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FI ELD The present invention relates to an optical disk, an opti®gealssdi sk
barcode form ng nethod, an optical disk reproduction apparatus, a marking

form ng apparatus, a nethod SPECOFIGATGOM | aser marking on sk,
and a net hod of nanufacturlng an optical disk. BACKGROUND ﬁ%mmmmmmmmw
~-manuf acturing process of optical disks, it has been conmon rac

record a serial nunber) |ot nunber) etc. on each optical drsk |ﬂ Whe form

.of a barcode. S'KN?%P? AE‘ pDERr Mt DPITCARNDISK BARGADE: FORMING a pit information
area of the optical it 'has been practiced to wite the barcoded

I nformation r@@r@ﬁ aw gﬁrﬁ;’pg‘aﬁtﬁ”gﬁrﬁ UCRTON'APBERATHEACE JMRINGE opti cal

di sk. \Wen ying such an optical disk, the pit
information js op h ar coded

i nf or mat i on FOGY (‘ggPEX@ﬁa M@?FBQ‘F &#FQRMI&\@ ge@@gk& 'ﬁe noﬁr‘: i nformation
area, however, a separate readr devr e e above prior
art optical Afi BRTICALNRESK, nf\NDrﬁa MAEF@&N%aﬁﬁrﬂ?ﬁ@Pand the Iike
is not recorded in a pit area but recorded in a non-information area, as
descri bed DISK
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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 iaser 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



above, a separate reading device has had to be provided in addition to the
usual optical pickup, the resulting problem being increased conplexity of

t he pl ayback apparatus construction. DI SCLOSURE OF THE | NVENTI ON 10 The
present invention provides an optical disk on which data is recorded,
wherein in a prescribed region o f said disk, an identifier is provided for
i ndi cati.ng whether a bareode-like mark is present or not on said optical

di sk, said identifier and said barcode |like mark are in respectively
-different |ocations on said disk, said barcode-Li ke mark di sposed in a
circunferential direction and, said barcode:like mark having a plurality of
15 bars, each of said bars extending in a radial direction. The present
invention further provides an optical disk reproduction apparatus for use
with a di sk mncodsd dinfodtahion suchess ar sheid] nwhisareeta. fenomlepriesbe nbmdhipegstion anéa,
said disk, an identifier is pro idegaggr indécating whet her a barcode-1i ke
mark is predEYCVeh SRS reading ¢yice 'R %sai d i dentifier and said
barcode-|i ke mark,apg abdy e sraRost strhydidt [ RE aRtorRidPEeat)iRPS RRalSRinthed izl

sai d barcode-1ike mark di sposed in a circunferential direction, and said
bar code- | i keherdikk ihnoti nagprdedinua pltiarga oft récarded isachominfemnationaares, @s desndedg
in a radial direction, said.apparat,us.c ri sing., reproduction neans for
repr oducihg z@ayea %, SPatHR F9a0i0s ‘%ﬂﬁ? B hﬁlglqg bSrﬁrP%g?é drF gg&%:‘%aé%td?ef }l%uiaf optical
detecti on MyadlGpl Qhe Feduledd PELLIG Cheitle Mrdrdds€d cOmplekiit) OPthe PplayBhsik appunstug ~
control neans for controlling a prescribed operation based on said
identifier den¥gicd@npy said identifier detection neans. A first enbodi nent
of the invention relates to an optical disk on which data is recorded with
CLV, wherein, in a prescribed region of a pre-pit signal area on said disk
alF or part DISCLAOSURB@OF THEMNVENION overwiting fashion by selectively

(omvi ng @ efl eative 20, LI S2ld Br oSt e Leglon o8 sCoonts i
" in a prescribed region of said disk, an identifier is provided for indicating whether a
barcode-like mark is present or not on said optical disk, said identifier and said barcode-
like mark are in respectively different locations on said disk, said barcode-like mark
disposed in a circumferential direction and, said barcode-like mark having a plurality of
15 Dbars, each of said bars extending in a radial direction.
The present invention further provides an optical disk reproduction apparatus for
use with a disk on which data is recorded, wherein in a prescribed region of said disk, an
identifier is provided for indicating whether a barcode-like mark is present or not on said
optical disk, said identifier and said barcode-like mark are in respectively different
j 20 locations on said disk, said barcode-like mark disposed in a circumferential direction, and
said barcode-like mark having a plurality of bars, each of said bars extending in a radial
direction, said apparatus comprising:
reproduction means for reproducing said barcode-like mark on said optical disk;
identifier detection means for detecting said identifier on said optical disk, and

control means for controlling a prescribed operation based on said identifier detected by
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said identifier detection means.

A first embodiment of the invention relates to 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

30 film in said prescribed region.

A second embodiment of the invention relates to an optical disk according to the



5 first enbodi mrent wherein a control data area is provided for hol ding
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. A third enbodi nent of the invention
relates to an optical disk according to the second enbodi nent, wherein a
guard- band area where no data is recorded is provided between said contro
data area and said prescribed region of said pre-pit signal area. A fourth
-enbodi ment of the invention relates to an optical disk according to the
fist enbodi ment, wherein said barcode is férnmed in such a nmanner that two
,or nore barcode signals cannot occur within one prescribed tine slot. 10 A
fifth enbodi nrent of the invention relates to an optical disk according to
the first enfisdiembotimeanterierain satchtivhrdacderee dntpaovided &bvrahaltlinigethstein pajsickling

I D information uniquely, given to said optigcal ,disk. A.sixth enbodj.nent of
the inventi e dean I&Pnaﬁ"f%fﬁfnil%galsélgi “{&ﬁ di?h "c”p“_fel‘}é‘hF‘i ??fh} 558 R
wher ei n sai dpr@@n@ﬁﬁfac&%gﬁfdg?éid%{c%dé RGEeEADin shidl RAEbl dfNateg said ID 1 ~

information,” a pu a publitc key encryption function correspondi ng
to sai d | D infor natthivd,engmidimenn oifithe levention ngletds to agraptigplt dipk @seardingdode a,
and the epncrypte escriped data is transmtted to an external party in
order to {)bt%E?Pd?ngh?ég’FBEe“g}eé?ﬂeﬁ g‘b"éatbﬁn‘g a'begs‘ga‘btﬁflorg i} &Forded @p‘?%&’ﬁ%‘é
sai d opti calpetivadn sal @RAKBNEdIa 8D AAM SR bredériticdeibl 8 Pdi@ Bre it AERA ot an
optical disk according to the 20 fifth enbodi nent, wherein sard ID
information i s endrfpptleambedigispt pbtheanvenionanelasgsgaanueriicebdisiyfceqrgingto the
enbodi nent ' [ el a ' j ' 0

cevent h embairhERpbIERE offkedR HCOutQUER RbEER <P s ARERE WAL of Bbre
function i s basede viganlsapmloy bogr ety pid moasooibeditidiegidtal signature to said ID

informatjon. 25 A ninth enbodi t of the invention relates to an optical
di sk accHtding t o*ﬁ#&ﬂ RROCHREI98 L5 F¥E10 TERLFR (P 2R RBACH Sk CorgRg 8 the S8 d

optical di sker{RdROR! MWiHetEE daldPatddBe donkaiRuRafar &t §Sst AR IN@hE I Gfion A
tenth enbodi nent of the invention relates to an optical di sk~ barcode

form ng uniquely given to said optical disk.

A sixth embodiment of the invention relates to an optical disk according to the fifth
embodiment, 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
p:;:scribed data is transmitted to an external party in order to obtain from said external
party a password required to reproduce said optical disk.

A seventh embodiment of the invention relates to an optical disk according to the

j 20 fifth embodiment, wherein said ID information is encrypted or applied a digital signature
to.

An eighth embodiment of the invention relates to an optical disk according to the

seventh embodiment, wherein a secret key of a public key encryption function is used

when applying encryption or a digital signature to said ID information.
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A ninth embodiment of the invention relates to an optical disk according to any one
of the first to eighth embodiments, wherein said optical disk is constructed from two disk-
substrates laminated together.

A tenth embodiment of the invention relates to an optical disk barcode forming
method wherein pulsed laser light from a light source is made into a rectangular beam
30 pattern by using a rectangular mask and said rectangular beam pattern is focused on a

reflective film in pre-pit signal region in a prescribed radius portion of an optical disk on



met hod wherein pulsed |aser light froma |light source is nade into a

rect angul ar beam 3U pattern by using a rectangul ar nask and said

rectangul ar beam pattern is focused on a reflective filmin pre-pit signal
region in a prescribed radius portion of an optical disk on whi ch dat a
I's recorded, and at the sane tine, said optical disk is rotated, thereby
formng a plurality of rectangular reflective-filmrenoved regions as a
barcode in the sanme radius portion on said reflective film An eleventh
enbodi ment of the invention relates to an optical disk barcode formng 5
met hod according to the tenth enbodi ment ,~ “herei n said optical disk

I ncl udes a control data area for holding therein physical feature

i nformati on concerning said optical disk, and an identifier for indicating
t he presencewhichabsdneonfed saiddit e saodeims said opticd dlisknissatattde tatebylfordednga
area. A twelfth enbodi nent of the i? ention relates to,an tignal di sk ..
bar code f or rEMELE OnEACHEUSE ST KL e P HEVd BOE RS dhDBaP T (e drius
sai d bar codeyjrioh Bf WRE rdffecBUCHI@ Manner that two or nore barcode signals
cannot occur  wthin one prescribed tine slot. A thirteenth enbodi nent of
the invention rel Abekvemhambogimennd! He dventdorcistisesftormiapgcatedisiobhrensiedemiing

t f the t ht | fth di ts.. ' id. | '

5 const ractEatPr e eiaEdsRe ot FrRagrintietein do R Gl sk ST edtB

embodi ment  Qfatd AiRa FErRIMih@ theteth BhPtcal Ealile 2iFbintRiontogkerhiRsa icalrdisk, and

apparatus wherein recorded contents of a recording area, recor edé?%in %
se

forming pit sroidentifierpfor dedicatingkthe presepesppoapeace ol said;bageaderistragar

control for ile recorded contents of a different recording area
ot her than s%inggfr&e)e{ct%?'%?'ng area, recorded by selectively formng

| owreflectivity pawtiftnemioniimentafflthe irventidn tehatésntosan dptitiat Hskentcode darmdngig

2nd the. Fbcareiant SHAFAESo gt a1t BBBTUTAD: AR Bt HE FEdb MBI oS
of said manner that two or more barcode signals cannot occur within one prescribed time slot.

A thirteenth embodiment of the invention relates to an optical disk barcode forming
method according to any one of the tenth to twelfth embodiments, wherein said optical
disk is constructed from two disk-substrates laminated together.

A fourteenth embodiment of the invention relates to an optical disk reproduction
apparatus wherein recorded contents of a recording area, recorded by forming pits on an
o;tical 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 portioﬁs on a reflective film in said different recording
; 20 area, are reproduced 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 both reproduced by using the same optical pickup.
A fifteenth embodiment of the invention relates to an optical disk reproduction

apparatus according to the fourteenth embodiment, wherein tracking control is not
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performed in said different recording area.

A sixteenth embodiment of the invention relates to an optical disk reproduction
apparatus according to the fourteenth embodiment, wherein tracking control is, in effect,
performed in said different recording area.

A seventeenth embodiment of the invention relates to an optical disk reproduction
30 apparatus according to the sixteenth embodiment, wherein a rotational speed is the

rotational speed that would be achieved in said different recording area if said rotational



different recording area both reproduced by using the sane optical pickup.
A fifteenth enbodi nent of the invention relates to an optical disk
reproducti on apparatus according to the fourteenth enbodi nent, wherein-
tracking control is not perforned in said different recording area. A

si xteenth enbodi mrent of the invention relates to an optical disk
reproducti on apparatus according to the fourteenth enbodi nent, wherein
tracking control is, in effect, perfornmed in said different recording area.
A seventeenth enbodi mrent of the invention relates to an optical disk
reproduction 30 apparatus according to t he’ 3i xt eenth enbodi ment, wherein a
rotational speed is the rotational speed that would be achieved in said
different recording area if said rotational -j phase control were

appl i ed. An phaghteural weemdpplitdrent of the invention relates to an optical

di sk reproduction,apparat us cordi . .10 ent I+ rein
the rotational sp‘é@& P@Feeégll %gﬁ%d?%gﬂt?og téé;}nggrr?%{na%?&o%a@ %p@gggggl% ?%qroélMSE‘ﬁpﬁ
mai nt ai ned adpparapisesRbiditdtov tleUdubesmed embodintens uter&inotht abatidnd yspeehsfisdidg

a mninumlength pit in said different recording area. A nineteenth
enbodi ment OROtOREN Faid Ertetiaml srepdrerirol iomamtapRg aﬂpfei"cﬂbe?éfﬁﬁs&a&q Q2 result

appar at us: acgqr:di : j . FRbRisAda
| owref | e%t i@%‘&édﬁ% P?%%%ﬁgﬁagﬁgf Ear té%gg{?ggine 1§feigéil ee%%) fH\}";? y ?em)vi ng said
reflective film A dineedniteembediinedi ofcthe infertihe relateensd iaoroptickladisls reprodustion

optical disk reproduction 10 apparatus according,to.the, fourteenth Do
enbod ment  \ARERBR EPHNEA e RHGIEET SPRR o NE R (AR GV, pyions
different regondhRgd@fRel Sy 318QIBHRMANER shid rehedve G ents are recorded
with pits, and when reproducing thé recorded contents of said different

recording area, aAHvghtidth sqibedienent efionm svensirgridtesythan Aptegalalisk mproduction
roa i's TeacesieDs e furaa s By AR Rt ™, fer eby making (€
possi bl e to separsaideloav sdflpoavitp\pbtions arer £ parddeedid diferanidedraingode 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 formed
15 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.
‘ A twenty first embodiment of the invention relates to an optical disk reproduction
apparatus according to the fourteenth embodiment, wherein
said low reflectivity portions are a barcode, and
j 20 when reproducing the recorded contents of said different recording area, the width
of a signal obtained by reading said barcode is increased to a prescribed width and then
measured with sampling pulses from a control section.
A twenty second embodiment of the invention relates to an optical disk
reproduction apparatus according to any one of the fourteenth to twenty first embodiments,

wherein said optical disk is constructed from two disk-substrates laminated together.
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A twenty third embodiment of the invention relates to an optical disk reproduction
apparatus according to the fourteenth embodiment, 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

30 said control data area.

A twenty fourth embodiment of the invention relates to an optical disk reproduction



A twenty first enbodinment of the invention relates to an optical disk
reproducti on apparatus according to the fourteenth enbodi nent, wherein said
|l ow reflectivity portions are a barcode, and 20 when reproduci ng the
recorded contents of said different recording area, the width of a signa
obt ai ned by reading said barcode is increased to a prescribed w dth and
then neasured with sanpling pulses froma control section. A twenty second
enbodi ment of the invention relates to an optical disk reproduction
apparatus according to any one of the fourteenth to twenty first

enbodi ments, 2~ wherein said optical disk-fs constructed fromtwo

di sk-substrates | am nated together. A twenty third enbodi nent of the
invention relates to an optical disk reproduction apparatus according to
the fourteenpfpaeithodetibing WWhekeiwensaitdrdpinbedimetlt, SWhere, udes rdadifg trédrded
data area for holding therein physical feature information concerning said
optical di skeomderts ahsaidieentrqlidae Fresrandiudging e PreRacoreasie dsaidhesde bis
sai d bar code,i : ' S A n : : r

cmbodi ment  of ERATEe et do Thish HofiNeRld HELR @ R an b B oh S buger
appar at us acpatidhingsdio optiealdisknty third enbodi nent, wherein, after reading

recorded contents of said.contral data area and judging the esence or
absence of said bAr¥EaY, gfiﬂ? em. O‘E?‘B’teé??ﬁth%fi‘v\iﬂté‘f%@iat 06’5?1?12%'1*%'0 fﬂ@ﬂ%&?gﬁ@msd
be noved to @RichRBBIHHR&:tion or an outer portion of said optical disk. 5 A
twenty fifth enbodi rgent of the invention relates to a marking formng
appar at us whi ch coapking dsmingmeany for applying aeeanking on apgflagting fdmnfamédion en
areflective filmforned on a disk; marking position detecting neans for
detecting a ?}8 ition of said marking; and 10 position information witing

nmeans for convert inagkiggd pdspasd dedthidlg dehectordeROsigd guvitidt Off SARL hekirQF and
informati on concerning said position inforpmation into a barcode, and for
- position information writing means for converting at least said detected position
information or information concerning said position information into a barcode, and for
selectively removing said reflective film to write said barcode to an optical disk on which
data is recorded with CLV,
wherein all or part of said barcode is written in overwriting fashion to a prescribed
15 region of a pre-pit signal area on said optical disk.

The twenty sixth embodiment of the invention relates to a marking forming
apparatus according to the twenty fifth embodiment, wherein said disk is constructed from
two disk-substrates laminated together.

A twenty seventh embodiment of the invention relates to a marking forming means

I 20 according to the twenty fifth embodiment, 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.

A twenty eighth embodiment of the invention relates to a marking forming
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apparatus according to the twenty fifth embodiment, wherein said position information
writing means includes digital signature means for applying a digital signature to at [east
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
30 digital signature application to said disk.

A twenty ninth embodiment of the invention relates to a reproduction apparatus



selectively removing 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 15 regi on of
a pre-pit signal area on said optical disk. The twenty sixth enbodi nent of
the invention relates to a marking form ng apparatus according to the
twenty fifth enbodi nent, wherein said disk is constructed fromtwo

di sk-substrates | am nated together. A twenty seventh enbodi ment of the
invention relates. to a marking form ng neans ;s 20 according to the twenty
fifth enmbodi ment, wherein said position infermation witing means includes
encrypting neans for encrypting at |east said detected position information
or information concerning said position information, and wites contents

t hus encryptggich@osaksksdi sk. A twenty ei ghth enbodi nent of the invention
relates to a marking form ng 2~ apparatus according to the riventy fifth
enbodi nent, wher epasitiai idfqrmetion redingfroeans fboreadiBtiosiondaiesmaten ofje snarking
di gital signature ans_for applying.. i: O . S 1 0. t i
det ect ed posTt ISP Br??éff?r@ﬁlgosrayl ﬁ’g 501?}0 tlligfghﬁl’é%oﬁlfégsrg ﬁilt Eggggr?ﬁ%gé%@o%ls%g

i nf or mati on, infhatiBe b¥iab frmeddy (I pasdlyiagiadnatkingainedreflestite fim tarfned watai disk, or
i nformation concerning said fposi tion infornmation meanqs \l\&i t‘i.né_:l i nf or mati on
concer ni ny A2) detartingopositignipizbe maghing (G FYWATIHEASEHNT 1id POHHHILARMAUGR Ok
A twenty ni gy EROMLBHE Mo QlhalcBEe, B A iind BdhRDAL dith SRREAY HhOng said
apparatus T 7_Wwhich conprises: position ihformation readi ng neans for
readi ng posietlesivierffloromdaicdoptintl disloen Whivh data is rdcordedtwithCE&ncer ni ng sai d
position information, sai %&EOSi ti gn i né.or rgrgfti o%r}. or said.inf ohmati on .Eei ng
formed by (1) appPgikig edagmeags &or [aqiag LUCTReT: SN FRH% R dEYca, Pgsiagn o
(2) detecting;Pasikipen of the marking, (3) converting detected said
position information or said information i nto a barcode, and (4) witing

t he barcodle with ostipecnielging meens frg peafodmingf ¢oseparisen fapfl ydgemeat &Y ojstncal

di'sk on whi Crgsu & 5fare:iad$mé 8§ i %gsi%rg pnfgxlmva'tion 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

15 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.

A thirtieth embodiment of the invention relates to a reproduction apparatus
according to the twenty ninth embodiment, wherein at least said detected position

; 20 information or information concerning said position information is written to said disk by

position information writing means.

A thirty first embodiment of the invention relates to a reproduction apparatus
according to the thirtieth embodiment, wherein

said position information writing means includes encrypting means for encrypting
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at least said detected position information or information concerning said position
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.
30 A thirty second embodiment of the invention relates to a reproduction apparatus

according to the thirtieth embodiment, wherein



mar ki ng readi ng neans for reading information concerning a physical
position of said marking; 10 conparing/judgi ng nmeans for performng
conpari son and j udgenent by using a result of reading by said position

i nformation readi ng neans and a result of reading by said marking reading
means; and reproduci ng neans for reproducing data recorded on said optical
di sk in accordance with a result of the conparison and judgenent perforned
by said conparing/judgi ng 15 neans, 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. Athirtieth enb8dinent of the invention relates
to a reproduction apparatus according to the twenty ninth enbodi nent,
wherein at | east said detected position 20 information or information
concerni ng sai d pegit pdantidnn i@ ediod nwhisingW hédne nintludsdi digich! sk gimrureosietuiso dor
information witing neans. A thirty first enbodi nent, of. {he i.nvention .
relates to aamébmécmélgitélnﬂ%ﬂmﬁ‘é{?é@@gleé’ébﬁﬁ*‘élidﬁ@“ﬁé ROREORHtArmatiAn @ﬁm‘émm
wherein said_positi L Nf ot jti i : '

For encrypt | fg e S BB B iBfHlds w09 RADROMEMII O BRIt BratR
i nformation geRekdigange applitapiostosagidiskyf or mati on, and said position

i nformation readi ng neans i ncl ydes  decrypting neaps, corresponding to said
encrypting means, 2ahtpihposyeq %@Pﬁ%@ééf’ggf’? SWEEW? decrypts said
encrypted positiof,d 1 i b O0)d QMG LEi Bh AtGreSAéths ition
information. 30 A%thﬁt?%%@gﬁéqg%%?%%w%} tg%géi n\%.nti on. re_JIO%?es.to a
reproduct i on appapaditisn mforordbmgxtrastingencahs fariobtatniagiseidi nesiion infeanation fromg
said position, | hiBeA pietss’ PledHRRE %y " EiRelcihg mSdA A BRA Wi
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information concerning the result of said digital signature application,

10 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.

15 A thirty third embodiment of the invention relates to a method of manufacturing a
di&k, 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;
) 20 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 on which data is recorded with CLV, and all or part of said
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barcode is written in overwriting fashion to a prescribed region of a pre-pit signal area on
said disk.
A thirty fourth embodiment of the invention relates to a method of manufacturing a
disk, which comprises the steps of:
30 forming at least one disk;

forming a reflective film to said formed disk;



applying a digital signature to at Least said detected position information
or information concerning said position information, and wites information
concerning a result of said digital signature application to said disk, 5
and said position information readi ng nmeans i ncludes authenticating neans
corresponding to said digital signature means, and position information
extracting neans for obtaining said position information from an

aut henti cati on process perforned by said authenticating neans and/or from
said ' information concerning the result of said digital signature
application, 10 when an out put indicating‘gorrectness of said
authentication result is produced fromsaid authenticating neans, said
conpari ng/judgi ng neans perfornms the conpari son and judgenent by using the
posi tion informat kglviabtaaleaednbynagdngltomasd teflectivierfilor mat i on e. xracting neans

and the result of reading by said mar kk%gque din ans, and when said
out put i ndi cat i ngd¥EFHIEAL HESLOTE FOFHHPN B BEHnE #8%r epr oducti on is not
performed. 15 A thQintv,thiib: PR aiPletbhted bBMEHE L@BmiRloal 88 Wiid ont
met hod of manuf ac%‘%lﬁétag&ﬁk?%%gﬁaﬁ#%ﬁﬁc%np?i sesbt he steps of: form ngg %rtlo

| east one diskddiskymng a reflective filmto said forned disk; applying at

| east one_marking to said reflective, fil . A e .
position of said Wh?‘i?inhd‘f B 48P g St ﬂg&%%rg@g%&?@&%s | Eﬁa%)tnaailsetrs#lgrla?r%%lflon
and writing @il apedtvRtietohWirRtmald #hardle &di didlbskodevireweittan byhelectively
encrypting and wi fiag(g, at | east said encrypted informatjaon is gQ/nv?rted
into a bar cowajovingsashiadleptivecigeon saiddiskoanvipgh dateds Fecpriey Widhbl\Vngll aPeft 25
reflective film.on i i i Al cQr i _higor
part of sai dOAO%??%g ecgldg b%“éﬁ@ﬁ“ﬂ%‘ ((g)‘tv%é%&/{rl?% if%ar O?a@hlg‘ggﬁ%ﬂs% grg}eésnc??%ggé b t
regi on of a §igkalpida odis@tidislar ea on said disk. A thirty fourth enbodi ment of

the stepddof . 50 ADHITFNGaCHREASten)AB Ut SEHBIRRS 9 & OFF S0FFVR 2 HRFEg:
said formed gigks 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,
al\}N or part of said barcode being written in overwriting fashion to a prescribed region of a

pre-pit signal area on said disk.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Figure 1 is a diagram showing a disk manufacturing process and a secondary
recording process;
o Figure 2(a) is a top plan view of a disk, (b) is a top plan view of the disk, (¢) is a
top plan view of the disk, (d) is a transverse sectional view of the disk, and (e) is a

waveform diagram of a reproduced signal;

(8]
n

Figure 3 is a flowchart illustrating a process of recording encrypted position
information on a disk in the form of a barcode;

Figure 4 is a diagram showing a disk fabrication process and a secondary recording
process (part 1);

Figure 5 is a diagram showing a disk fabrication process and a secondary recording
30 process (part 2);

Figure 6 is a diagram showing a two-layer disk tabrication process (partl);



-9 applying at |least one marking to said reflective film detecting at

| east _one position of said marking; and applying a digital signature to

sai d detected position information and witing onto said disk, 5 wherein,
when applying said digital signature and witing, at |least a result of said
digital signature is converted into a barcode, and said barcode is witten
by selectively renoving said reflective filmon said disk on which data is
recorded with CLV, all or part of said barcode being witten in overwiting
fashion to a prescribed region of a pre- p|t signal area on said disk. 10 A
thirty fifth enbodi ment of the invention-rél-ates to a disk wherein a
marking is formed by a laser to a reflective filmof said disk holding data
witten thereon, at |east position information of said marking or

i nformati on concefipuRy 13aid¢hgﬁﬂﬁishd\0ﬂngitmﬁmmyérmisld fsbécm'royxpire@bmcpaapqoj ied a
di gital signatur at | east said encrypted information or .di

si gnat ur e- appendeﬁigi“ﬁf&ﬁ?-)rfﬁtaﬂéﬂla{%dd’é‘ﬁ\’/ég't‘éﬂn‘lr‘?ffeﬁ“&e BortieBRd ﬂ‘gfﬁa’aéﬁéﬁéipe and

par code 15 W) KIRLYady weégkg%h.\fﬁﬁaenwg@eﬁbegfagingletﬁa eqgpd.ve filmon said

di sk on whi a 1s°recor or part of said barcode bei ng
witten in over vvrmgmna@(i)as hireprotuced-vaveformi disgtamefgr @mtoofref&ecﬁwa ppﬂ@np(bt) isa
signal area on . BRI EF DESCRI PTI OF THE ure

a di agram sH'BHﬁO ‘fg orl‘?hﬂi?g’%i@} EjorHFrg\lélé’E POFHP (%)eléc?hffgf%ﬂuf C@B’F}S‘Tff%ﬁ“

process; Fi gﬂz{g@mﬁ(@) a'n%nﬁﬂE&R/eFBo@i&thﬂ"gdgfis @ pthinSKew (0F)a msstér disl pRIdatedvihyeav
of

of the disk is atop plan view e disk, (d) is a transverse
secti onal vnewsterfdlsklmethofé,k and (e) is a vvaveform di agram of a reproduced

signal; 2~ Figure.3 is awch
encrypted positi ?ﬁg‘i“ﬁflo&ﬁa?’ 0 S gcnon%ill ngn 8@%% og%r&gﬁ 82?}% P“'Eng%‘?% 4
i sta di agr arysdend (tg ifla Giosksdctibhalcadw 6fla pasxomsnwpbraoseﬁtmaargye -plaaypk; ng

process (part 1) ure 5 js a diiagram shqow ng di sk fabrication prqcess
and a seﬁgndary rﬁég‘%}’ﬁglﬁg agehesRaicediagTama PESeg)0n 45 QRIFR2EOR 3’"8”%“ & graipussion

showi ng a t Woseh BY GlicQSdpe! MRSEARE R0 R LERTOI R ddr¥flective portion;
Figure 12(a) is a cross-sectional view of a disk, and (b) is a cross-sectional view of
the nonreflective portion of the disk;
Figure 13(a) is a diagram showing a physical arrangement of addresses on a
15 legitimate CD, and (b) is a physical arrangement of addresses on an illegally duplicated
CP;
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, (¢) is a diagram
showing mathematical equation for ECC computation, and (d) is a diagram showing a
) 20 mathematical equation for ECC computation;
Figure 15 is a block diagram of a low-reflectivity position detector;
Figure 16 is a diagram illustrating the principle of detecting address/clock positions
of a low-reflectivity portion;
Figure 17 is a diagram showing a comparison of low-reflectivity portion address
25 tables for a legitimate disk and a duplicated disk;
Figure 18A is a flowchart illustrating a procedure for encryption, etc. using an RSA
function;
Figure 18B is a flowchart illustrating a position information check process;
Figure 19 is a flowchart illustrating a low-reflectivity position detecting program;
30 Figure 20 is a diagram showing a detected waveform of a first-layer marking

signal;



-10 Figure 7 is a diagram showi ng the two-layer disk fabrication process
(part 2); Figure 8 (a) is an enlarged view of a non-reflective portion o f
a lam nated type, and (b) is an enlarged view of a non-reflective portion
of a single-plate type; Figure 9(a) is a reproduced-waveformdiagramfor a
non-reflective portion, (b) is a 5 reproduced-waveform di agramfor a
nonrefl ective portion, (c) is a reproduced-waveformdi agramfor a

nonrefl ective porion, and (d) is a plan view of a master di sk produced by a
master disk nethod; Figure 10 is a cross-sectional view of a non-reflective
portion of the |am nated type, and (b) isld -cross-sectional view of a
non-refl ective portion of the single-plate type; 10 Figure 11 is a
schemati c di agram based on an observation through a transm ssion el ectron

m croscope, illuskfgld #0ifa Qi dean SREWIn@N Qbtedth® wAQBIoeh STT4 katRnBOLYer Airking

Figure 12(a) is a cross-sectional viewof a disk, and (b) is a
cross-secti ogighalyi ew of the nonreflective portion of the disk; Figure 13(a)

is a diagram show.n hysi.cal , arr.angenent, o, r . . i tdate
D, “and (b) 15 a B 2P AP At ar s, el 58 Sl dRbacd B9
duplicat ed CRitdHitb@widd divelID aaddiAIDAIN SptopanpinpallationProedss;Fi gure 33 in
further detail, (b) is a diagramshow_.ng an equivalent data structure for
ECC encodf ng/ decoBiguts, 23(is p blasksliagram of ASEIPE iRGEL AR AR cal equati on for
ECC conputation, and .44). 1§ | g ' i heat h 52! naagkahi oA
for ECC conput ati%ﬁgrel‘fpgsgdu@g& ?}%uﬁﬁ’%?%@%ﬁag?%g?fé%ng? a lowr fplaecti vVity
posi tion det®gsming;Figure 16 is a diagramillustrating the principle of
detecting address/cl ock posjtions of a lqwreflectivity portion; Fiagur 7
is a di agram show 18§26 RHgram shaving A gual I”@é’?ﬁ%?dﬁoﬁ’?‘r&?gﬁ&? r2
tabl es for aﬁek&qir}oi' mat e di sk and a duplicated disk; Figure 18Ais a
i1Tustr

fl owchart ating a procedure for encryption, etc. using an RS, 4
functioni0 Figure 26 is a diagram showing a signal waveform and a trimming pattern in PE-
RZ recording;

Figure 27 is a diagram sho'wing a top plan view of disk stripes, along with signal
waveforms;

Figure 28(a) is a perspective view of a converging unit, and (b) is a diagram

15 showing a stripe arrangement and an emitting-pulse signal;

Figure 29(a) is a perspective view of the converging unit, with a beam deflector
a;;ended thereto, 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

20 contents of control data;

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

Figure 32 is a diagram showing a stripe area and an address area on a disk;

Figure 33(a) is a diagram showing a data structure after ECC encoding, (b) is a

25 diagram showing a data structure after ECC encoding (when n = 1), and (c) is a diagram
showing an ECC error-correction capability;

Figure 34 is a diagram showing the data structure of a synchronisation code;

Figure 35(a) is a diagram showing the configuration of an LPF, and (b) is a
diagram showing a waveform filtered through the LPF;

30 Figure 36(a) is a diagram showing a reproduced signal waveform, and (b) is a

diagram for explaining a dimensional accuracy of a stripe;



Figure 18B is a flowhart illustrating a position information check
process; Figure 19 is a flowchart illustrating a lowreflectivity position
detecting program 30 Figure 20 is a diagram showi ng a detected wavefortn
of a first-layer marking signal; -11 Figure 21 is a diagramshow ng a
detected waveform of a second-|ayer marking signal; Figure 22 is a
flowchart illustrating the function of a scranble identifier and the

swi tching between drive ID and disk IDin a programinstallation process; 5
Figure 23 is a block diagramof a stripe recording apparatus; Figure 24 is
a diagram showi ng a signal waveformand a I¥imring pattern in RZ reco
rding; Figure 2~ is a diagramshow ng a signal waveformand a trinmm ng
pattern in i VRZ recording; IO Figure 26 is a diagram showi ng a signa

waveformand a tr &;{@1@97 PEVS Pﬁgm th\ﬁngésslyﬁ&%ﬂkﬁgjn RN 2iasdreninigagnam

showing a top plan<ie~ v o stri al ong with signal waveforns;
Fi gure 28(a) sigaalavpefspecti ve view of a converging unit, and (b) is a

diagram 1l ~ showing a [ t 1 t.t1 ng- ' ;
i aur 6 20(a) 1s aFfre b e oR or e o BoH AP G g iiert o et Ry s
defl ector appendeg;f AeE6t0, isﬁc}mﬁbs)hpwﬁlglaa %I_pi'ﬁlﬁlraﬁ\mi&b%ﬂdwisﬁ Ml InigP€ pinhole-like

arr angenent anq anemtting-pul se signal; gure 30 is a diagram show ng
t he arrangenepticabfnasiting pesploysical thagke;and the 20 contents of control data;

go\%ur e3lisafl gﬂﬁxpea% iis lal éjig.érra%[ ish%gvigé) ¥ ;%'Sgetdr el fgfoﬂgyiinﬁ &%tacpeg Q€5 ween
tracking ON condition;
Figure 41 is a block diagram of a playback apparatus implementing rotational
speed control;
10 Figure 42 is a block diagram of a playback apparatus implementing rotational
speed control;
Figure 43 is a block diagram of a playback apparatus implementing rotational
speed control;
Figure 44 is a diagram illustrating a piracy prevention algorithm;
15 Figure 45 is a diagram for explaining barcode encryption;
Figure 46 is a diagram showing another application example of the barcode;
Figure 47 is a perspective view showing a nonreflective portion formed in a two-
layer disk; and
Figure 48 is a diagram showing a comparison of address coordinate positions on
j 20 different master disks.
Description of the Reference Numerals
584 LOW-REFLECTIVITY PORTION, 586. LOW REFLECTIVITY LIGHT AMOUNT
DETECTOR, 587. LIGHT AMOUNG 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 OUTPUT
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.
30 DISK MANUFACTURING PROCESS, 817. SECONDARY RECORDING PROCESS,
818. DISK [The next page is page 20]

[CS]
LV



and CLV when playing back stripes; Figure 32 is a diagramshow ng a stripe
area and an address area on a disk; Figure 33(a) is a diagram show ng a
data structure after ECC encoding, (b) is a ?5 diagram showi ng a data
structure after ECC encoding (when n = 1), and (c) is a diagram show ng an
ECC error-correction capability; Figure 34 is a diagramshow ng the data

strucriue of ASYINETURING ROCEBSC SURES, FBgor SEBONRARYI BEGORDINGr am showi ng t he
configuration of an LPF, and (b) is a diagram showi ng a waveformfiltered

through the LB@SE’% Sresy ©036( RFTRARE PREDICITOS TRACRSS STBRT cBBned si gnal
IS a

wavef orm and I"agram for expl ai ni ng a di nensi onal accuracy. of a

stripe; -12 _Fj | i i C ni fon code and a
| aser enittingﬁgﬁﬁé@ @5ﬁﬁ§|g%gvzﬂgﬁg%%g?gﬁgﬁyggﬁ¥g §B§T§§$§E1shomjng a
procedure For reading contro a p b g R$r@y di agram
showi ng a t opSBERI \Krg%w & aéﬁﬁ%qu m&xgk@p%,ﬁm@gm@@%ggﬁ@él mar ki ng
as a physical feature; Figure 40 is a diagr i g race e for

pl ayi ng’ back &836CARELORBING CAREUIdekBHG W@%’%@k?ﬁ@ﬁﬂﬁwg 41 a bl ock
di agram of a pl ayback apparat us inplenentizaﬁrotational speed control; 10

Figure 42 is RERD-BOLOMONMGNGODER, 839 ANTERKEAYEBar&40.s PULT dNERRVALg

rotational speed control; Figure 43 is a block diagram of a playback

appar at us i NpyEPBINTORY St AtLOTKRISISIMES GENBRATOR] ; 908. gUDeGENERASOR di agr am
illustrating a prracy prevention algorithm 15 Figure 45 is a diagramfor

ol feat an vl BET S L L, B e aet Ve vi ew Showi ng
G agr am showi MENECSl a2 |20 MO 24l o JOTATIR, IR 936, | ne%on” 1
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 ROV,

952. ECC ROW, 953. EDGE-SPACING DETECTING MEANS, 954.



i 20 different master disks. Description of the Reference Nunerals

584. LOM REFLECTI VI TY PORTI ON, 586. LOW REFLECTIVITY LI GHT AMOUNT DETECTOR,
687. LI GHT AMOUNT LEVEL COWP<4. R ATOR, 588. LI GHT AMOUNT REFERENCE VALUE,
599 LOW REFLECTI VI.TY PORTI ON START/ END PCSI TI ON 25 DETECTOR, 600. LOW
REFLECTI VI TY PORTI ON POSI TI ON DETECTOR, 601. LOW REFLECTIVITY PORTI ON
ANGULAR ‘PCS| TioiNABEBNAIEAKSTRET. SEIORONEANS?. 9560 SERHILATIR,VIZPY. PORTI ON
ANGULAR PGCsSI TI ON DETECTOR, 605. LOW REFLECTI VI TY PORTI ON START PO NT, 606.

LOW REFLECTI N RCTL'VE 95651 ABARCORRERERORNG 81 6. 30 DI SK
M Aul UFACT Ung¥B@@S?B%1®OE§E%¥)%§IC RECORDI NG PROCESS, 818. DI SK [ The

nect page is RI 1865 . SECONDARY
RECORDI NG PR@@%% %s“@gw@Tﬁ&Wﬁgﬁ@g&gg STEPS, 830.
ENCODI NG MEANS, 831. PUBL| C . KEY ENCR 33~ Fl ET KEY, 834.
SECOND SECRETRERVENGH S M@i&é{éﬁt &E@W%‘ga%ﬁ&c@é}j Cl RCUI T, 837.
ERROR- CORRECT| ON ENCODER, 838. _,REEDSO_&/EW CODER, 839. | NTERLEAVER, 840.
PULSE | NTERVAIOMPARALORT 0868 .8 1SCLIGLAIOR, St ONERATOR) 908. | D GENERATOR)
909. | NPUT SECTION) 910. RZ MODULATOR, 913. CLOCK SI GNAL GENERATOR, 915.
MOTOR, 915. ROTATI ON SENSOR, 91 6. COLLI MATOR, 9l 7. CYLINDRI CAL LENS, 918.
MASK, 91 9. CONVERG NG LENS, 920. FIRST TIME SLOT, 921. SECOND TI ME SLOT,

922. TH RD T%ﬁgﬁg B2 BMBGDIREREY 924. PULSE, 925. FI RST RECORDI NG REG ON,
926. SECOND G REG ON, 927. ECC ENCODER) 928. ECC DECCDER, 929.

LASER PONER SUPPLY, Cl I {MCHART) , 931.
BEAM DEFLECTOR, 9?5? %R-%f?gr%gggb%%%gés (d9ﬁ§|£%gﬁl§[s éiligﬁgé,EEg35. DEF?_ECT | ON

SI GNAL GENERATOR) 938. ROL . DATA AREA)  937,, S NCE/ ABSENCE
| DENTI FI ER, 938. eﬁm%@{ovsm Er‘%AéFﬁ‘P‘)d\l)%gg ngg@% STRI PE
PRESENCE/ ABSENCE | DENTI FI ER, 940. , STEPS ( FOR STRI PE PRESENCﬁﬂABSENCE

| DENTI FI ER PLévemAcEsFLAnCthe Asrriptgen hegsiiehieVRRKENGPPRI NA'DLE) |, 942.
PE-RZ DEMODULATCR, 943, LPF, 944 ADDRESS AREA_ 945. MAIN BEAN, . 946.
SUB- BEAV) 948 n 5k PRorREVERSH:a8Y DB eRECORI. | BENT RSER faymgo | PE GAP
PORTI ON, 950. SCANNI NG MEANS, 951. DATA ROW 952. ECC ROW 953.

EDGE- SPACI NG DETECELNG MzAhSle 934infora@tion tEOMPARENGISdEANS, 955. MEMORY
MEANS) 95G OSCI LLATOR, 957. CONTROLLER, 958. MOTOR DRI VE ClRCUI T) 959.

BARCODE READI NG e $G3st M SWLTE) HO4he HEPNOrbAMING BMEANS, 965.
FREQUENCY COMPARATOR™ 966. OSCI LLATOR, 967. FREQUENCY COVPARATOR, 968.

OSCTLLATOR) 969, . W FVBHRA MeNTEheT e rRE eipien etk ionbodi ment s
of the presen G?M%ﬁg\?ﬁ elge:scrl Ejvgd bel ow vq\)ngt h reference to the
acconpanyi ng drawi,ngs. In the descriptio I ek haif } eprigosition

i nformati on fB?Slpﬁngcynéﬂ:@@gh?’} 8ﬁ,avﬁ)| ('g‘hgf; g%é ?gfralr%%gp 1Igy‘D;él i's taken as an
exanpl e of information to be barcoded. ln the f] -hal art (1) of the
description, aXRIANCLeRy stxBP‘&n 8 %P%m'ap:l%ré 15i e‘éélvseoftggh{ent%i éacy prevention
position information as a formof ID, foll|qwed by a brief .expl anation of
how t he i nf or batéage te commiete e Pptisad difko5ad Aoy égﬁp%ttléagnﬂai&gti cal disk
and how the optical disk is played back. In the S({ec?nd- hal f part (11), the
techni que for jpaskadidngadine P rheysecandehal bwapbsiilonthnteeRdtqusn will be
described in further detail and in a concrete manner. Mre specifically)
the first-hal fopadrcol]l ngadkspivddy frovelabod aosutiony iafeimkiotB) Formng a
mar ki ng by using laser light, (C) Reading the position infornmation of the
marking, (D) En ti He 4POs i fiir@Ret ek MRtdndNin GPRVAEEdtRg the encrypted
position inf of’vrlrgi %lbgen d?g?%ﬂ%d_ gﬁ ftdrba‘?coc(llec) and witing the barcode in a
pre-pit area of the optical di 1R, OV. Eid asiyen(1andal &) Pl aying
back the opti Gﬁpn?ﬁ'skﬂ%e aﬁpﬁfzégg%ﬂ*he&;e\g@%# - hg:if Srjpﬁart (()?I ) first

describes (A) Usefulness of the bargode f a | am optical disk)
then proceeds wigh( &y ﬁé?‘é&ﬁtﬁﬁl‘ﬁ%@ Bb% ’ti(gz Iﬁ{ﬂgw}@gr{%@@fbﬁe marki ng as a
di sk-unique 1D, (C) Features of the arcoge-rec r.ded. Qpti cal diﬁk format,
met hods of traskngglasent Fight, ake) RerAtE t8F BSHALPB I OEPRE cBht rol duri ng
readi ng of the barcode) and (D) Pl ayi n%1 back_ the barcode-recorded optical
di sk. The secahd- hatifingar D) Enyrintinkethedeasition deteimetiph (E)
Manuf act uri ng o

converting the encrypted position information into a




techni ques for inplenenting the barcode recording nethod) followed by a
brief explanation of a barcode playback apparatus (player). Finally,
a.description is given of (F) An exanple of the above barcode encryption
and anot her application exanple of the barcode. (1) Before proceeding to
t he description of the above (A to (E), we will first describe a general
process flowyzepudi shdmrniufiagttird bartalet e «omptriti eneafofatheptical di sk
by using the flowhart of Figure 1. Tn this patent specification, |aser
trimming is alsq.pLefaries tQedsri@ner fAaNikhNGndWiE) €layhonbetkective
optical marki rPg portion i1s sinply referred to as the barcode, stri pe,

ki ng. or opt! Sal I L00 s SOUEL Mhe 8di%a A2 parpNiEcal | D uni que

to a disk. Fi war e ny perforns software authoring in

sof tware production process, 820. The conpl ef eq s Ls delivered from
the software l%ld”ﬁ}ﬁaﬁ%/sqrégﬁﬁe“\gi Qﬁeﬁﬂﬁﬁ%\@uﬁ%éﬁﬁé%? n di sk

manuf act uri ng process 8/ 6 at the disk nufacturing factory, the conpleted
software is ilgminateddvep @t8ayl adlﬁﬁstgfe“dpg%qegspg%(]@ge@a%@tdéfﬂg818b))

di sks are pressed (steps 818e, 818g), reflective filns are forped on the
respective dies pbsteinsn $ABfrma8l@hpf the mawbing §Rsa SR gy t oget her
(step 818i), and a ROM di sk such as a DVD or CDis conpleted (step 818m
etc.). The thys eegpleiseds diheskbSddesrearidedradtital tdisksbotmeds e maker or to
a factory under control of the software nmaker, where, in secondary

4 1 Lhe s . ! hown |
recording pr °r$e§q?ﬁg§ ({% ttggclgqgafgﬁ%@gy 5% rPRoRBAF sateh ibhel apeedhown in

Fi gure 2, accurate position information of this
mark is read by a suring neans t.Q j0bp YAl ktion

i nf or mati on mwogg&%gg equng?éi%gg?a%gg%’urag‘di @%rpr}gﬁ@gn%% t he di sk.
Thi s physical feature information of the disk is enc ted il 819c.
The encrypt edthmfoérﬁ@dq'éﬁW@e@oHQ@rctaédg’c%"a 2 QP%%%&&%&I& 3?190 which is
then recorded in step 819d as a'bar_codZ@[siNgnal on the disk by using a

| aser. The di fkrthleysdesls imadetadliviftdr (B} MBAURASLUBE"E orbi ned t oget her with
software feature information for encr yﬁti on in step $19c. -23 The above
processes Wi | tedipiidess riopetmplembotinet elehaa'cpde mao_rdlg;;g &eﬂh\@« fabrication
process, a marking fornmation process, a marking position readi ng process,

and an encr ypfmdw@a%mt bBle Meikhl A tRbRcEs 2 barcode phdyibeak di sk accor ding
to the present 1nvention will be described in detail with reference to

Figures 4 a”dﬁﬁ%ﬁ%ﬂygi gﬂgﬁgffht QAL 1y 8URRICeIBioRr ¥Ys exinleangf i@ wi |1 al so

be gi ven deal aving two reflective layers with reference to

Figures 6 and, 7. In the | owi n L Pk rki ormation
process and tf@ WR&M%%@?%@H%@%%&S ‘%)Arcg?ggs&gragac%}#gg%i vely called

t he secondary recording process. E}FA‘% Firs g the di sk fabrication process
will be descrRBRH.CathoR (fka@pkgk ofahhy DR FY ‘process 806 shown in Figure 4,
first a transparent substrate 801 is pressed in step (1). In step (2), a
metal such as (& uminumor gold is sputtered to forma reflective |ayer 802.
An adhesi ve | ayer 804 formed from an ultraviol et curiﬂg resin,jis applied by
spin coating to aBefbseé ravecsdiigr sonthe daserigtier anthe ahosss [hg step, and
the substrate 803 is bonded to the transparent substrate 80l having the
reflective |aygr (1802yeand 1t Aeystadeseritet edgaterbl girospeed oy fede t he

bondi ng spacing uniform By exposure to external ultraviolet radiation) the

resin hardens; ' iRenel nget bunplvoisubst smteps itapeatiskrby I n step
(4)) a print egl%g@rﬁg%@%ege a CD or pt[l)VD title is printed, is printed by

screen printing.-2 toPRibitd 9. Thus) in step (4), the ordinary
Ianinated-typ@gbﬁﬁﬁ%§I9kﬁﬁﬁé?§¢ﬂ?slg%npleted.
In this patent specification, laser trimming is also
referred to as laser marking, while a nonreflectjve optical

marking portion is simply referred to as the barcode,

stripe, marking, or optical marking or, sometimes, as the
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(B) Next, the marking formation process will be described with reference to
Figures 4 and 5. In Figure 4, a |laser beamfroma pul sed | aser 813 such as
a YAG |l aser is focused through a converging lens 814 onto the reflective

| ayer 802, to forma nonreflective portion 815 as shown in step (6) in
Figure 5. That is, a distinct waveform such as the waveform (A) shown in
step (7), is _reptoduged fr be popkeflective portion 815 forned in step
(6) in Fi gurfsphg.glgé/jl gpl L(I:L}ilrggl@t (lpsd waveform a marking detection signal such
as shown by waveform (B), is abtain [0 | | ghar-g M ighofBiKi ng
position infor rrat?b‘?ftcofl'rkbﬁ isggﬁﬁa%fngg#aingsg%wéggﬁ %'Ps sﬁown in si gé(nal (d),
and an address, a_frame sypchroni zi ng si,gpal -hunbe s duced cl ock
count) such dd ShBWRIENPEGGYGAROT PFOC %B%Q néﬁgu?%{dj.lei?gt eftf@lgé(?ng edge of
t he thus obtai ned marking detection signal, a sge&i}fi C Eddress (i ndicated
by address n isdblinaredsfenn the sofawars comeayptPcHIe §i&kup from within the
plurality of addresses shown in Figure 5(d). Figure 5(b) shows the physical
| ocation of theussenifing Brdoess iln didlemanifactormg orotess Slhert hand)
Figure 5(e) shows the |l ogical structure of the data. As shown in Figure

5(e), there ang miir aEBLEYNCRiRRIfREDP shorampletetbrsodtdaresdsn, and k
reproduced cl ock pul ses under each frame -25 synchroni zati on signal .

Therefore, the p@gsg%lc#gggél hearﬂ?e[siiieilgdi@a?é”;ﬁ@dwed I"(@lt@ptgl(%b, pi ckup can

be represent edt f affe synchroni zati on signal number, and

reproduced cl ock count. As preyiously, st , | xpl anati on
will be gi verd%@ﬁo%%fprﬁﬁs%qot%#}%ﬁ ;%\}ge’t fgggg’f %FZE ﬁp?\/\giﬁégfg | ami nat ed
disk) with reference to Figures 6 and 7., Fi gur 4 5 sho a disk
general |y knofurmed en dihegresnesybye ?da%%a‘tséag%ﬁgiéfmg@”haghea\ﬁgf | ecti ve

| ayer only on one substrate 80l. On the other hand) Fi %ﬁhe&ﬁ(r and 7 show a
di sk gener al | g; dkowre damind vad- tagether akstient 8E8idi sRAA h efl ective

| ayers on both substrates 801 and 8@3. For laser trinmmng, the processing
steps (5) andg (@) adr# Jvangarental donplbeeds stes @l8hotétcaypes of di sks,
except with significant differences which are briefly described bel ow.
First, while the gjnolied Byl cdbskdidkesod ikedéakiree taae dafitwede from an
alum num filmhaving reflectivity as high as 70% or over, in the two-I|ayer
di sk the reflective_ | ayer (o] laNgo Bt eShdledt ate 801 is a
seni t ranspar e'PﬁckeﬁoPﬁ @éﬁ) f?ﬂ%ﬁh%@&%&ﬁ“ﬁ%ﬁl gﬁf'?i\?i tgg tof 30~, while the
reflective layer 802 fornmeqd on the print-si S :803.15, the sane as
that used in ViIes| h@l%e-cloag%?y 5F§%£§ cﬁﬁo(feggs%n%g?ée 1vvlg'%'\.’#ct%[he
single-layer disk, the two-layer disk is required,to.h hi gh..Qpt i cal
accuracy: formaskimgl 884.t sachdiespie § %rl%gﬁg‘r‘ﬁﬁstz’ b&S gf\;;ot%fnggl {%;8826
transparent and be uniformin thickness) _and the (%pt'hcal t.[ ansparency nust
not be |ost d8t9d)e hagexccursimipagitiogy ¢8fqrpptiem)ol LRYS MHXG}S Fi gure” 7 show
t he signal waveforns obtained fromthe first |ayer of the .

t wor ecor di ng- y@y@hyda Sieasu kevimeens peates §100)) tg pbtainnkhe PO§itGrEnFi gure 7
show t he signal waveforns obtained fromthe second | ayer of the

t wo- r ecor di NG+ b fyieia tdbs kvhithesaxvebend shef pltyisdsel sfegake ianformativnar e
essentially the sanme as those of the waveforns described with reference to

h
P12 o DL SRl s e et
the first Tayer. en YL &l S sP&S 166, TiThet efdl9pteg ot ok AaEIch a5e

converted to a PE-RZ-modulated 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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bonded together, relative positional accuracy between themis random and
can be controlled only with an accuracy of a few hundred mcrons. As w |
be described later, since the | aser 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 exanple, have to be nade to match the
same val ue on the ThggifdvEahLodiseks BUll baklesgrileemimafctiheoul d require a
near - subm cron accuracy in |lam nating, and consequently, naking ill egal

di sks of the 4uplqyerniupes! s B3R! bRk LY: loPoRsIdaEe a Haekimghni que for

8‘?1 T ecT P [ i i

formng the n I've optical marking portion wll be described in

further detail, in - 27 sections, { e 1 v nce to
Figures 8 t; ofazmatdpp ProgEsp r?g"‘af‘f]h“a@ R(t'égll t(al%hng%ggwg;\%ﬁe&ie%g’c?n@ari son with
a single-plate type. Figures 8(a) and (b) are m grographs.shpw:. pl an

vi ews of nonreh|&nsriypee ﬁﬂif@%{’FatﬁﬂFWrﬁégB%)rqll"Sﬁ% %ré’ﬁda%ioé)f}}gaggg(lgg is a
sinplified schematic crosssectional view of a nonreflective, portion of the
two- | ayer | anhpedeidngi Kk thea)rdsenhginyestion mpll e ¢ageT ér} a |l aser beam
was applied to a 500angstrom al um num | ayer Iying 0.6 nm bel ow the surface
of a I.2nmm t hijgks ROV €h Sefepasiesto i guires whb add BvmandhF tgurdiss&std ani nat ed
together, and) as a result, a 12 a mw de slit-like nonreflective portion

815 was formeds ag §P neftdfe eXpPRfitibe el aghsobeFmene d8gBng I n this X
?50 m crograph; no a num r esi dues were observed on the nonreflective

ortion 815. Thjck swol l,en.al wpy n , S [ and 2 ~cm
\F/)vide, wer e obgé{'k‘/@d éF%rﬁ%@%ﬁgr ?g%f%é?géelﬁ%tgﬁg vﬁggriééifgg?{l?ee@p()orti on 815
and oefl ective portians. sho ip Eiqure 10(a)., i i d that no
si gni fi cant dEﬁﬁ@@%ﬁdB%?ﬁr rﬂd%ﬁs?@é."awﬁ tdﬁisér%‘g%@?" the g‘ggﬁr@;{si on of
the pul sed | aser presumably nelted the alum numreflecgtive | ag/er) causing a
phenomenon of fophdteonaprovesanatshithe uparkiba PoshélHbiRaatie P8R Hot h si des
due to the surface tension. W call this a hot nelt surface tension (HWVST)
recordi ng net hed.coNiestivels chileactie isscbudgtyenermnidngobdgedéd only on a

| am nat ed di sk -28 800. Figure 11 is a schematic diagram hased on an

observation throughjapif@nsehssiiah eamdicaetbmipeoosssopel 1M, illustrating
a cross section of the nonreflective portion fornmed by the above | aser

trinmmng pr OCﬁsECB@%ﬂ;L%”@ﬁF13i5?<h@¥‘§fitcm?5 heoadbepogeshawmeinof the di sk

has been renp{& ol vent . the figure, if the alumnumfilm
swol len portign is 1.3.,,u mwde and O, = hg€K); ot unt of
i ncreased al uNiiBURS i fhERE B\é\dflfqrbgll?afgml.%ggsg(ﬂ(%. 8@% 18 gfe%s%a r 0. 195 ,u
n2. The anount of alum numoriginally deposited in a half_ porti (5 ~um
of the |aser @%pns@l}-reéﬁlcﬁieplgz)a ﬁ)%%?gl §UGh §s 62“—1”6‘{" %(g%—lg rﬁ% The
difference is calculated as 0. 250 - 0. 195 :82)' 055 ~$ ne. li ternms of
length, this ispueteredatenformoaorasetivs lavar 8P2.c AR agheSifedt® hat an
her ef or e, 1t goan b by ssaittaolel wosinaes3n i AT &G arawn to th
erefore, it gpanf afedry anau a rawn to the
filmswollen portion. Thus) the result of the analysis of the figure also
verifies the Qgirpkﬁﬁ‘?_téo‘a@iﬁé)%étatms&b@ve(m&fdmted thar dd f Berestti c _
phenonenon. (b) W will next deal with the case of a single-plate optical
di sk (an optical di C i SLAQ i Fitdl 800 isABordgdetd it was
conducted by é’ﬁﬁf%?%ﬁ‘% ggzé)é’ %hpsgge %Pﬂtgihe sane power to a 0.05 a mthick
alum numreflective filmfor ansi i Ap| edadiskgo20f which
result i s shovifamaPE ik @u}%s(tg%?egéblsﬂg% (r%lhtéhe Fgure) al umi num resi dues

29 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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wer e observed, and since these al um num residues cause reproduction noi se,
it can be seen that the single-plate type is not suitable for secondary
recording of optical disk information of which a high density and a | ow
error rate are demanded. Furthernore, unlike the |lam nated disk) in the
case of the single-plate disk, the protective layer 862 is inevitably
damaged,  as S{}P"éﬂ?f's t.':dlqwf;?ngl.o(@l\*u%js,""@ﬁnsﬁ (gpnrigkl ecdinseyportion is

e

subj ected to YTaser “trinm ng.” The gree of danmage depends on the | aser
power, but the damage cannot, .be,ayaqi \ i | aser power is
controlled ac Wldlaéggftyﬁﬁr%W@} g@cgﬁglfﬁlgsetggh@u%tlggkperi ment, the printed

| ayer 805 fornmed by screen printjng to a thickness of. fb w hundred m crons
on the protective (%éy%ﬂt%ﬁh%d@r 5% foEmHHER Plf%cetsﬁth@I bsor pt ance was
high. In the case of the singleplate disk) to address tg‘,e r obl em of
protective | agescrdadpageitherefrentactplogetasi ¢eathyper Ha ltggr%é“’aﬁpl i ed once
again or the |laser cut operation should be performed before depositing the
Protective | aygfer bBamBromaseulsbé kisegl 811 aueh taspe Wiy laseseit a probl em
in that the |laser cut process has to be incorporated in the pressing

process. Thi Sf§é|getd5t}§flﬁlgﬁp£)|J&ﬁbfﬁh@ﬂeﬁ@@lﬂi ofce theatef ldiskvadespite its
C

usef ul ness. ( conparison between single-plate disk and | am nated di sk

has been descﬁia??erg &aggg@aggg@r@ggnfé/@-e'c%m pbBfidiBed &4 Shops in exanple.

As i s apparen escription, the sane effect as
obtained with the -l ayer. | am nat ed .di sk gan. ! j he

singl e-1 ayer E&#R n&Y eth %gk?e@} n@t’ﬁ dar €3 dcffgt‘gs% Q’Q&gf‘?@g %(2?8% , a
further description will be gi\ven.deal i n? wi th the si n&ief I ayer{?al am nat ed
di sk type. AsthéowaveformFi(@urshown( an)stene (Pef LEFIRFOANESEIT8H2 Ifas t he
transparent substrate 80l of polycarbonate on one side) and the hardened
adhesi ve | ayepo$fdrlandive pobstormBasoformed bt lséep sifde inthiguref bective | ayer
802 thus being hernetically seal ed therebetween. In this condition, pulsed

| aser |ight i ny ?PH;%EQ ther Reve fodh, Neatairkong idetédid onasigrafl our experi ment)
heat of 5 ~cJ/pulse is applied to a circular spot of 10 to 20 ~ m di aneter

on the refl ect] {!ﬁ Jﬁ%%wrﬁ%ﬁ ?ﬂeé’%é@h%)t igesit@dned, Arofswhikh a result, the
n o )

t enperature i ASFA y rise the nelting point, nelting state is

caused. By hegt Lranster. 4 Spnld.:pord 1ABonia DG (A@RIRREETh SUbStrate 801

near the spot portion o P adhesive |ayer 804 is

nelted. The nolted alum numipn thi,s state ii$ C e ace tension to
build up al ongdBBesfdasiel ago8 O‘thn8§]1%’,£vmk®r1 %gﬁs o%ﬁggﬁ% gppl ied to both

sides) thus form ng buildups 822a and 822b of hardened al unm;num as shown
in Figure 12(framataynobrenifzieg:sie@aporymbgs, U af?%“ﬂ%ﬁ#}éﬁlﬂ% num r esi dues
is thus formed. This shows that a clearly defined nonreflective portion 584
can be obt ai neduhy, |saskrag rshownip s3gnal i(ehe gaanbadtedg§uaesk as shown in
Figures 10 (a) and 12 (a) . Exposure of the reflective layer to the outside
envi ronment due toA@ tanppdadgpediecofi viee Ithyerobtamnedh maakingie case with the
single-plate type) was not observed even when the | aser power was increased

more than 10 t4 e SOt ITUM ¥ i€ c Afddesss he ndbsered: by raddrgss the
nonrefl ective 462521#@859%%5 t he Li,ét ructure shown in Figure 12(b) where it is

sandwl ched betuego, Lo ki) LARORRTGTE SUBH EaX BIcRA).Lr8RSadyseal ed i th

t he adhesive 1%y nst t sl envi ronnent) thus producing the
effect of protectipg the structure from enviregi t ef f (d) Anot her
benefit of | arfiN§aPiWeldf %‘%@%Qr?%ﬁét ﬁl%?wef\mxbllpjgél geg dr)i'begP uZr;(at. Waen
secondary recording is nade in the forth of .a barcode). an,illeg
manuf act ur er cakd) esiorse thaotwisias hiecrERY obythe FB6¢ Hyl & ﬁgdlbers%t Z{I:ti ve | ayer
in the case of a single-plate disk, as shown in Fi ggre) 1%b§. hThi S gives
rise to a possidhiematic tfham. ndmethy staar dand nidlguss o (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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tanpered with by redepositing an alum num | ayer over the barcode portion on
a legitimte disk and then laser-trimmng a different barcode. For exanple)
if the ID nunber is recorded in plaintext or separately frommain

ci phertext, in the case of a single-plate disk it is possible to alter the

| D nunber, enabling illegal use of the software by, usin%f different
password. Howswehroriifzatben ségombar Jheraforai idei BOHEdONoM tHE | ani nat ed di sk
as shown in Figure 10(a), it is - 32 difficult to separate the |am nated

di.slc into tygsheemashieddi thownptiven picmmyicay neesrerentedmt he ot her,
the alumnumreflective filmis partially destroyed. When the anti-piracy
marking is degf Q8¥§d)fr‘é{i]@ Ainskr ot izl t ben jsigdaeld rambdei ngdargqrinodteet! di sk and
will not run. Ebcoﬂding y, when naking illegal alterations to the |am nated
di sk) the yield ks |OW and thus illegal alterations are suppressed for
economi ¢ reasofs: @ﬁ?&rcularly, in the case of the twol ayer |am nated di sk,
since the polycarbonate material has te rat urel humdi.ty; i on
coefficients, it A8 Df@é[#@‘ﬂﬁliynﬁé%fsngl C &%ﬁ%ﬁ’ﬁ&?g W&gb%lﬁgzgﬁ once
separated) by aligning the anti- iracgthrkings 80 tQF first and second

|l ayers with ase gdeen amiowfofa aheal terapbhee, PRI ofo S EBYUEEeHi sks. Thus,
the two-layer type provides a greater effectiveness in piracy prevention.

It was thus fopndaté@tdiakriwanl yetiekhoedosFigures & amshief | ective portion
584 can be obtained by laser-trimmng the |am nated di sk 800. The techni que
for formng the ”?'%‘?ﬂej egt Ve 508t dwedl andiiski penarally dindwasabeen described in
(a) to (d) above. ? xt, the process of reading the position of the thus

formed marking, w,ll;be d Sﬁ{{aqgg'di@kgwﬁ%%ﬁ?%rsa elpl &cts vdi Bgfaam showi ng a

| ow reflecti %ﬂﬁlﬁrbﬁﬁeﬁa etector etecting the nonreflective
optical marking portion, alon Lth i kS j | i CUH: i optica
di sk manuf act @in§npeisc ¢ gtr@%@‘&% '166?5&%’ 8‘?%&[ hg%l%’glr#al [lly%ﬁ ug;taﬁgti ng the
principle of detecting address/clock positions .of the l.owr Qb tivity
portion. For Eaﬁwwnaeﬂdé EmuﬁﬁéﬂéHﬁEWBn?Sﬁ%éw?éﬁﬁ8ﬁjﬁﬂ”&@gﬁfi gﬁon deal s

with the operating principle when a read operation is erforqﬁg on a
nonref | ect i veylpiytt hag fefilsetiven layerspon ceathdpubstashes raidt aad 180m a singl e
disk. It will be recognized that the same operating principle also applies

to an optical th;iisllg ePNstineted theoppdowes tig ksepsaniGhasedl Bogatder. As shown
in Figure 15, e 3isk 800 is |l oaded into a marking readi ng apparat us

equi pped with.a |ow I L Vd (R test AisRO0 dxeepead thne mar ki ng,
and in this ng%f“@?ﬁ%ghﬁﬁgéd%%¥ 5%55%352% 23 duelfo t he presence and

absence Of DI Lo ad 2. oldnal. JEuer o828, ducotny ascPIIRaPRERRT the

nonref | ecti veSp&Rith ican erent in signal level, as

shown in the waveform di agram of, Figure ,9(a he C y
di sti ngui shedFiBsthg whlgq ﬁgpesg}glgai%er dls(.k )u)seg a %e??@cttﬁe &Ef’eﬁ]

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 reflective 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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Figure 9(a) is a diagram show ng the waveform of a playback uignal froma
PCA area described later; containing the nonreflective portion 584 forned
by laser light. Figure 9(b) is a diagram show ng the waveform of Figure
9(a) but with a different tine axis. By renoving the reflective film by

| aser |ight, as described above, a waveform easily distinguishable from
that of a pity,SihgpatediSafiptiai 0etforRal methitheess) oand ndreapp i@l piracy
identification mark by renoving the reflective film-34 by |l aser |ight.,

as described gh | yBL! rduemey ek ormithiby. changi ng the
1:61‘5121 ﬁ%@é@sﬁl‘gﬁ gBt RN o8BI dlie ef-oty

shape of pits isk. This nmethod will be described bel ow.

Figure 9(c) shows_the ef Qrm I KrSi7T98RAw WHNstdimlant i - pi racy
i dentification naFRthge or red %&iﬁg iﬁ%ﬁﬁgt% Iongé? than other data pits

o e oL P P St e e S
- of other pit data. In this way, a waveform sjm t o that t.al ned from
the PCA area rm=rdibedayar edrisi(an ik eBbs i ﬁéﬁt%yﬂllﬁg’r nﬁr} ’I%rhcgg(rﬁ%)i ts on the
mast er disk in this case, however) the waveformis a Iittlﬁldifficult to

di stingui sh asf ®agpee &d show tthe sagreflovansfonpsupbitaiped firopaiieand (b) of

second layer of the two-recording-layer disk. The contents

of these signal waveforms are essentially the same as those

of the waveforms described with reference to parts (a) to

(c) of Figure 5.

Thé 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

made to match the same value on the legitimate disk. But

making them match 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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Figure 9. By renmoving the reflective filmby laser light, as described
above, a waveform easily distinguishable fromthat of a pit signal is
obt ai ned. Rather than form ng the barcode of the invention by xenoving the
reflective filmby laser |light, as described above, the barcode nay be
formed by changing the shape of pits on the master disk. This master disk
met hod wi | I be descri pad_helows, .Fi : ( bSc@ tBl RivuiceWs stiowng a
portion of a ﬁﬁgﬁgpsdggkt&h&?epﬁf%?ﬁg%ggﬁgkfﬁﬁg feM/ﬂ%ndred tracks on the
master di sk are made ] onger than ot her t i l, to the

bar code bar weE:h e%meOw,lW ﬁ?‘.e %m@gt?(gftl?’ggt%@ict%@garopgl ?ﬂﬂﬁﬁi s -35

| onger-bit area, a waveform 824 p as gaémn i,n ﬁi%yre gg%% 5 gbtained.lt
can be seen fsbmgltehplafieagyaen t KABUESe &gr (s A5 BYFRORE St er di sk

met hod i s distinguishable fromthe waveformof other pit data. In this way,
a wavef orm si ghowingt plamati eobtcdi neer&fleeti tehePPCA Laf@xddscri bed | ater can
be obtained by the nmaster disk nethod in this case, however, the waveform
is alittle db{)ﬂi%%? Afd ¢ glidend0i(@h iasacsimpdi £ikd schémabigverassts shown in
parts (a) and % of Figure 9. As shown in Figure 16(1), the start and end
positions of the. n e FV., f { 610 ofheh@ el ayaref or m can be
easily detectéﬁc%vgggeJ*ﬁﬁﬁFe f@g$%%$?§§??éﬁ?vannunt detector 586 shown in
t he bl ock diagran1of Figyre 15. Using the reproduced cl ock signal as the
reference sig ém%“ﬁiﬁéi@¥§k1 information is obtained in a lowreflectivity
position information output section, 596..F qure 1

cross-sectional vil Bsinge pt‘iJc,ZHPl%q géG egho%vﬁ(a%#r i %\lﬁ{rsggﬁS) a
conparator 587 in the Iom1ref|ectivity_|iggﬁ anmopunt dgtgctoE ﬁ86 detects
the | ow refl eappliddy thi gHi00pogstiren dlimdatBckayRy SHEntt ¥d™ PHHY r epr oduced
signal having a |lower signal level than a |ight anmpunt reference val ue 5S8.
During the detggtiFaperefod, 1a2mmwhick ROYt diskt popwisting efettdeti on signal of
t he waveform shown in Figure 16(5) is output. The addresses and cl ock
positions of fhestantkPesik PinidRde&nmbgpoisitt,i andofast bi sesids, asignal are
measured. The reproduced |ight signal is waveshaped by a waveforrn shaping

cirouit 590 havng: an FEC 5302961 EONNET Boh8IS dag Biviat, sucgnal . A
afrle

cl ock regenera%Br enerates a clock signal fromthe waveshaped
signal . An EFM denodul at 2 in ukadjRdgeoct i op 8% fepgrdul ates
the signal) aﬁ@oﬁﬁ3@tﬁﬁ€§{ﬂgﬁtQHEP%5%§Fgﬁd#§%F%u§§9a digital signal. The

EFM denodul ated signal is also, fed to. hysi ca put section 593
where an addr @5§TeEraphr) N AGHMENYH trgsb‘fueg‘ §%e08h8&|qﬂé’f§§ @j_é%e of a CD, is

out put from an address output section 594 and synchr.oni zj ng_si gnal, such
as a frame symohrefledtiyesiagrapn §19. outlpek $¥UheR & ﬁPanlaZi%ﬁa’ si gnal

out put section 595. Fromthe clock regenerator 38a), a de ul ated clock is
output. In a 12080r edgstebmnyitthickoand @n L%i&ld’rlééslvtﬁréckbsﬁrdﬁg})a ong

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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position signal output section 596, a lowreflectivity portion start/end
position detector 599 accurately nmeasures the start posistion and end
position of the lowreflectivity portion 584 by using an (n-1) address

out put section 597 and an address signal as well as a clock counter 598 and
a synchroni zing clock signal or the denodul ated clock. This nethod will be
described in ai L, by usin h r Lagr $hwani n Figure 16. As
shown in the @&issEaéﬁﬁoikrﬁb%e§F%$%¢E§‘gﬁ f%§|%§?§§ in Figure 16(1), the
|l ow reflectivity portion 584 of park number i 0, ially. -37 A
reflection se¢b$ﬁV§t§Hh¢h§@&ﬂl&stgﬂﬁﬂﬁs§H”??éﬂﬁ%qﬁ6&%§%s?8éi out put, the
signal level fromthe reflective portion being |ower than ghe | i ght anount
reference val (BEM}38ilINtstzat inedet exassd SpYL koReoT i [t n@gﬁgﬂeg hiar at or 587,
and a low reflectivity light detection signal) such as shown in Figure

1 6(5), is outpsrtibhoforned bpwheedbaret losery trigmnCaRbttSSdet ect or 586. As
shown by a reproduced digital signal in Figure 16(4), no digital signal is

out put from tje) Mabkré €di SRowd nhetithedadisesiot luyee af rifel désh ve | ayer.
Next, to obtain the start and end positions of the low reflectivity |ight

detection sigﬁggaﬁ%gegﬁﬁqggqhahggn |@eke@tr, synchroni zing clock shown in

Fi gure 16(6) ng wth address information. First, a reference
clock 605 at address p.in Figure 1 - S den Wt ibhei addaessn wide
i mredi ately pr eﬂb&?’ﬁgﬁt%eadﬁe@g %q%ngrgt{e{g@e%w y the (n-1) address out put

section 597) it is found that the next sypc 604 is a ess n. The
nunber of cIoaké(1ﬁ@nﬂﬂhéhéQﬁcﬁh60@m¥@tt%€1Pﬁf%§ c§1§¥ﬂgﬂlg% ,q&hich i's

the start position of the lowreflectivity Iight Qeteftion signgl, is
counted by t hgoetionkisaumt er (B2, ~Thi05) cF g% ot -i s HATRRYL &4 a
reference delay tine TD which is measured by a refenencg@delay time TD
measuring sechi @mirRSof final by alppos hierdeiin. a Tadf cpardipn |1a§1) tofe varies
with reproduction - 38 apparatus used for reading, which neans that the

ref erence del ty T bHesegdepe (i ngmprwashs x épObdadl.iZd appar at us
used. Theref o?g? Iuds??ﬁg%qg% TD, % time delay corrector 607 applies tine

correcti on, afd (G esld 00, £Idagled S b0 heDsIow & 010gSk atint for the

| ow reflectiv on'can be neasured accurately if reproduction

appar at us of differen%g?ﬁfi%Bféﬁﬁ%ag§§%%ﬁ95h%&ag5q905g?&q5 byifinding the

cl ock count an8 P9&Ss ses for the optical mark No. 1 in

. 1 .
the next raCk;Z m.CI OT%IEsnggaélxsa%hgg%rnegfumr}nﬁ iasye?'b(tb?'d?%%)u s shown

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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in Figure 16(8). Since TD = m+ 2, the clock count is corrected to 12, but
for conveni ence of explanation) n+1l4 is used. W wi |l describe another
met hod) which elimnates the effects of varying delay times w thout having
to obtain the reference delay tine TD in the reproduction apparatus used
for reading. This method can check whether the disk is a legitimte disk or
not by checki ng whether th [Ny e o I 21 R | i make 1 at address n
in Figure 16(@%%@539“/%1%gmg%éibh%ﬂqﬁasﬁkQZﬁErg?gﬁgsS@ggésnot. That is, TDis
ignored as a variaple) and.the .difference b t si-tion) Al = al +
TD) of mark IT FEXHAA$He 1308?‘1 ibgngee %bx\ggﬂf ?“Erié)%f btrlr%fr){ 2 neasur ed
is obtained) which is given as A1 - A2 = al - a2,. At the sa dpe) it is
checked whet héype Hissneft f%ﬁ@@@e fRRt%a588 43 He ra?‘?rfdéflgngé)o%llcg?aa%,sgﬁet ween
the position al of the decrypted mark 1 and the pqsition information a2 of
the mark 2) thefeimatjongifnghidierhbigh ensityoand ajiley €E5rof Fakfitimate di sk
or. not. The effect of this nethod is that the positions can be checked
after conpensatin@gnhRiedar Fakileanond, uhéikefthe elud ndeedydisknelmbhby using a
sinpler constitution. (D) Next, the encrypted information witing process
will be described.oThg. RGREES0N Bl @ISR tion poast dinet Reyear 6BSis () i's

e

first convert&d’ i nto cip text or "signed" with a digital signature. Then,

the marking position.informtiq Cif 3 d Si thg converted into
a barcode as éP?Vlltlﬁ%&ﬁi‘iﬁﬂ\?g?% t egg%‘fnl ggllf%giﬁtsrg,lgﬁc)i’t e barcode is recorded

in overwiting fashion in a prescribed regiqon of a pre-pit ar e
optical disk. nearefd@etps Per gorsggcs@gggggdﬁ i gﬁeg 8(%‘&%& ca e(at@ﬁ)ita(ge
barcode witten to the prescribed region of the é)r - pi.t area% tqllla is, in
the i nner nost ofoddniage dépends g &hei laserenowarar Pt (the d@mass) capn 'éﬁre 3
show t he process fromthe recording of the barcode to the denpdul ati on of
the barcode dgygedddorysh difakhdyl sasePEdR@rnslwoatzol leidgasturddabiul at or. | n
part (1) of Figure 3) the reflective layer is trinmed by a pul sed | aser)

and a barcodeyhi kg, | g iRAt{Lhlr Sehimmiohon priinped tlafey &6 the
figure, is forned. Al the playback apparatus (player)) an envel ope waveform

sone portions Lof lhch are mssi S i ndk figure, is
obt ai ned. The fﬁf@%\c’pr}@’ B%ﬁqnghgﬁ{r@g I?éianQ?}{l\gekngegﬁmh gﬁa’o@g Iggw | evel
signal that cannot occur, with a signal ge d;- : ordi nary
pit. Theref or 81CFPRS OF; H%Iprpge%qﬁvgega%e% ggzsg}édgn%a%%egew%{/néﬁgconpar ator to
obtain a lowreflectivity portion detection_signal ho hn_part (4) of
the figure. |rhpanal @bpoputanse Yagydisl ¢ B HTeaélYﬁﬁ%Wafz'téﬁaw “The bar code

i s denpdul ated fromthis lowreflectivit porﬂtN: on det.ectjon signal by the
PE- RZ nodul at edase ghisk, deoreddresorthe2nrakhed o 'pIrPt?fgldésLﬁWeJed in detail in
t he second-half part (Il). It will be appreciated that, instead of the PERZ
modul at ed si gnfahagemedihet whebploteatput Saver dias tode applied grae

denodul at or (PWM denodul ator) may be used, in which case also, a simlar
effect can be Qhtaifledhe \Wianrappt Ypegatfvm shoulel bacpenforned defdigit al
signature, a secret key of a public key encryption function is used. As an

eing an Rea TG LR A dR e e br ocees consi St s of
the foll ow ng or, routines;: e r ki gl giton i nformation
PIAVE BIRG B4l p&iegéﬁﬁ%(é??@léwgﬁ IR Khedl _

is measured at step 695 where the position

information is encrypted r a_digital si.gn re . .S: epdes) . step 698
where t he posﬂﬁﬂéﬁsgﬂﬁﬁrﬁéﬂﬁ%ﬁ“Fggﬁﬁéﬁﬁifgd%%%#ﬁFﬁgl@?Shgture is verified
or authenticated) in the reproquction apparatus @ng t 3 re a
check is made Trdsdbimits ﬁbevﬁf@g%@tltoﬁeo i@‘t@ FLNglerp "i‘f? @EF% dge\pgf’}‘ogg di sk or
not. First, in step 735a) the marking position information -41 on the
optical disk istsmaasfule@ssn step 735b. The position information is then
conpressed in step 735d, and the conpressed position information if is
obtained in step 7%6E.A lcompdrizoobetweln sinsherpkate 8isk wadconpressed
position

laminated disk has been described above, using a two-layer

laminated disk as an example. As is apparent from the above
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information His constructed. First, in step 695) a secret key, d) of 512
or 1024 bits, and secret keys, p and g, of 256 or 512 bits, are set, and in
step 695b, encryption is performed using an RSA function. Wen the position
information His denoted by M Mis raised to d-th power and nod n is
calculated to yield ciphertext C. In step 695d) the ciphertext Cis

recorded on Hﬂ%;gg?iﬁﬁ{ di s ksamdherfept i alobdh bled witlhuhecowptleyed and is
shi pped (step § . I'n the reproduction apparatus, the optical disk is

| oaded in st 7.35 t LP t: WthStegipl®daypr step 698. More
specificalIy?RWHQag%%%ggkegflgkigﬁﬁégégered in steg 698e, and public. keys,

a and n, are set, in step,698f;. then in_ st b, de pt .t Lphertext C
the ci phertexfa"é“ia§e$a‘ﬁ§5d ﬁ%légt hl%&‘%%flzz(ﬁé’ t%zte(%?rbd&;lcy(’)fat et?ggul t is

calculated to obtain plaintext M The plaintext ,Mi e ressed

posi tion infodmﬂﬂﬂDhHHlWAh{éF#S#V@hEQRPHﬁ§WB§hd%?fﬁﬁ%@% #%8%$ep 698g. If no
errors, it is decided that no alterations have begz nad% to_&he osi,tion on,
i nformation, baminabed priskeswepr ok ahown oin Hegwies| potRfi1eE T H48 haxRb {2
in Figure 1 8 B. If an error is detected, it is decided that the data is
not legitimate one, and the -42 operation is stopped. In the next step
736a, the conpressed position information His expanded to recover the

original posi{]j i,n ' sl8p POer pEFlazurbsitesonr e made to check
whet her the nﬁéﬁﬁﬁﬁ ?@ﬁg@%hgpi§hp%c§ted in thgﬁposition on the optical disk

i ndi cated by the pqsition_jnf.ornmation. . St 149 1S et her
the differ enc‘é“ebéﬁaéer?r{dhéh%léwgg?%(ggsgéﬁvi%ogﬁ’gnx?grgﬁnﬁdoﬁ gﬁéﬁ? %ggadcﬁqual ly
measured position information falls withjn a ance,. | f is K
in step 736e, thhe@tpebceidls, thﬁé@gLeqtd@tLade%%@ ﬁé‘uﬁﬁkﬁephntg E%ﬁ%}gpgﬂ r data
or execute prograns stored on the optical disk. If thg check 2§%U|t IS

outsi de the tpéstaantheraedneens, In tHe coRslisiebePUdFedIASET ol &f or mat i on
do not agree) a display is produced to the effect that the optical disk is

an illegally gyptdcuatédtheneon divd héwtioger i itba ¢asespb§pped in step 736g. RSA
has the effect of reducing required capacity since only the ciphertext need

be recorded. %@é’i}l‘g\eﬁ’ﬁ})%@i &8 55tepbpulset e appl imhbltoda sdd nembarf act uri ng
process have been descri bed above. Next, the constitution and operation of

a reproduction ag%g,lr zgugo (ZBI ?lyng(rg)iaﬁggex_r BRI QUGE ML dthQet Ty rc80p! et ed

optical disk SRC ef” W'l escribed with reference to Figure 44. In
the figure) the construction,of optigal  di 1 Ldneketgkescri bed
first. A mar kirflﬁ’tj q;f%glrqurépﬂeqf gﬁ %SQ- 33 aqjegé}?'egf%ie\\ll\%élﬁ‘payer (not shown)
depositec( on the optical disk, 91.Q2. .In the manufacturi [ sg.of the
optical disk) instargdgi tigns 60 QU0Cnathg ﬁsfblmap%@'d&fféﬁﬁléﬁsg%eep?éi tion
detecting neans, and the detected position was encrypted as marking
posi ti on i nf ocaasédn’ Bpcheati transfen, themapl iRoALioR K the ( HEFRATANSE a
bar code 9104. )

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
nonreflective 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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Posi tion information readi ng neans 910l reads the barcode 91 04) and
decrypting neans 9105 contai ned therein decrypts the contents of the

bar code for output. Marking reading neans 9106 reads the actual position of
the marking 9103 and outputs the result. Conparing/judging neans 9107
conpares the decrypted result fromthe decrypting neans 9105 contained in
the position {jnf queid«a ALadiaRgsKmR@Nsn FGhryd o (khearrdedBl4) .of readi ng by

t he marki ng reading nmeans 910G and judges whether the two agree within a

pr edet er mi ned, al | owabl s : gehd ouepl @Ay i fshrengnal 9108
for reproduci BHE® o Fég?ﬁeﬁgh{P§b2§¥%%fﬁif tﬁ%y do not agree,

a
reproduction stop sigpal 9109 is output. Co : controls
the reproductfh t@pér‘{%‘qagﬁ&cﬂ‘rottﬁ‘é%ovﬁt ?l%%qr’dpé{ﬁll rv{ggggf)er gg%eﬁ\t}mﬂt T hese
signal s when the reproduction stop signal is output n indication to the
effect that tsimglptbbale dvek wasarPh PPegeddtin Q’B%dﬁlﬁ 4595 di spl ayed on
a display (not shown) and the reproduction operation is stopped. In the
above oper at i géweri wawi ircrbasedccogaithed ihatimes the aptidiugo¥adidfl-e for the
mar ki ng readi ng means 9106 to use the decrypted result fromthe

decrypting megns 9105 Mher teading tthe amiredlepnivet layeroH84 Hesmar ki ng 9103.
Nanely in this case, the marking reading neans 91 06 checks whet her the

marking is actual A5t sHod ihhei RRST 12Q) @Meddhetops isvaldwiiitsdd i ndi cat ed
by the posititﬁgf#¥8%natigﬁovﬂﬂgh %s decrypted by the decrypting neans

105, Thus (e, .eproduct.,on apRgcal o <ahs biseahaye gysiguctit can det ect

an illegally and stop . reproduction operation

of the disk, and can prevent jlleg duplicates practically . (1) W
finish here twethidberaghasane olrayteﬁegdq Iaggl-‘ | %ﬁ?)aq?“ttsﬁé} and now proceed to
the description of the second-half part (I1l1). This part focuses

particul arly envirechenguddysiproduging the rifes8c0k ArREES M8nethod, used when
bar codi ng the above nmarking position information (ID information) as a

di sk- uni que | PrrAurEepdonr esy dfonmbetalpeffedtsdi sk of the present invention
wi |l be described. Wien a barcode is recorded by laser trinmmng on the
above- descri bed si gl st endlisti) sh9anieieyi we ayks BEather destroyed,

as explained in conhection wth Figure 10(b). Therefore, after |aser

trimmng at a press GaCLARYy AR, IORidOKEChRReY FédorRiAGIR il thas to be

reforned at t

the form of a barcode, 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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press factory. -45 This neans that a barcode cannot be recorded on the
optical disk at a software conpany or a deal er that does not have the
necessary equi pnment. The probl em expected here is that the application of
barcode recording is greatly limted. On the other hand) when the marking
position information was recorded as a barcode by laser trinmng on the

| ami nat ed- t ypg;j @ijsk]l oftot Beparatenthornafhimated didminwo twoansgesenlnsubstrat es
| am nated together) it was confirned that the protective |ayer 804 remai ned
al most ““Cha“&?&t'ag alHeR2 LMK Rk adreedi dd feemnget bolemi tthe Fi gure 1 O(a) .
Thi s was conflrneé y experiment by observing the di sk under an opti cal

m croscope of 800X nmagmfi @Ry it al ; >d tfhat the change had
occurred to th u"}lgfl?le%@ilelé&?{el %’fllnrx] ltsh}g@ﬁl%%dﬁgrg??éﬁ after an
environnental test of 96 hours.at ,a.te r r f n ugkdi ty of
95/. In this oRbi DIFGY MREKINELS @?ﬁtﬁﬁ{nﬁg g%‘gtcﬁi(as(%p‘?vgggr}?t% %@geerrz?t?%n i s
applied to a lam nated di sk such as a DVD, therg is no need to reformthe
protective | ayeingat pivatedcdioky andivid lopgtetdng g\rcéafd]dlﬁriﬁnt"gbeél inthat a
barcode can be recorded by trimmng on the optical disk at a place other
than the presgalfiagt oI Vogafloal rampores tat the deninatred dbﬂpaﬁibedflea\ deal er. The
useful ness of barcode recording on the | am nated-type optical disk was thus

confirmed. In;Lhjz Eil"i‘éeothu§i e ghheas@er eiodsedre nfuppredsedn foor - 46
encryption tlnat the software conpany keeps need not be delivered to a

party outside the conpan se i i ease r I rgwsul arly when
security info?ﬂﬁ?“ﬁﬁngﬁg%hgs g%égi%gﬁgg&hgér%?%fﬁg%pgfgggvgﬁfﬁon i's
recorded as a_barcode. in agddjtion,to the ahove- L ifi.on

i nf or mati on. i:@lYQméﬁﬁ‘bffaé?,eai glstl‘hest‘:ré%ee tg? B0H ,%gmﬁﬁge&?e%geggr%égde si gnal
can be separated from DVD pit signals by settiqﬁ}the.érjnnin |ine width at
a val ue great eemperanute/husiditB2XparsioRsCoS 164§ tSpe el AF | ater, the
bar code signal can be recorded in the pit recording area on the DVD in
super i nposi ngifgsdyibhe fthéabinatedehd dmoedisks, t once wapawFteds sbY he ef f ect
that the barcode can be read by the optical pickup used to read the pit

signal. This gj%@,ﬁtngce}gb b@ t 0bY iHaee Omadtingslon whé irise amhiseaomdl- t ype di sk
but also with the previously described single-plate disk. Thus, by applying

the barcode fg%%lg&ﬁr?&%daﬁ@grsd@d%faéif@ﬁ? hiRg0RSI nGdmes hedsof the invention

to a lamnate suc VD, a | am nated-type optical disk can be

provided that perm ta. econggﬁrl%/’ #ﬁ?ﬁf@d‘%gi’ﬂj tat?,ées&iagr{g% d rggg%gé}e factory.

The above des® PQHQQJ 1 d ase In ich the barcode is

formed by laser trimmng on a,lam nated-type 4disk of t Wo- | ,

si ngl e- si ded §ff%&k¥ﬁée§wlﬂhp%w3’rB’F"F‘ée@ttilé‘g |§§re‘?’3ss ot KRy o de).
Thi's single-sided, two-layered optical disk is,th%%%ype qﬁgdisk t hat
pernits pl aybackledrlyodef isiedesl itr 6 drengpikecdive prtion 384 3%108; t hout

having to turn over the disk. On the other hand, when trinmng is perforned
ona . 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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doubl e-si ded, |am nated-type optical disk that needs turning over when

pl ayi ng back the reverse side, the |laser |ight passes through the two
reflective filns each fornmed on one side of the disk. Therefore, the
barcode can be forned sinultaneously on both sides. This provides an
advantage for nmedia fabrication in that the barcode can be recorded

si mul t aneousl y_on both_sides . in single ste In this case, when the
optical disk iagt#h IB%EW“@ngﬁE&pﬁgHHpiﬁéﬁ}é@gwgéqgide on a pl ayback
apparatus, the barcode signal is played back in just the opposite direction
to the directiaidressicloble mssitbons of gitd lew xafdeet bhittyspeetios. pl ayed back.
A nmethod for identifying the reverse side is therefore needed. This will be
descri bed in detratdnveat erce OB) eRdfaantiony nbevfiod 16%ing des@Biptao®6) etc. , we
wi |l describe the construction and operation of an optical disk barcode
form ng appar afeys$s fyirhC eRY pk ka6 deh Br IveYilsl BdvHR@sh tiead bpéitiehi b (1D
nunber) into a barcode as a diskunique ID and for recording the barcode in

a prescribed regi f re- pi r di, od) etc.
will also be ggg%@dfjﬁ(g)ﬁﬂ??@t@?ﬂ% @6??@@?@3‘3‘%{%&3@20 etq?%tgor di ng
apparatus wll,,be described with referenge o Eigur - . Figure 23
is a diagram éﬁé&n GRS ﬁ%c%yfﬁﬁ@aﬁ?‘ eoﬁ1§lﬁe 533@5@9%3&% Ogg%eqippar at us
for inplementing an optical disk barcode_ form ng nethod in one, enbodi nent

of the presentthahvidift SaRe APRTEhENGaBEVRE 1P A3 ISR APRIESSATE Aedlt OPEEGH t o be
barcoded is the data of encrypted versioii-c~~ rnarking position

i nformation. Buisktdmmsdatetedo fben Haocdikksi $amisiatedstagiethed to t he above
enbodenent. It may include) for exanple, input data and an | D nunber issued

froman ID generatgy $86¥n iasFsfown 160 thegdlsk 380 D¢ laadedtimed &ind of data.
In Figure 23, the input data and the |ID nunber issued fromthe |ID generator

208 are combi fedBOGLRRIng AoairddlRULBREL AN LROP oY BBEAGLYPELY ON encoder
I ne a

830) the conb ta I's subjected to Signature or encryption using an RSA

function, etc. as, nhecessar i_n r 7 .Qr = rection
codi ng and inF@Ff%ﬁ§ﬁﬁ8 %1%&a§@?ﬁgd?&gkgggggg%gﬂgo# gr%%ggéga%dg%he

pl ayback process will be descrjbed,] etail ,later by way, of exanple with
reference to BLEEEF & §5.g“a|4héVaH%#%F”i QEQH&‘? ?%cf}ﬁenPBe%?%ﬁZa%@%Fﬁﬂﬁ 910 where
phase-encodi ng (PE) RZ nodul atjon tq be %Z%ﬁ{ibed | ater is perfqrmed. The
modul ating cl 6fkpife@nfed Siggak rayetermhy bR HeyREPSYiFePhL 913 in
synchronismwith a rotation pulse froma notor 915 or a rotation sensor
915a. Based omohhef1RZE+ el yloat éoh Si8¢nate sageifiiggatlpdiféerentcirated in a

| aser emtting circuit 911) and is applied to a -49 | aser 912 such as a
YAG | aser est ahphshddvby, asl shem pavetie sappformciiagtiam 62 Figline I@der 9l 2

thus driven emts pulsed |aser light which is focused through a converging
unit 914 ontothhe dRf becdlieelyidiet8RZuivhet Nes iingnd neitmpde di ixeu800,
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 reflective 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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removing the reflective filmin a barcode pattern: The error-correction
nmethod will be described in detail later. For encryption, a public key
ci pher, such as the one shown in Figure 18, is appended as a signature to
the serial nunber with a secret key that the software conpany has. In this
case) since no one other than the software conpany has the secret key and

therefore cangpt) appendyg, '@id%w?%b%d.si%mt, Ug K ta‘ﬁt%ﬁieﬁé{ﬁerﬁ%ﬁl ngynber, this

) .
has an enor nous eggect In preventing I | egal manuf acturers tromi ssui ng a

serial nunber, Since,the publ.ic ke nnog i pher Sy:Rrevi ously
descri ?eg) £ hige %’Eﬂ?? L‘V Fga'lbg_rléjgiﬁlyéﬁﬁ% & dg?ﬁdgﬁl ?iber %_gtggpdlt%hgsl be.

The. conver gi e et e WAL th5c d6BAHICRH 1 SK. baiedie § o Per Sispr at us. of
the present enbodiment wil| be described belowin nore detail. As shown in
Fi gure 28(a),wdvedhtmerfi &t phaybaok sigaal aghen dhe astieprache converging unit
914 where the entering light is converted by a collimator 916 into a

palr al Lle! blealrﬁdﬁntgifgmtti‘ghirﬁdﬂd gaﬁ _hfﬁiblirmetcbrbtye!'ngleilhg;c lplipmlhl%ongego‘qdiaa%e by i’sl_ "
cylindrical |ens : us producing a stripe of light. - ais lig

is [imted by, the fReEsed khr opglag KORNBROERG kRAS 919 onto
t he refIectiJggFgﬁﬁégg%ﬁgﬁq?ﬂe opt 1 cal dﬁék to rgnnve the filmin a stripe
pattern. A stripe sugh.as, shown.i hEur h)_.i:s formed. In PE

modul ation, stYi%Had t_j’},aé: _@b%é"é&eé‘%‘g“‘r tgbgéj_c&hr%gé aZﬂtflf %Erge]alr@ intervals, 1T) 2T)
Ses. In tho Gresbra AR oRS Tiie EFBeRaLn draor oS EEHEY B s o

nodul ating clock in synchronismwith a rotation pulse fromthe notor 915)
and suppl i es athies pbddadai ndnctbtk vas th&FanpRImesRrl Brotoothdisure that each
stripe 923 is recorded at a correct position in accordance with the
rotation of téttainedrfr@msSihd PEA amea desdribbd rateat cam bef obtesingdsk 800. This
has the effect of reducing fitter. Alternatively, a |laser scanni ng neans

950, such as ishewhnidy foAgd:e p3td)on TRY M tRr odiskedibythibi dseq

conti nuous-wave laser is scanned in a radial direction to form a barcode.

(h) Next, a hareode rgeopding peihad); piie digfi%rulfcpﬁﬂdggtglg?ﬁrsﬁode usi ng

t he above-describéd barcode réecordi ng apparatus, w escribed with

reference to Fiqure 24 to 26. Figure 24 shows sjigna ed\Ww.th RZ

recor di ng (pcﬂsa?%PF‘Qlal?eéit Elpnéleo-w%%mgcé}oginnb? p&rQFhéﬁi %\agnﬁ)oﬁ%and triming
patterns formed corresponding to them Figure 25 shows signals coded with a
conventionaIIB§W€8dé format and -51 trimm ng patterns forned
corresponding to them The present invention uses RZ recording, as shown in
Fi gure 24. In thi By Remostes dihegreflestive tfidnnky ilgser Viigh#, idko a plurality
of tinme slots, for exanple, a first tine slot 920a, a second tinme slot 92|,
a third tine ddsetriBeR abane, w0 wanefofrceasidyadisting0ishadbde Examphat a signal
924a of a duration shorter than the period of the tinme slot) that is, the
period T of gEhappelsightkis bBtdaedr deRhthert tiaanf foshing fRe sl ot 920a) as
shown in part (1) in Figure 26. The pul se 924a whose duration is shorter

than the perigd L40fod Rel fRQAEIS .9'?@ﬁinﬁﬁo%ﬁd3¥Eff55ﬁ@$@nfﬁfﬁTgyand t=T2.

I'n this case, using a rotation pulsé fromthe rotation sensor 915a on the

notor 915, t cl ock ,signal , gener 3 u i.gn cl ock

pul se as sho S°h E%ﬁf}st'(i? % CE?%‘%# égﬁ‘?lel 6383%’%?%1%(3”?%;%8& ding in
synchronismw th the, cl ock pulse, .the effects of rotational, variation of
the notor camybéhépglrﬁghég%oﬁ%alpﬁ ehird e E@@ AR ‘Elnslﬁoar?h](SZ) of Figure
24) a stripe 923a indicating "00" is recqrdgd on the_ disk wthin a

recordi ng regiasien2disk maghad will dre drechibgd belodr di Bigureg? WHs i8hown) and a

circul ar barcode such as shown in part (1) of Figure 27 is fornmed. Next,
when data is 4 @lan wiguishewO®4b portiesorfi@dmagter 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 second tinme 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
recordi ng region 926b, the -52 second region fromthe left, as shown in
part (4) of Figure 24. Next, when recording data "10" and "11", these data
are recorded in the third tine sl ot Qéég and fourth Bj.rrenslé){, .

respect i vel'y. lowgesybibrareanpamp¥eforigupibdeds M¥nr LR JHEURG c) is
(nonreturn-to-zero recording) used for conventional barcode recording wll
be descri bed sbtdineéf erlencen the FeeurfeomrSthel diagzrmr hatr dihagyayaibses 928a and
928b, each having a width equal to the period T of tine slot 920a, are

out put, as sh b B habfdr dfiskiguthed 25 dist Rgud slealrldi figym tthe wi dt h of
each pulse is 1/nT;, on the other hand) in the case of NZR recording, a

pul se as wi de, A ehrhofier pidMafar t herums eyayhanydempRasimisuecessi vel y,
a pul se of double or triple wdth, 2T or 3T) becones necessary, as shown in

part (3) of Fgure 25, I.n ca I r g1 (Ncle] h escribed in.
t he present ihggibﬁito?ﬁgtaéﬁﬁi&%ﬁ&’ ?}ﬁee%ﬁés%fe%t gé%ﬁ%@v&%&% F%ﬁpb(réacti cally
difficult since it necessitates changing settings, and therefore, NRZ is
not suitabl e.olRigRGWRY itf’ie ter 15kt m?ﬂ@ﬁ‘r’e”?g:%@t??sﬁes §%9'f and 929b are
respectively fornmed in the first and third recording regions 925a and 927a
fromthe |ef tthawdveforn lie addétbe ddfacultoty EHsddrgHeso2sh of width 2T is
recorded in the second and third recording regions 929b and 927b fromthe
left, as showohparBarto Ay wifveFopmy ehdbn in Pa8rts (eh artk (bbrafentional NR7.
recording; the pulse wwdths are 1T and 2T, as shown in parts (1) and (3) of
Fi gure 25. it%ﬁﬁlr%hg_r ef ore apparent that NRZ recording is not suitable for
the laser tri ng of the present invention. According to the |aser
trimm ng of the present inventiaon) argode.i.s f in the
experinment result A§h W hngﬁéhgg (z%?) tg%t ggéﬁcgg?%iﬁa? I'ne width
differs fromdjsk to disk, it is diffi to precisely contyqgl the line

wi dth; when t? rﬁli‘ien@‘)‘iri‘?gifz%’f]lvéc?ijmemﬁ %‘Jf Vé“%i@l?, aﬁ%& %”?Y%ﬁﬁ%ﬁg line width
vari es depending on variations in Iarfzer out p i) t,hi,ck‘r;ﬁ%g and material of
the reflecti vear benpasiny deegoterd b @cl%irﬁg fid Vi hY §saUNE K
substrate. Further) formng slots of different line widths on the sane disk
will result idetaetbnci8ashowredmptexiblpchfdingean edoFigune dpparlsiog. For
exanple, in the case of the NZR recordi ng used for product barcode
recording) astshQeBrbdudedr tEodklyiand @3)thf rEfgrenee25igaie tri ming |ine

wi dth nust be nmade to precisely coincide with the period 1T of the cl ock.
signal, or 2T or. L 83 W 3 inS o P [ ivigyfficult to
record variou Q{ﬁtﬁénv\%@%ghg%o& 1%20@: 13%% lélTab?/év{/grggilf\%ﬂ]%&rl]gyl ine width for
each bar (each stripe)..Since t j ONn pr I rmat is an
NRZ format, i?oﬁlﬁilggf iﬂf}?ﬁf"af]sonaggl:x?@g\égg{ftqr?leg?%se?(-%?g%%ﬁ e(gpgsglroggde of the
present invention, the fabrjcation.yield w Ig eGrease because it is
difficult to @r“er&5§é§§/°trl€861' & 198 §F el PR Ca8 4915 4t hs such as 2T and 2T
on the sane di.slc~ furthernore) stable recordi nq:‘ gannothieb done since the
| aser trinming w dishshewn é8 Fignirs hakéscosatPat 84niwyithei Lot . ‘Using RZ
recording) the present invention has the effect of achieving stable digital
recordi ng eveneflectheitndéght rameunbhletedter v8bi dateckarthfedoWt he i nvention
offers the effect of sinplifying the construction of the recording

appar at us si nggriRéti ey dii Bt rRaticedyodeyecaieg kimdnalog ilightwi dth and the

| aser power therefore need not be nodul ated. As described, by enploying the
above RZ reCDEé’M&%% fﬁ%hwavqhgka haweP e ghat Ordlielgtiracar tigg to the

invention, there 1s offered the effect of ensuring stable digital

recordi ng. An_e I e S ncedi ) i@k recordi ng
will be descr?%é‘ﬁﬁ\[/)virﬁé)reen?gr‘é%g% ?%ﬁFi ggﬁgggz(éﬁg%%?gk% p(séﬁ(l)% sBiZgnaI s and

an arrangenent of ri pes when t.he r Is (] 24 is

PE- nodul at ed. i%‘& r@%@;ﬁﬁ 1V&éﬁ’apm&“loflséqﬁzteegg?ge?lgﬁafhrbgwlteg%'?V- Vggec#nfi me sl ot
920a of the two tinme glots %8@ and 921a on,t he, ot her h%gf)ld ta "1" is
recorded in tBBOWY ght U helte dF Uit g, afgnaTSeR £4?3) of Figure
26. On the disk, data "0" is recorded as a stripe 923a in the |eft-hand
recordi ng regpositizha afhdhdastartlposktignserd gadopasy tiian (e tAight - hand
recordi ng region 926b, as shown in parts (2) and (4) of Figure 26,
respectively. Thus, for data "OL0", a pul se 924c
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-55 is output in the ).eft-hand tinme slot for "0", a pulse 924d is output
inthe right-hand tinme slot for "1") and a pulse 924e is output in the

| eft-hand tinme slot for "0", as shown in part (5) of Figure 26~ on the
disk) the first stripe is forned in the |left-hand position, the second
stripe in the right-hand position) and the third stripe in the |eft-hand
posi tion, by digagl diei meangedFi gure 26(5) shows signals nodul ated with data
"OL0". As can be seen) a signal is always available for every channel bit.

That is, since thesi-gpabdudensiighti 5igrnsianiaveshepddChgoamanefisrdoes not
vary. Since the DC conponent does not vary, PE nodulation is resistant to

variation in Lowfre y t Nsdd, arpul g8 i $nelet ected
during pIaybé@@Pl f§¥§§§:Pﬁgmggpggtébﬁmgi%%affigﬁéﬁﬁragﬁggk genodulator

circuitry of the disk playbac ppar at us. Furt her nor | hce_ one signal 923
is al ways avd IdéS}’éaSlf EEg rykc@é’ﬁgefe%eln(%’é?(tof ,ag? hn%§%ﬂggé1{%eaeffect of
being able to reproduce a synchroni zation clock for channel, cl ock w t hout
using a PLL. cdocf()rmnal from b wayashaned §h%ﬂ,9§-i nErFiEng@er@%Ph%mi s thus
formed on the disk. Wen data "01000", shown in part Figure 27(4), is
recorded, in g98eiRk RZmondaltang crecofon 158 1i damsdui atesa tbar siznelo2my rEVEGH
the sanme pattern as the recorded signal shown in part (3) is recorded as

shown in parteg2bet NaeRotNisndbautpede 4 sligityledipagk bffharERMpti cal pickup) a
si gnal waveforn such as shown in part (5) -56 ftl1?PROG JCED SIGNAL) is

output with pARLLENs e, &af 1 draRBesed Aor #RGRILAD dddrBiesiutpupor tions of

a pit-nodul ated signa ere no reflection signals are obtained due to

renoval of the refl ive film plaiaed At hy nefer to part Figure
5C6). By passﬁeﬁél?%ie@ r Bh¥Sadle Fggr"(la({fwgg’ouf\gﬁht%ebqs,tgcgﬁccf)-eor der or
third-order LPF filter 934 sho i n. Fi gure 35( the '"filtered signal
wavef or m showbcade iguthe 2‘3?(36)‘\3,\?53 gBt aﬁ%ea.tp%%i)m%&déﬁ?%s signal by a

| evel slicer) reproduced data "0l 000" of part (7) is denpdulated. (C) W
will next desutpbe dezdtondi94oand He sypehroaliz ing 81808 haSuah ta% & bar code
formed in the above manner, tracking control nethods) and rotational speed

control met haggmbh@inct@n A ngsetenaieni ploaypmg framka tdymcbpinizahgdi sk. (a) We
will first describe the features of the optical disk format with a barcode

formed according.jo P 000EFBNthe WTokR £oinengtor BBaan exanpl e
of a conditig%%@ﬁgim%%@ﬁi%gﬁﬁggc I ng contro? during playback (this

condition is agégpég%ﬁ%geghkﬁ §$(£HSU racking ON condition). A playback
0

operation_usiQI ontr I'sshown in Figure 40) and its details
21 data are recof i TN TRAGeR tiFBY b ian afbiary BB, ST pes ols
W £h const antDISIREMs SIERBL A PURTAE e e cbr BT Ee HEHE"T Boor i ng w th-
const ant angul ar

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 output 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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-57 velocity. In the present invention) the stripes 923 are recorded with
CAV, superinposed on a pre-pit signal in a lead-in data area hol ding an
address which is recorded with CLV. That is, the data is overwitten with
the stripes. In the present invention, the pre-pit signal area nmaps into
all the data areas where pits are fornmed. The prescribed region of the
pre-pit signgl ;aregetids SENP:O8EEhalNstidle aBr €fpmt in Mgnteon, corresponds to
an inner portion of the optical disk this region is also called a

post-cutting (PCA LSqiPCA af £3) £ kagcode is recorded with
CAvV, superinﬁgg§Z’o§;8%EP.gt%gkdﬁfﬁé}:&ﬁ%thfs way, the CLV data is recorded

wth a pit pattern fromthe ster ,di sk) i a is recorded
with | aser-re‘?ﬁﬁ@ﬁtjpvc?r PPERS Pt 1P¥$$§g%véeh%fﬁlﬁl%tcé¥ﬁg§{the bar code data
is witten in overwiting fashiaop, pits,are, recorded.between the barcode
stripes 1T, Z‘Ie,feﬁﬁ’éic%‘l’:’-‘ll%is%g-th Spt § q"*‘r’i?%ﬁfﬁ@?’oﬂ’,e &ﬁ?f‘ evﬁiad t racki ng
is acconplished; and Tnax or Tmn of the pit.informati on can be detected,;

t heref ore, nutamparataen b8halandpeckp¥ setknetivited ight deteetidly this signal .
To detect Tmin, the relation between the trimmng width t of stripe 923a
and the pit odieeklT duehtds showhdirbEigure 1415)( piis)outasitshioam tha Fi gure 30,
to achi eve the above effect. If t is shorter than 14T, the pul se wdth of

the signal frﬁw tBRIRth i PEy 9438t hAROAPctdttdr 6861 heAspehsm Wiydgh of the pit
- 58 signal) and discri'mnation between themis not possible, so that

the signal fr Iyl 2 NAQEtE I 3 e pit

addr ess infoﬁﬁg#b@%xitd%gﬁﬁgagﬁg?atEgIg%ﬁégsgggzéqgggﬁgggﬁ'gggéﬁ% stripes,
an address area 944 | rovi ded | onger _t han uni f .0 address of pit

i nformation, %%°§HWWh%Fﬁmﬁ¥5hpﬁﬂﬁfggaﬂbﬁﬁggeﬁﬁfg?%%SF%nﬁgg%%thus be
obt ai ned, makin it,pozsible to junp to the desired track. Furthernore, the
ratio of the Xallppklr ¢8Y8% the non-stripe area, that is) the duty ratio,
is made less than 50/, i. e. , T(S) < TINS) since the effective
reflectivity decrBestestonbtaiy thaiBtarhiaddhersd ppsiefonscet di‘heel%‘ﬂri ng stable
focusing of the optical head. Next) we will describe an exanple of a

condi tion i n pdfilebt iviagkl ightc dateatli onasipatl bethapgénetildted ndopkayback (this
condition is also referred to as the tracking OFF condition). Since the
stripes 923 afe gphilidcdnz D¥Ec 1BEk SshowRt B Fupitd66X isi aped alang preventing
correct playback of the Pit data. tracking control may not be possible on

some pl ayers., I SALll AERSacI SELIAS 32Uratbhed clbey @Y daia) can be

read by the 6% pirckup ying rotational control using a
rotational pulse from,a Hall e nt) etc. int tor .. Figure 31 shows
a flowchart i4436§§§élﬂﬁg %gﬁﬁﬁoiégﬁré fWﬁaSBﬁ%'at?@ﬁérﬁh$ ﬁééﬁﬁifback appar at us
when pit data in the optical tracks in the stripe area, cannot, be correctly
pl ayed -59 m@mammmﬁ@lag,%éﬁdw&i 811y deFRctst od The <r 930a) the
optical head is noved by a prescribed distance to the inner portion in step
930b. ' The optddtakshendpus sdvddopdITsi bhdd beundhéhat ddiennerte syRe stripes 923

of Rigure 30 are recorded. Here) it is not possible to correctly playback
data from al I604héspa tsyncegpradddesn nt heTlst nipeeranéacBks front ithe

synch 604 to the reference clock 605, which is the start
position of the low reflectivity light 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 storage

therein.

The circuit delay time varies with reproduction
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case, therefore, usual rotation phase control cannot be applied for the

pl ayback of the pit data recorded with CLV. In step 930c, rotational speed
control is applied by using a rotational sensor of a hall elenment in the
notor or by neasuring the T(max) or T(mn) or frequency of a pit signal. If
it is determned in step 930i that there are no stripes) the process junps
to step 930f. If there are.stripes, the:ha e : in step
930d, and \Aheﬁ‘-P%rQ%%&léeSff‘lrhéegglr”cgodgﬁ%@ nEals é?‘é&pj?}ﬁygtggﬁa@%e, t he
optical head is noved in step 930f tQ an o%éer are@ Wgﬁre no §Eripes are
recorded. |n deliay i 19 reklesgAependipg-om, the (TGPLRAY RPN PRRALGIHE ar e

pl ayed back correctly and accurate focus and tracking servo are achieved.
Si nce the pitusddgnalhezefobe pisagpedhsadh, audims dregﬁ&tWQ}ﬁeﬁﬁ%zogont rol can
be perfornmed to rotate the disk with CLV. As a result, in step 930h, the
pit signal isapyldpedthrckormyatéon) yandBytimwireshl riggbefiesénis Hdiatwbhe ot ati on
control nodes, i.e., the rotational speed control and the rotation phase

-60  control sﬁﬁrtpi:léckgic%ﬁﬁ Sort Hige eblvecdfliest Dhittgi pert itohatart we di f f er ent
ki nds of data, barcode stripe data and pitrecorded data) can be played

back. Since theea(ﬁgapaec%u%@elryeg@[ﬁegﬁoﬁ@cﬁ% hpneRIBS toRIeaf et Chi ng means

measures the T4 s positron’o optical head fromthe optical head

stopper or from.ithe addres f a pit si , : r of the
neasur ement ) ‘g%?ﬁgéétﬁﬁ b‘é?‘?o&ﬁsrgﬁlf‘ghi %ﬁét%gﬁggﬁggﬁ\% é%tecgt ??)%Htf:ont rol
nodes. (b) Referring next to Figures 41 d 42 wil d ribe.t

control met hoerd fthe skaitr angd iong @ eﬁé?%t{Knéméé%ﬁéﬂatﬂgﬁﬁaﬁhy?nbnﬁgﬁk t he
barcode according to the present enbodi nent. Figure 41 shom5:§ge first
rotational speed ¢oatkolcloet hoddwlerrdidnesonal? difapbspited, conts8FNi s appl i ed
by detecting Tmax of a bit signal (Tmax neans neasuring tinme for a pit

havi ng the | ajgesigupét16(@hgt ISiate VR iFomst (8, t therrdbbk)count5isrial fromthe
optical head is first subjected to waveshapi ng, and then the pul se spacing

of the pit signale iksq RAIYr &l tbYoRRoAYBRT HRBCO NG xptasaliong mEl@N$s 953. A 10
reference val ue generating neans 956 generates reference val ue information

10 whose pul secd dt e L@1'1aH9§JgtihQ%ottH8ﬁ2MﬁSdW liBh 16 ndhatdie thync signal

but smaller tHhiH Se W t of t bar code signal. This reference

value information t0 and the pukse w dth_ . e Lgnal -61

are conpared ¢ €§t§oﬁ€dﬁgﬁbn%é%hgyd@%@E6WFﬁo§ﬁéﬁg$&éiggg%gﬁﬁgﬁﬁFhan t he

reference value t0 and, | arger tgsahg é helddégyﬁgnggﬁé%lneans 955, TR is
r S .

suppl i ed to thefersnse ydelainklngs TEERTE UBy"Y% erence to

this Tmax, a controller 957 controls a nptor drive ch;g%h 958, achieving
motor rotati ofiat regdénk.comhivinethedtadncherkx vhatharihe otS the present

i nvention) nunerous pulses at cycles of 3 to 10 ,~ s are generated by

bar code stri pbsgitdmastaliski or Fiogube deaking whe teerc 4be IéﬁSIgl‘D‘ﬁj, the sync
pul se width is 14T, that is, 1. 82 ,u m On the other hand, the barcode

stripe wi dth {slakfonsip of famx1baseddeess molin FigmrbatG@lerpldtseel onger
than the pulse width 14T of the synch pulse will be erroneously judged and

detected as Tw%otgbﬁrn?afrﬁr@,m&%hé@rmvhag baheodis,STHNRE dghargkrst han t he
reference value t0O by conparison with the reference value t0, as shown

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 obtained, 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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in Figure 41, it becones possible to performrotational speed control for
normal rotational speed during the playback of the h,~r.;,ode stripe area.
Next) the second rotational speed control nethod will be described with
reference to Figure 42. This nethod perforns rotational speed control by
detecting Tmn (Turin means neasuring time for a pit having the small est
pit I|ength of Qug idith gt Asik dinbhe THEI drfRasest adnkrmithedown in
Figure 42, thgy%gf§e§iﬁ%%}hatioﬁ$¥R fromthe edge-spaci ng detecting neans
953 is - 62 . cC ared in.a, itng i g ld in a
nenory means é%SﬁgQi Fhel'FQOy%ﬁ%%TTB%{ sb?ar 8@%8%3 gg@c%?%é%ﬁg%%eﬂ?rm nin the
menory is replaced . by T n this case,,the.bar e pul se w dt is 3to
10 ~cn) as noY%’ﬁlaéBBU%,o%M‘iil?é' ﬁrﬁnq%%ﬁ_la%%llgeoﬁpgyjsmg ﬂssgnp:lee%ul t) if
the barcode area is played back, the condition TR < Tmin is not satisfied
since the barcoaktiputsen.width t is always greater than Tnmin. That is) there
is no possibility of erroneously judging a barcode pulse as Tmn.
Therefore, when tH®) Nexthaske enatrapiednahfemadtorc omtikdig ingoceshi ned with a
barcode readi ng neans 959, the effect is that rotational speed control
based on Tri n, ¢an pheqanplibed mIHe Sigiiyn Whitbendiani readaakehdie barcode)
fe* rrex- base

conpared to t nmet hod. Further, an oscillator clock 956 creates
a reference clock for.denodul ati i h ar, € I NG R 959, while
det ecti ng thep€a§§3s8§€9ﬁ99#ﬁﬁéCﬁﬁghﬁﬁg @P?%é?iogt%g?ﬁﬁnaﬁig to denpdul at e
t he barcode in synchronismwth rotatijon. (D) xt, a series of optica

di sk. reprodutitlh@ gb%%"é‘tii shENAtHE Sy b @ﬁnoptg'reafl‘%l\’gﬂ&)g B%?ﬁdoflhe above control
met hods, etc. will be described. Referring first to Figures 31 and 43, a
first playbacknfosmaddomithuspencdasted w&dsignedohf RROYEBHEGNINERC & met hod for
sw tching between rotation phase control node and rotational speed control
node by a nodpasaddiechs %613 ID Tireimueat s edencptdedl adishi r ang| thgbbatcodet hod f or

pl ayi ng back the optical disk of -63 the present enbodi ment will be

described wit hsrefereasarnt evétvautesg Ishich iats.prégerfhedsreghsh sécond
pl ayback nethods hereinafter described are each concerned with a case where

tracking cont éoélreg—gggoé% eoHe{HeOBH?PoaIV"Giilﬁl t Berddier fatcanBagddgret hod is

concerned wt ere tracking control can be perforned. At the sane

Steps 9300 angibsda FheRigaD STUTERE AbEDArRPR MAIE AR N i 4s i s

Tt i o det ect GBFBRETA OB CRAAON M) B6SRES B sthidor Tz et What the optical |
head being m)\i/reuclllerl?n){)s%1 gé)rvtiigg ortfE %lqg I?rGeAipri]?sarea.
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 modulated 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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reached the inner portion of the disk. Next, an operation when the
rotational speed control node (step 930c in Figure 31) is entered wll be
described with reference to Figure 43. A notor rotation frequency) fm from
a notor 969 and a . frequency, f2, of a second oscillator 968 axe
conppa.red -in a second frequency conparator 967, and a difference signal

is fed to thenpton §HdiMErEipi €U tTHBSFd1@, commty eli gidle iwpsbiced6By 4 hus
achi eving rotational speed control. In this case, since the disk is

rotating wth CAY b d L n e ¢pyt he bar code
g eﬁﬁpgt%}%e %&gp‘é%@& é"a{t’ﬁr E@ga?ﬁa@l,aYF&v%gkecﬁM y

pl ayback is B I'n" St the head is noved to an

outer area by the noying, :-64 . a 6 e ga td; by a signa
fromthe PU ﬂ%}tﬂf’%rfleééﬁgb‘?n éé%nﬁegg.glﬁe%ng)ggtt&g\nbt ((:Jﬁlf g%% f:lgﬁgt\em tched to B
for rotation phase control node. In the rotation,phase.cogntrol node, PLL
control is apﬁl pedt t &)t BE et LE8yisal the WYIFPé:koﬁtlg hel¥ by a cl ock

extracting means 960. The frequency fl of a first oscillator, 966 and the
frequency fS tfrcade e dedmodd asydcironntizst lovrrafdactivits eUidsPed in a first
frequency conparator 965, and a difference signal is fed to the notor drive
circuit 958. JHhectdrmlsigha pibasehe PRERDImodudiatdds st gnesl damedwddtoBecause of
PLL phase control by the pit signal, data synchronized to the

synchroni zatign shetaki®l fd descritedeth brekil lih the webhdeialfead were noved
to the barcode stripe area by rotation phase control, wthout swtching

bet ween rotati %%ﬁl«gg haszfcvprltlr gl 48%%8{:{1%6@E1§§t,a@gsgégdab'fom pepeed control

for the m)tor‘aa ) o1~ coul e pertorned because of the presence
of the stripes) and, trouble | d car ch as) _~_I. e un ning
gut of contr (ﬁ dedalaisd; ﬁbgnaﬁﬁgqulﬁlﬁag%&?h ¢h p&@ﬁ%ﬂ@ﬁg@%@é%%er ef ore,
as shown in Figure 43, smntchlngﬁto t he appropriate control node not only

ensures st abl si goydemodudstathdPHkdesgdulpforhaws Re w¥adecin dt1&0oi di ng

troubles relating to notor rotation. The second nethod for playing back the
optical disk @fset hesqr eseinilarbetfifentncamiblel obkridedcri bed with reference to

¥hen 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 735a, the marking position information
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Figure 38 which shows a flowhart illustrating the -65 operation. The
second pl ayback nethod is an inproved version of the first playback nethod.
More specifically, the first playback nmethod is a nmethod for playing back
an optical disk on which a stripe presence/ absence identifier 937 is not
defined. Since tracking is not applied in the stripe area on an optical

di sk of thi's dryphe optitakekiski he meesdrast iingetieph’dehr-wedne POSALIYR pattern

|l egally fornmed on the disk and an irregular pattern caused by scratches on
the di sk surfagerndhionet orhenr egprdbess iaf stdpef/Bed, tand the i pes are recorded
or not, the playback procedure has to performa stripe readi ng operation

first, 1o chegilhesdl S3eaenonenance of istoltaesedlinnbeifdtoehe stripes
are recorded 1n e 1 nner portion of the optical disk. This nmay cause a

problemin that ap extrasdd LS. L L.ad R Eotdie el anda3Rile actual ly
pl ayed back. The E%C%tﬁa ?)E%Qaggg kCIr‘?gfgﬁ%%&i Prgre{ovesoogrﬁ hi sa%oi nt. Fir*t, as
~ shown i Figar~ 3%$) whep an optical, ,disk. Is.insert contr data is

pl ayed back iinisreptionod. 1€ FTV{Ctﬁﬂysispléﬁﬁé’f edt Eufeeo i%ﬁﬁbr‘g&teicglﬁt and

attribute information of the oEtian di sk are recorded as control data in a
control data keyead, Tofe 5pRyai 8P4 flagsurand seeratakebh PnéRédbsPifor exanpl e)
information indicating that the optical disk is a |am nated-type disk of a
two- | ayer) sigpg ershdediss,r uebuset, abd in ke 1685pr esemypt Inrensi on, as shown
in Figure 30, the control data recorded in the control data area 936 of the
optical disk ﬁq%' i BEASREA PRInRE SeNCRi@baapcsodidenhi fier 937 recor ded
as a pit sigﬁg . #%%?é%éﬁ%élthe optical head is first noved, in step 940n,
to an outer area where the. c afraf Sqr And ther khe opti cal
head nmoves i 5W9€¥ﬁhgiﬁbdggb%%£bg_%ﬂ&$3Fi§§%%§e??acks %ntil reachi ng the
control data area 436. And then in step. 940 t he contr. a i s played
back. It can Mg be @&l errgldt %gff?ﬁfeg'ar " Pégéréﬁg ‘or not. If,
in step 940b) the stripe presence/ absence identifigﬁkis 0% t he process
proceeds to sthepconldrtestiGiis aeeondgdaeh dhepPridsa kol R nor mal
playback with CLV. On the other hand) if, in step 94%&, t he
pr esence/ abs egpd catlediskf ierthaz7complefed rand i heshippedsstepotdkds to step
940h to check the presence or absence of a reverse-side record identifier
948 whi ch indicat ¢§ {hatepRiuetibPepparstuspctiiclegtcalt kidskide opposite from
t he side being played back that is, on the reverse side. If the stripes are
recorded on the fav | sy € RCEsheRtOEEedsst Gecilyppe@4@i to play
back the reco‘ﬁr%g g%?ﬁggeﬂgwhtﬁgdﬁgbergi si de of the(gg?ical disk. If the
reverse side cann be,aut omat i.cal 1. pl gved: i:ndi Je2Rqi s out put
for display, ?‘Eﬁqjgé@' t rﬁs%’rectliﬁfauprﬁﬁ’ o@ier g’tlﬁe ﬁl)eégrbllf% ;rtga%s get ernined in
step 940h that the sfripes are,recqrded on the side i.ng yed back, the
- 67 processlrbrsd'-@éeé@eb oa%cfé’b‘béh‘é eVihet @M ﬁlé.ﬁdséjg 1%0\8/‘2%9t o the stripe
area 923 in the inner portion of the disk, and in stegég4g€% t he control
mode is swit c6REF it hewmtiat Bamib, spectecssnt tde ¢ PhsTrie bdek Hihe stripes 923
with CAV rotation. |If the playback is conpleted in step 940e, then in step
940f the cont¢pphertdet iG iswraiseddtdacitht powest ard dlhep‘h%igél ebntheol for CLV
pl ayback and the optical head is noved to the outer portion of the disk to
play back pitrgignalisdatlaul Sidiceotbtainrpldnpeesdhcellabopdncetdxdeltifier 937
is recorded in the pit area holding the control data, etc., as described

above, the SG?Q“%EFBMSE% Jdaetedd asopfathieh @ akheetrrpthgckback the

stripes nore reliably and nore quickly conpared to the first playback

met hod described wth. e jsgur e 8L, MR st her RGAdasRRdi s Wi th
racking ocr) e bEFfnBHnr $1eB (U8R CIfho HHiGs] NECH
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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signal which is generated by the pits drops. PCA signal |evel remains
unchanged if tracking is set OFF. Therefore, . in, the filtered waveform
shown i.n Figure 35 (b), the pit signal drops, making it easier to

di stingui sh between the PCA signal and the pit signal. This has the effect
of sinplifying the circuitry and reducing the error rate. Furthernore, the
provi si on of dpeeasian pe stoppede-side record identifier 948 makes it
possible to identify that the stripes are recorded on the reverse side of
the di sk; the effpgtthieSnéhalstbhe’Ioar cidde comprigsesd gasibeopl ayed back _ 6g _
reliably in the case of a doubl e-sided DVD optical disk. According to the
present. i nventisgina SlRCR £18xBAfdRCE0 AcRorer ahdedt fudnal raddingod hr ough ¢ he
reflective filTms on both sides of a disk, the stripe pattern can al so be

read fromthe reverse sigﬁggQgéhgﬁgig&msﬁpﬁm§k@i9§§nﬁag £ cpkayed back from

the reverse §P§8T%F39Hé ecking the stripe reverse-side identifier

948 and by playipg back the code in t reverse.dinect] mhen., readi ng the
stripes. The “&eég‘é‘htt enlk 1in§n1%saé?§u%ﬂ& tlogq‘{eldnég"%%oébg%wﬂagnt he
synchroni zation code) as, shown in Figur% 34(a) .. Wﬂﬁg.glayed bagk fromthe
reverse si de theneptipgadndbsli dadicatedobie the PISFAAN pHEOTH_ ¥ 1069010, from
which it can be detected that the barcode is being played back fromthe
reverse side.step 736 dasks chyckishwletheri e tdidferense hetwapar 8&e di recti on
in the denodul ator 942 in the playback apparatus of Figure 15) the barcode

recorded i n peReVpadd pesi el onfermatben eatr ot bytyd Hyededamedeven i f played
back fromthe reverse side of a doubl e-sided di sk The pl ayback appar at us

pf. Fioure 1900iL1obadsanriiadednsTRcided Adickahes.. Foriieched(, as shown

in Figure 30,° ~cm w de guar area 999, where only address

information is recorded no, ot her N (o b r.avi ded bet ween
the PCA area %Qﬁahrﬂ St%ﬁgb&ﬁﬁrt)}lm (95939%# gébg%%? gégsg'%g ?%G}Fﬁg control data
can be nmade nore stable. The guard-band area 999 w | bg de%ﬁribed in nore
-69  detai | ddDaiv SOMUATE RS Bpt3 OF1 CXRAGeRIAEIanS $10LeE R AOF data from

the outer portion of the disk, the optical head nopves
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.

(E) 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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inwardly junping across a plurality of tracks until reaching the control
data area 936. In sone cases, the optical head may be noved past the
destination control data area 936) landing at a portion further inward of
the control data area. At this tinme, if the PCA area 998 exists directly
adjacent to the inner circunference of the control data area, the optica

head will | o0sg,#1et oW 1p9SH tindn Showed depcaddeess chanoitibel pliajed back in
the PCA area 998. It, then) becones inpossible to control the optical head.

Accordi ngly, tﬂj? t%%%&&{}'%@Ei?lai[xﬁap%ée_}%saof’“t%bh@pﬁi%raleéi?s“ﬁ?| €he 300 , u

m'greater th one junp w 0 e optical head, is provided in the

above-noted portjion, i he optic e i ved the control data
area 936 the Bpiitear foeéhequr{?“gg%? ‘?%Sngé\gm e|%nbf esgltlgg%- band ar ea.

Then, by reading an address in the uardlﬁand.area t he o?tigﬁl head knows
its own positdeiecanng dieansn @dpEne d55e¢t8hREE YNt KaS £OSE TR 88 contr ol
data area. In this way) the optical head can be controlled re reliably
and nore a quisidiyg fasithen ,irdorsatown amd mritiven QO,t}t%é’Débﬁ?ﬁrﬁ?éPS@ata al so
contains an additional stripe data presence/ absence identifier and a stripe
recordi ng capagithg. fdmabfi §.baatbés 91020 _  recording first stripes on an
optical disk, additional stripes can be recorded in an enpty, unrecorded

portion of the aregsitie [hfcinakesPrdadisd heRes JMOL | rdisr efierred to as the
first set of strigggﬁtgﬁhi?ﬁe gdditionafﬁ@ recorded stripes as the second

set of stripes. Wt I S [ i,0 Snti{sdd $Rér&fy stripes 923
is al ready re@%?ﬁ@ﬁh%gﬁ%rFﬁ@R&&?ﬁéghgh@aﬂﬁ?gP%§gzpé 30) the capacity of the
avai |l abl e space for trinmng the second set, o tri 9 be

cal cul at ed. Aé@@ﬁ@ﬁﬁgﬂyiCﬁh@ﬂ“§h8§ﬂgﬁogﬁV%geaéﬁng%ﬁgaofﬁ€¥%§ﬂ% 23 perforns
trimmng to record the second set of stripis) t he co&%r%l dat.a provi des an
i ndi cation of rémiinguedanspates iready aiheads wialoPosiddeni ehdiner Bl id8ng: this
prevents the possibility of destroying the first set of stripes by

recordi ng noreldhand3&fpavertheheesulea. Conpanéngroiudging megsar®i0i Fi gure 30,
a gap 949 longer than one pit-signal frame length is provided between the

first set of siflpes %d@@ﬂﬂiﬂéﬁ seaAndfsat thé ddorypem©s8anhiH06er ves to
prevent the previously recorded trimm ng data from bei ng destroyed.

Moreover) as shownbl fil 9HE hoiehin linrBendlaser ibatingatein 1011 mming count
e

identifier 94771 S record i'n a synchroni zati on code area. This identifier

is used to distjnguyish betwe t IS t 0l he second set
of stripes. Wfﬂb%etﬁ??ﬁﬁdgﬁ&efalﬂg?% bgi E%?ﬁ%rgg?glsg%hgg?gmggﬁn% he first set
of stripes 923 and the second set of -71  stri %§ﬂ93§ in Figure 30 woul d
becorme i npossPbV®. apdniudegs Yhetheni the g?"%%@ﬁ ‘ﬁ’e BPwill be described
with reference to Figure 40. Wen the duty B%éio of the stripe an the
optical disk, prédatersjnéd alhowablearange. i sIf dhey #5768t 2 F9PERFUGHRBKi ng can
be maintained in the stripe area) as shown in Figure 32. Therefore, the
addr ess i nf or gagh«In 9108 tive aesiroeissing eheddptianlt ks aseout@gt usifposi tion of
t he di sk can be played back. This has the effect of quickening the disk
rise time aftepeflidknbsfirkbona Yepeedideondtopssigran BEDliayedttdck whil e

pl ayi ng back the stripes w thout changing the optical head position.
Control means (not shown) 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



In this case, the address area, an area where no stripes are recorded,
shoul d be fornmed continuously along a |l ength | onger than one frane in the
sanme radi um portion of the disk. The operation steps for this nmethod wll
be described with reference to Figure 40. Wien a disk is inserted, the
optical head is noved to the inner circunferential portion in step 947a. I|f

no tracking is achi in step 947n, i 4 I, i.t.ched from
phase controlm?%“bgimggﬁﬂPsﬁﬁﬁg aﬁ”JPé%E§ﬁ§%ffﬁ%%§t@%QSW%EY§¥%¥ationa
speed control (CAV control) is perfornmed to play bac ddress. in tion.
If an addr essmeain8L0perhenxaadipgcihs ﬁc’%‘%aelppgﬁ%fnt?lé %‘Fo%@?“ﬁréﬁ ds to
-72 step 947i to nove the optical head inward to play back thﬁ PCA
stripes. |f an Neélgsin chns bersgl athed npakcios Ferd a8 Bedns 9pBP 1GsRker the Pca
area (a portion not overwitten), the process proceeds to step 947e where,
based on the wigsbhessthd marbjptg dal ammdiljrslmt/mﬁ iinnthe rgil&lomionection to
the address area where stripes are recorded. In step 947q, the presence or

absence of PCstypitpes] idskharkesdted byi thd pokirdgeadihfeimathen evhdek no PCA
stripes, the procéess proceeds to step 947r to try to read a PCA flag in the

control dat a.%;’:}ﬁ}grgépedstbgpﬂ%agﬁlé};ﬂ%ch\g;@ggpmw absence of the PCA flag

i s checked. | esence of t is detected, the process

returns to step 947c; Qtherw se).the pr j t ?ﬁ% : t he
other hand, if itﬂ&sj gEEIWOr‘i]Ué%‘H’ éﬁ??ﬁgtbf@r%eag"r@ g?:‘l\ st?ilt%)@; t he
process proceeds to step 947f t gia .back, t he, PCA,st.ripes. W t he

pl ayback is ceabldeteet ian éﬂe‘?ﬂ@i? ,Uﬁ%ﬁéﬁt%%ép]‘rﬁ‘d’?péﬂ%ﬁp“ﬁc%@ t%ger otation
phase control and the optical head is noved to the outer area to_play back
a pit signal.réproguepi @ pperationPeh theadiska end ceont pPraveast bllegalead: i f
there is no PCA flag) an error nessage is issued in step 947k, and the
process returgspliea®dd mriaet texltlynue the process. (E) Next) nanufacturing
techni ques for inplenmenting the optical disk barcode form ng nethod of the
invention willkrpe described in further detail. A barcode playback apparatus
- 7?3 wi || a{so be described briefly. (a) First, manufacturing techni ques
for inplenenting ghecbargo rging; odrWHd tPesdesgripad. In the
case of the barco@g ?gggﬁdﬁﬁggﬁgghoéﬁg%gg%%hgfy expla?ned with reference to
Figure 28, the_yninumenmttingpul se 1NQ:i wnkh r | aser with
a pul se repet ﬁn »oﬁngg?%@r%e@?:% %‘? Eg?émrpgéh?rée%:th\%\h%%%? ﬁallls?a t he
frequency of the laser. In this gase, the nunber, f~/ of. barcode bars can
be recorded pedrisddéhd. Hhdwerait %?W%@%’fﬁl&ﬁ?@& gt é%‘ihnilgu%ed) as shown
in Figure 29, a mninmumentting-pul se spacing of 2 iﬁﬁg}l wed, so that
the pul se repéndlidingperiasdode formatipnome thadh cHSe RSN (IEFCOEHRE | aser
frequency can be reduced by a factor of 2. This also neans that, when a

| aser of the shermbovequerkiygimsiséon imfermatioar (r ipSeveaddophras #hat can be
recorded per second can be doubled to f~, by using the beam defl ector 931.
This has the gi§leqinigfie r®Juci ng the productive tact (processing tact) -~y a
-factor of 2. The operation of a double-efficiency apparatus (referred to

as "switch recordéAlrzg%)eaHﬁie@gof heebsgimcdef 42K oF Sl prebéntbendaadbhbed bel ow

mﬁth_reference to Figure 29) focusing on differences fromthe configuration
of Figure 28'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_



The beam defl ector 931, formed from an acousto-optical nodul ator or the
like, is supplied with a deflection signal for switching the beam between a
mai n beam 945 and a sub -74 beam 946: when the deflection signal i.s ON,
the beamis switched to the sub-beam 946 which is passed through a subslit
932b and forns a sub-stripe 934. Mre specifically, for data "0" a nornal
stripe 933 is fornges gplys WHeR & apatcdiagadata beltetardedeonefeect i on si gnal
set to ON, as shown in Figure 29(b), in response to which the beam

defl ector 93l switehes t t - Ghhecddd aodtri pe at
the position %‘?t]tcﬁi (glustl){- g?ﬁ%@%@%e Pﬁmﬁgspﬁma{\nr?gré%ﬁst r?pes 933a and. 933b)
each for "0") and stripe 934a for "1" .as i r )~ ;are forned
on the disk. pave Fﬁﬁ% NESRES YU &AH TSNS ncT@%apf%g\gﬁ %%}feg%eﬁe}(e%eorll y be
produced at intervals of 2t) a laser with a féﬁéfe”ﬁﬁmgﬁéf that required in
the confi gur athat tbe anndieatizg ehrbassodegcoy her £ when a | aser of

‘the sane frequency is used, since the stripes can be forned at tw ce the

cl ock frequentymitiedi s has the effect of increasing the productivity by a
factor of 2, as already described. Next, referring to the data structure of

the synchroni zati g godetREOWaAniN WHeautiee Irk g poshticsui tabl e for the
switch recording explained with reference to Figure 29 wll be descri bed

bel ow. The syycfogglgkfﬁ:wgg-Pe%gggﬁgta% st e &2l188e £aShint it @8 a techni que

for inproving own In Figure 34(a), a fixed pattern of

"01000110" is used herge. nventj onal L y). i 1 i g4 ng of -75

the same nunbbhe @mégaﬁﬁﬁg?f?d§ﬁkHﬂgéhgofgﬁgﬁ%ff%o#gaﬁgggﬁ @ﬁ{ t he present
invention deliberately avoids this and uses the illustrated.data structure
for the reasohrmﬁﬁﬁm%éubétm.est@@tnﬁt? tR8RIFe ewasg\/\ncf)%n}m@?or di ng of
Fi gure 29, provisions nust be made so that two or nore pulses will not
occur within ot ttheepiitettitendeyer)80di renaingd almosk ichasged.c RSy ecor di ng
is possible in the data area because data is recorded there with a PE-RZ
code) as showg] jéudyi eusleidsd an cbonestdon witht Regures0 &) .t hEhky WeRr oni zat i on
code of Figure 34(a), since irregular channel bits are arranged, with the

usual et hod ke ssy WRye FGRME bY tobsbridifl_the wHiskhurkexeathe switch
recordi ng of %éﬁ?#ﬁ¢%eﬁ?€onﬁis not possible. To address this problem the

i nvention errplivﬁyf%%g%?&gg?é &f Bbex m;??gnpp{cctacgwn_"OIQOQa@Q'lsas shown in

Figure 37. W tern, In a pul se occurs for the "1" on the

N D T2 R PSR B HR q hef PR ot ebeiasii ran he
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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"1" on the left in this way, two or nore pul ses cannot occur w thin one
time slot. Thus, the synchroni zation code structure of the invention has
the effect of achieving switch recording; increasing the production rate by
a factor of 2. (b) Next, referring to Figure 15) a brief description wll
be given of a playback apparatus for playing back the -76 bar code

recorded on g'ﬁcﬁ%ﬂi%ﬂ' k15 khbysdfheasbaeepamst fkedps Treeddesichbepti on will al so
touch on productivity increases. Figure 15 is a bl ock diagram of the

pl ayback app%reglw@rbeqﬂ w?xba%icadtla%ie ithe( tompahp, thefii tptinkakblisqart (1),
as e

t he apparat us een scribed as an apparatus for reading the position

of a marking for Spgggﬁﬂgd%?i%q&&hvgﬂ%&&F%ﬁ}g@pmgg&hpgﬁdpggka but

herei nafter, &Ff8 0 igure 1 e described as a barcode

readi ng appar at uslfi th %siffq’rgg?@ %Q@%ﬁi@gp% %tef%rdébdn agxgl Lgon will be

gi ven agai n rseféd tTThe Tocusing on the denpdul ati on
operation. First) high-frequency cqonponents generated b its are renoved
by a | ow passnf atdigriopLty tiel @@%e‘éﬂsqrr@ﬁijaoogtllt?‘% léﬁ(%aﬁ'ﬁ?t%(?&t put. In the
case of a DVD) there is a possibility that a maxi mum 14T signal . may be

pl ayed back) Pueeheribrs, Oirldha case of thilYDcagiace] thevdarpeds siéémdl rned by
experinment, a stripe signal and a hi gh-frequency conponent generated by a

pit can be S%ﬁrﬁﬁ%pﬁl‘a’e@i‘ Fgoh IYDSprond gas e byosetthingdtloe der Chevi hov
| ow- pass filter showm Iin Figure 35(a). That is, the use of a second- or

2 bar code si g EndnER e & yRRe L e o B L Sure. 35(D)
igg}”swtmhﬁﬁ _rnnlill!¢?“tori1§,n as will b esic%bgaa; 19%8E Aedphedyet Begmilogah of the

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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pit length is recorded continuously. In this way) by using the second- or
hi gher-order LPF 943, the stripe playback signal can be output after
substantially renoving the pit playback signal: this ensures reliable
denodul ati on of stripe signals. However) if' the wdth of a stripe signal
t hus denodul ated (the stripe signal width shown as 15 ~cmin Figure 36(b))
is smaller thdr thek sdthbitndavhn@rtvatuny ovar tihe( b¥-Fi gure 36(c)) of a

m croconputer) the stripe signal nay not be neasured accurately. For

exarmpl e, of the spgife stiggahanghateni trikingng € s3péhjormeteorstar i pe si gnal on
the left is located inside of the m croconputer sanpling interval wdth,

and theref of & p3e D0td et Bitiadred tyBY Wt itBl disk shdd Peeds duahinptai ned by
reading a stripe s waveshaped using a flip-flop circuit so that the signal

wi dt h becones rrgg}te%; .ptlté?&é gg%lgi(t ang%\@:’éte%iaseagmé ng,gl ptpirg\t;ﬁL wdth tm as

shown in Figl? ows “a waveformafter stripe '
signal width was increased to a width Bw. The waveshaped signal is then

det ect ed wi t HPa&SERPI Fhf@uﬁhl"s}@st(’%é@(ﬁ?biﬁr"é §bf"l§) fa&? dn??lrfnﬁg Qﬂggpgconput er.
This ensures accurate nmeasurenent of the stripe sign%%. Referring back to
Figure 15, a didet bBrthdedesh.pt Toerafore, Hdeghyraederrap bg feEhed i s denodul at ed
by the PE-RZ denodul ator 942 in the above manner. The data is then fed to

an ECC decodesin28afevuseyrar booh redeson. Thikagrovides %8 advartiageer | eaving is
performed in a deinterleaver 928a, and Reed- Sol onon code conputation is

performed in & ﬁi@diﬂa@%ﬁ?{ca%%ﬁ fiOrheE e BEFddet bam beArbeorefeddescri pti on
wi Il now be given in relation to productive tact. Figure 33(a) shows the

embod; ment . g easeg Sy RS R & PR 35PL Cl "2 encod ng when n
- Lopceording Lo yhe osent SuBedEgle, £OH, 33(6le SN 20 EC

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 played 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 operation 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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In the present invention, the interleaving and Reed Sol onon
error-correction coding showmn 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. Wth this error-correction nmethod) a read error
occurs in only one disk out of 10" - 10 million optical disks under the
condi tion of thanFByde €8ris ar dizgraim shawing Yereesfiagashemeli thei gure 33
(c) . Inthis data structure, to reduce the code data |length the sanme sync
code is assigngdole fQWrdioSppaeaig Agr tihelememiéng adn spnccalodéskby a
factor of 4 and thus increasing efficiency. Wth further reference to
Figure 33, t aﬁﬁ@haﬁh%ﬁﬁ%xﬂ%hﬁ@ehp@h@;éﬂﬁﬁ?&&ﬁ?oﬁﬂﬂkeQ@egﬁﬂprlbed. In the
present invention) the recording capacity can be varied freely, for

le, wthi : 12B (12 b Lo i f 16B
Shown 70" e Sariar oot Rt fed Soilinenl ‘BRGNS [ ood *°

.within a range of n=1 to n=12, a shomn)kﬂ Fi ure_f3$c,¢ As shﬁmn in Figure
33(b) and Fi ghausodad ads th@rdaé%aﬁgl%‘,crwntq depHOR 8t (HAEUPe RATEHIA%I , there
are only four data rows 951a, 951b, 951c, and 951d, followed by ECC rows
952a, 952b, 9GRfnrmanibro5Bdt thegdatr ta(bg bazceddliisgramIessi Hedrtqure 33(b)
in further detail. The data row 951 constitutes EDC of 4B. Figure 14(b)
shows this ing@n a8avé eabedéndnat nTt Erayoircade pcdronxammledi hgpwiodpta ation is
performed, assuming that data rows from 95le to 951z all contain Cs.

Mat hemat i cal %?d-‘%‘hi P S 86 - ERGuBA o BRCass AP Rériaens $0% ebosiownn Fi gures
14(c) and 14( respectively. In this way, the data is ECC encoded by the

ECC encoder 927 d.n th ecor.di ng d igure 1 and recorded as a
bar code on théné%gk?esﬁgnoﬁégy !Qﬁ%pg%%§§§.?ét$;corded over an angle of 51
T2, data of 2713NCEIEBE P GBIy iR ArgIc 10rNIBeT CeUfdes on the |
disk. In the present invention, g&%encodnﬁg agﬁvgf%gdig% égghgﬁ%a usi ng the
EDC and ECC cbrputthei Bh gegersatiogn8Us BE@ANCOHP1IRE glaen d)) when
the data anount is smaller than 188B, the conputation is performed assum ng

al | remai ni ngsi#i9na9@9;0dn &0 enbayptive emtcder s8I, otkel aambhned shaki|
recordi ng capacity. This serves to shorten the productive tact. Wen

performng | aggrg,j80ted thf&iBHalre &% bAchypeipn agdng amRSAti on) the
above-described scalability has a significant neaning. Mre specifically,

when perform r | M & agh®rdh ahtEGCS ehBPdHTt 807, t0 shorten the
producti ve tagghéﬁﬁﬁh %&%Fgﬁﬂgﬁgéﬁ giparatus which trins one stripe at a

time, it wll take nore t.han 10 se [,6¢ itRousppd stripes to
the full capafFEQF CPhESGHIRR §X &gr%@d}gg};é%egg?lgé %&%c%ﬁ%\lnl i's 4 seconds per
disk; if full-capacity recordin s t.o be,dane, the. uctive tact
i ncreases. OneRGIPEL AR PUSASS aI“gr Q}?‘F@lﬁﬁ Gt Praess ﬁﬂlﬁg%ber will be a main
application area of the present invention Lp t hi ag |i cation, the PCA area
capacity can HesasbedwimdletaBl latephyBway & réé%‘?@éd TeSRFSICFOB need to
be witten, the |aser processing tinme will increase by a factor of 6,
| eading to a poddigetreodb.cost i ncrease. The scalability method of the
present invention achieves reductions in production cost and tine.
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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In the playback apparatus shown in Figure 15, when n=1 as in Figure 33(I10,
for exanple, the FCC decoder 92& perfornms the EDC and ECC error-correction
conmput ati ons shown in Figures 14(c) and 14{d), assum ng that the data rows
951e 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 sanme
program I n thiserc@se sutheasnanbil lateprasgabin shedplsy @eéﬁé&l‘s@@)”eber mtting
the use of a small-capacity ROMin the m croconputer. 81 Furt her nore,

the pul se wi dglj(g) 18P Qdueehor onTiRAghs st ipetinisdtihiven eadies Ipedsed han 1/2 of
one pul se peri E, as shown in Figure 36. Since there are three difference

pul se spaci ngs, 1Ty 3T, \and, ST edAschaltpueh d bensdspiols ahit Bhe stripe

areas in one ot'al area the track is less than 1/3. Wth

thi.s arrangenent, jnt case of. a dhsk S ref jvity of 70%t he
reflectivity Qﬁ“%ﬁge§F&§ﬁ@”§ﬁeglp%8§?§"bgk?h%ﬁaggﬁg%Fﬁ§k§%§ht 50% Since
this value is enough for focus control) the P areﬁzcan_bﬁlplayed‘back on
a conventi onatenROingitdie peEhestive M lRel B BT GO 13 L4 t he'€above- descr i bed
barcode encryption (including digital signature) wl| be described with
reference to atmw-ogssect obid mmhocgwiéldb%dﬁﬁmlibﬁﬁ o1 deteihekat@Ppl i cati on
exanpl e of the barcode. (a) First, the barcode encryption process and

pl ayback process eWetyptigndes pubbie oy sipheof suchnps ethei bhe reffownence to

Figure 45. As shown in Figure 4G an Tl: nunber 4504 uni que to each

I ndividual opf| ﬁlgupé SI8, | $s IpPehALdsPy FARnhii@ener thieserial
number with a secret key that the software company has. In
this case, 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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4502. At the sane tine) an ID signature section 4503 applies a digital
signature to the I D nunber by using a specific secret key corresponding to
a specific public key, and the thus applied digital signature 4505 and its
associ ated |1 D nunber 4504 are sent together as a series of data to a press
factory 4501. This digital signature is - 82 applied to the I D nunber

encrypt ed i”ﬁlgtsf fg%?tﬁigop'ung%&’q A4508; 4sBNG A $ECTRUskEH@bugh public key

encryption f I'"'c Key corresponding to this secret key is

sent to the press factory 45 At t r act | D nunber
and its corrésFORUETY G g‘?qsalgllgi%& E}i‘eeel%ﬁggém{al?g ?%%noéggéanaghg barcode in
the PCA area of an_optical disk 4506_.b usinqia.PCA q&iter %507. The public
lcey is prereddigel Giskt bR GoESYerthgi §k)M dAat W 1PP PR ESEY pértion of the

di sk. Wien the thus manufactured opti cal Qisk,45 6 i Iogdeg ipto a
pl ayback appartatins {yshagerghossom Fimured8Ibt ieghus foxaads r dfh the pit
portion, and the |ID nunber and the digital signature appended to it are

read fromtheRehei®a abeipdecayptspdced taparheatpabtée diéferemie result of the
decryption is passed to a verification section 4511: if the digital

signature datiqkt!eg},lgg#nqu e t bARtFT, asIf hhisespdctingfid Aesybadeld cation) the

pl ayback operati the optical disk is allowed to continue. If the

FEHIGE S a2 L il
invention, 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 rotation 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 with 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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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 IDto see
if they match. If the digital signature data only is recorded in the PCA
area) an error check is perforned for verification. Wen the data is
encrypted with public key cipher) as described above) only - 83 t he

sof twar e manuf arer  t - $e6E&lonkeYe Ga3Nth&sue a new | D nunber
Accordi ngly, Yﬁﬁ%ﬁégﬁg%Qgﬁgﬂgﬁﬁ@QgCnadé%bgheE%ncrypted | D of the sane

mb ld b ded in .the PCA f [ fs , th
of such pi rat o0 (HGRSTRSEN BRSHr i P TR PG LSRR I8 D T e

cases, the illegal use of the ftware, having th ane .nupber, gan be
prevent ed by Bigirgi & ndawgrie E?o‘f‘-’é@ﬂ" b R%%(Hnégs?]t”be slﬁy‘fll“tli‘iigﬁabove met hod

described with reference ' to Figure 45 can al so_be used in the Internet.
(b) Anot her aipio eaplumlékamfl eimd sihésbdosotrempilel S 1d8kctiMSed with
reference to Figure 46 as anot her node of enbodi nent. This node of

enmbodi nent i ssANgg0sed veédhdanimxanipteddln ahildrdahimneslypt2Zn key to be
used during comrunication is recorded as the above-described barcode in the

PCA area. As shown b Fiyges &ia48. i @ "BOESStdragkaiple46sigaeps9Machf, | D
nunber and its correspondi ng encryption key) a public key of a public key

001 "an 110 oAt ia SrbRed ShEL Mnepheepf X, ke 16 LPI OB [T

_ s“correspondr ng ic key are recorded in the PCA
Gesri be how Lhe Hechonifd purchadiaienc it omsterddl afeH "G sk 604
can play it b?fﬁétogi£gfilot 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 “01”, 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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pl ayer. Consider, for exanple, a case in which he desires to watch novie
- software recorded on the optical disk. - 84 Before the user can pl ay
back the novie contained on the optical disk 4604) he has to arrange .for
paynent to a system nanagenent center 4610 and have a password issued to
enabl e pl ayback. First) the user sets the optical disk 4604. Wth

conmuni cat i ORe8&fd Wak ol Mrontlr pefisonal sloompin grard604) afhBiRGA area, etc.
are played back and the public key is read out. When the user enters his
credit card pynber and personal code number, an encryption encoder 4607
encrypts the“éntered data with the public key) and the encrypted data is

transmtted to t eﬁiyst}%@zg?&%gqggnaat%eni@f aﬂ@l‘ollb}’ Hsd I 4L he are

comuni cations c¢ el e syst em managenent center 4610, a
conmuni cation section 4611 reads.the .l er i | ai nt ext,fromthe

recei ved dat éﬁc%lff{fddéﬁr §{1%lfigstﬂﬁ%eﬁ]\95d§%?ﬁn%ﬁrug?$i re\ﬂenﬁl%t’secr et key
corresponding to the | D nunber froman encryption key table 4612. That is,
t he system naaspmaténeleenter 4610 keeps the encryption key table 46112
cont ai ni ng mapping, information for each ID nunber and a secret key

correspondi ng t o Here, pfdl icompeayisoBasegoses,t NBZ useording ddon-card nunber and
personal code nunber retrieved fromthe decrypted data, the system

ranSueTent SERLSTL 4SSy eamp g comrsbnabaglmeless) | aues
user - speci fi %9c5¥ﬁﬂn% 111 be described with reference to Figure 25.

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. In 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
suitable. 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 ”“10”, 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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conput er software contained on the disk 4604. Using the -85 password t hus
i ssued, the user can play back the desired novie or install the desired
conput er software. Since the public key can be prerecorded as a barcode on
the optical disk, this node of enbodi nent has the effect of saving tinme and
| abor taken in a previous systemthat required the system managenent center
to send the publibnkby tavehéiarsdr NR2pmcarding, FhLﬁtH’qéS@rdY]éi,thév@fﬁ if the
comuni cation key (public key) is delivered to a press factory where no

particul ar sgquiphly2Treaswhesnale pafps efienaed, (33 ectifiigyre#b:bét nies nt ai ned.
Furthernore, since a different public key is used for each individual disk,

| security qhopoFoRAGbLEUA! (ESKRz LRbrittng aBendis Ul taislddToken, the

security of other users can be protected. Furthernore, using different

public keys f e, iﬁge;{g{tﬁg,%mi%%f asph e {Rheobn cdUEbRAENe, pOSST LI 1 ty

of athirdp an-iT1egal “order. e conmuni cati on public key
were recorded, on the master di it _would. ng PQSgi t 9. prevent a
third party fiheém diedcithyHRE; ?fﬁé}"ﬁl pﬁ?%féltt:1qvﬁ%gg§n’e%a§%ﬂeoed§f ?f—“i gure 46, a
public key is used as the conmunication key) ?ut it wll_ be appreciated
that simlar ferhedtas shewbanobraiesear imeny Keshl&e shawp 8 Fig¥4e | n this case,
however, the security level is a little |ower than when a public key is
used. Needl eYad p gy sihdee toendiog désemidel differs dfremedicsk to Fi gure 46 can
al so be used in the Internet.

disk, it is difficult to precisely control the line width;

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 (1)

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 is 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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- 86 Referring to Figure 22, we will now describe in detail a nethod of
descranbl i ng and decrypting data using a password via the network descri bed
with reference to Figure 46. In the flowhart of Figure 22, first in step
90l1la the software on the disk checks the scranble identifier to see if the
identifier is ON. If the answer is NO) the process proceeds to step 901b;

i f the softwaridths gweh ssrXdnhbhé®T dhethienstred ldask brfurshetrnaowed to conti nue.
On the other hand, if the answer is YES, it is checked in step 901b whet her

the software d rarBlkethOtanfit be MRS stnqorhecldser tsinmdg to the
per sonal conﬁﬁ?g?gnetmork!?nastep 901c) which is followed by step 901d

where the user. ter he r a e Al i Olc, there
is adrive | fﬁﬁldsﬁe‘ﬁarisiﬁg‘st elléﬁgoﬁgf@tshggnﬁ@é B 8gﬁalciufslt’t r;UnS?r%lgﬁzgd to the
password issuing center. After canfirmng, pa nt).in e he
password i ssmeﬁ§r§@& eENe ESFRs 1BKER V00 B% )égeﬁpﬁﬁfaetcitoﬁ% o‘ﬁzht? g%g’(ﬁt'i ve I D and
software I D by using a sub secret key, and generates :a pas rd which is
transmitted tsdabhe digétal mesoptidesyen n%ﬁ? A8BY S 1 AMLR ﬁ“gggh. The
personal conputer at the user end conputes the password by a sub public key
and conpar es viatrigé.t h Fuhthedr, i the Iimyentiqnheffwuitﬁeieif@?& @the process
proceeds to step 901n where the software scranble or encryption is

unl ocked. Turrimyiﬁq% tie ThaptARLeon idf the rausveéing appBatken in step 901h
it is checkeg ether there is a disk ID. If - 87 there is a disk ID,

then In step ik é??e%édinggreg@?f&So&lﬁ,aag%ﬁ{éihtsgoﬁ qihbeyRARSHAT d i ssuing

center. After-confirmng pa n step ] e password issuing center
performs encryption conputation.aon the, di I ftware 1D by using a
sub secret kéye g?'ﬁfrgBHE?ra% erefars Rewt &Omecﬁoggf%tfeghsm tted to the user.
In step 901m the personal conputer af the user conput es .t he password
by a sub public k&S dgsarEsepabeemp owrtghtﬁ*hea gV ¢ |1‘|99g?¢11“t€h£0¥ esult is OK,
t he process proceeds to step 901n where the software scranbl e is unl ocked.
In this way) opgicalniskcharicade wiacerding paseiming tedibiengnvaiier via the
network by using a disk ID) the software scranble or encryption on the disk
can be unl ocké@relis bifiéerakehefefifleet difslensDrioig shabler déghtali nvention) since
the ID varies fromdisk to disk, the password is also different; this has
the effect ofre@Bh@itE.Nng security. In Figure 22, ciphertext communication is
omtted, but by encrypting data using a public key recorded in the PCA

area. such as ShOXW‘example of the phase-encoding (PE) modulation of RZ

recording will be described with reference to Figure 26.
Figure 26 shows signais 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 92la; on the other hand,
data “1” is recorded in the right-hand time slot 92la, 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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in Figure 46, during the comrunication perfornmed in steps 901i and 901,
data security during comunication can be further enhanced. This has the

ef fect of ensuring safe transm ssion of personal

billing information via a

conmmruni cation nmeans such as the Internet where the security level is |ow
W will finish here the descriptions of the first-half 88 _
and the secong- batfutpantthel 13ft-dadd nowepsbeteddrt'd a deRErSepPPHh of

appert ai ni ng

matters relating to the process fromoptical disk

part (1)

manuf act uri ng ¢t guifg ph ayHeas kelopanad i timeofldthéopl ‘dyer and A) pAlsow
reflectivity portion address table, which is a position information |ist

for the |ow [gg‘é!ﬁ]ef%ioﬁé% ROr L ONerihdndbei RxplLat nls: “04) dsaskowdrar ki ngs are

anti-piracy mark formati on process at the factory.

No laser marki nga%g(f(rg,gfg%ﬁg{lgé TR eCAILIDE chdantisgaktdipepiysi cal

formed at ra

feature. In tife

on each di sk

owTéflectivity portion 584 forned

is nmeasured with a yesolution of 0.13, ~cmin.the case of a
DVD) to constfioused ain ¢he r]@ffft'e't’:%r}‘{/P%lWl“tiUW éaﬁq%dsg%fré%%]el GSBgas shown in

Figure 13(a).

Here, Figure 13(a) is a dia raanhomAn% a H?W
right-hand position, and the third stripe in the left—hand

position, by laser trimming. Figure 26 (5) shows signals
modulated with data “010”. As can be seen, a signal is
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 playback. 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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reflectivity portion address table, etc. for a legitimte CD manufactured
in accordance with the present enbodinent) 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 form ng step, a series of |ow
reflectivity RRPRODOCED S8ANALL 0iS8ngpunheitd pore ipes| Brarepé (peedi s renvved,
is recorded in a barcode-like pattern on the innernost portion of the disk,
as shown in Figueepéndinkots i8ing partiomechhrd pittmmiulatedgignal sk check
procedure by 89 tile one-way function used for the encryption. As shown

in Figure 13,{}{%% A& BB nCD: A <t b obl et dudlug) irepverl 6 have the

| ow reflectiv portion address tables 609 and 609x, respectively) which

are substanti gl | jfferent..frome er: r ting inthis
di fference i salené?gi%cstéye nélrllg‘i’ ng3 e%ﬁ@%ﬁe?af”t.hna}gﬁé@ﬁ% u?g%dt’i{}r e cannot be
‘made, as earlier noted. Another factor is t@at the s ctor. g dress
preassi gned thiguve 2Bk iBy massineihis rrapkadyred: STE EnFQy %ﬁgrent.
Referring now to Figure 13, we will describe how the marking position
i nformation diddomrsotierwerthind-ordgirt Lifatfd | 8% R34nehoRty ARSU K. The
figure shows an exanple in which

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) is demodulated.

(C) We will next describe features of the optical disk
format with a barcode formed in the above manner, tracking
control 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
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t he above two factors are conbined. Tn the exanple shown, two markings are
formed on one disk. In the case of the legitimate CD, the first marking of
mark nunber 1 is |ocated at the 262nd cl ock position fromthe start point
of the sector of l|ogical address Al, as shown in the address table 609. In
the case of a DVD, one clock is equivalent to 0. 13 ,u m and the

measur enment E% ﬂ?ﬁQymﬁth this accuracy. On the other hand, in the case of
the pirated ? e'first marking is located at the 81st clock position in

the sector of addrlentsﬁlééb‘?ﬁreg?ntsq(PxWQnﬁ.gi%g'E henaddr o5 babl - HQ8xerdd det ecting

this difference of 1'r'ST mar ki n osition between the legitimte disk
and pirated disk, the pirated disk can_be distjngui.shed., Li I.5e, the
position of tHK&th @I&» g‘é‘@%?}p‘?ﬁftdk%ga ipgeaql(sjcogtﬁié%erlgn?dl Ig ?rfg\li&ea%tﬁhe
position informati on match that of the legiti mate disk he.reflective film
at the 262nd posa thodding aﬂlhéd%r@éﬁo‘f’h]d;‘ éﬂoﬁeéeggﬁwﬁﬁgtc% fordfed with an

accuracy of one clock unit, i. e. , 0. 13 ,u m otherwise, the pirated, disk
cannot be runis) nthehdatxdspbeensiriFLejume th ehet Reringsi t i Fattdedi sk and
illegally duplicated disk have low reflectivity portion address tables 609
and 609x respﬁgégé/fﬁl Vhverigos, vileupse-grie didnfadr amta aspshiote ahl Bhgure 17. In
the case of the legitimate disk, in the track followwng the mark 1 the

start and endyppsihiQusyane Pt aBdidPhdE.) Thespeic Vbd regborsidwn in

Figure 16(8)) ereas in the case of the illegally duplicated disk these

are mr24 and ggéﬁﬁggagﬁqﬁ%égrga%ﬁé?%sEggwﬂxk@ Fh e pp&é) Therefore, the

correspondi ng ectivity portion address tables 609 and

609x are different) as shown in Figure.l7, thus. ieng, jt ible, to

di stingui sh t BBVeRfHONc st egpids Fg‘ﬁhIPP?%éQF%Hgﬁﬁfag?%ﬁ%ﬁ?gggires to nake
a copy of the disk having the low reflectivity portion addrgﬁ%tabl e 609,
they will havdisk; phisoregianpiecilse salded & Post it tdperaksof@rhn t he
resolution of the reproduced clock signal as shown in Figure 16(8). As
shown in Figula 20i5PCA hansiangthendanavdsf dsrnr&ﬁorée@lmthe%&\gduced cl ock signal
out of reproduced optical signals) -91 in the case of a DVD disk the
period T of orgpéLpedEgash ook tpbigeal swhelm ¢hiyevayedthe ChVddattaance on t he

disk) that is, one pulse spacing on the disk, is 0. 13 ~~a m
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 fecorded 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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Accordingly, to make an illegal copy, the reflective filmwll have to be
renoved with a subm cron resolution of 0.1 ~cm It is true that when an
~optical head designed for an optical disk is used, a recording can be nade
on a recording filmsuch as a CO-R with a subm cron resolution. But in this
case) the reproduced waveformw || be as shown in Figure 9(c), and the

distinct vaveform 824,28, SN O WA Plere a0l besofiiat nesl unl ess the

reflective fif¥® s r irst nethod of achieving nmass production
of pirated disks by renovj the reflectiye, fil I r trinmng
using a hi gh G@tptie Isalgg"ili g%@ﬂ § U Igég%réang\{)gf%eelag?g%uelﬁt%gt ate of

t echnol ogy, even the nost highly, accurate g& hi ni n rimmng can only

l.aser
achi eve a prdessibke d6rdlegss HIPERA MG BRLE TFH t%e%ﬁ%sste "€t ri nming for
sem conductor mask corrections, it is said that 1 ,u mis the limt, of the
processi ng aceidiasypositisn rasanke tstaipes, 28 WGHEiSE ey 84§c]rﬁ @yavged
processing accuracy of 0.1 a mat the nmass production level. (c) As a
second met hoglorgé-e{-a%aep(QO@MrteOEq@riepﬁédMes‘soof pridc ésBim@gtieni @sn Tor nmasks
for VLSIs and 1 on beam processi ng equi pnent are known at the present tine

as 92 _  equipreph.d ot £aneachi meends Rioeessiilg beabratyedi the order of
subm crons, b $6eh equi pnent is very expensive and furthernore, it takes

much tine to praqcess, one pi€ce o0 i sK)aand. i §...qa I SkryeiR essed

usi ng such edﬁﬂlﬁﬁﬁn’tg ptoﬁéﬂﬁlc?stOpitfm%di%ékﬂ\f’/\éog?édlrgg ggaf%d'hi gh. Atrﬂ(?.lﬁi pr esent
time, therefore, the cost, woul d becone_hi gher than.the retajl. .price of nost
legiti mate digkesyasir fatherakirhBe At Y e R SR ??6F§p2‘!}‘a§nf ‘
meani ngl ess. (d) As described above, with the first ﬂﬁ#h?dﬁhg@t i nvol ves

| aser trinm nghe iduty sradiibf i icumade ol gssothkans St H- & subiWcio ¢uracy, and
therefore, it is difficult to mass produce pirated disks. On the, other

hand, with thgjrecens offeboideustilpdtiei sulderceasespenbiedsi fgll ethb®l ogy such
as Xray exposure, the cost per disk is so high that making pirated disks is

meani ngl ess f @F%QQ”&P eRQliAingdTs tub BavfodesiogdoAgihe, opkicad héddgal
copi es can beﬂ%ggggnt unti | soneggay in the future when | ow cost

e
subm cron processing, - . h fQh, $e fOdUESALIN iBgCigMES practi cal
since practi cal iwﬁ?%ngﬁtgffggg%?g%ﬁ% t%gﬁﬁology will be many years into

the future, production .of pirated disks r i he case of a

two- | ayer di s¥hif I’ir%tcrklé\ﬁ/ E%rftlrgit ?Vm%? %%%@ngefgﬁﬁgﬁé gﬂagg& | ayer as

shown in Figure 33, an illegally duplicated disk canngt. be nuf act ur ed

unl ess the pi {shisnconpi drg b%ﬁ@éﬁfﬁ%%rﬁ? dﬁbﬁSWﬁF%%ﬁﬁgﬁ”§k8ﬂ$acy when

| am nating) and this fnhances the effectiveness -93 in preventing piracy.
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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($) Next) we will describe how the arrangenent angle of the | ow
reflectivity portion on the disk can be specified. In the present

invention, sufficient effectiveness in piracy prevention is provided by the
reflective |ayer |evel nechanism that is, by the low reflective marking
alone. In this case, the prevention is effective even zf the master disk is
a duplicate. However, the effectiveness can be enhanced by conbining it

wi th the piradsackprevention technique at the nmaster disk level. If the
arrangenent angle of the lowreflectivity portion on the disk is specified
as shown in Tabl eIs3guasddiTabhen G0dish I guserted(#) ,stan $302eghhe

manuf acturer woul d have to accurately duplicate even the arrangenent angl e

of each pit ofihg] ssdels Hovkd Diias presdrdbedaticasecd e tlostinoér pirat ed
di sks and hence enhance the capability to deter piracy. (C A further

descr | pti on wi 1, B6-0i ¥eg, Glagkhe BRCEFLi A Rlad S30URE b noRcaf | ect ve

opti cal narki?ﬁf the two-d am nated optical disk) focusing on
bper ating. pr b Aremiietes CassHiann 99 BF ger 460 ehg SR o dos ti on
address nunber) frame number, and Q%_cktn%nbsrt n ;ﬁ&gﬁﬁﬁﬂﬁ%q accurately
with a resol utionHefe, 11T isinof POSHIDLE LQCPRI&F Lig4P
from all 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
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
“gtripes are recorded. In this acca, 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 stgp
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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resolution of 0. 13 ~.¢c min the case of the DVD standard) by using a
conventional player) thereby to accurately neasure the optical mark of the
present invention. Figures 2 0 and 2 1 show the optical mark address
readi ng net hod of Figure 16. Explanation of signals (1),. (2)) (3)) (4),
and (5) in Figures 2 0 and 2 1 will not be given here since the operating

principle is the sa as that sho i n.Fi qure . -Th ar.r espondence

bet ween Fi gur €0nigolupy dH ti ?’r%f?ﬁ?a}tl\g? Fﬁge‘%T ilﬁc(%%laéngg t%thaet g‘é ection
operation for detecting the position of a |low reflecti it¥ portion on a CD,
and Fi gures 2d0fferdnp Kindahotriasre hasisede idding tdeta E)‘%)El))pli S given bel ow.
Figure 16(5) corresponds to Figures 2 0 (1) and 2 1 (1). The reproduced

cl ock signal Pecdridgdréatht(6dn der pbayrsntisch.o Shage $hewstiipesigires 2 0 (5)
and 2 1 (5). Address 603 in Figure 16(7) corresponds to that shown in

Figures 2 0 (Rdca@d2id thd) inneraoet |reah HA4chingmgane medEdyecdhresponds to
that shown in Figures 2 0 (4) and 2 1 (4). Starting clock nunber 605a in

Figure 16(8) I es 0, ogucedic nel o ltPeKomtidaér hedd Figure 2 0
(6. nstean BR{REBERETohcol Then B g chatn Ero e oI el ires 2 0

(7) and 2 1 (7) data is,conpressed using. a. .6-pj rki I . As

i | lustrated, F%@pp&ét%tﬁr(?ﬂn@beeragﬁf%sf? ioz ?ﬁh}lgag% I}ag?l éh@%gsgg?%nhbet ween CD
and DUD. A first - 95 diffex,ence is that a 1-bi% narl:.L er

i dentifier. 6t resubhovinthe nEagurementy gonrectly DErdaees Syt %é‘ﬁti fying
whet her the low reflectivity portion is of the one-layer type or two-I|ayer
type. The twobttween ED twbruetatienpraniirabgnogegr eater anti-piracy effect, as
previ ously described. A second difference is that since the |line recording
density is nearly (b)oRéferesn@amdritgty Figlred 4ilhand €@ odeioddlcl ock is as
short as 0.13 ,u m which increases the resolution for the detection of the
position infoppatiipe ansl chhtso PheYhstRs far owatel liagt theiroaayiefilect .

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 tO whose pulse width is larger than the
pulse width 14T of the sync signal but smaller than the pulse
width t of the barcode signal. This reference value

information t0 and the pulse width TR of the reproduced signal
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Shown in Figure 2 0 is the signal fromthe first layer in a two-|ayer
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 fromthe second

| ayer. To read the second layer, a first/second | ayer switching section 82?
in Figure 15 sends a swtching signal to §¥focuskcoHtroﬂ 3 ctio 828 which
then control sra tomasedrinBngOmBEin®Mesdy 19§ SO tc AER % d&us from t he
first layer to the second layer. FromFigure 2 0) .it is found that the
mark is in adgaéber (than drdrbfereocatvalget He andakargeyntdodMe¥ ng signal (4)
using a counter) it is found that the mark is in frane 4. Fromsignal (5),
the PLL reprogygesh & fekoryunbars 955 dinds suppliéd toptheatemouy ki ng position
data as shown by the signal (6) is obtained. Using this position -96

data) the opt}j [ S eGhawi t IByareéf@sakcationhds 0. 13 f.c m
on a conventﬂ%%g% %%%gﬂﬁngEU%;Enggg. (D) A&ditional matters relating to

t he two-di sk | am nated. optic i i1l ol fyr ipefe des@ritbggg,bel ow. Figure
2 1 shows add™@¥s HEFSPET eFﬁ$%fﬁ§FF%ﬂﬁprﬁ§Pning to the optical marking

formed on the second layer. Since lLaser |ight ra e fyyst and
second IayersﬂﬁﬁﬁbU§hmP§§'§8ﬁ%tHE@i)ﬁ§?dsﬁ °?ﬁ&§%€'%§§%%§s S%Lp (6) in
Figure 7, the nonreflective portion 85 formed on the first reflective

| ayer 802 andheheasmmfetheeresentpdny i 082\ YISF AR S?ﬁéﬁéégﬁ reflective
| ayer 825 are identical in shape. This is depicted in the perspective view
of Figure 4 7yf Bntshe nresart gémeraned dn) bareale stieinesanspaheKR substrate
801 and the second substrate 803 are |am nated together, laser light is

appl i ed penet *,ﬁtpiig,gré QY gh thotidh@agecsind by erthe osyfmer pubse wddtiti cal mark
thereon. In this ase, since coordinate arrangenents of pits are different

bet ween the fjrst.,an econ ers, i t 0ShLI el ati onsh
S4rand.3oggng. havens. @dnsi Sakr! Ren@OThE! A2bds p

bet ween the fi% n ayers i s random when ['am nating t hem

together, the pit po,scjtgeiygg ,S\Ahéﬁféteeﬁ?ﬁ%a’{/—%ﬁ%% fc%g{e& a'i;ﬁ?ddafrchH nt bet ween

the first andS'dd@8n¥ ere osition rnformation is
obt ai ned from each | ayer. These t ki n f..pqasition informati are
encrypted to prlsdutengzer shan -tbﬁrﬁ\éfﬁedwls‘ﬂt% E%Tioc%sitée VOGP EF St ¥ plicate
this disk illegally, the - 97 optical marks_ on thﬁlt“? Iay%rs woul d have
to be alignedbe erroneously judged and detected as Tmax. erefore,” 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 barcede stfipc 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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with a resolution of about 0. 13 ~c m As previously described, at the
present state of technology it is not possible to duplicate the disk by
aligning the optical nmarks with the pits with an accuracy of 0. 13 ,u m
that is, with an accuracy of the order of 0.1 a m but there is a
possibility that nmass production technol ogy may be commercial ly inpl enented
in the future that enables large quantities of single-layer disks to be
trimmed with compaoedssi agcapeut g yneons B4z with iy dwldost 2 Even in that
case) since the top and bottom di sks are trimed sinultaneously in the case
of the two-| aysforyandanat 886adi 4k HOQ, Toire awstmbbeksulmesocherd antinat ed
together with the pit locations and optical nmarks aligned with an accuracy

of a few m crans ntPWRY ehe nietmokﬁ nextplazednppd®i bl e to | aminate the disks
with this accuracy because of the tenperature coefficient, etc. of the

pol ycar bonat e subsf r.at:e. n th58bd kse wadehf oried by 1@ppl o g | aser
| i ght penetrating§§ﬂﬁgggﬁ¥$ﬁetﬁﬁ&*ﬁgyég%gisi 800, the resulting anti-piracy

mark is extrenely difficuli, te dupli } S, provj des reat er
anti - pi racy g€dt 2DoHise Blbltliec imrélilgkﬁi?\%ﬁ:r? gnl"g bt - pflls?f;l%cyl;ésrrlglctﬁa%?sm is thus
conpl eted. For piracy prevention applicatipns) i,n,_cas I he di sk
process and |duebareddeppbedds a?@mdng%@&r 58? Oéléli:horiﬁi‘ %Ig@bl%oﬁst he
single-plate type) the encryption process, which js an integral part of the
| aser cut prosEssatigfied sinceptbedwscode ipbves wiidghat slescﬁg‘t’aye‘h&’r” t&on key
have to be performed at the di sk manufacturing factot%. This means that in
®r

the case of t{inSTRN.e- That €4 ypleertehés secpess dridiyptoforrkeyeonsint ai ned in
t he software conpany have to be delivered to the di sk nanufacturing

factory. This; ! THEAt Y TRér<agEy pilicanth@Trihe ot her
Hgfg?ggt% Ua?gb'ﬁ&;?u‘l?@ e r

hand) accor di e net i nvol ving | aser processing of

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 baréode, 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 cptical 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 method for playing back the optical disk of
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| am nat ed di sks, which constitutes one aspect of the invention, the |aser
trimm ng process can be conpletely separated fromthe di sk manufacturing
process. Therefore, laser trinmng and encryption operations can be
performed at a factory of the software nmaker. Since the secret encryption
key that the software maker keeps need not be delivered to the disk

manuf acturing factory, the secret key for encryption can be kept in the
saf e custody t0f phesenef entrddmemkerill Thd slegeridekyvi tic refeeancento security of
encryption. (E) As described above, in the present invention) a legitimte

manuf act ur er P‘igﬂ palgg agh egitki nate disde Bid preeord silagbhble mitheédusi ng a
gener al - pur pos faser trimm ng apparatus having a processing accuracy of

several tens Ofrgg}ﬁé: t%?sd STJ}QUgH' BRI bR BEAUH AGY a0take Berd Mis

required) thi achieved by conventional circuitry contained in a

DVD pl . B ' : | |
ncrypLi on keFeck TEGONEL AR ek S r e P s, Bl 7 56 i

the legitimte nmanufacturer need only haye a secret key and a measuring
appar at us Wi tﬂiaabﬁ%%ﬁh?é 1§c€%%?&"9eéfmg.%l 3 Cash w%ﬁel g\é?ﬁ%lq\gequi red
processing accuracy is two or three oxders of magnitude |lower, that is,
several tens ocwhtmkreansbe Terdoneeths that a convectional |aser processing
apparatus can be used. On the other hand) an illegal manufacturer) who does
not have a secretpkeahe Wahd thayetHat the eptligalcbpygd tisemened ot 8tk i nf or mati on
recorded on the legitimate disk. This means that a physical mark

Icﬁ][ g?ﬁg??gi]ngﬁhgﬁéﬁlfteﬁﬁﬁrcﬁjttﬁg POk §h oseepRf PF0RBLOM30Chat Higuréhe position
gitimate disk, nmust be formed with a processing
accqracy of (§I,1§hé“ﬁ%dg]sg¥¥%% 5@3 ghgﬁnlfHNFigure 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 will 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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reflective mark has to be forned using a processing apparatus having a
processi ng accuracy two orders of nagnitude higher than that of the
processi ng apparatus used by the legitimte manufacturer. Vol une production
wi th an accuracy higher by two orders of magnitude) i.e., with an i af .(;
til"RCy to fr. i aD, i ~u7i -i.~~Ixl i. ~"it~~ ~ _.No:l~r~i r,a] 1ly
any economcally, even in the foreseeable future. Th&s n¥fn3qfhat
product i on ofmgnsa9éd dhdkat dha H@eptBtenbEd dIENAl 118 £1¢ d%f the DVD
standard. One point of the invention is to exploit the fact that the
measuring accsyeeyon Segeaerd2, yetr.f enhermde sswtchadfnt tisd&WHiGIREr t han t he
processi ng accuracy. In the case of CLV, the above nethod exploits the fact
that the addrgss ¢epnditadtsh ahhangemensl diotiéers from one - 100 mast er
disk to another) as previously noted. Figure 4 8 shows the result of the

measurement of addfefs, LOFALIANSAAR BGALAYL F3%, GEDetaityl 1dere are two
e

types of master disk) one recor y rotating a notor at a constant

rotational speed, i,.e.,,wWth a.const gul ar. . e i t and the

ot her recor depP eiio"ioattihﬁgp& &ilg%arﬁwf?ﬁ&'aﬁ%oﬁé é:r?g 1‘?%%5’? égﬁ;@ccikty (CLV). In
the case of a CAV disk, sincg a |Qgical addre %s Igca%ed on a

predet er mi nedextrgatng F68ns i WA onlHend TBILARFY tHe G oBi tHiStaddress and its
physi cal angul ar position on the disk are exactly the, sa no matter how
many master dbsdidlater ®6Beandthehiregupeey Hanel 4 rlfe%‘édl&fgg of a CLV di sk,
since only the linear velocity is controlled, the angular position of the

| ogi cal addr eggn@RohlatiBat Signdil skrd gonpakdmin As féaat biarequercy r om t he
result of the measurenent of |ogical address |ocations on actual CDs in

Figure 4 8, the trackingspi PrdreROE iknahd s fagato tabomitoy vary
slightly fron?ﬂwg%ggég igk %@2% ?% eggcttlykthe sanme data is rcorded using

the same; masiQiring, _ .appasat g r Chiael @k ephysesul ting in
di ff er ent phyngﬁﬂgFHEH%igﬁg. ﬁﬁéﬁ%g%Fé&iiﬁfgéﬁghﬁgggt|ons of each | ogi cal
address on a first master disk i,ndi cat ed by ite cirgl and the

| ocations on ewkaied. arftPCaHp? &fnggfé?haé?s?(%“eﬁpg ?m?‘éai’g% Slc)iggﬁ’ack circles
and triangles, respectively. As can be_ seen, the phxaggg! locations of the
| ogi cal addr edsts syachrardehd tiondhe neynehserizagi ek 1€ B fRire 17 - 101

played back. If the optical head were moved to the barcode
stripe area by rotation phase control, without switching
betweeﬁ 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 contrel 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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shows the low reflectivity portion address tables for a legitimte disk and
an illegally duplicated disk for conparison. The nmethod of piracy
prevention at the naster disk |evel has been described above. This is) when
master disks of CLV recording) such as a CD or DVD, are nmade fromthe sane
| 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 master disks, that
is, between tRCIPEYPRi mate di sk and pirated disk. This method distinguishes
a pirated disk froma legitimte diskhb .takin adv%Ftagekg{ &his
characteristic. Thee mecary pegbask meRNAEIAndt JGPTAICE NE MEEY &F di sk | evel
can prevent pirated disks at the logic |evel nade by sinply copying data
only fromthetHeditstatlaybickk metlmgdever, recent years have seen the
energence of pirate manufacturers equi pped with nore advanced technol ogi es)
who can nmeke a maghes Peskfi@nlycahedentstcalaymcphysiiod ifeature to a

l egitimate disk by nelting the pol ycabonate substrate of the legitimte

di sk. I'n this_ casq) | VEBh{ Qa1 met Slodnakhidhe anastipe di sk | evel
IS defeated.'$3§%?eggﬁﬁlgk#§£§gggﬁkregt of pirated di sk production, the

et T octi ve. | BFASeRBR OGS ol AL MRk oy e AR o P ect i v

marking is formed on a reflective film
According to the nethod of the present invention, the ' is formed on
each di sk pretsankingoif &0feai #G@Ii@k,tke Si@3pe arg@eﬂnignrn%éfﬁs%g are pressed
fromthe master disk, by renoving a portion of the reflective filmin the
reflective fifnell ofnetisonype,0désbakesstame é@udts,tltnﬁélé'béie@ww &nd shape of
the resulting low reflective marking is different fromone disk to another.
In a usual pl‘?@leﬁ)%, httdra Depdllyoformedsei he diskpandian liyregave t he
reflective fi n1mjtﬁ an accuracy of subm crons. This serves to enhance the

ef f ect i veness L i freygldingy Wbt GRid 6R dendesidunirtaet.i nghenefodesk of the
justify the cost.
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 absence of stripes or
whether the stripes are recorded in the inner portion of the
optical 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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Figure 1 9 shows a flowhart for detecting a duplicated CD by using the | ow
reflectivity portion address table. The delay tine 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 tinme TD
circuit can be predicted at the design stage or at the tinme of mass
production. The optical mark position information &s_qhtagjn by measuri ng
the number of cl oékshher REESAN, TRt Pre, 25F SRIHT A8 llf‘]r%r g?/’ngcﬁlreoni zi ng

signal. Due to the --. effect of the circui{ elay ti a rror may be
caused to detmmited] diata oécardedopt ithal COREER ﬁgi§iat PEAR P oP et on. As a
result, a legitimte disk may be erroneously judged as being a pirated
di sk, inconveglitgaal ndisk tegidingna €CAsetripd peesnce/aksengduce the effect of
the circuit delay time TD will be described bel ow. Further, a scratch nade

on a disk aftgf,RYFEdlass 7By srasgasAn piv et gnglt.i ofhérefolre, rpr oduced - 103
clack signal, causing an error of a few clocks in the neasurenent of the

optical mark osliCt %%‘e@]ﬁ;%ﬂ?ﬁiﬁ%ﬂw@ gﬁ%&@ﬁ%mi,st@ré?pbﬁﬁér arkel erance 866

and a pass c 8 guré , are recorded on a disk) and

while allowing a certain degr of ., tolerance, 0 a %

according to ¥ ea'élf“haﬂonﬁ?ﬂéﬁgﬁnlsatref:?ng[et%i meAnod;1 t?‘ggr%@uéwgﬁl ?%1%{?
reproduction operation is permtted when the pass count 867 Lﬁ reached the
margi n al | owenbvesr iawarsilyojurniagt aL9S§ud fPAEER Yapght]fﬂ?ktgh’énﬂi sk can be
controlled by the copyright owner prior to the shipnment of the disk. This
Wil be descridehingtthe ebetmricdato aFegutd. 1 And itheri Husdep B0at he disk is
reproduced in step 865a to recover the encrypted position information from

the barcode rggolcdhath Poakhofs @llapid baekor ditngampahtis dre ehetload present
invention. In step 865b, decryption or signature verification is perforned,

and in step 8@§%g§%tpﬁg%$gﬁ%¥92&88%e H&d ReShb.on Tienf o rkpodubs recovered.

Next) if the reproduction circuit is stored in the

circuit delay tinme storing section 60 | ot ro j par at us of
Figure 15) TDUh& St&ape cﬂ;@%pp]c%}tabse%ﬁaglﬁﬁftlﬁg i:)sregéeglgé: rrgg%%gs to step

865x. If TD is not stored in_the reproduction aratus, or
measur ement | psecegdsi bh Stepr MY dedigdlate rotaFon pﬁase controf fBr

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 heing plavad 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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the di sk, the process proceeds to step 865d to enter a reference delay tine
measurenment routine. When address Ns-1 is detected, the start position of
the next address Ns is - 104 found. The frame synchroni zi ng signal and
t he reproduced clock are counted, and in step 865f, the reference opti cal
mark is detected. In step 865g, the circuit delay time TD is nmeasured and

stored. This operation is the sane t he operatjon, t.o be described | ater
with referenGHDEQS$H§@ﬁée@%G?)$t$h9§§%pW§8§§thh mgbfﬁcgﬁwﬁgﬁﬁ | ocat ed
inside address Nmis neasured. In steps 865i, 865|, 86§k, and 8fi 5m the
optical nmark thesstiigre anéor¥8t imrihiesitrare 80%d OB 9%1 ther 853 u@Bnibf one
clock unit, as in steps 865d, 865y, 865f) and 865y. Next, in step 865n) a
pirated di sk giepesaddn theudnmeol siodat b ewiteiadsto rHtatépraluispeddl ay time TD
is corrected. In step 865p, the tolerance 866, i. e. , tA and pass count

867 recorded op-HE & ?Kay amcRNew sit i fes0028 2 th, CAl eotetibrt o Eheck whet her
or not the position information neasured in step 865g falls wthin the

t ol erance tA'tgllef Pﬁ%ﬁo@{%gi%éfoiﬁ‘g} d AnSé&p G6&,, thEenn Btep YA0865s it is

checked wheth _ count has reached the pass count. If the
i k. and  eprSRUEER B Y Bogerh Y e e R Y At RaE e Fhagf B ol Sy Vet -
the for CLV playback and the optical head is moved 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 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 level remains unchanged if tracking is set OFF.
Thersfore, -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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process returns to step 865z. If the result is NOin step 865r, then it is
checked in step 865f whether the error detection count is snmaller than NA
and only when the result is OK the process returns to step 865s. If it is
not OK) then in step 865v the disk is judged as being an illegal - 105

di sk and the operation is stopped. As described, since the circuit del ay
time TD of the reproduction apparatus is stor g in the | C optical mark
posi tion i nf areldebbn icabhdeaspt &l r@eéowlteﬁsﬁ?%f Xée?i)té@@ r%’i&.}ﬂ Furt her nor e,
by setting the tolerance 866 and pass count for the software on each disk,
the criteria f@orpisgatedtidi predeitednientioan dacehtliyedrapevbrdeng to the
actual condition to allow for a scratch made on the di sk after purchase.

This has the Fgfo?géd Yenk EAHGNBOt Kt ghr sieabefidat ivé £ilmegon ibvahe di sk bei ng
erroneously judged as an i1llegal disk. As described in the above node of

enbodi ment, the, i 1 acy pLeveRL of B! badcah dfieat s Iickbne draer | evel

fornms a physi%%ﬂ he pre-pit area of the reflective filmon the

di sk, instead of the prevyijousl ractic p ical RKi t he master
di sk |evel . Pillatewe esﬁléﬁ' Sdubhs ofts ane[?‘ﬁug%/‘%é’%gr%{b%r?tléegga vtedn if the disk

is duplicated at the master disk 1 le

el In, the above .nodg of enbodi nent, a
new opti cal - dyastk fé@brﬁi?n@ew&ﬁs%@&sogs@d’ ah%ﬁ %ﬁe?k?%eﬁﬂ’ggsﬁ'beondary recordi ng

on a two-disk lamnated optical disk by using a laser. In the first step,
physi cal mar kstnipeerawardens idef ddendd) ienP48nanhdyspbardss @‘1‘3‘ thae physi cal
mar ks were neasured with a neasuring accuracy as high as 0. 13 ~~ m In the

third step, thgid iROgd ireversef airadtion wirs eewtipgt the stdjpesi nghe he
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 Figufe 30, a 300—-um 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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- 106 secondary recordi ng neans) the encrypted information was recorded

as a barcode on the optical disk with an accuracy of several tens of

m crons whi ch was the usual processing accuracy. In this way, optical nmark

position informati on was obtained with an accuracy of) for exanple, 0.1 ,u

m rnuch hi gher than the processing accuracy of a conventional apparatus.

Si nce such optical marks cannot be fornmed with the accuracy of 0.1 ,u m by

usi ng conmmer cialaliy ajyl abl e equi pment, production of pirated disks can be

prevented. In the above node of enbodi nent, the position information of the

ant - pi racy mark gl g het auanti b vl kst ({18 Sofsiom aBes dirsh to anot her,

was used as a dis den e position Information and the disk. seria

nunber) i. e. ., the disk, ID, e qombi ned n rypted with a
digital signatiifr 8Ut¢e ptoﬁﬁkonerc?%’re@bet @éSlf’np%‘Fn%qqggéw\?{aesa%cg?lg%ft ed into a
barcode and witten in overwiting fashiqon to.the res%rLbed ﬁe ion of the
pre-pit area,inwagdlnpp@adng GeapsumaPteradity o k¢ LotLhdifagnt® . since
each conpleted disk has a different ID, the password is also different. The
password fox-theneonisK dets ames %36 k bn sompetasdisskidie Patkcadnhadtes password
security. Furthernore, using the secondary recording technique of the

i nvention, thgywasswsied pastsehondiatyndcionr datron ddtm direk,93per manent |y
mal ti ng the disk an operable disk. The first-half part (1) has dealt mainly

with one - loFandiaélgpoc' ,CB4iQRnPahef tharBascade ddnteba. ddtat he barcode is
-al's

used for a pirate kK prevention nethod. In this case, as shown in Figure

2, the bar coder(#'st r‘gtpgﬁéﬁﬁfﬁ% -i§§ﬁgr§;&a a4 t%neglv Si ng.eootrl?scri bed regi on

(stripe area)z1 th area t ore, t trac I's. "disturbed in
that prescribed region. Jf a markin 84 by | r lightiigs fornmed in the
prescri bed réﬁt@ﬁeﬂhéFbt%%énﬁﬁFde@gm§§%@C§8%giﬁ s° 58}d%5? as shown in
Figure 2) it beconmes difficult to accurately neasurge the address/clock
position of tareamathe wgtidal dead dvitlhi kossr obF a1 PPSItHONSHLIGS AR Fi gure 39)
the marking 941 is fornmed in a pit area 94la at a radius position different
fromthe radiatklrpesidanant die pheyet baple iar dhe FLdaareshd98osiltion of the
mar ki ng 941 can be neasured stably with an accuracy of one cl ock, as shown

in Figure 20 {i), F&éomchasmgdieikld eet caitrbei tie abticdlohkddntify pirated
di sks nore stably. In this case) by formi ng a pinhole marking destroying

cnl - @ few Ul -ackziorgifgh), wen R phavd-bhad $ea-withok widthl . Jor ~—-vr s
can be mnimzed but piracy prevention can be acconplished within the scope

the guar d- bandPl% ok i, SEERte B drg®i R K0 & WY and aren oge |
o aLns 10 a3 S b LTIh LA ab Rl rRES BB A gl g Suet e

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

....70_



The optical disk of the invention has a structure such that a reflective
filmis sandwi ched directly or indirectly between tw nenbers resistant to
| aser light and a marking is formed by | aser on the reflective film The
above node of enbodi ment has dealt with exanples in which this structure is
used for secondary recording of a barcode) etc. and a piracy prevention
technique, but it will be appreciated that such a structure nmay al so be
applied to otfeordachfigeesstrincs lm abowdinpdalisk, eadsddisgit) the optica

di sk of the invention has been described as being fabricated by | am nating

two substratesgrwhbd @ Béhesiovéed ayenniepeypasedcotrdeper eenof However, the
adhesi ve |l ayer may be omitted) or instead) a nenber nmade of a different a

material, suq%,agr@a.pr ehectird® lessited SV pHE W3tdbe triedlriad> tanys sui tabl e
structure may be used as long as the reflective filmis sandw ched directly

Che above . the" FUESY dobofTRRRER Sy SRy HATRAG OB ELy welBhded LN "

sk ;if the inve~~t .iy~~ |~"~:; been_.described C ri sing substrates as
the members tH&APES 29 ke eacoldt fePhet T 1R otwﬁip 1f(jrﬁ;p'?‘bers such as

protective |ayers may be used; that is, any_nenher tiﬁ?,hagg;e i stance to
| aser |ight rompfbguraidan, Athegests ifdeat sedcof fitHdPeED 4ve 19rEdEREY i nventi on,
si nce

recorded by trimming, as shown in Figure 30, the capacity of
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 sfripes 923 and the second set of stripes 938; this
"gerves to prevent the previcusly 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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an | D unique to each individual disk, for exanple, is converted into a
barcode and witten in overwiting fashion - 109 to an ordinary pit
area, both the pit data and barcode data can be read by using the sane
optical pickup. This has the effect of sinplifying the construction of the
pl ayback apparatus, for exanple. Furthernore) by barcodi ng the marking

position informatio or use as di.sk- Upi que: t: i nvention provides a
greatly inpr&VEWPEH lgééeld" Eilglkreaﬁg %‘%‘ﬂglr H?#%gﬁ&dsgépﬁ%ati on prevention
capability as conpared to the prio rt, A piracy .preventi echni que of
the prior art, f ln@iéﬂpﬁé? QH&N09LH%§CHéWH§ﬁdt%§9 hglﬁ%g?gp% y arranged
pits in serpentine fashion when maki ng a disk nold. Such a prior art nethod
i s not effectiiyk tefepenaxytopFigumet #&n, since a pirated disk can be easily
made by exactly replicating the nold shape froma legitimte optical disk

On the ot her handy,cacers diutg tatithef prhesettipenventheonptsialcdishe marking is
formed on the reflective filmby a |laser and its position information is

coded as a b de r'?@g abgVigy, t Anosententestofradkéng caamot be made
to coi ncide %ﬁég H%k?ﬁ%qgﬁ%ir egal duplication. The above-described effect

's thus accc”§%|h§{5¥%ined in the stripe area, as shown in Figure 32.

Therefore, the address information in the address area 944
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 control 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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| NDUSTRI AL UTI LI ZATI ON PGSSI BI LI TY As descri bed above for exanple 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 - 110 - 111 disk, all or part of a barcode is witten in
overwriting fashion by selectively renoving a reflective filmin said

prescri-bed region, and when p|ayin k the disk b r 0 tion
appar at us, theepadfodéodeqvd & %(E%?B$§3@65bﬂ@@r§§V%éﬂgﬂé%§%th%pticaI

pi ckup. 5 Throughout this specification and the clain§ which follow, unless
the conte: ct pEAqetrigmsot hEf wnsaddress car Be 'miawpe i RaoK THAH AaPPRYY ons such
as "conprises" and "conprising”, wll be understood to inphﬁpthe i ncl usi on

of a stated igyQ96f oFf thé ACACEr @ dappaftiont kge p¥e BT igEEps not the
excl usion of ‘any other integer or step or group of integers or steps. -

11?7 WHAT IS | : optdral7elivileren balsedhordatha addmessor ded,
Qkéeggﬁﬁggé?ggﬁgn o#psaid disk, an identifier is provided for

wherein in albrescn
i ndi cating whet her a harcode-| | [ ESBRbcOTo@b £heon said optical
disk, saidid PPFE?Hahawgéﬁdh é?ggé§§ﬁﬁgg£nark are in respectively
different |locations on sajd disk, said bhar erli Kogh sp dina

ci rcunf er ent i 2ddr@iss e@tﬁao?ﬁh%}'ﬁd?tglﬁe& paf 588§€qjqdl-{e ﬁr%ﬁa@?’n@ gﬁ% urality of
bars, each of said bars extending}in a radial %%rgq%iog. 2t.An optical disk
accordi ng to glesencd,ombbserioe ohd’(@f SERIRESHAT LNREEES | fett 16 reflecti vi ty
than an average reflectivity of an area betVVeen said one oféaaid bars and

anot her of Saﬁﬁvﬁarﬁhaﬁthéﬂ“e apti oalPCdi skeipepr dd@cPFRESEpPEPEREES for use
with a disk on ich data is recorded, wherein in a prescribed region of

said di sk, any{ dagpiddmr chSeyf e¥i fied hOPCH Stagan e wostthel datbar code- | ke
mark- is present or not on said optical disk, said identifier

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

conirol and the optical head iz 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
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15 and sai d barcode-like mark are in respectively different |ocations on
sai d di sk, said barcode-like mark disposed in a circunferential direction
and said barcode-like mark having a plurality of bars, Pach of said bars
extending in a radial direction, said apparatus conprising: . reproduction
means for reproducing said barcode-like mark on said optical disk; 20
identifier detectipn ans for. i ing said identifier on said optica

di sk, and cont Iaﬁﬁhﬁg ‘%Wré@ﬁfﬁéfﬁﬁﬁg a prescribed operation based on
said identifier detected by sajd identifiger. detegtiaon ans..4. An optical
di sk reproduct i on{@ppFarat.uFapeastYr ttSC@P’aﬁ“ﬁFS{::O%@Pg%?niépé reproducti on
means i ncludes an optical head for performn reproguction. 2~ 5. An
optical di sk thepbarhodei veccadpag artbododdl dhgeser desi m 3, wherein an

i ndi cation of absence of said mark is output. )

CA A9. A Aa. A . Aa. In AlNeAfagdl bFf At bETr dode. Aeoralling. method Apyeviaus by

& AU. Al . A& A'y. AFnL. A. A[ . AFU. AFL. A9&. Al . AH. AA9. A. AYus. A. A. A% A& A3a. A& A9. A

A ex é‘a'ned ith reference to Figure 28, the minimum emitting-
.. AA. AA A A9L.,R %\ CA{?. AsR Ae.A.,.A . ARAS RAse.Ae. AYARAURARA 'Yy

.A?. AFKR. A R_A4LL2. A, A9%. AS. A " & 1A CACAY. AL LA LA
2. Ada, . A3. Ay SRR ATE € e e (WA LA FbT Pl
}Cgfgjaf'gﬁ} gg} gr;;ggi gj;}ngg}eggdgg%g@g%ﬂ?ﬁg Gal cahgpbgalakeat cakepleal cal cal cal
" HRu${i cKr YAR| wr mhc” ,
] ca] o8] oAUl ¢ trpaup] 0d) s dap0a] CANCHSaTe CaN RGEErGe g o e
I'1""}xsnid_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca! cal ca!g‘g&] ca)J calcalca]calc
a] ca] ca] ca] cajasabgalzakcedc dkcrdamalied! per” secord] $ (BREM ) n) "rurr +
++++-
- xent d Zideak ool oa) opd eabaclabratahcrimabend.cal aidimpoa) cal cal cal cal
cal ca]ca]ca] ca]JcaJca] calJcalcalcalcalca!--}..1/L///1000122\ 223) 334?4444b6667X
777#8u88 nid. aj C ca] ca] ca] ca
cal caijca% )é:t] Legfﬁ}ﬁgj]pgg%ga p%g]}lgg}ogg]zga%%g]!l g%ﬂv@@ﬁg]ﬂ@]é gl;lé:c’phqgé Joal cal cal
; Re<<<(==>>w?? @A\t ABBCXCCDDo gl
] ca] ca]( ca] ca]@RPEAL ) Pﬁf{:%fﬂ?% Lil]rllcgf%gdi @g}@g}m%g]‘%a h(ég} gg‘% ga gg% ([:)?)]EEI%]GigDF?
L] ol ol ol Craipaal SaNe callsen sy caabror o 2 itk 8l S hghg 2l cal cal cal
aJ ca] ca] ca] ca] ca] ca] ca] ca! 1PPPPVQZRR SFSSS i
T*TU U, Uy UUUVRAIN W AN Xaoerypfyvthes shme Zrpaugney] é8)wsede af keaembes] ca) ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]cal YY:ZZZ][]
[1Vq\\t]1]\ "3 ¢F bab&¥ds bars that can be recorded per second can be '
cghhij @ kPkmm4s<s} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] c@g@ﬁg &%],CB;\} Galisa] gl badk et errc3 ks 2941 s thasutixxx| 8~@~%
_ a

gtL % &7} xsni caj ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

| -
821(2:2]83 3@% i‘g‘]ﬁrﬁgﬁﬁé %%}iﬁg‘}rggg%tgg}r@a gg}% Eg %a(]pgg?%sas]lggl Eaziﬁtga] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] gg‘%@g cg],pa] caljcalcalcalca!"VB|-jv!I[w\dL}xsnid _Z]]ca]ca]

‘ca] ca] ca] ca] ca]¥cd] ]®¢a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
| OhQ <w7?2¢cF* j d .
T o] ool oh] bl o] CAPoRRAP LA AF cATioMy Cal A} L ed] BATTACR] ca] cal | Vovin 5] x
id_Z ’ J

2] ca] ob] ca] cafrpeabe s aF CAALh ARIPENGIR| Gopotia pehcat CAPEa] ca cal cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caﬂ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca]c
a]cal,i PCKG .981 will be described below with reference to Figure 29,

2G xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca]an] cal ca] ca]
ca] ca] ca] ca] CPJ&.%BE%] saldG af erdneag cirlom the Tonfiguration of Figure 28.

"*F&ZOPF{ 0} V} xsnid_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca
] ca] ca] ca] ca] ca] cqp}lgag B?f}i?]tﬁﬁ]g%ﬁl cadERidc at ofeanSyedubt8+aptical. ./ Q///, 0

aJcalc

0001: 1' 2} xsnid_Z]]ca]calc a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
. |1 2} P .
iiL(Ei]:g?Lfﬂﬁ&@%@%ﬁ%@%&%@h?ge_dzf’]‘ (g:}gfagg]zggﬁcctal]ogaﬁ 1ng]a(1:a] ca] cal ca]
I § KKKK
KM NEMANPPGE Y OSURRE TE LD HOy SRV AN AT oo S A e AT Bl caf ca] ca cal
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]cal W
W XdXXXYGZ[ [\] G z] ]~ 5abbb/ ddof f f 4h<hj Bj Ck~kkk} xsni d_Z] ] ca] ca] ca] ca] ca]ca]c

aJ cal cal ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcalcalcalcalc
a] cal kk% cl Il nGrmmmgaqr 3r - 74 -



s<sDsRssssbt t uuvvvvvvww} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] cal wx7xrx|xJ||]||}}"~R
PRU }xsnid_Z]]ca] ca] ca]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Y0>z~S?xU] } xsni d_Z]] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calca
] ca] ca! "UOD{ #2f DyFl , h} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] caLca] cal ca] ca] ca] ca]ca
] ca] ca] ca] calheahc@daajhad ctﬂl]ecd@f:]aa]mté@mes]i@a@bai]scﬁglcal]}@a. can ks W CWI<dnP} xsni
d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca]ca] ca]ca]ca]calc
a] ca] ca] ca] calgatra ¢al erd Gab-bwkm OB 8eRich) ks madsd] Juhapuel) cajsult ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
1Y f NSnpx*+| 0 14 A i || c@lbed ¢é] edl]lga] ca] ca] ca] ca
C?’:l] cal ga] C!’:l] %ﬂg?/c%:ﬁ% cg] f::Ga cllﬁs}a Cg}@%%;iégg%%g] gg] c!alé!'bj@][cH} %( J]B%a]Q. d% XSLi d]_Z] }

cal cal cal cal cal cgl calgal calakeal tabeian s abarl e ahan] oal cal cal cal cal

ca] ca] ca] ca]

7>FH , cCWI }xsni d_Z] ] ca]cal.calcalc al cal.ca a al.cal]calcal cal ca
;j| ca] ca] ca] ca%r@ﬁpééﬂ Qf!al}iéé] cg} cé} cﬂ}ecg}gg‘%cgé%’% 1@%&3%%\(@?@\&(%%' ]d_Z} ] CL] CL] c
a] ca) ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca]cal¢ caH C%Lca] cal calca]ca]calc
a] ca] ca] ca] cahoah jrQFigure 29(b), in response to which the beam
A~59T(bE=>}xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cagy(;a] calcalca]calc
a] ca] ca] ca] cajegakcedic 9Bt agwiakhes ctlec hdam toat aisub+bpam 86 xkmi d_z] ] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca] ca] ca] GalhPidrktPipe at the position of the sub-stripe 934. In
[fR}xsnid_Z]]ca]ca]ca] ca?ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

] ca] ca] ca] Ca]tglg}gcﬁ% Ca%fﬁ%p%@] 98dLahRYIbli M for 07, and a

g w.mhc”™Y] ca] ca] caJ taJ caJca] ca] ca] ca] ca] ca] cal] ca] ca] ca] caV]ca] ca]ca]ca]c
a I N CAN .
QL?SL(zzoa/g ﬁ% ig{:;;%;ﬁ%% gg% g‘;} gg%%%h(%aix cla{] 83} tcaﬁbgél] ac% cfg r(1:1%1(1i coél] gg‘f calca]ca]c

a] ca] ca] ca] ca) ca] ca] ca] ¢a] calca] cal.ca] cal ca! FRA* r

! ]<! | var m]m"]Y] ']S(‘SL] c Pé!ﬁl‘]%gaf]lggfg?]&f)eg] %Jé‘féai Cﬁsggfx%@]sﬁeaﬁg% Ocr:lr}tfca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]cajcal <IH {11 7"t"" §$$7%T?/W&S&’\&&&A) ) **d*+
L@y, ,, *-i---Bexpmbducdd ed] bejecapEajcdalbajdc Apeat] WAtRa3 APAUES] ca] ca] ca] cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]cal-".\,z../QMOp1]111)2¢c2223B33
33' 464445155508 F¥6kh3 X seaatgd dhcthe sohtidural ter) o] Eaguns] €8] €3l €8] ca] cal ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! k6667S7*777" 8

9>9{ 99996: p: :sed. <<Kf other words, when a laser of the same frequency is
=G===>>@ @3 xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca]j aﬁeg] %ﬂ&,@]tﬁ@] %i&@k Cedrc 8k CRJr@al @B twice the clock

BDEFGGEX®Hs H [TT4IJmIJIK] KKK5LgLLLL7M xsni d_Z] ] ca] ca] ca] ca]ca]ca]ca]calc

L7

EN AN N OREEAP) BEOCH O g Rtk ST T ThD) fon d. 21 ca] ca] ca] ca] ca]
2] al cal NOANGRRANK WA Ry ERGEHOASIAR, FoRU P LTRER e o 211 oa] ] ca] ca]
ca] cal cal caJaBSt otk (DelebrgHr™( S R0bg C ) (b ) Sonbom ()
| 109%& ()-9a?! k 9*Z" 10%& ()-!S9*Z" 10%& () - ,
(10%r& () -y, &3 Pehton) z41ibavedde ShowGLOvdTREYL- 34bdyifermabmuibable
10M>S10%1& () - L910%1& ()-G 710%& () - 3510%1& ()- 210%1& ()-
7i r dBYNC! |~ #18% oo hwf£hl 0880 dinBeAaMR1 (9d witbome feyense 1ORIgYL109& ()-rD
aBYNC! S3" 109%&' () - Sni 109%&' ()- fL$109%& ()-!(910%& ()-f10%& ()-fZ"109%& () -

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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ZX9YNCS- 10%&' ()-!| (@10%& ()- 'l (@10%& ()-
?ﬁﬁ‘gi‘ﬁfé‘;@;% (1)-! @t "109& ()-LY" 10%& ()-' w
'109%& () -, f510%& ()-S310%&' ()-9@s$10%& () - (), 1" '

-Ru_@: 109&Z& ()-"110%6S& () - 10 10 10@()10%%2?)-L3: m() @yI0%& -, 17 10% )
109& () - S8Y" 10%& ()-${i aB_@BLOYZ& () - ymlOWZ& () -! #10%& ()-yIMLOYZ& () -
T 1090 () - S VBLOYEL yuntbBaah Greend 3 Spases (NOPER ¢, vses

-s e ((Jun aQg -1z ssuapgge {(HU d '()-!fs*
g)fcj/%g/()z:&f,(glo%%(é“- 3@L$| "109&Z& ()-QL';éilO‘VZ&' @-s 5@, F1thea ()-1fst

. Y()-° 3FA0ERE (DvedEi a0uRd i byrasayy 109gs (jhigsa () -

&'();S,I/Y' 109Z& () -r)*+, -bCl 2" 10% & ()-g%% & () - 102(1}102 18%?%& 0 180100/(2
Y" 10 /g& ()- 9Y-ﬁ%J)Aq%g%{l(afe§8£t1@%€&h&t)ur§gﬂcﬁb€hyGr'em%agemlained
262348601 1 3" 10M& ()2 @109 & ()11 5 10M& (). SSVBLON & ()2

! ‘() - & ()-f % & ()- () - ' '
g2z saBhO 13" RO (L Q10N (§) z 10% & ()-sSMp10% & ()- !1& 109\ E\ & () -

First, to achieve the switch recording of Figure 29,
provisions must be made so that two or more pulses will not
occur within one time slot, that is, within IT interval.
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 IT, in
which case the switch recording of the invention is not
possible. To address this problem, the invention employs,
for example, the bit pattern “01000110” 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 71”7 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 factor
of 2.

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

will be given of a playback apparatus for playing back the
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L*:110% & ()-y(G'10% & ()-f#Z"10% & ()-4sY"'MB10% & ()-f 10% & () -
!!A?bC!y710%&'()-!y3G‘10%\&'()-!‘8210%’2\2\&'()-yO(G)'lo%&'()-() ‘
f6?3?36§b22i¥5i0%9%?§7g)k&"""""""'#UV7f| 10%& ()- G 10%& ()- 109%& ()-
I s3: MBL1O%\ (\ & () - S8L0% & () -' ##* Uho
@O0%: ()-yl0% ()-ysZ"109%& () - 0 0 Sl sshvaEVTT

510%& ()-L10% ()-Z"10% () - h9BeR&’4" " aBu [#2°10% 109

| 10%&*() f 1094 x(0pd@L0sGIrpd s8R BO%ED (ipal yn‘) eWﬁW%’W‘?%B% ()/&yg) zl@?)%&' (
) -1 9% S10%& () - S(10%& ()-y' Z10%&! ()-lf#Z 10%&( )-n) " *ur*' +++aBuV7s3: F
109&’ () - y8Z" 1D dekcy B ibA%eL (1) ay S5A0LOBEN product1v1ty increases.

S310%&' ()-!° 0" $10%& () - ++++++- -t-bC #10% & ()- Y

100 & ()1 10% & FRL0% £ (3 5196k Magbhn of the playback cpparac
MLOYE ()-t----(.}. . R3boni 100 & () -1 x& T0%\ & ()- | N& 10%] gf&l"a()u?310% & ()-y

10088 () - 1o 1oy LU G0RBRCTI0N & )1 ySIT 109 1 & ()" 10% & ()-S

()15 oot O R s g oA ) it ORE LR

igfﬁg 8 :S%\Z( flégg/& &@(21 8Z2"10% & (th-l' Z%0%.\ & {Q 1i |9‘£
& ipypd 42 A0SHBBFACU \AF 1 588 1E) 11'G FOS i
T$10%HE () -910%H& () - 10944& () - 10\ g) $ oo ?) I
marking formed on the reflective film of an optical disk,

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 ennfirmed 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
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10\ 667X777#8dEHC 10\ S| 10%4& ()- y 10%4& ()-y3Z" '
. y3Z" 10%4& () -
MBL1094HE () -y3- 10944& () - Sf 10944& () - #8uS8OWD: +: A?HC 105/)@
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! - & () -
)-+:z:::Qb;; dEHC 10f510%& ()- 34 10%&' ()-sy2 tyaO%(&')()-
S/ 10948 () - S- 109’ () - ; Re<<<<<<(=bC 1010%&’ ()- 10%&' ()-

f 1t 10%48 (

f010%4& () -

10H 10H<10944& ()- |:s$109%4& ()- F7m' 109%4& () - (==>?>>>w? <bC

10!\ L@ 10%HH&H () -Leug $1 0%y HRaas

910%4& ()- y" 10%4&nh(hiQy Mbi,0%melE Ing ABBBRCROE Achigher-order L

943, the stripe playback signal can be output after
substantially removing the pit playback signal; this ensures
reliable demodulation of stripe signals. However, if the
width of a stripe signal thus demodulated (the stripe signal
width shown as 15 um in Figure 36(b)) is smaller than the
sampling 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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A brief description will now be given in relation to
productive tact.

Figure 33(a) shows the data structure after the barcode
is ECC encoded according to the present embodiment. Figure 33(b)
shows the data structure after ECC encoding when n =1
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 Bvte crror rate of 107" 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 capacity can be varied freely, for example, within a

range of 12B (12 Byte) to 188B in increments of 168, as shown
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As shown in Figure 33(b) and Figure 14(a), for example,
in the data structure when n=1, there are only four data
rows 95la, 951b, 95lc, and 951d,'followed by ECC rows 952a,
952b, 952c, and 952d. Figure 14(a) is a diagram showing
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 computation is
performed, assuming that data rows from 95le to 951z all
contain O0s. 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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when performing laser trimming at a factory, it is important

to shorten the productive tact. With a slow-speed apparatus

which trims one stripe at a time, it will take more than 10

seconds to record a few thousand stripes to the full

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

moment, 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(h), 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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shown in Figure 36. Since there are three difference pulse
spacings, 1T, 2T, and 3T, the ratio of the sum of all the
stripe areas in one track to the total area of the track is
less than 1/3. With this arrangement, in the case of a disk
of standard reflectivity of 70% the reflectivity of the
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 TD numher 4504 unique to cach
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 key 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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The public key corresponding to this secret key is sent to
the press factory 4501. At the press factory 4501, the ID
number and its corresponding digital signature 4505 are
recorded as a barcode in the PCA area of an optical disk
4506 by using a PCA writer 4507. The public key is
prerecorded on the 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 aecrypted 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 illegitimiie aﬁ the'result of the verificdiion, ths
operation is stopped. Here, if the digital signature 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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the encrypted ID of the same number would be recorded in the
PCA area of every disk; therefore, the use of such pirated
disks would be greatly liﬁited. The reason is that, in such
cases, the illegal use of the software having the same
number can be prevented by applying network protection.
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 anothef 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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optical disk 4604, he has to arrange for payment to a system
management center 4610 and have a password issued to enable
playback.

First, the user sets the optical disk 4604. With
communication software run on a personal computer 4606, the
PCA area, etc. are played back and the public key is read
out. When the user enters his credit card number and
personal 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 centairing mapping. infermation 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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password thus issued, the user can play back the desired

movie or install the desired computer software.

Since the public key can be prerecorded as a barcode on
the optical disk, this mode of embodiment has the effect of
saving time and labor taken in a previous system that
required the system management center to send the public key
to the user separately. Furthermore, even if the
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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! password via the network described with reference to Figure

46. In the flowchart of Figure 22, first in step 90la the» |
‘ | software on the disk checks the scramble identifier to see
if the identifier is ON. If the answer is NO, the process
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 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 901g 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:-. Thee. . oo e

process then proceeds to step 901h. 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 90ln where the software scramble or
encryption is unlocked. |
Turning back to step 90le, if the answer is NO, then in

step 901lh it is checked whether there is a disk ID. If
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10PCHI JKAYNC ¢ ransmitted to the password issuing center.  After

confirming payment, in step 901j the password issuing center

performs encryption computation on the disk ID and software

ID‘by using a sub secret key, and generates a password which

is transmitted to the user. In step 90lm, 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 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 unlocked. 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 enhancing security. In Figure 22,

ciphertext communication is omitted, but by encrypting data

using a piblic 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 where the security

level is low.

We will finish here the descriptions of the first-half
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description of appertaining matters relating to the process
from optical disk manufacturing to the playback operation of
the player.

(A) A low reflectivity portion address table, which is
a position information list for the low reflectivity
portion, will be explained.

(a) Laser markings are formed at random in the
anti—piraéy mark formation précess at the factory. No laser
markings formed in this mannéf 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 um in the case of a DVD, to construct a
low reflecfivity 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(h) 1is concerned with an illegally duplipated 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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in Figure 13, the legitimate CD and the illegally duplicated

CD have the low reflectivity portion address tables 609 and 609x,
respectively, which are substantially different from each

other. One factor resulting in this difference is that

laser markings identical in physical feature cannot be made,

as earlier noted. Another 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 81st 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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unit, i.e., 0.13 um; otherwise, the pirated disk cannot be
run.

In the example of Figure 16,

the legitimate disk and illegally duplicated
disk have low reflectivity portion address tables 609 and
609x resbectively, 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+l4
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
trimming 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,

_91_.



10H 10H@10%4& ()-!L(gl0%& ()-"L(gl0%& ()-"!&10% .& ()- !!

8&10%&' () - !==P==>7>r >dEPE: F10b 10H&10%& ()-3y10%& ()- 10%& ()-

109&' () -310%& ()-3-10%&' () -r>>>?@aBaBPE: F10b

10Ls- T1I0%&' ()-! F+109%& ()-3&YSI10%&' ()-, F10%&' ()- GRMLO%&' () - Y&10%&' () - FBSBr B

wBxByBzB6DgDbCF10b 10-10% & ()- 9@0% & ()- 10 10 10>10%& ()-3: 10%& () - 38
10%&’ () - FgDDDDEEFdBbCF10b 10! +&10%&' () - GL"10% & () - f
~10% & () - SLsii0%h& éz)sd.oiO%IB[D()l&sﬂL]tﬁ)%Bél(lpd FEEGo® | tepkb GRaGb

10! s109%&’ ()-' s10% & ()-'s10%& ()-' 10/ 10/ 10/>10% & ()- L-910% & () -

<KKKLMW M M 1drFalisel #B8n k@hverted to a distance on the disk, that
10\ >10% & ()-'L@ 0RT & ()o@ @O0%E ()-15100& ()-" s10%4& () - | MEMVMVOPAESH

oIt L 10 M) SR gl Rt 1080810
Accordingly, to make an illegal copy, the
reflective film will have to be removed with a submicron
resolution of 0.1 uxm It is true that when an optical head
designed for an optical disk is used, a recording can be made
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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1= piece of disk, and if each disk were processed using such

equipment, the cost per disk would be very high. At the
present time, therefore, the cost would become higher than
the retail price of most legitimate disks, so that making
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
yeafs 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 the present invention, sufficient effectiveness in
piracy prevention is provided by the reflective layer level
mechanism, that is, by the low reflective marking alone.
In this case, the prevention is effective even if the master
disk is a duplicate.
However, the effectiveness can be enhanced by combining it
with the piracy prevention technique at the master disk
level. 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 wiil 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 ! T unit, that is, with a
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the optical mark of the present invention. Figures 20 and 21
show the optical mark address reading method of Figure 16.
Explanation of signals (1), (2), (3),
(4), and (5) in Figures 2 0 and 21 will not be given here
since the operating principle 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 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 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 0 (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 0 (6). Instead of the end clock number 606
in Figure 16(7), in Figures 2 0 (7) and 2 1 (7) data is
compressed using a 6-bit marking length.

As illustrated, the detection operation is

fundamentally the same between CD and DVD. A first
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shown in Figure 2 O (7) is included for identifying whether

the low reflectivity portion is of the one-layer type or

two—layer type. The two-layer DVD structure provides a

greater anti-piracy effect, as previously described. A

second difference is that since the line recording density

is nearly two times as high, 1 T of the reproduced clock is

as short as 0.13 um, 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 thg 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

+

.0 a farus control scetinr 928 which then contrels a focus

driving section 829 to switch the focus from the first layer
to the second layer. From Figure 2 0, it is found that the
mark is in address (n), and by counting the frame
synchronizing §igna1 (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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0.13 um on a conventional consumer DVD player.

(D) Additional matters relating to the two—disk
laminated optical disk will be further described below.

Figure 2 1 shows address position information pertaining
to the optical marking formed on the second layer. Since
laser light penetrates the first and second layers through
the same hole, as shown in the process step (6) in
Figure 7, the nonreflective portion 815 formed on the first
reflective layer 802 and the honreflective 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 té form an identical mark thereon. In this

case, since coordinate arrangements of pits are different

‘between ihe firsi-and seceund layers, and. sinee the..o

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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with a resolution of about 0.13 um As previously
described, at the present state of technology it is not
possible to duplicate the disk by aligning the optical marks
with the pits with an accuracy of 0.13 um, that is, with an
accuracy of the order of 0.1 um, but there is a possibility
that mass production technology may be commercially
implemented in the future that enables large quantities of
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 disks‘with this accuracy
because of the temperature coefficient, etc. of the
polycarbonate substrate. When optical marks were formed by
Cauplying laser light penetratiie throuéhfﬁhe~tW0~ia§er 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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performed at the disk manufacturing factory. This means
that in the case of the single-plate type the secret
encryption key maintained in the software company have to be
delivered to the disk manufacturing factory. This.greatly
reduces the security of encryption. On the other hand,
according to the method involving laser processing of
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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is, the legitimate manufacturer need only have a secret key
and a measuring apparatus with a measuring accuracy of 0.13
wm, while the required processing accuracy is two or three
orders of magnitude lower, that is, several tens of microns.
This means that a convectional laser processing apparatus
can be used. On the other hand, an illegal manufacturer,
who does not have a secret key, will have to directly copy
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 uxm. 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
accenvacy of 0.1 wm, is diilveuli 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 érrangement differs from one
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actual CDs. Generally, there are two types of master disk,
one recorded by rotating a motor at a constant rotational
speed, i.e., with a constant angular velocity (CAV), and the
other recorded by rotating a disk with a constant linear
velocity (CLV). In the case of a CAV disk, since a
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 recordcd 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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legitimate disk and an illegally duplicated disk for
comparison.
The method of piracy prevention at the master disk
level has been described above. This is, when master disks of
CLV recording, such as a CD or DVD, are made from the same
logic data by using a mastering apparatus, as shown in Figure 4 8,
the physical location 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 pirate manufacturers equipped with
more advanced technologies, who can make a master disk

|

B replica identical in physical feature to a legitimate disk

| “hy melting the polyearhonaie 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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formation process. As a result, the‘position and shape of
the resulting low reflective marking is different from one
disk to another. In a usual process, it is next to
impossible to partially remove the reflective film with an
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 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
time, from the frame synclconizing 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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according to the actual situation at the time of reproduction,
the reproduction operation is permitted when the pass count 867
is reached; the 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 19, the disk is reprdduced in step 865a to
recover the encrypted position information from the barcode
recording portion or pit recording portion of the present
invention. In step 865b, decryp£ion or signature
verification is performed, and in step 865¢, a list of |
optical mark position information is recovered. Next, if
ithe delay time TD of & repreduciicn ciﬁcﬁitais.ﬁmatéd&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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clock are counted, and in step 865f, the reference optical
‘mark is detected. In step 865g, the circuit delay time TD
is measured and stored. This operation is the same as the

operation to be described later with reference to Figure
16(7). In step 865x, the optical mark located inside
address Nm is measured. In steps 865i, 865j, 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
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, then iﬁ step 865s it
is checked whether the checked mark count has reached the

T pass count.  [f the resnit dig 0K, then in.§f9p7ﬂ6bu*tge BRI
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 OK, the process returns to step 865s. If it is not 0K,

then in step 865v the disk is judged as being an illegal
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disk and the operation is Stopped.

As described, since the circuit delay time TD of the
reproduction apparatus is stored in the IC ROM, optical mark
position information can be obtained with increased
accuracy. Furthermore, by setting the tolerance 866 and
pass count for the software on each disk, the criteria for
pirated disk detection can be changed according to the
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, insfead 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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accuracy. In this way, optical mark position information
was obtained with an accuracy of, for example, 0.1 um,
much higher than the processing accuracy of a conventional
apparatus.v Since such optical marks cannot be formed with
the accuracy of 0.1 um by using commercially available
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 unaiterabie 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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pit area; therefore, the tracking is disturbed in that
prescribed region. If a marking 584 by laser light is
formed in the prescribed region where the barcode, 584c -
584e, is recorded, as shown in Figure 2, it becomes
difficult to accurately measure the address/clock position
of the marking. To avoid this problem, if, as shown in
Figure 39, the marking 941 is formed in a pit area 94la at
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 Fijure 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 effect of avoiding destroying already recorded data

by recording the marking 941.
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of embodlment has dealt with examples in which this
structure is used for secondary recording of a barcode, etc.
and a piracy prevention technique, but it will be
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
ﬁ~-:‘?4;g;za}modc.af 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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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 é barcode, as described above, -the
contentf~ﬁ° chem cannot bo mader vo 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 CLYV,

wherein, in a prescribed region of a pre-pit signal area on said
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disk, all or part of a barcode is written in overwriting fashion by selectively removing a

reflective film in said prescribed region. and when playing back the disk by a reproduction

apparatus, the barcode data can be played back using the same optical pickup.

5 Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as "comprises” and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.
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WHAT IS CLAIMED:-

1. An optical disk on which data is recorded, wherein in a prescribed region of said
disk, an identifier is provided for indicating whether a barcode-like mark is present or not
on said optical disk, said identifier and said barcode-like mark are in respectively different
locations on said disk, said barcode-like mark disposed in a circurnferential direction and,
said barcode-like mark having a plurality of bars, each of said bars extending in a radial

direction.

e

2 An optical disk according to claim 1, wherein one of said bars has a lower
reflectivity than an average reflectivity of an area between said one of said bars and

another of said bars.

3. An optical disk reproduction apparatus for use with a disk on which data is
recorded, wherein in a prescribed region of said disk, an identifier is provided for
indicating whether a barcode-like mark is present or not on said optical disk, said identifier
and said barcode-like mark are in respectively different locations on said disk, said
barcode-like mark disposed in a circumferential direction, and said barcode-like mark
having a plurality of bars, each of said bars extending in a radial direction, said apparatus
comprising:

reproductxon means for reproducing said barcode like mark on said opt1cal disk;

identifier detection means for detecting saxd 1dent1ﬁer on said optical disk, and

control means for controlling a prescribed operation based on said identifier

detected by said identifier detection means.

4. An optical disk reproduction apparatus according to claim 3, wherein said

reproduction means includes an optical head for performing reproduction.

5. . An optical disk reproduction apparatus according to claim 3, wherein an indication

of absence of said mark is output.



