DESCRIPTION Optical-Disk Recording Medium, Playing Apparatus and
Method for Same, and Recording Apparatus and Method for Same Field
of the Invention The present invention relates to an optical-disk recording
medium in which main data is recorded in the form of a combination of
pits and lands formed on one side of a substrate, a reflective layer and
cover layer are stacked over;tfieguhsisgigygjde where the pits and lands
are formed, sub data is recorded in the form of marks formed by
irradiating laser light having a writing power to the reflective layer and the
output level of a reading signal will be raised at the portions where the
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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
Field &fike prdulyold, 2005, the entire contents of which being incorporated
herein by reference. Background Art The optical disks used to record
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widely used as a package medium over the world because many replica
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plastics with a stamper having pits and lands formed thereon

side of a substrate, a reflective layer and cover layer are stacked over the substrate
side where the pits and lands are formed, sub data is recorded in the form of marks
formed by irradiating laser light having a writing power to the 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



in advance. Of the ROM disks of this type, CD (Compact Disk) and DVD
(Digital Versatile Disk), for example, are widely used as recording media
to record content information such as music, video, etc. Disks having
illegally copied thereto data recorded’in a ROM disk sold as a package
medium, so-called counterfeit disks, have ever been produced and
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data in the ROM disk. Generally, the counterfeit disks are produced by
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~ authenticated disk and replicating optical disks by the stamper, or by
injectzopyioddiignals seaditomitheaithepde ated giskito saaordalediaksd thereon
Various techniques for copy prevention have been proposed heretofore to
in advarexent 6 ctheROPfdisiafoMmation reatingraagiadian] deing progused
by those having no due right. One of such techniques is to append, for
(Digitekakeptele/Mdisie)dentificatipidnieenalioniusagh ot dighailhere gandgecord
built a system in which unique identification information is appended to
conteractiadisiatiith soishteshmigie, vidd® digk player reads the identification
information and sends it to an external server via a network. Even if such
IRilnstbeeingisis galle bepr prbduceddandrdistibuterh thR OXNedIaksINELs a
will detect a large amount of the same identification information and the
packaggstedivan twsaldtect thattthéetodistesféindisks & bave pastused and
_ produced and distributed. Further, the system can also identify a :
prejudeoiahtertbic diskerastkerfon patstnutorhiy dgddntifvingl ardisisptayer aving data in
sent the detected identification information to the external server.
the ROM disk.

Generally, the counterfeit disks are produced by forming a stamper by
mastering on the basis of signals read from an authenticated disk and replicating
optical disks by the stamper, or by copying signals read from the authenticated disk
to recordable disks.

Various techniques for copy prevention have been proposed heretofore to
prevent such counterfeit information-recording media from being produced by
those haviﬁg 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 ser\}er will detect a large amount of the same

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



Even identification information unique to each authenticated disk should.
be recorded not to easily be copied as above by a commercially available
disk drive, which will be useful for prgtection of the copyright for the main
data in the disk. On this account, it was proposed to record identification
information to the reflective layer of the disk by forming marks which will

have baesathereefleatdnosdodishébefiebtivEinyketothbangee A disaiescdin o a
Japanese Patent No. 3454410, main data such as content data,

countmdeiaghskemtakiéororadisn tthe ke idaatried anditle poagrephaving sent the
combination of pits and lands to the disk, while sub data as identification

detecintbrdeatidicist fendredihy iomio g askemhicbawibmake a small change
in reflectance of a portion, above the pits or lands, of the reflective layer.
Eemideks ifieatemongdim shie nefirtiive layercdf fochepticaltaiskisly should be
irradiating laser light higher in power than the reading laser light. The
recordivinge in aefiéythncmparted blydhe hyaaksomsocsoiall that sdabieodefith@ive,
main data recorded in the form of a combination of pits and lands will not
whiclhwikifloe nsetliiTfarspthecatierks fillicnod perighd fuhite dhaanaidudaia ithe disk.
being read. It should be noted that to read the sub data itself, a separate

Praylng systamt, miay be propided to sacuptd itent fheatsoof thibreading to the

signal of the main data, each given the small change in reflectance, and
reflectivedeatertbé duampids biofexamgenirkthisluateywplsitions thearellBatksce of

are to be inserted as sub data are determined between the sub data
the reflassiderayer fagbangecording thselosdbiarthinddpsigesitatentMos 354410,

. the authenticated disk player, it is possible to identify positions where the
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for recording and thus read the identification information as the sub data
the foggcofai@igmbination of pits and lands to the disk, while sub data as
identification information is recorded by forming marks which will make a small
change in reflectance of a portion, above the pits or lands, of the reflective layer.

The marks are recorded to the reflective layer of the optical disk by
irradiating laser light higher 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.



Disclosure of the Invention In the foregoing, it has been described that a
counterfeit disk is produced by illegally copying information in an
authenticated ROM disk without any due right, namely, it is produced
using the reading signals obtained by reading the authenticated ROM
disk. However, a counterfeit disk can also be produced using a stamper
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authenticated ROM disk as it 1s. More specifically, the latter technique is
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separated from the substrate to expose pits and lands formed on the
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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

Disclgyanddsfigentdicatidaninformation unique to the optical disk. Seemingly,
adoption of this method permits to prevent production of a counterfeit disk
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formed as identification information to each disk on the reflective layer

illegalignugiiadranfecibedon hase hahepttrasd reiegiuRlavamaie any due right,

separated from the substrate and a pattern of pits 5 and lands formed on

nameleitsishstraiededphysigellyctieagonibedosasbietrraepliceadisle figsrecord

marks as identification information to the reflective layer, it is necessary to
authentiadtatt ROd liibkhaviigvecralptivelyrigh Raversto d88 H8ePR/Broduced using
a stamper prepared by transcribing the physical shape of the substrate of the
authenticated ROM disk as it is.

More specifically, the latter technique is such that the cover layer and
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 unicjue 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



layer. When irradiated with such a high-power laser light, the temperature
of the marks-recorded portion, for example, of the reflective layer will be
higher and the substrate will thus be thermally expanded so that the disk
itself will possibly be deformed. That fs to say, there is a possibility that
the marks to be formed only on the reflective layer wiII physically be
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deforBLfion, above a predetermined Iand of the reflective layer 102. To record
the marks as sub data, laser light having a relatively high power is
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reflective layer will physically be transcribed to the substrate, and with this
physical transcription, the sub data is possibly copied along with the main data.

The recording of marks for identification of a disk to the reflective layer by
irradiating laser light having a relative high power will be explained below with
reference to FIGS. 1A and IB.

FIG. 1A is 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



are formed will have the temperature elevated due to the laser-light
irradiation and the heat be transferred from the reflective layer 102 to the
substrate 101. As a result, the substrate 101 will possibly be deformed
partially due to thermal expansion o6 the like. The deformation will lead to
concavities 110a formed in portions of the substrate 101 which are in
contact with the reflective layer 102 as shown in FIG_IA. In this case, if

102 okibeepticphdiskoding fenthaisample shosye dagdididd i marks are

substrate 101 and_the substrate 101.is exposed at the side thereof where
recordgd ne HATMLSRAY forREed T RUREStaad 1af hesedipnily player 102.

correspond to the, marks 110 to he formed qnly on the reflective layer 102 |
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of the other lands. Thus, a replica substrate, produced by physically,. .
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surface thereof congavities 11 Oa corresponding to the marks 110
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1A. In this case, if the cover layer 103 and reflective layer 102 are separated
from the substrate 101 and the substrate 101 is exposed at the side thereof where
the pits and lands are formed, the concavities 110a seeming to correspond to the
marks 110 to be formed only on the reflective layer 102 will 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



medium playing apparatus and method, capable of positively
discriminating between an authentically produced optical disk and a
replica disk produced by illegally copying the authenticated disk, a
recording apparatus and method, for/ recording, to an optical-disk
recording medium, sub data that permits to discriminate between an
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accordarice with a first aspect of thie present invention, there is pro
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substrate having main data recorded in thé form of a combination of pits
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layer stacked on the “substrate and to which sub data is recorded in the
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writing-power laser light to the reflective layer that the level of a reading

betwetighdl yilRerRishd praamiensonhess diemarks 6 fremed ibwilkbs by

lowered at the mark-formed portions in an optical-disk recording medium
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optical-disk recording medium, the apparatus comprising: a reading signal
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part, from the optical-disk recording medium, of reading-power laser light
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detecting means for detecting the level of the sub data on the basis of the
repliciesdbatcampling helreadiage iana, genresateshiydheaisgaeinerdiintahedium

generating means at a predetermined sampling point; and a judging
havingnaansifes judointbasediarbe weultobatiigriiagatus and method.



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. In accordance with a second aspect of the present
invention, there is provided a recording apparatus for recording sub data
to 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
Iimepssraancsn veibtafisslettvectaybtnpresont iayentstaskbarenshrovided a
. Substrate by irradiating writing-power laser light to portions 8a ‘
playing plRRAE AP IObE it gk aperrbirgcn etivne msiudinisk
recording medium to form marks on the reflective layer correspondingly to
substrgfe hemaenninatitengaorasdsnitbe éeoringrapparbinatinphisityaad lands
recording means for recording the sub data to the optical-disk recording
on ongnddriMeSSHahehlapt s kil rlseres Bysratackesiomyhe
irradiating the writing-power laser light that the level of a reading signal
substryf paGAR S sltians wrariakimiBadosr rfmaaksuiiecd on the
lowered at the mark-formed portions in an optical-disk recording medium
reflectivsaliacy By Brodredinerardiming W Sissuasht dndpe sritssamplayer that
optical-disk recording medjum. The playing and recording apparatuses
the levrl Bt dirigas iHe BBB0E MEhO&: ﬁlSSFE@éﬁPWiW&Fé éﬁfﬁaﬁkwﬁtﬁmed
the optical-disk recording medium in which main data is recorded on.one
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. a reflective layer and coyer layer are,stacked over the substrate side 9
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optica?j(ﬂ]s?gif’gcording medium, the apparatus comprising: a reading signal
generating means for generating the 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; 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.
In accordance with a second aspect of the present invention, there is provided
a recording apparatus for recording sub data to 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 by irradiating writing-power laser light to portions



formed by irradiating laser light having a writing power to the reflective
layer. As proved by the results of the experiments conducted on such an
optical-disk recording medium included in embodiments of the present
invention, it is possible to produce &a optical-disk recording medium
having such a characteristic that the level of a reading signal will be
raised at the portions where the marks are formed while the level will be
corredpaedenigatct e ararkeformesd]pogibrgi afcopticdlediskcrepticdihg isledicording
produced by physically transcribing the substrate shape of the above
mediwpticafelisk rubidlivn e didlactival iy ahesubsgatadtag! peésthecorded
as to have one polarity in an authenticated optical-disk recording medium
predefgnifnedilangib epdrritesppositinpanpaabipolantyrisiagy evantediig
optical-disk recording medium produced by illegally copying the
meangffiaraoatiad e THe datyinythesuraasd-didonsieor onperssbusmaspéoat each
of the present invention includes the determining unit that determines
of theyynetkentHesubd s 1ske Aisdzchueth dgetdchadimadiating doe poriing g wer
above. That is, in case the sub data has the correct polarity, the
laser hphtahefishedesrding aisarinesigred wikdplimyaishanaticns weere the
judged to be a authenticated one. On the contrary, if the sub data polarity
mark§@rpieaned bifedPiealawrratstdhyg mrkidoroadRpmions pugihg
., apparatus can be judged to be a counterfeit one. As above, it was found
opticahdish sace fiBKESHE B R ortthy RhuscHEY fsaasesikigadhevabstrate
raised in the authenticated disk but it is lowered in a counterfeit disk
shape b e SRR LR FAInd s fiveRtEMENIR IS0, it was found that it
depends.upon the size and depth of the marks whether the disk can be
Tormilayingorivecaidins araacitstenmid g drsthechaiv apsaiatls

according to i X , ) . . . .
present ivention 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

subsirate side



embodiments of the present invention, when the writing-power laser light

is irradiated to the portion corresponding to the land having the

predetermined length to form the marks on a portion, corresponding to

the land, of the reflective layer, the $ub data is recorded by irradiating the

laser light to form the marks to such a size and depth that the reading

signal level will be raised at the mark-formed portions of the authenticated
whergidr Ritfilangviangs wedpsmed soen subrkatrrifetegsudrshiinhe doomerfanarks

disk produced based on the authenticated disk. By producing an
formeghyAramdiaties lantg Mehihaving anersipaaeivetdedée wﬁmctwml%fer.

such marks, the polarit%;g‘éthe reading signal in the authenticated disk will
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uthenticated disk. Nate that the "optical-disk recording medium produced
recorgp@ RHSEAR) Ratitebityeankimaatsidbebissed W rerbiatmidadansible
optical-disk recording mediyum produced by depositing a reflective layer
to pl'oélﬁ%?r@%I%P’&%ﬁ%g@ﬁ?ﬁﬁ@@&@?ﬁé*&@t%}ﬁ@%ﬁ@ﬁé@&Wé%iéawyth&t the
transcriling a.substrate shape and also an optical-disk recording medium
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will have a polarity opposite to the one polarity in any counterfeit optical-disk
recording medium produced by illegally copying the authenticated one.

The playing apparatus according to the above aspect of the present invention
includes the determining unit that determines whether the sub data level has been
detected at the correct polarity as above. 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 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



counterfeit disk. Asa result, discrimination can be made between the
authenticated optical-disk recording medium and a counterfeit one to
protect content data included in main data as a copyrighted article
recorded in an authenticated optical{disk recording medium. Also, the
playing apparatus and method according to embodiments of the present
invention can judge whether an optical-disk recording medium loaded in
have &Hé}apﬁélmm%iaﬁicautﬂé}m&:mﬁﬁﬁr@wdmgrﬂﬂpﬁ@mh@WmﬁiegetaeI of
sub data detected from the optical-disk recording medium has a correct
embogunanis ahthsisseseat ovgnisrtenthindhecsrieagrpie auldrenticgleds
) _recording medium, whereby a copyrighted article recorded in the
irradiggdcial-diskpratmisgTrssarid santb dhsrdrostdwrving thecgsidgtannisgdiength
features, aspects and advantages of the present invention will become
to forgniis SRIRS AR HONERIN G dERERANdERe iptibs Mndnpbthmesiiseivigdayer,
resent invention when taken in conjunction with the accompanying
the Sugréﬁﬁm@%?@@@ﬁdj%@ﬁfhm&mh?@ bebteiess the mpaiks to such a
. sectional view of an optical disk, showing marks formed as sub_data at
size apd digpld) HrdvbpreacivamiErideys! o1 fessainasiay dhonagoptizaed
. disk, and FIG 1 B is a sectjonal view of a substrate of the optical disk with
pom%%ﬁé%%h%a&ﬁé ettt Hemidl Omiteuicrada migheridniprmed
view of an optical-disk recording medium as an embodiment of the
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the optical-disk ording medium as the embodiment of the present
produmhggrg%ﬁpilfahéfs recogrdmg medalum W?l’h the sub data recgrded n the form

of such marks, the polarity of the reading signal in the authenticated disk will be
opposite to that in the counterfeit disk produced based on the authenticated disk.
Note that the "optical-disk recording medium produced by physically
transcribing a substrate shape" referred to herein means an optical-disk recording
medium produced by depositing a reflective layer on a replica substrate formed
using a stamper prepared by physically transcribing a substrate shape and also an
optical-disk recording medium produced by depositing a reflective laver on a
substrate from which the original reflective layer has been removed by separation.
According to embodiments of 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



FIG. 4 explains the data structure of main data to be recorded to the
optical-disk recording medium as the embodiment of the present
invention. FIG 5 is a schematic blockidiagram of a sub data recorder used
to record sub data to the optical-disk recording medium as the

emhodiment aof the preseni. invention, FIG 6 explains the manner of sub
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stored in the syb data recorder. FIG. 8 shows a flow of gperations made
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block diagram qf.a player as an embodiment of the present invention. FIG
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h sfructure of a aéa ontent to be stared into the player as the embodiment
aut e%?ﬁ%eﬁlrgggﬁt%n" ibrCEEPERRAWES flow of operations made in
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read only content data recorded in the authenticated recording medium, whereby a
copyrighted article recorded in the optical-disk recording medium can be protected.

The foregoing and other features, aspects and advantages of the present
invention will become apparent from the following detailed description of
embodiments of the present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A s 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 15 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.



FIGS. 15A, 15B and 15C graphically illustrate the results of calculation, by
simulation, of the characteristics (depth to mark and mark reflectance) of
the reading signal level where the rgéarks are recorded on
predetermined-length lands on the optical-disk recording medium to
which main data is recorded in the form of a combination of pits and

Heds. &6 A eiaingthaepticel sopdifioas Seld Y oRBhNARS flesults
of calculation shown in FIGS. 15A to 15C. FIGS. 17A, 17B and 17C

opticabid@RRkicalyiluss ate dienessiliscob caleuliation: bY (Rmpadian ih&i&ion.

characteristics of the reading signal level where the marks are formed

RIOeB the MskibizecebIb SR RIA arars AN edh G S r48Adb8R R §Scard sub

sectional views of the optical-disk recording medium for explaining that

data tdhb®ppierideltk etomtiermedipentiontis difsceninbaiweeN@Present

authenticated disk and a counterfeit disk produced based on the _
inventéshenticated disk. FIG. 19 graphically illustrates the results of calculation
of the characteristics (depth to mark and mark reflectance) of the reading

Hignal deyghirbele the.maiksf aibrésordecbading-1GS. I5A to 15C for
explaining that on the assumption that the reading signal level rises

Biithguilinereake dfthetmarnerefigtiahae, dbatpalatinhefstbeteadife sidnahta

at the mark-formed portions is different between an authenticated disk and
recordarcounterfeit disk produced based on the authenticated disk.. FIG. 20
graphically illustrates the results of calculation of the characteristics (mark

Riépth sinshvoarKleflesfaprahtbitemedding sigoadiagelhwherie dacarbarikse sub
are recorded as in FIG 19 for explaining that on the assumption that the
data revarddd

FIG: 9 1s a schematic block diagram 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;

FI1G. 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.



reflectance increases with rise of the reading signal level, 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. 21 graphically illustrates the results of calculation
of the characteristics (mark depth and mark reflectance) of the reading

Higisl 16ve| B ranthe Siarsshec dHgondeshasdniid Gesttios explainingon, by

that on the assumption that the mark reflectance increases with rise of

simuldtiengading signaldpyrélnd the dptisahddpthaf nihelnarkstanmes) Rartians

is different between an authenticated disk and counterfeit disk produced

readinpadgddridhelaviieotibetesheiskatbeqoiatiy oithe Jeadingisienabat itheands
mark-formed portions is different between the authenticated disk and

on theagsuitatfeiisttiskcbt@En22explainstthe/ makaioin dhearaagiogrsighah the form of
obtained in the optical-disk recording medium as the embodiment of the

a combpirstohin¥gitioand @3 shows a flow of operations made in a judging
circuit included in the player as the embodiment of the present invention.

HIGETHLEPIRBESERIGTHON Qi dbrRREFORBER EMBORIMENKS {The
present invention will be described in detail below concerning the
calculsmaboshoentsitHEE6f WA nefdrBGce to the accompanying drawings. It
should be noted that the present invention will be described concerning
HHaSolloWing 7$Libjetts7 €. @ppbataiskitbodrdingmadiuits 2 Subetdition, by
recorder 3. Player 15
simulation, of the characteristics of the reading signal level where the marks are
formed when the mark size and depth are changed.

FIGS. 18A, 18B and 18C are sectional views of the optical-disk recording
medium for explaining that the optical depth of mark-formed portions is different
between an authenticated disk and a counterfeit disk produced based on the
authenticated disk.

F1G:. 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 m 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



4. Optical-disk recording medium, recorder and player as embodiments 1.
Optical-disk recording medium First, an optical disk will be described as
one embodiment of the optical-disk . recording medium according to the
present invention. The optical disk, b%nerally indicated with a reference
numeral 100, is of a ROM (Read-Only Memory) type. More patrticularly, it

reflectiftrmrdhasedemadis stuciaiand J%ﬂbﬁt RUIPHRGWIHAPS f the

standard for a disk called "Blue-Ray Disk (trademark)" in which & light

readinPeah 204 B0 Vialk WaYRlenFBis sse taivraieor bead defrrmaliienticated
signals. As shown in FIG. 2, the disk 100 includes a substrate 101,

disk anéflectvaiayeil@ristreked @hwnesida i dhaishbsiladecli0dignd a cover
layer 103 stacked on the reflective layer 102. The substrate 101 is formed

Fronpa syaghetsliosimaueir@stirobcaiponiicaltheasispiad Ohfastaristics

pattern having a concavo-convex section formed on the side thereof on

(mark @bjsh theireflattivelayente? of itrmed dile sparipnRaying e ganeaM&s are

section is called "pit" while the portion having the convex section is "land".
recorddiediskEIQR $shawn éxfke i pabinfenmiad agsessided hataor imihe

form of a combination of such a pit and land, more specifically, as a pit

reflectiangthranddendwizhatiRe Utaliefieciiia ayieni024stagketh oo e sidRpth of

the substrate 101 where the pits and lands are formed. Further, the cover

the madydoifddnasieiofipalydfieoaatdorvwibalike mshrgkach o tikefleddeinterfeit
layer 102. Since the reflective layer 102 is thus stacked on the substrate

disk priihativiisade @ thenpaleeiortdséistionicopekpinditatie teadhapased! at
the pits and lands formed 16 :

the mark-formed portions is different between the authenticated disk and
counterfeit disk.

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



on the one side of the substrate 101. Also, the reflective layer 102 is
formed from a metal film, for example, to provide return light
corresponding to the conc’avo-convleg( pattern when laser light 110
focused by an objective lens 110 on “the reflective layer 102 is irradiated
through the cover layer 103 as shown in FIG 2. At a sub data recorder 50
4and playrial dilichwiiduherdaedessabadiatan diniorpatien resomaking
the form of a combination of pits and lands is detected on the basis of a
retur@)pata framithedefiiaiveéalianl 02, of the irradiated laser light. FIG. 3
explains the process of producing the disk 100 shown in FIG. 2. To
Hiredugedpe elisid kROwitr hadivg istiisg tdonseir SiBERMdnd o SieWBifical-disk
FIG. 3. The formatting step S 11 is done using a computer or the like. In
record$igPrixéieantenioidiap datdidphacacoed tivihe distelffticatenveriescherally
into a format data row conforming to a predetermined standard. According
indicatedhistlermbefiireaot themaayeGipnsshadedvVp(Rése-adRiaMemory) type.
conforming to the standard for on optical disk or Blue-Ray Disk
More faadeniarly), iit whichiridihastidrois avditlentonceatd usdd@ tightdsaplwhe with .
405 nm in wavelength as will be explained with reference to FIG 4. It
the stashiouit foe netestt tell atttBlys-dtagridisitetaationcoly' andaicdy £oisdetizam
code are appended to the user data, and the user data is subjected to
of 405imberlpawag eledgitnes psodassingtd/ariabiel lrfottmandulatiomls. made in
step S12. The data row resulted from the formatting in step S 11 is
Asubleoted it BI(arkabilee ldrugt Gtbohdbtides Asobitingetd SHisrefhbmdiménter 102
the data row is subjected to RLL (1, 7) PP (Parity Preserve/Prohibit, RLL :
stacke®om oeegihdeioitd) snbdutetohldnain RZi(iNomRetu i) e tZekednve tbe)
modulation. A pattern of "0" and "1" of the data row, resulted 17
reflective layer 102.  The substrate 101 is formed from a synthetic resin such as

polycarbonate. The substrate 101 has a pattern having a concavo-convex section
formed on the side thereof on which the reflective layer 102 is formed. The
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 Iayer. 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 15 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



from the variable-length modulation in step S 12, becomes a pattern of
pits and lands actually formed on the disk 100. The data resulted from the
formatting and variable-length modulation of the user data will be referred
to as "main data" herein. Next in step S 13, a master is prepared using a
mastering apparatus. In step S13, photoresist is first applied to a glass

on the SHRSHAL o F i8R slasardight ogorregpanding fedkeMmaindaaresylied FoM from

the variable-length modulation in step S 12 is irradiated to the glass

a metaP¥RBYAS-RAviRg-tRe BhessistapplieshereRfeashaRoys whilgthe latter

is being rotated, to thereby form a concavo-convex pattern along a

concavECHRG AkkeriNahiss MilsAn lanproersdesme 8 yNeb N RPBIRESIF 0 on

having the pits and lands formed therein is developed forfixation to the

the reflHags S Wpssiate) andiglesiiobdic Pt iamadeP NG utRse Q{oktﬁﬁ in FIG, 2.

glass substrate to form a metallic master D 14 as shown. The metallic

At a subaBier A dRYS (PEme S Iayser WHRR @idish RieBSIRcriB &R RS

a stamper is first formed based on the metallic master D 14. Then, the
informgtempridsraiaced inammeldamd amibipeiannedidng Machingss88&&ed on

form the substrate 101 by injecting a light-transparent synthetic resin such

the bads ofelyeaRanaia, Awicler i dkevOmite J0steResECE MR NGE! light.

there will be formed pits and lands corresponding to the main data

Fresdtegdomstiige yaoabie-tahsitbdnedidatendizistep(Bshawiong BIG. 2.
recording track. Then, the reflective layer 102 is first stacked, by

Tdepositica the disksidw® ofdpeastibstistei A0 Huhela thepRd pad npAsia FIG.
_ formed, and the cover layer 103 is stacked on the reflective layer 102.

3. The Thusatheng ssciir 8 forimedmedisknipexiograplyidBor the like.

In step S11, content (user data) to be recorded to the disk 100 is converted
into a format data row conforming to a predetermined standard. According to this
embodiment, the conversion is made to provide a data row conforming to the
standard for on optical disk or Blue-Ray Disk (trademark) in which information is
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 etror 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



the main data recorded thereon (main data-recorded disk) D 16. Next, sub
data is recorded in step SIT In this step, sub data is recorded in addition
to the main data recorded in the form of the pit-and-land pattern as above.
In this case, serial number information unique to each disk 100 (disk D 16)
is to be recorded as the substantial part of the sub data. That is,

from tisleotificaien cintermadani(eriial MYrBR) aniske iR dhe PakdPO0oriRCand

appended to each disk 100 having the sub data recorded thereon‘as in

lands steRafl forlRME of) I8 @fsRII@COrTection code is also appended as the
sub data in addition to the identification information as the substantial

TaidAppeniiied dfdhe RETbaeatesionRPISRENRIRRHE FRIREHABPLS the
the identification information during information reading. By irradiating

user d#aserilgbehayinged Wiiind PavyediethRerilactive layer 102, marks are
recorded are the sub data in positions on the reflective layer 102,

Neertaspasgisg 30 piedeteriinediprsiionsin 8 sasificiseaipneidie main
data recorded in the form of the pit-and-land pattern, as will be described

Linsteped 18tephincsiepisiiy fihe apbliedasesoldingdebvaarby thieessuladatdight

recorder 50 configured as shown in FIG 5. Note that in this case, the sub

corresgairlingludelonivithel identifehtidfiofarthativariabl densgorectidaeden
However, other data may additionally be included in the sub data. FIG. 4
step SiHistrates!ihedatatbeyde wittheandindaig thegidehiedhe aiskitdGhercon

produced in the aforementioned process shown in FIG 3. First, one unit of
as aborecarikgthallattéR B cim getined dstshharely HiGn#a Qoack®o-convex pattern
along a recording track. That is, pits and lands are formed.

Next, the photoresist having the piis and lands formed therein is developed
for fixation to the glass substrate, and electrolytic plating is made on the surface of
the glass substrate to form a metallic master D14 as shown.

The metallic master D14 thus formed is used to form a 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



RUB includes 16 address units ("sector" as shown) and two linking
frames. Each linking frame is provided as a buffer area between RUBS. In
this case, one sector forms one address unit. Each of the address units
consists of 31 frames as shown in Fi 4. One frame is formed from data
of 1932 channel bits. In the Blue-Ray Disk (trademark) referred to as an

the mSYARRIG B AN FIBRAME Rl fINER ANRRRIAAIRE9TAENS to the RLL (1,

7) PP modulation rule, sothe numbers of codes "0"and "1" in

NuccasHUL AL f8ca eikienotheand land I'E'?HIQ’s‘?éﬁ ligiteghiny I.NQHLeacs in

to 2T (channel bits) to 8T. A succession of codes of 9T not conforming to

additidRenPPURIRN IS 12 IBS8HS I ith et BF IR R-»%E@E.{hlf%%‘t@]eg%% ajzﬁove.

used for detection of a frame sync signal at the time of playi

IRubidRREceINEGIR R AAIBASAAIR: RPAQISEREE D (disk D16) is

aforementioned sub data to the disk D16 is will be described below with

to be ri&ferapgaiad Gubstimbayipgrreemiesoribadaboysthe SR AR Rion

identification information unique to each disk 100. Therefore, the sub data

inforn{8G0FIEIPA PRERIRS YR e§REkcSHR: 4Rk differantinealpEnTameRs diskisk

100 loaded in the sub data recorder 50 to another. Also, the sub data is to

100 hhadgeneadhiaapiedeieainesseatiANARILS Jisk aBd6eand marks are to
be formed as sub data in predetermined positions in the predetermined

/sketion. Jber WndRBIRUECI DRl ApPonaddQ sa6Rr SR MRS HURYSH to
predetermined positions. To record sub data by the sub data recorder 50
the idehidRativhlfafoihetiiskd? dfe 20bstantial data.  Appending of the error
correction code permits error correction of the identification information during
information reading.

By irradiating laser light having a writing power to the reflective layer 102,
marks are recorded are the sub data in positions on the reflective layer 102,
corresponding to predetermined positions in a specific section of the main data
recorded i 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



is first placed on a turntable (not shown) and a spindle motor 51 is put into
rotation to rotate the disk D16 along with the turntable. The recording
area of the disk D16 being thus rotated is canned by an optical pickup OP
to read a recording signal (main dafe?) recorded in the disk D16. As
shown, the optical pickup OP includes a laser diode LD as a laser source,

RUB EREEAEIETRARIS AT A S 8 ) SIS IR s
1inking?fﬁﬁ§@i§[;9élﬂw%&% e radiated t?a%lgm%the disk D16, etc. The

return lig _ etected by the photodetector PD prov ed_ in the optica_l
IRBEHEYR 19 6ORERATHRY AN N LARMRLSORAI LI A2 SRGHIG ity

signal, and the electrical signal is supplied to a matrix circuit 54. The

consisPORIA% Fifpath od 2 9RABIRIEHAIREUINT mkﬁﬁﬂﬁ%}%ﬁ%&g gk 'ng 1932

and focus error signal FE on the basis of the return light supplied from the

channdY ISRV AN SHAUE T8, AISRING e BRI RRIP rAR-10Iused i tBe.sHBIEa AN s

recorder 50 to control a ‘tracking drive signal TD and. focus drive signal

embocﬁﬁ’i&‘x‘!l?@'iiﬁgef'iﬁ@rﬁ@@’ﬁﬁ@%ﬁf@ﬁﬁ‘é"@@l@%ﬂ@?ﬁde@ RS RHAARA rule,

recorder 50 on the basis of the tracking error signal TE and focus error

so the HERMATE sEpplied fomiihe matixeireulHdn Thewtracking divasignah 1R

and focus drive signal FD are supplied to a biaxial actuator (not shown)

lengthSHRP BG4 ABiRaliVeIens P2 MQUARINAD B f9FHsiey. direction parallel to
the optical axis of the objective lens 52 and in a tracking direction

Aoeiieepsicsins fFedirfastoMamdirestignrhivs thalpbiaeiNge0s 231iSis inserted
moved in the focusing and tracking directions on the basis of these signals
in "Syn& angh&R2af each frame and used for detection of a frame sync signal at
the time of playing the disk.

2. Sub data recorder

Next, the sub data recorder 50 to record the aforementioned sub data to the
disk D16 1s 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 1s 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 designed. 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



In a tracking/focusing servo system including these servo circuit 55,
biaxial drive circuit 56 and biaxial actuator, the servo circuit 55 provides,
based on the tracking error signal TEl and focus error signal FE, such a
control that a beam spot of the lasel ight irradiated to the disk D16 will
trace a train of pits (recording track) formed on the disk D 16 and be kept

is ﬁrs@%&@%fgwﬁﬁb@?ﬂﬂ@mﬁeﬁfﬁ@% LhiERRBIBEYTES But into rotation

binarization circuit 57. The reading signal RF generated by the matrix

to rotat¥ $HE afsiSSYBPARM KO iNREZRHARISIECUItA{alsedneitgdeddn d1amybisk

data recorder 50 andin which it will be converted into a binary data "0" or

D16 béind BaRINGMERR S:RAIBY I & p1Ra] JeERTHPDPIIGHERS Q?gc%lﬂircl’% &ignai

(Phase-Locked Loop) circuit 59. The PLL circuit 59 generates a clock

(main S41&NreBEREWITh the giplers binary data, and supplies it as an
operation clock to each appropriate one of the system components.

Hesgiesially tieophaek] Gikkispuerdias lad apgratien ¢6ak 1opthe Rinatzalionce,

circuit 57, and to a sync detection circuit 58, address detection circuit 60

objectandisyb Szt senRIatianGIE RIS WRish e mpiainehbelevastieliode LD

sync detection circuit 58 detects, in the supplied binary data, a sync

to the RaltaHiLg barfseretie RAchdraPRABARR M B tdRespe ¢ligatYpart of

the sync detection circuit 58 detects a 9T section which is taken as the

the irrs¥nReqblie Wekefeshiramel BInTITaNEation. The frame sync signal is
supplied to each appropriate one of the system components including the

Taddresanl¢ightideteitcedt beOhag pstutdbrevpens drlegtaniel et 68l
detects address information on the basis of the frame sync signal and
pickupsOiplieddrinaryedaty. ihE\detactedséciddssuitfédnation? 2lectrical signal, and
the electrical signal is supplied to a matrix circuit 54. The matrix circuit 54
generates a reading signal RF, tracking error signal TE and focus error signal FE on
the basis of the return light supplied from the IV conversion circuit 53.

A servo circuit 55 18 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.



is supplied to a controller (not shown) that controls the entire sub data
recorder 50. In the controller, it will be used for seeking or the like. Also,
the address information is suppliedztp a recording timing generation
circuit 63 included in the sub data generation circuit 61. The sub data
generation circuit 61 includes the recording timing generation circuit 63

IandieaBRAN(RAnGoR-AceassMemp i AZIAsSIRWE RFIGc RTINS SUBiaxial

data generation circuit 61 generates a writing pulse signal Wrp for

drive ¢hewidifg sull Wlaiddbheueendhd teihe BiskERHRAMER ILH&IBAhe

the basis of the supplied sub data, address information supplied from the

trackirggldress sigieation eineliob0aoér SloakiOUK suRplied s IR albeligyitpot

59. Note that the sub-data recording operation. of the sub data generation

of the taraiitlightiiitlaudlainée ididetBil BiwilAlaserpeuwier cOpiroles i dlsg
included in the sub data recorder 50 controls the power of laser light

track) éonitted bonthe kdisér Uibslendbe e ppticatpiskypoifsed. the basis of the
writing pulse signal Wrp supplied from the sub data generation circuit 61.

Tihdlsistcdats thedader pOVierthentiodiRides adsinals thadassireigde1.D The
emit laser light having a reading power when the writing pulse signal Wrp

readins g bk R eyehepdsed beahtroisathixlasendidie isRipdied lrseblghtization
having a writing power when the writing pulse signal Wrp is at the H level.
circuitWittalsaadistiodeaf thelveritirty droweedasdetigiit anddn théykdnital il the
laser power controller 64, marks will be recorded on the reflective layer
convertod.ifitrea arisyodathe' (eflectiVé.lay@ha ity béasalisdatardicthendisiync
D16 FIG. 6 shows how sub data is recorded by the aforementioned sub
detectigauazguit 58 and PLL (Phase-Locked Loop) circuit 59.

The PLL circuit 59 generates a clock CLK synchronous with the supplied
binary data, and supplies it as an operation clock to each appropriate one of the
system components. Especially, the clock CLK is used as an operation clock to
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 fo 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



generation circuit 61. In FIG. 6, there are shown an example in which "0"
is recorded as a code for each bit of sub data and an example in which
"1" is recorded as a code for each such bit. First, the code is represented
by a set of an odd land and an adja?t,?ent even land, each of which has a
predetermined length, of the lands formed as the main data. For each set

is sup R RHED PUE ARGIRYER A RABIGHY NeA-lenath lanes (hered® i3 Seinedas so.

"0" when the mark is recorded on the odd land, while the code is defined

In the ésntkoMbien g1 Mtk isierardedondhs ayemiland. ithe granRifss

shown in. FIG 6, the mark is recorded on a land of 5T. In" this case, one

informa&eAnNVAIF)HISA® Addes I im sy ARRARGHON (I HSnERRIASH the

for recording a code of one bit included In the sub data. That is, the mark

sub daff ReRIERMHANRAGH 3AL of odd and even lands adjacent to each other in
one address unit to represent the same code as shown in FIG. 6. Also, in

THese:b ade gOndsdadiedreaided. themmrikdsd ecordgmheypRgheRdstion

predetermined-length land in one address unit as shown. Also, in'case a

circuit @¥gnd AR IQIvE(Fesaddes. Ahe saakiisniesordes AnbLeW NG BYENS. The sub

predetermined-length land in one address unit. Note that to read the sub

data gebathus sheoiter, oeceading Samal SR SYRPISERERS YRl ibe b

adjacent odd and even predetermined-length lands in one address unit

data todndrth vaddetoftthedradinprsignal Rinsaed @bl e eveRsiand e supplied

subtracted from the value of the reading signal RF sampled at the odd

sub datanaldhesk-iavenhstbliastigillcdiicmildbeidrsss et delairaier coeied a
will be considered an example in which the reading signal at the 24

clock CLK supplied from the PLL circuit 59.

Note that the sub-data recording operation of the sub data generation circuit
61 will be explained in detail later.

A laser power controller 64 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 1.D 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



portions where the marks are recorded will be lower in level than the
reading signal at the portions where no marks are recorded, as in the
past. In case the code for the marks recorded only on even lands is "0",
the "odd - even" subtraction will ideoéﬁly provide a negative value at each
of the adjacent predetermined-length lands. That is, integration of the
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predetermined-length lands will positively result in a negative value wh
record6@h b dBtectes QRHNGCHNUANG A/ CARE ARe:S00e /R hevmak Feequded rqed
only on even land is "l ", the "odd - even" subtraction will ideally provide a

as a cd8adig-signal,lgyghhaving a positive value at each of the adjacent
predetermined-length lands. Therefore, integration of the "odd - even"
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positive value which cannot bé detected. Note that since the disk 100 as
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signal level is raised at the portions where the marks are formed as wi

data. Tydhenbs deseribadnaian afeading sigaatievsiaring S 1ROSUIE Yalus. is

will actually be detected in case the marks are recorded only on the odd

definetBagsvhile,ar eading SigRakleyel hpuing neRRtvevalue withbe detegted

in case the marks are recorded only on the even lands. For the

definegQrveniepheptiexphnRtioneidsreppmaskharedhahgub data are
recorded by the sub data recorder 50 in the same manner as in the past
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marks are formed. Note here that since the same pattern of repording is
this casepeatedeover thgi$paCcHiesatdan 48 :1apoYR S NPMAIUR IS NEI8bhe

based on a plurality of such same 25
assigned for recording a code of one bit included in the sub data. That is, the
mark is recorded on each set of odd and even lands adjacent to each other int one
address unit to represent the same code as shown in F IG 6.

Also, in case 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



recording patterns at the time of reading the sub data as having been
described above, so it suffices that the change in reflectance of the
reflective layer due to the mark recording is small. Because the change in
reflectance due to the mark record%dg can be limited to a small one, the
binarization of the main data can be prevented from being influenced by
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recorded in the similar manner to the above-mentioned one. In this casg,
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included in the sub data. For recording the other codes sub data, a
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"sub-data recording section" hereunder) is deterimined in advance
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recorder 50 is designed to record the aforementioned marks over a
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predetermined. Concerning the aforementioned recording technique, it
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-length land is recor

predetermine ded on an edge, the main data will not

value ROsSibbaha bigatizadaccurately. That is, if the mark is recorded on the
edge portion of the predetermined-length land, the mark-recorded portion
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length (or pit length) will possibly be detected during binarization. On this
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mark is to be recorded. Thus, since the edge portion can authentically be
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For the aforementioned recording operation, the recording timing
integrgfNeEUoR 26dd — even" subtraction value will positively result in a reading
signal level having a positive value which cannot be detected.

Note that since the disk 100 as the embodiment of the present invention is
adapted such that the reading signal level is raised at the portions 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



circuit 63 in the sub data generation circuit 61 shown in FIG. 5 is designed
to generate a writing pulse signal Wrp at a time as shown in FIG 6. That
is, for the code "0", the recording timing generation circuit 63 generates a
writing pulse signal Wrp that takes4he H level only at the center of the
odd predetermined-length land. Also, for the code "1 ", the recording
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the H level only at the center of the even predetermined-lengt
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aforementioned technique of recording will be describe ow
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predetermined sub-data recording section on the disk D 16. In the
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the odd or even predetermined-length lands in each address unit as

preverAb8\RofOh Ay TRADLINL ALY RREGEEBIU R Mk dhe content of main data
in each address unit in such. a sub-data recording section. On this
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recording section will be pre-stored in the RAM 62 in the sub data
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the RAM 62. First, the address shown indicates address information on
many £86Fesdldiges 4hinc iR suctatadeaaitingiBegdian. The content of main

data recorded in each address unit is stored at each address. It should be
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to be recorded (will be referred to as "sub-data recording section" hereunder) is
determined in advance between the sub data recorder 50 and a player. Therefore,
the sub data recorder 50 is designed to record the aforementioned marks over a
plurality of address units as the sub-data recording section thus predetermined.

Concerning the aforementioned recording technique, it should be reminded
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 acéoun.t, 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



maker of the disk D16 (disk 100). Therefore, it is possible to know in
advance that the content of main data to be recorded to the disk D 16
which is a ROM disk. Thus, the content of main data to actually be
recorded to the disk D16 can be pr%éstored in the RAM 62
correspondingly to an address as above. Further, each value of sub data
ot racor, ' h (;g'n imi ration Cireuit 63, in
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the predetermined-length lands thus identified & mark should be inserted,

predetitfhifdd 96848N2RE. More specifically, in case the value stored in
association with an address is "0", a mark is to be inserted on the odd

TREdSieEmina 1BRGINAHBAAIBS fitRGIucG Hhat agdress as

shown in FIG. 6. On the other hand, if the value’is "1 ", the mark is to be
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mark. is to be inserted at the center of the land on 28
FIGS. 7 and 8.

First, the sub data is recorded in a predetermined sub-data recording section
on the disk D16. In the predetermined sub-data recording section, 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.

FI1G. 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 1s stored at each address.

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



which the sub data is to be recorded as above. Therefore, the sub-data
recording land is identified, and then a writing pulse signal Wrp is
generated which will take the H level at a time when the mark is recorded
at the center of that land. More speéifically, such a writing pulse signal
Wrp is first generated by preparing '‘ALL 0" data including all channel bits
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of the sub-data recording section.

Thus, the recording timing generation circuit 63 can identify
predetermined-length lands in the main data according to the content of data to be
stored into the RAM 62, and also the odd and even ones of the
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 cé,se 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 is to be inserted at the center of the land on



the disk 100 is loaded into the latter as above, it may be supplied to the
sub data recorder 50 before the disk 100 is loaded into the latter. In step
S103, each value of the sub data is stored at a corresponding address.
That is, the operation made in step 88.03is equivalent to the
aforementioned operation of the recording timing generation circuit 63 in
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Based on such a data row, the recordmg tlmmg generation circuit 63 can

supply the laser power controller 64 with a writing pulse signal Wrp that will take
the H level only at a time when a correct mark recording position as shown in FIG.
6 is reached.

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 1o 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



On the other hand, in case the sub data value is determined to be "0", the
recording timing generation circuit 63 generates a data row in which a
data row in which "l " is inserted at the center of the odd one of
predetermined-length lands in the Main data at the address having the
value N (in step S 107). Thus, as a data row including all channel bits in
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the result of judgment, made by the recording timing generation circuit 63,
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below.

In step S105, the value of sub data to be recorded at the address having the
value N is discriminated.  More particularly, in step S103, the recording timing
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 corresponding 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 i 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".



Thus, the recording timing generation circuit 63 generates the data row for
all the address units in the sub-data recording section. In case the result
of judgment in step S108 is affirmative, that is, if the internal counter has
reached the predetermined count aAfl generation of data rows for all the
addresses is complete, the sub data starts being recorded in step S 110.
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Therefore, with the laser power controller 6 Ing the 32
predetermined-length land and a bit position which is the center of the land on the

basis of the content of the main data stored in each corresponding address in the
RAM 62.

After generating the data row including all channel bits in one address unit,
the recording timing generation circuit 63 judges in step S108 whether generation
of data rows for all addresses is Corﬁplete. 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 5109) and then the recording timing generation circuit 63 returns to step S105.



output of the laser diode LD from the reading power to writing power on
the basis of the writing pulse signal Wrp, marks can be recorded in
correct positions, corresponding to the value of the input sub data, on the
disk D16. Note that although it was-Hescribed above that the sub data is
supplied from outside, a circuit to generate a serial number for each disk
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the player 1, the disk 100 placed on a turntable (not shown) is rotated by a
recordi3g section by means of a controller for controlling the entire sub data
recorder 50.

In response to the secking for the top address in the sub-data recording
section, the recording timing generation circuit 63 generates a writing pulse signal
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 Wip 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 i FIG. 6. Therefore, with the laser power controller 64 switching the



spindle motor 2 along with the turntable in a predetermined rotation driving

manner. The recording area of the disk D16 being rotated is scanned with

laser light emitted from the optical pickup OP and return light from the

disk D16 is detected to read recordidg signals (main data) recorded in the

disk D 16. Also the optical pickup OP in this player 1 includes a laser
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main itk R EXPIAIREH IR INS RS recorded therein while the main data to be
stored in the RAM 62 is left unchanged in content, which has not been explained
above. For recording sub data to disks D16 having different titles, however, it
suffices to update the content of the main data to be stored into the RAM 62
correspondingly to the content of main data to be recorded into the disk D16.

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.

[n the player 1, the disk 100 placed on a tumtable (not shown) is rotated by a



The binarization circuit 5 converts the supplied reading signal RF into
binary data "0" or "1". The binary data is supplied to a PLL circuit 8, sync
detection circuit 9 and address detection circuit 10. Also, the binary data
is supplied to a detection pulse gené#ation circuit 12a included in a
detection pulse generator 12 which will further be described later. The
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Also, it should be noted that in the player 1, the laser light irradiated to the
disk 100 has a reading power.

The return light information detected by the photodetector 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.



used for reading the main data recorded in the disk 100. That is, to read
the sub data, these components form together a main-data reading
system. The detection pulse generator 12 generates a detection pulse
signal Dp indicative of a detection pdint corresponding to a mark
recording method determined for common use between the player 1 and
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12, A-D converter 11 and sub data detection circuit 13 will be
genem‘@éﬂ"a‘ﬁ%ﬁﬁtﬁ% Hbdaigwale detected by the sub data detection circuit

13 is supplied to an ECC ( ror Correction Code) circuit 14. It should be

TIRIRY AR ABn circuit 9 detects a sync part inserted from the supplied
binary data into each frame shown in FIG. 3. More specifically, it detects a
section of 9T as a sync pattem to detect frame synchronization.

The frame sync signal is supplied to appropriate system components
mcluding 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. Tt is used 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



explanation made herein is based on the assumption that the inversion
circuit 15 and judging circuit 16 shown in a dash-line block are not
provided. In this case, the sub data includes the identification information
and error correction code. The ECGZircuit 14 reproduces the
identification information by making error correction on the basis of the
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Also, a network interface 7 Is provid e host computer 6 to make
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computer 6 can make data communications with an external device,
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player 50 constructed as above, the sub data is detected as will be
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mark recording in which "0" is assigned as the 37
The detection pulse Dp thus generated is supplied to the A-D converter 11.

The A-D converter 11 is supplied with the reading signal RF from the matrix
circuit4. The A-D converter 11 samples the supplied reading signal RF at a time
designated with the detection pulse signal Dp, and supplies the sampled value to a
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 1s, it will detect each of the sub data on the basis of the result of a calculation
corresponding to the aforementioned "odd - eveﬁ" 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



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, For the convenience of explanation,
FIG. 10 shows the pits and lands fofned as the main data in the same
pattern. First, the sub data is recorded with I-bit information being
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predetermined-length lands in the address unit. In case the code is "1 ",
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predetermined-length lands in the address unit. In the foregoing, the
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portion of which the reflectance will be a little lowered. Thus, the
shownWaveform 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
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reflectance at the mark-recorded portion. Note that each mark’is to
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For ex@hiptelamd, losresdipaiciopaliedsldsweredonly Adhmas  the main data
recorded in the disk 100. The main data thus read from the disk 100 will be
binarized by the binarization circuit 5, then subjected to modulation (RLL 1-7 PP
modulation), error correction and the like in a demodulation system (not showﬁ),
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.

FI1G. 10 shows an example of mark recording in which "0" is assigned as the



center of the mark-recorded land and the waveform of the reading signal
RF at the edge is authentically obtainable as will be seen from the
waveform of the reading signal. RF shown in FIG. 10. Thus, the
binarization of the main data can bé7prevented from being affected by the
sub data recording. As having been described above, when the code is
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adjacent odd and even predetermined-length lands, it can be examined
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signal RF is lowered in level (whether the 39
as "1".  Thatis, in case the code is "0" as shown, the mark is recorded only on

each of the odd ones of the predetermined-length lands in the address unit. In
case the code is "'1", the mark is recorded only on each of the even ones of the
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
waveform level of the reading signal RF is a little lowered at a portion where the
mark 1s 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



mark is recorded). More specifically, when the result of the "odd - even"
subtraction is a negative value, the reading signal RF at the odd
predetermined-length lands is lowered in level, which means that the
marks are recorded on the odd prea%termined-length lands. On the
contrary, when the result of the "odd - even" subtraction is a positive
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sample the level of the reading signal RF available at the center of each of
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generation circuit 12 shown in FIG. 9 generates a detéection pulse signal
unit, iCRiASETHO 16 FdDASAA of the predetermined-length lands in the
address unit the reading signal RF is lowered in level, odd or even.

The level-lowering of the reading signal RF at the mark-recorded portion can
be detected by determining a difference in level from the reading signal RF at a
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 Iands, it can be examined on which of the odd and even

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



signal for designation of sampling timing for the "odd - even" subtraction.
As will be seen from FIG. 10, as the detection pulse signal Dp for the "odd
- even" subtraction, a signal should be generated which takes the H level
only at the center of each of the pré&etermined-length lands as the main
data. For generation of such a detection pulse signal Dp, corresponding
imj |d be generated based on the content of the main data stored
mark %ﬁ%%%ra%agata recording section on the disk 100 as in generation of the
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section Is stored Into a RAM 12b provided as a memory in't etec
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the main data. As shown, the main thus read Is stored at each
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detection puf%e generator 12 generates, based. on the content

recordBRBHIRE &) G reeridirginealirn siAedd) the RAM 12b, a data row of

which the code In corresponding timing is "1" and other codes are all "0"
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and thus will possibly be confused with the noise. Therefore, detection, based on
the result of the "odd — even" subtraction, of the fall in level of the reading signal
RY only at a set of adjacent odd and even predetermined-length lands is
insufficient for positive judgment of the reading signal value.

On this account, the sub data is read by integrating the result of the "odd ~
even” subtraction made 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



converter 1.1. The A-D converter 11 samples the level of the reading
signal RF at a time designated with the detection pulse signal Dp, that is,
in correct timing as shown in FIG. 10. The player 1 reads the sub data as
will be described in detail below witl#deference to the flow diagram shown
in FIG 12. First in step S201, the disk 100 is loaded into the player 1.
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In this step S203, an internal counter is Initialized to a value
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timing of sampling the reading sigha or eac

in the SXplRIRH SR JMSERPRA4 NS 8 ds generated a data row in which "1"
is inserted at the center of a predetermined-length land as the main data

T HREAHERS (1RVING B8V AlUE e 20, however, the player 1 is not used at
the disk maker side. Therefore, the content recorded in the disk 100 cannot be
pre-stored in the player 1. On this account, the player 1 is used to read the main
data from the sub-data recording section on the ‘loaded disk 100 and store it therein
for use to generate the detection pulse signal Dp.

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 in 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 operation in step S204 is made by the detection pulse generation
circuit 12a referring to the content of the main data stored in the RAM 12b.
That is, the detection pulse gener%{on circuit 12a generates a data row in
which only the code at the center of the predetermined-length land as the
main data stored in association with the address N in the RAM 12b is "1"

converfidithe @H@%@%{\Rﬁﬁé@%ﬁﬁéﬂéél%e Rigee dn this eMPadiReRLIRE: at

marks are to be recorded on the lands of 5T, for example, there should
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section is "1 " and the codes at the othér bits are all "0". With the above
shown $RETRYONG, there is generated a data row indicative of a sampling point in
the address unit at the address N. After generating the data row including
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12a judges in step S205 whether generation of data rows for all

referen@ddicEsesliscAMREI: Thatia ithgugtection pulse generation circuit 12a
judges whether generation of the data rows is complete for all the
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S205 is effected by the detection pulse generation circuit 12a by judging

S202, twbetheethe sioien el conmerdancea inlidizeliite doenvaleaNOdasteR Siits
has reached a preset predetermined count. If the result of judgment is

sectionnegdtivelisiam@ly, if the internal counter has not yet reached the
predetermined count, the address value N is incremented by one (in step

UpafiGpadih heretisskdteotidnepplsecgenardtiomeircesklza fetutnsitspsigdress
S204. Thus, the detection pulse generation circuit 12a generates the data

in the swbvdatatbthe didgdressionitgriedidtesnbrediactecosdingesehian. ¥and sub data
recorder 50 in response to a command from the host computer 6 shown in FIG. 9,
for example, to read the main data recorded in the recording section. For the
main data thus read, the 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 5203, 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.



In case the result of judgment in step S207 is affirmative, that is, if the
internal counter has reached the predetermined count and generation of
data rows for all the addresses is complete, the sub data starts being
recorded in step 5208. Upon startirfg the sub data recording, the
detection pulse generation circuit 12a will seek for the top address in the
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sampled based on the detection pulse signal Dp. The operation in step
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samplitk point in the address unit at the address N.

After generating the data row including all channel bits in one address unit,
the detection pulse generation circuit 12a judges in step S205 whether generation
of data rows for all addresses is complete. That is, the detection pulse generation
circuit 12a judges whether generation of the data rows is complete for all the
address unifs 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 5204,

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

address units in the sub-data recording section.



from the matrix circuit 4 at a time designated with the detection pulse
signal Dp supplied from the detection pulse generation circuit 12a, and
supplies it to the sub data detection circuit 13. The sub data detection
circuit 13 makes the "odd - even" straction having been explained
above with reference to FIG 9 by subtracting the even sub data value
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from the disk 100, the sub data will not
for exéliﬂﬁ{gfore, recording the sub data in the form of marks on the reflective
layer 102 is advantageous in that the reading signal 45

In response to seeking for the top address in the sub-data recording section,
the detection pulse generation ci;‘cuit 12a generates a detection pulse signal Dp
based on the data row generated for each address urﬁt as in step S204, and supplies
it to the A-D converter 11 in step S209.  The 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 S210, 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



in the disk 100 will not be copied to a counterfeit disk. Note however that
the marks are recorded to the reflective layer 102 by irradiation of laser
light having a relatively high power. The portion irradiated with the
high-power laser light will be heated*4nd thus thermally expanded, and the
substrate 101 under the reflective layer 102 will possibly be deformed due
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error-corrected based on an error correction code included in the sub data to

reproduce the identification information. The identification information thus
reproduced is supplied. to the host computer 6 in which it will be used as copyright
- management information.

The identification information thu.s supplied to the host computer 6 is used by
the 1atter as will be described in detail later.

4.  Optical-disk recording medium, recorder and plaver 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



To prevent the production of a counterfeit disk including a substrate
formed by physically transcribing the substrate of an authenticated disk
100, the authenticated disk 100 should be produced by recording sub
data so that the latter will be opposit& in polarity to sub data in a
counterfeit disk including a substrate formed by physically transcribing the
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example.

When the substrate 101 is exposed with the cover layer 103 and reflective
layer 102 being separated from the substrate 101 of such as disk 100, concavities
110a will be formed on the surface of the 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.



In FIG 13, the solid-line curve indicates the property of an authenticated
disk 100 having marks recorded therein by the sub data recorder 50, and
the dashed-line curve indicates the property of a counterfeit disk having
physically transcribed therein the stfbstrate of the authenticated disk 100.
Note that the results of experiments as shown in FIG. 13 were obtained by
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can be judged by determining based on the difference in polarity of the sub data
value .

To this end, the authenticated disk 100 should be formed to have a property
that the reading signal level at the mark-formed portions will be higher than that at
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.



101, physically transcribing the shape of the substrate 101 to form a
stamper, forming a substrate 101 by molding with the stamper, and
depositing a reflective layer 102 on the substrate 101 thus formed. First, it
will be seen that in the authenticated disk 100 whose property is indicated
with a solid-line curve A in FIG 13, when the laser power is within a range
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under the following conditions:

- 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" hercunder) 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



authenticated disk 100 will not be opposite to that in a counterfeit disk
produced based on the authenticated disk. FIG 14 schematically
illustrates, for reference, the result of observation, by an AFM (atom force
microscope), of the shape the substfate 101 took when the marks are
recorded to the disk 100 by the sub data recorder 50 shown in FIG. 9
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dashed-line curve B, which means that the reading signal level at the portions
where the marks are recorded 1s lower.

As will be known from the above, the marks can be recorded to the optical
disk as the 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 level was only found. That is to say, when the mark 1s recorded at the

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



the substrate shape of the disk 100, as will be known from the results of
experiment shown in FIG 13. FIGS. 15A to 15C show the results of
calculation, by simulation, of the characteristic of the reading signal level
at the mark-recorded portions when#he marks are recorded on
predetermined-length lands of a disk to which main data is recorded in
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FIG. 16. In this case, the length of IT is 78 nm, and that of 6T is 468 nm.
Also, the laser wavelength X used in this case is 405 nm and numerical
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0.85, which however are not illustrated. Also, t rk-amplitu
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solid line X in FIG. 14A, of the substrate 101. The dashed lines a to e in FIG. 14B
indicate the positions of the dashed lines a to e, respectively, in FIG. 14A.

As will be seen from FIGS. 14A and 14B, the depth of the mark-recorded
portion M is larger than the depth (¢ to d, for example) of the authenticated land
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. In this case, however, it
is 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



Note that as will be seen from comparison with the optical conditions
having been described above with reference to FIG. 13, the laser
wavelength ? of the laser light used in this case, numerical aperture NA of
the objective lens, pitch Tp of the tratk formed on the disk, pit width and
pit depth were set to be equivalent to those for the disk 100 (D16) as the
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In this case, since the mark width Mw is equal to the mark length Ml as in
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Note here that the reading signal level will possibly be raised due to an
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raised without any increase of the mark reflectance. The Applicant of the
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W001/008145 that the results of experiments made on the mark 52
"Amplitude" shown in FIG. 13) resulted from subtraction of the value of the
reading signal RF at the portion where no mark is recorded from that of the reading
signal RF at the mark-recorded portion.

The optical conditions set for obtaining the results of calculation shown in
FIGS. 15A to 15C will be explained below with reference to FIG. 16. The track
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 Ml 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 pix i x N x d) and

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



recording on reflective layers 102 formed from different materials proved
that the reflectance is increased at the mark-recorded portion in some
cases and not increased at the mark-recorded portion in other cases. For
example, the Applicant of the presett invention referred, in the above
International Publication, to Ag95.5Cr4.5 and the like (the subscripts
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With the above chatacteristic, when the mark width (mark size) Mw
show t’l?et%ﬁé%ctenstms of the difference signal when the size of the mark M was

changed.

“As will be seen from FIGS. 15A to 15C, when no marks M are formed, the
mark depth will be "0" and mark reflectance be "1". The value of the difference
signal resulted 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. WOO01/008145 that the results of experiments made on the mark



small, there will be obtained no portion where the reading signal level is
raised without increase of the mark reflectance. Thus, there is a
possibility that the reading signal level cannot be raised at the
mark-recorded portion. Therefore, i#%vill be seen that the mark size is an
important factor for raising the reading signal level at the mark-recorded
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will be seen that as the mark depth is increased, the difference signa
at the PEERIMES, \uefid the reading signal level is lower. Also, with the

mark width Mw'is Tp, the difference signal has a level higher than the "0"
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raised at the mark-recorded portion without increase of the reflectance.

Explanation will be made with attention given to FIGS. 15A to 15C on the
assumption that the reflectance is not increased at the mark-recorded portion. The
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



in FIG. 17B. With the mark depth being further increased, the reading
signal level will be lower. Also it will be seen that with the mark width Mw
is 1.5Tp, the difference signal level is raised as the mark depth is
increased, namely, the larger the matk depth, the higher the reading
signal level becomes as shown in FIG. 17C. Therefore, the results of
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FIGS. 17A to 17C show, as other results of simulation, the characteristic of

the difference signal when the mark depth is varied under the same optical
conditions as having been explained above with reference to FIG. 16, at each of the
mark widths Mw of 0.5Tp, 1.0Tp and 1.5Tp, respectively, as in FIGS. 15A to 15C.
Note that the difference 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 sigﬁai 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" level when the mark depth is increased to 2 nm and to 4 nm as shown



disk if the concavities in the substrate 101 of the authenticated disk are
reproduced in the counterfeit disk. As a result, the reading signal level will
possibly be raised at the mark-recorded portions in the counterfeit disk as
well. In the disk 100 as the embodifnt of the present invention, however,
it has been made sure that the reading signal level is lowered at the

. k-re portion in a counterfeit disk produced hysical .

in FIG R e o ol i sienat level
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mark depth being changed while the mark width Mw is kept fixed, increase of the

laser power in use for increasing the mark depth will result in a correspondingly
mcreased mark width Mw.

Therefore, in an actual recording, both the mark depth and mark width Mw
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



100 is as shown in FIG. 18B. That is, in the authenticated disk, the optical
depth Ld will not be any optical depth precisely corresponding to the
depth of the concavity formed in the substrate 101, but will be less than
the optical depth corresponding to th& 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 will be
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The above description has been made with reference to FIGS. 15A to 15C and
17A to 17C on the assumption that recesses are formed as marks M in the substrate
101 itself.  Actually, however, the reflective layer 102 is stacked on the substrate
101.

It is well known that actually, the reading optical system will detect a returm
part, of the laser light having the writing power irradiated 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



authenticated disk. That is, with the optical depth Ld being thus larger in
the counterfeit disk, the value of the difference signal, which is positive, in
the authenticated disk will go over the "0" as indicated with an arrow in
FIG 19 to a negative value, so that tHe polarity of the reading signal in the
polarity in the counterfeit disk can be made opposite to that in the
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actually recorded thereto and th€ reading signal’level is lowered at t

o T R
101 ofi@f dnaROataeralded 8  Thus, since the optical depth Ld in the
physically transcribed substrate 101 will precisely correspond to the concavity
depth in the original substrate 101 as shown in FIG. 18C, so the optical depth Ld in
the counterfeit disk will be larger than the optical depth Ld in the authenticated
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 authenticated 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 larger than that in the



disk D16) to such a size and depth. that the reading signal level will be
raised at the mark-recorded portions of the authenticated disk 100 but will
be lowered at the mark-recorded portions of a counterfeit disk, the
polarity of the reading signal RF atie mark-recorded portions in the
authenticated disk 100 can be made opposite to that in the counterfeit
isk.pr d based on the authenticated disk 100. The optical conditions
autheﬁg%v%%@%at S(iegdisk 100 and sub data recorder 50 are set meet the ones
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reflectance is increased at the mark-recorded portions with rise of the
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For example, if the mark recorded in the disk 100 is at a depth rather smaller
than the position pSK as shown in FIG. 19, there is a possibility that the position
pKZ will not be outside a "0" line of the difference signal, so that the reading
signal level will be positive as in the authenticated disk.

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



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, marks having such a size and depth that the reading
signal level will be raised at the mafR-recorded portions in the
authenticated disk but will be lowered at the mark-recorded portions in
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the authenticated disk 100 can be made opposite to that in the counterfeit disk
produced based on the disk 100 as will be seen from the results of experiment
shown in FIG. 12. Therefore, it is possible to judge 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. However, 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



for example. That is, as the position pSK is shifted to pKZ, the value of the
difference signal goes over the "0" level and becomes negative so that the
polarity of the reading signal RF in the authenticated disk will be opposite
to that in the counterfeit disk. As wifi%e seen from the illustration of the

disk state changed from a disk with no marks to a counterfeit disk through
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position in which the mark is given a certain degree of depth by deformation of the
substrate 101 due to the mark recording and the level of the reading signal RF is
raised due to increase of the reflectance at the mark-recorded portion.

Here will be explained a counterfeit disk produced based on an authenticated
disk 100 having recorded 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,



be lowered at the mark-recorded portions in a counterfeit disk, as in case
the reading signal level is raised at the mark-recorded portions without
increase of the reflectance. It should be reminded that under the optical
conditions for the disk 100 as the efibodiment of the present invention
and sub data recorder 50 are set as above, the experiments resulted in
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on the authenticated disk even if the optical depth Ld is larger and the reflectance
at the mark-recorded position becomes "1" in the counterfeit disk.

That is to say, it will also be seen that the depth and size of the mark fofmed
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



counterfeit disk produced based on the authenticated disk, the polarity of
the reading signal RF in the authenticated disk will be opposite to that in
the counterfeit disk as the case may be as will be described below with
reference to FIG 21. Note that FIG621 shows the resuits of simulation of
the difference-signal characteristic when the mark width Mw is Tp as
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FIG. 21. Since it is premised in this case that the optical depth Ld in the
Utifenticated disk is equal to that in the counterfeit disk, so there arises
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the mark-recorded portion with rise of the reading signal level, such a mark size
and depth can be assured under the optical conditions set according to the present
invention that the reading signal level will be raised at the mark-recorded portions
in the disk 100 but will be lowered at the mark-recorded portions in the counterfeit
disk.

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



the authenticated disk are not correct, the polarity of the reading signal RF
in the counterfeit disk will not go negative even if the mark reflectance in
the counterfeit disk changes to "I". As shown in FIG 21, the polarity of the
reading signal will remain positive &43d not be inverted in case the mark
depth is less than about 4 nm, for example. Thus, it will be seen that in
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countcrPHRTEHRILAIRIAVRR ?Haﬁ%_@%%“mi% Hé%t?ﬁg%%lﬁgﬁ& k%ﬂﬁ' f@ﬁreﬂce to

authenticated disk will remain unchanged in ISk. In other
FIG. 2yvords, when the marks are formed in the disk 100 (main data-recorded
disk D16) to such a size and depth that the reading signal level will be
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lowered at the mark-recorded. portions in the counterfeit disk, the polarity
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disk 100 can also be made opposite to that in the counterfeit disk. Note
referedBatitherondifipns doxghich the sub data recorder 50 is set, such as the
numerical aperture NA of 0.85, laser wavelength k of 405 nm, recording
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of 12 to 25 mW, are just examples.”As will be seen from the above
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a counterfeit disk produced based on the disk 100 can be produced by

marks fRirRiRd SRtk iR diskalfd fskuahipisize R4 indicated with pSK in FIG.
21.  Since it is premised in this case that the optical depth Ld in the authenticated
disk is equal to that in the counterfeit disk, so there arises no difference in mark
depth between the authenticated and counterfeit disks and thus the mark
reflectance 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



depth that the reading signal level will be raised at the mark-recorded
portions in the authenticated disk but will be lowered at the
mark-recorded portions in the counterfeit disk. Also, the conditions under
which the disk 100 (main data-recofded disk D 16) is designed are not
limited to the aforementioned ones (track pitch Tp of 320 nm, pit width of
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acteristic as shown in FIGS. 15A to 15C will n e assured.
for exéﬁ%ﬁ‘(@yer' in case marks are recorded to a disk to which main data is
recorded as in the form of a combination of pits and lands and also to
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as in the former disk, a difference-signal characteristic different from, but
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assumption that the reading signal level is raised without increase of the
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the disks). In this case, the sub data recorder 50 can be set to conditions
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authenticated disk will remain unchanged in the counterfeit disk.

In other words, when the marks are formed in the disk 100 (main
data-recorded disk 1D16) to such a size and depth that the reading signal level will
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



reading signal level will be raised at the mark-recorded portions in the
authenticated disk but will be lowered at the mark-recorded. portions in a
counterfeit disk produced based on the authenticated disk, depending
upon the difference-signal characteffstic different from that in FIGS. 15A
to 15C, whereby it is made possible to produce a disk 100 of which the
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... be for ‘F?% on the disk to such a size and depth that the reading signal
Coumffé%/eel?v%? e raised at the mark-recorded portions in the authenticated disk
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appmmg ' t of the present invention and in which the reading signal level
ill'be raised at the mark-recorded portions as above. It should be noted
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"0" IS assigned as the value of one bit of the subdata t0 one address unit
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as the value of one bit of the sub data to one address unit, as shown in

aforezﬁéﬁti]é}le%ggﬁws%ﬁ%% e wwRidhenevehekthe caadinorsignal REVe a

raised at
length other than the aforementioned one, the relation between the size and depth

of the recorded marks will vary with the result that the same difference-signal
characteristic as shown in FIGS. 15A to 15C will not be assured.

However, in case marks are recorded to a disk to which main data is recorded
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



the mark-recorded portions in the disk 100 as the embodiment of the
present invention. That is, when the code "0" is assigned to the sub data
in this case, the value of the reading signal RF will be increased a little
only at odd predetermined-length I&dds. Also, when the code "I" is
assigned to the sub data, the value of the reading signal RF will be
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authenticated disk, the player will be able to judge which a disk loaded in
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based on the authenticated disk 100. The player | capable of judging,
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present invention, whether a loaded disk is a counterfeit 67
that the reading signal level will be raised at the mark-recorded portions in the

authenticated disk but will be lowered at the mark-recorded portions in a
counterfeit disk produced based on the authenticated disk, as above, whereby it is
made possible to produce a disk 100 of which the reading signal polarity will be
mnverted in a counterfeit disk produced based on the disk 100.

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 1s raised at



disk produced based on the authenticated disk 100 is constructed as will
be described below. The player 1 as an embodiment of the present
invention is a version having previously been described with reference to
FIG. 9 and which additionally includ®s the inversion circuit 15 and judging
circuit 16 enclosed in a dashed-line block. The inversion circuit 15 is
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the sub data detected by the sub data detection circuit 1 opposite

predet@i‘ﬁ%‘!ﬁé&géhgﬁyﬁﬂé@ recorded at the sub data recorder 50. Thus, the
inversion circuit 15 inverts the sub data value as above to provide the
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50. That is, the player 1 including the inversion circuit 15 can detect the
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disk 100 as the embodiment of the present invention. Tn case the sub
to the 85 isjread from a counterfeit disk produced based on the authenticated

disk 100 by physically transcribing the substrate of the authenticated 68
Note that the construction of the player 1 explained above with reference to

FIG 9 is such that the code "0" will be detected when the result of the "odd — even”
subtraction is "negative" while the code "1" will be detected when the result of the
"odd — even" subtraction is "positive”. Thus, in case marks 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 levelrwill 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



disk 100, the sub data value detected by the sub data detection circuit 13
will have a non-inverted pattern while the sub data value provided from

the inversion circuit 15 will have an inverted one of the pattern of the sub
data value initially recorded. Thus, 83 correct sub data value can be read
from any counterfeit disk produced based on the authenticated disk 100.
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descrifH®%H&Q ction of identification information in the sub data. That is, the

content of the sub data can accurately be read. On the contrary, since the
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sub dafaeaQlayest Sranapiheniiated disk 100 on a.cpy %@%ﬂ&eﬁﬁﬁmgf the

based on the authenticated (_jisk 100. The player1 includ udgi
suppliHHb k18 make e RROYE dament: Gpameaied to the ECC circuit 14

as shown, the judging circuit 16 can determine whether the error

e R A OSSR U B Q)
the pl#R7€:,88e sub data detected by the sub data detection circuit 13 will have a
level which is opposite to a conventional one as having previously been described.
This 1s because the sub data detection circuit 13 is designed to detect the code "0"
when the result of "odd — even" subtraction is "negative" and the code "1" when
the result of "odd —~ even" subtraction is "positive". Thus, the sub data detected
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 1s, the player I 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



the judging circuit 16 can discriminate between the authenticated disk 100
and a counterfeit disk produced based on the authenticated disk 100.
Further, according to the present invention, when the loaded disk has
been judged, based on the result cﬁqudgment from the judging circuit 16,
to be a counterfeit disk, the identification information read from the disk is
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detection circuit 13 into sub data value having a correct polarity
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and the sub data value Is error-correcte y the ECC circuit 14 to
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above operations as will be described below with reference to t
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determines whether the ECC circuit 14 has failed in accurate error

sub dagPEacheouNaaeyetheydging circuit 16 determines whether a correct
polarity has been provided as the sub data value 70

On the contrary, since the sub data value having any incorrect polarity, read
from the counterfeit disk, will include an error correction code whose polarity is
opposite to a polarity which should authentically be, the ECC circuit 14 cannot
make accurate error correction of the sub data. Thus, the content of the sub data
(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 I 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,



detected by the sub data detection circuit 13, and further judges, based on
the result of the above determination, which the loaded disk is, an
authenticated disk 100 or a counterfeit disk produced based on the
authenticated disk 100. In case the #8sult of determination in step S301 is
negative, namely, when the ECC circuit 14 has not failed in accurate error
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which it will control the inversion circuit 15 to convert the Sub data value
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16 supplies the sub data value suppfied to the ECC circuit 14 to t
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should be reminded here that the polarity of the sub data detected by the
disk dusbisaiadatectiansieritdfder a counterfeit disk in the player 1 as the

embodiment of the present invention is a non-inverted one and that the

HOWREREISiT the loaded disk is judged to be a counterfeit one, it means that the
ECC circuit 14 did not provide correct identification information. That is, no
identtfication information can be provided to inform that the loaded disk is a
counterfeit one.

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 1n 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



inverted by the inversion circuit 15 to an incorrect one. Therefore, the sub
data value not accurately error-corrected as above can be inverted again
by the inversion circuit 15 to a value having a correct polarity. The sub
data value supplied to the inversion @ircuit 15 and inverted in polarity
there is supplied to the ECC circuit 14 in which it will be subjected again to
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trans nformation ofierror correction to be done
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13 to retry detection e su a or operate otherwise. In case the
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14 has not failed in accurate error correction, the judging circuit 16 goes to
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bit. Namely, in case the judging circuit 16 has determined, in st
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of ECC (as in step S305), that the ECC circuit 14 has not failed in
circuiPPAURIACHOHCSIRRHAL &S in step 72

With the above operations, the judging circuit 16 will judge the loaded disk to
be an anthenticated disk 100, and transfer the legal bit "1" indicative of the
authenticated disk 100 and identification information to the host computer 6.

In case the 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



5306, it will be known that the sub data has come from a counterfeit disk
in which the reading signal polarity is only inverted. Thus, in step 5306,
the judging circuit 16 generates an illegal bit indicative of a counterfeit
disk. Then in next step 5308, the juzlbing circuit 16 transfer, to the host
computer 6, the illegal bit thus generated and identification information

invert e o b 3otk onb g Ml e data
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Ing gal bit from the player 1, the managing server 70 can
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the othfer hand, when supplied .ith the iIIegaI_ from th_e player 1, the_
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counterfeit one. Also, referring to the identification information Sent along
<305, With the illegal bit, the managing server 70 can recognize that counterfeit
disks produced based on the disk 100, having the identification
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ECC circuit 14 has failed in accurate error correction, the judging circuit 16 will go
to error correction as shown. Ifthe ECC circuit 14 has failed again in accurate
error correction, it is highly possible that the sub data itself recorded in the disk is
erroneous or the sub data detection circuit 13 has made no correct detection for any
reason. In this case, for the error correction, the judging circuit 16 should transfer
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 1n 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 1in step

S305), that the ECC circuit 14 has not failed in accurate error correction as in step



Note that although it has been described in the foregoing that the
identification information reproduced from the disk 100 is only informed to
the external device, the host computer 6 may be arranged to alarm that
the loaded disk in the player 1 canfdt be read by controlling the player 1
to eject the loaded disk in response to the illegal bit transferred from the

sa06 IO 10 A AN TR TESSARE e AR

e eSS FRUTIBE t r abe Sencho shp g

e RS S s
R e e U R R A .

the illé%%ﬂﬂﬁ?ﬂﬂ?@ g@c}%@ PR LRRRARRIASIRE S hdath famitbs from the error

enticate while identification information cannot be read from a

correcRBUEHRIA REofeced pased gn the authenticated. disk. Also, the

judging circuit 16 is provided to cope with a case in which the sub data
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circuit 16 judges whether the Subdata has accurately been
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discriminate which a disk loaded in the player 1 is, authenticated or

transfGoLter el Faethey, tding to the present invention, after the disk
loaded in the player 1 is judged by the judging circuit 16 to be a

ToRUpIgYieit digkithe idgntificaliaBAf with reference to FIG. 9. The host -

computer 6 sends the legal or illegal bit and identification information transferred
from fhe judging circuit 16 to the external managing server 70 via a network
interface 7 as shown.

The managing server 70 is to be managed by a copyright manager for main
data (content data) to be recorded to the disk 100. Receiving the legal bit from
the player 1, the managing server 70 can recognize that the disk loaded in the
player I 1s 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.



information in the disk and illegal bit are sent to the managing server 70,
whereby it is possible to inform, to outside, the detection of the counterfeit
disk and identification information for the disk 100 based on which the
counterfeit disk was manufactured’fote that the present invention is not
limited to the embodiments having been illustrated and described above.
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Invention is d ased on whether the error correction has
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based on a “correct polarity. However, the determination of whether the
countesiidata value has been detected based on the correct polarity may be
effected in many other ways. For example, a polarity judging bit is inserted

AR S ol ST Sl ot
present invention can accurately read the sub data from a disk 100 in which the
reading signal level is raised at the mark-recorded portions.

In this case, the inversion circuit 15 is provided to cope with a sub data value
detected in an authenticated disk 100 and whose polarity is opposite to a
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
playef 1 1s, 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



bit in the predetermined position will be detected based on a correct value
(polarity). Since the polarity in a counterfeit disk is opposite to that in the
authenticated disk, the player 1 can judge the disk to be a counterfeit disk
by examining the bit value thus inséfted. Also, according to the present
invention, the similar sub data detection circuit 13 to the conventional one
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correction by re-inverting the sub data havihg incorrect polarity; om

Al RS L Todle ey I e
deternRA8hefCon another algorithm such as an M-series random number in
order to make it difficult for the third party to identify such a pattern of sub data
recording.

Also 1n this case, by defining the method of code representation and a rule for
a Sectizon. 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 determinatiqn 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



the procedure for detecting the sub data may be reversed. More
specifically, there are conceivable two methods. The first method is such
that the code "0" is detected in response to a "positive” value of the result
of "odd - even" subtraction and codé>'1" is detected in response to a
"negative"” value of the result of "odd - even" subtraction. As the second
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standard was cited as an example of the disk
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applicable to optical-disk recording medi as an “optical
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cover layer stacked on the substrate an
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and sub data is recorded in the form of marks formed on the reflective

o S B IS
This 140¥RAH A BEMANCHOEMEsRAHRRA IHAR 5(b data detection circuit 13 can be
used as if is without any modification.

In this case, however, to acquire the correct polarity from the authenticated
disk, 1t 1s also possible to record, to the disk 100, sub data whose polarity has been
inverted m advance. In 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
error 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,



optical-disk recording medium produced by physically transcribing the
shape of the substrate of the above optical-disk recording medium. Also,
in the aforementioned embodiment, the polarity of the sub data is
determined based on the result of sdBtraction of the value of the reading
signal at the mark-recorded portions from that of the reading signal where

the prGRIRETEY %@%ﬁgﬁ ee%%r.‘?]g T SRRy oMo TR here
ore coffEHARIE [RTIRERIR. ?fféﬁa%?%a&.o%?#’%e reaﬁ?]g SHRaes
detecr S TERE L%Cs?ﬂ%i‘f SRR ﬁ&ﬁ%ﬁﬂ%ﬁ ﬁr%%
and e R e e e B G i SRR -

result of subtractlon (also including an integrated value of
subtraction result) of the reading signal level at the mark-recorded
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are recorded exceeds a threshold which a positive value 78
circuit 15 which always inverts the polarity of the sub data value detected by the

even"

sub data detection circuit 13.

Also, the ROM disk conforming to the Blue-Ray Disk (trademark) standard
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



larger than the "0", it is judged whether the sub data value is "1". In case
the result of subtraction is smaller than a threshold which is a negative
value smaller than the "0", itis judgéed whether the sub data value is "0". It
should be understood by those skill 4 in the art that various modifications,
combinations, sub-combinations and alterations may occur depending on
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part, from the optical-disk recording medium, of reading-power laser light
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detecting means for detecting the level of the sub data on the basis of the
subtrateite rmeian theisealiRg signaheanarkieddrira RadibesiEnal the fixed

generating means at a predetermined sampling point; and
value. It should be noted that the fixed value should be set correspondingly to the
length of the lands where the marks are to be recorded.

" In the aforementioned embodiments, it is judged which the value of the sub
data is, "0" or "1", on the basis of whether the result of subtraction (also including
an integrated value of subfraction result) of the reading signal level at the
mark-recorded portions from that (also including the above 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 is, 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



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
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the apparatus furthercomprising: 80 a polarity inverting mean
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detectlng means; and an error correcting means for making error
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included in"the sub data supplied from the polarity inverting means, the
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error correcting means has made the error correction accurately, whether
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according to claim 1, wherein the sub data includes identification
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correction code for error correction of at least the identification
claims igfqﬁ@aé@qyélﬂg@g)g@é@ggg further comprising: a polarity inverting means
' for inverting the polarity of the value of the sub 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 network, the judging means being designed to determine, by
determining whether the error correcting means has made the error
correction accurately, whether the #tected sub data value has a correct
polarity, to thereby judge whether the optical-disk recording medium is a
authenticated one, and to supplyyin ¢fg€ the 81 optical-disk recording
medium has been judged not to be any authenticated one, the value of
the sub data once inverted by the polarity inverting means to the inverting
means, and then have the error correcting means retry the error
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e retried ‘error corre e sehding means; a sending means
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the specific information to the external device. 4. The apparatus accor
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the basis of a difference, detected at thé predetermined “sampling point,
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where no marks are recorded. 5. The apparatus according to claim 1,

reflectivbessiartb stadiatngdelasting means 1@@@%%@&@%%%%& 12dnat

at the predetermined sampling point, betwee reading signal value at
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detects the value of the sub data on the basis of an integrated value of
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including a substrate

medium produced by physically transcribing the substrate shape of the above

optical-disk recording medium, the apparatus comprising:

a reading signal generating means for generating the 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;

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 substaniial

data having a required data content and an error correction code for error

correction of at least the substantial data, the apparatus further comprising:



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 by8fradiating writing-power laser light to
the reflective layer that the level of a reading signal will be raised at
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p t?ﬂa ging %% on the result of determining whether the value of the sub
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layer and cover layer st bstrate by irradiating
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identifiedQ0R MASKHANREAFIRRIYS BYe SOHESPANINAYIUIBE medium and an
error correction code for error correction of at least the identification information,
the apparatus further comprising:

a polarity inverting means for inverting the polarity of the value of the sub
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 aorrection 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



predetermined-length lands, the recording apparatus comprising: a
recording 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
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that where no marks are recorded.
5. The apparatus according to claim 1, wherein the sub data detecting means
determines a difference, detected at the predetermined sampling point, between the
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



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 &disk master having the main data
recorded in the form of a combination of pits and lands thereto; forming a
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optical-disk recording medium is a authenticated disk.
7. Arecording apparatus for recording sub data to 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 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:

a recording 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 opﬁcal-»disk recording medium produced by physically transcribing



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 traB$cribing the substrate shape of the
optical -disk recording medium. 11. An optical-disk recording medium

incl asub ate having ma ecorded in the form of a
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portiox%so ggn%%ggg&ﬁgt%hperleﬁége%r&ggf length lands formed on the optical-disk
recording medium to form marks on the reflective layer correspondingly to the
predetermined-length lands, wherein the sub data is recorded 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 the substrate shape of the
above optical-disk recording medium.
9. A method of producing 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 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 -
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by forming the substrate with a stamper prepared based on the disk master and
stacking at least the reflective layer and cover layer on the substrate; and
recording the sub data to the main data-recorded disk,
in the sub data recording step, the sub data being recorded so that each of the

marks 1s formed in positions corresponding to the predetermined-length lands 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 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-iength lands formed on the optical-disk recording medium to
form marks on the reflective 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.

I1. "~ 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
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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 thereon.

12. The medinm 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.



