitch depth of A/5.

Note that the counterfeit disk used in the experiments was prepared by
separating the reflective layer 102 from the substrate 101 of the disk 100 having

the marks recorded therein under the above conditions to extract only the substrate



First, it will be seen that in the authenticated disk
100 whose property is indicated wwth a solid-Iine
curve Ain FIG 13, when the4d aser power is within a
range of 12 to 25 nW ‘the "Anplitude" along the
vertjcal axis s higher than the Ilevel "0". That is,
101, phygjcally seangeribing theshppe of kg subgiiaie 1 Gk do o atstamper,
reading signal level at the portions where the narks

formanga sebstrate d 0l hshimpiéing withehe btan@yerf ied depmdsiting a reflebtive
the sane change of the | aser power, the "Anplitude" is

layer T0®6n thesubidt@ite ¢9elthudiorhied he counterfeit di sk whose
property is indicated with the dashed-1ine curve B.

Wit It %ﬂ%&%ﬂtthﬁpﬁl ﬂh%%&lﬁ'&tféa%&iglg?@swﬁ%\sé ?f‘op&srty is

portions ere the marks are recor
1o W] kn fromthe .a th ks can be . ...
indicied w1+ RO ibe SPH A R IKE 13 Viehabe TaskEBrsir inpittin o
r nt Jinventjon so that the reading signal RF at the
rangdiaf k2 fe 25rath ther ATapitde” elenahervertical 56 & higheg han the
' in polarity fromthat in the counterfeit disk having
levelt"Pans dhiabisd it will be aindiestamighde diats whidlusans that 1be redding

the authenticated disk 100. That is to say, the
signal dmdil agtisd gowions RFhevbehe nidrks ape kxoaded isf lighedinddviel.be

different 1 n polarity between an authenticated disk

R Srirarg O ith thé §ﬁﬁ1@‘ﬂh§h%9 PR Pdiepﬁé%r,ocﬁet"h‘%ngﬁﬁiﬁe" is
100. Note that the results of experinment proved that
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aser power,
readin ignal. . evel s .onl .ound. at is to s
dashefie Bl Rich FisBps 484 BF riatiRESuimal divel of tipSions
corresponding to the pit, the polarity of the reading
wherg ﬁg‘h%larlf%aliehrécmiedazﬁtlﬂwf-i cated disk 100 will not be
opposite to that in a counterfeit disk produced based
A wilkbe inhent fros the aliosie, thel i@arkisicagche nenorded ko the optical
illustrates, for reference, the result of observation,
disk asythe embodiment of the present invention so that the reading signal RF at the
mark-recorded portions in the disk will be different in polarity from that in the
counterfeit disk having transcribed thereto the shape of the substrate 102 of the
authenticated disk 100. That is to say, the reading signals RF where the marks are
formed will be different in polarity between an authenticated disk 100 and a
counterfeit disk produced based on the disk 100.
Note that the results of experiment proved that when the mark was recorded
at a portion corresponding to a pit, the higher the laser power, the lower the reading

signal Jevel was only found. That is to say, when the mark is recorded at the

portion corresponding to the pit, the polarity of the reading signal in the



an AFM (atom force m croscope), of the shape the

substrate 101 took when the nmarks are recorded to the

di sk 100 by the sub data re¢®drder 50 shown in FIG 9

under the sanme operating conditions as for the results

of .experiments shown in FIG 13. FIG 14A shows the
authentiqated diskddewilhnpbhe oppesite tipihet i acoasteréit disk produced

substrate 101, and FI G 14B shows the result of
basedlonche anthemtichtedndiskect i on, taken along the solid

line X in FIG 14A, of the substrate 101. The dashed

IFIGR 3 4achematically ifastidss, foPfiferinte! the eeslt bf @BSeation, by
the dashed lines a to e, respectively, in FIG 14A. As

an APME (a0 RFEE PERCDPER f i il HERub S B0 ok whi the
to d, for anpl g) . of.t.he aut henticat ed | apd orti

markghe€ peortteE FEMEE dacdogl i pf Rt b 28l ot 30 SRR £ 0
sybstrate 101, is defornmed_ due to the rk recordjng. .

undepfhg,same gpgeating gonditigns R Eor e Koy ergments spown in FIG.
may be regarded as a width of a portion whose depth is

13. larger than that of the authenticated |and portion as
shown in FIG 14B. In this case, however, it is seen
théet 14 Ashoarsktheirdsdit of obsdrivhtibe of digappéhanfideadf the substrate
one track defined between two adjacent ones of the

101, 43¢ Ped. 14BeRowsARE BB of BBYvatilh 81 hd bedRre Xl A18fg the
with reference to FIGS. 15 to 21 the principle on

F
solid‘fn@eﬁja ih8d ¢adi 0g sl &!il?étra'tﬁgh. YjV:Tlsl,‘ll? @gg&ggﬂ]{%g 2t dREFIG. 14B

rk-recorded portions on
. 4. € di ment of e present inyention but wll
indicfi 185 ofSiord R dBREF Blaet Al SpisRPraicelinF I 144,
ounterfeit disk _having physically transcrjbed {hereto
wilhbe e frog §105apdAAnd KBgthindenth ofshe wark-Tegorded
_known fromthe results of experinment shown in FIG 13.
portign Bbis Insgerttban 8i dhpth (cie d, deubxample)adthalaathanticated land
simul ation, of the
portion, which will make it clear that the concavity in the substrate 101 is
deformed due to the mark recording. Also, the mark width at the mark-recorded
portion M may be regarded as a width of a portion whose depth is larger than that
of the authenticated land portion as shown in FIG. 14B. 1In this case, however, it
18 seen that the mark width is a little larger than that of one track defined between
two adjacent ones of the dashed lines a and b as shown.
Here will be explained with reference to FIGS. 15 to 21 the principle on
which the reading signal level will be raised at the mark-recorded portions on the

disk 100 as the embodiment of the present invention but will be lowered at such

mark-recorded portions on a counterfeit disk having physically transcribed thereto



characteristic of the reading signal |level at the

mar k-recorded portions when the narks are recorded on

predetermi ned-length lands & a disk to which main

data is recorded in the formof a conbination of pits

and |l ands. FI.GS. 15A to 15C show, with the mark depth
the SB€$‘IF1?§eiShaP% af the disk@0; pe willdra krewvn dxam thegesults o

refl ectance of the laser |ight being indicated al ong
expetrineentshowonmafIG.d8. s, the change in characteristic of

a signal of a difference (sanme as the "Anplitude"

HIGM 157 fd BE3howesel fegaltd 6PAAISHREOAC bl @imAfatidke of the

val ue of the reading signal RF at the portion where

chare[é{:@eﬂé’%afﬂ!t‘%f the' &é&{ng‘é%g%éelgﬁélr%tthé’fm S ogf@élg[?ortﬁhg RAen the

e mar portion: e

Ltionsyset for. obtainjng.the results, of . . .
mark§HPE dciEd 38 nsbitieRRbdlchBuh Rds SR Ak which main data is
xpl.ai hed bel qw with reference to FI G 16. The track
recorﬁpﬁeﬂ%gmo ﬂ@omhmatl@nwﬁmtﬁamsl 3-3 (320/3 nny,
and the pith depth was 2J5. The mark Mwas in the
$hGpe 16AA 0 Efuahew, wilthihermatkedepthibeing indisticid aleagithe
to mark length M and it was forned on a |l and portion
vertidedakimamd teftegitdncef oftthe laser [Rihobeingirddicatés aldny thai lsorizontal
case, the length of ITis 78 run, and that of 6T is

axis, #8chdiBe il difRradtBAsfi@sLh sia4e oA e ail étsLtgé

case is 405 rimand nunerical aperture of

*AmgHBE: PSSR 1BORSIENS A3Ehul b P bt
rac TR 60 A SRS, AR ol Rl B reading
I

. in calculation was, 22Tx3 tracks. 51 Note that as
Slgnamﬂa eJRak-¥aCoriebPialson with the opti cal
condi tjons having been described above with reference
Tbe pp@cabeondisionaset fonapbsdiamg thexeslts hé calgstation shytwn in
used in this case, nunerical aperture NA of the
F1GSobp Adbi MeC rdHdbe giglainedbeddwtvnith reference to FIG. 16. The track

C

pitch Tp was 320 nm, pit width was Tp/3 (320/3 nm), and the pith depth was A/5.
The mark M was in the shape of a square in which the mark width Mw is equal to
mark length MI and it was formed on a land portion having a length of 6T, as
shown in FIG. 16. In this case, the length of 1T is 78 nm, and that of 6T is 468
nm. Also, the laser wavelength A used in this case is 405 nm and numerical
aperture NA of the objective lens to focus the laser light on the land is 0.85, which
however are not illustrated.

Also, the mark amplitude reflectance Rm was Am exp(4 x pi x i x N x d) and

Rm-intensity was 100%. Further, the unit cell in calculation was 22Tx3 tracks.



track formed on the disk, pit width and pit depth were
set to be equivalent to those for the disk 100 (D16)

as the embodi nent of the prekent invention. FIGS. 15A
15B and 15C show the characteristics of the di fference

iL.gn he mark w dth Mv was, set 0.5Tp, 1.
j‘ﬁ%ﬁefhgtﬁﬁ Wﬂéi"ﬁé@@m Vomy copmpagison eith g%%ﬂ@dtqoeémons having
conditions. In this case, since the mark width Mvis

beenatpsatibedabores witir teftrenge ko FiGak3,ithe tlimer evarebéresth Howfithe laser
in FIG 16, FIGS. 15A, 15B and 15C show the

light aed aetlek icate, smneériddl epditlif €Nee Lt avjattivdRsns! pRcls Tpeof the

of the mark M was changed. As will bé seen from FI
trackefim! r
150 i IR0 0188 i) Sl RO ot O et o hos

lted f th
or R z%n%p@pﬁ@er B AR 2 o
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portions will be "0" at the intersection between the
Whemﬂnﬁun@dfpwmﬂld\dw m st 10 Tpefll.@Ep and d . 5Tip, reRpertivslyianiier the
Mare forned, as will be known from FIGS. 15A, 15B

abovangtitd@ondtiendier n thismcage) sinceahie ngarkivgidth Mevislequal to the
possi bly be raised due to an increased refl ectance at

markt1Bee eV ak e6 di¢lethripld shyw®in PIG! 1£08IEID! 15 Del SE'aﬁﬁCl 5C
wi thout any increase of the mark ref | ect ance.
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chan e(r?sults of experinents made on the nmark 52 recordl ng
reflectlve | ayers 102 formed fromdifferent

BV Ps Se St BPaLBIgS: § bérior [Ssonbetk BoauardksdHhise formed, the
mark Idréfjghe‘?v?ﬁ %ea}'tO”tan%[ Iggh{krerffecc?zrtr?c%dbepglr"t | oTnhelz ?raf)utehoefr th(e:: %ifefzrence
signal resnlted from the subtraction of the value of the reading signal RF at the
portion where no marks M are recorded from that of the reading signal RF at the
mark-recorded portions will be "0" at the intersection between the mark depth "0"
and mark reflectance "1" when no marks M are formed, as will be known from
FIGS. 15A, 15B and 15C.

Note here that the reading signal level will possibly be raised due to an
increased reflectance at the mark-recorded portion or will possibly be raised
- without any increase of the mark reflectance.

The Applicant of the present invention discloses in the International

Publication No. WO01/008145 that the results of experiments made on the mark



For exanple, the Applicant of the present invention

referred, in the above International Publication, to
Ag95.5Cr4.5 and the |ike (t¥e subscripts indicate the
rati os of the elenents) as a material for a reflective

| ayer 10 ref| ec ce is |ncre sed at
reco RRAR P“é&‘éﬁ‘r &%L&f Jaﬁ@ alf%gglst watsrials pEoed that the
like as a material for a reflective |ayer 102 of which
refleetaace & ineraasad et e mark-recorded portien in bemewakes aubnaied
portions. Here wll first be considered the case in

increabécat theenarkasbcogdsd podion @vsther Sasekai sed at the
mar k-recorded portion wt hout i ncrease of the
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shown hatched in each of FIGS. 15A, 15B and 15C. In
reflegtance isdnereanehat; e marercqondedppricnsand 1 Bes o0Sis7pnd the
there is little portion where the reading signal

like asevmitarial far s eefledtiveolayer 162 edsehioh théeeflentance is not increased
refl ectance, as will be seen fromFI G 15A. On the

at th@hhﬂ{-rémdedgﬁrﬁm_ mark width Mvis increased from
0.5Tp to p and then to 1.5Tp, such a portion where

Hé?e leﬁffﬂ‘sEE ?ﬁﬁﬂkréclefh%' caké if @Jhé@l‘i' tHd fet&%ﬁ% Fi@ﬁ??&%@l is

of the nar ectance IS expan as w

raise S hAR-fecBRded ABHARN whimGu Moy eﬁ@?#ﬁw@ycm s
ERR ISR oL e wi b atten tipR d et tF IS UL S A okogh the

of the mark reflectance. Thus, there is a possibility
assumptign thas the reflackance; igmet inweasedcatthomark-regosdad peortione The

mar k- recor ded porti on.
reading signal level is raised without increase of the mark reflectance at a portion

whose depth ranges from "0" to a certain depth and which is shown hatched in
each of FIGS. 15A, 15B and 15C.

In this case, however, when the mark width Mw is 0.5Tp, there is little
portion where the reading signal level is raised without increase of the mark
reflectance, as will be seen from FIG. 15A. On the other hand, as the mark width
Mw is increased from 0.5Tp to 1.0Tp and then to 1.5Tp, such a portion where the
reading signal level is raised without increase of the mark reflectance is expanded,
as will also be seen from FIGS. 15B and 15C.

With the above characteristic, when the mark width (mark size) Mw is too



Therefore, it wll be seen that the mark size is an
i nportant factor for raising the reading signal |evel
at the mark-recorded portioh Also, as will be seen
fromFI G 15B, when the mark depth exceeds a certain
ange, the readi n&; signal level will becone negative
SmalLﬁEelf?eWﬂbaé obtpiaed npgortan ehese sheirpdieg signal lavel ig raised
be seen that the mark depth is also an inportant
withéuicinorease of tlaé wiank refiectarcali nhes, ghede is aveissitiliththat the
mar k-recorded portion. FIGS. 17A to 17C show, as other

readin@sigidl levelvamtbebe edised hetheharde&iordéd poftion.t he
di fference signal when the nmark depth is varied under

rSRNE, iE Wi'lllfl?r S gg@@ﬁ?ﬂéﬂq{gﬁ%&r@z@ WAL %ﬁlﬁgﬁﬁ?ﬁf’e&%k% frE)E aising

t
above wth re at ea
| . f 0. 1..0Tp. and,1. 5T respectively, as
the r%rﬁég%gggl%Neﬁg?@@arﬁ$@raﬁ%90ﬁ@i'di fference signal
shown in FIGS. 17A t 7C indicates a difference _from .
t@é@&%&éﬁ%%ﬁ@hﬁmm Z“\I(]ev" %\Hewhﬁﬁéﬁﬁm% In egceads certain

that is, a reading signal level itself attained at
range Abe resding signal keved peiflshecome aggaryeranslibe owered at the
' simul ati on show that with the mark w dth Mwv bei ng
markeresdealspationn ilhwill Gelséén thinethdirhdrdkr deptk is alpoaln ingy@ttant
is alittle higher than the "0" level, nanely, the

| factoié ﬁ%frﬁaﬁﬁrllg itl?\;f‘ﬁad‘iﬁg/ SlgnhBleval Gethe ﬁ%ﬁﬂ@réd@ﬁdé@Pbﬁﬁﬁ‘Qt his

be” s€en that as the mark depth is
FROSF AR T shay. FLORR rE s AR, RERRMRLRRAE of
the diffhie ehdl Vgn e atdr BPBLAG AL ThagH B Zpu GRaical
condii\‘ﬂ%gﬁ%g egfﬁig hgqgénﬁ gg‘@td?@%fvgmyﬁé ,rgFegéQ@gé)eﬁli(Eth%gt égc%i of the

markrg’gﬁglils? . -r(]f%]TI ,ﬁl\églwpragc{d .afkﬂe;, L&%‘Eéﬁné;?r;s ir: HﬁwGlsI 1§)§ to 15C.
Note ?};gtftﬁé ?l?f%grence signal shown in FIGS. 17A to 17C indicates a difference
from the reading signal level when the mark depth d is 0, that is, a reading signal
level itself attained at each of the mark depths.

The above results of simulation show that with the mark width Mw being
0.5Tp as shown in FIG. 17A, the difference signal level is a little higher than the
"0" level, namely, the reading signal level is raised, when the mark depth is 2 nm.
It will be seen that as the mark depth is increased, the difference signal becomes
negative and the reading signal level is lower.

Also, with the mark width Mw is Tp, the difference signal has a level higher

than the "0" Ievel when the mark depth is increased to 2 nm and to 4 nm as shown



signal level is raised as the mark depth is increased,
nanmely, the larger the mark depth, the higher the
readi ng signal |evel become$84as shown in FIG 17C.
Therefore, the results of sinulation reveals that the

i rk width Mv (mark_, sjze) and mark depth are )

in Flgtlg Bai nVith thgdnarksdenib bowmg Burther inessanerd thpsearding signal level
readi ng signal level is raised at the mark-recorded

will polawen. Note that although these figures show the
results of sinmulation wth only the mark depth being

AlspdedilMbelseeh figatrmitk thé fidrk MAdHS @S 1{3Reahe difference

' increase of the I|aser power in use for increasing the
signdTHYlIe R Redhr e 20tk Hepfh R BEEBERRRAG tho Joflh 702 ffork
k th and idth My will be .
deprt), e BEI5naFR by sEhef 10l e oiles % stob B B T
¥ G hS Ty BT il BB VB (o
. .shown in FIGS. 15A to 15C varies as in FIGS. 15A, 15B
size) and m&k depthaire deteteyiningsfanidrs upenseichfit depands whether the

af orementioned results of simulation, the reading

reading giglal lexdlis caipedat thei merk-bycoséed pogien.mar k depth and
wi dth on the assunption that the reflectance will not

bivte lﬁl@a{t%flﬂﬁ:@gﬁtméibeﬁgﬁfés'sh%ﬁpﬂféeﬂés@ﬁﬁ bf SitaulHEWRGith ofily the

t he assunpti on t hat e readi ng signal level at the
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tistied .also in.a gounterfeit disk aduced b .
laser RWeR i iS¢ £6h B8 el ot aGaibatil Fedich S0rrehondinely

. t he concavities in the substrate 101 of the
increagedHBAL E’é@m-sk are reproduced in the counterfeit

disk. As a result, the reading signal |evel wll

pbewifore; inanragiud decerdingydathithe nerkdgpth pod niaksvidth Mw

the counterfeit disk as well.
will be increased correspondingly to increase of the laser power.

In view of the above, it can be considered that as the mark depth is actually
increased, the characteristic shown in FIGS. 15A to 15C varies as in FIGS. 15A,
15B and 15C in this order.

As will be seen from the aforementioned results of simulation, the reading
- signal level can be raised by setting a mark depth and width on the assumption that
the reflectance will not be increased at the mark-recorded portion. However, on
the assumption that the reading signal level at the mark-recorded portions are

raised depending upon the mark depth and width, these conditions will be satisfied

also in a counterfeit disk produced by physical transcription of an authenticated



In the disk 100 as the enbodi nent of the present

i nvention, however, it has been nade sure that the
readi ng signal level is |owdfed at the mark-recorded
portion in a counterfeit disk produced by physi cal

.. transcriptjon of an authenticated disk as having been
disk eiercopeaviis i the sybstiated hed thoamhenticatedidisk Aee reproduced

. _counterfeit disk produced based on an authenti cat ed,
in the keunteaftitndiski ghal a rdsaltethd ealmgesigdablevehwill possibly be raised
mar k-recorded portions on a principle which will be

at thelasgkirbeskded!portiond & govifiegsit idik shwlells been nade
wth reference to FIGS. 15A to 15C and 17A to 17C on

; . _ .
R N B T e BT R TicH B Yot has
r ect i | ayer 102 i.s stacked,on t bstrate 101
been g€ il ey B Trad e il BTAS 1Re EEat MR SR Rogrded
.systemw || detect a return part, of the, laser |ight .
portig AgouRter{E 5}5@@1‘9@%‘?3] by physisabiranserintion of fraufhgaticated
.. layer. 102, froma reflecting surface H that is not
disk anhbawingtheen described pbovewtiihaeferenee tad2G b3t i s
between the substrate 101 and reflective |ayer 102 as

Imdheatwterfetthlisk geshadd Based onranFhEhésicatedy thexanding. signal
The reflecting surface fromwhich return light is

leveldelpéied J¥hé hfurkapebraedqiirtieal of uShseibe WaldH (el beo

as an "optical reflecting surface"™ and the depth of

};@ cting surface is referred to as "opti cal
d'eSCﬁeptllr?fﬁEg)E herein. When the marks are recorded, the
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It is well known that actually, the reading optical system will detect a return
part, of the Iaser light having the writing power iﬁadiated to the reflective layer
102, from a reflecting surface H that is not the surface of the reflective layer 102
but is between the substrate 101 and reflective layer 102 as indicated with a dashed
line in FIG. 18A, for example. The reflecting surface from which return light is
detected by the reading optical system is referred to as an "optical reflecting
surface" and the depth of the reflecting surface is referred to as "optical depth Ld"

herein.

When the marks are recorded, the optical depth Ld in the authenticated disk
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corresponding to the concavity depth, because of a
variation of the optical constant of the reflective
~layer 102 due to oxidation ¥aused by the mark
recording. On the contrary, a counterfeit dISk mnll be
produced by separatln the, reflective |ayer
100 Iﬁ;w.Sﬁg 155188 opTﬁ@falrs inotheraamenticated réksthfs@ptmaé depth
101 of the authentlcated di sk, and then depositing a

Ld wil ot beiany dpdical dapth precmelwmmsﬂoadmgto (treaqdyith @f the
substrate) formed by physical transcription of the
conc@hg@ fordhed fethewidbiratee] O 1L Ght of illtteleas tinar 'ﬂieQﬁitPc@I depth

Thus, since the opti “cal depth Ld in th

u [
correl ?I?delgl lth¥h %g@{fﬁﬂl’gp& g@i ?é&fug %tf %O\?arr]i/%ﬂtt#él agf; lfl% ojﬁ{c}él constant
rateq_101 FI G .1 t he
of th%*é%?%?twﬁﬁ O s RsFb ed e b an
e.optical depth Ld ln t he aut henti cat ed dISk Thus,
H;“e heanisry.eppwnterfeitdislaai ronece by sgRayagingfhger
than that in the authenticated disk so that the
reflegibiedayey 102 hawing thedianigdsipfical constent from the substrate 101 of the
aut henticated disk will be opposite to that in the

authenticatedrdisk tardi then dBpesiingverefldctiviedapen] 62 oad dublstrate 101
with reference to FIG 19. It should be noted that

(replith QubdiPate NEWMAED S 'tpﬂyhléhl ﬁ‘hﬁé&fpﬁﬂﬁﬁoﬁﬂ&%@ﬂape of the substrate

characteristic to those in FIG he mark
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coupterfeit disk is larger than that in the 5
depthciikthe rtecpalewbattate 1 éﬂh%ﬁ shaywn gp ﬁl& h8Cope t%ppmqhdep@a Ld in

bei ng thus | ar%Cr in the counterfeit disk, the value

the caymterieit diisk wiild hedatgey tlaan theoptical septisLdiindhe anthenticated
aut henticated disk wll go

disk.

Thus, the optical depth Ld in the counterfeit disk is larger than that in the
authenticated disk so that the polarity of the reading signal level in the
authenticated disk will be opposite to that in the counterfeit disk.

The above will be explained below with reference to FIG. 19. It should be
noted that FIG. 19 show the similar difference-signal characteristic to those in FIG.
15B (when the mark width Mw is Tp).

When the depth of the mark recorded to an anthenticated disk is pSK as in

FIG. 19, the mark depth in the counterfeit disk is possibly pKZ, for example, as

shown if the optical depth Ld in the counterfeit disk is Iarger than that in the



over the "0" as indicated wwth an arrowin FIG 19 to a
negati ve value, so that the polarity of the reading
signal in the polarity in the counterfeit disk can be
made opposite to that in the authenticated disk. As
wi |l be _seen fromthe above description of the
authgntigagedhdskon which the reading signal level is
| onered at the mark-recorded portion, even if the
dptat ¢yl withiélpe bpfisall depge Ldi beinp ehuolangarihehe cdunterfdihdisk, the
reading signal level will not possibly becone _
valudeftid digferdnceasignal) o high ks peaavdea the auliferficatedl@Rk veill go
not sufficiently deep. For exanple, if the mark
ded:i . : _
over BBV R nidledilt SIS g Ao i PIGE 'RPA oL PP LaRETLS Bt the
ssé bility that the posifion. pKZ w |l t g out si_de
polarf. Meirkidipk Wit 4R RE POl in Shse ShasgriBlisy o8 be e
reading, .signal |evel w ]l be positive as in the
OpPOgite Fféﬂﬁtd%lﬂg‘?ia‘él‘i@mlcﬁtﬁanéilsk-he mark depth can thus be a
determ ning factor upon which it depends whether the
Agadilhhe segn atom gherbaywd desseiptioneefaticiprineiplewn whiai the
disk. It will be seen fromthe above description that
readihpeigriat devaaids tepetedait thé markerecordedasattidn] evérhif thHe ptical
100 (authenticated disk) are determ ning factors upon
depthRilgFzertin theBeMsterfehietifier tht hadifg digithl 3kl f¥Spossibly
raised at the mark-recorded portron of the
becorf rbRE M E UMK 1BYIRR) I IR 1P} B pifigiently deep.
wered at .the mark-recorded., pordtj af counterfeit
PRk SigpBt it e BRUCHASROERET uf vk l0o5s of agfeel FshSt smaller
hus, .by recordi.ng or for g, marks on the disk 100
than %ﬁﬂ?%l%%’n ﬁgf%%ﬁmﬂn g8l él thers 1siapessebility iatdhe pgsition
g;ﬁth that the reading signal level will be raised at
pKZ wild notrkelountzide ad € Ipur of theslifererne signaleso thaitthe reiding
100 but wll be lowered at the mark-recorded portions
signableval walliegpdsifive d$ fkthd diehpelicated digk, t he readi ng
signal RF
~Thus, the mark depth can thus be a determining factor upon which it depends

whether the reading signal level will be lowered in a counterfeit disk.

It will be seen from the above description that the size and depth of the mark
recorded to the disk 100 (authenticated disk) are determining factors upon which it
depends whether the reading signal level is raised at the mark-recorded portion of
the authenticated disk 100 having the mark actually recorded thereto and the
reading signal level is lowered at the mark-recorded portion of a counterfeit disk
produced based on the authenticated disk 100.

Thus, by recording or forming marks on the disk 100 (main data-recorded



at the mark-recorded portions in the authenticated
di sk 100 can be nmde opposite to that in the
counterfeit disk produced b&sed on the authenticated
di sk 100. The optical conditions to which the disk 100
.. and sub data recorder 50 are set. neet the ones under
disk hHi6g o sueln asizaand depth thautheasadingmgml laveluvilibe maised at the
the reading signal level will be raised at the
markreackrdetpodeds pdithe anthenticated disls ROt will berldvwered at the
| owered at the mark-recorded portions in the
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Thus, the polarity of the readi ng si gnal level at~the
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erefore, it.is possible tq. judge between an
Theraitenl sondivions RO Sehiah ine iy LY and sl Shtagroprder S0 are sot
basis of the difference in polarity of the readin
meet shgypnes umierhehiohernchreemank kwetdndadepth aad bemssurad tiat the

disks. In the foregoing, the present invention has

readihg eipnak bdva] weill tnrdidee] esthempinkerecotded pémnsdadhedisk 100 but
signal level is raised at the mark-recorded portion

will B TohRstbd bPfHeeafc-r&lortibg ?tfid)l?scinaﬂ‘l_%ecog ?Hisld'tproidtﬁﬁ%d

possi bl e as having al so been descri bed above that

cgeyy S i ncreased at the mark-recorded portion
basech&il E?ér:?%g lg)fd't he reading signal level. Also in case
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polarity of the reading signal RF at the 59 L '
the aiapRlcaed dirkal b ran baanade opRosite tecthat vathseramntgrfaipdisk

can be made opposite to that in the counterfeit disk
produsgdibased dirthe dogk @0 as mg)l, bea seenHeomuhbensiltsao Bexptirakent

mar ks having such a size and depth that the reading
showsiigFaG. [2veThetdfordydt isypssaiblatio jiidge between an authenticated disk
and a counterfeit disk on the basis of the difference in polarity of the reading signal
RF between the authenticated and counterfeit disks.

In the foregoing, the present invention has been explained on the assumption
that the reading signal level is raised at the mark-recorded portion without increase
of the reflectance. IHowever, it is possible as having also been described above
that the reflectance is increased at the mark-recorded portion with rise of the
reading signal level.

Also in case the mark reflectance is increased at the mark-recorded portions

with rise of the reading signal level, the polarity of the reading signal RF at the



mar k-recorded portions in the authenticated di sk but

wll be lowered at the mark-recorded portions in the

counterfeit disk, as having3heen nentioned above. FIG

20 shows the results of simulation (with the mark

wi dth_ Mwv being Tp of the difference-signal )
markcfeposdedpogians inghe guthesticated disle 460 candeameade opposite to that
~ _reflectance is increased with rise in level of the
in the eadntegfest disk byRecasling ¢vefortring ) ¢ptthe anthentiehtedcliskyanarks

of the mark recorded on the authenticated disk wll

havitlii%ﬁkﬁch/@hﬁ%%@deﬂtﬁ(ﬂh&&h@ dexdihp sgf&d 1608 veNeRPLAsed &t the
G 20. That is, the position p i ndicates a
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rk-recorded portion, Here wll be explained a,
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di sk 100 having recorded thereto marks of such a depth

of thedifferencesignat shamctistises inddt ilPi ednwiast thenmark reflectance
position pSK. Since the optical depth Ld in the

is increasetiovitie irise idilskelwfehe sedding eigrad RIhES abovd, ke db d
of the concavity in the substrate 101 as having been

refled886d bPRG RRAY RectrdeY bR THRE ﬁﬁ‘ﬁl%nﬁ@atlﬁhﬁlﬁvﬁg t?lﬁe %ﬁlges 29

it will arger than the optica

be |
indicftt 6% B 907 gl FACER0. SIB6F6 08 oS FERSIK Yhdicaes
posic§ TG R ks et £ CoREh R or BTy SRR ot the
and r?f ectapce in the counterfeit disk produced based .
substegte 401 slwererthe sparkregpeding and fhe devsl pf b seading signal RF is
. Indicated with pKZ in FIG 20, 60 for exanple. That
raised due ¢ indreaseosf theanflp@dnis attief merk-recqri@] poreoval ue
of the difference signal goes over the "0" |evel and
HercowsH brapgilained socdumerfei eigiopryducid baked ba aheadhétticated

signal RF in the authenticated disk will be opposite
disk 109 kf\dhgirBcdrded thereto marks of such a depth and reflectance as can be
identified with the position pSK. Since the optical depth Ld in the counterfeit
disk precisely corresponds to the shape of the concavity in the substrate 101 as
having been described above with reference to FIGS. 18A to 18C, so it will be
larger than the optical disk Ld in the authenticated disk 100. |

Also, since a new reflective layer 102 is deposited on the substrate 101 in the
| counterfeit disk, the reflectance at the mark-recorded portion will return to "1".

Thus, the mark depth and reflectance in the counterfeit disk produced based

on an authenticated disk can possibly have values indicated with pKZ in FIG. 20,



counterfeit disk. As will be seen fromthe

illustration of the disk state changed from a di sk

with no marks to a counterf@t disk through a disk

havi ng the marks recorded thereto as in FIG 20 and

also fromthe illustrated changes _in the
for eypmpie.e nfbafslsgﬁ%the Rotalter POK wstshifted to pKdarihe wglueotithe
~_mark sizes shown in FIGS. 15A, 15B and 15C,
differancpeignalaoes ovieetlee Q' levpbasd bedarhygs hegdtivehe that the polarity

difference signal will not go over the "0" |evel and

of theeeadiBg 1’ REeirfgRenghasicpendiske dente cﬁfﬁbs&b%,@ftl@%thin the
e

the mark Torned on the authenticated di sk even i

counfiRfdicdlskdepth Ld is larger and the reflectance at the
mar k- recorded position becomes "1" in the counterfeit
€

: tis.to.8a Lt owlle.alsp.be seen that.the ..
AT B osh TR AR HtnstbariBonof R afon ol targdd r0m'h disk
., aut henti cated disk. ar. eterm nj.ng factors upon which
with no ryarksig ‘&Wé?ctFF}Jélt%t‘ﬁ‘eg%w&h adislohaying the At regQragd
RF in the authenticated disk is opposite to that in
theretthas tbEHu.e}} and aLﬁOSﬁzomTuh@sllustlr@t@diQ%angssem the diffiekencessignal

be recorded to an authenticated disk so that the mark

characedristict corcespontlingi theanedssdeathdve imFl&S: 4601, dS®B and 15C,
portions with rise of the reading signal |evel, the

respeRivalyl ther@fis b séiﬁﬂ%ﬁﬁaﬁﬂﬁrtﬁffe%c@tsi%ﬁ‘ﬁ Wl EO‘L% g%&e@le "™

portions in the authéenticated di sk 100 can b _
evel BRAHRcb S5t RehIRESH B bRy of AR A fomea
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the mark-recorded portions in the authenticated disk
at thepparigrgcared Pesiton hesnsresd 1at111ttPI§ coupterfeicsiied

&or tions in a counterfeit disk, as in case the

batiisrtg seygitavill alse beissen #iatdlie deptthandrsize-afdhe mbalt formed
portions without increase of the reflectance.

on the authenticated disk are determining factors upon which it depends whether

the polarity of the reading signal RF in the authenticated disk is opposite to that in

the counterfeit disk.

Thus, also in case the marks can be recorded to an authenticated disk so that
the mark reflectance will be increased at the mark-recorded portions with rise of
the reading signal level, the polarity of the reading signal RF at the mark-recorded
portions in the authenticated disk 100 can be made opposite to that in the
counterfeit disk by recording (or forming), to the authenticated disk 100 (main

data-recorded disk D16), marks to such a size and depth that that the reading signal

level is raised at the mark-recorded portions in the authenticated disk 100 but will



It should be rem nded that under the optical
conditions for the disk 100 as the enbodi nent of the
present invention and sub data recorder 50 are set as
above, the experinents resulted in that the reading
signal |level will be raised at the mark-recorded

be loywsiresd ghthg markrseenrdrd pottions inea conentprfieitrdisk, asfintdage the
readi ng signal at the mark-recorded portions in the

readisigssigridldevellib rhised pptisd merlt-veddrded portiorsowrrithenf fictease of the
di sk. Therefore, even on the assunption that the mark

reﬂef;tgﬁb@_ct ance is increased at the mark-recorded portion
with rise of the reading signal level, such a mark

$ ¢ ula'?fé éﬁﬂpﬁe& a{htgﬁdéﬁ A (5@1&&1 AShdlt s93t g@{‘pbs# 100 as the

con |t|ons set accor e presen
readln | e Ll be raised at the
embidiflen 8 4 %85‘38 {viRbon afd b daa rcpsedh 14 dbove,th
|.onered a mar k- recorded portions_in th
expeg B Lroseled TatSH i Foad s B e ey wilk breassasket the
descri bed that on the assunption that the reflectance

markirgcpriadepartionsiin the disk 140 whiletbagotayityiafithe réading signal at

the optical depth in the counterfeit disk is |arger

- the ntahkrecordeld @ortibheiit theadiskl 100skilEbe bppbsitd® that & kicvulferfeit
the reading signal RF at the mark-recorded portion in

. disk. t "En@efdienEi &abe %éjhﬁlﬁlﬂeﬁmﬁf’ﬂﬁé hEmakR r%ﬂé’étﬁh&- IsL‘iZlcreased at

counterfeit disk I'S possible
the mt%PlE rﬁ@t%rdgﬁ @)'i)Eang g{}%ﬂrs e| p‘?@ é@%@gﬂafﬁvﬁlsycﬁ éfzslilgﬂé‘lsize
and dspaj'néana&%aﬁ R Tl chneitins Ssf prcdingspodieresent
nt he counterfeit disk. Even in case the
mvenélﬁnu at ﬁ)@é&@wngoﬁlglhaltlﬁ‘éelamlh batpisad atithe mark-seeardad postions

that in a 62 counterfeit disk produced based on the

in theadisk d 00i budtveidl b kiwyeretleat plo¢: andrkyreobrdedeportiensiimthe counterfeit

signal RF in the authenticated disk will be opposite
‘disk.to that in the counterfeit disk as the case may be as
will be described belowwith reference to

In the foregoing, it has been described that on the assumption that the
reflectance is increased with rise of the reading signal level, the optical depth in the
counterfeit disk is larger than in the authenticated disk so that the polarity of the
reading signal RF at the mark-recorded portion in the authenticated disk is opposite
| to that in the counterfeit disk. However, it is possible that the optical depth in the
authenticated disk will be equal to that in the counterfeit disk. Even in this case,
it is also possible that the polarity of the reading signal RF in the authenticated disk
will be opposite to that in the counterfeit disk.

Even in case the optical depth Ld in the authenticated disk is equal to that in a



FIG 21. Note that FIG 21 shows the results of
sinmulation of the difference-signal characteristic
when the mark width Mv is T@ as havi ng been descri bed
above with reference to FIGS. 19 and 20. Also in this

the mark recordin |l cause the mark depth and
count%%rlbdtsmgdu@%basqd&@awthgnts@ﬂt@d digke the palasity oé the

depth and reflectance of the marks fornmed on the
readingtsigmt]iRIire thedinsthenti¢dted digk will beopposite & dehtvia the pSK
in FIG 21. Since it is premsed in this case that the

coun@Rtdit diskARRhE chée hiaytheagwil ‘b@tdeﬁé‘ﬂlﬁéﬂ beloW with RFefnce to

to that in the counferfeit disk, so there arises no
FiG difference in mark depth bet ween the aut henti cat ed
and counterfeit disks and thus the mark refl ect ance

B B BT W Sberrnsulliiof sinubfor B thEifgRCe-Mnal
aut henti cat ed dlsg rﬁllndlcated with pSK, while in
characigristicoyhern fiemark vgdth Miwyis dpashaving Deek deserileed above with

changed to "1" so that the mark depth and reflectance

referggiael toddkeS. 119 anddPnt i ndicated with pPKZ and the
difference signal go over the line of "0" and becone

Adgmin thes cdse, Whé ndak recsmdin dg willtchase tHeusbrlatiepth afd t he
di sk state changed from a sk with no marks to a

reflect il © Beincrélisell tb @bﬁi&g&t@nﬁ 'aﬁh thé HB%HPcﬁndrPe]FfP%%gtmrcaet (I)fotrl%e

recorded as in 1 and’also fro

mark?ﬁﬁ’ fnghgi[ GA3R Eﬁtﬁeﬂtl'égt%dddlgﬁ iR H0& in indicated with pSK in FIG.

er|S|c correspon ngtothe rmr Sl zZ€e

'&E@% i1 pigjalsgdan e BachE BRGEA S REMRputaSinticated

formed i t he aut hentj cat ed d| sk are not _correct,
disk ig ﬁauﬁloﬁOatﬂat in the eavateraeididink, spdhere awises moy didference in mark
counterfeit disk will not go negative even if the mark
depthrhstwveen de authentinated cundt eauingenfeit disks aridathge she mark” .

As shown in FIG 21, the polarity of the reading si gnal
reflectdride will only change to "1".  That is to say, as shown in FIG. 21, the mark
depth and reflectance in the authenticated disk are indicated with pSK, while in the
counterfeit disk, only the mark reflectance is changed to "1" so that the mark depth
and reflectance will come to a point indicated with pKZ and the difference signal
go over the line of "0" and become negative.

As will be seen from the illustration of the disk state changed from a disk
with no marks to a counterfeit disk through a disk with the marks recorded as in
FIG. 21 and also from the illustration of the changes in the difference-signal
characteristic corresponding to the mark sizes shown in FIGS. 15A, 15B and 15C,

respectively, there is a possibility that if the depth and size of the marks formed in



remai n positive and not be inverted in case the mark
depth is Il ess than about 4 nm for exanple. Thus, it
will be seen that in case tée nmark reflectance
i ncreases and the reading signal level is raised, the
depth and size of the marks forned in the )
the apthentigatedadishi atg aat eoreecicthermmilanitygof thetreadingpognaltRE fin the
it depends whether the polarity of the reading signal
countarfaihdiskuritemot ganegatticséven ifithdmarkpofettantein et coumterfeit
the counterfeit disk even on the assunption the
disk GRdrigealto dept h AsGHowd HEFIGW NeRé g??dtrgt? Sc{(f‘tﬁg r&idifﬁ% signal will

remal n unchanged in the counterf I n ot her

renaf RS8R A TR A MR 0L 15 10 LA o
' f the yeading signal level will be raised at the
O SXHPR'S ecor ded portions in the authenticated di sk but
.1 be . lowered at. the rk-recorded portions in the
Suse & vvidli e sgesithat iscass) the mgrkgeflestance dagreasessinghiae
RF at the mark-recorded portion in the authenticated

- reading signndtevedis raised) the dapiheansbgios of ¢he marksaforinmed hethe
counterfeit disk. Note that the conditions to which

- authehtieatedtlislabee deteanbisng FRctoss spdn wiich itaderiehds whether the
nunmeri cal aperture NA of 0.85, |aser wavel ength k of

polarfA9 DMK ré gieg?ﬁl lisk ﬂfeaauth&gﬁ?géa Wik wll %egﬂ@gsitfg&dg %hat in

recordi ng pu of 30 ns an ser power o
d - W : : above

the ccier B Ridk Srarf 4 e Byriifigh e SRR B b oo

ipverted. in.polarity i.n a caunjerfei i.sk. produced
authepé ok fiflSoflait Yoeutbeds tF sateteataif ikt i ng

{naréls in the disk 100 to such a size and 64 depth

hather peordaawher the masks pes/farmed in the disk $@Q (main he

mar k-recorded portions in the authenticated disk but
data-rgicordededislo Wb gdosuchesiranid deptr that tipordadimgs signat revel will
, counterfeit disk.
be raised at the mark-recorded portions in the authenticated disk but will be

lowered at the mark-recorded portions in the counterfeit disk, the polarity of the
reading signal RF at the mark-recorded portion in the authenticated disk 100 can
also be made opposite to that in the counterfeit disk.

Note that the conditions to which the sub data recorder 50 is set, such as the

numerical aperture NA of 0.85, laser wavelength A of 405 nm, recording linear

velocity of 4.9 m/s, mark recording pulse of 30 ns and laser power of 12 to 25 mW,

are just examples. As will be seen from the above explanation, a disk 100 whose

reading signal will be inverted in polarity in a counterfeit disk produced based on

the disk 100 can be produced by forming marks in the disk 100 to such a size and



Al so, the conditions under which the disk 100 (main
data-recorded disk D16) is designed are not limted
to the aforenenti oned ones ¢4rack pitch Tp of 320 nm
pit width of Tp/3, pit depth of 215 and IT | ength of
EL but may be any other appropriate ones. Also,
deptlﬂ H@at ¢ keading signal kesiel araill henraisadoat thewnarg-recbedegk portions in
ot her than 5T (6T). However, if the design conditions

the abithrenticatedi dikk bao wilhe) lo&r&e@hhﬂfe mdorédveded ﬁortions n the
af orenenti oned ones and the | ands on which the nmarks

coun?ér@eltalske formed have a |ength other than the
af orenenti oned one, the relation between the size and

qﬁ@%} hlil'AﬁQZfonH'?t‘?oﬂ dé}qghﬁﬁrtﬁé r(]i\i\%ﬂ b O(Z glFrxéCftNgé fe?@rc%e?sd}ilsk D16)

erence S|g
t be

is defiged aré ot (el tuhf el emitnsioniacmes EaCkPEkh Tp f32fnm,

ﬁ data is recorded. as in the formof a conbination
pit wigthff Ep/dnpitideptis oandd ané d TilengHoehéy nadxtimayheany other
main data is recorded as the sane pits and lands as in

appraprsateonger di sk, a difference-signal characteristic
different from but simlar to, that shown in FIGS.

Kido tthe Ib&iksanapbe zecorded oholantlh BavimgUindnigtn otettham ST (67T).

r eadi ngk5| gnal level is rai sfed W t hout increase of

HRSr el BEARCRUIAAR R fEURICRITIR08) g ghes o the
eGPl WAPUEU el i e
lensth st ahh e R Temsnians! Pusofsar e risendlt sizs and depth

condlél ons under which marks are to be forned on the

of thepesprdes magks wilklivagy anth thepepult that thpsaws difigmnng-signal
signal level will be raised at the mark-recorded
charapteristioras showrhin FHGS hEh it dt5€wiil siot batassared. be
| owered at the mark-recorded portions in a
Howdver f il dasdinsackpaoé berddbdsed disk tdehasH AR deatigdecorded

di sk, dependi ng upon the
as in the form of a combination of pits and lands and also to another disk to which
main data is recorded as the same pits and lands as in the former disk, a
difference-signal characteristic different from, but similar to, that shown in FIGS.
15A to 15C can be assured (on the assumption that the reading signal level is raised
without increase of the mark reflectance, the difference-signal characteristic as
shown hatched in FIGS. 15A to 15C and resulting in a point where the reading
signal level is raised without increase of the mark reflectance can be assured in

both the disks). In this case, the sub data recorder 50 can be set to conditions

under which marks are to be formed on the disk to such a size and depth that the



di fference-signal characteristic different fromthat

in FIGS. 15A to 15C, whereby it is nade possible to

produce a di sk 100 of whichéihe readi ng signal

polarity will be inverted in a counterfeit disk

produced based on the_disk 100. Al so, for producing
readingesignaldevelovdhbemaised gt theanatieeaspdedpodionsinghep S

17 in which the sub data is recorded is effected with
autherticasedd it bt veitlobel Byw &@d s the markeedbrdednortionein a

whi ch marks are to be fornmed on the disk to such a :
coun®érfeit aft leahbed bAddd éh the AnHEAGcREGUNK, Itdﬁgehdﬁvgldpo@ﬁthe

rai sed at the mark-recorded portions in

diffeRHcRes ﬁﬁaégggacgélﬁ i OB h FrBf MG fgggt C]“sggto 15C, whereby it

mar k- recor lons 1h a counter produce
. based he aut henti cated di sk s abgve, .wherehy.jt .
is myRTfssfile O Bl HishRlREV R B8 FR0Gs BRI b will be
. readi ng signal poJarity wll he inverted in a
inverieih i & Lpanieri ok pootiesd bassdrothedisk 400k 100, For
confirmation of the above, there will be explai ned
vilsd, fospreduaingtthe disk 10 shawen iaFd6Gos nthefopdratiore adstey S17 in

signal in the disk 100 produced as the enbodi nment of

* which likee putedetat isirov@ided a9 eHodteldnvithithd stb dateeedorder S0onalo
level wll be raised at the mark-recorded portions as

condfimsamdet witlel hthrR§ aROtEBe Fhidhed Bn 'fh@d%ﬁq tohﬁlélfa §z€ and depth

shown an exanple of mark recording in I C
. _ _ : ‘
ha (3 L0808l o S 00t B IO TAPRIBIR R e
authefficfied GFE b LRI G at iy DAl Ferdined Dot e
couebated prpdiocinds o e ABudmshate Wiy s
mar k-recorded portions in the disk 100 as the
madegrissibilerton praduoeteediskddéhef whinhetitei readinphagnalspolatignwill be

) the code "0" is assigned to the sub data in this case,
inverteden avedwaedtitidisk pratliced teisad ah tRE didid 10e i ncreased

alittle only at odd

For confirmation of the above, there will be explained with reference to FIG.
22 the waveform of the reading signal in the disk 100 produced as the embodiment
of the present invention and in which the reading signal level will be raised at the
mark-recorded portions as above. It should be noted that in FIG, 22, there are
shown an example of mark recording in which "0" is assigned as the value of one
bit of the sub data to one address unit in the disk 100 and an example of mark
recording in which "1" is assigned as the value of one bit of the sub data to one

address unit, as shown in FIG, 10.

As will be seen from FIG. 22, the level of the reading signal RF is raised at



predet erm ned-1 ength |ands. Al so, when the code "1" is
assigned to the sub data, the value of the reading
signal RF will be increasedé@ little only at even
predeterm ned-1ength lands. That is to say, the result
of .the "odd - even" subtraction_in this .case will be
the markrrecoededportiops ia thydisk: G #wthesmabodimeniof dhe pregent
) be negative correspondingly to the code "I". Note
inventien. t hbatispwthendhe cadef'0Y keagsigneek tolthe spbalateth dhiscase, the
with reference to FIG9 is such that the code "0"

valuewf thdreadiigesipasl REFapill beingsmed ofittldenlyadbdd even”

subtraction i s "negative" while the code™ 1" will be

predéletRnirc ﬂlf‘lsahi&g r a9Kh twﬁél;iﬁlli@coc'ié)dp' is a%‘ﬁg?]lgg to the sub data,

subtractio ositrve". Thus, in case
o) that 1 readi ng siagnal .level .will be
the VRIS 3R HbE Mand KE SNl BoféiERa LBETnY i vk
exanpl e,, a code opposite to a conventional one will be
pred‘f@’@ﬁﬁt?@ﬂ‘eﬁgﬁ%ﬁ‘lﬁ‘ ata. Based on the characteristic with
whi ch the reading signal level will be raised at the
ek is ecsnyd 8 gesuttiodiike "addn exanisubiraatien inlilsik cose will be
Wi ll be |lowered at the mark-recorded portions in a
positoeurtresspentimgily ko fheodwdetD'bahild ipwill be r&gfaﬁﬁetdomtsﬁdndingly
di sk, the player will be able to judge which a dis

to the @adted(in the player is, an authenticated di sk 100 or
' a counterfeit disks produced based on the

RDeRI Sl e el R A0 e
FIG. 3 TSI B0l B RS el B Sk oSl 2 evenr
subtrgidionys eeaine beRele theadsi AyerTHbdeigricamoen faesat of the
"odd t—he?re%[’ esigtr}gctiicr)]ﬁ/ ?sn't';iaoosri]ti\ires". : F}/ﬁ{‘tss, iircl) rc]:ast]é1 l\garxllgs are recorded so that
the reading signal level will be raised at the mark-recorded portions as in this
example, a code opposite to a conventional one will be recorded as sub data.

Based on the characteristic with which the reading signal Ievel‘will be raised
at the mark-recorded portions in an authenticated disk but will be lowered at the
-mark-recorded portions in a counterfeit disk produced based on the authenticated
disk, the player will be able_ to judge which a disk loaded in the player is, an
authenticated disk 100 or a counterfeit disks produced based on the authenticated
disk 100.

The player 1 capable of judging, based on the characteristic of the disk 100 as

the embodiment of the present invention, whether a loaded disk is a counterfeit



previously been described with reference to FIG 9 and

which additionally includes the inversion circuit 15

and judging circuit 16 encl®sed in a dashed-line

bl ock. The inversion circuit 15 is supplied with the

val ue of sub data detected by the sub data detection
disk prodused besed PRdhe aventisatedt diskiil 0018 constesated ahavill be

polarity of the supplied sub data, and supplies it to
desctibed Belovci rcuit 14. When the disk 100 as the

enbodi nent of the present invention is played in the

AlRyslayds 1 4 ﬁn%ﬁﬂ)&ﬁhﬁrﬁ %‘f@l‘ié ﬁfbs@ﬁt ﬁﬁ%nﬁéﬁ 1§l ﬁtv%rswn having

det ectl on circuit 13 wil have a | evel

prew% dée% &é&cﬁgﬁg %ﬁ??éi‘éf@{b e"cB‘FIGS ha 1cgnrfd’d188ﬁ$1¥y includes

scri be ecause he su

. on CI IS deS| d t.o t ect, t.he

the iS5, A, L Hd i SR EndfcClint ettt EﬂOCk
gative' 1 code 1" mhen the result of "od

éInJ'@r%ﬂV%H%l’f %@m@ﬁ?.xg Supplied Wtk thervalie of Rub daip dnteeied by the

detected by the sub data detection circuit 13 will be
sub dafmpdeteeteon pircuitdi3. t Thdinveusiod sireuitr B rvgets the poharityudf the

data recorder 50. Thus, the inversion circuit 15
supplied/ sut datahend shppli¢sit talthe EEC arous 1do provide the

sane sub data val ue as havi ng been recorded by the sub

Wihén fRCIER 0028 thd RatbddEmenp %fﬂ'l@%ﬁéseﬂt m%hﬁgh rigpldg»%d in

inversion circuit 15 can detect the same sub
the pIFERF, &% 188 dBRERk ﬁi‘?@é’% ﬁ%%@%?@g%ﬁ%ﬂ?ﬁnﬁ&éﬁﬁ%ﬂﬁhave a

level YR FEQPRSEHO A ReriohohERe A8 B LSy sty byen described.
sically transcribing the substrate of the .
This lén%yqqaﬁsq b 2 dgfeskiongurenihb sudesianed (aulelsct the code "0
det ect ed by the sub data detection circuit 13 wll
whenthe eesudt abteddv eventi spbtraetion ishinegative” and thintade 4l 'Ushen
provided fromthe inversion circuit 15 will have an

the result @ft'edd oneveal" sulberapeibhés Mpeditivee sThuslaha subldaga detected
initially recorded.

by the sub data detection circuit 13 will be opposite in level to the sub data

‘recorded at the sub data recorder 50.
| Thus, the inversion circuit 15 inverts the sub data value as above to provide
the same sub data value as having been recorded by the sub data recorder 50.
That is, the player 1 including the inversion circuit 15 can detect the same sub data
value as having been recorded from the authenticated disk 100 as the embodiment
of the present invention.
In case the sub data is read from a counterfeit disk produced based on the

authenticated disk 100 by physically transcribing the substrate of the authenticated



Thus, no correct sub data value can be read from any
counterfeit disk produced based on the authenticated
di sk 100. Since the sub dat@ val ue having a correct
pol arity can be read fromthe authenticated di sk 100
as above, the ECC circuit 14 can neke accurate error

disk ¢80y thersubrdasa valisrdstected biyoheisnbalatmdeisatipn ciigsitskbwill have
data. That is, the content of the sub data can

a nomaevertddepattdra wieiheltheGult detacaiie provided froen theeinvetsion circuit
data val ue having any incorrect polarity, read from

15 wilbRavountigvdredd ofl 6K theMbatterh ! tHe QuBMald {reﬂhe ‘iﬁftfaﬂ‘ift ﬂe@ﬁrded
code whose polarity is ~opposite to a polarity wh
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: cont.ent ,of t dentification

prod ?ﬁdol?ﬁfil%sh caé]ﬁﬂ Cﬁ%‘%‘ﬂa}ﬁ%ell ‘be read. Thus, it is
OSSI 0 dete m ne, based on the result of the

oW&?edﬁt? i u@;ha\tlng amorrest pelatity ran hgead dromythe

sub data val ue has a correct polarity, and it is

authgniiggted, diskid 80 asraboive, thesECC mtcmbﬂércanynatkﬁjgwm&te error
which the disk loaded in the player 1 is, an

correatiohefidestifbchtidinsin fd@0ation & tewubeddta) t Thias ks, Bi®dtueiedlt of the
based on the authenticated disk 100. The player 1

sub dhfg:&ﬁﬁg@&ﬂglygggéa{tg circuit 16 to make the above
judgnent. Cdnnect ed to the ECC circuit 14 as shown,

Uhet %H&g%cﬂlﬁé: s]u% &4 \%ﬁ%eeﬁzg{hﬂg gﬁﬁ‘]ﬁé&%ﬁ@t%m read

error corr |on as accura

from foé Eaticeifis B0 GFiIL GRIAE ﬁ%ﬁﬁﬁ£§0§%eﬁ9%3§ﬁ9 WiShss Redaty is

t he dglé&i ircuit 16 can discrimnate between
OpPOSiloA PRSI Ut ieh ShpYld auborneRll DedbHCE dircud L cannot

produced based on the authenticated di sk 100. Further,
makeaseurade goror sorieetipn @fdhe sibdetut i chhusytten cottent ofittemisub data

di sk has been
(identification information) cannot accurately be read.

Thus, it is possible to determine, based on the result of the error correction by
the ECC circuit 14, whether the sub data value has a correct polarity, and it is
judged, based on the result of polarity judgment, which the disk loaded in the
player 1 is, an authenticated disk 100 or a counterfeit disk produced based on the

“authenticated disk 100.

The player 1 includes the judging circuit 16 to make the above judgment.

Connected to the ECC circuit 14 as shown, the judging circuit 16 can determine

whether the error correction has accurately be done in the ECC circuit 14. Based

on the result of judgment of whether the error correction has accurately been done,



judged, based on the result of judgnment fromthe
judging circuit 16, to be a counterfeit disk, the
identification information #ad fromthe disk is
transferred to the host conputer 6. As will be
.described | ater, the host conmputer 6 sends the
the judangiciicgil  ean dissrimtinpterbatyeen herantigntigatedrdisk 100 and a
via the network interface 7. Thus, the identification
counterfeit dwski producéd basedsem theaautheeticatéd dagli bH0.i nf or mat i on
for a disk distributed as a counterfeit disk.
Huehee accotdibbaothapeshet fivensionUddRd the 18&1ed disk has been

counterfeit one, it nmeans that the ECC circuit 14 did
Judg bagERh R FRUIET pUREk SR e MddlhBIRUICMY 1 1R3a,
counfehedt skl o HERAGE o Pnlin ead BT Mt ik 1P RBnslired o
e Rt Sl s B 158 vntr 5

i correspondingly to the judgenent of the |oaded disk as

identification: iafernation trktheananagiog ssuerdd) viathe netwerk interface 7.
error-corrected again by the ECC circuit 14 to

Thusy dyeriddntificathen infdemttibh el snsdmfaeridandtifieatiothm b giioy for a
circuit 16 effects the above operations as wll be

disk disaeHuitbe ds adovterféit Biskef erence to the flow diagram
shown in FIG 23. First in step S301, the judging

P, R 10 2t VB, ST R, Al e
B L S R e BRUA s, o

. detected. by the sub data .detection circuit 13, and .
identfiafigrn iRt GHEBAPEVidRd 1 Enfor that theloadabaiek is a

det ermi nation, which the | oaded disk is, an
countgrfeleme. cat ed di sk 100 or a counterfeit disk pr oduced

based on the authenticated di sk 100.

On this account, the judging circuit 16 converts the sub data value detected by
the sub data detection circuit 13 into sub data value having a correct polarity
correspondingly to the judgement of the loaded disk as a counterfeit disk, and the
sub data value is error-corrected again by the ECC circuit 14 to reproduce the
identification information.

The judging circuit 16 effects the above operations as will be described below
with reference to the flow diagram shown in FIG. 23.

First in step S301, the judging circuit 16 determines whether the ECC circuit

14 has failed in accurate error correction. Namely, the judging circuit 16

determines whether a correct polarity has been provided as the sub data value



In case the result of determnation in step S301 is
negative, nanely, when the ECC circuit 14 has not
failed in accurate error coflection, the judging
circuit 16 generates a code "1" as a legal bit in
S302. The legal bit is |nfornat|on i ndicative of

dete%tﬁdgw thesub satedeterden covuitNey and fugthenjuepes, based on the result
judging circuit 16 transfers the legal bit generated '

of thasbowub deteranidatiatenyhichahe ileaddédndisk is tancauthestidated dfskol60 or a
the error correction in the ECC circuit 14 to the

counférfdit xfproduc&l bi¥ddond i AkRvetoRed Aidkong). the
judging circuit 16 will judge the | oaded disk to be

,qﬁ c%k‘é gl‘lf‘égfétsﬁl\jtt&‘ﬁf ﬁ%rﬁﬂﬁn& HZE dfsﬁieﬁg‘?@g%ﬁ%ﬁ%hp \$hen the

ECC & gcgltlii Ljé ﬁ%% gﬁ{] f[“al %ﬁﬁéﬁgﬁ? te}erqtr ggg%%%%ﬂt?ﬁegudgmg 01rcu1t 16
afflrma ,, if the udging circuit 16 had '
genepdesa ﬁpa%d t ﬁ%@?@gﬁ:l om $Ep (§3’|d2 14 has failed in
| accurate error correction, the judging circuit 16
ddedegal it epindaonation wdicative ofiai huthenticeted disk 100.

inversion circuit 15 to convert the sub data value to

Nexalinetepa308) the padgiagtcircpél 1§ trapsfess thedegal Uibaknémited as
the judging circuit 16 supplies the sub data value

abové HR8 il &t fieteinESimattdn fasulted4rdm th %rﬂo?\é%h%cﬁﬁﬁ in th% ECC

circuit 15, and instructs the latter to 1 nvert e su

t I d be rem nded here that the
mrcugglﬁl:co @Hb t é] %Lﬁdata detected by the sub data

: n ci r cui .count er.
| Sﬁi@ ¢ Bl dieebingtdnmindese qﬂf%mpf%gxeﬂﬂuﬁa%@m {ogled gliskcto
n Lnvert esﬂelone aad that the polarity. i
be an{zaentiaptes dfskal Unaadrasities theyegaltat | b indieatir obibe
one. Ther efore, the sub data value not accurately
authegticaiedatisk 460 endddenibfioasiannfbemation to ¢t hosti conyyuteh.
inversion circuit 15 to a val ue having a correct
potawe thye result of judgment in step S302 is affirmative, that is, if the
Judging circuit 16 had determined that the ECC circuit 14 has failed in accurate
error correction, the judging circuit 16 goes to step S304 in which it will control
the inversion circuit 15 to convert the sub data value to a value having a correct
polarity as above.
That is, the judging circuit 16 supplies the sub data value supplied to the ECC
circuit 14 to the inversion circuit 15, and instructs the latter to invert the sub data
value. It should be reminded here that the polarity of the sub data detected by the

sub data detection circuit 13 for a counterfeit disk in the player 1 as the

embodiment of the present invention is a non-inverted one and that the polarity is



The sub data value supplied to the inversion circuit

15 and inverted in polarity there is supplied to the

ECC circuit 14 in which it Wl be subjected again to

the error correction in step S305. Instep S306, the
. jagging circuit 16 determ nes whether the ECC circuit
nverted Ry dhe Mmyesson sl atear ingrressongct i ldrerelpse,thesub data

step S305. In case the result of determ nation in
valus nepa@3nsicls cadf-comatiedeas abavel oan b inveeted BERIrcby ¢he t

14 has failed in accurate error correction, the
inversitd0EiREuiE 115 b iatyalfe BalingGPcorrctqdlafitycor rection as

shown. If the ECC circuit 14 has fail'ed again in

i.on - .

! Bata Sl aiI1eBTH /A8 invérsich AA 15 ARAThILEed itbolarity

the sub data i1ts recor det _ errone
tered shigiEY8, B84 BCReUBRLAR b5 e VDR el Regig o e
ertor COgieHen In SIS0 ol D SIS BaNaRe sircis ldaisrines

to the host cqrrFuter 6 so that the latter wll
whetherr thedpobdiiraylit 14 bas failed incacoubatearrordisresstionragsin dustep
13 to retry detection of the sub data or operate

S3050t herwi se. In case the result of determination in step
S306 is negative, that is, if the ECC circuit 14 has

N9 taderibleadsilf ofdettrAtiRatesr Bl steprSRY isQffirhAfyvE Utehal, if the
circuit 16 goes to step S307 ITn which it wll

ECC ggengftaf@%sf %ﬁleﬂ’if}h%l:}‘fr&égeﬁgg %oh%étiﬁﬁ,l@%q'ggg@gﬁéir&ii{ 16 will go

ase e Ing Circul erm ne

o tep.-S306 1 hroug he nirol .qf. the.inpversion
to errpf pBirBPugiEas shOVR 2 IEHEE65 Bkl 135 1 e B ELE gpurate
step .S305),.that the circuiit 14 has_not failed in. .
error GoRgrHp, L1$ BiEhoPPESbIchaEEa subsdats itsplf regowlediin thpidisk is
be known that the sub data has come froma counterfeit
erronggekor thevvibodata digtectioadiirapit i has npasdeano correst detestion for any
_ inverted. Thus, instep S306, the judging circuit 16
reasog.ge n Em thisscase) fol tlegedrobtorreativeaheedghgacicaint € shenld transfer
i sk.
information of error correction to be done to the host computer 6 so that the latter
will correspondingly control the sub data detection circuit 13 to retry detection of

the sub data or operate otherwise.

In case the result of determination in step S306 is negative, that is, if the ECC
circuit 14 has not failed in accurate error correction, the judging circuit 16 goes to
step S307 in which it will generate, for example, a code "0" as an illegal bit.
Namely, in case the judging circuit 16 has determined, in step S306 through the
- control of the inversion circuit 15 (as in step S304) and retry of ECC (as in step

S305), that the ECC circuit 14 has not failed in accurate error correction as in step



Then in next step S308, the judging circuit 16

transfer, to the host conputer 6, the illegal bit

thus generated and identifiétion information resulted

fromthe error correction retried by the ECC circuit

4. Thus, when the |oaded disk is judged to be a_ . i
S3Oé duwild r}ﬁéﬁllovﬁhﬂl,at thesyb datghasiiome fiom 8 sovaterfait disk in which

counterfeit disk and identification information from
the readingisignad pelaritydeohty irserted. t Mghuso it sieprfdcs théjudbieg

player 1 will be explained again with reference to FIG
circu®t 1d Bendragds arcidiepul Bit iRdis8Ads of A duagateipdiskl | egal bit

and rdentification information transferred fromthe

J i . \

THR et rsfd&b’ §30¢ th? g‘%@ﬁl}g)&ﬁﬁﬁﬁﬁf 6 &Qfﬁl‘ghﬁg r@lg Iﬂﬁ\r(?gtr cdflputer 6,

via a netwo I nt’er as s
. £ [ b n by. a .c ri,ght nmapager f

the ifjgal 8 s Bubedfo R AR GR iFERS il reSuRAR Hara e error
100. Recej ving legal hit from the player 1, the

Coneﬁﬂﬁgéﬁﬁﬁ’ds@a@ﬁ&g: %@%Wégogni ze that the disk | oaded
inthe player 1 is an authenticated disk. On the _
ditwer whendhe Inasiedsliploiy prigailtta berrecountexfait dsie tife dlegal bit
the player 1, the nanaging server 70 can recogni ze

indicativet of heodhsdkfdivddkdndnidehtfiphtiyie inforination fe@uvrthe digk dre
one. Also, referring to the identification information

transfeerdd @l BB host E@rnphﬁﬁ‘ g.|l egal bit, the nmanagi ng server
70 can recogni ze that counterfeit disks produced

?ﬁ??ﬁ?ﬁéﬁ 1 {81 @esé&&é%ﬂeg ﬁg%’tiéfﬁq&hq‘g\f/éggg?é {J F£GL0 ONThe host .

on recor r eady been

compiich bty e 165l /3 Eeh il B Ot P RortERon fransfrred
from {1 iARERE FOVRAO xherenaTaLTRBaEIE Yl (0 voiibHebr ot

interfggg7%§, S%ggvalllr.}ged to alarmthat the | oaded disk

The managing server 70 is to be managed by a copyright manager for main
data (content data) to be recorded to the disk 100. Receiviﬁg the legal bit from
the player 1, the managing server 70 can recognize that the disk loaded in the
player 1 is an authenticated disk.

On the other hand, when supplied with the illegal bit from the player 1, the
managing server 70 can recognize that the disk loaded in the player 1 is a
counterfeit one. Also, referring to the identification information sent along with
the illegal bit, the managing server 70 can recognize that counterfeit disks

produced based on the disk 100, having the identification information recorded

therein, have already been distributed.



in the player | cannot be read by controlling the
player 1 to eject the |oaded disk in response to the
illegal bit transferred fromMthe judging circuit 16
and di splaying a correspondi ng nessage on a displ ay
not shown). Thus, the player 1 will be disabled from
ri%%t@ith@t althaughait & beon destribedaimthe foregoing diat the sk.
_ As havi ng been descri bed above, the player 1 as the
identefitetiimimforméitioh eeprpdesah froimttendiskerl 00as oady infateied to the
read the sub data froma disk 100 in which the

exteri@Pdévife Sthe st bgm \itdrs {n%g%%da@éngéﬁdmahn&ﬁmeﬂaaded disk

portions. In thi ase, Inversion circuit 15 is

GRS Wb AENR MBI SRR v
resoce 3 TSR P 5 A S R e ptaying

aut henti cated di sk whjle identification information
COHeéMfgﬂgE’éeﬁséﬁﬁ ofraofisalay(@ehskewa)t di sk produced based
on the authenticated disk. Also, the judging circuit

Thus stherpleyete will beotisallied Hrem ceadingmmain d4ta trbeorded in any
data includes an error correction code for

countegieit ditkcati on i nformati on. The judging circuit 16
judges whet her the sub data has accurately been

i E . . L

AETRIREEORHEGied dvertife FlabeH ) asite HIRIEEn} b iR
N j feiqt . her .

presclf 4Ehihnicin HLRRER 8318 Sl ARUNA 5! £, T8 i Bhicn e

reading 355t el {reactliitpe narkeAstprdrcundrtions. | 14! "

id%ntification 74 information in the disk and ill egal

Iy thigpase; dhe 1nvsrsing cinghitgl hip rrevidad trocophwithaysub datasvalue

: possible to inform to outside, the detection of the
detecteduntaer swthenticatkd dmsk 100 end iwWhasatpcdaritynfsappaisite o for

the di sk 100 based on which the counterfeit disk was
conventional one, whereby identification information can be read as the sub data
from the authenticated disk while identification information cannot be read from a
counterfeit disk produced based on the authenticated disk.

Also, the judging circuit 16 is provided to cope with a case in which the sub
data includes an error correction code for identification information.  The judging
circuit 16 judges whether the sub data has accurately been error-corrected by the
ECC circuit 14, whereby it is possible to discriminate which a disk loaded in the
player 1 is, authenticated or counterfeit.

Further, according to the present invention, after the disk loaded in the player

1 is judged by the judging circuit 16 to be a counterfeit disk, the identification



manuf actured. Note that the present invention is not
limted to the enbodi nents having been illustrated
and descri bed above. For ex&hple, it was described for
the simplicity of explanation that sub data is
represented by codes "0" and "1" by inserting a mark
informationeinsthig disk andillega) bdﬂf argdieatentheonanagingeeever 70, whereby
predeterm ned-length lands in a set. Actually,
it 1s pansthle to infoemp s otitsides thbdetectiba ofghé soanterfeit disk and
inserted may be determ ned based on another al gorithm
ident3¢€dti ASirABriYAS6H f@Sthealisle M0 Waksd ohwhithdRe cbﬁnf@ﬁe?t disk was
dlfflcult for the third party to identify such
InmnggF of sub data recording. Also in this case by
|n|ng t he nmet hod of code representatlon and a rule

ction to which one
2t frd B8 ik Tyt Ritis TubigSig He FBBoRRF G Baging been
) | ayer 1, the yer 1 _can accurately read the sub
illusthpe angdescrily @ﬁ) ABOYHg Beeexarasles ithaas dessribed: ios the sipeplicity
as the enbodi ment of the present invention is
of expbwiatiendhatosytudage is bepreserded biyarddes "Ohandr"lBiby inserting a mark
correction has accurately been done, whether the sub

as thesulndutal ereahpofhdpivededdd bad dves ededetetmindrfepeth lands in a set.
polarity. However, the determ nation of whether the

Actu§l!’gF Hﬂﬁrére‘faﬂh@ Jéﬁ?olﬁeﬁﬁeféeﬂ'l%%ﬁfks eﬁ’é%@ %e%sér&ed ﬁl%&rlfect

arity may e effected in many ot her ways.
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3.et ected based on a correct value (polarity). Since
ICCOIgRE. pol arity in a counterfeit disk is opposite to that
in the authenticated disk, the player 1 can judge the
Allskin this case, by definifgithe tieshodypf code representation and a rule for

a section to which one bit of the sub code is assigned, common to both the sub data
recorder 50 and player 1, the player 1 can accurately read the sub data.

Also, as having been described above, the player as the embodiment of the
present invention is designed to judge, based on whether the error correction has
accurately been done, whether the sub data value has been detected based on a
correct polarity.

However, the determination of whether the sub data value has been detected
based on the correct polarity may be effected in many other ways.

For example, a polarity judging bit is inserted in a predetermined bit position

of a predetermined sub data. In case the disk loaded is an authenticated one, the -



exam ning the bit value thus inserted. Al so, according
to the present invention, the simlar sub data
detection circuit 13 to thé conventional one is
provi ded in the player 1, so that the sub data val ue
corded in_ the authent| cated disk 100 will have a
bit i H}o Refleisppigd posion willdis deferigddiased on areoreqfevalie h
the inverted pattern, the inversion circuit 15 is
(polapityyi dBthcedhe polaritydn acsaveterfeio disk isyopplosith o shat idahe
value in the authenticated disk. This is advantageous
authémticafdCisknthegslayent com fhdgaiheciitia 1618k aciouPerEéit awlé by

13 can be used as it is without any nodification.

exaxf:ﬂrﬂéf%?%%tv QVg ﬁ‘éms%@e&cqu' re the correct polari ty

e authenticated di sk, |t is also p033|bleto

r r sk 10 a whose r| t
IS8 dccnlidf i Blerp inehfight %315}1%@5%‘ Ateepeircuit
sub data detectiaon circuit 130 detect the correct
13 toghe &Pm’?nfe@fwjtoqesls prowided da thep yer;l &@ thatdhe suh daipyvalue
data was recorded) in the authenticated disk 100, so
recordpé it the awthesticated désjul 0@ avillHaviera/patédraroppositedd @ 15
whi ch al ways inverts the polarity of the sub data
conventiorml deeec tledcdpe with the i eked Eateéxﬁp thieomvergioncirchi:15 is
However, as will be seen fromthe flow diagramin FIG

providéd td deieot alctride olﬂﬁ?tdffthé 3i:b Aatd VAIGE rfﬁ%é’é]uﬂh%nﬁ@@ted disk.
counterfeit dISk side; it is necessary to nake

r u
This 84 Qan BRSO ESHNGLAP b0 gttty BRI canbo
_ an i rsion circuit has to be provided.
1med%§gd Wpﬂl&ﬂg@ygﬂgage fti onal sub data det ecti on
rCUIt 13 is to be nodifjed, 76 the procedure for .,
fsites £%y %Pﬂ@@&ﬁocﬁéﬂalfﬁébe SerTesy e frgsn dhe authenticated
specifically, there are conceivable two nmethods. The

disk, ftjis gisonpedsiile ite recrt, tchtite dikk 100 subs datai whompelamyi hiag been
_ response to a "positive" value of the result of "odd -
mvertedan advahte.acin this player 1, since the sub data detection circuit 13 can

detect the correct polarity (that is, the same polarity as when the sub data was
recorded) in the authenticated disk 100, so there will not be required the inversion
circuit 15 which always inverts the polarity of the sub data value detected by the
sub data detection circuit 13.

However, as will be seen from the flow diagram in FIG. 23, to inform the
identification information in the counterfeit disk to outside, it is necessary to make
erTor correction by re-inverting the sub data having incorrect polarity, read from
the counterfeit disk. To this end, an inversion circuit has to be provided.

Also, in case the conventional sub data detection circuit 13 is to be modified,



and code "1" is detected in response to a "negative"
value of the result of "odd - even" subtraction. As

t he second nethod, the code760" is detected in
response to a "negative" value of the result of "odd

traction and code "1" is detected in
the pre%%‘rew% ¢feeting Hag suly dataymay, bedﬁVQIﬁ@dr eMore specifisadly, there
- even" subtraction. Also in this case, since a

are coneeiweblegulaametlyodss dEhefitstanéthodhie ssclbtidiathe dedet®’ sn
circuit 13 fromthe authenticated disk 100, there is

detedied ifi BSponSe td Repbaiviges 'vﬁﬂle &f theweduldaf "\67(!1(‘:"11 é’Ue‘ﬂaﬁéﬁbtractlon
i nverts the pol arlty of the sub data val ue detected by

and ddi "194P dgf’éc?ecfﬁlé ﬁ@?g@%yﬁ gfééat%%" valieo §H% g‘fgﬁﬁd

conformng to tra errar
as an exanple of the disk 100 as the
evenmﬁgl%tg%u#gcﬂ} of the present inventi on, in which the

s haBatob Bt e e B b i ok acve

' accordl ng to the present invention are wdely
valum’i)thedamléof Joddt eain'diubkraction dilegdedd' as detsteakinaiesponse
"optical-disk recording nediumincluding a substrate

to a "pogitaie" vahsd ofitheatebelt oif Vedl ayeverdinibe@¢don. | ayer
st acked on the substrate and to which main data is

s el chsd, Rindeod %@éc@olsﬂfsbisr@teéwd f(y tAksBbaith detection
| ands formed on the substrate  and sub ais recorded

_circuié;B fbf t‘h%rdﬁtﬂérrtf%”t&?p s%[]{ﬁﬂ tﬂ&e 19 ?105 ?é::’tﬁféd e 1h9¥1.%§0n

irradiating [ aser
. iich_the na I ev rai
circufl Bt RRE g ﬁtﬁl?f? SRR B
the, mark-fornmed portions in an 77 optical -disk
sub datadgtesten sEaViih pr oduced by physical |y transcri bing
t he shape the substrate of the above optical -di sk
Adsmorthe %@Msdmhmonﬂmmng to thedlutdRaynbhsk (tnademark) standard
enbodi nent, the polarity of the sub data is
was cited as an example of the disk 100 as the embodiment of the present invention,
in which the reading signal level is raised at the mark-recorded portions.
However, the playing apparatus and method according to the present invention are
widely applicable to optical-disk recording media such as an "optical-disk
recording medium including a substrate and at least a reflective layer and cover
layer stacked on the substrate and to which main data is recorded in the form of a
combination of pits and lands formed on the substrate and sub data is recorded in
the form of marks formed on the reflective layer by irradiating laser light having a

writing power" and in which the reading signal level will be raised at the

mark-formed portions but will be lowered at the mark-formed portions in an



determ ned based on the result of subtraction of the
val ue of the reading signal at the mark-recorded
portions fromthat of the r@ading signal where no
mar ks are recorded (having been referred to as
.'result of "odd - even" subtraction' in the
opticandiskorasgydingenediam praduced iy physicajhyatransovidingitiee shaps of
marks are recorded may be fixed to a certain val ue,
the sabstrathefiihé abovey optcaledisk recmditmsedivan. t he resul t of
subtraction of the reading signal |evel at the

ksl ineherderbiditidddserhbOdintdif, fosRflarikpbPighe dub data is

shoul d be noted that the fixed val Ue shoul d be set

detert®inb8 HACAHHA Q%éé r%sglétg (?%sé;ytlea{&ﬁbp o‘ffth% Q&1 e"i‘égﬂﬁgt $6nal at

marks are to hé af orenmenti onée
b

enbodi ment.s, it is ju d ich t.he val ue ,of the s
the nfFR3H R Grorljpnb frdut 43 ot e feadin sidhial Syfse ot are
result of subtraction (also_ including an integrated
recorggfl ¢havnedsnrakuTashio e et of "adde— cwan mgbtsagiinar in the
level at the mark-recorded portions fromthat (also
foregoieg udihgwevier, fioreading signahlave) whisee o moarksark seaorded may
recorded is, positive or negative, that is, with
be fixeef tor 2oertainoradué, harelsthe lpdla®y. baNéterpors besedtdrothedievel of
to the rise of the reading signal level at the

subtri@ide bLARY ¥adi ﬁighé’l”i%vbf‘atttﬁg bidat g&gﬂirﬁ gfrom the fixed
d ase

however, the s ata val ue can e judge on a

r ' I I t I ' raer
valud?] JEShEIE el R WO e 1 CrsPohirdl to the

i SN case the result of suptracti.o (i ncluding an
length R dh¥ LEER SyAntEahg Piirks Bt B B b el O of 1 Re

iea%i nfl% si gnal I(fvel at the, mark-recorded portion

1 B alesemeniiered ambedimgnisntt 1ajedgadewhich e valwe af the sub
- val ue) where no marks are recorded exceeds a threshol d
data igh®'hom' Yo sntthe dbasiglafeviighert thegesult ndisubtraction (also including

‘ judged whether the sub data value is "1 ". In case the
an integsated vafuesefidubariction resulsnaf iherrehdiag dghdlrlesslaltdhe
which is a negative value smaller than the "0", it is

 markjrbSadd YortibRS foRe s aRBtiAcNAIME tieSabVe fixed value) where no
marks are recorded is, positive or negative, that is, with reference to a threshold (= |
0). With consideration given to the rise of the reading signal level at the
mark-recorded portions in the authenticated disk, however, the sub data value can
be judged based on a predetermined threshold whose absolute value is larger than
the "0" as well as on the threshold (= 0). That s, in case the result of subtraction
(.including an integrated value of the subtraction result) of the reading signal level
at the mark-recorded portion from that (also including the aforementioned fixed

value) where no marks are recorded exceeds a threshold which a positive value



It should be understood by those skilled in the art

that various nodifications, conbinations,

sub- conbi nati ons and al t eraf8 ons may occur dependi ng

on design requirenents and other factors insofar as

they are within the scope the appended clains or the
larges dlodry theet's ittihgudgdd whetheCtlh meb datarvaluays hY'. apimacase ube

for playing an optical -di sk recordi ng medi um i ncl udi ng
resuldof subsadtadreishanilte than B tHedsholdediclesd 4 negdibro wiloe emaller

a conbination of pits and |lands on one side thereof

than @@t i ﬁﬁﬁﬁ%gd (ARG ithy Sub 48! valng iseyer |ayer

stacked o substrate and to which sub data is
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IERRAE oA Geb8 3 BosEREtRAIR ihP e b Bl mogifications,

l.ight to the reflective, ayer.that the |evel of a :
comiyipgfipns, Subeaupbiefiphn and afégiiont Thay oews Srading R design

marks are formed but will be |owered at the
requirgmRrnisAndeethen facterssnsefas as sipey ke withikthestsopaithe appended

medi um produced by physically transcribing the '
claimsudrsthe stqaiwtients thérepfie above optical -di sk recording

medi um the apparatus conprising: a reading signa

generating neans for generating the readi ng signal by

detecting a return part, fromthe optical -di sk

recordi ng medi um of readi ng-power |aser |ight having

been irradiated to the optical-di sk recordi ng nmedi um

a sub data detecting nmeans for detecting the |evel of

the sub data on the basis of the result of sanpling

t he readi ng signal generated by the readi ng signa

generating nmeans at a predeterm ned sanpling point;

and a judging neans for judging, based on a result of

determ ning whether the value of the sub data

detected by the sub data detecting nmeans has a correct

polarity, whether the optical-disk recording mediumis

a aut henticated di sk. -



2. The apparatus according to claim1, wherein the sub
data include substantial data having a required data
content and an error correcf9on code for error
correction of at |least the substantial data, the
apparatus further conprising: 80 a polarity inverting
means for inverting the pAUAIMSy of the value of the
sub data detected by the sub data detecting neans; and
an error correcting neans for making error correction
of the substantial data on the basis of the error

1. GRBIEHE AoRANR (ROINIAE sl Sk ARERUBARLISS [idling o
subsRiREREE: piuf B Felie MR AR O S Bt iR and lands
on ol i) 1551 - aeBiBieCandCobmng vaEkEnihe

1, wherein the sub data includes identification

substrafeangeoi whichrsuudata is resordasbin thel fooinsk mederwhi fogmed on the
medi um and an error correction code for error

reflectore lagtr by inhdmtingeadtinghewetclabérf li gattodhe ireflestivas lager that
t he apparatus further conprising: a polarity inverting

the 16VR@2B$ afresdihB\uesddl RE I BerAAfPAE portidhs Wiferé dhe ks bReformed
sub data detected by the sub data detecting neans; an

o R D1y R R, Bl SOL6 Bl
T R R MR LI
opici Tk eSS b HBib ke A L rel device via

;gegdeglg rsggnrﬁ ’geg)e/ra?i%tger;lgnégsi ’Po% g\AéI;l%tch?I{g':hgereadmg signal by
detecting a return part, from the optical-disk recording medium, of reading-power
laser light having been irradiated to the optical-disk recording medium;

a sub data detecting means for detecting the level of the sub data on the basis
of the result of sampling the reading signal generated by the reading signal
generating means at a predetermined sampling point; and

a judging means for judging, based on a result of determining whether the
value of the sub data detected by the sub data detecting means has a correct
polarity, whether the optical-disk recording medium is a authenticated disk.

2. The apparatus according to claim 1, wherein the sub data include substantial

data having a required data content and an error correction code for error

correction of at least the substantial data, the apparatus further comprising:




error correcting nmeans has nmade the error correction
accurately, whether the detected sub data value has a
correct polarity, to thereb§0judge whet her the
opti cal -di sk recording nediumis a authenticated one,
and to supply, in case the 81 optical-disk recording
racqeid lartsh oy ebieeg) maang dor oterting blee polariay v éing valaeed the sub
one, the value of the sub data once inverted by the

data deteatdd lyy thward datg deesvtingt @ebf® andnverti ng neans, and
then have the error correcting neans retry the error

%ﬂrér?&técﬁfbctmggaé&?g Ym§ &k &8Ioh & GRlsuBSantial data

information r [ted fromthe retried error

rectd t S [ ne . 1and th din S
on thHesRE0f AR et eRFr R PR Rl AR B IR o Y TR LR O the
the judging neans as the specific information to the
pdaré%@fﬁ%}ngﬁj@%%%. 4. The apparatus according to claim
1, wherein the sub data detecting neans detects the
sl witging srcans deing designed taldeteemans; &y deiewpining achather the
predeterm ned sanpling point, between the reading

error sogreating ahemnsdiasthadertdikernrec codecti@oatduratelgrwhethbathe
where no marks are recorded. 5. The apparatus

detect&t QiiAE VQuehas McbrehpbRirfty.t he sub data detecting
means determnes a difference, detected at the
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the dj.fference. 6. A nethod ?f | ayi ng .an_ qQptical - di sk ,

eITOT CEREGFHPR 50%3’%%%6@1@%%@1 af 3t fsas t&r@éde%ﬁ%orhm prmation,
data recorded in the formof a conbination of pits and

the appavarisdhrtbaecompisingier eof and at |east a reflective
| ayer and cover | ayer stacked on the substrate and to

afpoddrityubveding meaneturidedrting theegpdlarity of thyvdae 94 the sub

formed on the reflective
data detected by the sub data detecting means;

an error correcting means for making error correction of the substantial data
on the basis of the error correction code included in the sub data supplied from the
polarity inverting means; and

a sending means for sending specific information to an external device via a
required n.etwork,

the judging means being designed to determine, by determining whether the
error correcting means has made the error correction accurately, whether the

detected sub data value has a correct polarity, to thereby judge whether the

optical-disk recording medium is a authenticated one, and to supply, in case the



| ayer by irradiating witing-power |aser light to the
reflective layer that the |level of a reading signal
will be raised at portions &here the nmarks are forned
but will be lowered at the mark-formed portions in an
_optical -disk recordi ng nedi um 82 produced by
Opthaﬁjdﬁkcmwydmgan&ﬁunbhag;bem_njmllgbdumm be hayeuthentioated one,
above optical -di sk recording nedium the nethod

the vahrgosf thienubtdaea shep inverteddpneicadlagityt gl nfAnSita e
by detecting a return part, fromthe optical-disk

iR Tk e AR RSB0 s ke Bty o,
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by. t he readi si gnal nerating neans at a
Comﬁfleag?éﬁ?r? gé%‘g?&siﬂlg poi nt; and judgi ng, based on
: the result of determ ning whether the value of the sub
dbe sending seeang Sl@pdmgethmgemﬁ@atm wdormatior aupplied frgm the
correct polarity, whether the optical-disk recording
Judgingdheans as theapetidint infateatich tkthelextérmatdevitieng
apparatus for recording sub data to an optical -di sk

4,  Thepaidus ﬁ@&rﬂiﬁ%’]ﬁﬁélﬁﬁhrﬂg vherehstheaiu® iy detkciRisineans

data recorded in the formof a conbination of pitfs

detec?sglﬁel A2 BnaRe b%b%%f{zf‘&fffe‘f%n@en (ae?éctécﬁ Qtsltheﬁ)rteﬁ%termined

ective layer an cover layer stacked o

sampfHBHoift SeB eerl fiB7Pip o il AR tiomanE RigartPd patfions and
formed on the optical-disk recording nmediumto form

that whgre nogRatiseatedererdedve | ayer correspondingly to the
%r edeterm ned-1ength | ands, the recordi ng apparat us
5. dbappparatgs aecarding @ ¢lgimdavehdrein thesubdiaty detestisgtmeans
data to the optical-disk recording nediumso that
determands afliffdrenomrdesedted hotirepredetesmihedsanping pdihe between the
by irradiating
reading signal value at the mark-recorded portions and that where no marks are
recorded, and detects the value of the sub data on the basis of an integrated value
of the difference.
6. A method of playing an optical-disk recording medium including a substrate
having main data recorded in the form of a combination of pits and lands on one
side thereof and at least a reflective layer and cover layer stacked on the substrate
-and to which sub data is recorded in the form of marks so formed on the reflective
layer by irradiating writing-power laser light to the reflective layer that the level of

a reading signal will be raised at portions where the marks are formed but will be

lowered at the mark-formed portions in an optical-disk recording medium



the witing-power |aser light that the | evel of a

reading signal will be raised at the portions where

the marks are forned but w82 be |lowered at the

mark-formed portions in an optical-disk recording

medi um produced by physically transcribing 83 the
prodectsbby physisalpdransctihmgathesabsiratechiapdiofithe aboveloptical-disk

medium 8. A recording nmethod of recording sub data to
recodiing piddiahy, dishetiRsdesinpgisingethcwiepgef: udi ng a

substrate having main data recorded in the formof a
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recorf?.l:ﬁ&é] F%tdiﬁl[%pér ?%agiﬁjgé’-ggﬁeﬁ%eﬁ c]}gﬁ)é \M@gmgngeéjn WadiafRd%o the
. determ ped-1ength [ ands forned on the optical -disk
OptICgL'gbiioqeﬁar gi‘]ﬁﬁfsﬁg@;form marks on the reflective |ayer
correspondingly to the predetermned-I|ength |ands,
Witacéing thadeealipfdhe aub datacon thipbagis of Hag resulirofcampling the
marks is fornmed to such a size and depth by
reading rsagtiad tgiengratdebynthe rerglipg vignal gereratingghéarshatta piredetermined
| evel of a reading signal will be raised at the

sampmgtlj@ﬁg apdere the marks are forned but will be
| onered at the mark-fornmed portions in an optical -di sk
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reflective layer and cover |ayer stacked on the
7. dusserding agpdrates {01 renording dub alata ta aw optieal-digk recording
irradiating witing-power |aser light to portions

medimarinekplng arsgbsiwaterlenén g nrineldid erorded antte foenneftia on
the optical-disk recording nmediumto form marks on

comb‘il’ih&gdrﬁéf pits h.l\{@ JArfsedn 6R¢ EREEAABAHOTHNY dtAeddQ reflective l;g/er and
predet erm ned-1ength |ands, the method conprising th
coverda§@Sst@éked on the substrate by irradiating writing-power laser light to
portions corresponding to predetermined-length lands formed on the optical-disk
recording medium to form marks on the reflective layer correspondingly to the
predetermined-length lands, the recording apparatus comprising:

arecording means for recording the sub data to the optical-disk recording
medium so that each of the marks is formed to such a size and depth by irradiating
the writing-power laser light that the level of a reading signal will be raised at the

portions where the marks are formed but will be lowered at the mark-formed

portions in an optical-disk recording medium produced by physically transcribing



preparing a disk master having the main data recorded
in the formof a conbination of pits and | ands
thereto; formng a main datg recorded di sk having only
the main data recorded therein 84 by formng the
substrate with a stanper prepared based on the disk
the swbstrate shapk of thecabovg eptidabakisk rdverdiaglmediuve. | ayer and
cover layer on the substrate; and recording the sub

8. dﬁf@o&@in‘ghﬁeﬂﬁid%ﬂ%b@rdiﬁ% Qubftdlickn opticilngiskubestding

recordi ng step, the sub data being recorded so that
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optical-disk recording nmedi um produced by physically
portiensmegzespeinding tepdstarminedd lands fesmgisbae the optical-disk
optical -disk recording nmedium 10. An optical -disk
recordampmedigm e dormmaddswdi 1he reflectise iaee coanespondimgty to the
data recorded in the formof a conbination of pits

predéi@inineidength ARds SvHSrih ieQib and idtecdrf@dsoadhat each of the
reflective | ayer ‘and cover |ayer stacked on the
n
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corresponding to the Er edet er m ned- | en&th | ands, each
recording: medivan psodecaddvyrphiysicaly ttanacabing thesubisirate shape of the
the level of a reading signal wll be raised at the
aboveopticalrdiskrecardidenmmaiks. are formed but will be

| owered at the mark-formed portions in an
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substrate having main data recorded in the form of a combination of pits and lands
on one side thereof and at least a reflective layer and cover layer stacked on the
substrate and to which sub data is recorded by irradiating writing-power laser light
to portions corresponding to predetermined-length lands formed on the optical-disk
recording medium to form marks on the reflective layer correspondingly to the
predetermined-length lands, the method comprising the steps of:

preparing a disk master having the main data recorded in the form of a

combination of pits and lands thereto;

forming a main data-recorded disk having only the main data recorded therein -



transcri bing the substrate shape of the optical-disk
recordi ng nmedium 11. An optical -di sk recordi ng nmedi um
i ncluding a substrate havingd nmain data recorded in
the formof a conbination of pits and | ands on one
side thereof and at 85 |east a reflective |ayer and

by farming theyebststaskta stamper prepateddtased wheheidislsmasttataad
of which polarity is discrimnable is recorded

stacking aekpentienellective la@f@@l apdrdoven fayieavnttle stibsirare] andlat a
recorded thereon. The medi um according to claim
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by Trradiating [aser power having a
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reading signal will be raised at the portions where the marks are formed but will be
lowered at the mark-formed portions in an optical-disk recording medium
produced 'by physically transcribing the substrate shape of the above optical-disk
recording medium,

10. An optical-disk recording medium including a substrate having main data
recorded in the form of a combination of pits and lands on one side thereof and at
least a reflective layer and cover layer stacked on the substrate and to which sub
data is recorded by irradiating writing-power laser light to portions corresponding
to predetermined-length lands formed on the optical-disk recording mediﬁm to
form marks on the refiective layer correspondingly to the predetermined-length
lands, wherein in‘positions corresponding to the predetermined-length lands, each
of the marks is formed to such a size and depth that the level of a reading signal
will be raised at the portions where the marks are formed but will be lowered at the
mark-formed portions in an optical-disk recording medium produced by physically
“transcribing the substrate shape of the optical-disk recording medium.
11.  An optical-disk recording medium including a substrate having main data

recorded in the form of a combination of p'its and lands on one side thereof and at



85

least a reflective layer and cover layer stacked on the substrate, wherein sub data of
which polarity is discriminable is recorded correspondingly to land portions having
the main data recorded fhereon.

12, The medium according to claim 11, wherein the sub data is recorded in the
form of marks formed by irradiating laser power having a predetermined writing
~power.

13. The medium according to claim 11, wherein the polarity of the sub data is
discriminable based on either the rise or fall of the reading signal level at the marks

formed on the land portions formed correspondingly to the land portions.



