; e3edab mmmmn)CATl ON AN OPTI CAL DI SK) AN OPTI CAL DI SK BARCODE FORM NG
NETHCD,Wmmm | SK REPRODUCTI ON APPARATUS) A MARKI NG E%Eyl G 20
APPARATUS, A;dMeHOD OF FORM NG A LASER MARKI NG ON AN oPTP p?ﬁ%ﬁb RRD A
METHOD OF MANUFACTURI NG AN OPTI CAL DI SK TECHNI CAL FI ELD The present
invention relates to an optical disk, an optical disk barcode form ng

met hod) an optical disk reprSRECIFICATI&Npar at us) a marking fornin

apparat us) a method of form ng a laser marking on an optrcal i SUIAHAN

met hod of manufacturing an optical disk. BACKGROUND ART In the
manuf acturi ng process of optical disks, it has been commonly practi C¥8ié¢*o

record a seri alé}m@p’pp@m_hbiqﬁ NWIOBPTILCDISK BAREHDP HORAANG di sk in the form

of a barcode. nce suc ormati on cannot be witten to a pit infornmation
area of th | C i [ t W, i bar coded

i nformati oﬁiE?géﬂa zgn&ﬂ?:@}‘wg{%ﬁlagg@;&mﬁmgﬁ%@pa@e%@ﬁ@he opti cal

di sk. When ¢ ducgi | ayi C ical _disk). the pit

i nformati oﬁﬁ&ﬁ%%ﬁg@*ﬁ{% o%tﬁ%ﬁBSp&%I@gﬁm@rAr gg%éﬁcﬁéligi@é enber 2002 -1

6 Septenber 2002 barcoded informati on such as a serial nunber) etc.
recorded i ANt BRTICAA- DE3Kor AND i o MEZHOR OFh WARNEACTURINGe pdr BRBLGAbadi ng devi ce
has been used. In the above prior art optical disk, since information
carrying apPdsKial nunber and the like is not recorded in a pit area but
recorded in a non-information area, as described 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

constructi %CHHC%@%@E OF | NVENTI ON

TBe 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



In view of the above problemw th the prior art, it is an object of the
present invention to provide an optical disk wherein datass quaﬁ gzq% sk ID
nunber, etc. is converted into a barcode and recorded in a.%#q APE"
overwriting 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 nventi on barqudedi ief cxmbai @odach cagriangermizlhadybet, cetforresuciedn opti cal
disk. The first invenion is an optical disk on which data is recorded with
CLV) wher eif, tHeNnanIrFoenaPRM BLEA,0MoRbvér,Paesdidratedf@diagea on sai d di sk)
all or part of a barcode is witten in overwiting fashion by selectively

r enovi ng adé@{éee Egvbeeefni Lg@dn sai d prescribed region. -2 6 Septenber 2002
The second Irnventron 1s an optical disk according to the first invention)
wherein a control data area.is provided for. hol ding therein.physical
feature i nfor mad Bﬁe @%ﬁgﬁrl?‘ﬁlr?ﬁ g’é‘f PP ﬂ)f‘?fcaﬁlsgi sﬁé,ncgnﬂni"r{"’iaaéﬁ?i fier for

i ndi cating the presence or absence of said barcode is recqrded in said
control dafarkies. 2 ¥esiehi pumbesvend itHa fﬂ‘eahsolmﬁ &8FOxHesk 1aceor di ng to the
second invention, wherein a guard-band area where no data is recorded is
provi ded bpitveseashitl reootrdad idas sncar-énf@matsan ckrpeesas i bed regi on of said
pre-pit signal area. The 4th invention is an optical disk according to the

first invegts@ibedhgiciien éaééﬁabaf@q@diﬁifd@w@d Ha® Bag¢htoabeanner that two
or nore barcode signals cannot occur within one prescribed tinme slot. The

5t i nvent egk dbda Ol E8dn Qosh@GRABHT A iE81 LRILLY Sihd nventi on) wher ei

sai d barcode contaln ata at least including I'D information uniquely given

to said optical,.dis hoiE ti i n i Ga i rding to the
5th invent %%%@t\%ﬂgréforﬂggi @é%gr 2% e aggﬁt%oﬁnﬁseégﬁ;ao?nlgl?eg&ﬁééﬁgflﬁ addition to
said IDinformation, a, publjc key of a public key encryption function
correspondPH@FE@§“§a?QPqt%”FFHQQ'nation, 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 é%%@ﬁ%& ? 2002
digital signature to. The 8th invention is an optical disK accor o]
7th invention) wherein a secret key of a public key encryption functlon |s
used when appl bng encryption . or a digital iign ure to said ID

i nf or mati on. ©934F ONAVENIANGAOR stSaRNoPR TR 1 £k 2568 ’dignéotg‘eany one of

i nventions fronrflrst to 8th , wherein said optical disk is constructed
fromtwo dfskstsibeentdoss vhareaatadonsyel iata area icx hroviviedt fom is an
optical disk barcode form ng nmethod wherein pulsed |aser light froma |ight
source i s halHngnticer@inephyrigal afedi@am jxafiorestidy coscewnimgr egidingul ar nmask
and said rectangular beam pattern is focused on a reflective filmin a

pre-pit sigpedcanedi sy bﬁdaarprlaéﬁfiﬁe@l f@dll%alr@@rltngo@h@fp@@eﬁeé igzal di sk on
which data i s recorded, and t e sane time, said optical disk is rotated)

ther eby f oggisig el il %]CO(He is NEEhRRa A SEAT | BhtYE-dalkhmifgmoved

regions as a rcode |n e sane ra VIS portlon on'said re 've film

The 11th |. disk b f t hod di ng t
he 10t | nventPanh Tlor ISP S8Rt OBt ORFLAIa R 1A OLLTE ot SeRare ar oa

for hol ding therein physical feature |nfornat|on caoncerning said opti cal

di sk, and ARvendéani fwherer@ra igHar &zhandgaxere WHEER AWC AR I Eeseidest 18ai d
barcode is recorded in said control data area. The 12th invention is an
optical di pkovialedobletweennsanigl oentind detaratieagand skhé [deseribedntegoon of
wherein said barcode is forned in -4 6 Septenber 2002 such a manner that
two or noreabbinsedpitSisdpads agaanot occur within one prescribed tine slot.
The. 13th invention is an optical disk barcode form ng nethod according to

any ‘one of inveRki o115 ihi e A Bstah %%‘i:beam%ﬁ'e(bc%i‘ﬁﬂné’&to' ¢Re fdirgk IS
constructed fromtwo di sk-substrates | am nated together.
invention, wherein said barcode is formed in such a manner that two
or more barcode signals cannot occur within one prescribed time slot.

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



The 14th invention is an optical disk reproduction apparatus wherein
recorded contents of a recording area, recorded by formn i

optical disk, are reproduced by using a rotational phase %0%"&%’?8\5}0@%5
notor, while recorded contents of a different recording area other than
said recording area) recorded by selectively formng lowreflectivity
portions ondigitefll eignateréifonin said different recording area) are
roproduced by using rotational speed control for said notor, and the

recorded contenfTheoftiSandenE®ar s Nt apeicAnditheadceedisiectocons enths of said
different recording area are both reproduced by using the sane opti cal

ifferent recording area ar pr oduce .
Becor i ng £ TRE 1 WECEVERE, Say" herdi ot BoRI b Feont 1 GP P SO ALERen, o

in said different, riecordi ng. area._ The 16th _inventi,on.is .an optical, disk
Fepr oduct i off A3t WAk SHRLEIH RRCTGLINE tPach LRk FoR)2 er &0 Faifalki ng
control is,,in effect) perforned in said different recording area. The 17th
i nvention i 5E¥mapioneal di sk reproduction apparatus according to the 16th
invention, wherein a rotational speed is the rotational speed that would be
achi eved in sai dhdi9therdanenti®n ig apepptitsdr d2olaccording g areanef ofaid
rotational phase control were applied. The 18th invention is an optical

di sk reprodimtdnadonp faoat fisrsaccordtiing wleerndia daid opnyexl idisk ihenestridied
rotational speed of said notor in said rotational speed control is

mai ntai ned 2fonA tRbegigk-RepsMaltee hafadted tdgheked.t obtained by neasuring a
mnimmlength pit in said different recording area. The 19th invention is

an optical di SkTB‘épm’cglg?H} G it HnUSp AL Qggigyggg&?%rf#gh?%' ’Pn‘ségﬁéé on,

wherein said |owre Ivity portions are a ectively

removing sajd reflective.film,.Th Qth_invention is.an tical disk
repr odugti oﬁh%if&d&ra‘ﬂ da&%%?rdilﬁéhfﬁpﬂea 114ftgﬁti e bh Wﬁgr é’?@q R said

| ow-reflectivity B rtions are a qggcode,said diffrent recordqing area is
al so such aFezang ﬁ?ﬁ&?aﬁoﬁ’ﬁ@ﬁfg &SERE G JEATIREW 2pi Fask 3Rd sidh

reproduci ng the recorded contents of said ) ) ) .
rectangular beam pattern is focused on a reflective film in a pre—pit

signal region in a prescribed radius portion of an optical
disk on which data is recorded, and at the same time, said

'thical 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 1lth invention, wherein said barcode is formed in



different recording area, a high-frequency-conponent signal generated
during reproduction of said pits which are fornend in saigggﬁg &2
recording area is reduced or elimnated by a | ow pass filter, thereby
making it possible to separate a signal which is reproduced fromsaid
barcode. The 21st invention is an optical disk reproduction apparatus

accordi ng teudhhe Adireri penttwandr Woeeebar aliedsl galisetamedt vt yr parthi prsner e
a barcode, and when reproducing the recorded contents of said -6 6

Sept enber %%Q% k e ording area, the width of a signal obtained by
readi ng sai g?ggﬁgtiggiﬁggéased to a prescribed width and then neasured

opt i cal 8 Sk cpPBaintt o aeaPa teraRib L, 1 R0k SERE hsibons 11 om

14th to 21st erein said opti.cal disk is constructed, fromtwo, )

di sk-substr%‘%‘@\gall%ﬁ"ﬁ’ataéﬂ QMEg&F hePenthen rami ttpoﬂzﬂs %emr} éaid di sk
reproduction apparatus according to the 14th invention) wherein said
optical di stoticeludissk dscomstolctet drametwo di skriubishya teredeminatiedstegdther.
feature information concerning said optical disk, and an identifier for
indi cating the fheskitheinvemttisanie aof optd chlbdi dodepreductondgshamateai d
control data area. The 24th invention is an optical disk reproduction

appar at us agifedhngedd? del 8l dRtédts Wiehel fecAldi R 1Radi Pébdr@eqrled contents
of said control data area and judging the presence or absence of said

b d itels :det ] ned g t] j :

barcode) | ey 148 BCAGLEEE 30 Aseteplahigaoto Ul b, meher
i Ki f i t whi ch . i : Ki f i f

5 2 T Al TG SRR o DTGB GQTBILSGE: ILELDG dog o reans for
detecti o TEell Lor oot ng 2 posly!on.of 5 0G0 post Uon

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 éf 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



6 Septenber 2002 | east said detected position information or information

concerning said position information into a barcode) and f il y
renoving said reflective filmto wite said barcode to an%?@%'{a?&{lilo\gg on

which data is recorded with CLV, wherein all or part of said barcode is
witten in overwiting fashion to a prescribed region of a pre-pit signal
area on sai feqidifnglardiaskf sHid 26tdtionybrghags ¢antaolrewdten@ppdied.ng
apparatus according to the 25th invention) wherein said disk is constructed

fromtwo di sk-sghgt HeSnl&HiRAt 84 dnoest el dTdle rdpthdid MRt AFhraius
mar ki ng form ng neans according to the 25th invention, wherein said

king form ng means acc the . g
BT cast saM 0 BeEo i bR T ey PR, R O e b R TR one BF e

ition inf tion,. and.wites.contents, th ted t.o said disk. Th
2ath | nvent PO PRLRE gl RRH) TURM T lgRes Ol RGP R 0B h

invention, wherein said position information witing nmeans includes digital
si gnat ure npegscribed aadrgi brsed an @ wasuLt geieined by measWise sipimwiect ed
position information or information concerning said position information,
and the wilemgthapit castsasdid fderect edcmokingi @red.nf or mati on or i nformation
concerning said position informati on means witing information concerning a

result of said dhgi {®h Shoeptieneis &n opfidRapHesbaep208: tdpAl Asmiraist 0 said
di sk. The 29th invention is a reproduction apparatus which conpri ses:

posi ti on | nforymihencd aadi gTEADS, figh, rARdleaq BAY 1L dAteLIRlion of a

mar ki ng or ormali on concerning said position I nformtion, salg position
information_or,.said infornatipn.being,.fornmed, b 1% appl yi ng. king on a
of Pecti ve PRTGIoRS: 7k S he Rt e £OTR bt ert ate o ke Robin i f o SR ks
(3) convertin? detected said position information or said information into
a bar code aﬁH‘T4)wwiting the barcode with selectively renoving said
reflective filmon said optical disk on which data is recorded with CLV,
mar ki ng readi ng Thead@tlf dnvertidnngs i a1f ophiadlodi shorresradunt ianpenparesus
position of said marking; conparing/judging means for perform ng conparison
and according to the 14th invention whererein
said low-reflectivity portions are a barcode, said diffrent
recording area is also such area to which contents are recorded with
pits, and
when reproducing the recorded contents of said
different recording area, a high—-frequency-component signal
generated during reproduction of said pits which are formend in
said different recording area is reduced or eliminated by a
low-pass filter, thereby making it possible to separate
a signal which is reproduced from said barcode.
The 21st invention is an optical disk reproduction apparatus
according to the 14th invention, wherein

said low-reflectivity portions are a barcode, and

when reproducing the recorded contents of said



j udgenent by using a result of reading by said position information reading
nmeans and a result of reading by said marking reading nE&@ﬁS%pﬁ%ﬂi ngucing
means for reproducing data recorded on said optical disk i'naccordance with
a result of the conparison and judgenent perfornmed by said

conparing/j. LN ns,. wherein.,all .0 t_ of. i aLco is witten in

ongmﬁ:t?ﬁ%*gg%ﬂﬂbﬁgagignﬁrgg%liﬁgﬁ W%ﬁ#gﬁ%&?ségﬁskﬁﬁﬁPlg?gﬁyi are; on s;id
tical disk. .The 3Qth i ti i ducti t di t

Che. 50t h IGEaNE G durricabe 14 Ineasesed Th Acuestotbaib s b or mat | an or

information concerning said position information is witten _g 6

Sept enber thepomeasurai ovidhsRamyd isgspulses Them@EERBIPIWSEEE HRp-means. The 31st
invention is a reproduction apparatus according to the 30th invention,
wherein sai d pbise t22ad imveat ber iiGnamroptiicgl nitiasks remaddude soerapppphtig neans
for encrypting at |east said detected position information or information

concer ni NG, 386 RS bt RN ohBf Of TRYEARoMRNEr S 1ROR) 11QR, | iRt bony T eadi ng

means i ncludes decrypti’ng neans correspondi ng to said encrypting nmeans) and

%t or i GESPET SRt ORe COSn R <P oy SEFEHERP o AlrebRY s chong

invention is a_feprodquction,apparatus according to the 30th invention)
wher oi n sai d pHAT EAER TiHeBR RGN an als OGRS HeATor PRALVaE LU RIPRAR S gnat ur o
means for applging a digital signature to at |east said_detected position

i nf or mat i AFCOFAInG denthe dhtholiventiony yhpBebbsSeid ptipbrisk oRcludes arites
informati on concerning a result of said digital signature application to
sai d di sk,comtdobalatapasda ifon halfdingatlieneinephdisnga hefeagurecinfoesation

aut henti cati ng nmeans corresponding to said digital signature neans, and
position igyneenmirgoRaektopagtahdlikkanend ah Od¥raiifieg foai d position

information from an
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



aut henti cati on pi-ocess perfornmed by said authenticating -10 6 Sept enber
2002 neans and/or fromsaid i nformati on concerning the re f I

digital signature application, when an output indicating 2%#%@§?W§§%§h%
said authentication result is produced from said authenticating neans, said
conparing/judgi ng nmeans perforns the conpari son and judgenent by using the
posi tion i hdagtmetidnledbt bedeosbyisniidfmomitti ool rihdonmeatiion extracti ng neans
and the result of reading by said nmarking readi ng neans, and when said

out put i ndigdri@n g WaidChHERS oh SinTRrmpt UG REd 4 hareedy,odudtfeon is not
performed. The 33rd invention is a nmethod of manufacturing a di sk, which

COMpr i Ses. £ e 3t By Gl Ai¢sAgq Alellgastveonelll ok wbotaisaga reflective film

to said forne applying at | east onemmarking to said reflective film
e

et cct ea_pBeiasEBnte A PRERI L e Tl ¥k o ABPYRFRE MR or s o

ncrypted informati on onto
sai d di sk, w@erein, when encrypting and witing) at |east said encrypted

i nformati oflYss converted into a bar code, and said barcode is witten by
selectively renoving said reflective filmon said disk on which data is
recorded with @heredna@ldiar marpaek sefdskargoparboadittenvintten in
overwiting fashion to a prescribed region of a pre-pit signal area on said
di sk. - 1lovervd iSépg cfdshioR (@2 aThee s34ibed meghon arf mspree-mathod of

manuf acturing a di sk, which conprises the steps of: formng at |east one

di sk; fornkngnA hekd em s¥ed fdptirdd ddgkd formed di sk applying at |east one
marking to said reflective film detecting at |east one position of said

o G, 2o, 2000kl 151 ok ke aSaBBI i o
the 25th invention, wherein said disk is constructed from two
disk-substrates laminated together.

The 27th invention is a marking forming means according to
the 25th invention, wherein said position information writing means
includes encrypting means for encrypting at least said detected
position information or information concerning said position

information, and writes contents thus encrypted to said
disk.

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

and the writing at least said detected position information

or information concerning said position information means

writing information concerning a result of said digital signature



wherein) when applying said digital signature and witing) at |east a

result of said digital signature is converted into a barcggg%tan S@g&
barcode is witten by selectively renoving said reflectiv R{RNSR d

di sk on which data is recorded with CLV, all or part of said barcode being
witten in overwiting fashjgon to a prescribed region of a pre-pit signal
area on sai#PRditERIOM °3§Fﬁlah§%ntion is a disk wherein a narking is fornmed
by a laser to a reflective filmof said disk holding data witten thereon)
at | east positi dheid¥tdr betdrdAonfisai depraduchionrappaf otumathdah caompsi s g
said position information is encrypted or applied a digital signature, at

| east sai d encr pp$#d onnfoforedait bon areadigg tmelansi fatreséimppesdeibnd nf or mat i on
is converted into a barcode, and said barcode is witten by selectively

renovi ng sajfrorfht & b¥ea fdrli 9P Gaiidfshiti0n d¥Hcelntag aalig recorded with
CLV, all or part of said barcode being witten in overwiting fashion to a

prescri bed i f -Dit s . ignal ; aid
i ok, BRI EP DR PTCKPEE s ARPREST iraper e oda i Bef oS

di sk manuf act.uri rocess..and a secondary recordin racess.according to
the present %og&ﬂ%ﬁ ,%nylg?uraépg)(Jé’)g ?smaarl‘%/lBS w&r\??k‘%%fvea?bf%&%a’e rdi ng
to the enbodi nment) (qé is atop plan view of the disk according to the
enmbodi ment )ox @ disk.a @dpdetesiing awsitiomeiditha meakdnsi nP)t eorvar tdpodi ment ,
(d) is a transverse sectional view of the disk according to the enbodi nent)

and (e) is detsated wanddpagidmnoinformepiaduredaisd gnébrmatdondimyp tz0béiwode
enbodi nent; Figure 3 is a flowhart illustrating a' process of recording

encrypted posdridi ¢4) wriftehgetieoBapibde @ik deletbprdlgr memdvinghad rpaesf Beadnvd ng
to the present enbodinent; Figure 4 is a diagramshow ng a disk fabrication

process a”dfﬁms‘éﬁo A ¥t £6A" di 9 ogi[]%fa? d(al?éridsl é’)ﬁcﬁgﬁﬁ $iRg iyt he present

enbodi nent ; gure Is a diagram show ng the cat1on process and

Lne Secondary, | SeordIeeRIRE RIS AaPECIgh Mok e, P!

enbodi nent; Figu W hg di sk fabrication

process (part 1 accord'ng.tq t he, presept - 13 .. |
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 éﬁd a result of réading by said
marking reading means; and

reproducing means for feproducing 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



6 Septenber 2002 enbodinent; Figure 7 is a diagram show ng the two-I|ayer

di sk fabrication process (part 2) according to the presenQ3§$RQQngﬂkb
Figure 8(a) is an enlarged view of a nonreflective portion of a I'aninat ed

type according to the present enbodiment, and (b) is an enlarged view of a
nonrefl ective portion of a single-plate type according to the present
enbodi ment ; tdrisgiid ediHkapyi o< ti eprindocedt iwav ef dtingdmagiam for a

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

reproduced- wavefgé r rg1dicagiamnthien # ROPERiddaet ive apeEta Al aceeFdlifputho the
present enbodi nent, (c) is a reproduced-waveformdiagramfor a .

nonrefl ectiug hioR di the present enbodi nent, and (d) is a
pl an view ' of@ginﬁgtgﬁegﬁgkwg?%%ﬁked by a master disk nmethod. Figure 10(a)

is a cross-sectional vi.ew of. nonr.ef | ect.i. ortl f,the | am.nated type
nccordi ng 1ot neahs eSiEubadehBhishupe i ey Pellads Bpt SRAIRE kandl °
nonrefl ectiye portion of the single-plate type acgcordi to,.the present
enbodi ment ; 1§ @BFENQEE“gsaE:lﬁgﬁén%ﬁqdcQ@ﬁ?ﬁieg 0$4de4 %ﬁfgimaéb@ﬁﬂoiation
through a transm ssion electron nicroscope, illustrating a cross section of
t he nonr ef | Btformat puy ccobeerrdogr sa iy posi tive prisrmat iembadidrent; -14 6

Sept enber 2002 Figure 12(a) is a cross-sectional view of a disk according
to the present eabddiozénion dndofiytion readiagssenisi dnaludesedeafypiti®g means
nonrefl ective portion of the disk according to the present enbodi nent:

Fi gure 13(ajorr@sposdiaq 28" SAiQWehd o tRRY Sieank, iR Byen®ig qhi@ddresses on a
| egitimate CD according to the enbodi nent, and (b) is a physical

arrangement 4 |ré’g?g£§j%§§5{);ﬂe§?&“§ %Q?Bl%nc ?Egéggo?%% according to the

enbodi nent ; agram show of Figure 33 in
further detai i s_a.diagram show ng .an equj val ept data structure for
ECC encodi nwéﬁg@%gi%)or( E?fql‘g‘agl%‘? éﬁpﬁﬁggﬁg\/\fﬁb‘i z?oﬁﬁflr@rrati cal equation for
EDC conmputation, apd (d) is a diagram showi ng a nat hematical equation for
ECC conput atf{ggmation.

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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Figure 15 is a block diagramof a lowreflectivity position detector
according to the enbodinent; Figure 16 is a diagramillustgating,th
principle of detecting address/clock positions of a Iom#ré#ggg?ﬁ¢$f§b02
portion according to the enbodi nent; Figure 17 is a diagram showi ng a
conparison of lowreflectivity portion address tables for a legitimate disk
and a duplicated dieskRs #Fidyorefn@n saidairfloometion contergtingt the raspivcedur e
for encryption, etc. using an RSA function according to the enbodi nent; -15
6 Septenber 2002 Ffgwaéd HRits] asifgheverwmmpplidatibnati ng a position

i nformati on check process according to the enbodinent; Figure 19 is a

flonchart illusyka iaRdo@h@Wi h@fda85hE Vidry eBOSddd @R ggfdecting program
according to the , enbodinent; Figure 20 is a diagram show ng a detected

wavef or m of fLrst-l Kj Si or.din ent
enbodi nment ;a i Shiizcaﬂgg{geafu %a%?%r%%gﬁgémd r%gg %agtdeg {elgen\t}ggg?%rf of

second- | ayer marking, signal. agcording to the present enbodi nent Figure 22
is a flowcH®EAS; Iﬁ}gt Fe Qarﬁngzéu‘;gt}ﬁgt’f“%ﬂi’som oer’lsangq EOMEahtI% er and the

swi tching between drive ID and disk IDin a programinstallation process
accor di ng tand Huedgamessnby arsodi thenposHigur éndgrmiagien mhdekned &yr am of a
stripe recording apparatus according to the enbodinent: Figure 24 is a
di agr am shosdidgpas stiignainfmawet bsrmeandact itgi neansg apdt ther wesnl Refr ecor di ng
according to the enbodi mrent Figure 25 is a diagram show ng a signal

wavef or m aneba@ihg i byisa9d PRirkehp Feadifig mease] dirngwhbh |aid 86t @ di agram
showi ng a signal waveformand a trimnmng pattern in PE-RZ recording
accordi ng tg,dilkgt ePedi P Yiness 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-harking 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 CLY, 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.

._11_.



-16 6 Septenber 2002 Figure 27 is a diagram show ng a top plan view of

di sk stripes, along with signal waveforns, according to t enbodi X
Figure 28(a) is a perspective view of a converging unit aggg?ﬂgﬁgeggﬁﬁ%e
enbodi ment) and (b) is a diagram showing a stripe arrangenent and an

em tting-pul se si%aal;_Figure 29(a) i% a perspective view of the converging
unit, wth a bEnd4éh| Hvestiepgsnadte iedr ef daniéeetliing & diske whisddi ment)
and (b) is a diagram showi ng a stripe arrangenent and an emtting-pul se

si gnal ; Ficgpmpei gk itheasthpagpofim showi ng t he arrangenent of stripes on a disk
and the contents of control dada according to the enbodinent; Figure 31 is
a flowchart il fsostihgt andecaewy enidisk: node is switched between CAV and CLV
when pl ayi ng back stripes according to the enbodinment: Figure 32 is a

di agr am show ”%ﬁiﬁ%ré%ﬁg)ﬁ’@i\@qigﬁ ddLessrahed @@ di sk according to

t he enbodi nent: gure 3 Is a diagram show ng a data structure after
ECC encodi ng according t enbodi

h : b). i di how d
structure aftefP nén%%ﬁie%éga@@opﬁ{%%: %ogﬁédleﬁﬁ%aﬁggéafnﬁ’éﬁwnng i))agﬁd

(c) is a diagramshow ng gn ECC error-corregctiQn capability according to

t he enbodi ment 9¢3dRe @4?%5% oficaBP ikl SRoM g1 h’&alg‘éf‘g'sﬂ%cture of a -17
6 Septenber 2002 synchroni zati on code; Figure 35(a) is a diagram show ng

t he confi guratapplydhgan diRgrahrad gpbjulies ta shiahdatectedwpagitdonavef or m
filtered through the LPF;, Figure 36(a) is a diagram showi ng a reproduced
si gnal wavigfforma ticmoand ngittdng mtenboidi desk,, and (b) is a diagramfor

expl ai ning a di nensi onal accuracy of a stripe according

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
signature—appended information is converted into a barcode,
and said barcode is written by selectively removing said
reflective film on said disk on which data is recorded with

CLV, all or part of said barcode being written in

overwriting fashion to a prescribed region of a pre-pit

_.12..



to the enbodinent: Figure 37 is a diagram showi ng a synchroni zati on code

and a laser emtting pul se signal waveform Figure 38 is i agram W ng
a procedure for reading control data for playback accordigﬁg?%gmﬁgriﬂﬁ

enbodi nent; Figure 39 is a diagramshowi ng a top plan view of a disk having
a pinhole-ljke,optical marking as a physical feature according to the
enbodi rrent?lﬂf'iaé;u ®ygn; ga (ﬂlilgb'r am showi ng a procedure for playing back a
PCA area in a tracking ON condition according to the enbodi nent; Figure 41
is a block diagram of a playback apparatus inplenenting rotational speed
control according to the enbodinment; Figure 42 is a block diagramof a

pl ayback apparatus inplenenting rotational speed control according to the
enbodi ment; Figure 43 is a block diagram of a playback apparatus -18 6

Sept enber BNFE DRSCRIPENON WOF THE aBRAAIRES speed control according to the
enbodi nent; Figure 44 is a diagramillustrating a piracy prevention

al gorithm accordi t0; i i FlguE | j:agram for
expl ai ni ng bargg @ﬂ%%0%§2¥#§592%%gﬁﬁﬁhn fbu§ e*@#%g%?ﬂgﬁﬁg Figure 46 is a

di how h icati I f th d di toth
errhod ment S 4SE8 B FECligey LHATATER VRGWESh AR RES g SFF cct | ve por ¢ | on

formed in a two-layer disk according to the enbodinent; and Figure 48 is a
di agram shBWSr‘?@taefﬂhﬂ%E?ﬁl%bn of address coordinate positions on different
mast er di sks according to the enbodi ment. Description of the Reference
Nurer al s 584. EORWIRERI(ELT s/IaT YoPQRENON] ev68ffi 2 dicl REFRIEGTEVIAY LI GHT AMOUNT
DETECTOR) 587. LI GHT AMOUNT LEVEL COMPARATOR, 588. LI GHT AMOUNT REFERENCE
VALUE, 599thd @AbREmRET| Wb)TY sPORIdONlan 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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START/ END POSI TI ON DETECTOR, 600 LOW REFLECTI VI TY PORTI ON PCSI TI ON
DETECTOR) fi01. LOW REFLECTI VI TY PORTI ON ANGULAR POSI Tl ON Dé%%AL OL%L%T
SECTI ON, 602. LOf- REFLECTI VI TY PORTI ON ANGULAR PCSI TI ON eRbeR ey

LOW REFLECTI VI TY PORTI ON START PO NT) 606. LOW REFLECTI VI TY PORTI ON END
PO NT, 607. TIME DELAY CORRECTOR, 816. DI SK MA. NUFACTURI NG PROCESS, 817.
SECONDARY REOORDRNG ;PROCESS) 818. DISK - 19 6 Sept enber 2002
MANUFACTURI NG PROCESS STEPS, 819. SECONDARY RECORDI NG PROCESS STEPS, 820.
SOFTWARE PRODUCT] £t ePROCESS dSAERMm sB30i ng=NBEDhWG 1 iEANG i s&31. PUBLI C KEY
ENCRYPTI ON, 833. FI RST SECRET KEY) 834. SECOND SECRET KEY) 835. COMBI NI NG
SECTI ON)  836:hrRESA b‘%&l%ﬁt 837 ac E ARy KRB TH AN SHNCODER)  838.

REED- SOLOVON ENCODER, 839. | NTERLEAVER) 840. PULSE T NTERVAL MDDULATOR, 841.
CLOCK SIGNA%H TOR, 908. | D GENERATOR) 909. | NPUT SECTION, 910. RZ
MODULATOR, 1b. S| GNAL GENERATOR) 915. MOTOR, 915. ROTATI ON SENSOR,
916. COLLI MATORy. 917, 8gvt|.NDR| CAL, LENS, .918.fMASK%§f$ﬁL%.S CONVERG NG LENS,
920. FIRST TI ME'SB'BE C984 1SRRI ATERE ‘QSHT0t g 2O HRE sLoT, 923.
STRIPE, 924. PULSE, _ 925. FI RST RECORDI NG REG 926. SECOND RECORDI NG
REG ON, 927Ronteen Ebfc@aiﬂyl@és. Be BECRANRE YR dhel PRESSIBONER SUPPLY

ClRCUI T) 930. STEPS (I N CAV PLAYBACK FLOACHART) , 931. BEAM DEFLECTOR) 932.
SLIT, 933. aiRdPEent934ndS(B- $TRiPEN19BERd REFY BETRONSIeElAL t BENERATOR) 936.
CONTROL DATA AREA, 937. STRI PE PRESENCE/ ABSENCE | DENTI FI ER, 938. ADDI TI ONAL
STRI PE PORTAdNi 08 3$E a%)ﬂh% téSWFE’Ead%%EBEﬂ@EdoABE&N%szENTI FI ER, 940.
STEPS (FOR STRI PE PRESENCE/ ABSENCE | DENTI FI ER PLAYBACK FLOWACHART)) 941.
OPTI CAL I\/AR%;&;}J ig,grgAg\gHo_E), 942. PE- RZ DEMODULATOR, 943. LPF, 944. ADDRESS
AREA) 945. I'N"BEAM 946. SUB-BEAM 948. STRI PE REVERSE- SI DE RECORD

LN R 040 ST B G BRI, SRR RN, 591 DA RN
2002 nonreflective portion according to the present embodiment,
(b) is a reproduced-waveform diagram for a nonreflective
portion according to the present embodiment, (c) is a
reproduced-waveform diagram for a nonreflective portion
according to the present embodiment, and (d) is a plan view
of a master disk produced by a master disk method:

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

Figure 11 is a schematic diagram, based on an
observation through a transmission electron microscope,

illustrating a cross section of the nonreflective portion

according to the present embodiment;
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COVMPARI NG MEANS, 955. MEMORY MEANS) 956. OSCI LLATOR, 957. CONTRCOLLER, 958.
MOTOR DRI VE Cl RCUI T) 959. BARCODE READI NG MEANS) 963. MODE, SW TCH 964. HEAD
MOVI NG MEANS, 965. FREQUENCY COMPARATOR, 966. OSCI LLATOR, 9 eptemRec2Rfdcy
COVPARATOR, 968. OSCI LLATOR, 969. MOTOR BEST MODE OF EMBODI MENTS The
preferred enbodi nents of the present invention will be described below wth
reference to thEigmeodpaalyiisgadcevistgsctiomalheioesfrapdishn hereinafter
given, position information for piracy prevention) which is a formof |D)
is taken asa@préxd@mloetRé pridfseht®dnbedihentdyeahdr ¢nded.aln the first-half

part (1) of the description, a detailed explanation wll be given of the

pi racy prev i i i | nf~0 i £.0r : f,al,l by a brief
expl anat i on&ﬁslsgg%ﬁt eatliﬁ o‘Jr %gt ?%‘%ﬁo@?ggﬁe\fgﬁggﬁrﬁégﬁ?%at?gogigﬁ{jo conpl ete
an optical disk,and how the optical di.sk is played back. In the second-half
part (11)) @‘}f@rfjéﬁ%rﬁoq\ghe fgﬁsﬁaicmoﬂbm?% pi racy prevention position
information will be described in further detail and in a concrete manner.
More specifi cal Fyguztehéﬁa)r sits- Baflfagrgm shawingeanhysieal (A) Manufacturing a
disk) (B) Formng a marking by using laser light, (C) Reading the position
i nf or mat i onawfangbeentaplfi addresBes Brcay pegitgmahe @osctoxdingntorthet i on)
converting the encrypted position information into a - "' 1 6 Sept enber
2002 bar codenbodiflent,i tndg(B)hd shbargadécah sarahgentintt af eslddestée optical disk
in overwiting fashion) and (E) Playing back the optical disk on a player.

The second- galdhn IPPIéga(lll}')d\Iﬂlri%Etg&W hBEsrdify t&5ehel afssiinknt Ne barcode for
a |l am nated-type optical disk, then proceeds to (B) Barcoding the position

o 20 SSRT08 oyl AR ) R

bar code-recorded” op f or S i ng-control) and
met hods of rotatipnal eed ntrol durin eadi ng_of t.he,baycode, and (D)
Pl aying back® tHE RS ASAB! hectr dbtl DEHFERIT GPOK M aNseRbHALAH part (11)
further deals in detail with %E) Nhnuf?ctuang t Shniques for inplenmenting
t he bar codeddidc §ta7GHGet ot ECT: Breasiing/ egcodingi efc) ekl askigRBERM of a bar code
pl ayback apparatus (player). Finally, a description is given of (F) An
exanpl e of shuwiagow endihenaticadneqyattioonf andDancirpatatiappkindatd)on exanpl e
of the barcode.
is a diagram showing a mathematical equation for ECC
computation;
Figure 15 is a block diagram of a low-reflectivity
position detector according to the embodiment:
Figure 16 is a diagram illustrating the principle of
detecting address/clock positions of a low-reflectivity
portion according to the embodiment;
Figure 17 is a diagram showing a comparison of low-
reflectivity portion address tables for a legitimate disk
and a duplicated disk,
Figure 18A is a flowchart illustrating a procedure for

encryption, etc. using an RSA function according to the

embodiment;
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(I') Before proceeding to the description of the above (A to (E), we wll
first describe a general process flow from di sk manufactur} {o th

conpl etion of an optical disk by using the flowhart of Fi%ggeefwmfgquns
patent specification, laser trinmng is also referred to as | aser narking,
while a nonreflective optical marking portion is sinply referred to as the

barcode, stripeFigar&ild8, iora dpbwstalrtmil Kistgaoing sopesitivg, as the -2°' 4
6 Septenber 2002 physical 1D unique to a disk. First) the software conpany

performs sofmang st RPtRGpridReS9TdbRl 81y QBUEhd QmbBARRARS 820. The
conpl eted software 1s delivered fromthe software conpany to the disk

manuf act uri ng f%%\%g'w{ E%d%?inﬁw&ag%wgtr}gtpﬁ§%e§§w816 at the disk

manuf acturi ng factory, ware 15 input in step 818a, a
master disk_i roduced (ste 18b),. di sks are pressed (steps 818e, 818g),
reflective FPITRCtAVELY &P%éﬁl‘gh%Fﬁ%‘gﬁlégp%Hﬁr@@ T “E%t’(e“pég 18f, 818h)) the
two disks are | am nated together (step 818i), and a ROM disk such as a DVD
or CDis coﬂﬁ%éh@ﬁnkstep 818m etc.). The thus conpleted disk 800 is
delivered to the software maker or to a factory under control of the

sof t war e maker, Figere)20 nsszaddiadrany sheeingliande peatedsea \&ifoy maot ant i - pi r acy
mar ki ng 584, such the one shown in Figure 2) is forned (step 819a)) and

accurate posifdioNabef HAREAPLiQhal HcoPBINg itd tiRAGrBYert Measuring neans
(step 819b) to obtain the position information which serves as the physical

feature infg&g@ﬂigﬂtpf the disk. This physical feature information of the
disk is encryp eg I'n step 819c. The encrypted information is converted to a

Ci gnal on 1 ho GFSECRG Asinge & RRtel SHRETEECRe b RCR R nfor mat on

may be conbi ned et her th software feature i,nformation for encryption
' step slosecondsddier geskiie mers bausordine o the Present 7P

embodiment;

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

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

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

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

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

embodiment;
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The above processes will be described in further detail. That is, a disk
fabrication process, a marking formati on process, a marking_position
readi ng process, and an encrypted information witing proc Septepiber 4002
optical disk according to the present invention will be described in detai
with reference to Figures 4 and 5 and Figures 8 to 12. A supplenentary
expl anati on wifiguaks?7 e gi derprdmashondnpid top plak viiawi oy diwk refl ective

| ayers with reference to Figures 6 and 7. In the foll ow ng description, the
mar ki ng f%“tFPfSésQ”a%x@%%’i%a@fhﬁahewi@&‘&ﬂﬂ RRSbEdAE kBaghdg process are
collectively called the secondary recording process. (A) First) the disk
fabricatigﬂbg@1 i&s w Il be described. In the disk fabrication process 806
shown in Figure 4, first a transparent substrate 801 is pressed in step
(1). In step (L), aszéﬁl‘SUCh as_al um num or .gol d is_éfuttened to forma
reflective | afe‘rguéé . SRR ReT PGl aR B P& PV RERI T W E r avi ol et
curing resin is applied by spin coating to a substrate 803 forned in a

di ff er ent ageocEidE hg Breegpbedidentie @ﬁbgb} altSe agdR gremp sheieidng 8 t he
transparent substrate 801 having the reflective |ayer 802, and they are
rotated atsthiph espeegenentnaké anhembtridignpulseasigreluni form By exposure to
external ultraviolet radiation, the resin hardens, thus firmy bonding the

two substrat esFigget 2®a) iB StRPspéddtive PldwbgdtHayenvéSbinghere a CD or DVD
title is printed, is printed by screen printing -24 6 Septenber 2002 or

of fset printing,;+Kh j ) ryH | anj +thype optical ROM
disk is cé’ﬁ%F’e?&ﬁ ?E‘?e%\“lggté?Fﬁgén%‘?%ﬁﬁsgf%reﬁgwor#gpggie@g o/ PF be

descri bed wi.th ref.erence t.,o N qures,4 and 5. _Ln Fj 4, a |l aser beam from
a pul sed Itgf'ge?m%mgﬁ hagg éb %é Fa%leargria’g %5}}93’&@%(# %&i%ggﬁﬁh a converging | ens
814 onto the reflective layer 802) to formag nonreflective portion 815 as
shown in satréﬁr’%%ﬁenitna@‘fé’ﬁr gMELtIPEZPULSe) SLERALSt i nct waveform such as the
waveform (A) shown in step (7), is reproduced fromthe nonreflective
portion 815 fdfimde; 30 sisep é@gr.aﬁ sheping the pyrangesieny ehis waveform a
mar ki ng detection signal such as shown by waveform (B) is obtained) from
whi ch hi ersdrépésalonnar &iskyapdstite onnterntsr ohtdontrebrdadasaeepraddngaddr ess, such
as shown in signal (d), and an address, a frane synchroni zi ng signal

nunber, angd ah¢ egpbodimett ;cl ock count, such as shown in signal (e), can be
measured. At the rising edge of the thus obtained marking detection signal)

a speci fic addpgage( BCAl ethihaRddi RS ol igFhOH @B dis read by Lhe

optical pickup fromwthin the plurality o resses shown in Figure 5(d).

Fi gure 5(h) h i g J Qcafy f i i ress in

schemat i c%o??nw%?tdt §%NC%§G§EY1§#§, @H %Pg %](ag;?ngﬁga\c}\:gc %ﬁgﬂi ogi cal structure
of the data. A@.shgmntin Ehggre (e), there are mfranme synchroni zation
signal s urttEPT Gtk &8st & 1omen produced cl ock pul ses under each frane -

25 6 Septenper 20
P nPigure g% 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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synchroni zation signal. Therefore, the position of the marking neasured by
the optical pickup can be represented by address, frane sypghronizatjon

si gnal nunber, and reproduced cl ock count. As previously S&gpgt&mbgr&b&
suppl ementary explanation will be given bel ow of an alternative type of
disk (a two-layer lamnated disk) with reference to Figures 6 and 7.

Fi gures 4 gmstiroshoyeidnacsdesk general ly known as a single-layer |am nated
di sk which has a reflective layer only on one substrate 801. On the other
hand, Figures Gighfe B5YAPW 2 2l Skg:3MNSRAM ing Klﬁ'@%nﬁ%&att%n'@ﬁ’er | ami nat ed
di sk which has reflective layers on both substrates 80l and 803. For | aser
trimm ng, o] SiNg; St ar e, ILLy the sanme for
bot h typesggﬁ‘lﬁ’ sélz& %zcé%tae\%g?%@srq gﬁ?ﬁ(@aﬁt ﬁgﬁéﬁgggﬂ@&&\%ﬁi ch are briefly
descri bed | ow, ', Fi;rst, while the single-layer disk uses a reflective

| ayer for ﬁ?qq&yan%lgﬁuninun1fiIn1having reflectivity as high as 70% or
over) in the twy-layer djsk the reflective |layer 801 fornmed on the

readi ng- si de sdBEu¥r&tds (8D1is @ dizgnam showipar arengorucgs eral m having a
reflectivity of 30% while the reflective layer 802 fornmed on the

print - si dewswirmasecd3ng stat hbe sembedasertthatndséd is 4 Eagramgl e- | ayer di sk
Second, as conpared with the single-layer disk, the two-layer disk is

required t@oham@lhigingont d Dinsassalr aeyurddr oeXxamrépe tateogdhgsi ve | ayer $04
nmust be optically -26 6 Septenber 2002 transparent and be uniformin

thickness)tgngu;?ﬁ leg@t transparency nust not be |ost due to |aser
trimmng. Parts 7?€B%%), and (9) of Figure 7 show the signal waveforns

obtained fromt i rst .lLayey. of t re I,Ng= r. disk. Likew se)
parts (10), (1f§§u%%éﬁt15)Xéﬁagfﬂ%E@oyyg%5M§?ﬂgh§ﬁé%%%ﬁﬁbgé@%rns obt ai ned
fromthe secgnd | ayer qf the t -recorfin -l.ayer disk. The contents of
these si gnaPd\iaJaser BRAELne Udse iSienal (avedah as those of the waveforns

descri bed with reference to(farts (a) to (c) of Figure 5. The waveform from
the second | aydriguze sidrika

igeramtshpwbig there¢ediire| fgterpadiigh the si gnal
| evel is lower than fromthe first |ayer. However, since the first and
second | ayeostmrle dbtandedt pbayebiabkrjcooetdang e pbeiemboditerdécur acy bet ween
them Figure 39 is a diagram showing a top plan view of a
disk having a pinhole-like optical marking as a physical
lfeature 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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is random and can be controlled only with an accuracy of a few hundred
mcrons. As wll be described |ater, since the |aser bean1§§sses t hr ough
the two reflective filnms, to make an illegal disk the posi% PBRAEMREBLORE i ons
on the first and second layers for the first mark) for exanple) have to be
made to match the sane value on the legitimte disk. But nmaking them match
woul d requilPBlerendang siadaitéenal soeed £OPtToL 128APYHNENGP HMY consequent | y)

making illegal disks of the two |ayer type is practically inpossible. The
t echni que fobodimenitig t he nonreflective optical marking portion will be
described in further detail in - 2r 6 Septenber 2002 sections (a) to (d)

bel ow wi th ref etignee 44 iki gudrgrant 1l 118tr£fihg) adealacRgprevdnttibe | am nated
type in conparison with a single-plate type. Figures 8(a) and (b) are

wicrograph%i%§§ggﬂﬂgaggéyaiﬁkﬁg?éggsC qehésctive optical narking portions,

and Figure I's a sinp emat1 c cross sectional view of a
nonrefl ective rtion of. the,two-|layer |am.nated disk. (a) Using a 5 a
j/pul se YAG | agﬁrg,urg ?géérab%r s%logpﬁf‘ﬁ) ntlngyasr(f@ﬁﬁgst rom al um num | ayer
lying 0.6 nmm bel gw the surface of a |.2mmthi ck ROM di sk consisting of two
0. 6nm t hi cRNEF YRS ORaps ¢Paddns tBydhReambodimentas a result) a 12 a mw de
slit-l1ike nonreflective portion 815 was forned, as shown in the X 750

m crograph of Figure 4] d)s. al didgres $howsog rénortbgr sgrplinat &dnuni num r esi dues
wer e observed on the nonreflective portion 815. Thick swollen al um num

| ayers) 20Q@Ramplgsiofonie tharekd@ndcdr&inp v dethe wRb®dinleser ved al ong boundari es
bet ween the nonreflective portion 815 and reflective portions. As shown in

Figure 10(a)) ifigies £POY BrEeSRRti o vEbpTkiveRps dpRoR dadypccurr ed

inside. In this the a atiron of the pulsed l'aser presumably nelted
the alum numreflective .l aye ausing _a phengmenagn nmol ten al um num

bui | dup al SREIE{%%BBB%‘gdﬂ és{‘gﬂﬁ%?]ﬁ cgisgegcc&a 1?%%%§B§urface tensi on. W
call this a hot. nelt surface tension (HVST) recording nethod. This is a
char act eri $"P¢ H%@ﬁod@ﬁ%n observed only on a | aninated di sk

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

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

_19_.



_~8_ 6 Septenber 2002 800. Figure 11 is a schematic diagram based on an
observation through a transm ssion el ectron m croscope (T%’ illustrating
a cross section of the nonreflective portion formed by the® 26B¢EDERLRP2
trimmng process. And Figure 11 shows that the adhesive |ayer of the disk
has been renoved by using solvent. In the figure, if the alumnumfilm

swol | en porMANMWACEURING BROGEASASTERY 8120 SECONBARYCREC@RDEN&nount of increased
alumnumin that portionis 1. 3 x (0. 20 - 0. 05 = 0. 195 ~ n2. The

amount of aPROOESSNSTBPSYI 820.| SORBWARE PRODUOTIEN FRHOCESSrITERS, (83 m) of the
| aser exposed region (10 a m was 5 x 0. 05 = 0. 250 a m. The difference

i's calcul atmm’é@s”}%ﬁgs-@i19?‘3@60%5@%@‘{@0""n8|3.§'r mgRref length, this is

equi valent to O. s nmeans that an al um num | ayer of

cat oly Sai e SRt el SECANE BTV o CUBERE% SERFEOSI Pon por i on.
expl anat § ord o BECHINGLEUERE Ter b e RS BHRRC AORCENTDER obh, ~(0) v wi 11

next deal with the case of a single-plate optical disk &an optical disk
conpri si ng REE-SGL@MM ENGODERn 8 erINEEHEEA\Mﬁ » cBfduBlleE BYTERALYi ng | aser

pul ses of the sane power to a 0.05 ~ mthick alumnumreflective film
formed on aMGDUbglTeR,sitdéd ChlCHeBIGNALK GENERATORC B08esiD tGENERATGRN i n Fi gure
8(b). As shown in the figure, alum numresidues -29 6 Septenber 2002 were

observed, aggh,SIINPET tIEeTEON YMONRD MOBUIATER, C1Es eCLEIN GIONAL On noi se, it
can be seen that the single-plate type is not suitable for secondary

recordi ng O(f;ENegR%irGRIJ c?(ejg.sk@@orgpg.i @@Tmﬁdﬁhbﬁﬁﬁ]@, hygh density and a | ow
. Fu u

error ;atﬁ ar IemanI rthefnmore, unli ke the’'l am nated di sk, ilr)llthe
Sifbégzd, }20@1%’?9@ @ﬁzu?@mp@m@w;ggm it V'esp'oP?iLEf‘i s

; J 9 T
pover bt - CRbERER S 0. paTao e ban TR SRR B wer i s

controlled accurately. Mreover, according to our experinent) the printed

| ayer 805 f9l(edI8y. JHIRBNTIME SLOTg 928. aSTﬁﬂlPﬁkr@ﬁs RYLSE, f 8%8.hundred ni crons
on the protective |ayer 862 was danaged when its thermal absorptance was

hi gh. I n t hBIRSASBECORIING REGGNe ¢l26at SEGONIK RECORDANGr REG ONne9Pt.obl em of
protective Layer damage, either the protective |layer has to be applied once

agai n or thect ENEDDERIT 92ReTEUC DECCUFRY 929e LRSER POWER dipppye depositing the
protective layer. In any case, the single plate type may present a problem

(n that tNecigagn oo PEeSESSINaEL oL REBIICRLARIARSY 1981t hEp Ay essi ng

process. Thrs 11mts e appl sing 1 dteé"di sk despite its
usef ul ness. ) o] ri b iRgle-pl ] a | am nat ed di sk
has been degm@gﬁ’ag e, §@&'n§§§emﬁg’yg§34 ﬁ}B%S?k%’ 895

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.



| am nat ed di sk as an exanple. As is apparent fromthe above -30 6

Sept enber 2002 description, the sane effect as obtained mﬁ%g t he tmg- ayer
| am nat ed di sk can be obtained with the single-layer |amn gatembek 20 i ng
Figures 12(a), 12(b), etc.) a further description will be given dealing
with the single-layer |am nated di sk type. As shown in Figure 12(a), the
refl ective QONYARINCOHEANS, (956. t MEMOBYMEANS, s@lfst OACELIFTORof 9906l ycar bonat e on
one side, and the hardened adhesive | ayer 804 and a substrate on the other

si de) the rGONTROLLER D5Y.eMOFOR DRIVE OEROUITheI5®et BARCODE READENG t her ebet ween.
In this condition, pulsed |aser light is focused thereon for heating; in

the case ofysaNg aymer yomOISHINER! ook, SiEAs MOV SERSS ampki ed to a cireul ar

spot of 10 to 20 @ mdianeter on'the reflective layer 802 for a short

period of r : : r I 84~NS ;i Ses to 600C) the
mel ting po#ﬁ?@ﬁﬁgﬁfpﬁgﬁg@gkﬁ'i@QﬁaggggﬁAzéﬁhggy‘tE@%@#@F? a small portion
of the tra r su rate_801 near.th t is nelted, and also a
portion ofqiﬁ@Agghﬁ%i§§é4g&@JLbﬂxﬁiséﬂ%lﬁgﬂﬁ?The nolted alumnumin this
state is caused by surface tension to build up al ong boundaries 821la and
821b, with tension being applied to both sides, thus form ng buil dups 822a
and 822b of hardened al um num as shown in Figure 12(b). The nonrefl ective

porti on 584BEKTe0DE Qfh BMBOD IMENTS esi dues is thus forned. This shows that a
clearly defined nonreflective portion 584 can be obtained by |laser-trinmmng

-31 6 Septenpgs pd@2ridie ehBsdiiRhed f tkeasresRavnidvenkigyngg1lo(a) and
12(a). Exposure of the reflective |layer to the outside environnent due to a

damaged pr O&ee%%é’zeila'eﬁy%leon#‘?ﬁ%%ﬁ' YRR LG %Bsﬁué"’ia&l?oﬁlﬁh‘x‘g‘eihEg' e-plate type)

was not observed even € l'aser ‘power was increa nore than 10 tines

the ‘opti Lue. After the laser. trinm.ng), the. flective | 584
has Che St TATCVAPESshdin B GESGEID LoD BT RINET e BT e e JRaN Kb

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 f6£m 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



between the two transparent substrates 80l) 803 and sealed with the
adhesi ve | ayer 804 agai nst the outside environnent) thus pgQduci

effect of protecting the structure from environnental effeéggpmﬂggrkﬁﬁ%her
benefit of lam nating two di sks together will be described next. Wen
secondary recording is nade in the formof a barcode, an illegal

manuf act ur éar cede, expd e itheg athenbarondeayera mrerpioareg eheher ot ective | ayer
in the case of a single-plate disk) as shown in Figure 10(b). This gives

rise to a pegsédl ldity fhalepenaghyptMidal aarddRYEPEPlagihetR@kwi th by
redepositing an alum num | ayer over the barcode portion on a legitimte

di sk and theg Lasen1taidTbAG, didyEeer ARl baiadeal Foarexample) 1f the ID

nunber is recorde pl ainte r separately frommain ciphertext, in the
case of a si.ng|e;plate di Kt od ossisble to alter- _the I D nunber,

enabl i ng i ﬁlégﬁd%%%%s t(ﬁg léstﬁflﬂl;ﬂg%s o ?rpﬁrﬁo‘%‘? P& nt passwor d.

However, if the secondary recording is nade on the 1 nat ed di sk as shown
in Figure lepayated-tyre oppicak dgghi iissr préi L i@glnéalfc@déé&ar ate the

| am nated disk into two sides. In addition, when renoving one side fromthe
ot her, the theupésition efifecnavion of mlies mpakingksya diskroyieme Wen t he

anti-piracy marking is destroyed, the disk will be judged as being a
pi rated di sk)apéhttires sPttheulbarchdeeraionded,oprienl raikkngorndtegal al terations
to the lamnated disk) the yield is low and thus illegal alterations are

suppr essed pfoQho&E YFORT & HiB@SroPardriC b Bidds of Nrdtaei&dsle sgked he two layer
| am nat ed di sk, since the polycarbonate material has tenperature/humdity

expansi on ASEILLIANA) ddbat e 19ChY UuTROSS! IS (9 PAGLIRE Galbe tu0 di sk,

once separa ning the anti-piracy markings I'rst and

second layers with an _accuracy aqf ew mgrons, a mass oduce di sks.
Thus, the tiR6- \w%deﬁ%@rgregv‘%té@g ‘%ﬁﬁ\gat e eefsfe?ﬁcp%éigs%arﬁn(gi)r acy
prevention._ |t was tEus,found,that a %I arly defined slit of a
nonr ef | ect iRAE LReF tdeahs sy desal ba16ht f/ndanBiAqtaE &€ ¢ ri rmi ng the | ani nat ed
di sk 800. The technique for formng the nonreflective optical

techniques for implementing the barcode recording method,

followed by a brief explanation of a barcode playback
apparatus (player). Finally, a description is given of (F)
-An example of the above barcode encryption and another
application example of the barcode.

(I)

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 nonreflect@ve optical
marking portion is simply referred to as the barcode,

stripe, marking, or optical marking or, sometimes, as the

_22_



mar ki ng portion has been described in (a) to (d) above. (C) Next, the
process of reading the position of the thus fornmed marking_ wl| be
described. Figure 15 is a block diagramshowi ng a | ow refl @geﬁﬁ”iti?rlzp%t
amount detector 586 for detecting the nonreflective optical marking
portion, along with its adjacent circuitry, in an optical disk

manuf acturlglg%i%i)oﬁ)s%ni%}@l%eal&gks a -33 6 Septenber 2002 di agram
ng t ' e

illustrati e princi of det'ecting address/clock positions of the | ow
reflectivity pertion.,,For conveni ence of explanation) the,follow ng
description deglnésw tthetmftgﬁgg a(iqmﬁan‘f)r eﬁ%f)g’f’se ﬁﬁﬁéﬂa%e ,ﬁéJSBOJOH}gr ation is
performed on a_nonreflegtive portion megd, on an_ optjcal. di sk constructed
froma si nit Sodtweare IDFO&qul"BeDFCé“@éénéﬁLd ﬁjh%lthnﬁéeg%o&g@%i ng principle
al so applies to an optical disk constructed fromtwo disks |am nated

t oget her. ¥s dehoverddn fromuwhe software eompangoto ithel dbgled i nto a marking
readi ng apparatus equi pped with a low reflectivity position detector 600 to

read the nmaddfagtuming factdrys chseliskimmufacsugngl pyeoesisoBbd 823 due to the
presence and absence of pits and a signal waveform 824 due to the presence

of the nonief ldesk | uBRE f1ixGMg5 B4 1359, %mbﬁfgﬁm@hys@lﬁﬁa@l@eﬂé in signal
| evel , as shown in the waveform di agram of Figure 9(a), they can be clearly

distinguispﬁg]u LN i gl j J tre aFiQu ) (1 hagr am showi ng t he
wavef orm o atp?gf%§§k§£$gnglﬁ%é%#iglggﬂgapgggu%gsé%ﬁ%ggquger) cont ai ni ng
the nonreflective portio 4 fo d l\aser.Jight. Fi,gure 9(b) is a
di agr am sh®td gaf?]éjr\ﬁ/é%@o&%}ew £gilirggurQlyaﬁ()a) r%{}teﬁ%lf?‘n {i‘l&isf fEtent tine axis.
By renmoving the reflective filmby |aser Ii escri bed above, a
wavef or m eg@imeﬁ on sthengesrardire ‘$)1r5(15ﬁ1 ﬁT&PSog%ﬁf’p%t%& ’gﬁgle %0 obt ai ned.
Rat her than formng an anti piracy identification mark by renoving the
refl ecti vedi§isnmerg4lamieaSapttogbther2dorem\B1Bakerandi ghROM ddskiescri bed above)
the anti-piracy mark nay be formed by changi ng the shape of pits on the
mast er di skuchllaissaridtbhed 0B lils benpdesedi bxdpb&18my. eEt.gure 9(c) shows the
The thus completed disk 800 is delivered to the software

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

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

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

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

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

information which serves as the physical feature information

of the disk. This physical feature information of the disk

is encrypted in step 819¢c. 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 819¢c.
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wavef orm of a playback signal when the anti-piracy identification mark was
formed by making pits |longer than other data pits on the master disk. It
can be seen fromthe diagramthat the waveform 824p of t he®RsPlemfier 2602
identification mark is distinguishable fromthe waveformof other pit data.
In this way, a waveformsimlar to that obtained fromthe PCA area

described | aterheasbdve pRicaisaed ¥nl1f bé revaribawen pitthen the master disk;
in this case, however, the waveformis a little difficult to distinguish as

corpar ed ' g,i1g. wengfosE Shewn 8r0es{ s lodnd (BInal Fhoure 9. By

renmoving the reflective fi aser as descri bed above) a waveform
easily distinaui.shahle fromthat. of _a pi.t sj | is_obtain Rat her t han
Forning.t nEoDtABaHsRethe A MOBHRROE! Ioanb e tie ettt B ve 11 m by

| aser Iight% as descyibed abgve) the barcode be fonne?wﬁy changi ng t he
shape of phl ENGRYRPHRA AREQRALAPRINTIEANE REOSEES THrsRN RRHSE1vAISK be descri bed

below. Figure 9(d) is a plan view showing a portion of a master disk
wherei n pigascB2angito ahé ewdsentiriedentbwkywidh behdesesited dhsk are nade
| onger than other data pits and nmade equal to the barcode bar wwdth t (= 10

a m. Sincgeteflll RELH Hefyracepso iMiguhes 4 3nd 5 Gandepl guiteer 82082 | onger - bi t
area) a waveform 824 p as shown in Figure 9(c) is obtained. It can be seen

fromthe diﬁgrée\rr;ﬁmtemwﬁazvsﬁwé%pgﬁy&amﬁmi ks %SEWerﬁid?E_lﬂth hod is

di st i ngui shabl romthe waveformof other pit data. | IS way, a

vevelof m SLIul 1 i YA €A PEE RO, Lo PEA Sheg, dsibheg | ater can be

obt ai ned by case, however e waveformis a
little difficult Lo di stinguish conmpared to t.he vef or shown in parts
(a) and (b) B EE Lﬁr@ 3: @’ §ﬁ5v£?slilﬂw i%tﬁéciw‘il}’?'t J25%1"8nd end
positions of the nonreflective portion 564 having the above waveform can be
easi |y det &exnadipy pueserdvandefhediarling nosgkiomrsaAinkidrecesy 586 shown in

t he bl ock diagram of Figure 15. Using the reproduced clock signal as the
reference srgmalllectively called the secondary recording process.

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

a CD or DVD title is printed, is printed by screen printing



position information is obtained in a lowreflectivity ' position

i nformation output section 596. Figure 16(1) shows a crosszgectional View
of the optical disk. As shown in Figure I15) a conparator §%$6Wﬁnﬁﬁéﬁqqaw
reflectivity light amount detector 586 detects the low reflectivity |ight
portion by detecting an analog |ight reproduced signal having a | ower

si gnal | evelr ofifisetaprigtinganolimts,r éhestapcddhalthe 68Sinadyri ng t he detection
period, a lowreflectivity portion detection signal of the waveform shown

in Figure IGBMihatsd-aybeudptithe ROMIdesisels aompldtedk positions of the start
position and end position of this -3G 6 Septenber 2002 signal are

measured. The regy %&%?@%gggﬁ@gﬂz@ekma'ﬁo\qfayﬁmee@iPy 1@ waveform shapi ng

circuit 590 having an A or conversion into a digital signal. A

cl ock regenerator 38a.fre erates arclaock signal- freamd:.h eshaped

signal . An %r—sﬁfglé‘ﬁid’dltétlgere{é%@ﬁc? §r°an%‘fﬁ? uﬁa qﬁa sefc)rf i%ﬁﬁggﬁa{d nodul at es
the signal, and an ECC corrects errors, and outputs igital signal. The
EFM denodul X584 R¢aghdrop & é’luiéeq 3@5?’6 %ﬁpﬁy@? &3 aa}ﬁ@} g@%eﬁu’csput section 593
where an address of MSF) from Q bits of a subcode in the case of a CD, is
out put fronfcousaddieosghur ponvergingoherso814rent® shacrafdectivey si gnal, such

as a franme synchronizing signal, is output froma synchronizing signa

out put sectiner58G2, Rooferime sbmafleegibnrepatvion38ad @ dhowduimted clock is
output. In a lowreflectivity portion address/clock signal position signal

out put sectiqp 38B.iAFhpyrd & | epldtviiky DRk pRE1SWavéfaRg BOSH tson detector
599 accurately neasures the start posistion and end position of the | ow

refIectivitmupggfgﬂﬂm§§#qquuﬁi g@Epggnl)igqggﬁ%gug &¥%msﬁ§%ion 597 and

an address signal "as well as'a ¢ unt er nd a“sync ni zi ng cl ock

signal or the d dul at ed cl oc Thi s t hod w be .descriped in detail by
usi ng the M@ﬁ%‘?’iﬁ@ﬁ%%g% gi?)ﬁm% égﬁ%.dG HNH Pt he cross
sectional view_of the optical disk in Figure 16(1)) the_ low reflectivity
portion 584B%fslaaing thiberavelipans g paak i dpheqtion signal

such as shown by waveform (B) is obtained, from which
hierarchial marking position information comprising an
address, such as shown in signal (d), and an address, a
frame synchronizing signal.humber, and a reproduced clock
count, such as shown in signal (e), can be measured.

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

and k reproduced clock pulses under each frame

_.25_



-37 6 Septenber 2002 A reflection selope signal such as shown in Figure
16(3)) is output) the signal level fromthe reflective poréion b in% ower
than the |ight amount reference value 588. This is detecte SGPt rEPSht

| evel comparator 587, and a low reflectivity light detection signal) such
as shown in Fi ure,lG,S%,,is ut put fé§n1thf Ioereer%tivity | i ght anount
det ect or 58HNCAEOR obysignabpr JAGEREPLS: gitPaIPosighet AintRegqure 16(4)) no
digital signal is output fromthe mark region since it does not have a
reflective mankéng measured dyobhaiaptipel stigkupaean badressisented baf the | ow
reflectivity light detection signal, the denodul ated cl ock or synchronizing
cl ock showreddreks,guiremni 6§ 6)chrsnirsedonl sirppah vimbeddr &sb riepfodureidi on. Fi r st
a reference clock 605 at address n in Figure 16(Z2) is neasured. Wen the
addr ess i m@EgQjcat eduntPreceding 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 er .of r 6 he. refigrence cl ock
605, which is tng%egﬁgu%@sggﬁ#’ognﬁébqlegl\%ﬁf%‘ﬁ gg?%@‘@#ﬁ?ﬂ@ﬁ? detection
signal, is counted by the clocﬁ counter 598. Qgs ckock count is defined as
a ref er encPIS ¥ thereWTeS AR ahtqrdatave fVeg Skeftert¥Rca¥d ay time TD

measuring section 608 for storage therein. The circuit delay tine varies
with reprodlaminebed 38 sk) GViSépr@%‘:@mQO‘(m Fapprenbusndised for reading, which
means that the reference delay tine TD varies depending on the reproduction
appar at us used. Fieresf dr&nd Gsshawddne didk gehéred lgekmowncasrect or 607 applies
time correction, and the resulting effect is that the start clock count for

the |ow refg _'bVIé%rp%ﬁaimeaadﬁékewH?@}swagdaméaiﬁley1h§ref eproduction
apparatus of different designs are used for reading. Next) by finding the
clock countyniy on one substrate 801. On the other hand, Figures 6 and

7 show a disk generally known as a two-layer laminated disk

which has reflective layers on both substrates 801 and 803.

For laser trimming, the processing steps (5) and (6) are

fundamentally the same for both types of disks, except with

significant differences which are briefly described below.

First, while the single-layer disk uses a reflective layer

formed from an aluminum film having reflectivity as high as

70% or over, in the two-layer disk the reflective layer 801

formed on the reading-side substrate 801 is a semi-

transparent gold (Au) film having a reflectivity of 30%,

while the 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



and the start and end addresses for the optical mark No. 1 in the next
track) clock mtl4 at address n+12 is obtained) as shown in Flg Bﬁ@ é@%
Since TD = m+ 2) the clock count is corrected to 12, but ¢ Se

of explanation, n+l4 is used. W w || describe another nethod, which
elimnates the effects of varying delay tinmes w thout having to obtain the
reference tedrsparent a0 be utidorepimdbecknessappal dhasopsiedlf or readi ng.
This method can check whether the disk is a legitimte disk or not by
checki ng wheahsyarehey pastt nondle iedtatduonshilaset tvrdmkidgat address n in
Figure 16(8) relative to another mark 2 matches or not. That is, TDis

ignored as a vardrabl €)), amg)t%dd(é)f %rfenmnl@ew@m the POsiaNion, Al = al +

TD) of mark 1 neasured and the position, a2 + TD) mark 2 neasured

i s obtaine he sane tinme, it is
checked mhg% %@hﬁ% 5§Hﬁ?¥gﬁgﬁ§g€ﬁ%f%ﬁ§g'l e dlfﬁg¥£ﬁgé) al - a2) between

t he p05|t|on .of he d d mark 1 dt on mati on a2 of
the mark 2f¢ ?W@gy ?yﬁgshﬁyﬂl lllh%"'flstehepa% (T® So(gilimbaé}d BE) disk is a

l egitimate disk or pot. The effec hi s thod |% t hat the positions can
be checked94f @Uréomﬂ’a?hﬁélﬁaﬁ \)‘a@ﬂ? PN & B@”lerqle Fem nce delay time TD

by using a sinpler constitution. (D) Next) the encrypted information
writing preeesmsl diafer e dbsciviobeecorfiegplayieri dhsk.nf dheretdndentead in t he
process (C) is first converted into ciphertext or "signed® with a digital
si gnat ur e. oThgligset begnElr kbhef d198i dtORsEeAVIRTAYI the hns sNahyps ed or signed
is converted into a barcode as an ID unique to the optical disk, and the

bar code | s ofegay §et iRy BEYE ibbROy IO Bhost dnBe 2t pasee | Rodspegi on of a

pre-pit area on the optical disk. Barcode patterns 584c 584e in Figure
2(a) indic e witten to the prescribed region of the pre-pit
ar ea, that%E? &P?&?ﬁ% ?ﬁnernnst portlon of the pre-pit area. Parts (1) to

(5) of Fig ow t he cess m t he. recordin t he._bargcode to the
oroaul at L SRe TR At eBnERGSeeard JRYET GhuPin (ar Be kA ol dd s gl
denodul ator. In part (1) of Figure 3, .the reflective layer is trimed by a
pul sed | asé#}”shﬂéyarbaﬂ@@ﬂh thecsignalmiergl dst dever thapnom shedirsh part
(2) of the figure) is forned. At the playback apparatus (player), an
envel ope wdegénr misweremposinonshef fissitcAandirsecnigsliavgrs aareshown in part (3)
of the figure, is

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



obtai ned. The missing portions result in the generation of a |ow | evel
signal that cannot occur with a signal generated - 40 6 Sept enber 2002
froman ordinary pit. Therefore) this signal is sliced by 8 Septeniher 2002 e
| evel conmparator 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 ¢d&ibas C@adetbsgg?'we%u tieH Ffdfemehid Stol PYsURSS gctbvizy portion

detection signal by the RZ modul at'ed signal denodulator 621 which will

be describ in al |} - hal f _part . Jt wiil_ be appreciated
that, i nsté;tg:d’oggﬁZ’gPﬁl%Eﬁngﬁ;ﬁggeiﬁd&gl %&r?@éé%%sto& w&}i,a a pul se-width
nodul at ed sj gnal denodul at or,, (PYWM denpdul ,at.or) may, be use in which case
al so) a si Wi’lggﬁ'% FtectyR&an Eég‘é)‘fﬁsagz%)d.a”@héﬁ Eislsl \é’r‘f@gﬂ‘ﬁégébove encryption
or digital signature, a secret key of a public key encryption function is
used. As ashawiaepplkenoviews odnsenefileative gntiealisariimg 18B show an
encryption process using an RSA function. As shown in Figure 1 8 A the
process comsitibssofantdhBifuald 20(4)g isvg agimpdifieescheteyic78basswher e mar ki ng
position information is nmeasured at the optical disk naker, step 695 where

the positigdrtiBhel "Biewodf i2 nBRLdBIREedvd Qordish @ift ghe Siwardiyyre i1s appended))
step 698 where the position information is decrypted (or the signature is
verified o ti:cgted) in the reproduction apparatus, and step 735w
where a ch&@@“ggggéggﬁto determ ne whether the disk is a legitinate opti cal
di sk or not. First, .in step 735a, t rkin ositi,on information - 41

6 Sept ember 2069§0u151t“ﬁea thte P‘ﬁtﬁesgg@gaaﬁﬁés BGSFE R&aBo¥385h. The positi on
information is then conpressed in step 735d, and the conBressed position

i nfor mati o#PRIied bhiaPReengsirenaumanen layesbingos. 6 Micbeldhertext of the

conpressed position information His constructed. First) in step 695, a
secr et the surface of a 1.2mm thick ROM disk consisting of two

0.6mm thick disks laminated together, and, as a result, a 12
pm wide 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
ﬁonreflective portion 815. Thick swollen aluminum layers,

2000 angstroms thick and 2 pum 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



key, d, of 512 or 1024 bits, and secr et keys, p and q, of 256 or 512 bits,
are set, and in step 695b, encryption is perfornmed using ap_RSA function.
~i " hen the position information His denoted by M Mis ra$§88tef"5’9629¢?
power and nmod n is calculated to yield ciphertext C. In step 695d) the

ci phertext Cis recorded on the optical disk. The optical disk is thus
conpl et ed &d.i sFxdurppel i(sstepchedfak)c dimgtrhe, rbepeddoctanon apparatus, the
optical disk is |oaded in step 735m and the ciphertext Cis decrypted in

step 698. Myserspei@n§ tEpdigh at tEardhpbeidresleirich neeWLRLPE i N step 698e,
and public keys, a and n, are set in step 698f; then in step b, to decrypt

the ci pher t @y C i 11 FAPHY bedtods §5c{2h88 (iR gohteuetyand the mod n of

the result 1s calculated to obtain plalntext plaintext Mis the

d Lt i nf [ . . _check b f d i
5080, 11 ndod b SorpRarey due; thare: Rdeei o AP P niave heen made to the

position inforpmation) _ and the process prqceeds to the disk check routine
735w shown 404 i@‘iﬁee)li Qs Fha%ﬁ%ér?@“reﬁ%ed}sﬁyéé't@ ,tp}lec digkdeci ded that the
data is not legitimate one, and the - 42 6 Septenber 2002 operation is
st opped. | rhasheeerexemeved by3eaing Iselvenipr essed position information His
expanded to recover the original position information. In step 736c¢)

measur enment s Iar eherefdgui-e, difecke viehbeum tfiédmnewdileg pa-tdohudd 1y 3| aomtwddei n
the position on the optical disk indicated by the position information. In

step 736d, ddd 0s2@hgakeRidhetheranongt W figteareddglivpiemmt ie dRer ypt ed
position information and the actually neasured position infornation falls

within a tolgragge hf gtheqchgek g pafc i) 195 e nF36ernd BEoREOGRSS pr oceeds

to step 73 t'0 outputf “software or "data or execute prograns stored on the
opLT el 01 Sl IR SRR Sobbds e BN P Bh g At o if e
(e, 110t a0, he SBELERL 05k 0 Sk W S98L By BBl G250,

The difference is calculated as 0.250 - 0.195 = 0.055 um’.

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 1.1um lengtﬁ'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

_29_



requi red capacity since only the ciphertext need be recorded. (E)The
processing steps in the optical disk manufacturing proces ave bee
descri bed above. Next) the constitution and operation of gsg%?}?@ ﬁrcéhogn
apparatus (player) for reproducing the thus conpleted optical disk on a
pl ayer will be described with reference to Figure 44. In the figure) the

construct i ayeref oleraRl] cald diske 3103 villuhiken desedidedatissst. A marking
9103 is forned on a -43 6 Septenber 2002 reflective |layer (not shown)

deposi ted %p&pﬁuaﬁ%%is@,Srt%@2%L%ehg%g§%w%fea§h¥ﬂeﬂgwwcess of the

optical di sk, e position o 3 was detected by position

det ecting ans, and the tegted positio .enc t ki ng
position i ?y&enﬁi (ri'r §H]dtz\c}i?ﬁ|et foelﬁ SSED‘B%YOB?%A@IE& é{polpﬁgfﬁg ‘ﬁ%?‘m of a

bar code 9104.. Position_information readi ng ans 9101 reads the barcode
9104, and dedeymaticg ﬁﬁé&§C51@§”£$ngﬁﬁﬁéd ?ﬂgﬁb'ﬁwdﬁgppr%tQhe contents of
the barcode for output. Marking readi ng neans 9106 reads the actual

posi tion ofarehde dng Ruodenmteoutplike the ragdnkted désharimghpudgi ng
means 9107 conpares the decrypted result fromthe decrypting neans 9105

cont ai ned igaskehef pdi singld-plateratiskn theadrogeordaasl FER1862 tis t he result of
readi ng by the marking readi ng neans 91 06) and judges whet her the two agree

w thin a pr | , I Nge Fil bRON@Rn @&héeproduction
si gnal 9108@3&%@3?? E%élénd;m?ﬁeﬁgg?i gglFlgitjgih% th putn; i]f t hey do not

agree, 2 TepLgdueli g Stan shofelo 8108 4o 0u L L Canirgl RATLOAL Shown)

controls the eprodu N ‘operation ( . I naccordance with
Lo the eff et CpRaRe CRBSHI CBaraiIeRer PAT, | REgahe HATFERatEud Bk 1o
di spl ayed on a display. (not shown) and the reproduction operation is
stopped. | revoddedied dbpeihet 1aser ipover |1s penteddghi scareraly-it is al so
possi bl e for the marking reading

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. In any case, the single-

plate type may present a problem in that the laser cut

process has to be incorporated in the pressing process.

This limits the application of the single-plate disk despite

its usefulness.

(c) 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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6 Septenber 2002 nmeans 9106 to use the decrypted result fromthe decrypting
nmeans 9105 when readi ng the actual position of the marking §I03. Nanely in
this case) the marki ng readi ng neans 9106 checks whet her tfiee eﬁ309g
actually located in the position on the optical disk indicated by the
position information which is decrypted by the decrypting neans 9105. Thus

the reprodudddceipaiymr ahelSsank ehfecabeyeradséd wdtthothe awodéapat an
illegally duplicated optical disk and stop the reproduction operation of

the disk) anghigaRed'd%RNEan IHeCoRtaidR! § O €Re §dGlbSPAYer - (11) Ve finish
here the description of the first-half part (1), and now proceed to the

1)
descri ptiony of: S nd-ihal | 119 ¢y Thi ar ocus icularly on
t echni ques)1a|qr];1lcx:~‘%l@1%ii nggg' ba"?%ggepf%%ﬁ%t}%(na)he;%gbz,’ Egée'd \%hZﬁr arrE:odi ng the

above marking position.information D inf, tion s .a _di sk-uni que ID.
(% Featur B bhioro il Late @rses giebd g Jibothe BAbERE e 11 be
described. Yr'hen a barcode is recorded by laser trimmng on the

above- descrlamigasedgliskptne dAskshowneimpldgure i da) aytde geblectivestavsyedy?2
as explained in connection with Figure 10(b). Therefore, after |aser
trimmng at a press factory, the destroyed protective |ayer 862 has to be
reformed at the press factory. - 45 6 Septenber 2002 This neans that a

barcode canpgd the frmRbHELEHORUbEE ARt 8CRlofdbskyRirbanstd towar e conpany or a
deal er that does not have the necessary equl pnent. The probl em expected

here is thaj,d @?g\g,ggér{dﬁgﬁé %ﬁ@n?@%ﬁﬂ &J&f}g?&i 294! §n(9rae§m)¥t11airtgy> g-s g“

t he ot her hand) n the marking position information was reco .
barcote by LaeSobt IG,00 LiE laminal st S bStenle b aveRyon
that the prgéa %tdi )cll'?elle %%\rvegno.ll Egnﬁjigegoﬁ ir{?gxt), uprll rs]?alcri]gleads’erafight
is focused thereon for heating; in the case of our
experiment, heat of 5 uJ/pulse is applied to a circular
spoF 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, fﬁe melting poidt, 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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al ready explained in connection with Figure 10(a). This was confirmed by
experinment by observing the di sk under an opti cal nicroscqgg of %005@

magni fication. It was al so confirmed that no change had octufPiEmPEs20%e
reflective filmin the trinmred portion after an environnmental test of 96
hours at a tenperature of 85C and a humdity of 95ra. In this way) when the
| aser trifhe -Jangnated Wéshrassshown riveRt guresi ioéq;)mamédlz(ﬁ)a | ami nat ed di sk
such as a DVD, there is no need to reformthe protective |layer at the
factory. Fhpesurkfef sthe gefhdctadeatyagetd rthehattsi deaencidenmant be recorded by
trimm ng on the optical disk at a place other than the press factory, for
exanpl e, dte acsaf dawmdgedcoremnyied laydealvwdrichThes udef cddresdtftHear code
recording on the | am nated-type optical disk was thus confirnmed. In this

case, si ”S‘Pn%lgétep?ﬁfé ectyPE,eyweis”EQ’E "@Jsiei’geé %rveh“x@ncfn Qh§epg%q:ber 2002

encryption t e software conpany keeps need not be delivered to a party

out si de the conpan security ipcreases. greatly, .particylarly when security
i nformati Bﬂw%rug"ﬁsa %Feéé?‘ii e{’fog'ﬁu qﬁoﬁ”&&pﬁ%rc@%ﬂw of Liiug. recorded as a
barcode in addi%io to the above-described position informtion.

Furt her mof&Yey thentasersérbmmigepvilie apprellesslvadeyas H4ghas can be
separated fromDVD pit signals by setting the trimmng line width at a

val ue gresherstriatunet Bhown 1irgFiguns dash) ahewelit b dewbwichbed | atex, the

bar code signal can be recorded in the pit recording area on the DVD in
super i npobetmednashe otwo Thendmrentiesubetrerks 801,hid)3vayd afeaded t he ef fect

that the barcode can be read by the optical pickup used to read the pit

si gnal . Thish efeeaBh&AiRebBalit 80DakaRASt AWMy o dildet e | ami nat ed-type di sk
but also with the previously described single-plate disk. Thus) by applying

the b ' : j ' ) f the i ti
to a | am AOrEEERS GHUCEAREITE Mk by SRR AR IR R L cal i ok can
be provideﬁrthat p?rnits secondﬁrzG%ECQ{ding after shipnent fromthe
factory. THEUCHEGe! TR SRV bEGHIE RS &ft5-mainly with a case in which the

barcode is forgsd by laser trimmng . ) .
d) Another benefit of Iaminating 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



on a |l am nated-type disk of a two-layer, single-sided structure (wth two

reflectiv a | ayers fornmed on one side). This single-sided) e
optical disk is the type of disk that pernits playback of %gﬁﬂm %%eé&%?om

one side of -47 6 Septenber 2002 the disk w thout having to turn over the
disk. On the other hand, when trinmrng is perforned on a doubl e-sided)

| ani nat ed-dififd cobt itoakepirstet bhe laménatedudnsihg néoetwansddesl ayimg back t he
reverse side, the laser |ight passes through the two reflective filnms each

formed on adid t3bhle whient hemadii gl . onEhet ¢ direpn the dvheeodghecan be forned
si mul taneously on both sides. This provides an advantage for nedi a

fabricati Oﬂunﬁnm%ﬂleetw ff‘i’%ﬁ &2BaPei 41950868d o5 eau! tmﬁoyﬁéy on bot h

sides in a single step In I's case, when the optical disk is turned over

th
to play ba L gy r code si gha
is played %aékg§ﬁ£ﬁ §§h §§p§§¥?898.r3@§ ﬁﬁf% ?% H&ggflon t hat the
bar code signal on the fr played back. A.nethod for identifying
the rever stfidigge piratpd ‘g‘fsé(f & d“Otl'ﬁ"‘@ wiAqcopdi erfvb@&l in detail 1
ater. (B) Referring nowto Figures 23 to 26, etc.) we will describe the
const r uct i akiagdi biegedt 2 btreratiens dpt theulagi satashdiskie ther wield appar at us f or
converting the marking position information (1D nunber) into a barcode as a

di sk uni qugs llewassd fthusr Eclepdl ngl deltet batiscade subpeeps@bdoirbed region of a
pre-pit area. A barcode recording method, etc. will also be described. (a)

First, thee&ﬁfo&n?é"réys%ﬁs ba%?@?cdl%%?{rd'ﬁﬂ tﬁ@p@ds%t Be ¥d ltwhe described with

reference to Figure 23. eptenber 002 Figure 23 is a diagram

show 10 Uhesari\SHIOR 8], KSR RRER e
the presen%emperature/humidity expansion coefficients, it is nearly
impossible to laminate the two disks, once separated, by
aligning the anti-piracy markings on the first and second
layers with an accuracy of a few microns, and to mass
produce disks. Thus, the two-layer type provides a greater
effectiveness in piracy pre?éntion. 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



invention. In the above nentioned enbodi nrent, data to be barcoded is the
data of encrypted version of marking position infornationﬁégyﬁ the geﬁa to
be barcode is not restricted to the above enbodenent. It rﬁ%ﬁ? 3 . for
exanpl e, input data and an I D nunber issued froman |ID generator 908, as
shown in Figure 23, or any other kind of data. In Figure 23, the input data

and the | Dd@??‘%ﬁi égg‘%ﬁqtfﬁﬁ%mﬂehgriﬁigqgeéfatog&gggﬁlgare conbi ned together in

an input sec I n an encryption encoder t he conbined data is
subj ected tq,si ur.e or..encr i on ysin n RSA functjon, etc. as
necessary, CAAEET A EaRSA RLGTR BE b 1Bk Setles Tt B ESng and
interleaving are applied. The encryptiop p ess and the playback process
will be de$SFitEengersa af) ex@@@atw,m[}eoéocﬁ%mﬂ defFFPidrer ence to
Figure 45. The data is then fed into an RZ nodul ator 910 where

phase- encodeals WEh R wpdnatingoprincipdeddsur abeerd aperatiompésf or med. The
nmodul ating cl ock used here is created by a clock signal generator 913 in

s~=nchr oni erférinedacn o abheef Jughsee fpoemi en nivraed Urb aar opt fczflat i on sensor
915a. Based on the RZ-nodul ated signal, a trigger pulse is created in a

l'aser em t {4 B) Onséhdtedliromnd sisgBPRESRA 19 @itl 43 recéprmigpgenber 2002
| aser 912 such as a YAG | aser established by a | aser power supply circuit

Chrough a ChBvers, semepErel i, BELAGAY, 2R, eBRfleq kBbadBidhel he' Pon nat cd
di sk 800, t he ref.lective,filmin.a barcod attern. The

error-corr(rf."]'(c%trsr}g\c/f#?n f?ﬁﬁfdwfr?mtﬁ¥°dg§§F$BEBIWQ¥e ef%ﬁéihgﬁter. For encryption,

a public key cipher, such_as the _one shown in Figure 18, is appended as a
signature to tH& SBpVmIImEbagere Ubt nthe dask f00kdy kagdedt intossf t ware conpany
has. In this case, since no one other than the software conpany has the
secret key mankingheeed inge apparatiusapoeipped Vidi ti hat eefilgottvite to a new
serial nunber) this has an enornmous effect in preventing illegal

manuf act ur @obsifiomde s6ctiorg600 sty raad rihebmarkiSigncand Ha thiy icaskey cannot be
deci pher ed)
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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as previously described, the security is greatly enhanced. " Di sk piracy
can thus be prevented even when the public key is recorde j for
delivery. The converging unit 914 in the optical disk bar?gggn%ﬂ§%?%§b
apparatus of the present enbodinment will be described below in nore detail.
As shown in Figure 28(a), light emtted fromthe |aser 912 enters the

conver gi Nghpnidse@ 17 pMier 85 t R cONBAT iaBOve, Ghe AStiCHIYEEF GfarRymay col | i mat or
916 into a parallel beamof light which is then converged in only one pl ane

by a cylinggi . p Cj aSELI i : o1, - D0 6

Sept enber %o@’a’%‘ﬁﬁwuc&h@%@@% %@%lébgpgnﬁgséﬁg % Hét%%éligrsatl%'cused. t hr ough
a converging.lens, 919 .onto the reflective fih.m 802 00 the optical disk to
renove the?gﬁ Fﬁei%ho ws“??i‘g% éngk?qﬁf%ﬂi%"f‘ri Eég‘é{fcﬁ(ﬁg g?'?év\ﬁ/n%% Fi gure 28(b)
is thus formed, In PE npdul ation) strjpes are spaced apart at three

di fferent Faveforal ef aiplavhackaséersd whenitiiesaBbadiliacys di spl aced, fitter
occurs and the error rate rises. In the present invention) the clock

gener at or 9déntgdiies tioms markocisl Aormegl by awdking sitrschopgéswhant h a rotati on
pul se fromthe notor 915) and supplies this nodulating clock to the

modul at or gi{Rert @a€AINR bhatheLRgbt &t WipR 923 bén MRCOEEEdrah gheorrect
position in accordance with the rotation of the notor 915, that is, with

e rotat n, ol D s §00Leoll ARSI SHERGH ALy redusing Titter

Al ternative a l'aser " scannin such "as shown in Figure 3(1),

may be provi,ded whi ch_a. c.onti nUOUS < | aser .hs scanned ipn a radial
direction fge’?t&lfbr’r{gﬁt% B’Bglé.ls( S}Sm}\é&é‘@% ?5% tﬁ’%c‘&?\ﬁqﬁ’gmn%fhod) etc.
for fornin%%ﬁ bar,code usigg he above-descri bed, harcode recording
appar at us, OW¢Y PRé g@s@cr' dEhiiSt ek e ReFRYRIOTRS IJar e @ 4086 26. Figure 24
shows signals coded with RZ recording (polarity return-to-zero recording)
of the i nvehtainedafivom themPCfy apaetdasssibedt dader sranebporhtiaigedo them Figure
25 shows signals coded with a conventional barcode format and

by forming longer pits on the master disk; in this case,

however, the waveform is a little difficult to distinguish
as compared to the waveforms shown in parts (a) and (b) of
Figure 9.

By removing the reflecéive 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
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-51 6 Septenber 2002 trinmm ng patterns forned corresponding to them The
present invention uses RZ recording, as shown in Figure 2 i
recording, one unit tine is divided into a plurality of tﬁ%%éé? széaé
exanple, a first tinme slot 920a) a second time slot 921, a third tinme slot

922, d | a gl | 924a, of d [
shortgp tﬁzﬂnge{{e%\yﬂ:grqr&& ' of ‘ﬁiv(?? f%regzg‘l Bsg(sat%ﬁgggi i %Illggraepeggg g1§|). o? aurati o

channel cl ock, |s recorded in the first tj.me slot 920 as homm in part
(1) in FigabEaized. ThEL sanshe o£2R GindsEhel fHigerem | t}@ % (K EERER t he peri od
T of the recording clock is output between t=T1 and t=T2. In this case,
using a roB24p dry pbe gmsteondiskeme thad i sndisgipeuihebde oframthéhaot or 915, the
cl ock signal generator 913 generates a nodul ati on cl ock pul se as shown in
part (1) ofratefpirmeoR4bothey per fdatsi ndnt bleiy eaer di ngviefioryrdimidat sm with t he
cl ock pul se, the effects of rotational variation of the notor can be

el i mnatedy 'fhatthbﬁtméd 8o RAWNPEA aPEétde(s%}lPéd "T'a%feca%‘lbea stripe 923a

indicating is recorded on the dis hin a recording region 925a, the

Shown ©n L§$i5%f>d B RGPS gty estrr@%“)l R R

924b is recgrded i.n the segq@ﬂ_tiﬂp t 92 b betmeeg t=T2 and t i3 as
shown in paPe YaYeipHm pisyar &1 ARt hicu 151;qug'u|15 #3b is recorded on
the disk within a recording region 926b the -52 Sept enber 2002 second

regi on fronommreldeto tiaaswsh@fmmmsiwmt inmarss ﬁag@i’ld &) ofiext) when
recordi ng data "10" and "11", these data are recorded in the third tine
sl ot 922a Ehgufeo@ith tine slot, respectively. Here, for conparison
purposes, NRZ recording (non return-to-zero recording) used for
conventional baceHewn in Figure 16(1), the start and end positions

of the nonreflective portion 564 having the above waveform

can be easily detected by the low reflectivity light amount

detector 586 shown in the block diagram of Figure 15. Using

the reproduced clock signal as the reference signal,

position information is obtained in a low reflectivity

position information output section 596. Figure 16(1) shows

a cross-sectional view of the optical disk.

As shown in Figure 15, a comparator 587 in the low
reflectivity light amount detector 586 detects the low
reflectivity light portion by detecting an analog light
reproduced signal having a lower signal level than a light
amount reference 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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recording will be described with reference to Figure 25. In NZR recordi ng,
pul ses 928a and 928b) each having a wwdth equal to the perjiQd T of f]

sl ot 920a, are output, as shown in part (1) of Figure 25. 4%6@2"138%%(#@?@,
the width of each pulse is 1/nT: on the other hand, in the case of NZR
recording, .a pulse as wwde as T is needed, and furthernore, when T appears
successi veﬁlyz,nag 37§ Beagiredoubl e or triple width) 2T or 3T, becones
necessary, as shown in part (3) of Figure 25. In the case of laser trinmng

such as descri Dieel rieproducedr ésghtt signahtisowaveshangd iy w@hwavedoam tri mri ng

width is practically difficult since it necessitates changing settings) and

t her ef or e)sHiRZng scivetii sWA0ahbeingAansABBMIS0a, dart céMerafioki puoe 25) stripes
929a and 929b are respectively forned in the first and third recording

regi ons 925 igfeh192{andT,0MAl BFodiChbiedtbP JHCregsfratedada "10", a stripe
929b of mﬁdtﬁEZT i% ?gcorded F%Jthgé%econd and {hgﬁgeregording regi ons 929b

and 927b f the | ef j rt. of, FRegpr - 6

Sept enber JZ]%EJ% glngntaﬁe%%%rﬁjgg[]\?%gw@ sﬁgé%?r'di éaft}tqﬁéj%géﬁ?%leat\%%dt hs are 1T
and 2T, as.ghown in paris .(1) and (3),,0f, Figure 25, it .is fherefor

appar ent tt 1R dﬁé‘B&‘fﬂHg‘gi %ecﬁdf)gsgﬁltgﬁln% Lﬁé’rteﬁh@q é%g’ﬂai'ria %%&P t he
present invention. According to the |laser _trinmmng of the present

i nvent i on,CETBAEEEAEOrS gy ABtPWS shdigitrh siemadxpeienBRY-result shown in
Figure 8(a), but since trinmng line width differs fromdisk to disk, it is
di fficult demognkatiesdekygradntisodlachdellitoe anpliydicahhaddrtesisnomtngtt he refl ective
filmon a disk, the trimnmng |ine wdth varies depending on variations in

| aser out pdctibhisgeneherant radwesssabf MSF herdref)l Bétd WwE &ilm and thernal
conductivity and thickness of the substrate. Further, form ng slots of

different dymgd i Rie Ok dgrSamD, di sioutblit ffoﬁ“'fag ddir@8s ! ncreased

conpl exity of the recording apparatus. For examp In p%e case of the NZR
of Fi gur e S3Pe SeRoR atR € RebFERRbE By fide TRPEl ael y col not de
with the p¥¥gmgdsggghggn§£¥%gFg?g#él, is output from a synchronizing

signal output section 595. From the clock regenerator 38a,

a demodulated clock is output.

In a low reflectivity portion address/éiock signal

position signal output section 596, a low reflectivity

portion start/end position detector 599 accurately measures

the start posistion and end position of the low reflectivity portion

584 by using an (n-1) address 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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signal, or ZT or 3T) that is, with nT. It is particularly difficult to
record various |ine wdths such as 2T and 3T by varying t Line W for
each bar (each stripe). Since the conventional product barg%atemﬁﬁgé&s an
NRZ format, if this format is applied to the |aser-recorded barcode of the
present invention) the fabrication yield will decrease because it is

di fficult At Pefle@ei §€!96 1686 MWiGgn¥ BrMichJas IdMdwnSth Figumept enber 2002 wi dt hs
such as 2T and 2T on the sane disk; furthernore, stable recording cannot be

done sinc e l.as i WM [ i s makes denodul ati on
difficuIt$GEQVnégﬁﬁh%%gb?gygg}ﬁﬁﬁgﬁsyggéﬁ?miﬁgéntion has the effect of
achieving _stable digital recording eyen if the laser trinmmng width varies.
Furt her) fﬁtjﬁq%&éﬁté5ﬁ$l8PfQﬁ%?gt %ﬁ£§f¥g%ﬂ QhF 2} I FW??Q] t he construction of
the recordi pg apparatus_sjince RZ recordin equi res only one kind of |ine
wi dth andT® %rqnagev%ﬂégé»t hahes orss dRBeRt oDy e dBh htledSL As descr i bed. by
enpl oyi ng the above RZ recording for optical disk barcode recording

accor di ngcemparador nniint pod, a tlhereefilecbividyedighte deteetitonof ensuring stabl e
digital recording. An exanple of the phase-encoding (PE) nodul ati on of RZ

recor di ngsigtdl, beuckesasr shewh it Ri guekel @(ide i dutputefm thégure 26 shows
signals and an arrangenent of stripes when the RZ recording shown in Figure

24 is PE-magluleFedtivigySDogy aflddit deted for' 86 dad shownh@yl#ft-hand tine
slot 920a of the two tine slots 920a and 921a; on the other hand, data "1"

s recor dedpiduicha ity henat i 1P kote 9310, 30 aherturl gipant, (3) of

Fi gure 26. the . ecorded as a Stripe ain the
R R R et e AR L
26) respeg%¥ﬁ§h%veTz%%%.for data "OL0", a pulse 924c -55 6 Septenber 2002
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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is output in the left-hand tine slot for "0", a pulse 924d is output in the
right-hand tinme slot for "1", and a pulse 924e is output ipn.the left-hand
time slot for "0") as shown in part (5) of Figure 26; on tﬁéeaﬁngf%Wg?
first stripe is fornmed in the |eft-hand position, the second stripe in the
right-hand position, and, the third stripe in the |left-hand position) by

| aser tri mahpgr fisods&) 2065} e SRS (DA ated phiddpba "010". As

% 'iQEaﬂnée} ﬁ’e . /
c?n be ﬁgeni a Flgnﬁ _;s ?ngyﬁsaVﬁl a Le or every channel b|t.v;?at g?hce
fhgc%ct con@S%gﬁttiﬁge@ n%?i%tr ,peb@”i%d)hl %%ﬁ%ﬁ@f@i%t%ﬁ{eﬁ?g%a” a%/i on in

| ow-frequency ,conponepts even if a pulse edge s detected i ng pl ayback.
Thi's has t HEP81 f ABETBHO%E; nBF178ithE ﬁlaﬁbéﬁ?@ e ke AOSTEF TRl %blrﬁitry of the
di sk pl ayback_apparatus. Furthernore) since one signal 923 is always

avai | abl e fappliseertyme eorwert tdmckn@ T, thehtesiHadng effettets tdBtbeheig able to
reproduce a synchroni zation clock for a channel clock w thout using a PLL.
A circul ar shartadecksemintasos hdenlow refdeceiviTg Ipgrtiisnt bars beor med on t he
di sk. When data "01000", shown in part Figure 27(4)) is recorded, in the

PE- RZ nodulmgbb@redotctiatielyent irefradikaiendepdZzgeuafi agf fdrensame pattern as
the recorded signal shown in part (3) is recorded as shown in part (2).

When this [ : a ti : P S vef orm
SUch as shogref pae, @ THe PERIRY TNGRE 0 B e RS <1 €
out put with _poytiaons_thereof ,dr ed corresponding o _mssin ortions of a
pi t - nodul ataéla @?egﬁéﬁr eeﬂg) ar‘@??@%eﬁ gﬂrsﬁgengptn%’lemsgrf jfone grbetthfao
renoval of the reflectjve fi as ,explained with reference to part Figure
5(6). By pmfcntgratchﬁ scicecg(r Batt &t §ﬂ§ms thgaéholewn@gco%ﬁjﬁbp%r or
third-order LPF filter 934 shown in Figure 35(a), the filtered signa
wavef or m sHowRigureFil§(®e 23ivge iT® bt ai RedtheBglatk congttis s signal by a
| evel slicer) reproduced data "01000" of part (7) is denodulated. (C W
will next desceited tealdjr éstofort lkenvgtiiccat afi ekpiamatabnwinti4aibar code
formed in the above manner) tracking control nethods, and rotational speed
control netideds tWeakilhnidser Uisednobler peskdd)g whdelk dlimiepidscahe di sk. (a) Ve
will first describe the features of the optical

effects of varying delay times without having to obtain the

reference delay time TD in the reproduction apparatus used
for reading. This method eén check whethef 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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disk format with a barcode fornmed according to the present enbodi nent)
whil e dealing with an exanple of a condition that permts ackin r ol
during playback (this condition is also referred to as theé E?Bt@mb%bg@t
condition). A playback operation using tracking control is shown in Figure
40, and its details wll be given later. In the case of a DVD disk in the

present enmbadiknets lakltigRte @k beotdedThd efifbst Wit RhOh \etdsdshown in
Figure 30. Stripes 923 (formng a barcode) are recorded with CAV. CLV

recordi ng a r gi WM opst ! loyV J - Wi CAV

recordi ng ge%aggag g@%r@?{%lﬁ% Ecag’oggtg{r%%kg%&ﬁﬁgf ?&@?nwtgy%gl&?enber_ 2002
velocity. In_the. present, inventian, ,the ripes,. 923 .are_recorded wth CAV
superi rrposev&rbﬁghconﬁr 8-§pﬁe &F %raelnandealalyegglﬁ ﬁﬁdgﬁ' éﬁse%?igaah%ﬁ&lﬁﬁ an address
which is recorded with CLV. That is, the data is overwitten with the
stripes. | #ODAEIBIESBNt invention, the pre-pit signal area maps into al

the data areas where pits are fornmed. The prescribed region of the pre-pit
signal area) as(etekbnedhe anctywptpd eSdiormaticenwr dbhingcproesysonds to an i nner
portion of the optical disk; this region is also called a post-cutting area

(PCA). In 413 BCAaELEbed heThameedeidns ihEsafadeon idad ©AVGhesuperi nposed on
pre-bit signals. In this way, the CLV data is recorded with a pit pattern

fromthe i G¥, s whil e t @éy i S W ser-renoved
portions gﬁ%ﬁésgeweé%eﬁ%i %x |%‘g§%t%ﬁeéﬁg]%ggég€g)§t agk’{e\%ri tten in
overwiting.fashion,. pits are recorded tween.the barcode stripes 1T, 2T,
and 3T. Us%r‘}éﬁt%i@ itgiiﬁffgg?ﬁ%q'on?ﬁ%rbt ?@am‘?{é‘éagﬁ%%&%ﬂb is acconplished,
and Tnax o%§%nin of thﬁ $it i nformation can, be detected; therefore) notor
rotational $PeERATION.ERYT SNCEWPIAH BEtHEPPRGS KPRVET§dalNtord det ect Tri n,
the relation between the trimmng wdth t of stripe 923a and the pit clock
T (pit) shdargode as an1Wr unpnug toathemwpiiacah diskurand3ghetkprgeReeve t he
above effect. If t is shorter than 14T, the pulse width of the signal from
the stripe i328acteiednmis cw@rakiting fieshwnsénva girbsofibeder ggion- 058 6
Sept enber 2002 signal, and discrimnation between themis not possible) so
that the sigpab-pioaErehemithePsptiddd HaRnotBhRodemtitkahedbsdc -

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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To enable pit address information to be read at the sanme radi us position as
the stripes, an address area 944 is provided | onger than 34 .témBLrﬂﬂﬁ
address of pit information, as shown in Figure 32; address THTOrmation can
t hus be obtained, making it possible to junp to the desired track.
Furthernore, the ratio of the stripe area to the non-stripe area, that is,
the duty r&rom,an srdirdeyl pss t fherddire, thisesignal( $p &linedSpysénce the
effective reflectivity decreases only by 6 dB) this has the effect of
ensuring skabbmd fsdcesilrgedf cdnparapdt aal obeac aNww-refesdivitgdescri be an
exanpl e of a condition in which tracking control cannot be applied.during

pl ayback (pBigidiPadtddaRn! §i@la30ak &iRwheth iRras (4)Neft tRekiparOFF

condition). Since the stripes 923 are witten over pits) interrupting pit

signal s anqnpéaer;/tglragj 20% ggrﬁ;lel;qturgl a‘éﬁpeaf)ga@;a H{hgii@\;,atl g@t o tracking control

may not be “poSs ayers. uc ers, e strips 923, which
are CAV data, can.be,read,b e opti.ca i C by .appl yi.ng rotational
control usi ﬁ@c%éier 6?a‘§‘?”&9ﬁ8ﬂa%‘?ﬁ EEO‘Pr Saﬁ@gqul%iE%Wﬁg,? %‘%/%Fl%f‘n the notor 17.
Figure 31 shows a flowchart illustrating. a procedure for operations in a

pl ayback agpheeties eienelpby et RErke medubstadc afenaladrBodi atRE stripe area
cannot be correctly played 6 Septenber 2002 back. In Figure 31, when a

di sk is in$itwdchnwslleped8scribbe ioptdetall Heathe seconéchddyf a prescri bed
di stance to the inner portion in step 930b. The optical head is thus

posi tionedpaptt{Id)ar ep Wiel ehd Rppsédianed A3, oindteadr 6f 3theaPE-recor ded.
Here) it is not possible to correctly playback data fromall the pits

recorded izt Py lh bS 38R ddbdp! Bed:621095 Bl LOSGAER fodutayad rotation

phase control cannot be "appl i or the playbac e pit data recorded

ith CLV. | . t Aby ' [ [
ot at i onal SeTeoReRpeTtasel) E B ARREERE R B AT RBEGRY 67N T
T(m f Of. i ' |, If it is det i ned i t 930i
Chat € het o C&F8 S130e1 1 ar RS FoRbods bpu PR in6 sl op 9301 - 11 ther6 are

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 ﬂsing 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 635
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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stripes, the barcode is played back in step 930d) and when pl ayback of the

barcode is conpleted in step 930e) the optical head is noy, I e of
to an outer area where no stripes axe recorded. In this a#gg?&§W§%%ﬂ%%§

stripes are recorded, the pits are played back correctly and accurate focus
and tracking servo, are achieved. Since the pLf. signal can be played back,
usual rot 80 G PRELGICEAsK i pamswedpEn f%ﬁﬁe@ﬁqbo DR ROSARBOR Sk with CLV.
As a result, in step 930h) the pit signal is played back correctly. By

swi t chi nginEenmaghon Hies then rcomaréssedc dntstep ?r’c%)‘gias,anﬁ.‘ehe, the rotational
speed control and the rotation phase -60 6 Septenber 2002 control by pit
si gnal s) tbepreiskedtpdsd tobi ainfedmd fian Hvis dbtéaredhtinkstugs 766edat a, bar code
stripe data and pit recorded data) can be played back. Since the stripes

are recorded im the, ie@@?ffwtcfisﬁ&%eﬁ%%f GRENgonPRaase ABRTY L 85y t he radi us

position of the optical head fromthe optical head stopper or fromthe

addr ess of. it.sigpal) and based op.ihe res t he rement,
correctlylﬂgqrf%&&ﬁén ifec Rt rﬂgf%@en?f#;’t\ﬁg #J{oegjagp%n%c&%?f% nodes. (hb)
Referring, next, to . Figures_4 nd 42, we will describe,two gontrol nethods
for contrBfYi iy Pﬁeéﬁopﬁt i%halﬁlgireéﬂdv\f%ﬁ'eﬁl kS¥smgPoak h@gbar code
according to the present enbodi ment. Figure 41 shows the first rotationa
speed conﬂﬁ@loméﬂgohﬁt\sheam rsetotand dnastepp68eb.concrvption applied by
detecting Tmax of a bit signal (Trmax means neasuring tine for a pit having
t he | ar geptrfurmeldenginy ef RS ifonstipnt |Wregt bse .pokisignal from the optical
head is first subjected to waveshapi ng, and then the pul se spaci ng of the

pit signaknferiRasHred sbiedt BIBLEPHCI NGaT888 Wd BItiBANSr 9% A t0
ref erence val ue generating means 956 generates reference value information

but "ormi 1 3900 4S PRLeUReel SR bRl odY S19h 8P s roference.
val ue infopaali firt 2091 L NS BYLSE of BhL obR:8L1 18k eAfgduced signal

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

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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-61 6 Septenber 2002 are conpared in a conparing neans 954. only when TK

is smaller than the reference value t0 and larger than T held . in
menory neans 955, TR is supplied to the nenory neans 955n3%§?§3$ﬁsf%ﬂ§%t as

Tmax. By reference to this Tmax, a controller 957 controls a notor drive
circuit 958, achieving notaor rotational speed control based on Tmex. In the
case of t IPEHREX¥NES| HlAPREAon, numerous pul ses at cycles of 3 to 10 ~ s are
generated by barcode stripes, as shown in Figure 9(a). In the case of a
DVD, the sync bulthe nexft stes 7368, thaatcompressedspositionOn the ot her hand,

t he barcode stripe width is 15 a m In Tmax-based control, the barcode

pul se | ongarforhationhl jsilexpandeatt holrdcovkrt the syiginglupsseiwidnl be
erroneously judged and detected as Tnax. Therefore) by renoving barcode

signal s | aimgFerms fidn, t hEy r@k8r EIHee Meddifehfntty agonpald $6nchddkh the reference
value t0) as shown in Figure 41) it beconmes possible to performrotational

speed contyiaky£orRORARli o8 8Ll 1 pRGed: chihnehd i aupagk of the

bar code stripe area. e second ro ona control nethod will
be described wiih refer,ence.to Figure 42. This pnethod perforns rotational
opeed contisl OBy Rk BLTH ngatra Y Tr 1e RRSHC el kRiTR tine for a pi
having the smal|lest pit length of various pit lengths). In the Turin-based

). |
control sHI®R T30Fi dtir ks £hpcked whather ithe o ifderepcerRetesn (e edge- spaci ng
detecting neans 953 is -62 6 Septenber 2002 conpared in a comparing neans
954a wit h deeirmptesd doisht konrénboxmateansandsshe idctTRl ky Teeayred st robe pul se
occurs and the Tmn in the nenory is replaced by TR In this case, the

bar code puldtibiltinformnstidnt 6alld fithima tolednabovd) vhelchetkin is 0. 5 to
0. 8am As aresult, if the barcode area is played back, the condition TR

< Trin IS noLKSaistkberBey, NeRe Hachas Gdecaid 18 idll 3bhi £ al ways gr eater

than Tmn. That is) thereis no possibility of erroneously judging a

bar o PLbagg My FIEVGLPLS, 1O BEodilh beS 6R'ahy onal speet
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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readi ng neans 959, the effect is that rotational speed control based on
Tm n can be applied nore stably while playing back the barégde congared to
the Tmax-based method. Further) an oscillator clock 956 cr@=2EREMPerEPQs ence
cl ock for denodul ation in the barcode readi ng neans 959, while detecting

t he edge spacing: this has the effect of being able to denodul ate the

bar code i nreyhettriori Sayasi t(hot athawnbrdeppbj tédeon, the sptiesl afispti cal di sk
reproduction operations (playback operations) using the above control

met hods, etgd02w ITn bRe desefabadinRef@cessdof ithetoptdcklgdtias 3keand 43, a
first playback nethod will be described in conjunction with a nethod for

swi t chi ng- btyeeth 69t @id 9A-RIAS8109 Ok fadR DA doRtathenal speed control

node by a node switch 963. Then, second and a third playback nmethod for

pl ayi ng ba : ' ' of - e r the_present
enbodi nment Cd&dtfgp"eﬁ%phggﬁ’i gégk%‘et HeFegﬁgrdeR@seﬁtqghF‘lg%ﬁreggpgé,e%g,s etc. The
first and secpnd pl ayback ,net hods herej nafter desgri bed, ar.e each concerned
Wi th a casdPHRENE ROSAERIThG PERRALAPR inBE: BEMER f G1sBRL ik K&k he thi rd

pl ayback nethod is concerned with a case where tracking control can be
per f or med. iat theefozanef ta hereode 916k optical head is noved to the inner
portion of the disk in steps 930b and 930c in Figure 31, the node switch
963 shown in FiBprieidld irfosmaticnededding. médrieOial inealdy, tidhe node switch 963
may be switched to A when it is detected by a pickup CPU) position sensor

962) etc. tHagkodd®10n! i LA dBeAshtRaE NEkafRVEIDP oAt AihedNghémans 964 has
reached the inner portion of the disk. Next, an operation when the

rotational dpecg: CORET AlniIRIE dStRR $AAG0b Nkl GHEST) bRt ered will be

descri bed erence to Figure notor rotation equency, fm from
o ML SO ARAE JABSUEOR LG 8l 2 ASTORRLONGHLRURE BRgEe corared
ot or A1 e, Ghr Ul 920 L QSO Q) LhE,TRLET, 263, s, aclgyi ng rotational

compares the decrypted result from the decrypting means 9105

contained in the position information reading means 9101

with the result of reading by the marking reading means

9106, and judges whether the two agree within a

predetermined allowable range. If they agree, a reproduction

signal 9108 for reproducing the optical disk is output; if

they 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



since the disk is rotating with CAV, the barcode stripe can be played back.
When t he barcode playback is conpleted in step 930e in Fiqgée 3%% t head
is noved to an outer area by the noving -64 6 Sept enber BemRgh 4,

and at the sane tinme, by a signal fromthe PU position sensor 962, etc.,
the node switch 963 is switched to B for rotation phase control node. In

the rotati graphapescontysel thddrRcrbbted oG firsm aHY idedrypritnge pit signal
fromthe optical head by a clock extracting nmeans 960. The frequency fl of

a first Osﬂeﬁkétﬂbég\@r@erﬁ?gaﬁﬂﬁ theaManay foxidhiof 6@&@gdmgﬁ&5§y996§.0“i zation
signal are conpared In a frirst frequency conparator 5, and~a ditference
signal is fed to the motor drive cirguit 958.. The ratgathen . phase control
node is thusg@fll‘%i réa.{%&ﬁa%’ ot?’eljﬂir Hgsﬁea&g&ﬁgr%?a%yamg Cd]%t(:ﬁ& ghal ) data
synchroni zed to the synchronjzation signal of fl is played back. If the
optical heddehs% theviarkisget he al‘}élﬁ‘%b]d’e%%ﬂ%je igrthe Wsig%%ﬂ i°8n: phase
control, wthout swtching between rotational phase control for the notor
and rot ati dhal optgeedl dimkt dodidatedt by thet peditibkasinfoomatbén odwich not be
performed because of the presence of the stripes, and trouble would occur,

such as) tHe dedptedriy neoddcrabt tontmeahs @108t oppi ng, an error condition
occurring, etc. Therefore, as shown in Figure 43) swtching to the

appropriate contyil tF@depreiuiilon 5’%&%&*’3%5 dfakhe MAvbasksahuct hen bar code
but has the effect of avoiding troubles relating to notor rotation. The

second, LA, 460 119 Bacl, i) Pl kBl Bkapspehg oo, en
e L S8 o T MR R ogfagaE! YDk
duplicates practically .
(ID
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 formatibn 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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More specifically, the first playback nethod is a nmethod for playing back
an optical disk on which a stripe presence/ absence identiu%ﬁr 935 iﬁ%ﬁft
defined. Since tracking is not applied in the stripe area SREHAMERE

disk of this type, it takes tinme to distinguish between a stripe pattern

|l egally fornmed on the disk and an irregular pattern caused by scratches on
t he di sk surfacBisThears dhe} a dgacdiesanodt iieetrbesrdeldeosttligpes are recorded
or not) the playback procedure has to performa stripe readi ng operation

first, to ohpeckal M sRresanees tfarabesi@yobr o deptsr ahavheddiehothe stripes
are recorded in the inner portion of the optical disk. This may cause a

probl em | 1 aat 180 oKL LRty BB ishebeauThRhRafIoncek i At Reian sDe actual | y

pl ayed back. The secon nmet hod i nproves on this point. First, as

shown in Figure 38, en.an optihcal disk is.inserted, .control data is

pl ayed bac A E]?eeﬁp\é\ﬂb%ﬁtlegu‘gﬁ Ibf?,rc &?5@8%@“&?&@%#& mat i on and
attribute information of the optical disk are recorded as control data in a
control datldémated. The physi cal feature information includes) for exanple,
information indicating that the optical disk is a | am nated-type disk of a
two- | ayer, singlre-thiedethest hand,uwhen-th@cmarkihgSeps etlwar 2002 I n the present

i nvention, as shown in Figure 30, the control data recorded in the control

data area 93§obhatitn @9 ireabréédlascoriaaicoge byPTAsst rirpampigesance/ absence
identifier 937 recorded as a pit signal. Therefore) the optical head is

first movedhe NapifRed4fhe HPsIARBIOYREinFERR M1 EEEndErbANWL! data is

recorded. And then the optical head noves inwardly junping across a

I | i ' ' d -4And then i
St op-oaon, TRESERHO PRt Rg o 0 RBRLOR. OB e, BB iiRd e whot her

the stri d . t. in st 40b) the stri
or esencel alEncHHS GBRERT g 1) Do Bratel e pPatainEe R Al 85 oaor to

initiate rotation phase control for norma] playba ith CLV. On the other
hand, if, mrgta&b WEB)“Q%énpﬁﬁ@ﬁ@ﬁéé?‘hﬂ'ééL\c‘g‘Eudénfé<?ﬁ\s\ner Byis #351) then the

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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process proceeds to step 940h to check the presence or absence of a
reverse-side record identifier 948 which indicates that tgg st.ripes e
recorded on the side opposite fromthe side being played §ﬁ9te?‘ﬁ‘§52@) 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
rever se siederyftibhetlogit ithal safitwkre |domphey rieeesseeesi detclenot be
automatically played back, an indication is output for display, to urge the

user to tuedipmerd thea Pasky diftsiblei thedebmpdiynesedutrisyepn@4QRekhat the
stripes are recorded on the side being played back) the -67 6 Sept enber

2002 pr ocessaprRcsesei didafl FRBAOKc ey o Haenbenth LYY (o the stripe

area 923 int ner portion o i sk In step t he control
node is switched to I tional speed control I back the stripes 923
wih o et iet oniBet S cArE p R TR peekled i BEEAET Then i n step
940f the control node i s swtched back to rotation phase control for CLV

pl ayback éﬁda@‘ﬁélwﬁ%éﬁ‘eh% 'Tgeﬁ‘b‘{ﬂg’@dtwaﬁé%d CIFBEqn of the disk to
play back pit signal data. Since the stripe presence/absence identifier 937
i s recordégrthennogepiin 4heacdrs dfng DVbe sbrmer she drargodetsignads descri bed
above, the second nethod has the effect of being able to play back the

stripes neae beldedbtytandromDDapi ckdignebsmbar edt timgt hrefirst pl ayback
met hod described with r ef erence to Fi gure 31. When the PCA area is with

tracking Chkpnifyehn®fyildls £O159aShdhakbatht ¢RahS14eRer Algd by the pits

drops. PCA signal level remains unchanged if tracking is set OFF.

rops. PCA . ) | fracking Is set oFF. ©
i ops,  malBiREHY e T B8 URGTIREE, GHOET VR MR R e D B

signal. This leas, the effect, of sipplifying th Lhcuitry and reducing the
error rat &€ ERFYEASAn? Hher it HFSQFEf%a ?at%tg‘ff[welpeverse-si de record

identifier 948 makes it possible to identify that the stripes are recorded
on the re\ﬁélpﬁ’élf@%én%ffatsﬁéo@ﬁ sihet barcodeetarmed imdihish®abhar code stripes can
be pl ayed back

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 describéd 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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-GS 6 Septenber 2002 reliably in the case of a doubl e-sided DvD opti cal
di sk. According to the present invention, since the strin§Saqe BeCﬁgﬁed
penetrating through the reflective filns on both sides of Lo &R0
stripe pattern can also be read fromthe reverse side of the disk. The

stripes c be. pl ayed hack fromthe rever siide of the disk by checking

t he stripgﬂ?éﬁé&sgygVﬁg Fﬂ%ﬁﬁi??e‘H@ﬂgvﬁﬁzﬁﬁydﬁﬁaying back the code in the
reverse direction when reading the stripes. The present invention uses a
bit string "010odkeorthes band. syhemrigimzmg ds pederm8e &héwn in Figure
34(a). Wien played back fromthe reverse side) the synchronization code is
pl ayed badkubbe-s0ded0dza1natadotyphioptical ddskbthateneededurnangt he barcode
is being played back fromthe reverse side. In this case) by denodul ati ng

the code ioRef eptRnselAiingChack the tderdendidiel atioy 1942ri nighlte pl ayback
apparatus of Figure 15, the barcode recorded in penetrating fashion can be

Goubl o- 1 BBa e o g, A B O b e P ® e doscr

apparatus of Figure be described in

nore detail.,l ater, Furthery if. as 0 in,Figure 3 a 300-,u mw de
guar d- band 4 éggégﬁ,&ﬁ%eréngﬁp§ogad& ngFﬁPSFﬁ%¥1§ﬁ g§mP corded but no
other data,is recorded, is provided hetween the PCA area 998 and the
contr ol déﬂathgogeb) 0AcheYx Sifes-he [RORRTONIEEE ANcARVHEa%Rde nore stabl e.
The guard-band area 999 will be described in nore -69 6 Septenber 2002
detai | belfow matienfabwicopiondin hkatl theckarcedet ¢an benrewirdgédta fromthe
outer portion of the disk, the optical head noves inwardly junping across a
pl ural ity sdhultaeksslntonl bodacideg irhe sinmgleokteata area 936. I n sone
cases) the optical head may be noved past the destination control data area
936, landing aln ahperddsel wkdrd RRE dgtiekl difskt he weRkd Wvedats

play back the reverse side on a playback apparatus, the

barcode signal is played back in just the opposite direction

to the direction that the barcode signal on the front side

is played back. A method for identifying the reverse side

is therefore needed. This will be described in detail

later.

(B) Referring now to Figures 23 to 26, etc., we will

describe the construction and operation of an optical disk

barcode forming apparatus for converting the marking

position information (ID number) into a barcode as a disk-

unique ID and for recording the barcode in a prescribed

region of a pre-pit area. A barcode recording method, etc.

will also be described.

(a) First, the optical disk barcode recording apparatus

will be described with reference to Figure 23.
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area. At this time, if the PCA area 998 exists directly adjacent to the

i nner circunference of the control data area, the optical ad w |l se
its own position since an address cannot be played back iﬁygﬁéeﬁ%ﬁ¥%#@%
998. It) then, becones inpossible to control the optical head. Accordingly,
when the guard-band area with a wdth, for exanple, 300 ~ reater than
one junp widt h IORUALDES] éaqllargéaﬂi,S}loé"lbgoﬁhedéﬂnflrg‘{rﬁél‘a%cﬂr}]elgét ed portion,
if the optical head is noved past the control data area 936 the optical
head wil| &hwayde racordinghéppartatugubordibpheneaténg afheptital déaki ng an
address in the guard-band area, the optical head knows its own position and

can thus bgarepdsifbrwitdmethéhendesd iendbd tientodf refle gatgergea. In this way,
the optical head can be controlled nore reliably and nore quickly. Further,

as shown iﬁn&% %ﬂ.391_§@ea5§vgﬁ@htﬂﬁkﬂ BhIRAYiREME 2idagadfo & tional stripe
a entifie

data presence sence | r and a stripe recording capacity. That is,

after - 70 6 t enber 02 recording fir: rj tical disk,
additionalb@???ﬁ%ﬁgﬁéﬂgbgafgd%ﬁ388rw%e§nv %%?@)éﬁﬁkggnggﬁﬁﬁéﬁg?on of the
area. The first recorded siripes will be referred to as the first set of
stripes, adBiPHtaaR tHidnahe datache dd bareadsed S0t RESERYGHRE et of
stripes. Wth this configuration, when the first set of stripes 923 is

al ready redbedebvieyenbadementy, Idsmeholmslide,Fifgur examlet htnmupdatay of the
avail abl e space for trinmng the second set of stripes 938 can be

cal cul at ed.anAcaoridi nghher Weemed feomexrolDi geheapper £08s af FHogure 23 perforns
trimmng to record the second set of stripes) the control data provides an

i ndi cati on jaf FiaweRSh xPae§ dtheaVRid@blreddwy. additional recording; this
prevents the possibility of destroying the first set of stripes by

recording more H‘?@g@z@ 23Vetnd Q%Bﬁgf@tPZHﬁ& %re”?[?]%umﬁérs\f}%ﬁ@gi n Figure 30)

a gap 949 | onger thdn one’ pIt-si ne | eng I'S pro bet ween the
first set of stpi 923 and_t second, set, Qf stripes 938 this serves to
b event t haTBReUichadl §FTeaBePrS, A fnhomy b FoRF LR aR o dehF oyeq

Mor eover, as shown in Figure 34(b) to be described later) a trinmm ng count
i dentifier S88%19% 908¢ ok y@d eRrcxyption 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 91ba.

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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synchroni zati on code area. This identifier is used to distinguish between
the first set of stripes and the second set of stripes. Wgthout thi
identifier) discrimnation between the first set of stripé%ggggmgﬁHQFWe
second set of -71 6 Septenber 2002 stripes 938 in Figure 30 woul d becone

i npossi ble.. Finally) the third playback t ho i1l be described with
ref erence t1@5ﬁrg%1r2<\ﬁsugb WénYAChBaaﬁﬁ )Fsrtégfbgt?% g\n}ﬁeﬂ J@EEPPBHETt he opti cal

disk) that is, its area ratio) is low) alnost correct tracking can be
mai nt ai ned suppl hecigcni pd28r eadheadaséo i 2i bhi gui eeB2miTheapdisede, t he
address information in the address area 944 at the sanme radi us position of

the disk cansbe DighteshiiChs fdvuseliashrohghed fonvesfinguisekergdg the di sk
rise tinme after disk insertion since the address can be pl ayed. back while

pl aying ba%%“ﬂa L PES Wt PO 868301DItRE 148 naRL4 GAlskhgesl position. In

this case, e address area, an area where no stripes are recorded, should

be formed continuouysly ang.a | th lo h fr in the sanme
radi um portrieglﬁv%ﬂg ;{ﬁg maflsll?.cgﬁee fgg'gr%ﬁ iaoﬁgg{oe%sg%]%%qﬁhi S thod will be
described with reference to Figur, 0. When,.a disk,is.inserted, the optical
head is m@ger%cqnx@crmwe&hqc@w&fﬁ%ﬁeapr% ioriataidt BFgara. 1T no
tracking is_achieved in step 947n, the tracking node is sw tched from phase
control to hersenpuiptiomde pnbkiepevariphern sicdpasatie, opetghowsnal speed
control (CAV control) is performed to play back address information. If an
addr ess canmoFiperepll8yeiks hgpénded step d4rajutcheoptiecassial oceeds to 7 r)

6 Septenber 2002 step 947i to nove the optical head inward to play back the

PCA stri pesyymbbr aff tAA8r 855 e€ a0 e hRt R sbotiarkr eshpyeR®d.y partion of the
PCA area (a portion not overwitten), thg

this case, since no one other than the software company has

the secret key and therefore cannot append a legitimate

signature to a new serial number, this has an enormous

effect in preventing illegal manufacturers from issuing a

serial number. Since the public key cannot be deciphered,

as previously described, the security is greatly enhanced.

Disk piracy can thus be prevented even when the public key

is recorded on the disk for delivery.

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

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

light which is then converged in only one plane by a

cylindrical lens 917, thus producing a stripe of light.
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process proceeds to step 947e where) based on the address, the optical head
is noved in a radial direction to the address area where %% é@es ar
recorded. In step 947q, the presence or absence of PCA str % eF@eEﬁggked.
If it is judged that there are no PCA stripes, the process proceeds to step
947r to try to read a PCA flag in the control data. Then, in step 947s) the

presence ofThapslepte D ket LAy hagadks 9¢Becinddis Ifocubed ptiesagke of the PCA
flag is detected, the process returns to step 947c; otherw se) the process

junps to ste ; e h Ffadili ybSF } ep 947q that
there are E&o%}%g@eﬁuﬁgg%@ggsﬁga‘rj)éggiee stltvg fsitlgggggﬁrpt%tepl ay back the

PCA str1 Pegn; Miandibe ol auhack s POIPI G ed LaoteR 84T0) jhen the mde is

switched to“rotatioh phasé contrdl and the "o héad i s noved to the

Control dasitike SUsR 83 shpReria FOPs ABRDT 1100 thie TorPe. el i S i soued

in step 947k) and the process returns to 947mto continue the process. (E)
Next) nanufiagelatiing, ts@tineguase spacedrgbenteriti hracndidpererdl di sk bar code
form ng nethod of the invention will be described in further detail. A

bar code pl duberkalapphl,alis a3 3T. 6 Nephéstspac2002 swdli spdced, be descri bed
briefly. (a) First, manufacturing techniques for inplenenting the barcode

recor di ng methed pthts kRddessdrbes. rdte Fheecastn afhet Beedatcode recor ding
met hod previously explained with reference to Figure 28, the mninmum

em tting p#h?gntii}%?\?i ¥ I otk ;gegug?éﬁéro@?? Eeﬁe?tﬁﬁ%s ‘f’é@r Fan@lsPc‘i'nge repetition

period of ~1s require eref~1s equency oOf the laser. In
this case, the number), f~.2 af,barcqde.bars,can.be recorded per second.
rovever | P88 AR amai & 640 F RIS RN R FREMAIRE B9y 2 rn mum
emtting-pul.se spacing .of 2t is gl|owed, so.that .the ut;; r tition
period is ﬁlgc £UP 'eéhﬂi‘&e%ﬁ’@a‘ ttmtgh%chgsé? ‘?heeﬁ‘ﬂg‘ﬁ oé'aﬁf) e reduced by
a factor of 2. This also neans that, when a |aser of the same frequency is
used, the M@nBRSUTE! thek ©66h aHpet e} isarednsded cafr @ed@opeactsecond can be

doubled to f~ by using the beam defl ector 931. This has the effect of
reduci ng t lpesptiomudhi aexordahcd pridhetlsd wgtawion) of the motor 915,

that is, with the rotation of the disk 800. This has the
effect of reducing jitter. Alternatively, a laser scanning
means 950, such as shown iﬁ‘Figure 3(1), méy 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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by a factor of 2. The operation of a double-efficiency apparatus (referred
to as ~~switch recording") using the beam defl ector 931 wé% ‘%ﬁmges%dzbed
bel ow with reference to Figure 29, focusing on difference ¥
configuration of Figure 28. The beam defl ector 931, fornmed from an

acoust o-optical nodulator or the like, is supplied with a deflection signal
for sw tchtignitngepbemmbefowerrid aormispoldiany 945tkemd a sub _?~l_ 6

Sept enber 2002 beam 946 when the deflection signal is ON the beamis

switched to thges Pe%ﬁi%t%h%éﬂms&@gdw oughsigpwriiins! i t 932b and
forms a sub- strlpe 934. Mre speC|f|caIIy, for data "0" a normal stripe 933

|5 [ or edgs il Aghenn SRRt NG0B AreodS bt el ectigngghonal set to Qv

as shown in gure I'n respons eam ector 931

swi tches the bea fhe sub-beam 946 _.to record a stripe.at the position of
the sub- sthf‘b g]ﬁrglllﬁyt ﬂfs“ﬁ‘&nﬁg‘]?ts'sfﬁ ;fé‘?m@g% %&Ir@g’otﬂmeeach for "0",

and a stripe 934a for "1", as shown in part (b)) are fornmed on the disk. In
this conf Sgek &%08n, asieﬁ@édatllﬂkﬁsélo%@%e aﬁéééir@)rﬂl)mebél‘?ﬁr Sddced a't intervals
of 2t) a |l aser mnth a frequency half that required in the configuration of
Fi gure 28avdnsdenusethenl data Her "Mt dSor vixempae, aseigndl ORdasafre frequency
is used, since the stripes can be forned at twi ce the clock frequency, this

has the etf éetatdboni slcgreasi titart ke pieadudtdfvithy bimeasiert ahaef 2, as al ready
described. Next, referring to the data structure of the synchronization

code showggi ”tH:e' et fob4 of J%ﬁﬁﬁelslé'lbé'lp' qsf QEcdMRISYH Ly recording

expl ai ned wth reference to Figure 2 I be described bel ow. The

synehr oni 3aLL6n 158081 09031 LHCLHGR, gh g,gaﬁog; {r5SBufe e que for

i mprovi ng produc KowR 1 pattern of

Sept enber 1285 Lﬁfe% %Svhﬂ%"” Fhot St sadhortey Sudh hE SR Y s used,
DUt the P o e T106k 'f%%&%%'tybé"tvw%'edsf | SndnEs oo,
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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the illustrated data structure for the reason explained below First, to

achi eve the switch recording of Figure 29, provisions nus t hat
two or nore pulses will not occur within one tine slot, ttk?a%eqtémg%i@?n 1T

interval. Switch recording is possible in the data area because data is
recorded there wth a PE-RZ code, as shown in Figurf 33%a . However, in the
case of thesesPnéHreghirRafToshthedkeiss &5 ghownsiy PpYts(fcofi Fiayge ar channel
bits are arranged, with the usual nethod two pul ses may occur within 1T, in
whi ch case 24dhe switch recording of the invention is not possible. To
address this problem the invention enploys) for exanple, the bit pattern

"01000110" as SKeww) whefrixgoede dwks N 10T anditl10at tieise, dhfa Brea pul se
occurs for the "1" on the right, in T2 no pul ses occur, in T3 a pul se

occurs ff)r.zler&%ﬁdeld i%ntfl%]echri'rgh{imeagﬁio# Yobs Qnd)lf{oﬁ?t}?%‘rh%.sﬂ]é)ﬂ the "1" on
the left; i'nthis way) two or nobre pul ses cannot occur withinh one tine
slot. Thus, the s.nﬁhronization code structure of the invention has the

ef fect of d@ﬁP89F%6 dwi tch recording, increasing the production rate by a
factor of 2. (b) Next, referring to Figure 15, a brjef description will be
gi ven of a play APPARPAS1SBY PPrEgSasy NBeKecprdingzgnon=g6 Septenber 2002
barcode recorded on an optical disk by the above nethod. The description

wi |l al so tredahnoto-penduntdoridiyg)i nseéales corvguiendl bascaddl ock di agram of

t he pl ayback apparatus already described in (I). In the first-half part

(1), the appabaiusg Wil beeredesiiddopdtdsedariteat at Rigurer 25.eadi ng t he
position of a marking fornmed on the reflective filmof an optical disk, but

her ei nafter, thfn mﬁgg@mg’ g%lﬂlél’eg %fBaWal'xa Q%bgjei&rﬂ IHS i3S a2 bar code

readi ng apparat us, _ ayback appar at us n explarmation will be
o ven 892l LLN0. ool qure, 1% S (LT, kopusing snthe derodul o fon
by a | ow paasss S :)\LrE eirn §)I£1I?tF (flsl E)ter ig?xffefis(?m ?n SI%Zr irggording, 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 necessafy, 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 929 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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signal output. In the case of a DVD, there is a possibility that a maxi num
14T signal may be played back, where T = 0.13 a m In thi?s@ & ber bohRS
been confirmed by experinment, a stripe signal and a high- eguency
conponent generated by a pit can be separated by using the second-order or
t hird-order Chevihoy | ow pass fi]ter, shown.in Fiqure, 35(a),, That is, the
use of a second-k%rt\‘m {jﬂ‘é&@ﬂﬂ@?i Il@lZ ﬁ%csaﬂgtaﬁgg’eftfhgc?”]oﬁ‘e é’éhmfs &Ffe to
separate a pjt signal and a barcode signal), thus .epnsuring_stable playback
of a barcodell ppgudle 35(Hhowndnspratis §?)mﬂ“§t i(g)n%a H$Henérhi th iSs gener at ed
when the signal of the maximum 14T - ?7 6 Septenber 2002 pit length is
recor ded contherabord yappanenthitbatdiRZ Bgcersding ihaoseswit@blerfan gher - or der
LPF 943) the stripe playback signal can be output after substantially
renovi ng thethe laptmytrdekisg gfiathe tprieseensinvest ical | abdrdénpdud at i on of
stripe signals. However) if the width of a stripe signal thus denodul ated
(the stripe gidnakemitdinshPWF 88e Presemt iiMvEheione 30dNchdesismal l er than
the sanpling interval width tm (see Figure 36(c)) of a mcroconmputer, the

d
stripe si gnafor{%%}ﬂFQQtshla@ggfrg)st%tegg?egﬁHEﬁ{ qje)éulf%rhoﬁﬁt e'Fﬁg*n?é. the stripe

si gnal s shown Igure ripe sitgnal on is |located

i nside of th i croconput ey sanpling interval .w dt an herefore) is not
det ect ed. T&?gagiéufrﬁQ?ea.%VW? é gﬁﬁngfggbgéfﬁ%ﬁ E§°T §fntPa stripe is
waveshaped using a flip-flop circuit so ihat the signal w dth becones
greater thandiske Atcroddfplewt sammacagelhoptrel what Hinenyid&ishown in
Figure 36(d). Figure 36(d) shows a waveformafter the stripe signal width
was i ncr easeghdro taimnidteh tBev. reflecimeeshimern @i diskl, the tttrémmimg ect ed with
sanpling pul ses (see Figure 36(c)) fromthe mcroconputer. This ensures

accurate neaplien@dth ofartibe ddpenpéngionnaaridddbes rinndabacloutputi gure 15, a
further description will be given. Digital data is denodul ated by the PE-RZ

dermodul at of 9% sk hencARGYEr IANBE T ehe BEEHAIA v S {1 Nad @dnbona ECC decoder

928 for error correction.

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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78 6 Septenber 2002 deinterleaving is perfornmed in a deinterl eaver
928a, and Reed- Sol onbn code conputation is performed in anp ég% %. 928b
for error correction. A brief description will now be giveninre on to
productive tact. Figure 33(a) shows the data structure after the barcode is
ECC encoded according to the present enbodi nent. Figure 33(b) shows the
data struct ¥eltast é‘#CgTE©@ ehcdh Ry %éﬁensaﬂ’eldééltor@?hbeﬁ'@f@he pr esent
enbodi nment re 33(c) shows an ECC error-correction capability according
to the pr eseslta%ﬂlebneimminng ¢annpotiebprdesensinoevéhe ilasert beimminer | eavi ng and
Reed Sol onon error-correction coding shown in the data structure of Figure

33(a) are pewidshmedrlsd.ngThhe nakes edwmodetatddn dhPfireuls. Filihg RZ when
recording stripes on an optical disk. Wth this error-correction nethod, a

read error OfpLligiihp AHeYpPOSer %Kvaﬁtmﬁfhalsothe elﬁe@tl&f Qftheeti di sks

under the condition of that Byte error rate of 10 ~ occurs, as s omn in

Fi gure 33(C) oy gig}tgaﬁegei%ﬂ#ﬁgué@en 9 50168 NG GRNE: Ay | enath the

same sync co rows) freduc er “of sync codes
by a factor of 4 and.thus reasi ng .effi her reference to
Fi gure 33, tha'&Sal a %Fﬁ ofg HEY 'ilgns?ﬁfd'ts ¥l?:\e \)ﬁftfﬁcgeo escribed. In the
present invention, the recordi ng capacity can be varied freely) for

exanpl e) wi t Bimpld fiyangethef capsruehimytod) the regeBling sRperatdsts of 168, as
shown - 79 6 Septenber 2002 in the exanple of Figure 34(c). That is, n

can be changeined REi necordingerafuined dndynei® kiad shduneiwidthgamd 33(c). As
shown in Figure 33(b) and Figure 14(a)) for exanple, in the data structure

when n=1, thepe BiBropbwert QHéréﬁr@ RO ndP 15 mi@dihtedd1c) and 951d)
foll owed by ECC rows 952a, 952b, 952c, and 952d. F i gure 14 (a) i s a

di agram show ng fJ QUES: 334D) by bt EF A6 Ve TG eUBLE 0% 951

optical disk barcode recording according to the invention,
there is offered the effect of ensuring stable digital
recording.
An example of the ﬁhase-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 is recorded in the right-hand time slot 92la, as
shown in part (3) of Figure 26. On the disk, data “0” i
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

_55...



constitutes EDC of 4B. Figure 14(b) shows this in an equivalent form
Error-correction encoding conputation is perforned, assum that data rows
from95le to 951z all contain Os. Mathematical. equations ¥oFPt #H“ECC
conput ati ons 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
appar at us of iFi euifait1imniher debkdeadating saptdds of +t epdl 8k 92¢fen n=1, data
of 12B is recorded over an angle of 51 degrees on the disk. Likew se, when
n=2, data of i&8@:tpart be thecoi gletkhandenime=32)t datra”bf, 2AdBa qarisbe recor ded
over an angle of 336 degrees on the disk. In the present invention) by

encodi ng andgdggory pRAtphe idathe Usifaghdtie tERE drpd E6GC "06pad ahoen equat i ons
shown in Figures 14(c) and 14(d), when the data anopunt is smaller than

188B, the coqpupali qB)i 5 RSLLOE TR BASHE RYSRLEHECTRINY Bochid 35are 5, so
that the data iS stored with a snma recordi ng capacity. s serves to
shorten the oduct.i ve, tact. MWen pecrform ng | aser 80 . Sept enber
2002 ¢ri i ngOTHET 110 Ehe [HLSERRY PROSHI on e 1 SABGVEEABEHY 568 sbal abi 11 ty
has a significant neaning, Mre specifically) when performng | aser
trimmng at &1lBAETHANG) PP$itien; 'ﬂgﬁtthkfdsﬁ PeniRh epﬁ%ﬁﬁﬁhﬁﬂde tact. Wth
a sl ow speed apparatus which trins one stripe at a tinme) it will take nore
than 10 secomdsitiomebyr taserf énintiogsarfti gsrei 3eS) t shawse signdlscapacity. The
time required for disk production is 4 seconds per disk; if full-capacity
recordi ng hasnodaldeedoieh ddta PoHfuct Avecdnabe serqy easdgnabnig he ot her hand,
for the nonment, disk ID nunber will be a nmain application area of the

present i nveriliyadsidvailabl &Mkl 6vdryoRhadtta BEA am@at ciapasince ¢ap be as |ow
as 10B. If 271B are recorded when only 10B need to be witten, the |aser

1f 2718 are T ; b he |
Cost 1 nor dase Eib derstah fY BytehiodEhP TG komheeBRi A, b FaBYaCh: cves

reductions in,production cost and,time. In th | ayback apparatus shown in
Figure 15) whamcA=piedl RORRIMGHE d8soROt rBYerllgPHU [THANER decoder 928

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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perforns the EDC and ECC error-correction conputations shown in Figures

14(c) and 14(d)) assuming that the data rows 951le to 951z | iR, Os as
shown in Figure 14(b): the effect of this is that data of S?Dfptt%g%?lgagan be

corrected for errors by using the sane program In this case, the nunber of
program ste [ ermtting the use of a small aci y ROMin the
m cr ocomutgﬁpﬂ%@ﬁCEﬁsﬁgNégptlénﬁéFp Gétkfl}?ocrﬁéi;%r@er?ﬂ% %ﬁ wi dt h
reproduced fron1each stripe wwdth is nade | ess than 1/2 of one pul se
period, as edow@spond MigytpenBEing peetionerel ar plttiodulated siente pul se
spacings, 1T) 2T, and 3T) the ratio of the sumof all the stripe areas in

one track twhére nborcaﬁ‘lemtéan ofighhbs tarackbisinedsdud HanrdmdalVefh this
arrangenent, in the case of a disk of standard reflectivity of 70fo the

reflectivi tyh@fretfmecﬁwé wmr%@ bﬁpl?eh%eafwittma&éférenee to 3agyt 500. Since
this value is enough for focus control, the PCA area can be played back on

a conventio sk I X ve-descri bed
bar code enc?%ﬁlji%(?#(?l ncIBﬁd?X&’l&ggl ta%\l%%)gn S?e%aﬁl ‘B‘tﬁr&%@sgﬁ)bed W th
reference to dra follo f anot pllcatlon
exanpl e of Fﬁ%mlﬁgpeg% o1 ﬁk ’T\i—\‘%‘)ﬁgrﬂfﬁ %é V:‘%dég%n%\%yﬁt?%&eﬁ% ess and

pl ayback proc?ss wi |l be described by way of exanple wth reference to

Fi gure 45. @hoWhelﬁllﬁiegeﬂeS%a a\FﬂWe@Oﬁfﬂurﬂ@f"MB’OflﬁHr%]L?g d Emach

i ndi vidual optical disk is generated by an I D generator 4502. At the sane
time, an | Dobtgimedur eBpedticomng 4508 siglaleby @ deget allisegnature to the ID
nunber by using a specific secret key corresponding to a specific public

key, and theephotducagplaed “01000 alofsportat(@y el Adehoduriditetls associated 1D
nunber 4504 are sent together as a series of data to. a press factory 450I.

This digital sigatyeeyis n82t dRcPe FERehire082 the optical disk

format with a barcode formed in the above manner, tracking
control methods, and rotational speed control methods that
can be used when playing back the optical disk.

(a) We will first describe the features of the optical
disk format with a barcode formed according to the present
embodiment, while dealing with an example of a condition
that permits tracking control during playback (this
condition is also referréd 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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applied to the I D nunber encrypted in an encryption encoder 4508 using a
secret key of a public key encryption function. The publi%5§§x r 20
corresponding to this secret key is sent to the press facto %Bﬁi_ QE t he
press factory 4501, the ID nunber and its corresponding digital signature
4505 are recorded as a barcode in the PCA area of an optical dish 450G by
usi ng a PCAvetdédiery. 4507. The public key is prerecorded on the master disk)
that is) in a pit portion of the disk. Wen the thus. manufactured opti cal

di sk 4506 is | oagedhingesanp! awkeatko@pPRAeag i pepl M are 46Qdrdbdie public key
is read fromthe pit portion, and the I D nunber and the digital signature

appended t oyi iy a1, I EAKkBENENSnPLAAL B2 andndecty Bl 8l thak e publ ic

key. The resu ecryption 1s passed to a verification section 4511
if the digital_signature data is_found |egitimate. . as e result of the
verificati oﬁfe?ﬁéoq;@ﬂ%b%{w%gﬁ%ﬁsat‘"}’&)ﬁ‘olﬁ FRESnsBR; Eigh SLEG BB poed e
continue. If, thﬂ}di%ita] si gnat ure daﬂgki f ound ill%gitinate as the result
of the verififcathoratanks HFEFEEITSRN; &L nge?tf.rlll%?'e, fthére digital
signature data is recorded in the PCA area together with the plaintext of
the 1 D) thepresent ipvenhiondethy preonit Signakiesgaampandnte 1id lpthe nt ext of
the IDto see if they match. IF the digital signature data only is recorded

in the PCA data)amwasewhere pheskares fpenddor nEik fpoeseeibetli cegiomnof When t he
data is encrypted with public key cipher, as described above, only -83 6

Sept ember 2QQ8 pRe-pief Evaia BPsuf agt Meeyiohbé@tinhake tht@segeret key can issue
a new | D nunber. Accordingly) if pirated disks were nade, the encrypted ID

of Lhe-same ;AYEREloNOUbE Apoh8E At Ia 1dhdrhBoltTBn2 LAY B, di sk

therefore, the use of “such pirated e great Imted. The
reason is that, .in .such cases) {he illegal use of the soft havi ng the
same nunmber dﬁéhbﬂ“p"‘r é'%hcfrbdsb@fsfpﬁ?yerfg 4, BP0k LR QEFPOWA&GN ess to
say, the abave pethod described with reference to Figure 45 can al so be
used in the Ilnnttgfﬁé)tcf\ BBga A ?h‘é&r%gsn%éﬁwe hﬁl‘g:“&f the barcode will

be described with reference to Figure 46 as another node of enbodi nment.
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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Thi s node of enbodi nent is concerned with an exanple in which an encryption

key to be used during conmunication is recorded as the abqve-de i
barcode in the PCA area. As shown in Figure 46, a press fgéﬁggvﬁ%%égﬁgeeps

each I D nunber and its correspondi ng encryption key) a public key of a
public key encryption function, in the formof a table 4602. At the press

factory 460! gjgiall, Dand digicranthdtlisn clyvweenotibinngs iy peskiylear gorecorded in
the PCA area 4605 of an optical disk 4604 by using a PCA witer 4603. Next,

we will descijbe dgagy:vﬁi%ﬂ?gam%% nyfggﬁgi@% tdhaanbhuse genpiggddoptical disk

4604 can play it pl ayer. der, for exanple, a case in which

e desires, | o Bl oTBY] SARLIATOLERAoH, o thes OBl kfelsalesk - 84 O

Sept enber 20 ore € USer- can p the novie contalned on the
optical disk 4604) he,has to arrange for pa nt to a t em_managenent
center 4610 &f W%\Pé’sétb%&ﬁﬁo i%gb%%fs'tSge%‘%leésp%ﬁ?b%;lsFingYl,@etcﬂg user
sets the optical disk 4604. Wth communi cation software run on a personal
conput er 4608pngere than arwdt ef mneapddysissyell Mackninpathen.p@sl Feowey | s
read out. When the user enters his credit card nunber and personal code

nunber, an edarFpiiren32ncaideesdGhfoenctriopt san thuenberobdaileed with t he
public key) and the encrypted data is transmtted to the system nanagenent

center 4610 hykus g 8B§sp&m@iﬁﬁbi o0t ehabsEledd 624bk. At FliihesMeE &M ,
managenment center 4610) a communi cation section 4611 reads the I D nunber in

plaintext fraqp.tpg feaeiued 4als da%'ag (P hpPhese fecelbyechiflat 8 by

retrieving a secret key correspondin rom an encryption

ner ypti on kaye: S61e T451% donBaihi RS rHDB! AUt rif o ek {90 f bl S8ach 1D number
oredi toard rRMBer ihd her SUifarC ELRIE LD SPCFMSEsC0Bl oM dhe thEtr ypt ed
data, the system managenent center 4610 charges the user, and at the sane
ti mes) issueshas phesafdiedttof tehsurina stabies fpagsingr df the optical head.
Next, we will describe an example of a condition in
which tracking control cannot be applied during playback
(this condition is also referred to as the tracking OFF
condition).
Since the stripes 923 are written over pits,
interrupting pit signals and preventing correct playback of
the pit data, tracking control may not be possible on some
players. In such players, the strips 923, which are CAV
data, can be read by the optical pickup by applying
rotational control using a rotational pulse from a Hall
element, etc. in the motor 17.
Figure 31 shows a flowchart illustrating a procedure

for operations in a playback apparatus when pit data in the

optical tracks in the stripe area cannot be correctly played



corresponds to the disk I D and user-specified novie or conputer software

contai ned on the disk 4604. Using the _ HJ 6 Sept enber 2 SS t hus
i ssued, the user can play back the desired novie or instaagﬁmégﬂﬂgﬁpgd

conput er software. Since the public key can be prerecorded as a barcode on
t he opti cal gisk, this node of enbodi nent has the effect of saving tinme and
| abor taken ﬂP%.previous systemthat required the system nanagenent center
to send the public key to the user separately. Furthernmore, even if the
comuni cati on keyn( Pugre teywhens adéiskydsebnsested piessep &306s yththere no
particul ar security nmeasures are inplenented) security can be naintai ned.
Furt her nore) optivzd &edd ffsementd hybhi prdseyibed dietlardfoer teatle iindewi dual di sk)
if security of one particular disk) that is, one user, is broken) the

security of be*ﬁifo_nf ifesterc900be Thet&edied] Hadd hertMiseposisiingedi fferent
public keys tor different disks has the effect of reducing the possibility

f hird l.agl i : ot e i I blic k
o 2 1111 PRECINPLRAIRAR Lhishatost o ol e STV Syl ©

wer e recorde I sK, e possible to prevent a

third party fromplacing .an _illegal., order. In the anpl f Figure 46, a
public key is use}gerés fﬁelSCBH*%LHﬂ%éépf%SfokE%r%}tlyiQef(%%}g?l?b“g“&ppr eci at ed
that simlar effects can be obtained if a secret key is used. In this case,
however, thefsewwslilt pheepidis recardedt in dheoskrinenareand2d. a ubhis key is
used. Needless to say, the nethod described with reference to Figure 46 can
al so be usedciaBet hehelrefereetusual 8Btatidh Phpserdoatr@D@2nkRef drering to Figure
22, we will now describe in detail a nethod of descranbling and decrypting

data using aapassePidrvike tplayPeiverkeklesiti daG veédrdedl RIeNCEVLo Figure
46. In the flowhart of Figure 22) first in step 90la the software on the

di sk checks the sgfabeodglenth{dBlonk? §R8d! LofiL! AEULHILEY ths OV I the

answer is NO, the proc

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

By switching between the two rotation control modes,

i.e., the rotational speed control and the rotation phase
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proceeds to step 901b: if the software is not scranbled, the installation
is allowed to continue. On the other hand, if the answer iS.YES it '5
checked in step 901b whether the software is scranbled or "n ?QeTPaVE@, a
connection is nade to the personal conputer network in step 901lc, which is
foll owed by step 901d where the user ters, the user, | D and software |D

If, in step 01 ,Oqt ﬁér%“i $ign 'vzﬁ‘? ﬁ?%ﬁﬁérﬂsi Hggi"éﬁd%%ttw& drive 1D data
is transmtted to the password issuing center. After confirmng paynent) in
step 901g t helpterensr kindssai ndpteenbercoder sripe datd yavdi Bhttonput ati on on
the drive ID and software ID by using a sub secret key, and generates a
passwor d whi thcosdedr datayi tchadbd plehed bmek. Thecprteessripen apeoceeds to
step 901h. The personal conputer at the user end conputes the password by a

sub public kegc@fédc9APEHeeSnhérmtsthatdd dilthihp. mddnst Reagigeul thés OK the
process proceeds to step 901n where the software scranble or encryption is

unl ocked. Tut.pj e Ao i t in step 901h
it is checkegag\ﬂgﬁ ﬁ@%%%%@r étfi Eneg‘% :E%?(AH B%Hﬁﬁ]}ﬁwe _o%t&\lgalsg\%?gnber' 2002
there is a di%kI[@ t hen ighste 901i the disk 1DLgat% Ls transmtted to
the passwor d StERRATNGT BT AN 4AdEESE i @ B 15 18R 4 PHSEL 8P 901) the
password issujing center perfornms encryption cqonputation on the disk ID and
software I D 6§?eu§¢%\gta°§ e BeREITeRet, £REr YT aelééoralsp&\yst\&baagm chis
transmtted to the user. In step 901m the personal conputer at the user
end conput es beheegrngdrotwb bptat ub cpubidlcmpéss.and conmpares it with tire
drive ID. If the result is OK) the process proceeds to step 901n where the
sof t war e scranbl e(b)s Refitxciogdnexth tbhF sgurayg) 4 byandodumviecailhg with t he
password issuing center via the network by using a disk ID, the software
scranmbl e or eRgeyid ARoOforitie] dhéthodanfdie cumtadiedg dhe kheatciadngl of the disk
I D of the present invention, since the ID varies fromdisk to disk, the

password i's alps@q 4ifd-CheRfing Bhok Ml bdrcddgl daraehe geyah%n&iﬁ%sgﬁeuri ty. In

Figure 22, ciphertext conmunication is omt but encrypting data

using a public kﬁ? recorded in the PCA area, such as shown in Figure 46,
during the c&WWﬁ &Y on performed in steps 901i and 901j, data security

during comuni catjon can_be ) )
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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further enhanced. This has the effect of ensuring safe transm ssion of

personal billing information via a conmunicati on neans su er net
where the security level is low W wll finish here the §%e%?e|ntbt§bﬁozrbgéof
the first-half _ 88 _ 6 Septenber 2002 part (1) and the second-half part

(1), and now proceed to a descrijption of appertaiping jmtters relating to
the process®H& GATBPEGL AN &i CONPARHIE 2ERLSF i 't%nltyhggﬁ)‘i‘g%éék oper ati on of
the player. (A) Alowreflectivity portion address table, which is a

posi tion i nsmelieri ther itbe fefierenee [vadue efQ @odi langgrpbiran dmaxwi || be

expl ained. (a) Laser markings are fornmed at randomin the anti-piracy mark
formati on phiglckeds atmdneeyf medner 955,NARI asesuppdidd ngsthememdryn this manner
can be identical in physical feature. In the next process step, the | ow

reflectivityediar bE9nwRG4 TRIiEdeoneaanhxdi By LsfdrRassraf thikh a resol ution
of 0.13 ~ min thz case of a DVD, to construct a low reflectivity portion

address tablie, 008 B5yaNN: IOb LN S Horobea vl LOHIR1368) |5 2 dfagram

showing a low Pefl éctivity portron address tab or“a’legitimate CD

factured d ith til t di,ment) and Fi 13(b
s concer noe AR R ARG a1 3 0Bl PERH cebr o LB eoRt rBFRkect MU Ly por L1 on

address table 609 is _encrypted using a one-direction function such as the
one shown i thEFicgseeof ghheantesantt hovelddond NUE@Rreks iPUéseadr CTOIe6 ng step, a
series of lowreflectivity portions 584c to 584e, where the reflective

| ayer- is refro¥ed, 10surseaoedeshernted thar badmdei ktr ipast eas showd he i nner nost
portion of the disk, as shown in Figure 2. Figure 18 is a flowchart

illustratingnaridiugk gleck ProgrRddaSe Rf a BB, _the Gyoeppeldrewidfp2 the
one-way function used for the encryption. As shown in Figure 13, the

legitimate €D pnd & stigOGQ%%y%gup'drp%sdotﬂerh%@,t@ﬁe'&wcbeé' ectivity

portion addiess tables 9 an Ox) " respective whi ch are substantially
o erent, Lo Sasatt "R 100 | ThCFusShAbl D iy daflsagnce 1o (ha
pulse longer than the pulse width 14T of the synch pulse will
be erroneously judged and detected as Tmax. Therefore, by
removing barcode signals larger than the reference value t0
by comparison with the reference value t0, as shown
in Figure 41, it becomes possible to perform
rotational speed control for normal rotational speed during
the playback of the barcode stripe area.
Next, the second rotational speed control method will
be described with reference to Figure 42. This method
performs rotational speed control by detecting Tmin (Tmin
means measuring time for a pit having the smallest pit
length of various pit lengths).
In the Tmin-based control shown in Figure 42, the pulse

information TR from the edge-spacing detecting means 953 is
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as earlier noted. Another factor is that the sector address preassigned to
the disk is different if the master disk is different. Refefring, no %o
Figure 13, we will describe how the marking position info ?Rt@ﬂb%ﬁ% rs
between the legitimte disk and pirated di sk. The figure shows an exanple
in which the above two factors are conbined. In the exanple shown) two
mar ki ngs ar eofiparastd iona crveipdi sikg means Hddeasethoffmimdhdlddginiamt e CD) the
first marking of mark nunber 1 is |ocated at the 262nd cl ock position from
the start paienbrpfmeane $%%i;0if IR Kofhigl aadtirebesphllse agcstowandi n t he
address table 609. In the case of a DVD) one clock is equivalent to 0.13 a

m and the rgasphaMaRAt the mERdey W4 I}e%mc%dagpumcy. On the other hand, in
the case of the pirated CD, the first marking is | ocated at the 81lst clock

position in the d BNyt ress,, t.ab 609x.
Liy detecting thﬁgq%ﬁ%fgé%%cgﬁgf Iﬁéd?ﬁigggnarﬁpné %%é?ggoﬁf e he%ﬁ t he
legitimate di sk .and pirated disk,. the-piratgd disk,can _be dist.i.ngui shed.

Li kew se, tﬁ@%ﬁgs‘%q‘%n g@ﬂ%gm;ng@ '56t°S§p eftfer %)(?2 rgélégrﬁd 1lt;arki ng i s

al so different. To nmake the position information. mat t hat, of, the
legitimte difgkbazopder areadss phayqd Eﬁﬁlf' ttﬁ?é Q‘Hﬁjﬁal%’bg& KoM 16he sector of
address Al nust be formed with an accuracy of one clock unit) i. e. , 0. 13
a m ot herwind, sahisfiiedasbeditb& maende mdseunidthnttise adwanplgreateri gure
16, the legitimate disk and illegally duplicated disk have low reflectivity

portion addrggs Taid.esThREP andth&AX ikesparit Vel Mtywberer reatsad yar e
different as shown in Figure 17. In the case of the legitimate disk, in the

track follo hbes Brkode I8 set & rndRd androyiel | ghsnh ane Thikd and m+267,
respectivel&?ﬂgg ghownri% F#gu?e 16(%), mhergas Fn t he case &T t he

n Frgure 1At hErarenfL SERE BhfABLOL SR NA hidh TR RARLSE, oS Shom
OS] tyré)ao itnigonrxleae}ldsdbgis ttl%b!egtsec O?S r}%tGIQg at%%gapisfpfeeeéent . @s shown
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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in Figure 17, thus making it possible to distinguish the duplicated disk.

If an illegal manufacturer desires to nake a copy of the ggﬁk haviggﬁkhe

|l ow reflectivity portion address table 609, they will hav® $EPEPEN a
precise laser trimmng operation with the resolution of the reproduced

cl ock signal as shown in Figure 1¢8). As shown in Figure 20(5) show ng the

wavef orm of ah&lgresent oshiboddnsd oek 1 5igndbseribedl withPredecateopsi cal
signals, _ 91 6 Septenber 2002 in the case of a DVD disk the period T

of one repr ofiehd chackypuLse; INECURVERA Sskcbfd DIdyBAERGR ABuS he di k)

that is) one pulse spacing on the disk, 1s 0. 1 m Accordingly, to make

an il egal ng%(%itr}ta%egeé%%%ﬁggﬁ]gré BN lebn ﬁlﬁ%dt »%ﬁle a’ 85'?&’%&%} h a

il
subnmicron re on ~of 't “1'S truethat en an optic head

designed for an optical diisk is used, recording can be. npde on a

recordi ng fi PRASHICE §eNE BDCRIRG Y eap%%ﬁﬁ{“%‘goﬁkﬁg%oq?\?t itgthBut inthis
case, the reproduced waveformw || be as_shown in Figure 9(c)) and the

di stinci wavelayback2meblodhisweonaerppduridhog 0aseamrste HEadbitng ned unl ess t he
reflective filmis xenoved. (b) A first nmethod of achieving mass production
of pirated diceksrdly caenmvipegfoimed: ef | ective filmmay be by laser trimmng
using a high output |aser such as a YAG |aser. At the present state of

technol ogy) even gAheheDsindit9ht VtiRGCHRAD tIBEhihehd % d a8eéd tid ARE NG can~only
achi eve a processing accuracy of a fewmcrons. In the laser trimmng for

o ocessi ng adBindy HRFOt IIR e R, PRSI abd, 4B0F 37 Hidgepi 21T OF 1T
Cecond et nody xdyRtspsbinel Rilisshan  breBoddett w8 snektior masks
Lo grS'S ANA eI e Rodd SwiteR BN may BeSvienta to'h Bhenc™ 1
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 rotafing 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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6 Septenber 2002 equi pnent that can achi eve a processing accuracy of the

order of subm crons) but such equipnent is very expensive d.furt re)
it takes nmuch tine to process one piece of disk, and if exﬁﬁkﬁ?@ﬁeﬂgﬁgn

processed using such equi pnent, the cost per disk would be very high. At
the present tinme) therefore, the cost, would becone, hi gher t the retai
price of msf“eP@éigtqqm?%g(ﬁtsﬁ e sggey Fﬂs{'le'ngki%g“ﬁf‘?]at'l@d’mdﬂ%?g)woul d not pay
and neani ngl ess, (d) As described above) with the first method that

i nvol ves | as@psitiamisapgor O62s efick ¢ i the mode PrideBsI0iishswi elisdi cron
accuracy, and therefore) it is difficult to mass produce pirated disks. On

t he ot her harnd)Bwidrh rohatisec phaserebhbrb lusiode. t he subni cron processing
t echnol ogy such as X ray exposure, the cost per disk is so high that making

pirated disks is Ifeahiengdefsohr sHasanceeddnhedd)oPhL @ntybews Accordingly,
making illegal copies can be prevented until sone day in the future when

| ove oot subiikgl pa RE0SRSS) A0S BRINGLAPAIORD (ST REAMIUg! o kooTeS

practical. Since practical on of such te | ogy w1l be nmany

into the future, dychi fepirated di ted. In th
Yoo of o twotagehin oRey SROL TR rBrOBLEY Mt SER s Or e on each

| ayer as shown in Figure 33) an illegally guplicated i sk cannot be
manuf act ur ed 956 tkatama@biand Ghe tigatierc bdpt maarereedugsed with good
accuracy when |am nating, and this enhances the effectiveness 93 6
Sept enber 2003 nchrgricasnon rejgpiat aare. com)amidxin avdinst Ifreéguendbe haw t he
arrangenent angle of the lowreflectivity portion on the disk can be

specified. |nednperPtasens, idhdentd ftersndd isigral ief Fedtiovenesmotior piracy
prevention is provided by the reflective |layer |evel nmechanism that is, by

the [ow refl ‘%ﬁiiiv\éecg.l%gu:?t.”%@' ok .xlo‘%taft*ﬂéﬁ p‘?x%%é”cotn't% oPrnfo‘ﬂ%”ié OhysS effective

even if the master is a dup?lca e. However, e effectiveness can be

enhanced by c Lnkng gt _wthd hracy. nr j t ni. at the master
di sk |evel. _I%qt%kgd'ar rgaeﬁéﬁ%%f gﬁlgﬁ)e}xa§§ ‘fq[}u'et%?ggvr\‘[/wr gﬂﬁﬁlﬁr&il%ﬁporti on on the
K St e saicinined o 3Bt SRR A TR 36000 dpn e e 13(2). an

played back. If the optical head were moved to the barcode
stripe area by rotation phase control, without switching
between rotational phase control for the motor and rotational
speed control for the motor, phase control could not be
performed because of the presence of the stripes, and trouble
would occur, such as, the motor running out of control or
stopping, an error condition occurring, etc. Therefore,
as shown in Figure 43, switching to the appropriate control
mode not only ensures stable playback of the barcode but has
the effect of avoiding troubles relating to motor rotation.
The second method for playing back the optical disk of
the present embodiment will be described with reference to

Figure 38 which shows a flowchart illustrating the
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have to accurately duplicate even the arrangenent angle of each pit on the
master disk. This would increase the cost of pirated diska%gnq hﬁnﬁf
enhance the capability to deter piracy. (C) A further desctPPRPIRENFII2 be
gi ven of the operation of reading the nonreflective optical marking portion
of the tmo-di%k %@ninated optical disk, focusing on points that were not

t ouched on i APEH V%Yegoing description of the operating principle. That

is, as shown in Fjigure 16, the start position address nunber, franme nunber,
and ol ock nunber Bt SeeoRbalaveacaaetho dis, A {RTAVeRSBESEODRTof 1 T unit,
that is, with a 9 6 _ Septenber 2002 resolution of 0.13 a min the case of
the DVD st and&edfimst pdankack @ethashti onal player) thereby to accurately
nmeasure the optical mark of the present invention. Figures 2 0 and 2 1 show
the optical mark Mekh epscifiadilhg, reehdtrsf pFaghsck Aéthddxpkanati on of
signals (1), (2), (3)) (4)) and (5) in Figures 2 0 and 2 1 wll not be

gi ven here si i I 43C 1S apk; t iphown i n
Figure 16. Tﬂgﬁgggpggggggﬁﬁggggg$é£2292§53rglggfﬁvﬂﬁgﬁﬁﬁlFﬁiyﬁgtes t he
principl e of [ : det.ect i e Ltion of a |ow
refIectivityI%%???@%%%%e%atggggﬁétﬁﬁﬁggéggzkggé%gqaé@,~%3ﬁ¢%h are concerned
wth a DVD, is Lven.belomﬁ Figure IQES) cqQrresponds to Figures 2 0 (1) and
2 1(1). The WeBKSHRICSINEF ARPLEPYNA ThA FirgRF cATEY( 8 EbAPESHINds (o ¢ hat
shown in Figures 2 0 (5) and 2 1 (5).. . Address 603 in Figure 16(7)
corresponds tdiskhaf drswhyper Etgtakes pime (t2) dbsidnguish Deiveer &ve synch 604
in Figure 16('1) corresponds to that shown in Figures 2 0 (4) and 2 1 (4).
Starting cl ockmipebeatte@bal égalfygiormedi6¢8)theodi s poddan tioregplrarduced
channel cl ock nunber in Figure 2 0 (6). Instead of the end clock nunber 606

in Figure 16(pattelrf (F’c{lgléﬁ?§¥ EcRatdhesnnd £hel didh flaffacé.s qappsRgeed using a
6-bit marking length. As illustrated, the detection operation is

fundanent al | v, d1e.4980 BELREAR-CPhand BYR el L{ g 8r rfsSegenber 2002

difference is that a 1- I'ayer ent | a as shown in Figure 2

0 (7) is incl for id .fwi.ng e the.l reflhectivity .portion is
of the one-| easj%t%gepr&&?%? %&9&%&2&%%%&% ggggutélﬂpg{%ltd@flure

provi des a greater anti.-piracy effect, as previously described. A second
i fferonce [stLith £ rRIECKhENY (PESPRRE Ol HOPTHERSTL FEFEPFRAFI y fwo Lines as
high, 1 T of the reproduced clock is as short as 0.13 a nm) which increases
the resol uti owhetdiert ke ddrépes @reoreeqrdepoln ttheninneropextiosnohirtdet hus

provi des a greater anti-piracy effect. Shown in Figure 2 0 is the signal
fromthe firsoptiygdr 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 oﬁtical 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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in a two-layer optical disk having two reflective layers. The signal (1)
shows the condition when the start position of an optical %é OB Eéh first
| ayer is detected. Figure 2 1 shows the condition of the é?% PMPForYhe
second |l ayer. To read the second |layer, a first/second |ayer sw tching
section 827 in Figure 15 sends a switching signal _to a focus control
section 828 whi di therPresant cinyeat igbudsdshammygn fdaurend®2dheo switch the
focus fromthe first layer to the second |layer. FromFigure 2 0, it is
found that thetrdr Kats recoaded désstiia)conanadl blateocamrsa Q36 tdfe theanme

synchroni zing signal (4) using a counter, it is found that the marl: is in
frame 4. Freptbiagndlisk Sonthies BLECA eprrdducexk sehoekabzenber is found) and the
optical marking position data as shown by the signal (6) is obtained. Lsing

this positiGent3er 030 SeptanPES 2002 dpimll. t Pndialbeal ¢hRIK can be

measured with a resolution of 0.13 ~cmon a conventional consuner DVD

pl ayer. (D) Addit+ onal, matters relatin ot twp-di s am_nated optica
di sk w1 PPN BPad T ESR TPl iséﬁ? (8, "8 BBt aBeh posi ti on
information pertaining to_ the optical marking fornmed, on the second | ayer.
Si nce | aser “’BP&%tthﬁeﬁ‘é&”rré’tlega'%ésf r#eqrdgad sAé’é’oﬁ’éIe’} der PR UBERS he sane
hol e, as shown in the process step (6) in Figure Z the nonreflective
portion 8| 5mpyesreiiwandihejumping acebsect iplerdlater oBoaskd urttd Inonrefl ecti ve
portion 826 formed on the second reflective |ayer 825 are identical in

shape. Thi s rieackifapy ehedcomrbbedgrar apectddde VArelwthén Hingutep H4%a, | n t he
present invention) after the transparent substrate 801 and the second

substrate 8G3carsntrdY AalLd st PUpidaehack.aset ¢dIRhus HeaBRELIGM penetrating
through to the second layer to forman identical mark thereon. In this

case, since L nate_arsrang its e differ en the first
and second |"’§@§§‘g‘f n@ﬁdsg{lﬁ)%g ?ﬂ%qlp%g?@el(gﬁal n%l a??'onlghggé%gﬁ en the first
and second |ayers is random n | am,.nati.ng themtogether) the pit

D051 L1 on. wHFeS HAa AT RSy PSRl cad ShIZRER i OpetieBROMRS 11 Lst and
second |l ayers, and entirely different position information i s obtained from
each | ayer. Pmeeseds io RieRiP49f podinditbata apo? W Bhase eorkialyfeed to
produce an anti-piracy disk. If it is attenpted to duplicate this disk
illegally, timgmad7playback 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

_67_



6 Septenber 2002 optical marks on the two | ayers woul d have to be aligned

with a resolution of about 0. 13 ~c m As previously descr] hed, at
& SRtemiec 105,

present state of technology it is not possible to duplicat
aligning the optical marks with the pits with an accuracy of 0.13 a m that

is, wwth an accuracy of the order of 0.1 ~, but there is ,a possibility
t hat mass prBQGeE? djr%"ot:éﬁ‘is*ﬁ](ﬂooﬁreﬂﬁaoﬁe ‘éﬁﬁﬁg%}bq é\j"leflé F5PéRent%d in the
future that enables large quantities of single-layer disks to be trinmed
with a procéddei ﬁ@r%ara%ﬁ%@f iw the isnex aorfoen edsthe Eisk, iand nat case)
since the top and bottom di sks are trimed sinultaneously in the case of

t he two-| ayertepaddldt etle diakr8dGrodehést swi tdhek sonustatienkansperidled t oget her
with the pit locations and optical nmarks aligned with an accuracy of a few

mcrons. Hov@vekoel ito iptapebeckt Ohé rrespedHI923t wiflalhatxathendi gks with this
accuracy because of the tenperature coefficient, etc. of the polycarbonate

substrate. n cal s 1 %o] aApHKI e i ght
V{}ﬁr Bgég)yf]ﬂa%‘?( 1%@%@%& dlinsﬁﬂgﬂ 9aye ARHeKi 19 d1ape4dd ght

penetrating the t , the resulting anti-piracy mark

is extrenely,,difficulst te duplicate., Thi rovi rea anti-piracy

e foot . The B FeaFel ohle i ShERCR BB 48 At an R BBl conpl eced.
For piracy pgev ion applications, in ses where the disk process and

| aser cut pr egg @y ﬁ%’é;ﬁd%alﬁﬁ% %lFﬁff}Wéﬁch%é“%F t%tbf?n@)‘?@-rpl ate type,
the encryption process, which is an integral part of the |aser cut process,
98 6 Semartien @DCheadiskptoceba hgck midl signpladateret encryption key
have to be perfornmed at the disk manufacturing factory. This neans that in

the case of the Singd ethel atweipeypeedde edalegapiceendomtpfien MB&yismai ntai ned in
t he software conpany have to be delivered to the di sk manufacturing

factory. Thige@r@al! in V&GU%P@ airB8 18AQURE ttheOboRG1Y REL DN etEN, tdae ot her
hand) according to the nethod involving | aser processing of |am nated

G oK, SR oeTeSRecy: ShubBr 8LEn 8ack 1 beegy 1L 0o
Therefore, | asel (o' bV McRNhe IEEYRYY BB QRRNTAD BN 3nd AR (RGN med at
compared to the first playback method described with

reference to Figure 3.
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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a factory of the software nmaker. Since the secret encryption key that the

sof tware nmaker keeps need not be delivered to the disk naqyéﬁgéuEigﬁb
factory, the secret key for encryption can be kept in the's FRECREs: 59 of
the software maker. This greatly increases the security of encryption. (E)

As described above, i.n the present invention eqgi i mat e. manuf acturer can
make a IegitFﬁiﬂ@gﬁiéQ bV’ﬁPSEéESPnSOY 6%@?13¥bn89§¥%§n§+ - pur pose | aser
trimm ng apparatus, having a processing accuracy of several tens of mcrons.
Though a mead\GEPh %éerawpéﬁsmtlsn&e%uog» r&kisier éhe stilBes ATebe achi eved

by conventional circuitry contained in a consuner DVD player. By encrypting

t he measur ed neesnded \wenbtizatsegr tiroagbr thet refildadyiveaf 1 kg pnnedtd di sk can be
manuf actured. That 99 6 Septenber 2002 is, the legitinmate nanufacturer

need only hawddassetraedikiey thedseripeasatiers eppariabulse Wehl frofeasuring
accuracy of 0.13 ~cm while the required processing accuracy is tw or

three of ders af PRONdUdRId Qretle W13k | SheSSYEIR LEADLDIGHEL O, Thi s

means that a convection aser processing apparatus can be used. On the

ot her hand, P I nuf ur.e d t ViE: cret key, wll
have to di reg}n“lcgf t’g%@ tbﬁ?%vﬁ?%%/pﬁlé%) Pﬁ?@}errgﬁl&ab%r 85%?@&% gﬁethe l egitimate
di sk. This neans that a physjcal mark coyres ding to the encrypted

posi tion i nf oYRPE orVerAaTSY ,1@?R¥156§¥t§4§na€§¥hﬁ gy ye ﬁckfﬁgelegiti mat e
di sk) nust be fornmed with a processing accuracy of 0. 13 ~ m That is, the
| ow reflectiv@deaik Hesrevense floresgdonsvhap zepkicwesbe frappar affbe having a
processi ng accuracy two orders of nagnitude higher than that of the
processi ng appasahtisinveadidy ushe 4 dditt stmitng fOHAM0Ad0Uras thyol ume producti on
wi th an accuracy higher by two orders of magnitude, '"i. e. , with an

accuracy of OsyhcRArfhidatidhfdddey! 4s Rebhnt BEFIEGRAS 134 (BNd emenomigall y, even
in the foreseeable future. This neans that production of pirated disks can

oo Breyented gkt e Lisesk K, D taptes gl 181 1he
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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few orders of magnitude higher than the processing accuracy. In the case of
CLV, the above nethod exploits the fact that the address i

arrangenment differs fromone - 100 6 Septenber 2002 na??%%ﬂ%ﬁ%%%@gz

anot her, as previously noted. Figure 4 8 shows the result of the

measur ement of address |ocations on actual CDs. Cenerally, there are two
types of masdetaidi Sklowvne recorded by rotating a notor at a constant
rotational speed, i. e. , with a constant angular velocity (CAV), and the
ot her recorded byWheat ghé nptacal deadi ddreasepndteanontialedatadoni ty (CLV). In
the case of a CAV disk) since a logical address is |ocated on a :

predet er m neghanglitedr ppesichi 0 the Hhek,ditdk, optieal ogiatimoneldr ess and its
physi cal angul ar position on the disk are exactly the same no natter how

many master g'g§+<fd1%f suﬁﬁﬁ@- afPoddg emearlli:ﬂar@ trBckdfngaserdichanflV di sk,

since only t I near velocity 1s controlled, the angular position of the

| ogi cal address on.th ster _di i's C n.fromthe
result of th ﬁﬁe%%rrgk‘%r%ao?r?%ggl%gal %r{dgrgggrsgq%%at?}genls%%(%;gaglcthﬁé? CDs in
Figure 4 8, the tracking pitcg,(ftart o1 nt, ang l,i near vei3city vary
slightly frof?diR& moyedirRasteths destanaicony comidod afataiarsai Y% ecor ded using
the sanme mastering apparatus) and these errors accunulate, resulting in

di fferent phyendang ladcatpamidon| furthgurimwarg, of kel eerdiodndatef each | ogi cal
address on a first master disk are indicated by white circles, and the

| ocati ons onagseaonditantis Hiimd, nbSttée PCSlesear398 edists ddrbytllyl ack circl es
and triangles, respectively. As can be seen, the physical |ocations of the

| ogi cal addr ggigaset@rny €R€Mnhefec irtamf@sdmee 6 Hhei somadd. digure 17 - 101
6 Septenber 2002 shows the low reflectivity portion address tables for a

oo 1 e gk srehan eostly s g stshabofrsremiam. e i
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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| evel has been descri bed above. This is, when master disks of CLV
recordi ng, such as a CD or DVD, are nade fromthe sane Iog@%{g“ rgﬁoysing
a nmastering apparatus, as shown in Figure 4 8, the physi cal PSCALT 6n° of
each pit on the disk varies between naster disks) that is, between the
legitimate di sk and pirated disk. This nmethod di stingui shes a pirated disk
froma | egit FREQEIIMBSkITSL SAKIRRF ABvVAMORGeCHY difks addataenddristic. The
piracy prevention technology at the master disk | evel can prevent pirated
di sks at thestoipes kceuehe maderdsd $nnat \empodpyiungedendedonbyt fononft he

l egitimate di sk. However, recent years have seen the energence of pirate
manuf act ur er shecatrdapedThé tfi reoreceddad crtdipecwidl oge eefenbn] eanagake a
master disk replica identical in physical feature to a legitimte di sk by

mel ting the Rﬁhypﬁrﬁogéé%fsglem&{eam fHeCad #QibhARLL rdbskded N this case)
the piracy prevention nethod at the master disk level is defeated. To

P aovi sed LT 25, hF SoBRbF R BF R TRl R NSRBI Ve Taver Tovel

wherein a marKki is formed on a reflective.film Acgqrding to,the nethod
of the pr eseﬁpnggg}gﬁttil%r, B Hhe iRt S8t Of rifd 18RS @ghlﬂi%{eﬁgﬁssed froma
master- disk, - 102 6 Septenber 2002 even if disks are pressed fromthe
mast er di sk, 18goréebbyntr HMise: i am sbewn Ha FégurecB8Dw ethrei capaaityhef refl ecti ve
filmformation process. As a result, the position and shape of the

resul ting | owheeévadiable spacki figr ity ismifgenthatsdovat sate odi skrippesanother. In
a usual process, it is next to inpossible to partially renove the

reflective fid3g vhi lheaBaboftagy HNccoH®iigdfyOnphenTbhé reRb¥E&Mmd 0 enhance the
effectiveness in preventing duplication since duplicating the disk of the

i nventi on dO??SgpgtJ#?fgi’go&ﬂéeﬁCl?érfoﬁ?%rr‘?m&% $HOVEC o df LOGRREAg T O

detecting a 't cate y using the Towreftlectivity portion address

tabl e. The del ay tine .needed t ct e aptical rk varies.only

slightly due steg" PheStcfﬁPfeﬁ’alt egagﬁrtﬁ g#%&rf)%%esﬁ aﬂwﬂc?ﬁb‘”} é)gr oducti on
t d. Thi f the del ti TD ¢ i b icted at th

322?5‘;‘ gfagz gpélﬁsrﬁ%a@pn& @?/a?ilabllen?or ad%li%grlxa %ggord?nggetquli% ed 4 ©

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 gab 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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mass production. The optical mark position information is obtained by
nmeasuring the nunber of clocks, that is, the tinme, fromt frame

synchroni zing signal. Due to the effect of the circuit de §?ﬂ¥?qﬁ§r%992error
may be caused to detected data of the optical mark position information. As

a result, aghegidd gBRe; dirgk rRBDRETd BREGHS ipbsidigad. as being a pirated

di sk, inconveniencing a legitimate user. A neasure to reduce the effect of

the circuit del gy. ti T, 1 Chi ur . scratch nade
on a disk after 6%6‘133Eg’setlar?gt/lucra&tjgéggia%knBgﬂ}(}&gwgﬁn kF}nd[?ft‘i(‘gxrlrbeegr oduced - 103

6 Septenber 2002 cl ock signal, caysing an error of a few clocks in the
measur ement Yofh 1 egpRse 4 Eﬁ@ﬂ“bggition information. To address this
problem a tol erance 866 and a pass count 867, shown in Figure 2 0, are
recorded on a di¥len &hel dutiyl satid ofi the striepa snnthegpéécal disker ance on the
measured val ue according to the actual situation at the tinme of

r epr oduct i onhat hiss,r épgostuct ratiqpésaldwgnal soperortécd twheki fgheapass count
867 is reached; the margin allowed for an error due to a surface scratch on

the di sk camgbgs conting! fl thy $418pe0RYdd, 9B SHAAM i PHiQlre 32 he shipnent of
the disk. This wll be described with reference to Figure 1 9. In Figure 1

9. Lhe di Sk inael BBOINGEddeSLReAORR 1 1ECINCRARhASCRELY B POt L on

. . e .
i nformation he bafcode fecor recording portion of

th t i tion. In st 865b ti [ t ificati
o por for modt S0 SReSFRBBeaRs Com O G LA £an WarkR6Li Bekn | nf or mmt i on

is recovered, Next, if the delay time TID OL a reproduction circuit is
stored in tH&isi hauithedeftaett pheatickening & @t‘i’éﬁ 509 timetdderepr oduct i on
apparatus of Figure 15, TDis read out in step 865h and the process
proceeds to ditskpiBEitiohfsifidei sheraddsess edni be tflayeddracliuehilen appar at us)
or if a neasurenent instruction is recorded on the disk, the process

Then addread RE L e e P o e nent addr e5 Mo i s
- 104 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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6 Septenber 2002 found. The franme synchronizing signal and the reproduced
clock are counted, and in step 865f, the reference optical rk | s
detected. In step 865g, the circuit delay time TDis mas&ggpt%’ﬁbers%qued.
This operation is the sane as the operation to be described later with

reference ta.ELogie; 16( k.S t he I ted inside

address Nm icgste?eg‘gﬁlr (Jatg a%vne stpgp(ssﬁggé?%%a jl w%g]glgeaglrlé(}ﬁgég%oﬁ%he opti cal

mar k posi ti informatiop.i s detected with resel ution of one.clock unit,

e "ot eps MdsarPHoRy) *Boeh SARsCE e plal  Babk S el ot e i si
. . . = h . : . D i ,

o ront on. TibAen G936 HA ortt cPLreb Bt POl ISt ). T s count a6

recorded on the disk, as shown in Figure 2 0, are read to check whether or

not the posintcsessnimcerds o sbes H4dd Wirers, epagsibgnf thd addresd,n t he
tolerance tA If the result is OKin step 865r, then in step 865s it is

checked whet{lgy obbécglhdekédi sabked dunt Fal al edixeedibhetgpahe count. If the
result is OK) then in step 865u the disk is judged as being a legitinate

disk and re [ j ' S qauBierd t ached yet,
t he pr ocesspé(g?l&r%%\sg{bg 3’?@? g'é%gﬁ% falr%h{;é]fr%ggg?t qu QN%)BI% ?42?,@1!}%65” then it

is checked in_step.865f ,whet her LEOr t hon c t. .is_smaller than
NA) and onl prfgﬁg?h%r raggarpcie |%§ %%St%ﬁég%sr gge‘g@écrkggwﬁtéptlg ’2 ep 865s. If it
is not OK thep in step,865v the disk is.judged as being an i|legal - 105
6 Sept enber @5§$dd¢§%téﬁar%ﬁgeoaﬁﬂs | SHTIRESs KA OCRSS MEOEFSYed, since the
circuit delay time TD of the reproduction apparatus is stored in the IC
ROM opti cal teregtiepp84Tn itontinhitor read enPehrflss bibtthieneentsiolhdatier eased
accuracy. Furthernore) by setting the tol erance 866 and pass count for the
software on Ehely dnsktep B47sr ither predencepir abeench off thed FEAI Dlagcan be
changed according to the actual condition to allow for a scratch made on
the disk is checked. If the presence of the PCA flag is detected,

the process returns to step 947c.: otherwise, the process

jumps to step 947m.

On the other hand, if it is judged in step 947q that

there are PCA stripes, the process proceeds to step 947f to

play back the PCA stripes. When the playback is completed

in step 947g, then the mode is switched to rotation phase

control and the optical head is moved to the outer area to

play back a pit signal. In step 947t, the PCA flag in the

control data is read; if there is no PCA flag, an error

message is issued in step 947k, and the process returns to

947m to continue the process.

(E) Next, manufacturing techniques for implementing the

optical disk barcode forming method of the invention will be

described in further detail. A barcode playback apparatus
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after purchase. This has the effect of reducing the probability of a

| egiti mate di sk being erroneously judged as an illegal di ~ hbed
in the above node of enbodi nent, the piracy prevention ne?ﬁ%ﬁﬁ%?gﬁﬁ@bb

reflective layer level forns a physical mark in the pre-pit area of the

reflective fi{f@ Q 5r§%‘*€§£f%&£f59ﬁ§ﬁ§?: the previously practiced physi cal

mar ki ng at the master- dis fed di sk production can thus be
prevented even if, the. disk is duplicated at. the st.er.disk.level. In the
bove ode. of | entiai ey BeaufatSht M eaR g PS B ing! Rt Mhas. used ¢ hat
perfornms secondary recording_on a two-di sk | am nated optical disk by using
a laser. |n the barcede steeprdiprs siethod Wad ksbavslescy Hitdloni y fornmed) and in the
second step, the physical marks were neasured with a nmeasuring accuracy as

high as 0. 13 ~c Im the dase ofii thet barmdet hetardiosginetdwdi pforivasipn was
encrypted and, using the - |06 6 Septenber 2002 secondary recording

means, the epgpMined wifloraRsaiteWes Figuoe B8] ake anibdhamdenianipge opti cal
disk with an accuracy of several tens of mcrons which was the usual

processing_ agGil@chacl B L3l Tt WbherBRbiLal TRNdr AERN 1 914 OF MLl on vas

obtained wt curacy o for exanple, 0.1 a m nuch higher than the

processi ng accuracy of a .canv i on apparat us. ;Since sgch optical marks
cannot be foFﬂ%fatl\%%PH ?‘?{em@c%ﬁ?@cy g*ﬂo.l% Le%ltgfld’us"fr}w ecglmﬁifr gf‘%l ly
avai |l abl e equi prent, production of pirated disks can be prevented. In the
above node ofreqdsgynehtthe haseosi ﬂﬂowlisnﬁﬁ%ttﬁéml&befhefla{@bi obi racy mark
of the invention, which differs fromone disk to another, was used as a

di sk identifbarcodehbapssian ba rerfordeditpeonseczhd hellaiesierseif @ beamber, i. e.
, the disk ID, were conbined together and encrypted with a digital

signature; tleflédtnrens! yid @ded,nfa3r eBéwroN nVBEguzenI®r techin i a bar code and
witten in overwiting fashion to the prescribed region of the~pre-pit

o ot oo SRS R B k8 ke caeuothe e e
repetition period is fu = 1/2t, which means that the laser
frequency can be reduced by a factor of 2. This also means
that, when a laser of the same frequency is used, the number
of barcode bars that can be recorded per second can be
doubled to fu by using the beam deflector 931. This has the
effect of reducing the productive tact (processing tact)

by a factor of 2.

The operation of a double-efficiency apparatus
(referred to as “switch recording”) using the beam deflector
931 will be described below with reference to Figure 29,
focusing on differences. from the configuration of Figure 28.

The beam deflector 931, formed from an acousto-optical

modulator or the like, is supplied with a deflection signal

for switching the beam between a main beam 945 and a sub-
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is also different. The password for one di sk does not work on other disks.
Thi s enhances password security. Furthernore, using the s ndary r. rdi ng
techni que of the invention, the password is secondary-recggﬁﬁﬁ¥mﬁéﬁiﬁ§?disk,
permanent|ly maki ng the di sk an operable disk. The first-half part (I) has
dealt mainly with one - 107 6 Septenber 2002 application node of the
barcode i n wheah 34f¢ bhercdle daflesedord orignabiisadd-tdieskepn dwenti on et hod.
In this case, as shown in Figure 2, the barcode (stripes) 584c - 584e are
witten over stvhtacrwdesorﬁhﬁdube!géamm%&twﬁiph B @aysed threuph e pub-ar ea;
therefore, the tracking is disturbed in that prescribed region. If a:

mar ki ng 584 BYit @b hh@orns 4 Gukedtiipet DY, prﬁaﬁélm@we@am where the

bar code) 584c 584e) is recorded, as shown in Figure 2, it becones
difficult toggec ehy ess/ |t of the marKking.
To avoi d thls69 %g% b f?%%§H5§ﬁ%€EDQQH¥ §§r§h§%5 Qﬁﬁ h&%}ng 941 is forned

ina pit area 941 ibUS_ pQSi i T fer.ent fr m,t he, radi us position
of the stri pg 8?5@%@3%?% b 'Sﬁﬁoefcqll?l‘é Srfﬁpﬁ c{9 @\5 e measured
stably with a accuricy of %Q cl.ock) as shown |n Flgure 20 (5). This has
the effect ofShg pewre @Y abnding §7e§ﬁqne§t9e60dﬁ hdgB ther dealably. In~this
case) by form pi nhol e marki ng destroying only a few tracks) as shown
in Figure 39)de[ﬁgec1‘cm| 03brgwitshenrtheebedmitni thead subtberm 84¢ fr evention can be
acconplished within the scope of the current standard. Alternatively, the
mar ki ng 941 meyobé a4 acoipedcti bhé hesiubsrd-olfatick aubas O PeshBPIN Ian Fi gure 30.
Since the guard band area 999 contains no data but address information,

this has the wgfiegdnmef, aml%baggmsaﬁ@wm a¢dadyr r'acor ded data by
recording the marking 941. - 6 Septenber 2002 The optical disk of

(e Lrvent | ondhage !y ﬁihsé’scm%hhﬂﬁ%lef?gﬁfé'ﬁé%%% SR 0
marking is foc{lgﬁq bf”n lt%%sei‘rco% 1%91%61%“ esletnlc\éeaf aser pu esealblg(\e/ae omf

be produced at intervals of 2t, a laser with a frequency

half that required in the configuration of Figure 28 can be

used. In other words, when a laser of the same frequency is

used, since the stripes can be formed at twice the clock

frequency, this has the effect of increasing the

productivity by a factor of 2, as already described.

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

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

is used here. Conventionally, a bit string consisting of
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of enbodi ment has dealt wth exanples in which this structure is used for

secondary recording of a barcode, etc. and a piracy prevenjjon techpjgque,
but it will be appreciated that such a structure nmay al so %geﬁﬁﬁﬁﬁégbﬂ%

ot her techniques. In the above node of enbodi nent) the optical disk of the
i nvention has been described as being fabricated by | am nating two
substrat es w the aamadhabeyeof dgeand fiser podedst HE0dBal Weens Hosdver, the
adhesive |l ayer may be onmitted, or instead) a nenber nade of a different
material, suchytagha predenetimenkayerdelMBardielysadidsheliid sndanyesui table
structure may be used as long as the reflective filmis sandw ched directly

or indirectlyuggﬁwgﬁgggﬁﬁgzgggf%Er&ﬂﬁ&ét dﬁég:%%ﬁﬁhegiéﬂginegurthernDre, in

t he above node o he optica I'nvention has been
descri bed as & rising substrates as the nenbers that are | am nated

t oget her, but er menbers such as protective |layers may be used: that is)
any nenber that has resistance to | aser |ight y be used. As descri bed,
according to the piE&bntto AGkifvieokhe svateh Zgcprding gfiel ireaéh i ndi vi dual

di sk, for exanple, is converted into a barcode and witten in overwiting
fashi on - 109providiGeptmestiebe 2002 $® thatotwh varyonys pulsemwibdtint he pit
data and barcode data can be read by using the sane optical pickup. This

has the effecbcaufr #iopin foyienginehelepnghaucis,onithid N pheathatk appar at us)
for exanple. Furthernore, by barcoding the marking position information for

use as a di Sksw'ﬁﬂcqlx“?eé&lﬂihﬁeiérb‘b%@lﬁlcér‘iﬂrﬁ’l\’é d8%a 31 WaCBbEdudeMRALY €d

pi rat ed-di sk and ot her | egal "duplication prevention capability as

conpared to ttfgpﬁpgciogrgegrg%trﬁo‘gh{hﬁgp%r v E'&é O%th}%w gHeFdlo%LIr he prior art,

for exanple) & oye el’i berdt el'y™ arrange s in
serpentine faghian en makin di sk | d. Such. a prior art ,method is not
effective in é?k%cng%‘?/@ﬁi bﬁ,t i AR’ zrg)?pg]?%tséﬂcm@ﬁZ@ghorbé:oéﬁs(i’ y made by
exactly replicating t?e nol d shape f{on1 legitimate optical disk. On the
other hand, aF&ésvrfl B4 eb tHacprigdestlanmg ﬁ’t“i‘fgnbl‘éi; fie BREANEEEKI ng

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
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is formed on the reflective filmby a laser and its position information is
coded as a barcode) as described above, the contents of t%ﬁ%%gangoggﬁg made
to coi ncide when naking an illegal duplication. The above- ZPPY ffect
is thus acconplished. | NDUSTRI AL UTI LI ZATI 0~1 PCSSI Bl LI TY As descri bed
above for exanple the optical disk of the present invention is such optical
di sl ¢ on whi barahaearesordedoomien wpt headl ¥ skvber éhe abionveamgprhedcr i bed regi on
of a pre-pit signal area on said - 110 6 Septenber 2002 disk, all or

part of a baTkediscsiptidnt @011 alewetoucht bngprivdabi i thy isete@sesvel y renovi ng
areflective filmin said prescribed region, and when pl ayi ng back the disk

by a reproducti orFigppar g 4s. a t1®cRad Lodandst aheapl HdaekayRhraagk using the
sanme optical p i c¢ kup. - 111 6 Septenber 2002 at is clained is: 1. An

opti cal diSkﬁ?ﬂﬁﬁﬂi??§§$ﬁﬁgi%}Qaﬁorded’ wherein in a prescribed region of

said disk, a tded for indicating whether a barcode-Iike
mark is present npt on saj tical,..disk, said jdentifier and said

bar code- | i ke mar &%Fgeiﬁrﬁé’%&c{iﬁ)‘@g yhai'f f%ée? SRPar ¥y Saﬁsbec?ﬁ’ sai d di sk,
sai d barcode-|ike mark disposed in a circunferential, direction, and said
bar code- | i ke dasexd bedv s ara apparatiust fonfrepaig toackroiftieniof Bars ext endi ng
in a radial direction, and said prescribed region is a control data area in

whi ch physi cahrkasg doemedfonr t¢ ired1eegaredif nbn ofi dn oytiical diiskk i s recorded
and a guard band area, in which at |east an address is recorded, is

provi ded bet Bagrh@&aiifdabesGodRe ldpparavidk odr Bigiardl5afidlcpatrol data area. 2.
An optical disk according to claim1l; wherein one of said bars has a | ower

reflectivity : I Evit a t ween sai d one of
said bars anéltegﬁglt%rear g%feé 3%?85%@%5& Eﬁ’pg%o%ﬁ{c%él ﬂgalatsg%fg%r oducti on
apparatus for ,us ith a disk on which data is recorded, wherein in a
prescri bed ré6P$5?%ﬁ=a§a?EP Ssk, an identifier is provided for indicating
whet her a barcode-like_mark is present or not, on said optical disk, said
identifier and salb e5@laptaoni kel ek hfed peaiedBERTT NG {0 dileuEe ent
| ocations on .

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 um.
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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said di sk, said barcode-like mark di sposed in a circunferential direction
and said barcode-li ke mark having a plurality of bars, each_of said rs
extending in a radial direction, said apparatus conprisind?SF@ﬁFgﬁhgﬁﬁ%n
means i ncluding an optical head for reproducing said barcode-like mark on
sai d optical disk; igentifier det ectj on ans for detecting said identifier
of said optiBAb ANgEN bhdecoRIshICORBHHIOUSEY- control ling a prescri bed
operation based on said identifier detected by said identifier detection
means, wherein salind thiskvayncbudesdng themseedndtava highertorddari2PF 6 Sept enber
2002 hol ding data correspondi ng to physical characteristics of disk and a
guard band aBé3, siHeuateithdelwgmtksaighalontndie datputradaeand said
barcode-1i ke mark , said guard band area including address information
which is readybyt£piid] PplicalimMeadet Pit §RAFHAIORIgRAIE QRES C@lsubegd away
fromsaid guard band area. 4. An optical disk reproduction apparatus
according to iy 3, .M i l: ta a ]S a ed after said
address i nforr%ﬁ}gfne idﬁmg(g{lgtéalz?dgdgggggégé Xqlé;;:llss"'icoﬂ I rdr?gd) i:g?ﬁ%n opti cal
di sk reproduct.i,on par at us accordi tp cl,ajm 3, erein when said
identifier iﬁdﬁglét@avgaaﬁg’élﬁ@esb@ aitgg% %éﬁqqe%e( IBLriRE F1€8Rtrol neans
is signaled not to reproduce said barcode-like mark. 6. An optical disk
repr oduct i onwagplarsiiows aeddr di mgin §isurd P68b) Wsr shal ley ithen daei on of
absence of said mark is output. 7. An optical disk according claiml,
wher ei n sai d sadgt &ss innéovatawi dth ite (sex Figure 86ds) I iafhiang a pi ckup whi ch
reads said data recorded on said disk. 8. An optical disk according claim
1, wherein Sﬁi@r@é@ﬁpﬂxt@@.ndtﬂessSbeeU@i?malﬁﬁlé?-n& bAnmedyuredl di sk
reproduction apparatus according to claim4, wherein when said identifier
| ndi cates abseRaesl1eal fobakaRies | e iBdkei 52id FON IbwieAnS IS signal ed
e- e mark.

not to reproduce said barco . An optical disk reproduction
apparatus acqgordi.n claima4,.wher.ej i ndi i 0 f _absence of said
Tork s out plnetieBE RS Blshvitl Righg B 50 ity 04 gatel
.. AFA. A A A A A A . ACA AR AYH A A5 A AFe. AL AA A, .
R A5. AF. Al e. ?HWé.dm ‘Pf %A. ‘Aﬁ%OEPWP%&.fAﬁ?%Pﬁ“g fiterval width, and
A A AAy. Al. AA. AA A . A[. A . AH AU. ASyL. Af h. AU. A{L. Ah. Ah. Ah. AU. A{ 9. A, U. AU. AL9.
AA% AAY% A@ % theredare,Adisanet Astecidd. . Bg oavaidaphis, . AAS tadkpaSEgmAds AS% ASS. AS
f.AY% A A@Afy. A@ % A. Ay{ % Ay. AF9. A{T. Ay% Af L. A. A@9. Af. AUL. Af{. A{. Anf L. Af.
AyL. A {. Ay% Ayitahhedndy Aeddddtp@aodtinipe is waveshaped using a flip-flop
Q0ABn} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] c: a] calicalieais ahed] e Gage#ll widtNORbmas %reater 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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when performing laser trimming at a factory, it is important
to shorten the productive tact. With a slow-speed apparatus
which trims one stripe at a time, it will take more than 10
seconds to record a few thousand stripes to the full
capacity. The time reqﬁired for disk production is 4
seconds per disk:; if full-capacity recording has to be done,
the productive tact increases. On the other hand, for the
moment, disk ID number will be a main application area of
the present invention; in this application, the PCA area
capacity can be as low as 10B. If 271B are recorded
when only 10B need to be written, the laser processing
time will increase by a factor of 6, leading to a production
cost increase. The scalability method of the present
invention achieves reductions in production cost and time.

In the playback apparatus shown in Figure 15, when n=1
as in Figure 33(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

ber 2002

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,

_81..

" 9109& () - 37109%& () 51008 ()6 SR D-0° 109%:
)-Up _A71010% U&' ()-sy 10% U& ()- F 10% U& ()-Y , 10% U& ()-10% U& () -
U& ()-10&nTi K- 7! 10% U& ()- s10% U& () - Y10% U& ()-Y ,210% U& () - MLO%
- " 10% UR ifnd ivg,1@% U8 (He- pBedert, 1a08ntiah( )tHe abTuo%eer {hede( - 10%
1 Z10% U& () - F10% U& () - 8} Hi K- 7@S10%
9 10%dd8ab] i 77 hd8% W'gh) FicahOo%MmAsiink- 3 MAHeUSHEOTAERNE () -
- >i K@S10% U&' ()- 10% h& ()-Y

10%

10%



10% h& ()-f 10% h& ()-&"10% h& ().-! 10% h& ()-10 ULO ULO UB6i K- Ky10%

h& ()-910% h& ()-y10% h& ()-L!10% h& ()-310% h& ()-Y z10% k& ()+

h& ()-6nM K- K*310% h& () -1 (T10% h& ()-S& 10% h& () - 9$10t£ Eﬁpﬁnﬁéﬁq@o%
h& ()-Y10% h& ()-10% h& () - 4r %i K- K910% h& ()-78&10% h& ()- f5, 10%

h& ()-9310% h& ()-110% h& ()-1 .@0% h& ()-, 10% h& ()-cghij{7i K910% h& ()-|
10% U& ()-Y S10basdiermond.0%hiegny)se widvs weprryduedhioomrachf >@o%
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710% U&' () -sHENY Y& Kdgure338% 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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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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embodiment.
This mode of embodiment is concerned with an example in
which an encryption key to be used during communication is
" recorded as the above-described barcode in the PCA area.
As shown in Figure 46, a press factory 4601 keeps each
ID number and its corresponding encryption key, a public key
of a public key encryption function, in the form of a table
4602. At the press factory 4601, an ID number and its
corresponding public key are recorded in the PCA area 4605
of an optical disk 4604 by using a PCA writer 4603
Next, we will describe how the user who purchased the
thus completed optical disk 4604 can play it back on his

player. Consider, for example, a case in which he desires

to watch movie software recorded on the optical disk.
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Ol:%gl%leai)dlss]rp%ggﬁ(%evhag'q(ygg%xcgngjeof&l%ayment 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 secfet 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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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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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 90lb whether the

software is scrambled or not; if YES, a connection is made

to the personal computer network in step 90lc, which is

followed by step 901d where the user enters the user ID and

software ID. If, in step 90lc, there is a drive ID, then in

step 901f the drive ID data is transmitted to the password

issuing center. After confirming payment, in step 90lg the

password issuing center performs encryption computation on

the drive ID and software ID by using a sub secret key, and

generates a password which is transmitted to the user. The

process then proceeds tolstep 901h. The personal computer

at the user end computes the password by a sub public key

and compares it with the drive ID. If the result is OK, the

process proceeds to step 901n where the software scramble or

encryption is unlocked.

Turning back to step 90le, if the answer is NO, then in

step 901h it is checked whether there is a disk ID. If
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10%v€ () - Nﬂog@n&K()théi%{ocegg proceeds to step 90ln where the software

scramble is unlocked.

In this way, by comﬁunicating with the password issuing
center via the network by using a disk ID, the software
scramble or encryption on the disk can be unlocked. 1In 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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a position information list for the low reflectivity
portion, will be explained.
(a) Laser markings are formed at random in the
anti-piracy 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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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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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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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 wavéform 824 as
shown in Figure 9(a) cannot be obtained unless the reflective
film is removed.
(b) A first method of achieving mass production of
pirated disks by removing the reflective film may be by
laser trimming using a high output laser such as a YAG
laser. At the present state of technology, even the most
highly accurate machining laser trimming can only achieve a
processing accuracy of a few microns. In the laser trimming
for semiconductor mask corrections, it is said that 1 um is
the limit of the processing accuracy. This means that it is
difficult to achieve a processing accuracy of 0.1 um at the
mass production level.
(¢) 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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(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
yvears 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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the low reflectivity portion on the disk can be specified.
In the present invention, sufficient effectiveness in
piracy preveﬁtion is provided by the reflective layer level
mechanism, that is, by the low reflective marking alone.
In this case, the prevention is effective even if the master
disk is a duplicate.
However, the effectiveness can be enhanced by combining it
with the piracy prevention technique at the master disk
level. If the arrangement angle of the low reflectivity
portion on the disk is specified as shown in Table 532a and
Table 609 in Figure 13(a), an illegal manufacturer would
have to accurately duplicate even the arrangement angle of
each pit on the master disk. This would increase the cost
of pirated disks and hence enhance the capability to deter
piracy.’
(C) A further description 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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(4), and (5) in Figures 2 0 and 21 will not be given here
since the operating principle is the same as that shown in
Figure 16.

The correspondence between Figure 16, which illustrates
the principle of the detection operation for detecting the
position of a low reflectivity portion on a CD, and Figures
2 0 and 2 1, which are concerned with a DVD, is given below.

Figure 16(5) corresponds to Figures 2 0 (1) and 2 1 (1).
The reproduced clock signal in Figure 16(6) corresponds to
that shown in Figures 2 0(5) and 21 (55. 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 O(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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detection of the position information and thus provides a

greater anti-piracy effect.

Shown in Figure 2 O is the signal from the first layer

in a two-layer optical disk having two reflective layers.

The signal (1) shows the condition when the start position

of an optical mark on the first layer is detected. Figure

2 1 shows the condition of the signal from the second layer.

To read the second layer, a first/second layer

switching section 827 in Figure 15 sends a switching signal

to a focus control section 828 which then controls a focus

driving section 829 to switch the focus from the first layer

to the second layer. From Figure 2 O, it is found that the

mark is in address (n), and by counting the frame

synchronizing signal (4) using a counter, it is found that

the mark is in frame 4. From signal (5), the PLL reproduced

clock number is found, and the optical marking position data

as shown by the signal (6) is obtained. Using this position
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110% & ()-S 10% & ()-@ 1

shape. This is deplcted 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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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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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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107, SMLOYBE (dr PH3YBE ok1 @0 Rbollar @0 "B ()5, Yh¥BSs{Pion® 1078& () -[dE/

10", Y
information on the legitimate disk, must be formed with a
processing accuracy of 0.13 pgm. 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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DL et B s IS RS T
- p5bC 10" SS310% & () 10% &
10" =10% & () -ved9cdyy 8§’C(L)V)610576 &LQ)CZ;WZGEb@CAV disk, since a
logical address is located on a predetermined angular
position on the disk, the logical address and its
physical angular position on the disk are exactly the same
no matter how many master disks are made. On the other
hand, in the case of a CLV disk, since only the linear
velocity is controlled, the angular position of the logical
address on the master disk is random. As can be seen from
the result of the measurement of logical address locations
on actual CDs in Figure 4 8, the tracking pitch, start point,
and linear velocity vary slightly from disk to disk even if
exactly the same data is 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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10% & () - p+imgpted YNNG\ 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 reflective 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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10 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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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 refe;ence 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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SO ) Y iress Nn is measuted. ' In steps 8631, 855), 865k, and
865m, the optical mark position information is detected with
a resolution of one clock unit, as in steps 865d, 865y,
865f, and 865y. Next, in step 865n, a pirated disk
detection routine is entered. First, the circuit delay time
TD is corrected. In step 865p, the tolerance 866, i.e., tA,
and pass count 867 recorded on the disk, as shown in Figure
2 0, are read to check whether or not the position
information measured in step 865g falls within the tolerance
tA. If the result is OK in step 865r, then 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 OK,

then in step 865v the disk is judged as being an illegal
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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 xm. In the third step,

their position information was encrypted and, using the
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apparatus. Since such optical marks cannot be formed with
the accuracy of 0.1 um by using commercially available
equipment, production of pirated disks can be prevented.

Ih 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 tﬂus 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

- 107 -



/ KAEbC 10B! ~ml0% & ()-f10% & ()-fL10% & () -

10% & ()-10% & ()-2z10% & () - 1n6dEbC 10B! ~f , S10% & ()-9*\/18?§‘§§1 ber 2002
(10% & ()-y9%d0% & () - 9#S10% & ()-! mL0% & () - 6sbC 10B! ~S- 1 "‘((’?-%2
1098& ()- 10\ 10\ 10\Y=10% & ()-&9-10% & ()- 7-10% & ()-6f K dEbC

10B! ~L109B& () =1: 1Q¥B& () .A09B& () 10YB&' ():- YRS QUB&. () -K ~
HIj d EbC 108! ~é<§5?]1‘§ég£§‘f )"g"?dfof? SE{% ?é%%fé‘%'?$-%&§&&*?%@%6g r- Fi%‘%/e&' 0-

EbC . : . .
10B! ~@ 109B&f Y & Pdopkedpish gugsgepyionmedbask: (JoMispeats.- #5100m& ()-, |
PJdEbC '
10B! ~S9109B&shgwna s1bimere( §- chrob@ecqde (stmipwsd 784c sobitemes() - @. Y109B& (
) - PUMWKi bC 10B! ~, F 10% & ()- 10% & ()-10% & ()-! 10% & ()- 10B 10B
10B=1098B&" () wibiaahb6vdiOBhe, pldidr&béd -regl6fd &ttipe area) of the pre-
10% & ()-,z10% & ()-10% & () -, z10% & ()-q[ @ dEbC
10B! ~@* 10% &4 § )ar@ 100K althr & OUQUI &4k QB OP4 &i6nrbEQd & {hat, Y10% & () -

| (" dEbC 10B! ~f Y710% & () - SBS10% & () - S3 10% & () - SOf 10% & () - S.

10% & () - S, Fi028 & bha HRTok OB reSioEhlihg B &y (123t 104k G
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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EbC structure is used for secondary recording of a barcode, etc.
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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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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 CLYV,

wherein, in a prescribed region of a pre-pit signal area on said
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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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identifier indicates absence of said barcode-like mark, said contro! means is
signaled not to reproduce said barcode-like mark.
6. An optical disk reproduction apparatus according to claim 3, wherein an
indication of absence of said mark is output.
7. An optical disk according claim 1, wherein said address information is used for
repositioning a pickup which reads said data recorded on said disk.

8. An optical disk accordiné claim 1, wherein said guard band is 300-um or more.

[{e}

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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