; e3el glﬂﬁmmﬂl SPECI FI CATI ON METHOD) AN OPTI CAL DI SK REPRODUCTI ON
APPARA | G FORM NG APPARATUS) A METHOD OF FORM RKI NG
ON AN AND A METHOD OF MANUFACTURI NG AN CPTIggféﬁh@EFBO&%
TECHNI CAL FBPPY The present invention relates to an optical disk, an

optical disk barcode form ng nmethod) an optical disk reproductj 1“””@
apparatus, a marking form ng nmet hod of formng a B%

on an optical disk, and a net gpmrp?wﬂn%lfacturi ng an optical Il H«MW
BACKGROUND ART In the manufacturing process of optical disks, |t ha&4een
commonly practiced to record a serial nunber, |ot nunber, etc. on each
optical disk in Si i i on cannot be
witten to a pitkgﬁﬁﬁﬁﬁqugﬁ&é @g%ﬁﬂ?g fﬁgg'@ﬁﬁgakgﬁﬁ&ﬁﬁ has been
practiced to wite the barcoded information to a non-information area, or
unused space¥EToRD: N OBT1CH: DAPKIREPRABECTION: HRRAGARES.( Y #9RKENGoack) such an
optical disk, the pit information is read by an optical pickup; to read the
6 Sept enber MNGMWBUS nfAoMEEHODoAF HORNING A LASER MARKIRG N, et c.

recorded in the non-information area, however, a separate reading device
has been usesN OPTICAIe DIBK)Y eANDr A METHOD @fptMANaFAGIIURIKNG ANOBTIGALOr mati on
carrying a serial nunber and the like is not recorded in a pit area but
recorded in grggon-i nformati on area, as described above) a separate reading
device has had to be provided in addition to the usual optical pickup, the

resul ting problem being increased conplexity of the playback apparatus
construction. DI SCLOSURE OF I NVENTION In view of the above problemw th the

prior art, ifehR1cAL FIELD

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

of manufacturing an optical disk.

BACKGROUND ART

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

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

When reproducing (playing back) such an optical disk,

1

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

-~




an object of the present invention to provide an optical disk wherein data
such as a disk I D nunber) etc. is converted into a barcod%ugnq recqégﬁd in
a pit area in overwiting fashion, thereby permtting the QPiRpber gle
optical pickup to read both the bit data and barcode data. It is another
object of the invention to provide a barcode form ng nmethod, etc. for such
an optical disk. The first inversion is an optical disk on whjcgh data is
recorded wi ﬂpprégg,,edv\)ﬁgjpéinﬁlqnnsgc @sér?%&?r%ﬂ? SR of t& BF%Qléie signal area
on said disk, all or part of a barcode is witten in overwiting fashion by
sel ectivel y kertbei pepinfernaidonvara,| hoveveyai 8 shresers segdivgion. -2 6
Sept enber 2002 The second invention is an optical disk according to the
first inventdeoncenwhas dieenaussstrol data area is provided for holding

t herein physical feature information concerning said optical disk, and an
identifier for indi¢ed iabgvé Nripresenopt Dialadsskicainte siaifdriayioade is
recorded in said control data area. The third invention is an optical disk

accor ding 't ocdiiAgCAndri A ailither: aiEhe! 11i@ baod- banstqaliem yher e no data

is recorded 1s provid etween said control data area and said prescribed

recorc Vided between ntrol data ‘area prescrib
nccording + T hETFRratt HROBeChT % mbRe bt B PR . T orned i n such a

manner that two qQt npore barcode signal s,cannot.occur within one prescribed
L slot . TRESURef (HGNET o So0RERt IEPLLIE BPLSEaSRATA0 RS the 11t

i nvention) wherein said barcode contains data at least including ID

i nf or mati on P¥RvGdedyinyiaddihtion $ai theopsrahiondics! PEREULt Khenvention is an
optical disk according to the 5th invention, wherein said barcode contains
dat a i ncl udi ngsulitingdutiobilem HedngaintrieBsedfoomphexidry, of thebplaybeek of a
public key encryption function corresponding to said ID information, said
public key isppiradus contriydiiopr escri bed data, and the encrypted prescribed

data is
| 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.



transmtted to an external party in order to obtain fromsaid externa

party a password required to reproduce said optical disk. 7 i ntion
is an optical disk according to the 5th invention, wherei rsl-gs.é |ed‘g%52%§
information is encrypted or applied a -3 6 Septenber 2002 digital
signature to. The 8th invention is an optical disk according to the 7th

i nvention, whereify a secret, key of a public, key ,encryption functjon is used
when appl yi ng enc lsie%ncgrmae%til&nt &F &} Qﬁﬁiﬁeledfgk 'Cafﬁti‘% PoFMati on. The
9th invention,is an optical gisk according éo any one of inventions from
first to 8th IirghelieRtsend aRESidaP SRRIOLsIZiGnaT#ickSeAY Y sifdt wor

di sk-substrates | am nated together. The 10th invention is an optical disk
bar code for niheddieg Hbareinrembyaigall fedtyresénfonmghdon rcorcarnirghsasdurce is
made into a rectangul ar beam pattern by using a rectangular mask and said
rectangul ar lpiancphtdiskn drsl hocideadibiera foefimditaving ithen presanpe eorpi t

signal region in a prescribed radius portion of an optical disk on which

data is recorgiednc@d 8hid MArsade iki P@dordal dirPRhigadondirsk datar Féd ed,
thereby formng a plurality of rectangular reflective-fil mrenoved regi ons

b de int g adi, Hs: QoL LI - Sai o ef | fel | th
Mvention s an obld oAt ai o ehei0de FOARFER DR ASRLE R ' Phe Sl

i nvention, whereinpn. said opt.i cal _disk, includes.,a control data area for

hol di ng. t her et Py c NSz Br &47RT BHELr 67 WBRE S hiRGsH d BPETRar Sdi sk,
and an identifier for indicating the presence or absence of said barcode. is
ecor ded i n SHOIEHhDEGHEnEa1 A bR T A da15, & 4angBAIAA PEoar I Bpe 1 Koat o Gk
barcode form ng nethod according to the 11th invention, wherein said

bar code is fdia+ddprerpis Slalaée?ﬂf@?ber 2002 such a manner that two or nore

bar code signals cannot occur w thin one
The 4th invention is an optical disk according to the first

invention, wherein said barcode is formed in such a manner that two
or more barcode signals cannot occur within one prescribed time slot.

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



prescribed tinme slot. The 13th invention is an optical disk barcode formng

nmet hod according to any one of inventions from10th to 12 i aid
optical disk is constructed fromtwo disk-substrates | am hge@%egejpggr.

The 14th invention is an optical disk reproduction apparatus wherein
recorded contents of a recording area, recorded by formng pits on an
optical disk, are reproduced by using a rotational phase control for a
mot or, whi | edigbt@ldsdgrainrents of a different recording area other than
said recording area, recorded by selectively formng lowreflectivity
portions on a reflhec8tivenviehtidm isaard ogitif &k etk rawordimg tar ey Tahe
ropr oduced by using rotational speed control for said notor, and the

recorded contgapémioh, SedteifCOIKichgt Wegaofndl pub®id &egr sech ypansefuacoforsai d
different recording area are both reproduced by using the sane opti cal

pi ckup. The l?t@séd”\ﬁﬁé‘ﬁia‘b’iﬁl?fné‘%n@?&ﬂﬁ%h G SK d8 8PFAAYE bA DN r@PRRATSAL HSID

according to the 14th invention, wherein tracking control Is not perforned
in said diff@ﬁﬁ&%mk§88rding area. The 16th invention is an optical disk
reproducti on apparatus according to the 14th invention) wherein tracking

control is, in effec perfornmed.in said.different recording area. The 17th
invention is an o’%‘[‘ii éiéll'l1 1(55"§Rh%ﬁ§d%tqp he lpﬁﬁﬁgt%fswéﬁb%% dont¥ (9nfh%tt116t h
invention) wherein a rotational speed is. the rota&ional speed that woul d ge
achi eved in davenidionsefeam fisst t9 Spueiberefog2li¢ cpsiephdllgkeks icpngigiugte
rotational phase control were applied. The 18th invention is an optical

di sk repr odufrportweppaskrsubs srat@sdi aminased htogeaher.i nventi on, wherein the
rotational speed of said notor in said rotational speed control is

mai nt ai ned at a ffhesdftibediveatiom hasad opnical e@duk thaxrbbde nfedmbyg meaked i ng a
mninmumlength pit in said different recording area. The 19th invention is

an optical diwﬁléréﬁpF)QQslé‘@ ileReRPNghet fiomaachightngolizet RS dalehinftvanti on,
wherein said lowreflectivity
rectangular beam pattern by using a rectangular mask and said
rectangular beam pattern is focused on a reflective film in a pre-pit
signal region in a prescribed radius portion of an optical
disk on which data is recorded, and at the same time, said
optical disk is rotated, thereby forming a plurélity 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 llth invention, wherein said barcode is formed in



portions are a barcode fornmed by selectively renoving said reflective film
The 20th invention is an optical disk reproduction appara I to
the 14th invention whererein said lowreflectivity portiohgﬁﬁﬁgﬁgﬁgbag
barcode,said diffrent recording area is al so such area to which contents
are recorded with pits, and when reproducing the recorded contents of said
different recording area, a high-frequency-conponent signal generated
during reprodauth enmennemitiapi two whimdreabardodensighalis caindtdpeédwr eathin one
recording area is reduced or elimnated by a | owpass filter, thereby
maki ng it pospréseribedseiprr alet.a signal which is reproduced from said
barcode. The 21st invention is an optical disk reproduction apparatus
according to the Ipheh)3fvanleRfion e R BpEadal oWk HRrk8ed iferhYnPHekhods are
a barcode, and when reproducing the recorded contents of said -6 6

Sept enber 200 i1 ff.ere C I3 ; i 1.0 of, .a;siign aLhed by
reading said %?%%J&Zlgi 28 idr’rll?r glg%ggg%@eglqp%?{éggrr%e%&v}& &Phléﬂr%'g ?h%ﬁahe%és]lucged
wi th sanpling | ses ,froma contro tion. The 22nd_invention is ,a

opt | car i sk PBbI Gt o sappErgred dEbafin, Sk P srAteT riharedotestther,
14th to 21st) wherein_said optical ,disk is, cqonstructed fromtwo

di sk-subst rates | dmenad By lnyaetinar 1s Bieopbichl AYEnttesRoduc tdAN RAEAL U sk
reproduction aﬁparatus according to the 14th invention, wherein said
optical disk Whetreideseeonssdt contedssofmearéanrdiog dineg, t hesazidad ghwsi cal
feature informati on concerning said optical disk) and an identifier for

i ndi cating théopmagepies am ahseptdeadfdishi datmrepredicedr ke arsdeg 4 mosat itbnal
control data area. The 24th invention is an optical disk reproduction

appar at us accehaiaGon®rél Fo 2motvheriing AddRded eafiteats @Fopded contents
of said control data area and judging the presence or absence of said

bar code, it i g;@eLali PachuIRk hileadBuil Leal gk oHg GiBg, Moved to an

i nner portion Oor an outer porélon o€ sai d optical

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

the rotational speed that would be achieved in said different



The 25th invention is a marking form ng apparatus which conprises: marking
formng neans for applying a marking on a reflective filmJforned o di sk;
mar ki ng position detecting neans for detecting a position c)eR¥HPBF¢29§Eing;
and position information witing means for converting at 6 Sept enber
2002 | east said detected position information or information concerning
said position information into a barcode, and for selectively renoving said
reflective filmcooding teesaifd sbad cowdet{enadnpbatd cahtxtilskena applcéd.data is
recorded with CLV) wherein all or part of said barcode is witten in

overw iting fashi oThd a8ghpieaatibedsr egiaprioa] alipkerdlirodat givel appeatas sai d
optical disk. The 26th invention is a marking form ng apparatus accordi ng

to the 25th ineptdy tWheiei1thail el Sén,| Whepdisl kHEtRAak i OB WBeed of
di sk-substrates | am nated together. The 27th invention is a marking formng

eans accor di g ;o 2018 VSR RAM1 VIR Coriabyl ROl ot loAf gf TIRLT O

writing means I ncludes éncrypting nmeans encrypting at ast sai
detected position infornmation or . informti,on_concerni ng said position

i nf ormati on, ASH1aed VabHE ased ahué ErmilypPBeingd oy deAR e rirh iz iy
invention is a marking formng aggaratus according to the 25th invention,
wherei n sai d P6SEER GG ARosaigh dohragenti FRFOFEARS R8I udes digital signature
means for applying a digital signature to at |east said detected position

i nformation or i nfBherdOtbninventéomiisgasaintipelidisénréproduatitdnoappanadushe
witing at |east said detected position information or information

concerni ng saigtcpeding an thd ddnht iroentbems whetréimgalidflowraéflertioivyerning a

result of said digital signature

portions are a barcode formed by selectively removing said reflective
film.

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

said low-reflectivity portions are a barcode, said diffrent
recording area is also such area to which con;ents 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



_g_ 6 Septenber 2002 application to said disk. The 29th invention is a
reproducti on apparatus which conprises: position information readi ans
for reading position information of a marking or infonnniQ$#%ﬂmg@gﬁpgg
said position information, said position information or said information
being fornmed by (1) applying a marking on a reflective filmforned on a

di sk, (2) de | posi L fLh W cTo I ) I ernt. ? tected said
position inf g?ﬁ%‘%&grﬁ gersdotsrg?@g %rxflg%'r (rarta i g%af}ﬁtog g %l%?lggdéﬁﬂggge %ywri ting the
barcode with selective renpvi.ng.said refl ective fi, on id pptical disk
on whi ch dat EERA e BT GaTGPIS 1BV IACHESRE iy PeBiRSHg HEA SEBranEaci ng
information concerning a physical position of said marking . '
conpari ng/ j udBemdregsaied MaEh pampding mylsenfaemsarroatnc} ve§eh®ht by using a
result of reading by said position infornmation reading nmeans and a result
of reading by sailhen@2id igvemtaddnnis remanpticalddigpredueduny ineaampafretus

repr oduci ng data recorded on said optical disk in accordance with a result
of the conpantserdiagdts uhgesmntofpenfemtiess Bromal 4thc eop2ldtnovhatddinngaidans,
wherein all or part of said barcode is witten in overwiting fashion to a
prescribed rgghah10l; sk PisCrhhdt rit oiRIrrahof® R SRt dibQPEd 6l 18hHatedNeo3Rhbr.
invention is a reproduction apparatus according to the 29th i nventi on,
wherein at | east [ t ogitjon._i r ' | f; i

Concer ni ng said pugt €95k FRPEFGRT Foie Bohial BT 320200l bifh SbaPisns, o
sai d di sk by position_inforpation wi.ting.,means. The 31st .invention s a
repr oduct i onaﬁﬁ‘bra‘ilé‘tgugoa oﬁﬁmdni’%"‘tﬁﬁé' 361%%%& BBPlc\ﬁil]le?’eﬁh 1518? es a
position infornatiog writing ne%ns jnclgdes encryptigg means_for encrypting
at | east sai §OBEYMcaH2 Fg8At fh hphdBRmkhe B NoPRY Hifced it tome cHHOSMAL Yl sai d
position information, and said position information reading neans includes
decrypti ng meaneewdmgesaidhdptiralodsslt,d asdcany jdentifiieantor and by using said
decrypting nmeans, decrypts said encrypted position information or

i nformati on dadteatiinggtisaipde pasiet borabsehos roft isaid bEreod2rid i nvention is a
reproducti on apparatus according to the 30th invention) wherein said

posi tion i nf geaBtdd iWw sdildngomBansdaticlagdges digital signature neans for
applying a digital signature to at |east said detected position infornmation

o o1 on oIS ACAOE PRk AL pafoteh aciog o
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



to said disk, and said position information readi ng neans i ncl udes

aut henticating neans corresponding to said digital signat ans, d
position information extracting means for obtaining said gﬁg?ﬁgwﬁefﬂﬁﬁ

information froman authentication process perforned by said authenticating
-0 6 Septenber 2002 nmeans and/or fromsaid information concerning the
result of said digital signature application).when an.output indicating
correct ness ofeas':'éi ﬁa%dndﬁé%‘f?e(fjaf’?%]rﬁtoésb’l"{orim?)‘b‘?'bé?ﬁcé’afqrr"’ﬁ Yhi d

aut henti cati ng neans, satg coqparingéjudgLng means perforns the conparison
and j udgementCanFeraindy Sehe RSItLonANTATEEHEN BM LBt BRTfOdepyarhitar posi ti on
informati on extracting neans and the result of reading by said marking
readi ng meansyel®ediwhlon remdvinguspid riefiliectitiengi boteeetitessaid not produced,
the reproduction is not perforned. The 33rd invention is a nethod of

manuf act uri ncharcdidskto \ahi ot izaipdiskesnt wiel ¢t dpsa dfs: réaymiedowisth | east one
disk: formng a reflective filmto said forned disk; applying at |east one
marking to sagy,reflective film detecting at |east one position of said
mar ki ng: and encrypting said detected position information and witing said

encrypt ed inforna%h -gp?g%qﬁl agf%&?s&ﬂ?ﬁ%59$d¥h§”wﬁﬂ§%gpiﬁ”9 and witing,

at |l east said encrypte ormation is converted into arcode, and said

barcode is witten. selectively r i id. reflective filmon said

di sk on whi ch®'dAt" l%ngr 38%‘5%?& % ¢ ﬁ%gg%ﬂgerg;%ggxlonopkp%ar o?“sai d barcode is
witten in overmwﬁtin fashion to.a,prescribed region of a pre-pit signal
area on sai d SHEWRL arég on syldsaptiGAledishH02 The 34th invention is a nethod

of manufacturing a di sk, which conprises the steps of: formng at |east one
di sk: forning a réahpetithvéntentipnolsai Barkingefonis: appasRyis RCaer idwstoone
marking to said reflective film detecting at |east one position of said
mar ki ng. and tippl2pithgirvedi jorn,awheraimssaie disksas dodetentted fummi twon
information and witing onto said disk, wherein, when applying said digital

si gnat ure andd ygli-subgiraales! Bagihated agbthed. said digital signature is
converted i.nto a barcode) and said barcode is witten by selectively

Ef:;)‘)v;ﬁ ifi ga; ?f g}ﬁ@;%?i“tgx Eg@rr%ﬂotggns?@‘i AaBki g FOFH G A hScd@eAgdes W th
the 25th invention, wherein said position information writing means
includes encrypting means for encrypting at least said detected
position information or information concerning'said position
information, and writes contents thus encrypted to said
disk.

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

and the writing at least said detected position information

or information concerning said position information means

writing information concerning a result of said digital signature



being witten in overwiting fashion to a prescribed region of a pre-pit

signal area on said disk. The 35th invention 'is a disk\Méﬁé%ﬁmgng&éing

is formed by a laser to a reflective filmof said disk hol itten
t hereon, at |east position information of said marking or information
concerning said position information is encrypted or applied a digital
signature, at |east said encr&e{eﬂ information or digital

si gnat ur e- app@RBEFAtIPBr HSRO%h 4iSKconverted into a barcode) and said
barcode is witten by selectively renoving said reflective filmon said

di sk on which dat alhes 2B e dingenit \gnt hS@_Wﬁpéqf_ftuﬁﬁobaﬁﬁpaéﬁ%saiwb15‘%1r(‘c9§’9§1%%ﬁan
witten in overwiting fashion to a prescribed region of a pre-pit 6
Sept enber 2002 si gpesdli téomd ndnrmaiidn dresd in BRicERSs DESCRIERT L 10N poB 1 THE DRAW NGS
Figure 1 is a diagram showi ng a di sk manufacturing process and a secondary

recordi ng prodagermdendsna harking or endotmeidadeomErnthgwadd2(a) is a top
pl an view of a disk according to the enbodinent, (b) is a top plan view of

the di sk accondingid® ihbermaResl Rl pdsikidb® iR fbeRaflloanoy i @ dofndifia i &K
according to the embodinent) (d) is a transverse sectional view of the disk

according to i ) § I : j 1 Qf ced
S gnal accor aPAgef CETIRL AT ihaiFlad B BelBrE GhR SLAREARY £RL PREREL T
process of recordipng,en pted position.information an a djsk in the form
of a barcode QBcér&% K@ytdﬁée?)ﬁégeﬁ?sﬁﬁf%d‘?mﬁmﬁkdﬁge gj)i §ORVEHitan8 am
showi ng a disk fabrication process and a secondary recordi ng process (part
1) accordi ng tdeteeedrsasemoséhirilpbernatipyuite ssid sinfogragioamiatowi gt ¢ade
di sk fabrication process and the secondqrﬁ recording process (part 2% '
accordi ng to thengrelamitimgste marcodeinjihesslactiveldi agneningheaihgeflective
two-| ayer disk fabrication process (part 1) according to the present -13
film on said optical disk on which data is recorded with CLV;
marking reading means for reading information
concerning a physical position of said marking:
comparing/judging means for performing comparison and
judgement by using a result of reading by said position
information reading means and a result of reading by said
marking reading means; and
reproducing means for reproducing data recorded on said
optical disk in accordance with a result of the comparison
and judgement performed by said comparing/judging means,
wherein all or part of said barcode is written in
overwriting fashion to a prescribed region of a pre-pit
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 presen adi ;
Figure 8(a) is an enlarged view of a nonreflective porti o%" %E’? ?%26% ed

type according to the present enbodinment) and (b) is an enlarged view of a
nonrefl ective portion of a single-plate type according to the present
enbodi nent; Figure 9(a) is a reproduced-waveform di agramfor a

nonr ef | ecti ve toosaidnligkchy dosgtian tihEoymaddentwrdkibogimeans;, (b) is a

repr oduced- wavef orm di agram for a nonrefl ective portion according to the
present enbodi mentThd cBlss imveapidddeed-mpreduwrviodi agparatioracgording to
nonrefl ective portion according to the present enbodinent, and (d) is a

plan view of ahpashel idivekt PnodueadilRy a master disk nethod Fi gure 10(a)
is a cross-sectional view of a nonreflective portion of the |am nated type

according o the PLeelbs PHRALKAEHnac Bl etk AF BahE ONR1986L [ ARR VG nBn?

nonrefl ective portion single te type according t he present
enbodi nment r cg i HEﬁ on
t hrough a traégﬁlgn%éwtngéﬁ: §g§%§§6g6%%%% q%%??dﬁpﬁg?g crgééaétctlon of
t he nonreflectlé ﬁgrtlon accordlg%B éggﬂgres odi nent; -14 6
Sept enber 2002APEPHTR oMo EQfcaTaIRE S3idsD OW% %% &% sk accor di ng
to the present enbodinent, and (b) is_ a crosssectlonal vi ew of the
nonrefl ective portse EPSihONdiBiOrAEsbo™inegding Meanpddudes desaymicng: means
Figure 13(a) is a diagramshow ng a physical arrangenment of addresses on a
| egi ti mat e CD cacrespbnujngotd tsaidndrudiypeing maans,( andi by aisphg siaddl
arrangenent of addresses on an illegally duplicated CD according to the
enbodi ment :  Fi dpeirepi{gahmebss,a ddcagitdmsabd wnogy prdd po$Itioh Figure 33
information or information concerning said position
information.
The 32nd invention is a reproduction apparatus according to
the 30th invention, wherein
said position information writing means includes
digital signature means for applying a digital signature to
at least said detected position information or information
concerning said position information, and writes information
concerning a result of said digital signature application
to said disk,
and said position information reading means includes
authenticating means corresponding to said digital
signature means, and
position information extracting means for

obtaining said position information from an

authentication process performed by said authenticating

._IO_



in further detail) (b) is a diagram show ng an equival ent data structure

for ECC encodi ng/ decoding, (c) is a diagram show ng a mat hegat.i cal ation
for EDC conputation, and (d) is a diagram show ng a nathegﬁgaﬁgmg@aﬁgﬁion
for ECC conputation; Figure 15 is a block diagramof a lowreflectivity
posi tion detector according to the enbodinent. Figure 16 is a diagram
illustrating the principle,of tecti.ng.address/ cl ock positions of . .a

ow ref Lectvi ty poPERbh B0CoF APAS TS Hel BRBLLTsARCe BT g6 ha Forul §

di agram showi ng a conparisaon of low reflectivyity portion address tables for
a legitimate disk afd sridupietiadedlgnagure qu@i#%atl@ﬂ'i s a flowhart
illustrating a procedure for encryption, etc. using an RSA function-
according to the whenoah matput -ingicatingepornfssneoD® Feidire 18B is a
flowchart illustrating a position information check process according to

t he enbodi neauthéntgeaeidd resubt fikoyrdiacedifidomssaind ianghendiewtigf | ectivity
position detecting program according to the enbodi nent; Figure 20 is a

di agram showipagng, datigcidipa Ggexquagax@;m@aﬁé pRL £ M th B dRipagi gdrgnal
odal nent .

according to the present e igure 21 is a diagram show ng a

d d ] . ki na .si . i h
enbodi ment . Ergurstestre BRIl KRE JERELOP iREORR RACRYRNEg 1 LD Present

mbl e identifier .and the swtching b drive |l d disk D i
o1 0r am 1 nst AP P P ABSRP RGP A IgoC b thdepr o cath TRABSORHERE Fi gure 23

is a block diagramof a stripe recordin .
reading by sai ma?klng rea 1nggmeans, and when said output

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

signal area on said disk.

_ll_



apparatus according to the enbodinent: Figure 24 is a diagram show ng a

signal waveformand a trimm ng pattern in RZ recording ac di.ng, to e
enbodi ment: Figure 25 is a diagram showi ng a signal wavef %%ﬁpéﬁgbeo{%qb?mn ng

pattern in NRZ recording; Figure 26 is a diagramshow ng a signal waveform
and a trimmng pattern in PE-RZ recording according to the enbodi nent; -16

6 Septenber 2002rEl Gur, IS i.agr O\ Vi di.sk
stripes, along vv.“?%%tgng"e\?gég‘f grsng)@c@gré(‘j\f %nﬁg&?ﬁg@é%glﬁg’n?{m&hgur e
28(a) is a perspective view of .a converging unit according to the

embodi nent ) GAHT LRSS itg‘easﬁ‘?pégpg'm showi ng a stripe arrangenent and an

em tting-pul se signal: Figure 29(a),.is a perspective view of the converging
unit, wth a beahPdtmegeat aéﬁﬁ@ﬁﬁééskhereto, according to the enbodi nent,
and (b) is a diagramshow ng a stripe arrangenent and an emtting-pul se
signal ; Figure 30orming dixefrlanttteodiby tcheasd rfamgedetitskéf stripes on a disk
and the contents of control dada according to the enbodinent: Figure 3l is

a flowchart il uspphtinggathdwagsondneomariothg its saiidt edflkchevwefiimCAV and CLV
when pl ayi ng back stripes according to the enbodinent: Figure 32 is a

di agram show ng gefddtiRg #¢ 63230 bn@NpasiiiBsSoAlddd Ofhrkiflgskar@ccording to
t he enbodi nent: Figure 33 is a diagram showi ng a data structure after

(a)
COC encod 19, <Cogsghiig g 4 ST IEERe +bEko PR O ARAEN 10 2 Sita
(c) is a d‘%ﬂﬁ%@hg?ﬂ%{Qﬂd%ﬁi%gggﬁﬁ&%rggﬂfﬁﬁgﬁi0” capability 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



to the enbodinment: Figure 34 is a diagramshow ng the data structure of a -

17 6 Septenber 2002 synchroni zation code; Figure 35(a) J di a
showi ng the configuration of an LPF, and (b) is a di agramés%?)‘?{ifrﬁ'be%iof%’IF

waveformfiltered through the LPF. Figure 36(a) is a diagram showi ng a
reproduced signal waveform according to the enbodi nent, and (b) is a

di agram f or Eﬁghgiqg%g_gncg .naigpal accuracy of a stripe according to the

enbodi nment : ure i S a di agram showi ng a synchroni zati on code and a

| aser emtting pul se signal waveform Figure 38 is a diagram show ng a
procedure for reading control data for playback according to the

enbodi nent; Figure 39 is a diagram showing a top plan view of a di sk having
a pinhole-like optical marking as a physical feature according to the
enbodi nent: Figure 40 is a di agram show ng a procedure for playing back a

PCA area in BRIEEMSSEIBN Mo0Hi THHMRAEDNISi ng to the enbodi nent: Figure 41

is a block diagram of a playback apparatus inplenenting rotational speed
control accordi ngFigurteh® Esraodiagrdm skowingea 4 sksmanuflagtkr itigagr am of a
pl ayback apparatus inplenmenting rotational speed control according to the

enbodi ment: Hr@dees bhd 8 feddndeky HeabF@NObrécdsaybanidiapray ahes - 18 6
Sept enber 2002 i nplenenting rotational speed control according to the

present embodiment;

Figure 2(a) is a top plan view of a disk according to
the embodiment, (b) is a top plan view of the disk according
to the embodiment, (c) is a top plan view of the disk.
according to the embodiment, (d) is a transverse sectional
view of the disk according to the embodimént, 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

_13_



enbodi nent; Figure 44 is a diagramillustrating a piracy prevention

al gorithmaccording to the enbodi nent; Figure 45 is a dia m f or

expl ai ni ng barcode encryption according to the enbodi nent;gélgf“ﬁtﬁ?‘@eﬁ%oqzs a
di agram show ng anot her application exanple of the barcode according to the
enbodi nment; Figure 47 is a perspective view showi ng a nonreflective portion
formed in a twp-layer disk according to the enbodinent; and Figure 48 is a
diagran1showﬁggoéﬂ%%ﬁﬁarison of address coordi nate positions on different
mast er di sks according to the enbodi ment. Description of the Reference
Nurer al s 584. LOWiREFeECTIsVRTY.#0Rm shhovingetha cwp RENEECTi Sk TY LI GHT AMOUNT
DETECTOR, 587. LIGHT AMOUNT LEVEL COMPARATOR) 588. LI GHT AMOUNT REFERENCE
VALUE) 599. I[febr REFRIIECTPNICEYS PQRECR) SRARTA END tBOSIET p@ds®ETECTOR, 600

LOW REFLECTI VI TY PORTI ON PCsI TI ON DETECTOR, 601. LOW REFLECTIVITY PORTI ON
ANGULAR POSI Bmbbd IemAL OUTPUT SECTI ON, 602. LOW REFLECTI VI TY PORTI ON
ANGULAR PCSI TI ON DETECTOR, 605. LOW REFLECTI VI TY PORTI ON START PO NT, 606.

LOW REFLECTI VI T FGRTL UINDS L) NP o600 Thi/fo LAY GFRREGIGR) 81 6. DI SK
MANUFACTURI NG P SS, 817. SECONDARY RECORDI NG PROCESS) 818. DI SK - 19 6

Sept enber 20 UF T ; . Y RECORDI NG
PROCESS STEP%,%rg%‘T o@%%aﬁ%@% %ﬁ%gg&ﬁé E&‘E@E@@o ENCODI NG MEANS)
831. PUBLIC KEY ENCRYPT] rg;l 4833, FI RST SECRET KEg, 834. SECOND SECRET KEY,
835. COVBI NI NEPREFANGEN, 2akdb) RE-@RDP S TR o © 337.“°E§?zép§-° ECTI ON
ENCODER) 838. REED- SQLOMON ENCODER) 839. | NTERLEAVER, 840. PULSE | NTERVAL
MODULATOR, S#Priipiook 8| $iglevtratine agogrding ¢ENERARLEEEndoo. | NPUT

SECTI ON, 91Q RZ MODULATOR, 913. CLOCK SI GNAL
embodiment;

Figure 9(a) is a reproduced-waveform diagram for a
nonreflective portion according to the present embodiment,
(b) is a reproduced-waveform diagram for a nonreflective
portion according to the present embodiment, (c) is a
reproduced-waveform diagram for a nonreflective portion
according to the present embodiment, and (d) is 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;

_14._



GENERATOR, 915. MOTOR, 915. ROTATI ON SENSOR) 916. COLLI MATOR, 917.

CYLI NDRI CAL LENS, 918. MASK, 919. CONVERG NG LENS) 920. FI TtTI ga%ﬁg
921. SECOND TIME SLOT) 922. THIRD TIME SLOT, 923. STRIPE, 92%P'P 25
FI RST RECORDI NG REG ON, 926. SECOND RECORDI NG REG ON) 927. ECC ENCODER)
928. ECC DECODER) 929. LASER POWER SUPPLY Cl RCUI T, 930. STEPS (I N CAV
PLAYBACK FLOWCHART),, 931 %)(E\sq1 M DEFLECTOR, 932.. SLIT, 933. STRIPE, 934.
SUB- STRI PE, 935. ert sﬂ@\a\wr@éwrf@ﬁnabyeewaﬁm@s ATA AREA, 937.
STRI PE PRESENCE/ ABSENCE | DENTI FI ER, 938. ADDI TI ONAL._ STRI PE PORTI ON, 939.
ADDI TI ONAL STRIGRBI #RESERCEIABSERGE |eDEMTimenER, argiadb) SFERS (FOR STRI PE
PRESENCE/ ABSENCE | DENTI FI ER PLAYBACK FLOACHART) , 941. OPTI CAL MARKI NG

(PI NHOLE) , 94¢rosBEed’4 oBEMAwATOR)heOABnrdfREY t DAd poAIDRESS HREAisR45. MAI N
BEAM 946. SUB- BEAM 948. STRI PE REVERSE- S| DE RECORD | DENTI FI ER, 949. STRI PE

GAP PORTI ON,  95Q0r SGANNNE MEASen O 5hbo BARALRON 952. ECC ROW 953,
CDGE- SPACI NG DETECT G MEANS) 954. -2() 6 Septenber 2002 COVPARI NG MEANS,

955. MEMORY MEANS, L ROTOR DRI VE
CIRCUI T, 9509. BARC%@P‘ISE% )GH%Egﬁg‘a%géﬁ %ﬁ%ﬁgm HEAD NOVI NG
VEANS, 965 FRE ENCY OR Cl.LLATOR 67

COVPARATOR, 96% &g;?ﬂ‘el_"LA‘? %&86 eﬁ?/ﬁfoﬁ(:%% CW%&%@%&T@%
preferred enbodlngnts of the Bresent |nv%ﬂflon wll be agrlbed bel ow wi th
reference to tH® é'&%aﬁwng’ di8vit MBYS143) pREANESEERt A BAIYRSSESnaf t er

gi ven, position |nfornat|on for plrac% prevention) which is a formof |D,
is taken as arefexanplkeestly rduplisetesh CPoasserping d@ethe lembpdiments st - hal f
part (1) of the description, a detailed explanation will be given of the

pi racy prevention Pogire o4 (anfisr andiagmamsshowing mast (1, of oF imwed3dy a bri ef
expl anation of how the information is converted into a barcode to conplete
an optical disin fndtihewdebeipptbrals di dkagrampslpddgbarclequli vallsne second- hal f

part (I11)) the technique for barcoding the piracy prevention position
i nformation wjdtabgtAaserkbest ECCT eHdoaehg AREBHIn@ANdc) N s2aCOYF YRR
showing a mathematical equation for EDC Eomputation, and (d)
is a diagram showing a mathematical equation for ECC
computation;
| Figure 15 is a block diagram of a low-reflectivity
position detector according to the embodiment:

Figure 16 is a diagram illustrating the principle of
detecting address/clock positions of a low-reflectivity
portion according to the embodiment;

Figure 17 is a diagram showing a comparison of low-
reflectivity portion address tables for a legitimate disk
and a duplicated disk:

Figure 18A is a flowchart illustrating a procedure for

encryption, etc. using an RSA function according to the

embodiment,
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manner. More specifically, the first-half part (1) deals with (A

Manuf acturing a disk, (B) Formng a marking by using |aser_Light C

Readi ng the position information of the marking) (D) Encry%%?ﬁtﬁ"ebﬁézaw
position information) converting the encrypted position information into a
-21 6 Septenber 2002 barcode, and witing the barcode in a pre-pit area
of the optical disk in overwiting fashion, and (E) Pl aying back the
optical disk on a playsr 188his sefbowthhat fildastrqtiing &ipotitdescri bes (A)
Usef ul ness of the barcode for a | am nated-type optical disk, then proceeds
to (B) Barcodijrforhet posicheok protessraccondinfg tbethwmekbodimeata di sk-uni que
ID, (C) Features of the barcode-recorded optical disk format, nethods of

tracking control , gagusetinods DF1swirakonelusspeethgcantw! during reading of
t he barcode, and (D) Pl ayi ng back the barcode-recorded optical disk. The
second-half p deahs.d.n:detai |l . t : f uring

t echni ques fo?{‘%fr%%l:g%r‘é{nﬁ hgg{rhleﬂbgétcéo?légge%l&%%gﬁﬁéa%%qyoﬁﬁémd by a

bri ef explanatign of a barcode playback apparatus (player). Finally) a
description ise“gﬁc\%ﬂ ¥ (F) An exanple of the above barcode encryption and
anot her application,exanpl e, of the barcpde. (1) Before progeeding to the
description of theFaBea 20ajs 13 diggnamehqying fi dafecded wavgdomn @gnér al
process flow from di sk manufacturing to the conpletion of an optical disk
by using the ffimsthdarenmaFking eignall actowdingaterthespeesenitcati on, | aser
trimmng is also referred to as |aser marking) while a nonreflective
optical marki ngnhpaditment; is sinply referred to as the barcode, stri pe,

mar ki ng, or optical marking or, sonetinmes, as the -22 8 Sept enber 2002
physi cal I D uni queFigupe @dilsks Fidiggrant BRowiHgt Wod&L LRER A PO @FME SOf tware
authoring in software production process 820. The conpleted software is

delivered fro S I 3 o] ingK f rkhng factory. In
di sk manuf act ﬁ%%%?%@%ﬁﬁﬁ%?%%@ 8Fgﬁrﬂél§u¥%?%r?ﬁ%§épgctory) t he
conpleted software.is jnput in step 818a, a nmaster disk is produced (step
818b), disks a %Q&’lgggtd (steps 818e) 818g), reflective filns are formed on
t he respective disks &st S ,.818f 8?]3‘883), iﬂgs t wo, dist re | am nated

toget her (step 818F FUESHE4aikavidrEshariichl HStEabi8 Ghe dynct1on Ofpt et ed
(step 818n) etc. ).. The thus conpleted disk $00 is delivered to the

sof twar e raker S&Fanbdeal detddigr @ggeﬁ‘ecéﬁﬂ‘g}m@fb‘?we%ﬁlv%r f@ler , where,
in secondary recording process 817, an anti-piracy marking 5$4) such the
one shown in Fiigk dD2inia program instaldagiom)proaess accarding posihei on
information of this mark is read by a neasuring neans (step 819b) to obtain
t he position ipfesemt embodimeat. serves as the physical feature information
of the disk. This physical feature information of the disk is encrypted in

step 819c. The enciRigued INfieryatbel diggean\vd hestritipeardfor@ingodul ated
signal which is then recorded in step 819d as a barcode signal on the disk

by using a Lasglg arEQﬁsdééé%rH*i‘b{éit%aEhé eeqltogag?éan;or mati on may be conbi ned
together with so?tware eature information for encryption in step 819c. -
23 6 Sept enber oy ey RTEN! e i i urt her
detail. That is) a%ggéﬁg_]t@n??c%ﬁlgkpﬁ§§§§%ﬁ Y ﬁgﬁaﬁngg\?éo@gﬁét%ngngpr ocess, a
mar ki ng positiogn, readin roces and an encrypted infaormation witing
process for angﬁ’dwl&gl p%f&{nat‘:%zﬁzdfﬁﬁmﬁﬁnghaec‘%géé%ttoi ntion will be
described in detai]l] with reference to Figures 4 and 5 and Figures 8 to 12.
A suppl enent ar §™ m&Rati on will also be given dealing with a di sk having
two reflective layers with reference to Figures 6 and 7. In the foll ow ng
description, the ndvigung 3orise2 idagpocbosinha@ shenatawavefprpaarid aon readi ng
process are collectively called the secondary recording process. (A) First)
t he di sk fabri ¢aimamgppatess W INRZbeecording;

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

embodiment;

_16_



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 netal such
as aluminumor gold is sputtered to forma reflective |ayet Sgpigmbap2002
adhesive | ayer 804 formed froman ultraviolet curing resin is applied by
spin coating to a substrate 803 fornmed in a different processing step) and
the substrate 803 is bgonded tq the transparent substrate 801 having the
reflective | ayerFeze dhdis Regizgram Shoing attomi Bha%dééﬁ el diske the
bondi ng spacing uniform By exposure to external ultraviolet radiation, the
resin harderstripésis alongiwithoadgme] wheefiomnssdesoradings tbotfet her. I n step
(4), a printed |l ayer 805 where a CD or DVD title is printed, is printed by
screen printdmbgdimeht: 6 Septenber 2002 or offset printing. Thus, in step
(4), the ordinary |am nated-type optical ROMdisk is conpleted. (B) Next,
the marking fornpf{hiie RPBOSESS WipdrsBeeEivacyidhedrva tdbnvelpimnegito Figures 4
and 5. In Figure 4, a |aser beamfroma pul sed | aser 813 such as a YAG

| aser is fo g i.ng 814 .0 e Jlective |ayer
802, tofor aopoHbrrond BB A€ D) | Bt i AR V] EYE s
That is) a distinct waveform such as, the waveform (jA) shown in step (7),
i's reproduceﬁrﬂpﬁn‘?‘ﬁrﬁ@gﬁ%?ﬂteppac?q FBLLHE; BWLS81 5180 ted in step (6) in
Figure 5. By sliﬁing thi? waveform a ; harking detection signal such as
shown by wavef or i gie £3{@htigi ARET SPEOA RNV LI Bicthf CRNRETHRRKI ng position
information conprising an address) such as shown in signal (d)) and an
address, a fundie witiclar beawide§les prarprrndsdr thexatio.a acepréinedd cl ock count)
such as shown in signal (e)) can be neasured. At the rising edge of the

t hus obt ai nethemambodignedé; earid db) sisymatjagraspshowing addréss (i ndi cated by
address n in Figure 5(d)) is read by the optical pickup fromwthin the

plurality ofaraddgessas ason emit Hirgepel S digndli;gure 5(b) shows the physical
| ocation of the specific address in schematic form On the other hand,

Fi gure 5(e) Sho""Fi#\ﬂ‘é '3991§%Ld§5§1% Uhéwidly tAE adehdgen®BtSHOWN i n Figure

5(e), there are mirane synchronization signals under address n, and k

repr oduced Céﬂ-‘i%eguér?%sdwgfdénfdg?@ cIoh%ﬂats' g? conQrEF![O a%gbg&ko%(a%

synchroni zatTon”si ghal". € position o € markKing freasur ed by
t he opti cal igﬁup an,.be ﬁepresented by address, frame synchroni zation
si gnal nunbet® *Bfid®P¥5HB8UEted cl ock count. As previously stated, a
suppl enentary expl anati,on will_be givep bel ow of an alternative type of
di ok (a two-1ayer LPWHA At b8 jSféﬂyc%rtthlpg‘lsé%??@@ be mogtFes nedand 7
Figures 4 and 5 showed a di sk enerallg known, as a single-|ayer |am nated
di sk whi ch his s¥itelieddetveen £3¥rarbh|0§ orhegnelasiipgt bagke sgoipeson t he ot her
hand, Figures 6 and

according to the embodiment;

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

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

Figure 34 is a diagram showing the data structure of a
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7 show a di sk generally known as a two-layer | am nated di sk which has
reflective | ayers on both substrates 801 and 803. For lasef _trinmn t he
processing steps (5) and (6) are fundanentally the sanme fo SﬁB@H“??%@?<ﬁ

di sks, except with significant differences which are briefly described
below. First, while the single-layer disk uses a reflective |ayer forned
froman alum numfilmhaving reflectivity as high as 70/ or over, in the
two- | ayer di sqyncheonifdtdonicadeave: 801 forned on the reading-side
substrate 801 is a sem transparent gold (Au) filmhaving a reflectivity of
30fo, while the ré&fibent i36éa) aygern Silgrhorsheckiop tHeecpnfiguratien sfbstrate 803
is the sanme as that used in the single-layer disk. Second, as conpared with

t he singl e-| ayerLP@j sknd t(Be i3ver Hoyeramdbhdwing & efiiviefeth tfd 1havel hi gh opti cal
accuracy. for exanple, the adhesive |ayer 804 nust be optically -26 6
Sept enber 200y {dygRsS#ia €pF; and be uniformin thickness, and the optical
transparency nust not be lost due to laser trimmng. Parts (7), (8), and

(~) of Figure 7 Sh%@%&é?ég %I a“@lvaegfr%”&o%ﬁ?il%?%p%é%?eﬁgﬁ%ﬁ(a?t | ayer of

the two recordi ng- LI'kew™se parts 2) of Figure
7 show t he signal. wavef or ohtained fromthe se | ayer,.of the

t wo- r ecor di ng‘?z}vﬁgmOqcsqg'rgsar%bcgohlgeerﬁngoglfmetnﬁ%%ncgﬂgﬂalls %%‘?Qﬁaﬁ’s are
essentially the san? as those of the waveforns descriped with reference to
parts (a) to @) esplainjgeeasiineRalopalePetynacy ol @netEREABCIEAIBE is sinil ar
to that fromthe first layer, though the signal level is |lower than from
the first |ayts.theoemhasgimestice the first and second | ayers are bonded

together, relative positional accuracy between themis random and can be

controll ed only wFtpure 3dcisiradyagfam shewmidguadsedhrosizatdon Asdei | | be
described |l ater, since the | aser beam passes through the two reflective

films) to makgndm lhi@Yahidt Mg Est@%Sbhép'Waiv@f&Tnﬁati ons on the first and
second |l ayers for the first mark) for exanple) have to be

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

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

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

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

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

embodiment;

Figure 43 is a block diagram of a playback apparatus

..18_..



made to match the sanme value on the legitimte disk. But malting them match
woul d require a near-subm cron accuracy in |am nating) andq 0 se%uegédz%/_,
making illegal disks of the two |layer type is practically BY €V<The
technique for formng the nonreflective optical marking portion will be
described in further detail in - 27 6 Septenber 2002 sections (a) to (d)

bel ow with retferen Ei e 2 1 I i the | am nat ed
type in conpaf"ilélgerq]%\ﬁmt%ll{)g goglg%]gqsng-%p%%tejed F@rggé‘glﬁﬁoﬁjgégg(%% ttgﬁd (b) are

m cr ogr aphs shaow | an views of nonreflective optical marking portions,
and Figure 10?@Wxﬂgegtsinplified schematic cross sectional view of a
nonrefl ective portion of the two-layer |amnated disk. (a) Using a 5 a
j/pul se YAG | aser Figura<d ipeafingEampplusidatong 00525 PreReRII@H num | ayer
lying 0.6 mm bel ow the surface of a |.2mm thick ROM di sk consisting of two
0.6mm t hi ck dabgarithmi actordingpdet hke emhodimemd a result, a 12 a mw de
slit-l1ike nonreflective portion 815 was forned) as shown in the X 750

m crograph of FigpiguBé a5 iknatdiagram fof éipla®simphhreedel um num resi dues
wer e observed on the nonreflective portion 8l5. Thick swollen al um num

| ayers, 2000 @H&f‘}fprt%ﬁ deHiRnd o2 Hcg%%&jﬁ?e were observed al ong boundaries
refl [

bet ween the non ective portion 815 and reflective portions. As shown in

naide. Thothi s cdaBuFee S0 didRtal Bk L eh P APERER P bl v et t e
the alum numreflectiye |ayer, causing.a phenonengn,of nplten al um num
bui | dup al ong®¥#P oﬂﬁdﬁ?ﬁ éér €8t P '1BEstQnget%“%l°Hém%rlﬁ"f ace tension. W

call this a hot nelt surface tension (HVST) recording nmethod. This is a
characteristic phdvigueecly dSsarpesapeciliyeoniey Showifat adnatireflectgve 6
Sept enber 2002 800. Figure 11 is a schematic diagran) based on an
observation t bootigh fotrmahdini sstiworlgfecdisio atcordingope fHEEM) ) il lustrating
a cross section of the nonreflective portion formed by the above | aser
trinmmng procesbediment; and
Figure 48 is a diagram showing a cdﬁparison 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
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And Figure 11 shows that the adhesive |ayer of the disk has been renoved by
using solvent. In the figure, if the alum numfilmsmlle:hﬁortlﬁn #@121 3
~ mw de and 0.20 ,u mthick, the amount of increased alu

portionis 1. 3 x (0. 20 - 0. 05 = 0. 195 ,u n2. The anount of al um num
originally deposited in a half portion (5 ~ m of the | aser exposed region

(10 a m was The. di ul ated as 0. 250
S 0. 195 = Mu&ﬁlNﬁ%ﬁgsgﬁﬁénﬁ §E @qe@?e%mm‘ﬁt to 0.055/0.05
= 1. 1~cm Thi s neans that an_al um num a rn thickness and
1.1 a m| engt PROEERS md&PSarkP: h&@lﬂfwdﬂﬁ PRQDU@I]ON)@R%E%Q p1ERBS.d 83Rat al nost
all alum numwas drawn to the filmswollen portion. Thus, the result of the
anal ysi s of t ENCODONG MEANS,0 83dr i PUBLL Ct KEY eBNﬁR%E]HtONorBIb'boEi[RSThe

abovedescri bed characteristic phenonenon. (b) W will next deal with the
case of a si n@EERBT aBY, 0pB4.c BECOND SECRBT {BY|, c835.d COMBININGr SEITIQNA si ngl e

di sk). An experinent was conducted by applying | aser pul ses of the sane

power to a 0.(Qgea m@dnmhcamcuwmmfIﬁmweormﬂcmwmdnm &38i ngl e- si ded

nol ded di sk, of which result is shovvn in Figure 8(b). shown in the
figure) al uni iyl esl duRsenaer, & @@ﬁﬁmvgworsmerm@smmmand si nce
t hese al um numtesidues cauSe reproduction nolse be seen that the

i or mat i on oMHETOR Bl DRk %iﬁﬂféhd@%@mr o R e

Furthernore) unlike the |amnated disk) in the case of h i.ngle-plate
di sk, the prot@@tl NPUTaySEFTgWZ P80, r?@vz‘@ A}' @arﬂiéeo@ F@‘Wr in Figure

10(b) when the nonreflective portion is subjected to |laser trimmng. The
degree of danedERSERAS16n M(}fzkl aBldr  BOTRIIONLEENSORe YHdrage cannot be
avoi ded even if the laser power is controlled accurately. Mreover,
accordi ng to dIOLLEMAEOR, B, GYhENPRICALeHENSyOi18.8MASKordtdd by screen
printing to.a thickness of a few hundred mcrons on the protective |ayer

862 was danmegeCONMEROING LENBeropdl RIRST PIMBGLOTAD21L 9PECOND TIME case of the
single plate disk) to address the problem of protective |ayer danmage)

ei ther the prﬁLgﬂ%e ¥y .| 3Y8RD gt QL(?Ie app| |m1ppce92@gqjmsgr gdrze |aser cut

operati on shou per f or ne ef ore’depositing the prot ec‘tl ve layer. In

o hcoos has t o HBT Reeh R, Moo SEC R R RS s s o he
25%Lf?tsgﬁnbgzﬂét2§N§bﬁ@i§9§ SUECOPEDNERG Podh hdert B MIBELYSCh Gescr i bea
above, USING 29T ?Y§40. STEPS (IN CAV PLAYBACK FLOWCHART), 931. BEAM

DEFLECTOR, 932. SLIT, 933. STRIPE, 934. SUB-STRIPE, 935.

DEFLECTION SIGNAL GENERATOR, 936. CONTROL DATA AREA, 937.

STRIPE PRESENCE/ABSENCE IDENTIFIER, 938. ADDITIONAL STRIPE

PORTION, 939. ADDITIONAL STRIPE PRESENCE/ABSENCE IDENTIFIER,

040. STEPS (FOR STRIPE PRESENCE/ABSENCE IDENTIFIER PLAYBACK

FLOWCHART), 941. OPTICAL MARKING (PINHOLE), 942. PE-RZ

DEMODULATOR, 943. LPF, 044. ADDRESS AREA, 945. MAIN BEAN,

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 wﬁ%g t.he twglbgyer
| am nat ed di sk can be obtained with the single-layer |amn epfembei20 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

one. i de. - andOMRARING HERNS "Sahc HOR nSoobenbSeiltinge, B’ on the ot her
side, the reflective |layer 802 thus being hernetically seal ed therebetween.
'n this condiGONSROLLER, s968.1 HOBOR |DRGHE G ERCUSEL G54 {HARCOBR KEADINGat i ng: in

the case of our experinent, heat of 5 a J/pulse is applied to a circular
spot of 10 t MEANS, 863 dMEDESHITCH ©Ohé. rHEADeMAVING MEANS;, 862 for a short
period of 70 ns. As a result) the tenperature instantly rises to 600C, the

nel ting poi NPREQGEENGNGORPARATORS 366.SESCIIBATOR 6T SFREQEENCY smal | portion
of the transparent substrate 801 near the spot is nelted, and also a

portion of t@gpgmlzvegégay%(:@gﬁm n%dg egOTOTihe molted aluminumin this
' ' o burl

state is caused by surface tension to up al ong boundaries 82l1la 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

portion 584 f f | L idues is thus formed. This shows that a
clearly defiﬁg§$HWﬁﬁgb?e@@¥€gﬁgg ion 584 can be obtained by laser-trinmm ng
-31 6 Septenber 2002 the | am nated di sk as shown in Figures 10(a) and
12(a). Exposure ofhe meeferrascembedimgpes afothedresers davertdonowidt due to a
damaged protective layer, which was the case with the single-plate type)
was not obserbeedesvEibedhbel dwheitlagefepeverr toathe accampaedimpre than 10 tinmes
the opti numvalue. After the laser trimmng, the nonreflective | ayer 584

has the strucdinawéngdiowini thd-ideweeipkioh)hereenefier ghvapangvéidied between the
two transparent substrates 801) 803 and sealed with the adhesive | ayer 804

oIt e SHSH RSN,y S PORUIATY Lo SRS D BESL 2T
two di sks tOGEHARras an example of information to be barcoded.

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

the marking, (D) Encrypting the position information,

converting the encrypted position information into a
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wi |l be described next. Wen secondary recording is nmade in the formof a
barcode, an illegal manufacturer can expose the aluninun13§§er %ﬁ r Vi ng
the protective layer in the case of a single-plate disk) eRiBRReS i gure
10(b). This gives rise to a possibility that nonecrypted data may be
tanpered with by redepositing an alum num | ayer over the barcode portion on
hen | as ng. a _different bar For exanpl e,

a legitimte,_di sk and - t,r i nm € ode.

't the | D nopepdes 3R AELTE §hR A RPURT D A b T S PF offera
ciphertext, in the case.of a single-plate disk, if.i ossiple to alter the
| D nunber, efRbiGa ggﬁsl? dfaPVerdE L otng %éséb‘?rbwﬁpé @ g%?’fﬁgag%ﬁeiﬁ‘fer ent
password. However) .if_the secondary recqgrding is nmade on thg*laninated di sk
as shown in Ehgyapsical siskjenjasplager. The Q@ﬁf’@ﬂﬁf@rleW dif¥icult to
separate the |amnated disk into two sides. In addition, when renoving one

si de from t héimgthdescribesalAhilsefulnefsiseof ithe batrondesf@arati al |y destroyed.
When the anti-piracy marking i s destroyed, the disk will be judged as being

a pirated di 3smanadedttypenoptiddl. disiGorndentnocerdienoméd) Bartodiegal
alterations to the lam nated disk) the yield is low and thus ill egal

al terations gpe pRRISS S&¢ofMdtiBAOSOThe rﬁﬁqéﬂPsas Ragl§icin@ghy Ipi n the case

of the two |layer |am nated di sk, since the polycarbonate material has

t enper at ur e/ Pl nsy i.Ci L |y Lnpossible to
| am nat et he (Fad ShebrES RN Ehe barlie-sRFBRISt obhicdl BPRL SrbFELT oy
mar ki ngs on thg fjrst and,second |ayers wth an accuracy of a few mcrons,
and to mass H?ﬁhﬁd§e°giEﬁé?%lﬁﬁuﬁ9ﬁtf?l @RB-Téﬁﬂsast Eoé?EﬁﬂnalssQfe reat er

ef fectiveness in piracy prevention. It was thus found that ~a clearly
defined slit C@H*tréﬁnSHFE’fH geaging Bf)r'%heohaB@Q&e@aﬁ“CLe(D b kavdea baek
Iaser-trinninﬁ the | am nated di sk 800. The technique for fornin% t he
nonr ef | ect i véheharcateneackirded potitah digk. bdde sewodriveld pary &Iio (d)
above. (C) Next) the process of reading the position of the thus forned
mar ki ng wi | | fhethbesdeabedn Betpilewilth i(E) aMdariufaktukiiagr am showi ng a | ow
reflectivity light amount detector 586 for detecting the nonreflective

optical markiteghiiQfueksOfor amphémenitifg ithe bat@deNtedordeny tethod,n an opti cal
di sk manufacturing process. Figure 16 is a - 33 6 Septenber 2002 di agram

11 ustrat i ng ehiofid By Pl 0F diheriifg 880 B3sLadpkapaRkt ions of the Tow

reflectivity portion.” For conveni ence of explanation) fol |l ow ng
deser PL1on 5Pkl FolR;SPEIIOATR P RELA Gl oL Pt on 1
An example of the above barcode encryption and énother
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._



di sk constructed froma single disk. It wll be recognized that the sane
operating principle also applies to an optical disk constructed fromtwo

di sks | anminated together. As shown in Figure 15, the di sk 886rtegbenael
into a marking readi ng apparatus equipped with a low reflectivity position
detector 600 to read the marking, and in this case, since a signal waveform
823 due to the presence and absence of pits and a signal waveform 824 due
to the presepb¥sisrlt H: undanefioestdisk.portion 5$4 are significantly

different in signal level, as shown in the waveform di agram of Figure 9(a))
t hey can be cl eaBiystl sthengoftwaed esipagy spexifophe softeard auEhgring 9(a) is a
di agram showi ng t he waveform of a playback signal froma PCA area,

described | ajgrsofe@at@iptogctita prsyest! 820.i vEhodmbat &B4ofowad by | aser
light. Figure 9(b) is a diagram show ng the waveform of Figure 9(a) but

Wth a diffefendellivBFedrdn the S6ITNAradcoitanyetd afkl ¥es | | m by Taser |ight)

as descri bed above, a waveformeasily distinguishable fromthat of a pit

signal is obfaj f i LT idengifigation mark
by renovi ng @%@Jﬁg&g@g@é#% -g‘ir&lgg @e}ﬁﬁga uezfinggg%ocgggl glséera(il ight) as
descri bed abgye,,.the antd-pirac rk may, be foynmed by.changi ng the shape

of pits on tHhge M?e?‘aﬁééﬁguwggfg&%éfd g&‘q ICOB%{‘%fégc? &4 6etow. Fi gure
9(c) shows the waveform of a playback signal when th? anti-giracy

i dentificati 6RPWarik §keP Bdlmed® BestRIKidASK pis Fre@irsdr (stRm3d8Mer data pits
on the master disk. It can be seen fromthe diagramthat the waveform 824p
of the anti - disksyredprassedcbdtiepn dfek Bi8gdi, srenlpsitshabiidmsrama t he wavef orm
of other pit data. In this way, a waveformsimlar to that obtained from

the PCA areafdesdd ohethd aleepectdnebei skt dkted BY8f,0818l)y Ithegeso pits on the
master disk; in this case, however) the waveformis a little difficult to

di stingui sh gsseorRar bshinatbdeoyBYREON(I8es IB1GR) | ik tROM A siand (b) of
Figure 9. By renoving the reflective filmby laser light, as
such as a DVD or CD is completed (step 818m, etc.).

The thus completed disk 800 is delivered to the software
maker or to a factory under control of the software maker,
where, in secondary recording process 817, an anti-piracy
marking 584, such the one shown in Figure 2, is formed (step
819a), and accurate position information of this mark is
read by a measuring means (step 819b) to obtain the position
information which serves as the physical feature information
of the disk. This physical feature information of the disk
is encrypted in step 819¢. The encrypted information is
converted to a PE-RZ-modulated signal which is then recorded
in step 819d as a barcode signal on the disk by using a
laser. The disk physical feature information may be

combined together with software feature information for

encryption in step 819c.
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descri bed above) a waveform easily distinguishable fromthat of a pit
signal is obtained. Rather than form ng the barcode of th nven 0 y
renoving the reflective filmby laser light, as described%%%ﬂvﬁn‘ Wéb&%

bar code may be forned by changing the shape of pits on the master disk
This master disk nethod will be described bel ow. Figure 9(d) is a plan view
showi ng a portiagp of a mast er di sk rﬂ ein pits 824q.in a few hundred
tracks on the nmaSteRbayePracessasyyi ﬁ’(j desoribedt Herfugiher pits and made
equal to the barcode bar width t & 10 ~cm). Since reflectivity drops in
this -35 @desaplenfbat 2022l digkefabricajien, procrasefomarBE p as shown in
Figure 9(c) is obtained. It can be seen fromthe diagramthat the waveform
824p by t he fiomsé Brondpstcess, hedndrkidg stasiguos h=adénd maocess wadef or m of
other pit data. In this way, a waveformsimlar to that obtained fromthe

PCA area deg@r eh@;@ydteﬁernﬂbacmabﬁ;rpmatﬂ@dpbucésrsefaﬁ%\ebpﬁlt@q geéipod: in this
case, however) the waveformis a little difficult to distinguish as

conpar ed togrg@erﬁggftstar Sheut énpareﬁmma;a@ (Betbefigure 9. A shown

in Figure | and en ositions o nonreﬂlectlve portion
564 having t wavef orm can be easi,l Iow

reflectivi t %Fgﬁ #Dﬁ?fer&é‘f:%cttooflg% i af‘%?llgl%ﬁ?( 8gr am of Figure
15. Using t re roduced cl ock SI naI as tr reference SH? posi tion

i nformati on t PR Sm?rhtaéyl &h! B?T’é@t My fyaIﬁBSIPQ & e e@ihﬁ@i on out put

section 596. F| ure 16£ shows a cross-sectional view of the optical disk.
As shown |nwrzrtbua ik, haviognpue aedlecre havers woth mefpeendevtey |i ght
anount detector 586 detects the lowreflectivity |ight portion by detecting
an anal og | iRdgures@ addcBd dngthd fbhlowiggadésomptsemndhe Imarking han a |i ght
amount reference value 5$8. During the detection period, a

formation process and the marking position reading process

are collectively called the secondary recording process.

(A) First, the disk fabrication process will be

described. In the disk fabrication process 806 shown in

Figure 4, first a transparent substrate 801 is pressed in

step (1). In step (2), a metal such as aluminum or gold is

sputtered to form a reflective layer 802. An adhesive layer

804 formed from an ultraviolet curing resin is applied

by spin coating to a substrate 803 formed in a different

processing step, and the substrate 803 is bonded to the

transparent substrate 801 having the reflective layer 802,

and they are rotated at high speed to make the bonding

spacing uniform. By exposure to external ultraviolet

radiation, the resin hardens, thus firmly bonding the two

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

a CD or DVD title is printed, is printed by screen printing
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| ow reflectivity portion detection signal of the waveform shown in Figure
| 6(5) is output. The addresses and cl ock positions of the art posjition
and end position of this -36 6 Septenber 2002 signal ar eﬁsmgrﬁ?gﬁﬁé&c’?he
reproduced |ight signal is waveshaped by a waveform shaping circuit 590
havi ng an AGC 590a) for conversion into a digital signal. A clock

regenerator 3 e cl Si l..fFom ped signal. An
EFM denodulatgﬁ éggﬁﬁh5gh§§#gdu{gﬁghgi§S§FP0&959%R§é%@%E?a es the signal,
and an ECC coryects errors and ts.g digital signal. The EFM

dermpdul at ed silﬁﬁ‘él‘aﬁ%dr'éﬂ% @éacgﬁtﬁﬁﬂpay% dal C%@&Fg%‘g out put section 593
where an address of MSF) from Q hits of a subcode in the case of a CD, is
out put from an addk®s Negtit g satingniocmetapg F&'°§9$ﬁ:ﬁ’r1é|11i12‘? ng signal, such
as a franme synchronizing signal, is output froma synchronizing signal

out put sect i orde585ibdd enth referende tegkygras ot aB8ab. a IdeRiglleateda cl ock is

output. In alowreflectivity portion address/clock signal position signal

out put secti orlas88)beam Ovon &f peldddvilayeP@18i outhstard /Yagdlassi tson det ector
599 accurately neasures the start posistion and end position of the |ow

reflectivity poichkon t'l_’x%lljé}}’ aU3bAkr@nk Mehs BOMRES REF1&&qyEON 597 and

an address signal as well " as a clock counter 598 and a synchroni zi ng cl ock

oLonal o e ezt g Slack poheey 90, o bR SgRCtARRO L el by
cect Tonal vl en ob 188 SEEL &R & Shl L2 B AaL ol en dghl et vty

the waveform (A) shown in step (7), is reproduced from the

nonreflective portion 815 formed in step (6) in Figure 5.

By slicing this waveform, a marking detection signal

such as shown by waveform (B) is obtainéa, from which

hierarchial marking position information comprising an

address, such as shown in signal (d), and an address, a

fréme synchronizing signal number, and a reproduced clock

count, such as shown in signal (e), can be measured.

At the rising edge of the thus obtained marking

detection signal, a specific address (indicated by address n

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

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

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

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

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

there are m frame synchronization signals under address n,

and k reproduced clock pulses under each frame
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A reflection selope signal such as shown in Figure 16(3)) is output, the
signal level fromthe reflective portion being |ower than the |ight_ anount
reference val ue 588. This is detected by the light |evel RPRPIPSF260R7)
and a lowreflectivity light detection signal, such as shown in Figure
16(5), is output fromthe lowreflectivity |ight anmount detector 586. As

shown by a_r Ry AGRrHigh! &l gidll ONAthek B U R, 1Rl oG rdigh al signal i's

out put fromthe region since it does not have a reflective |ayer.

Next, to obtain,t.he start d i.ti{ons e, low refl fyity light
detection si g'ﬁ%ﬁlfmgh'@e%é‘ﬁsg{}?yat%gg égq%ggéicﬁicé‘%c%armoﬁf32|‘ﬂ)gr%§ gg‘i& g’kown in
Figure 16(6) is,used along wth address infornmati,on. Fiyst, a,reference
clock 605 at &HHheéss ﬁrqmﬁ ?Yrg‘ihreni@(t?)mi?%isﬁ?“@&?" reReodififess

i mredi ately preceding the address n is detected by the (n-1) address out put
section 597) ¢logkscewrtrd t hat the next sync 604 is a sync at address n. The
nunmber of clocks fromthe synch 604 to the reference cl ock 605, which is
the start positi oAsoprévieubby statedctai yuppl emegbdrydekprdriagiosiwiddl , is
counted by the clock counter 598. This clock count is defined as a

reference del gy divaR JloWhbehar 81 t&amuE el tls»{geaof efigketcawdel apert i e TD
measuri ng section 608 for storage therein. The circuit delay tine varies

wth reproduct a8 i) SRUPTRRL 4002, ARAQNALT Ysedfor reading. uhi oh

means that the reterence d vari es dependi ng on the reproduction
apparatus used. Therefore) usi the TD,. g tine |l ay corrector 607 applies
time correction) Eﬁgq%%r égilg}]i%haw%df Pegfsqf §epﬁléz?liyhgn%\r{nap§ | ock count for
the lowreflectivity portion ca ge nmeasur ed accur te%g iE reproduction
apparatus of 8i3§lérearerdenypatedr ltlsahichmascadiaigecie’d 1258 i nding t he
clock count and the start and end addresses for the optical mark No. 1 in
the next trackilxloacknensubsarated8bss On+tire ioshenthandedfisasesHowndi n Fi gure
16(8). Since TD = m+ 2, the clock count is corrected to 12, but for
conveni ence of show andislogenerdlldyi lknown 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
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used. W will describe another nethod, which elimnates the effects of
varying delay tinmes wthout having to obtain the reference gela ti TD in
t he reproduction apparatus used for reading. This nethod SReRIREPR her
the disk is a legitimte di sk or not by checking whether the positional
relationship of mark 1 at address n in Figure 16(8) relative to another

mark 2 match ai _1.5): IS, | as i ahl. and the

di fference bgfﬁ%ﬁggh% a}@sp?i@%,ﬁg& 13\ EEP%’“PF%)S oafn%néfﬁ%( o%qr#gélsured and the
position, A2 = a2 + TD, of mark,2 sured is_obtained, which is given as
Al - A2 = al SFansPargpcy jqust ot len'gofasati ﬁ“?&%ﬁ.@é%%f\kﬂ&k%r this difference
mat ches the difference,_.al ,z, a2) ,between_ the pgsition al .of {he decrypted
mark 1 and the p &S off i ni(%)r'nﬁ‘f‘fjog)a?%oh&”ﬁé WZ?heE F¢€BBy j udgi ng
whet her the -39 6 Septenber 2002 disk is a legitinmate disk or not. The
effect of thwavefsumedobipinpatinometw diifsbnkavesnohahentidced after
conpensating for variations of the reference delay tine TD by using a

si npl er constetetding-l{y@r Hiesit.) Uhleeveser ypared (HNor fhi),omndr (¥2)ng process
wi |l be described. The position information read in the process (C) is

first converpedrigire 7ighaer tilexisighal siageesrmsWobtniaedi fitdnalthei gnature. Then,
the marking position information thus encrypted or signed is converted into

a barcode as g dP14pbAYT tRe (11R-PREdRhe i) @ t PELDRLAOR S S recor ded

in overwiting ?ashlon in a prescribed region of a pre-pit area on the

optical disk..B de: paitern c,,n84e. L0 Ehoure 2 i,nd] e the
barcode wri ttogna{eo%%t Eé&garlegé{r]%ggér%% gé%“%&ltaggypt?’g- %)iﬂ%e zgrgelzca??siehat is) in

t he i nnernost .portion pf th re;pit grea..Parts (1) to ( of Figure 3
show the profEsEg Wéﬁ?qu'@sr g%%rrdpﬁﬁ Vb‘f%‘t ﬁ%fed'épﬁ%cf& %)Brﬁsheéﬁiem)dul ation of

t he barcode detection signal by a PE-RZ nodul ated signal denodulator. In
part (1) of Keyuete Fagurend.refl ecti ve | ayer is trimmed by a pul sed | aser,

and a barcode-like trimmng pattern) such as shown in part (2) of the
figure) is fdheexdvelornHiropl Hybaekomppayar us Ephihper 39 thatebwa ape wavef orm
some portions of which are m ssing) as shown in part (3) of the figure, is

obt ai ned. The&ipsssiaygrpathoughstheesigiali et dle igeheveat tian drom thewlesrel
signal that cannot occur with a signal generated -40 6 Septenber 2002

froman ordi nagyr.pi Howdhar ekofie thbi Sirgitgadd sesord ilagerPlra second slice
| evel conparator to obtain a lowreflectivity portion detection signal as

shown 0 par bohddd AbekPer | QULRI boRatiohE) byuids bk thilp Pl ayback

signal of the barcodé I's denmpdulated fromt owreflectivity portion

deecton o1 gus ok B B TAULEIER, BN BER D !
that, i nSteeu%egfh&AH%eEEaicrons. As will be described later, since the
laser beam passes through the two reflective films, to make

an illegal disk the position informations on the first and
second layers for the first mark, for example, have to be

made to match the same value on the legitimate disk. But
making them match would require a near-submicron accuracy in
laminating, and consequently, making illegal disks of the two-
layer type is practically impossible.

The technique for forming the nonreflective optical

marking portion will be described in further detail in
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RZ nodul ated signal denodul ator 621) a pul se-w dth nodul ated signa

denodul at or (PWM denodul ator) may be used, in which case zra#so a sig@d ar
ef fect can be obtai ned. When appl yi ng the above encryptio PrtgMmbeE 4902
signature, a secret key of a public key encryption function is used. As an
exanpl e of the encryption, Figures 18A and 18B shoal an encryption process
using an RSA function. As shown in Fiqure 1. 8 A the process consists of
the fol | owi ngestijons r@dt toeld) Belgy ‘738)1 rgerenaraitRi Migusesid iten12.nf or mat i on
is neasured at the optical disk maker, step 695 where the position

i nformati on ietcencdegitiag wivh ahelilgimti aAtexd gmpe uime cbspapgendeidh, ast ep 698
where the position information is decrypted (or the signature is verified

or authenti cafiggd] e+glatBetfRNr oBUfirieans &)panat (19, aapdtnizirepraphaw Where a
check is made to determ ne whether the disk is a legitimte optical disk or

not. First, idhowtkP pl3RayidwieofBdhirB8l RASvE! Ot iicRl Opdmihgn -41 6
Sept enber 200200nﬁ?ﬁg opt}ggfodiéﬁ&is neaguréé}ﬁﬁ1 step17 5b. The position

information i ; c res i tep 7 t e _position

| nf or mat i on 10F G0 atnBd Tae, heToE o Sl 4o athRERE FRRER: Ot of e
conpressed position .infor ion H ii construct ed. Eirst, in step 695, a
secret key) BeCSioRAl VAR 1924 BoNelanlt veeRPEIINRYE the RKRrigyent 256 or 512
bits) are set) and in step 695b) encryption is performed using an RSA
function. Whédmmipetesbsliiskon information His denoted by M Mis raised to
d-th power and nmod n is calculated to yield ciphertext G In step 695d, the
ci phertext Cis réaolsédgom & hejlmilisealAGilaker,Tiee lagar bakmdiask i s t hus
conpleted and is shipped (step 735k). In the reproduction apparatus) the
optical disk dpplieddedal B0Gdngstrebluaihn Deyer Ayéng €x6 fniteldecrypted in
step 698. Mre specifically, the ciphertext Cis recovered in step 698e,

and public kephw) s@rfdid Bf 24€28RT1tHiIRkSREW d89RfcddeBtidy sFefyd, to decrypt
the ciphertext C, the ciphertext Cis raised to e-th power and the nod n of

the resul t i ahotaledie: Qhaltdl Bmit Madhes ol SeBbext Mg s the

conpressed position I nformation or check may be performed in step

698g. If no eLHP%%de'gli%§1f§¥nng§§%flective portion 815 was formed, as

shown in the X 750 micrograph of Figure 8(a). In this X 750
micrograph, no aluminum residues were observed on the
nonreflective portion 815. Thick swollen aluminum layers,
2000 angstroms thick and 2 um wide, were obsgrved along
boundaries between the nonreflective portion 815 and
reflective portions. As shown in Figure 10(a), it was
confirmed that no significant damage had occurred inside.

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

characteristic phenomenon observed only on a laminated disk
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that no alterati ons have been nade 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 Ié%???ﬁﬁ?ézgﬁ%,
and the - 42 6 Septenber 2002 operation is stopped. In the next step
736a) the conpressed position information Ei is expanded to recover the
original position information. In step 736c, neasurenents are made to check
whet her the m#ORi nd'ligyractludisl 9 saheaskir idiagram pbasad en @ the optical disk
i ndi cated by the position information. In step 736d, it is checked whet her
t he differencebbetwatdiont tlercdghr y ptradspisdiibhoel dchton mEciroscaped t he actual |y
nmeasured position information falls within a tolerance. If the check is K

in step 736e) (TBR) priddassraviagesdroks sdcthod N the mrpBlesdiveware or data
or execute prograns stored on the optical disk. If the check result is

outsi de the tq,lgggf&plefor&@@tbyi %heigbgtvgelé%g pf%@ﬁgt roegsition information

do not agree, Isplay I's produced to t ef fect at the optical disk is

an 11e0ally ol RERLEdI D0 BNt )ian DENAL! A b9 PLAPRRD dityst ep 7300 RSA

has the effect of cing requrred "capaci si'nce onl he "Ci phertext need
process have (EEnDGRILCARBE BBobtiHENSRIehe. consti tutjon and oper ation of
a reproduction apparatus (player) for repraoducing the thus conpleted .
optical disk onld Praaydgurg| 1TpeheiedupimEd fide swpbian BAERLAMD 18I fut o+ Baviden
the figure) the construction of an optical disk 9102 will be descri bed
first. A markiang 0128 i p floioker theoamaunt 4§ increased aluminum in that

portion is 1.3 x (0.20 - 0.05) = 0.195 um’. The amount of

aluminum originally deposited in a half portion (5 um) of

the laser exposed region (10 um) was 5 x 0.05 = 0.250 um®.

The difference is calculated as 0.250 - 6.195 = 0.055 wpm’.

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 length remained, and therefore, it can be

safely said that almost all aluminum was drawn to the film

swollen portion. Thus, the result of the analysis of the

figure also verifies the explanation about the above-

described characteristic phenomenon.

(b) We will next deal with the case of a single-plate

optical disk {(an optical disk comprising a single disk).

An experiment was conducted by applying laser pulses of the

same power to a 0.05um thick aluminum reflective film

formed on a single-sided molded disk, of which result is shown

in Figure 8(b). As shown in the figure, aluminum residues
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fi Septenber 2002 reflective |layer (not shown) deposited on the optical

di sk 9102. In the manufacturing process of the optical di t he position
of the marking 9103 was detected by position detecting ne%hkéﬁpt%'ﬁagrt@éh

detected position was encrypted as marking position information and witten
on the optical disk in the formof a barcode 9104. Position information
readi ng neans 9101 reads the barcode 9104, and decrypting nmeans 9105

cont ai ned t hetasienobgesvegt sarchesigontthase aluminem yesidurs tersdut put. Mar ki ng
readi ng neans 9106 reads the actual position of the marking 9103 and

out puts the resprotuctGompacisy/ jitdeaimbe neeems tBA0 theosjrarlesplde decr ypt ed
result fromthe decrypting neans 9105 contained in the position information

readi ng neanstypk0iswidth stbealiles bt sebofidadi rgcdndihpeohmpkiogl déali ng means
910G, and judges whether the two agree within a predeterm ned al |l owabl e

range. If thegngeion oFepi QIS ThN BbeiRly 8A0% M8k didrofkd g the

optical disk is output if they do not agree, a reproduction stop signal

9100 I out pube GORELRL AIMHCORL SPONCONL Ik e oBodyckhen

operation of The Optic nce ‘W't ese si gral’s;
reproduction stop signal .is,ou t,,.ap indicatjon.to the e ¢t that the
optical disk ?%Seaﬁ%i %éépgh‘ifpﬂ&gg%\tdééﬂdi@w PEOEﬁCstﬁV'éyféd"ESngéazedisspl ay (not
shown) and the reproduction operation is stopped., In the above operation,

it will be retinyitely idsaaged, as shoye podsighre YUb) i Hehemathe ng readi ng 6
Sept enber 2002 nmeans 9106 to use the decrypted result fromthe decrypting
means 9105 wheonneddeld hiyet her ticonuas qubs'ied:t&ﬂqtoflam teingiing. 9Tha. dégreel y in
this case, the marking readi ng nmeans 9106 checks whet her the marking is

actual |y | ocadPdiamageé hiepeads tanonherldsee myMercabutdithls dandige agarholbybd he
position information which is decrypted by the decrypting neans 9105. Thus

the reproducti@jidaBPraye 4§ fHe A8 BRVEr CNEbhtiSlleR surdeéBet an
illegally duplicated optical disk and stop the reproduction operation of

the disk, andM&aerESVQE,eVaecQtorM\fqgl 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 éhould 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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duplicates practically . (11) W finish here the description of the
first-half part (1)) and now proceed to the description of %he second- hal f
part (11). This part focuses particularly on techni ques) i & PHGFH5F§OOZ
barcode formation nethod) used when barcodi ng the above marking position
information (ID information) as a disk-unique ID. (A Features of the
optical disk of the present invention will he described. Wien a barcode is
recorded by AesEriptiehmitRg samer RELeffoRE- AiBdPEHAY LBi M dWpT HYEIdi sk, the
protective |ayer 862 is destroyed) as explained in connection with Figure
10(b). Ther elzmimataftdiskl asmrbet pbtaiined witha tpe esiwgl eckavey, the destroyed
protective |layer 862 has to be refornmed at the press factory. - 45 6
Sept enber 2002mitaited nbiavks t bwimgaF bauresde2 GAnnd2 (He eexqr defuvhetrhe opti cal
di sk at a software conpany or a dealer that does not have the necessary

equi pment . ThesdHighl einweipesd @dveR ®all$ng hatkht e @@%}&%k@f\ of barcode
recording is greatly 1 invited. On the other hand) en the marking

posi ti on i nf gL a0 Ye. LPGOT RO A RNGRAEe Dy (LSl £LATHCRG, N B g0g

| am nat ed-t ype nven me romtwo transparent s trates
| am nated together) it was confirned that the protective |ayer 804 renai ned
al nost unchanged, as already explained in connection with Figure 10(a).
This was confirned by experinent by observing bg% di sk under an optical

i croscope ofagome HEYRPRTBRE is(‘alh.StITaate\/\g&l ALsBOLHREPPRA® PRat no change had
occurred to the reflective filmin the trimmed portion after an

envi r onnment abne esidepf argb the uhardated adbepiveatlaver 04850 andubstvatediny of
950. In this way, when the laser trinmng of the present invention is

appl i ed to athamithaeteslid¥, skhe uelflestiaeDVdyert BOE echus oingekerieziceilor m t he
protective layer at the factory. This offers a great advantage in that a

oL o ST AEAbbat) LM Ao s st e ot e
is focused thereon for heating:; in the case of our
experiment, heat of 5 nJ/pulse is applied to a circular
spot of 10 to 20 pm diameter on the reflective layer 802
for.a short period of 70 ns. As a result, the temperature
instantly rises to 600°C, the melting point, melting state is
caused. By heat transfer, a small portion of the transparent
substrate 801 near the spot is melted, and also a portion of
the adhesive layer 804 is melted. The molted aluminum in
this state is caused by surface tension to build
up along boundaries 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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conpany or a dealer. The useful ness of barcode recording on the

| am nat ed-type optical disk was thus confirnmed. In this case, since the
secret key information for - 46 6 Septenber 2002 encryf PoRteMREE 2402

sof tware conpany keeps need not be delivered to a party outside the
conpany, security increases greatly, particularly when security information
such as a serjal nunber for copy prevention is recorded as _a barcode in
addition to the lapénatesddsk msdshemn dnokiguresr W@ oand Rdleher nore) in the
case of a DVD, since the barcode signal can be separated from DVD pit

signal s by sEtpdsuget®® tthei meflegtivedawedtto 4heaoutslide epvéaomventhan 14T or
1.82 mcrons, as wll be described |ater, the barcode signal can be

recorded in fie tpi b davaed phtreetveoiayér BYDch rwasuples ioageskivh thshi on. The
barcode fornmed in this way offers the effect that the barcode can be read

by the opticgn ie‘:-lS_&'zﬁ’tc.*'st:’<?ge1t UydsCask LhgePidd %ivgl'i‘g\lhenTF’r'ﬁé 1gkégct can be

obtained not only with the |lamnated-type disk but also with the previously
descri bed si - t j , Y ng 0 f orm ng net hod
and nodul atig%e%egggdﬁncgjeﬁé?%l;@?gft%e |ﬁévl)eﬂr??i B]?néqf%BPg“q‘ﬁ"a%g%‘é%ed type di sk
such as a DVD,, a |l am pated-type optj.cal di can b rov.ged that permts
secondary re&)?ecﬁ ﬁgea I 55%8'}1'551 Woﬂ??%?i?&g{v a %ﬁBQS}b% descri ption
has dealt mainly with a case in EbiCh HE&abagcode is formed by | aser
trimming on AN¢ SHTHEEER SPREN dinsK1BTea 1L {R)- WhES 1tsifigiaddeiehdd structure
(wmth two reflective layers formed on one sidea@kThis si ngl e-si ded,
two- | ayer ed betwesal thie stwoi sranspargple sgbstiratiest Bk, 68 mMinds spikagback of both
si des from one side of -47 6 Septenber 2002

with the adhesive layer 804 against the outside

environment, thus producing the effect of protecting the

structure from environmental effects.

(d) Another benefit of laminating two disks together

will be described next. When secondary recording is made in

the form of a barcode, an illegal manufacturer can expose

the aluminum layer by removing the protective layer in the

case of a single-plate disk, as shown in Figure 10(b). This

gives rise to a possibility that nonecrypted data may be

tampered with by redepositing an aluminum layer over the

barcode portion on a legitimate disk and then laser—-trimming

a different barcode. For example, if the ID number is

recorded in plaintext or separately from main ciphertext, in

the case of a single-plate disk it is possible to alter the

ID number, enabling illegal use of the software by using a

different password. However, if the secondary recording is

made on the laminated disk as shown in Figure 10(a), it is
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the disk without having to turn over the disk. On the other hand, when
trimmng is perfornmed on a doubl e-sided, | am nated-type opéical QJSK t hat
needs turni ng over when playing back the reverse side) the ﬁgg@m1e¥3992
passes through the two reflective filnms each formed on one side of the

di sk. Therefore, the barcode can be forned sinultaneously on both sides.

Thi s provi des, advant age for dia fabrigcation in that .the barcode can be
recorded si n‘a’rﬁg‘ﬁé‘g&s?? sgﬁa%ﬁ%qg?d]@é"lf‘ﬂt%{fgilﬁbllé‘tgt Bf Sifefhi dhcase, when
the optical disk is turned over to play back the reverse side on a playback
appar at us, taédigdosodenes gamoving enenpdde pbrom £he jobert HeCopposite direction
to the direction that the barcode signal on the front side is played back.

A met hod f or al ueimumf yéhigcthee rfddar b+ pardially désirevede Mbedethe This will be
described in detail later. (B) Referring nowto Figures 23, to 26, etc. |,

we will descahbe-giktece agkibgtisode ttbyeperitel abslofwidh eptjudgéd dissk barcode
form ng apparatus for converting the marking position information (1D

nunber) 10 b fprcadeadiy aidl sheupitufigl 2N Laorieserd fed e barcode in

a prescribed region a pre-pit area. A barcode recordi'ng nethod, etc.

will also be SCIl, (a).Firs t.he t4 | sk bar e rdi ng
apparatus w {n?fbvg dgg‘ggqlbéét%%tﬁgp%ftgjr éﬂgefa?"ghifégqigé?}%%% %f%el(ao 6

Sept enber 2002 Fi gur 31is di.a an1showﬁn% t he confkg ration of the

bar code recor8 E?j" &ﬁga\? sudliegali grL‘Feé'@éhP‘i‘%@ SnSHPEFESEY dPEk bar code

form ng nmethod in one enbodi nent of the present invention. In the above
nment i oned enBooiomst rezizans. t Pard ibatarddedin $heheasgapl e dwer ypt ed version
of marking position information. But the data to be barcode is not
restricted tdarére lahonsteanddsiensitce |thenpylicacbordete haterdednidse, i nput data

temperature/humidity expansion coefficients, it is nearly
impossible to laminate the two disks, once separated, by
aligning the anti-piracy markings on the first and second
layers with an accuracy of a few microns, and to mass
produce disks. Thus, the two-layer type provides a greater
effectiveness in piracy prevention. It was thus found that
"a clearly defined slit of a nonreflective portion 584 can be

obtained by laser-trimming the laminated disk 800.

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

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

Figure 15 is a block diagram showing a low reflectivity
light amount detector 586 for detecting the nonreflective
optical marking portion, along with its adjacent circuitry,

in an optical disk manufacturing process. Figure 16 is a
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and an | D nunber issued froman I D generator 908, as shown in Figure 23, or

any other kind of data. In Figure 23, the input data and D nu
issued fromthe ID generator 908 are conbi ned together i nbg?p}%%rr@géu on

909; in an encryption encoder 830, the conbined 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 pfQgess aANdsthf iRkaWRAGKiREQARSST Vidtkcbigdescri bed in detail
| ater by way of exanple with reference to Figure 45. The data is then fed

into an RZ I 0 d S di RE) tion to be
descri bed I%gegépd&é)?%o?%g}gﬁg?ng%Ir@?'i %gplcel(%gilﬁgggpﬁ%ﬂrng is created by
a clock signal generator 9 i n, synchronis ith.a rpotation pulse froma
Totor 915 o3 FERCATIERCS s SKPLABA OBactd b OHTRASSGEIA HC8d oi gnal ,
trigger pulse iis created in a [aser,enjtting circuit 911, and is applied to
a 9 6 SeflegdBevitiothe epgspting psineinde whemn@ raatkopesa kAN dhed by a

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

| aser |ight nemforméds ohosuwardef heatigh porsdnnefarimed emian on%icedt o t he
reflective film®802 on the |am nated di sk 800, renoving the reflective film

in a barcodalizht tetstrutbed eiroara cingtetdigk. nelthedl ivbe rbeoghdgedi bed in
detail later. For encryption, a public key cipher) such as the one shown in

Figure 18, ighaAppeadheasperatifPadrihifle bligo @pldds HeMBLropHits] @ secr et
key that the software conpany has. In this case) since no one other than

the sof t war e cqmpany. iRsed N RCEie L bRy BRYnLNET Shprmegannot append a

legitimate si'gnature”to a new serial ni _ as an enornous effect in
Ul 1 ¢ key cannok® Gl BrERSERe Le. BRe ooy dchibda g securi ty s
areatl . enhanesd Bl A Salh UHEES BISVITNSY SiTRetfign, e puol e
_bosition detector 600 to read the marking, and in this case,
since a signal waveform 823 due to the presence and absence
of pits and a signal waveform 824 due to the presence of the
nonreflective portion 584 are significantly different in
signal level, as shown in the waveform diagram of Figure 9(a),
they can be clearly distinguished using a simple circuit.
Figure 9(a) is a diagram showing the waveform of a
playback signal from a PCA area, described later, containing
the nonreflective portion 584 formed by laser light. Figure
9(b) is a diagram showing the waveform of Figure 9(a) but
with a different time axis.
By removing the reflective film by laser light, as
described above, a waveform easily distinguishable from that

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

piracy identification mark by removing the reflective film
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is recorded on the disk for delivery. The converging unit 914 in the

optical disk barcode form ng apparatus of the present enbgcg bé’éﬁ'z'opzbe
described below in nore detail. As shown in Figure 28(a), ||gﬁ% emtted

fromthe |aser 912 enters the converging unit 914 where the entering |ight
is converted by a collimtor 916 into a parallel beamof light which is
then converged in only one plane by a cylindrical Iens 917) thus producing
a stripe of |b:gH1a.ser5%13ht6 Septesabred20boverhithe |anghrpiradyi marlednaly a mask
918) and is focused through a converging lens 919 onto the reflective film
802 on the opbé calrmdd Sy ichangimgyvehe rehapel of ipita ot thpengsteredisk. A stri pe
such as shown in Figure 28(b) is thus forned. In PE nodul ation) stripes are

spaced apart Bhid heekodliviifl @rigntdespt ifedabslowl T) Fguread )3 Ehowé ghei s spaci ng
is displaced, fitter occurs and the error rate rises. In the present

i nvention, th e 13; e gggu | clock in
synchroni sm vm‘??ﬁilfg?tﬁo a?‘l gﬁggﬁcge?*%% ?’ﬁ%ﬁ%’?or 1@?{-% d supplies this
nodul ating clo t he. nodul.ator 910 t re th ach s e 923 is

k t.Q. i
recorded at a“g%}t:lgt’:‘fatdr?& At %e§ %rg\gpggﬁgr%ﬂwq W?tﬁe‘ﬁ?r&e&%lﬁ)l of the notor

915, that is) vnth the rotation of the glég 800. Thhs has %he ef fect of
reduci ng fitt@keTadatd Ritsven thegmpstesy diganni hfatelsSegofran dheas shown
in Figure 3(1)) may be provided by which a continuous-wave |aser is scanned
in a radial dfitasremothato therwavefoam ddde. of heNexti-par#cit code recording

met hod) etc. , for form ng a barcode using the above-descri bed barcode
recordi ng appadetti€icatidn herkidscdidteicgui shrablef freantbe tvavieifgim ®f24 to 26.
Figure 24 shows signals coded with RZ recording (polarity return-to-zero

recordi ng) of ot pRYeddtadn BNChiki way, ng Palefernsim@laedocehgesponding to
them Figure 25 shows signals coded with a conventional barcode Format and
-5l obtained from the PCA area described later can be obtained

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

however, the waveform is a little difficult to distinguish

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

Figure 9.

By removing the reflective film by laser light, as

described above, a waveform easily distinguishable from that

of a pit signal is obtained. Rather than forming the

barcode of the invention by removing the reflective film by

laser light, as described above, the barcode may be formed

by changing the shape of pits on the master disk. This

master disk method will be described below. Figure 9(d) is

a plan 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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6 Septenber 2002 trinmm ng patterns forned corresponding to them The
present invention uses RZ recording, as shown in Figure 24, In this RZ
recording) one unit tinme is divided into a plurality of ti%@e@Pﬁ?§§ZQQ%
exanple, a first tinme slot 920a, a second time slot 921, a third tinme slot
922, and so on. \Wen data is ~00", for exanple, a signal 924a of a duration

hor t th | he_ 1] t WS, [ T. of
channel cl ochoRRePBibcldl eiedasSFmrid b el b o eBE TR v par
(1) in Figure 56. ﬁﬁe Eﬁlse 24a wh Sﬁ%& raéion is.,shorter than the period
T of the recOPERHYLI obk G0 BEtSASD HEYMEER {LPBral tiat=1he 4ayefprn case,
[ tati | f t he tati on sensaor 91 th t 915) th
i ock oi gnal S4RCabe DA S5 LT REENeH S0t SHPGHLTIA0OR. FRAs&has showh i n-

part (1) of Figure 24; by performng the recording in synchronismwth the
cl ock pul se, wamefasfif oft sthefr pot adatenal Invahisitwarn afwaveéorwisdmitain be
elimnated. In this way, as shown in part (2) of Figure 24, a stripe 923a

i ndi cating nQ@"thdts obeadtmetedrom theePCU Heenl dddcribed daaedidun begi on 925a,
the first of the four recording regions shown, and a circul ar barcode such

as shown in pathided b9l thd Gakee2 dikkR he¥hioBS. ifNaXis M3@D Kfedets " OL"', a
pul se 924b is recorded in the second tine slot 921b between t=T2 and t=T3)

as shown in Q?z%twa(vge)fom fé %ur%gtfliégﬁgﬁf@éﬁ Y\?%ﬂgs?g@tﬁis@e 23b i s recorded

on the disk wthin a’recor ept enber 2002

second region fromihe left, as sho in.part_(4) of Figure24. Next, when
recordi ng datcgmpa:@adt gﬁdthﬁi@,"ef eSHH ! r%arrtgccg?)d&?di gbu)t R third tine

sl ot 922a and fourth tine slot, respectively. Here, for conparison

pur poses) NRFIBBE®™ing (non return-to-zero recording) used for

conventional barcode recording will be described with reference to Figure
25. In NZR recor ddhghopnl sefigesn 10 028k, starthandandgpesitiided equal to
the period T of time slot 920a) are output, as shown in part (1) of Figure
25. I n RZ readr dheqiontrbéledtdive pirtéanhbgduhaeings thé mboverwdvedoph her hand, in
the case of . NZR recording, a pulse as wde as T is needed) and furthernore)

when T appearc%nsy@%%auxedeme_c@ewys@h@flcﬁpu@fﬁcca&viw R ghtvadiblint 2T or 3T)
beconmes necessary, as shown in part (3) of Figure 25. In the case of |aser

Lri i ng. sUheAo S SREOBMN ih P HESAR 1 ABYAN b Mgy sangl ngsille | aser

trimmng width i's practi _ Icul't since it necess!tétes changi ng
Fi gur o 25, St EEuuGed s sont Bl Fe o FrTARISY orRal: b the f1rst and
third recordi ng 5SSk Th¥ornation is obtained Th & 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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case of data "10'", a stripe 929b of width 2T is recorded in the second and

third recording regions 929b and 927b fromthe left, as s in pa (4)
of Figure 25. -53 6 Septenber 2002 In the conventional K%Q%@BEH#% t he

pul se widths are 1T and 2T) as shown in parts (1) and (3) of Figure 25; it
is therefore apparent that NRZ recording is not suitable for the | aser
trimmng of the esent invention. According to the laser trimmng of the
pr esent inveﬁPﬁBg,zﬁebgﬁﬁﬂﬂ@ ts formed as shown in the experiment result
shown in Figure 8(a), but since trimnng line width differs fromdisk to
disk, it is diffithd trepoogucedi $eght s@maﬂousmyesha@ewbmh;wama&nrmri mm ng
the reflective filmon a disk) the trimnmng |ine width varies depending on
vari ati ons i rshhaseg cduwtpit ,5%0hhakingsan €4 68d=xr fat afnvebsiorefineésti ve film
and thermal conductivity and thickness of the substrate. Further, form ng

slots of diffedepttdl @ng_«ﬁi]@!t ha Olbclkhee getERatlhis Q3 +dgan@eHtés ian an increased
conplexity of the recording apparatus. For exanple, I1n the case of the NZR

recor di N Usedl o 87 AEAUEorP 36 oA ha 12 RROML UENBAILEOLD) and (2)

of Figure 25) r e nmade to precisely coincide

with the peri 1T of, th l.ock signal )eQr ;2T or.3T) that.is,, with nT..Lt
is particul ar@% ot 1% idgﬂP&ufat}l BcY cglerérqggugequ(ﬁéagf%tﬁ%@ §h%r}"r"lasa aé’ngcéT
by varying the line width for, each bar (each, stripe). ﬁinéﬁ#the
convent i onal GOFE8GES SFIPESANG BHIRILS| 8 HRLARY Skt , The Eis format is
applied to the | aser-recorded barcode of the present invention, the
fabrication ylespdulptead gégradads desoatied tor 2j Bhysiirel address qutetsely record
varying line -54 6 Septenber 2002

section 593 where an address of MSF, from Q bits of a

subcode in the case of a CD, is output from an address
output section 594 and a synchronizing sigﬁal, such as a
frame synchronizing signal, is output frbﬁ a synchronizing
signal output section 595. From the clock regenerator 38a,
a demodulated clock is output.

In a low reflectivity portion address/clock signal
position signal output section 596, a low reflectivity
portion start/end position detector 599 accurately measures
the start posistion and end position of the low reflectivity portion
584 by using an (n-1) address 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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w dt hs such as 2T and 2T on the sanme disk; furthernore, stable recording
cannot be done since the laser trimmng width varies. Thi wl&es

dempodul ation difficult. Using RZ recording, the present i RerReBRET2R02: he
effect of achieving stable digital recording even if the laser trinmmng
width varies. Further, the invention offers the effect of sinplifying the
construction of the recordi ng apparatus since RZ recording requires only
one ki nd of H]ineflwicdibn asedopdesilzasbrsushvwes shoenefroFégueed not be nodul at ed.
As descri bed, by enploying the above RZ recording for optical disk barcode

recordi ng acqg(sh ngstguthir, i teRtpedl lehel erom eid ered the effect of
ensuring stable digital recording. An exanple of the phase-encodi ng (PE)

modul ation ofeRledtqer i/ okl BdinRel SRTCEhALANW | fyHtehREGRCe to Figure 26.
Figure 26 shows signals and an arrangenent of stripes when the RZ recording

shown in Fig I,S - | at ta ., Qi 1S rded in the
| eft-hand ti #é?%ﬁzeg‘tceﬁggeg?gg'he Tﬁ\?\% ﬁ%?g%dsggz@g gh@%%‘fggpon t he ot her
hand, data ~1" is reco din the right-hand ti sl,of 921a, as shown in
bart’ (3 of FrutRatSe 585 and anion eideationy LS aRtect ol o ot i pe 923a
in the left-hand recording region 925a and gata "1" as a stripe 923b in the
ri ght-hand r &8kl n§uekASoshoEEN BEUBobpm(Dn parqaudrpd)fromdthe) of Figure
26) respectively. Thus) for data "OL0", a pulse 924c - 55 6 Sept enber
2002 is out pdowirefilleetieity- haght emowntsidetedtomr 586., Aspshase bp4l is out put
in the right-hand tine slot for "1", and a pul se 924e is output in the

| ef t - hand ti mepsédicetiodigital signahoim Figuparlb (85) mof dFginalesPfalon t he
disk) the first stripe is formed in the | eft-hand position, the second

stripe in thesrb@iputh@reh ROSI hdrdnregdh shecd Hitr dodd hbpehdve khe |eft-hand
position) by laser trimmng. Figure 26(5) shows signals nodulated with data

"010". As capgbg.s88R) 1&yey. gnal is always available for every channel bit.
That is, since t%e signal density is constant) the DC conponent does not

vary. Since the (o] : vary).. PE | ati [ istant to
variation in | ow rxngg‘g@q%égrpo@%egfésrtegéﬁ Pirfd ngﬁqggge géclh?sfogit ected
during pl aybac This has, the,effect of. siyplifyin aybac enodul at or
circuitry of rteEée%ﬁlé'Rt}SI cﬂe%gé?rétst}@agﬁrtlhﬁe?l‘ﬁ’gtdg,iaécﬁEio‘gﬁe si gnal 923
is always avail able for ,everi hapnel cl qck 2T ké}is hg;%j:]hi ef fect of

bei ng abl e t &®fr ERCEHIBLZH & FRehr SAPY AL IgyscR6£Q)r 15 AePD&| ock wit hout
using a PLL. A circular barcode) such as shown in Figure 27%1), is thus
forned on t heithsaddreseninfaraat ®noooFirsshoavrafarenoe ckpgjubs2at 4), is
recorded, in the PE-RZ nodul ation of the invention a barcode 923a havi ng
the sanme pat tedpess it He Fianeedtdi(73i gonaleashoed | Whearthe (8Jdressr ecor ded as

shown in part (2). Wien this barcode is played back by an optical pickup, a
si gnal wavef gmffed fAke yapr &dedhg | thePaddrelsd) n-x6 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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6 Septenber 2002 REPRODUCED SI GNAL) is output with portions thereof dropped
corresponding to mssing portions of a pit-nodul ated sign ere n
reflection signals are obtained due to renopval of the refﬁ%ﬁ?qsggFfﬁﬁﬁ as
explained with reference to part Figure 5(6). By passing this reproduced
signal through the second-order or third-order LPF filter 934 shown in
Figure 35 (a), the filtered signal waveform shown in Figure 27 (6) is

obt ai ned. Byappareitnd seds fok Orediny, avhieMeneadlsi €lelt thepreféregee data " OL000"
of part (7) is denodulated. (C) We will next describe features of the

optical di Skng§WBct1 W Tl varbag Qﬁ‘ﬂ@nffl g"BA M tr@ﬁrrﬁc}ﬁg SodTEppRgEa tifd acki ng

control netho rotational spee contro that can be used when

playing_back ?@b%??hn%'355n%§ ﬂM gl ragl egggfp oE ﬁ features of

t he opti cal th™a e for acc |ng e present
nmbodi t) wh f di t
'?r agk: Encénﬁphile&u F'ﬁ% c&rﬁﬁﬁg’ﬁn %‘fln%hgnfﬁ% 5?1%133' sé?{)gt@n} osas t he

tracki ng ON condltlon A pl ayback fpera% usi ng tracklng control is
shown in Fi gSterugloghcqund fier dheslow re L%Cttjlv\’/@h ROzt aen GeR bhe case of a
DVD disk in the present enbodinent, all data are recorded in pits with CLV,
as shown in Megsured3acc@atieprsi zapraduciien aapbzatisdef differertor ded with
CAV. CLV recording neans recording with constant |inear velocity, while CAV
recordi ng nedesigmcarditgpdvfoh readst@ant Naxgulbar firtding théSepbektnaun2002
velocity. In the present invention, the stripes 923 are recorded with CAV,

superinposedaff thePls€aPt tandl Qﬁ@|adﬂﬂe§sése@§|r i thedas €i call e@alONdi ND iantReldr ess
which is recorded with CLV. That is, the data is overwitten with the

stripes. 1N bBge AasentcleRH ok A0 RS er Pl 181 Aaingd CaSMBRy Nt 0 all

the data areas where S are orne he prescri region o e pre-pit
signal area, .as ti i net he esent, hnvent esponds to an inner
portion of tﬁg Fg@l}ga?é\@s SWﬁee egl%bn ?s Z"l% %)%2(‘3(1 ﬁg‘é& 1|Sost cutting area
(PCA). In this PCA ar code is.recor th superi nposed on
(Poa) 10 s P P21 15,07 CORVSRIPECT Oy ERRYAIBHIAL ATIEpIR  bact L er n
fromthe master dISk while the CAV data is recorded with | aser-renoved
portions of f@é refﬂeeml/éieﬁmhe snpher: metheds culikchggd imingtesi theen in
overwiting fashion, pits are recorded between the barcode stripes 1T) 2T,
and 3T. Usi ngffacts pift variioendeian}imen wéshoutehavingathi ohtais theonpl i shed.
and Tmax or Turin of the pit information can be detected; therefore, notor

rotational speédrémcecdalaypltime ’m/idetlm:u‘iep:godduita'soxsiagppai'atu'ﬁousled ect Turin)
the relation between the trimmng width t of stripe 923a and the pit clock

T (pit) shoulfdrbeeddingl4TTHiRi ke thods cam@iack rwhieiter ehd0didlo igchi eve the
above effect. If t is shorter than 14T, the pulse width of the signal from
the stripe 923gi bRfAEEE] 80 nd® tyhEhaMing WHethbr Ofhel BEsiHibna b8

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

_39...



6 Septenber 2002 signal, and discrimnation between themis not possible,
so that the signal fromthe stripe 923a cannot be denndulq%g B %ﬂgﬁle
pit address information to be read at the same radi us posi Shterpber

stripes, an address area 944 is provided |longer than a unit of one address
of pit information, as shown in Figure 32: address information can thus be
obt ai ned, naking it possible to junp to the desired track. Furthernore, the
ratio of the disk ge arkegitimate dick-ot mope diheapffdrat of sthitshmethady rati o,

is made less than 50fo) i. e. , T (S) < T (NS) ; since the effective
reflectivity dsctieasehe @usytbynd cdB, bd heckeasb af ber efompetsatfingnfarr i ng stabl e
focusing of the optical head. Next, we will describe an exanple of a -

condi tion in yAtLdtibhackt rtg.eCPé‘Eerr@hcé:Q{éQQZ DiteaPP | Hyeds o iangimplayback (this
condition is also referred to as the tracking OFF condition). Since the

stripes 923 a over pits, interrupting pit signals and preventing
correct pIaybEgﬁyh'h%EQIplt data, tracking control may not be possible on

| I th tri. 023). whi ) CAV dat b
PO By re ot oS KDY T ensiipPid, ?@Pavqat)aﬂaﬂvrﬁgﬁpsﬁtrm&eﬁag 2) can be

rotational pulse froma Hall element, etc. in the notor Fi gure 31 shows
a flowchart i Wllll]stheadﬁﬁ@'@eér ocTémp@smonomf}oatnam Iﬁa@ lplill &h®ack appar at us
when pit data in the optical tracks in the stripe area cannot be correctly
pl ayed - 59 préc&spt(Ehbiy f2082 dvavkrtddn iftguighédtexwhen “sidnek” i s inserted
in step 930a, the optical head is noved by a prescribed distance to the
i nner portionwithsd dRgP8dlb.sighet el i CRlenhesitk imdrk s ppost iononed

information thus encrypted or signed is converted into a

barcode as an ID unique to the optical disk, and the barcode

is recorded in overwriting fashion in a prescribed region of

a pre-pit area on the optical disk. Barcode patterns 584c -

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

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

innermost portion of the pre-pit area.

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

recording of the barcode to the demodulation of the barcode

detection signal by a PE-RZ 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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on the area where the stripes 923 of Figure 30 are recorded. Here, it is

not possible to correctly playback data fromall the pits corded in.the
stripe area 923. In this case, therefore, usual rotation ﬁﬁgﬁge@gﬂﬁ¥@g

cannot be applied for the playback of the pit data recorded with CLV. In
step 930c) rotational speed control is applied by using a rotational sensor
of a Hall elenent in the nmotor or by nmeasuring the T(max) or T(mn) or
frequency offrampan oridgnary pit. i tThesefnesr thhedienaktispsbomid bka2 there are
no stripes, the process junps to step 930f. If there are stripes) the
barcode is pezyed dldck levedt epm@B@AdYr ared obbain pl hywaekledtivieybar code i s
conpleted in step 930e) the optical head is noved in step 930f to an outer

area where nriion pRsedt o eignaleds shownhis mreajd)siofcehad igurepes are
recorded, the pits are played back correctly and accurate focus and

tracking serMppare @ghbever fSuree Eﬁ@g}hpbﬂ@@@énﬁaﬁfbﬁ@| ayed back, usual
rotati on phase control can be perforne to rotate the disk wwth CLV. As a

resul t, in 458,990 dbhSibted! AR ol RbgYHIDECK (GO ERlLY. By swi tchi ng

bet ween the TWwo rotation control nodes, i ro onal” speed contro
and the rotation phase -60 Sept enber, 2002 cont rol, by pit signals, the
offect i oMArPRBIT RAE ndYabhs SReRE Machiecsr Samidh damiaflasot: Mlpe dat a
and pit recorded dﬁéa) ian be played, back.  Since the stripes are recorded
in the i nnerGds¥higrediline drseribedains desashiriss thesecaadthaliosition of the
optical head fromthe optical head stopper or fromthe address of a pit
si gnal ) and feagedIDbn t Bt widdube apbredintredathateminsteadoef ethtel PEper f or ns
swi tching between the two rotation control nodes. (b) Referring next to
Fi gures 41 R médylaredwsignadedenddadatow 6Ronta gul setwidds dadulaoed rol 1ing the
rotational speed when playi ng back the barcode according to the present

signal demodulator (PWM demodulator) may be used, in which

case also, a similar effect can be obtained.

When applying the above encryption or digital

signature, a secret key of a public key encryption function

is used. As an example of the encryption, Figures 18A and 18B

show an encryption process using an RSA function.

As shown in Figure 1 8 A, the process consists of the

following major routines: step 735a where marking position

information is measured at the optical disk maker, step 695

where the position information is encrypted {or a digital

signature is appended), step 698 where the position

information is decrypted (or the signature is verified or

authenticated) in the reproduction apparatus, and step 735w

where a check is made to determine whether the disk is a

legitimate optical disk or not.

First, in step 735a, the marking position information
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enbodi ment. Figure 41 shows the first rotational speed control nethod
wherein rotational speed control is applied by detecting Tpax of a bit
signal (Trmax neans neasuring time for a pit having the I ary2€ptepiber ea%yt h
of various pit lengths). A signal fromthe optical head is first subjected
to waveshapi ng, and then the pul se spacing of the pit signal is neasured by
an edge-spaci ng nmeasuring nmeans 953. A tO reference val ue generating neans
956 gener at e the expgrical vdilskieis regsured dn stemiidde pdhsepedidtibni s | arger
than the pulse width 14T of the sync signal but smaller than the pul se
width t of tihdobmarioneisiidral conpgriessedfier enee MB8Hueaandnfthbe mati on t0 and the
pul se width TR of the reproduced signal -6l 6 Septenber 2002 are

conpar ed i n GnpeEPad BEs EMASiPAn@Blon Wes Jiftalified ™ kesp (780, the _
reference value t0O and larger than Tmax held in a nmenory neans 955, TR is

supplied to the ??Or%reér@%n%g@ilp\p@g{&tﬂgfi §he3%bmﬁ‘zses§'é'ﬂx sqééégf erence to

this Tmax) a con 7 controls a notor drive ci rcu?? achi evi ng
not or rotatiqnal speed,contral . ba ons.Tmax.. In.th ase of the present
Mvent! on ANTEFBTEERHSEE GRSEYREL o ishy i S5t BBS Eeiberit ea by
barcode stri pes,  as i igqure 9(a). In the case of a DYD) the sync
pul se wi dt h & 1Qf"l',°ftsgi¥m9%9054 g@isa ?ﬁg GRCTHe K8¥Pe® BAAAY Oke bar code
stripe width is 15 ,u m In Trmax-based control) the barcode pul se | onger
than the pul2b® ardil2 bats,ofarehsetsynod jpulssep vi95b, bencaypbiwoudsl y j udged and

detected as Tnmax. Therefore, by renoving barcode signals |arger than the

ref erence valdrfotrfedyusdngrear RSANfunct hod.heWhed eshengesitdbre t 0, as shown in
Figure 41, it becones possible to performrotational speed control for

normal . rotatirfapmht SREEIi §WHehBled Bg B! AV RacCKafedt B8 Pancpslershid pe area.
Il be described with

Next, the second rotational speed control method w
ure Aoyl HBLAQTPer iR BByt @ atfpndkosapad control by
ing t1me ha

reference tq,fg f
detecting Tmn ?TUI’I N neans neasur or a pi ing the small est

pit |length of, vati Lt~l.en S).. il 0 the Turi nybased control shown in
Figure 42, tﬂbe gﬁ?@%ﬁle?ﬁ%? nl%t ?%ﬁog{jﬁdf?%rﬁht%h telééé- lps ¢i ng det ect i ng nmeans
953 is - 62 .6 _Sept enher 2002 c ared jn a,co rin 954a with
Tmin hel d irP%Flﬁéﬁo#)Viréén@‘@SE%{?ﬁigEeq‘F@@ ?ﬁisrblpgg t%genﬁﬁn@e occurs and
the Tmin in the nenory is replaced by TR In this case, the barcode pul se
width t is 3 to 1o themrepsodvstien Apoerytushi the Poithcals disksiso 0. 8 a m As
aresult, if the barcode area is played back, the condition TR < Tmn is
not sati sfi etbaledcin tdtepbaiomdenguheec iphdirtiext iCs ial deyrypyeddner than Tnin.
That is, there is no possibility of erroneously ¥

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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judgi ng a barcode pulse as Tm n. Therefore) when the Tm n based rotational
speed control is conbined with a barcode readi ng neans 959, .the effect is
that rotational speed control based on Tmin can be appli e Septembenif
whi | e pl ayi ng back the barcode, conpared to the Tnmax-based nethod. Further,
an oscillator clock 956 creates a reference clock for denodul ation in the
bar code readi ng neans, 959, while detecting the edge spacing this has the

ef fect of bePPEFEBILB P SHORBHU ate the barcode in synchronismwith
rotation. (D) Next, a series of optical disk reproduction operations

(pl ayback oper at ilenghe usixtgstére 7§Ea>veth@omm1esa@d mogsFietc. will be
described. Referring first to Figures 31 and 43) a first playback nethod
will be descinbeohationdhjisnexpandedi tch racowdthatefariginal grisigitet ween
rotati on phase control node and rotational speed control node by a node
switch 963. ThedPmadiseCorTe abéh F368 ndapleemeack ami hadefsy chbelyi ng back the
optical disk of -63 6 Septenber 2002 the present enbodi ment will be

descr i bed Vi b tiRfekROGRLInE QaERAfy #6a1lCin TR bbestioAch second

pl ayback net hods herel r are each concerned wth a case where
tracki ng con I t fQr, Ll : i whacky et hod i s
concerned w Ethgaopgggg? J‘le%(r?(e&)?‘Jli{'a‘:c t?ﬁ?}rc%{ar%ﬁgg?}ﬁ gg%é&f@%ﬁedl% t he sane
tinme that the optj.cal head i ved tq the inn ortipon of the disk in
steps 930b aﬁaegg@(gﬁi nltiléuFEe‘g%,d ﬁ@%ﬁﬁdg’%ﬁl?iﬂp@@§ g‘?’n%?ni ﬂ’q:i gure 43 is
switched to A. Alternatively, the node switch 963 may be switched to A when
it is detectdacmiptedppexifioppifoynatiaroand digorc el 1yeneasuzrat t he opti cal
head bei ng noved by a noving neans 964 has reached the inner portion of the
di sk. Next, ansbpiemathbormattéon tfedls otigthionaltodpeanteconif dthenolleck st ep 930c
in Figure 31) is entered will be described wth reference to Figure 43. A

motor rotatiag OK eiqueney.7368) fHeoRrocawst proedsatsl stebr B38kenoy, f2, of a
second oscillator 968 are conpared in a second frequency conparator 967,

and a differ %U?f’uﬁiﬁ?%afé_ofre&'a'r.taooi'h@xémtt@rpx@' ¥fs Wthoebd tod%Be t 0 control
the notor 969) thus achieving rotational speed cantrol. In this case, since

the di sk is LOLALINQUL N 184, (SR UG00R S LBE; GARnBCc ¥R Dack.  When

t he barcode pfayback s conple I'n 'step

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

_43_



Figure 31, the head is noved to an outer area by the noving -64

Sept enber 2002 neans 964) and at the sanme tinme, by a S|gn34 fronbt@%
position sensor 962) etc.) the node switch 963 is switche Pert

rotati on phase control node. In the rotation phase control node) PLL
control is applied to the pit signal fromthe optical head by a cl ock
extracting neans 960. The frequency of .a first oscilla L 66 and the
frequency fFedftegtivlayene °§y§'&’ﬂf‘2)n‘ilezp&s|16ﬁdsqngﬁ5‘? optdce rFL‘é ed in a first
frequency conparator 965, and a difference S|gnal is fed to the notor drive
circuit 958.9MRe rbn ahieomemifastuniog: processdef i thet ppicadt éisd. thecause of
PLL phase control by the pit signal, data synchronized to the

synchr oni zatpamitdogrefl tbé rdrkisg Fﬂlﬁﬁewiasbdceltecte‘d bhepamitticml head were noved
to the barcode stripe area by rotation phase control) w thout sw tching

bet ween r ot add te@alnPhras,c aNdr ohe fdetet terl BoEOficaNdag ehat Pl agspeed control
for the notor, phase control could not be perfornmed because of the presence

of the, stri neslifchisioubh cmBrhet j6hCAEd y2UEhenh tRE oFRLON agRi g out of

control or stopping) an error condition occurring) etc. T ore) as shown

in Figure 43 t to riate control node not only ensures
by st AL g R IR

st abl e pl ayback as the effect of avoi ding troubles
relating to notor, rptation, The, second. met hod f pl ay; back the optical
di sk of the pr eséﬁfl’ell%obl’i‘ﬁf’é'ﬂ’? Ei@n Ireﬁglrbﬁ'e@é??% \;\AE%d ?@?ence to Figure
38 which shows a flowchart illustrating the_ -65 6. Sept enber 2002
operation. Tearcedechiddl a%aﬂ@@rMMa@dme@Saﬁlﬂwwwe\derthelzfﬁnof

decrypts the contents of the barcode for output. Marking
reading means 9106 reads the actual position of the marking
9103 and outputs the result. Comparing/judging means 9107
compares the decrypted result from the decrypting means 9105
contained in the position information reading means 9101

with the result of reading by the marking reading means

9106, and judges whether the two agree within a

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

they 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



the first playback nethod. More specifically) the first playback method s -

a nethod for playing back an optical disk on which a stri

presence/ absence identifier 937 is not defined. Since tra3f§ﬂﬁeWEeH§P2
applied in the stripe area on an optical disk of this type) it takes tine
to di stinguish between a stripe pattern legally fornmed on the disk and an
irregular pattern caused by scratches on the di sk surface. Therefore,

regardl ess of mehes 9406t te usler tipesiear gptiedicoesidd Oromahe dderypltagpack
procedure has to performa stripe reading operation first, to check the

presence or ah3gRe®H105 e RPead Mg \M‘i@ta(&'hal hos3tidDRT ehe n{a@q‘&ﬁ?eﬂdw the
inner portion of the optical disk. This may cause a problemin that an

oxta [T 1S T qguirodt gl 6o LT° gl T ol kg ENEHIGEK. T

second pl ayback | Nproves ‘on h|s po mn rn Figure
38, when an o al sk i |nserte at a ed back in step
940a. Usual | y%ﬁﬁ@&r gh? Wag Gf et Af ‘r‘ ﬁ) %‘?g i ttihlebg tilr"?f"o??'ratl on of

t he opti cal k are r é;] s control data.n a control dat ea. The
physi cal feat l} & PRfGRIed s S IAKIATaasDY ftap RO&HpPR, INEAFBR hedy ghichdi cat i ng
that the optical disk is a Ianlnated type di sk of a two-layer, single-sided
structure. - 66 decrypsedthsntibe dpozpting meaps 848ht i nvention) as shown in
Figure 30, the control data recorded in the control data area 936 of the

optical disk contaihs ahéeGepsbdigsopr aypareedsiofenite abdeetddniseru®Bibnr ecor ded
as a pit signal. Therefore) the optical head is first noved, in step 940n,

to an outer araa ¥wice aMeildepallol ddpliratedrardedbdiisAngnd hetapt tiee opt i cal
head noves |nmardly j unpi ng across a plurality of tracks until reaching the

control data Qloﬁ"}%eg]ﬂ é‘f%lﬁz d%Qa1antdh€ar?0'btr59énéjQé%é§l pl ayed

back. It can thus e che e stripes are recorde not .

in step 940D, ISP [ absence identifier is 0,' the process
proceeds to stdéjgfb%e §r£é;]tht%|§g)g ‘rotation phase control for nornmal

pl ayback with &ﬁY' On the other hand, if) in step

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

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

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

press factory.
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940b, the presence/ absence identifier 937 is |, then the process proceeds
to step 940h to check the presence or absence of a reverse:gide record
identifier 948 which indicates that the stripes are record%%eﬂﬁ"Pﬁ%2@¥he
opposite fromthe 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
di sk. If the reverBdssmegncahadta beresadeosannatabeyredoaded tmdke an
indication is output for display, to urge the user to turn over the disk.

If it is detenppthesl idisktap a946ftwalrat cdmpangtsr pedeasler theordded wot t he side
bei ng pl ayed back, the 07 _ 6 Septenber 2002 process proceeds to step

940c, where thavhegtt necddneed bquibphens! r TR proddeRZkpeltédeeirBNEE portion
of the disk, and in step 940d, the control node is switched to rotational

speed controltthg%g%apﬁfé¥ggggjgz?Qﬁﬁx@g§egggJ1ngg%5#9%ﬁ%i n. If the

pl ayback is conp en in step control made is
swi t ched back to.r&%ation phase control for CLV playback and the optica
head i s moved l&Bi1&f outer portion of the disk to play back pit signal
data. Since the stripe presencel/ absence identifier 937 is recorded in the
pit area hol di ng tOn thenether hard, whewr theamardagr peddiabove) the second
nmet hod has the effect of being able to play back the stripes nore reliably
and nore qui ckinformatianedas aetheddd rsta hazxgdde bymbaderd twwingben wit h
reference to Figure 31. Wien the PCA area is wth tracking OFF, |evel of

t he noi se sigrthe Wnichted-gopreddledfbyhd Haventivndfoped Ptén swgnal | evel
remai ns unchanged if tracking is set OFF. Therefore) in the filtered

wavef or m showt raRsfdr@atesdxtRhted NanPhdtedl 9p@dthdroPs, waBKidiFirhefasier to
di stingui sh between the PCA signal and the pit signal. This has the effect
of that the protective layer 804 remained almost unchanged, as
" already explained in connection with Figure 10(a). This was
confirmed by experiment by observing the disk under an
optical microscope of 800X magnification. It was also
confirmed that no change had occurred to the reflective film
in the trimmed portion after an environmental'test of 96
hours at a temperature of 85°C and a humidity of 95%.
In this way, when the laser frimming 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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sinplifying the circuitry and reducing the error rate. Furthernore, the
provi sion of the stripe reverse-side record identifier 948 kes it
possible to identify that the stripes are recorded on the $538¢@Em§?@§20f
the disk; the effect is that the barcode stripes can be played back _ 68 _
6 Septenber 2002 reliably in the case of a doubl e-sided DVD optical disk.
According to the present invention, since the stripes are recorded

penet r at i ngenéryptghnt thatr ¢hé exmfitvard icomparon kbep$ reiedesototbea di sk, the
stripe pattern can also be read fromthe reverse side of the disk. The
stri pes candbtiydradetb apkriy amtishde ntheecompanydeseriurt be idicskadns checki ng
the stripe reverse-side identifier 948 and by pl ayi ng back the code in the

reverse direstady, Whgrt icaddt Ng whbe ek Pep-infThendyieaesicH a¥eati on uses a
bit string "01000110" as the synchronization code) as shown in Figure

SAa) | When ok B BRek s O SERIRIER B depotdin sinelvaepial on code i
(5500 PNt T DRSS A S PSSR Jot 1 o

apparatus of, Fi,gure 15), the barcodg r rded in penetrating fashion can be
correctly pﬁape‘ger@asﬁ' e‘\Peﬁﬁ? fcaﬁlea?/gc?‘ @gﬁk 106 Ylf?e bF‘EVéiE‘ségg? of a

doubl e-si ded di sk. The pl ayback apparatus of Figure 15 will be described in
nore det ai | chatke separatedr ¥r¢nf DVBspithsienals bygsateisg)the 300-, u m wide
guar d- band area 999, where only address information is recorded but no

ot her data itgimmimg dénd widthratyiadeal zegrestert hhaP@ATacrd. 898 and t he
control data area 936, access to the control data can be nmade nore stable.

The guard- baRera{sgaaWi VW bt d@cdebed i1a€6r,| theDb&rcodd sighadepdenber 2002
detail below Wen the optical head accesses the control data fromthe

outer porti ?@ Plc @ddir§kthet15" Qggélfcﬁlnghm g}qvgﬁ ippwey gl y junping across a

plurality of tracks until reaching e contr a area 936. In sone

cases, the %BE%PJZJDBEEE?O%%]:? ”ngna%gﬁ%}ﬁg‘ﬁggsitni Qm%%gcontrol data area

936, |l andin ur ther T nwar contro ta area. At this

tinme) if the .PCA area 8 exjsts,directl,y adjacent to the inner

ci rcuntf er enPETEFS (U8 Eg%crtof:k%ttéea?aé&?dgh%a’tg?iEeéld ﬁ%a Gull lose its own
posi tion since_an address cannot be played back in _the PCA area 998. It,
then, becon®dtiepodirkir usedchniead theeDobtsigarlneddis mifecdicayl y) when the
guard-band area with a width, for exanple, 300 ,urn) greater than one junp
wi dt h of théeopbiaimedhear)only wirthyiled ambnd teel-abpy aisbtet pbsdéion, if the
optical head is noved past the control data area 936 the optical head wll

al vays | and waithhile bhevIia1g- e iBE@%inElewplaby diekding an address in the
guar d- band area, the
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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optical head knows its own position and can thus be repositioned on the
destination control data area. In this way) the optical h can be
controlled nore reliably and nore quickly. Further, as sh eqﬁmp$@a¥@ 30,
the control data also contains an additional stripe data presence/ absence
identifier and a stripe recording capacity. That is) after - 70 6

Sept enber 2002 recpr.din i St. stri o) n ti.cal di sk, additional
stripes can g}ée rd(éaégr‘ﬁet&gfxﬁ 18%{%&%%(&5& 5@63 dﬁgg‘ti on of the area. The
first recorded stripes wll be referred, ta as.the first, set of stripes) and
the additionally F‘e@’&?r 8%e%t}}ai“6esw}b?§’ thEMEEE okt p§§%°rd"fed599i%)es. Wth this
configuration) when the first set of strjpes 923 is already recorded by
trimm ng, asdeHdensidedri faminasey-tine enpkralt jide thak needs| émnénspace f or
trimm ng the second set of stripes 938 can be cal cul ated. Accordingly) when

t he recordi ngvappheatplayong Fiaghr th@ Iepersoside,t rthanlaaprt digetcord the second
sit of stripes) the control data provides an indication of how nuch space

i s avail abl eﬂéﬁe_sa@ldfddgﬁnﬁlhe eoreilRativdifs 1ps eaeht forlned RSHebi ity of
destroying the first set of stripes by recording nore than 360 over the

area. Furthe £] i i e han one
u 5{@ 6f & FIOMN 'T*Befégal’ebet@% é’%rtgﬂdée 248 HPPgehe

pit-signal frame length is provid first set of stripes 923

and the seco ri.pas..938; ;. this tQ.prev previ ously
recorded tri ﬁg‘%“ﬂgtaag‘iﬁr éﬁ%@égngi%&t r%@%%ﬁﬂ@&éﬁﬁgénﬁsﬁm in Figure
34(b) to be described.l.ater,. a trinmng, count identifier 947 is recorded in
a synchroni z5P Ssdiddkabaicatiopin '?rpgéntgli’?i 2reede GaRPe 3eAPE44%gui sh bet ween
the first set of stripes and the second set, of stripes. Wthout this
i dentifier, aimtitenpouslivoan duthesidasnénta rsingsetStep- stripes 923 and t he
second set of -71 6 Septenber 2002

In this case, when the optical disk is turned over to

'play back the reverse side on a playback apparatus, the
‘barcode signal is played back in just the opposite direction
to the direction that the barcode signal on the front side
is 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,t0 26, etc., we will
describe the construction and operation of anvoptical 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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stripes 938 in Figure 30 would becone inpossible. Finally, the third

pl ayback nmethod will be described with reference to Figure 40. e (%ge
duty ratio of the stripe on the optical disk, that is) it(s%%?péﬁr\%%f& is

| ow, al nost correct tracking can be maintained in the stripe area) as shown
in Figure 32. Therefore, the address information in the address area 944 at

t he sane radius Siti of the disk can.be played.back.. Thi as the

ef fect of qui ckeﬁﬁﬁbr?% aP sk 1ia§£au“sﬁ8whq§ éBed%/@'&ligHg%tr]ﬂnoﬂ%s' ce the
address can be played back while playjng, back the stripes w thout changi ng
t he opti cal gé’é‘ﬁ"go@‘fq ng| FPRAFA U%rf@é) “Pﬂ@mﬁ%llr@sé“a ,C\and a where no
stripes are recorded) should be formed continuously along a | ength |onger

t han one frah@readet fermingeme thfidudn g eBbodimenheoitsR. PIEFENEper at i on st eps
for this nmethod will be described with reference to Figure 40. Wen a disk

is inserted) ihventdphi cil theaabdve menvtddned enbedimems; datawof beential portion
in step 947a. |If no tracking is achieved in step 947n, the tracking node is

sw tched frobpaphied ¢&niheOHat® ofushciiphbd RAQibM ot ARrBhePpottivhnep 947b,

rotational speed control (CAV control) is perfornmed to play back address

I nformation. ;L0 +0dr g3 Mka P& BeaysdoRacks indiSteri2{eq dhe process
Zlgg tep 9% I W1 p

proceeds to Sept enber ste to nove the optical head inward to

pl ay back th stripes. lf. an_address,;can be_ pl.ayed back fr an enpty
portion of tﬁ%ggéﬁvér c%ﬁmé%?tﬁ3nmﬂ%ﬁn§b%ﬁﬁw??¥éﬂf¥pﬂﬁeqﬂp8£é§g%proceeds
to step 947e where Dbas$% on th% ddress. . the o ticgb head Ls noved in a

radi al di rec2MORh §0t Mibeg i ssued From ARl Beneratar A0S AScsRAMY. In step

947q, the presence or_ absence of PCA stripes is checked. If it is judged

that there aiB Fgupea2dt orpary ather giisdess dataceeds

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

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

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

created in a laser emitting circuit 911, and is applied to a
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to step 947r to try to read a PCA flag in the control data. Then, in step
947s) the presence or absence of the PCA flag is checked. t.he presence
of the PCA flag is detected, the process returns to step é%%%pmgwﬁgﬁ%?ge,
the process junps 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 stri - Wien the playback i | eted in step 947g, then the
node i s Swi tcﬁéaef)?ﬁrzoﬂ\? il 5h§°§g¥€§ﬁﬁ regﬁagﬁ%ﬁeg%& 12587 REYE i s roved to
the outer area to, play back a pit signal. In step 947t) the PCA flag in the
control data iSYPPEA®ITERLE H2Pe Thenbdasazn 9 abfjusaAr bratopmiks Hgsed s i ssued
in step 947k, and the process returns to 947mto continue the process. (E)
Next, manuf actlasendl itgbthwhiphess fimcuseg|threngh reg coheergingcalitdfsk bar code
form ng nethod of the invention will be described in further detail. A

bar code pl aybagkoathmraflectivd film Sedtornhhe RRGAaved ldisk sBd0pe descri bed
briefly. (a) First, manufacturing techniques for inplenenting the barcode

recording net hedowidd the AeertPRdfilm inhg Easdel pdfierhar qpde recording
nmet hod previously explained wwth reference to Figure 28, the m ninum
emtting puls i Ls: 11 Q1 TW I epetition
period of fC grip?ﬁkﬁgngﬂﬁﬁPSQﬂﬁﬁﬁéggq%iaFéaiﬁEdr%%gﬁgﬁgylgﬁeﬁhe | aser. In
this case, th% nunber, f~/2, of]ParEode.bﬁrs can, be r%cordedh er second.
However, if a'BEaffifdPiietor BHALICSKEE &IPRSE, SHGRNAS hEi I €P9% a i ni num
emtting-pul se spacing of 2t is allowed, so that the pul se repetition
period is f~ inl??ﬁ‘{r%gchlsrréah%“dteﬁaﬁs tth&1gaglairer te dllensgri@dn be reduced by
a factor of 2. This also neans that) when a | aser of the sanme frequency is
used) the nuntamber withcadweciat skayhibat dhebsofiese deanppay hesconth can be
doubled to f~ by using the beam defl ector 931. This has the effect of

reduci ng the phdducdseyesimod npporceshenahiaactle 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 grea&ly 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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by a factor of 2. The operation of a double-efficiency apparatus (referred
to as "switch recording”) using the beam deflector 931 wl| be descri bed
bel ovr with reference to Figure 29, focusing on difference®Sepigmbeng002
configuration of Figure 28. The beam defl ector 93, fornmed from an

acoust o-optical nodulator or the like, is supplied with a deflection signal
for swtching the beam between a main beam 945 and a sub 7~ 6

Sept ember 200u shéaght046. lithiged: b adedsle &lBonand gmafodused\thndughbeam i s
switched to the sub-beam 946 which is passed through a sub slit 932b and
forns a sub-stconper@idg. 1 @ 19pectids ithaltaflet oiveddibm "802 an nienal stripe 933
is formed; only when recording data "1" is the deflection signal set to ON)

as shown in djtdead F¥kbrd tdmoveseRNgelm anii stripeepbeimdefd ector 931
switches the beamto the sub-beam 946 to record a stripe at the position of

the sub- string 884sudin pSimuiPIRGiguek riNy 933huanbisaab) magh for -0

and a stripe 93 as shown 1 n par are rmed on the disk. In
this config i Si .a | r | se d I ey .p-0duced at intervals
of 2t) a Ias(ﬁﬁ%g?%nh E?gﬂﬁghgégﬁgggeﬁHﬁ%gﬁeaﬁﬂwéagfkﬂﬁgge'%nfiguration of
Fi gure 28 can be used.. .l n,0ther rd en a laser of. the sane frequency

i s used, si n’é’@efﬂéf%t rli]‘pe%ﬁcéﬁdbiﬁf oiﬁeﬂ‘w}ét SP3G1I0E 1helisp %%d?r equency, this
has the effect of increasing the productivity bé a factor of 2) as al ready
descri bed. Neb&terregayrsi ard tibet peraratatetniges.ur dnotha BEessmchr oni zati on
code shown in Figure 34) a format suitable for the switch recording

expl ai ned wiitvené¢femenbe ¢lodk gemerazorvild gbremigssra edubating. The

synchroni zati on code data structure also constitutes a technique for
i mprovi ng prelbiekt ividynchAonishownth a Fogayion3gilak, feon itkedmgtirt ern of

"01000110" is used here. Conventionally, a bit string consisting of -75 6
Sept enber 2095 and supplies this modulating clock to the modulator 910
to ensure that each stripe 923 is recorded at a correct
position in accordance with the rotation of the motor 915,
that is, with the rotation of the disk 800. This has the
effect of reducing jitter. Alternatively, a laser scanning
means 950, such as shown in Figure 3(1), may be provided by
which a continuous-wave laser is scanned in a radial
direction to form a barcode.
(b) Next, a barcode recording method, etc., for forming
a barcode using the above—described barcode recording
apparatus, will be described with reference to Figure 24 to
26.
Figure 24 shows signals coded with RZ recording
(polarity return—to-zero recording) of the invention and

trimming patterns formed corresponding to them. Figure 25

shows signals coded with a conventional barcode format and
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the sane nunber of Gs and |s, such as "01000111") is used, but the present
invention deliberately avoids this and uses the iIIustrat%g dﬁta Sté ture
for the reason explained below. First, to achieve the swit ﬁe?ggﬁPﬁ(#é of
Figure 29, provisions nust be made so that two or nore pulses will not
occur within one tine slot, that is, within 1T interval. Switch recording
is possible in the data area because data is recorded there with a PE-RZ
code, as shéwhmmingrpgtiterns3f{eymedHeswrresponding ke Wwse of the synchroni zation
code of Figure 34(a)) since irregular channel bits are arranged, with the
usual net hod t xdTheubsesentayneattionvadesi RZ Ifecordingi eb slemm ihe switch
recording of the invention is not possible. To address this problem the

i nvention efpkoys.24f or [EXABI KL reberdiink, Paid anit "Ak004 I1'vidsd shown in
Figure 37. Wth this bit pattern) in Tl a pul se occurs for the "I" on the

right) in TZ2,09 PW1588]1 AGCHE. ¢ ind I?o%,p%ﬁf‘eﬁﬁﬁyé,s af efrdhqimd” on the
he "1" on the |eft:

right) and in T4 a pulse’occurs for t inthis way, two

or nore pul Eﬁétgﬁq&ﬁta%ﬁ%héw@ glsé)’{]ﬁétlé][? t?\li?&'tiﬂguglott @§2§ynchroni zation

code struct el i 6h h ect " of "achrevi ng~sw tch

recordi ng) ingreasing {.he producti rate by a,factor of b). Next,
referring t&nai U 15@}‘3&‘ BFF%flsdeg@r'i gPFo‘HYWF‘?’ @e%?%n%g#é égfpl ayback
apparatus for playing back the -76 6 Sept enber 2002 barcode recorded on
an optical & gkrafionhsheusevethan fbe. periedgek dneptimenshpt.l theko touch on
productivity increases. Figure |5 is a block diagram of the playback

appar at us aliseatlye degied dedfi m qhehnel rwloble fiisr secdrael parthe(1)) the
apparatus has been described as an apparatus for reading the position of a
mar ki ng f or fddsontimeesief 19204, \as Shown dh partofl) cial Fdgske 26ut herei nafter)
the apparatus of Figure 15 will be described as a barcode readi ng

apparatus, tiatpilse 9204 aphdgekdiaaRasmtiss shdyteeX phanahe oferollI T be gi ven
again referring to Figure 15 this time focusing on the denodul ation
operation. of the recording clock is output between t=Tl and t=T2. In

.this case, using a rotation pulse from the rotation sensor

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

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

Figure 24; by performing the recording in synchfonism with

the clock pulse, the effects of rotational vari;tion 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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First, high-frequency conponents generated by pits are renoved by a

| ow-pass filter (LPF filter) 94 froma stripe signal output se of
a DVD) there is a possibility that a maxi mum 14T signalr&%ﬁ%%g8$%§%@§back
where T=0. 13 ~cm In this case, it has been confirmed by experinent, a
stripe signal and a hi gh-frequency conponent generated by a pit can be

separated by_using.the secon r of.third-o Vi . pass filter
shown in Fi g§ﬁ0é)n§5{é51_on.rﬁ§qm ﬁé? fer?g:' ué% %’ng %’feg’gﬁﬁq@r OE?%lrééx(rgtét)rder- LPF
has the effe of being able to separate a pit signal and a barcode signal)
t hus ensuriﬁ%istable pl ayback of a barcode. Figure 35(b) shows the

si mul ati on waveform which is generated when the signal of the maxi num 14T -
77 6 Sept enbeNepBoxhgnirqconding idetaecldy dand cdAii nihessl §ata @reni s way, by
usi ng the second- or higher-order LPF 943) the stripe playback signal can
be out put afremordethsimartheatiiydr eimevishgt t322apand Foaythackimsi gl ; thi s
ensures reliable denodul ation of stripe signals. However, if the wdth of a
stripe signatedpedsie@ydul ated (the stripe signal wdth shown as 15 a min
Figure 36(b)) is smaller than the sanpling interval width tm (see Figure

36(c)) of am Crﬂ@f%ﬂo%%?rc?ﬁHAEi§6didﬂ?péééE?aN$Z“¥écBP@id§e(Hﬁﬁsured
) of 't pe sign

accurately. For exanple e stri al's shown I'n Firgure 36(b), the
stripe signal_on the left_is | ted inside of the mcroc uter sanpling
Tt erval i dlEniaperisa it Wet dBizeoBtencindl, SEERIT o, <L STTT pe
signal obtained by readqing a strjpe i$ waveshaped usin aﬁgiip-flop circuit
so that the %?%gﬁnwetﬂ Bo disaesitade Tt TeRaRenase tor HEVE AL or sanpl i ng
interval width tm as shown in Fi%rre 36(d). Figure 36(d) shows a waveform
after the stripelsiNéhlreaprdingnapulisesr 828ednd H28bwi eadh Bavimhe waveshaped

signal is then detected wth sanmpling pul ses (see Figure 36(c)) fromthe
m cr oconput evidthheguaEingor tlse peciwdile offetiner ebent9204, tdre sttpyte si gnal .

Referring back to Figure 15, a further description will be given. Dgital
data i s denpgélghort 1ty pabe OF- BE Riguedudsit ofn R2 refotdiagabghee manner. The
data is then fed to an ECC decoder 928 for error .correction. That is, _ 78

- 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 friple width, 2T or 3T, becomes necessary, as shown in
part (3) of Figure 25. In the case of laser trimming such
as described in the present invention, changing the laser
trimming width is practically difficult since it
necessitates changing settings, and therefore, NRZ is not
suitable. As shown in part (2) of Figure 25, stripes 929a
and 929b are respectively formed in the first and third
recording regions 925a and 927a from the left, and in the
case of data “10”, a stripe 929b of width 2T is recorded in
the second and third recording regions 929b and 927b from

the left, as shown in part (4) of Figure 25.
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6 Septenber 2002 deinterleaving is perfornmed in a deinterleaver 928a, and
Reed- Sol onon code conputation is perforned in an RS decodgr, f rror
correction. A brief description will now be given in relagﬁgﬁéﬁﬁx%?g%%ctive
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

structure after ECC.,encodi ng.whe = 1 according to the.present

enbodi nent. Fi guE@ the £pny “%\ﬂ r‘@é&i:‘“’e:cror‘r@ﬁ5’%’ort|hgcrl"i' EOHK PFEy according
to the present enbodi nent. Zn the present inyentio t he_interl eaving and
Reed Sol ormn”éralnéré)ﬂoralseélW‘ﬁhlﬁdlﬁrﬁé zﬁovﬁﬁdi Kﬁt [ ﬁé&‘é’esg#udttuh‘é of Figure
33(a) are perfornmed using the ECC encoder 92? shown in Figure 1 when
recordi ng st¥heyefonm appavent ¢hrt diRZkresgndinghis net retiteble doti on net hod, a
read error occurs in only one disk out of 10" - 10 mIlion optical disks

under the cothb tlaser afritnhing $ft chepresentatiavedtib@: 4 Aacoudsng &8 shown in
Figure 33(c). In this data structure, to reduce the code data length the

sane sync cogie ilasessirdhfenhd @ff o pirevent radeiing, tHebargsderisof sync codes
by a factor of 4 and thus increasing efficiency. Wth further reference to

Figure 33, thgmagah@ ol Yidith Nexddal Rert H’HQ&H’b%h%r‘l!ian%Qﬁ%C” bed. In the

present invention, the recording capacity can be varied treely, for

hown 7.~ 800, CoLE BB B0 RY B AR Bl BRI ) e i 5

Shoun i 1 Fi G 38E LS SHAEF g 0 PIER) 5o PoFObREIprEs TAer HEat a str ubt ur e
when n=1, there are only four data rows, 951a) 951b, 951c) and 951d,
fol | owed by ¥ tEhamigwe she grefpectiyecy i h@nos 2 skri Big STIBPRE i s a di agram
showi ng Figure 33(b) in further detail. The data row 951

line width varies depending on variations in laser output,

thickness and material of the reflective film, and thermal

conductivity and thickness of the substrate. Further,

forming slots of different line widths on the same disk will

result in an increased complexity of the recording

apparatus. For example, in the case of the NZﬁ 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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constitutes EDC of 4B. Figure 14(b) shows this in an equivalent form

Error-correction encoding conputation is perfornmed, assum r ows
from95le to 951z all contain Gs. Mathenmatical equati onsnhz)%ép%ear%gbgcc

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
apparatus of Figure 1 and recorded as a barcode on_the disk. Wen n=1, data
of 12B is redtddbs Biedr aartTaggl Llornsthesgmectishn FHEIGTBRIE Li kewi se, when
n=2, data of 18B can be recorded; when n=12) data of 271B can be recorded
over an angl establé3tcdediresaonot the dosk . sihee ttthe passedrimmvegntion, by
encodi ng and decodi ng the data using the EDC and ECC conput ati on equati ons

shown in Fi gufieshlddlesandrhli4( dikesvdemodulat ded al idfbeudtt. i sUsimgl REr t han
188B> the conputation is perforned assum ng all renmaining bits are Gs, so

that the datadcoraimy,edhii drbs@n®MBivent BSPhES NtheC BBREIL Yof d¥HiByEREVES tO

shorten the productive tact. Wen performng |aser - 80 6 Septenber 2002

trimming, as éﬁlbtlﬂedi?i‘?%g:&teeégggﬁg ie%'filéﬂ“%&ﬁﬁ%‘é&g?fﬁ&[}rﬂihg%ﬁﬁﬁ' ability has

a significant meani ng. ica ormn aser trimmng at

a factory, it is inmpartant tq,shorten.the produyctive.tact, |Vith a

sl ow speed ap"pﬁrlﬁFUS%r\}ﬂi%@?F't &Pﬁs”ﬁ’ﬁé‘téﬂ iOEEGEFt L{g’et? c%i ?fvm' Il take nore
than 10 seconds to record a fem/thqusang tripes to the full capacity. The
tinme requiredimpdifying sheranstsictiigngo ézlénﬁ%coﬁé#n&iiaéqp,afﬂusf ul | -capacity
recording has to be done, the productive tact increases. Un the other hand,
for the nonemgincedi Bk dePondirgerequiresbenky wne nkimdpbf chitneonidtrheandf t he
present invention in this application, the PCA area capacity can be as | ow
as 10B. If 27 daeer goaedethemdtoreoneyd dB beasbdubabed. written, the | aser

processing time will increase by a factor of G |eading to -a production

As described, by employing the above RZ recording for
optical disk barcode recording according to the invention,
there is offered the effect of ensuring s£ab1e digital
recording.

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

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

recording region 926b, as shown in parts (2) and (4) of

Figure 26, respectively. Thus, for data 010", a pulse 924c
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CGat increase. The scalability nmethod of the present invention achieves

reductions in production cost and tine. In the playback a rat us sho in
Figure 15, when n=1 as in Figure 33(b), for exanple, the Eﬁg?ﬂswﬁa%ED 28

perforns the EDC and ECC error-correction conputations shown in Figures
14(c) and 14(d), assumi ng that the data rows 951e to 951z all contain Gs as

shown 1 Fl outg dAGRY 1 o elfchapl SRES:IR bhel-at @ g hZosgy 2718 can be

corrected for errors by usrn case, e nunber of

program st eps, decr.eases ermtti he us f .a_ siml | - capaci ROMin the
ni cr oconmput er .15-0”5‘?”? ifg tg@p’f‘és?ﬁéﬂg’ﬁ)éém?fusr ef%rg,a' tqﬁjaﬁup’é & dt h
reproduced fromeach stripe width is made | ess_than 1@&,of one pul se -
period, as sh34fe il§ PuRuteincthes]pbiehend, kimgr élohios o nf élse;}?fémpul se
spacings, 1T) 2T) and 3T, the ratio of the sumof all the stripe areas in
one track to iheparst 45) afeRigdret B6; tonatke i diskesthe Hanst/sripétis this
arrangenent, in the case of a disk of standard reflectivity of 70%t he
reflectivity 6éridicistthepdetit-drndspdyiliof, tthet ye¢ondestriprbonttz0i . Since
this value is enough for focus control, the PCA area can be played back on

a conventi onali F{Mhdh§koddli2Y6H, ablf) tHEXhir@steXgeminethd lleFe-hple- descri bed
barcode encryption (including digital signature) will be described with

reference to i:nQs, I gqg- . 8 de ol gy f t plication
exanpl e of thQB%?rlggdeb}t ?aa%g i_rs'}p%{nf%e ggé%%dgeg%)grsgp !Qogr}%g?g%ess and

B gur o 45, ASTERATeEVRIGERER 4810 A Hehiva: Saba SuM AR £ cach

i ndi vidual optjcal disk ii g neratedﬁgé anllD generator 4302. At the sane
tinme, an I D spyfRtsup¥aLkableoronsyerasornasl Pidi gi that &h.gifdPe® o the 1D
nunber by using a specific secret key corresponding to a specific public
key, and the shemaladphsity dsgtarsitant.griheuP@ coppsneniddpes nassvatyat ed | D
nunber 4504 -are sent together as a series of

Since the DC component does not vary, PE modulation is
resistant to variation in low—frequency components even if a
pulse edge is detected during playback. This has the effect
of simplifying playback demodulator circuitry of the disk
playback apparatus. Furthermore, since one signal 923 is
always available for every channel clock 2T, this has the
effect of being able to reproduce a synchronization clock
for a channel clock without using a PLL.

A circular barcode, such as shown in Figure 27(1), is
thus formed on the disk. When data “01000”, shown in part
Figure 27(4), is recorded, in the PE-RZ modulation of the
invention a barcode 923a having the same pattern as the
recorded signal shown in part (3) is recorded as shown in
part (2). When this barcode is played back by an optical

pickup, a signal waveform, such as shown in part (5)
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data to a press factory 4501. This digital signature is - 82 6 Sept enber
2002 applied to the I D nunber encrypted in an encryption %?goder 4508 usi ng
a secret key of a public key encryption function. The publ e@@g&erOOZ
corresponding to this secret key is sent to the press factory 4501. At the
press factory 4501, the ID nunber and its corresponding digital signature
4505 are recorded as a _barcode in the PCA area of an optical disk 4506 by
usi ng a PCA RGARDRECED 9F0NAlne 15 oH DM Lkt §OptSc bherad foAranpednast er di sk)
that is, in a pit portion of the disk. Wen the thus manufactured optical

di sk 4506 i scdrgadpendingota milsaymndlor apeps af us WigHagdrdatagodgnahe public key
is read fromthe pit portion, and the ID nunber and the digital signature
appended t o wHerar so rrefdeé timm sbhendlGAaes exbtabtedidaryid edmovd h ofhe public

key. The result of the decryption is passed to a verification section 4511,

if the digit@le se8NedtiRe AR bS SRURLNE Y th Riferascd 8 pasult of the
verification, the playback operation of the optical disk is allowed to

fi cation, the pl ayback . al” di sk dto_

of the veri 1 EaEon Ot neb b e HEAnE SisRb S FRRERRE Thgp oe oot
[ t dat a i ded ,i.n .t he, P t t.h it.h th | ai nt ext of

The 1D, Che YRIITOGER RE HHERyMIcGntrE Toek o agh i FEREal nt ext of

the IDto see jf{ they tch. If the digjtal signatuge dat nly is recorded
in the PCA af%@,a%l%rfﬁ?e%ékm yavenrmeshey 1pefigurea . 19hen the
data is encrypted with public key cipher, as described above, only - 83
6 Septenber Gu@inete Sof shiniegntinisr ségnalebyt aakeviedsskiesrsecret key can

i ssue a new | D nunber. Accordingly, if pirated di sks were nade)
reproduced data “01000” of part (7) is demodulated.

(C) We will next describe features of the optical disk
format with a barcode formed in the above ménner, tracking
control methods, and rotational speed contfol methods that
can be used when playing back the optical disk.

(a) We will first describe the features of the optical
disk format with a barcode formed according to the present
embodiment, while dealing with an example of a condition
that permits tracking control during playback (this
condition is also referred to as the tracking ON condition).
A playback operation using tracking control is shown in
Figure 40, and its details will be given later.

In the case of a DVD disk in the present embodiment,
all data are recorded in pits with CLV, as shown in Figure
30. Stripes 923 (forming a barcode) are recorded with CAV.
CLY recording means recording with constant linear velocity,

while CAV recording means recording with constant angular
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the encrypted I D of the same nunber would be recorded in the PCA area of

every disk; therefore) the use of such pirated disks woul e.qgreat
limted. The reason is that, in such cases, the illegal ug%Q%FgPﬁ%r%%?tmare

havi ng the sane nunber can be prevented by applying network protection.
Needl ess to say) the above nethod described with reference to Figure 45 can
al so be used in the Internet. (b) Another application exanple of the

bar code wi || vélocdéscribed with reference to Figure 46 as another node of
enbodi nent. This node of enbodinment is concerned with an exanple in which

an encryption keynt thderesedt davemg capnthmistaipen 928 amc eederteds t he
above-descri bed barcode in the PCA area. As shown in Figure 46, a press

factory 4601yjgeRayeasilperPrpesedesn angret il pRsPeAds NGka@Res \aithon key, a
public key of a public key encryption function, in the formof a table

4602. At the,press ARG opYaABQLs At DI OWIEEaaNY khCid0r T genonding publ i c

key are recorded in ar ea an optical disk 4 by using a

PCA writer 4603..,Ne ] cri . user urchased the thus

conpl et ed op??’céclhed?%ia Z{%Owécgg’ﬁqg?%r{/lw??hE%\gkggﬁ#?'s p ag%‘ . Consi der, for

exanple, a case in which.he desires t% gggcq novi e sofimareggﬁﬁorded on the
e

optical di skPTESERL 1RveRiiORflle BERP! nali Aeeq, J8PS it opf Sck the
novi e contai ned on the optical disk 4604) he has to_%égange for, paynent to
a system nanfdeh@seas orese Bt aspFoRaee a Ipaserascaibes dedien odnabi e
pl ayback. First, the user sets the optical disk 4604. Wth comruni cation
sof twar e runtle preppi s @ighat aneat eas 4#806jonedeiPGheaprasengt c. are pl ayed
back and the public key is read out. Wien the user enters his credit card
nunber and pemmabn,chﬁresms, t@raredanypipodi@noddelie 40@7cancrypt s

disk; this region is also called a post-cutting area (PCA).

In this PCA area, the barcode is recorded with CAV,

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

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

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

reflective film. Since the barcode data is written in

overwriting fashion, pits are recorded between the barcode

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

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

information can be detected: therefore, motor rotational

speed is controlled by detecting this signal. To detect

Tmin, the relation between the trimming width t of stripe

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

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

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

stripe 923a becomes equal to the pulse width of the pit
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the entered data with the public key, and the encrypted data is transmtted
to the.system nanagenent center 4610 by using the connunigﬁéégns o el
4620. At the system managenent center 4610) a comruni cati EWPQ' 11
reads the I D nunber in plaintext fromthe received data) and decrypts the
received data by retrieving a secret key corresponding to the I D nunber
froman encryption key table 4612. That is) the system nmanagenent center
4610 keeps t begeaicr ypd idinckéyidaalbibe bGkder arhieai s mg tnpagsibdej door mati on for
each I D nunber and a secret key corresponding to the public key. Based on

the user's ckRglt ttheakfgnadnbesn aRd PEFipenadlL edenduibeedenciul hfagd fromthe
decrypted data, the system nmanagenent center 4610 charges the user, .and at

the same ti M) edsb1uepi @ ARPONCiHrbhdrin UaLhe J0IP ppafRNRafle cOrT esponds o

the di sk I D and user-speci novi e or conputer software contained on the
di sk 4604. Usi the 85 6 Septenber. 2002 rd._t S J.hhe user
can pl ay bactgaa 385??’@& ﬁﬁvﬁ’eepésr*%sst agﬁq %Qﬁggg‘%%rgad@%%ﬁﬁuﬁgqu%?tware.
Since the public key can be prerecorded as har code on, t he optical disk,
thi's mode of LBRERFITHEREE KRSL t Ho OB RAGTESE P hgt AfiokBa Bl | 450 %¥8ken in a
previous systemthat required the system nmanagenment center to send the
public key tanthigureedl saddresslipfomatinareasy dhus\benobtaingd, cormuni cati on
key (public key) is delivered to a press factory where no particul ar

security neamakesg drteposgibésetd gdmp secdhetdesiard beracki nthairnbelrmdrers t her nor e,
since a different public key is used for each individual disk, if security

of one partieHbaratdiossf fheaktiipe @hga UdCthe indnPEDKQR) atdly 3REtIrisly of ot her
users can be protected. Furthernore) using different public keys for

different digks bReil heChaddf 1680ubLRGENC I POSSTRS) ¢y (RE) @ third party

S
pl acing an illegal “or e conmuni cat 1 on public key were recorded on

the master diggkee'the"Qbtett198 RF1805H1yCdecreases only by 6 dB, this

has the effect of ensuring stable focusing'of the optical head.

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

Since the stripes 923 are written over pits,
interrupting pit signals and preventing correct playback of
the pit data, tracking control may not be possible on some
players. In such players, the strips 923, which are CAV
data, can be read by the optical pickup by applying
rotational control using a rotational pulse from a Hall
element, etc. in the motor 17.

Figure 31 shows a flowchart illustrating a procedure
for operations in a playback apparatus when pit data in the

optical tracks in the stripe area cannot be correctly played
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to prevent a third party fromplacing an illegal order. In the exanple of

Figure 46, a public key is used as the comuni cation key) t Jt W e
appreciated that simlar effects can be obtained if a secré#e @Q“FE5Q§£d.

In this case, however) the security level is alittle |ower than when a
public key is used. Needless to say, the nethod described with reference to
Figure 46 can al so be used in the Internet. -86 6 Septenber 2002
Referring to b@@ﬁre 22, we Wi ll now describe in detail a method of
descranbl i ng and decrypting data using a password via the network descri bed
with reference to If §ugee48l, Iwhenha diskwthaimseotediiguste2 P304 rtdte i n step
901a the software on the disk checks the scranble identifier to see if the
identifier isofNcdlf hedd ianavesd by NPresbeipdodessampeoceathe imet ep 901b;

if the software is not scranbled, the installation is allowed to continue.

Cn the ot her Bangiorl in HRADINET The Y53ichl HeRdCIEQRAY HLitigRPOLD whet her
the software Is scranbled or not if YES) a connection is nmade to the
c

: ) a cont
Phere the ueobh I FLEE bl A B 2R, P\ B @ pDOMEE 1l O e
is adrive ID th in step 901f the drive ID data i.s fransmtted to the
password i ssui ng S@ﬁf’er’:t Aft BT (PGﬁF’ﬁ?]rﬁ e ‘ﬁ%ﬁfﬁﬁﬁi’,’ Hlﬁyé§§b d3td g t he

password issuing center performs encryption conputation on _the drive |ID and
software | D bfremiald sheuytserewrdréyin fhe sfarierawea 82pasdnothisnhi p
process then proceeds to at the user end conputes and conpares it with the
process proceedse,t cdhereforencuyyl ootatsiounphadeedonttoli sannenbaitted to the
user. The step 901h. The personal conputer the password by a sub public key

drive 1D If wpglicbdbt the Payiditk 90hewpet elathersoirivdre thcClianbl e or
Turning back to step 901le, If the answer 1s NO, then in step 901h it is

checked whether therechs o830l SKodalioddl -sp8dd control is applied by

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

By switching between the two rotation control modes,

i.e., the rotational speed control and the rotation phase
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6 Septenber 2002 there is a disk ID, then in step 901i the disk ID data is
transmtted to the password issuing center. After confirm aynent, in
step 901] the password issuing center performs encryption %gﬁ8@¥§ﬁfgqx%n
the disk ID and software I D by using a sub secret key, and generates a
password which is transmtted to the user. In step 901m the personal
conputer at the user end conputes the, password by a sub public key and
conpares it SANERO ﬁ’é’ ai b enpls, theneftessuls q atﬂ@dttﬁéth‘%R:ess proceeds to
step 901n where the software scranble is unlocked. In this way, by

communi cat i rig fferentt kéngasfndath.i dbentode stnime deta andephttwork by using a
disk ID, the software scranble or encryption on the disk can be unl ecked.

I n the case retorded diash, |danobetflaypd skt | $ireet tlon)styipes aree | D vari es
fromdisk to disk, the password is also different. this has the effect of

enhanci ng sqeybrded inntie dwhermost ared)erswexshiG@middHsCakholirdsSthei tted, but
by encrypting data using a public key recorded in the PCA area, such as

shown in Fi gur i TR I e r i ps 901li and
901j, data ?égg??f“fsggg?ﬁg’ﬂm%ﬂ g%taggﬁoﬁ‘e@%rﬁgrc%n a(ralced. Thi s has
the effect qf rin f.e transni ssion_o ersonal_ billi i nformation
via a commrﬁt(?ﬁ{;%;r?rngﬁﬁg t&?cﬂg‘grsesﬁh% Iahlp(# rf%‘tg ’er@dt h@sgggﬂri ty level is
low. W will finisq here the descriptions of the f%rst-half ,88 6

Sept enber 2008 BaFULt P Hhiey MeRBILETERd-AOEFEC A PEYIQIMS BWELGRERR proceed to a
description of appertaining matters relating to the process from opti cal

di sk nmanuf adiedreel the twe yoitaybexikonperlampdes.of the player. (A A | ow
reflectivity portion address table) which is a position information |ist

for the | ow refl €t iRefeyr iy neoh, towFigunes ékmndi 42d.we( aillaser markings are
formed at randomin the anti-piracy mark formation process at the factory.

No | aser narddsagshd awaedontrol hinsthodeniyr cantid lifdgnihecabtatiophysi cal
feature. In the next process step, the lowreflectivity portion 584 forned

on each di Sl%de%dmﬂ?e%ﬂb%yi/ﬂg't Badk rt@e0batidode &dcdPdisg &oMhe pre@egfise of a
DVD, to construct a low reflectivity portion address table 609 as shown in

Fi gure 13(a)emb'5'8§r§ g:i gure 13(a) is a diagramshowng a lowreflectivity
portion address éﬁ}é, etc. for a legitimte CD nanufactured in accordance

with the present.enbodi t) apd H.qure 13(b) i.s concerned with an
i11egally dupli CE{%HGCBTESM%g@\?rfjégﬁfecﬁquéﬁ%ﬁf*&oﬂ’?%ﬁ CRAGTYss table 609 is
encrypted usin% a one-direction function such as the one shown in Figure
18, and in thghedcpirredaf Tatatioral speed feontroly ist eppligdshyi es of

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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| ow reflectivity portions 584c to 584e, where the reflective layer is
renoved, is recorded in a barcode-like pattern on the innerpost portiaon of
the disk) as shown in Figure 2. Figure 18 is a flowhart iQ$%F§?’P§?’i%%’2a

di sk check procedure by - 89 6 Septenber 2002 the one-way function used
for the encryption. As shown in Figure 13) the legitimte CD and the
illegally duplicated CD have the |ow reflectivity portion address tables
609 and 609xarg eoppareddinya eampening aesupAS4nt prly ywhem fiedént from each
other. One factor resulting in this difference is that |aser markings

i denti cal i nspdbiwirc dhad edeuref aranootvalee nlllendakargar| tlean doged. Anot her
factor is that the sector address preassigned to the disk is different if

the master dhslkd iin di hémrgnheart3eDB3,r ITROL HMPPDi&d Gur €hd hemoey Wi | | descri be
how t he marking position information differs between the legitimte disk

and pirated g 9§gew1}ié&urrﬁ shaus a%”'rﬁéﬁrm'B% ForeMahed thenabove two

factors are conbi ne n the exanple shown, two markings are fornmed on one

< Tocat ed aliehe boht BRSBTS § dRePhe ATt S04 ™ e Sector

of | ogical address Al, as shown in the address,table 60 In the case of a
DVD) one cl oBkNi&¥18g,FQtATe AP35 0pa) Spged contyol h@sﬁaa%%@ﬁént ]1?’3 made with
this accuracy. On the other hand) in the case of the pirated CD, the first
marking is | seatcaseanttthe gresens| bryentaant ingmerous Rulsec@srcwglesddr ess A2,
as shown in the address table 609x. By detecting this difference of the

first marki ngfpbdiot 16n uteetawe egenelratdd byt barmodeds tiipand a8 showd di sk) the

pirated di sk can be distinguished. Likew se, the position of the - 90 6

Sept ember 2097 Bigeerdd(@r.ki g e 8dso ofi & fDeNthe TynoBke seheidupsi tion
information match that of the legitimate disk, the reflective filmat the

262nd positi¢n iﬂ,tﬁﬁageg’og. 8)21 fddr egstid Jret idf OrnEdartddr an accuracy

of one clock unit, i. e ~c m otherw se, the pirated di sk cannot
be run. Int anmpl,e, of . Fegure 1 _legiiti di idlegally
duplicated d?gﬁﬁﬁea\%d?}c})v&sr EFI éc"{'i v?r% yﬁ“ grl%al%rq 1&%’3‘5@%5 ﬁ&a%bi%ggc 9 and 609x
respectively, er.e values are differe h in Figure 17...ln the case
of “Tho. | ogi | PHATS TAPGET TR, Foe BULER ROFh Ghng L e fupky Pufae Widbrt and end
positions are m+t1l4 and 267) respectively, as sho in Figure 16(8),
Whereas in tRe BEEEegHS heluriwi@&&@et&&ﬁﬁg@a& 308 o hPFRASE Pary mod. and
m+277) respectively, as shown in Figure 16(9). Therefore, the correspondi ng
val ues in th&emevinigebpEedey SLgnalsr L3 AeTatiRe et rafieagnedoadne oox are

different) as shown in Figure 17, thus making it possible to distinguish
the duplicat & comgarikbn arithl thyakfemengeava lueetOdess shewnt o nake

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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a copy of the disk having the lowreflectivity portion address table 609,
they will have to performa precise laser trimmng operati ith t

resol ution of the reproduced cl ock signal as shown in Fi g&?%ep\f%?%r.%ﬁg
shown in Figure 20(5) show ng the waveform of a PLL reproduced cl ock signa
out of reproduced optical signals, -91 6 Septenber 2002 in the case of a
DVD di sk the period T of one Leproduceg gloqk pul se ﬁgen converted to a

di stance on £Pm@Pafiedkin thapmparingneeans 9adapyshnpionhelt Wi ak, is 0. 13 ~ m
Accordingly, to make an illegal copy, the reflective filmwll have to be
renoved wi t hmemsubrearoP5basolfuffRofh Tofing. 4 strabe |pulse qqauast zd when an
optical head designed for an optical disk is used, a recording can be nade
on a recordi nhe finim smctheamemor@DiR wéptllaced sybfiRcron resolution. But in this
case, the reproduced waveformw || be as shown in Figure 9(c), and the

di stinct wavefor mn82Ki 8casboWhe baftqier pubdeayigdeinnots® whiai peg usl ess the
reflective filmis renoved. (b) A first nethod of achieving nass production

of pirated dhgksd B¥ov&MIMiNE 1% 167d.GCEbVE & i MAY Derdyylkasgy trimming
using a hi-gh output |aser such as a YAG | aser. At the present state of

technol ogy, _exen, Lg skt o iu, 86 CHICAL e PSR M NG| PR ThEAME ng. can only

achi eve a processing accuracy “of "a few i crons. he | aser tT1nmng for
sem conduct or sk .carrections, it is said that ~cmis the limt of the
o ocessi ng. acehrsat ST Singinthe hatCad bl FdthuEs T A LGHS cpteaer
processing accuracy of 0.1 a mat the mass production level. (c) As a
second net hodhax-lmgp. exbigdui & £ B Nof BASSiPEEYs PhEEOREEBRIUCE or masks
for VLSIs and i on beam processing equi pment are known at the present tinme
as 6 Septerbdgimpe2barprdenpnkset hatTwian abtereferen phewedwi hgimccuracy of
the order of subm crons) but such equi pnent is very expensive and
furthernore, bated akbeatioral spesd conpracésscambéngd edehod hirskdeand i f each
di sk were processed using such equi pnent) the cost per disk would be very

hi gh. At the rgagbfnehhds®59) heHeele@ree ¢ tikRetksS rov®iilodabegmywd hi gher than the
retail price of nost legitimte disks, so that making pirated di sks woul d

not pay and WBaRLAObassd dnlinfl® ARSGS 'Y APHEs Hably IRkl [ St et hod that
involves laser trimmng, It 1s difficu to process with a subm cron
accuracy) an vedd i ff] 0, d [ di sks. On
t he ot her ha%wﬁgtefﬁggﬁeﬂ{s?eg%?\%ﬂﬁét h‘g"g;aﬁgﬁntgo tﬁg &mel%%odghﬁ?%%gssi ng
technol ogy such _as Xray exposure, ,the £ast r disk ds so hi t hat maki ng
pirated di skﬁfﬁﬁ?ﬁaaﬁpn%%gga (?ror‘ﬁlgﬁfe,*(j,ﬁé)"nf)’r:f‘:tp 5ot rﬁefl(gfe%ee\ﬁg cor di ngl y)
making illegal copies ,can be prevented until, K sonme day.in the future when

| ow- cost sub 'Oérg?i"oﬁﬂéé@soéi A§ V?c%ﬁéqﬁ%{?yr?%ﬁmﬁa@%af}?r ééévctwﬁ'ﬁiebecorres
practical. Since practical inplenentation of such technology will be many
years into tHetectinge thprasgecspanings Hrisahesl theskEfesanobdegngvented. In the
case of a two-layer disk with a lowreflectivity portion fornmed on each

| ayer as showblentd-idgmodula3e &lre ibalregdd lip slynquhiromisd witls keotanibmt. be

manuf actured unless the pits on top and bottomare aligned with good
accuracy when | an{D)alerfl, aRdridy dfeopritadsdisierepiriott vanepsratidads

(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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6 Septenber 2002 in preventing piracy. (B) f~ext) we will describe how the
arrangenent angle of the lowreflectivity portion on the disk,can
specified. In the present invention, sufficient effective%é%?ﬁ?m %%ﬁgay
prevention is provided by the reflective |layer |evel nmechanism 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 tdénbresens pubadimpnt i lpi bendpspr Bhadnivi Uh rederticuéOat t he nast er
disk level. If the arrangenent angle of the lowreflectivity portion on the
di sk i s spediifguees @38, shdweticn THte éis82andnskechadl pl bdack methgdse 13(a), an
illegal manufacturer would have to accurately duplicate even the .
arrangenent hapgheaftierededcnibed adret bgclmasheermbdskitiiay say@whdrencrease the
cost of pirated disks and hence enhance the capability to deter piracy. (O

A further des@ekpPid Qanthdl daanst WenNp@ifdriedOnAidki ¢he @hiFgadi ng the
nonrefl ective optical marking portion of the two-disk | am nated optical

di sk, fOCUSiﬁ%y?ﬁ%lp(?rie%égti@%oﬁ@rﬁe&%itﬁm‘%ﬁg‘?ﬁ}smef@ t&Q@kfn‘ﬁr egoi ng

description’™ operating principle. ) as shown I'n Figure 16, the

start position adfress nqu&r ntane nunber, and cl ock nunber can be
measured accfPaf8 )f:% Pﬁ% 8?5? tion of 1 Tunit, that is, with a 6

Sept enber 2002 resol ution of, 0.13 a in the case of the DVD standard, by
usi ng a convent i 6F1a'4hepﬁﬁ%rt,lm?hé}aéb§g‘]% SP4dedt ;L‘leéﬁyl%g‘égﬁ‘ii & ﬁée optical mark
of the present invention. Figures 2 0 and 2 1 show the optical mark address
readi ng net hicaesf pettgoneot gheEdinkadnt $tapso®3eh gndl B30c1)in Kimpye(3)) (4), and
(5) in Figures 2 0 and 2 1 will not be given here since the operating

principl e i 31, hehsamneleaswi ttht 96 shown nirFFgguee 8. iFhswitchedtpohdence
bet ween Figure 16) which illustrates the principle of the detection

operation f o] tdehgeivedly, ttiee mode towdfclRf963 hayw Yeekhetdhedi ty A0@hénon on a CD)
and Figures 2 0 and 2 1, which are concerned with a DVD) is given bel ow.

gure 16 (S 9 ReERARESH O BLONIETPD Gokhiddegade 68Y, et repr oduced

clock signal 1n Figure corresponds to that shown in Figures 2 0 (5)

200 21 05) R i0e, LR BalBvds 318 SERRRDSelts 48K naorn I

Figures 2 0 ahe “sync corresponds to
that shown in Figures 2 0 (4 nd 2.1 ,(4),.. Starting clock nunber 605a in
Fi gure 16(8)ret§9:hggs§bend§n? p?”@g?%ﬁéeﬂg%ﬁéﬁ el clock nunber in Figure 2 0
(6). Instead of the end clock numher 606 in Fjgure 16(,7), in Figures 2 0
(7) and 2 1 (7) H8tk i eBfxATdSR athensthy ratal el neReEdngoRERdt h. As
illustrated, the detection operation is fundanentally the sane between CD
and DVD. A fmedet (step 930c in Figure 31) is entered will be described
with reference to Figure 43.
A motor rotation frequency, fm, from a motor 969 and a
frequency, f2, of a second oscillator 968 are compared in a
second frequency comparator 967, and a difference signal is
fed to the motor drive circuit 958 to control the motor 969,
thus achieving rotational speed control. In this case,
since the disk is rotating with CAV, the barcode stripe can
be played back.
When the barcode playback is completed in step 930e in

Figure 31, the head is moved to an outer area by the moving
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- 95 6 Septenber 2002 difference is that a 1-bit mark |ayer identifier
603a as shown in Figure 2 0 (?) is included for identifyiqg§%%etgeﬁgbge | ow
reflectivity portion is of the one-layer type or two-I|ayer Mg}

two-| ayer DVD structure provides a greater anti-piracy effect) as

previ ously described. A second difference is that since the |line recording

density is nearly tinmes as high) 1 T of the reproduced ock is as
short as 0. 13“"'&“ﬁ)é%i éﬂdiarf-crtgés%ag‘et Fnémer'egéfl ‘Eutgiltsﬁafo&of“héh‘?j tection of the
position information and thus provides a greater anti-piracy effect. Shown
in Figure 2 (Pasdtiem senseml96Ly opta e the rmade| sWidichi 963 iswewitahed opti cal
di sk having two reflective layers. The signal (1) shows the condition when
the start postia Bofioofroaatiopt pbase mankreh mode. first | ayer is detected.
Figure 2 1 shows the condition of the signal fromthe second | ayer. To read
the second |ayer, Ig fhier s{tadeanshdsayesntwilt abde)gPbecdon@hoB2% i n Figure 15
sends a switching signal to a focus control section 828 which then controls
a focus dri vigp13eelicPRnE25 ol igdll Thon hel Biticall! AAd B9 4idIpkkl aver to the
20 t1s t hat

second | ayer. From Figure , oun the mark 1s in address (n),
and by counti : hr oRj_z1i i ) i a counter) it is
found that théé&fx;é?ﬁu{%ﬁ?ﬁnﬂé@ﬁb ZI.FHeF'rfg%gt%ngg:#l %)g)?uﬁﬁggPLL r epr oduced

cl ock nunber is .found d the, optical narking position data as shown by

t he signal (Eﬁsqltsl??Jml)af‘)ﬁéoa.“duéhﬁgftrteHFQ“‘ﬁYoégt?gﬁ fe@%"ﬁcegG Sept enber 2002

data) the optical mark can be neasured with a resolution of 0.13 ~ mon a
conventi onal EHSTARIZALYEN Higpat areDpompaYed) bhal Tiest drequecdting to the
two-di sk lam nated optical disk will be further described below Figure 2 1
shows addr esscqmparstam 965 andati diffeeetces sigpal dst fied dpt thalmotarki ng f or ned
on the second |ayer. Since |aser light penetrates the first and second

| ayers througdritviec bt the8&, Fhe So@woiom phBSe Koaeess mddepid Ghukn Figure 7,
the nonreflective portion 815 formed on the first reflective |ayer 802 and

the nonr ef | eciqeRO BeeBud2:! PLIRAa8 ddier8POANGnE Gikestya | ayer 825 are

identical in shape. This Is depicted in the perspective view of Figure 4 7.

0 e B oot gl LS EARSRSL eI SUPRY Bier DY o e

second substra am na aser I's applied
penetrating through to the.second layer top form an,identical rk thereon.
In this case,%yﬁgeb% rdf’;aﬁ? 8??%&%%?&%’%? moved taorghaictﬁré:rongﬁt bet ween
the first and second | ayers) and since the p siLiBnaI relgﬁjonship bet ween

the first andSSe@En@Fe2aP¥rsotadipn RIGSFVFRIFTP AN HANPHY SFAERR INBget her, the
pit positions where the mark is fornmed are different between the first and
second | ayer sbetaegnerntiatépyaldiphase eontpebifiorothd mpberr@nidorotasionahi ned from
each | ayer. These two kinds of position

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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information are encrypted to produce an anti-piracy disk. If it is

attenpted to duplicate this disk illegally, the - 97 _ ept epbe 002
optical marks on the two | ayers would have to be aligned %%‘Pqeolm %rséﬂoéti on

of about 0.13 ,u m As previously described) at the present state of
technology it is not possible to duplicate the disk by aligning the optical
marks with t ePLEP:%Ath an accuracy of 0. 13 ~c m that is, with an
accuracy of the drer of 0.1 ~ m but there is a possibility that nass

production technol,ogy nmay,be c rcial |y inplenmented in the future that
enabl es | arge quamqgt%eégx%fpﬁéiyﬁ%m%% 1di gﬁs‘"‘PSOB%Pt"PFﬁ%HO ith a
processing accuracy of 0. 1 a mat, | ow cost. Even in that case, since the
top and bottdﬁﬁdf@%ﬁi@ﬁéYb&qWﬁﬁﬁ$QQ~nultaneously in the case of the

two-| ayer |am nated disk 800) the two di sks nmust be | am nated together with
the pit |ocati onsMaral spptifizial bmr Kbeafimpted] ayhackame thoduia@y of a few

m crons. However, it is next to inpossible to lamnate the disks with this

accuracy becaizbodffdhelaeimebatiung cpefdalcdfsit bnekltichod $thrdppol ycar bonat e
substrate. Wien optical marks were fornmed by applying | aser |ight

penetrating thyzQugde tdbeehd@-ildanelfidirs§3BAQ. ndNefesed.t i Sfhcnti - pi racy mark
is extrenely difficult to duplicate. This provides a greater anti-piracy

effect. The ti S i t g DiJ.QGC ani LS.t hes conpl et ed.
For pi racy. prafhitesapel A FEAN e Sxdite TREHN Y BPuiedlr ocese and

| aser cut progess are .inseparable,as in the case of. the single-plate type)
the encrypti Sgrﬁge@s‘,s M%hli"st%ﬁsi he A8l &pﬁ}rlf‘g‘b]fs ﬁ%tweﬁg‘e? cut process,
98 6 Septenber 2002 and Erocessing i nvolving a secret encryption key
have to be pestTdPAeRpidernnkeagilsk ieamad Q0 GPpndiskadhdep, 1nragslaBans

pattern caused by scratches on the disk surface. Therefore,
regardless of whether the stripes are recorded or not, the
playback procedure has to perform a stripe reading operation
first, to check the presence or absence of stripes or
whether the stripes are recorded in the inner portion of the
optical disk. This may cause a problem in thét an extra
time is required before the data can be actually played
back. The second playback method improves on this point.
First, as shown in Figure 38, when an optical disk is
inserted, control data is played back in step 940a.
Usually, physical feature information and attribute
information of the optical disk are recorded as control data
in a control data area. The physical feature information
includes, for example, information indicating that the
optical disk is a laminated-type disk of a two-layer,

single-sided structure.
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that in the case of the single-plate type the secret encryption key

mai ntai ned in the software conpany have to be delivered t he dis
manuf acturing factory. This greatly reduces the security gbfé%ﬁﬁ?"bﬁﬁ% On

t he ot her hand) according to the nethod involving | aser processing of
| am nat ed di sks) which constitutes one aspect of the invention, the | aser

trimm ng process b onnl et el v .separated fr.om.t dhsk nuf act uri ng
process. Thereforlgii{}\eagégsefmi rlréﬁénr}élgﬁ’d $h rﬁ%ﬂ ilf}rr?:l gFa??’ontrsR%can be
performed at a fa sof t ware maker., Since cret encryption

key that thecwpw&ng&‘é’trrqégeﬁ% £etPHEP b@@e??%&ggg Sg thee di sk

manuf acturing factory, the secret_ _key for encryption can be kept in‘'the
saf e cust odyoRficehed st coRtad nrak diCA FHY pegpragange/ 3Rse888es the security of
encryption. (E) As described above) in the present invention, a legitimte
manuf act ur er idartifibde 9371 papordeditas di pkt igpabcefberaforhe thesk using a
gener al - purpose | aser trinm ng apparatus having a processing accuracy of

several tenso®fichl Cliedds is Thokghnevdipasnrdteg 40N 66an0buberl dregmi s
required, this can be achi eved by conventional circuitry contained in a

consuner DVOQ,playehe ddntfOCId4RA! 1\ bbb ARES ULRH thes Uike %g{bﬁgg@&d e%

encryption key) a legitimte di sk can be manufactured.

Sept ember 2002 js. egiti:oat u v.q a secret key
and a msasur%%’gesa%%‘g%}gl&s%véptlﬁga&r%ggu% ?Hilé‘gégfctd{] §§St %;&ké@ﬁ m while the
required processi,n ccuracy.i§ two or ee, orders of magmnd t.ude | ower)
that is) sevEF3ftlf n@‘eofm?ﬁ%’iloa%?a Ll nsA‘i“{]z}ge% lé’oﬁ\‘}%g?":}@ﬁal | aser
processi ng apparatus can be used. On the other hand, an_ illegal

manuf act ur er theusentends dase isapbavedsdeclt Kéycamithus heyeheekefi rectly copy

the encrypted information recorded on the legitimte disk. This neans that
a physi cal nehétheortles sonibesgare tdwerded or not. If, in step 940b,

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

stripes are recorded on the side being played back, the
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encrypted position information, that is) the position information on the

| egitimate di sk, nust be forned with a processing accurac m
That is, the lowreflective mark has to be formed using a%p&%oé%gts)%r%ﬁz
apparatus having a processing accuracy two orders of magnitude higher than
that of the processing apparatus used by the legitinmte manufacturer.

Vol unme production with a ccurac i gher by, t or,ders of gnitude) i.e.,
W th an” acc\HRE B PEeos No PLR HPF CUTTEEBotiE PEBin - IPFoA A

econom cally, even in the reseeabl.e future, This neans, t hat, production of
i rated di Sihe SAFIRS Bras eI andiie RERThEOFFIen G EhE dbst Skt . no
point of the invention is to explojt the fact that the neasuring accuracy

i s general | ysteDf 8dPdr dhescoitrphgradeuds sHigabed twamotad oprboteehng accuracy.
In the case of CLV) the above nethod exploits the fact that the address
coor di nat e asandmgénentpldy fliaaks the atropess 92B800ith C8V Sepéndrer 2602 mast er
disk to another, as previously noted. Figure 4 8 shows the result of the

measur enent ¢He playiessk LocednplasedrinastanlO40es thegnat altky,940fere are two
types of master disk, one recorded by rotating a notor at a constant

rotational spgedhntr§l oWkt wtedlRliapiciaReUt@ati8h QfHalsy £4aA¥bl and the
other recorded by rotating a disk wwth a constant |inear velocity (CLV). In

e e S s B, il heel WicRS hagd e e

pr edet er mi ned angul ar "position oh ogi cal

physi cal angul ar. position,on the dis re.exactly the same no matter how
many nasterg%‘?r:{l%gga? Wﬁdg}aﬁotlﬁ YOFW@? M nﬁfgqaﬁ g%tea'case of a CLV di sk)
since only the linear velocity is contrqlled) the apgul position of the
| ogi cal address §hn?%é\gﬁa§¥%‘rpedp§¢<sei“§e4 8hE Jﬂge“ééﬁl%egégérﬁ fromthe

result of the neasurenent of |ogical address |ocations on actual CDs in
Fi gure~4 8, rerordedcia rijepbittiarestholdingithe) centgoli dates ¢&t.ocBSy vary
slightly fromdisk to disk even if exactly the sane data is recorded using
the same rmasdesdrigedpgimvat ut)e aacbrihesthet hassthecedifiedtabé, beiagul ting in
i ferent able to play back the stripes more reliably and more quickly
compared to the first playback method described with
reference to Figure 31.
When the PCA area is with tracking OFF, 1éve1 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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physical locations. In Figure 4 8 the |ocations of each |ogical address on
a first master disk are indicated by white circles, and th ”gcakiqﬂg)on
second and third master disks are indicated by black circle§e RY°eT ﬁgles,
respectively. As can be seen, the physical |ocations of the |ogical
addresses vary each tine the master disk is made. Figure 17 - |01 6

Sept enber 2002 sh the,low reflectjvity parti address taples for a

l egitimate digﬁkﬁﬁmﬁa’rp ﬁﬂ‘?e@aaﬁel 9%cﬁjdoiuhi\%/e§%8fis@bf 8Pg gﬁ? ‘on. The net hod
of piracy prevention at tge mast er di sk | evel has been descri bed above.
This is, whenA$REIHaRE (fios|tae JIresent (igWEREI o) SEReh tA8 BLXIDesr aI/D, are nade
fromthe sane | ogic data by using a mastering apparatus) as shown in Figure
4 8) the physieairdedcpanednabingesboyght the neffeediisie falneonbbotheen master

di sks) that is, between the legitinmate disk and pirated disk. This nethod

di stingui shesshdgy bt #didksktHe ebr Hpd pgttémmmendilsly by realdi fgordvant age of
this characteristic. The piracy prevention technol ogy at the master disk

| evel can preyigditreRbfsd @ddei gkghatdidke | P Geheydl cERAR RagedPl y copying
data only fromthe legitinmte disk. However) recent years have seen the

ener gence of p&g@%owggg?%%ﬁ%rgi@éq ifpggéjd«ﬁ/i Iknhogqg}gc Vganﬁgd t echnol ogi es)

who can make a nmster ica Identica hysi ca eature to a
legitimate di sk by nelting.the.pol rho e bstrate of the, egitimte
di sk. In thi ssg%%‘, TRV SG; Fé‘?‘i/ 1@?%@1"?0&@&5@3@ H8h i bbbt Move,
is defeated. To, prevent this new threat of pirated di sk productjon, the
present i nvenfP¥h iRatheidieverse dagestivacyhelt d9aRtNOANAET AR Rt (The
reflective layer level wherein a marking is formed on a reflective film
Accordi ng to Phesemt hoendtior hisesr @duirtt sininent PbP001lAe amrtkeng is formed on
each di sk pressed froma master disk) _ 10,i _

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

back from the reverse side, the synchronization code is

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

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

In this case, by demodulating the code in reverse direction

in the demodulator 942 in the playback apparatus of Figure

15, the barcode recorded in penetrating fashion can be

correctly played back even if played back from the reverse

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

Figure 15 will be described in more detail later.

Further, if, as shown in Figure 30, a 300-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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6 Septenber 2002 even if disks are pressed fromthe master disk, by

renmoving a portion of the reflective filmin the reflecti fli f tion
process. As a result, the position and shape of the resul?gﬁﬁﬁ4éﬁsﬁﬁbgg

reflective marking is different fromone disk to another. In a usual
process, it is next to inpossible to partially renove the reflective film
with an accuracy of subm crons. This serves to enhance the effectiveness in
preventing du@gtaidt bekowsi nce duplicating the disk of the invention does not
justify the cost. Figure 1 9 shows a flowhart for detecting a duplicated
CD by using the | #fvenetliecoptinaly hpad tacoessebditbesscanabbe. daflaef el ay ti ne
needed to detect the optical mark varies only slightly due to the opti cal

head and circthd odest gpsrtabntdfe thepdicttucthonpappsl deud msed. This of the
delay time TD circuit can be predicted at the design stage or at the tine

of Tassproduekia y ThinfARE! £8losRs (p1R981 L0 DLAKERAON Leahingi ned by

nmeasuring the nunber Of cl oc that is) the t fromthe franme

synchroni zi ngt{?é q:%gkg%?{,%téa%zt&e éfe(ﬂ\l gémet Fgﬁaé,rk(ig% ;ﬁqlcgyﬁ e, an error

may be caused ‘he "opticCa ion~in ornatron As
aresult, alegitimte e erroneously judged as b g a pirated
di sk, inconveh % |H§V%£F@§F?aﬁhggsﬁgﬁ'loﬁﬁﬁﬁgghféggﬁ ?%ﬁhgé'the ef fect of
the circuit delay tinme TDwill be described bel ow. Further a scratch nmade
on a disk aftb@n%wfzchase PeayiemdyEthar LAYEEG @bt Hih cPRtYNe d 2Ebroduced - 103
6 Septenber 2002 clock signal) causrn% an error of a few clocks in the
measur enent ofrehe A&ptthisl timek ifotha iP6A argaoPRBitdxdsts Thiradtless this
problem) a tol erance 866 and a pass count 867, shown in Figure 2 0, are
recorded on aadjsdentand tiei irned cdnéurfeaensy odi thaegnerolofdatal er ance on the
measured value according to the actual situation at the time of
reproduction, area, the optical head will lose its own position since an

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

then, becomes impossible to control the optical head.

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

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

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

optical head is moved past the control data area 936 the

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

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

optical head knows its own position and can thus be

repositioned on the destination control data area. In this

way, the optical head can be controlled more reliably and

more quickly.

Further, as shown in Figure 30, the control data also

contains an additional stripe data presence/absence

identifier and a stripe recording capacity. That is, after
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the reproduction operation is permtted when the pass count 867 is reached;
the margin allowed for an error due to a surface scratch | an be
controlled by the copyright owner prior to the shipnent O?@Fﬁ%ﬁgﬂ#%bo hi s
will be described with reference to Figure 1 9. In Figure 1 9, the disk is
reproduced in step 865a to recover the encrypted position information from
t he barcode recording_ portion or pit recording_portion of Ehe pr esent

¥

i nvention. | KeeRkdingeEHStaaEF\Resi 8 a8k OBEkfitdt Bi gk veérditiodlon is perforned,
and in step 865c) a list of optical mark position information is recovered.
Next, if thes8eirgs cameeTpeosrdedr éprardgopton ustecaridediporgtioneef i n t he
circuit delay tinme storing section 608a in the reproduction apparatus of

Fi gure 15) Thhesameaad The finststreposdsh sanibeashei bl beessf gredetdsast o step
865x. If TDis not stored in the reproduction apparatus, or if a

neasur ement ithstfideti s¥t iof §eripedpdarah theeaddiskondlNe pécvzeied proceeds to
step 865d to enter a reference delay tinme neasurenent routine. When address

ho 115 deleckpibed B8 HALhARPIshE UF QhrifiR Nepiypdftgss s s - 104 6

Sept enber 20 oun rame sy ronizing signal and the reproduced

clock are co din e 6 t r o ical i's
detected. | n%g{‘g%%ggb?n't ﬁgé%&rhguﬂgsc};ep% Q[GIT ﬁé?%%l g%relgs&llg%d;’nd st or ed.
This operation is thE sanme as the gperati to deﬁcribed.lat with

ref erence tolRFERAES PB(tALIMIRE, s RS SHRME, 1N HEUTRtikal ?raqalPanlé%togii i nsi de
address Nmis neasured. In steps 865i) 865j, 865k, and 865m the optical
mark positi okhe r@vidablesprge deretr Boningt then seeend gt oof GETERRS cl ock unit)
as in steps 865d, 865y, 865f, and 865y. Next) in step 865n, a pirated disk
det ecti on rod88neen beecrlenddtedsi r stcontdieghy,r ehen thel agcdridiegTD is
corrected. In step 865p, the tolerance 866, i.e., tA) and pass count 867
recorded on tapparhtal, oA FigheawI peH @uisetZinhingl  re86rd ahehsgdondhet her or

not the position information neasured in step 865g falls within the
tolerance tAgekfot RRrigsUl the ScdMrbD dit8PpBRIHSs tAMEMnd NbatliBR OO it
how much space is available for additional.recording: this
prevents the possibility of destroying the first set of
stripes by recording more than 360° over the area.
Furfhermore, as shown in Figure 30, a gap 949 longer than
one pit-signal frame length is provided between the first
set of stripes 923 and the second set of stripes 938; this
serves to prevent the previously recorded trimming data from
being destroyed.
Moreover, as shown in Figure 34(b) to be described
later, a trimming count identifier 947 is recorded in a
synchronization code area. This identifier is used to
distinguish between the first set of stripes and the second

set of stripes. Without this identifier, discrimination

between the first set of stripes 923 and the second set of
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i s checked whet her the checked mark count has reached the pass count. If

the result is OK then in step 865u the disk is judged as
legitimate disk and reproduction is permitted. If the pas§9§%ﬂ%mg?%mﬁgt

reached yet, the process returns to step 865z. If the result is NOin step
865r) then it is checked in step 865f whether the error detection count is

smal | er than -1y 3 wgﬁ% ahe u | rocess returns to
step 865s. I?Nléitpe?s%%?n&, er%bi%(slgt%ieéé%d@v%‘)egﬂﬂ "is judged as being
an illegal - 105, Sept enmper 2002 .di sk _and ,t he ;operation,is stopped. As
descri bed) si nceFtlH@?]c’f’r ghf%é'ldaglpﬂbﬁﬁﬁﬁa@f)dt%%urgﬁrgﬁf&tp%‘ﬁ apparatus is
stored in the, | C REN% optical, mark, position informati on can be obtained

wi th increaskithaedrseqce tarkiarrot®, by setting the tol erance 866 and pass
count for the software on each Qisk% the criteria for pirated disk
detection can be Weantkal dat¥oratiingot shenstripeuan Wendpticad diskal | ow for a
scratch nmade on the disk after purchase. This has the effect of reducing

t he probabi |l that dfs, aitegireenedtd odi 5K low ngl mstooeaeskytfackdgeg can an il egal
di sk. As described in the above node of enbodi nent) the piracy prevention

met hod at t hge rgfihegihad i:nai’l‘?é ste¥sd ahrehBa sBBYS i iGaFi gek3gn the pre-pit

area of the reflective filmon the disk) instead of the previously

practi ced Phygl e e OBl AhenmBSelof S shevir B el Sk
st er, 0 ke Levele ohae UG AROUSIRIE o EIORML BN B opllal ISk
a0 oPkheal ke Bt el Bt UL i P S
measured with a neasuring accuracy as high as 0.13 a m In the third step,
their positi dibsk rinsentidrosines thacaddnesd eard beuslawngpdt back whobe
playing back the stripes without changing the optical head
position.
In this case, the address area, an area where no
stripes are recorded, should be formed continuously along a
length longer than one frame in the same radium portion of
the disk.
The operation steps for this method will be described
with reference to Figure 40.
When a disk is inserted, the optical head is moved to
the inner circumferential portion in step 947a. If no
tracking is achieved in step 947n, the tracking mode is
switched from phase control to push-pull mode in step 947p.
In step 947b, rotational speed control (CAV control) is

performed to play back address information. If an address

cannot be played back in step 947c, the process proceeds to



6 Septenber 2002 secondary recording neans) the encrypted information was
recorded as a barcode on the optical disk with an accuracy, gf seger€¢ t ens
of microns which was the usual processing accuracy. Intrﬂ% ﬁﬁﬁm Sb %l
mark position information was obtained with an accuracy of) for exanple) O.
1 ~c m much higher than the processing accuracy of. a conventi onal

apparatus. - Sigags o41ahORIdvEathaRkec PRGN DifvekB! FPIMY [Ehdkhgngocur acy of

0.1 a mby using comrercially avai e equl pnen production of pirated

di sks can be gpre o e de o ' t.he ption

i nformation At %gﬁéﬁgl - pq}r é&yaa%g%so#m\ ﬁg éln%?t A&??E 'Pcazl Sﬁﬁf}’ers from
one di sk to another, d as di sk .identifier. .The position ’

i nformation Gt OJ}NE% @gl %e%gﬂb%qr) ion not ovERrigteR)| Bheuwere conbi ned
toget her and encrypted with a digital signature: the thus encrypted

i nfor mati on \RAGCEINPEPERRES 10 oSt PhAF Lo IReERd baspe t@h tha aAdsewFi ti ng fashi on
to the prescribed region of the pre-pit area, thus appending an unalterable

disk 1D to eahe dptsicalShewdke isamivedoiplztradial slirbesion doffherent 1D) the
password is also different. The password for one di sk does not work on

ot her disks. afdreseitaaciferpasiped S0€wetbyded-ur INQtEPr ®47qUsth@ the
secondary recordi ng technique of the invention, the password is

i sk, The 11 Paro e e Y e e e Y e R oty 43 g °
Sept ember 2002 gopl i3t {onTRAE o pERENALCOTRIE WHLD BhE B3 code [S used

for a pirate prevention fe i's case, as shown Ih Figure 2)

the barcode (3! LLBEYRBAC 1ry 58S 2% WOM LY ¥Olnd ISnBLEPGakpod Meuion

Then, in step 947s, the presence or absence of the PCA flag
is checked. If the presence of the PCA flag is detected,
the process returns to step 947c; otherwisé, the process
jumps to step 947m.

On the other hand, if it is judged in step 947q that
thére 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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pit area: therefore, the tracking is disturbed in that prescribed region.

If a marking 584 by laser light is forned in the prescribgdsqrp?ghg%(zﬂggre

t he barcode) 584c 584e) is recorded, as shown in Figure
difficult to accurately neasure the address/clock position of the marking.
To avoid this problem if, as shown in Figure 39) the marking 941 is forned

ina pit arqal94dBsabeadéadiiyed Apgefipn different fromthe radius position
of the stripe area 923a, the position of the marking 941 can be neasured

stably with an a?@“rﬁg)létf)fma?xﬂ?a&{u??hg ﬁihﬁg% EEEF%{'%%EG%@Q??' Thi s has

the effect of being abre to rden y pira €S In this
case, by form ng a pinhole r Ki est,rLoyi ng onl. few tracks, as shown
in Figure 3¢ en@?r%ﬁeyra?‘?réﬂggc eﬁ:%sg Wi ﬁ?z %cﬂbge%i racy prevention can be
acconplished within the scope of the current standard. Al ternatively, the

marking 941 may be WhecEr¥Re®Li e MarERds FeRARL ngr BRSO PERLIYSTR Fi gure 30.
Since the guard band area 999 contains no data but_ address information,
this has thexplpeead of thveaigrancaldet Figuneg28) ridgdyl piausr eridtdaga by
recording the marking 941. - 108 6 Septenber 2002 The optical disk of

t he inventi qulBasspacinguis urte shexrefohet aalasdét edthve pulken i s sandwi ched
directly or indirectly between two nenbers resistant to |laser |ight and a

marking is fupeRdidn phasesd oF fhe ngfl aat ruguidddn whdie abouethwde of
enbodi ment has dealt with exanples 1n which this structure is used for

secondary regadiag Ol gnbansade 15! i SRdsR PiARYMRLEVENI ope techni que)

but it wll ‘be appreciatedt su a'structure may afso 'bé applied to
ot her techni,gues. Iin the a di sk of the

“nventi on nABTEats HeScErDAE e HaHoPTaBr e e YR S R RE o
substrates Vgethengzg%%sgeused, as shown in Figure 29, a minimum
emitting-pulse spacing of 2t is allowed, so that the pulse
" repetition period is fu = 1/2t, which means that the laser
frequency can be reduced by a factor of 2. This also means
that, when a laser of the same frequency is used, the number
of barcode bars that can be recorded per second can be
doubled to f. 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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| ayer interposed therebetween. However, the adhesive |ayer rnay be omtted)
or instead) a nenber nmade of a different material, such a rot egti.ye

| ayer) may be used. that is) any suitable structure may b§5%§§3%§§%®h%g as
the reflective filmis sandwi ched directly or.indirectly between two
menbers resistant to laser light. Furthernore, in the above node of

enbodi ment, the optical disk of the invention has been described as

conpri si ng subsem Es when Khe Aefdeesionhaisnaleis A nabedaadgésher) but ot her
menbers such as protective |layers may be used; that is, any nenber that has

resi stance toskasghed tghthenaybtbeansth. wAschldscpadsed, thommhdanspht-o t he
present invention, since an ID unique to each individual disk, for exanple,

is converted iship 32basdbderadck wubtdteipe roddverMeore spgeffashldy - 109 6
Sept enber 2002 to an ordinary pit area) both the pit data and barcode data

can be read byoHsddtg tre aSagEndPskERle BBSKIP foffdd BaBy tWmenef fect of
sinplifying the construction of the playback apparatus, for exanple.

Furt her nore, :c.0d] rhe i j {ij0Q:i.nfi0 t4 for, use as a

di sk-uni que | %?“C?ﬁfeﬁgnéen i gn 1pfyrif5§}|3 eﬁgégfrdga?f%ﬂqln%rggvﬂeog@gi rélsf ed-di sk and
ot her illegal |i.cation p nti.on capability, a ared to the prior
art. A piracy 535‘2% %‘t Fbﬁurteeéﬁﬁﬁquégoﬁeslpﬁgseprt’looyhlacj‘t ?R%eag&arrpl e, enpl oyed
a nmethod that deliberately arrange its in serpentine shi on when maki ng
a di sk nol d. éﬁgLe‘ifOEré@r SHi EChast ﬁg@pqegmngq tz‘f-’f g‘@%‘ﬁ’%mi#%pitiz’acy preventi on,
since a pirated disk can be easily nade by exactly replicating the nold
shape from a regexd @astrinst rtathedpexition ehahet sidrshanee %deorki ng to the
present invention, since the marking is formed on the reflective filmby a
| aser and its tposimanoar, rétoipes 93821 andc 633 aaclh fwar COde,andsadescri bed

above, the contents of them cannot be nmade to coi nci de when naking an
i1l egal dupli gatign 93Thefabby%- desshdwrednefdractb),s arbuforaedosp! thehed.

| NDUSTRI AL UTI LI ZATI ON POSSI Bl LI TY
disk. In this configuration, since a laser pulse need only
be produced at intervals of 2t, a laser with a frequency
half that required in the configuration of Figure 28 can be
used. In other words, when a laser of the same frequency is
uséd, 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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As described above for exanple the optical disk of the present invention is
such optical disk on which data is recorded with CLV, mheregn, in a

prescri bed region of a pre-pit signal area on said - 110 6 @tg@gﬁ%?’qu@r
2002 disk) all or part of a barcode is witten in overwiting fashion by
selectively removing a reflective filmin said prescribed region, and when
pl ayi ng back the disk by a reproduction apparatus) the barcode data can be
pl ayed back ughggsanse nsaher Oﬁfﬂéaﬁndpilévklﬁpl.c -ag 1P1000kl 1Sepi e rksed. 2002 Wat
is clained is: 1. An optical disk on which data is recorded, wherein in a
prescri bed redudntid pxaisdntiiskention dehtbefraeel ¥y avpidvithed émt usasli cati ng
whet her a barcode-like mark is present or not on said optical disk, said

identifier andhgaillaraede-datkesimckuss €olrntiieseassn expfadidd er ent
| ocations on said disk, said barcode-like mark di sposed in a

circunferenti gls1gfrection, and said barcode-like mark having a plurality of
bars, each of said bars extending in a radial direction, and a mark is

mar ked by | aser b n | RQf i.0 e i.d_di | nfsor mat i on
based on the posi %S%f %Qa%%l%%ﬁﬁesg‘é{n%%?‘g%rdgﬁé %giFSE%ﬁécggpt ed
information is included in said $arcode-|ike mar k. %3HAn ogt%cal di sk on
whi ch data is PFOXOSLRNE MHAEAS Aade SR pRals EWPLRT MOZEi B 6F ¥4ildMaf sk, an
identifier is provided for indicating whether a barcode-like mark is
present or notoCGHT swi thispene diimai slot, sthat Bar cbiddini ke isdekvadi sposed in a
circunferential direction, and said barcode-like mark having a plurality of
bars, each of Swditdhbercorditendi pgsiibla imdihal datia evea drecausel datanrk is

mar ked by | aser beamon an information | ayer of said disk, information

based on the pasirecorded therdl wivhks PE-Rpploded ad tshomn digFiglresi gnat ure and
said information applied with said digital signature is included in said

barcode-|ike mgy(a). 3.-HoWeveR] | gAkhéli e 6L Ahdi Behdh@ofii 2 tTod, codesei n one of
said bars has a lower reflectivity than an average reflectivity of an area

between said qngupb $AI, P&[e irregular channel bits are arranged,

with the usual method two pulses may occur within 1T, in
which case the switch recording of the invention is not
possible. To address this problem, the invention employs,
for example, the bit pattern "01000110” as sgown in Figure
37. With this bit pattern, in Tl a pulse occurs for the “1”
on the right, in T2 no pulses occur, in T3 a pulse occurs
for the “1” on the right, and in T4 a pulse occurs for the
”1” on the left: in this way, two or more pulses cannot
occur within one time slot. Thus, the synchronization code
structure of the invention has the effect of achieving
switch recording, increasing the production rate by a factor
of 2.

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

will be given of a playback apparatus for playing back the

_76_



and another of said bars. 4. An optical disk according to claiml ( wherein
one of said bars has a |lower reflectivity than an average b{)gflec |\2/i&0\é of
an area between said one of said bars and another of said $HafRIEMpen2002g
Sept enber 2002 5. An optical disk reproduction apparatus for use with a

di sk on which data is recorded, wherein in a prescribed region of said
disk, an identifier is provided for indicating whether a barcode-|ike mark
is present orbarspderresairdedpin eal omtiisk] dismkdby ddvet abdwr manbodai d
barcode-like mark are in respectively different |ocations on said disk,

sai d bar code-Th&keeptriptdbapeislddal o aoatk anbesduitial tWiingetasys. and said
barcode-1i ke mark having a plurality of bars, each of said bars extending

in a radial direckigihe 35di @ 1Kl HidRFALDOYN BI8FbRIAALEAr A uisnT or mat i on
| ayer of said disk, information based on the position of said mark is

encrypt ed andaﬁﬂgg qﬂ%k¥qbgg ﬂp&@ynation is included in said barcode-like
mar k, said apparat&s conprising: r'eproduction neans for reproducing said

barcode-1i ke mark.onsai.d_optical _diskyidentifier detection nmeans for
detecting said i déﬁtmel grlrf')ﬁ h?j?dp?fptt ilipa’l C{%Fsiepaé'ﬁau%g}‘?tsr h?ex}reans for
controlling a,prescribed operation b sedzgg sai.d identjfie% detected by
said i dentifi%tSdePEE13%AN mERART AL YR 08| FEAHNE Hep PBRILIIAM0AT ans i ncl udes
an optical head for perform ng reproduction, positional information readout
means for repm%ﬁiﬁ}@gng?rﬂfeldoms iedr pBkacsdee (fika efamr, ophifcadndision regardi ng
the position of said mark, mark measurement neans for determ ning an actual
posi tion of shiutd heweinafaed, r e agpatatgsnefifsghor lbepibidbei ng data recorded
on said optical disk based on a conparison of 113 6 Septenber 2002

described as a barcode reading apparatus, that is, a

playback apparatus.

An explanation will be given again referring to Figure

15, this time focusing on the demodulation operation.

First, high-frequency components generated by pits are

removed by a low-pass filter (LPF filter) 94 from a stripe

signal output.

In the case of a DVD, there is a possibility that a

maximum 14T signal may be played back, where T = 0.13 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 information reproduced by said positional information readout neans,
and said actual position determ ned by said mark neasurene neans. 8 An
optical disk reproduction apparatus according to claimb5, SP@F{E’GEQ R
positional information reading neans decrypts the reproduced information
and obtains said reproduced information based on the position of said mark.
7. An optical disk according t | ai m 2, w?erei n one of said bars has a

| oner reflect P&%ti}‘}gﬁ nlﬁrfe%@?‘ﬂgéo?‘g]]fqugels"(ri ty of an area between said one
of said bars and ot her of said hars. 8. An optical disk acc ing to
claim2, wherein this SHYe Parusipgsthe Fé%fidq'r or| kigheyre ecrhgéﬁlan aver age
reflectivity of an area between said one of said bars and another of said
bars. 114 .A. AftB, Atheastripe playback signal can be output after
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10% & () - @ 10%e&fdymed; 1896 1&i0k- EhetMi xdriyGlys 1096m&96)e tH0B51D all
: contain 0s. Mathematical equations for EDC and ECC

computations are shown in Figures 14(c) and 14(d),

respectively. In this way, the data is ECC-encoded by the

ECC encoder 927 in the recording apparatus of Figure 1 and

recorded as a barcode on the disk. When n=1; data of 12B

is recorded over an angle of 51 degrees on the disk.

Likewise, when n=2, data of 18B can be recorded; when

n=12, data of 271B can be recorded over an angle of 336

degrees on the disk. In the present invention, by encoding

and decoding the data using the EDC and ECC computation

equations shown in Figures 14(c) and 14(d), when the data

amount is smaller than 188B, the computation is

performed assuming all remaining bits are 0s, so that the

data is stored with a small recording capacity. This serves

to shorten the productive tact. When performing laser
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10" !'sy10%& Chpacikd%€ad beFas low as 10B. If 271B are recorded
when only 10B need to be written, the laser processing
time will increase by a factor of 6, leading to a production
cost-increase. The scalability method of the present
invention achieves reductions in production cost and time.
In the playback apparatus shown in Figure 15, when n=l
as in Figure 33(b), for example, the ECC deccoder 928
performs the EDC and ECC error-correction computations shown
in Figures 14(c) and 14(d), assuming that the data rows 95le
to 951z all contain Os as shown in Figure 14(b): the effect of
this is that data of 12 to 271B can be corrected for errors by
using the same program. In this case, the number of program steps

decreases, permitting the use of a small-capacity ROM in the

microcomputer,
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stripe areas in one track to the total area of the track is
less than 1/3. With this arrangement, in the case of a disk
of standard reflectivity of 70% the reflectivity of the
stripe area is 2/3 of that, i.e., about 50% Since this
value is enough for focus control, the PCA'area can be
played back on a conventional ROM disk player.
(F) Next, an example of the above-described barcode
"~ encryption (including digital signature) will be described
with reference to drawings, followed by a description of
another application example of the barcode.
(a) First, the barcode encryption process'and playback
process will be described by way of example with reference
to Figure 45.
As shown in Figure 45, an ID number 4504 unique to each
individual optical disk is generated by an ID generator
4502. At the same time, an ID signature section 4503
applies a digital signature to the ID number by using a
specific secret key corresponding to a specific public key,
and the thus applied digital signature 4505 and its

associated ID number 4504 are sent together as a series of

data to a press factory 4501. This digital signature is
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the disk. When the thus manufactured optical disk 4506 is

loaded into a playback apparatus (player) 4509, the public
key is read from the pit portion, and the ID number and the
digital signature appended to it are read from the PCA area
and decrypted with the public key. The result of the
decryption is passed to a verification section 4511; if the
digifal 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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disks would be greatly limited. The reason is that, in such

cases, the illegal use of the software having the same
number can be prevented by applying network protection.
Needless to say, the above method described with reference
to Figure 45 can also be used in the Internet.

(b) Another application example of the barcode will be
described with reference to Figure 46 as another mode of
embodiment.

This mode of embodiment is concerned with an example in
which an encryption key to be used during communication is
recorded as the above-described barcode in the PCA area.

As shown in Figure 46, a press factory 4601 keeps each
ID number and its corresponding encryption key, a public key
of a public key encryption function, in the form of a table
4602. At the press factory 4601, an ID number and its
corresponding public key are recorded in the PCA area 4605
of an optical disk 4604 by using a PCA writer 4603.

Next, we will describe how the user who purchased the
thus completed optical disk 4604 can play it back on his
player. Consider, for example, a case in which he desires

to watch movie software recorded on the optical disk.
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10% & () - &7miQpp & flary IndQ00e¥ Lhcdrd YR &rbdit 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 s&stem management
center 4610, a communication section 4611 reads the ID number
in plaintext from the received data, and decrypts the received
data by retrieving a secret key corresponding to the ID number
from an encryption key table 4612.

That is, the system management center 4610 keeps the
encryption key table 4612 containing mapping information for
each ID number and a secret key corresponding to the public
key. Based on the user’s credit card number and personal

code number retrieved from the decrypted data, the system
management center 4610 charges the user, and at the same
times, issues a password to the user. This password
corresponds to the disk ID and user-specified movie or

computer software contained on the disk 4604. Using the
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factory where no particular security measures are
implemented, security can be maintained. Furthermore, since
‘a different public key is used for each individual disk, if
security of one particular disk, that is, one user, is
broken, the security of other users can be protected.
Furthermore, using different public keys for different disks
has the effect of reducing the possibility of.a third party
placing an illegal order. If the communication public key
were recorded on the master disk, it would not be possible
to prevent a third party from placing an illegal order. In
the example of Figure 46, a public key is used as the
communication key, but it will be appreciated that similar
effects can be obtained if a secret key is used. In this
case, however, the security level is a little lower than
when a public key is used. Needless to say, the method

described with reference to Figure 46 can also be used in

the Internet.
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the answer is YES, it is checked in step 901b whether the
software is scrambled or not:; if YES, a connection is made
to the personal computer network in step 90lc, which is
followed by step 901d where the user enters'the user ID and
software ID. If, in step 90lc, there is a drive ID, then in
step 901f the drive ID data is transmitted to the password
issﬁing center. After confirming payment, in step 90lg the
password issuing center performs encryption computation on
the drive ID and software ID by using a sub secret key, and
generates a password which is transmitted to the user. The
process then proceeds to step 90lh. The personal computer
at the user end computes the password by a sub public key
and compares it with the drive ID. If the result is OK, the
process proceeds to step 901n where the software scramble or
encryption is unlocked. |

Turning back to step 90le, if the answer is NO, then in

step 90lh it is checked whether there is a disk ID. If
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1OHL0%& () Egﬁéu (1% the user end computes the password by a sub

public key and compares it with the drive ID. If the result
is OK, the process proceeds to step 90ln where the software
scramble is unlocked.

In this way, by communicating with the password issuing
center via the network by using a disk ID, the software
scramble or encryption on the disk can be unlocked. In the
case of the disk ID of the present invention, since the ID
varies from disk to disk, the password is also'different:
this has the effect of enhancing security. In Figure 22,
ciphertext communication is omitted; but by encrypting data
using a public key recorded in the PCA area, such as shown
in Figure 46, during the communication performed in steps
901i and 901j, data security during communication can be
further enhanced. This has the effect of ensuring safe
transmission of personal billing information via a
communication means such as the Internet where the security
level is low.

We will finish here the descriptions of the first-half
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portion, will be explained.
(a) Laser markings are formed at random in the
anti-piraéy mark formation process at the factory. No laser
markings formed in this manner can be identical in physical
feature. In the next process step, the loQ 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
Fiéure 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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laser markings identical in physical feature cannot be made,

as earlier noted. Another factor is that the sector address

preassigned to the disk is different if the master disk is

different.

Referring now to Figure 13, we will describe how the

marking position information differs between the legitimate

disk and pirated disk. The figure shows an example in which

the above two factors are combined. In the example shown,

two markings are formed on one disk. In the case of the

legitimate CD, the first marking of mark number 1 is

located at the 262nd clock position from the start point of

the sector of logical address Al, as shown in the address

table 609. In the case of a DVD, one clock is equivalent to

0.13 um, and the measurement is made with this accuracy.

On the other hand, in the case of the pirated CD, the first

marking is located at the 81lst 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 £he resclution 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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reflective film will have to be removed with a submicron
resolution of 0.1 um. It is true that when an optical head
designed for an optical disk is used, a recording can be made
on a recording film such as a CD-R with a submicron
resolution. But in this case, the reproduced waveform will
be as shown in Figure 9(c), and the distinct waveform 824 as
éhown 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 triﬁming can only achieve a
processing accuracy of a few microns. In the laser trimming
for semiconductor mask corrections, it is said that 1 um is
the limit of the processing accuracy. This means that it is
difficult to achieve a processing accuracy of 0.1 um at the
mass production level.
(c) As a second method, X-ray exposure equipment for

processing semiconductor masks for VLSIs and ion beam

processing equipment are known at the present time as
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equipment, the cost per disk would be very high. At the
present time, therefore, the cost would become higher than
the retail price of most legitimate disks, so that making
pirated disks would not pay and meaningless.

(d) As described above, with the first method that
involves laser trimming, it is difficult to process with a
submicron accuracy, and therefore, it is difficult to mass
produce pirated disks. On the other hand, with the second
method using the submicron processing technology such as X-
ray exposure, the cost per disk is so high that making
piréted 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
vears into the future, production of pirated disks can be
prevented. In the case of a two-layer disk with a low
reflectivity portion formed on each layer as shown in Figure
33, an illegally duplicated disk cannot be manufactured

unless the pits on top and bottom are aligned with good

accuracy when laminating, and this enhances the effectiveness
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However, the effectiveness can be enhanced by combining it
with the piracy prevention technique at the master disk
level. If the arrangement angle of the low reflectivity
portion on the disk is specified as shown in Table 532a and
Table 609 in Figure 13(a), an illegal manufacturer would
have to accurately duplicate even the arrangemept 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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the principle of the detection operation for detecting the
position of a low reflectivity portion on a CD, and Figures
20 and 2 1, which are concerned with a DVD, is given below.
Figure 16(5) corresponds to Figures 2 0 (1) and 2 1 (1).
The reproduced clock signal in Figure 16(6) corresponds to
that shown in Figures 2 0(5) and 2 1 (5). Address 603 in
Figure 16(7) corresponds to that shown in Figures 2 0 (2) and
2 1(2).
Frame synch 604 in Figure 16(7) corresponds to that
shown in Figures 2 0(4) and 2 1 (4). Starting clock number
605a in Figure 16(8) corresponds to reproduced channel clock
number in Figure 2 0 (6). Instead of the end clock number 606
in Figure 16(7), in Figures 2 0(7) and 2 1 (7) data is
compressed using a 6-bit marking length.

As illustrated, the detection operation is

fundamentally the same between CD and DVD. A first
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greater anti-piracy effect, as previously described. A
second difference is that since the line recording density
is nearly two times as high, 1 T of the reproduced clock is
as short as 0.13 um, which increases the resolution for the
detection of the position information and thus provides a
greater anti-piracy effect.

Shown in Figure 2 0 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

_96_



10° @ Y" GLOY&' ()-f @ MLOY&: () - f &109%& () - S@LOY&’ () - G
S109%&' () - Sf 1098 () - WARKNXXXAE: / 10" @ 10%&' () -, 10%&' () - y* 1% ()
(@LOY%& ()-f&m 109%& ()-fs$310%& () - XX: YIYYYYYYdE: / 10 B Eptaber 2002
105>10%&’ () - 910%&: () - 710%& ()-f5
109% () - L310%& () - 31g10%’ () - YYYZIZpZZZXY: | 109@1%[% 0& () -f ML0% o& ()-
10% 0&' () - Z10% 0&' () -  10%. 0& ()-" 10% o0& ()-. 10Z[DIY[[[-\ dE:
10s10% o0& ( H2idosthe’ ppticgds Bark ramut /J"S&Sl(lje‘iw% & (FS@MYGWO%f ()--\F\\\]P]
] dE:/ 10(10% o0& () - &10% 0& ()-$10% 0& () -1 "L10% o0& ()-S
10% 0& () -991086 & E)-3 |coaventiogel /consumer DVD player.

105@10% 0& () - & 3Z10% 0& ()-F1-10% o0& () -, /10% 0& ()--10% 0& ()-*10% 0& () -

10" ol T >10% 0& () - &9: 10% 0& ()- &7 10% 0& ()-~___  aZadEbC 1010% & () -

10% & () - 10%&&1!@1:@@@9%6%1()1151( ?«@% &el FuBhek0%e ScfibedapaiwdbbdELC
10(° 10% & () - S&10% & () "10%

100 & 015 QeiO% € S SSreOREon oot ion sV, oo
gg&c&l?) 33{(;'{?‘0%}19& o&tl‘%{ém}%égﬁé&%@éd L RN (l)aygr. Since
[OPAO () A )L A006,) o I Uad A2 s chroush
1098 () --10%& () - 109%& ()-ymLO%& ()-' 10%&' () -ymlO%&. () - ggg5hr hhhdEbC

10- 10%& () - *&e0Sane jméq,o%ﬁ 51}0@1@%3:&}(9) PES@TV/ELEY - ) 81DV () - hi Wi i 8] dEbC
10910%& ()-7109&' ()-y510%& ()- 33109 ()-3110% ()-/910%& ()-8j 2] @A Bj Sj | j
kbC Figure 7, the nonreflective portion 815 formed on the first

reflective layer 802 and the nonreflective portion 826

formed on the second reflective layer 825 are identical in

shape. This is depicted in the perspective view of Figure

4 7. In the present invention, after the transparent

substrate 801 and the second substrate 803 are laminated

together, laser light is applied penetrating through to the

second layer to form an identical mark thereon. In this

case, since coordinate arrangements of pits are different

between the first and second layers, and since the

positional relationship between the first and second layers

is random when laminating them together, the pit positions

where the mark is formed are different between the first and

second layers, and entirely different position information

is obtained from each layer. These two kinds of position

information are encrypted to produce an anti-piracy disk. If

it is attempted to duplicate this disk illegally, the
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10% & () - {lFﬂélﬁkacy of the order of 0.1 um, but there is a possibility
that mass production technology may be commercially
implemented in the future that enables large quantities of
single-layer disks to be trimmed with a processing accuracy
of 0.1 um at low cost. Even in that case, since the top
and bottom disks are trimmed simultaneously in the case of
fhe 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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delivered to the disk manufacturing factory. This greatly
reduces the security of encryption. On the other hand,
according to the method involving laser processing of
laminated disks, which constitutes one aspect of the
invention, the laser trimming process can be completely
separated from the disk manufacturing process. Therefore,
laser trimming and encryption operations caﬂ 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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S0 () e gads o 0n the bther hand, an i1legal manuracturer,

wvho does not have a secret key, will have to directly copy

the encrypted information recorded on the legitimate disk.

This means that a physical mark corresponding to the

encrypted position information, that is, the position

information on the legitimate disk, must be formed with a

processing accuracy of 0.13 um. That is, the low

reflective mark has to be formed using a processing

apparatus having a processing accuracy two ordgrs 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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other recorded by rotating a disk with a constant linear
velocity (CLV). In the case of a CAV disk, since a

logical address is located on a predetermined angular
position on the disk, the logical address and its

physical angular position on the disk are exactly the same

no matter how many master disks are made. On the other

hand, in the case of a CLV disk, since only the linear
velocity is controlled, the angular position of the logical
address on the master disk is random. As can be seen from

the result of the measurement of logical address locations

on actual CDs in Figure-4 8, the tracking pitch, start point,
and linear velocity vary slightly from disk to disk even if
exactly the same data is 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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shows” the low reflectivity portion address tables for a
legitimate disk and an illegally duplicated disk for
comparison.
The method of piracy prevention at the master disk
level has been described above. This is, when master disks of
CLV recording, such as a CD or DVD, are made from the same
logic data by using a mastering apparatus, as shown in Figure 4 8,
the physical location of each pit on the disk varies between
master disks, that is, between the legitimate disk and
pirated disk.This method distinguishes a pirated disk from
a legitimate disk by taking advantage of this characteristic.
'The piracy prevention technology at the master disk level can
prevent pirated disks at the logic level made by simply copying
data only from the legitimate disk. However, recent years have
seen the emergence of pirate manufacturers equipped with
more advanced technologies, who can make a master disk
replica identical in physical feature to a legitimate disk
by melting the polycarbonate substrate of the legitimate
disk. In this case, the piracy prevention method at the
master disk level is defeated. To prevent this new threat
of pirated disk production, the present invention has
devised the piracy prevention method at the reflgctive layer
level wherein a marking is formed on a reflective film.
According to the method of the present invention, the

marking is formed on each disk pressed from a master disk,
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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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is reached; the margin allowed for an error due to a surface
scratch on the disk can be controlled by the copyright owner
prior to the shipment of the disk. This will be described
with reference to Figure 1 9.
In Figure 1 9, the disk is reproduced in step 865a to
recover the encrypted position information from the barcode
recording portion or pit recording portion of the present
invention. In step 865b, decryption or signatu;e
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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operation to be described later with reference to Figure
16(7). In step 865x, the optical mark located inside
address Nm is measured. In steps 865i, 865j, 865k, and
865m, the optical mark position information is detected with
a resolution of one clock unit, as in steps 865d, 865y,
865f, and 865y. Next, in step 865n, a pirated disk
detection routine is entered. First, the ;ircuit 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 0K,

then in step 865v the disk is judged as being an illegal
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%%E}Qbén information can be obtained with increased
accuracy. Furthermore, by setting the tolerance 866 and
pass count for the software on each disk, the criteria for
pirated disk detection can be changed according to the
actual condition to allow for a scratch made on the disk
after purchase. This has the effect of reducing the

probability of a legitimate disk being erroneously judged as

an illegal disk.

As described in the above mode of embodiment, the
piracy prevention method at the reflective layer level forms
a physical mark in the pre-pit area of the reflective film
on the disk, instead of the previously practiced physical
marking at the master disk level. Pirated disk production
can thus be prevented even if the disk is duplicated at the
master disk level.

In the above mode of embodiment, a new optical-disk
recording means was used that performs secondary recording
on a two-disk laminated optical disk by using a laser. In
the first step, physical marks were randomly formed, and in
the second step, the physical marks were measured with a
measuring accuracy as high as 0.13 um. In the third step,

their position information was encrypted and, using the
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accuracy. In this way, optical mark position information
was obtained with an accuracy of, for example, 0.1 pum,
much higher than the processing accuracy of a conventional
apparatus. Since such optical marks cannot be formed with
the accuracy of 0.1 um by using commercially available
equipment, production of pirated disks can be prevented.

In the above mode of embodiment, the position
information of the anti-piracy mark of the invention, which
differs from one disk to another, was used as a disk
identifier. The position information and the disk serial
number, i.e., the disk ID, were combined together and
encrypted with a digital signature; the thus encrypted
information was converted into a barcode and written in
overwriting fashion to the prescribed region of the pre-pit
area, thus appending an unalterable disk ID to each disk.
Since each completed disk has a different ID, the password
is also different. The password for one disk does not work
on other disks. This enhances password security.
Furthermore, using the secondary recording technique of the
invention, the password is secondary-recorded on the disk,
permanently making the disk an operable disk.

The first-half part (I) has dealt mainly with one
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84e, 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 agle to
identify pirated disks more stably.

In this case, by forming a pinﬁole 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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appreciated that such a structure may also be applied to
other techniques. In the above mode of embodiment, the
optical disk of the invention has been described as being
fabricated by laminating two substrates with an adhesive
layer interposed therebetween. However, thé 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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10: &- duplication prevention capability as compared to the prior
10% & ()-*10% & ()-, (10% & () - &10% & () - $F10% & ()-"310% & () - JIKAK~KKKAEDbC
10: 9 art. A piracy prevention technique of the prior art, for

example, employed a method that deliberately arranged pits
in serpentine fashion when making a disk mold. Such a prior
'art method is not effective in piracy prevention, since a
pirated disk can be easily made by exactly replicating the
mold shape from a legitimate optical disk. On the other
hand, according to the present invention, since the marking
is formed on the reflective film by a laser and its position
information is coded as a barcode, és 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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] PozF[ 5&q! p* sdSr 7e%l:ry}alt9d5§']f})rmatlon is included in said barcode-like mark.

2. An optical disk on which data is recorded, wherein in a prescribed region of said
disk, an identifier is provided for indicating whether a barcode-like mark is
present or not on said optical disk, said 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, and

a mark is marked by laser beam on an information layer of said disk,
information based on the position of said mark is applied with a digital
signature and said information applied with said digital signature is
included in said barcode-like mark.

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

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

and another of said bars.
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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, and a mark is marked by laser beam on a information layer of
said disk, information based on the position of said mark is encrypted and said
encrypted information is included in said barcode-like mark, said apparatus
comprising:

reproduction means for reproducing said barcode-like mark on said optical

disk;

identifier detection means for detecting said identifier on said optical disk,

and

control means for controlling a prescribed operation based on said

identifier detected by said identifier detection means,

wherein said reproduction means includes an optical head for performing

reproduction,

positional information readout means for reproducing, from said barcode-

like mark, information regarding the position of said mark,

mark measurement means for determining an actual position of said mark,

and

reproducing means for reproducing data recorded on said optical disk

based on a comparison of
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said information reproduced by said positional information readout means,
and
said actual position determined by said mark measurement means.
An optical disk reproduction apparatus according to claim 5, wherein said
positional information reading means decrypts the reproduced information and
obtains said reproduced information based on the position of said mark.
An optical disk according to claim 2, wherein one of said bars has a lower
reflectivity than an average reflectivity of an area between said one of said bars
and another of said bars.
An optical disk according to claim 2, wherein one of said bars has a lower
reflectivity than an average reflectivity of an area between said one of said bars

and another of said bars.
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