SPECI FI CATION (1t rrrrrrrererererrrrererererrrrererert *159159* AN OPTI CAL
Dl SK, AN OPTI CAL DI SK BARCODE FORM NG METHOD, AN OPTI CAL DI SK REPRODUCTI ON
APPARATUS, A MARKI NG FORM NG APPARATUS, A METHOD OF FORM NG A LASER

MARKI NG ON AN OPTI CAL DI SK, AND A METHOD OF MANUFACTURI NG AN "OPTI CAL DI SK

TECHNI CAL FI ELD The present invention relates to a ' sk, an
optical disk barcode formni ngPREIHEATI®h opti cal digwmmmmw M mrion
apparatus, a marking form ng apparatus, a nmethod o ormng a | aser

mar ki ng on an optical disk, and a nethod of nanufac%u#ﬁ%ﬁ—aﬂ—eppical di sk.
BACKGROUND ART In the manufacturing process of optical disks, it ‘has been

commonl y practigedptcAIeopsid ANSGRTISAL MISKEBARCODE FORMMMEr, etc. on each
optical disk inthe formof a barcode. Since such information cannot be

written toygrahi, ANTOPFITRLIBISKEREFRODCTIOR APRARAALS iASHARKINGhas been
practiced O Wite the barcoded information to a non-information area, or

unused Sp?jﬁmi’%wgﬁm;’% METHD o\f\hﬁwlger&%sm%ﬁm![mmg back) such an

oEticaI di ormation 1s read by an optical pichp; éodread
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DISK

TECHNICAL FIELD

The present invention relates to an optical disk, an
optical disk barcode forming method, an optical disk
reproduction apparatus, a marking forming apparatus, a method
of forming a laser marking on an optical disk, and a method

of manufacturing an optical disk.

BACKGROUND ART

In the manufacturing process of optical disks, it has
been commonly practiced to record a serial number, lot
number, etc. on each optical disk in the form of a barcode.

Since such information cannot be written to a pit
information area of the optical disk, it has been practiced
to write the barcoded information to a non—information area,
or unused space, on the optical disk.

When reproducing (playing back) such an optical disk,

the pit information is read by an optical pickup; to read the
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in the non-infornation area, however, a separate reading device has been
used. In the above prior art optical disk, since information carrying a
serial nunber and the like is not recorded in a pit area but recorded in a
non-i nformati on area, as descri bed above, a separate readi ng devi ce has had
to be provided in addition to the usual, opt| pi. cku resul ting
probl em bebarcddedr bxfornatiompest @y arserpal fug %%cﬁ Caﬁ%ﬁPﬁ&ﬂg construction
DI SCLOSURE OF I NVENTION I n view of the above problemw th the prior art it
is an objeﬁtﬂﬁinbheuﬁbem@hmnlmﬂﬁmth@ﬁwﬁb»ﬁ?é@P@@“@nr%ﬁgpéal di sk wherein
data such as a disk ID nunber, etc. is converted into a bar code "and
recorded |@eahggmagnﬁ&miﬁsmbverwwiting fashi on, thereby permtting the use
of a single optical pickup to read both the bit data and barcode data. It
i's another objegt (RE dHogel sRieRt 4N obOiglodicle ailer dofermattoemi ng met hod,

3;0 hfgr such an optlcal i sk. The first invenion is an optical disk on
Ic ataclga ged A ﬁlgnbgkvandfweﬁé ciife id natprezsededdd aegion of a
pre-pit si ea on sai or part of a barcode is witten in

overmmitlnqpéggg%g g¥$%§¥§q} %€l ohe i Rgt ford 8Eé£Clkve filmin said

prescri bed €cond”invention I's an optical disk accordi
the first |nve t 'ng to
descri edogbomegeéenpa%a R LNA ngd"a%{?l(?er 885 ImdPEoUeded for

provided in addition to the usual optical pickup, the
resulting problem being increased complexity of the playback

apparatus construction.

DISCLOSURE OF INVENTION

In view of the above problem with the prior art, it is
an object of the present invention to provide an optical
disk wherein data such as a disk ID number, etc. is
cenverted into a barcode and recorded in a pit area in
overwriting fashion, thereby permitting the use of a single
optical pickup to read both the bit data and barcodeldata.

It is another object of the invention to provide a barcode
forming method, etc. for such an optical disk.

The first invenion is an optical disk on which data is
recorded with CLV, wherein, in a prescribed region of a pre—pit
signal area on said disk, all or part of a barcode is written in
overwriting fashion by selectively removing a reflective

film in said prescribed region.




hol di ng therein physical feature information concerning said optical disk,
and an identifier for indicating the presence or absence of said barcode
is recorded in said control data area. The third invention is an opti cal

di sk according to the second invention, wherein a guard-band area where no
data is recorded is provided, between said caontrol data are nd said
prescribed regildf 93CONdal By ERtLOniis &f gfﬁ’gﬂcadlr §é§kﬁ‘f8°h‘§lﬁlgi \)/Ztr?t%i on is an
optical disk according to the first _invention, wherein 8i barcode is
formed in SERL dNHAMNHON, t WAL el CBPt’fFar ga%ﬁESﬂéSsPﬁﬁ‘Qld% cHfinot occur

wi thin one prescribed time slot. The 5th invention is an optjgcal disk
accor di ng tholding thestin phixadnei ofeathe riaif armgdil @0 RANEBHA B0 ns data at

| east including ID information uniquely given to said optical disk. The

6t h i nventiopni¢sl dibsloptandadn didsitiddeoridirngndicat ieg 3ha PIes¢BeR 9N, wherein
sai d barcode contains data including, in addition to said ID information,

a public keysefice oBudiidc bkesvdents wetoaded funetidocomtont edqtanaiesy to said ID
information, said public key is used to encrypt prescribed data, and the

encrypted prescfided; datiavémtioh’ AR itdal lidk fxdordnad toathy sevomt der to
obtain fromsaid external party a password required to reproduce said

opticel 9 ol MEY |00 8:00 8 gRldhglacies debara he
C7“t %i tal si I}%El%eed tbgtwélge?lesglt(l] ciorq‘\c/reoqt idg{'a ia%eg%n%pgélcaalprgéﬁjﬁb@&Cr%rg‘iﬂ)ﬂg)ft o the
said pre—pit signal area. '
The 4th invention is an optical disk according to the first
invention, wherein said barcode is formed in such a manner that two
or more barcode signals cannot occur within one prescribed time slot.
The 5th invention is an optical disk according to the first
invention, wherein said barcode contains data at least including ID
information uniquely giveh to said optical disk.
The 6th invention is an optical disk according to the 5th
invention, wherein said barcode contains data including, in addition
to said ID information, a public key of a public key encryption
function corresponding to said ID information, said public key is used
to encrypt prescribed data, and the encrypted prescribed data is
transmitted to an external party in order to obtain from
said external party a password.required to reproduce said
optical disk.
The 7th invention is an optical disk according to the 5th

invention, wherein said ID information is encrypted or applied a



invention, wherein a secret key of a public key encryption function is
used when applying encryption or a digital signature to said ID
information. The 9th invention is an optical disk according to any one of
inventions fromfirst to 8h , wherein said optical disk is constructed
fromtwo disk-substrates | am nated together. The 10th invention is an
optical di gkghtalcetignatoreitieyy net hod wherein pulsed laser light froma
light source is made into a rectangular beam pattern by using a
rectangul ar mastea8th Saventineci argubpticadadi skageearding foosheedhon a
reflective filmin a pre-pit signal region in a prescribed radius portion
of an opti Gakentdiosk wherehn ch sdatet key rafcar pidd,icakey ancrindisanincthe? said
optical disk is rotated, thereby formng a plurality of rectangul ar

reflective-i|pd ?vHPrYea? 1 £ ORAEcAHtRoPACAEi dinal tdignsture tadiaid pdrtion on
said reflective film ﬁe 11th invention is an optical disk barcode form ng

nmet hod acggggh&gigg.the 10th i nvention, wherein said optical disk includes
a control data area for holding therein physical feature information

concer ning sai dropbl aly dh ol 3%hABLASNT 1] deGelAdihgCiEahy Nehel Be presence

or absence of s arcode’ls ‘recor n sald control data area. The 12th

[ ti i, optigcal disk de f I: t di; 1th
| nvent| on, VRERLIRSSEREP RATCodD P01 of e ooty OB ica AR BTk Reh et

nor e barcode signals cannot occur within one rescribed tine slot.
from two disk—substrates {amlnate togethé%.

The 10th'invention is an optical disk barcode forming method
wherein bulsed laser light from a light source is made into a
rectangular beam pattern by using a rectangular mask and said
rectangular beam pattern is focused on a reflective film in a pre—pit
signal region in a prescribed radius portion of an optical
disk on which data is recorded, and at the same time, said
optical disk is rotated, thereby forming a plurality of
rectangular reflective-film-removed regions as a barcode in
the same radius portion on said reflective film.

The 11th invention is an optical disk barcode forming method
according to the 10th invention, wherein said optical disk includes
a control data area for holding therein physical featufe information
concerning said optical disk, and an identifier for
indicating the presence or absence of said barcode is
recorded in said control data area. |

The 12th invention is an optical disk barcode forming method

according to the 11th invention, wherein said barcode is formed in



The 13th invention is an optical disk barcode form ng nethod according to
any one of inventions from10th to 12th, wherein said optical disk is
constructed fromtwo di sk-substrates |am nated together. The 14th invention
is an optical disk reproduction apparatus wherein recorded contents of a
recording area, recorded by formng pits on an optical disk, are reproduced
by using asnoha menmér thahs@ocontmose Fagicoge fdepRls KRN PEEGT & gh{:rbr?f‘gnts
of a different recording area other than said recording area, recorded by
sel ecti vel prés¢mibed timer sbdtl.ectivity portions on a reflective filmin said
different recording area, are roproduced by using rotational spéed control
for said notor,TrRNd3thd nvecoodets aonoetitca] odiskabaraodeof alimine aveddodand t he
recorded contents of said different recording area are both reproduced by

usi ng the saEBrORlg €alandi skaIRF idhatlsid firaw dfthoro i12thn whpréoalsadd sk
reproduction apparatus according to the 14th invention, wherein tracking

control is nek.,PeLkRr h ot et 6 dirbherventi slecabsiragesrkmindteal 16gdther.
i nvention i@Qg%alogtllgga]Tge Pg% reproduction apparatus according to the 14th

i nvention, whergin cki ng, cont LSt d et pgmedparhtaal d
different recor |enéhé}?e1§.veg'wéﬁlgi% %rﬁ hételn({aiqoﬁfs}ckg?g%rdggti cal gll)sk

ot ati onal Wbt ngcotdnd FEENErY & phethH BER 3B Led n said
The 16th i rASAERBDILS Gh BBptRiddr] diSk. re SaE BRI dppdr g * S TofeF! ! 0
phase control for a motor, while recorded contents of a '
different recording area other than said recording area,
recorded by selectively forming low-reflectivity portions on
a reflective film in said different recording area, are
roproduced by using rotational speed control for said motor, and

the recorded contents of said recording area
and the recorded contents of said different
recording areda are both reproduced by using the same optical pickup.

The 15th invention is an optical disk reproduction apparatus
according to the 14th invention, wherein tracking control is not
performed in said different recording area.

The 16th invention is an optical disk reproduction apparatus
éccording to the 14th invention, wherein tracking control is,
in effect, performed in said different recording area.

The 17th invention is an optical disk reproduction apparatus
according to the 16th invention, wherein a rotational speed is

the rotational speed that would be achieved in said different



according to the 14th invention, wherein the rotational speed of said
notor in said rotational speed control is naintained at a prescribed val ue
based on a result obtained by measuring a mininum length pit in said
different recording area. The 19th invention is an optical disk
reproduction apparatus according to the 14th invention, wherein said

| owref | ectégridyng poredi dhsaad ercabioreddphdser rertrioy wereeapplid@dy renoving
said reflective film The 20th invention is an optical disk reproduction
apparatus accahdi Igtht Ontdigidetis anvartticah dikkremeddustdiod dmparerEds ectivity
portions are a barcode, said diffrent recording area is also such area to

whi ch cont gpt&-dang t£eRE dedhwidvent Por,s whersi nwbka roept tohadi sieedhet r ecor ded
contents of said different recording area, a high-frequency-conponent

si gnal gengfated dur ag; { Rk 2fumal Ofherll SatitdoP! s mabhtedinad eatf @r mend in
said different recording area 1s reduced or elimnated by a | ow pass
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Invention is an optical disk reproduction

apparatus .accqrding.to the,.24th inventi : rein said lowreflectivit
portions ar&ngt Qﬂgdﬂbfaéadh% %ﬂ“rgﬁ%883§$ﬁﬁgﬁhe recorded contents of sgid

-6 different recording.area, the wdth .of.a,signal aqbtained b di
sai d barcode i sThené9‘gh§§He‘itd°§ b?é"é‘c??tbléalvﬁ’(fltkﬁr%é’%ucgon apparath§2T 9

according to the 14th invention, wherein said low-reflectivity
portions are a barcode formed by selectively removing said reflective
film.

The 20th invention is an optical disk reproduction apparatus
according to the 14th invention whererein

said low-reflectivity portions are a barcode, said diffrent
recording area is also such area to which contents are recorded with
pits, and

when reproducing the recorded contents of said
different recording area, a high—-frequency-component signal
generated during reproduction of said pits which are formend in
said different recording area is reduced or eliminated by a
low-pass filter, thereby making it possible to separate
a signal which is reproduced from said barcode.

The 21st invention is an optical disk reproduction apparatus
according to the 14th invention, wherein

said low-reflectivity portions are a barcode, and

when reproducing the recorded contents of said



then nmeasured with sanpling pulses froma control section. The 22nd
invention is an optical disk reproduction apparatus according to any one
of inventions from 14th to 21st, wherein said optical disk is constructed
fromtwo disk-substrates | am nated together. The 23rd invention is an
optical disk reproduction apparatus according to the 14th invention,

wher ei n saigds pildng ate @raknd REbaldaseawidansf o stlgial abesinkdrbshol ding therein
physi cal feature information concerning said optical disk, and an

dentifier £ofidd dhr@laPlodd'dsPIRIBACKI 45 Al@SCEILR PRI bt code i

recorded in-'sard con ata area. The 24th invention is an optical disk

reproduct i g ARDLALLS i 3 O i LRI SLAKMRS AT Gecdbher T eadi ng

recorded c _ ~cor ata area and judging the presence or
be moved to an T bt PBHoB, Lm0l B el Hrobe BPousa SRR P Sk “The
Formi ng. me@eeoTmEabp g ENE Rt RSB 4108 Bt FASPT PP Tahindlon o
di sk; marking position detecting nmeans for detecting a position of said
mar ki ng; anptposi wisk isntonstaucbed virpritwg dednsubsiratenJamipaipdatosetperpast
said detected position information or information concerning said position
i nf ormati on i ntthea 28ad cioentimmdi§ an optical disk reproduction apparatus
according to the 14th invention, wherein said optical disk includes a
control data area for holding therein physical feature information
concerning said optical disk, and an identifier for
indicating the presence or absence of said barcode is
recorded in said control data area.
The 24th invention is an optical disk reproduction apparatus
according to claim 23, wherein, after reading recorded contents of
said control data area and judging the presence or absence of
said barcode, it is_determined whether an optical pickup
should be moved to an inner portion or an outer portion of
said optical disk.
The 25th invention is a marking forming apparatus which
comprises:
marking forming ﬁeans for applying a marking on a
reflective film formed on a disk;
marking position detecting means for detecting a

position of said marking; and

position information writing means for converting at



sel ectively renoving said reflective filmto wite said barcode to an
optical disk on which data is recorded with CLV, wherein all or part of
said barcode is witten in overwiting fashion to a prescribed region of a
pre-pit  signal area on said optical disk. The 26th invention is a marking
form ng apparatus according to the 25th invention, wherein said disk is
const r uct edehsormat dodeteic Skd PoBst ot esfqrgat Hen ey ’ff%f@é‘%@ro.n The 27th
invention is a marking form ng neans according to the 25th invention,

wher ei n saicdnpesiingosaidnpositabnomfariaiiog imane bansedadeddeh@t ypting means
for encrypting at |east said detected position information or information
concer ni ng sgabek N3 tiamavingisal datdfdact aedf im teswidat emitds t hus encrypt ed
to said disk. The 28th invention is a marking form ng apparatus accordi ng

to the ZSF%EB‘ﬁYeeQB'9r?1op\ﬁﬁﬂ@ile'dfi'sl$aindwﬁﬂ§i Haed iisnferorded onithr i ti ng means
includes digital signature nmeans for applying a digital signature to at
| east said tected position information or information concerning said
position infotmation, and the witing at | east said detected position

inforrration or i nforngati on cqQnc j.n i i1 L.nfor mati on means
writing infor rra‘f]?e(fr‘?lgg%cle%ipna%tagﬁ erygﬁgtl?agjfcg(sigiq gf%ﬁt"’gl {rgi gnature _8

application to said disk.. ' ion. i i a
V\m)ch COnprqv%g;‘ftlingd%gsﬁuogh‘go %gﬁrhes'cr%\{ o 'r3Bide of L §RLOfpct i on appar at us

signal area on said optical disk.

The 26th invention is a marking forming apparatus according to
the 25th invention, wherein said disk is constructed from two
disk-substrates laminated together.

The 27th invention is a marking forming means according to
the 25th invention, wherein said position information writing means
includes encrypting means for encrypting at least said detected
position information or information concerning said position
information, and writes contents thus encrypted to said
disk.

The 28th invention is a marking forming apparatus according to
the 25th invention, wherein said position information writing means
includes digital signature means for applying a digital signature to
at least said detected position information or information
concerning said position information,

and the writing at least said detected position information
or information concerning said position information means

writing information concerning a result of said digital signature



position information reading nmeans for reading position information of a
mar ki ng or information concerning said position information, said position
information or said information being forned by (1) applying a nmarking on
areflective filmformed on a disk, (2) detecting position of the marking,
(3) converting detected said position information or said information into
a barcode app huﬁQQW'Mkﬁﬁlﬁghﬁ € barcode with selectively renoving said
reflective filmon said optical disk on which data is recorded with CLV,
mar ki ng r eadi ngThee@9sh fioventdadi hy & neproddct i 2BRHELHAIHYCh PSSt
position of said marking; conparing/judging nmeans for performng

conpari son and paidgeserinfbymatibngreadies wieanpfforenehdiggbyosidien positi on

i nformation readi ng neans and a result of reading by said marking reading
means; and jhgBrRAUGHNEF FEAEk ihgr or dpforhutiioy aatcerniagosaied on said optical
disk in accordance with a result of the conparison and judgenent perforned

by said co g Jj L9 5Eans heidh dhforfatPéd torobaikhiidf baratdde i s
witten iangégga%f#?%%ﬂgégﬁigﬁiggﬂglprescri%ed region of a pre-pit signal
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accor di ng {ipip _ \ erern a ast sai d detected position
16 to sai d i Skt pddl oGt RtoPHRTIOR G LLF b o ChriIREEE S ont i on”"
s aren Od(lijecttelcggd asgri)grp?otslﬁigrfci?ltfg;mg iE)r? or said information into a barcode
, and (4)writing the barcode with selectively removing said reflective
£ilm on said optical disk on which data is recorded with CLV;
marking reading means for reading information
concerning a physical position of said marking:
comparing/ judging means for performing comparison and
judgement by using a result of reading by said position
information reading means and a result of reading by said
marking reading means; and
reproducing means for reproducing data recorded on said
optical disk in accordance with a result of the comparison
and judgement performed by said comparing/judging means,
wherein all or part of said barcode is written in
overwriting fashion to a prescribed region of a pre-pit
signal area on said optical disk.
The 30th invention is a reproduction apparatus according to

the 29th invention, wherein at least said detected position information

or information concerning said position information is written



the 30th invention, wherein said position information witing neans

i ncludes encrypting neans for encrypting at | east said detected position
information or information concerning said position information, and said
position information readi ng neans includes decrypting nmeans correspondi ng
to said encrypping.neans, and by using said decrypting nmeans, decrypts said
encrypt ed possaidodisk byoperitiion JdlthF‘FﬁthPra‘YIi]&ﬁ“%d'%ééﬁni ng sai d position
information. The 32nd invention jis a reproduction apparatus according to
the 30th inventThen, 3l#tedaientsan dishesrentedus Hodr ARRATSRUSHACCPHY e bPis
includes digital signature neans for applying a digital signature to at

| east sai d ttlet $rthednypodiibn,owhienéior mati on or i nformati on concerning said
position information, and wites information concerning a result of said
di gital signat usdapeditaahi Qiforhativai e idiiak, meand Failddgosnttypt iingf vranst i on
readi ng neans includes authenticating nmeans corresponding to said digital

signature mRansnc 3pei MOt ikt 84 Q) detécrrdepddiacon ngfopsatiohosr obt ai ni ng
said position information froman authentication process perfornmed by said

aut henti cati ng, - 40, OBARSHARLRId oo A nfd¥h@E1GH, | @Ad concerning the
result of saldnéﬁg|t§¥ﬁ5|gﬁ§¥ure ébpllcatlon
said position information reading means includes decrypting means
corresponding to said encrypting means, and by using said
decrypting means, decrypts said encrypted position
information or information concerning said posifion
information.
The 32nd invention is a reproduction apparatus according to
the 30th invention, wherein
said position information writing means includes
digital signature means for applying a digital signature to
at least said detected position information or information
concerning said position information, and writes information
concerning a result of said digital signature application
to said disk,
and said position information reading means includes
authenticating means corresponding to said digital
signature means, and
position information extracting means for

obtaining said position information from an

authentication process performed by said authenticating

_10_



when an out put indicating correctness of said authentication result is
produced from said authenticating neans, said conparing/judgi ng neans
perfornms the conparison and judgenent by using the position information
obtained by said position information extracting nmeans and the result of
readi ng by said marking readi ng neans, .and when said outpuyf . inedicatin
correctness is nomemﬁbduééﬂyff%bS@é@r%ﬁ@é@ﬂ&ﬁ“i@”mﬁB?“B%EH%HﬁggfiThe 3grd
invention is a nethod of manufacturing a disk, .  which conprises the steps
of: fornming at |eaftsaidediiitk] §ignatue appkfdadéeRve filmto said forned

di sk; applying at |east one marking to said reflective film detecting at
| east one posi tyeR & cwdbdt Madkiatgngarutreetrasgpef rigidai d det ected position
information and witing said encrypted infornmation onto said disk,

wherei n, Mﬁﬁ@h&ﬂﬁkﬁPhhﬂgeﬁﬂQ WEi frodgcedtfrbeasti dsaitheneihertipged i nf or mati on
is converted 1nto a barcode, and said barcode is witten by selectively

renmovi ng said refl egt] i . sa| i Rrmahtleh comparisenr ecorded with
CLV, and al"l®@8? 6??? %#ﬁggpgbggggggghggqvfggteg in oSe?%ﬁﬁting fashion to a

P e et Tl T A i ek 12, T S
o said position information extracting means and the result of
reading by said marking reading means, and when said output
indicating correctness is not produced, the reproduction is
not performed.
The 33rd invention is a method of manufacturing a disk,
which comprises the steps of:
forming at least one disk;
forming a reflective film to said formed disk:
applying at least one marking to said reflective film;
detecting at least one position of said marking; and
encrypting said detected position information and
writing said encrypted information onto said disk,
wherein, when encrypting and writing, at least said
encrypted information is converted into a barcode, and said
barcode is written by selectively removing said reflective
film on said disk oﬁ which data is recorded
with CLV, and all or part of said barcode is written

in overwriting fashion to a prescribed region of a pre-pit

signal area on said disk.
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formng at |east one disk; formng a reflective filmto said fornmed disk;
applying at least one marking to said reflective film detecting at |east
one position of said marking; and applying a digital signature to said
detected position information and witing onto said disk, wherein, when

applying said digital signature and witipg, aL |least a result, of said
digital signatdihe 34th deverdieadls Bt @e@09a9€%@851%%ﬁwr§% g 65@%0&@1?}5 witten
by selectively renoving said reflective filmon said disk on which data

i s recordedomptise€Lthe atbpoofpart of said barcode being witten in
overwriting fashion to a prescribed region of a pre-pit signal area on
sai d di sk. The f3hling mtebéastnons dsli sk wherein a marking is formed by a

| aser to a reflective filmof said disk holding data witten thereon, at

| east position §iEonsat ren &ftisaifd 1watkisagd oformad atisht i on  concerning said
position information is encrypted or applied a digital signature, at |east

sai d encrypted jnfior pation, ot dh8inadkingitengdidr ecflppendedilnf or mation is
converted into %ﬂggéggé% %n& sai d baré%de is witten by selectively

cv, all o pardetr T £ LA B R b e e ashi on to
BrEgé%{ IP'tI)'?(Cj]\lr (Ca]%i %ﬁiﬁg\ﬁ rﬂ%ﬁ!z}l é%‘gznasciuggado aLep d%@eét%iddpgéistiion BRI EF
information and writing onto said disk,
wherein, when applying said digital signature and
writing, at least a result'of said digital signature is
converted into a barcode, and said barcode is written by
selectively removing said reflective film on said disk on
which data is recorded with CLV, all or part of said barcode
being written in overwriting fashion to a prescribed reéion
of a pre-pit signal area on said disk.
The 35th invention is a disk wherein a marking is formed by
a laser to a reflective film of said disk holding data written
thereon, at least position information of said marking or information
concerning said position information is encrypted or applied
a digital signature, at least said encrypted information or digital
signature—appended information is converted into a barcode,
and said barcode is written by selectively removing said
reflective film on said disk on which data is recorded with

CLV, all or part of said barcode being written in

overwriting fashion to a prescribed region of a pre-pit

_.12_



Figure 1 is a diagram showi ng a di sk manufacturing process and a secondary
recordi ng process according to the present enbodinent; Figure 2(a) is a
top plan view of a disk according to the enbodinment, (b) is a top plan
view of the disk according to the enbodinent, (c) is a top plan view of
the disk according to the enbodinent, (d) is a transverse sectional view
of the diskigeglondeagnt sathdiskbodi nent, and (e) is a waveform di agram of
a reproduced signal according to the enbodinent; Figure 3 is a flowchart
illustrating a process of recording encrypted position information on a
disk in the formof a barcode according to the present enbodi nent; Figure
4 is a diagram showi ng a disk fabrication process and a secondary
recordi ng process (part 1) according to the present enbodi nment; Figure 5:

is a diagr @hqws?ﬁntﬁ%gd@lﬁkmﬁ iWGRk4 on  process and the secondary
p

recordi ng ess art 2) according to the present enbodinment; Figure 6

25,4 a0ram shevi g ey lishind PR SeupmRngeng (part D
éggofj}l\oné:—]??/p?’rocgésskan]:iaall)rsle%grtléaorr} Ecot ?Sg (p?%&tassz)acggrcaolrngl £9 ¢hg the present
present embodiment;
Figure 2(a) is a top plan view of a disk according to
the embodiment, (b) is a top plan view of the disk according
to the embodiment, (c¢) is a top plan view of the disk
according to the embodiment, (d) is a transverse sectional
view of the disk according to the embodiment, and (e) is a
waveform diagram of a reproduced signal according to the
embodiment;
Figure 3 is a flowchart illustrating a process of
recording encrypted position information on a disk in the
form of a barcode according to the present embodiment;
Figure 4 is a diagram showing a disk fabrication
process and a secondary recording process (part 1) according
to the present embodiment;
Figure 5 is a diagram showing the disk fabrication
process and the secondary recording process (part 2)
according fo the present embodiment;

Figure 6 is a diagram showing a two-layer disk

fabrication process (part 1) according to the present

_13_



Figure 8(a) is an enlarged view of a nonreflective portion of a | am nated
type according to the present enbodinent, and (b) is an enlarged view of a
nonrefl ective portion of a single-plate type according to the present
enbodi ment; Figure 9(a) is a reproduced-waveform diagramfor a

nonrefl ective portion according to the present enbodinent, (b) is a

r epr oduced-gapy&inenmy di agram for a nonrefl ective portion according to the
present enbodinment, (c) is a reproduced-waveformdiagramfor a

nonrefl ective poyduren7 jacsodidigngm tshowineg phesent-lenbodislent, and (d) is a
plan view of a master disk produced by a master disk nethod; Figure 10(a)

is a cr0551§$9%&gﬂgh M RWs8f (art Pnetdriihgveo phetpresent the |am nated type
according to the present enbodi nent, and (b) is a cross-sectional view of

a nonreflq&%&ggmggntion of the single-plate type according to the present
enmbodi ment;  Figure 11 is a schematic diagram based on an observation

through a ”a”SE}'[gS@igog@' I8 LPRTACLASCARP of 4 oiptriRkitRgs @ cr 0ss sect i on

of the nonrefle tion  according to the present enbodinent; -14
Figure 12(a) iS a cross-sectional view [ kding to the present
embodi nent , PAitdop lf)fr Bs ﬂnlnég%igggﬁﬁcg%ﬁn égv %t% Pﬁgsce%onr efl ective portion
of the disk _according éo She presept e odinep
embodiment, and (b) is an enlarged view o

%4 nonreflective
portion of a single-plate type according to the present
embodiment;

Figure 9(a) is a reproduced-waveform diagram for a
nonreflective portion according to the preSent embodiment,
(b) is a reproduced-waveform diagram for a nonreflective
portion according to the present embodiment, (c) is a
reproduced-waveform diagram for a nonreflective portion
according to the present embodiment, and (d) is a plan view
of a master disk produced by a master disk method;

Figure 10(a) is a cross—sectional view of a
nonreflective portion of the laminated type according to the
present embodiment, and (b) is a cross-sectional view of a .
nonreflective portion of the single-plate type according to
the present embodiment;

Figure 11 is a schematic diagram, based on an
obéervation through a transmission electron microscope,
illustrating a cross section of the nonreflective portion

according to the present embodiment;
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Figure 13(a) is a diagramshow ng a physical arrangenent of addresses on a
|l egitimate CD according to the enbodinent, and (b) is a physical
arrangement of addresses on an illegally duplicated CD according to the
enbodi ment; Figure 14(a) is a diagram showi ng part (b) of Figure 33 in

further detail, (b) is ,a djagram show ng an equivale data structure for
ECC encodi ng/ ddigTaig2 (eL)1s %Qﬁséﬁ?%%%ngﬂd’\hgﬁgogangi%kemati cal equation

for EDC conputation, and (d) is a diagram showng a mathenmati cal equati on
for ECC caopotdinigoto thegpiresens @"@Oélfﬂﬁ”&cka'ﬁre{m améf a lowreflectivity
position detector according to the enbodinent; Figure_ 16 is.g diagram

i |1 ustrati rgotbeectiond pliev of theteoreflgchiit #9510k gﬁ%aigbns of a

|l ow-reflectivity portion according to the enbodinment; Figure 17 is a

di agr am shQ:psdheC 0o Piei poskedft émbydimaftiectivity portion address tables
for a legitimate disk and a duplicated disk; Figure 18Ais a flowhart

ilTustrating a proGedis@)f 0§ a @N&ggARt ERdkingt £ physicyd an RSA function
according to the ~enbodinent; -15 Figure 18B is a flowhart illustrating a

Pt S R e e P
according té%gégfﬁent, and (b) is a physical arrangement of addresses '
on an illegally duplicated CD according to the embodiment;
Figure 14(a) is a diagram showing part (b) of Figure 33
in further detail, (b) is a diagram showing an equivalent
data structure for ECC encoding/decoding, (c) is a diagram
showing a mathematical equation for EDC computation, and (d)
is a diagram showing a mathematical equation for ECC
computation;
Figure 15 is a block diagram of a low-reflectivity
position detector according to the embodiment;
Figure 16 is a diagram illustrating'the principle of
detecting address/clock positions of a low—reflectivity
portion according to the embodiment;
Figure 17 is a diagram showing a comparison of low-
reflectivity portion address tables for a legitimate disk
and a duplicated disk;
Figure 18A is a flowchart illustrating a procedure for

encryption, etc. using an RSA function according to the

embodiment;
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enbodi ment; Figure 20 is a diagram showi ng a detected waveform of a
first-layer marking signal according to the present enbodinment; Figure 21
is a diagramshowi ng a detected waveformof a second-layer marking signal
according to the present enbodinent; Figure 22 is a flowchart illustrating
the function of a scranble identifier and the swtching between drive ID
and disk 1D ifigupe d@Bans iandt ewahart ohl lysbald88 2 PFUHY to the present
enbodi ment. Figure 23 is a block diagramof a stripe recording apparatus
accordi ng tiaféietéohodienknirocEsg ateopdingsta tdi%g’ﬁ%@%% ng a signal
waveformand a trinmmng pattern in RZ recording according to the

enbodi nent ; Fi grirg@re5lg §saa dilagelamts hblisttgatingi gnkdv—wavef orm and a
trimm ng pattern in NRZ recording; Figure 26 is a diagram show ng a signa

wavef or m ang rqcifvii B 526 i Pad @efed tinBEpigraecardidipigatedridi ng to the
enbodi nent; -16 Figure 27 is a diagramshow ng a top plan vigm10f di sk

stri pes, alcﬂ1 Yﬂg&.signal wavefornms, according to the enbodinent; Figu
28(a) is a‘%@ggpé%tfve vi ew of a converging unit ’ e

Figure 20 is a diagram showing a detected waveform of a
first-layer marking signal according to the present
embodiment;

Figure 21 is a diagram showing a detected waveform of a
second-layer marking signal according to the present
embodiment;

Figure 22 is a flowchart illustrating the function of a
scramble identifier and the switching between drive ID and
disk ID in a program installation process according to the
present embodiment.

Figure 23 is a block diagram of a stripe recording
apparatus according to the embodiment;

Figure 24 is a diagram showing a signal waveform and a
trimming pattern in RZ recording according to the
embodiment;

Figure 25 is a diagram showing a signal waveform and a
trimming pattern in NRZ recording;

Figure 26 is a diagram showing a signal waveform and a
trimming pattern in PE-RZ recording according to the’

embodiment;
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according to the enbodi nent, and (b) is a diagramshowng a stripe
arrangenment and an em tting-pul se signal; Figure 29(a) is a perspective
view of the converging wunit, with a beamdeflector appended thereto
according to the enbodiment, and (b) is a diagram showing a stripe ’
arrangenment and an emtting- puI se signal; Figure 30 is d| gram show ng
t he arrangementFiglire A7 i pes dmaglaandshdxwmgdatﬁ@@ phait @hew fo tvhtrol dada
according to the enbodinent; Figure 31 is a flowhart illustrating how
control nmoderipes, sm@@edtm@tlm@hwamm Glo¢owhing pbattieng back stri pes
according to the enbodi nment; Figure 32 is a diagramshowing a stripe area
and an ad %ﬁ ﬁrﬁﬁ%a on a dISk according to the enbodi nent; Figure 33(a)
is a diagramshow ng a data structure after ECC encoding accordlng to the

enbodi ment, (D)g{s lirf 24 ﬁ%é? mﬁ@fweegl@e dab@ oft kUednveegBfg eniECC encodi ng

accordi ng to the 8 ment en'n =1 and (c) isa dia

, gram show ng an
ECC error-correction capabil i C I 49 :gﬁp taq Figure 34
a di agram sar%‘rﬁf‘%d’gt e ﬁg?t 5"%%#%‘8’?& ghgf : tdgg% gﬁ?‘{z@tlgl on cgde Fi glufe

35(a) is a diagr h f.
d|agran1shdﬁﬂﬂ@eggaévg$%gﬂ1 ‘f?gﬁéﬁﬁ ?h?gﬁgﬁet1§n€GF$PF and () s @

Figure 29(a) is a perspective view of the converging
unit, with a beam deflector appended thereto, according to
the embodiment, and (b) is a diagram showing a stripe

" arrangement and an emitting-pulse signal;

Figure 30 is a diagram showing the arrangement of
stripes on a disk and the contents of control dada according
to the embodiment;

Figure 31 is a flowchart illustrating how control mode
is switched between CAV and CLV when playing back stripes
according to the embodiment;

Figure 32 is a diagram showing a stripe area and an
address area on a disk according to the embodiment;

Figure 33(a) is a diagram showing a data structure
after ECC encoding according to the embodiment, (b) is a
diagram showing a data structure after ECC encoding
according to the embodiment (when n = 1), and (c) is a
diagram showing an ECC error-correction capability according
to the embodiment;

Figure 34 is a diagram showing the data structure of a
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Figure 36(a) is a diagramshowi ng a reproduced signal waveform according
to the enbodiment, and (b) is a diagram for explaining a dinensional
accuracy of a stripe according to the enbodinent; Figure 37 is a diagram
showi ng a synchroni zation code and a |laser emtting pulse signal waveform
Figure 38 is a diagram showi ng a procedure for. reading control data for

pl ayback ag¢mé¢lthiongzdiohheodetbodi ment; Figure 39 is a diagramshowing a top
pl an view of a disk having a pinhole-like optical marking as a physical

feature accordimgute 3518) enpadiiwivan Hiogine the tanfdgdraigoanoShowi ng a
procedure for playing back a PCA area in a tracking ON condition according

to the empgdjpent dHouie AHibsram Bhefkgds agvameef falpdrayback apparatus
i npl enenting rotational speed control according to the enbodinent; Figure

42 is a bl Q%Fogé’c}p%gmppf; a playback apparatus inplenenting rotational
speed control "atcording to the enbodinent; Figure 43 is a bl ock di agram of

fothe  enbodl nemt S AP AR e R o R oy "pr event fon
al gorithm %%58%é¥npgcéé}dﬁﬁg fgﬂ%ﬁgiémﬁghiment, and (b) is a diagram

for explaining a dimensional accuracy of a stripe according

to the embodiment;

Figure 37 is a diagram showing_a synchfonization code
and a laser emitting pulse signal waveform;

Figure 38 is a diagram showing a procedure for reading
control data for playback acqording to the embodiment;

Figure 39 is a diagram showing a top plan view of a
disk having a pinhole-like optical marking as a physical
feature aécording to the embodiment;

Figure 40 is a diagram showing a procedure for playing
back a PCA area in a tracking ON condition according to the
embodiment;

.Figure 41 is a block diagram of a playback apparatus
implementing rotational speed control according to the
embodiment;

Figure 42 is a block diagram of a playback apparatus
implementing rotational speed control according to the
embodiment; -

Figure 43 is a block diagram of a playback apparatus
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Figure 45 is a diagramfor explaining barcode encryption according to th
enbodi ment; Figure 46 is a diagram show ng anot her ;Bplication exgnpleto$
the barcode according to the enbodiment; Figure 47 is a perspective view
showi ng a nonreflective portion fornmed in a two-layer disk according to
the enbodiment; and Figure 48 is a diagramshowi ng a conparison of address
coor di nat e jppbérianafsg antdt fdnal espeednsordrodii adesrdbnotdi g to  the

enbodi ment. Description of the Reference Nunerals 584. LOW REFLECTIVITY
PORTI ON, 58&hod-@AMREFLECTI VI TY LI GHT AMOUNT DETECTOR, 587. LI GHT AMOUNT
LEVEL COVMPARATOR, 588. LI GHT AMOUNT REFERENCE VALUE, 599. LOW REFLECTIVITY

PORTI ON  START/ BQE TLON I EEMA ORl uHa@
T 1u t LEVaRE G Th M VEY t PGRTI ON
PGCsI T1 ON DETEC#E', 601. LOWN REFLECTIVITY PORTI ON ANGULAR PGCsI TI ON SI GNAL

OQUTPUT SECTI,ON. . 602 FLEGTA X d i ART! ON ANGULAR POSI TI ON' DETECTOR
605. LOW Réﬁﬁ&%lﬁq& ?@%ﬁl%ﬁ SéI'AI[?@ g NT. 606. LOWM REELECTI VI TY PORTI ON

END PO NT, 607.. Tl VE, DELAY , - FACTURI NG PROCESS
817. SECONDARY Eﬂé’é@ﬁdﬁgspﬁm. e%ﬁ%wﬁ*gfﬁa UFACTURI NG PROCESS
STEPS, 819. SECONDARY gﬁg%eoé %%RO%E“] S STEPS, 820. SOFTWARE PRODUCTI ON

PROCESS STEPSIryphen a Y 834"°MByUBLI C KEY ENCRYPTI ON, 833. FI RST

SECRET KEY, 834. SECOND SECRET KEY, 835. CCNE
Figure 46 is a diagram’show?ng ano léﬂ %g%f%%a 55%*

example of the barcode according to the embodiment;

Figure 47 is a perspective view showing a nonreflective
portion formed in a two—layer disk according to the
embodiment; and

Figure 48 is a diagram showing a comparison of address
coordinate positions on different master disks according to
the embodiment.

Description of the Reference Numerals
584. LOW-REFLECTIVITY PORTION, 586. LOW REFLECTIVITY LIGHT
AMOUNT DETECTOR, 587. LIGHT AMOUNT LEVEL COMPARATOR, 588.
LIGHT AMOUNT REFERENCE VALUE, 599. LOW REFLECTIVITY PORTION
START/END POSITION DETECTOR, 600 LOW-REFLECTIVITY PORTION
POSITION DETECTOR, 601. LOW-REFLECTIVITY PORTION ANGULAR
POSITION SIGNAL QUTPUT SECTION, 602. LOW-REFLECTIVITY
PORTION ANGULAR POSITION DETECTOR, 605. LOW-REFLECTIVITY
PORTION START POINT, 606. LOW-REFLECTIVITY PORTION END
POINT, 607. TIME DELAY CORRECTOR, 816. DISK MANUFACTURING

PROCESS, 817. SECONDARY RECORDING PROCESS, 818. DISK
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836. RECORDI NG Cl RCUI T, 837. ERROR- CORRECTI ON ENCCDER, 838. REED- SOLOMON
ENCODER, 839. | NTERLEAVER, 840. PULSE | NTERVAL MODULATOR, 841. CLOCK

SI GNAL GENERATOR, 908. | D GENERATOR, 909. | NPUT SECTION, 910. RZ
MODULATOR, 913. CLOCK SI GNAL GENERATOR, 915. MOTOR, 915. ROTATI ON SENSOR
916. COLLI MATOR, 917. CYLINDRI CAL LENS, 918. MASK, 919. CONVERG NG LENS:
920. FI RST \ANMEACBURING PROCESSESTINIS, TBME  SEC@NARY2RECORBIND TI ME SLOT, 923.
STRI PE, 924. PULSE, 925. FI RST RECORDI NG REG ON, 926. SECOND RECORDI NG

REG ON, 92%pocfeCENEODRR), XRBTW/AGCPRESUODER PRROESI ASEFS,PERER SUPPLY
CIRCUI T, 930. STEPS (1'N CAV PLAYBACK FLOWCHART), 931. BEAM DEFLECTOR, 932.

SLI'T, 933. L GENERATOR, 936.
conTRaL DATRRRR 3. 5 P e R AN | B 7l R, 035

e T
1 T R U ST o
Sl Ul e S S R Rl S

954. -20 COVPARI NG MEANS, 955. MEMORY MEANS, 956. 957.
CONTROL L ER MODSBATOROT &L . DIBLOEK ST ﬁENEWORBA&@w@C%&H{@@ ' MEANS, 963.
MODE SW TCH, 964. HEAD MOVI NG MEANS, 965. FREQUENCY COMPARATOR, 966.
OSCI LLATOR 9367 INFRREGEENON, 910. RZ MODULATOR, 9137 CLOCK SIGNAL

GENERATOR, 915. MOTOR, 915. ROTATION SENSOR, 916.
COLLIMATOR, 917. CYLINDRICAL LENS, 918. MASK, 919.
CONVERGING LENS, 920. FIRST TIME SLOT, 921. SECOND TIME
SLOT, 922. THIRD TIME SLOT, 923. STRIPE, 924. PULSE, 925.
FIRST RECORDING REGION, 926. SECOND RECORDING REGION, 927.
ECC ENCODER, 928. ECC DECODER, 929. LASER POWER SUPPLY
CIRCUIT, 930. STEPS (IN CAV PLAYBACK FLOWCHART), 931. BEAM
DEFLECTOR, 932. SLIT, 933. STRIPE, 934. SUB-STRIPE, 935.
DEFLECTION SIGNAL GENERATOR, 936. CONTROL DATA AREA, 937.
STRIPE PRESENCE/ABSENCE IDENTIFIER, 938. ADDITIONAL STRIPE
PORTION, 939. ADDITIONAL STRIPE PRESENCE/ABSENCE IDENTIFIER,
940. STEPS (FOR STRIPE PRESENCE/ABSENCE IDENTIFIER PLAYBACK
FLOWCHART), 941. OPTICAL MARKING (PINHOLE), 942. PE-RZ
DEMODULATOR, 943. LPF, 944. ADDRESS AREA, 945. MAIN BEAM,
946. SUB-BEAM, 948. STRIPE REVERSE-SIDE RECORD IDENTIFIER,
949. STRIPE GAP PORTION, 950. SCANNING MEANS, 951. DATA ROW,

952. ECC ROW, 953. EDGE-SPACING DETECTING MEANS, 954.
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COMPARATOR, 968. OSCI LLATOR, 969. MOTOR BEST MODE OF EMBODI MENTS The
preferred enbodi nents of the present invention will be described bel ow
with reference to the acconpanying drawi ngs. In the description

herei nafter given, position information for piracy prevention, which is a

formof ID is taken as an exanple of infor i b arcoded. In the
first-hal f COMRARING MEANS HR$5¢ Bt MESNS, a956dg&%¢1|(igﬁjf@&p§§ﬁati on will be
given of the piracy prevention position information as a_form of |D,

fol | owed bgONTROLLER, 968pIMOTARi RRIVET CHREWLT NN BARGAPE d¥APING onverted into a
barcode to conplete an optical disk and hOM/thE'OPtica| disk is played

back. I n tReANECcopsl- MADE SYEMTCH,( 1961, HEAD MEEING , F5.bar codi ng the piracy
prevention position information wll be described in further detail and in

a concr et e pRAGIENEY - COMPARATURSCO66.CABCILLATOR, 967 StFREQUEN@¥art (1) deals with
(A) Manufacturing a disk, (B) Formng a marking by wusing laser light, (O

Readi ng ”‘§ mmbﬁn deR! opgratLeTORf gﬁé.hmm king, (D) Encrypting the
position i porna ron,” converting the encrypted position information into a
- 21 barcode, and witing the barcode in a pre-pit area of the optical

disk in overwiting fashion, and (E) Playing back the optical disk on a
pl ayer. The _second- hal ) first describes (A Useful ness of the
bar code foﬁE§Tﬂgﬁ&n§€éﬁBB@BkN&§tical di sk, then proceeds to (B) Barcoding
The preferred embodiments of the present invention will

be described below with reference to the accompanying

drawings. In the description'hereinafter given, position

information for piracy prevention, which is a form of ID, is

taken as an example of information to be barcoded.

In the first-half part (I) of the description, a

detailed explanation will be given of the piracy prevention

position information as a form of ID, fbllowed by a brief

explanation of how the information is converted into a

barcode to complete an optical disk and how the optical disk

is played back. In the second-half part (II), the technique

for barcoding the piracy prevention position information

will be described in further detail and in a concrete

manner. More specificall&, the first-half part (I) deals

with (A) Manufacturing a disk, (B) Forming a marking by

using laser light, (C) Reading the position information of

the marking, (D) Encrypting the position information,

converting the encrypted position information into a
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the position information of the marking as a di sk-uni

_ _ _ que 1D, C) Features
of the barcode-recorded optical disk format, methods of track§né contr ol
and met hods of rotational speed control during reading of the barcode, and
(D) Playing back the barcode-recorded optical disk. The second-half part

(1) further deals in detail with (E). Manufacturing techniques for
i npl enent i barcode, Hadcwdit ingcHedPRECARSE Fd pr?—cﬂllto%% Bg Q‘en(r:]i ef expl anation

of a barcode playback apparatus (player). Finally, a description is gi

of (F) Anogtiaapl &iskf in heeaboite npa aﬁcb\d@n»eri’@dyﬁii Biahiﬁ’@ S@RC]Y hgr appl i g;;/iegn
exanpl e of the barcode. (1) Before proceeding to the description of the
above (A) thé oplcaaivk ldn éips]&iyedes&ﬁliebﬁacamgehfdrfapalﬁﬁ' débss f1ow from disk
manuf acturing to the conpletion of an optical disk by wusing the flowchart

of Figure irdidbbésibeat ent UspRdinkicalfi ohe baasete formring is also referred
to as laser marking, while a nonreflective optical marking portion is

sinply ref ﬁé,gﬁ}%ﬁggt@;eéﬁ;;tﬂ&%n%% tifdn’ bBGoeedBr i (@) Baurcopirigcal marking or,

soneti nes, sical ID unique to a disk. First, the software

company petf o ;506§ WRES: Bt NOTINGho - R YSTE ISRASLOMIpI ocess 820,

The conmpl e ware “i's vere e software conpany to the disk

manufact uring {actoly of' thd ik RILEAR A’ JftiRAPARSR Fhfak!

methods of tracking control, and methods of rotational speed
control during réading of the barcode, and (D) Playing back
the barcode-recorded optical disk. The second-half part (11)
further deals in detail with (E) Manufacturing
techniques for implementing the barcode recording method,
followed by a brief explanation of a barcode playback
apparatus (player). Finally, a description is given of (F)
An example of the above barcode encryption and another
application example of the barcode.
(D

Before proceeding to the description of the above A)
to (B), we will first describe a general process flow from
disk manufacturing to the completion of an optical disk by
using the flowchart of Figure 1.

In this patent specification, laser trimming is also
referred to as laser marking, while a nonreflect;ve optical
marking porfion is simply referred to as the barcode,

stripe, marking, or optical marking or, sometimes, as the
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the di sk manufacturing factory, the conpleted software is input in step
818a, a master disk is produced (step 818b), disks are pressed (steps
818e, 818g), reflective filns are forned on the respective disks (steps
818f, 818h), the two disks are |am nated together (step 818i), and a ROV
disk such as a DVD or CDis conpleted (step 818m etc.). The thus
conpl et ed ghiyKc8DOD anilgle vereditk the software maker or to a factory
under control of the software maker, where, in secondargﬁrecording process

817, an anti-piriagy tHBIIfMgarB4omsamhpehiorasesctivare iantForjoge 2, is formed
(step 819a), and accurate position information of this mark is ‘read by a

measuring ﬁ%%t&éfeeﬁarg%&b%oﬁ OrRERd 1B20he Thesédripdeted mobtwatei on whi ch
ea

serves as e physica ure information of the disk. This physical

feature infor st i bSe RIOGHYML 89 tHe dligp 819c. The encrypted
infornatioﬁsﬂgﬁaggﬁvg&{égqu %ﬁgg?ﬁ%-nngdﬁ;ted signal which is then

The i ok pRGRTIGERuT U CRCTHT or Tt i "RAg! 5 O BT e ey with

) _ ron may ~conbined together with
e oy Ll P ENCTR L Lo 22, The above,
Bndan’ endnppt da° SHIDPAGH SnmRFicE: AL prscRraure) areRgiReky i ok T
accordi ng tq the present invention will be described lﬂn are

disks are pressed (steps 818e, 818g), reflective films

formed on the respective disks (steps 818f, 818h), the two

disks are laminated together (step 818i), and a ROM disk

such as a DVD or CD is completed (step 818m, etc.).

The thus completed disk 800 is delivered to the software

maker or to a factory under control of the software maker,

where, in secondary recording process 817, an anti-piracy

marking 584, such the one shown in Figure 2, is formed (step

819a), and accurate position information of this mark is

read by a measuring means (step 819b) to obtain the position

information which serves as the physical feature information

of the disk. This physical feature information of the disk

is encrypted in step 819c. The encrypted information is

converted to a PE—RZ—moduléted signal which is then recorded

in step 819d as a barcode signal on the disk by using a

laser. The disk physical feature information may be

combined together with software feature information for

encryption in step 819c.
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detail with reference to Figures 4 and 5 and Figures 8 to 12. A

suppl ementary expl anation will also be given dealing wth a disk havi ng
two reflective layers with reference to Figures 6 and 7. In the follow ng
description, the marking formation process and the marking position
readi ng process are collectively called the secondary recording process.

(A First, therfisidabsideation wpl Darsdevdribebein destdrerbed. i
. . In the disk
fabrication process 80265 hown in Figure 4, first a transparent substfate

801 is presse q_ln,nﬁkep (%Q
S didlh fBbeedtddn prooeés! aswadkiag al um num or I
IS sputtere to forma reflective | ayer 802. An adhesive |ayer -804 fg?rrgd

froman ultraviolet curlng.resin LS ,aARkbed EORY,
| i [ to a substrat
803 forned PHMH?BPﬂPE?SEQ pﬁ%ceg g gtep,egngﬁfﬁeosubst?g%e 803 is bgﬁd:d

to the transparent substrate 801.havin l.ec I 802,

ggggsﬁﬁg ;gﬂg?deBFTiq?fogﬁﬁéP gt ﬁg%gr?ﬁégﬁbﬁﬁfﬁﬁ Bg%ggﬂﬁ%ﬂﬂklforn1ags
ernal ultraviolet, ragdiatiop, ,th

bondi ng th@ccvotﬂlngub%ttlhétIé“seS@Bbe]tq’{EPglqnnlwgﬂe&e %J&?’éﬁdr :1?11'[ ggnlsayte?ugogl Ty

where a CDor DVWDtitle is printed, is i scre
of fset pri nieitabl wEbliscefienensee o (Ehgures & BP@IQ—% quﬁggﬁ?%g]égrlt%:angptzﬁcglr

ROM di sk is conpleted. (B) Next, the narkln fornatlon i
rocess will b
descri bed w2t h A efupp beveataoy Iélxglméﬁ;lﬂn aﬁdl selgonbeighyen ‘ﬁe qéngl aser begm
froma pul sed | aser 813 such as a YAG | aser is
with a disk having two reflective layers with reference to

Figures 6 and 7. In the following description, the marking
formation process and the marking position reading process
are collectively called the secondary recording process.

(A) First, the disk fabrication process will be
described. In the disk fabrication process 806 shown in
Figure 4, first a transparent substrate 801 is pressed in
step (1). In step (2), a metal such as aluminum or gold is
sputtered to form a reflective layer 802. An adhesive layer
804 formed from an ultraviolet curing resin is applied
by spin coating to a substrate 803 formed in a different
processing step, and the substrate 803 is bonded to the
transparent substrate 801 having the reflective layer 802,
and they are rotated at high speed to make the bonding
spacing uniform. By exposure to external ultraviolet
radiation, the resin hardens, thus firmly bonding the two
substrates together. In step (4), a printed layer 805 where

a CD or DVD title is printed, is printed by screen printing
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focused through a converging lens 814 onto the reflective |ayer 802, to
forma nonreflective portion 815 as shown in step (6) in Figure 5. %hat

is, a distinct waveform such as the waveform (A) shown in step (7), is
reproduced fromthe nonreflective portion 815 fornmed in step (6) in Figure
5. By slicing this waveform a marking detection signal such as shown by

wavef orm (B} dsrsebtgiinedng.f r gRuMhiighstdp €4)ar eheadrdimaki ng posi tion
i nformation conprising an address, such as shown in signal (d), and an

address, a, _fr S hg i Zihn iqgoal; N &ng, nd a reproduced cl ock
fﬁunth sucbfggﬁgﬁgmﬁﬁfh @?%§%|ﬁ?§f?9cdﬁ ge nggg%red. At the rising edge of
e us obtain rkin etecti P hfic address (indicated
PK ad?resF_? |§8F§§ﬁ?etg?d¥zk?%g#@gﬁﬁggﬂt:%K%B?ﬁ@gﬂ %?ckup fronfmﬁthin
e plurality of resses shown in.Figure 5 . K gure 54b)_ shows the
Ehyzl CE! I @@é&i’&’;ﬁ’ O\:]W EeEIERCe | O E&ﬂ?&sﬁiw(dd)éthefﬁaﬁ%urfeo%?ga On the ot her
and, Figure e) shows the  lqgjcal structure of the data. As shown in
Fi gure 5(e)laser eas Bian i PYlSsE SpSEN ]d;niSE%llEi%nasY‘ﬁini?%eruﬁaer address n,
and k reproduced clock pul ses under each framne -ﬁS s¥ chr.oni zati on si gnal
Ther ef or e, fiokesgbgshroush of caverging kpng Stdaditoe dhpyret E%Ctdﬂf’i cal pickup can

be represented by address, frame synchronization signal nunber, and
r epr oduced 12902 otimtformsa proavétliest yve partibn 818 aspskemhiiry expl anati on

wil |
step (6) in Figure 5. That is, a distinct waveform, such as
the wayeform'(A) shown in step (7), is reproduced from the
nonreflective portion 815 formed in step (6) in Figure 5.
By slicing this waveform, a marking detection signal
such as shown by waveform (B) is obtained, from which
hierarchial marking position information comprising an
address, such as shown in signal (d), and an address, a
frame synchronizing signal number, and a reproduced clock
count, such as shown in signal (e), can be measured.

At the rising edge of the thus obtained marking
detection signal, a specific address (indicated by address n
in Figure 5(d)) is read by the optical pickup from within
the plurality of addresses shown in Figure 5(d). Figure
5(b) shows the physical location of the specific address in
schematic form. On the other hand, Figure 5(e) shows the
logical structure of the data. As shown in Figure 5(e),

there are m frame synchronization signals under address n,

and k reproduced clock pulses under each frame
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be given below of an alternative type of disk (a two-Ila 1 i

_ _ _ -layer | am nated disk
with reference to Figures 6 and 7. Figures 4 and 5 showed a disk generally)
known as a single-layer |am nated disk which has a reflective layer only
on one substrate 801. On the other hand, Figures 6 and 7 show a di sk

generally known as a two-l|ayer |am nated disk ich ha i
on bot h subgichabeizad0on axigngb3. Thexgiorgsdmet P?%MFQH@,O$HEG L?Lngts: XS L?ZSES
(5) and (6) are fundanmentally the same for both types of disks, except
with signimdficaget metisiired drycebe winit éba laméclm éﬂﬂ)b%é@@iqsﬁééle‘gélyow. First
while the single-layer disk uses a reflective layer forned from-an ’
al um num f Qhmdayi hameesyrbtovidaias digghl asmba0maod wepspduded t he two- | ayer
disk the reflective layer 801 forned on the reading-side substrate 801 is

a sem - trapspacephe.g9old (Au) filmhaving a reflectivity of 30% while the
reflective layer 802 formed on the print-side substrate 803 is the sane as

that used in tie s}ngles|Akahredi sksuaeaatharyseaianatin W1k the

si ngl e-l ayer di ayer disk is required to have high optica

cocuracy, Lon AT of ) SIDERBLGL AL GOHBNS, Beympeally - 2o

| N7 Uhi Ckness; e optical "transparency nust
the si gnal lanhasedr 4o bithaa Froaet Ho FepPss P %01 the tuo- Foure 7 show
recording-| ayerFidgluilgé 4Lialr(1c?vg Ss%bwgda;t (Siis(klg)er’ler(ajljfgr’kn%r\]vg ;gslza)
single-layer laminated disk which has a reflective layer
" only on one substrate 801. On the other hand, Figures 6 and
7 show a disk generally known as a two-layer laminated disk.
which has reflective layers on both substrates 801 and 803.
For laser trimming, the processing steps (5) and (6) are
fundamentally the same for both types of disks, except with
significant differences which are briefly described below.
First, while the single-layer disk uses a reflective layer
formed from an aluminum film having reflectivity as high as
70% or over, in the two—layer disk the reflective layer 801
formed on the reading-side substrate 801 is a semi-
transparent gold (Au) film having a reflectivity of 30%,
while the feflective layer 802 formed on the print-side
substrate 803 is the same as that used in the single-layer
disk. Second, as compared with the single-layer disk, the

two—-layer disk is required to have high optical accuracy;

for example, the adhesive layer 804 must be optically
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of Figure 7 show the signal waveforns obtained fromthe second |
the two-recording-layer disk. The contents of these signal maSefgyﬁ; gﬁe
essentially the same as those of the waveforns described with reference to
parts (a) to (c) of Figure 5. The waveformfromthe second |ayer is
simlar to that fromthe first layer, though the signal Jevel is |ower
than from thensphreit ahdyher unifagey ed thickeessy hand jthg o HHaLecond | ayers are
bonded together, relative positional accuracy between them is random and
~can be contraidpadenny yusi totabe dostirdiey toflager fle@mAiMred nicrons. As wil |
be described later, since the |aser beam passes through the two reflective

films, to make paapsi(7eged),dhsk ©heohdiguron shdorthatsi@nglon the fi
géd), e first
second layers for the first mark, for exanple, have to be nmade to L;tcﬁnd

the same val ugr Qs8R aliROA tirBRT hedF kst Bayer BEkilrg tvbrem mat ch i
_ would re
a near-subm cron accuracy in |am nating, and consequently, making ill g;;lre

di sks of the bl LAy hyde | LuRkass Gakly (1opostiiib] eandTHEDt echni que f or

. é
form ng t hé“Ronre ive optical marking portion will be described in

;u{ ghirz, det Icll“lgllgﬂ&j ?%%ﬁﬁe%q%?%rg‘]]alvas@fo(rﬂg hehoNe Wirt-bm r@feer ence to Figures

D v B S 5
giHSF?¥Fggéfgﬁenafgi¥crgss-r P p6tEY ons,” and “Fi'gur e 10(a) i s a
of these signal waveforms are essentially the same as those
of the waveforms described with reference to parts (a) to
(c) of Figure b.
The waveform from the second layer is similar to that from the
first layer, though the signal level is lower than from the first
layer. However, since the first and second layers are
bonded together, relative positional accuracy between them
is random and can be controlled only with an accuracy of a
few hundred microns. As will be described later, since the
laser beam passes through the two reflective films, to make
an illegal disk the position informations on the first and
second layers for the first mark, for example, have to be
nade to match the same value on the legitimate disk. But
making them matéh would require a near—submicron accuracy in
laminating, and consequently, making illegal disks of the two—
layer type is practically impossible.

The technique for forming the nonreflective optical

marking portion will be described in further detail in
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sectional view of a nonreflective portion of the two-1a 1 i

_ _ yer | am nated di sk.
(a) Using a 5 u j/pulse YAG |aser, a |aser beamwas applied to a
500angstrom al um num | ayer | y| ng 0.6 mmbelow the surface of a 1.2mmthick
ROM di sk consisting of two 0.6mm thi ck di sks | am nated together, and, as a

result, a 12 p. mwde I|t-||ke on flectlve ortio f
shown in t hecbionso(ai époffHappl & Wit uﬁe erqnep. 1g H¥%s§ g%glz mscrggrg;n;gh a?]o

al um num resi dues were observed on the nonreflective portion 815. Thick
swol | en al gpi.nuiehbiyar ith 2080lamigetedbigne Hinc ko 190N WP e, were observed
al ong boundaries between the nonrefl ective portion 815 and reflective

portions. Asngheyhaie thbgur &ig(es) 8 (a) ands(b)cend imieeerRarEs no si gni fi cant
damage had occurred inside. In this case, the application of the pul sed

| aser presupBRing Pp@{ teedws e abmfmumirve'fblﬂdtchi/endrkyeg, causing a
phenonenon of nolten al um num buil dup al ong the boundaries on both sides

due to the S?f]{ogl e%ﬁ%‘ﬁg&e Y6 (palik 5@1%1{)@11*1@36 s&ldmat seircfrase- t ensi on (HVBT)

recordi ng e characteristic phenonmenon observed only on a

Ty PR e g i

e

mssion el ectron mcroscope (TE illustratin
a Cross sectl on tof a %nonreflecti ve portion fornmed by theMabove | aser °
trinmmng pr lgmeaatedadis igure 11 shows that the adhesive |ayer of the disk

(a) Using a 5 u j/pulse YAG laser, a laser beam was
applied to a 500angstrom aluminum layer lying 0.6 mm below
the surface of a 1.2mm thick ROM disk consisting of two
0. 6mm thick disks laminated together, and, as a result, a 12
pm wide slif—like nonreflective portion 815 was formed, as
shown in the X 750 micrograph of Figure 8(a). In this X 750
micrograph, no aluminum residues were observed on the
nonreflective portion 815. Thick swollen aluminum layers,
2000 angstroms thick and 2 pm wide, were observed along
boundaries between the nonreflective portion 815 and
reflective portions. As shown in Figure 10(a), it was
confirmed that no significant damage had occurred inside.

In this case, the application of the pulsed laser presumably
melted the aluminum reflective layer, causing a phenomenon
of molten aluminum buildup along the boundaries on both
sides due to the surface tension. We call this a hot melt
surface tension (HMST) recording method. This is a

characteristic phenomenon observed only on a laminated disk
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has been renoved by using solvent. In the figure, if the alum i
swol I en portionis 1.3 ] Lmwde and 0.20 g]thick, t he angun?ug}fllm
increased alumnumin that portionis 1.3 x (0.20 - 0.05) = 0.195 n2. The
anount of alum numoriginally deposited in a half portion (5 m of the
| aser exposed region (10 jim was 5 x 0.05 = 0.250 nR. The difference is
cal cul at ed8e& OF2pfre 10.19% sclen@sbe dagram basess OBfal ength, this is

equi valent to 0.055/0.05 = 1. 1 m This means that an al um num | ayer of
0. 05¢ ﬂlthbb&ﬂ®&$i@mdhkomgnnl9ng$mi$@hmiﬁbﬂﬁrahdﬂﬁﬁ@$%ﬂﬁre it can be
safely said that alnost all alum numwas drawn to the film swol I'en

portion. Thypy) theliasutingdh thessasatyionsodftheheonrkeftestdval so verifies t
expl anati on about the above- descri bed characteristigwghenonenon. (L?Svehe

will next deal; w thridieb§agR above Sha@ erphmitng poptessal di sk (an opt
| Xt _ ; opti cal
di sk conprising a single disk). An experinent was conducted b§ appring

| aser pul szﬁgﬁiﬁkggs}fj%gg%ﬁ\ggg iR adie Q98 1dylegkoRlths diwh refl ective film

formed on d disk, of which result is shown in Figure

8(b). As sho in the figure,. . i residues -29 were observ
( ( ) ed, and
since t hesd§] rhﬁﬁ@?@@lﬁ%§§1§gﬁggogg%production noi se, it can be seen

that the single-plate ty S npt .syjt Wi
opti cal diskq“iH&b?ﬁ%ﬂ?%n?ﬁfﬂvh?gwugﬂhf@ﬁhggﬁgpfiﬁgﬁgggﬁr%aﬁg?;%yn?g$i are

demanded. Furthernore, unlike the | am i i
and 0.20 pm thick, the amount opegﬂggeégé%kalﬁﬂ}nhgeﬁn that

portion is 1.3 x (0.20 - 0.05) = 0.195 pm°. The amount of
aluminum originally deposited in a half portion'(S pm) of
the laser exposed region (10 pm) was 5 x 0.05 = 0.250 pm’.
The difference is calculated as 0.250 — 0.195 = 0.055 pm’.
In terms of length, this is equivalent to 0.055/0.05 = 1.1
um. This means that an aluminum layer of 0.05um
thickness and 1.1um length remained, and therefore, it can be
safely said that almost all aluminum was drawn to the film
swollen portion. Thus, the result of the analysis of the
figure also verifies the explanation about the above-
described'characteristic phenomenon.

(b) We will next deal with the case of a single-plate
optical disk (an optical disk comprising a single disk).
An experiment was conducted by applying laser pulses of the
same power to a 0.05um thick aluminum reflective film
formed on a single-sided molded disk, of which result is shown

in Figure 8(b). As shown in the figure, aluminum residues
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case of the single-plate disk, the protective |ayer 862 is inevitably
damaged, as shown in Figure 10(b), when the nonreflective portion is
subjected to laser trimm ng. The degree of danage depends on the |aser
power, but the damage cannot be avoided even if the | aser power is
controlled accurately. Moreover, according to our experinent, the printed
| ayer 805 wé&y BBPebiedscambinee these alonnuthrekinies @fusa f ew hundr ed

m crons on the protective |ayer 862 was danaged when its thermnal

absor pt ance.yWagubt fh nbisd,hetcasebefsdehetisitnghe-sipedt-elditek, to address the
probl em of protective Iayer damage, either the protective | ayer ‘has to be

applied onge. . agaj %rulw'@lel 25F seebhidARer&drding Rdubpt ival péiskor med bef ore
deposi ting ?Iﬁe protective ayer In any case, the singl e_pdgl ate type may

present a problem.in t e es 2%0f Gale i ncorporated in
t he pressi ﬁag‘b’iﬂ@éé%% ° Tﬁltllc ftagg] Pﬁeﬁggpﬁ(g%tlﬁvnréofot hgmm ngl e- BI ate disk

desplte its usefuln A co S0 di sk
| am nat ed @8 d%‘g FH&:@%"F rrggglk @}ﬁ‘gs)ﬁtﬁg@g&eﬁ) Pgal@;/er%a{f}gem In:lt egngl sk

as an exanpl e. As IS app re t fr th above i ol t he sane
effect as ©B5aidHedhqi HiReLs ‘f’% 8’1e| Qﬁ?Wa? % cfgjtr% e’ obtai ned with
the single-layer |am nat ed d| sk. ng, Figu 12 12(b), etc., a
further desxemmhlanda/malgﬁd,beasgﬁb@ﬁl éiéé%lgﬁﬁe ()[(g) H’é‘ é e | ayer | ami nat ed

di sk type. As shown in Figure 12(a), the reflective layer 802
nonreflective portion is subJected to laser trimming. The degree

of damage depends on the laser power, but the damage cannot be
avoided even if the laser power is controlled accurately.
Moreover, according to our experiment, the printed layer 805
formed by screen printing to a thickness of a few hundred
microns on the protective layer 862 was damaged when its
thermal absorptance was high. In the case of the single-
plate disk, to address the problem of protective layer
damaée, either the protective layer has to be applied once
again or the laser cut operation should be performed before
depositing the pfotective layer. In any case, the single-
plate type may present a problem in that the laser cut
process has to be incorporated in the pressing process.
This limits the application of the single-plate disk despite
its usefulness.

(¢) A comparison between single-plate disk and
1aminated disk has been described above, using a two-layer

laminated disk as an example. As is apparent from the above
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has the transparent substrate 801 of polycarbonate on one side, and the
har dened adhesi ve | ayer 804 and a substrate on the other side, the
reflective |ayer 802 thus being hernetically sealed therebetween. In this
condition, pulsed laser light is focused thereon for heating; in the case
of our experinent, heat of 5 u J/Pulse is applied to a circular spot of

10 to 20 m ﬁfﬁ%ﬁ&t QRet el 6ftcREt Ay @bltayed 80th thertw—dhpert period of 70
ns. As a resu the tenperature instantly rises to 600C, the nelting

poi nt, el tlaHﬂlals)ute?t&élé%labléssgtalﬁ)édhﬁ%‘h thanrshgle-laysmal | portion of the

transparent rate near the spot is nelted, and also a portion of

t he adhesi ve lrg%tgd 804 i SU{E%lg ué‘ggelg(wlaoteffg@ undgaum 4 Furthdss state is

caused by t 8% on ng boundari es 821a and 821b, with
t ensi on beln plied.to baot.h si 1eui Af4ps 822a and 822b
of hardene@egFﬁﬁﬁﬁBﬂtléé g%éﬂﬁeﬁ(ﬂ%§1W%QH§g€ngkgﬁ% ndﬁ#éflectlve portion
584 free from al uni numresidu s thus.for Th| S t g@gly
defi ned ndﬁmemat@étﬂtﬁgg BHPE-i 0385%@“’86111“ gB’b‘tng?rﬁ 24 t;ctﬁellgb?eﬁ?cﬁr‘%mln%ﬁégj -

the | am nated di sk as shown in Figures 10(a) and 12(a). Exposure of the
reflective layer to the outside environnment due to a damaged protective

| ayer, which was the case with the single-plate type, was not observed
even when tHae tbsenapmMHBHMHsﬁEhta@agﬁh<ﬁbP@1W%%hm¥ﬁetPﬁes t he opti mum

value. After the laser trimmng, the nonreflective | ayer 584 has
one side, and the hardened adhesive layer 804 and a substrate on

the other side, the reflective layer 802 thus being hermetically
sealed therebetween. In this condition, pulsed laser light
is focused thereon for heating; in the case of our
experiment, heat of 5 wJ/pulse is applied to a circular

spot of 10 to 20 pum diameter on the reflective layer 802

for a short period of 70 ns. As a result, the temperature
instantly rises to 600°C, the melting point, melting state is
caused. By heat transfer, a small portion of the transparent
substrate 801 near the spot is melted, and also a portion of
the adhesive layer 804 is melted. The molted aluminum in
this state is caused by surface tension to build

up along boundaries 82la and 821b, with tension being
applied to both sides, thus forming buildups 822a and 822b
of hardened aluminum, as shown in Figure 12(b). The
ﬁonreflective portion 584 free from aluminum residues is
thus formed. This shows that a clearly defined

nonreflective portion 584 can be obtained by laser—trimming
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the structure shown in Figure 12(b) where it is sandw

ched between the two
transparent substrates 801, 803 and sealed wth the adhesive |ayer 804
agai nst the outside environnent, thus producing the effect. of protecting
the structure fromenvironnental effects. (d) Another benefit of

| am nating two di sks together w |l be described next

recording ihe Masénated thsk fasr shavh an Beguoere, 104w iamﬂeb?aqa\)mngzu? ng E(rjg{ycan
expose the alum numlayer by renoving the protective |ayer in the case of
a S'!TQ!GTIJEﬁ%éédibSBf the péflentive Fager ¢olfidputJhiesenyirpssent se to a
possibility that nonecrypted data may be tanpered with by redepositing an

al uni num | ayer; Oueaddied PAEEERPEFdgNwIthawhediei omtee witlskKhand
. th
| aser-trimmng a g”%?%réﬁﬁfbarcode.ﬁFor exanple?]if the ID nunger ign

recorded in.plAaint S r I i i r i th
a S|ngle-pﬁégéﬁﬁﬁgg§%ﬁgﬁg’gggsﬁﬁfé%§%§é§¢%gﬁiﬁgéhﬁggnﬁﬁﬁg},Ignablsngase °

illegal use of the software by using ALff.erepnt: passyor Howe i
secondary PO¥BF diaﬁgl?‘fsreaﬁﬁ@é"o%ﬁ ﬁ?@ F@rﬁlﬂg%e ed?é&lmgzl ‘g%%n in F;/Slrj’relf the
10(a), it is -32 difficult to separate t | am nat ed ?%fﬁminto two sides.

e

In  additiditenide tesmviREEAS siigenPEh thHe V6t ST 3

_ _ _ al um num
reflective filmis partially destroyed, Wien the .anti-pira Ki i
dest royed, thieestiiusitung [shope ijmgéél&ea§2(®ei”ﬁ@rea 15 ’r%tséad‘g]ic.l?ﬁgéngn\r/vi : Ingni)tS

run. Accordingly, when nmeking illegal alterations to the |gmn i
the yield between the two transparent substrates 801, 803 and <oaled ated di sk,

with the adhesive layer 804 against the outside
environment, thus producing the effect. of protecting the
struéture from environmental effects.

(d) Another benefit of laminating two disks together
will be described next. When secondary recording is made in
the form of a barcodé, an illegal manufacturer can expose
the aluminum layer by removing the protective layer in the
case of a single-plate disk, as shown in Figure 10(b). This
gives rise to a possibility that nonecrypted data may be
tampered with by redepositing an aluminum layer over the
barcode portion on a legitimate disk and then laser—-trimming
a different barcode. For example, if the ID number is
recorded in plaintext or separately:from main ciphertext, in
the case of a single-plate disk it is possible to alter the
ID number, enabling illegal use of the software by using a
different password. However, if the secondary recording is

made on the laminated disk as shown in Figure 10(a), it is
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is lowand thus illegal alterations are suppressed for 1
Particularly, in the case of the two- IayePpIaninated digﬁ?ngrhgerfﬁzons.
pol ycarbonate material has tenperature/hunidity expansion coefficients, it
is nearly inpossible to lamnate the two disks, once separated, by ’
aligning the anti-piracy narkings on the first and second | ye}s wi th an
accuracy ofli fifoedt nficcisepanatanthe daminaded piighuért Qit¥R SRRy Ir?’t he two- | ayer
type provides a greater effectiveness in piracy preventioni It was thus
found that addi loaarwhendeéiovddg sdriet sbde £romrthef P8 vEheorti on 584 can be
obtained by |aser-trinmmng the | am nated di sk 800. The technique for

form ng theg)penf&f Fedlcy evort 1gais i i ' '
paetikil by destrowd. habhdpedhe descri bed
(a) to (d) above. (C Next, the process of reading the position of thlen

t hus forned r ki Wik s .de ; hguTieklpi i1 I
\ ) a
0 low et Ael T e R e, b Getett ing theo o™

nonr 1] o Db ERlTRL DR B, Bhonacteklids, encent of rcul .

cturing process. Figure 16 is a - 33 diagram

illustrati th i ncj ' bld
et |'oct | vi Ttk (HBAFS] BAFCEAIOEn ien b dr R e R o ng

description deals with the operatin rinci i i
] N . pl e _when ;a ad oper at
per f or med o éov)cﬁlilldeﬂlﬂéctlllngago?ﬁe&ﬁ%f&%ﬂe ogrltlpgﬁest?ﬁtdi géﬁe di gk 20:12& IucS:t ed

froma single disk. It will be recognized
economic reasons. Particularly, in the case of the two-

layer laminated disk, since the polycarbonate material has
temperature/humidity expansion coefficients, it is nearly
impossible to laminate the two disks, once separated, by
aligning the anti-piracy markings on the first and second
layers with an accuracy of a few microns, and to mass
produce disks. Thus, the two—layer type provides a greater
effectiveness in piracy prevention. It was thus found that
a clearly defined slit of a nonreflective portion 584 can be
obtained by laser—trimming the laminated disk 800.
The technique for forming the nonreflective optical
marking portion has been described in (a) to (d) above.
(C) Next, the process of reading the position of the
thus formed marking will be described.
Figure 15 is a block diagram showing a low reflectivity
light amount detector 586 for detecting the nonreflective
- optical marking portion, along with its adjacent circuitry,

in an optical disk manufacturing process. Figure 16 is a
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that the sanme operating principle also applies to an optical disk
constructed fromtwo disks |am nated together. As shown in Figure 15, the
disk 800 is |oaded into a marking reading apparatus equipped with a | ow
reflectivity position detector 600 to read the marking, and in this case,
since a signal waveform 823 due to the presence and absence of pits and a
si gnal wavdfiagrang24lunieat ing hhe mrdseheke of datectinenrefl ective portion 584
are significantly different in signal level, as shown in the waveform

di agr am of addgers?cB¢ed posttiopnscei the bdweaeflecdisiiyngorsivad usi ng a sinple
circuit. Figure 9(a) is a diagramshowi ng the waveformof a playback

signal fromoa Rfphedi&ite OESGDNRGL ibA] efhe €ONIoHNE Msct g ivanref | ective
portion 584 formed by laser light. Figure 9(b) is a diagram show ng the

wavef or m ofyeFi 94i€h HiR) ofttat ik tiridcHhfd Ghemta bha® op¥tstioRyig enoving the
reflective filmby laser |ight, as escri bed above, a waveformeasily

di st i ngui s Babk &-/ohOBR L abnr dFlcBt Al pSLORA! rdshefblAiAeg: Bag her than for i ng

an anti- piracy | Ication mark by renoving the r ective film-34 by

changi no ¢ HEsEreaBE TEre o LR et alb ARG el 1 T oo
the ant i - pithBEyIeqBi PPELTTioR WP TG Hof fEBLEY® HacPRG A Eel | onger than.
other data driisﬂsco%gtigcetergagoemr t\?/ci) Sdki'sk!stla?neilplapeed §tggeenthferr?m the
As shown in Figure 15, the disk 800 is loaded into a
marking reading apparatus equipped with a low reflectivity
position detector 600 to read the marking, and in this case,
since a signal waveform 823 due to the presence and absence
of pits and a signal waveform 824 dﬁe to the presence of the
nonreflective portion 584 are significantly different in
signal level, as shown in the waveform diagram of Figure 9(a),
they can be clearly distinguished using a simple circuit.
Figure 9(a) is a diagram showing the waveform of a
playback signal from a PCA area, described later, containing
the nonreflective portion 584 formed by laser light. Figure
9(b) is a diagram showing the waveform of Figure 9(a) but
with a different time axis.
By removing the refiective film by laser light, as
described above, a waveform easily distinguishable from that

of a pit signal is obtained. Rather than forming an anti-

piracy identification mark by removing the reflective film
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di agram that the waveform 824p of the anti-piracy identification mark is
di stingui shable fromthe waveformof other pit data. In this way, a
waveformsimlar to that obtained fromthe PCA area described | ater can be
obtained by formng |longer pits on the master disk; in this case,

however, the waveformis a little difficult to distinguish as conpared to
t he wavef obyslaskeowhi ght, pas tdes¢mibednabovie) tfe aktigiiea®y mByk reayovi ng t he
reflective filmby laser light, as described above, a waveformeasily

di sti ngui shabformtd dim tchatgingf tlee Bhapsiofnplts snotleamasthr Raglher than form ng
the barcode of the invention by renoving the reflective filmby- |aser

light, as ggsehichRd amyeoe dBScaBe g oSt orRY mguf@rsmw sHWsctiangi ng the shape

of pits on the master disk. This naster disk nmethod will be described

bel ow. Fi 9H5$e1§>%ﬂl)ofsa ﬁJa@E (f%\é’lsxh%‘ﬁ' dnRpLdilygey of a master disk

wherein pits ed tracks on t he master di sk are made

| onger than ttt@%?% 2 B%Itksgsgdfo%%gtqﬁqﬁgk %g 183 é:rocég nbar widtht (=

10 gm. Slﬁ IVI ps i ea, a waveform
824 p as shown in F IS ai ne n be seen fromthe diagram
that the wAYR§Todata 16 ‘I’J}/(T'ﬁi‘ff"ne“’arﬁiElfe‘is s&hsﬁ“nﬁ?ﬁglf SEeNiLPP Wi shabl e from
the wavefaormof other pit data. In this way, .a waveformsimlar to that
obt ai ned f &84 tiata the ot vaEart i834p 9iathy a04A Bigachbt ai ned by the st er
di sk nethod; in this case, however,

identification mark is d13t1ngu1shab1e from the waveform of

other pit data. In this way, a waveform similar to that
obtained from the PCA area described later can be obtained
by forming longer pits on the master disk; in this case,
however, the waveform is a little difficult to distinguish
as compared to the waveforms shown in parts (a) and (b) of
Figure 9.

By removing the reflective film by laser light, as
described above, a waveform easily distinguishable_from that
of a pit signal is obtained. Rather than forming the
barcode of the invention by removing the reflective film by
laser light, as described above, the barcode may be formed
by changing the shape of pits on the master disk. This
master disk method will be described below. Figure 9(d) is
a plan viéw showing a portion of a master disk wherein pits
824q in a few hundred tracks on the master disk are made
longer than other data pits and made equal to the barcode

bar width t (= 10 um). Since reflectivity drops in this
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the waveformis a little difficult to distinguish as conpared to the
wavefornms shown in parts (a) and (b) of Figure 9. As shown in Figure
16(1), the start and end positions of the nonreflective portion 564 having
t he above waveform can be easily detected by the low reflectivity |ight
amount detector 586 shown in the bl ock diagram of Figure 15. Using the

r epr oduced] ehgeekb i givah, as wahefaraf 824 mcas sshgwalin Fhggie 92?1) il¥f ormation is
obtained in a lowreflectivity position information output section 596.
Figure 16( ihtSiews R eawds- seat foomlthei éimgrhmt thatophé savetirdk. As shown in
Figure 15, a conparator 587 in the low reflectivity |light anmount detector

586 det ect §2iheyl oNe ma8lée@ikkinathbd gy dpstinigoishapldefmot tig an anal og
| ight reproduced signal having a |lower signal level than a |ight anount

reference yal 8 ' t gt Aet egtihes (i @dyavaforwwimefdrectivity
portion def”gg‘%fogﬁ] QTTC gﬂ%for@tt Egt wavef or m ‘?ﬁ’gv\n in Figure 16(5) is output.

The addr esqes N obLAT AN LhOMENChedd e Shabka pasLEi o sad end posi {1 on

of this e measure e reproduced light signal is waveshaped

by a waveform . shaping circuit ;590 having. OapfeQerconversion into
a digital $PgaHed &Y ¢ cwa§t§§e%sr%‘af“8ﬁm§gall?e%@%?%t%ésh%ﬁe c¢Fock signal from

demodul ot ednenenagAmI 15 Antt trhceea edtt to drstifigEgBaul aling section 59T

compared to the waveforms shown in parts (a) and (b) of
Figure 9.

As shown in Figure 16(1), the start and end positions
of the nonreflective portion 564 having the above waveform
can be easily detected by the low reflectivity light amount
detector 586 shown in the block diagram of Figure 15. Using
the reproduced clock signal as the reference signal,
position information is obtained in a low reflectivity
position information output section 596. Figure 16(1) shows
a cross-sectional view of the optical disk.

As shown in Figure 15, a comparator 587 in the low
reflectivity light amount detector 586 detects the low
reflectivity light portion by detecting an analog light
reproduced signal having a lower signal level than a light
amount reference vaiue 588. During the detection period, a
low reflectivity portion detection signal of the waveform
shown in Figure 16(5) is output. The addresses and clock

~ positions of the start position and end position of this
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corrects errors and outputs a digital signal. The EFM denodul ated signal is
also fed to a physical address output section 593 where an address of MSF
fromQbits of a subcode in the case of a CD, is output froman address ’
outpﬁt section 594 ?nd a synchroni zing signal, such as a franme

synchroni zing signal, is output froma synchronizin signal output secti
595. Fron1sha@dlmukmeeganérator 38a, a denndulatedgclocg i's outBut. I n aOn
low reflectivity portion address/clock signal position signal output
section 596, aThewdpebllendd Vight spenali 08 wavashdpeddbpaswavelPrdet ect or 599
accurately measures the start posistion and end position of the l'ow

reflectivi b AQEt & Bbui$8BHOKawighan AGO( 590, fordroeasexritopuintoect i on 597 and
an address signal as well as a clock counter 598 and a synchroni zing cl ock

signal or hhﬁiv%g‘%g?dé’i'g%ﬁq Ql etdck FhisnerdBsha8awddenbeatdesari bed in detail
by using the veform diagrans shown in Figure 16. As shown in the cross-

sectional view of theoptigcal di |y Eis 1 i Vi
or 1 on 53411k e nghy 1 AlesEendl ST R B AR e B n cel op

signal such_as. sho in. Figure 16(3 1,S. OL Sl I I
reflecti ve58gr1ﬂ Sng\%@df*ba%%\ﬁe?e“ttﬁgﬁ %%edfﬂlnog lgg‘%rsm}htgesfgg g’fea#gggl\?aﬁcggoggghe

This is detected by the light |evel  ca rator, 58 a lowreflectivit
| i ght det ecpreaetsspiids, a @Ht@étssﬁowglir{g?ﬁléﬂ?g 1&%%_3 output fromt hey

demodulated signal is also fed to a physical address output
section 593 where an address of MSF, from Q bits of a
subcode in the case of a CD, is output from an address
output section 594 and a synchronizing signal, such as a
frame synchronizing signal, is output from a synchronizing
signal output section 595. From the clock regenerator 38a,
a demodulated clock is output.

In a low reflectivity portion address/clock signal
position signal output section 596, a low reflectivity
portion start/end position detector 599 accurately measures
the start posistion and end position of the low reflectivity portion
584 by using an (n-1) address outpﬁt section 597 and an
address signal as well as a clock counter 598 and a
synchronizing clock signal or the demodulated clock. This
method will be described in detail by using the waveform
diagrams shown in Figure 16. As shown in the cross-
sectional view of the optical disk in Figure 16(1), the low

reflectivity portion 584 of mark number 1 is formed partially.
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low reflectivity |ight anobunt detector 586. As shown by a reproduced
digital signal in Figure 16(4), no digital signal is output fromthe mark
region since it does not have a reflective |ayer. Next, to obtain the
start and end positions of the low reflectivity |light detection signal,
-the denodul ated cl ock or synchronizing clock showmn in Figure 16(6) is used

al ong witf ,addeesioni 86peBsigal fidhshs showefar Ggerecl ock 605 at address n
in Figure 16(7) iIs nmeasured. Wen the address immediately preceding the

address n i@ggggﬁgkgggpa_kng {itnd) 18ddrasH owd put section 597, it is found

t hat the nex 4°is a sync at address n. The nunber of clocks from

the synch 604 EPW%Esrfgﬁfgggﬁglg&gp%hggﬁjfm@%%n;gﬁmkﬂe start position of

Countor 590, e o cekcgunt 1S Gy pdiak oyt i, b oy 1 ma. 1D

s et o el iy 81U P A IR et o G0n 1o

ngﬁégtgz gﬁg?ﬁ?&?;géégﬁﬁg,amﬁﬂbf?%@%ﬁéviﬂhglgﬂéﬁké?%?gﬁce delay tinme TD
A R A 0 TR 0 o e U O SR

effect is that the start clock count for the low reflectivit ortion can
be neasur éow aeflectialiyy i §ightpmmeynt tdedac bppRPht udsoFhQnny éraen%/ P

reproduced digital signal in Figure 16(4), no digital signal
is output from the mark region since it does not have a
reflective layer.

Next, to obtain the start and end positions of the low
reflectivity light detection signal, the demoduléted clock
or synchronizing clock shown in Figure 16(6) is used along
with address information. First, a reference clock 605 at
address n in Figure 16(7) is measured. When the address
immediately preceding the address n is detected by the (n-1)
address output section 597, it is found that the next sync
604 is a sync at address n. The number of clocks from the
synch 604 to the reference clock 605, which is the start
position of the low reflectivity 1ight detection signal, is
counted by the clock counter 598. This clock count is
defined as a reference delay time TD which is measured by a
reference delay time TD measuring section 608 for stbrage
therein.

The circuit delay time varies with reproduction
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designs are used for reading. Next, by finding the clock count and the
start and end addresses for the optical mark No. 1 in the next track,
clock mt14 at address n+12 is obtained, as shown in Figure 16(8). Since TD
= m+ 2, the clock count is . corrected to 12, but for convenience of

expl anation, n+l14 is wused. W w || describe another nethod, which

el i m nat esaphif-at8E flredsf@f readitighowidielhayedrismesamithbordfelranéang to obtain the
reference delay tinme TD in the reproduction apparatus used for reading.

Thi's net h\?ﬁgfﬂg t§hecrp V@Ffé&eﬂeﬁé?ﬂiﬂ%% kBe depkdlidtipmtmppdistusor not by

checki ng r the positional relationship of mark 1 at address n in

Fi gure 16( el afi 0 ) D |
ofo o asthgf vl iforh UL ML SIPLENSE Sbppter TR 501G

TD, of mark 1 .neasured and.t.he positj,on = 1D, 2 neasured -
i s obtai nea?pmscﬁl']‘es Corietigl ,ﬂ?‘%- Qf geétflﬁp@ée{fe{? %ﬁghggﬂbgti me, it is

checked whether this difference matches fhe.difference, - a2, bet
the posi trg%rtaICHB‘Fk t%@n{d yglﬁ%(}oﬁfﬁ fcghvdt?'h%or 68f’t(ia(51n%i nf gr mat ieo\r/]vegg

of the mark 2, thereby judgi.ng whether the -39 disk is | egitimate disk or
not. The efPasyreds agtHratemt Hbdrenredugiion: pRPII8EYE iogn 1%@56 checked after
conpensating for variations of the reference delay time TD by using a
sinpler cdesignsuaremsedDjorNexedinghe Naxdr yb ddndHitothatdlonk idutng process
wi |l be described. The position information read in the

and the start and end addresses for the optical mark No. 1 in the

next track, clock m+l4 at address nt+l2 is obtained, as shown
in Figure 16(8). Since TD = m + 2, the clock count is
corrected to 12, but for convenience of explanation, n+l4 is
used. We will describe another method, which eliminates the
effects of varying delay times without having to obtain the
reference delay time TD in the reproduction apparatus used
for reading. This method can check whether the disk is a
legitimate disk or not by checking whether the positional
relationship of mark 1 at address n in Figure 16(8) relative
to another mark 2 matches or not. That is, TD is ignored as
a variable, and the difference between the position, Al = al
+ TD, of mark 1 measured and the position, A2 = a2 + TD, of
mark 2 measured is dbtained, which is given as Al — A2 = al
— a2. At the same time, it is checked whether this
difference matches the difference, al — a2, between the
position al of the decrypted mark 1 and the position

information a2 of the mark 2, thereby judging whether the
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process (C) is first converted into ciphertext or "signed" wth a digital
signature. Then, the marking position -information thus encrypted or signed
is converted into a barcode as an ID unique to the optical disk, and the
barcode is recorded in overwiting fashion in a prescribed region of a
pre-pit area on the optical disk. Barcode patterns 584c - 584e in Figure

- 2(a) indicaigk tibea Hagioieter diskenr trmtt heThepeffanti bédthisghethodf the pre-pit
area, that is, inthe innernost portion of the pre-pit area. Parts (1) to

(5) of Fi gugethatStiawpbhEet iphecess bérdmackbé after arotipagsatfing herbar code to the
denodul ati on of the barcode detection signal by a PE-RZ nodul ated signa

demodul at o,y tRoR@r {He refefdmdyr @Ry the Tfbeakivg d aymilers trimed by
a pulsed laser, and a barcode-like trinmm ng pattern, such as shown in part

(2) of the fh%ﬂ&ﬁthgs formed. At the playback apparatus (player), an

envel ope waVEt or m €dire portions of which are mssing, as shown in part (3)

of the figure, 4 oht aj,ned. Th 1 SSd rtj LN the generation
of a Iom/{eveﬁbzi P pﬁ%@“ﬁgﬁﬁgpl%@%ﬁgaﬁﬁphkgﬂépgﬁgﬁkég%erated - 40 from
an ordinary pjt. Therefore, this signal s sliced by a ,second slice |eve
conparatorwﬂg1$ﬁt PIFT4PP MFFE?HEEﬂFgFlﬁn%%HV%?Q%Iﬁéﬁeglﬁgﬁ signal as shown
in part (4) of the figure. In part (5) of the figure, the playback signal
of the baptoerssi §Cddfobiinsdt eonvardad tiite ¢iRerbetteOFi iliBPehorti on
detection signal by the PE-RZ nodul ated signal denodul at or

with a digital signature. Then, the marking position

information thus encrypted or signed is converted into a
barcode as an ID unique to the optical disk, and the barcode
is recorded in overwriting fashion in a prescribed region of
a pre-pit area on the optical disk. Barcode patterns 584c -
584e in Figure 2(a) indicate the barcode written to the
prescribed region of the pre-pit area, that is, in the
innermost portion of the pre-pit area.

Parts (1) to (5) of Figure 3 show the process from the
recording of the barcode to the demodulation of the barcode
detection signal by a PE—RZ.moduiated signal demodulator.

In part (1) of Figure 3, the reflective layer is trimmed by
a pulsed laser, and a barcode-like trimming pattern, such as
shown in part (2) of the figure, is formed. At the playback
apparatus (player), an envelope waveform some portions of
which are missing, as shown in part (3) of the figure, is
obtained. The missing portions result in the generation of

a low level signal that cannot occur with a signal generated
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621 which will be described in detail in the second-half part (11). It
w Il be appreciated that, instead of the PE- RZ nodul ated si gnal
denodul ator 621, a pul se-wi dth nodul ated signal denodul ator (PW
denodul ator) may be used, in which case also, a simlar effect can be

obt ai ned. Wen appl yi ng the above encryption, or .digital ign

secret keyfufm anmmimarské)}tencTWp@me,? sbEnalsi sﬁgpe@"gﬁagg;ﬁblg of
the encryption, Figures 18A and 18B show an encryption process using an
RSA funct i secondsssitewheiel Epuparetdr goAobtia privesef eshdv s of the

foll owi ng major routines: step 735a where marking position information is
measur ed apofienofétieeaionlisiknaiker shawnepn 605t (Heoé thee fpeisieri on
information is encrypted (or a digital signature is appended), step 698

where the pRsititoqs) ioff odTat p@re, | shélgnbypdckds{gialt be tdiegnature is verified
or authenticated) in the reproduction apparatus, and step 735w where a

check i's MREd F8RRBYIE: Lo ChR thIe 16k slerscelvikpgidrivial e optical disk

or not. Fir i'n step a, the marking position information -41 on the

optical di ﬁléhécgﬂgga%gg i zéﬁ% ﬁéﬁ—ﬁ?%duﬁ&d@%?&ﬁaﬁoHeméd?lflﬁf@iati on is then

gg[rgir ﬁzze?n : a t S conpressed position information His
osi t1on | BAT OG0T G 1P esGRi e b teml Pt ChF resBs RO a secret ey
d, of 512 or 1024 bits, and secret keys and f. ’ ’
part (IT). Tt will be apprec1a%%d’tﬁgt, ndiead of the PE-
RZ modulated signal demodulator 621, a pulse-width modulated
signal demodulator (PWM demodulator) may be used, in which
case also, a similar effect can be obtained.
When applying the above encryption or digital
signature, a secret key of a public key encryption function_
is used. As an example of the encryption, Figures 18A and 18B
show an encryption process using an RSA function.
As shown in Figure 1 8 A, the process consists of the
"following major routines: step 735a where marking position
information is measured at the optical disk maker, step 695
where the position information is encrypted (or a digital
signature is appended), step 698 where the position
information is decrypted (or the signature is verified or
authenticated) in the reproduction apparatus, and step 735w
where a check is made to determine whether the disk is a

legitimate optical disk or not.

First, in step 73ba, the marking position information
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256 or 512 bits, are set, and in step 695b, encryption is erfor i

an RSA function. Wen the position information ﬁpis denoteg by Nreglyzlng
raised to d-th power and nod n is calculated to yield ciphertext C. In
step 695d, the ciphertext Cis recorded on the optical disk. The optical
disk is thus conpleted and is shipped (step 735k). _In the reproduction
appar at us, or frheopritiical diskkis qeapweadedn i stept E3pb735Me RABLEIRE ci phertext C
is decrypted in step 698. Mre specifically, the ciphertext Cis recovered
in step 698gforantidulki theheysmpressetl in, stape78%d, iandsthep 698f; then in step
b, to decrypt the ciphertext C, the ciphertext Cis raised to e-th power
and the nogyihrekséd@osieionl infermaal uHai edbtaimdt annsteipalsficext M The
plaintext M is the conpressed position information H An error check nmay

be performed ifj, stan 6989.thkfciiMetidar 8f iHe compieeke@dositiin no al teration
»2 th _ S
have been made to ?ﬁ% p05|t|oﬁﬁ%|nfornation, and the g}ocess proceeds to

the disk cheek, tout ine. 735w Shawn | FiELQULS d1db Bos) fa dacsy or i s

gg;?g:?gh ?E(:?Ep eCId?ﬁ g e ? gaéa I's not legitinmate one, and the -42
ek o P R
:ﬁ?gﬁﬁgt:g§§ﬁ?ﬁbéi t9ids o e Rk éﬁﬁiEhﬁ%a?éﬁﬁﬁhdﬁgg§€§“%65¥he posi tion Y

performed using an RSA function. When the position

information H is denoted by M, M is raised to d-th power and

mod n is calculated to yield ciphertext C. In step 695d,

the ciphertext C is recorded on the optical disk. The

optical disk is thus completed and is shipped (step 735k).

In the reproduction apparatus, the thical disk is

loaded in step 735m, and the ciphertext C is decrypted in

step 698. More specifically, the ciphertext C is recovered

in step 698e, and public keys, e and n, are set in step

698f; then in step b, to decrypt the ciphertext C, the

ciphertext C is raised to e—th power and the mod n of the

result is calculated to obtain plaintext M. The plaintext M

is the ¢ompressed position information H. An error check

may be performed in step 698g. If no errors, it is decided

that no alterations have been made to the position

information, and the process proceeds to the disk check

routine 735w shown in Figure 1 8 B. If an error is detected,

it is decided that the data is not legitimate one, and the
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step 736d, it is checked whether the difference between th

position information and the actually nmeasured position iﬁfo?ﬁggyg;e?alls
within a tolerance. If the check is OKin step 736e, the process proceeds
to step 736h to output software or data or execute progranms stored on the
optical disk. If the check result is outside the tolerance, that is, if
the two pi gg@stdbn pasistompedi nformati on do not agree, a display is p}oduced
to the effect that the optical disk is an illegally duplicated one, and

the operation ifg ti5d QRREGteR 36 TREGomRSAskdspddiei i
( _ _ spasheiedf f ect of reducin
required capacity since only the ciphertext need be recorded. (E)Theg

processi ng; kSRS ¢ Mh e s 0Blpasaéd Foskedvrauf @t b i gigal psaxiessn have been
descri bed above. k@it, the constitution and operation of a reproduction

apparatus (phayer)ofor 1h el 0ugN0nodiichbis GoETAELech eptikal di sk on a

pl ayer will escrib h reference to Figure 44. In the fi

. ) . ) . gure, the
constructio f an optical dis i - £ i
9103 is fowﬁéﬁughtgeenglv%gﬁ K aﬁﬁgykaEE?@Qndﬂ%begﬁguﬁﬂ6§t- A mar ki ng

) ; edtive ayer (not shown) deposited on the
b L
e ot oot o oSl O VoS NSRS 2R ImAL PR L gl 267 ot on and

decrypted position information and the actually measured
position information falls within a tolerance. If the check

. is OK in step 736e, the process proceeds to step 736h to
output software or data or execute programs stored on the
optical disk. If the check result is outside the tolerance,
that is, if the two pieces of position information do not
agree, a display is produced to the effect that the optical
disk is an illegally duplicated one, and the operation is
stopped in step 736g. RSA has the effect of reducing
required capacity since only the ciphertext need be
recorded.

(B) The processing steps in the optical disk manufacturing

process have been described above. Next, the constitution
and operation of a reproduction apparatus (player) for reproducing
the thus completed optical disk on a player will be
described with reference to Figure 44.

In the figure, the construction of an optical disk 9102

will be described first. A marking 9103 is formed on a
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Position information reading neans 9101 reads the barcode 9104, and
decrypting neans 9105 contained therein decrypts the contents of the
barcode for. output. Marking reading neans 9106 reads the actual position
of the marking 9103 and outputs the result. Conparing/judging nmeans 9107
conpares the decrypted result fromthe decrypting neans 9105 <contained in

the positiopriddhoiaatiyen (RAJsMHnedsosL6d onwilid obbicaleditkt of reading by
t he marki ng reaéing means 9106, and judges whether the two agree within a

pr edet ermi aggh al HAVAR fafd@NQtur e bRSs308LThelofaREDMIGK Othe Si gnal 9108

for reprodUcing e optica IS output; if they do not agree, a

repr oducti on %éggogtcn%lmg%ggggfvgu%g Het<9QHtBPHxﬁ?@ﬂﬁl(n°t shown)

control s t R85t I'on on o the optical disk in accordance with
t hese signals; when the reproductio top. signal i t,.an indication
to the effgéﬁe‘?ttlﬁétm(iq{’é’ opit égf*‘ cg‘it%ﬂ?i pgglﬂoge‘é%sl eﬁﬁpﬁt%gtaesd disk is

di spl ayed on a_ display (not shown) aa# t he reproﬂgﬁtign 1ogeration IS

st opped. | markingapesiliopetmiioraat iqn apg Wripken PBHHh PR EH & h Kt i's also

possi ble for the marking reading 44 nmeans 9106 to use the decrypted result
from the ddar yipt ifoym ofeanbarpds Wén readi ng the actual position of the
mar ki ng 9103. Nanely in this case, the marking readi ng neans 9106 checks
whet her the markdgigios iacoumdtliyn | wedi e neans HH Opordadsobheon - the opti cal
"disk indicated by the position information which is decrypted by the
decrypti ng y@asde 9105, and decrypting means 9105 contained therein

decrypts the contents of the barcode for. output. Marking

reading means 9106 reads the actual position of the marking

9103 and outputs the result. Comparing/judging means 9107

compares the decrypted result from the decrypting means 9105

contained in the position information reading means 9101

with the result of reading by the marking reading means

9106, and judges whether the two agree within a

predetermined allowable range. If they agree, a reproduction

signal 9108 for reproducing the optical disk is output; if

they dé not agree, a reproduction stop signal 9109 is output.

Control means (not showﬁ) controls the reproduction operation of

the optical disk in accordance with these signals; when the

reproduction stop signal is output, an indication to the effect

that the optical disk is an illegal duplicated disk is

displayed on a display (not shown) and the reproduction

operation is stopped. In the above operation, it will be

recognized that it is also possible for the marking reading



Thus the reproduction apparatus of the above construction can detect an
illegally duplicated optical disk and stop the reproduction operation of
the di sk, and can prevent illegal duplicates practically (I1) W finish
here the description of the first-half part (1), and now proceed to the
description of the second-half part (11). This part focuses particularly

on techni gyes.s ol 6% tddidd the PG 9PEed QbsMlt RomRhBOgbcrysethgshen bar codi ng
t he above narking position infornmation (ID information) as a disk-unique

ID. (A Feg%},;sﬁ% #hig dfe&fd'gﬁg'thgi §é‘taj%gy15c%kgtﬁ’6ﬁ%%ﬂihé MeeRifg0N10% | | be

descri bed. arco ecor de ser trimmng on the

above-described Siﬂﬁg@ighﬁ%§‘?ﬁ%kmahn%g?%%%ﬁﬁg“*%HEQ¥R% Bhecksl S destroyed,

?s_explainf Mel¥o f o i Figure erefore, after |aser
rimmng at, a press factory, t styroyed o} ect | 1. ay 862 has to be
reforgeg awh%ﬁ@r gﬁéggr HE%&FyWﬁ@ﬁgﬁﬁﬁPg %%Egé @ﬁ%bb%llgﬁégge cannot be
recorded on the optical disk at sqof tware .co or. a deal er that does
not have th%(Hééé%%éh§kéﬁﬁﬂﬁﬁﬁﬁkgy B?%HP@HP@@%%E?EHmh ¥h's that the

application of barcode recording is greatl limted. On the other hand
when t he rmaskdavgypbed byothe decrypting means 9105 - ’

Thus the reproduction apparatus of the above construction
can detect an illegally duplicated optical disk and stop the
reproduction operation of the disk, and can prevent illegal
dﬁplicates practically .

(1D

We finish here the description of the first-half part
(I), and now proceed to the description of the second-half
part (II). This part focuses particularly on techniques,
including a barcode formation method, used when barcoding
the above marking position information (ID information) as a
disk-unique ID.

(A) Features of the optical disk of the present invention
will be described.

When a barcode is recorded by laser trimming on the
above—described single-plate disk, the protective layer 862
is destroyed, as explained in connection with Figure 10(b).
Therefore, after laser trimming at a press factory, the
destroyed protective layer 862 has to be reformed at the

press factory.

_45_



informati on was recorded as a barcode by laser triming on the

| am nat ed-type di sk of the invention fornmed fromtwo

transpar ent

substrates | am nated together, it was confirmed that th i
_ , e protective |ayer
804 remai ned al nost unchanged, as already explained in connection mﬁthy

Figure 10(a). This was onfirnmed exper i ment bserying the disk

- . M d

an optical ni dhésdges of aéo@%%ﬁaﬁ%ﬁaeg?‘i 8. refctol%%(g 0211 é}éé gon-fi r med tﬁgt °

no change had occurred to the reflective filg1 in tﬂe trimed portion after
f

an envi r onoptitcall didt abfa $OTtvaner sorRany ¢%rfp

akelr Ehak

of 95% In this way, when the laser trinmng of the QL

appl i ed t ohavé aicnedcedsaislequimienss ahevExoblemegxperte

desE notd a humidity
sent. invention is
eheeP to reformthe

protective layer at the factory. This offers a great advantage in that a
barcode capabankessyldedt tn bfiburcode arcohdingpis exeatllsk at agpl ace ot her
than the press factory, for exanple, at a software conpany or a dealer.
The useful ness, of barcode recording on the |am nated-type optical disk was
thus confirmed. In this case, since the secret key information for -46

encryption t hatq]nt hEe SAHhLRATEJC OMRANYh & SRPRI M §6s Nlonbe

party outside t

delivered to a

e conpany, security increases greatly, particularly when

”eeor detl adnomanaey Ko B e eSS L on

on'to

ve-descri bed position

information. Further i ; .
the laminate -try%é &inskt QF t%%slenv%fnt?oxp\fgrméd eEn e barcode signal

transparent substrates laminated together, it was confirmed
that the protective layer 804 remained almost unchanged, as
already explained in connection with Figure 10(a). This was
confirmed by experiment by observing the disk under an
optical microscope of 800X magnification. It was also
confirmed that no change had occurred to the reflective film
in the trimmed portion after an environmental test of 96
hours at a temperature of 85°C and a humidity of 95%.

In this way, when the laser trimming of the present
invention is applied to a laminated disk such as a DVD,
there is no need to reform the protective.layer at the
factory. This offers a great advantage in that a barcode
can be recorded by trimming on the optical disk at a place
other than the press factory, for example, at a software
company or a dealer. The usefulness of barcode recording on
the laminated-type optical disk was thus confirmed.

In this case, since the secret key information for
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can be separated fromDVD pit signals by setting the triming |line wdth
at a value greater than 14T or 1.82 mcrons, as wll be described | ater
the barcode signal can be recorded in the pit recording area on the DVD i n
superinposi ng fashion. The barcode forned in this way offers the effect

that the barcode can be read by the optical pick sed t i
si gnal . Thescrybtéen tbah th@es@)ﬁtwéifﬁé‘&“ﬁg{’y g‘ﬁP9E\Meter‘f#e%Fampn;'?gg-tSgepijit sk

but also wth the previously described single-plate disk. Thus, by

appl yi ng t el baredds foparitygowtstide dthen dompasyul SRAUSALY O6F RSES met hod of the
invention to a | am nated- type disk such as a DVD, a |am nated-type optical

di sk can ppef9yistad ithhirlpevhnnt secedondarfprnaciondsuweh aft@r shipment  from
the factory. The above description has dealt mainly wth a case in which

the barcodgej s If auid Byr |R9er pitavention is arecarlahianas dwrcgge di sk of a
two-| ayer, single-sided structure (with two reflective layers fornmed on

! S0 e15i UBHvetdiRct ARr Bk iaRbh Calfodhstions the type of
di sk t hat 68rnf$s HPaybaai o?v%oth sidesﬁfﬁbnlone gide gf - 47 ¥Ee di sk

Wt hout haEhP e§§8%%[gpgﬁ§%&%9$(ﬁf§k?thsiﬂﬁeQﬁgﬂkrbémgsi@ﬂﬁp trimming is

FﬁiL?Lgﬁdover o e J anm nat ed- type optical disk that needs
b ough  héatvks FePRERevEraR DR TS HBLNaY GRS AT do of the di Sk,
Therefore, the barcode can be forned -

trimming line width at a value greater than 14T or 1.82

microﬁs, as Will be described later, the barcode signal can

be recorded in the pit recording area on the DVD in

superimposing fashion. The barcode formed in this way

offers the effect that the barcode can be read by the

optical pickup used to read the pit signal. This effect can

be obtained not only with the laminated-type disk but also

with the previously described single-plate disk.

Thus, by applying the barcode forming method and

modulation recording method of the invention to a laminated-

type disk such as a DVD, a laminated—type optical disk can

be provided that permits secondary recording after shipment

from the factory. The above description has dealt mainly

with a case in which the barcode is formed by laser trimming

on a laminated—type disk of a two—layer, single-sided

structure (with two reflective layers formed on one side).

This single-sided, two-layered optical disk is the type of

disk that permits playback of both sides from one side of
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si mul t aneously on both sides. This provides an advantage for nedia
fabrication in that the barcode can be recorded sinmultaneously on both
sides in a single step. In this case, when the optical disk is turned over
to play back the reverse side on a playback apparatus, the barcode signa
is played back in just the opposite direction,. to the direction that the
bar code si tirealdigh witbont diaving de tyxn grey dhendiS®: A method for identifying
the reverse side is therefore needed. This will_ be described in detai
later. (B) Ref®nrtheyonber hendi giierstragmirg ds pefermequOny@| | describe the
construction and operation of an optical disk barcode forn ng apparatus
for conver toutd et hdedar kamigapedityiperontital redskothatl peedsmbEF)ingnt o a bar code
as a disk- unique ID and for recording the barcode in a prescribed region
of a pre-phle@whon PAagang ddekrdrordvargeneidedthetlaser wiightal so be
described. (a) First, the optical disk barcode recording apparatus wll be

described Whtdps ehirsupRCehd awbi gifleceBie f#bhsiegeh fo2Bed Lnaowk agr am showi ng
the configuration of the barcode recording apparatus for inplenenting an

opti cal' di gky. bar eadeLRr Mgy Ry BOG bR RBAM R t he pr esent

i nventi on. ove nentioned enbodi nent, data to be barcoded is the

data of engiypliaflo¥f0S] B 1RihBIdsN FAS' b det HiORIRAtaRe But the data to
be barcode”i's hot restricted to

for media fabrication in that the barcode can be recorded

simultaneously on both sides in a single step.

In this case, when the optical disk is turned over to
play back the reverse side on a playback apparatus, the
barcode signal is played back in just the opposite direction
to the direction that the barcode signal on the front side
is pla&ed back. A method for identifying the reverse side
is therefore needed. This will be described in detail
later. |

(B) Referring now to Figures 23 to 26, etc., we will
describe the construction and operétion of an optical disk
barcode forming apparatus for converting the marking
position information (ID number) into a barcode as a disk-
unique ID and for recording the barcode in a prescribed
region of a pre-pit area. A barcode recording method, etc.
will also be described.

(a) First, the optical disk barcode recording apparatus

will be described with reference to Figure 23.
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the above embodenent. It may include, for exanple, input data and an ID
nunber issued froman |ID generator 908, as shown in Figure 23, or any
other kind of data. In Figure 23, the input data and the |ID nunber issued
fromthe I D generator 908 are conbined together in an input section 909;
in an encryption encoder 830, the conbined data  is subjected to signatu}e
or encryption Fgme 23 ReA fisgnamoshowing . thes carligysaipn aﬁdﬁlen an ECC
encoder 907, error-correction coding and interleaving are applied. The
encr ypt i onppFasies se@idihhepphayhacKopriopbowenting dpeopticadrdiskd i n det ai
later by way of exanple with reference to Figure 45. The data is then fed
Into an RZPHPGBHeaE@fmi%OmM@aem phasenbedieaitngf (1) pRE&emdul ati on to be
described later is performed. The nodul ating clock used here is created by

a clock si;gpal:;generatge $h3el feniypsdl eRbsdineht h datsotabeon pul se froma
nmotor 915 Or a rotation sensor 915a. Based on the RZ-nodul ated signal, a

90 2 3Eob 1 SRR P SETRASTVELAT P Erugns 3 el

gapgly e s o, s A ser established by a Iaser power

_ _ . ser, r em l'igh

ggkch |fhfdfﬁggﬁﬁfﬂzbgﬁﬁkéu%gﬁ%%%%ﬁEéﬁﬁ%FF&g?E H%%?SQthﬁggf%gif{vel?ifm
on e | am nate i sk 800 renpvi th flegti i i

pattern.  THbe wraver eBkeBERT oRt AEINOIC I DY GESBRCbel il BREhi I later.

and an ID number issued from an ID generator 908, as shown
in Figure 23, or any other kind of data.

In Figure 23, the input data and the ID number issued
from the ID generator 908 are combined together in an input
section 909; in an encryption encoder 830, the combined data
is subjected to signature or encryption using an RSA
function, etc. as necessary, and in an ECC encoder 907,
error—correciion coding and interleaving are applied. The
encryption process and the playback process will be
described in detail later by way of example with reference
to Figure 45.

The data is then fed into an RZ modulator 910 where
phase—encoding (PE) RZ modulation to be described later is
performed. The modulating clock used here is created by a
clock signal generator 913 in synchronism with a rotation
pulse from a motor 915 or a rotation sensor 915a.

Based on the RZ-modulated signal, a trigger pulse is

created in a laser emitting circuit 911, and is applied to a
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For encryption, a public key cipher, such as the one shown in Figure 18

is appended as a signature to the serial nunber with a secret key that ihe
software conmpany has. In this case, since no one other than the software
conpany has the secret key and therefore cannot append a |egitinate
signature to a new serial nunber, this has an enornous effect in

preventingjiddegss ARAULAGE VAGNSsEF aBtabbiwhed &y askased powstber. Since the
public key cannot be deci phered, as previously described, the security is

greatly en deirddiskoR.m agle Galet S BRISPHEVEIM i BVenladden the public
key 1is regggggd on fhe %%sk for deIivery.SThe convergigg unit 914 Pn the

optical disk barcode . formn ﬁﬁg r f : i i

?fgﬁ{{ﬁed| %?%Mﬂ;%i%ﬂ?égaéfa??. g @hg@ﬁgf%%gﬁgﬁﬁgﬁgg%gﬁ?yﬁ?bE?nén¥1LLdbe

_ e | aser nters th ver ging i : th teri

;ﬁeﬁoggﬁggéﬂtgﬁﬁﬁ E lFFﬁhY%fﬁgigﬁﬁn?%qupgﬁgh%g%#@éggﬁgp’ I?gﬁ? 3L:Qﬁ :;ght
rged in only one plang by, | i i i

ST pe. of chng, theGeRRGIVE GrIM 4114 RTSHDY LoRlsk 9h8, ' and | s T ocused

through a converging lens 919 onto the reflective fi 802 on th
. g ! E | ! , e
di sk to remover-tdoerégtioni mﬁtélodtwlilﬂeb?)aietséﬂhedAm§fert?bL &h as shO\/\/|1O=0tr1I el

{hree i {1 @bentnorint myanspibi e 1, CBpItPTs TSUGH 6 16 BBAGTANY; & di spi aced,
in Figure 18, is appended as a signature to the serial
number with a secret key that the software company has. In
this cése, since no one other than the software company has
the secret key and therefore cannot append a legitimate
signature to a new serial number, this has an enormous
effect in preventing illegal manufacturers from issuing a
serial number. Since the public key cannot be deciphered,
as previously described, the security is greatly enhanced.
Disk piracy can thus be prevented even when the public key
is recorded on the disk for delivery.

The converging unit 914 in the optical disk barcode
forming apparatus of the present embodiment will be
described below in more detail.

As shown in Figure 28(a), light emitted from the laser
912 enters the converging unit 914 where the entering light
is converted by a collimator 916 into a parallel beam of

light which is then converged in only one plane by a

cylindrical lens 917, thus producing a stripe of light.
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jitter occurs and the error rate rises. In the present invention, the
cl ock generator 913 generates a nodulating clock in synchronismwth a

rotation pulse fromthe notor

915, and supplies this nmodul ating clock to

the nodul ator 910 to ensure that each stripe 923 is recorded at a correct

position in accordance with the rotation of the notor 915,

t hat

IS, wth

the rot at i Tinisofl i glte idi bimiged.byThi matka818,hand et docussrd theghng jitter. .

Al ternatively, a laser scanning means 950, such as shown in Figure 3(1),
may be proyidgpdebyingVhéns 929 cortbi throusfhentdve aSidm 862 soatheed in a radi al
nto forma barcode. (b) Next, a barcode recording nethod, etc.,
for form ngptidaldadakdeo Usimdge tthe ablaveéndestripepabserodeAr ecor di ng

wi |l be described with reference to Figure 24 to 26. Figure 24

gl sipeoded, Wt bhdRR (£ FQEE A28 (bPalsathisy foehed.n- Lp-PRer o recor di ng)

ention and trimmng patterns formed corresponding to them

gf&@%ﬁg&%ggﬁégx%Pg?Q:%%E%?ﬁgﬁPﬂ%&nEhﬂﬂﬁhipgﬁggge format and -51

direction

appar at us,
shows sign
of the inv
Fi gure 25
trimmng p
RZ recordi
is divided
920a, a se
is "00", f

cgorrespon

to them The present invention uses

' ot Cor 1§t o them The pre: on
Wisroals pinr 5 et ott-ci FE Wi ledpf S ARHIEeRE (TS T e STt

cond tinme slot 921, a third tine sl?ﬁ_ﬁgz, ang S0 on. Vhen dat a

ditstanptys anditdeaerreragalgy rises. e presen
invéntion, the clock generator 913 generates a modulating
clock in synchronism with a rotation pulse from the motor
915, and supplies this modulating clock to the modulator 910
to ensure that each stripe 923 is recorded at a correct.
position in accordance with the rotatidn of the motor 915,
that is, with the rotation of the disk 800. This has the
effect of reducing jitter. Alternatively, a laser scanning
means 950, such as shown in Figure 3(1), may be provided by
which a continuous-wave laser is scanned in a radial
direction.to form a barcode.

(b) Next, a barcode recording method, etc., for forming
a barcode using the above-described barcode recording
apparatus, will be described with reference to Figure 24 to
26.

Figure 24 shows signals coded wifh RZ recording
(polarity return—to-zero recording) of the invention and

trimming patterns formed corresponding to them. Figure 25

shows signals coded with a conventional barcode format and
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a duration shorter than the period of the tine slot, that is, the period T
of a channel clock, is recorded in the first tinme slot 920a, as shown in
part (1) in Figure 26. The pul se 924a whose duration is shorter than the
period T of the recording clock is output between t=T1 and t=T2. In this
case, using a rotation pulse fromthe rotation sensor 915a on the notor
915, the civimisggreditegendoanest corespenett é8 Hefodul ati on cl ock pul se as
shown in part (1) of Figure 24; by performng the recording in synchronism
with the cl ocRhpubreeent himventimnt ssef RZorenordned, ¢arsheWol of the notor can
be elimnated. In this way, as shown in part (2) of Figure 24, & stripe
923a i ndi cpiiie BA0" InStliiac AL hestoodindieont sinitvi tivenis didddedli ng regi on

925a, the first of the four recording regions shown, and a circular

barcode sught@s pSith oPakike (sibtef floirgesamp2d, izs finstmédne Next, when data
is "Ol"", a pulse 924b i1s recorded in the second tine slot 921b between

t=T2 and t=73 s ' ts163)931n Fi @i 2the khot 928, way, a stripe
923b is rél%? @gabr?%gb@% ggﬂévwstlﬁi%nga recoréi ng regi on 926b, the -52

d [ f t | ef t,, A ' ' 4. Next, wh
" eoordi ng @8R 20 dgn-dta ¥ I0C GEp D eRAe} A STt BNR o

recording & ata are recorded in the third tine
;Sjluﬁ)oggg? %%;%gr@%&%r{&ith% the SSRES L¥elne +IHRE ®10t0rngePari son

is, the period T of a channel clock, is recorded in the

first time slot 920a, as shown in part (1) in Figure 26.

The pulse 924a whose duration is shorter than the period T

of the recording clock is output between t=T1 and t=T2. In

this case, using a rotation pulse from the rotation sensor

915a on the motor 915, the clock signal generator 913

generates a modulation clock pulse as shown in part (1) of

Figure 24; by performing the recording in synchronism with

the clock pulse, the effects of rotational variation of

the motor can be eliminated. In this way, as shown in part (2)

of Figure 24, a stripe 923a indicating ”00” is recorded on

the disk within a recording region 925a, the first of the

four recording regions shown, and a circular barcode such as

shown in part (1) of Figure 27 is formed.

Next, when data is 701”7, a pulse 924b is recorded in
the second time slot 921b between t=T2 and t=T3, as shown in
part (3) in Figure 24. In this way, a stripe 923b is

recorded on the disk within a recording region 926b, the
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return-to-zero recording) used for conventional barcode recording wll be
described with reference to Figure 25. In NZR recordi ng, pul ses 928a and
928b, each having a w dth equal to the period T of time slot 920a, are
output, as shown in part (1) of Figure 25. In RZ recording, the wdth of
each pulse is 1/nT; on_the other hand, in the cas of PZR recording, a
pul se as wietendsregips freadthe laht al’SuSI@Q’f@rﬂr@JrI&rtwﬁ@n of Biav&srs
successively, a pulse of double or triple width, 2T or 3T, becones
necessary,24s shown in part (3) of Figure 25. In the case of |aser
trimmng such as described in the present invention, changing the |aser
trinmmng w dt hNest, pwhen ireabtdingdi 841ac(il0” sindcéll”s theseedsid ares changi ng
settings, and therefore, NRZ is not suitable. As shown in part (2) of

Fi gure 25, &lorie@sin928a thapd 928bsite9rspadtfoweltl fimenstbtin the first and
third recording regions 925a and 927a fromthe left, and in the case of

data "10", & 3bf{RAyI29b of width 2T is recorded in the second and third
recordi ng regions 9¥9b and 927b from the left, as shown in part (4) of

Figure 25. -53yln, t tfgrc%%%%%gzgﬁ?%@gs’; %@?gﬁ%&%ﬁ@ﬁ"%’l se wdths are 1T

and 2T, as shown i'n par 0 Is therefore

h N di ' i I i mm f th
o eaont i rUHETor Reacr iRy T ook tpE Ao Plonah e BREL [ ecanis O 1

i nvention, a barcode.is, forng s shown.in the experi t result shown in
Fi gure recording will be descrf%eg with Tefersnce to bigure gb.

In NZR recording, pulses 928a and 928b, each having a
width equal to the period T of time slot 920a, are output,
as shown in part (1) of Figure 25. 1In RZ recording, the
width of each pulse is 1/nT; on the other hand, in the case
of NZR recording, a pulse as wide as T is needed, and
furthermore, when T appears successively, a pulse of double
or triple width, 2T or 3T, becomes necessary, as shown in
part (3) of Figure 25. In the case of laser trimming such
as described in the present invention, changing the laser
trimming width is practically difficult since it
necessitates changing settings, and therefore, NRZ is not
suitabie. As shown in part (2) of Figure 25, stripes 929a
and 929b are respectively formed in the first and third
recording regions 925a and 927a from the left, and in the
case of data 710", a stripe 929b of width 2T is recorded in
the second and third recording regions 929b and 927b from

the left, as shown in part (4) of Figure 25.
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8(a), but since trimmng line width differs fromdisk to .disk, it is
difficult to precisely control the line width; when trimmng the reflective
filmon a disk, the trinmmng |ine width varies depending on variations in

| aser output, thickness and material of the reflective film and therna
conductivity and thickness, of t substrate. ,Further, .form ng slots of

di fferent |inelfidensonenthenalafg? FiesRrding thesifze i"’r’ldg}hs iaﬁgreased
conplexity of the recording, appara% s. For . exanple, ip the _case of the NZR
recordi ng 1Tused ?Brapr@ﬁﬂ@tl%éﬁééﬁelge@%idﬁhqﬂ? 48Wifown’ i ¥ Parts (1) and
(2) of Figure 25, the trimmng line width nust be made to precisely

coi nci de wiherefbee pepavent] Thatf NRReragovding ds gl subvabd® & 3T, that is,
with nT. It is particularly difficult to record various |ine w dths such
as 2T and @k Dysewvarymming b€ thenprededthifventéach Becordéngitostri pe). Since

t he conventional product barcode format is an NRZ format, if this fornmat

i s appliedifo 1hB6r ltasamineeer giRdpbescpedinventitg apb@sede iswvention, the
fabrication yield will decrease because it is difficult to precisely

record varyingql hoeyoud # dhS,pUemd 2 ARdoRinoth hgusane disk;
furthernore, stable recording cannot be done since the laser trinmmng

i dth [ Thij lat i ffs : [ ding, th
bresent i niGRei BAC 1ILCE g BFER 13he Ygfh (ATREF L R L T ecording

ST th > b . e : )
g¥$ecl O}_Ei&SS?E f;kﬁ?%ﬂgd%‘g§%regﬁ&h$sunﬁggiqﬁ%’1}£§w58ﬁ%ntlon offers the

when trimming the reflective film on a disk, the trimming
line width varies depending on variations in laser output,
thickness and material of the reflective film, and thermal
conductivity and thickness of the substrate. Further,
forming slots of.different line widths on the same disk will
result in an increased complexity of the recording
apparatus. For example, in the case of the NZR recording
used for product barcode recording, as shown in parts.(l)
and (2) of Figure 25, the trimming line width must be made
to precisely coincide with the period 1T of the clock
signal, or 2T or 3T, that is, with nT. It is particularly
difficult to record various line widths such as 2T and 3T by
varying the line width for each bar (each stripe). Since
the conventional product barcode format ié an NRZ format, if
this format is applied to the laser-recorded barcode of the
present invention, the fabrication yield will decrease

because it is difficult to precisely record varying line
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sinplifying the construction of the recording apparatus since RZ recording
requires only one kind of line wwdth and the |aser power therefore need
not be nodul ated. As described, by enploying the above RZ recording for
optical disk barcode recording according to the invention, there is
offered the effect of ensuring stable digital recording. An exanple of the
phase- encoglidifis(fh a1 ahd AT ofi Me samedidk nFunthdrmoeedescri bed with
reference to Figure 26. Figure 26 shows signals and an arrangenent of

stripes whgphthber b ruesecdhngt $BONShd Bifdd4he RéetStiimmimgul ated. As
shown, data "0" is recorded in the left-hand time slot 920a of the two

time sl ots, 920a, and. 9218;; O, tde it abARd di £ idkidy." 1sk g Rgcor ded in the
right-hand ﬁﬁ% Q? 92 és d%eg ﬁomm |% part1(3) of Flgur% 26. On the disk,

data "0" ded di

oni a0 B ] é”p§5t9 IS R o LR g on
926b, h 2 4 2 ly. Thus, f
data ° Sioss"avﬁﬁu?g@%iire&o)rgs b it AR trq SRR ot o

00", a pulse 924d _is outpﬁ jn the FI?Pt hagd %IHE s&ot for "I", and a
pul se 924¥ariesoutptheny the 1ent fh@ttetse ta AEEE6E °fo" | as shown in part
(5) of Figure 26; on the disk, the first stripe is forned in the | eft-hand
posi tion, sheldérbral thereqpstrycting of |t§ﬁtr%QﬁéI”‘rﬁo§PP4@ﬁusand the third
stripe in the |eft-hand

since RZ recording requires only one kind of line width and

the laser power therefore need not be modulated.

As described, by employing the above RZ recording for
optical disk barcode recording according to the invention,
there is offered the effect of ensuring stable digital
recording.

An example of the phase—encoding (PE) modulation of RZ
recording will be described with reference to Figure 26.

Figure 26 shows signals and an arrangement of stripes
when the RZ recording shown in Figure 24 is PE-modulated.
As shown, data "0” is recorded in the left-hand time slot
920a of the two time slots 920a and 921a; on the other hand,
data ”1” is recorded in the right-hand time slot 921a, as
shown in part (3) of Figure 26. On the disk, data “0” is
recorded as a stripe 923a in the left-hand recording region
925a and data ”1” as a stripe 923b in the right-hand
recording region 926b, as shown in parts (2) and (4) of

Figure 26, respectively. Thus, for data "010”, a pulse 924c
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position, by laser trimmng. Figure 26(5) shows signals nodulated with
data "010". As can be seen, a signal is always avgilable for every channel
bit. That is, since the signal density is constant, the DC conponent does
not vary. Since the DC conponent does not vary, PE nodulation is

resistant to variation in |owfrequency conponents even if a pulse edge is
detect ed dig igagppt aybelk.leThimndasinehelet fort "0"of asnuhsri 93Adng pl ayback
denodul ator circuitry of the disk playback apparatus. Furthernore, since

one si gnal i@%ﬁtgm @ Ry S ighettaall einfeosl evdoy Hanaed acbokde 2T, this has
the effect of being able to reproduce a synchronization clock for a

channel cl ?%ke Wist HOWut Usi RBeal ditbhadl GiiR6 Wiat far €0te assslsdwnas shown in
Figure 27(1), is thus fornmed on the disk. Wen data "01000", shown in part

Figure 27(4), 0.5 ($Cededyrkn2dnenP . ;s P .
art. ureN2é hen PEiREi smduhatfigRtoftitipe id nvention a
bar code 92éa1%aV|Kg the g%ne pattern as the recorded s?gnal shown in part

(3) 15 recqrded a5 SOV Ranfddei R, WELbhe hassode v bl ayed back by

an optical ha eform such as shown in part (5) -56

T, ST eI AR e s

. _ where no reflection signals
et er ence. Dospaion, I ARt Srammitsy phaRr RGN <N s SEIESR s\ gnal ¢ hr ough
the second-order or third-order LPF filter 934 shown jn Figure

modulated with data “010”. As can be seen, a s1gnai 1s
always available for every channel bit. That is, since the
signal density is constant, the DC component does not vary.
Since the DC component does not vary, PE modulation is
resistant to variation in low-frequency components even if a
pulse edge is detected during playbéck. This has the effect
of simplifying playback demodulator circuitry of the disk
playback apparatus. Furthermore, since one signal 923 is
always available for every channel clock 2T, this has the
effect of being able to reproduce a synchronization clock
for a channel clock without using a PLL.

A circular barcode, such as shown in Figure 27(1), is
thus formed on the disk. When data “01000”, shown in part
Figure 27(4), is recorded, in the PE-RZ modulation of the
invention a barcode 923a having the same pattern as the
recorded signal shown in part (3) is recorded as shown in

part (2). When this barcode is played back by an optical

pickup, a signal waveform, such as shown in part (5)
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35(a), the filtered signal waveform shown in Figure 27(6) is obtained. By
slicing this signal by a level slicer, reproduced data "01000" of part (7)
i s denpdul ated. (C) W will next describe features of the optical disk
format with a barcode formed in the above manner, tracking control

nmet hods, and rotational speed control nethods that can be used when

pl ayi ng bangnggcgptSjIgmL,diigk@ut(p@l wWithwbott ibhs sthedest rdrbppede f eat ures of
the optical disk format with a barcode forned according to the present

enbodi nment i | Y co btddR S .
. coft‘%'s EndiSRl tHhiWsife 30reX@IPbE dhis-mendatédsigndlat permts
tracki ng con ro:p glurl ng playback (this condition is also ref errped to as

( 1Nt (
i o ey £
vc\ﬂ/h aczvéhéﬁ\;iﬁz(i‘b}gfeflgg a%t?’ipﬁgén‘gﬁlﬁ? 5%%8%1%63 g(grp%gge) arpe fe;,:\nor ded
Whi e CAV FEEGrIbi) molnsPaseeos g WHAILEHE Saf aBurel 87 Vel ocity. I
the present invention, the stripes 923 are recorded with CAV, superi osed
on a pre- pisecsndyoaler mrathmdorgﬁrdéf’ﬁ fiditen 934 ehovg an FH@HFess \Mqi chrrips
recorded with CLV. That is, the data is overwitten with the stripes. In
the presen(bnvehti bilterbd sigeabivavefamashewnean nibigare M'd64l 1S t he
obtained. By slicing this signal by a level slicer,
reproduced data “01000” of part (7) is demodulated.
(C) We will next describe features of the optical disk
format with a barcode formed in the above manner, tracking
controi methods, and rotational speed control methods that
can be used when playing back the optical disk.
(a) We will first describe the features of the optical
disk format with a barcode formed according to the present
embodiment, while dealing with an example of a condition
that permits tracking control during playback (this
condition is also referred to as the tracking ON condition).
A playback operation using tracking control is shown in
Figure 40, and its details will be given later.
In the case of a DVD disk in the present embodiment,
all data are recorded in pits with CLV, as shown in Figure
30. Stripes 923 (forming a barcode) are recorded with CAV..

CLV recording means recording with constant linear velocity,

while CAV recording means recording with constant angular

_57_



data areas where pits are formed. The prescribed region of the pre-pit
signal area, as nentioned in the present invention, corresponds to an
inner portion of the optical disk; this region is also called a
post-cutting area (PCA). 1In this PCA area, the barcode is recorded with
CAV, superinposed on pre-bit signals. In this way, the CLV data is
recorded wdlocatpit pattern fromthe master disk, while the CAV data is
recorded with |aser-renoved portions of the reflective film Since the
bar code data i $nvtliet beesdnt imweatinont ithg $tadheod23ppte ragerdedcor ded bet ween
the barcode stripes 1T, 2T, and 3T. Using this pit_information, "optical
head trackyng CaVacapepinppked,onandprempxt orighal rinod lded-pntdatanf or mati on can
be detected; therefore, notor rotational speed is controlled by detecting

this signal, eal@ol@ifChn dddir8ss tWhéch elsarbeurdedt wienCthe Thatming width t of
stripe 923a and the pit clock T (pit) should be t > 14T (pit), as shown

in Figure 30, 8 AGH G¥Coldigr BAQKCH Al €6E sthfipés.i snsirerter than 14T, the

pul se w dt € signa romthe stripe 923a becones equal to the pul se

width of the pif 558 3kgnalu.apd di SCUMNalrkayBAl EaNal herpd s not

possi bl e, ) €-si’gn the stripe 923a cannot be denodul at ed.
To enable pit address informtion to be a . S i US position as
the stripedataRrgadEeLe RS %4'}%111%(?0\/{1‘]2%3&%%01];1%% oh %

onger an a unit of one

address of pit information, as shown in Frgyrﬁ 32; address information can
t hus be obtthgrmuag pit signal area, as mentloned in the present

invention, corresponds to an inner portion of the optical
disk; thié region is also called a post-cutting area (PCA).
In this PCA area, the barcode is recorded with CAV,
superimposed on pre-bit signals. In this way, the CLV data
is recorded with a pit pattern from the master disk, while
the CAV data is recorded with laser-removed portions of the
reflective film. Since the barcode data is written in
overwriting fashion, pits are recorded between the barcode
stripes 1T, 2T, and 3T. Using this pit information, optical
head tracking is.accomplished, and Tmax or Tmin of the pit
information can be detected; therefore, motor rotational
speed is controlled by detecting this signal. To detect
Tmin, the relation between the trimming width t of stripe
923a and the pit clock T (pit) should be t > 14T (pit), as
shown in Figure 30, to achieve the above effect. If t is
shorter than 14T, the pulse width of the signal from the

stripe 923a becomes equal to the pulse width of the pit
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making it possible to junp to the desired track. Furthernore, the ratio of
the stripe area to the non-stripe area, that is, the duty ratio, is mde
|l ess than 50% i. e. , T(S) < T(NS) ; since the effective reflectivity
decreases only by 6 dB, this has the effect of ensuring stable focusing of
the optical head. Next, we will describe an exanple of a condition in

whi ch trackigmlcomd discaiminativa hppideadtivur i ngqqsl pgsridke, (This condition
is also referred to as the tracking OFF condition). Since the stripes. 923

are wittep,ovehePiighal fromethidipii-iige P2Ba dagnat heademquduted.i ng correct
pl ayback of the pit data, tracking control may not be possible on sone

pl ayers. lTost—i'ffalBlgll?i%eéédrets@eiﬁﬂdriwﬁio%z@o whirehd artetiGAandat a, can be read
by the optical pickup by applying rotational control using a rotational

pul se from a,Hal : +het SeribBst N FBQss IdreaFDAIrig Blowsildeds a
fl owchart irﬁ]{l}%t &)%fﬂr\lgﬂgggbrtgge%turrlggs’f or opergtsi ons in a playback apparatus

bl ayed - saop thth PRl @aatd BRlRed oF Jp T AT E] B3RS o0a: the
rep 0300, THBIRP o LTS CRHDSTHUCIR diia DO, Where the |
(S:E); Ir ggtsl gzgxag;ng@ ué&%sg%lgrt% rjgn(l:;?rtget e la%gffedi 1i;rail(:sk. nolt*‘uxpc?lselslin&le? to
the ratio of the stripe area to the non—stripe area, that is,
the duty ratio, is made less than 50%, i.e., T(S) < T(NS);
since the effective reflectivity decreases only by 6 dB, this
has the effect of ensuring stable focusing of the optical head.
Next, we will describe an example of a condition in
which tracking control cannot be applied during playback
(this condition is also referred to as the tracking OFF
condition).
Since the stripes.923 are written over pits,
interrupting pit signals and preventing correct playback of
the pit data, tracking control may not Be possible on some
players. in such players, the strips 923, which are CAV
data, can be read by the optical pickup by applying
rotational control using a rotational pulse from a Hall
element, etc. in the motor 17. |
Figure 31 shows a flowchart illustrating a procedure

for operations in a playback apparatus when pit data in the

optical tracks in the stripe area cannot be correctly played
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fromall the pits recorded in the stripe area 923. In this case,

therefore, usual rotation phase control cannot be applied for the playback
of the pit data recorded with CLV. In step 930c, rotational speed control
is applied by wusing a rotational sensor of a Hall elenment in the notor or
by neasuring the T(max) or T(min) or frequency of a pit signal. If it is
det er mi nedbadk.step 930i that there are no stripes, the process junps to
step 930f. If there are stripes, the barcode is played back in step 930d,
and when pl ayhackigifret 3 bheceddisls isompeated imsser[®3080ehet he opti cal
head is noved in step 930f to an outer area where no stripes are recorded.

In this arggicail"k&ad9s ShdvieReby ar Brescadbedied statve po ttheaieng ayed back
correctly and accurate focus and tracking servo are achieved. Since the

pit signal be, Rltayeshdpackiheusyedcalohaid 95 asgosianbred can be
per f or med nggﬁ?ate thge%%sk W th gLV. As a result, in step 930h, the pit

Control | Bl aPge orRE R, bighY O BE RALPRINRE fopL Lo on

control no rotati spee ntrol and the rotation phase
-60 control by pit sjgnals, the effect is ohtai t di fferent
ki nds of data,}Eﬁ?cdﬂé1§tWVb80ﬁﬁ$;eéﬁhCBF¥QH%§ gﬁﬁgéggé?ggocan be pl ayed

back. Since the stripes are recorded in the innerpgst r, swi tching
means neasiires alhethq é’dltﬁusreﬁ%&iqoéﬁ gYe Fﬁ@%??%lggﬁeaﬁ# ?@irﬁ the optical
head stopper or fromthe address of a pit signal, and ?%sed on

case, therefore, usual rotation phase control cannot

applied for the playback of the pit data recorded with CLV.

In step 930c, rotational speed control is applied by

using a rotational sensor of a Hall element in the motor or

by measuring the T(max) or T(min) or frequency of a pit

signal. If it is determined in step 930i that there are no

stripes, the process jumps to step 930f. If there are

stripes, the barcode is played back in step 930d, and when

playback of the barcode is completed in step 930e, the

optical head is moved in step 930f to an outer area where no

stripes are recorded. In this area, since no stripes are

recorded, the pits are played back correctly and accurate

focus and tracking servo are achieved. Since the pit signal

can be played back, usual rotation phase control can be

performed to rotate the disk with CLV. As a result, in step

930h, the pit signal is played back correctly.

By switching between the two rotation control modes,

i.e., the rotational speed control and the rotation phase
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the result of the nmeasurenment, correctly perfornms switching between the
two rotation control nodes. (b) Referring next to Figures 41 and 42, we
will describe two control nmethods for controlling the rotational speed
when pl ayi ng back the barcode according to the present enbodinment. Figure
41 shows the first rotational speed control method wherein rotational
speed contg@ltrod wPRliteslgayls dehecsffiegt Timpbbdinedbthatsitymal (Tmax neans
nmeasuring time for a pit having the largest pit length of various pit

| engths). Asieg0al Kihas dihaaont beatodeeadripe Hatstndubijtected to
waveshapi ng, and then the pul se spacing of the pit signal is neasured by

an edge- sp?&(ﬁ%e @A | Oh TBapEayeadback. t Bincef eeeBELipeal Bee generating neans

956 generateés referente value I'nformation tO whose pulse width is |arger

30 BAGRE L0 Typlde E appmlagtfo oe pl

hisre erence value information tO and the

pul se width TR of the re uc I
means 054 TRATYS RASH PR $é"cﬂsn§a 3P 1Rad fikn A7 PETRE 8GR0 Do ana | arger

than Tnax held in a ne ans 955 i .S s ppl.ie e nmenory neans
955 wher e FROPRETSEF %Fé’mT §5P rderrt’&g Stldmfl S dT?r%ie% I:gtltl]cont roller 957
controls a notor drive CIrCUIt 958, achleV|n% nPtor rotational speed
control bagbd masuttesd the measurement, correctly performs switching

between the two rotation control modes.

(b) Referring next to Figures 41 and 42, we will
describe two control methods for controlling the rotational
speed when playing back the barcode according to the present
embodiment.

Figure 41 shows the first rotational speed control
method wherein rotational speed control is applied by
detecting Tmax of a bit signal (Tmax means measuring time
for a pit having the largest pit length of various pit
lengths).

A signal from the optical head is first subjected to
waveshaping, and then the pulse spacing of the pit signal is
measured by an edge—spacing measuring means 953. A t0
reference value generating means 956 generates reference
value information t0 whose pulse width is larger than the
pulse width 14T of the sync signal but smaller than the pulse
width tlof the barcode signal. This reference value

information t0 and the pulse width TR of the reproduced signal
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the case of the present invention, nunerous pulses at cycles of 3 to 10 u
s are generated by barcode stripes, as shown in Figure 9(a). In the case of
a DVD, the sync pulse width is 14T, that is, 1.82 gm On the other hand,
the barcode stripe width is 15 gm In Tmax-based control, the barcode
pul se | onger than the pulse width 14T of the synch pulse wll be
erroneous! yrd ¢ogpateandn detcenpard ngsmebmax954thenksf when Ty isr enovi ng bar code
signals larger than the reference value t0 by conparison with the
reference y@luertthanashehewerénteFigliree t@landi 1atgecotien foasi bl e to perform
rotational speed control for normal rotational speed during the playback

of the barﬁ@fhﬁ ift 4 iRR0AF GRandeIE5, THE sSee1ded dicathenamospeed cont rol
met hod wi | e described with reference to Figure 42. This method

performs r 8{52?!‘@ ggg!whgggeﬂ? qgn% ©Ohsbipdet aft ir@ferdicB {fhls NMeans neasuring

time for a pi aving the smallest pit Ilength of various pit lengths). In

Lhe T - bised conti ol showar| LGS & 3iort BERUL 3Ry bt on TR from

t he edge-s cti1ng nmeans conpared I n a conparing nmeans
954a with Tmin held in a nory nmeans 955a;; |.f. TR < i.n, strobe pul se
occurs andachYiRgiHPLOR 19 ?‘r‘é‘f?ﬁr §p?%dsrc85€ré)cleha%eydR?ﬁﬂ{yr§'thllans case, the
barcode pulse width t is 3 to 10 u as notedﬁg@ove, m@ilf%éﬂﬁ nis 0.5to
0.8 m Asthercasgl oL the PHSeBhr TWER 1T P PRETSIR L SEA A “YHeScondition TR <

Tmnis .
of 3 to 10 us are generated by barcode stripes, as shown
in Figure 9(a). In the case of a DVD, the sync pulse width
is 14T, that is, 1.82 um. On the other hand, the barcode
stripe width is 15 pm.  In Tmax-based control, the barcode
pulse longer than the pulse width 14T of the synch pulse will
be erroneously judged and detected as Tmax. Therefore, by
removing barcode signals larger than the reference value t0
by comparison with the reference value t0, as shown
in Figure 41, it becomes possible to perform
rotational speed control for normal rotational speed during
the playback of the barcode stripe area.

Next, the second rotational speed control method will
be described with reference to Figure 42. This method
performs rotational speed control by detecting Tmin (Tmin
means measuring time for a pit having the smallest pit
length of various pit lengths).

In the Tmin-based control shown in Figure 42, the pulse

information TR from the edge-spacing detecting means 953 is
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not satisfied since the barcode pulse width t is always greater than Tmn.
That is, there is no possibility of erroneously judging a barcode pul se as
Tmin. Therefore, when the Tmin- based rotational speed control is combined
with a barcode reading neans 959, the effect is that rotational speed
control based on Tmin can be applied nore stably while playing back the

barcode, coimared inOat fsnphitg mased 95¢4 hadh Tisur hbbd ,inaa oscillator cl ock
956 creates a reference clock for denodulation in the barcode reading

means 959,mg/}4§jr:,,emeac§,%t 8534 ;Ngf Lre <o, Spagirdbe fulise dmsirshendef f ect of being
able to de ate the barcode in synchronismwth rotation. (D) -Next, a

series of E“Q'Tﬁgf-ﬁ%?ﬁeﬁﬁﬂb9f”ﬁ§&* dy@gngéhgns (pl ayback operations) using

t he above contr scribed. Referring first to

Figures 31 andgﬁBQU%b%%rSt g%Q%Q%S# ﬁﬁEEQQHd%hLﬂ1@93QR§QO'D%ﬂ h&

conjunction w bet ween rotation phase control

node and r ot at cont.ro e 9 Then, a
sggo?ﬁ and“oﬁxiﬁgigapwgggﬁngﬂéﬁh % qudglngqback t gtogﬁ;cal di sk of
- e present enbodi nent bed nce to Fi gures 38,
ggChetc Tﬁbegﬁﬁ§$ﬁ%ﬁde§eﬁbmh ‘ggﬁ tWW? “Hb?g ﬁgﬁfgr descrlged are

concerned w a case ere trac Lng G rol. cannot be erforned
whil e the nbtreptpsbiasheknerethedarsods éﬁﬁﬁﬁtmlé LRy S FGAE ST ¢ acki ng
control can be perforned.

than Tmin. That is, there is no possibility of erroneously

judging a barcode pulse as Tmin. Therefore, when the Tmin—
based rotational speed control is combined with a barcode
reading means 959, the effect is that rotational speed
control based on Tmin can be applied more stably while
playing back the barcode, compared to the Tmax-based method.
Further, an oscillator clock 956 creates a reference clock
for demodulation in the barcode reading means 959, while
detecting the edge spacing; this has the effect of being
able to demodulate the barcode in synchronism with rotation.

(D) Next, a series of optical disk reproduction operations

(playback operations) using the above control methods,
etc. will be described.

Referring first to Figures 31 and 43, a first playback
method will be described in conjunction with a method for
switching between rotation phase control mode and rotational
speed control mode by a mode switch 963. Then, a second and

a third playback mefhod for playing back the optical disk of
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At the same time that the optical head is noved to the inner portion of
the disk in steps 930b and 930c in Figure 31, the npde switch 963 shown in
Figure 43 is switched to A Alternatively, the node switch 963 may be
switched to A when it is detected by a pickup (PU position sensor 962,
etc. that the optical head beLHg noved by a npving_ neans 964 has reached
the inner plor preserdf enbedigienk . wildxbe dgacoihedavitdnrafRIeDEALY ot ati onal speed
control node (step 930c in Figure 31) is entered will be described wth
reference Figiriegud® 48, etcootThe fotstt iaod Jacegdemaybadhnmethads a not or 969
and a frequency, f2, of a second oscillator 968 are conpared in'a second

frequency germahatey d86dritrddare dhél eonbemedi gl ai sasd elleto the notor
drive circurt 958 to control the notor 969, thus achieving rotational

speed cont E?z!\ckilngn&nlgoga&%noﬁ%c et i mdl Skyhii$e rMeathingl Wi th CAV, the

barcode stripe ¢ | ayed back. When the barcode playback is conpleted

in step 930e in ,Figyre 31, . d1S d : area by the
novi ng -GR?ﬂggﬁg @%ﬁ?ﬁaﬁacgbgfﬂgﬁgghgl r%%%’gyggggrgﬁgﬁgfron1the PU
position sensor 962, etc.,.the,node switch 963 is switched to B for

rotation phABE'HoRED JIE REHFOT™% the rotati on phase control node, PLL

control is applied to the pit, sigpal fro he ,optical ,head by a cl ock
extracting meard gb@.Sa‘!‘ﬁetlf“lee&h%%ggefqptdf:mathleﬁfis 3 ngPed 182End

inner portion of the disk in steps 930b and 930c in Figure
31, the mode switch 963 shown in Figure 43 is switched to A.
Alternatively, the mode switch 963 may be switched to A when
it is detected by a pickup (PU) position sensor 962, etc.
that the optical head being moved by a moving means 964 has
reached the inner portion of the disk.

Next, an operation when the rotational speed control
mode (step 930c in Figure 31) is entered wiil be described
with reference to Figure 43.

A motor rotation frequency, fm, from a motor 969 and a
frequency, f2, of a second oscillator 968 are compared in a
second frequency comparator 967, and a difference signal is
fed to the motor drive circuit 958 to control the motor 969,
thus achieving rotational speed control. In this case,
since the disk is rotating with CAV, the barcode stripe can
be played back.

When the barcode playback is completed in step 930e in

Figure 31, the head is moved to an outer area by the moving
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oscillator 966 and the frequency fS of a reproduced synchronization signal
are conpared in a first frequency conparator 965, and a difference signal

is fed to the notor drive circuit 958. The rotation phase control node is
thus entered. Because of PLL phase control by the pit signal, data

synchroni zed to the synchroni zation signal of fl is | ayed back. If
opti cal he@dhmm964nnwddatdhﬁhﬁmwaﬁymﬁe%Y§%ﬁﬁﬁéahﬁéambgw gﬁation phasethe
control, wthout swtching between rotational phase control for the notor
and rot at i paedtioapsagoeodfid; obtd.or thtvenodet switch igositehedoul d not be
perfornmed because of the presence of the stripes, and trouble would occur,
such as, the BHoer rétanbnphase @hteohtmode. or  stopping, an error condition
occurring, etc. Therefore, as shown in Figure 43, switching to the

appropriate contr ghe riRELidHObhaY YoRnsr asdest BOL eopkaybdsk of the bar code
but has the effect of avoiding troubles relating to notor rotation. The

second met hady {or 1Bl el BY: Ragkat ToRPitieCabt a3 knaid byhe cRbeent enbodi ment

will be des ed W erence to Figure 38 which shows a fl owchart

L oL L RS i, REGOES) BEoiPacka o 15 an T ovec
Gt T po. pr OsERbaERAeEnT dd: Frodienes T 8RS BhbEd™ Shee O M "
synchronization signal are compared in a first frequency
comparator 965, and a difference signal is fed to the motor
drive circuit 958. The rotation phase control mode is thus
entered. Because of PLL phase control by the pit signal,
data synchronized to the synchronization signal of fl is
played back. If the optical head were moved to the barcode
stripe area by rotation phase control, without switching
between rotational phase control for the motor and rotational
~ speed control for the motor, phase control could not be
performed because of the presence of the stripes, and trouble
would occur, such as, the motor running out of control or
stopping, an error condition occurring, etc. Therefore,
as shown in Figure 43, switching to the appropriate control
mode not only ensures stable playback of the barcode but has
the effect of avoiding troubles relating to motor rotation.
The second method for playing back the optical disk of

the present embodiment will be described with reference to

Figure 38 which shows a flowchart illustrating the
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tracking is not applied in the stripe area on an optical disk of this
type, it takes tine to distinguish between a stripe pattern legally forned
on the disk and an irregular pattern caused by scratches on the disk
surface. Therefore, regardless of whether the stripes are recorded or not,
the playback procedure has to performa stripe reading operation first,
to check theeratésence or absence of stripes or whether the stripes are
recorded in the inner portion of the optical disk. This nmay cause a

probl emin t haThansezohd playback methebdsrad iBpfoied Yesi@ate can be actual |y
pl ayed back. The second pl ayback nethod inproves on this point. ‘First, as
shown in Figaires r38.plwhbaclameolipdd.cal disk is inserted, control data is

pl ayed back in step 940a. Usually, physical feature information and

attribute infqumatiQnipfcding, oel eadstdpbdyback methoddsdaas control data in
a control data area. The physical feature information includes, for

exanpl e, i ?ﬂfﬁﬁ{q?;%f%fagﬁ"ﬁ%[%%bg.ga& gﬁEiéahediﬁpth\ﬂ{icﬂi skstirsp@ | ani nat ed-t ype

di sk of a structure. - 66 In the present

i nvention, as shown in Figure.30 i CAGE TRfi gt a sAagerded in the control
data area 95BSUIC(H ““%8t|c£$1§V¥kbggﬁfa?ns a PCA’'stripe presencel/ absence

dent1or 037 pocor i 2580t gp AL B platpt o, e

recorded. %?Csiktohferghggetygg:[ iictaltalbgsac‘gime to distinguish between a
stripe pattern legally formed on the disk and an irregular
pattern caused by scratches on the disk surface. Therefore,
regardless of whether the stripes are recorded or not, the
playback procedure has to perform a stripe reading operation
first, to check the presence or absénce of stripes or
whether the stripes are recorded in the inner portion of the
dptical disk. This may cause a problem in that an extra
time is required before the data can be actually played
back. The second playback method improves on this point.

First, as shown in Figure 38, when an optical disk is

inserted, control data is played back in step 940a.
Usually, physical feature information and attribute
information of the optical disk are recorded as control data
in a control data area. The physical feature information
includes, for example, information indicating that the

optical disk is a laminated-type disk of a two—-layer,

single-sided structure.
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noves inwardly junping across a plurality of tracks until reachi

control data area 436. And then in step g40a, the control da?; :ggpfgsed
back. It can thus be checked whether the stripes are recorded or not. If
in step 940b, the stripe presence/ absence identifier is 0, the process ’
proceeds to step 940f to initiate rotation phase control for nornal

pl ayback with ChVtheOpresentothesntheamd,asi $}}0Wnn1%tsF:iﬁur@43(r%, thee

presence/ absence identifier 937 is 1, then the process proceeds to step
940h to chggktrdhedesesseledr in ahsemmtrol datrevmras83Giafethecord identifier
948 which indicates that the stripes are recorded on the side opposite

fromthe sigei i agslolcanesinkageCAt batipesprasentokabsenes se  side. |f the
stripes are recorded on the reverse side, the process proceeds to step

940i to pl ay haGk o} N7 P delts SUP{AGEgRAl.t hEhaeferse thede of the opti cal
disk. If the reverse side cannot be automatically played back, an

iI Pdi ca}t isog‘gipiir%lit gggﬁl Li%rfﬂi&phg%e%t O Wdp §41%, UBSTant Buted Arepver the disk.

it n step 9 hat the stripes are recorded on the side

bei ng playﬁ 8R§f bpéﬁﬁgégzgg%ogg%%ﬁgfaﬁfedﬁniQhagqmeQ&ggca 4 the head is

nmoved to inhthe inner portion of the disk, and in

step 940d, the contrg] node is sw tched to,rotati S control to
pl ay back tmegestiniwpsdl Yo JumRNgnaguas sy Bt RIUant V) Ptf ﬁ%gkﬁllgfltggck is conpl eted

in step 940e, then in step 940f the control de | i
rotation ph‘&aehhwtthalcontgol data area 436. gnd Ther in s X%tg‘iﬁgfi back to

the coﬁtrol data is played back. It can thus be checked
whether the stripes are recorded or not. If, in step 940b,
the stripe presence/absence identifier is 0, the process
proceeds to step 940f to initiate rotation phase control for
normal playback with CLV. On the other hand, if, in step
940b, the presence/absence identifier 937 is 1, then the
process proceeds to step 940h to check the presence or
absence of a reverse-side record identifier 948 which
indicates that the stripes are recorded on the side opposite
from the side being played back, that is, on the reverse
side. If the stripes are recorded on the reverse side,.the
process proceeds to step 940i to play back the recording
surface on the reverse side of the optical disk. If the
reverse side cannot be automatically played back, an
indication is output for display, to urge the user to turn
over the disk. If it is determined in step 940h that the

stripes are recorded on the side being played back, the
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for CLV playback and the optical head is noved to the outer portion of the
disk to play back pit signal data. Since the stripe presence/ absence
identifier 937 is recorded in the pit area holding the control data, etc.,
as described above, the second nethod has the effect of being able to

pl ay back the stripes nore reliably and nore quickly conpared to the first
pl ayback npthedsdaseebdedowstdp 91ed.embace the Feaguie ®Yed When the PCA area
is with tracking OFF, level of the noise signal which is generated by the

pits drops.y PCASiOngka | gekn refai nserupehiingedf ithet dekki agd iis set  OFF.
Therefore, 1n tﬁe filtered waveform shown in Figure 35(b), the pit signal

drops, making ighngasigr | StddRové sdvibetedeen rdtheid@A spegmial and the pit
si gnal . Tth%é)téO&’h?hgf ?(;e@gg(n)f d si npli flyi ng the circuitry and reducing the

error rate. Furthermre, e S0 AN 908 Fihg AV irBEati@Wer SEF si de record
identifier C@’l%ror]fag%sp Y kf)gocrsksfcﬁé ceé\{:t&?)l!)(ig%enti fly that the stripes are recorded

on the reverse side of. the disk; .the t +hSn s d tri
can be pl a?E@I H}é’é’ga@k 68 CaM Pg%q & ﬁt‘?q?g&@%séchg? @aggﬂgi@épg{ ggdeDler Bgfiscal

di sk. According to the present .invention, sincet tri are recorded
penet r at i nghe hranignl tmeder b IS&F‘FHFQ g?qlﬁrgooﬂo%&%n p@?a‘gs"%‘?ﬁ? di sk, the

stripe pattern can also be read from_the reverse,side of di sk. The
30 B oyt

stripes carfobeCldl ayerbackaend fhermntigat dvad sk Jpged e °4'8k by checking

t he
portion of the disk to play back pit signal data.

Since the stripe presence/absence identifier 937 is
recorded in the pit area holding the control data, etc., as
described above, the second method has the effect of being
able to play back the stripes more reliably and more quickly

- compared to the first playback method described with
reference to Figure 31.

‘When the PCA area is with tracking OFF, level of the noise
signal which is generated by the pits drops.

PCA signal 1evel_remains unchanged if tracking is set OFF.
Therefore, in the filtered waveform shown in Figure 35(b),
the pit signal drops, making it easier to distinguish between
the PCA signal and the pit signal. This has the effect of
simplifying the circuitry and reducing the error rate.

Furthermore, the provision of the stripe reverse—side
record identifier 948 makes it possible to identify that the

stripes are recorded on the reverse side of the disk; the

effect is that the barcode stripes can be played back
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stripe reverse-side identifier 948 and by playing back the code in the
reverse direction when reading the stripes. The present invention uses a
bit string "01000110" as the synchronization code, as shown in Figure
34(a). Wen played back fromthe reverse side, the synchronization code is
pl ayed back as '01100010", fromwhich it can be detected that the barcode
i's being ptavedlpackthe amsthef medertde—sidtel DVD mpthial dasle, by denodul ati ng
the code in reverse direction in the denodulator 942 in the playback

appar at us AJJCOEHSJH%G;O 1B prégelnniaven ibrcarided the perigtesasteng fashi on can be
correctly played back even if played back fromthe reverse side-of a

doubl e ! gk (Ha3g- pe-l'_lla%)é)ﬂrﬁ Dok BRPAALLEL B v Fifake kbt | be described

in nore deta ater as shown in Figure 30, a 300-p mw de

guar d-band a La ere o d i nfo iHLan orded but
ot her dat aSt€% 8to? diéwp |tglep$%1¥/]ipg Igé“te)t%?aeer? A ebI%CXéazjr gg&g% and ;JhenO

contro
i S A BT
Suntslkl £22cﬁ?ff‘ éafr}g@fgrrlf&ﬁrlégdstmfdw ?bﬁbitbﬁgr?%ﬁ‘ég% ti‘epl nglri 13”0? tiagks
Ty be movet s rottusedeiid Adokon e om iRbad RAEaREK the T o

code in the reverse direction when reading the stripes. The

present invention uses a bit string ”01000110” as the

synchronization code, as shown in Figure 34(a). When played

back from the reverse side, the synchronization code is

played back as “01100010”, from which it can be detected

that the barcode is being played back from the reverse side.

In this case, by demodulating the code in reverse direction

in the demodulator 942 in the playback apparatus of Figure

15, the barcode recorded in penetrating fashion can be

correctly played back even if played back from the reverse

side of a double-sided disk. The playback apparatus of

Figure 15 will be described in more detail later.

Further, if, as shown in Figure 30, a 300-pum wide

guard-band area 999, where only address information is

recorded but no other data is recorded, is provided between

the PCA area 998 and the control data area 936, access to

the control data can be made more stable.

The guard-band area 999 will be described in more
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| anding at a portion further inward of the control data area. At this
time, if the PCA area 998 exists directly adjacent to the inner
circunference of the control data area, the optical head will lose its own
position since an address cannot be played back in the PCA area 998. It,

t hen, becones inpossible to control the optical head. Accordingly, when the
guar d- banddetraéd héliol. a wi dth, for exanple, 300 u m'greater than one junp
wi dth of the optical head, is provided in the above-noted portion, if the
optical head i §hemvwbd gadial Headomideskeslatha esaod3dtiehéromopti cal head wil |
al ways land within the guard-band area. Then, by reading an address in the

guar d- bandy iy @@tet BRrt o beathd@ask knavsogttisabWeapasdvieson and can thus be
repositioned on the destination control data area. In this way, the

optical heag 5amy DnboRt kb ATRLEr1Sk) A YrAd ufbrIeraadiklgy. Further, as

r
shown in Figure control data a contains an additional stripe

aftor 70 PECSPRPRG PR igp d4Es BN SR Skl G Al o nal st pes
Fecor ded - 81 Bpeaotgy et ter SR BRaeNbL Wil °Ci  pes,  and the
conf i gur at 19 ik & R HopsfuaBerormart fedhazenisohibalay

area. At this time, if the PCA area 998 exists directly

adjacent to the inner circumference of the control data

area, the optical head will lose its own position sinqe an

addréss cannot be played back in the PCA area 998. It,

then, becomes impossible to control the optical head.

Accordingly, when the guard-band area with a width, for

example, 300 um, greater than one jump width of the

optical head, is provided in the above-noted portion, if the

optical head is moved past the control data area 936 the

optical head will always land within the guard-band area.

Then, by reading an address in the guard-band area, the

optical head knows its own position and can thus be

repositioned on the destination control data area. In this

way, the optical head can be controlled more reliably and

more quickly.

Further, as shown in Figure 30, the control data also
contains an additional stripe data presence/absence

identifier and a stripe recording capacity. That is, after
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recorded by trimmng, as shown in Figure 30, the capacity of the available
space for trimmng the second set of stripes 938 can be cal cul ated.

Accordi ngly, when the recording apparatus of Figure 23 perfornms trimmng
to record the second set of stripes, the control data provides an

i ndi cation_of 'h ruch ' i | C o _
o g ST RS, A PR B g [ ecorins o

recordi ng nore than 360 h .. F h i i
L oap 949 fGriget Gahe Tsabrind 18 Ghenvrr ot PEngPh Toa et ified betwaen the

first set of stripes 923 dth d f oo o thie oot ae
i pes 923 an second set.of stripes 938, this serv

to pr eventthﬁerp&-evffbﬁlsﬁl)rsﬁé@?%g‘%}d St ERASHY L bhabg ??%&Fe@)eﬁonﬁsdest royed. =
Mor eover, . as shown in Figure 34(b) to be descriﬁed | ater, a trimm ng count
i dentifiertlg4first setoviiedrinesa andribRraifizaendiycBfO 4P a. This identifier
is used to distinguish between the first set of stripes and the second set
of stripesstMbeboay thbisecodéndetf berstrdpecr i M thatthd® between the first set
of stripes 923 and the second set of -71 stripes 938 in Figure 30 would

become i npessHilifatiohi Ndlenythd Ferthiged of agbiwds 98B hiod aliréddybe descri bed
with reference to Figure 40. Wen the duty ratio of the stripe on the

b6 mai nt ai RERPCRE TG Eimiing, HEIOR G, Fifuren00, AhPRspgesty oft [racking can
the available space for trimming the second set of stripes
938 can be calculated. Accordingly, when the recording
apparatus of Figure 23 performs trimming to record the second
set of stripes, the control data provides an indication of
how much space is available for additional recording; this
prevents the possibility of destroying the first set of
stripes by recording more than 360° over the area.
Furthermore, as shown in Figure 30, a gap 949 longer than
one pit—signal frame length is provided between the first
set of stripes 923 and the second set of stripes 938; this
serves to prevent the previously recorded trimming data from
being destroyed.

Moreover, .as shown in Figure 34(b) to be described
later, a trimming count identifier 947 is recorded in a
synchronization code area. This identifier is used to
distinguish between the first set of stripes and the second
set of stripes. Without this identifier, discrimination

between the first set of stripes 923 and the second set of
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Therefore, the address information in the address area 94

radi us position of the disk can be played back. This hgs4th2te;chfag$

qui ckening the disk rise tine after disk insertion since the address can
be pl ayed back while playing back the stripes w thout changing the optical
head position. In this case, the address area, ? area where no stripes
are recordm1pehcﬁﬂ8d1b§1fgoreré’d) wounkd haeers 9/“‘%9%%3 % length |onger than one

frame in the sane radium portion of the disk. The operation
ste f
met hod wi || beFdesidyi btk thitd pdeflecknoethod Fﬂéubé‘k% rigeh a dlgi Igr this

inserted, the optical head is noved to the inner circunferential portion

in step 94]@31kgfagmcbrapmﬁggniQOachieved in step 947n, the tracking nod
. : e
is switched fromphase control to push-pull node in step 947p. Ingstep

947b, rotationgl.snegd
e d&ﬂ“tréeio GEAME@RETY bni the pptfariméibi,o pl ay back
address information. If an address cannot be played back in s?epy947c t he

process pr eq tPts az St80 94710w, 0 aliyt Eberent tealkibgadhni nward to pla
back the g%% ? %# an address can be played back froman enpty P

f §;Its; ?3%2%??@% t: 7 e‘i‘aét d:"f#@%”aﬁ&és% T e R (e moved i
- 947q, the TIherefore, he_qfddress. area whef &3t LifHeSskar 49 ded. In step
at the same radius position of the disk can be-played back.
This has the effect of quickening the disk rise time after
disk insertion since the address can be played back while
playing back the stripes without changing the optical head
position.
In this case, the address area, an area where no
stripes are recorded, should be formed continuously along a
length longer than one frame in the same radium portion of
the disk.
The operation steps for this method will be described
with reference to Figure 40.
When a disk is inserted, the optical head is moved to
the inner circumferential portion in step 947a. If no
tracking is achieved in step 947n, the tracking mode is
switched from phase contrél to push-pull mode in step 947p.
In step 947b, rotational speed control (CAV control) is

performed to play back address information. If an address

cannot be played back in step 947c, the process proceeds to
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presence or absence of PCA stripes is checked. If it is ju

are no PCA stripes, the process proceeds to step 947r toltgge?otrggdtgeLgA
flag in the control data. Then, in step 947s, the presence or absence of
the PCA flag is checked. If the presence of the PCA flag is detected t he
process returns to step 947c; otherw se, the process. | s to step 927n1
On t he ot heteth@4T; tiof mote ithe | arddedl ihgadt Byaud 7ep Phay baPHe are PCA
stripes, the process. proceeds to step 947f to play back the PCA stripes
Wen the ppeyhaekpés cofminehédresisncat bp BUFgd havdnfrefe appe®ts swit ched to
rotation phase control and the optical head is noved to the outer area to
pl ay back ZopiilonSbOnde- PCM asb & (2943t ionheotPOAefwIdg tem .t iBe control data is
read; if there is no PCA flag, an error nessage is issued in step 947k,

and the progessreIdadstQ s847mave k] uethen
_ , phecakises{,E) Next,
nanufacturgng(%ec ni ques ?br ?%plenenting the optical disﬁ Larcode form ng

met hod of éggrog{{‘égé‘i '_/}%ng\H lhob&d idescrddisd direbtiidnhes etail. A barcode

ﬁ;ﬁﬁ?ggr ?. s wi 11 "al so be described briefly. (a) First,
Y e SR 4 P Y et 0
O B e e o ent it Pl Sifoes 16 TlOY™ §F1 14 iiR0- pul se spacing
judged that there are no PCA stripes, the process proceeds
to step 947r to try to read a PCA flag iﬁ the control data.
Then, in step 947s, the presence or absence of the PCA flag
is checked. If the presence of the PCA flag is detected,
the process returns to step 947c; otherwise, the process
jumps to step 947m.
On the other hand, if it is judged in step 947q that
there are PCA stripes, the process proceeds to step 947f to
play back the PCA stripes. When the playback is completed
in step 947g, then the mode is switched to rotation phase
control and the optical head is moved to the outer area to
play back a pit signal. In step 947t, the PCA flag in the
control data is read; if there is no PCA flag, an error
message is issued in step 947k, and the process returns to
947m to continue the process.
(E) Next, manufacturing techniques for implementing the

optical disk barcode forming method of the invention will be

described in further detail. A barcode playback apparatus

_73_



repetition period of fC = 1/fL is required, where fL is the frequency of
the laser. In this case, the nunber, fi,/2, of barcode bars can be
recorded per second. However, if a beam deflector 931 is used, as shown in
Figure 29, a minimum emtting-pulse spacing of 2t is allowed, so that the
pul se repetition periodis fL = 1/2t, which nmeans that the | aser

frequency gan hess ddudesttied Hraefby. of 2. This al so neans that, when a

| aser of the sanme frequency is used, the nunber of barcode bars that can

be recorded per(;petiqRd, Gamubgctudenp! ®dhhiydes Byr Usphenenbéndeam defl ect or
931. This has the effect of reducing the productive tact (processing tact)

by a factogy of 2. Jheopalidki Atnel w 1doyd! Rseffie ency: apparatus (referred
to as "smﬁ%%%tPeg%rdiﬁg" 1uging the beam deflector 931 will be described

el o W U1 1 f LR 0 9V Bl SHUBHIagoR ! graneenf rom e

configuration i-gure eam ector 931, fornmed from an
acoust o-opti cal. dylator or the Like, i q i . deflection
si gnal foFX%]%lpeg?"H& tﬁ%{eﬂgaﬁ? &t &k%%eaéﬁaﬁﬁgﬁlélg%ﬂwﬁ?%gﬁgl%esub -74 beam
946; when the deflection ELgnﬁl i.s ON, ihe beagﬁis ggtched to the
sub- beam 9BBlSfisBRCINE AssKed theresart & $8%T & HY 08Y5°%nd forns a
sub-stripe 934. Mre specifically, for data "0" .a no#nal tripe 933 is
formed; onlrgpetigaon regapdiafgflat 4/ 10 rpeuimgd, gdrergcti 45 Hignal set to ON,
as shown in Figure 29(b), in response to which the beam

frequency of the laser. In this case, the number, f./2, of

barcode bars can be recorded per second. However, if a beam

deflector 931 is used, as shown in Figure 29, a minimum

emitting-pulse spacing of 2t is allowed, so that the pulse

repetition period is fu = 1/2t, which means that the laser

frequency can be reduced by a factor of 2. This also means

that, when a laser of the same frequency is used, the number

of barcode bars that can be recorded per second can be

doubled to fu by using the beam deflector 931. This has the

effect of reducing the productive tact (processing tact)

by a factor of 2.

The operation of a double—efficiency apparatus

(referred to as “switch recording”) using the beam deflector

931 will be described below with reference to Figure 29,

focusing on differences from the configuration of Figure 28.

The béam deflector 931, formed from an acousto—optical

modulator or the like, is supplied with a deflection signal

for switching the beam between a main beam 945 and a sub-
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deflector 931 switches the beamto the sub-beam 946 to record a stripe at
the position of the sub-stripe 934. In this manner, stripes 933a and 933b,
each for "0", and a stripe 934a for "I", as shown in part (b), are forned
on the disk. In this configuration, since a |aser pulse need only be
produced at intervals of 2t, a laser with a frequency half that required

in the CO”@ U026 1 QReRTLHE BHFRcRBorf AAghEl 14SGM. the Idahets words, when a
| aser of the sane frequency is wused, since t he stripes can be fornmed at

twice the ﬁﬂ%hed fo gH@%Y)*béJH §4@%1EH91595E§Qd Qhrduphr asibRg the

producti vi a factor of 2, as already described. Next, referring to the

dat a struct ﬁibzgstgg%@cg !ggﬂlgn @PdeM§HP%@ebﬂﬁc59PVe 34, a format

sp:fagled A I %ﬁco h alne reference to Figure 29
Wi be degcri el ow. nchr |zat 0 structure al so
gZPS;ItUt$ Q%g?g%hﬂ%qﬁé“F@P HB%#&@ p? od uc?& q§IQQﬁ%E shown in Figure

a a fixed pattern of, "01 10" i.s used venti onal | a bit
string conkeearidppe glatazsl't fg gghé gh%%é?”d?gﬁﬁ éﬁg P§Q&sd§% as "0{000111"
is used, but the present |pvention dellberstely av0|ds this and uses the

i 11 ust rat eshat an diiguee BXbY orin KespASE ok dRprhithedPeael ow. First, to

achi eve the switch recording of Figure 29, provisions nust be nade so t hat
two or nordefldcses 9@l kwitwhes the beam to the sub-beam 946 to

record a stripe at the position of the sub-stripe 934. In
this manner, stripes 933a and 933b, each for “0”, and a
stripe 934a for ”1”, as shown in part (b), are formed on the
disk. In this configuration, since a laser pulse need only
be produced at intervals of 2t, a laser with a frequency
half that required in the configuration of Figure 28 can be
used. In other words, when a laser of the same frequency is
used, since the stripes can be formed at twice the clock
frequency, this has the effect of increasing the
productivity by a factor of 2, as already described.

Next, referring to the data structure of the
synchronization code shown in Figure 34, a format suitable
for the switch recording explained with reference to Figure
29 will be described below. The synchronization code data
structure also constitutes a technique for improving
productivity.

As shown in Figure 34(a), a fixed pattern of “01000110”

is used here. Conventionally, a bit string consisting of
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occur within one tine slot, that is, within 1T i i
( _ _ , , interval. Switchr i
|sdp055|ble in the data area because data is recorded there with :ng?kgg
(S:oneh as shown in Figure 33(a). However, in the case of the

ynchroni zati on code of Figure 34(a), since irregular channel bits are

arranged, wth the usual nethod two pul ses nma i t hi i i
\ _ 1 ur, Wi th
Case (he' suid Ghnt enmbdi ngf 06 4tk Lmeonh o DIONUAL pdSePBfe. To' address

this problem the invention enplo i
t | \ ys, for exanple, the hit
"0L000110" 36 Boprusen:Flipuneiond el ianies svbrts ShiT @ UR Ti oo pul se
e "1" on the right, in T2 no pul ses occur "in T3 a
1 c ht, r, ul se

gﬁchS lf?EhéHﬁluﬁIatéﬁﬁéﬁﬁsthghhreahd te T4asopekpkaigedurs for Phe meqe
ot eThe t; Ln thi's way, two or nore pulses cannot occur within one tine
ot ?SQSL?ﬁ synchroni zation code structure of the invention has the

o] ving swtch recording, increasing the production rate by a

factor of 2. Bfllégﬁ'ﬁfﬁ? g%ﬁfe%re”tﬂ'ég 40L& UESrdiBe &f Migefe dOscription will

be given of a paratus for playing back the - 76 barcode

recorded on an_optical djisk by the,aboy t hpt i i
t ouch on pﬂ@@ﬁt&WVﬁt@”ﬁWl?é¥§@s§°§$agr%&ﬁ§ngﬁg-%R%%E g?%;?gﬂfggntﬁgll also

pl ayback apparatus already described, in M.ln t i
S . £ -thal f
appar at us hESUDe@ﬁhlﬂé§@rFH¥HS§9ta %abh5¥aWUgﬂ'o?ﬁfgég?%g”the Bg;}t§2%’0¥h:

Switch recording is possible in the data area because data
is recorded there with a PE-RZ code, as shown in Figure
33(a). However, in the case of the synchronization code of
Figure 34(a), since irregular channel bits are arranged,
with the usual method two pulses may occur within 1T,.in
which case the switch recording of the invention is not
possible. To address this problem, the invention employs,
for example, the bit pattern 7010001107 as shown in Figure
37. With this bit pattern, in Tl a pulse occurs for the ”1”
on the right, in T2 no pulses occur, in T3 a pulse occurs
for the ”1” on the right, and in T4 a pulse occurs for the
”1” on the left; in this way, two or more pulses cannot
occur within one time slot. Thus, the synchronization code
structure of the invention has the effect of achieving
switch recording, increasing the production rate by a factbr
of 2.

(b) Next, referring to Figure 15, a brief descriptioﬁ

will be given of a playback apparatus for playing back the
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marking formed on the reflective filmof an optical disk, but hereinafter
the apparatus of Figure 15 will be described as a barcode reading 1
apparatus, that is, a playback apparatus. An explanation will be given
again referring to Figure 15, this tine focusing on the denodul ation
operation. First, high-frequency conponents generated by pits are renpved
by a | ow ppsscddel te@forde®ronf ahtant)icol diskrbya the rabose mathaal output. In the
case of a DVD, there is a possibility that a maxi mum 14T signal may be

pl ayed backye WegkgiptionOwilld alRo tbiack Mnspualetivittyhamcieeses.confirmed by
experinment, a stripe signal and a high-frequency conponent generated by a

pit can be Se@ﬂ%g%@@BbYs%§%mgdlmea§ﬁﬁpﬁﬂ-ﬁﬁﬂﬁhn¢mckhkmdrahﬁer Chevi hov
| ow- pass filter shown in Figure 35(a). That is, the use of a second- or

hi gher - order_ LP H JiBgqeff ¢y, of being able to se [ [
_ {329 parate a pit signal and
a barcode ?ﬁﬁﬁ%y, %%ﬁg ensd??né stabl e pl ayback of a barcodeP Figu?e 35(b)

shows the sinulation ..wayefqr i i e e signal of the
?ﬁélngg1lgT 77:ﬁ_FEeHgﬁaﬁﬁuﬁgnb%@bggédgggH%ﬁ%%gﬁ%iy@gpﬁkrhis aay, by usi ng
second-, or higher-order LPF 943 t SHA l-ayb signal can b
?glt {);El af Ejélres‘;"s’p)ﬁgt gﬁtqn?ﬁplgﬁr,aé% 'Oﬁgf?%%ﬁﬁi{}{epp%%égﬁ @fgnal g this ensﬁr es
. e denodul ation of stripe_signals,.. Ho i.f i [
si gnal t hugagkhasidpaped opt the gﬁff%glg? griam SFER" optical s 1N OF @ stripe

but hereinafter, the apparatus of Figure 15 will be
described as a barcode reading apparatus, that is, a
playback apparatus. |

An explanation will be given again referring to Figure
15, this time focusing on the demodulation operation.
First, high-frequency components generated by pits are
removed by a low-pass filter (LPF filter) 94 from a stripe
signal output.

In the case of a DVD, there is a possibility that a
maximum 14T signal may be played back, where T = 0.13 pm.
In this case, it has been confirmed by experiment, a stripe
signal and a high—-frequency component generated by a pit can
be separated by using the second-order or_third—order Chevihov
low—pass filter shown in Figure 35(a). That.is, the use of
a second- or higher-order LPF has the effect of being able
to separate a pit signal and a barcode signal, thus ensuring
stable playback of a barcode. Figure 35(b) shows the simulation

waveform which is generated when the signal of the maximum 14T

- 77 -



wi dth shown as 15 jimin Figure 36(b)) is smaller than the sanpling
interval wwdth tm (see Figure 36(c)) of a mcroconputer, the stripe signal
may not be neasured accurately. For exanple, of the stripe signals shown
in Figure 36(b), the stripe signal on the left is |ocated inside of the

m croconput er sanpling interxal width, ~and therefore, is not detected. To
avoi d t hi spita lepgtipd ssrefivare SO HASHY reading a stripe i s waveshaped
using a flip-flop circuit so that the signal w dth beco greater than

the m croconpUnethisampyi by uskngr B¢ SReeRh Of NEhelRRSTi W 'Fi gure 36(d).
Figure 36(d) shows a waveform after the stripe signal wi dth was increased
to a w dt hoByy. thbestwwpesplaybdck siignal cas hehoutelEt @t¥d with sanpling pul ses
(see Figure 36(c)) fromthe microconputer. This ensures accurate -

measur emeniy,pétdniea By irprodingntiie pReferyback IsaghaliotiiyepsuUnes, a furt her
description will be given. Digital data is denodul ated by the PE-RZ

denodul at oge?%liendémqug\@l pRtetipe Wignakd.a Hewdvieen ffedheto an ECC
decoder 92 or error correction. That is, -78 deinterleaving is perforned

in a deinterloaver 9 Re@fls SedmiRNa ted €t leompuisd isdpnals performed in
an RS decogépg?é)%g or p(%%&%rllacorrgcti on. A brief description will now be

iven in rel.ation t duct i:veni i blass thee dat
gtructure é‘flﬁg? S?ngb%sfggdé% KT 36:('b§l)lries St Flers o

samplihg interval width tm (see Figure 36(c)) of a
microcomputer, the stripe signal.may not'be measured
accurately. For example, of the stripe signals shown in

| Figure 36(b), the stripe signal on the left is located
inside of the microcomputer sampling interval width, and
therefore, is not detected. To avoid this, a stripe signal
obtained by reading a stripe is waveshaped using a flip-flop
circuit so that the signal width becomes greater than the
microcomputer sampling interval width tm, as shown in Figure
36(d). Figure 36(d) shows a waveform after the stripe
signal width was increased to a width Bw.  The waveshaped
signal is then detected with sampling pulses (see Figure
36(c)) from the microcomputer. This ensures accurate
measurement of the stripe signal.

Referring back to Figure 15, a further description will

be given. Digital data is demodulated by the PE-RZ
demodulator 942 in the above manner. The data is then fed

to an ECC decoder 928 for error correction. That is,
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is ECC encoded according to the present enbodi ment. Figure 33(b) shows the
data structure after ECC encoding when n = 1 according to the present

enbodi ment. Figure 33(c) shows an ECC error-correction capability
according to the present enbodinent. In the present invention, the
interleaving and Reed- Sol omon error-correction codi ng shown in the data
structure defnterbeavdnd3{sapeafermedr frorendeinter hepveied28ae 8Rtoder 927 shown
in Figure 1 when recording stripes on an optical disk. Wth this

error - cor r Reéd-Solomirhodde aompaichtépn ars pecigrmeil nirophyRodecodtirtsk out of 10" =
10 mllion optical disks under the condition of that Byte error rate of

10-' occur §28RToshemdri forfiegbi¢h.33(c). In this data structure, to reduce
the code data length the same sync code is assigned to four rows, reducing

the number of %{B?iemg@éri@ti@nfmmowobeélgia;@d tihuslationeasi ng ef fici ency.
Wth further reference to Figure 33, the scalability of the data structure

wll be de ! I he present invention, the recording capacity can be
vari ed fregfééﬂﬁgyeéggﬁble, within a range of 12B (12 Byte) to 188B in

increments of %ﬁEPﬂ?§3%§9ﬁ§wa§9%F§ﬁ%fyﬁﬁgﬁzl %eaﬂkrFEHWWﬁréﬁﬁﬁ)- That is, n

can be changed as shown in Figure 33(c). As
Sho L0 PR 3L PO AN L g, SHOORYne LTIMIE QR ot
o 'OWEd 2 hECC trhgmgatgaSE?fuct%ﬁgbéft?a?ZfCC 2rr1]god91?1§d\irhe|?1i gu:r el 14(a) is a diagram
show ng shows

according to the present embodiment. Figure 33(c) shows an

ECC error-correction capability according to the present

embodiment.

In the present invention, the interleaving and Reed-

Solomon error—correction coding shown in the data structure

of Figure 33(a) are performed using the ECC encoder 927

shown in Figure 1 when recording stripes on an optical disk.

With this error—correction method, a read error occurs in only one

disk out of 107 = 10 million optical disks under the condition of

that Byte error rate of 10~* occurs, as shown in Figure 33(c).

In this data structure, to reduce the code data length the same

sync code is assigned to four rows,.reducing the number of sync

codes by a factor of 4 and thus increasing efficiency.

With further reference to Figure 33, the scalability of the data

structure will be described. In the present invention, the

recording éapacity can be varied freely, for example, within a

range of 12B (12 Byte) to 188B in increments of 16B, as shown
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Figure 33(b) in further detail. The data row 951 constitutes EDC of 4B.
Figure 14(b) shows this in an equivalent form Error-correction encoding
conputation is performed, assuming that data rows from 95le to 951z al
contain Gs. Mathematical equations for EDC and ECC conputations are shown
in Figures 14(c) and 14(d), respectively. In this way, the data is

ECC- encodednbyhd keanfH@Coéitiguee BX?) i n Thht isecoreimye agisaeed we tBinFi gure 1
and recorded as a barcode on the disk. Wien n=1, data of 12B is recorded
over an angl eade 5t gEgreas1dn shehdskin Flgkewd3&). when n=2, data of 18B
can be recorded; when n=12, data of 271B can be recorded over an ‘angle of

336 degrees omd RRoEH Sk Figirkhss @) earhFigamentien, fby emaptiéng and
decodi ng the data using the EDC and ECC conputation equations shown in

Figures 14(c) tﬁ@%a}g(gt)xgcw whe ngq'lt ahe?EDARL ohBy ST¥RE| &ital han 188B, the

go[rpu_tati?n |3 p_e:horrre assumng all remaining bits are Os, so that the
ata is store ma recon ¢y C i LY 3 T to shorten the
pr odu;:fu ve rtoﬁétggbl\ﬂheﬁz%erlf)%]r% ﬁ&é Icgg’gg‘r f%gg&%«%&(% IIént!g('S r§\§§ ;gr?%?he present
invention, the above-descrjbed .scalability has a significant nmeaning. Nbr e
speci fi cal 1%2b, whes, paid é?#ﬁ?ngFF&‘g&r Tgk"?)m‘%nﬁ di@gaan} gg%lrrﬁg, it is inportant
to shorten the productive tact. Wth a slow speed apparatus which trins
one stri pe Riguae t33fh) int further drtaidor ehendatagovsttlonds to record a few

t housand stripes to the full
constitutes EDC of 4B. Figure 14(b) shows this in an

equivalent form. Error—correction encoding computation is
performed, assuming that data rows from 95le to 951z all
contain 0s. Mathematical equations for EDC and ECC
computations are shown in Figures 14(c) and 14(d),
respectively. In this way, the data is ECC-encoded by the
ECC encoder 927 in the recording apparatus of Figure 1 and
recorded as a barcode on the disk. When n=1, data of 12B
is recorded over an angle of 51 degrees on the disk.
Likewise, when n=2, data of 18B can be recorded; when

n=12, data of 271B can be recorded over an angle of 336
degrees on the disk. In the present invention, by encoding
and decoding the data using the EDC and ECC computation
equations shown in Figures 14(c) and 14(d), when the data
amount is smaller than 188B, the computation is

performed assuming all remaining bits are 0s, so that the
data is stored with a small recording capacity. This serves

to shorten the productive tact. When performing laser
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capacity. The time required for disk production is 4 seconds per disk; if:
full-capacity recording has to be done, the productive tact increases. On
the other hand, for the nonment, disk ID nunber will be a nmain application
area of the present invention; in this application, the PCA area capacity
can be as |low as 10B. If 271B are recorded when only 10B need to be
witten, thEIHEEr 35 bR REesatel ANt iohc thasbong descaibest of 6, |eading
to a production cost increase. The scalability method of the present

i nvention aedliabibity ddaca isderificapt gwasingn Yo saedificadly,l n the pl ayback
apparatus shown in Figure 15, when n=1 as in Figure 33(b), for exanple,

t he ECC dewbaepedP@miper¥asenstitimai kDG taadf&ECrgr riar i €dmpectdn@n conput ati ons
shown in Figures 14(c) and 14(d), assuming that the data rows 95le to

951z al |l coptshiontéd the sruawdtive Eagtlr eWidd B) s1éwepeéd epbapitushi s is that
data of 12 to 271B can be corrected for errors by wusing the same program

In this cageich BeimyBRErs13fipp  A9RaM ML ePE wideCLAASHSre RAAf I N9 the use of
a small-capacity ROMin the mcroconputer. -81 Furthernore, the pul se

width reprodufRd {4 GRLGAE ) bR I sMBglG kRt han 172 of one pulse

period, as shown in Figure e are three difference pul se

spaci ngs, %;obagcﬁl-y ang3£|'i,met ?qui{%ﬁﬁoﬁoggéiaieﬁgiri]?é@éortqlhljasnt‘lhe stripe areas in

one track e’to ar ea 1/3. Wth this
arrangenent, in the case af isk . . _
9 séconds per disk; 1f ?hfi—capa01ty recording has to be done,

the productive tact increases. On the other hand, for the
mbment, disk ID number will be a main application.area of

the present invention; in this application, the PCA area
capacity can be as low as 10B. If 271B are recorded
when only 10B need to be written, the laser processing

time will increase by a factor of 6, leading to a production
cost increase. The scalability method of the present

invention achieves reductions in production cost and time.

In the playback apparatus shown in Figure 15, when n=1

as in Figure 33(b), for example, the ECC decoder 928
performs the EDC and ECC error-correction computations shown

in Figures 14(c) and 14(d), assuming that the data rows 95le
to 951z all contain Os as shown in Figure 14(b); the effect of
this is that data of 12 to 271B can be corrected for errors by
using the same program. In this case, the number of program steps
decreases, permitting the use of a small-capacity ROM in the

microcomputer.
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of standard reflectivity of 70%the reflectivity of the stripe areais 2/3
of that, i. e. , about 50% Since this value is enough for focus control,
the PCA area can be played back on a conventional ROM disk player. (F)
Next, an exanple of the above-described barcode encryption (including
digital signature) wll be described, with reference to draw ngs, followed
by a descripti dNrERermoRes Hbe Bpisie Widthorersodyse ftr;f)mt‘l"?éhbarcode. (a) First,
t he barcode encryption process and pl ayback process will be described by
way of exasptipenwitth ésenadecdess dhangLXZeoﬁsmeAsqumrmd, Figure 45, an ID
nunber 4504 uni que to each individual optical disk is generated by an ID
gener at or sh&@P2.inAFigure S$GneSincee thare laDestlgeat diffesentd pnlgs03 applies a
digital signature to the ID nunber by using a specific secret key

corr espondispgcingsa bpellf iandpBB| ithekeatio afdhehsunt bfisablppheed digit al
signature 4505 and its associated |ID nunber 4504 are sent together as a

series of odal hPeds ANCSSe fragtiorty #hOkotdhiaredi off tthk tdagRaigire is - 82
applied to the I D nunber encrypted in an encryption encoder 4508 using a

secret key @bsamhb] £ KeyceRALYRi-QRedmdAE! 110N the TaGe MO gidiey
corresponding to this secret key 1s sent to the press factory 4501. At the

L83 2 B P PRSP et 0 Cal onature
stripe area is 2/3 of that, i.e., about 50%. Since this
value is enough for focus control, the PCA area can be
played back on a conventional ROM disk player.

(F) Next, an example of the above-described barcode
encryption (including digital signature) will be described
with reference to drawings, followed by a description of
another application example of the barcode.

(a) First, the barcode encryption process and playback
process will be described by way of example with reference
to Figure 45.

As shown in Figure 45, an ID number 4504 unique to each
individual optical disk_is generated by an ID generator
4502. At the same time, an ID signature section 4503
applies a digital signature to the ID number by using a
specific secret kéy corresponding to a specific public key,
and the thus applied digital signature 4505 and its
associated ID number 4504 are sent together as a series of

data to a press factory 4501. This digital signature is
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4506 by using a PCA witer 4507. The public key is prerecorded on the
master disk, that is, in a pit portion of the disk. Wen the thus

manuf actured optical disk 4506 is |oaded into a playback apparat us
(player) 4509, the public key is read fromthe pit portion, and the ID
nunber and the digital signature appended to it are read fromthe PCA area

and decr ypuggl Midt botthe Phiblumbek@crydr €5 uint endrypieon d@ebd@t i on i s passed
to a verification section 4511; if the digital signature data is found

| egi ti mat e4598 tang asebr&f kel N6t wepubfliieakdyorRnc# 1R iBh aiRREKPPEr ation of
the optical disk 1s allowed to continue. If the digital signature data is

found i1 eqht i e A%yt BOrTSBMAing! 16 i Y SdcbEald,ORs L roperation is
| g e

st opped. Here, the digital signature data 1s recor In the PCA area

toget her wihh Lhe.PARLEXIs09! Mgyl Bobhertesml spf g decryption is

checked again e p ext o 0 see y match. If the

digital signature,data only is ,.recorded,in the PCA_area, an error check
is perfor m@gm Gr 0Lt E%ri%ﬂfmwgn&ﬁfzabast]&n?gureeﬁé&%[/r?trgd with public key
ci pher, as described above, only - 83 the software manufacturer that has
the secr et TRe§rdednas ssharcodendy the Petisera ohcaprantagry disk pirated di sks
were made, the encrypted |ID of the same nunber would be recorded in the
PCA area oft5@ydwyuginga Phfemsitrei50he dBe mbliedieypisated di sks woul d be
greatly limted. The reason is that, in such cases, the illegal use of the
sof t war e havergotrded smmehe master disk, that is, in a pit portion of

the disk. When the thus manufactured optical disk 4506 is
loaded into a playback apparatus (player) 4509, the public
key is read from the pit portion, and the ID number and the
digital signature appended to it are read from the PCA area
and decrypted with the public key. The result of the
decryption is passed to a verification section 4511; if the
digital signature data is found legitimate as the result of
the verification, the playback operation of the optical disk
is allowed to continue. If the digital signature data is
found illégitimate as the result of the verification, the
operation is stopped. Here, if the digital éignature data
is recorded in the PCA area together with the plaintext of
the ID, the result of the decryption is checked against the
plaintext of the ID to see if they match. = If the digital
signature data only is recorded in the PCA area, an error
check is performed for verification. When the data is

encrypted with public key cipher, as described above, only
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nunber can be prevented by applying network protection. Needless to say,

t he above nethod described with reference to -Figure 45 can also be used in
the Internet. (b) Another application exanple of the barcode will be
described with reference to Figure 46 as another node of enbodinment. This
node of enbodinent is concerned with an exanple in which an encryption key
to be used ther softwacemanucaciweri thatr beorttiedseaset Heeyabavei-sdascri bed bar code
in the PCA area. As shown in Figure 46, a press factory 4601 keeps each 1D

nunber and d newCID hegpandi Agcordenylpt | of fiedted disks iverkayadepf a public key
encryption function, in the formof a table 4602. At the press factory

4601, an | QHaush&fypabd 1Dt 8f cter SamOnHnP&T RoRld Gekedcoaded riecehéled in the PCA
area 4605 of an optical disk 4604 by using a PCA witer 4603. Next, we

i1l d [ d tical disk
4608 can pl'dy Trobatke o ong L%, PORIBREL PGusd B SR BLEHEY Pence in °

whi ch he desites tq watch viye soft e recorded Qn.the optical disk. -84
Bef ore the (‘ﬁlge? “(':Oélr%gp %er% tllll%ltrﬁg\'/rgfhé’oﬁ?%sfoﬁleas ot%‘attheln 8 (f}ilcal di sk

1001, he N5k, AEATER P BOUIL L8R SYSLATy THRgETETL conter 4010 and
P62t he Shimber can'bé brevented by applying network protection.’ s Sonal computer
Needless to say, the above method described with reference
to Figure 45 can also be used in the Internet.
(b) Another application example of the barcode will be
described with reference to Figure 46 as another mode of
embodiment.
This mode of embodiment is concerned with an example in
which an encryption key to be used during communication is
recorded as the above-described barcode in the PCA area.
As shown in Figure 46, a press factory 4601 keeps each
ID number and its corresponding encryption key, a public key
of a public key encryption function, in the form of a table
4602. At the press factory 4601, an ID number and its
corresponding public key are recorded in the PCA area 4605
of an optical disk 4604 by using a PCA writer 4603.
Next, we will describe how the user who purchased the
thus completed optical disk 4604 can play it back on his

player.  Consider, for example, a case in which he desires

to watch movie software recorded on the optical disk.
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PCA area, etc. are played back and the public key is read out. \Wen the
user enters his credit card nunber and personal code nunber, an encryption
encoder 4607 encrypts the entered data with the public key, and the
encrypted data is transmtted to the system nanagenent center 4610 by

using the_comunjcations channel 4620. At, the system mapagenent center
4610, a coﬁﬁfﬁﬁ%&h?&?%e@‘:q & aﬂ%@ﬂ?kré'&dgo‘f’r?ecf)ﬁiarﬁ@ e the plai ntext from

the received data, and decrypts the received data by retrieving a secret
key correspbhifiadgdigk 84, benhabde arnange afprenaymepti bm akeysteabl e 4612. That
is, the system managenent center 4610 keeps the encryption key table 4612
cont ai ni ngmasagemegt i cehderedbilOnarfd haveac basrordnissuedntb @nskebr et key
corresponding to the public key. Based on the user's credit card nunber
and personglayleette nunber retrieved fromthe decrypted data, the system
managenment center 4610 charges the user, and at the sane tines, issues a

password to theiyser .thhigerP3e60ahd ofQLLE PRS0 tipgndi sk 1D and
user-specified novie or conputer software contalned on the disk 4604.

Usi the - d I e I ck e desired

ﬁDLPg oreiﬁgigﬁﬁ%?ﬁgﬁﬁgé?ﬁgﬁ%z%#bgPé%q%é%@&grg&ﬂgﬁﬁgg4 & gﬁglic Egy can be
d b d th i cal disk,.thi de of enbodi t h

Phe of fect 6k 22y, WG 1 P PAAYEY 4BEF TkLIF PROMOKEY Buge8ystom that |

required the sy%%en1nanagenent center to send the public key
out. en the user enters his credit card number and

persohal code number, an encryption encoder 4607 encrypts

the entered data with the public key, and the encrypted data
is transmitted to the system management center 4610 by using
the communications channel 4620. At the system management
center 4610, a communication section 4611 reads the ID number
in plaintext from the received data, and decrypts the received
data by retrieving a secret key corresponding to the ID number
from an encryption key table 4612.

That is, the system management center 4610 keeps the
encryption key table 4612 containing mapping information for
each ID number and a secret key corresponding to the public
key. Based on the user’s credit card number and personal

code number retrieved from the decrypted data, the system
management center 4610 charges the user, and at the same
times, issues a password to the user. This password
corresponds to the disk ID and user—specified movie or

computer software contained on the disk 4604. Using the
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to the user separately. Furthernore, even if the conmmunication key (public
key) is delivered to a press factory where no particular security neasures
are inplenmented, security can be naintained. Furthernore, since a
different public key is used for each individual disk, if security of one
particul ar disk, that is, one user, is broken, the security of other users
can be propasstwedd thEsrismiedpridie us¢hgadinlagr bagk heldesikeds for different

di sks' has the effect of reducing the possibility of a third party placing
an il egal morigeor irfstahe thenteriredtdompuprrblso€tveay. were recorded on the
master disk, it would not be possible to prevent a third party from

pl aci ng an il | ggate ahdesubliin kdyheaedenptereabréedyasea Marcadgpobl i c key is
used as the comunication key, but it will be appreciated that simlar

effects caphdepebtsli Aesk, fthas SREeST kabodimensehs khe tdfifsct @se, however,
the security level is alittle lower than when a public key is used.

Need! ess 1 g5, ¢ IR R 1B; CASA LPadpHITbuschieRCmAO Figure 46 can al so
be used in the Internet. -86 Referring to Figure 22, we will now descri be

r deta BT AR, ST B peing o, passuord

_ : escr i erence to FIgur _ e flowchart of
dent 1 6 10 o MEeltek RebRAtALn: or B EnEBR thE Enower T No the
process communication key (public key) is delivered to a press

factory where no particular security measures are

implemented, security can be maintained. Furthermore, since

a different public key is used for each individual disk, if

security of one particular disk, that is, one user, is

broken, the security of other users can be protected.

Furthermore, using different public keys for different disks

has the effect of reducing the possibility of a third party

placing an illegal order. If the communication public key

were recorded on the master disk, it would not be possible

to prevent a third party from placing an illegal order. In

the example of Figure 46, a public key is used as the

communication key, but it will be appreciated that similar

effects can be obtained if a secret key is used. In this

case, however, the security level is a little lower than

when a bublic key is used. Needless to say, the method

described with reference to Figure 46 can also be used in

the Internet.
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proceeds to step 901b; if the software is not scrambled, the installation
is allowed to continue. On the other hand, if the answer is YES, it is
checked in step 901b whether the software is scrambled or not; if YES, a
connection is nade to the personal conputer network in step 901c, which is
foll owed by step 901d where the user enters the user ID and., software ID.
If, in step 90RefenrHagetd Figugy i2de WQD,Wli]néWWi descaibe i90detalle drive ID data
is transmtted to the password issuing center. After confirmng paynent,
in step 904gndthed fasissaranbi$sgiiand desmyptingedats Msiemcr yption conputation
on the drive ID and software 1D by using a sub secret key, and ‘generates
a passwor dpyédvolrdi ®id thasmtwoed desctibedusirh rdferenpe owefsguteen proceeds to
step 901h. The personal computer at the user end conmputes the password by

a sub publ g kay tRNG16REMALESE iR gWhd 22f heidri ve stBp 90flat bee result is OK,
the process proceeds to step 901n where the software scranble or

encryptiong| OGiKqg NtReciRacke tRrahiee 9Qeiftifiér tloesenswer is NO
then in s?ggh%%%h&ﬁﬁ FSJ%%%E eéavhethefﬁthere isla dfsk FD. If 87 _ there

2 oo o AP Rl LRt ERSON ol Sl G3TR.} She (9308 LLed Lo the

password id hter . ter confirmng paynent, 1n step 901 the

ot tvare | prvigpiastng apodibsott ape el RaHE scRIT S EMEREITR i e TS

transmtted to the user. |In step 901 t he per sonal
installation is allowed €% con{?nue. d% the other hand, if

the answer is YES, it is checked in step 901b whether the
software is scrambled or not; if YES, a connection is made
to the personal computer network in step 90lc, which is
followed by step 901d where the user enters the user ID and
software ID. If, in step 90lc, there is a drive ID, then in
step 901f the drive ID data is transmitted to the password
issuing center. After confirming payment, in step 90lg the
password issuing center performs encryption computation on
the drive ID and software ID by using a sub secret key, and
generates a password which is transmitted to the user. The
process then proceeds to step 90lh. The personal computer
at the user end computes the password by a sub public key
and compares it with the drive ID. If the result is OK, the
process proceeds to step 901n where the software scramble or
encryption is unlocked.

Turning back to step 90le, if the answer is NO, then in

step 901h it is checked whether there is a disk ID. If
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conputer at the user end conputes the password by a sub public key and
conpares it with the drive ID. If the result 1is OK the process proceeds
to step 901n where the software scranble is unlocked. In this way, by
comuni cating with the password issuing center via the network by using a
disk ID, the software scranble or encryption on the disk can be unl ocked.
In the caskexd ishe diskkID,Dtbén timespere9Bhi thavéirk db, dagiante the ID varies
fromdisk to disk, the password is also different; this has the effect of
enhanci ng sesnsnityed Ito thgpass@dd issyingrtatercomhfibexcati on i s onmitted, but
by encrypting data wusing a public key recorded in the PCA area, 'such as

shown in Ebeeieids padHentld ihhetepoonLNithat paRweed figsiat contdreps 901i and
901j, data security during conmunication can be further enhanced. This has

the eff ecmff&]ﬂé%ﬁ&gﬁ%rﬁ co&%&%%%ﬁ%noeh@fdie@rﬁpaah RikckhRg information

via a co ni cati on nmeans such as the Internet where the security. |[evel

is low Wew,ll finish re th sclipti | LSt = f -88 part
(1) and théﬁgg%éﬁag%éﬁané¥¥&ffﬂgs’d%gp%%%g%ﬁgéé%ESF%M%% g@@%}iption of
appertaining matters, relating to the proce fr.omoptical disk

manuf act ur LRgtHSSPRELSS 19 vk ueFer afﬁ‘ ot eBf e{}b‘il Qﬁg?(?“a?A) A | ow
reflectivity portion address table, mhicE IS a:gP%ition information |i st
for the |O@pm@yqqgcgp\£%pyuser end computes the passwo y a sub

public key and compares it with the drive ID. If the result
is OK, the process proceeds to step 901n where the software
scrémble is unlocked.

In this way, by communicating with the password issuing
center via the network by using a disk ID, the software
scramble or encryption on the disk can be uniocked. In the
case of the disk ID of the present invention, since the ID
varies from disk to disk, the password is also different;
this has the effect of enhanéing security. In Figure 22,
ciphertext communication is omitted, but by encrypting data
using a public key recorded in the PCA area, such as shown
in Figure 46, during the communication performed in steps
901i and 901j, data security during communication can be
further enhanced. This has the effect of ensuring safe
transmission of personal billing information via a
communication means such as the Internet wheré the security.
level is low.

We will finish here the descriptions of the first-half
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portion, wll be explained. (a) Laser markings are formed at randomin the
anti-piracy mark formation process at the factory. No | aser rmarkings
formed in this manner can be identical in physical feature. In the next
process step, the lowreflectivity portion 584 forned on each disk is
measured with a resolution of 0.13 min the case of a DVD, to construct a

| ow reflechim tor) Pd ithe alenesmirapdie 0P ,aanshewnpidteeli gliae 13(a). Here,
Figure 13(a) is a diagramshowing a low reflectivity portion address

tabl e, et ﬁgegcﬂrip@iér‘?g)ift Eﬁ@ﬁamnf%%gégtfgl%%ﬁ@ tACER Gape&saM th the

present enbodi nent, and 'Figure is concerned with an illegally

dupl i cat ed -CD. he 4 AYAR riy gﬂﬁ{ S e, 639 is encrypted
using a ongyg?f)g?&gh%?éﬁg%#gﬁ&gﬁgkmag%tEg9§%e sé&&?%ﬁRFﬁ%ure 18, and in
t he secondéggflective-layer formng step, a series of lowreflectivity

portions 5828 RGV8B4e, where the reflective layer is renoved, is recorded

in a barcode-Ii ttern_on  the innernos ort] of .t.he di sk, as shown
in Figure 2. Fi@grg ¥ reflectiviighaertiop Mé?itr‘?gﬂﬁ' thslﬁﬁc}erECK procedur e
by -89 the one-way function used for the encryptiqn, As shown in Figure
13, the | e@i posidien dnfarmetiee 1istedar Itpedlon irégf%&lﬁ)t%ave the | ow
reflectivity portion address tables 609 and 609x, respectively, which are
subst ant i alpbytiding f eiEnbefexphaémesdh ot her. One factor resulting in this
difference is that |I|aser markings identical in physical feature cannot be
made, (a) Laser markings are formed at random in the

anti—piraéy mark formation process at the factory. No laser
markings formed in this manner can be identical in physical
feature. In the next process step, the low reflectivity
portion 584 formed on each disk is measured with a
resolution of 0.13 pm in the case of a DVD, to construct a
low reflectivity portion address table 609 as shown in
Figure 13(a). Here, Figure 13(a) is a diagram showing a low
reflectivity portion address table, etc. for a legitimate CD
manufactured in accordance with the present embodiment, and
Figure 13(b) is concerned with an illegally duplicated CD.
The low reflectivity portion address table 609 is encrypted
using a one—direction function such as the one shown in Figure 18,
and in the second reflective-layer forming step, a series of
low reflectivity portions 584c to 584e, where the reflective
layer is removed, is recorded in a barcode-like pattern on
the innermost portion of the disk, as shown in Figure 2.

Figure 18 is a flowchart illustrating a disk check procedure by
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as earlier noted. Another factor is that the sector address preassigned to
the disk is different if the naster disk is different. Referring nowto
Figure 13, we will describe howthe narking position information differs
between the legitimte disk and pirated disk. The figure shows an exanple
in which the above two factors are conbined. In the exanple shown, two
mar ki ngs arthe forerealy duinotiwonduséd fon theeenasptddbnt Ae sheai ti mate CD, the
first marking of mark nunmber 1 is located at the 262nd clock position from

the start paiFtguek 13,hehs et imftel OWiGal tRIdN 8BS 1Ay, d@s ish@y in the
address table 609. I'n the case of a DVD, one clock is equi valent-to 0.13

m and t hecpeEgsur eRe Nyl ﬁemgﬁl\)’i'tr}fhpéﬂlénfﬁﬁ&%%yta s td@g Mdepopand, in

the case of the pirated CD, the first ng I's ocate at the’8lst clock

h d t abl e 609
ESSIggfgc;?ndggﬁﬁgg%Pfrggghggg %hé%Pa?§¥%ﬂ? Jﬂﬁk%8§“?u :Szepmeep thx
I k dd th e di sti ngui shed.
L Dew s, PRI ooDRs BaC B Begh Phipet U alaS it erices 1510w differen? To make

t he positi information matc of he | egitimate d| t he
reflective??§¢%$@f kings 2@§H6C%E§Ptp 1Fﬁ tifatuge tcgpnet b @@#@ss Al must be
formed with an accuracy of one clock wunit, i. e. , 0.13 gm otherw se, the

pirated di 8k esdher nededr udnother factor is that the sector address
preassigned to the disk is different if the master disk is
different. |

Referring now to Figure 13, we will describe how the

marking position information differs between the legitimate
disk and pirated disk. The figure shows an example in which
the above two factors are combined. In the example shown,
two markings are formed on one disk. In the case of the
legitimate CD, the first marking of mark number 1 is
located at the 262nd clock position from the start point of
the sector of logical address Al, as shown in the address
table 609. In the case of a DVD, one clock is equivalent to
0.13 um, and the measurement is made with this accuracy.
On the other hand, in the case of the pirated CD, the first
marking is located at the 81lst clock position in the sector
.of address A2, as shown in the address table 609x. By
detecting £his difference of the first marking position
between the legitimate disk and pirated disk, the pirated

disk can be distinguished. Likewise, the position of the
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In the exanple of Figure 16, the legitimate disk and illegally duplicated
di sk have low reflectivity portion address tables 609 and 609x
respectively, where values are different as shown in Figure 17. In the
case of the legitimate disk, in the track following the mark 1 the start
and end positions are mtl4 and nm+267, respectively, as shown in Figure
16(8), whegeamd mnarkihg tawdsofditfiferédt. egbd Impkelugdlei patigdodi sk t hese are m+24
and mt277, respectively, as shown in Figure 16(9). Therefore, the

cor r espondi pehryak Ues mafck Bat Y kBéE| etk ndty dhgk,tithe address tables 609
and 609x are different, as shown in Figure 17, thus making it possible to

di stingui Speflhfctldé’ml'lﬁaétthE“Zi‘j?nd'ﬂ;osﬂmlbﬂ |iggehe HRBUSAGEUTr e desires to
make a copy of the disk haV|ng the low reflectivity portion address table

609, they %¢Ilest§axp Qe Pt £ . oc&ﬁcdnsgml[lﬁ%%g’s%ft bheMdRgkoperation with the

resolution of the rep roduce S|gna own in Figure 16(8). As

shown in H ur e 20(5 oW _Nn h f f P d cl ock
si gnal out! ’rép?dd)czg 5& |g?: e%gy\%%gl g° pl%@igd dl%hegaglglse Cea ([:)V([))Cdi sk

t he period T of one reproduced clock pulse, when converted to a distance
on the disk"™that is, one pul se spaci ng on the disk, is 0.13 gm
Accordi ngly, to nmake an il| egal the reflective filmw Il have to be
renoved wthlm@ﬁb%mﬁ Ofr&é‘llliﬁl n of 0.1 gm It is true that when an
opti cal head

the legitimate disk and illegally duplicated

disk have low reflect1v1ty portion address tables 609 and
609x respectively, where values are different as shown in
Figure 17. In the case of the legitimate disk, in the track
following the mark 1 the start and end positions are m+14
and m+267, respectively, as shown in Figure 16(8), whereas
in the case of the illegally duplicated disk these are m+24
and m+277, respectively, as shown in Figure 16(9).
Therefore, the corresponding values in the low reflectivity
portion address tables 609 and 609x are different, as shown
in Figure 17, thus making it possible to distinguish the
duplicated disk. If an illegal manufacturer desires to make
a copy of the disk having the low reflectivity portion
address table 609, they will have to perform a precise laser
tfimming operation with the resolution of the reproduced
clock signal as shown in Figure 16(8).

As shown in Figure 20(5) showing the waveform of a PLL

reproduced clock signal out of reproduced optical signals,
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designed for an optical disk is used, a recording can be nmade on a
recording filmsuch as a CO-Rwith a submcron resolution. But in this
case, the reproduced waveformwi |l be as shown in Figure 9(c), and the
di stinct waveform 824 as shown in Figure 9(a) cannot be obtained unless

the reflectiv, filmis r ed. .(b) A.first _.nmethod of, achi evi ng nass
product i ont®fthepfasg 8f %ii@ﬁgg‘(ﬁi‘ Féﬁtﬂﬁrﬁ&d t’lf]é?fr%ﬂ‘q SEREQAYCEd | o may be by

| aser trinmmng using a high output |aser such as a YAG |aser. At the
present st éleckopulshibebgpnvested tha Abstanchi ghithe stiskr at@tmachi ni ng | aser
trimmng can only achieve a processing accuracy of a few mcrons. In the

| aser tri mi$ngnef ptlseeppagnduet dhentisk, cby VediBms, it is said that 1 mis
the limt of the processing accuracy. This neans that it is difficult to
achi eve a pcandinghyg aoccmakacyn dfl 18gdl copmt thhe mass production level. (c)
As a second nethod, X-ray exposure equi pnent for processing sem conductor

masks for YefSleztang iR Widdnhaw @665 iregovguinptient saineickoewn at the present
time as -92 equi pnent that can achi eve a processing accuracy of the order

of subni crefse] i ¥bn SHCH. BAYRPMEMRL & St{R! YhAXRRAS o idall Uddaer nore, it
takes nmuch tinme to process one piece of disk, and if each disk were

Phe pr esehis el ik, AR LURMIRT, ¢ick 16 TREH, PEFpEMMn A bo Sty M O A
on a recording film such as a CD-R with a submicron
resolution. But in this case, the reproduced waveform will
be as shown in Figure 9(c), and the distinct waveform 824 as
shown in Figure 9(a) cannot be obtained unless the reflective
film is removed.

(b) A first method of achieving mass production of
pirated disks by removing the reflective film may be by
laser trimming using a high output laser such as a YAG
laser. At the present state of technology, even the most
highly accurate machining laser trimming can only achieve a
processing accuracy of a few microns. In the laser trimming
for semiconductor mask corrections, it is said that 1 um is
the limit of the processing accuracy. This means that it is
difficult to achieve a processing accuracy of 0.1 um at the
mass production level.
| (c) As a second method, X-ray exposure equipment for
processing semiconductor masks for VLSIs and ion beam

processing equipment are known at the present time as
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the retail price of nost legitimte disks, so that nmaking pirated disks
woul d not pay and neani ngless. (d) As descrlbed above, with the first

nmet hod that involves laser trimrming, it is difficult to process with a
submi cron accuracy, and therefore, it is difficult to mass produce pirated
di sks. On the other hand, with the second nethod using the subm cron
processi ngeaement ogiats gath agbioue maprasessing eccutesycobttheer disk is so high
that maeki ng pirated disks is meaningless froman econoni c point of view
Accor di ngl yrdembifngubiniceged, bopiszshcequibmempr égevdrgd until some day in the
future when | ow cost subm cron processing technology for mass production

becones pragpérdve DidEerthRractd,cak tdReenmt 3imdnooprsieeh drechnol ogy wil |
be many years into the future, production of pirated disks can be

prevented. pligcd be ¢aie Qﬁd a £t whcH AYSK wiir8 KortickBsé IUQWI% lsgthectivity portion
formed on each | ayer as s own in Figure 33, an illegally duplicated disk

cannot be ur _ bo are aligned with
good accurgggy%%ﬁrt nlnat %g,&gﬁdabﬂﬁ Bgﬁﬁgﬁ ﬁgﬁhhekéﬁﬂgctiveness -93 in
preventing |ra escr how rangenent angl e of
the | ow rePFPe%‘ﬂ "qe’péif\‘leregwr?rgh %ecﬁ f?o%ia‘ﬁ%ﬁgo% Ee%gtf &ﬁ ;9 In the present
i nvention uff|C| nt .effectiveness in_  pir entlan IS provided by
the refl ecttﬁ?/erqtéﬂr rPHigG et mﬁéEﬁ&ﬁﬂEmatﬁhg;\{S ?Flé"q ofBreflective

mar ki ng al one.
pirated disks would not pay and meaningless.

(d) As described above, with the first method that
involves laser trimming, it is difficult to process with a
submicron accuracy, and therefore, it is difficult to mass
produce pirated disks. On the other hand, with the second
method using the submicron processing technology such as X-
ray exposure, the cost per disk is so high that making
pirated disks is meaningless from an economic point of view.
Accordingly, making illegal copies can be prevented until
some day in the future when low-cost submicron processing
technology for mass production becomes practical. Since
practical implementation of such technology will be many
years into the future, production of pirated disks can be
prevented. In the case of a two—layer disk with a low
reflectivity portion formed on each layer as shown in Figure
33, an illegally duplicated disk cannot be manufactured
unless the.pits on top and bottom are aligned with good

accuracy when laminating, and this enhances the effectiveness
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In this case, the prevention is effective even if the master disk is a
duplicate. However, the effectiveness can be enhanced by conbining it wth
the piracy prevention technique at the master disk level. If the
arrangenment angle of the lowreflectivity portion on the disk is specified
as shown in Table 532a and Table 609 in Figure 13(a), an illegal

manuf act ur éh Mweukrtingapiracy. accurately duplicate even the arrangenent angle
of each pit on the master disk. This would increase the cost of pirated

di sks and henceBerfiangewd heltapabiribd Yok othéeherangehéC ¥ing[LofA furt her
description will be given of the operation of reading the nonreflective

optical nagkd Ngw PoAllekOIVidly phraibWOoitak didw oaf od gRidi¢adq.di sk, focusing
on points that were not touched on in the foregoing description of the

operating bl nGhPhfe po&ind TnvétRiSHOWMEHLIehUlFolbiydd8s SR L POSI LI On

address nunber, franme nu cl oc er can be nmeasured accurately

ith ti . T yni t. ' it 94 lutign of 0.13 p. m
' the castidey Refisbidy dRobsti Oy Byl EudlenlB3Ral layer  *t her by
to accurately neasur he oBti al ,mark .of t.he risent i nvention. Figures 2
0 and 2 1 "% 1f%et§6%iE%I QWHFgggxﬁéﬁaﬂﬁﬁ'ﬁﬁ%ﬁﬁﬂnﬁf Fi gure 16.

Expl anation of .signals (1),.(2), (3), , .and (5).in Figures 2 0 and 2 1
Wi |p| anot b@l gﬁh\}én ARy etlge )pre\(/ergtlor(l 1)s e%le):ctlve ev(en) if the r%aster

disk is a duplicate.

However, the effectiveness can be enhanced by combining it
with the piracy prevention technique at the master disk
levelf If the arrangement angle of the low reflectivity
portion on the disk is specified as shown in Table 532a and
Table 609 in Figure 13(a), an illegal manufacturer would
have to accurately duplicate even the arrangement angle of
each pit on the master disk. This would increase the cost
of pirated disks and hence enhance the capability to deter
piracy.

(C) A further description will be given of the
operation of reading the nonreflective optical marking
portion of the two-disk laminated optical disk, focusing on
points that were not touched on in the foregoing description
of the operating principle.

That is, as shown in Figure 16, the start position
address number, frame number, and clock number can be measured

accurately with a resolution of 1 T unit, that is, with a
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since the operating principle is the sanme as that shown in Figure 16. The
correspondence between Figure 16, which illustrates the principle of the
detection operation for detecting the position of a lowreflectivity
portion on a CD, and Figures 2 0 and 2 1, which are concerned with a DVD,
is given below. Figure 16(5) corresponds to Figures 2 0 (1) and 2 1 (1).

The reproduges &liog b fS0IMmal , hnifitadr & sk666)theopViesRaMT-dt Oby t hat shown in
Figures 2 0 (5) and 2 1 (5). Address 603 in Figure 16(75 corresponds to

t hat Sho"‘“u.bfhé:iagé'érﬁ/%n%i&la(l?blaé{%g, %&eﬁ%>t-(o4$5@ﬁf%t§l’?%a§% in Figure 16(7)

corresponds to that shown ih ures 2 and 21 (4). Starting clock

number i n ErpuPaTsoh il U kg A Epe Ao oh P B & 3R BT ur e

16(7), in E 2 d 1.(7 ta i d,usi 6- bi t

ma§ ki) ngI Ineﬁiglj u.rt?lgsol?thlcég%“}aa?eﬂ?drteﬁé %&%Zggimﬁh%%g)g{:f%%%i géls:‘ E%dgrrent Ial |y

t he sane between,K CD ar%d DVD., A fi'r%:%9 g difference is that a 1-bit mark
Ei‘l\#\f vgd

| ayer iden At sy 9T a818Mh s ki 2 0 (7) is included for

identifying whether the |owreflectivity portion is of the one-layer type
or two-| agé)r’ pde(5)THE FigyrpayrO pvpl s2 dustidd engdr bei gieenahergr eat er
anti-piracy effect, as previously described. A second difference is that
since the bimee the mgiragingensingiple is the same as that shown in

Figure 16.

The correspondence.between Figure 16, which illustrates
the principle of the detection operation for detecting the
position of a low reflectivity portion on a CD, and Figures
20 and 21, which are concerned with a DVD, is given below.

Figure 16(5) corresponds to Figures 2 0 (1) and 2 1 (1).
The reproduced clock signal in Figure 16(6) corresponds to
that shown in Figures 2 0(5) and 2 1 (5). Address 603 in
Figure 16(7) corresponds to that shown in Figures 2 O (2) and
21(2).

Frame synch 604 in Figure 16(7) corresponds to that
shown in Figures 2 0(4) and 2 1 (4). .Starting clock number
605a in Figure 16(8) corresponds to reproduced channel clock
number in Figure 2 O (6). Instead of the end clock number 606
in Figure 16(7), in Figures 20(7) and 2 1(7) data is
compressed using a 6-bit marking length.

As illustrated, the detection operation is

fundamentally the same between CDIand DVD. A first
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is nearly

0.13 gm which increases the resolution for the

informatio
Figure 2 0
havi ng two

1 shows th
second | ay

sends a swtching signal to a focus control sectio

controls a
| ayer

in address
counter,
reproduced
as shown b
optical m

t wo- di sk

1 shows adis essrppsiwoi bimdésntsrmmhi oh Toeft @eniregroduced d oobtiiscal

fornmed on

two tines as high, 1 T of the reproduced clock is as short as

detection of the position

n and thus provides a greater anti-piracy effect. Shown in
is the signal fromthe first layer in a two-layer optical disk
reflective layers. The signal (1) shows the condition when the

start posi fiffereffe aR OR4t qal-Wmar a@D 1hbher fildestifliayef03asaslet ected. Figure 2
e condition of the signal fromthe second |layer. To read the

%owelﬁ'rlﬁééem@d Q%eﬁncﬁr%ﬁcﬂ?irngd&ﬁ;qtf&ﬁﬁ%%gtﬂé} Figure 15

28 whi ch t hen

S8 1oL IR S BLABCED ooy RNhENARE feisy [ rom he f1 ot

e secon ayer gure

hat the mark is

(4) using a

db t th f h I
Py e ﬁtwrrﬁe OO (P Ut
cl ock nunber ISP% und and thefﬁgtlcal ga ki ng position data

greatersAHaPIYay FELRRh afhddeviRysty descsi

on -96 data, the

rk can be nmeasured with a resolution of O. 13 p. mon a
convent i ona¢caigndibfremyd isl hatr sing) thadl ineoredordug alessiel ating to the

| am nated optical disk will be further described bel ow. Figure 2

the second | ayer. Since
as short as 0.13 pm, which increases the resolution for the

detection of the position information and thus provides a
greater anti-piracy effect.

Shown in Figure 2 O is the signal from the first layer
in a two-layer optical disk having two reflective layers.
The signal (1) shows the condition when the start position

of an optical mark on the first layer is detected. Figure

2 1 shows the condition of the signal from the second layer.

To read the second layer, a first/second layer
switching section 827 in Figure 15 sends a switching signal
to a focus control section 828 which then controls a focus
driving section 829 to switch the focus from the first layer
to the second layer. From Figure 2 O, it is found that the
mark is in address (n), and by counting the frame
synchronizing signal (4) using a counter, it is found that
the mark is in frame 4.- From signal (5), the PLL reproduced
clock number is found, and the optical marking position data

as shown by the signal (6) is obtained. Usihg this position
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| aser |ight penetrates the first and second | ayers through the sanme hol e,
as shown in the process step (6) in Figure 7, the nonreflective portion 815
formed on the first reflective layer 802 and the nonreflective portion 826
formed on the second reflective |layer 825 are identical in shape. This is
depicted in the perspective view of Figure 4 7. In the present invention,
after the drtmspheeonticalibsrkacan deimeasdreherishcongsslifsopatle 803 are

| am nated together, laser light is applied penetrating through to the
second | ayér 13 opfmoomamonvaritiooal consumerhBYleedayém this case, since

coordi nate arrangenents of pits are different between the first and second

| ayers, and sing® A§EitiBRsl ha®béds relagingnshithebeiovdésk t he first and second
| ayers is random when | am nating themtogether, the pit positions where

the mark i 9. forimd &5 cdifdakept11bgbWagRhEPQldstt SedabEloveecond | ayers, and
entirely dlfferent position information is obtained fromeach |ayer. These

two kinds of pgsition, | i : _ Ao ayer
aiske 11 it o Lo RATRIRTSS o RTre BrEfrq BN E My, P T A

OPL Al TS B0 8105 BYE Sl g NSl e SG 1 h 7gSoluton
opt1 cal _narReer et EShTREsibf, ThChaty SeyPar Toers Theueflac s, i th an
accHracy Ofthtehseamoer gg{e,OfasQéhlowrr)l ;rr]l t?]lét prtoq:eersg sitsepa(&oigi bility

Figure 7, the nonreflective portion 815 formed on the first

reflective layer 802 and the nonreflective portion 826

formed on the second reflective layer 825 are identical in

shape. This is depicted in the perspective view of Figure

4 7. 1In the present invention, after the transparent

substrate 801 and the second substrate 803 are laminated

together, laser light is applied penetrating through to the

second layer to form an identical mark thereon. In this

case, since.coordinate arrangements of pits are different

between the first and second layers, and since the

positional relationship between the first and second layers

is random when laminating them together, the pit positions

where the mark is formed are different between the first and

second layers, and entirely different position information

is obtained from each layer. These two kinds of position

information are encrypted to produce an anti-piracy disk. If

it is attempted to duplicate this disk illegally, the
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that mass production technol ogy nmay be commercially inplenmented in the
future that enables |arge quantities of single-layer disks to be tri mred
with a processing accuracy of 0. 1 mat |low cost. Even in that case,
since the top and bottom disks are trinmed sinultaneously in the case of
the two-layer |am nated di sk 800, the twop disks st be | am nated together
with the pbpticadamankssorridieopve dayersmmryld diavenley bgi 2 g&ﬁdaccuracy of a few
m crons. However, it is next to inpossible to lamnate the disks with this
accuracy betaaseesfluthen todnplowtt Or B3 cownf f iAsi previogsty of the

pol ycarbonate substrate. Wen optical marks were fornmed by applying |aser

| i ght penetesdribgdt hrtoulh presettvsthby @f téchinol860.itt he nodsul ti ng
anti-piracy mark is extrenely difficult to duplicate. This provides a

greater anbhsgin1acyo efubetdate The depk iwakl thrskgWilid opticit naghis acy nmechani sm
is thus conpleted. For piracy prevention applications, in cases where the

disk procegseifle SHQY witl 4 AGARACHISE DNPRPRRADIAL 25, With i Case of the

singl e-pl ate type, encryption process, which is an integral part of

ey have t BCRWRCSCT ahrattter D 4 R E A8 Bop e BR e Y "

_ _ manufacturing factory. "This nmeans
mi nt &1 ned (AL TS5 SRHTTAT EOTC RPN R Y, B BETMGRPILY od < o't he i ok
T imatementod in the rulire thit anables Jakge quantities of SNeryption. On

single—layer disks to be trimmed with a processing accuracy
of 0.1 um at low cost. Even in that case, since the top
and bottom disks are trimmed simultaneously in the case of
the two—layer laminated disk 800, the two disks must be
laminated together with the pit locations and optical marks
aligned with an accuracy of a few microns. However, it is
next to impossible to laminate the diéks with this accuracy
because of the temperature coefficient, etc. of the
polycarbonate substrate. When optical marks were formed by
applying laser light penetrating through the two-layer disk
800, the resulting anti-piracy mark is extremely difficult
to duplicate. This provides a greater anti-piracy effect. -
The optical disk with an anti-piracy mechanism is thus
completed. For piracy prevention applications, in cases
where the disk process and laser cut process are inseparable

as in the case of the single-plate type, the encryption

process, which is an integral part of the laser cut process,
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according to the nethod involving | aser processing of |am nated disks,

whi ch constitutes one aspect of the invention, the laser trimmng process
can be conpletely separated fromthe di sk manufacturing process.

Therefore, laser trinmng and encryption operations can be perforned at a
factory of the software maker. Since the secret encryption key that the
sof t war e nakémprkeeps ngebodpinde sesietvenayptdort hey diaske tarbef act uri ng
factory, the secret key for encryption can be kept in the safe custody of
the sof t waexformkérat The sligkesdnufacnoriegstestohe s&hiw ineynof encrypti on.
(E) As described above, in the present invention, a |legitimte manufacturer

can make ath£giihi thad eade I€ ble Wiagbsglage thype tHeskesrsdtng a general - pur pose
| aser trinmng apparatus having a processing accuracy of several tens of

m crons.  Thoughtdon 'K%?Srhﬁﬂn'ﬂglﬁé'cp%aﬂ% %f&a%é cdliphfly [1RAYI {&Pe this can be
achi eved by conventional circuitry contained in a consuner DVD player. By

S.”EL@Lh”ﬁ%%ﬁﬁ?%ﬁ%?@%rﬁ%ﬁ fanlith Gy iRg FeEkor POCTHR Ball St rer noed
only have a gecre and a.neasur.i.n t.h measuri ng accuracy
of % 13 ‘ﬁﬁ?l éC? ﬁ.?%&“ﬁFGﬁélengﬁb @%F&bﬁrﬁ?n?mo or three orders
of nagnltude | ower, ever tens of mcrons. This neans that a

convect i onafCqr4des tg?r& s!@lt Eﬁdﬁﬁa wings lasednpreeesstve ofn the other hand, an

illegal manufacturer,
laminated disks, which constitutes one aspect of the

invention, the laser trimming process can be completely
separated from the disk manufacturing process. Therefore,
laser trimming and encryption operations can be performed at
a factory of the software maker. Since the secret
encryption key that the software maker keeps need not be
delivered to the disk manufacturing factory, the secret key
for encryption can be kept in the safe custody of the
software maker. This greatly increases the security of
encryption.

(E) As described above, in the present invention,
a legitimate manufacturer can make a legitimate disk by processing
the disk using a general-purpose laser trimming apparatus having
a processing accuracy of several tens of microné. Though a
measuring accuracy of 0.13 um is required, this can be
achieved by conventional circuitry contained in a consumer
DVD player. By encrypting the measured result with a secret

encryption key, a legitimate disk can be manufactured. That
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who does not have a secret key, will have to directly copy the encrypted
information recorded on the legitimate disk. This neans that a physical
mark corresponding to the encrypted position information, that is, the
position information on the legitimate di sk, must be formed with a
processing accuracy of 0.13 4m That is, the low reflective mark has to be

formed usi thg, aher begixinag: mappIAtbSr Mavd nthl1g PAHRCAESSddIELaARGUr acy two
orders of rmagnitude higher than that of the processing apparatus used by

the legitigRd & HEANASEUsRaraM@ Wieh B Rd4GTiap é’@ctu?a%n of2GCLY acy higher by
, Wth .1 gm

two orders of magnitude, 1i.e. an accuracy o Is difficult

bot h t echni gl Iw}ﬁi%Qheep&ﬂﬁﬁgﬁggxesﬁ&%nd&régfpifsowé%qa@igﬁer%‘ uture. This

means that production of pira di sks can revent ed ng the life
of the DVD d : ohnt of fhe.inventiop.s to. exploit the fact
that the rrggas%}rgi ﬁgqnaagémur?%@yllf)‘iergeﬁ%?talllsy sef’vefﬁaltﬁpﬁe‘?% My MBgni t ude hi gher
than the p?ﬁcessin t%c§uraC£. [.n thf case of CLV, the above nethod exploits
the fact Lt TEARS JHAF 3 SOPESTPAAL  aSPT RGEREHIEIRRRAAEYS r om one - 100
master di sk tq another, as previously noted. Figure 4 8 shows the result
of the nmeaStt Z’ﬁere f 9’&10‘3’@5%&%0 @ri‘%n@]ohue&él Fgnuigsduredneral |y, . t here
are two types of master disk, one recorded by rotating a notor at a
constant rBeatdogaalot bpee@ secred. key,wiwihl dayenta dareetdguteny vel ocity (CAV),

and the other recorded by rotating a disk with a constant |inear
the encrypted information recorded on the legitimate disk.

This means that a physical mark corresponding to the
encrypted position information, that is, the position
information on the legitimate disk, must be formed with a
processing accuracy of 0.13 um. That is, the low
reflective mark has to be formed using a processing
apparatus having a processing accuracy two orders of
magnitude higher than that of the processing apparatus used
by the legitimate manufacturer. Volume production with an
accuracy higher by two orders of magnitude, i.e., with an
accuracy of 0.1 pgm, is difficult both technically and
economically, even in the foreseeable future. This means
that production of pirated disks can be prevented during the
life of the DVD standard. One point of the invention is to
exploit the fact that the measuring accuracy is generally a
few orders of magnitude higher than the processing accuracy.
In the case of CLV, the above method exploits the fact

that the address coordinate arrangement differs from one
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velocity (CLV). In the case of a CAV disk, since a |logical address is

| ocated on a predeterm ned angular position on the disk, the | ogical
address and its physical angular position on the disk are exactly the sane
no matter how many master disks are made. On the other hand, in the case
of a CLV disk, since only the linear velocity is controlled, the angul ar

posi tion ofadthe diadti €@landdHEEsasoprdvicusigshetedli sRigurer dnom As can be
seen from the result of the neasurenent of |ogical address |ocations on

act ual CDSSHOQJSFP%’&% h Boft e hbaSkieREnPidrChddi®kar todaRlidhs onand |inear
velocity vary s |ghtFy fromdisk to disk even if exactly the same data is

recorded URIAg LR, SAEJBBLET A8 IRBALRS UTpehd e gHa0r S acoumlate,

resul ting re st’cal locations.”1n Figure 4 8, the locations of
each | ogi cal _address, on i rst ster, di sk_are.indi by white
circles, atf Fﬁ‘éOHﬂgf?aPY orr?ga ’rf‘gsgc'g(ﬁt Tal & ﬁ?rr‘%caﬁftls Ogtra%g%”g s are indicated
by black circles,and triangles, respectively. . As be n, the physical
| ocat i ons ##eedhel | tgi EHEh aaamségggsdpr\ggﬁ@r é@iﬂcjttiyr’ré&ﬁﬂe %@?‘E’P di sk i s made.
Figure 17 - 101 shows the low reflectivity portion alddress tables for a
| egi ti mat eodieskreenrdan by regaiing dubiskckiidgadsdietprty L188/pari son. The
met hod of piracy prevention at the master disk |evel has been described
above. Thi selitywhe@hVimstler thié slase off aCfA¥ déslbr dilnge asuch as a CD or DVD,
are nade fromthe sane

logical address is located on a predetermined angular

position on the disk, the logical address and its

physical angular position on the disk are exactly the same

no matter how many master disks are made. On the other

hand, in the case of a CLV disk, since only the linear

velocity is controlled, the angular position of the logical

address on the master disk is random. As can be seen from

the result of the measurement of logical address locations

on actual CDs in Figure 4 8, the tracking pitch, start point,

and linear velocity vary slightly from disk to disk even if

exactly the same data is recorded using the same mastering

apparatus, and these errors accumulate, resulting in different

physical locations. In Figure 4 8, the locations of each logical

address on a first master disk are indicated by white

circles, and the locations on second and third master disks

are indicated by black circles and triangles, respectively.

As can be seen, the physical locations of the logical

addresses vary each time the master disk is made. Figure 17
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| ogic data by using a mastering apparatus, as shown in Figure 4 8, the
physi cal |ocation of each pit on the disk varies between naster disks,
that is, between the legitimate disk and pirated disk. This nethod

di stinguishes a pirated disk froma legitimte di sk by taking advantage of
this characteristic. The piracy prevention technology at the master disk

| evel can gipfwavemd 1o pdfadc el vty gérttibﬁ‘ dddgkss |tabbés madea by sinply copying
data only fromthe legitinmate di sk. However, recent years have seen the

enmer gence Eégimiﬁ]?ﬁee dTERYrAChAT8 8¢ £AY! B cWtdd 0Tk &rdvanced technol ogi es,
who can make a master disk replica i'dentical in physical feature to a .

| egitimate 8ﬁ%§is&y nmelting the pol ycarbonate substrate of the legitimte
disk. In t%lé)case[ the piracy prevention nmethod at the naster disk |evel

is defeated. Tq, prevent this new threat of pirat i sk, production, the
present invent ?BE "f?atgoa aoetcpyéacfyt Rﬁevpelr&é%ril 4y gl\]/eeﬁ‘tagg%rdrgEFIﬁod at the
reflective, | aye | evel ,wher ei mar Kj i.s fqrmed on a,reflective film
Accor di ng t&'4lh aﬂé’ceﬁﬂddecﬁcrfh%dqﬁg%‘é%nt ‘r\[‘]ﬁ%éﬁti n 'f‘?'ﬁetern‘élr%snafi s formed on
each di sk pressed froma master disk, 102 even if disks are pressed from
t he mast er Clly grecordingensiahngs a CBovx iDYR ofrer Made drpacievéa™s | min the
reflective film formation process. As a result, the position and shape of
the resul t logic data &l esingve mestlr g iappalidtusr st shewmion@igugesKd 8o

another. In a usual process, it is next to inpossible to partially renove
t he refl ecthes@hfysicalwilodatdon of each pit on the disk varies between

master disks, that is, between the legitimate disk and

pirated disk.This method distinguishes a pirated disk from

a legitimate disk by taking advantage of this characteristic.

The piracy prevention technology at the master disk level can

prevent pirated disks at the logic level made by simply copying

data only from the legitimate disk. However, recent years have

seen the emergence of pirafe manufacturers equipped with

more advanced technologies, who can make a master disk

replica identical in physical feature to a legitimate disk

by melting the polycarbonate substrate of the legitimate

disk. In this case, the piracy prevention method at the

master disk level is defeated. To prevent this new threat

of pirated disk production, the present invention has

devised the piracy prevention method at the reflgctive layer

level wherein a marking is formed on a reflective film.
According to the method of the present invention, the

marking is formed on each disk pressed from a master disk,
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accuracy of submicrons. This serves to enhance the effectiveness in
preventing duplication since duplicating the disk of the invention does
not justify the cost. Figure 1 9 shows a flowhart for detecting a
duplicated CD by using the lowreflectivity portion address table. The
delay tinme needed to detect the optical mark varies only slightly due to
the opticabvdiead divltscare pressielsifoms the maseer rdskoduc trienoviagpar at us used.
This of the delay time TD circuit can be predicted at the design stage or

at the ting Rfrti6soMPLREUCE]eevivENEilaptin cible refllecpdsd tiidm i nformation is
obt ai ned by neasuring the nunber of clocks, that is, the tinme, fromthe

frame synchgQpiczbRprocadal - ABue resutle theffoseticf ahdleshapecati t del ay tine,
an error may be caused to detected data of the optical nmark position

| nfor At Ofye A%y P i3S ¥ reBLLALVE! fEBkEng! ik aNPLerBR: qbANgRuS! Y ] udged as

being a pira I nconveniencing a lTegitimate user. A neasure to

reduce the,effect of ,the Ggircuit del i T L1, be described bel ow.
Furt her, adkﬁ?chW“ﬁéaé-o “aadﬁ?ﬁ?lgg%g%agﬁfc %é%&%ﬁvpcause an interruption
in the reproduce 103 Si

- cl ock nal , causing.an.efror. of a few clocks in
t he rreasui’é‘?%ﬁ‘?tlgb‘? ttOhBa’btdiaﬁ%llre ‘F(%’SSWL@SHQ}W Sllpﬁtwil&ﬁ.anl'o address this
problem a tol erance 866 and a pass count 867, sho in Figure 2 0, are
recorded oAceurgicgkof submigiops dhiswieryes tQerrbANSedtd ee of tol erance on

the nmeasured value according to the actual situation at the tine of
reproduct i efifectiveness in preventing duplication since duplicating

the disk of the invention does not justify the cost.

Figure 1 9 shows a flowchart for detecting a duplicated
CD by using the low reflectivity portion address table. The
delay time needed to detect the optical mark varies only
slightly due to the optical head and circuit designs of the
reproduction apparatus used. This of the delay time TD circuit
can be predicted at the design stage or at the time of
mass production. The optical mark position information is
obtained by measuring the number of clocks, that is, the
tiﬁe, from the frame synchronizing signal. Due to the
effect of the circuit delay time, an error may be caused to
detected data of the optical mark position information. As
a result, a legitimate disk may be erroneously judged as
being a pirated disk, inconveniencing a legitimate user. A
measure to reduce the effect of the circuit delay time TD
will be described below. Further, a scratch made on a disk

after purchase may cause an interruption in the reproduced
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the reproduction operation is permtted when the pass count 867 is
reached; the margin allowed for an error due to a surface scratch on the
di sk can be controlled by the copyright owner prior to the shipnment of the
disk. This will be described wth reference to Figure 1 9. In Figure 1 9,
the disk is reproduced in step 865a to recover the encrypted position

i nf or mat i otldckosigrad, beausdde am ecprdiohga gewt ¢ neker ipither ecordi ng porti on of
the present invention. In step 865b, decryption or signature verification
i s perfor mehsuaamertnoftBe 866iralamdrksposiftioopinfoanatimnk pkesition
information is recovered. Next, if the delay tine TD of a reproduction

circuit isaddresedthin prsble) cilitbleriglcay8sd ard d pasagonactdeyn 608a in the
reproduction apparatus of Figure 15, TD is read out in step 865h and the

process prges@dsn ti gatepP28PpXarel Fedd?ded diPty &1dK, ednd Whiihe reproduction
apparatus, or if a neasurenent instruction is recorded on the disk, the

PrOCess p{/@ﬂ%%qg%té) c%?ﬁ@_nlsﬁégrseteg 8? NQbréhce 6h efh%”ﬁ@as‘iﬁ!e?)’vatliuge measur enent

routine. en address ected, the start position of the next

address Ns_is -.10 und, The.frane synchropi zi ng signal .and the
repr oducedacccqr(‘f;%ll}g215E ehgeo@ﬁtt'é ;S Sﬁ'&a ims teggﬂ%g me ?ﬁererpg?@%éﬁgré’ opti cal

Stored. ThiE aherediaion Soerationnts 26TpFEd BN Paes TUNdeBT | bed | at or
with reference to Figure 16(7),. In step 865x, the optical nark |ocated
i nsi de is reached; %he margin allowed for an error due to a surface

scratch on the disk can be controlled by the copyright owner

prior to the shipment of the disk. This will be described

with reference to Figure 1 9.

In Figure 1 9, the disk is reproduced in step 865a to

recover the encrypted position information from the barcode

recording portion or pit recording portion of the present

invention. In step 86bb, decryption or signature

verification is performed, and in step 865c, a list of

optical mark position information is recovered. Next, if

the delay time TD of a reproduction circuit is stored in the circuit

delay time storing section 608a in the reproduction apparatus of

Figure 15, TD is read out in step 865h and the process

proceeds to step 865x. If TD is not stored in the reproduction

apparatus, or if a measurement instruction is recorded on

the disk, the process proceeds to step 865d to enter a

reference delay time measurement routine. When address Ns-1

is detected, the start position of the next address Ns is
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address Nmis neasured. In steps 865i, 865), 865k, and 865m the optical
mark position information is detected with a resolution of one clock unit,
as in steps 865d, 865y, 865f, and 865y. Next, in step 865n, a pirated disk
detection routine is entered. First, the circuit delay time TDis
corrected. In step 865p, the tolerance 866, i. e. , tA_  and pass count 867
recor ded ofpunde dﬁl@kfr@@ sheshroniz imggaignal2and theerengaduces check whet her or
not the position information nmeasured in step 865g falls within the

tol erance clodk 4fe tchentebubnd iin Step 865f,eph8GferemeEnophicitlep 865s it is
checked whet her the checked mark count has reached the pass count. If the

resul't is fdk {5efetebtsd. epIB8Ghept 8650 se ciisciitddeThyasiheildg a legitimate
di sk and reproduction is permtted. If the pass count is not reached yet,

the process QLW daSabh® sibePd.86%Ris lobetdiGohesdlthel SardCai neet €p 865r, then
it is checked in step 865f whether the error detection count is smaller

than NA - agglaplon WAChe (0SeF BR4! LardipEHh sbhergieaces Sigtu ns o step 865s.

If it is then in step 8 isk 1's judged as being an ill ega

- 105 dis d the eration,i s st.opped. desgri be since the circuit
del ay ti ot 5 1 28 e@?’édutg‘tei S%tlafﬁga'i’agtkﬁio‘f%egt Y1%44% n the 1 C ROV
optical mar posi ti.on infor thon can .obﬁ%gneg i th éncreased

accuracy. TeREr Horte, MEAPULES-t | nB THFESt 1%y aP): 8 nd"%pass count for the

sof tware on each disk, the criteria for L )
865m, the optical mark position information is detected with

a resolution of one clock unit, as in steps 865d, 865y,

865f, and 865y. Next, in step 86bn, a pirated disk
detection routine is entered. First, the circuit delay time
TD is corrected. In step 865p, the tolerance 866, i.e., tA,
and pass count 867 recorded on the disk, as shown in Figure
2 0, are read to check whether or not the position
information measured in step 865g falls within the tolerance
tA. If the result is OK in step 865r, thén in step 865s it
is checked whether the checked mark count has reached the
pass count. If the result is OK, then in step 865u the disk
is judged as being a legitimate disk and reproduction is
permitted. If the pass count is not reached yet, the
process returns to step 865z. If the result is NO in step
865r, then it is checked in step 865f whether the error
detection count is smaller than NA, and only when the result
is 0K, the process returns to step 865s. If it is not OK,

then in step 865v the disk is judged as being an illegal
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pirated di sk detection can be changed according to the actual condition to
allow for a scratch nade on the disk after purchase. This has the effect
of reducing the probability of a legitimte di sk being erroneously judged
as an illegal disk. As described in the above nbde of enbodinent, the
piracy prevention nethod at the reflective |layer level forns a physical
mar k i n t hdishr aagitheaoparadfornt He sedfppedti ve film on the disk, instead of
the previously practiced physical marking at the naster disk |evel.
Pirated di sk pAsdiesttitied, caindehtse hdrpiayvdniad téwerlTD bftthe di sk is
duplicated at the master disk level. In the above node of enbodi-nent, a

new opti catepbdiictioBCASfAragudTaaNstorRd Usadet TRROMEIJA16E! sRERNdary
recording on a two-disk lam nated optical disk by using a laser. In the

first Stegpqﬁtwér}(ci@xlfoﬁﬁftli%nv@arnebéacﬂ)qgmlé’d QEEGeréfd N the second step,

t he physi s were neasured with a measuring accuracy as high as 0.13

tiom In thgLhigd $hemornbhe! byPOSi ngnth' "{ofdpaktOegRgPNCr yPLed and,

using the - seco ary récording ans ncrypted i nformation was
recorded as a barcode t he.,opti cal sk, . an_accurac of several tens
of mi cronsPasii € ﬂu%agofh §?|%ﬁ aﬁ?o%%?}héi \A%’crcli]ﬁea‘é’i}t Crhat’s way, opti cal
0 I rRIGRUR] gheR SR o CBR oSO N hEEE AL O Shbonvent fonal T

actual condition to allow for a scratch made on the disk

after purchase. This has the effect of reducing the

probability of a legitimate disk being erroneously judged as

an illegal disk.

As described in the above mode of embodiment, the

piracy prevention method at the reflective layer level forms

a physical mark in the pre-pit area of the reflective film

on the disk, instead of the previously practiced physical

marking at the master disk level. Pirated disk production

can thus be prevented even if the disk is duplicated at the

master disk level.

In the above mode of embodiment, a new optical-disk

recording means was used that performs secondary recording

on a two—disk laminated optical disk by using a laser. In

the first step, physical marks were randomly formed, and in

the second step, the physical marks were measured with a

measuring accuracy as high as 0.13 um. In the third step,

their position information was encrypted and, using the
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apparatus. Since such optical marks cannot be formed with the accuracy of
0.1 mby using comrercially available equipnment, production of pirated

di sks can be prevented. In the above node of enbodinent, the position
information of the anti-piracy mark of the invention, which differs from
one disk to another, was used as a disk identifier. The position

i nf or mat i ope@mdatheredbskingeméals, bhereacryptedeinformatiahi sas|1 D, were conbi ned
together and encrypted with a digital signature; the thus encrypted

i nf or mat i OReMK%le8 04 &I b&EtodBt 6n ahbaspradel atidkwitht am dceurasser wri ting
fashion to the prescribed region of the pre-pit area, thus appending an

unal t er abl gr dieskr4 P tlefls 6C hhi B ciks: whRIHG8s eaehusPbese@sdhgk has a
different I'D, the password is also different. The password for one disk

does not WQEguragg_got ethfl 945, ol SaPRRARGRS i PASSWRESkHeeH i Y.

Furt her nor e, usi the secondary recording technique of the invention, the

password is_secondary-recorded t he. dicsk, ent maki ng the di sk an
oper abl e d'8k.° ﬁém?qy?"éﬁ-’ Ko ?Ccpua%fzy((?f)’ EgﬂsK eégaﬁé:rangi EI }f/)ﬁ\’/vi th one - 107

application e pof the barcode in.which the rc 1.S : for a
Bi r at ed- di ?R%?@\gg‘?ﬁ itgﬁn ChBEPCES PHhiAS (R Qgsa %gﬁ%%/\l}iclgﬁl igure 2, the
arcode (stripes) 584¢c - 584¢ are itten over th rescetj,bed region
(stripe ar@Bpatgftughe Spee gich eptagal tkg %f(i?t“é‘?tth?e%gﬁecilwh is disturbed in
that prescribed region. If a marking 584 by | aser Ii_igq)t1 IS

aple

the accuracy of 0.1 um by using commercially avai
equipment, production of pirated disks can be prevented.

In the above mode of embodiment, the position
information of the anti-piracy mark of the invention, which
differs from one disk to another, was used as a disk
identifier. The position information and the disk serial
number, i.e., the disk ID, were combined together and
encrypted with a digital signature; the thus encrypted
information was converted into a barcode and written in
overwriting fashion to the prescribed region of the pre—pit
area, thus appending an unalterable disk ID to each disk.
Since each completed disk has a different ID, fhe password
is also different. The password for one disk does not work
on other disks. This enhances password security.
Furthermore, using the secondary recording technique of the
invention, the password is secondary-recorded on the disk,
permanently making the disk an operable disk.

The first-half part (I) has dealt mainly with one
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formed in the prescribed regi on where the barcode, 584c - 584e, is
recorded, as shown in Figure 2, it becones difficult to accurately neasure
t he address/clock position of the marking. To avoid this problem if, as
shown in Figure 39, the marking 941 is forned in a pit area 94l1a at a
radi us position different fromthe radius position of the stripe area

923a, the ppslitca@Ro®motibeMahkitagcodd inamhie thedaucedk dkalded with an
accuracy of one clock, as shown in Figure 20 (5). This has the effect of

bei ng abl efhp 5 pqeptddui P prbeshidokietiBle Thabhds chbet Riss case, by formng
a pinhole marking destroying only a few tracks, as shown in Figure 39, not

i thi n tneSieBRdn PR & KEE P ol B R BN T 08 ¥ e rar ki ng o4

wi thin the“scope e curren the marking 941

may be recorded in th uar d-hba re .sho hn_Fi.gure 30. Since the
gﬁar d- band hHER 8% ggﬁ?parieﬁgrﬁooe da %1°%ut?§%d§?egs%ap n?grt?flgt on, this has
the effect of avoidin estroying already recorded.dat,a. by recording the
mar ki ng 94P1t.aregg thﬁgfég%]bq’i Eg? t&iag{i”lﬁ‘ 1 h(i,-lsi%Hgl%‘lrffilan'I'ms a structure such
that a reflective filmis sandw ched directly or indjrectly between two
menber s r edrescibed ragigrr Lt ghmazking S8 Iy ﬁﬁseﬁ’ shng meéd by | aser on the

reflective film The above node of enbodinment has dealt with exanples in
whi ch t hi s fermedctior the presudbedrrezéonmdary thecbadiodg, 01848 barcode, etc.

584e, is recorded, as shown in Figure 2, it becomes
difficult to accurately measure the address/clock position
of the marking. To avoid this probleﬁ, if, as shown in
Figure 39, the marking 941 is formed in a pit area 94la at a
radius position different from the radius position of the
stripe area 923a, the position of the marking 941 can be
measured stably with an accuracy of one clock, as shown in
Figure 20 (5). This has the effect of being able to
identify pirated disks more stably.

_In this case, by forming a pinhole marking destroying
only a few tracks, as shown in Figure 39, not only errors
can be minimized but piracy prevention can be accomplished
within the scope of the current standard.

Alternatively, the marking 941 may be recorded in the
guard-band area 999 shown in Figure 30. Since the guard-
band area 999 contains no data but address information, this
has the éffect of avoiding destroying already recorded data

by recording the marking 941.
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and a piracy prevention technique, but it wll be appreciated that such a
structure nmay also be applied to other techniques. In the above node of
enbodi ment, the optical disk of the invention has been described as being
fabricated by lam nating two substrates with an adhesive |[|ayer interposed
t her ebet ween. However, the adhesive layer nmay be omtted, or instead, a
menber made of The diptfieakentisk neft ¢he alnvesticin hss a ptoictute vaichayer, may be
used; that is, any suitable structure may be used as |long as the

refl ecti vethdti bnréfd esaiawifc hed sdsamdtichedrdirecilyest [ pndbeéawdgn two nenbers
resistant to laser light. Furthernore, in the above node of enbodinent,

the opti cabetesk ®fo hbshdrldVesdiseinhap 188811 daRChhHeH mask GRTPI i Sing

substrates as the nmenbers that are |am nated together, but other nenbers

such as prpf gekh¥® by BY&HS offBbheDSe 138 ivd B31n S Th r%)o%mp&'fe that has
resistance to laser light may be used. As described, according to the

present | D(yfaryiniog@ime 55 d@glﬂ Qi't'l?iegi"éﬁgfn% #?%iicﬂd{}\{iisdual di sk, for

exanple, is conver?egﬁlnto a barcode en I'n"overwiting fashion -

109 to an_ordinary. pit area, both the pit,.datag and barcode data can be
read by ustHJCtHES slgnlésedgtf%aﬁeCBPWLYp?e%ﬁdé“ﬁafg ?Eléarcé?fj?’ec?ttcof si npli fying
the construction, of the playback apparatus, for, ixanple. Furt hernore, by
bar codi ng #Hk 2nBHENgPTRISIE {1 Yh teptigugmthidnit ofildske as a di sk-uni que 1D

the invention | .
appreciated that such a structure may also be applied to

other techniques. In the above mode of embodiment, the
optical disk of the invention has been described as being
fabricated by laminating two substrates with an adhesive
layer interposed therebetween. However, the adhesive layer
may be omitted, or instead, a member made of a different
material, such as a protective layer, may be used; that is,
any suitable structure may be used as long as the reflective
film is sandwiched directly or indirectly between two
members resistant to laser light. Furthermore, in the above
mode of embodiment, the optical disk of the invention has
been described'as comprising substrates as the members that
are laminated together, but other members such as protective
layers may be used; that is, any member that has resistance
to laser light may be used.

As described, according to the present invention, since
an ID unique to each individual disk, for example, is

converted into a barcode and written in overwriting fashion
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provides a greatly inproved pirated-disk and other illegal duplication
prevention capability as conpared to the prior art. A piracy prevention
techni que of the prior art, for exanple, enployed a nethod that
deliberately arranged pits in serpentine fashion when making a di sk nol d.
Such a prior art nethod is not effective in piracy prevention, since a

pi rat ed di sk apaordisaengiiltyanedeboth ehacpilty datplandabdnegde iatanol d shape from
a legitimte optical disk. On the other hand, according to the present

i nventi on,cai beerddidebyrardinpgthe safdieopedcadnpi tlaipt ef Tieigt hae thel m by a | aser
and its position information is coded as a barcode, as described above,

the contegtfecefoft RempLidynng e o@dartotion oeithe phemaskki ng an il egal
duplication. The above-described effect is thus acconplished. | NDUSTRI AL

UTI LI ZATI SRl B! kb eAsnfescri bed above for exanple the optical disk of
t he preseﬁymﬁinveﬁtion %s guch optical disk on which data is recorded with

CLV. " wher el n, g1 B85 C i ot b8P I P Bt ¢ fjpgnal area on said -
§ of g a gg? #F éil n

110 disk, all or par rco iswitte overwiting fashion by
selectively renoving.a reflective filn1in6§ai§FpnescrLbed region, and when
ar

pl ayi ng babKERRLIANSEORISE 735 Gislciunaaie udNVeMHdOBar code data can be

| ayed back using the sane optical ickup. -Ill That is clainmed is:
pay provideg a greatly imgéoved pirgted—dgsk and other illegal

duplication prevention capability as compared to the prior
art. A piracy prevention technique of the prior art, for
example, employed a method that deliberately arranged pits
in serpentine fashion when making a disk mold. Such a prior
art method is not effective in piracy prevention, since a
‘pirated disk can be easily made by exactly replicating the
mold shape from a legitimate optical disk. On the other
hand, according to the present invention, since the marking
is formed on the reflective film by a laser and its position
information is coded as a barcode, as described above, the
contents of them cannét be made to coincide when making an
illegal duplication. The above-described effect is thus

accomplished.

INDUSTRIAL UTILIZATION POSSIBILITY
As described above for example the optical disk of the present
invention is such optical disk on which data is recorded with CLV,

wherein, in a prescribed region of a pre-pit signal area on said
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1. An optical disk on which data is recorded with CLV, wherein, in a
prescribed region of a pre-pit signal area on said disk, all or part of a
barcode is witten in overwiting fashion by selectlvely removing a
reflective filmin said prescribed region. 2. An optical disk according to
claim1l, wherein a control data area is provided for holdlng t herein

physi cal  dieki uakl iomf pamadf on beoooder dis iy ishen iopoyeriritink faghipnan
identifier for indicating the presence or absence of said barcode is
recorded ity seiléectierly alemdaig ar eafledtiven fopiiipabaitl pkesctdedi ragivn, cl ai m
2, wherein a guard-band area where no data is recorded is provided

bet ween Saigh GRAK by St dask eheanthsls diyda prepsedichedn rappaocatusf sai d pre-pit
signal area. 4. An optical disk according to claim1, wherein said barcode
is formed jn, %wa?b% %W%%ntﬁ'@tplﬁ%\éﬂ Ohckmfsenpaheodfne $hgnadls cannot occur

wi thin one prescrl ed tinme slot An optical disk according to claima1,
wherein s arcode contains data at |least including ID information

uni quely g ven to said optical disk. 6. An optical disk according to claim
5, wherein said barcode contains data including, in addition to said ID
information, a public key of a public key encryption function
corresponding to said ID information, -112 said public key is used to
encrypt prescribed data, and '
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the encrypted prescribed data is transmtted to an external party in order
to obtain fromsaid external party a password required to reproduce said
optical disk. 7. An optical disk according to claimb5, wherein said ID
information is encrypted or applied a digital signature to. 8. An optical
di sk according to claimy?7, wherein a secret key of a public key encryption
function i¥%hafsdg Qhéﬁedaﬁblying encryption or a digital signature to said
ID information. 9. An optical disk according to any one of clains 1 to 8,
wherein sai d optidmloptiickl diskonsyhisht datd ienreansded withstdst r at es

| am nated together. 10. An optical disk barcode form ng nethod wherein

pul sed | aseheteight irf raomeasctriig(hi rsgiorcofi 8 nredpit wienal msed aigul ar beam
pattern by using a rectangul ar nask and said rectangular beam pattern is
focused ongaid @fikkgctdlleof ipafti¢f @ parcodetiswgheden égi on in a prescribed
radi us portion of an optical disk on which data is recorded, and at the

same tine, ,s&hditom itadhidH Bk sclebolRtlgdredoienghy réorévtigea plurality of
rectangul ar reflective-filmrenoved regions as a barcode in the sane

radi us portipn.on ' . ive:film 11. An optical disk barcode formng
met hod acc%%Plﬁg f%ﬁigrgﬁﬁﬁﬁg§]¥aéggin said optical disk includes a control

Concer ni g sai - oft i B SRek GO Thadhes PRy Ly GpEFSEH kOn - 15
control data area is provided for holding therein physical
feature information concerning said optical disk, and an
identifier for indicating the presence or absence of said
barcode is recorded in said control data area.

3. An optical disk according to claim 2, wherein a
guard-band area where no data is recorded is provided
between said control data area and said prescribed region of
said pre—pit signal area.

4. An optical disk according to claim 1, wherein said
barcode is formed in such a manner that two or more barcode
signals cannot occur within one prescribed time slot.

5. An optical disk according to claim 1, wherein said
barcode contains data at least including ID information
uniquely given to said optical disk.

6. An optical disk according to claim 5, wherein said
barcode contains data including, in addition to said ID

information, a public key of a public key encryption

function corresponding to said ID information,
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i ndi cating the presence or absence of said barcode is recorded in said
control data area. 12. An optical disk barcode form ng nethod according to
claim 11, wherein said barcode is fornmed in such a manner that two or nore
bar code signals cannot occur within one prescribed tinme slot. 13. An
optical disk barcode form ng nmethod according to any one of clains 10 to
12, wherein sakggdi®pubtad kdiysks iused conshctyptteprdscoibdédvdada,sndsubst r at es

| am nat ed together. 14. An optical disk reproduction apparatus wherein

recorded cont %Hé%&Ey&aﬁbﬁegc@qaé@maafsearamﬁ%@l@etoby fornming pits on an
optical disk, are reproduced by u5|ng a rotational phase control- for a

OO oot Ly GRESLANTREN SRIARE & SHATETEOh mgaidlenorr o of her L han

said recording area ectively forming lowreflectivity

portions of qyf gfpass‘iv' %[(gtr{eglrllg%édn 33k %rghljéc e%??rio JdpEEH d'd'ﬂgk area, are

roproducedp%y using ro spee contro r sal notor, and the

ded t ent f di t ent f d
erorded conteg. et sl RSO A Tt L HESR SR en o 5

pi ckup. 15. An optlcal di sk repraduction, a paratus accordi ng to claim 14,
wher ei n t r AR KidgrBatiCpol s |e§cﬁ¥ﬁteﬂe?1f6‘tp ted g digidal etk tPecor di ng

area. 16. An optical disk reproduction apparatus according to - 114 claim
14, wherein tr&ckAmgptoeal disk aiccprdiarr setclaperfomhgtpin a

secret key of a public key encryption function is used when
applying encryption or a digital signature to said ID
information.

9. An optical diak according to any one of claims 1 to
8, wherein said optical disk is constructed from two disk-
substrates laminated together.

10. An optical disk barcode forming method wherein
pulsed laser light from a light source is made into a rectangular
beam pattern by using a rectangular mask and said rectangular
beam pattern is focused on a reflective film in a pre-pit
signal region in a pfescribed radius portion of an optical
disk on which data is recorded, and at the same time, said
optical disk is rotated, thereby forming a plurality of
rectangular reflective—film-removed regions as a barcode in
the same radius portion on said reflective film.

11. An optical disk barcode forming method according to
claim 10, wherein said optical disk includes a control data

area for holding therein physical feature information
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in said different recording area. 17. An optical disk reproduction
apparatus according to claim16, wherein said rotational speed is a
rotational speed that would be achieved in said different recording area
if said rotational phase control were applied. 18. An optical disk
reproduction apparatus according to claim14, wherein the rotational speed
of sai d notamcermirgasdid ropt atdlodatk,s peédarcadéntalfies fiomi nt ai ned at a

prescri bed value based on a result obtained by nmeasuring a m ninumlength

pit in saigllidaffer ehé presonc bg aiseace W sA dprésd idi sk reproduction
apparatus according to claim14, wherein said |lowreflectivity portions

are a bargodeqiorineday o8t LAt UYEl wrkgnoving said reflective film 20. An
optical disk reproduction apparatus according to claim 14, wherein said

owerell ectivi iy, RAr b O1a1 M RIaHRARRIF SRR (HihbE fRbrdiRCREdI NG area is

al so such area to which contents are recor th pits, and when

r epr oduci ng, t.he,yecorded contents of .said ifferent recording area, a
high-frengﬁgg-kgnﬂ RER" &f rc%@hé?a(ggeng\ﬁgc ébbggggiion of said pits
which are forned in said different recording area j§.reduced or elimnated
by a | ow PRdst¥e ATehore BaFetsdf MKIal§ FANT06sQTWI e ti“§e‘b%1er ate a signal
which is reproduced fromsaid barcode. - 115 21. An optical disk

r epr oduct i Biesappachtife £d6br ding to

13. An optical disk barcode forming method according to
any one of claims 10 to 12, wherein said optical disk is
constructed from two disk—substrates laminated together.

14. An optical disk reproduction apparatus wherein recorded
éontents of a data recording area, recorded by forming
pits on an optical disk, are reproduced by using a rotational
phase control for a motor, while recorded contents of a
different recording area other than said recording area,
-recorded by selectively forming low-reflectivity portions on
a reflective film in said different recording area, are
roproduced by using rotational speed control for said motor, and

the recorded contents of said recording area and the
recorded contents of said different recording area afe both
reproduced by using the same optical pickup.

15. An optical disk reproduction apparatus according to
claim 14, wherein tracking control is not performed in said
different recording area.

16. An optical disk reproduction apparatus according to
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claim14, wherein said |lowreflectivity portions are a barcode, and when
reproduci ng the recorded contents of said different recording area, the
wi dth of a signal obtained by reading said barcode is increased to a
prescribed width and then neasured with sanpling pul ses froma control
section. 22. An optical disk reproduction apparatus according to any one

of clains dhiko121wheheieithaddng @tir6R!idi 8K dfFec€0petfarglegd from two
di sk-substrates |am nated t oget her. 23. An optical disk reproduction

appar at us ﬁp%ggglldqugpentcg@&(gpd% ahgrein said optical disk includes a
control data area for holding tﬁerein physi cal feature informati.on

concer ni ng sai ¢7.00% 681 &Sk kP Ep AL RI bbblat(MacdoPAl fATHNG the

presence or absence 0 sald arco rec In said rol data area.
24. An opt] aI reproduction_ap atus accor di cl aim 23, wherein,
after read?lcr?d g@ Bgﬁ&éloﬁ%‘ﬁw t%ﬁ 0213 pe(?gnﬁ'& raﬂf{%&"a?]ea and judging the
presence or nce of aid harcode, it et erm ned whet her an opti cal

pi ckup shﬁﬁﬂeg QR 3)8 aghiexpd iy 1g (Siﬁf re&ﬁ ?ﬁftoéFhTﬁ)rtl on of said

optical disk. 25. A marking formng apEaratus conprising: marking formng
means for S §/fn§?1§ Felatipgalophase cepteddt woke APPMGdbr med on a disk; - 116

mar ki ng position detecting neans for detecting a
18. An optical disk reproduction apparatus according to

claim 14, wherein the rotational speed of said motor in said
rotational speed control is maintained at a prescribed value
based on a result obtained by measuring a minimum-length pit
in said different recording area.

19. An optical disk reproduction apparatus according to
claim 14, wherein said low-reflectivity portions are a
barcode formed by selectively removing said reflective film.

20. An optical disk reproduction apparatus according to
claim 14, wherein

said low-reflectivity portions are a barcode, said different
recording area is also such area to which contents are recorded
with pits, and

when reproducing the recorded contents of said
different recording area, a high-frequency-component signal
generated during reproducfion of said pits which are formed in

said different recording area is reduced or eliminated by

a low-pass filter, thereby making it possible to separate

a signal which is reproduced from said barcode.
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position of said marking;, and position information witing nmeans for
converting at |least said detected position information or information
concerning said position information into a barcode, and for selectively
renoving said reflective filmto wite said barcode to an optical disk on
which data is recorded with CLV, wherein all or part of said barcode is
witten in ovabwAnt ppigicadsthisknrenrodupt esc abbdtnegiconrdingatpre-pit = si gnal
area on said optical disk. 26. A marking form ng apparatus according to
claim 25, oWmeidy whereidi sk is constructed fromtwo di sk-substrates

| am nat ed together. 27. A marking form ng neans according to clai'm 25,

wherein said pegid ilew-tdTf1et tBLitPpIMtii bhH Greearkarehdd, udag encrypting neans
for encrypting at | east said detected position information or information

concerning sai ghapskhtQucih 1 PeMBédiibed AL ¥Aid 8% &AL ents thus encrypted
to said disk. 28. A marking form ng apparatus according to claim 25,

iher o D sey BRBHL1 B0y I R OSSR 01 0 ST onat v
o o LBt e B L FNBD Rl or et on, e
then measured with sampling pulses from a control section.
22. An optical disk reproduction apparatus according to any
one of claims 14 to 21, wherein said optical disk is
constructed from two disk-substrates laminated together.
23. An optical disk reproduction apparatus according to
claim 14, wherein said optical disk includes a control data
area for holding therein physical feature information
concerning said optical disk, and an identifier for
indicating the presence or absence of said barcode is
recorded in said control data area.
24. An optical disk reproduction apparatus according to
claim 23, wherein, after reading recorded contents of said
control data area and judging the presence or absence of
said barcode, it is determined whether an optical pickup
should be moved to an inner portion or an outer portion of
said optical disk.
25. A marking forming apparatus comprising:
marking forming means for applying a marking on a

reflective film formed on a disk;
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or information concerning said position information neans witing

information concerning a result of said digital signature application to

said disk. 29. A reproduction apparatus conprising: position information

readi ng neans for reading position information of a marking or information

concerning said position info r]cat' on, said_position.information or said
detpel el

information bBRHYIRPATFIBY HB#?PWE;J CRE % reflective film

formed on a disk, (2) detecting position of the marking, (3) converting
det ect ed spositperiali 6Aid AREKHE] 8tdor said information into a barcode and
(4)witing the barcode with selectively renmoving said reflective filmon
sai d optical dpekitenwinfermabien FEitiagorerds WX orYSELiREr&S ng readi ng neans
for reading information concerning a physical position of said marking;
conpari ng/ j eutgi vgidrelanecfedr ppsirtiion minfgroatipar oxsdnfarmhtiiodgenent by using a
result of reading by said position information reading neans and a result

of readi NgchYcedifly AR KIJXG tiG@RANAGrIRAOS ;indbda Haptedhjciand fioeans for
reproduci ng data recorded on said optical disk in accordance with a result

of the CO"F@IAC%QOelﬁ'}@mM e rPEIdQTVBKiN SRive i €OMRARI Ng/ | udgi ng means,
wherein all or part of said barcode is witten in overwiting fashion to a

prescri bed, regian, of a 1B EIRE . Rl | ; ar g optical disk.
30. A reprBﬁﬂ%¥%o%O§%b8$%§ﬁg %%%bPé%ﬁﬁcﬁéggﬁa%%f%g?ﬂmxﬁ% ﬁ,
CLV,
wherein all or part of said barcode is written in

overwriting fashion to a prescribed region of a pre—pit

signal area on said optical disk.

26. A marking forming apparatus according to claim
25, wherein said disk is constructed from two disk-substrates
laminated together.

27. A marking forming means according to claim 25,
wherein said position information writing means includes
encrypting means for encrypting at least said detected
position information or information concerning said position
information, and writes contents thus encrypted to said
disk.

28. A marking forming apparatus according to claim 25,
wherein said position information writing means includes
digital signature means for applying a digital signature to

at least said detected position information or information
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wherein at | east said detected position information or information
concerning said position. information is witten to said disk by position
information witing neans. 31. A reproduction apparatus according to claim
30, wherein said position information witing nmeans includes encrypting
means for encrypting_ at |east said detected position information or
infornatioﬁﬁE@ﬁBéﬂhﬁﬁgd§Eﬁdthﬁ§ﬂﬂf@ﬁm¢hWbrnation, and said position

i nformati on readi ng neans i ncludes decrypting nmeans corresponding to said
encrypting meansd tgwdwm/timgi aly lsasd s@édr(sqctteiohgi peahbiondénfopasiomi d
encrypted position information or information concerning said position

i nformati oor idZormetriepradicetrniong apidhmpatiisi oac cofotimayi dromed@s m 30, wherein
said position information witing neans includes digital signature neans

for applyi@gitdngi fiflorhaic@naénte@ni®y adtedifashf saiid digtiest ed gpasitd on
information or Information concerning said position information, and

wites infgsamtheibn ¢engadNing.a result of said digital signature
application to said disk, and said position information readi ng neans

includes authegt i&g%%ﬁ&id&?&?.a%?éfa%@?&&iﬁp@@ﬁ%:Sai ddigital - 119

si gnature nmeans, an osition intformation ex ting neans for
position information reading means for reading position

information of a marking or information concerning said
position information, said position information or said information
being formed by (1) applying a marking on a reflective film formed
on a disk, (2) detecting position of the marking, (3) converting
detected said position information or said information into a barcode
, and (4)writing the barcode with selectively removing said reflective
film on said optical disk on which data is recorded with CLV;

marking reading means for reading information
concerning a physical position of said marking;

comparing/judging means for performing comparison and
judgement by using a result of reading by said position
‘information reading means and a result of reading by said
marking reading means; and

reproducing means for reproducing data recorded on said
optical disk in accordance with a result of the comparison
and judgement performed by said comparing/judging means,

wherein all or part of said barcode is written in

overwriting fashion to a prescribed region of a pre-pit
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obtaining said position information froman authentication process
performed by said authenticating neans and/or fromsaid information
concerning the result of said digital signature application, when an

out put indicating correctness of said authentication result is produced
fromsaid authenticating neans, said conparing/judging neans perforns the

conpari sonsi Rl aMGO8AEIMHI dbyptishDAlitske position information obtained by
said position informati on extracting nmeans and the result of reading by

sai d marki ng r§ﬁdege %t“ﬁpq9§55ﬂ8§a%g¥?§%ﬂ%§9 %gﬂhpg@jng correctness is

not produced, e reproduction | A et hod of.

manuf act ur j [,S E S : 1ng at | east one disk;
formng a @ggfg%??vge??fﬁgﬁ%‘%ﬁga{?ﬁPﬁéﬁgﬁﬁsﬁﬁbréﬁ%ﬂﬁﬁ%5 at | east one
mar ki ng to. sai d éeflective.filng detgctinﬁ at %east one. position of said
mar ki ng:  aht CTEBALIPLEOMGTOLNG SAdt RASEGT YL L TR JSniEH I and wri ti ng
said encry ted,iqlo%ngtion,onto,s?id di sk, .wherein, when encrypting and
writing, atoS8hdidiski By nesitign dnferpediommrdhingsMedverted into a barcode,
and said barcode is witten by selectively renoving said reflective - 120
filmon said dBtk fomenrndelatten apparatasrasedding th daim 3hd

wherein

said position information writing means includes encrypting means
for encrypting at least said detected position information or
information concerning said poéition information, and

said position information reading means includes decrypting means
corresponding to said encrypting means, and by using said
decrypting means, decrypts said encrypted position
information or information concerning said position
information.

32. A reproduction apparatus according to claim 30,
wherein

said position information writing means includes
digital signature means for applying a digital signature to
at least said detected position information or information
concerning said position information, and writes information
concerning a result of said digital signature application
to said disk,

and said position information reading means includes

authenticating means corresponding to said digital
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all or part of said barcode is witten in overwiting fashion to a
prescribed region of a pre-pit signal area on said disk. 34. A nethod of
manuf acturing a disk, conprising the steps of: form ng at |east one disk;
formng areflective filmto said forned disk; applying at |east one
marking to said reflective film detecting at |east one position of said
mar ki ng; and appsidnagupe theghd,alangi gnature to said detected position
information and witing onto said disk, wherein, when applying said digital

signature and witinges@atlioheafordafi®nubitdktsdd theghPifbal signature is
converted into a barcode, and said barcode is witten by selectively

removing said ref{inolbyi fdhi 0B 8 idfa®on Wibhutata is recorded uith

CLV, all or part of said barco ng witten in overwiting fashion to a

prescri bed regionauﬁ%?g%%%gbgbho%ig Zkr?%%%dogﬁﬁﬁﬁgtghﬁng tify di sk

wherein a marking is a’I'as Ive m of “sai d disk
hol ding data witten thereon at liasg osi.tion inforna%#on ofléaid
marki ng or i nf or nBEa%nanY@EcEr 581 S an O’B@ilf)?o‘i?“ucﬁ%% ot P4 encrypt ed
or applied a digital sig&ﬁturﬁ .at leaStW§$id encrypted information or

digital - 121 sPhreaddréedbpbrdenatieorrtic8hia™ converted into a barcode,

and sai d barcode is wwitten,bg_se[ectively renovi ng said
when an output indicating correctness of said

authentication result is produced from said authenticating
means, said comparing/judging means performs the comparison
and judgement by using the position information obtained by
said position information extracting means and the result of
reading by said marking reading means, and when said output
indicating correctness is not produced, the reproduction is
not performed.

33. A method of manufacturing a disk, comprising the
steps of:

forming at least one disk;

forming a reflective film to said formed disk;

applying at least one marking to said reflective film;

detecting at least one position of said marking; and

encrypting said detected position information and
writing said encrypted information onto said disk,

wherein, when encrypting and writing, at least said
encrypted information is converted into a barcode, and said

barcode is written by selectively removing said reflective
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reflective filmon said disk on which data is recorded wwth CLV, all or
part of said barcode being witten in overwiting fashion to a prescri bed
region of a pre-pit signal area on said disk. -122

film on said disk on which data is recorded
with CLV, and

all or part of said barcode is written in overwriting
fashion to a prescribed region of a pre-pit signal area on said
disk.

34. A method of manufacturing a disk, comprising the
steps of:

forming at least one disk;

forming a reflective film to said formed disk;

applying at least one marking to said reflective film;

detecting at least one position of said marking; and

applying a digital signature to said detected position
information and writing onto said disk,

wherein, when applying said digital signature and
writing, at least a result of said digital signature is
converted into a barcode, and said barcode is written by
selectively removing said reflective film on said disk on
which data is recorded with CLV, all or part of said barcode
being written in overwriting fashion.to a prescribed region
of a pre-pit signal area on said disk.

35. A disk wherein a marking is formed by a laser to a
reflective film of said disk holding data written thereon,
at least position information of said marking or iﬁformation
concerning said position information is encrypted or applied

a digital signature, at least said encrypted information or digital
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signature-appended information is converted into a barcode,
and said barcode is written by selectively removing said
reflective film on said disk on which data is recorded with
CLV, all or part of said barcode being written in
overwriting fashion to a prescribed region of a pre-pit

signal area on said disk.

- 122 -



