;e3eWzi WTTUW A h6e& Tzi O SPECI FI CATI ON AN OPTI CAL DI SK) | SK
BARCODE FORM NG METHOD) AN OPTI CAL DI SK REPRODUCTI ON APPAW@WWW“@ NG
FORM NG APPARATUS, A METHOD OF FORM NG A LASER MARKI NG ON | SK
AND A METHOD OF MANUFACTURI NG AN OPTI CAL DI SK TECHNI CAL FI ELD"¥#€" pr esent
invention relates to an optical disk, an optical disk barcode form ng
nmet hod) an optical disk reprg@géﬂn@ﬁTﬂﬂparatus a marking formng
apparatus, a nmethod of formng a l'aser marking on an optical disk, and a
met hod of manufacturing an optical disk. BACKGROUND ART In the
manuf acturi ng process of optical disks, it has been commonly practiced to

record a serlal u I e disk in the form
of a barcode. gpﬁfc‘\ilr ﬁﬁ]{; H&é"}fﬁe@adﬂg? @@%PEB%@?FQ a pit information
area of the Qﬁglcal i as_been 8ract|ced to wite the barcoded

i nf or mat i onMEBHQD, n4M- QPrTfIGAIH‘E&IISKHR%PTRQBv OONUARRARATED ade MARKINGhe opt i cal

di sk. When reproduci ng (playing back) such an optical disk) the pit

i nf or mat i onFORMINGa4PRARATHS ot METHOD OE KEGRMING A éASElR HARKING &Ncoded

information such as a serial nunber, etc. recorded in the non-information
area, howeveN)ORTISAbaDSKe AN MMP@BVOEGAANHEAGHIMN@S@UOPTI’CM% above prior
art optical disk) since information carrying a serial nunber and the |ike
is not recopgggl in a pit area but recorded in a non-infornmation area) as
descri bed above, a separate reading device has had to be provided in
addition to the usual optical pickup) the resulting problem being increased
conplexity of the playback apparatus construction. DI SCLOSURE OF | NVENTI ON

TECHNICAL FIELD

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

of manufacturing an optical disk.

BACKGROUND ART

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

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

When reproducing (playing back) such an optical disk,

the pit information is read by an optical pickup: to read the

-1~ *G00001*

2/2



In view of the above problemw th the prior art, it is an object of the
present invention to provide an optical disk wherein data such as a disk ID
nunber, etc. is converted into a barcode and recorded in a pit area in
overwiting fashion, thereby permtting the use of a single optical pickup
to read both the bit data and barcode data. It is another object of the

i nvention tQ Y od o] ng tih tc,..fo C n optica

di sk. The fqarrgi)g‘?dn ﬁﬁ?rd’}?%llg Sﬁ“% %%nca © %H(ggrplb%hl g édat gglés]%d‘raecofded W th
CLV) wherein Ln a prescribed region of a pre % nal,.,area on said di sk)
all or par tlnoﬂ: @ oare m?§1%|aﬁ'8%nq1°HeB%r\ﬁﬁ§ F?aﬁa ?grser?idéﬂgby sel ectively

renmoving a reflective filmin said prescribed region. -2 The second

i nvention N?Vaﬁedﬁﬁhbeﬁnd$§ﬁc according to the first invention) wherein a
control data area is provided for holding therein physical feature

i nformati on contrerthiengbo®i oribgt iachl ontiisk]l disH, agincdemformatidror i ndi cating
the presence or absence of said barcode is recorded in said control data

area. The tdurtdingeeseirial nembur apdithel 1theKsanaorditgiedoin e second
i nvention, wherein a guard-band area where no data is recorded is provided

bet ween saig (copi %td?éc%rﬁé@airﬁﬂdn&@hﬂf@fnﬁ%%h hgdal €4 on of said pre-pit
signal area. The 4th |nvent|on I's an optical disk accordlng to the first

nventi on, gNaebdl SAbdk DA GOl A8 {HIATRY dey1BUGASANIRNACEo LhAL LwO or DT e

bar code S|gnals canno Beéu r I'n oneé grescrlbe |ne slfot. The 5th
invention is_an t|ca ccor to t.he,fi.r ention) wherein said
bar code corft é’ r\ge agc{ q11(%S€O %ﬁg ‘ﬂﬁi‘%rllgol?tﬁcf’pﬁf% %HP’i g% Cuni quel y given to
said optical sk The th ipvention i ptical .disk according to the
5th i nvent | KA W@Fﬂbf‘%ﬁ\ BeLg doaEeass G exkta of nER ALARIATKN addi ti on to

said I D information, {;lﬂl c key of a public key encryption function
correspondﬁﬁ@mféméaﬂ9n$ YcAfeR-mat i on) said public key is used to encrypt
prescri bed data, and the encrypted prescribed data is transnmtted to an
external party in order to obtain fromsaid external party a password
required to reproduce said optical disk
DISCLOSURE OF INVENTION
In view of the above problem with the prior art, it is
an object of the present invention to provide an optical
disk wherein data such as a disk ID number, etc. is
converted into a barcode and recorded in a pit area in
overwriting fashion, thereby permitting the use of a single
optical pickup to read both the bit data and barcode data.
It is another object of the invention to provide a barcode
forming method, etc. for such an optical disk.
The first invenion is an optical disk on which data is
recorded with CLV, wherein, in a prescribed region of a pre-pit
signal area on said disk, all or part of a barcode is written in

overwriting fashion by selectively removing a reflective

film in said prescribed region.



The 7th invention is an optical disk according to the 5th invention,
wherein said IDinformation is encrypted or applied a -3 digital
signature to. The 8th invention is an optical disk according to the 7th

i pvention) wherein a secret key of a public key encryption function is used
when applying encryption or a digital signature to said ID information. The

oth invention igaRe@fid SRberliipl ACGAr ShtiGal OdANY 208K dIhel AYREI ONS from

first to 8th , wherein said optical disk is constructed $r0n1tmo

di sk-substr. J ani ed her I nventi Is ptical disk
bar code forn&gg]ﬁgghg§£hhg§%%ﬁkpgl%%%yﬁgigﬁgléﬂ% 1%H§%V§a??g%¥ source is
made into ctangul ar beam pattern by.using a rectangul ar sk and said
Fect angul alObELiH JAPTem B 1 B0y SEAF GR WA TRERLEN GOnGaHRE 4 dor e pi t
signal region,i .prescribed radjus pqrti,on.of an optical disk on which
data is re@@ﬁél‘éﬂgl, ARk and pe 1éj§Pr‘é1fgieﬁe?o%a‘i“Hl%ﬁﬁli“SaPhedi%Rs‘?rhcer 8Fat ed,
thereby formng a plurality of rectangular reflective-filmrenoved regions
as a bar coddsence 198 saire bahendes iporaciosdedrinsaail centedlt idesda fariem The 11th
invention is an optical disk barcode form ng nethod according to the 10th
i nvention, wherHienthard iopéntian ds o bpticadedisk @aonvrdingdas ahar eecdnar

hol ding therein physical feature information concerning said optical disk)

and an i deritvbh€fon| OfhdrdhcatduagdtmdPaesee iber®moalseNas Pécotded harcode is
recorded in said control data area. The 12th invention is an optical disk

bar code f orgr,pgq 5@%4&1%9@%’68&&1 tdH¢ea tQ éﬂﬁ’%'aﬂiod}es@%%ﬂ ?eé?drfjofl

barcode is fornmed in - such a manner that two or nore barcode signals
cannot occur,: éé in.one prescribed tine slot. The 13th invention is an
optical di leslr(algn It(;e!o égf%1 aggacrr”egt hod according to any one of inventions from

10th to 12th, erei,n said,opti.cal disk is constructed fromt

i sk supstr ot el deR Sl SOLuRen OaR LAl dSRARRER Bk 10O Brstar ai sk
reproducti on apparatus wherein recorded contents of a recording area,
recor ded by‘-“l”éPEﬁ\cﬂ’g L1553l Eam% laifqunegr@ SEaR @da\e%ﬁwga&m@ a

rotational phase control for a notor, while recorded contents of a
or more barcode signals cannot occur within one prescribed time slot.

The 5th invention is an optical disk according to the first
invention, wherein said barcode contains data at least including ID
information uniquely given to said optical disk.

The 6th invention is an optical disk according to the 5th
invention, wherein said barcode contains data including, in addition
to said ID information, a public key of a public key encryption
function corresponding to said ID information, said public key is used
to encrypt prescribed data, and the encrypted prescribed data is
transmitted to an external party in order to obtain from
said external party a password required to reproduce said
optical disk.

The 7th invention is an optical disk according to the 5th

invention, wherein said ID information is encrypted or applied a



different recording area other than said recording area, recorded by
selectively forming lowreflectivity portions on a reflective filmin said
different recording area, are reproduced by using rotational speed control
for said notor, and the recorded contents of said recording area and the
recorded contents of said different recording area are both reproduced by

using the SEPE. gﬁical,g%pkﬂg. The 15th invention is an optical disk
reproducti o 1§bg atBRaUEEotYi ng to the 14th invention, wherein tracking
control is not perf%rned in said different, recording area. The 16th

invention is an Bt B¢Al umegqure;sﬁo%ru@pité%@la&sakaﬁ%gg%ragortaiHbet7&ht he 14th

i nvention) wherein tracking control is, in effect, performed in said

di fferent rdoventing, avkereilhe serrht ilkevenfiomubbiakeppenagabtthrsifunction
reproducti on apparatus according to the 16th invention, wherein a
rotational speesed wheheappdyydhg enakystieadot adigotdldsbgnatube evedaid Hai d
different -5 recording area if said rotational phase control were
appl i ed. Thegnp¥8thatimuenti on is an optical disk reproduction apparatus
according to the 14th invention) wherein the rotational speed of said notor

in said rotationple 9pRethvenRidiPlis Sn kLA RBdk ccBr@IBS4b! ABM oval afe based
on a result obtained by neasuring a mninmumlength pit 1n said different
recordi ng ar; I i ti OR.i S i i e Rk i
ppar at us aciyent e BEeh EUSY o ReAS, FRefPln S8ld DpEEcdPRASR NS KBfiviroped
portions are. a barcode fornmed by selectively renpving said reflective film
The 20th in\?fé'r?f"i W%%sgrﬁ%’g?f% S 3?‘&’1&’% rto%ég?%n appar atus according to
the 14th inventign ererein said lowreflectivity portions, are
bar code, sai d diffh%m}tf*e’dﬁﬁ%%@ dsea i0ptaFal ddglk Hagrade (tOTRRE etk ent s
are recorded with pits, and when reproducing the recorded contents of said
di fferent retherdimpudsed, lagenihightr aclighdnpoutsset isimpdal infener at ed
during reproduction of said pits which are fornmend in said different
recordi ng areestesguledubean patedimbpatsagby mectongyassndsk aed, sailder eby
making it possible to separate

rectangular beam pattern is focused on a reflective film in a pre-pit

signal region in a prescribed radius portion of an optical

disk on which data is recorded, and at the same time, said

optical disk is rotated, thereby forming a plurality of

rectangular reflective-film—removed regions as a barcode in

the same radius portion on said reflective film.

The 11th invention is an optical disk barcode forming method

according to the 10th invention, wherein said optical disk includes

a control data area for holding therein physical feature information

concerning said optical disk, and an identifier for

indicating the presence or absence of said barcode is

recorded in said control data area.

The 12th invention is an optical disk barcode forming method

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



a signal which is reproduced fromsaid barcode. The 2l st invention is an
optical disk reproduction apparatus according to the 14th invention,
wherein said lowreflectivity portions are a barcode, and when reproduci ng
the recorded contents of said -6 different recording area, the wdth of a
signal obtained by reading said barcode is increased to a prescribed wdth

and then neasuyed with s ling pul ses,froma control section. The 22nd
i nvention i ssugh dEnper ﬁ‘?ngktWOeBdeq}”@t Péwogﬁpé%%‘r“\j§ SRUOLAPH Tt 1 6Re of

inventions from 14th to 21st, wherein said optical disk is constructed from
two di sk-sulpseseribed timnasiett t ogether. The 23rd invention is an optica

di sk reproducti on apparatus according to the 14th invention, wherein said
optical disk incThedd3tl iowebtioin datan apéicdlodiblolbdirngde Hereing phykidal
feature information concerning said optical disk) and an identifier for

i ndi cating tdeeopd Renceamy’ oadseepvaitisas dfroar thute tbs12 s ot innssal d
control data area. The 24th invention is an optical disk reproduction

apparat us acp@iEANgikR {4 RbHY &dict WS BhNtwd i Sk-dudReL A ?Sﬂfr%%@dcﬁ%e%ﬂ&ﬁ

of said control data area and judging the presence or absence of sai

barcode, it is dﬂ&gqq%?gﬁw%@?%ﬂpgsgglg@&&&ﬁ]dgggﬁﬂﬁrggﬂH#ﬁgq§%%EXﬁﬁ;to an

i nner portion or anou I on id optical SK. I'nventi on

is a marking,form ng apparatus which conprises; marking fqrm.,ng nmeans for
bop i ng o HEER I TaRO B EPEERtScOF i nf POHORE T e o erdrlr R ng. posi ¢ on
detecting neans for detecting g pgs'lion of said narkéng;,and positjon

i nf or mati on MEMRGPLiAEaP anopPidsA e‘hltﬁknga%ﬂ reprodycedshy dising feratikipnal
position information or information concerning said position information
into a barcodh@peagrntirol £3l acrateel ywhideoveenydedi eontentedxfi ee filmto wite
said barcode to an optical disk on which data is recorded with CLV, wherein
all or part dfffenént wacoolegi srear bthem than said recording area,

recorded by selectively forming low-reflectivity portions on
a reflective film in said different recording area, are
roproduced by using rotational speed control for said motor, and
the recorded contents of said recording area
and the recorded contents of said different
recording area are both reproduced by using the same optical pickup.
The 15th invention is an optical disk reproduction apparatus
according to the 14th invention, wherein tracking control is not
performed in said different recording area.
The 16th invention is an optical disk reproduction apparatus
according to the 14th invention, wherein tracking control is,
in effect, performed in said different recording area.
The 17th invention is an optical disk reproduction apparatus
according to the 16th invention, wherein a rotational speed is

the rotational speed that would be achieved in said different



overwiting fashion to a prescribed region of a pre-pit signal area on said
optical disk. The 26th invention is a marking form ng apparatus according
to the 25th invention) wherein said disk is constructed fromtwo

di sk-substrates | am nated together. The 27th invention is a marking formng
means according to the 25th invention, wherein said position information
writing nmeans ine¢ludes en tin ans.far. encrypting at |east, said

det ect ed posrietcl0 ‘ﬁlqgn@é??rdt?i’ %Rl%rr%itgfbopﬁ&t? ec%?{gt%rolrki ed-esﬁPa ]peéisi tion

i nformation) and mmi%eﬁ contents ,thus encrypted to said disk. The 28th
nvention is a mEHeGUGH FEMEPELTh SR hORS Al GA S 5 PFBINHAOBSIRPARAVERL i on,
wherein said position information witing neans includes digital signature
means for a@sicor dtnga tai gha dtthiigvantian  Bhereipetha rebebioged estesd pbsiti on
information or information concerning said position information, and the
witing at |seddtmetairdinesadct satgtosnal epeedfoontnel dis painitafioedreti on
concerning said position informati on means witing information concerning a

result of sarésdiiddavabigbated @n 8 resudppdbtadhed byt mesnirdngisninTien—29t h
invention is a reproduction apparatus which conprises: position information

readi ng rrearu%_ngeﬁ pigadhnghiRogi fiepBnt HMeRbi@irng0Rr&f. @ marking or information
concerning said position information, said position information or said

i nformation bein ke d; plying: r: ki rs lﬁ@k. ilm
formed on a di sk?hJ( g)gq}éelt@)épi(;%%n ggsjf‘r%/i()@%lg%lnt%ﬁgk %PE?%‘SC“?E) olﬁégl# i ng
detected said poaitign 'nfﬂﬁ tion gr saig inforqg;hon_gﬁﬁo f.b rcode and
(A)writing t3REDA IS 13e ALl BYEPLATY PRHSH NP A QY P EEHIW&Yf i | m on
said optical disk on which data |s rg orded wi.t h, CLV mar ki ng, egging_neans
for readi ng RAitdPRRIGTENa RATERARI TgMmAd frYy SpLeAt ipeLy TeBaVHE §aid reatkitige
conparing/judging means for perform ng conparison and judgenent by using a
result of r img by said position information readi ng neans and a result
of reading by said marking readi ng means; and reproduci ng neans for
repr oduci ng dat aThedittethventsen dsopt iopalicall i sk remroductdnaeapparhtas r esul t
of the conparison and judgenent perfornmed by said conparing/judgi ng neans,
according to the 1l4th invention whererein
said low-reflectivity portions are a barcode, said diffrent
recording area is also such area to which contents are recorded with
pits, and
when reproducing the recorded contents of said
different recording area, a high-frequency-component signal
generated during reproduction of said pits which are formend in
said different recording area is reduced or eliminated by a
low-pass filter, thereby making it possible to separate
a signal which is reproduced from said barcode.
The 21st invention is an optical disk reproduction apparatus
according to the 14th invention, wherein

said low-reflectivity portions are a barcode, and

when reproducing the recorded contents of said



wherein all or part of said barcode is witten in overwiting fashion to a
prescribed region of a pre-pit signal area on said optical disk. The 30th
invention is a reproduction apparatus according to the 29th invention,
wherein at | east said detected position information or information
concerning said position information is witten _9 to said disk by

posi tion i aipferehkorecoriinnarevarhe Fheth3dsta isigeal iobhaisedabyepr oduct i on
apparatus according to the 30th invention, wherein said position

i nformati oReXMirlg 881 d®ARSodd G5 UART eBEE] MB! hNEre¥BANed RidEN@NMPti Ng at | east
said detected position information or 1 nformation concerning said, position

sald dets ! L anyi i i i pcl ud
nf or mat | O ila53keh BOB L1 L) BLIBEL 2Roh SALbRO-ICRBEL giC] Udes

decrypti ng means correspon encrypting means) and by using said

decrypti ng neans, C ts ,said. encrypt.ed,position information or

0 o hat 1 on corltlr A Bt iBei € o dP A PRt Yok ePeadleSiATE PRBERSon i s a
reproducti on apparatus according to the 30th jnyventiagn, erein said
position i AEGRLFENBOFY Rt Olify OfreHFent enudeem didgit 80 Hisgnathereimesdid for
applying a digital signature to at least said detected position information
or i nf or mapbdreadodisk nisngorsdiruc prsk ifrpmrtvonflbshrsubstratandl amineted i togetinat. i on
concerning a result of said digital signature application to said disk, and
sai d position iTieoldmd iiaventdadi iy ameapsidadctigke seprdduenior appagatusans
corresponding to said digital signature means, and position information

extract i ng a8 ngOto ahkal MhngnedHtd oROSiHeren igafi Br s@dican diskMiddludes a
aut hentication process perforned by said authenticating -10 means and/ or

; Iroglml igit ;ﬂoigpa@fcﬂafdh% ATRACEINhBBd {rfge thént piofsisal dredierd alnFBLARAoN €
concerning said optical disk, and an identifier for
indicating the presence or absence of said barcode is
recorded in said control data area.

The 24th invention is an optical disk reproduction apparatus
according to claim 23, wherein, after reading recorded contents of
said control data area and judging the presence or absence of
said barcode, it is determined whether an optical pickup
should be moved to an inner portion or an outer portion of
said optical disk.

The 25th invention is a marking forming apparatus which
comprises:

marking forming means for applying a marking on a
reflective film formed on a disk;

marking position detecting means for detecting a
position of said marking; and

position information writing means for converting at



when an output indicating correctness of said authentication result is
produced from sai d authenticating neans, said conparing/judgi ng neans
perfornms the conparison and judgenent by using the position information
obtained by said position informati on extracting neans and the result of
readi ng by said marking readi ng neans, and when said output indicating

t ' : , : 10R hS i i, d. The 33rd
correc nesfsléa%tan%%dgg@g%&%gngc%ﬁec166%&‘3&'&5&1@%bﬁhﬁﬂwgﬁrxﬁﬁmﬂf”e € sor

invention is a ne acturing a di conprises the steps

Of 1T 9. AL oL AR 808 s kiof QRFLAR 3o SbSeA e il mib A d For med

di sk; applying a € nar said reflTectrve’fi tecting at

| east one position .of said marking;.and.encr.yptjng said detected position

i nf or mat i orSERE WY AEPYANE SHG %fge&qr‘?ﬁ? oﬁ;‘mt Jf%%réﬁ? osaslgi d di sk, wherein,
when encrypting and witing). at, | east sajd, encrypted i%ion tionis
converted | PRIEOHE bt @BdRDLIZAY LiHKgoBHsAlate %girt‘icéﬁd wddhectivel y
renmoving said reflective filmon said disk on which data is recorded with
CLV, and aldlVer part of said barcode is witten in overwiting fashion to a
prescri bed region of a pre-pit signal area on said disk. - 11 The 34th

invention is a whétwa eil renpémictodir saigl dadisle, iswidhitemnipri ses t he steps
of: formng at |east one disk; formng a reflective filmto said forned

di sk: appl yongwattimashsioivh markiptgséibedi skgiehl €tta yeefgiltm detecting at
| east one position of said marking; and applying a digital signature to

said detect gfha@Shtd-LBni 4 BpticAn afgk.witing onto said disk) wherein,
when applying said digital signature and witing, at least a result of said

digital signatung,isonyarledyiitg & Raneodey: And aatdhancodeshs yitten
g ard drs a

by selectively refoving said reflective I'm on on whic tais
r r W {.h | | r f, i rCO.
ecor ded Ehe §%¥h f%veng{od?awﬁefélnsgafﬁ ?s§c¥§econstructed from two

disk-substrates laminated together.

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

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

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

writing information concerning a result of said digital signature



being witten in overwiting fashion to a prescribed region of a pre-pit
signal area on said disk. The 35th invention is a disk wherein a marking is
formed by a laser to a reflective filmof said disk holding data witten

t hereon, at |east position information of said marking or information
concerning said position information is encrypted or applied a digital

signature) abplE3tiosadd sapgrdiRked i nformation or digital
si gnat ur e- appended information is converted into a barcode) and said

barcode is witt I ively.r i Ld YR £l | : sai-d

di sk on which data ?gﬂfggggégﬁﬁmz%ﬁfggé%&gfé?%gz%@?% 0 gg%giggbggﬁ%gbeing
witten in overwiting f.ashion.to a prescribed.reqgion of a pre-pit - 12
signal area on s%ﬂsdtaﬁgrél&n%%ﬂ‘ ° Ha,q-lrﬁqn@:fom eﬂi—%&\ﬁv Rﬁ%f)ti'—lioaure lis a
di agram show ng a di sk nuf gcturi ng process and a secondary recording
process acchgPWtﬂS“t@pF’%g@r’?‘g PREAHLON RS QJGEEN NG F324 " a top pl an vi ew
of a disk according to the enbodinent) (b) is a top plan view of the disk
accor di ng t @oshtiamnboafiommeniyn, spid Pasitopn phéermatéan ofr shed dindkragtdendi ng
to the enbodinment, (d) is a transverse sectional view of the disk according

to the enbodietrgtiorand Hye)(1l) sapplwiavefaomariiinggomm otf keatdpe ofiilime fomieginal
according to the enbodinent: Figure 3 is a flowhart illustrating a process

of recordi ngneacdri e P@Ricbé tihg! POLITBAI SN thE mardtifk 1(3)t bgnvieot Mol a
barcode according to the present enbodinent: Figure 4 is a diagram show ng

a di sk Tabrigabl o B08GR3:h AnsERRIaR Yor! SEAY dbRGriIIAGRSS AT barkhde

according to the present e ment. Figure I agram show ng the disk

a0r) ot o PR AR % SRS S PR SRS S i BT
Fabrication fn0cess iR mtich1 ARSR" o Whith ¢S PY SR%0kaed ith cLv;
marking reading means for reading information
concerning a physical position of said marking.
comparing/judging means for performing comparison and
judgement by using a result of reading by said position
information reading means and a result of reading by said
marking reading means; and
reproducing means for reproducing data recorded on said
optical disk in accordance with a result of the comparison
and judgement performed by said comparing/judging means,
wherein all or part of said barcode is written in
overwriting fashion to a prescribed region of a pre-pit
signal area on said optical disk.
The 30th invention is a reproduction apparatus according to
the 29th invention, wherein at least said detected position information

or information concerning said position information is written



enbodi ment; Figure 7 is a diagram show ng the two-1layer disk fabrication
process (part 2) according to the present enbodinent; Figure 8(a) is an

enl arged view of a nonreflective portion of a |lam nated type according to
the present enbodinent) and (b) is an enlarged view of a nonreflective
portion of a single-plate type according to the present enbodi nent; Figure
9(a) is a reproduced-waveform.diagramfor a nopreflective portion according
to the pr esgﬁt S%’rfﬁ?&?&r@?ﬁ ,pofbslqnsg%fa‘jrr@ﬂ?b%géa-W&\/g‘?%‘?sm di agram for a
nonrefl ective portion ,according to the present enbodi nent, (c),.is a

r epr oduced- wavef ai%t’grlé}l’fﬁlﬂ‘b‘ro“alﬁcﬁﬂém‘éﬁlﬁ\‘/@ FOPRT BTS2 BEEAHIAG D t he
present enbodinent) and (d) is a plan view of a master disk produced by a
mast er di sk thet Hyd ipveptdeniothereis a cross-sectional view of a
nonreflective portion of the lam nated type according to the present

embodi ment, and gdid pesitionobsfogmetiamnatltingwnednsa inoludes| enttiypdipmeans of
the single-plate type according to the present enbodinent; Figure 11 is a

schemati c difagr emaryipaseg aanledstobstd \deteoted bositdlbnaidfamati@sioon el ectron
m croscope, illustrating a cross section of the nonreflective portion

accor di ng tqnfhend¥iacién @AY ¥ position AngeFmtidhdands a
cross-sectional view of a disk according to the present enbodi nent) and (b)

|5 3 orossseotiongly bheytioh LA RGB! BRINCnBRS LR Bles! Becdptin@oaRg! NG

to the present e i gure I'S a diagram show ng a

R o Y T R R e
P Ef;ﬁ{g' ey bt e oans, TBotiyprsOSaiy sntrvpted gosTtigh 2m show ng part (b)
information or information concerning said position
information.
The 32nd invention is a reproduction apparatus according to
the 30th invention, wherein
said position information writing means includes
digital signature means for applying a digital signature to
at least said detected position information or information
concerning said position information, and writes information
concerning a result of said digital signature application
to said disk,
and said position information reading means includes
authenticating means corresponding to said digital
signature means, and
position information extracting means for

obtaining said position information from an

authentication process performed by said authenticating
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in further detail) (b) is a diagramshow ng an equival ent data structure
for ECC encodi ng/ decoding, (c) is a diagramshow ng a mat hemati cal equation
for EDC conputation) and (d) is a diagram showi ng a nat hemati cal equation
for ECC conputation; Figure 15 is a block diagramof a lowreflectivity
position detector according to the enbodi nent Figure 16 is a di agram

| ow e ectrvi ty pBFETb"SLCorahg e Phe Breonl enro- rBurls 1oL 3

di agram showing a ¢ ari gon. of. low reflectivity portion address tables for
a legitimte disk Qﬁggaa*‘ddabﬁt@&t S LURe qﬂpzlb?aetylfgﬁ\ is a flowhart

illustrating a procedure for encryption) etc. using an, RSA function
according to the*éeRpamigwtRut in 1Sat1ngFFEKHQ§t&E§§i°2 g2¥d owchart illustrating
a position information check process according to the enbodinent; Figure 19
is a flowchauthentigetien iragukt liswraduced tfirpm: saisbshthantidet e i ng program
according to the enbodi nent Figure 20 is a diagram showi ng a detected

wavef or m of meafis,r ait ayempanindyijondgiggmednsapeofolinzgthe dompapisesent

enbodi ment Figure 21 is a diagram showi ng a detected waveform of a

second- | ayerngeikigetiest Byalis BRC ORI gHEit forl HAFPFRIEEA shtRefedmyyt Figure 22
is a flowhart 1llustrating the function of a scranble identifier and the

switching DRGMREbLLide ihPoARiBhSexraet I nBAROTAM {NSLBLUAL logh Process

according t e present e ment. Figure Is a ck diagram of a

G agram shodehag BICRES RaPEt ShaRekonlalR AT AEITEIR FUAHD®, CCor i ng

according t(an%?g%€¥ggog%£¥%%Eness is not produced, the reproduction is

not performed.
The 33rd invention is a method of manufacturing a disk,
which comprises the steps of:
forming at least one disk:
forming a reflective film to said formed disk;
applying at least one'marking to said reflective film;
detecting at least one position of said marking; and
encrypting said detected position information and
writing said encrypted information onto said disk,
wherein, when encrypting and writing, at least said
encrypted information is converted into a barcode, and said
barcode is written by selectively removing said reflective
film on said disk on which data is recorded
with CLV, and all or part of said barcode is written
in overwriting fashion to a prescribed region of a pre-pit

signal area on said disk.
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Figure 25 is a diagramshow ng a signal waveformand a trimmng pattern in
NRZ recording: Figure 26 is a diagramshow ng a signal waveformand a
trimmng pattern in PE-RZ recording according to the enbodinen t -16
Figure 27 is a diagram showing a top plan view of disk stripes) along with
si gnal waveforns) according to the enbodinment: Figure 28(a) is a

perspective Vi eo84¢h GaPMEIiGhNTs WnhétiAECOf diadhafdordriag eartadk mesiikhand (b)
is a diagram showi ng a stripe arrangenment and an emtting-pul se signal;

Figure 29(@)mibrS s@sPEISREEHL \Wg:vi ew of the converging unit) with a beam
def |l ector ap";l)ﬁengegl t her etg%, according to the enbodinent) and (b) is a

di agram showi n i_pe a .and an emtting-pul se signal; Figure
30 is a di agra%ogﬁgé\% r?g %%(egtareggﬁgként of stripes on a disk and the

contents of control dada accordi to the. odi t. Figure 31 is a
Fowehar t i1 T uSCrBMha RBbCants of Lok 540 SWiiDER Gl 6t ween CAV and CLV
when pl ayi ng back _stripes_according to the enmpodi nent Figure 32 is a

di agr am showi n@PR1¥ing gt teasd eml maskfitessald salfkaetiveikidmaccording to

t he enmbodi nent; Figure 33(a) is a diagramshowi ng a data structure after
ECC encodi ng acledéedting ab ldasteonmdosttion ¢H)said mankiagi sandshowi ng a dat a
structure after ECC encodi ng according to the enbodi nrent (when n = 1)) and

(c) is a diagrappdiwg agd i talls Hnature abr egid deteagabpbsitdoaccording to
t he enmbodi nent; Figure 34 is a diagram show ng the data structure of a -17

synchroni Zahf@Mma%968; arfd ¥+ € ngdéo sgid disRgr am showi ng the configuration
of an LPF, and (b) is a diagram showi ng a waveformfiltered
wherein, when applying said digital signature and
writing, at least a result of said digital signature is
converted into a barcode, and said barcode is written by
selectively removing said reflective film on said disk on
which data is recorded with CLV, all or part of said barcode
being written in overwriting fashion to a prescribed region
of a pre-pit signal area on said disk.
The 35th invention is a disk wherein a marking is formed by
a laser to a reflective film of said disk holding data written
thereon, at least position information of said marking or information
concerning said position information is encrypted or applied
a digital signature, at least said encrypted information or digital
signhature—appended information is converted into a barcode,
and said barcode is written by selectively removing said
reflective film on said disk on which data is recorded with

CLV, all or part of said barcode being written in

overwriting fashion to a prescribed region of a pre-pit
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through the LPF; Figure 36(a) is a diagram showi ng a reproduced signa
wavef orm according to the enbodiment) and (b) is a diagramfor explaining a
di mensi onal accuracy of a stripe according to the enbodinent; Figure 37 is
a.di agram showi ng a synchroni zati on code and a | aser emtting pul se signal
waveform Figure 38 is a diagram show ng a procedure for reading contro
data for plsaghaklaragcar dang diskt he enbodi ment; Figure 39 is a di agram
showing a top plan view of a disk having a pinhole-like optical marking as
a physical feature according to the enbodinment. Figure 40 is a diagram
showi ng a procedure for playing back a PCA area in a tracking ON condition
according to the enbodinent; Figure 41 is a block diagram of a playback
apparatus inplenmenting rotational speed control according to the

enbodi ment 5ok} MSwan® | 19&Kneld m of a pl ayback appar at us
R LS

i npl ementing rotati ona ccording to the enbodi nent; Figure
43 is a block diagram of a pl ayback apparatus - 18 i_npl ementi ng
rotational spe dlgg‘(’Sﬁﬁ dis Qc@cﬂ%mgﬁ}o&?g%@ gr‘rﬁ‘b(i’laﬁﬁfﬁ(ftulfirlrgﬁre 44 is a
diagran1i||ustratina a piracy prevention algorithn%;fcording to the
enbodi nent ;PTRFRS @nd5a |SecaneRIgr aPRTAdne SPCaFhids§OBaEode BHer ypti on
according to the enbodiment. Figure 46 is a di agram show ng anot her
appl i cat i orpresemtplegmbodintené: bar code according to the enbodi nent; Figure 47
is a perspective view showing a nonreflective portion formed in a two-I|ayer
di sk accordi ng Figurbe2 &ybadi aetob; p bad vEew wieadfi sksaacaliddggato showi ng a
conpari son of address coordinate positions on different master disks
accordi ng tihet B RITROEE,MBY - is a top plan view of the disk according
to the embodiment, (c) is a top plan view of the disk
according to the embodiment, (d) is a transverse sectional
view of the disk according to the embodiment, and (e) is a
waveform diagram of a reproduced signal according to the
embodiment;
Figure 3 is a flowchart illustrating a process of
recording encrypted position information on a disk in the
form of a barcode according to the present embodiment;
Figure 4 is a diagram showing a disk fabrication
process and a secondary recording process (part 1) according
to the present embodiment;
Figure 5 is a diagram showing the disk fabrication
process and the secondary recording process (part 2)
according to the present embodiment;

Figure 6 is a diagram showing a two—layer disk

fabrication process (part 1) according to the present
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Description of the Reference Nunerals 584. LOW REFLECTI VI TY PORTI ON, 586
LOW REFLECTI VI TY LI GHT AMOUNT DETECTOR, 587. LI GHT AMOUNT LEVEL COVPARATOR)
588. LI GHT AMOUNT REFERENCE VALUE, 599. LOW REFLECTIVITY PORTI ON START/ END
POSI TI ON DETECTOR) 600 LOW REFLECTI VI TY PORTI ON POSI TI ON DETECTOR, 601.
LOW REFLECTI VI TY PORTI ON ANGULAR POSI TI ON SI GNAL QUTPUT SECTI ON) 602.

LOW REFLECT b\hdd{ nREET!T ON ANGULAR PCSI TI ON DETECTOR, 605. LOW REFLECTI VI TY
PORTI ON START PO NT, 606. LOW REFLECTI VI TY PORTI ON END PO NT) 607. TI M

DELAY CORRECTORp: P R R .1:SECONDARY RECORDI NG
PROCESS, 818. DIFé%%??LQP 1§&WX%“&&W%E%@ dé% . SECONDARY
RECORDI NG P S.STEPS) 820., SOFTWARE P | QN PROCESS STEPS, 830.
ENCODI NG NEE%%S‘%?QF’“ FIU)@EFES @%&?ﬁﬁ%%ﬁ ’?@FeEECRET KEY) 834.
SECOND SECRET, KEY, 835. COMBI NI NG SECTI ON) 836. RECORDI NG Cl RCUI T, 837.
ERROR- CORREEMPON MEREODER) 838. REED- SOLOMON ENCODER) 839. | NTERLEAVER, 840.
PULSE | NTERVAL MODULATOR, 841. CLOCK SI GNAL GENERATOR) 908. | D GENERATOR
909. | NPUT SECTIHIgpre18(a)REs MoDenramerd iey, o€l mrnspidestiGENERATOR) 915.
MOTOR, 915. ROTATI ON SENSOR) 916. COLLI MATOR, 917. CYLI NDRI CAL LENS, 918.
MASK, 919. GONVERGoRG LIENShaoRD typd RETofdivE S Ghe 9PdsenSECOND TI ME SLOT,
922. THIRD TIME SLOT, 923. STRIPE, 924. PULSE) 925. FI RST RECORDI NG REG ON)

926. SECOND elf564IRanhG #G(BN) 1921 . erH@CgENGPRER)T 928on1EleOEV@OER) 929.
LASER POAER SUPPLY CI RCUI T, 930. STEPS (I N CAV PLAYBACK FLOACHART) , 931.

BEAM DEFLE . 9320 SLy: +STRIRE inSUB SIR 5. DEFLECTI ON
SI GNAL GENEéﬁTE o O%é?f, 6?%%%%%@%%@%@%%?; U%T% géf IEI%I%%ENCE/ ABSENCE
| DENTI FI ER) B4R TI OVAL STRIPE PORTI ON_939 ADDI TI ONAL STRI PE

PRESENCE/ AB NTI FI ER) 940. STEPS (FOR STRI PE PRESENCE/ ABSENCE

| DENTI FI ER PLAYBACK FLONCHART) 941 CPTl CAL I NG (Pl NHOLE) , 942.
PE- RZ DEMODULATCR EY§837 \9/ pES %E&PW&B&%@"}%&‘A’E@E&W PN ‘BEAIV? 946.

SUB- BEAM 948. STRlI PE REVERSE- S| DE (gECCRD | DENTI FI ER, .949. STRI PE GAP
PORTI O\) 95@0n LAIES MOARKECD 50T HARALRARE BESSENECEMIREHeRs3
EDGE- SPACI NG TECTI NG MEANS, 954. . .

b) is a reproduced-waveform diagram for a nonreflective

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

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

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

according to the present embodiment;
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- 20 COMPARI NG MEANS) 955. MEMORY MEANS, 956. OSCI LLATOR, 957. CONTRCOLLER,
958. MOTOR DRI YE CIRCU T, 959. BARCODE READI NG MEANS, 963. MODE SW TCH,
964. HEAD MOVI NG MEANS, 965. FREQUENCY COVPARATOR) 966. OSCl LLATOR, 967.
FREQUENCY COVPARATOR, 968. OSCI LLATOR) 969. MOTOR BEST MODE OF EMBODI MENTS
The preferred enbodi nents of the present invention wll be described bel ow

with reference tpgibe BXGPNDANY cPgssHsavk tgnl ¥iew BE gleE@ki ption hereinafter
given, position information for piracy prevention, which is a formof |D)

is taken as . f, | I ; e rggded.. In the first-half
part (1) of a?ﬁ%ﬁdéz’gg#?ptﬁeohg%“ﬁ%d& éhgrégplaggaﬁl?oggvall be given of the

pi racy prevention pesityon i nformt]i for 3 I d by a brief
expl anati on 0595?150%Qt1?|%a]i N 6Y rfgft)itgﬁ T}O(s?‘@ggﬁvgcrlygd{qrﬁé a%fb%\ﬁ%o \é’v?(t o conpl ete
an optical disk and how the optical, di.sk is played back. In the second-half
part (11)) taﬁéo’f@é‘ﬁnit%]u@ef B&e%@rtc%‘&h MERe piracy prevention position
information will_ be described in further detail and in a concrete manner.
More speci fi cal IEigurael ¥(@p sis realdiageam showingealnhyaieal (A) Manufacturing a
di sk, (B) Forming a marking by using laser light, (C) Reading the position
i nf or mat i on astandementrdfi agjiréd3esEowra/pegitgimahe @oaccomhingnfortimt i on,
converting the encrypted position information into a - 21 bar code, and
witing the chbodindat] nami {be-1¥ ta phiysical dMranpgincabf diddkesseverwiting
fashion, and (E) Playing back the optical disk on a player. The second- hal f
part (I1) fiognShn dﬁsl‘ékhplgl_s d&ﬁ\lié&%@fi%m%éofﬁinfgh@o hakcaftddiAbn s

is

| am nat ed-type opti cal then proceeds to (B) Barcoding the position

i nformation of t r ki L Sko Qi I F f~ t he

bar code-recor dedﬁégglgcgf (%gi g%( fgggg{%w%faﬁﬁgsp%?& S?Acﬁﬁgggg%?r?’ol , and

met hods of r.qt atignal eed nt.rol during keadi ng of t.h code, and (D)
Pl aying back s et a7 4SBT Phd5 " AP B R A e BRARE T par b1 )
further deals in detail wth ) Mapuf agturj.ng techni ques for inplenmenting
t he barcode é&Hi“ﬁé“%\tq‘%dﬁéf@lnp%&éﬁ?g?c%d1581’ e&(je%&a@?gw of a barcode
pl ayback apparatus (player). Finally, a description is given of (F) An
exanpl e of tshewimg e mptiemsdécah cayptionn fandEDeneenputatin.i eadi 6h exanpl e of
the barcode. (z) Before proceeding to the description of the above (A to
(E), we wil lisfardiagtescshiowéng gymathenatpral esmatlowibr &6i sk manuf act uri ng
to the conpletion of an optical disk by using the flowhart of Figure 1. In
thl S pat ent omeatdtiioati on, laser trinmmng is also referred to as |aser
mar ki ng, while a nonreflective optical marking portion is sinply referred

to as the barcodgjguyer iPe)s HEEIICROd] AraPéf Gallowaielsl Bt iafitySonet i mes, as
the -22 physical ID unique to a disk. First, the software conpany

per 1 o M5 S OTqes fort WbBOC(cHab Eyt2hk VY G18" GHBUALAGR Pr ocess 820. The

conpl eted software is dellvere romthe software conpany to the disk

manuf acturi ng fa . di sk. manuf ] rocess.8l6.at _fhe disk

manuf act uri ng faﬁ%{ré, lé ﬁg 80&%&2?@&61;15#%%8% Qlel i’%ﬁ'?éli%r%%s?fep 818a) a

mast er di sk | oduc ste 18b), . di sks,.ar ressed (steps 818e, 818g),

reflective f‘iqscﬁg{:‘]é}geasgﬁ(?é c@wﬁi W@g?'%‘soﬁéc?f \Pe‘ia\?'srﬁgiﬁﬁ 6§y§18f, 818h), g% he
two disks are | am nated together (step 818i)) and a ROM di sk such as a DvD
or CDis comfréien acspEdingl 8a)tha emhodimgatt hus conpl eted di sk 800 is

delivered to the software
Figure 17 is a diagram showing a comparison of low-—

reflectivity portion address tables for a legitimate disk
and a duplicated disk:

Figure 18A is a flowchart illustrating a procedure for
encryption, etc. using an RSA function according to the

embodiment;
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maker or to a factory under control of the software nmaker, where, in
secondary recording process 8 7) an anti-piracy marking 584, such the one
shown in Figure 2, is forned (step 819a), and accurate position infornmation
of. this mark is read by a neasuring neans (step 819b) to obtain the
position information which serves as the physical feature information of
the disk. This pRyslealed G30ATALPEATTR 8L 4016 Hhsltihl encrypted in

step 819c. The enctypt nformatron 1S conver RZ- modul at ed

signal which i.s_then recorded in_ste 19d .as bar code signal on the disk
by using a pé@gppaht-ﬁﬁg ?ejrll%clg Bﬁ?/%%séa?"ﬂ?%ﬁwﬁ &9 ﬁg%reﬁé??lc%e"%éy be conbi ned
together with soffware featurg information for encryption in step 819c. -23
The above procesSETRi i% lﬁead@é’é"rcI“B’fS‘d lit1h1“$tlfrattﬁ%$ %ég il. That is, a disk
fabrication process, a marking formation process, a, marking position

readi ng prod@$decthing tinpagidi gptdedes hingr REQSIEA SFGATAARE fiootRes for an
optical disk according to the present invention wll be described in detail
wi th refererambodimefitjures 4 and 5 and Figures $ to 12. A supplenentary

expl anation will also be given dealing with a disk having two reflective
layers with refeFgfige 20 id gudegrom agidwing lan debectedl vomWfogndgSari ption) the
mar ki ng formati on process and the marking position reading process are

col | ectivel y;gakl h n r i r First) the disk
fabricati onyfﬁﬁgclgelsa%e\tfrvi ﬁ?ﬁﬁggdgggcn?ilb%&lg%ﬁ?ﬁg g}l?fip%]ggﬂnﬁ) cation process 806
shown in Fi el <§ 4. rIti'rSt a transparent substrate 801 is pressed in step
(D). In stepl‘{{b 9 a nmetal such as aluminumor gold is sputtered to forma
reflective | ayer.802. adhesi ve | ayer .804 fornmed froman ultraviol et
Curing resin | o BUCedl b SptiPRaR: TIRYIE b CBHBO AP e HATm ¥ flod  n a
different pr ocesaigqg step), .and the_substrate 803}I1i s bonded to the

transpar ent SA9RETHAVETSMArKIAG] HENBhAGOr AR itPcthe PERSYY2) and they are
rotated at high speed to make the bondi ng spacing uniform By exposure to
external ul teMd@H&NAt:r adi ati on, the resin hardens, thus firmy bonding the
two substrates together. In step (4), a printed | ayer 805 where a CD or DVD
title is printedFigwep2lnised Hlowoarenlpusttatigg -the fumetioffefer printing.
Thus) in step (4)) the ordinary |am nated-type optical ROMdisk is

conpl eted. (fraieké ,idehei fimrkamd ther swittichinghetessh drive H® aebcri bed with
reference to Figures 4 and 5. In Figure 4, a |laser beamfroma pul sed | aser

813 such as & sYAR)| ASQr ptSerafCUsAd] | A idUIPr Gt e39NY&IFH gk [t8NEhS14 onto the
reflective |ayer 802) to forma nonreflective portion 815 as shown in step

(6) in Figur 45 di stinct wavefornm such as the waveform (A
shown in ste%%???hﬁboge%?%duced fromthe nonreflective portion 815 forned

in ste 6) in Fj slici -1 hi vef q det ecti on

si gnal psfjc% as sﬁg%leeb?/%%eaf g%l{g}é&saﬁogfaﬁ ﬁggggef ?8%\%#@% hi er ar chi al
mar ki n osition information conprisi,ng.an addre ch a hown i n signal
(d))I agdpailml éggs, aé?“f’?‘it]r?@ g?%ﬁlr g’lﬁt?o%ilﬂﬁng’i gnaiSS)nu?r;er, an a re:or ozluged

cl ock count, such ,as shown in signal (e)) can be neasured. At the rising
edge of the thusFoguxg Bbdisr Risdyemesharting g signal vayekgracpnd @ addr ess
(indicated by address n in Figure 5(d)) is read by the optical pickup from
within the ptuimalingypaiftennidmne8saxcohding aocdidjogetbtty. Fi gure 5(b) shows
t he physical |ocation of the specific address in schematic form On the

ot her hand, émgdige®t(;e) shows the | ogical structure of the data. As shown
in Figure 5(e)) there are mfrane synchronization signals under address n,

and k reproducedFeg@ek 26U $&S dvagien Siasingr &8 gndb wave¥hehaadizat i on
signal. Therefore, the position of the
trimming pattern in NRZ recording;
Figure 26 is a diagram showing a signal waveform and a

trimming pattern in PE-RZ recording according to the

embodiment;
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mar ki ng nmeasured by the optical pickup can be represented by address, frane
synchroni zati on signal nunber, and reproduced cl ock count. As previously
stated) a supplenentary explanation will be given below of an alternative
type of disk (a two-layer |am nated disk) with reference to Figures 6 and
7. Figures 4 and 5 showed a di sk generally known as a single-layer

| am nat ed di sk j a r %f&ﬁ' 1 ayer :qQpe rate 801. On

t he ot her hand, Pg@urzzj%aaarﬁizg S gm&élngi gktog)ghle/arrgpllgwk%%%§%s a two-1|ayer
| am nat ed d%sk mhicp has. ref l.ecty ve I€ ers on bheth %ubﬁirates 801 and 803.
For laser ©tF}MfShof eV hihsdgmal, yave %@S( 53CCRAG %) Cat®® f undanental Iy the
sanme for both types of disks) except with significant differences which are
briefly de8®bqdi®&nbel ow. First, while the single-layer disk uses a
reflective layer formed froman alum numfilmhaving reflectivity as high
as 70fo or oveFigure t28da} W Rapesparsive Neey off| aceanyerg i@ ungd1 f or med on
the readi ng-side substrate 801 is a sem transparent gold (Au) fil m having
a refl ectiwctordihg 30 adhewsnbodindre, r afid e®)i Ve d dyagrad02hdwimged on t he
print-side substrate 803 is the sane as that used in the single-layer disk.
Second, assepifeaaetangenbnt AdsanEm tt Byehulliskighdle two-| ayer disk is
required to have high optical accuracy for exanple, the adhesive |ayer 804

must be opti calfigyr2®9 (a) reNaPaERPeciVvE Reew il BRéNdoRvER Ggness, and the
optical transparency nmust not be lost due to laser trimmng. Parts (7))

(8)) and (8); 0 EVGU Seln YL 5, SRRl BYAIE T AREALAEG,f O Ehe {17t

| ayer of t wo recordi ng-layer di i'’kew'se,” parts (11), and (12)

of Figure show t,he signa vef or obt ai;ned from.the second | ayer of the
tmo-record%h%-?@@g?mﬂ]sk?n h cU%fbH?@g%W‘F%@Q@gs?dﬁﬁﬂpﬁaveforns are

essentially the sane as those of the waveforps described with reference to
parts (a) BBrENBEMeRt BNguAR enltiHE RELES g3k om the second layer is sinilar
to that fromthe first | ayer, though the signal level is |ower than from
the first |ayefigmpoedfeds &idiggramahpying thadrsapesmentagers are bonded
together) relative positional accuracy between them

stripes on a disk and the contents of control dada according

to the embodiment;

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

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

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

Figure 34 is a diagram showing the data structure of a
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is random and can be controlled only with an accuracy of a few hundred
mcrons. As wll be described l|ater, 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
made to match the sanme value on the legitimte disk. But nmaking them match

woul d requi r . .qLon accuracy in |lamnating, and consequently)
maki ng i||é%§Fﬁ€$§%§12@p¥%gEfmp | ayer type is practically inpossible. The

techni que for fgrm.ng nonref.l ective optical ki n rtion wll be
hocori g 1o UPIAIROaRLY, 18 Wihged “RoRfte Ehe R4 RBh 9870 i t
reference to Fpgure ta 12) . etc. eal.ing with.the.lam nated type in
conpari son ﬂ%g’a asq%ng]i))e-lﬁl Qt@%ﬁ'&ﬁﬁwéﬂﬁ %SWQY‘%orQnﬁl%egr e m crographs
show ng plaﬂ1viem5 of @gpreflective optical marking portions, and Figure
10(a) is a rﬁBEhfﬁ%ML hematic cross sectional view of a nonreflective
portion of the two-layer |am nated disk. (a) Using a 5 a j/pul se YAG | aser,
a laser beam waBigysl Bétr)t dsaa Sheanystshowing antennediesdsigpahg 0.6 nm bel ow
the surface of a |l.2mmthick ROM di sk consisting of two O0.6nmthick disks

| am nat ed twegefben aceoddims ta thesuhbodiaed® anth (W)déssd idiakrde nonreflective
portion 815 was forned) as shown in the X 750 m crograph of Figure 8(a). In

this X 750 mxcresaﬂraﬁmn%rw A heRd REEL r RTudREE ofeh &51eREer3Rdrathd he
nonrefl ective portion 815. Thick swollen al um num |l ayers, 2000 angstrons

thick and 25 (W leHipE{e observed al ong boundaries between the
nonreflectiJ% portlonlﬁﬁg and reflective portions. As shown in Figure

10(a), it was c i t hat .no_signl fi.cant : . QC ed inside. In
this case) the gg%)l}liregg?i%Sn%ofipé%éhp%}@elgg Iaassgsg%g)glsltg%]bq%y%%%ted t he

al um num ref | ctive Iaﬁer“ causji ng ﬁﬂ% enoqﬁpon,of nmol ten al um num bui | dup
al ong the Bar?L SRLUIOR RYiFEsS t $2Y848T8urface tension. W call this
a hot nelt surface tension (HVMST) recording nmethod. This is a
characteristic PhEH®MEROH Ghdtagram sMWINgnE DTPERAUTAL EoF Jiedkingsg

control data for playback according to the embodiment;

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

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

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

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

Figure 43 is a block diagram of a playback apparatus
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800. Figure 11 is a schematic diagram based on an observation through a
transm ssion el ectron mcroscope (TEM, illustrating a cross section of the
nonrefl ective portion formed by the above | aser trimmng process. And
Figure 11 shows that the adhesive |ayer of the disk has been renoved by
using solvent. In the figure, if the alumnumfilmswollen portionis 1.3

, U mw de aimpl@meftingnrbtdtdiohat hepeadoeomtrol aceordéamedoatheri numin that
portionis 1. 3 x (0. 20 - 0. 05 = 0. 195 ~c n2. The anmount of al um num
originally gfp@smhése in a half portion (5 ~cnm) of the | aser exposed region
(10 ~cm was 5 x 0. 05 = 0. 250 ~c n2. The difference is calculated as O.

250 - 0. 195 = Q4205 43 [¥ o Wbk 01 AlstkROOINL Va1 Srafitiya ent to

0.055/0.05 = 1. s neans that an alum ye 05 ~ m

t hi ckness and_ 1. a mlenagth rgnmai ned). and. t herefore) it can be safely
said that af gtltirhacgpﬁﬁ*&%o 3 Sp@%#mpggt he filmswollen portion. Thus,
the result of the analysis of .the figure al so verifi%s t he expl anation
about the above 48dq i‘%e&'S @ 4iagragy £OF e XPhAHHSRePAE0dEh) We will next deal
with the case of a single-plate optical disk (an optical disk conprising a
si ngl e di skyncraptéxpaccarhingnde Yendokadident: appl yi ng | aser pul ses of the
sanme power to a 0.05 a mthick alumnumreflective filmforned on a

si ngl e- si ded noFdegrealidékis f dihgrdm shouwing amotdleovapplicEtiure 8(b). As shown
in the figure, alum numresidues -29 were observed, and since these

al um num r egi£hipde §AURR b&RJoddUsidoRdinPitaethd tembadin@tseen that the
single-plate type is not suitable for secondary recording of optical disk

i nformation of I hi i ; | r sdemanded.
Furt her nore, un\ﬂaggﬁl %g ?%% ﬂgféﬁfcg%gﬁ%l?g ?ﬁ%ﬁéég&[e ngﬁfﬁlgécgllﬂgl e-plate
di sk) the protective |ayer 862 is ineyitably damaged),as shown in Figure
100b))  whenPOHE ORI LLt 1% ¢ RO AeOn ] S CATCBAd (P aser trimming. The
degree of daq?ge depend on the | aser power, but the damage cannot be
avoi ded eveRMPGdiPABLY #88r power is controlled accurately. Moreover,
according to our_experinent, the printed | ayer 805 fornmed by screen
printing to a tHiekrRdS &% & diagrasushewidens ceammer bypnt RE atd3esst i ve | ayer

862 was danmged when its
coordinate positions on different master disks according to

the embodiment.

Description of the Reference Numerals
584. LOW-REFLECTIVITY PORTION, 586. LOW REFLECTIVITY LIGHT
AMOUNT DETECTOR, 587. LIGHT AMOUNT LEVEL COMPARATOR, 588.
LIGHT AMOUNT REFERENCE VALUE, 599. LOW REFLECTIVITY PORTION
START/END POSITION DETECTOR, 600 LOW-REFLECTIVITY PORTION
POSITION DETECTOR, 601. LOW-REFLECTIVITY PORTION ANGULAR
POSITION SIGNAL 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. DISK MANUFACTURING

PROCESS, 817. SECONDARY RECORDING PROCESS, 818. DISK
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thermal absorptance was high. In the case of the single plate disk, to
address the problem of protective | ayer damage, either the protective |ayer
has to be applied once again or the |aser cut operation should be perforned
before depositing the protective layer. In any case, the single plate type
may present a problemin that the laser cut process has to be incorporated

N Lhe Pr esSNGRRAILAGES prbliss [IBbSS dibe ARANDRRL REToRIGhe singl e- bl at e

di sk despite 1ts use conpari son ween singl e-plate disk and

e an- exarpl SOCRE STEES 3R SPTRARY RSOOSR 40 "The same.
The <i GFJ%&@Q&W@#A@% ook RBLEL Y Eﬁ@{}f?&i&i%??) N

further description wl i ven _deal i si ngl e-l ayer | am nated
di sk type. ASCERbAEY; n83’—”1 gﬁE‘gONPZ{SEWETtKE r@f3l5ecQQWéN1 SECBER . has t he

transparent substrate 801 of pol ycarbonate on one side, and the hardened
adhesi ve | ayi36. SRECORRENG (JROBLT, aB87 OERRAR-GARRBET KONGENCADER, r&38.ect i ve | ayer
802 thus being hernmetically seal ed therebetween. In this condition, pulsed

| aser |ight REEDFS010MEN ENCODERN 830r INTERLBAVER) 84(%: EHLSE dNTERMALexperi ment ,
heat of 5 ~cJ/pulse is applied to a circular spot of 10 to 20 ,u mdi aneter

on the refl embUreTOREY 841.8@R0EIOSTENAIN WENEREIOROAOGE. 10 CENERATOR result, the
tenperature |nstantly rises to 600C, the neltlng poi nt) neltlng state IS

caused. By Npat fNnsSecrioR, SR REQIODUPATGY, ole LanpRARRAL Substrate 801

near the spot s nelted, and also a portion o eS|ve | ayer 804 is
nelted. The e y surface tension to
build up aléﬁﬂkﬁgﬂ)da?ﬂ%s%@$qg %2 ég%ﬁkf ?ﬁﬁsﬁﬁsgéﬁ being applied to both
si des, thus bu e al um nunm) as shown
in Figure 12-1(@5‘%%' %Jn eﬁleﬁ\fq%ﬁgggm @@84%& Bfgom al um num resi dues
is thus forned. This shows that a clearlg defined naonrefl ective portion 584
can be obteuqqgﬁEB@JNGabgmsi:929@n5¥§ST TIME SLOT, 921. SECOND TIME

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

952. ECC ROW, 953. EDGE-SPACING DETECTING MEANS, 954.
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-31 the lamnated disk as shown in Figures 10(a) and 12(a). Exposure of
the reflective layer to the outside environnent due to a danaged protective
| ayer, which was the case with the single-plate type) was not observed even
when the | aser power was increased nore than 10 tinmes the optimum val ue.
After the laser trimmng, the nonreflective |ayer 584 has the structure

shown in Fi g%ﬁ%ggmm\ﬁgerﬁ%t ME@‘ﬁa@ﬁ@q%gﬁgﬁb% nToRe 4 t ranspar ent

substrat es and seal'ed W esive layer 804 against the
out si de envj tfaus ugy fe o] egt] t he structure
fromenvir ohmph& f@t 5%1?)%) Bm hgﬁ:@gneﬁ% BN&;@&;‘: ﬁg“ﬁﬁ two di sks

t oget her wi e crjhbed . en C rdi.ng i s nade in the
formof ab E@%ﬂegginhkpgégﬁﬁ%haﬁ%gacﬁﬁﬁéﬁggﬁhy@E@%gegﬁae al um num | ayer by
removing the protective layer in the case of a sin Ie-ﬁlate di sk, as shown
in Figure 168%9%%&%01\@!\% R.i 9661 ®SRIHSTORDi 67t yFEEQﬂE fbnecrypted data may
be tanpered with by redepositing an al um num | ayer over the barcode portion
on a | egiti COMRARATOR, £68. t 0SCTLLATER, - 869.,MOMOR a di f f erent bar code. For

exanple) if the ID nunber is recorded in plaintext or separately from main
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 using a different
password. | ppeev@bE of rvRepagsgndary recording is nmade on the |aninated
di sk as shown in Figure 10(a), 1t is -32 _ difficult to separate the

| am nat ed di sk !ﬁteﬁ{){;%f%%%éeaﬂbollfiﬁ’e%qgi 6f Qe %es%ngg \éin@g%xf@s\}]?i de fromthe

other) the alumnu ive mis parti stroye en the

anti-piracy,marking,is,destroyed he disk wll be judged as being a
pirated di sl?ea‘?ﬁfc\?\‘?]’?grpﬁﬁo?'uwt%&% GPeQIY, %&?C%‘{’ﬁqﬁngl | egal alterations
to the | am nated di sﬁ the yield is Iﬁw and thus  illegal ,alterations are
suppressed UERVEESnom & theadesed 1IpHan: hergigafier g vehe DOSEEIWY the two

information for piracy prevention, which is a form of ID, is
taken as an example of information to be barcoded.

In the first-half part (I) of the description, a
detailed explanation will be given of the piracy prevention
position information as a form of ID, followed by a brief
explanation of how the information is converted into a
barcode to complete an optical disk and how the optical disk
is played back. In the second-half part (II), the technique
for barcoding the piracy prevention position information
will be described in further detail and in a concrete
manner. More specifically, the first-half part (I) deals
with (A) Manufacturing a disk, (B) Forming a marking by
using laser light, (C) Reading the position information of
the marking, (D) Encrypting the position information,

converting the encrypted position information into a
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| ayer | am nated disk, since the polycarbonate material has
tenperature/ hum dity expansion coefficients) it is nearly inpossible to

| am nate the two di sks, once separated) by aligning the anti-piracy
mar ki ngs on the first and second |ayers with an accuracy of a few nmcrons,
and to mass produce di sks. Thus) the two-|ayer type provides a greater

ef fectivene N .Pi ent | s, thus t clearly
defined sl i?éroéforag’ n%ﬁé??%%}%i \gféé g%rr £ %’%envi@ﬁf A(}gnpgfe)%gg a?fﬁgggby

| aser-trimmng the,l am.nated disk 8Q0., .The te {que for . faorm ng the

nonr ef | ect | PREIHRT QK iy RIGTYT hRRE SRkl i L B Evigh bark (%) to (d)
above. (O xt, the process of. readi the posjtjpon of t hus forned
mar ki ng wi | Pﬁ%é’pﬂé%%]r idigl orFAgRtayers | easﬁfl"%@?k%d dPam Qﬂgw ng a | ow
reflectivity Iight anpunt detector 586 for detecting the nonreflective
optical narkiref desenibes SoNgefulnesstref sbpdwaspdeifozugtry, in an optical
di sk manufacturing process. Figure 16 is a - 33 diagramillustrating the
princi pl e olamlsta¢edt+rypeacplriess/ i skek tios proorsisoto t (Be Bamgodéfig ectivity
portion. For conveni ence of explanation, the follow ng description deals
with the opehatporgtdr natfetetibernfatheathrapes alsi @ndisk-peiduer ikd on a
nonrefl ective portion formed on an optical disk constructed froma single

di sk. 1t wi ) pRakBFQIRFZE%E HAREod B SHHRAORSY iR NG ST FHGIAR! € al so appli es
to an optical disk constructed fromtwo disks | am nated together. As shown

in Figure 1 | | ed_l nt el I (N ar at us
equi pped w ?%ut}gaotaﬁogvf fﬂé’fa?ggr%% 3?&‘%@?@‘?0”‘%‘“ 2 egtfof%g&?éol %gggci’t he mar ki ng,
and in this case, since a_sj.gnal vef orm,$23 du t he presence and
Sbsence of BPTG AT BratiNRabe rBE P EER R cerih he oY R hEER DS ¢ he
nonreflectiv ortion 584 are significantly different i.n sig | evel , as
Shown i n t hehGhAsE ?ﬁrﬁﬁaﬁ‘?%@rr%?lqﬂilgd%g‘@(il)‘? sleﬁeﬁ%éﬁf RAT ZQJM y
di st i ngui shed usi ng a sinple circuit. Figure 9(a) is a diagramshow ng the
wavef or m of furiiesyBeals dngietiail rwibha (PeAlaaptegtugéngri bed | ater, contai ning
the nonreflective portion 584 fornmed by laser light. Figure 9(b) is a
di agr am showechnitgnes vioref oplament Figyshe rapdéutecer dingamelifoider ent ti ne axi s.
By removing the reflective filmby laser Iight) as descri bed above, a
wavef or m ea$ol Jowdidsby regbir sédlelxel dnayivh heft aobarcodet playhaelk i s obt ai ned.
Rat her than forming an anti piracy identification mark by removing the
reflective gppatatdd4 (player). Finally, a description is given of (F)

An example of the above barcode encryption and another

application example of the barcode.

(D

Before proceeding to the description of the above (A)

to (E), we will first describe a general process flow from

disk manufacturing to the completion of an optical disk by

using the flowchart of Figure 1.

In this patent specification, laser trimming is also
referred to as laser marking, while a nonreflective optical

marking portion is simply referred to as the barcode,

stripe, marking, or optical marking or, sometimes, as the
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by |l aser light, as described above, the anti-piracy mark may be fornmed by
changi ng the shape of pits on the nmaster disk. This nethod will be

descri bed bel ow. Figure 9(c) shows the waveform of a pl ayback signal when
the anti-piracy identification mark was forned by nmaking pits |onger than
other data pits on the master disk. It can be seen fromthe di agramt hat

t he wavef orm 824 the anti-piracy identification mark is distinguishable
fromthe Wl E$H¥ﬁ1g$‘BPHE?'51? @5@3. In this way, a waveformsimlar to

t hat obtained fromthe PCA area described | ater can be obtained by formng
| onger pits on hifgtneldeepokivgike ¢aMPEAY DEFASENS [sohEvase atbkoTidgef ormis a
little difficult to distinguish as conpared to the waveforns shown in parts
(a) and (b)ino$ofiiwgue epr@dudyioneppaiasg 82k r &hé¢ eompletdd snftwareaser |ight, as
descri bed above) a waveforrn easily distinguishable fromthat of a pit
signal is dbtdéliedreRaromr thihanffwarel ogndang tmrthedéis¥d the invention by
renmoving the reflective filmby laser light, as descri bed above, the

barcode mayaRefdcAubesk FaceMdNgi 1Y dikRR wdadacoiripkt sravesthglgrast er di sk.
This master disk nethod will be described below. Figure 9(d) is a plan view

showi ng a th i enel i 240 41 w hundr ed
tracksgon }(% ﬁé é]l;gs&t génﬁaggﬁgiﬁtg %%@rﬁgnggér ra? ﬁ%jne%gtﬁ h%‘?fﬂgg{ g {plét s and nade
equal to the bar.code barwdth t (=.10 a m. Singe refl iwity drops in
Thie a8 IrpRbar Bier 1k % heher ik BsibpodieBdn iin ABRDYu 5 o o) i s
obtained. It can be seen fromth i a t hag, t he veform 824p by the
mast er di sid1gk? KEG PLesed: K?ﬁf@?s laéfﬁ’egiggm ¥ e\%%%,\%rlﬁ{"ﬁfar& helro piyt dat a.

In this way, a waveformsimlar to that obtained fromthe PCA area

descri bed [fareed @anthe re5pestieg és/sl‘tSthmt 818%di Sk8vet ¥68; tn t hi s case)
however) the waveformis a little difficult to distinguish as conpared to
t he wavef ordisks renenlaminaded stagerhendste) &B8ik qumdea ROMadishown in Figure
16(1), the start and end positions of the nonreflective portion 564 having
t he above wavkfay m D¥D dreCBaiy lcymplbitedt éstelpy818me kosv)refl ectivity Iight
amount detector 586 shown in the block diagramof Figure 15. Using the

reproduced cl ockhesitBfiglcomplé41l GE§IEBDOCEs HedMPdredP 08| fHeOBoftWa@RMRL I ON 'S
obtained in a lowreflectivity position information output section 596.

Figure 16( o 18 £103805PGhHROAlont S/l thiISoPRIdRhaRbk. As shown in

Figure 15, a conparator 587 1n t ow reflectivity I'ight anount detector

580 detect Sybe LMLELEsY Mol OBEoDRLL 95, B detegiigg an anal og |1 gh

reproduced ‘st ghal” having a | owWer han~a anount reference
val ue 588. Durin e detection period Jow refl.ectivity, portion

et oot on” JRGKATE S LR Rt PRy Sl ir T oEbbers 16 5ned” (Rt - The
PhEoo36" Mafirang, Bosatarmapi cion infornation of this mark gs POS!tIon of

read by a measuring means (step 819b) to obtain the position
information which serves as the physical feature information
of the disk. This physical feature information of the disk
is encrypted in step 819c. The encrypted information is
converted to a PE-RZ-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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The reproduced |ight signal is waveshaped by a waveform shaping circuit 590
havi ng an AGC 590a, for conversion into a digital signal. A clock
regenerat or 38a regenerates a clock signal fromthe waveshaped signal. An
EFM denodul ator 592 in a denodul ati ng section 591 denodul ates the signal
and an BCC corrects errors and outputs a digital signal. The EFM

denodul ated sigpRal s also fed to. ysi cal. dr ess put section 593
vihere an addres$ o IbR/é‘la'—')prPFST‘ﬁeé Bffls%gf 3%5@{}8%@& ? rﬁﬁaér case of a CD, is

out put from an.address out put, section 594 and a synchroni zi ng signal, such
25 o frane QHALEr oDAE nth s Pobiar THA GAEERR TRPGRIS, Sy RENTOR 2ing oi gnal

out put section 595. Fromthe clock regenerator 38a, a denodul ated clock is
out put. | n fprmahierePreeessyi &ymashing ReSalRTeIepdingc RTGHTal 2bsi ti on si gnal
out put section 596, a low reflectivity portion start/end position detector
599 accur atad pnosgsiedesnfioreasicw wrpdsigspraresanforad pusical ohiskf t he | ow

reflectivity portion 584 by using an (n-1) address output section 597 and

an address s&jcgnpaingsowelld peeséntClincdntdonniidrl bO&eardileedsyachroni zi ng cl ock
signal or the denodul ated clock. This nmethod will be described in detail by

using the vamal oryntdi AEFATRCS NQWR] fir-dfsl GULR] E6and\Fighungi fp the cross
sectional view of the optical disk in Figure 16(1)) the low reflectivity

ti 584 of ' ti =i Afeflecti
Cel ope 'si gt shor PRIy, LSIRBECRA, RELE kb e ity depfuld® 1) Clel
f th flecti ti bei I han the,l i ght t f
val ue sas, e SRHEREtRA S ERL TGk 1HRTe Y Edaar s, and o T ow
reflectivih¥ | i ght  dete ti?S €$§¥8{ such_as shown i g%%gﬁe 16(5), is
tHv :

out put frorh iB¥EEs fvands (-ec 1ng et 1Rk e t 1% shown by a
reproduced digital signal in Figure 16(4)) no digital signal is output from
the mark rekfirgatsomezoressdend thet maekiagapesiftiient faadingysiocesext) to obtain
the start and end positions of the lowreflectivity |ight detection signal,
t he denodul ateedotl etk vely sphtéd ahe zsevgpndaoe kreshodimgi prddegare 16(6) is used
along with address information. First, a reference clock 605 at address n

in Figure 16(7) (Ap FiRgsurd@. diNiedabhicadden axscbsdmdiatied y preceding the
address n is detected by the (n-1) address output section 597, it is found

e e S TR SR T Mgy eaT D g ook from
Figure 4, first a transparent substrate 801 is pressed in
step (1). In step (2), a metal such as aluminum or gold is
sputtered to form a reflective layer 802. An adhesive layer
804 formed from an ultraviolet curing resin is applied
by spin coating to a substrate 803 formed in a different
processing step, and the substrate 803 is bonded to the
transparent substrate 801 having the reflective layer 802,
and they are rotated at high speed to make the bonding
spacing uniform. By exposure to external ultraviolet
radiation, the resin hardens, thus firmly bonding the two

substrates together. In step (4), a printed layer 805 where

a CD or DVD title is printed, is printed by screen printing
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position of the lowreflectivity Iight detection signal, is counted by the
cl ock counter 598. This clock count is defined as a reference delay tinme TD
which is neasured by a reference delay tinme TD neasuring section 608 for
storage therein. The circuit delay tinme varies with reproduction -38
apparatus used for reading, which neans that the reference delay tine TD
vari es dependi Lepro i r@t u S : refore) using the
TD, a tine gglggfsggré%?t%? 'GO%Q%)’pﬁi%egp%}?n(?bztr}iréegg(ljlon-ngt}?and the resulting
effect is that.the §|L_art c#o(%ﬁ E@Encf kor t he i%\gdreflectivity portion can
be neasur ed ‘3BLRA ALl PE PPEER 0OV AISH B 5B of different designs are
used for reading,  Next, bK findi.ng the c]ock count d the start and end
addr esses for t h®oPeroathearatkipg format kafe PRRSASSt WRbkPecl ock m14 at
address n+12 is obtained, as shown in Figure 16(8). Since TD = m+ 2) the
cl ock count descridedetitdd referencebtn Fignrevdvem encelmFigupe dhagi on, n+14 is
used. W will describe another nethod, which elimnates the effects of
varyi ng del dgsér rieamwftdmoat pulaednbader 813 auohtdwe ar Bierlaser el ay tinme TD in
t he reproduction apparatus used for reading. This nethod can check whet her

the disk isfachea thigigh di sdaveigt 16is Wlackhfig thbetdfect hee positi onal
relationship of mark 1 at address n in Figure 16(8) relative to another

k 2 mat t ' IS 1k ; i sand th
mar ma Cflg?ePVSOQO to 3k 4 %on}-%ll'egtg?é‘ifo?_%cﬁg ?@%ﬁ'sﬁ@&ﬁ ir@n €

di fference between the position, 1 neasured and the

posi tion) = agmyt. : rk sugegd ' [ i.S given as
Al - A2 = ';‘l%t_epaéi') Aim%ﬁggl gg%e tTﬁ?,Qal%rt%@%ﬁ%@*ﬁ&%bgﬁog‘tmhg?h@ﬂiag di fference
mat ches the difference),al - a2,. betwe t he position of .t he decrypted
Tark T and tHE WSTOTEAA NP B Rainon & (b tRCEARRUSEt drafoiiE | udgr ng

whet her the -39 - disk is a Iegitimate. di sk o&){not. The effect of this
method is t menreflecsbee moshion SAdpkormrdciestapt @ infpienzatd-ng for
variations of the reference delay tinme TD by using a sinpler constitution.
(D) Next) t Wy ehigipgt thlis whvefmam om merkinggepecicionssignal be described. The
position information read in the process (C) is first converted into

ci phertext auchsagmshdin iyt haeefdirgi (B isi gatined. fTbenwhiiche mar ki ng position
i nformation thus encrypted or signed is converted into a barcode as an ID
uni que to thgeeptdidal mHrskngaistitben HafenRiR ios doa@eisiat af overwiting
fashion in a prescribed region of a pre-pit area on the optical disk.

Bar code pat tgj ggss‘ésggch]g%:lﬁh&gh Fhosi &had( )’iﬁg‘i% Al gddfsbagcode witten to
at 1s,

the prescribed region o e pre-pit area in the innernost
portion of t r&- i r o] ) i w t he process
fromthe rec%%glgn%ngﬁ?@eﬁggr%? tgftréu]n%oﬁié, aa((angoaaﬁte&t Pgﬁéegjf %gﬁée]?bar code
detection si nah b%.lﬁ PE—FH’Z nmodul_at eqn%pnal dgzm)dul ator. In part (1) of
Figure 3) t UPkr 1860 % § 8{/7%r1r’i §1819 (o ﬁﬁna epmegaldrq aser, and a
barcode-1like tripm ng pattern) such as sho in part (2) of the figure, is
forned. At the p‘{ngﬁg‘ﬁcklséﬁﬁa?%&%g(ﬁea&gﬁ %5%1%8P5‘Hé‘gv\/avef or m sone
portions of which are mssing, as shown in part (3) of the figure, is
obt ai ned. THietettiimgigeal i anspacdfie taddneshdindinatadi on adfiresy ow | evel
signal that cannot occur with a signal generated -40

in Figure 5(d)) is read by the optical pickup from within

the plurality of addresses shown in Figure 5(d). Figure

5(b) shows the physical location of the specific address in

schematic form. On the other hand, Figure 5(e) shows the

logical structure of the data. As shown in Figure 5(e),

there are m frame synchronization signals under address n,

and k reproduced clock pulses under each frame
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froman ordinary pit. Therefore, this signal is sliced by a second slice

| evel conparator to obtain a lowreflectivity portion detection signal as
shown in part (4) of the figure. In part (5) of the figure, the playback
signal of the barcode is denodulated fromthis lowreflectivity portion
detection signal by the PE-RZ nodul ated signal denodul ator 621 which wll
be descri bedynchmatiaatidnnsigmlseciredelfiatrd, phetpqsition lof vhd | be appreci ated
that) instead of the PE RZ nodul ated signal denodul ator 621, a pul se-wi dth
nmodul at ed simghlkd ngdeeBsiidedt by theVes ieaddpd okiugr garmby bepriesesied bywhi ch case
also, a simlar effect can be obtained. Wien applying the above encryption
or digital %Ugf‘@éé”%rar?e $9RERlonkeYLiGh 31l hembe@y SRER¥pEddMReiunction is
used. As an exanple of the encryption, Figures 18A and 18B show an
encryption Qﬁ8§? ?lng an RSA function. As shown in Figure 1 8 A, the
process consi Ssts he follomﬁng maj or routines step 735a where marKking

position infor |on S as d,at the%ﬁp dlsf ker, ep 695 where
t he position infor RREY S Fgl'ptaeéu? ‘i”rgy £4P @r%ha? Jfl i s appended),
step 698 mhere t he Bosition |nfornatLon i s decr pte? (or the signature is
verified or bguehwan betawedf am alkernadivedude eh Hspakattye lawed step 735w
where a check is made to determ ne whether the disk is a legitinmate optica
di sk or not laFimatted dislot eptiy38épranve barligngepdsiand oh i nformation -41

on the optical disk is neasured in step 735b. The position information is

t hen conpressed Figustepl 43805 shoded ke déohpeassgd ypksiwn @p anformation His
obtained in step 735e. In step 695, the ciphertext of the conpressed

posi tion infsohppd-1Qet! JamiARNSL HusH %mﬁ'}{a%t a fé‘fl%?:@i’veG%% ed secret key, d,
of 512 or 1024 bits, and secret keys, p and g, of 256 or 512 bits) are set,

and in step g, ﬁ?ﬁatn one' xH:ts'tPQté %Ogerfd?xr %dﬁb?%a‘%’ad'ﬁ? %HECG lan. Wien the

position infor I on |s deno I's ralse th power and nod n

is cal cul at%dﬁhg%ﬁ %&glf EE&E 1.ch nown as St% ?aye(% 15nr1]iena(f' H)htﬁsli(e)(t Cis

recorded on

which has reflective layers on both substrates 801 and 803.
For laser trimming, the processing steps (5) and (6) are
fundamentally the same for both types of disks, except with
significant differences which are briefly described below.
First, while the single-layer disk uses a reflective layer
formed from an aluminum film having reflectivity as high as
70% or over, in the two-layer disk the reflective layer 801
formed on the reading-side substrate 801 is a semi-
transparent gold (Au) film having a reflectivity of 30%,
while the 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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optical disk is thus conpleted and is shipped (step 735k). In the
reproducti on apparatus, the optical disk is |loaded in step 735m and the

ci phertext Cis decrypted in step 698. Mre specifically, the ciphertext C
i's recovered in step 698e, and public keys, a and n, are set in step 698f;
then in step b, to decrypt the ciphertext C, the ciphertext Cis raised to

e th power andsthe.iodhd paf ui NS rhetlhi bidiR) cHllpd gt ieRtain pl aintext M

The pl ai nt ext I's the conpressed positron I nformtion n error check

may be perfQrned in st 6 e 0 err okl J | ded that no

alterati onstrﬁgggart%’gx 'ﬁgs&eggg b[ehlog%sdﬁfai g#lﬁiaﬁ?%rﬂépﬁg%' and the process
roceeds to the,di sk eck.,routj 7 .sho i,n Figure 1 B. If an error

Ps det ect ed) i tp?%tsdézr’de(g)t H%ﬁd Rﬁ>e ‘gg}e/ég‘i'rse othweéﬁ?isﬁ&f’é?one, and the -42

operation is stopped, In the next step 736a, the conpressed position

i nf or mat i oriavef armss 9aheed: qul’éég@eflrtsﬁelft}’reirgpﬁaqhepé‘g?'ti on information. In

step 736¢c, neasurenents are nmade to check whether the marking is actually

| ocat ed i n ndserposa-tlaver aiskhe Llopevise, pasts i(he,cddéd @pdt kE2)posi ti on

information. In step 736d, it is checked whether the difference between the

decrypt ed pofsFigare iTnsloowrahe osigrad wdvefarmsuiabkyimedagvomredhposition
information falls within a tolerance. If the check is OKin step 736e, the

process prosReds Idyest &P thabbwd-g ook ding-5ofdrnai é.or THaten@entxecut e
prograns stored on the optical disk. If the check result is outside the

tol erance, .6P%Be§§’sii§flaf %v%?f‘@rfn%iagféses%n 0Ny £ SBhOTAWE[gd do not agree)

a display is produced to the e ct that the optical disk is anillegally

efect of rondbeiveRife? BESELUA, boSrRRE R ) ERed S 10t need be
recorded. (E)\The processing steps in the optical disk manufacturing process
have been d CP?H%§Q5S&§e. Next, the constitution and operation of a
i S on & plheyeRvesam: Geydberfaseadul ey &F GHBRLE f6 ijuigomdne T o

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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In the figure, the construction of an optical disk 9102 will be descri bed
first. A marking 9103 is fornmed on a -43 _reflective layer (not shown)
deposited on the optical disk 9102. In the manufacturing process of the
optical disk, the position of the marking 9103 was detected by position
detecting neans, and the detected position was encrypted as marKking

bar code 91040 IR (Ford AV briabl o ot ket PSR E 12he bar code

9104) and decrypti mean 105 contai,ned therein decrypts the contents of
t he bar con%FUr d:?ﬁ?g‘ﬂﬁ .WIREr%enza’PJé‘éﬁFﬂgtyﬁﬁah% Cé’f'@%“rsé)&dglﬁhé act ual
position of the marking 9103 and outputs tpe result. Conparing/judging
means 9107 sébgAnmrdate Hardec Riguees Bdaulands b)mamﬁemkré'&gyﬁﬁ}i%g means 9105
contained in the position informati on reading neans 9101 with the result of
readi ng by shbeingapkamg iewadifhgomesfilec 9l @6 opanch)j magingwhet her the two agree
within a predeterm ned all owable range. |If they agree) a reproduction

signal 9108otoionsepandl Fikiige tI0€apptsi aaginghilsRidd sehémittici rddzey do not
agree, a reproduction stop signal 9109 is output. Control neans (not shown)

control s tR@cEEM-Q0VEdW @F QRRMREF R tee tHXR tOB IgFakhdlitgk-14yeaccor dance with
t hese signals when the reproduction stop signal is output, an indication to

the effect jLhat.deqpniical disk is an illegal duplicated disk is displayed
on a display ?%ot sﬂomﬁ) and the reproduction operation is stopped. In the

above operationg \it, Wi ll be recogni hat 11 4 l,sQ _possi ble for the
mar ki ng readi ng<a) bsh%gdr?s Qfolg%ygs%ﬁet#ese%e& ylﬁggg bregg'uﬁssf romthe
decrypti ng neans, 9105 en readi ng the ctuallypsi@ugn of fhe mar ki ng 91083.
Narel y in @RPL1&hde a1 HVaREs 1GoAg? @&&P@%gn% 19808 & MBcReMhet her t he
marking is actually located in the position on the optical disk indicated
by the positheosutifgcer et dnimmitbhck KO0MediskpeersissirmeofdE®? ypti ng means
9105. Thus the reproduction apparatus of the above construction can detect
an il egal |0y 6ompihicht éiskspl amiziatdd stogathkrst epdit las aeesudticta d@ oper ati on of
t he di sk) and can prevent il egal

um wide slit-like nonreflective portion 815 was formed, as

shown in the X 750 micrograph of Figure 8(a). In this X 750

micrograph, no aluminum residues were observed on the

nonreflective portion 815. Thick swollen aluminum layers,

2000 angstroms thick and 2 pm wide, were observed along

boundaries between the nonreflective portion 815 and

reflective portions. As shown in Figure 10(a), it was

confirmed that no significant damage had occurred inside.

In this case, the application of the pulsed laser presumably

melted the aluminum reflective layer, causing a phenomenon

of molten aluminum buildup along the boundaries on both

sides due to the surface tension. We call this a hot melt

surface tension (HMST) recording method. This is a

characteristic phenomenon observed only on a laminated disk
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duplicates practically . (11) W finish here the description of the
first-half part (1), and now proceed to the description of the second-half
part (11). This part focuses particularly on techniques, including a
barcode formation nethod) used when barcodi ng the above marking position
information (ID information) as a disk-unique ID. (A Features of the
optical dis f e present inventian be des ri bed. When a barcode is
recor ded bygpg f]:hg\‘?‘?rﬁi nQS&SPﬁ@“%Bv@{a&EEEmb&éa s¢'h@'e- pl ate di sk, the
protective | ayer 862 is destroyed, as explained in connection with Figure
10(b). Ther ébbevatapr dihrpyglera ttF?’Fﬁﬁlﬁél%& ed ephronsMi Gkas6PPs t he destroyed
protective | ayer 862 has to be refornmed at the press factory. - 45° Thi s
means t hat éTé@r,codiéumrm@ngtﬁecr@@brsaealqshth‘dleoponteaﬂleditsY@ at a software
conpany or a deal er that does not have the necessary equi pnent. The probl em
expect ed hepertmon fiatméchéyatip iabate dasef trameirdeprecessding is greatly 1
invited. On the other hand, when the nmarking position information was

recorded as AadRirggedel Pshbas athat r theratBesivet heydrapt ngieedislype di sk of the
invention formed fromtwo transparent substrates |am nated together, it was

confirmed tRhat §de PERIRAL bYSidiayedr1884t.r emai ned al nost unchanged, as

al ready expl ained 1 n connection vmth Figure 10(a). This was confirnmed by

exper  ent. by 1 9RSR ¥ Al ey Uial G HIRLman 19PL AL BagREOPe 108 890%;4

magni fi cati on. was a S0 conti Fne occurt 8d”to
reflective filmin the portiqn after an |ronrrent est of 96
hours at a tanjraner@t an%q’ﬁ amo&xrﬁuﬂfd]nwe%sredgg Y T ?ﬁ‘gt y) when the
| aser trinm ng of the pres i nven pplled oalam'nated di sk such
as a DVD, tReFEIqE igol. r?ééd%lozor éf@ror#) e(5 ﬁrggt éctive }Ileaﬁ@Pu%& othe factory.

This offers a great advantage in that a barcode can be recorded by trinm ng
on the opti @umituskoniginagilacdeposiad iham hehé porddent dctiomy off or exanpl e)

at a software conpany or a deal er. The useful ness of barcode recordl ng on

t he | ani nat détiet Jgseroptpaseld déglonwdk) thms vasnbix ed5 = 0.250 pm’.

The difference is calculated as 0.250 - 0.195 = 0.055 pm®.
In terms of length, this is equivalent to 0.055/0.05 = 1.1
pm This means that an aluminum layer of 0.05um
thickness and 1.1 um 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 this case, since the secret key information for -46 encryption that
the software conpany keeps need not be delivered to a party outside the
conpany) security increases greatly, particularly when security infornmation
such as a serial nunber for copy prevention is recorded as a barcode in
addition to the above-described position information. Furthernore) in the

f DVD, si t b d I b ted f DVD pi t
Crgnals by YETE CRGETHED ARTAIAGE | THHECuF HEAR HE S ARTE QPR o1t han' 14T or

1.82 mcrons) as will be described |ater, the barcode signal can be
recorded i nTEPROMNCE10mAGE 88ng taf@h benseete thed the sinerRpd® ng fashion. The
barcode fornmed in this way offers the effect that the barcode can be read
by the opti ¢#be pisckop wwdsable fpsasecondanyt resprdiar. ofitipiedf édskcan be
obtained not only with the | am nated-type di sk but also with the previously
descri bed siinfibremaplien eofdiwhkch Bhhigh kgnsityl whdoa tibe dancodstd or m ng net hod
and nodul ation recording nethod of the invention to a |lam nated type disk

such as a Dybe dmadfédat edrinefofdt uedikdithk TafinBeedrdavkdedh that permts
secondary recording after shipnent fromthe factory. The above description

has dealt mapsl %akhh QGRS IR M) LP pRBEEAdTe | Pafar BB by | aser

trimmng on a [am nate Isk of a ayer, single-sided structure

vo- 1 ayer ed 851 et T AHEEE (¥R PP Bed T DA 08T sy back of both

sides fromone si.de of -47 . the disk rﬁ% oug havi ng t.o tur Oéer t he di sk.
On the ot hePOREHECHRE POFEIAR RS SWISEFEbriRelfthT & HBHBRe- sifgedgeree

| am nat ed-type optical disk that needs turni ng over when playing back the
reverse sidéy €amageadenendsgpnt thaskasert pewarghbhahewdamage| eannokebe i | ms each
formed on one side of the disk. Therefore, the barcode can be forned

si mul t aneougivyided boeh ifi dbs.laFhi spawevvisieonarodedaatcagetely.

Moreover, according to our experiment, the printed layer 805
formed by screen printing to a thickness of a few hundred
microns on the protective layer 862 was damaged when its
thermal absorptance was high. In the case of the single-
plate disk, to address the problem of protective layer
damage, either the protective layer has to be applied once
again or the laser cut operation should be performed before
depositing the protective layer. 1In any case, the single-
plate type may present a problem in that the laser cut
process has to be incorporated in the pressing process.
This limits the application of the single-plate disk despite
its usefulness.

(¢) A comparison between single-plate disk and
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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for nedia fabrication in that the barcode can be recorded simultaneously on
both sides in a single step. In this case, when the optical disk is turned
over to play back the reverse side on a playback apparatus, the barcode
si.gnal is played back in just the opposite direction to the direction that

t he barcode signal on the front side is played back. A nethod for
identifying the reverse,side is.therefore needed. ,This wll_ be described in
detail | at erd.eS?rBy) I§8P’erﬁhenéa%eoﬁf%%cetﬁaau?kétsalﬂggtwg‘tBGPheettg.o) iWeerwi |1 describe
the construcgti on and,operation of an opti.cal di sk baycode form ng apparatus
for converti ﬁﬂl?%gn‘éi’ g" iOBF%ereldn b?hwﬁk“?o?ﬂ”(gllﬁb—iﬂ}'r%er) into a barcode
as a disk unique ID and for recording the barc %e in a prescribed region of
a pre-pit aré@ingtedadisile Petn Eilﬁ‘éf%tl%gﬁ) éggb. »WeEE- alasdubidiedescri bed.

(a) First) the optical disk barcode recording apparatus wi |l be descri bed
with referedescrimtipguwid 12Be gives dealgngurigh2ghd singté-dgyam showi ng the
configuration of the barcode recordi ng apparatus for inplenenting an
optical di skahtnatededi sk niypg. maAishsitbwnn i gepbold (apnttief réhkequieselyer 802
invention. In the above nmentioned enbodi nent, data to be barcoded is the
data of encrypted version of marking position information. But the data to
be barcode is not restricted to the above enbodenent. It may include) for

exanpl e, i nRpUt gg%%rgﬁ'gpa%@ng%@;égg e %Efl{ﬁgé’éw‘ﬁr{%ﬁ{‘é‘% ggnerator 908, as

shown in Figure , or-any ind o gure 23, the input data
an i nput seclfon Gooiih it BHATIEN: Sehtber B0 FHe TonpTed e 1o
necessary) HE SHemSE SREGHACobme SFFer B03r ves: Porme JBrG GALTY
interleaving are applied. The encryption process and the playback process
will be desdepbed therelestaerny atlar t%}ﬁ weydigtioax aprdised wl aserr bightence to
Flgure 45 is focused thereon for heating; in the case of our

experiment, heat of 5 u J/pulse is applied to a circular

spo? of 10 to 20 um diameter on the reflective layer 802

for a short period of 70 ns. As a result, the temperature

instantly rises to 600°C, fhe melting point, melting state is

caused. By heat transfer, a small portion of the transparent

substrate 801 near the spot is melted, and also a portion of

the adhesive layer 804 is melted. The molted aluminum in

this state is caused by surface tension to build

up along boundaries 821a 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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The data is then fed into an RZ nodul ator 91 0 where phase-encoding (PE) RZ
nodul ation to be described |later is perforned. The nodul ating cl ock used
here is created by a clock signal generator 913 in synchronismwth a
rotation pulse froma notor 915 or a rotation sensor 915a. Based on the

RZ- modul ated signal, a trigger pulse is created in a |aser emtting circuit

91l, and '&@QEﬁxir?adceHod?sk' 49 sho‘wﬂsﬁﬁ F%%aréyqb@s AdYf&{d)aser established by

a | aser power supply circuit 929. aser 912 thus driven emts pul sed

|aser 11 0 Wil eD 1S (LOGUSSH 0 g,gexatso HERELEUOR @ﬁewo the

reflectiv an na di'sk r'emovi n e reflective film
in a barcogde Qatte%ﬂf % [ror.-correcti n et ho qﬂmll t rlbed in
detail | at qe Bo? 359 tREBHeCE%Vﬁu Fyes k% %h Bﬁ% ©sERIF gé hé*one shown in
Figure 18, js appended as a S|gnat€re t the serial nunmber with a secret

key that t?l’é‘g'alé’r"?l/%ee BRADAAT HdsODIETVERi Y ePa¥lsN dPACEASES one ot her than
the software conpany has the secret key and therefore cannot append a

| egi ti mat epaiegnwdsiriacreazednaorsdhpal lhgimes thenontipus wduenor nous effect in
preventing illegal manufacturers fromissuing a serial nunber. Since the
publ i c keyAftmrnohe Hasdecirimeieg), the mmeef batliye deyeri dhashe security is
greatly enhanced. Disk piracy can thus be prevented even when the public

key is recghgdedrostriseskivak ih ofigdet i MAbY. whdie convesandidcHadt 914 in the
optical disk barcode form ng apparatus of the present enbodinent will be

described felyawn thd@ys ﬁ‘%tnﬁbéren%ss%‘f@téé“ 8'6'18%(% 284 Dealbd ght em tted

fromthe |aser 912 enters the converging unit where the entering light

5 conver telibung SR IEUALOMhl BEARPAIALLEL; heam of 1Tght which 1o

t hen converged in on ane by~a cylrndrical 1ens 917, thus producing

?ozhgeget ﬁ%rb\{}é‘ﬁnment Qhus progucmg 91!11e ef%ec{: rgft Sldot 1ngrmt?1k 918) and is

structure from environmental effects.

(d) Another benefit of laminating two disks together
will be described next. When secondary recording is made in
the form of a 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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a converging lens 919 onto the reflective film802 on the optical disk to
renove the filmin a stripe pattern. A stripe such as shown in Figure 28(b)
is thus fornmed. In PE nodul ation, stripes are spaced apart at three
different intervals) 1T) 2T, and 3T. If this spacing is displaced) fitter
occurs and the error rate rises. In the present invention, the clock

generat or Qi 8r 08NeQr 84 &eparaMdvhat IMAnSt QL Rk SXBCIHPRgBy W T a rotation
pul se fromthe notor 915, and supplies this nodulating clock to the

nmodul at or . en e . ea ey 23 orded at a correct
position i %agé%%rndaﬁ%!en vr\ngﬁﬁ‘;]tr%ega%tsséfi!sgﬁmﬁlf ﬁtl%?abt%rg ’ortq‘§15, that is, with
t he rotatioT of the ﬂisg.SOO. Thi s ha§.ng gffect gf reducj,.ng fitter.

Al ternat i varymingm feplective filg 1o METaldy deriroxedsndfini WSk gure 3(1),
may be provided by which _ a continuous-wave | aser ,is scanned in a radial
direction @8tiThiragY pearkdne. 1 BysMoyed, athlﬁaﬁb%é’lﬂicltﬁ dUAgEd8Ehod) etc. |,
for fornin%ms bar code using the above-described barcode recording

appar at us, beihg deidevat dbskl amdt wilklehet ence thcdeirdimely24when 26. Figure 24
shows signals coded with RZ recording (polarity return-to-zero recording)

of the inveakinn idddgdl iadvergtipas ttey nke flamirgtepdd sispahdi nfpltdo them Figure -
25 shows signals coded with a conventional barcode format and -51 -

trimmng pakt e5PandOtRd 1§ 08¢AS RPFKaAFoR L a&*l@e%]i)p-f@%&f ggent invention uses
RZ recording, as shown in Figure 24. In this recording) one unit time is

di vided i ntegﬁgorﬁctrjégé%cﬁé.ofpégtgggﬁélxﬁg,s, ir{ %ee&é{g%bgt}geng%st tinme slot

920a) a seco 921, t1me sl So on. Wen data

is "00", fqr._ex l.e,. a, si.gnal .924a,of duratiqn short.er than the period
of the timac¥Fhiianifgreq 8idh SipEe W rolraLbeek BrEiaLigeS < 1 ecor ded i n
the first time slot 9203),.as shown, in p%éft_ (iI% in Figure 26. The pul se 924a
whose dur atlieBReTatuggopUMAiE R HXPAASI Qe £PRf P i8Rt L hd L r EXBATHY clock is

out put between t=T1 and t=T2. In this case, using a rotation pulse fromthe
rotation sdmpossiblBatenlamipatmitbe B5diskie onherlsespratad, gbner at or 913
generates a nodul ation clock pulse as shown in part (1) of Figure 24; by
per f or m ng dlienimr ahdi avg iFpisgoychaxiningm o tthet fiersel sk seobse) the effects
of rotational variation of the notor can be elimnated. In this way, as

zgown in parayet?)wieh & Giecarddy of StfcwpRidldads, iandl eatndrg "00" is recorded
produce disks. Thus, the two-layer type provides a greater
effectiveness in piracy prevention. It was thus found that
" a clearly defined slit of a nonreflective portion 584 can be

obtained by laser-trimming the laminated disk 800.

The technique for forming the nonreflective optical
marking portion has been described in (a) to (d) above.

(C) Next, the process of reading the position of the
thus formed marking will be described.

Figure 15 is a block diagram showing a low reflectivity
light amount detector 586 for detecting the nonreflective

optical marking portion, along with its adjacent circuitry,

in an optical disk manufacturing process. Figure 16 is a
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the disk within a recording region 925a) the first of the four recording
regi ons shown, and a circul ar barcode such as shown in part (1) of Figure
27 is fornmed. Next, when data is "OLl") 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
regi on 926b) the -52 second region fromthe left) as shown in part (4) of
Figure 24. Saarpmwhdistrelingi tle dadaciple offieteing t hese data are recorded
inthe third time slot 922a and fourth tinme slot) respectively. Here) for
conpari son pddnessés)ockREos igdonsliafy thedmow eeflracti vityeportieror di ng) used for
conventional barcode recording will be described with reference to Figure
25. I n NZR Feceodiamenpsl sk expPamtdon, 3h8bJoHashnhaleisngiptivndt h equal to
the period T of tinme slot 920a, are output, as shown in part (1) of Figure

25. In RZ rgedrsdiyieh tﬂu_@eo;yéﬁ&*ﬂn%fprea@fbmum@u iaSrddd bpepatitdnei ot her hand, in
the case of NZR recording, a pulse as wide as T is needed) and furthernore,

when T appegLseoty &gogxsia‘éﬁé%e_f?e@ﬂ'v?egt%;tiglﬁupdﬁeﬁrox’? lInPb St #Madt h) 2T or 3T)

beconmes necessary shown 1 n par Figure 25. In the case of |aser

trimm ng sugh_,as rihede] h S I mvent s i.ng,the | aser
trimmng w g{"ﬂ( icgggfrj"&t?@aﬁrloﬁ‘ éi?@%@glﬁ@& ngrét ?gig;bgeggﬁ.@tlggdchangi ng
settings) and thgrefore) NRZ .i s naqt sqtéaile. Aﬁ_shomm in part. (2) of
Figure 25) &83% 588 378a0ReKRIGDELPTING IRk BLEY iaPBL VoS dPndl G ERE first and
third recording regions 925a and 927a fromthe left, and in the case of
data "10", Aisk copetwomspdcfrom g¥vd divks clamipetafedogethelie second and third
recordi ng regions 929b and 927b fromthe left, as shown in part (4) of
Figure 25. - 53As shown he Kigureniti,onhe dNRK 8@k dsdloegledt bmtgpal se wi dths are
1T and 2T) as shown in parts (1) and (3) of Figure 25; it is therefore
apparent thaariing readingi agparatuoteqrtippeabwétii o 1bherdfdsetivinymm ng of the

present invention. According to

position detector 600 to read the marking, and in this case,
since a signal waveform 823 due to the presence and absence
of pits and a signal waveform 824 due to the presence of the
nonreflective portion 584 are significantly different in
signal level, as shown in the waveform diagram of Figure 9(a),
they can be clearly distinguished using a simple circuit.

Figure 9(a) is a diagram showing the waveform of a
playback signal from a PCA area, described later, containing
the nonreflective portion 584 formed by laser light. Figure
9(b) is a diagram showing the waveform of Figure 9(a) but
with a different time axis.

By removing the 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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the laser trimmng of the present invention, a barcode is forned as shown
in the experinent result shown in Figure 8(a), but since trimmng |line
width differs fromdisk to disk) it is difficult to precisely control the
line width when trimmng the reflective filmon a disk, the trimmng line
wi dth varies depending on variations in |aser output, thickness and

materi al of, the refl.ective film.,and thermal conductivit nd t hi ckness of
the substr dtYe 1388k ti&RY: 1Sy APSL LDPStaboyE: g‘&’fef@? WP fRe "élrgtrll?sv on the same

disk will result in an jincreased conplexity of the recording apparatus. For
exanpl e, i rba Hermeddvoehangdnsizrher shanadiohgprifseantére prstrRIcdidlar code
recording, as shown in parts (1) and (2) of Figure 25, the trimmng line

wi dt h must B smaetthadowptlediesdéscribedidiedewwi Fhiguhe el i FwwsTthd t he cl ock
signal) or 2T or 3T) that is, with nT. It is particularly difficult to

record varivaiefbimeWadb hybavk sigha 2 Whandtikl ahyi-veirgeng the line width for
each bar (each stripe). Since the conventional product barcode format is an

NRZ format, ddntl i catli6hMirk fafERrhed Hy‘émélblﬁg' psed 108E&F dddnbar code of the

present invention, the fabrication yield w decrease because it is
difficult t eglse oLf. vary] Jh.ne | u as 2T and 2T
on the saneggﬁékgéﬁhbgﬁéﬁﬁhﬁg?'@Féh?ghfgbofg$§anéﬁ%%%gﬁE%ngoﬂgesince t he

| aser trimmng wdih varies. This ke nmoduyl.ation difficult. Using RZ
recor di ng%’r?%rm‘eg@ﬁt %b‘?n)”@l‘ﬂa Stk ﬁggpt eg@? AL R 24 hi evi ng stabl e digital
recording even if the laser tripmng w tg vari es. Fur%ggr, tge i nvention
of fers the HAenddficationmpanks y5 i sthaewishable drpBnthsr veyRiorcet di ng
apparatus since RZ recording requires only one kind of line width and the

| aser powerothesr pf brdataeed nohibavaspduvayetormasimielear toediatby enpl oyi ng t he
above RZ recording for optical disk barcode recording according to the

i nvention) oherieed sfromf eie PCAhareef flestribed eleteri can deabht@idedi t al

recordi ng. An exanpl e of the phase-encoding (PE) nodul ati on of RZ recording

wi Il be despy iflaeding tibngef eriescen tthe Fiagitee @ick;Figwhés2easphows signals and
an arrangenent of stripes when the RZ recording shown in Figure 24 is

PE- modul at efloyehrShaN waftn’ 5 4 3iEEROUdeH dutthe distindiagd time siot

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

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

bar width t (= 10 um). Since reflectivity drops in this

_35_



920a of the two tine slots 920a and 921a; on the other hand, data "1" is
recorded in the right-hand tine slot 921a, as shown in part (3) of Figure
26. On the disk, data "0" is recorded as a stripe 923a in the |eft-hand
recording region 925a and data "1" as a stripe 923b in the right-hand
recordi ng regi on 926b, as shown in parts (2) and (4) of Figure 26,
respectivel Yongehttbit farleadad avaveddyn 824 Pllasesibdscin Kure 9@&)ous put in the
l'eft-hand tinme slot for "0") a pulse 924d is output in the right-hand tine

slot for "lojtAndda ! 8&n IrtGebs roUhPUte HI‘a%ﬂ&ﬁ R4t thanwhvielrgBn S| ot T or

"0", as shown in part (5) of Figure 26. on the disk, the first stripe is

)
formed int ts i g : . ¢ ] i.n L,ght - hand
posi tion, ag%hi %& %‘E?E‘%Sgﬁidtﬁesgﬁ??tg‘ﬁg ‘Issg??-gﬂlan%ﬁiﬁ%}gagjlltei g%&?t%}él aser
trimm ng. Fi%VQe 26$€év§homs si%nals nodul ated with Qata ﬂCﬂg". As can be
seen) a si gh&feHiosmy eLBIY dBt% £ 5P TS YA nAntAYeTBIT SHMART i s, since
the signal density is constant) the DC conponent does not vary. Since the
DC conponent® dg@d” plfiaipsd yfromethe dGhagresn dpscribed skadgtr €an Wari ation in
| ow-frequency conponents even if a pulse edge is detected during playback.
Thi s has t hebtgihedtbwfthei martietrydink pethaskickn ddvisdeds®s ohowsivezui try of the
di sk pl ayback apparatus. Furthernore, since one signal 923 is al ways

avai |l abl e f ohe enagejorrhdsnallititdekdiZTicult $ohdisttihguishf st of being able to
reproduce a synchronization clock for a channel clock w thout using a PLL.

A circul ar bafiede) tSUhR REveTaONE shBwi iGUbEr &7 (&) )ards (bWt formed on the
di sk. When data "01000", shown in part Figure 27(4), is recorded, in the

PE- RZ nodul pg%ﬁ% gf the invention a barcode 923a having the sanme pattern as
the recorded 3ignal shown in part (3) is recorded as shown in part (2).

When t his barcode i | a . back an,optical pi,cku a. signal waveform
such as shown igspgﬁqun( %g(eﬂ%lre @kﬂi&%ﬁ%ﬁ‘bﬁﬁﬁ,eqd&%ﬁiw Swith portions
t her eof dropped correspondi ng to i ssj ortions of a pit:nodul ated signal
wher e no regfe i BAPLS ﬁﬁF%"eaPBrUtﬂ“aSé@g‘agb’égt er%l?ﬂif\?awg%ﬁfolrﬂe reflective
film as explained with reference to part Figure 5C6). By passing this
reproduced §eRyP# eamlougnteHedsbr dhg- traet bectimi by-ldeheramopptfi [t er 934
shown in Fi gure
etector 586 shown in the block diagram of Figure 15. Using
the reproduced clock signal as the reference signal,
position information is obtained in a low reflectivity
position information output section 596. Figure 16(1) shows
a cross—sectional view of the optical disk.

As shown in Figure 15, a comparator 587 in the low
reflectivity light amount detector 586 detects the low
reflectivity light portion by detecting an analog light
reproduced signal having a lower signal level than a light
amount reference value 588. During the detection period, a
low reflectivity portion detection signal of the waveform

shown in Figure 16(5) is output. The addresses and clock

positions of the start position and end position of this
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35(a), the filtered signal waveform shown in Figure 27(6) is obtained. By
slicing this signal by a level slicer) reproduced data "0l 000" of part (7)
is denpdulated. (C) We will next describe features of the optical disk
fformat with a barcode fornmed in the above manner, tracking control nethods,
and rotational speed control nethods that can be used when playing back the
optical di gkgndPlar¥endMsued] rst describe the features of the optical disk
format with a barcode fornmed according to the present enbodi nent) while
deal ing wi th amexanpl e, elqd GRRdLidan {03h, PALLhsH Hagkiaggont rol during

pl ayback (this condition s al’so r fred to as racki ng condition).

A pl ayback eration usi t.,rackin tral is shown in Figyre 40, and its
details wiISHABHIECIER,pd0 Naving rh 866 Wp. Laseomraicion 14 present
enbodi ment, all data are recorded in pits with CLV, as shown in Figure 30.
Stripes 923 gigrtdlngienadar chedpchrreseserntasd38a treenarates\a recor di ng neans
recording with constant |inear velocity) while CAV recordi ng neans

recor di ng wilpek cdgsahniroanthe aavegmapedveianeilt y. Anl RFM hiempdekagior i nvent i on)
the stripes 923 are recorded with CAV) superinposed on a pre-pit signal in
a |l ead-in @d8Raimreedemmdudanin@seatibre§91 vdemobulstesetior ddgnald,t an€laq ECHat i s,
the data is overwitten with the stripes. In the present invention, the

pre-pit Si@B@fe@trseérﬁ@d%ah&tdhtﬁhts_taf1ﬂi€ﬁ€aél 3i@ad. WEHe BByt s are formed. The
prescri bed region of the pre-pit signal area) as nentioned in the present

| nvent i on, ARAGRAACS &A1 s 1A1RE OS] P01 LA1° BBy K LhT S el on

is also called a post-cutting area ). Int area) the barcode is

recorded wi eri ) endd t £Si I his way, the CLV
dafa is reé%?5g9¥§93ﬁﬂ§rﬁrg 6§@F§€%Q¢r@ﬁ¥tﬁzb@g€%ZFsdﬂ% , While the CAV
data is recorded with |aser-renoyed .portjions_of the flective film Since
t he barcodéuéﬁ? it8 ?f@éﬁ‘ﬂﬁaoé@rdﬁi??ﬂﬁwf5§WiSﬁ,aéﬁﬁ§sare recor ded

bet ween t he barcode striBes 1T, 2T, .and, 3T. Using this pit information,
optical heftPiladechion $4censhpl FEtdgoniaidgTabenads J¥AMasfathe pit
information can be detected therefore) notor rotational speed is controlled
by det ecti fgandisynshporizinFosidaaectisToutputt fieom & aynchrobétziveen the trinming
width t of stripe 923a and the pit clock T (pit) should be t > 14T (pit))
as shown i xikhglrenit30t de@taehisgge tHemabieveletk aelgenddatori 38ashorter than
14T, the pulse width of the signal fromthe stripe 923a becones equal to

the pul se W dbfodf1atb& dliokk- 28 outpytsi gnal, and discrim nation between them
is not possible, so that the signal fromthe stripe 923a cannot be

demodul ated. - Torenabhe st B2 e85 TR 08, (g b gggrat he sare

radi us position as the stri ress area i's provided | onger than

a unit of . f pLi inf tgR, .2 L. Figure 32: address
infornatioﬁﬂgén @iﬁzgﬁﬁ-8§? ?%gﬁ?£ﬁ%k§§§ i ﬁﬁﬁggﬁbﬁggpgt?unp to the desired
track. Furtherore, rati o, aof the striﬁﬁgarea to {he non-stri pe area,

th

that is, tHOTGIRY STAFFAANG BOSHdEN dalectanpo8oageyrately meggugese 1y Ns) |
since the effective reflectivity decreases only by 6 dB, this has the
ef fect of dheustant ppabstdonocendsiend nesithen oft thellowerrfleneiiitywponsiion
descri be an exanple of a condition in which tracking control cannot be
appl i ed durG8dgbplumingcan (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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(this condition is also referred to as the tracking OFF condition). Since
the stripes 923 are witten over pits, interrupting pit signals~and
preventing correct playback of the pit data) tracking c~ntrol nmay not be
possi bl e on sone players. In such player, the strips 923, which are CAV
data) can be read by thel,optical pickup by applying rotational control

using a rotational. pulse froma,Hall elenent, et¢c. in the notor 17. Figure
31 shows a‘{fxleé~ hiyan ¢ %Fé@a&gs'éc}blaécg&)"r“el? rl8Yperations in a pl ayback
apparatus when pit data in the optical tracks in the stripe area cannot be
correctly H@yedis osgput, sheksiangl Fleyedefm theen a disk is inserted in
step 930a, the optical head is noved by a prescribed distance to the inner
portion i nreflept 880porThen bping dbwheadansthehdsgppambinmhed on the area where
the stripes 923 of Figure 30 are recorded. Here, it is not possible to

correctly pdfayback vadtuia §88om Hiils ibedgrietsed dyotisked ight tlleeedtri pe area 923.
In this case, therefore, usual rotation phase control cannot be applied for

the pl aybagdmpairatdie 587! 4t @ IRCQeHREtI Tty Tlhihe IFdt8E€IHnI30C, rotational
speed control is applied by using a rotational sensor of a Hall elenent in

the motor efeda, MEASUGS Nehdyhe: d FTRYe 96 B MHD) ofipufr £AYPRGY Of a pit

signal. If 1t 1s determned in step 93 hat there are no stripes, the

process ju . f.. o Lf e, ar leloRES, 4 L ode is played
back in stwgégé‘?étg&é%melﬁhél%@ gl(&:kdegcfeg%%te 5§§'r co&egﬁ%&grggpget ed in step
930e, the optical head.|s moved i.n step 9 to an.oufer area where no
stripes. ar SoredOrebd e L Miehay d FiReottd sord Jegttel sTef dea. the pits
are played, back correctly and accurate focus and tracking servo are

achi eved. 5F uépuhdrom the gark xegiopessigrayidd dpagotyBad 2 ot ati on phase
control can be perforned to rotate the disk with CLV. As a result) in step
930h, the pefilestyvellaiyerpl ayed back correctly. By switching between the two

rotation control nodes, i.e.) the rotational speed control and the rotation
phase - 60 Next, to obtain the start and end positions of the low

reflectivity light detection signal, the demodulated clock
or synchronizing clock shown in Figure 16(6) is used along
with address information. First, a reference clock 605 at
address n in Figure 16(7) is measured. When the address
immediately preceding the address n is detected by the (n-1)
address output section 597, it is found that the next sync
604 is a sync at address n. The number of clocks from the
synch 604 to the reference clock 605, which is the start
position of the low reflectivity 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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control by pit signals) the effect is obtained that two different kinds of
data) barcode stripe data and pit recorded data, can be played back. Since
the stripes are recorded in the innernost area, sw tching nmeans neasures
the radius position of the optical head fromthe optical head stopper or
fromthe address of a pit signal, and based on the result of the
measurenment, correctly perfornms switching between the two rotation contro
nodes. (b) #mpasptishgsadxion seaing evhich meansazhatwethgi refareseei be two
control nethods for controlling the rotational speed when playing back the
bar code accdelaiynyineo TDheairessdegendmgdinneng .reproductidd aipawmstiuhe first
rotational speed control nethod wherein rotational speed control is applied

by det ecti ngseBrexTidrediobé,t usignathe( Thea sbmndebBpsiorragtdr 687for a pit
having the largest pit length of various pit lengths). A signal fromthe

optical heaghdiselifitsle S6b}RI 68 WLAdWOMRShaflIRGng W ek belk WSt PiHeSe Spaci ng

of the pit signal is neasured by an edge-spaci ng neasuring neans 953. AtO
reference v j E§ r rence vakue i nformation
t 0 whose pu?ésalef%wggékﬁ{r ?Es)hljlmgrfggr ihgﬁét%gqgéﬁs\g%%i ﬁlﬁt@ﬁT&& %'I[Ehe sync si gnal
but smaller_than the pul wi.dt h t of t.he barcode. si.g This reference
val ue Tt orMAERE i BRaCEe s utbelofficS AR A P esatBE Sl ol 61
are conpared i,n a conparing means. 954; only en, TR is smal|er than the
ref erence vE§UENE AL S?%rfg’ér r?@fg}ﬁngé\{?XﬁeIWm?ﬁ“‘él%f‘rﬁ? fqar?ékn%‘)%& TRis
supplied to the nmenory neans 955 where TR is set as Tmax. By reference to
this Trmax) anddherstardr and endosddresses, fost the @pticalcmaekiNo. 9bgin 488 evi ng
notor rotational speed control based on Tmax. In the case of the present
i nvention, memertoask,pelsels mtldcatcladdreds 8+12 ikOohtainade apesbowt ed by
barcode stripes, as shown in Figure 9(a). In the case of a DVD) the sync
pul se Wi dt hin Figure 16(8). Since TD = m + 2, the clock count is

corrected to 12, but for convenience of explanation, n+l4 is

used. We will describe another method, which eliminates the

effects of varying delay times without having to obtain the

reference delay time TD in the reproduction apparatus used

for reading. This method can check whether the disk is a

legitimate disk or not by checking whether the positional

relationship of mark 1 at address n in Figure 16(8) relative

to another mark 2 matches or not. That is, TD is ignored as

a variable, and the difference between the position, Al = al

+ TD, of mark 1 measured and the position, A2 = a2 + TD, of

mark 2 measured is 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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is 14T, that is, 1. 82 a m On the other hand) the barcode stripe width is
15 a m In Tnax-based control, the barcode pul se | onger than the pul se

wi dth 14T of the synch pulse WII be erroneously judged and detected as
Tmax. Therefore, by renoving barcode signals |arger than the reference
value t0 by conparison with the reference value t0, as shown in Figure 41)

it becones possi.ble to.performrotational e cont .faor . pornmal

Forati onar bt ol o tER ASR et AP T eE P B n detPRE Thext, the
second rotational speed control thod will pe described with reference to
Figure 42. Thi aﬁeﬁﬁf‘odwsa:msnﬁaw afheskar %%&édcwlsem@faﬁt ecting Tmin
(Turin means neasuring tine for a pit_having the smallest pit |ength of
various pit Ve&ifinas of she eefeuence Haked téBatioby sHowe 2 simpdeFe 42, the
pul se informati on TR fromthe edge-spaci ng detecting neans 953 is -62
conpar ed i ncenstdripaiomg neans 954a with Tnmin held in a nenory neans 955a.
if TR < Tmn, a strobe pulse occurs and the Tmn in the nenory is replaced

by TR In this d@}eNeithetharenedepiud sefovndtion wirstithd prdfess m as noted
above) while Tminis 0. 5to0 0. 8 ,um As aresult, If the barcode area is

I d back); e T QLS TRy i the b d
o Y0 Dackhy cpsglings, T gk Meboagtiolhaf shIu he barcole

pulse wwdth't 1s a s, there 1's no possibility
of erroneously. judg; a.bar.code | se. as Tm.n. . Therefoere en the Tmn
based ot at PSS RERa & SRR S BT AT R bt B i o Enelhgt ng. means
959, the effect is.that rotational ,speed,contral based~on Tm n can be
appl i ed or B84 ébﬁ}gmll S1ghayi Ay Jher, (e e ki88eRO AP ed to t he
Tmax- based net hod. Further, an oscillator clock 956 creates a reference
clock for dénbrrmaiiedrthus eneyphed Sdesienedi h GrBupEtassdntavd | e det ecti ng
t he edge spacing; this has the effect of being able to denodul ate the
bar code in bgnuideons san Dt tniqueats ahe ¢m)ichbxdiska amt ithe hercogei cal di sk
reproduction operations (playback operations) using the above control
met hods) et d¢s médordbé ideseerwddiniRefaghiomdnf a rtest pifedgpuegion3df and 43, a
first playback method will be described in conjunction with a nethod for
swi tchi ng bat yespitohrdd of tHr %8t Lt 8 Pdk. "OBEr @diedpd talehs BHAL -

584e in Figure 2(a) indicate the barcode written to the

prescribed region of the pre—pit area, that is, in the

innermost portion of the pre—pit area.

Parts (1) to (5) of Figure 3 show the process from the

recording of the barcode to the demodulation of the barcode

detection signal by a PE~RZ 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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speed control node by a node switch 963. Then, a second and a third

pl ayback nmethod for playing back the optical disk of -63 - the present
enbodi ment will be described with reference to Figures 38, 40, etc. The
first and second pl ayback net hods herei nafter descri bed are each concerned
with a case where tracking control cannot be perfornmed) while the third

| ayback hod Wh Ki ng. I b
perlor e, HOh o wEBe B e RS ot R SRS ROvER b na nner

portion of the disk in stﬁ ps 930b and 930c In Figure_31, the node switch
963 shown i$f3qﬁi“gu$ bcgzlevelsgpmratagor doaobiinean W\?@if eCtiydi¥pde switch 963
may be switched to A when it is detected by a plskup (PU)_ position sensor
962, etc. tPritiohedepciten sheerl Bsi shpwroiepasy & Fa§HEL.964 has
reached the inner portion of the disk. Next, an operatlon when t he
rotational Epegadtctmt obl theodegrs, eph@@daybarnld:lsggued 8f)thes entered will be
described with reference to Figure 43. A notor rotation frequency, fm from

a motor 96%andda {9 damedidated Lronf tlei seepnebfosetiviayoporde8nare conpared in
a second frequency conparator 967, and a difference signal is fed to the

mot or - dri veqeddeg vbd s%ﬁaﬁ GyCORS 'PB-RY %dm&rd 36fhall Quso@ARksYi Ng rotational
speed control. In this case, since the disk is rotating with CAV, the

bar code st bpe wiath B 101 ol sbritlen WSbbE ﬁam@ds%cebm%k i's conpl et ed

in step 930e in uré ead 1 s nove an outer area by the noving
sensor 062, Pite G e Tt RE R oE 50 Lt c By BT1F FETation phase
the pit o giarm uiﬁﬁquEE%Eé?Bam RLaEDP2, @ GRlSeminke 1oy Aktths 060, The -
frequency fl of a firs
signal demodulator (PWM demodulator) may be used, in which
case also, a similar effect can be obtained.
When applying the above encryption or digital
signature, a secret key of a public key encryption function
is used. As an example of the encryption, Figures 18A and 18B
show an encryption process using an RSA function.
As shown in Figure 1 8 A, the process consists of the
following major routines: step 735a where marking position
information is measured at the optical disk maker, step 695
where the position information is encrypted (or a digital
signature is appended), step 698 where the position
information is decrypted (or the signature is verified or
authenticated) in the reproduction apparatus, and step 735w
where a check is made to determine whether the disk is a

legitimate optical disk or not.

First, in step 735a, the marking position information
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oscillator 966 and the frequency fS of a reproduced synchroni zati on signal
are conpared in a first frequency conparator 965) and a difference signal
is fed to the notor drive circuit 958. The rotation phase control node is
thus entered. Because of PLL phase control by the pit signal, data
synchroni zed to the synchroni zation signal of f1 is played back. If the

optical hegd thRr piRuedd{k §henRRuFOHanSEEdPT36H eaThY sigibpn phase
control, wthout swtching between rotational phase control for the notor

and rotati I :GO ol ; S 0 ol could not be
per f or med %@gﬂggfﬁf lghgﬁeglr 8%’{1 ngggg(? ltrﬁﬁg%sl% r@gg's?angjngﬁ% roubl e woul d occur,
such as, the nmptor,runnjng out of .control qr stoppin a rror condition
sceurr ng%cwpﬁfﬁ%rp@ﬁbb&% areitatich i & gﬁfegl 1|§M?E%Fhi':#§:m o the
appropriate contro n only ensures stabl e playback o e barcode
but has the effBc%t‘??fngggoifglﬁnﬁlmeéﬁ%’f%ﬁrE}P“atcpﬂﬁr%éeﬁn?ctﬁltﬂ% ation. The

second net hod for‘plﬁy[ng back the optical disk of the present enbodi nent
will be desefarmetion this efomstnussedo Higate 38 sien &95shovescaet | owchart
illustrating the - 65 operation. The second playback method is an

i nproved ve¢wi dp of SlBeof 1024 Ipltay bawwk seetdwdeydbre aapdagi bifcal |y, the first -
pl ayback nmethod is a nethod for playing back an optical disk on which a

stripe pregemee/ 8D Hes, iAenket,i @hd98Y stép rBySbgeéﬂdi?Qtio?i nge tracking is
(0]

not applied in the stripe area on an optical disk this type, it takes

time to di g@rff‘b‘ihﬂe&mﬂﬁ “ﬁ‘??sgyﬁir{cit%n.pa%gﬁ r}hleeg%lailtxogor med on the disk and

an irregul pattern cause scratches on the disk surface. Therefore,

or ocedur o MR Fob iy ARE P Y PrdhiRoraisetaft ohhi wdt BAFYrccic 1 ne

presence or absence ,of .strjpes or. whether the stripes a recorded in the
i nner portH erst‘Fﬂechﬁ?f%‘JaltodY’sqgfi fHherteyt Egxaus étSPo@%ém in that an
extra tine js required before the data can be actually played back. The
second pl aykaciphertesd € seeerdsd emitdepepticcal sk ) Bre shown in Figure
38, when an optical disk is inserted, control data is played back in step
940a. Usuabpticaphgsskcds flamst aorplietbdraral i snstapdedit tstiebufdk).

In the reproduction apparatus, the optical disk is
loaded in step 735m, and the ciphertext C is decrypted in
step 698. More specifically, the ciphertext C is recovered
in step 698e, and public keys, e and n, are set in step
698f; then in step b, to decrypt the ciphertext C, the
ciphertext C is raised to e-th power and the mod n of the
result is calculated to obtain plaintext M. The plaintext M
is the compressed position information H. An error check
may be performed in step 698g. If no errors, it is decided
that no alterations have been made to the position
information, and the process proceeds to the disk check
routine 735w shown in Figure 1 8 B. If an error is detected,

it is decided that the data is not legitimate one, and the
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information of the optical disk are recorded as control data in a contro
data area. The physical feature information includes, for exanple,
information indicating that the optical disk is a |am nated-type disk of a
two-| ayer, single-sided structure. -66 In the present invention, as shown
in Figure 30, the control data recorded in the control data area 936 of the
optical di gkera@RbRI 1S sRopfied. Stripe presence/ absence identifier 937 recorded
as a pit signal. Therefore) the optical head is first noved) in step 940n,
to an outer ar r h ok4 4.0l ta | 0 s And then the optica
head noves in\/\g?[dmeejn%ﬁ%isﬁtge%azé%léstg@pﬁ%ﬁnpg?s{st%g %(?ﬁﬁrlg@ks until reaching the
control datafareg.43 .And thag %n st%ﬁ 94&&% t he. cqntrol, .data is played
back. It cih TAGLIYHE "chdKEER %tﬁefe% s BéégHV‘ PREF4Bd or not. I f)
in step 940b, the stripe pres e/ absence identifier is he process
proceeds tb“%‘%r@ﬁté%f EB &rﬁpt ?gézce PeRSHEBAN thase 'Eadi?t £81°%€5¢ nor mal

pl ayback with CLV. On the other hand) if) in step 940b, the

presence/ aBkeihes thremerking igsgctuglly kogahed Ha phodositinroeBeds to step
940h to check the presence or absence of a reverse-side record identifier
948 whi ch theliopatiesl tdiak inddcated pesthe positiondéufamathen.si de opposite from’
the side being played back) that is, on the reverse side. If the stripes

are recordetepT36ie irtevergeeckededhether phecebifepenceddswéen shep 940i to play
back the recording surface on the reverse side of the optical disk. If the

reverse si decGReatpdg 1368 OFRbEfAlibY flPXRE &%ﬁgllyﬂrﬂlew@ﬂé‘dﬂ“ on is output

for display, t0 urge the user to turn over the disk. If 1t is determned in

step 940h the. i I (o] | de yhei ed back, the
-67 procéggﬁﬁkgc%eééh?gﬁ% £§1E§8@?9§ﬂ3r3°Pﬂ§“§%adI?stﬁgéﬁéggo the stripe
area 923 in_the.inner Baétiﬁﬁ of _the disk, $nq in stgg 940d, the contro
mode is switcHedlt DGR AP0t RIREESS JFRERRTS (8 PISR TBARIEY he stripes 923
with CAV rotation. .If the p]ayback is conpleted in step 940e, then in step
940f the cORERW SAbHEATESOX (At eFgekte BTPERASI SPLsNasR 6nt r ol

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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for CLV playback and the optical head is noved to the outer portion of the
disk to play back pit signal data. Since the stripe presence/ absence
identifier 937 is recorded in the pit area holding the control data, etc.,
as descri bed above) the second nethod has the effect of being able to play
back the stripes nore reliably and nore quickly conpared to the first

bl ayback ey ok dese iaher HokNsKEROT 8RR L8y Fhohe obticdheniskhe PCA area is

with tracking OFF, |evél t he nol se 'signa ch i's generated by the pits

drops. PCA gjgnal I i C LF rackingqi g: et F

Ther ef or e, ?L@hel}?ﬁ%\%epé%@gfo@nﬁgﬂ%\%g #\ t11—1|eg(§11£r<1l'e1%§%(%l)s,ﬁ('t ﬁgpi t signal
drops, meking it easi to di.sti i sh between the PCA.signal and the pit
si gnal . Thi g&rﬁéof’h%% gﬁgerp’a[r 6f’gsfﬂ%l Vﬁ/idﬁgeﬁ?éi b?’ RIS and reduci ng the
error rate. Furthernore) the provjsion of the stripe reverse-side record

i dentifier SefpCtaRedmaansyAg bhe degerbréhPPFitioRaYas KBCEYRYESe8S are recor ded
on the reverse side of the disk; the effect is that the barcode stripes can
be pl ayed bwewkingegositipelinfboiyationt ard sasdbterf on thrubbeicdldddsipvD opti cal
di sk. According to the present invention, since the stripes are recorded
penetrati ngin htheufibri lod a efdreodé VAHO#i | ns on both sides of a disk, the
stripe pattern can also be read fromthe reverse side of the disk. The

stripes can be PogyeibndasKorma@idh Feal BYEMSEnS19d6] Ofeadietis sk by checki ng
the stripe reverse-side identifier 948 and by playing back the code in the

rever s di rgeidgR wher GRAARGybIMeShEARES10TBnRE ARANERLAMENT | On USES a

bit string "0100 s the synchroni zation co as shown in Figure

34 . W t [ : i zati de i
ol ayed back Ee T R0 EahEeEs, B L REReeR Eh, BB S Y BE * he bar code
i s bei I back f h ide. In.thi denodul at i
the code | ntYEURRLEES GL06 e TroactitaBSLGPReot R Maie BRayback
apparatus of Figure 15, the barcode recorded in penetrating fashion can be
correctly pPid@ndaewtnaienthe rpsulted bemparingmivdgeng é\?é?%equf[de of a

doubl e-si ded di sk. The pl ayback apparatus of Figure 15 will be described in
nmore det ai | compages the tdeeryptied, resulshbvem ithe Fleguypt 3@, mears0@185 m wi de

contained in the position information reading means 9101

with the result of reading by the marking reading means

9106, and judges whether the two agree within a

predetermined allowable range. If they agree, a reproduction
signal 9108 for reproducing the optical disk is output; if

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



guar d- 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 nore stable.
The guard-band area 999 will be described in nore -69 detail below. Wen
t he optical head accesses the control data fromthe outer portion of the
di sk, the optical head noves inwardly ing across a plurality of tracks
antil reachPeans AEOG Gt Hee thet aecarv@ae@aasuih IyomethendesTyRti®Lopt i cal head
may be noved past the destination control data area 936, |anding at a
portion furmérns Dh0@mmienfreddingovhter et tusdt nositaan of thei markimg)9103.t he PCA
area 998 exists directly adjacent to the inner circunference of the control
data area, théamepyi oalthhiseachssi | thd maekirtes readingosedrisn@1686 mhechs addr ess
cannot be played back in the PCA area 998. It) then, becones inpossible to

control thewhtHegathdqekimcder détialyy Weaved e gh@rgdshanch anea with a
width, for exanple, 300 a rn, greater than one junp width of the optical

head, i s proyi dedita sk ahoueanal 89 B oD idy ﬁf&m%m)mbaad i s moved
past the control data area 936 the optical head will always |land within the

guar d- band mggﬁggbgytggagk?ﬁgﬁggaﬂgigsgl!y the guar d- band area, the

opti cal hea kno oSl an t us be repositioned on the
destination con at a ar ln t tical head ¢can be
control | ed nore BFl §e%5 ?glﬁﬁpﬁﬁﬂﬁ% th$We$B°%%CQﬁ%Vﬂm hOEi gure 30,
the control data al so cqntali addi tiopal stripe .dat rese ce/absence
 denti fier &AW Gt §ﬁ1‘«iaaelﬁswq& @ngaﬁam PPt 197t Y s aafl; sfon. ¢

recording first stripes on an optical disk, additional strlpes can be
recorded i nraprasption wneteioned! pdet b3k, ofnd nanarewevemhei Fiegel recor ded

stripes will be referred to as
duplicates practically .

(I1)

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

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

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

press factory.
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the first set of stripes, and the additionally recorded stripes as the
second set of stripes. Wth this configuration) when the first set of
stripes 923 is already recorded by trinmng) as shown in Figure 30, the
capacity of the avail able space for trimmng the second set of stripes 938
can be cal culated. Accordingly) when the recording apparatus of Figure 23

performs trimm G mé'a‘?&o{ﬂatl er (a@dcasrﬁltotoﬂeslle g(fe% hh&epont rol data

provi des an indicC %lon of space I'S aval £or “'Kddi ti ona

recording; this pr nt OSS|b|I|t tro t he flr t set of
stripes by PBEHF@ ﬁbs eatﬂgﬁwéﬁﬁcﬂvgw%fﬁé 1e¥uﬂ%% 9 as shown in
Figure 30) a gap_.949 |onger than one pit- S|gnal frame Iength |s provi ded
bet ween t hehgve sthespecassaty rqqudBmets afep prAb ket gxpecied berestsi pes 938;

this serves to prevent the previously recorded trimrmng data from bei ng
destroyed. Nbatdher pmlsicahbem of nbdrcgde erebidjng dsberetdderi bed | ater, a
trimmng count identifier 947 is recorded in a synchronization code area.
This identifligftdds used to distinguish between the first set of stripes and
the second set of stripes. Wthout this identifier, discrimnation between

the first set OfOnSrthéRec%e921$axﬁandwﬁéhetﬁ@%}%lﬁ%tpo@ﬁu&;t stripes 938 in
Fi gure 30 woul d becone i npossible. Finally, e third playback nmet hod wil |

be descri beqn}%lhﬁstlglfl %nggcéfﬂeg gurepad. d\@hﬁ? ]Fa@?rdg{lﬂﬁfn i of the stripe

on the optica sFarfe TSt correct
tracking ca ma ed [ he.s e area) as sho Flgure 32.
Ther of ore. - the RIPBLE TPy dhali o e E’%e%a% BEndd 0By e Same
radi us position of thqgg;sk can_be, pl ayed back. This has the effect of
qui ckeni ng ftR8NERAIRNE | sttr@@esaﬁg@nadp ktqesdBeti dh ©¥néeni Hdedddr ess can be
pl ayed back while playing back the stripes w thout changing the optical
head positi ¢hat|thet pretecddve kaver B semainedaalnpstavrchanged.c aso stripes are
recorded, should be formed continuously along a I ength | onger than one
frame in thalsemdy eaplaimedoin iconnedtitohewitih Ekgur‘méog@er afhos waseps for this
nmethod will be descri bed

confirmed by experiment by observing the disk under an

optical microscope of 800X magnification. It was also

confirmed that no change had occurred to the reflective film

in the trimmed portion after an environmental test of 96

hours at a temperature of 85°C and a humidity of 95%.

In this way, when the laser trimming of the present

invention is applied to a laminated disk such as a DVD,

there is no need to reform the protective layer at the

factory. This offers a great advantage in that a barcode

can be recorded by trimming on the optical disk at a place

other than the press factory, for example, at a software

company or a dealer. The usefulness of barcode recording on

the laminated-type optical disk was thus confirmed.

In this case, since the secret key information for
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with reference to Figure 40. Wien a disk is inserted) the optical head is
moved to the inner circunferential portion in step 947a. If no tracking is
achieved in step 947n, the tracking node is switched from phase control to
push-pull nmode in step 947p. In step 947b, rotational speed control (CAV
control) is perforned to play back address information. |If an address

cannot be pl ayed. ba in,.step.947c) the process proceeds to -72 step 947i
fo nove thgmdjép?b%ﬂ %ﬁégdthenﬁg¥W¥8 %qwng&qutshréeoqgg&ogﬁq pes. |f an address
can be pla %q back from an enp%% portion of the PCA area (a portion not
overw i tte% 1VeRRd fioo@eRar Yy Bitedds the SPBPANYA7ECGHALE, 16E888SS on the

address) the optical head is noved in a radial direction to the address

ar ea wher eBEqatl pepagitécukagdydeien spcwridy ufpgmatine spelkefce or absence of
PCA stripes is checked. If it is judged that there are no PCA stripes, the
process preoededsnimbest Epr T4PY prevenyidm isesatoad®CASH baaticede he cont r ol
data. Then, in step 947s, the presence or absence of the PCA flag is

checked. |in tdddipt@sencehefabbhe-desériledopbsitdehenifedmativh. process returns
to step 947c; otherwi se) the process junps to step 947m On the other hand,

if it is pdasdrndret R HHe/dabdaif AVDe 81 M Che HarcBES)silghgl Process _
proceeds to step 947f "to pl ay back the PCA stripes. VYhen the playback is

conpl et ed %Ql%kegggﬁ%gedgﬂ%ﬂ bﬁﬁrﬁgdgg%%égwgégggfgﬁ%tﬁgtation phase contro

and the optical 'S nmoved t he I'ay back a pit signal.
In step 947t) t.he PCA fl in the.control data i ead; Jf there is no PCA
flag, an e%f%ﬂ’“l s@:{ﬁewf@q\ ak R dalHe Srepten ,anaf]@ fhelfi%ocess returns to

947mto confinue the pifcess. (E), fVext) nﬂgg acturing techni ques for

i npl enent | RECRORE: ot iVdal kA drserbedakatedy nthiry DAEEISd SbEnalhean nvent i on wil |

be described in further detail. A barcode playback apparatus -73
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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wi |l also be described briefly. (a) First, manufacturing techniques for

i npl enenting the barcode recording nethod will be described. In the case of
t he barcode recordi ng nmethod previously explained with reference to Figure
28, the mnimumemtting pul se spacing is It. therefore, a laser with a
pul se repetition period of fC = 1/f~ is required) where f~ is the frequency

of the | aselie digktwithog@sRvihpetawaberovet~thd dogk.barcode bars can be
recorded per second. However, if a beam deflector 931 is used, as shown in

Figure 29, a mggi {Wé”o‘%ﬂbf tHa'ﬁG Wﬂe?netfﬂlﬁﬁhé‘gls()fpe?foﬂm%daeﬁ qned, so that the
pul se repetition period is f~ , whi ch neans that the |aser frequency

can be 1 edyesl ki dud, 264 nacefedﬁf,oy Ehb 230418208, 3 d§mﬁﬂ laser of the

sanme frequency is uséd e nu arco bars t can recorded per
second can_be deubl u5|n t he.beam de ect 31. This has the
ef fect of Pgﬁhgﬁﬁﬁlﬁﬁ 1B$JﬁﬁétﬁvefP§. m?ﬁ}%%egb?n SFﬁc a factor of 2.
The operation of bIe effici appar at us erred to as "switch
recor di ng" P2388Sn§ ﬁl’f béla%t(‘l'éf ?%ﬁ@é%‘{%ﬁ ¥ 1e3p 264 e @"Bel ow wi t h
reference to Fi%ure 29, focusin g on differences fromthe configuration of

Fi gure 28. sTir obeths défkectlberefdre, f tharbar¢adsmcam bec oEnast opt i cal nodul ator

or the like, is supplied with a deflectlon signal for switching the beam
bet ween a shmul theeonsd45omrbth sides: 74Thisbprowidds; anMadmantegedef | ecti on
signal is ON) the beamis switched to the sub-beam 946 which is passed

through a subsleldia b iaatidnoi ABthatStike dhrtdR 984 bedVpeeoraedci fically, for
data "0" a nor mal strlpe 933 is formed; only when recording data "1" is the

defl ectiong ﬂ&%he Qn% a§1(§{]§ \(\ﬁ d glﬁégeurseeg%b)) in response to which

t he bean1de ector smntc es the beamto the sub-beam 946 to record a

stripe at the S i r, stripes 933a
and 933b, each uﬁi%f},ag éﬁlanstmal é“g%iagf 15 T'Lwlae? S \/\ﬁ in part (b))
are formed_on the, di,s In this,confi n ince a J,aser pul se need
oniy be pr Bt LAck tHe rebfkse sTaf 9B, 5 BlPhadl apPehel Wiancy hal 1 't hat
required ip the confiquration of F| gure, 28 can be used..In other words,

when a | asBRTGAde RE8 nésfl?lééfﬁg é“ ullisd) the AROsIHE dinectden can be for med

at twi ce the clock ) )
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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frequency, this has the effect of increasing the productivity by a factor
of 2, as already described. Next, referring to the data structure of the
synchroni zati on code shown in Figure 34, a format suitable for the switch
recording explained with reference to Figure 29 will be described bel ow.
The synchroni zation code data structure also constitutes a technique for

l nprovi ng produgtpiiid $3 A a5 Q0N dnN sidviRgetRA coanfi dirht k&9 oFathern of
"01000110" is used her e. Cbnventlonally, a bit strlng conS|st|ng of -75

t he sanme nu kthe resent
n%t}nll P%?@a)l g& P

i nvention de | erat ely avof@g this and ué rated data structure
for the rea %P ai ned . First i tch recording of

Fi gure 29, roc\?l &i %rml%s'?eectg’g dgng gnfbh %%?Cmggr f’ég#u ses will not
occur withinp one ti slot) .that is T |nte vaI itch recording

i s possi bl elF¥enthen. g‘;t“atlé? @QOB%d%ﬁ%éo%%i{ F EErr with a PE-RZ
code, as shown in Figure 33(a). However, in the case of the synchroni zati on
code of Fi gbarcodadals therdatai of eemlraptqdwﬁmonbpf gnegkéngrnosageen with the
usual nmethod two pul ses may occur within 1T, in which case the switch

recordi ng ofnfdraatimenBibnthesdatd tpobesilialreodél'dsamjir gsstriitedptobl em the
i nvention enploys, for exanple, the bit pattern "01000110" as shown in

Figure 37. YWd labblé enbotemsitt el i, malynincll udepufcieenamples imputt Beta 1" on the
right, in T2 no pul ses occur, in T3 a pulse occurs fox the "1" on the

right, and hpd Bh @ Rmmﬁsrops%%g 1o sheD’ géner‘%ﬂoi" hopg, ehg dewhh' S way, two
or nore pul ses cannot occur within one tine slot. hus t he synchroni zati on

code struct gy &y E EQ% ﬁyqﬂblg (gaﬁ B@Q?ﬁﬁ%ﬁft of achleV|ng swi tch

recordi ng, incr aS|ng "t ionra y a factor of 2. (b) Next)
wppar atus for piyiigia bithéf 19t 5 B8R o BB b et | cal i Sk by
the above ne;égx%he ID generator 908 are combined together in an input

section 909; in an encryption encoder 830, the combined data

is subjected to signature or encryption using an RSA

function, etc. as necessary, and in an ECC encoder 907,

error—correction coding and interleaving are applied. The

encryption process and the playback process will be

described in detail later by way of example with reference

to Figure 45.

The data is then fed into an RZ modulator 910 where

phase-encoding (PE) RZ modulation to be described later is

performed. The modulating clock used here is created by a

clock signal generator 913 in synchronism with a rotation

pulse from a motor 915 or a rotation sensor 915a.

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

created in a laser emitting circuit 911, and is applied to a
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The description will also touch on productivity increases. Figure 15 is a
bl ock di agram of the playback apparatus already described in (I). In the
first-half part (I), the apparatus has been descri bed as an apparatus for
reading the position of a marking formed on the reflective filmof an
optical disk) but hereinafter) the apparatus of Figure 15 will be descri bed

as a barcod@ag‘ﬁf@gggs@%pagaé YRG IAL;%& b$rabd i Bh&Y BICK 1BRBATHwds: AN

expl anation w e gilven agaln referring to Figure 15, this tinme focusing

onLhe_ deTodybiky 85 SRY 94 VL Fabr MLSMLASRISREIGTANSRRS gener ated

signal output. InR.t aseg of .a DV here is a possibility,that a maxi num
14T si gnal iﬁ@erbglgﬁgwg‘dcﬁalék)fow:a)etﬁfr@gg‘. §tonvRIEYnE Pﬂftsya(}ése, it has
been confirmed by experinment, a stripe signal,6 and a, high-frequency
conmponent geRE} éﬁ‘édr%@e&tbﬁ féi’ﬁ 02 empHread aBingfed st sk 5@\‘5—2 second- or der or
t hi rd-order Chevi hov | ow pass filter shown in Figure 35(a). That is) the
use of a setenakingrtid gleflectriderfilPFinas bameodd pettemst bBieg able to
separate a pit signal and a barcode signal, thus ensuring stable playback
of a bar coderrdi-goreeid5oh) methodswiliebsi dadcaibeh inadefaddniaderch i s generat ed
when the signal of the maxi num 14T -77 pit length is recorded

conti nuousl Forléhctrzbﬁi_de@ya RblEEi g thshaecensh agr tihd @Rersiywder LPF 943,
the stripe playback signal can be output after substantially renoving the

pit pl aybac'insmga&gé }]S,giﬁ Siendes dsehl §il3én%t9?@tt‘$“|tﬁ‘éis%?i5’f stripe signals.

However, if the 'w a stripe signal thus denodul ated (the stripe
signal w dt . o~ iy . Flayr 6 J e har_t he sanpling
interval w Qyﬁp@ﬁggﬁeﬁ%ﬂ@e kgé(g%)l{ g}?é;a&%)t%?%ezgé%nl r?’a%’hqut ri pe signal
may not be asured accurately. Fgr ex le, of.the stripe signals shown in
Fi gure 36(h)t 1fﬁés§tr$ld\§esi‘%,r?§ﬁ ofherh, Shamb the; SOftYALe GPMPRLY BBSof ¢ ho

m croconputer sanpling interval width, and therefore,, i,s not detected. To
avoi d t hi s) taesteqrge kewyaad tdwrarewd cayneteaapery & i@&ut@@at% waveshaped
using a flip-flop circuit so that the signal w dth becones greater than the
m croconput eigealiyki by & newrsexiiali nimber mthds kawn enormoysire 36(d). Figure
36(d) shows a waveformafter the stripe signal width was increased to a

wi dt h Bw. Théfyatydahppednsigndlllesal menufisttacted fnvoh hi ssaimpd iang pul ses (see
Figure 36(c)) fromthe mcroconputer. This ensures accurate neasurenent of

the stripe Segial nuRSer T Enecdank sublftduse cablo bbudddighefRBCr i ption will
be given. Digital data is denodul ated by the PE-RZ denodul ator 942 in the

above mannelze Fheidakey idesthAfdl Cthd SeBfrICidoa0dely Glahdy. o1 Of

correction. That I I nt erp1t eaving'is per?or med 1n a deinterleaver

9282, and Rendy Spl,aNpN. 5048, £ WPUEAd-004 & CFAAN TRE fub19p (B decoder 928D

for error correction. criptron wl givén 1'n relation to

productive t.act. Figyre a). shaws e data structure after the barcode is
ECC encoded lascE%Cr(Hid%g ?rb%g%ealﬁi‘eg‘%t&e mb%di-ment . Fi gure 33(b)

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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shows the data structure after ECC encoding when n = 1 according to the
present enbodi nent. Figure 33(c) shows an ECC error-correction capability
according to the present enbodinment. In the present invention, the

i nterl eaving and Reed Sol onon error-correction coding show in the data
structure of Figure 33(a) are perforned using the ECC encoder 927 shown in
Figure 1 whgn, recordi,ng,stripes on a ical, disk. Wth this

érror-corre ]isoﬁlﬁ]ﬁ H@d,l“%llttega@yé‘r F‘ng %@gur%"q ﬁsoﬁcysﬁaeﬂﬁiogﬁhout of 10' -
10 million optical disks under the condition of that Byte error rate of
10- ~ occursa coavenging langidd8rent@3thy .rafdeehive fhlm 882rerctthee) to reduce
the code data |l ength the same sync code is assigned to four rows, reducing
t he nunber oftisphcdikdés tpmosef thet filmfindaasttiphusatitecneadi ng ef fi ci ency.
Wth further reference to Figure 33) the scalability of the data structure
wi || be desstiipedsudn ashshqwneseritiguny 28 (bdnis tthes rizeaedi ndncBpacity can be
varied freely, for exanple, wthin a range of 12B (12 Byte) to 188B in
increments @ddull@Bloms sEPONMY ard Spaced i dparfeatetab®e QligFefdrtur e 34(c). That

is, n can be changed within a range of n=1 to n=12, as shown in Figure

33(c). As aﬂgmﬁwé¥?thgrgn3%gg)3.ndgngﬂgesﬁﬁﬁgééi%g%ggﬁggﬁle, in the data

structure en n there ‘are only four data ro b, 951c) and
951d, followed by ECC ro 52a.1L 952b, 952c adaﬁ§2d. Fhﬁyre l4(a) is a

di agr am showt n§ FPEUHE %@?bt?‘ei W5 FAEY Ta86% | PTHE 8523 Tow o5l
constitutes, EDC of 4B Fi9ure 14(b) s Q@F this in an gq ivalent form
Error-correb?YedﬁlgPrccﬁljﬁen@ Q¥ BeRerAteR BERGGLRR R MRSUtARE that data rows
from 95le to_951z all contain Os. Mathenatical equations for EDC and ECC
conput at i onglegke iBhexpehronismgwi ts a170t9tigndrulsedfrom dbpeatatiovel y. In this
way) the data is ECC-encoded by the ECC encoder 927 in the recording

appar at us 091%i gudesuppdnels rddernmtilasing lbdocdode tie modutitxir. 9¥hen n=1, data
of 12B is recorded over an angle of 51 degrees on the disk. Likew se, when

n=2, data otol#Bucanthae esdpisdeibeMIed 1wt2coxthidaadvfa 26tFectan be recorded
over an angle of 336 degrees tin the disk. In the present invention, by

encodi ng angogaGedi (9 dchsrdiaica waihghé hetebPlonnd H(LmpesP W18 i On equations
shown in Figures 14(c) and 14(d), when the data anobunt is smaller than

3?12{3%?126 CRPULAL | PIYH $ho& At {&H oFSBRETdREK Ado. F eRisThAY et s are Gs, so
effect of reducing jitter. Alternatively, a laser scanning
means 950, such as shown iﬁ 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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data is stored with a small recording capacity. This serves to shorten the
productive tact. Wien performng | aser - 80 trimmng, as in the present
i nvention) the above-described scalability has a significant nmeaning. Mre
specifically, when performng laser trimmng at a factory, it is inportant
to shorten the productive tact. Wth a sl ow speed apparatus which trinms one

stripe at a.tine i% wll take nore an. 10tse onds to record a few

t housand sttrrlﬂlﬂégg PEERES &PFm%daﬁﬁ’é{?%Pon%Hkg P tmeqw red for disk
production is ﬁ seconds per disk: if | | -capacity recording has to be
done, the prodl®e |R}'§S?’a"ct1m’ﬁ%tr’é’§slé§es 9fOT6i Mer aﬁa%&ﬂ“’“f 6% the monent,

disk ID nunmber will be a main application area of the present |nvent|on in
this appl itiguren4.-t hén PdasaRearescapails yorannbs tidel by tigide®. 1f 271B are
recorded when only 10B need to be witten, the | aser processing time wll

i ncrease binta fapturalofy &f kemdishgts,o farpaf)miup&e,i anfcost timer ease. The
scalability nmethod of the present invention achieves reductions in

product i onskAsH2@d)d at ké@ond Bimdelpt DANACK thipdr gilnes sséw W22 n Figure 15,
when n=1 as in Figure 33(b), for exanple, the ECC decoder 928 perforns the

EDC and ECL £isb0sn.CONRESTdaqR £OMDOT atﬂo?”éxaﬂﬂ%\“ d RiFhguneda Idi(c) and 14(d),
assum ng that the data rows 951e to 951z all contain Os as shown in Figure

14(b); the qu%ﬁ?% nbbLst tiad e fatipeols 15 ]t%e Loingl LBaganye corrected for

errors by Usi %e SSane nthis Unber “of program st eps

decr eases, the €. the m croconputer.
-81 Fur* ﬁ]% éérqgﬂ P Jug o n&?}' %ﬁkbdﬁogg&éydgﬁg\{lac@est ripe wdth is
made | ess han 2 0 pul se period, as sq wn i re 36. Since there
are three e %élﬁﬁr@@asp‘a%l ﬁ\ggn 111Tpa§-|-)( gn’d‘ :I#guﬁ?é ratio of the sum
of all the strlﬁe areas in one track to the total area of the track is |ess
than 1/3. The mpudse P24arehasenduratipn inhshesiss sham thesperiod T

of the recording clock is output between t=T1 and t=T2. 1In
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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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 di sk player. (F) Next) an
exanpl e of the above-descri bed barcode encryption (including digital
signature) will be described with reference to drawi ngs, followed by a

descri ptionsl,ANekRLn %P%itﬁ%t %f‘f;tye)é@nﬂo‘awnointﬂ&?tlbl@f)c‘a@e}?ig(nﬁ}e First, the

bar code encryption process a back process w be descri bed by way of
exanpl e mﬁt@ reference to Figure 45. As shown in Figure 45, an |D nunber
4504 uni que #b each individual optical disk is generated by an I D generator

4502. At the sa i an | D signature, secti,on 4503 applies a digital
signature to thgg%lx% n eFerﬂlEgn%tﬁ s]p(gciaf‘ijcr]]sle(:ré}esl?e9att?0taf83pondi ng to
a specific public key, and the thus applied digital signature 4505 and its
associ at ed FECOfiedetn sG4thind Seme 18§e¥4sy a&@gfém%}r‘itéﬁ‘eoﬂﬂata to a press
factory 450l. This digital signature is -82 applied to the I D nunber
encrypt ed i mespeadiwedpti on encoder 4508 using a secret key of a public key
encryption function. The public key corresponding to this secret key is

sent to the predkrbactar yolfdtlisotpurpeses,edRZ facbodingd38dn—t he | D nunber
and its corresponding digital signature 4505 are recorded as a barcode in

the PCA ar eéeeﬁrrﬁgoopéﬂoc%c&iﬁhgﬂmdbyop%ioﬂge&1!8%1 Wark6de 4507. The public
key is prerecorded on the master disk) that , Inapit portion of the

G S5 aoner S3eal S TPAVGRCAALS 0P8 oty boglaeded o 2

pl ayback appara ey Is T ‘omthe pit
portion, and the | unber ,and the digital Si ture appended to it are
read fromthe Pgﬂ} gzgé'e&ﬁﬂdﬂ&r%f%e& &?éan at"ae%l F%C*kglgf'l%é result of the
decryption is Eassed to a veritigation section 4511: if the digital
signature d#idth eapalinep theginariadel &5 tire sdati%20ar aneeoyBRUt i cation) the

pl ayback operation of the oFticaI disk is allowed to continue. If the
di gi tal sigmaatshawndaeeparg (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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found illegitimate as the result of the verification, the 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 decryptionis
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

performed for velftikatcoatentibanl INRZ dedcrdisgenteypiled widdhspubdic key
ci pher, as described above, only - 83 t he software manufacturer that has

the secret key £anatssidesRonteWn! Saréniey -anﬁCG?J)r%if”l?i rel 35 pijkated di sks

were made, the encrypted ID of the sane nunber wou be recorded in.the PCA

area of ‘ever y, i i UISLELOY Gy \A3EAlai3HNL RoE ALAL,f] sk oul d be

greatly lim ason is hsuch cases, the i11l'egal use of the

sof tware having .t he same nunber can be prevented by applyi ng network

prot ect i on. %\l@%c}laé% {Igmaine Q&héﬁ%l%\‘?ﬁe'ﬁretl%ﬁmﬁé’gtri%&gr%qggtf’ef erence to

Figure 45 can al.so be uysed in the Internet. (b), Another appl.ication exanple
éRiono Fibgif

of the barcodee WiaSer ble 1qBsRe ibefhePrRseRy dpy ©85as anot her

mode of enbodi nment. This nobde of enbodinment is concerned with an exanple in
whi ch an encfypreidoas kehpwnoibehgsexpegimenly resuhiushewr iionFiguneecor ded as the
above-descri bed barcode in the PCA area. As shown in Figure 46, a press
factory 46018k®epdueacinceDtmimntieg laimd widthcdiffspofutimdigindoypti on key) a
public key of a public key encryption function, in the formof a table

4602. At thedpslesstf aetdafyi4B@ to qrekDseymoent@1dthd 9 iservwiekaondi ng public
key are recorded in the PCA area 4605 of an optical disk 4604 by using a

PCA writer 40 t'}'ggﬁﬁ;ji(ngv@hwéflg@fﬁfei ?ghﬁggw sftﬁsu,sefhgwemrmwnggased the thus

conpl eted opt1 cal 4604 can play 1 ack on his ayer. nsi der) for

exampl e, 2 capfe yldbh! fhiBS ApRhafty bR VAARIORVER ARlELVBIyiocorded on the

optical disk

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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Bef ore the user can play back the novie contained on the optical disk 4604,
He has to arrange for paynment to a system nanagenent center 4610 and have a
password i ssued to enabl e playback. First) the user sets the optical disk
4604. Wth comrunication software run on a personal conputer 4606) the PCA
area, etc. are played back and the public key is read out. Wen the user

enters his c i u K C N encryption
éncoder 4607&gﬁg%§%§§gfﬁeg2§#g$gg(ﬁgggg&%#ﬁ ? e'pg ?%”Qgg?’and t he

encrypted data,S transmtted t g _Ssysti.em ngna nt,_genter 4610 by using
t he connunicgf? sggﬁgﬁﬁbﬁ %%E@? &{c@ﬁé %&gfgﬂy%gﬁggﬁﬁgﬁPmEB%ter 4610) a
communi cation, section 461), reads the | unber in.plaintext frgmthe

recei ved datﬁ}gﬁhaaﬁﬁﬁ¥yp%§1§H@ﬁ?%égW@é%ﬂﬁéPg.%VﬂFg¥f?evﬁﬁHu%%2ecret key
corresponding to the ID nunber froman encryption key table 4612. That is,
the system nEfeRféiBat thenpresens1bnvendpen thas gfmre)fﬁw wikaghieydng 4612
contai ni ng mapping informati on for each I D nunber and a secret key

cor respondi ngtatllet Hégipuadl recdreling BaadiDrthehbasexety smmingdwidthar d nunber and

personal code nunber retrieved fromthe decrypted data, the system

managenent ceaf s, 46BErthbay o theentden, offieds athet BEfsefti mes) issues a
password to the user. This password corresponds to the disk ID and

user - speci fi §§'m15‘l‘1‘fiy?n%)rth%08&¥§t‘%ﬁc§mnt BRI heCPBEGHARE Hpakheydli sk 4604. Using
the - 85 password thus 1ssued) the user can play back the desired novie

or install t ephr mut.ar RS e bl & can be

prer ecorded ggn% %grggc gﬂgﬁé’trﬁgugﬁ% ‘é’gw&ngk?ﬁfdn}og %ekv(&)&}{é%gdi ment has
the effect of,saving tinme and |l.abor tgken in a preyi ous systemt hat
required thetg?i%@ﬁ?ﬂﬁﬁﬁﬁeﬁ%ﬁ?fgﬁﬁﬁﬁﬁgt%aébﬁquﬁgagﬁﬁlic key to the user
separately. Furthernore, eyen if the co ni cati key (publjc key) is
delivered to a p::&ésgg"r‘é'élbéﬁyrh%éi“ Wangakhe apovg %geﬁﬁﬁqr@}“ﬁ@z%ures are

i npl enented, security can be maintained. Furthernore, since a different
publ i c key i 6ptied fbsk dacpodmaeceniliag atoording toethe iinyentiomne particul ar

di sk, that is, one user, is broken, the security of other users can be
protected. Fohe¢terisoofferedi thy efféetr efit eqprulring stapsefdigidalf erent di sks

recording.

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

Figure 26 shows signals and an arrangement of stripes
when the RZ recording shown in Figure 24 is PE-modulated.
As shown, data “0” is recorded in the left-hand time slot
920a of the two time slots 920a and 921a; on the other hand,
data “1” is recorded in the right-hand time slot 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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has the effect of reducing the possibility of a third party placing an
illegal order. If the communication public key were recorded on the nmaster
disk, it would not be possible to prevent a third party from placi ng an
i']legal order. In the exanple of Figure 46) a public key is used as the
comuni cation key) but it will be appreciated that simlar effects can be

obtained if gssgefmit kRYtheS 18S8thanti Nt iimdi §160F6r WHS{Buls’@hméﬁﬁCUfi ty level
i's alittle lower than when a public key is used. Needless to say, the

et hod descr ijed i kh £ SfieS SR0R hanFLOUEES . 4P "A"SOue AUsEEld n the

Internet. -8 erring to Figure 22) we wiIT now describe in detail a
net hod of desggranbl i ng and decr yptin ata usihn password i a the network
descri bed wi ?)%4?e]fsetogge‘ét g gﬁ%ﬁregkz}%n%l %“Pehgglf’?o%ha t & IS—}ilodvglre 22, first
in step 901a the sof r n the .disk checks the sgranble.identifier to see
if the identPPiB?f§§%¥§PFﬁﬁgPﬁ% ns%%ﬁﬁﬁsgNﬁ§ Fﬁ%jﬁFéEégng?dE%eds to step
901b: if the software is not scranbled, the installation is allowed to
conti nue. On forBe®timethe ded t-hand peskionerthes segend stripe dReiéed in step
901b whether the software is scranbled or not if YES) a connection is made
to the persomdghtdmndt positépnordndi bhettdprdsta)i pehircithe slefethawed by step

901d where the user enters the user ID and software ID. If) in step 901c,

there is a drgogetids), bhelndenr stiemiAPll Fiberali2os) IJRodatsighaléransmtted to
t he password issuing center. After confirm ng paynent, in step 901g the

password i ssuyjoRg] £& §1 tPHaker TBL0ENCIAP LR L QBB 3 kPsmanithe drive 1D and
software I D by using a sub secret key, and generates a password which is

Lenom 1 e At e PRSI CIm FE ad oianed0, e
a0 comares ot hetE ) Yot Qucl LI S5l el S0 e process
T s checked MRSt Her DEHEBonena GBF&Iaqtovary, PE modutatlon 150 " St P 90T

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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87 thereis a disk ID, then in step 901i the disk ID data is
transmtted to the password issuing center. After confirm ng paynent) in
step 901] the password issuing center perfornms encryption conputation on
the disk ID and software I D by using a sub secret key, and generates a
password which is transmtted to the user. In step 901m the personal

conput er at REPRODITED STONACOMPbaspd & i RRSFOMRE ShPtharSdb dpyppdL key and
conpares it with the drive ID. If the result is OK the process proceeds to

t 901 t ; ' I i S; , b
zorerrpruni cgt :"%g%%ﬁ%ﬁtdﬁfgé &?2@%$§%?§%U§88§cdéfgtaggkeﬁgd%hette?:a?b\%% byyusi ng a

disk 1D) the, sof bl i he di sk 'ocked.
in’the tasc BEE IS RCIEGnbre ohel frvecRr iR it teMbedT i) B var os

fromdisk to, disk) the password is also different: this has the effect of
enhanci ng séBarraflectivaritdipe asoexpigined (Hih & AFe % BATY s onitted, but
by encrypting data using a public key recorded in the PCA area, such as
shown in Fi fageratd (64ur iBygpaseingobivimirenrddusepesifgophethriongkttdes 901i and
901j, data security during conmunication can be further enhanced. This has
the effect ekcembtordag watbkitd-mmder dPFofii kiferp@34 shawn hinl Figigre nf or mati on
via a conmuni cati on neans such as the Internet where the security level is

low. We wilI35f(ani sheheilelrbe $igmaliwiviedosm ahowheinf Figirehal(6) 88_  part (1)
and the second-half part (11)) and now proceed to a description of

appertai ni ngyIRIALL S BElAlchige tRis e AaPaRsS 16D aptdgal di sk

manuf acturing to the playback operation of the player. (A A |low

reflectivit i re bl e, i i bt information |ist

for the Iow)éregﬁ@ccgﬁw Y pgmq(}gﬂ??vﬁ% g@ é)%p?%"lpo(r@g.g{%;) Laser markings are

formed at randomdin,the, anti-piracy.,mar.k format} proce the factory.
ol b { ds

No | aser mar ki ng®r §Entli Rexthides et R €50 t?Qﬁﬂcaiﬂ%éﬁysical
Feature. I e i tn s Fasesds Fobhed 15 08 dbove Sranner, %racking
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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portion 584 formed on each disk is nmeasured with a resolution of 0. 13 ~c m
i'n the case of a DVD, to construct a low reflectivity portion address table
609 as shown in Figure 13(a). Here) Figure 13(a) is a diagram showi ng a | ow
reflectivity portion address table, etc. for a legitimte CD manufactured
in accordance with the present enbodi nent, and Figure 13(b) is concerned
with an iII% ﬁ%y% duplicated CD. The low reflectivity portion address table
609 is encryg d‘déing a one-direction function such as the one shown in
Figure 18, and in the second reflective-layer forpi,ng ste series of |ow
reflectivity por]{]ri 6H§ gsent oméfg%l)m\mg?% %ﬁép?%fggéc%%éeé)%@ﬂ is renoved,
is recorded in a barcode-like pattern on, the innernost portion of the disk,
as shown i nWEElyEAY, 2.sumnrgmp%sergonsa PTETBUWCFARR) Ipydtheadi by dgtai sk check
procedure by 89  the one-way function used for the encryption. As shown
in Figure 13reaHwlidépg tanraddradd whith he rddozded Iwitdu@iVi.catlat CD have the

|l ow reflectivity portion address tables 609 and 609x, respectively) which
are subst antisal the daté ersenvefwrdnt eaadi tht tier stfpest aclrortheesulting in this
difference is that |aser markings identical in physical feature cannot be
made, as eapkb&intNQhent iBAPT IR preqdiar signdlhated haps eiaitor abddhess
preassigned to the disk is different if the master disk is different.

refersing Netd ardad iferkSpi N2 abk! foriRACT ITHe. HRUNCE RBed Rkl f10 pOST 11 0N

i nformation fers between the legitimte and pirated disk. The

fi h l e ] 1 ch nbi ned. h
examle ShoMie b her engs S o mePoHed B AEbRIRPLC Cote of ihe

legitimate CD) the first naran of mark nunber 1. hIoc%teci at the 262nd
clock posi t ABHCHTIH { FEFTESAPRIGAPER JANERPOIELILOTOFNT SEPLSAL addr ess AL) as

shown in the address table 609. In the case of a DVD, one cloQck is
equi val ent ddsle: tds tegionahgl alse erldedramost-suttingeanget P@Ais accuracy.
On the other hand, in the case of the pirated CD, the first marking is
| ocat ed at tIheti8isPCsl axda, polsd thaseoden isheewededrwich Gddr ess A2, as shown in
t he address table 609x. By

superimposed on pre-bit signals. In this way, the CLV data

is recorded with a pit pattern from the master disk, while

the CAV data is recorded with laser—-removed portions of the

reflective film. Since the barcode data is written in

overwriting fashion, pits are recorded between the barcode

stripes 1T, 2T, and 3T. Using this pit information, optical

head tracking is accomplished, and Tmax or Tmin of the pit

information can be detected; therefore, motor rotational

speed is controlled by detecting this signal. To detect

Tmin, the relation between the trimming width t of stripe

923a and the pit clock T (pit) should be t > 14T (pit), as

shown in Figure 30, to achieve the above effect. If t is

shorter than 14T, the pulse width of the signal from the

stripe 923a becomes equal to the pulse width of the pit
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detecting this difference of the first marking position between the

| egitimate di sk and pirated disk, the pirated di sk can be distingui shed.
Li kewi se) the position of the - 90 _ second marking is also different.
To make the position information match that of the legitimte disk, the
reflective filmat the 262nd position in the sector of address Al nust be

formed wth an _accuracy,.of one cl.oc nit) .. e. . 13.~¢c m_ ot herw se,
the pirated Eilgriiaclcaﬁﬂgtdlﬁgr?wa%llﬂnt w‘é‘?(%lﬁ‘ﬁ‘fe@ bi hﬁigglﬂﬂsélﬁg‘?’ tfe legitimate
di sk and illegall dupli cated di sk have M/reflec%iv'ty Eﬁétion addr ess
tabl es 609 akd2Bodwe ifr%|t§ﬁ,e fHePe Yalaueanngle bai demodiriteds shown in
Figure 17. In the case of the legitimate disk, in the track follow ng the
mark 1 the sffarenabde phil addsess dndormasipn 1w Radrendosl, theespeetivel y) as
shown in Figure 16(8), whereas in the case of the illegally duplicated disk
t hese are m+2adansl pow2¥ion assyecsiviles) as aldoess iamefi Pdr és Ifofyed
Therefore, the corresponding values in the lowreflectivity portion address
tabl es 609 andng&9xhahea dinfit esenhd AHrebowWT pit Hrnddk@atlion, t AYShERKI Ng it
possi ble to distinguish the duplicated disk. If an illegal manufacturer

desires to makepfyQ@PY2 OfadiPEs Jiisiko iAMDY ddie th@Wpeehh@Ghbyi ty portion
address table 609, they wll %ave to performa precise laser trimmng
operation w .r.e ihaon, of. r o) Si
Fgure 16(8) MALTE ARSI bR gt Jube ) SBRAEEE eBGE, ordr Bhest®
r epr oduced clgck s%gna ut of. re roducegﬁgptical.signals) -91, in the
case of a DvD18i &K P8 i SH PO PT GhedOr 6‘886%?18%%’1'@%%1%@ ¢hen
converted to a distance on the disk, that is, one pul se s?acing on the
disk, is 0. Fheaduhy matimdiiagnade dessnikanH% | Legyal TéDpy, T{ND irefl ective
filmwll have to be renoved with a submcron resolution of 0.1 ,um It is
true that whennee thet effdctiradrefdscyinadyf dacranseptondpl byibs#B,i shised, a
recordi ng can be made on a recording filmsuch as a CDOR with a subm cron
has the effect of ensuring stable focusing of the optical head.

hown in
5§’PLL

Next, we will describe an example of a condition in
which tracking control cannot be applied during playback
(this condition is also referred to as the tracking OFF
condition).

Since the stripes 923 are written over pits,

|

interrupting pit signalsLand preventing correct playback of

the pit data, tracking control may not be possible on some

players. In such playerL, 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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resolution. But in this case) the reproduced waveformw || be as shown in
Figure 9(c)) and the distinct waveform 824 as shown in Figure 9(a) cannot
be obtained unless the reflective filmis renmoved. (b) A first nmethod of
achi eving mass production of pirated disks by renoving the reflective film
may be by laser trimm ng using a high output |aser such as a YAG | aser. At
the present giate of technol ogy, even the nost highly accurate machining
Faser trimm ng can only achieve a processing accuracy of a few mcrons. In

the laser trinm ng f?t?%ursee@l,c%%ﬂcé ofj BSK i%@%{'rﬁéif iiﬂn.ét?egi tb%%f _Scfrieqst hat 1

~cmis the limt of € processi ng accuracy. 'S nmean

difficult to_agchi gve a,processi accuracy af ,0..1 a m at,the nmass

producti on | 89 }C.ael( E?a%slsamg‘éecdoﬁg Wﬁﬁ&{@ar gﬁﬁt&%%stiﬂ tethgq{ﬂnﬁﬁent for
processi ng sem condyct or s for VLSILs and iion beam processing equi pnent
are known at PPRELr é@eﬂtePtrTS%-as?he @@tlca]eﬁlﬁ?ﬁn’egnttﬁ%é%osééwrﬁéhi eve a
processi ng accuracy of the order of subm crons) but such equipnent is very
expensi ve andnfthea heeaorherei the akeipeasudl tafnBigurepBdcares reewrdsidece of di sk)
and if each di sk were processed using such equi pnment, the cost per disk
woul d be very hi dglereAtit He potepensibiliemeo ddreeefbr elagbhwekcdsta woul d becone
hi gher than the retail price of nost legitimte disks, so that nmaking

pirated di skgrypuld BRé HAY ?é%lrﬂwrlinngh@ss%ri?@)aréé giECr ipeghigbove, with

the first nethod that involves laser trimmng) it is difficult to process

ith bm , t : Joh | Inf fLcul d
wth a subm EEQ&%ﬁﬁgégﬁﬁéréﬂ%I ?Sfﬁlghe%hds% béntgloilm«%ﬁghgtt Lo mass produce

pi rated di sks. nd, wth the secon using the

submi cron processi t echnol o uc S X I exposure, th t per disk
's so high t BEPLIRRAE 0 R SR oRE g P SR eeBT 45t AR @dononi ¢ point
of view. Accordingly, making illegal copies can he prevented until sone day
in the future whei B&oP #39¢, stdaitional spercsontepl ésrarnldgd Wor nass

producti on becones practical. Since practical inplenentation of such
t echnol ogy wukinde mabgtional sensor of a Hall element in the motor or

by measuring the T(max) or T(min) or frequency of a pit
signal. If it is determined in step 930i that there are no
stripes, the process jumps to step 930f. If there are
stripes, the barcode is played back in step 930d, and when
playback of the barcode is completed in step 930e, the
optical head is moved in step 930f to an outer area where no
stripes are recorded. In this area, since no stripes are
recorded, the pits are played back correctly and accurate
focus and tracking servo are achieved. Since the pit signal
can be played back, usual rotation phase control can be
performed to rotate the disk with CLV. As a result, in step
930h, the pit signal is played back correctly.

By switching between the two rotation control modes,

i.e., the rotational speed control and the rotation phase

_60._



years into the future, production of pirated di sks can be prevented. In the
case of a two-layer disk with a lowreflectivity portion fornmed on each

| ayer as shown in Figure 33) an illegally duplicated di sk cannot be
manuf actured unless the pits on top and bottomare aligned with good
accuracy when |am nating, and this enhances the effectiveness -93 in

preventing picbaedol bB) piNeXxtgnates, Whd Feset iiReoheuinkehetiadtr @pgenent angl e of
the low reflectivity portion on the disk can be specified. In the present

i nvention, S‘dfiﬁé::]je‘?l@t \(E{Jseﬁtfid’aec%,esﬁ ﬂg{adgigﬁgée%ﬁﬁ\éﬁgm%tm provi ded by the

reflective |ayer level nechanism t IS, ow reflective marking
alone. In thi . Lev i | ffegt] ep. i1f th ster disk is
a duplicate.réﬁ%ﬁ@%#ggpﬁe%ggﬂggbﬁggﬁgigg%an% g&ggﬁéngggmfé %ﬁﬂgining it
with the pirac g{event'on.techni ue at th Haster di sk Ievel.hlf t he

ar r angenent 51%? &Sk 1R hthe 6W?@P|Sgc%1ie\?n§,m§8 P& MRS tFESHF &% W€ specified
as shown in Table 532a and Tahle 609 in Fu?ure %g&a), an i#le al

manuf act ur er TAGLYY PRV ELAN0 Of cg Qﬂélfc)ﬂldb% d5pe BpepPtifalahe genent angl e
of each pit on the master disk. This would increase the cost of pirated

di sks and hemstepmthancramhéhe sguldlvess tof aopideségnad,i anddased @n A furt her
description will be given of the operation of reading the nonreflective

optical narkithg pswulitont chet fieadurometitsk cbardcnay grbrdptms alwidélsing f ocusi ng on
poi nts that were not touched on in the foregoing description of the

operating pripR¢wddie thdhedo irdtaBionSEONWTFoll 'mddegur e 16, the start position
address nunber, frame nunber, and cl ock nunber can be neasured accurately

wth a resoluti on(kgf R%)fél'rﬂla' tnecfth% lii%ur)é‘é th 2nd %,_ wé gﬁqlluti on of 0.13 ~cm

in the case of the'DVD standar by using a convention player) thereby to
sccur el TERRHE R B rk L JSOCTeok e ESTENe, UGB, 90 2 0
Expl anati on Osfpegcii g{vr}\aelnspfaly)i’ng(ggdk (cf?g )barcode according to the present
embodiment.
Figure 41 shows the first rotational speed control
method wherein rotational speed control is applied by
detecting Tmax of a bit signal (Tmax means measuring time
for a pit having the largest pit length of various pit
lengths).
A signal from the optical head is first subjected to
waveshaping, and then the pulse spacing of the pit signal is
measured by an edge—spacing measuring means 953. A t0
reference value generating means 956 generates reference
value information t0 whose pulse width is larger than the
pulse width 14T of the sync signal but smaller than the pulse

width t of the barcode signal. This reference value

information t0 and the pulse width TR of the reproduced signal
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(4), and (5) in Figures 2 0 and 2 1 will not be given here since the
operating principle is the sane as that shown in Figure 16. The
correspondence between Figure 16) which illustrates the principle of the
detection operation for detecting the position of a lowreflectivity
portion on a CD, and Figures 2 0 and 2 1,~ which are concerned wth a DVD,

I's given beEPW-cﬁggEéf?.1%6952?@‘3'@5:??%9@%( ; Fo Ay @ﬁer?(;@ ) and 2 1 (1).

The reproduced ¢ si‘gnal I gure ) correspon to that shown in

Figures 2 0 (5), and, 2 5).-Address 603 4 n Figure 16(7)~corresponds to

t hat shown isﬁai:]iegfuggén %ﬁ% %%‘ergﬁae zvaiu?zsd _angrga[%egy 88 in Figure 16(7)
corresponds. to that shown in Fi es..2.0 (4).and 2 (4). Starting clock
nunber 605ahf"‘3c“)|d Filg@r BEMPYgfeaisy ggé’piﬁdést%‘p%b‘? &Gcé?)e 5‘)ﬁ el cl ock number
in Figure 2 0 (6). Instead of the end clock nunber 606 in Figure 16(7), in
Figures 2 Omegns H%§ wvhare TR msatiss doapr eSyereligsenee £06this mar ki ng

|l ength. As illustrated, the detection operation is fundanentally the sane
bet ween CD &max,DvMDcoAtfdllet 95706ontrodisf 4 envodncediivet biatcuat 1998,t nmark | ayer
identifier 603a as shown in Figure 2 0 (7) is included for identifying

whet her theathieviefl aetdrvirbyatiohtl apeed @nttbE eRed| &y &mat.ypdnor two-|ayer
type. The two-layer DVD structure provides a greater anti-piracy effect) as

previously dgsceddaeds fheSprodithtdihfcaitenee nuReflA! pal i at NG diege recording
density is nearly two fimes as high) 1 T of the reproduced clock is as
short as O. i.ch . L.pcC Lyt d rth tection of the
position in gr%a I (%phé‘n% a#ﬁtéeﬁgigg?%gg %ﬁg:gggt%&igég" -atg'i rg}zlaé(;:t'gl ef fect. Shown
in Figure 2.0 Ls the_ signal fromthe fir | ayer in a two-layer optical

di sk havi ng HPvb§UE 3i§)i°ve&11a%r§?serﬁé aiNal the syag, SE R Bndi ti on when
the start position of an optical mark on the first |layer is detected.
Figure 2 1 dRoWkl.t nBatoidi Li%h om t KB theywaher rhamd: ndies 6anendel ayer. To read
the second layer) a first/second |ayer switching section 827 in Figure 15
sends a swi sthipey wiidghals 16 anf. ocls Toerthasedsewttiroh, 8d@ baraidet hen control s
a focus driving section 829 to switch the focus fromthe first layer to the
second | ayepul §¢ dongeguthan2tle pul sé svidohnidiTt bt theheymar ul se iwdladdress (n),
and by counting the frane synchronizing signal (4) using a counter, it is
found that bheer®dneously Nullgédrand. ddiceftsdianN®hax.5) Thére ol byepr oduced

cl ock nunber is found, and the optical marking position data as shown by

the signal (Shol sndBerbaRdsi BIR0IANG PR h@eerePence W10t he opti cal

mar k can be neasure a resolution of 0.13 ~ mon a conventi onal

Pl th & e ! onvent i onal
[ am nat ed oft katearspt it bld PP ffe BT HSIGA £C %2 Shows

addr o5 posht) Nl 914 QR.HR Bl AT 1E, Liagegnt i ool marking formed on

rotational speed control for normal rotational speed during
the playback of the barcode stripe area.

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

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

information TR from the edge-spacing detecting means 953 is
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| aser |ight penetrates the first and second | ayers through the sane hol e)
as shown in the process step (6) in Figure 7, the nonreflective portion 815
formed on the first reflective layer 802 and the nonreflective portion 826
formed on the second reflective |ayer 825 are identical in shape. This is~
depicted in the perspective view of Figure 4 7. In the present invention,

after the tr u e d st{rate 803 are

I"'am nat ed té%@@§€$fqﬁa§é$ﬁ%?gﬂﬁg?@%%%Eﬁﬁégﬁﬁéngfﬁhpﬁﬁg ?L?ough to the
second |l ayer_to form an,ddent | rk thereon. In this case),since

coor di nat e W&ﬁﬁé’?‘?@ﬂ?sg%ﬁ’p?tgﬁ%?‘w‘rf%r%WtOBBeQ‘UVéSnO‘f%Sf f“l)’%t and second
| ayers) anddﬁhnﬁg,the ositional, relatio hi@ bet ween the first and second
layers is ran@onfithéR FBSMSROTHd St heRhac68etheR; the pit positions where the
mark is formed are different between the first and second | ayers, and
entirely differeht thdsi¢asen the darsedomulse dhh dedstdoth dck Mmagér. These
two kinds of position information are encrypted to produce an anti-piracy
disk. If it rictedtabmvet edhitle dujpl iisaf.cb tthi 8. &ishk. i IAsegatdspltt hielf 97
optical marks on the two | ayers would have to be aligned with a resol ution

of about 0. ltheabatrcotie areyiiguplayedebadk, belle cahditionpTRseMnistag e of
technology it is not possible to duplicate the disk by aligning the optical

marks with the phtsSsfWellhsiReatkdbasyodf plld3 wadtl t RatalwaysVgidatap accuracy
of the order of 0.1 a m but there is a possibility that nmass production

t echnol ogy n_b?mllcfgm’r?ﬁ& qlili Z&Héfgl ?%SBE ??%%%;@Béq‘v\% ];?lft b‘freontegﬂélﬁ”abl es |arge

quantities of single-layer sto a processi‘ng accuracy
of 0. 1 ~c m t.|OMI§OSt. EveT in _that cafqh_%ince he Lop and bottom di sks
are trimmed HIRPE HEBEEIYF PHLSHESHRE of TR PhD- IMAGRr Nall bt ed di sk 800,
the two disks st be. lamnated together with the pit | ocations and optical
marks al i gnﬁm%ﬂtwf@ﬁlae&rsm SOLTP b s entined iHeddiaTcOEe | s next 1o
inpossible to lam nate the disks with this accuracy because of the

t enper at ur e Xagding dieans 9% c thefefifret Pl yhal Bonatiwnalbsnaedt e. Wien opti cal

mar ks were fornmed by .
control based on Tmin can be applied more stably while

playing back the barcode, compared to the Tmax-based method.
Further, an oscillator clock 956 creates a reference clock
for demodulation in the barcode reading means 959, while
detecting the edge spacing; this has the effect of being
able to demodulate the barcode in synchronism with rotation.

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

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

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

a third playback method for playing back the optical disk of
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appl ying |l aser light penetrating through the two-1ayer disk 800) the
resulting anti-piracy mark is extrenely difficult to duplicate. This
provides a greater anti-piracy effect. The optical disk with an anti-piracy
mechani smis thus conpleted. For piracy prevention applications, in cases
where the di sk process and | aser cut process are inseparable as in the case

of the single;plate type, the encryptio r Qcess,. ich is an integral part
of the Iaser%égﬂnﬁﬁ88g§?¢9E§§fl Wéﬁﬁ*ﬁrgﬁggéﬁﬁé‘Pﬁ@QY%ﬂﬂG“%ﬁsébret
encryption key have to be perfornmed at the di sk manufacturing factory. This
means that iFleWescale b ehe silhgl Elystatrd sppend Rédarkaskene bitdsypti on key
mai ntai ned in the software conpany have to be delivered to the disk’

manuf act ur i ngefeitaditer d&ﬁcgiggg@trﬁye&@dg@wrﬂhé vsigbua i q@aseofhesecr ypti on. On
t he ot her hand) according to the nethod involving | aser processing of

| ami nat ed di skackimgi contmristatnatebe qreerfaspet while tibeithiedti on, the | aser
trimm ng process can be conpletely separated fromthe di sk manufacturing

process. Thepd¢hghisk masieyd ki foncegnehaiehca yake othegpetrickdng can be
performed at a factory of the software nmaker. Since the secret encryption

key that the gf{tyRcenBKPerksgRd. need not be delivered to the disk
manuf acturing factory, the secret key for encryption can be kept in the

saf e custody of kggéﬁgféﬁgégiﬂﬁgséf.&%iﬁagﬂgﬁthéi'@gr&g&ﬁstéq%esecurity of

encryption. (E) esc present “inventionh) a legitimte
manuf acturer .can make.a legitinate disk b rpcessi t.he_di sk using a
general-purpdEBeWégﬁgl??Fﬁﬁ?%@qﬁﬁEaPhFﬁgp%égpﬁdnﬁﬁng%é§bfhﬂnﬁbcuracy of
several tens of mcrons. Thoug; a measuring accuracy of 0.13 a mis
required, thidd, cHift Bedaciiiseh Py shomy dntFiewae & dsuiiteheéntaitned in a

consuner DVD player. By encrypting the neasured result with a secret
encryption kéyteendtdgely.mdhe midek sebichh86%rmant betavischedritatA 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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is, the legitimte manufacturer need only have a secret key and a measuring
dpparatus with a nmeasuring accuracy of 0.13 a m while the required
processi ng accuracy is two or three orders of nmagnitude lower, that is,
several tens of mcrons. This neans that a convectional |aser processing
apparatus can be used. On the other hand, an illegal manufacturer, who does

not have a S?ﬁéﬁ%é§ﬁ¥iﬁa-?kd?@{%a@ﬁigﬂ*FCB}¥%%g@¥ﬂFEﬁOﬁnﬁkypﬁed i nformation

recorded on S means a physical mark
corresponding to.the encr d positj,on _infornmat, that .i. s he position
i nf or mati on %r?stlﬁ]eor} éﬁpf(?ﬁr/’rgbg’ aﬁ&(: #H_f’s{“oﬁ% Sf"g?ﬁ}%% th Sﬁ'lﬁf:lg%cfassi ng
accuracy of 0. 13.~c m That %é%qthe | Qqw refl ective mark has to be forned
usi ng a procd¥sPnfprapphstiansp RONE YPr BeEssi ng accuracy two orders of
magni t ude hi gher than that of the processing apparatus used by the

| egi ti mat e manuf abt dher rotadii anephasedeaittiroh mideh BlA geetradcyshi gher by two
orders of magnitude, i.e., with an accuracy of 0.1 a m is difficult both
technical |y appleedrionthalpiy, stsraid front ke faptésakdialad Hutaucdockrhi s neans

t hat production of pirated disks can be prevented during the |life of the

DVD st andar d.ex®pgc Pioignhedtfs 966. | Mhenfrenensy tfd 6Xpl Fitst he fact that the
measuring accuracy is generally a few orders of nagnitude higher than the

Pr 0cessi N9 aGi Bhorl 068 HAACERE 2bg@nly PHRERONSERLA exploits the fact

that the address coordi nate arrangenent fer romone - 100 mast er

di sk to anot previ d [ 4_8 sult of the
nmeasur enent O n%ﬁ"e@éﬂ%@ﬁ%%g%%g %%"E&g?é%ﬂs? @%@?@T%@‘E“fg ere are two
types of master di sk, 88§‘regorg§% by rotating a nptor at a constant
rotational spOERaT3tor JoQy @Rda PhEeLaiiceantinadr 1y IeécF?ytL"‘(eCﬁ\%o,r and the
other recorded by rotating a disk wwth a constant linear velocity (CLV). In
the case of dlrda¥ clirskit Jo8ce Eha ggtationaphpses sontrolosedadsothus
predet erm ned angul ar position on the disk, the |ogical address and its
physi cal angunderedsi Beoausenof Hi.ldpb&sacentsedcby ytitehpisasignab, matt er how
many master disks are nade. On the other hand) in the case of a CLV di sk,
since only thiathi sEehreelael ty i epndirohl £4tiohheignagubfrflpesi tion of the
| ogi cal address on the master disk is random As can be seen fromthe

result of thepaguwRKENIOkhbagitGah] addnersrd AeRdd aastign paste CDs in
Figure 4 8) the tracking pitch, start point) and |inear velocity vary

slightly fromdisk 40,0h5k-Quelhd HrEdaGhYrdhe vt d ecor ded” usi ng

I e dnd ded
t he sane nasterlﬁg apparatus, and tﬁese errors accunu?gte, rgsultlng in

T e

| ocati ons on secqnd and,third, master di,sks are indicated by black circles
and triangl ess,petegs?)(gg:gpg, qr. the ’Mﬁrbep}?één?or‘tt%?d}%@fic%ﬂt %Scati ons of the

| ogi cal addresses var%@each tinme the master disk is made. Figure 17 - 101
shows the | oweardpreed iberaysepoft thm paessneesof dileestripesg and trouble

would occur, such as, the motor running out of control or

stopping, an error condition occurring, etc. Therefore,

as shown in Figure 43, switching to the appropriate control

mode not only ensures stable playback of the barcode but has

the effect of avoiding troubles relating to motor rotation.
The second method for playing back the optical disk of

the present embodiment will be described with reference to

Figure 38 which shows a flowchart illustrating the
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legitimate disk and an illegally duplicated disk for conparison. The nethod
of piracy prevention at the master disk | evel has been descri bed above.
This is, when master disks of CLV recording) such as a CD or DVD, are nade
fromthe sanme | ogic data by using a mastering apparatus, as shown in Figure
4 8) the physical |ocation of each pit on the disk varies between naster

di sks, that iaperbtiomren the legitinmate disk and pirated di sk. This nethod
di stinguishes a pirated disk froma legitimte di sk by taking advantage of

this characteristfige sEhen@Jf Zwacm auelidd a8 dredhpedagl vatsiopeofrast er di sk
| evel can prevent pi rat ed s at the logic | evel made by sinply copying

data only frompgt ??réﬁ%ﬂ%¥ﬁﬁ%?m9ﬂﬁﬁ However, recent years have seen the
nu

energence of pirate acturers eqU|pped mnth nor e advanced t echnol ogi es)

who can nake a naﬁéﬁ% g ﬁgﬁfﬁgh%c%hbdp 3 shﬂﬁstraP88| gature to a

| egi ti mate di sk by ol ycar e the legitimte
disk. Inthis ¢ t he_pirac reventij.on ster di sk | eve
i s defeated. ™ B&ef&rmpl hie ﬁ%&f taI‘?r‘e%VC&]ln‘g’lsﬁ‘and”}Hl Eka 6dB8ti on) the
present invention ha deV|sed the p $%y .prevention nethod at the

1

reflective | &fesenew/@bsgnes di ﬁ“hlfr%ﬁfk iSsnqtodgEtnesh ad>¥Erl ective film
According to the nethod of the present |nvent|on, the marking is fornmed on
each di sk presselifgds aotreppdiedliinkthe st®2pe aremeon iah cptskalare pressed
fromthe master disk, by removing a portion of the reflective filmin the

reflective fidigkl of MatiisoBypy,0¢€stakedSt Bng €6 Udistihfei shoBetween &and shape of
the resulting low reflective marking is different fromone disk to another.

In a usual pr@ﬁ%ﬁé)%éﬁte'rﬁ NEpal 1§ OForiB@SsH Rhe didkPadd iadl {drdg@mRyve the
reflective filmw th an accuracy of subnlcrons This serves to enhance the

ef fectivenes dt%?ﬁ%’%{%? %pg{ ﬁll n&xﬁslg'éﬁtfacc%t' etrg?%fjé sk of the

i nvention does not jus he co gu e art for
derecci 10 2 CupliGaLes C0 s 1 e L rerlceiiyly gart g adaress
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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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 tine of mass production. The optical nmark position
information is obtained by nmeasuring the nunmber of clocks) that is) the
time) fromthe frame synchronizing signal. Due to the effect of the circuit

delay tine, an eIy @he PAsbet CiaueReid) deteewadidFgund phetipptical mark
position information. As a result) a legitimte disk nay be erroneously

j udged as bej LEat B SK, i L anai id | user. A
measure to ?ggggg'Phégéggggﬁé%#ntﬂ§p§¥§gﬁﬁtaég?ége%?%¥§?gﬁgn | be described
bel ow. Furthet ratc de .o sk afte rechase may cause an
interrupti oﬁpfﬁcﬁhgg?%pcrogagg%sd a e?fg Sqr%’%%%%%“g‘%iﬁgs%gﬁsi ng an error of a
few cl ocks i.n the..ne enment, of the qptical .mar osition information. To
address thi égﬁ?ﬁltflléﬁﬁgg FSF%?@%C@SS%@ nﬂlgélaﬂaasﬁégﬁfﬂre%?}}e shown in Figure
2 0, are recorded on a disk) and while allow ng a certain degree of

tol erance olpPthealmbaadirisdfiBstu@ouedoriai sen 840me tacemAutertare@ on at the
time of reproduction, the reproduction operation is permtted when the pass

count 867 i sheradihedcontirel ndatsi nsatdoowded.f oAndirnthenr the dpéical desdrface
scratch on the disk can be controlled by the copyright owner prior to the

shi pment  of mbhes dingkirdhijampid abeosteacpliredivy tdf tedsksengeilto Figure 1 9.
In Figure 1 9, the disk is reproduced in step 865a to recover the encrypted

posi tion i nfQnpRtiORhd r@RLENE dARECALE mor@lhggtr%ariﬁ%.esrgmat, recordi ng

portion of the present invention. In step 865 ecryption or signature

verification,is rfor ) .and_i n,step 86AcC, l,i sty of ;opti cal ~mark
posi tion in&gFﬁggﬁgﬂ?ﬁgﬁgeéng@g8¢%Kﬁgt)ﬁﬁﬁC?ﬁé“ﬁ%l%%‘?@ﬁ%e D of a
reproduction.circuit is stored in the gircuit delay.tine s i ng section
6080 i n_t he Wb be S iaghats: Aeced: Gate5 16 0it STematfiur i n st ep
865h and the process proceeds to step 865x. If TDis not stored in the
r epr oduct i orth8pplriReuRressACefabseppa sideafiieri #Sth uthe AXOress ecorded on the
di sk, the process proceeds to step 865d to enter a

proceeds to stép 940f to initiate rotation phase control for

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

stripes are recorded on the side being played back, the
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reference delay tine neasurenent routine. 4Yhen address Ns-1 is detected,
the start position of the next address Ns is - 104 found. The frane
synchroni zi ng signal and the reproduced 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 sane as the

operati on t glRedeSfocbeds [tat §fepvolilc,r aherente headiigunévelibtd). I n step
865x, the optical mark |ocated inside address Nmis neasured. In steps

865 , 865) ﬁ@ggnpﬂma?@mzst e 1Rt i &dr BB K ROSE tiRNdE S OLAALi PN S

detected wt resol ution of one clock unit, as in steps 865d, 865y, 865f,

and 865y, Nexipp b ft%ReSfo%QrolT_[gRlldreaf?%w@\:(?ﬂ%f%ﬁf&ﬂa‘%?o%@srsb@?%'S ent er ed.

First, the cir UI dela S correc e tol erance

290) L %% cholh B SO e Sl A B o

nmeasur ed |n step.865g.falls within the toée ance tA If tg result is K in
step 865r, tHenplavhackpigemapieteds ipnd@pedilthether ihatem&dRed mark count
has reached the pass count. If the result is OK then in step 865u the disk
is judged asthsecontzoll mode iivneel tihed bavk teprdatien ohase qeatrekted. If the
pass count is not reached yet) the process returns to step 865z. |If the
result i s N&dmCEY gdagbach andethe topt scalhbekdd si mowddepo 88 ouwbext her the
error detection count is smaller than NA, and only when the result is K

the process g@itibnsoft Qhétmk%@smalyfbadk bt Nilgn&K,ddthen in step 865v the
disk is judged as being an illegal - 105 di sk and the operation is

stopped. As descSi&?@khé'Mg&%ﬁ%bﬁ@é‘/atbs @XdEhE‘PEJP @a‘ﬂge reproducti on

apparatus is stored 1n the optical mark p05|t|on i nformati on can be
obtat ned i copBEE U5 e AELBLIPSRRIonsBl SR MRyt Topd O o ance o0
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.
Therefore, in the filtered waveform shown in Figure 35(b),
the pit signal drops, making it easier to distinguish between
the PCA signal and the pit signal. This has the effect of
simplifying the circuitry and reducing the error rate.
Furthermore, the provision of the stripe reverse—side
record identifier 948 makes it possible to identify that the
stripes are recorded on the reverse side of the disk; the

effect is that the barcode stripes can be played back
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pirated disk detection can be changed according to the actual condition to
allow for a scratch nade on the disk after purchase. This has the effect of
reducing the probability of a legitimte di sk being erroneously judged as
an illegal disk. As described in the above node of enbodinment, the piracy
prevention nethod at the reflective |layer level forns a physical mark in
the pre-pit afgaapfy tiRetkelchgstdfva ddubTeocsiddieDvd dptitablsgar. of the
previously practiced physical marking at the master disk level. Pirated

di sk producti S+ihe nt i [ i S icated at the
mast er di sk I@@gf&ﬂ]énQtHhté}gaggé%\fﬁm%g%oﬁ\igﬁbo%f’hgﬁ%@ ?J&Hi wsogit)% cal -di sk
recordi ng neans s, used that perforns,secondary r rdi ng,on a two-di sk

| am nat ed optlie(‘?ﬁ\fl\@%q QQ“BEFZ{}éP%gt oFﬁ}éetth.e I eﬁéy‘f? ?’ﬁ”‘%t%‘p?" ysi cal marks
were randomy formed, gnd in the second step, the physical .marks were
measured wi t Fige G ahg‘»aébﬁrséﬁﬁp%qujﬁtﬁﬁ“ éénoaﬁ%) Renteadhfrem third step,
their position information was encrypted and, using the - 106 secondary
recordi ng nears, reversensidepoédthntidskmt The stadpeecandbel evad bar code on the
optical disk with an accuracy of several tens of mcrons which was the
usual procesdiacy fiomurtheyrevense hiidevwafy thepdiskaby nelrdckposithieon i nf or mati on
was obtained with an accuracy of) for exanple) 0. 1 ~c m nuch higher than
t he processi ngrapeursieysédsideCiiunenfianghs amplabatplisyidk erkstigh opti cal

mar ks cannot be fornmed with the accuracy of 0.1 a mby using comrercially

avai | abl e equi e ,tHar ng}&lﬁieoﬁh%fcti’éﬁ %@? gk g Cﬁa@f Qtﬁrhi%gye”ﬁh%d- In the

above node of enbodi nent, the position information o e anti-piracy mark
of the invent] i i f f fr one.:di. s t her,,. .was used as a
di sk identifiﬂer%.ge‘fwek“%g&H“oﬁg’?%?o??r{atﬁgﬁg%n@pﬁ%ﬁ@? sEgstehrei al number) i. e.

Si gnat ur ot hS PHOESTHBRIPR EaPnior ARRTON BB E ed TitoP L5 code and
MrTLLen TN Oy o The Savenge ‘s1db Y Sonthronszation dods 15"C PrE-PIt

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

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

In this case, by demodulating the code in reverse direction

in the demodulator 942 in the playback apparatus of Figure

15, the barcode recorded in penetrating fashion can be

correctly played back even if played back from the reverse

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

Figure 15 will be described in more detail later.

Further, if, as shown in Figure 30, a 300-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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area, thus appending an unalterable disk ID to each disk. Since each
conpleted disk has a different ID, the password is also different. The
password for one disk does not work on other disks. This enhances password
security. Furthernore, using the secondary recording technique of the

i nvention, the password is secondary-recorded on the disk, permanently
maki ng t he dis§ an o erable disk. The first-half part (1) has dealt mainly
with one - 189 al éﬁg?vbation node of the barcode in which the barcode is
used for a pirateg-disk preyention, nethod. Ipn this case, as shown in Figure
2, the barcode (S¥enpkhs OQéhﬁanl- I}‘Sﬁdlécﬁﬁésw itg?eq'P”&\V@f Cfaﬁé fﬁ%cri bed region

(stripe area) of the pre pit area. therefore, the tracking is disturbed in
that prescri5Be Qugiropor hipnaofrdhri diplosshewptieal hepgrmovies formed in the
prescri bed regi on where the barcode, 584c 584e) is recorded) as shown in
Figure 2, it ibeamthys jdinfinigcattossoa auleuradt gt pinteakseuntid aeaithdsg/ cl ock
position of the marking. To avoid this problem if) as shown in Figure 39,

the marki ng 944 dontirel nkdal Arén 986. arleasSiel@adés,a thadbptd cRDSidaidon di f ferent
fromthe radius position of the stripe area 923a) the position of the

mar ki ng 941 Rlf Be nhes Waad sakibyt MathoRbaREEsT afaXaOfrdngsq) ock, as shown
in Figure 20 (5). This has the effect of being able to identify pirated

di sks more Suahishg b 4NcheeaRdur Mo AEhAN o2 BIOIShE:dRukERY dest oy ng

f
only a few trac as shown in Figure 58% no errors can be mnimzed
but piracy preventi,on _can be ac | ished w t,RLn t.he scope, pf the current
standard. Al £&Ffat iA?FeF@%S ttﬁge’rrd&lczgﬁeg @zla’heéybgé Wégﬁ a‘g]d%%ﬂf he guard- band
area 999 shown.in Fi%ur 3Q. Singe the guard bﬁ?d area 999 contains no data
but address PAf@FaRdt PBnthe Aneh£4rey egpRer Pfotheyeontrdly dakas r oyi ng al r eady

recorded data by recording the marking 941. - 108 '
area, the optical head will lose its own position since an

address cannot be played back in the PCA area 998. It,
then, becomes impossible to control the optical head.
Accordingly, when the guard-band area with a width, for
example, 300 um, greater than one jump width of the
optical head, is provided in the above—-noted portion, if the
optical head is moved past the control data area 936 the
optical head will always land within the guard-band area.
Then, by reading an address in the guard-band area, the
optical head knows its own position and can thus be
repositioned on the destination control data area. In this
way, the optical head can be controlled more reliably and
more quickly.
Further, as shown in Figure 30, the control data also
contains an additional stripe data presence/absence

identifier and a stripe recording capacity. That is, after
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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, b ifyw k. I eci 1. .su may al so be
applied to o#h%égql\gghﬁ%ﬁeggpﬁp%%t ﬁﬁeeaglbé@glcﬁédgpsoﬁ g%{(‘)%ltoﬁégt t he opti cal

di sk of the invention q§§ been gescribed as beug%gquric?ted % | am nati ng
two substrat 5T HRYCAR BEIRESIRAEY) L AN PR o pBRESFTAEY d0SE 02T However, the
adhesi ve Iayeh may be gmtted, or ipstead) a nggggr de of a different
material, sudheared- protedirste reggeded ghyinss Viskabereferred thaSsuitabl e
structure may be used as long as the reflective filmis sandw ched directly
or indirect! yhpefinssnsetvofnetitioes, ransi sharmddibianadéy tdcghded Furt hernore) in

t he above node of enbodi nent, the optical disk of the invention has been

descri bed as s¢oifys aknthesybsdndises @S sthiperenblith thad are | anmi nated
toget her) but other nenbers such as protective |ayers nay be used; that is,

any nmenber thahfATat &5, S WhEE &hleOf ] PReket ikt EesPg23IS@dal Asaddescri bed,
according to the present invention, since an |ID unique to each i ndividual

di sk, for exg.gp&eqegi gﬁcﬁﬁﬁ{ﬁ{ﬂ ,da.b.n%}%w?l k)?rgbigtqﬁet : Yhd tctélggciﬂ gyervvri ting

fashion - |10 naty pit area e pit ta and barcode

il i fying (HE BALETIE Rpare PO Fetibg e AR af bt PE el oo
Furt her nor e, 3§ bar%odi g ﬁhe rgin posjtiop informatign for use as a
di sk-uni que PPS §afeben 6?19‘{;?0 cerdingbh e Hhen, thEFRRPEEAINE 1 at ed- di sk and

other illegal duplication prevention capability as conpared to the prior
art. A piracypparatast 0H T igeeeimdgoer brrmsheripming tor recqusk the agasad enpl oyed
a nmethod that deliberately arranged pits in serpentine fashion when maki ng
a di sk nol d. seucdf stpipes, the control data provides an indication of

how much space is available for additional recording; this

prevents the possibility of destroying the first set of

stripes by recording more than 360° over the area.

Furthermore, as shown in Figure 30, a gap 949 longer than

one pit-signal frame length is provided between the first

set of stripes 923 and the second set of stripes 938, this

serves to prevent the previously recorded trimming data from

being destroyed.

Moreover, as shown in Figure 34(b) to be described

later, a trimming count identifier 947 is recorded in a

synchronization code area. This identifier is used to

distinguish between the first set of stripes and the second

set of stripes. Without this identifier, discrimination

between the first set of stripes 923 and the second set of
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art nmethod is not effective in piracy prevention, since a pirated disk can
be easily nade by exactly replicating the nold shape froma legitimte
optical disk. On the other hand, according to the present invention) since
the marking is formed on the reflective filmby a laser and its position
information is coded as a barcode, as descri bed above, the contents of them
cannot be nedeipes G3Bnin de guhe r30madilndg becond lispadsidlipl i cati on. The
above-descri bed effect is thus acconplished. | NDUSTRI AL UTI LI ZATI ON

POSSI BI LI TY As deiseilil peckhabeNerd glaaaiphetHodew DI ibeadesdirskedf the present
invention is such optical disk on which data is recorded with CLV) wherein,

in a prescrigief F&a@reRc@ftodrPhigePld. signal area on said - 110 di sk, al
or part of a barcode Is witten in overwiting fashion by selectively

renoving a refl Y [ [ [ sgribhed regio pl ayi ng back
the disk by a rgﬁééldg}é%idoun%ag%%r%agﬁgh%t %Eehlt)%%r 8{6dtg{ed§%’5%égn e’'pl ayed back

using the s optical pickup,.- L1 at is claingd is: 1 . An optical
di sk on whi gﬁgﬁafsa it&Sy r’dgﬁl,o’mh%g]&wn %’ﬁnogtpp%rsr(’epitg&fc:kéag d?lof said

di sk, an identifjer is provided for indicating whether a barcode-Iike mark
is present &€ ReNtginediid 4peitaripreianed 2§ ¢hpwent Figireadd said
barcode-li ke mark are in respectively different |ocations on said disk,

sai d bar coddher&fonenr khelissidossal infiommatiion uinf éheraddakssliareet 94, and sai d
barcode-1i ke mark having a plurality of bars, each of said bars extending

in a radi al adi thketdame, radicisspoH tpoe sl ithedirskgean bespbayednbacd. data area in
whi ch physical feature information regarding said optical disk is recorded

and a guard Thagchay 88e &fTMRI 6N @ickaARE Ak AYGK 65%el BinecqPfdded, is
provi ded between said barcode-like mark area and said control data area. 2.

An optical diisk ARGQLILIGHO, Chal fudie NELPID OIS A poA) GnbRrs has a | ower

reflectivity an an -average reflectivity of " rea ween said one of
L R LA A R e DRSNS AT TR
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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recorded, wherein in a prescribed region of said disk, an identifier is
provi ded 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 |ocations on said disk, said barcode-|ike mark

di sposed in a circunferential direction, and said barcode-Ilike mark having
a plurality steph84%] twwanbvefthsadmtibat shemdt emetindgte mplayr batikalthei r ecti on,
sai d apparatus conprising: reproduction neans including an optical head for
reproduci ng BeA dtbagerdelf idneadddssovars dedp ptedCBacldifgbm dndemptyf i er
detection means for detecting said identifier of said optical disk, and

control gﬁoxft(l'bnC(S)ﬂ"tt'h@I PCAdrea Plaep6F1 RRdnOP VALl Om teasedhen said
identifier tected by said identifier detection neans, wherein said disk

i ncl udes a c | di a r ding to

physi cal ch erlgﬁ)%ga%ﬁ%dgs é%zedﬂngat agdégﬁgg éﬁ?%@?ed bet ween
said control data area, and said rcode |ka sai d ,quard band area

i ncl udi ng adthe98ticalhea |1(§nm9\7fﬁ AN & %adig H{}%Qﬁpcpnoﬁf’l head to
reposition said optical head away from said guard band area. 4. An optica
di sk repr odueddressapinir Hheke SEELIAS AGe tr@ceréﬁdm 3In ieped4 Gathe control dat a
area i s accessed after said address information in said guard band area is
confirmed. S5preNenoptimabseticekof dififodticinesniapmbachedis d€cor disng to claim 3,
wherein when said identifier indicates absence of said barcode-like nmark,
sai d control judgdsthst shgrnalazd notPCAostrepesdude sedcbshaprodedsi ke mark. 6.
An optical disk reproduction apparatus according to claim3, wherein an

i ndi cation ofo altepng4710ftoSeyd thBFdadi & FOM BUhg if th¥ RBttSRIdaghsk according
claiml1 ( wherein sald address information is used for rep05|t|on|ng a

gtﬁg‘r’é’. o EPBE‘%?‘?%M%%??SSJ@& 3{5%?8“ SIS gloE of Pre PUPRAE L, g'pf cal
dent 11 er | R GRERR o bl BFoRacd by t@sdiét“fﬁawr L Cont ol means

is signaled not to reproduce said barcode-| ke mark. 10. An optical disk
reproductiont l&‘bﬁf’ﬁ?%@ rEEeoHditAgS ted égg‘f e%é?elweaﬁr?mscati on of
absence of said mark is output 113

- Ay. As. AOL. ABBBDS, tA@tae[pL (M-A OL. A@% Al % A& . Ar. A L% A, ; . A@ %A L_.A
“L. Au9. A, aL% ANs. A( 9. AN. As. A; L. A N . AHL% A" % A. A. A u. AF,;
&9. AL. A. A Au9. A9UNAEBe .osheANadd ANLE AYOLs Audged An step 947q that

"% AY. Al _. A9% AL9. Au. A Aa&L. A&L. AL. AL. AN&r . ANsL. AH. A9% A&9. AL% A@9. A% A" %

AhL. A, UL. AS&Lhéﬁé’d afBoPRAS Yt Aipes, the process proceeds to step 947f to
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control and the optical head is moved to the outer area to

play back a pit signal. In step 947t, the PCA flag in the

control data is read; if there is no PCA flag, an error

message is issued in step 947k, and the process returns to

947m to continue the process.

(E) Next, manufacturing techniques for implementing the

optical disk barcode forming method of the invention will be

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

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

is used here. Conventionally, a bit string consisting of
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with the usual method two pulses may occur within 1T, in

which case the switch recording of the invention is not

possible. To address this problem, the invention employs,

for example, the bit pattern "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 “1” on the right, and in T4 a pulse occurs for the

“1” on the left: in this way, two or more pulses cannot

occur within one time slot. Thus, the synchronization code

structure of the invention has the effect of achieving

switch recording, increasing the production rate by a factor

of 2.

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

will be given of a playback apparatus for playing back the

_76_



10%&' () - @O0%& ()- 10%& ()-w0001Ulwllli K-f6F" 109%& () -

AmLO%& () -f210%& ()-S010%&' ()- .10%& ()-Sf, 10%& ()- SL*

10%&' () -1: 2>2?22@A2u222i Kf 6F" 109&' ()-@ 109%&' () -

10%&' ()- @ 10%&' ()-101010=, 10%& ()-f910%&' () - 23MB33324f 4i K- KS10%&' () - @ 910%&
'()-@10%& ()- 3Z10%& ()- @O%& ()- @O0%& () -

e ) o BB REL ASB A MRl  06) (e 800 ol 107 0

;%g;/f?(?? Kflgfﬁ‘%ge L%ll;?t%%n()z 131, Wouch OHO%GFLO(QCtIVl nkbad ot 0%& () -6777

10% & () -10% & () &1o<y &.()-101010=109%& (). L99210% 7781 88899i K- K@LO% &
"()-@10% & () -, Fi8H % @é&? k (diagigngoé L'j %Cg‘g apparatus

10% & () - 9HOf 9999: N: i K- K %10%&}\'() & 10%& ()- $10% & ()- ! 10% & ()-
10% & () - @ 2bvgagly( fesqrideg gin Ik : : -
i K-Ky710% & () - S410% & ()-f210% & () - so 10% & ()-S. 10% & () -

y. 10% & () - @* 10%n8tly -First-halfBearti Ky ¥10egapnaratsd 0vg byer@

109&' () - & 109%& () - 10/ 10/ 10/ =10% & ()-f9910% & () -] <<<</ =We==i K- KF10%&' () -,

0% ()-109%& @psdfi¥ed(3ds ahO&4EaratldURr( readifg®te positipn>eP @i K- K (109%&' () -

&MLOYR () - #109%& ()-!109%&' ()- 10%& ()- 109%& ()-s10%& () - O???@R@EEA K- K6109%&' ()

- 4mLO%& () - ZFnQ?/f&r{g) TR &n (thre Te 041 (4 -fi1h08 abn) opfMal O8&K)) - @A8A9A A
AUAWAAI K610%&' (

LS M s O e 0

) 0,
1092& () - szjhescerDg as a bé%é%é% régdlng apparatus, that is, a

playback apparatus.

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

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

waveform which is generated when the signal of the maximum 14T
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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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Solomon error—correction coding shown in the data structure

of Figure 33(a) are performed using the ECC encoder 927

shown in Figure 1 when recording stripes on an optical disk.

With this error-correction method, a read error occurs in only one
disk out of 107 = 10 million optical disks under the condition of
that Byte error rate of 10™* occurs, as shown in Figure 33(c).

In this data structure, to reduce the code data length the same
sync code is assigned to four rows, reducing the number of sync
codes by a factor of 4 and thus increasing efficiency.

With further reference to Figure 33, the scalability of the data
structure will be described. In the present invention, the
recording capacity can be varied freely, for example, within a

range of 12B (12 Byte) to 188B in increments of 16B, as shown
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contain Os. 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 Os, so that the
data is stored with a small recording capacity. This serves

to shorten the productive tact. When performing laser
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capacity. The time required for disk production is 4
seconds per disk; if full-capacity recording has to be done,
the productive tact increases. On the other hand, for the
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=l
as in Figure 33(b), for example, the ECC decoder 928
performs the EDC and ECC error-correction computations shown
in Figures 14(c) and 14(d), assuming that the data rows 95le
to 951z all contain Os as shown in Figure 14(b); the effect of
this is that data of 12 to 271B can be corrected for errors by
using the same program. In this case, the number of program steps

decreases, permitting the use of a small-capacity ROM in the

microcomputer.
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stripe width is made less than 1/2 of one pulse period, as
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 ID number 4504 unique to each
individual optical disk is generated by an ID generator
4502. At the same time, an ID signature section 4503
applies a digital signature to the ID number by using a
specific secret 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 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 decrypted with the public key. The result of the
decryption is passed to a verification section 4511; if the
digital signature data is found legitimate as the result of
the verification, the playback operation of the optical disk
is allowed to continue. If the digital signature data is
found illegitimate as the result of the verification, the
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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(b) Another application example of the barcode will be
described with reference to Figure 46 as another mode of
embodiment.

This mode of embodiment is concerned with an example in
which an encryption key to be used during communication is
recorded as the above-described barcode in the PCA area.

As shown in Figure 46, a press factory 4601 keeps each
ID number and its corresponding encryption key, a public key
of a public key encryption function, in the form of a table
4602. At the press factory 460!, 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 containing mapping information for

each ID number and a secret key corresponding to the public

key. Based on the user’s credit card number and personal

code number retrieved from the decrypted data, the system

management center 4610 charges the user, and at the same

times, issues a password to the user. This password

corresponds to the disk ID and user-specified movie or

computer software contained on the disk 4604. Using the
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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 public 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. The
process then proceeds to step 901lh. 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 90lh it is checked whether there is a disk ID. If
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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 90ln 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 public key recorded in the PCA area, such as shown

in Figure 46, during the communication performed in steps

901i and 901j, data security during communication can be

further enhanced. This has the effect of ensuring safe

transmission of personal billing information via a

communication means such as the Internet where the security

level is low.

We will finish here the descriptions of the first-half
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Y 1098& () 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 process at the factory. No laser

markings formed in this manner can be identical in physical

feature. In the next process step, the low reflectivity

portion 584 formed on each disk is measured with a

resolution of 0.13 um in the case of a DVD, to construct a

low reflectivity portion address table 609 as shown in

Figure 13(a). Here, Figure 13(a) is a diagram showing a low

reflectivity portion address table, etc. for a legitimate CD

manufactured in accordance with the present embodiment, and

Figure 13(b) is concerned with an illegally duplicated CD.

The low reflectivity portion address table 609 is encrypted

using a one-direction function such as the one shown in Figure 18,

and in the second reflective-layer forming step, a series of

low reflectivity portions 584c to 584e, where the reflective

layer is removed, is recorded in a barcode-like pattern on

the innermost portion of the disk, as shown in Figure 2.

Figure 18 is a flowchart illustrating a disk check procedure by
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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 8lst clock position in the sector
of address A2, as shown in the address table 609x. By
detecting this 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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reflective film at the 262nd position in the sector of
address Al must be formed with an accuracy of one clock
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 respectively, where values are different as shown in
Figure 17. In the case of the legitimate disk, in the track
following the mark 1 the start and end positions are m+14
and m+267, respectively, as shown in Figure 16(8), whereas
in the case of the illegally duplicated disk these are m+24
and m+277, respectively, as shown in Figure 16(9).
Therefore, the corresponding values in the low reflectivity
portion address tables 609 and 609x are different, as shown
in Figure 17, thus making it possible to distinguish the
duplicated disk. If an illegal manufacturer desires to make
a copy of the disk having the low reflectivity portion
address table 609, they will have to perform a precise laser
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,
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1098 () - (1?6@ﬁiﬁﬁas **;he; gggvggggﬁ:t%oa distance on the disk, that
is, one pulse spacing on the disk, is 0.13 pm.
Accordingly, to make an illegal copy, the
reflective film will have to be removed with a submicron
resolution of 0.1 um. 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 pm 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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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
years into the future, production of pirated disks can be
prevented. In the case of a two-layer disk with a low
reflectivity portion formed on each layer as shown in Figure
33, an illegally duplicated disk cannot be manufactured

unless the pits on top and bottom are aligned with good

accuracy when laminating, and this enhances the effectiveness
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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 will be given of the
operation of reading the nonreflective optical marking
portion of the two-disk laminated optical disk, focusing on
points that were not touched on in the foregoing description
of the operating principle.

That is, as shown in Figure 16, the start position
address number, frame number, and clock number can be measured

accurately with a resolution of 1 T unit, that is, with a
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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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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 the signal from the first layer
in a two-layer optical disk having two reflective layers.
The signal (1) shows the condition when the start position
of an optical mark on the first layer is detected. Figure
2 1 shows the condition of the signal from the second layer.

To read the second layer, a first/second layer
switching section 827 in Figure 15 sends a switching signal
to a focus control section 828 which then controls a focus
driving section 829 to switch the focus from the first layer
to the second layer. From Figure 2 0, it is found that the
mark is in address (n), and by counting the frame
synchronizing signal (4) using a counter, it is found that
the mark is in frame 4. From signal (5), the PLL reproduced
clock number is found, and the optical marking position data

as shown by the signal (6) is obtained. Using this position
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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 nonreflective portion 826
formed on the second reflective layer 825 are identical in
shape. This is depicted in the perspective view of Figure
4 7. In the present invention, after the transparent
substrate 801 and the second substrate 803 are laminated
together, laser light is applied penetrating through to the
second layer to form an identical mark thereon. In this
case, since coordinate arrangements of pits are different
between the first and second layers, and since the
positional relationship between the first and second layers
is random when laminating them together, the pit positions
where the mark is formed are different between the first and
second layers, and entirely different position information
is obtained from each layer. These two kinds of position
information are encrypted to produce an anti-piracy disk. If

it is attempted to duplicate this disk illegally, the
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10B
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
applying laser light penetrating through the two-layer disk
800, the resulting anti-piracy mark is extremely difficult
to duplicate. This provides a greater anti-piracy effect.
The optical disk with an anti-piracy mechanism is thus
completed. For piracy prevention applications, in cases
where the disk process and laser cut process are inseparable
as in the case of the single-plate type, the encryption

process, which is an integral part of the laser cut process,
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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 microns. 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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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 pm. That is, the low
reflective mark has to be formed using a processing
apparatus having a processing accuracy two orders of
magnitude higher than that of the processing apparatus used
by the legitimate manufacturer. Volume production with an
accuracy higher by two orders of magnitude, i.e., with an
accuracy of 0.1 um, is difficult both technically and
economically, even in the foreseeable future. This means
that production of pirated disks can be prevented during the
life of the DVD standard. One point of the invention is to
exploit the fact that the measuring accuracy is generally a
few orders of magnitude higher than the processing accuracy.
In the case of CLV, the above method exploits the fact

that the address coordinate arrangement differs from one
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master disk to another, as previously noted. Figure 4 8

shows the result of the measurement of address locations on

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

lJogical address is located on a predetermined angular

position on the disk, the logical address and its

physical angular position on the disk are exactly the same

no matter how many master disks are made. On the other

hand, in the case of a CLV disk, since only the linear

velocity is controlled, the angular position of the logical

address on the master disk is random. As can be seen from

the result of the measurement of logical address locations

on actual CDs in Figure 4 8, the tracking pitch, start point,

and linear velocity vary slightly from disk to disk even if

exactly the same data is recorded using the same mastering

apparatus, and these errors accumulate, resulting in different

physical locations. In Figure 4 8, the locations of each logical

address on a first master disk are indicated by white

circles, and the locations on second and third master disks

are indicated by black circles and triangles, respectively.

As can be seen, the physical locations of the logical

addresses vary each time the master disk is made. Figure 17
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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

replica identical in physical feature to a legitimate disk

by melting the polycarbonate substrate of the legitimate

disk. In this case, the piracy prevention method at the

master disk level is defeated. To prevent this new threat

of pirated disk production, the present invention has

devised the piracy prevention method at the reflgctive layer

level wherein a marking is formed on a reflective film.

According to the method of the present invention, the

marking is formed on each disk pressed from a master disk,
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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 synchronizing signal. Due to the
effect of the circuit delay time, an error may be caused to
detected data of the optical mark position information. As
a result, a legitimate disk may be erroneously judged as
being a pirated disk, inconveniencing a legitimate user. A
measure to reduce the effect of the circuit delay time TD
will be described below. Further, a scratch made on a disk

after purchase may cause an interruption in the reproduced
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address this problem, a tolerance 866 and a pass count 867,
shown in Figure 2 O, are recorded on a disk, and while
allowing a certain degree of tolerance on the measured value
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 1 9, the disk is reproduced in step 865a to
recover the encrypted position information from the barcode
recording portion or pit recording portion of the present
invention. In step 865b, decryption or signature
verification is performed, and in step 865c, a list of
optical mark position information is recovered. Next, if
the delay time TD of a reproduction circuit is stored in the circuit
delay time storing section 608a in the reproduction apparatus of
Figure 15, TD is read out in step 865h and the process
proceeds to step 865x. If TD is not stored in the reproduction
apparatus, or if a measurement instruction is recorded on
the disk, the process proceeds to step 865d to enter a
reference delay time measurement routine. When address Ns-1

is detected, the start position of the next address Ns is
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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 866g falls within the tolerance

tA. If the result is OK in step 865r, then in step 865s it

is checked whether the checked mark count has reached the

pass count. If the result is OK, then in step 865u the disk

is judged as being a legitimate disk and reproduction is

permitted. If the pass count is not reached yet, the

process returns to step 865z. If the result is NO in step

865r, then it is checked in step 865f whether the error

detection count is smaller than NA, and only when the result

is 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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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, instead of the previously practiced physical

marking at the master disk level. Pirated disk production

can thus be prevented even if the disk is duplicated at the

master disk level.

In the above mode of embodiment, a new optical-disk

recording means was used that performs secondary recording

on a two—disk laminated optical disk by using a laser. In

the first step, physical marks were randomly formed, and in

the second step, the physical marks were measured with a

measuring accuracy as high as 0.13 um In the third step,

their position information was encrypted and, using the
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much higher than the processing accuracy of a conventional
apparatus. 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 unalterable disk ID to each disk.
Since each completed disk has a different ID, the 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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shown in Figure 2, the barcode (stripes) 584c — 584e are
written over the prescribed region (stripe area) of the pre-
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 a
radius position different from the radius position of the
stripe area 923a, the position of the marking 941 can be
measured stably with an accuracy of one clock, as shown in
Figure 20 (5). This has the effect of being able to
identify pirated disks more stably.

In this case, by forming a pinhole marking destroying
only a few tracks, as shown in Figure 39, not only errors
can be minimized but piracy prevention can be accomplished
within the scope of the current standard.

Alternatively, the marking 941 may be recorded in the
guard-band area 999 shown in Figure 30. Since the guard-
band area 999 contains no data but address information, this
has the effect of avoiding destroying already recorded data

by recording the marking 941.
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between two members resistant to laser light and a marking

is formed by laser on the reflective film. The above mode

of embodiment 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

mode of embodiment, the optical disk of the invention has

been described as comprising substrates as the members that

are laminated together, but other members such as protective

layers may be used; that is, any member that has resistance

to laser light may be used.

As described, according to the present invention, since

an ID unique to each individual disk, for example, is

converted into a barcode and written in overwriting fashion
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art. A piracy prevention technique of the prior art, for
example, employed a method that deliberately arranged pits
in serpentine fashion when making a disk mold. Such a prior
art method is not effective in piracy prevention, since a
pirated disk can be easily made by exactly replicating the
mold shape from a legitimate optical disk. On the other
hand, according to the present invention, since the marking
is formed on the reflective film by a laser and its position
information is coded as a barcode, as described above, the
contents of them cannot be made to coincide when making an
illegal duplication. The above-described effect is thus

accomplished.

INDUSTRIAL UTILIZATION POSSIBILITY
As described above for example the optical disk of the present
invention is such optical disk on which data is recorded with CLY,

wherein, in a prescribed region of a pre-pit signal area on said
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each of said bars extending in a radial direction, and

said prescribed region is a control data area in which physical feature
information regarding said optical disk is recorded and a guard band area,
in which at least an address is recorded, is provided between said
barcode-like mark area and said control data area.

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: reproduction means including an
optical head for reproducing said barcode-like mark on said optical disk; identifier
detection means for detecting said identifier of said optical disk, and control
means for controlling a prescribed operation based on said identifier detected by

said identifier detection means, wherein said disk includes a control data area for
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9. An optical disk reproduction apparatus according to claim 4, wherein when said
identifier indicates absence of said barcode-like mark, said control means is
signaled not to reproduce said barcode-like mark.

10. An optical disk reproduction apparatus according to claim 4, wherein an

indication of absence of said mark is output.
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