; e3ee] : eZ6T: U SPECI FI CATION AN OPTI CAL DI SK, AN OPTI CAL DI SK BARCODE

FORM NG METHOD) AN OPTI CAL DI SK REPRCDUCTI ON APPARATUS, A NG
APPARATUS) A METHOD OF FORM NG A LASER MARKI NG ON AN OPTI | Jm A

METHOD OF MANUFACTURI NG AN OPTI CAL DI SK TECHNI CAL FI ELD The prese
invention relates to an optical disk, an optical disk barcode "% ng

met hod) an optical disk reprSRECEFICATIQNpar atus) a marki ng '
apparatus, a nethod of forming a | aser nmarking on an opti cmmmmﬂm,mm” a
met hod of manufacturing an optical disk. BACKGROUND ART In tth .

manuf acturi ng process of optical disks, it has been comonly pr%@ficed to

record a seri als,\mqepipgfm_hb?g ,n‘AWbﬁPT‘I(ﬁLCDI Bgﬁé@?%kﬁ?’% disk in the form
I in I 0

of a barcode. nce suc ormati on cann e witten'to a pit information

area of th {C i i t,i W, i bar coded

i nformati oﬁE?gélja %ng’?ﬂf‘%&‘n@ﬁigﬁﬁmﬁwLﬁ?&ggﬁf@paéew%ﬁhe opti cal

di sk. When repr.oducin | ayi ng back) such an optjcal disk, the pit

" o mat 1 oRORINE ARPHATSE, bEdHES it RRING Ar CASER ReREhTS e coted
information such as a serial nunber) etc. recorded in the non-information
area, howewr OPTH CAbpRISK, e ANR 2d MEGHRD: OF cMANLEFACHERINGUANOPTICALhe above prior
art optical disk) since information carrying a serial nunber and the |ike
is not recdIged in a pit area but recorded in a non-information area, as
descri bed above, a separate reading device has had to be provided in
addition to the usual optical pickup, the resulting problem being increased
conplexity of the playback apparatus construction. DI SCLOSURE OF | NVENTI ON
In vieM/ofT%E$¥ﬂg&ypnﬂﬁpblen1mﬁth the prior art, it is an object of the

present invention to provide an optical disk wherein data such as a disk ID

n r o . . . .
umber, etc ' SThe present invention relates to an optical disk, an

optical disk barcode forming method, an optical disk
reproduction apparatus, a marking forming apparatus, a method
of forming a laser marking on an optical disk, and a method

of manufacturing an optical disk.

BACKGROUND ART

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

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

When reproducing (playing back) such an optical disk,

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



converted into a barcode and recorded in a pit area in overwiting fashion,
thereby permtting the use of a single optical pickup to read both the bit
data and barcode data. It is another object of the invention to provide a
barcode form ng nethod, etc. for such an optical disk. The first invenion
is an optical disk on which data is recorded with CLV) wherein) in a
prescri bedbaregted of oemdrionpkiiclsiagnal sexriad mmbeaj deyl.skpcatdedr part of a
barcode is witten in overwiting fashion by selectively renoving a
reflecti V.eirL'thu@ ﬁdb—%ﬁf&'rn%&%ﬁﬁré&%? h&#ERE- _aziepa e 386@PHgi nvention is an
optical dish according to the Tirst invention erein a control data area
i's providqg f.qr holgin th%rein physi cal feature information concerning

sai d opti(:qVIaﬁsa5s fa" atttent i fier for i ndi cating the presence or absence
of said barcodz iéjre orded.in said contra[ data area.. The third invention
is an optical &Nsk€1@BRYRIIPFEOF ALthEPEEEINAL Sy ARFONNIRRBREIGN a guar d- band
area where no data is recorded is provided between said control data area
and sai d pragainger secipbmunbesind phe-like b3 gwal regarsedThe &t h invention
is an optical disk according to the first invention, wherein said barcode
is forned pit aved tmerecmrdedhih 4 wonoinfivrmet ivar apel® ssgnal s cannot occur
within one prescribed tine slot. The 5th invention is an optical disk

accordi ng d&cdrhiBed idbobe) Y @BbhLIve WREI RN dowi & RAS Qe 160pé ai ns data at
| east including IDinformation uniquely given to said optical disk. The 6th

| nventi on 5, aR. @Rt Gahi ok cachRY AbhA LB:ihe BEDLpvaRLTon. wherein sai d

bar code contai ns a Including, 1n add sard information, a

public key_of .a.public¢.key encryption function_correspondi o said ID
o mat | orge8i B8 Gpb1eT hag e ctfieeated, (bl S pE SHE BLvHheka, 2nd”t he
encrypted prescribed data is transmtted - to an external party in order to
obt ai n fr oPAPAEPEUSHOBEREYCTIQPty a password required to reproduce said

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

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.



digital signature to. The 8th invention is an optical disk according to the
7th invention) wherein a secret key of a public key encryption function is
used when applying encryption or a digital signature to said ID
information. The 9th invention is an optical disk according to any one of
inhventions fromfirst to 8th , wherein said optical disk is constructed
fromtwo di sk-$Shbstecandsinvant it éd ewgptheal ditsks adtdrdingetd ithe i s an
optical disk barcode form ng nmethod wherein pul sed |aser light froma |ight
source is fiade imientdoncahangin & cbetrolpditerdredyisisimgided efrangul ar nmask
and said rectangul ar beam pattern is focused on a reflective filmin a

pre-pit S'}Qﬂ"allnéeﬂie‘i‘@lh"b SE)E@P(fre'al@ﬁpe riddbHia tAQh! b&{befi‘fnlﬁ? Ay cal disk on
whi ch data is recorded, at the sanme tine, said optlca di sk is rotated)

her ety (g Rl g %éd?%%n%%”%‘# roindfie TPk YR, PR B e Sach

i nvention i,s an i cal, .di sk barcode f nln net hod acc rd|n to the 10th
i nventi on, ahmepe.(?f $aid bayerde 1syFerorded iRewid £gniuadl dake é%a@ea for

hol di ng t her ei n physi cal feature information concerning said optical disk,
and an identif{be thirdi invepsiomdst Ar qntdsahcdishr aapewstiog to thei getrndcode is

recorded in said control data area. The 12th invention is an optical disk
bar code f oimviengiomt whdreainr ar guargli-band heredlwheiennenda tan i swhesoxidedsis d
barcode is formed in -4  such a manner that two or nore barcode signals

cannot ocCpioidedidet@Ben 8dCEdded]lt d4 akeh - antheaildiptesby Bt @Bgich AF
optical disk barcode form ng nethod according to any one of inventions from

10th to 12ttyy E@?éﬁina?@38t99£ cal disk is constructed fromtwo

di sk-substrate oge ‘her. The 14th invention is an optlcal di sk

(etorded by 1 ol R pir e %hﬂlsée Bl o SR Plg dch e8! ng'a

rot ati onal hase congrol for not or,, while recorde g}contents
different H EHLAPhHg ¥ eERin RS BaTAAdE S TPER dng§u éa)na?r&roﬁ éaw

selectively formng lowreflectivity portions on
or more barcode signals cannot occur within one prescribed time slot.

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

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

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

invention, wherein said ID information is encrypted or applied a



areflective filmin said different recording area, are roproduced by using
rotational speed control for said notor, and the recorded contents of said
recording area and the recorded contents of said different recording area
are both reproduced by using the sane optical pickup. The 15th invention is
an optical disk reproduction apparatus according to the 14th invention)
wherei n traldlglipgl adghiolrd sonhot perfornmed in said different recordi ng area.
The 16th invention is an optical disk reproduction apparatus according to
the 14th inventTion gtWNEkRInA i bf K aR0oaRk Odi dkS act sk Engeed ) tHReNkRr med in
said different recording area. The 17th invention is an optical disk

r epr oducti o at Gcor dj o] 16t hapvent. A i :

rot ati onal ls@‘;‘)’ggg?ﬁ;“s Fﬁeelaerlg’[ étléé(;c%aeft lé%}t;:oé ?h%‘fﬁl\%uﬁ(%y geg)cg ?{eo\?’eguﬁcntlsogi d
different _5 recording area if said rotatj.onal, phase, control r

appl ied. THS Y8EH WRDAITIIANE cnTyBRITLAF i U1 abrodiatinh Wpsal Ltids
according to the 14th invention, wherein the rotational speed of said notor
in said rotiafosnatiodpeed control is maintained at a prescribed val ue based
on a result obtained by neasuring a mnimumlength pit in said different
recordi ng ar ea. THh&th9itvdmventisorni sptcadpdiskabcddrd ngepo chycbherof
apparatus according to the 14th invention, wherein said lowreflectivity
portions argvanbasodeot orired fy 838l eodHevrely Jaadaoypticzadatisk disl ecdgtracted m
The 20th invention is an optical disk reproduction apparatus according to

the 14th | ient 10 MARLSIRIRaPel dahoiiedl kBEdindil y portions are a

bar code, sai rent recording area I's also such area to which contents
are recorded w [N r ' t he d f said
different r ecorgﬁ%gogﬁeéwgt%ﬁsg sgq engb?g%ln%oplgeﬁ{&%i gﬁlé ﬁ%t@ieﬁgpgotdgd
during reprqduction.of ,said pit ich are fornmend in said different
recordi ng a‘&\@éei"g pr‘@&ﬁéeﬁasc?ﬁ' i?é}ﬁmﬁﬁ?%f By ERY SO pasS PRAE Mot Rer eby
making it possible to separate a _signal which is eprodkced frog1said

bar code. THeeCA8BEUIaTy BARM grR1LErRPYOREINGR BPSIENBEpROIGEE 3R #8pAr at us

according to the 14th invention) wherein _ o
rectangular beam pattern is focused on a reflective film in a pre-pit

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

optical disk is rotated, thereby forming a plurality of
rectangular reflective-film-removed regions as a barcode in
the same radius portion on said reflective film.

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

The 12th invention is an optical disk barcode forming method

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



said lowreflectivity portions are a barcode) and when reproducing tile
recorded contents of said -6 different recording area) the width of a
signal obtained by reading said barcode is increased to a prescribed wi dth
and then nmeasured with sanpling pulses froma control section. The 22nd
i.nvention is an optical disk reproduction apparatus according to any one of

I nventions &M Ltdihel-OtigkStyo Wh@tgrﬁ%ng%fgﬁﬁhsdéaﬁﬁoitsoE&HSWi%'Efr?% fer om

two di sk-substrates |'am nated toget . The 23rd invention Is an optica
di sk reproduction apparatus.,according to the 14th invention, wherein said
opti cal di§¥eﬁﬁ5ﬂﬁﬁgglge ttol data area for hol di ng therein physica
feature informatjion_ concerning said optica i sk) and, an identifier for

i ndi cating the E}P%sle?’ﬁgelW“éb%’ériéeaﬁfo%tdicéab‘g%fsj‘ogér?%der 2@6’1‘1%&1 meghedi d
control data area. The 24th invention is an optical disk reproduction
appar at us arcordimg) tooany ainm @8, inwartEins fadm el thebelil2ghy evlarddd sait ent s
of said control data area and judging the presence or absence of said

barcode, i topgtdcabtdiski hetonket ievedafiraptiweali gi-gkbptsdteil Uamieavedetbdea han.
inner portion or an outer portion of said optical disk. The 25th invention

I's a marking forgg NA+tAPPAfRL S WY &R mahw& FBpKAdE thOf @ raB@Ns for

applying a marking on a reflective fil'mformed on a disk: marking position

detecting : t] ifi j rki_ng; osition
i nformati on%\%??%{'%ecﬁggﬁé #@?er@tgﬁggr%i %ch%dfﬁ ggs ! ?&Qgrg(g{'g;gfed position
i nformation,or .informtion congcerni,ng sai d position,inforgation into a
bar code) anPHIRE o oPR V&R 5T thithy Pitos ditd FETIORUERY b3 LERIE & doteblanalq
barcode to an optical _disk on which data is recorded with CLV) wherein all
or part of Rwisg eenidedelos awmptarenwhilovecarded egntents 68 2o a prescri bed
region of a pre-pit signal area on said optical disk.

different recording area other than said recording area,

recorded by selectively forming low-reflectivity portions on
a reflective film in said different recording area, are
roproduced by using rotational speed control for said motor, and
the recorded contents qf said recording area
and the recorded contents 6f 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 26th invention is a marking form ng apparatus according to the 25th
invention, wherein said disk is constructed fromtwo di sk-substrates

| am nat ed together. The 27th invention is a marking form ng nmeans according
to the 25th invention, wherein said position information witing means

i.ncl udes encrypting neans for encrypting at |east said detected position

i nformati one@boriiHgaBA I N sePHCRItAlt NehElaiplaPoToht pol iwefrer apglied. and wites
contents thus encrypted to said disk. The 28th invention is a marking

form ng appar at pige a@¢R" ﬁ%\re_g,t&gn e 2RS4t ilcRY ediiskOPe pMARICRH Bn SAIpd rRARd Li on

information witing neans I ncludes digital signature neans for applying a

digital si %ac%&‘é?ne{]%oaihé 9@% ?rﬂ)e‘ilt%r!i,e%‘h@?’e{ho%h&' P&gﬁ%ﬂéf’ﬁéﬂe@ﬂ &

i nformati on concerhing sai'd position i'nformation, and the wilting at |east
said detected posjtion information or infornmgtion,concerning,said position
! nf or mat | orS4EaRRLGH R F19 R LR HAPPOrSRESHCERTITNG bS MENAEIBH 2k 8 di gi tal
signature _g_ application to said disk. The 29th invention is a

repr oduct i airesppibed weluhibased o sesultpobtaingd bnimpasuring a sadimmy-neans
for reading position information of a marking or information concerning
sai d positilemgthfpitmihi sa)d daffeneosi técurding rreat i on or said information
being formed by (1) applying a marking on a reflective filmformed on a

di sk) (2) detecthoigRASiAveINiOh {hanBicRY)disR) repromiction dpheshrd said
position information or said information into a barcode and (4)witing the

barcode w tf} sehecd ivpe P{%r%'{g‘éirg%\?i%ﬂ yAELEGE isé?dfidﬂnr%?l?@ﬂi%? tical disk

on which data 1s re&corde mar Ki ng readi ng nmeans for reading

i nformation cqncerning hysi cal sition of. said markin g. :
conpari ng/ | REGAABS fEZna PAREORE TR CONBaHIETH LoV 08t reBleciivRg a
result of reading by said position information reading neans and a result
of reading %ﬂﬂbaid mar ki ng readi ng neans and reproduci ng neans for
reproduci ng data recorded on said optical disk in accordance with a result
of the conpari s®he &thj imiggnténn jmerhoopiddabydiski depoduartiog/gppdyéing means,
wherein all or part of said barcode is witten in overwiting fashion to a
prescribed segrdin®ftoaths er4iht isignabn aredepgirsai d optical disk. The 30th

invention is a reproduction apparatus according to

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

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

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

said low-reflectivity portions are a barcode, and

when reproducing the recorded contents of said



the 29th invention, wherein at |east said detected position information or
i.nformati on concerning said position information is witten g  to said
di sk by position information witing nmeans. The 31st invention is a
reproducti on apparatus according to the 30th invention, wherein said
position inftermation wjting nmeans includes encrypti means for encrypting
at | east §éf§e’ifé7tte€?%d68§i%qe@n aFﬁ d"rlﬁﬁt’ji%fiaoﬁlﬂrﬁ;iopgrgﬁw Béﬁncer ni ng said
position information, and said position information readi ng neans i ncl udes
decrypt i ngerdins sedd riagsodeli iy inoreadsed tacr ypesewibedansdthamddby using said
decrypting nmeans) decrypts said encrypted position information or:

i nf or mat i ghenomeuredorishi sanpdshgimul siesf Hromtai ommtrbies@@2nidni nvention is a
reproducti on apparatus according to the 30th invention, wherein said

posi tion inforrmd boRd Wrvehfthr 88Nsn idp¢h MEEH ik Ot dto it BI6H !d?ﬁaf@ﬁﬁs for
applying a digital signature to at |east sald detected position iInformation

o oLt 0T 00 GANCE" g ROBIRD LRLPATRYL 01200 WELLES, 4ot on
said post L on, PGl on,Leading Reans [ nEydeh suLhent) cal no, e

extracting nmeans for obtaining said positjion information from an

aut hent i cat i onllpgr @dedsinyentinmie &y opaiidahutisknrényadihetion epparataiss and/ or
fromsaid informati on concerning the result of said digital signature

appl i cati aepondierg ao the pdth iimtestiomgwheraiecsaid opaf cshidd shuihelidegad i on
result is produced fromsaid authenticating neans, said conparing/judging

means per fe@hiBol 16 OAMAr FEOThAAnE UNBLEBA DY i sl Faatihe RASHEhDIon
information obtained by said position information extracting nmeans and the
resul t of concerning said optical disk, and an identifier for

indicating the presence or absence of said barcode is

recorded in said control data area.

The 24th invention is an optical disk reproduction apparatus
according to claim 23, wherein, after reading recorded contents of
said control data area and jﬁaging 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



readi ng by said marking readi ng neans) and when said output indicating
correctness i s not produced) the reproduction is not perfornmed. The 33rd
invention is a method of nmanufacturing a disk, which conprises the steps
of: formng at | east one disk; formng a reflective filmto said forned
di sk; applying at |east one marking to said reflective film detecting at

| east one Jwesitt 50y dbtsctied poskiing. ivfudmepnisy plri hof @aiadidet ect ed position
information and witing said encrypted informati on onto said disk, wherein)

when encr yidrcRgn A swi 8 1idiqr isd hg8PhatSahdi M RYPALDdeN! SR dBrON i S
converted 1nto a barcode, and said barcode is witten by selectively

romovi ng. sgld £ ef) GeLhys, fld BLAn 581 g diske o, vl by datggs recorded i th

CLV, and & part ~ ot sal e 1s witten in overwiting fashion to a

prescribed region of a pre-pit.signal areg on.said disk. - .11 The 34th

i nvent i on%@cgdﬁeﬁ%éﬂ tlr?éﬁué’a%‘t gPiﬂb“% aﬁﬁ,lsmﬁ?“c‘?'rdégn’bﬁ}%es the steps
of: formng at |east one disk; formng a reflective filmto said forned

di sk; appl§i¥ag at | east one marking to said reflective film detecting at

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

sai d detect ed pberdinoall rdfropeat icdnsaidl barcodeng somrtteai dndi sk) wherein,
when applying said digital signature and witing) at least a result of said

digital signawgieiis fashver teda ipte@chibudr eoglion afida Saiedpbarcode is witten
by selectively renoving said reflective filmon said disk on which data is

recor ded V‘éféﬁa@-é’reaalggd%idoﬁbiiéﬁ;l 9&@kd barcode being witten in overwiting

fashion to a prescri region of a pre-pit signal area on said disk. The

oo aer Ok R O Bt 3l 8
o Lo ek ok el B AR 17 ¢

disk-substrates laminated together.

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

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

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

writing information concerning a result of said digital signature



a digital signature, at |least said encrypted information or digital

si gnat ure-appended information is converted into a barcode, and said
barcode is witten by selectively renoving said reflective filmon said

di sk on which data is recorded with CLV, all or part of said barcode being
witten in overwiting fashion to a prescribed region of a pre-pit -12

si gnal ar e&@DPphicatiiendielsaiBRIER. DESCRI PTION OF THE DRAWNGS Figure 1 is a
di agram showi ng a di sk nmanufacturing process and a secondary recordi ng
process accor di ige 28th himverhesanti seabsbrodoétida gpparat(a) whscha compridesn vi ew
of a disk according to the enbodinent, (b) is a top plan view of the disk

according to the ke IFEdrhafioh kéadingOReMAToyl F¥dihgt hesTliivh according
to the enbodi ment, ( is a trans~-erse sectional view of the disk

d)
according t: od} e) .4 f i ag of a reproduced
si gnal accor ﬁbﬁg&ﬁgﬁ%t ﬁ%rggﬁ%%lé?%gﬁgz ixgogg?g@ﬁgﬂé&xﬁg%cﬁgﬂ illustrating a
process of recording.encrypted pasition information on a disk .din the form
of a bar cod@SattYt d?‘lfl@r’? 10Re Wgsgﬂ?l@ﬁﬁoﬂ?{ﬂﬂ?t}:@’b&%sﬁl o " OgPaLH08m
showi ng a disk fabrication process and a secondary recording process (part
1) accordi rging faraegresed) apmodngemtmarkingron B Teflecdingriihns fowaty t he
di sk fabrication process and the secondary recordi ng process (part 2)

accordi ng tom ahéigk, e{BntdezrboitigmpotitFongofetie markiml, adBansaivert ivgg a
two-| ayer disk fabrication process (part 1) according to the present -13

enbodi ment .deftegtdd sEiBZp@iQE@xﬁJri%ffb@hMoﬁhgoi hea ildwon FeRk 1 6h Sintbalriaabiden
process (part 2) according to the present enbodinment: Figure $(a) is an

enl arged vi ewnaf (8 w2905 tBEt bR ode with selectively removing said reflective
| film on said optical disk on which data is recorded with CLV;
marking reading means for reading information
concerning a physical position of said marking:;
comparing/judging means for performing comparison and
judgement by using a result of reading by said position
information reading means and a result of reading by said
marking reading means; and
reproducing means for reproducing data recorded on said
optical disk in accordance with a result of the comparison
and judgement performed by said comparing/judging means,
wherein all or part of said barcode is written in
overwriting fashion to a prescribed region of a pre-pit
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



portion of a |lam nated type according to the present enbodi ment, and (b) is
an enl arged view of a nonreflective portion of a single-plate type
according to the present enbodinment; Figure 9 (a) is a reproduced-waveform
diagramfor a nonreflective portion according to the present enbodi nent)

(-b) is a reproduced-waveform diagramfor a nonreflective portion according

o the present, eradiBitdest elod SnfohBRiBHUESEiNRUELN dl agram for a

S. .
nonrefl ective portion ac I'ng e present ment) and (d) is a

| i f i sk produced_b er disk method: Fi 10
's°8 o1 oss. sect TBaPLot cllVaR hanr Bt pPUe b, EPAF RSt RE P ek type

accordi ng H& t @ present, enbodi nent, and (b) is a cross-sectional view of a
nonr ef | ect iW€ g 1t iigMentionhe¥RenedRe- pl ate type according to the present
enbodi nent; Figure 11 is a schematic diagram based on an observation

t hrough a transsaigkipositiancinformationsadpent imeknst innliudgs senrostingemerns of
the nonreflective portion according to the present enbodi nent; -14 Fi gure
12(a) is a forosscrspttingret leasivsafdadetieskedqoeidimy indot et jpnesent

enbodi ment) and (b) is a crosssectional view of the nonreflective portion

of the di 5|<1n@@fxﬁ’é@oﬂgcé&ér'ﬁ?n%’rs%iﬂnﬁoﬁrﬂi@ﬂiImfrmﬁgdﬂ,e_aﬂ@(a) is a diagram
showi ng a physical arrangenent of addresses on a legitinmate CD according to

T egal Iy dupl | Sorea0t ied BB 8t REERESRRL IRt AT p g Agans
Showi ng. an (EGAFSEATPEdIR Se4f, QECaPE TbPeEbte dREoH HoidBcttihg. (c) 1o a
di agram showi ng a, mat hemati cal equation for EDC copputation) and (d) is a
di agr am shd&cagP B Nea MRt idé’éWI&?uéN‘gr?nFéYD@@CD%hﬁi@t“ati on; Figure 15 is a
bl ock diagramof a lowreflectivity position detector according to the
enmbodi nent :infoynat oh6ot sinfodinatiaanmcondarstnatsaid poel thonnci pl e of
information.
The 32nd invention is a reproduction apparatus according to
the 30th invention, wherein
said position information writing means includes
'digital signature means for épplying a digital signature to
at least said detected position information or information
concerning said position information, and writes information
concerning a result of said digital signature application
to said disk,
and said position information reading means includes
authenticating means corresponding to said digital
signature means, and
position information extracting means for

obtaining said position information from an

authentication process performed by said authenticating

_10._.



detecting address/cl ock positions of a lowreflectivity portion according
to the enbodi ment Figure 17 is a diagram showi ng a conpari son of | ow
reflectivity portion address tables for a legitinmate disk and a duplicated
di sk; Figure 18A is a flowhart illustrating a procedure for encryption,
etc. using an FSA function according to tile enbodi nent; -15 Figure 18B

is a flowhart il Imeahs adridigr af mess&idnnifofmatiwhi conceradkg priecessubccor di ng
to the enbodinment; Figure 19 is a flowhart illustrating a low reflectivity

posi tion detectln%fpggg{@qk@ggp@qtﬂgmh@ bhe) exkogh nent; Figure 20 is a

di agram showi ng a detected waveform of a first-Ilayer marking si gnal
according to t rese i:qgram showi ng a

det ect ed vvavef(t}g}1 ﬁ &}t conﬂlg;%g;n%acg ?%%aéilsgnaf %&?Ofdl ng to the present
enbodi nent ; bgure 22 |s a flowmchart il strat| function of a

scranbl e | GOHPFRTERTAAY HesulEvis ERP ‘bceéle R%r?ad |%‘étq‘165té%“d’igsk IDin a

programinstallation process according to the present enbodinment. Figure 23
i s a bl ock m¢iaagr svaicf commard hpejudgdog dieags apgrfioansisthec compatigono t he

enbodi nent; Figure 24 is a diagram show ng a signal waveformand a trimm ng
pattern in did jedgemdnodhyweongithe pesitieneivifadimaeidn obitgived % i s a di agram
showi ng a signal waveformand a trimmng pattern in 1~RZ recording; Figure

26 is a di agriamediawoRdinTothat@dn wvﬁ&ﬁﬂ%mn@ &id roRenge ANt gFN in PE-RZ
recordi ng according to the enbodi nent Figure 27 is a diagram show ng
a top plan pda@vh@fhydsskd marking reading means, and when said output
indicating correctness is not produced, the reproduction is
not performed.
The 33rd invention is a method of manufacturing a disk,
which comprises the steps of:
forming at least one disk;
forming a reflective film to said formed disk:
applying at least one'marking to said reflective film;
detecting at least one position of said marking: and
encrypting said detected position information and
writing said encrypted information onto said disk,
wherein, when encrypting and writing, at least said
encrypted information is converted into a barcode, and said
barcode is written by selectively removing said reflective
film on said disk on which data is recorded
with CLV, and all or part of said barcode is written
in overwriting fashion to a prescribed region of a pre-pit

signal area on said disk.
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stripes, along

wi th signal waveforns) according to the enbodi nent: Figure

28(a) is a perspective view of a converging unit according to the
enbodi ment) and (b) is a diagram showing a stripe arrangenent and an

em tting-pul se

signal Figure 29(a) is a perspective view of the converging

wit) wth a beam defl ector appended thereto, according to the enbodi nent,

and (b) is a dfitmgB4oh sineehotbra ist 4 inpehad rehgenmefdctardngn elfisk} i wigichul se
signal Figure 30 is a diagram show ng the arrangenent of stripes on a disk

and the c
Gk

fl owchart

SsOthe Yilehl ofada according to the enbodiment Figure 31 is a

strating how control node is switched between CAV and CLV

when playing.pﬁﬁﬁﬁggripqﬁaggqgkdgpgﬁto the enbodi nent; Figure 32 is a

di agram showi ng-a"s

t he enbodi ment;

ripée-area and an address area on a disk according to

ECC encodi ng a%eghggﬁgrggig%ékzngbﬁga L?ghf3$¥$§9éﬁéﬁg;?aﬁ:;Egafag gf;g{a

structure after

ECC encodi ng according to the enbodi nent (when n = 1), and

(c) is a di agranplyhogiatylaasEoneemadiingote setdorefdgeabye iftifmaccording to

t he enbodi ment ;

Figure 34 is a diagram show ng the data structure of a -17

synchroni zat i odeteedéng Ritglegst3bha) posi tdonliEfgsaid staaking; tand confi gurati on

of an LPF, and

(b) is a diagram showi ng a waveformfiltered through the

LPF; Figure 36{m]yifga diggtAMsIpo 118 fo rRHOMICRG 8 Solti9RV el orm
according to the éenbodinent, and (b) is a diagramfor explaining a

oW

dinensionqéﬁgﬁﬁﬂg%gyggggﬁi%{ﬁ

a di agram

+18c&Qydjsng; to the enbodi ment: Figure 37 is

n rcnu%gﬁlon code anld a laser emtting pul se signa

waveform Figure 38 is,a diagram show rocedure for,reading contro
data for pl aybmeéabmpnapﬁd'lpﬁesae‘\rgog%ﬁéﬂt .5151‘?%6‘?8 g is a diagram
showi ng a top, plan view of a . L ) o

writing, at least a result of said digital signature is

conver

select

which

ted into a barcode, and said barcode is written by
ively removing said reflective film on said disk on

data is recorded with CLV, all or part of said barcode

being written in overwriting fashion to a prescribed region

of ap

T
a lase
thereo
concer
a digi

signat

re-pit signal area on said disk.

he 35th invention is a disk wherein a marking is formed by

r to a reflective film of said disk holding data written

n, at least position information of said marking or information
ning said position information is encrypted or applied

tal signature, at least said encrypted information or digital

ure-appended information is converted into a barcode,

and said barcode is written by selectively removing said

reflec
CLV, a

OVEIWY

tive film on said disk on which data is recorded with
11 or part of said barcode being written in

iting fashion to a prescribed region of a pre-pit
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di sk having a pinhole-like optical marking as a physical feature according
t.o the enbodinment: Figure 40 is a diagram showi ng a procedure for playing
back a PCA area in a tracking ON condition according to the enbodi nent:
Figure 41 is a block diagram of a playback apparatus inplenenting

rotati onal speed control according to the enbodinent; Figure 42 is a bl ock
di agr am ofsignpl adneackn agfidr disks i npl ementing rotati onal speed contro
according to the enbodi nent; Figure 43 is a bl ock diagram of a pl ayback
apparatus -18 i npl enenting rotational speed control according to the
enbodi nent; Figure 44 is a diagramillustrating a piracy prevention

al gorithmaccording to the enbodi nent; Figure 45 is a diagramfor
expl ai ni ng barcode encryption according to the enbodinment; Figure 46 is a

diagran1s?gw%pngﬂﬁﬁ??fm@Q@I&ﬁ@%ﬁg U@ﬁgﬂple of the barcode according to the

enbodi nmen I gure I'S a perspective view showi ng a nonrefl ective portion
formed in a twa:l ayer disk ,accordi 1o the. enbodi t..and Figure 48 is a
di agr am show ntj* rZeO h%i%éha%#a%aggw @oglr ' RQP@%B%’HP%M on different
mast er di sks according to the enbodi ment. Description of the Reference
Nuner al s S8ACEEORMRERL SRTANGRTY MRORTAN P586esS @ REHINECTe VIheY LI GHT AMOUNT
DETECTOR) 587. LI GHT AMOUNT LEVEL COMPARATOR, 588. LI GHT AMOUNT REFERENCE
VALUE) 59%reisext REBoETentd; TY PORTI ON START/ END PCSI TI ON DETECTOR, 6Q0

LOW REFLECTI VI TY PORTI ON PCsI TI ON DETECTOR, 601. LOW REFLECTIVITY PORTI ON

ANGULAR PGSI TI PiNsiileCBE) QHTBUIoSECAh QN.ewb82 . a LWk RidddrdThyl tby PORTI ON
ANGULAR POSI TI ON DETECTOR, 605." LOW REFLECTI VI TY PORTI ON START PO NT, 606.

LOW REFLEGHV Yo BRI ONENDS PEINE, oBAY vi T Vi LAY SORBECHGR; B1 6. DI SK
MANUFACTURI NG PROCESS) 817. SECONDARY RECORDI NG PROCESS, 8l 8. DI SK

to the embodiment, (c) is a top plan view of the disk

according to the embodiment, (d) is a transverse sectional
view of the disk according to the embodiment, and (e) is a
waveform diagram of a reproduced signal according to the
embodiment;

Figure 3 is a flowchart illustrating a process of
recording encrypted positién 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_.



-19 MANUFACTURI NG PROCESS STEPS, 819. SECONDARY RECORDI NG PROCESS STEPS,
820. SOFTWARE PRODUCTI ON PROCESS STEPS) 830. ENCODI NG MEANS, 831. PUBLIC
KEY ENCRYPTI ON, 833. FIRST SECRET KEY, 834. SECOND SECRET KEY) 835.
COMVBI NI NG SECTI ON, 836. RECORDI NG CI RCU T, 837. ERROR- CORRECTI ON ENCODER)
838. REED- SOLOMON ENCODER) 839. | NTERLEAVER, 840. PULSE | NTERVAL MODULATOR,
841. CLOCK emb6iiMen®NERATOR, 908. | D GENERATOR) 909. | NPUT SECTION) 910. RZ
MODULATOR, 913. CLOCK SI GNAL GENERATOR) 915. MOTOR, 915. ROTATI ON SENSOR,

916. COLLI MATOR}; 5%?11(3 7G4 L,NDR) c%%lm LENSne918a %S[q §19; sFONVERG NG LENS,
920. FIRST TIME SLOT, 921. SE NE SLOT) 922. TH RD TI ME SLOT) . 923.

STRI PE) 92 IR D RECORDI NG

REG ON) 92 abE@E 8(%%5 §2§I ‘EEC%EE%G 9@”%&%@&%&@? SUPPLY

CIRCU T) 930 pg?TEP S (1N CAV PLAYBACK FLOWCHART) , 931. BEAM DEFLECTOR) 932.
SLIT, 933. 934. SUB-STRIPE, 935. DEFLECTI ON S| GNAL GENERATOR, 936.
CONTROL DATA AREA) 937, STRI PE PRESENCE/ ABSENCE | DENTI FI ER) 938. ADDI TI ONAL
STRI PE PORTI ON, Fige AGDI TsormendTreet VERESENGENARRHNEEL I ENTI FI ER)  940.
STEPS (FOR STRI PE PRESENCE/ ABSENCE | DENTI FI ER PLAYBACK FLOWCHART)) 94l .

OPTI CAL MARISEBED1{ RITNRICLAT)ina®dd . t yPE- RitdDEMIDUOATER prasant LPF, 944. ADDRESS
AREA) 945. MAIN BEAM) 946. SUB-BEAM 94%. STRI PE RE1' ERSE- S| DE RECORD

| DENTI FI ER emB88imentRl &fd GhY PORR ehlarped. vEANTI N@d&ﬁéﬂﬁecﬁ% DATA ROWN
952. ECC ROW 953. EDGE- SPACI NG DETECTI NG MEANS, 954. - COVPARI NG

DRI VE c??%ﬁ#@@?éf”ﬁ%ﬁ%ﬁ%%ﬁ@@%“%%% %64 rEAD

MOVI NG MEANS 65 FRECUENCY COVPARATOR) 966. OSCI LLATOR, 967. fi REQUENCY

CCNPARATOR)mSQ CILLATOR) 969. NDTOR BEST NDDE OF EMBODI MENTS The
preferred enbodipents _of, the presaﬁ vent be _.descri bed bel ow with
reference to th %@oﬁg%)m}lsnﬁ L "WPHe ‘:H'é‘ é%%rﬁmprBna herei nafter

gi ven, position
nonreflective portion according to the present embodiment,

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

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

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

according to the present embodiment;
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information for piracy prevention) which is a formof ID, is taken as an
exanple of information to be barcoded. In the first-half part (1) of the
description, a detailed explanation will be given of the piracy prevention
position information as a formof ID) followed by a brief explanation of
how the information is converted into a barcode to conplete an optical disk
and how the optFialredlgka)i 4sphaedsbsedtiohnl thiewsefandtiBal f part (11)) the
techni que for barcoding the piracy prevention position information will be
described i Iy od [ [ re ngg ., More specifically,
the fi rst-hac yggr t& ‘)gﬁégllé’lgleg&\?\nt teﬁb?i\ Nghu%rgdctr(g?iﬁ% aa disk, (B) Formng a
mar ki ng by using laser light, «( Readi e Lflond rmation of the
mar ki ng) ([S)roéﬁg?‘iltﬁtof]ﬁb \fl%é’ Bgsﬁel 88“??@%?&&? %ﬁﬂg{h\r}g ?f‘% ﬁfe encrypt ed
position inforrrgtion in}t‘o a -21 arcode) and witing the barcode in a
pre-pit ar AFCOFding tepthe Arederk eModYRaDlri ting fashion) and (E) Pl aying
back the optical disk on a player. The second-half part (I11) first
describes (A) USkgurlendd&)ofist aedizgremdshowong s [phwshettled- t ype optical di sk,

t hen proceeds to (B) Barcoding the position information of the marking as a
di sk- uni quearriangéfdntFefitaddreseés toneabbegiadrate €dr decbrajihigcod thiesk for mat,
nmet hods of tracking control, and nethods of rotational speed control during

readi ng of éntb%d?@ér&gdsgd a«bq“ﬁ%a%h%km taefknééa@n@admfaeré% ded opti cal

di sk. The second-half part further deals in detail wth (E)

Manuf act uri e J Rl nj | : a Qe i.ng met hod,
fol | owed by&g ahr ?gugg;gfaén@tlflggp%f%g %%d}ggélggpﬁ%a§ggc bggg’g%a ‘us (player).
Finally, a descgiption,i iven,of (F) ,An.exanpl.e,of the.above,barcode
encryption and Ehg‘{rﬁe?';g%pl iscﬁt‘?’@rgréyaﬁﬂﬂwé%fpr% e(g)aroéj(;gé.gu?el )%BBef ore
proceeding o the description, of the, above (A), to (E), we will first
describe a ’dbrféFE}PerprdSE%&ts f(SQ)V\H Po fi {18 ﬁé?f%}f“&c?érg%"ﬂ)e‘i%e conpl etion
of an optical disk by using the flowhart of Figure 1. In this patent
speci fi catidgta steunturei for B6Ci encaidéngfdecodirgl t(o) aks laadéagrarar ki ng) while
a nonreflective optical marking portion is sinply referred to as the

bar code, stgldwéngr@imsithemaicadpédieali onefdd BDC adompustiRin, nesd @3 the -27?
physical ID unique to a disk. First, the software conpany perforns software
aut horing i {5 S04t ¥@a BROFUG! iaorﬁ‘a‘d?{eﬁﬁ%@al%guaf%ﬁ £oyMpcet ed software is
delivered fromthe software conpany to the di sk manufacturing factory. In

di sk manuf LRg; pr-ocess 816 at the disk manufacturing factory) the
conpl et ed 2%#“’{15&,2?31%9‘; input in step 818a) a nmaster disk is produced (step

818b), disks are.pressed. (steps ,818e, 818g) eflective ftilns are fornmed.on
t he respective E}g s ?gt ?a%sa ﬁ%?lf ‘gfgﬁﬁm O?h% {%rafiﬁf&“é{# Y| ani nat ed
together (step 818i), and a ROM di sk such a DVD or CD is conpleted (step
818n) et c. )POSiidoR Fafste%%la&céadﬁlgsl?% ieé‘gﬁ‘gil"leﬂéred to the software naker
or to a factory_under control of the software maker) where) in secondary
recordi ng procefig@i7 16ahs andiapramdylustmet ing 384, peinctipi eofone shown in
Figure 2) is fornmed (step 819a), and accurate position information of this
mark is readeteetangeaduss st loeRnsodist ems 3F9h) l1aworeblentivitye position

i nformati on which serves as the physical feature information of the disk.

Thi s physi cgdrdigat b @rdh @it he@nendbbodiféntdi sk is encrypted in step 819c.
The encrypted information is converted to a PE-RZ-nodul ated signal which is

then recorded i R; 1 : .Sl gn : i by using a

| aser. The di skpﬁﬁé/%oclzl ?geaglaﬁ?%%%g?@nlarﬁ gn%n%%gé%&gggr{b?é%d together with
software feature infornmatjon fqr_encr iog in step, 819c. ,- ,23 The above
orocesses wHLehal HESCPPELPY AOFLRTTAED 1S APT & PRECTIELELd TSI 1 abrication
process, a naf[Kki gg formati on process) a masking position reading process)
and an encr§ht &d Pﬁlﬁaﬁﬁ@i‘&'ﬁk\f\miti ng process for an optical disk according
to the present invention will be described in detail with reference to

Fi gures 4 and 5FapdreFil§ar bs a8 fl owchart Al Huspratingt arproseghnmdoron will al so
be given dealing with a disk having two reflective |ayers with reference to
Fi gures 6 asgkrgption,t feecl oldiow my R¥asCinqutibnndcdolie i martlol ige

embodiment,;
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formati on process and the marking position reading process are collectively
cal l ed 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 nmetal such as alumnumor gold is sputtered to forma reflective

| ayer 802. An a v A ul t I t curing resinis
appl i ed by splnﬁ2§ﬁ1|28ﬁ3%§ § 4@%?%??ﬂ§359ﬁ%r%§ gH%(ﬁ;\a{tgb?ferent processi ng
step, and trg?subftr tﬁ is bonded o ge trans enttsubstrate $01

havi ng t he YEPFBR1i%Fe CP&5EPT862SS éﬁﬁmf M&Pthi gh speed to nake
the bondi ng spaging uniform By posur.e to extern | ultraviolet radiation,
the resin hardehs§uiend8 ¥s rardfg Vﬁ‘glﬁHanutuﬁér%Wgséb ¥ates together. In step
(4), a printed |ayer 805 where a CD or D~~D title is printed, is printed by
screen primefigctdaity posidfibpedeteciting myogTausiccondstgepo(dhg the ordinary

| am nat ed-type optical ROMdisk is conpleted. (B) Next, the marking
formati on psmbodssent;l | be described with reference to Figures 4 and 5. In
Figure 4) a Laser beamfroma pul sed |aser 813 such as a YAG | aser is
focused throughfageanyerod nddh m8éﬂomtg0atmerc@éa Q@ve¥Srkdfer 802) to

forma nonreflective portion 815 as shown in step (6) in Figure 5. That is,

epr oduced 1osh t BB es P BRReTiREs Y *ﬁﬂg‘)ﬁﬁ#e@*ﬁifﬁp(&) i n Figure

5. By slicin % this waveform a marking detection signal such as shown by
wavef orm ( B™ 1Bﬁﬂa|ned from which hierarchial marking position

i nformation cogB(|S|n% an address, such as shown in signal (d), and an
address) a frambigycHdohs A dgagiagnshovimgoerdetended waygif odudddacl ock count)
such as shown in signal (e), can be neasured. At the rising edge of the

t hus obt ai nsetomdrka yey darleiatgi ehgmmlgnatqrdingpexithecpzad@néss (i ndi cated by
address n in Figure 5(d)) is read by the optical pickup fromw thin the
plurality oémbddmestses shown in Figure 5(d). Figure 5(b) shows the physica
| ocation of the specific address in schematic form On the other hand,

Fre, SGE) Shomedle on cskus b the e siowt b i ouro
scramble identifier and the switching between drive ID and
disk ID in a program installation process according to the
present embodiment.

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

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

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

Figure 26 is a diagram showing a signal waveform and a

trimming pattern in PE-RZ recording according to the

embodiment;
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and k reproduced cl ock pul ses under each frame -25 synchroni zati on
signal. Therefore, the position of the marking neasured by the optical

pi ckup can be represented by address, frame synchronization signal nunber,
and reproduced clock count. As previously stated) a suppl enentary
explanation will be given below of an alternative type of disk (a two-Iayer

|aninated di skyiguis 107 ekes afierie Foduhes: Gopnslaf vEbgURSigkand 5 shoved a
di sk generally known as a single-layer lam nated di sk which has a

reflecti vgvtgpﬁ/dﬁ?rékgg%%eggrﬁgﬁéﬁgp%g@Egrr@lafg&otim]% ot hgfe hand, Figures 6

and 7 sho own as a two-Tayer I'am nated di sk which has
reflective éa.ers pon both substrates 80Z and 803. For |aser trinmng, the
processin@m T%ﬂ?n65) and (6) are fundanentally the sane for both types of
di sks, except with si Sficant di fferences which are brjefly, described

bel ow. First, figure 2&9@ sim@ Perspastive sWeWsel & coryergingveNiyer for med
froman alumnumfilmhaving reflectivity as high as 70% or over) in the

t wo- | ayer adisidingeto afheeenbadd meny,erand0(b) dismeddiagremeshaddigng- si de
substrate 801 is a sem transparent gold (Au) filmhaving a reflectivity of

309 whil gtthyse rethegdnevie amyen &pidtfiagrmdsensigmalprint-side substrate 803
is the sane as that used in the single-layer disk. Second, as conpared with

the singl e-1 aysgly,dbSIg (gh hes tavat ti9k SKiewSof e t8Fvd»iRave high opti cal
accuracy; for eﬁgnple}a?heséﬁﬁgs%¥§{ﬂayer 802 must Ee 3%?igally - 26

transparent.:ang,: 1f.or m. 4 I.C e Lcal nspar ency must
not be Iogblgug“l'?g %I'(;Hsegﬁx %#l%ﬁltt%%grﬁg%d @%H{bg) %8%%%% I’tcs)lf Figure 7 show
t he signal mav%fgnns obtaiaﬁs ffromthe first layer ﬁf.the t wo

r ecor di ngtPayRRPOGRBRNT | ARAWe 15 2, Gigeyah)Shoyang 3 §hEIRED) of Figure 7 show
the signal waveforns obtained fromthe second | ayer of the

t wo- r ecor @FFgRgedgat andspn qmidtingTrides B¥enBlese signal waveforns are

essentially the same as those
Figure 30 is a diagram showing the arrangement of

stripes on a disk and the contents of control dada according
to the embodiment;

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

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

Figure 33(a) is a diagram showing a data structure
after ECC encoding according to the embodiment, (b) is a
diagram showing a data structure after ECC encoding
according to the embodiment (when n = 1), and (¢) 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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of the waveforns described with reference to parts (a) to (c) of Figure 5.
The waveform fromthe second layer is simlar to that fromthe first |ayer)
t hough the signal level is lower than fromthe first |ayer. However, since
the first and second | ayers are bonded together) relative positional
accuracy between themis random and can be controlled only with an accuracy
of a few h%ﬁgg {Ea‘%EBHSco W Il be described later) since the | aser beam
passes throug % reflective films, to make an illegal disk the

t f I f t k
For examp . °L§€éﬁfe”§8§%§ fiE A
di sk. But h | d
o nat i gl R0 COHEQRLGH Pyt R g ##Jnﬁg%w”a&%&@#?l R840 | ayel type i s

practlcallg |npOSS|bIe The technique for formng the nonreflectlve opti cal
mar ki ng potttiosghwihe LBE: described in further detail in -27 sections (a)
to (d) belowwth reference to Figures 8 to 12) etc., dealing with the

| ami nat ed typeFigurrodféal senawdiagramsshogtieg o atprogueed Fignales 8(a) and (b)
are m crographs showi ng plan views of nonreflective optical marking

portions, wi@kfbrgWRot@{®) toStike tnbbiidned suhebntic acdoagrazectional view
of a nonreflectlve portion of the two-layer |am nated disk. (a) Using a 5 a

| yino 0.6 rameael SpRet SrpEel o aBRRaer ol B By QPER AT <l ng of o

0. 6nn1th|c€ 3bsks nlnated together, and, as a result) a 12 a mwde
slit-1like Sf?%Rﬂ ortlon 815 was formed) as shown in the X 750

m crogr aph of E ure In this 750 nlcro ra h, no al um num resi dues
were observed OmEY oh?@f déggsare SpeYNBoA BIE 73t 18Rof9%n al umi num

| ayers) 2000 an strons thick and 2 a mwide, were observed al ong boundari es
bet ween t henth@nkesdreemi vieingopul s ségmhivavetanméct i ve portions. As shown in
Figure 10(a), it was confirmed that no significant danage had occurred
inside. In thi§igaseBsthe aadphgraat ishowiofy eherquedsee floxseeadgingsumabl y nel t ed
the alumnumreflective |ayer, causing a phenonenon of nolten al um num

bui | dup al gsitroheddraufgnrilesback kecbréimesodtie embidigenty face tension. we
call this a hot nelt surface tension (HVST) recording nethod. This is a
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_



characteristic phenonmenon observed only on a |am nated disk _?8_  800.
Figure 11 is a schematic diagram based on an observation through a

transm ssion el ectron mcroscope (TEM) illustrating a cross section of the
nonrefl ective portion fornmed by the above | aser trimmng process. And

FH gure 11 shows that the adhesive |ayer of the disk has been renoved by

usi ng sol vémplenentihe Matgtienali spedk cahtmilnancéidimgswol then portion is 1.3 a
mw de and 0.20 a mthick) the amount of increased alumnumin that portion
is 1. 3 x efbod®entd. 05) = 0. 195 ,u nR. The ampbunt of alum numoriginally
deposited in a half portion (5 a m of the | aser exposed region (10 a m

was 5 x 0. 05 Q25 - i i | ."250 - 0.
158 2 5. Jose a Tipurf Eﬁnﬁﬁagf‘]g%g‘tlﬁ?g?ﬁ‘??‘.gfe‘jﬂ% Befndtal 20, 05 -

1.1 a m This means_that,.an al ym num l.ayer .of 0. 05 a mthickness and 1.1 a
m Length r BHPTORT AntHOHBR crbride STOOSLMETe saf el y said that al nost al

al um numwas drawn to the filmswol]|en portion. Thus, the result of the
anal ysis of thd gugardd dissa di@standprt ﬁépjééﬁﬂaﬁd%qr@ﬁdébout t he above

descri bed characteristic phenonenon. (b) We will next deal with the case of
a si ngl e- pleateymtgoncadcadids ke (tan thetdémbabinkingk conprising a single disk). An
experinent was conducted by applying | aser pulses of the sane power to a

0. 0O5um t hi ck alRigunend§ dfsl gcdiageahi dhowh ng nedther aappil bgéetosi ded nol ded di sk,
of which result is shown in Figure 8(b). As shown in the figure) alum num

residues -29anpMELE RS Pa¥esde ARFoSdIRReLS NORCAbIHTNRHE) f esi dues cause

reproduction nolse, It can be seen fhat the single-plate type is not
sui tabl e for segondary.,r.ecording of. optical djsk info ion.of which a
ni'gh densi y and APl an Brovapelhhd AR RN PRRTRRR Ui ke L he
| ami nat ed disk) in the case of the sing|e-plate disk, the protective |ayer
862 is i nePPEEY IQERRA SR aakvoshaver icd Skidfpogding BP) thken the nonreflective
portion is subjected to |aser trinmng. The degree of danmage depends on the
| aser powerembpdimentie ahdrage cannot be avoided even if the laser power is
controlled accurately. Mreover, according to our experinent, the printed
| ayer 805 f or nekiiguyes48 emnapdiagramgshowiag thicokpasisoaf ofi dddwebsindr ed mi crons
on the protective |ayer 862 was danaged when its

coordinate positions on different master disks according to

the embodiment.

Description of the Reference Numerals

584. LOW-REFLECTIVITY PORTION, 586. LOW REFLECTIVITY LIGHT

AMOUNT DETECTOR, 587. LIGHT AMOUNT LEVEL COMPARATOR, 588.

LIGHT AMOUNT REFERENCE VALUE, 599. LOW REFLECTIVITY PORTION

START/END POSITION DETECTOR, 600 LOW-REFLECTIVITY PORTION

POSITION DETECTOR, 601. LOW-REFLECTIVITY PORTION ANGULAR

POSITION SIGNAL OUTPUT SECTION, 602. LOW-REFLECTIVITY

PORTION ANGULAR POSITION DETECTOR, 605. LOW-REFLECTIVITY

PORTION START POINT, 606. LOW-REFLECTIVITY PORTION END

POINT, 607. TIME DELAY CORRECTOR, 816. DISK MANUFACTURING

PROCESS, 817. SECONDARY RECORDING PROCESS, 818. DISK
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t hermal absorptance was high. In the case of the single plate disk, to

address the problem of protective | ayer damage, either the protective |ayer
has to be applied once again or the |aser cut operation should be perforned
before depositing the protective layer. In any case, the single plate type
may present a problemin that the laser cut process has to be incorporated

in the prewmmmﬁssmﬁﬁss STEPSt sgide SEOONDARTt RECORDINGhe singl e-pl ate
di sk despite its useful ness. A conparison between single-plate disk and

o nt 00 Graksg SN GRCSOPAREPNICYEONocE g SrarS! 4 na o0 di ok

as an exanpl e. 1's” app aren fromt ove - description, the sane

fLLeET ngzemﬁﬁmﬁﬁﬁt &l BB REY @@Eﬁ@u 5, ﬁ?éﬁf) "ot | et Z
i sk ype. SECRERORY T Bt SNy RERET R, B3 o oMLt SEChBY has " The
transparent substrate 801 of pol ycarbonate on one side) and the hardened

adhesi ve | a8aéx. RBQDWNG&CISMBHI #34. oBRROR=CORREGTION ENCODER, r838.ecti ve | ayer
802 thus being hernmetically seal ed therebetween. In this condition) pul sed

| aser | i ghtREED-SOCOMONAENCODERPNEIRr INEERLIBAVER, rB40hePUlEFe INTERMAL experi ment,
heat of 5 ~.J/pulse is applied to a circular spot of 10 to 20 a m di aneter

on the ref |\l xeoR, agal, &Q%ckosxwih@msmonocbogf I GERERAFORR result, the
tenperature instantly rises to 600C, the nelting point, nelting state IS

caused. By tﬂ\fs@ g—h ahdgwl lRZp%IBL'] %Toﬁf ‘%1 gﬂgj(ﬁg%ﬁﬁ substrate 801

ne?r éhe ﬁp | eS|v$ | ayer 804 is

T
bui 1 d-up. &1 GERE SR a1 Pe NSk, %ﬁ% §§’a@fﬁm N SRS el ng appl ed Lo bot h
sides, thus_f rnln bui | dups .822a and_822 §f hardened al um num as shown

in Figure 1@ Hohr \'ILéI’J]PMFeALpEEItS’o 8MAKed ¥ om al uni num resi dues

is thus forned. ThIS shows that a clearly defined norreflective portion 584
can be obt 2CONYERGING AENE - t920mmFIRFT- TIME SLOT 921. SECOND TIME

SLOT, 922. THIRD TIME SLOT, 923. STRIPE, 924. PULSE, 925.
FIRST RECORDING REGION, 926. SECOND RECORDING REGION, 827.
ECC ENCODER, 928. ECC DECODER, 929. LASER POWER SUPPLY

| CIRCUIT, 930. STEPS (IN CAV PLAYBACK FLOWCHART), 931. BEAM
DEFLECTOR, 932. SLIT, 933. STRIPE, 934. SUB-STRIPE, 935.
DEFLECTION SIGNAL GENERATOR, 936. CONTROL DATA AREA, 937.
STRIPE PRESENCE/ABSENCE IDENTIFIER, 938. ADDITIONAL STRIPE
PORTION, 939. ADDITIONAL STRIPE PRESENCE/ABSENCE IDENTIFIER,
940. STEPS (FOR STRIPE PRESENCE/ABSENCE IDENTIFIER PLAYBACK
FLOWCHART), 941. OPTICAL MARKING (PINHOLE), 942. PE-RZ
DEMODULATOR, 943. LPF, 944. ADDRESS AREA, 945. MAIN BEAM,
946. SUB-BEAM, 948. STRIPE REVERSE-SIDE RECORD IDENTIFIER,
949. STRIPE GAP PORTION, 950. SCANNING MEANS, 951. DATA ROW,
952. ECC ROW, 953. EDGE~SPACING DETECTING MEANS, 954.



the |l am nated di sk as shown in Figures 10(a) and 12(a). Exposure of the
rrefl ective layer to the outside environnent due to a damaged protective
| ayer, which was the case with the single-plate type, was not observed even
when the | aser power was increased nore than 10 tinmes the optimum val ue.
After the laser trimmng, the nonreflective |ayer 584 has the structure

shown in FiCQUPARING( REANS)Ee 085 tMEMOR'S MEAWS C BT, beS@EAATORE 33 transparent
substrates 801, 803 and sealed with the adhesive | ayer 804 agai nst the

out si de en@okmﬁéf?Egyslsﬁm@g;ﬁm%tq@r@l)g%??lbt o%qm{ogbeﬁ'm(;t he structure

from envi r onme ect am nating two di sks

t oget her wi/l.l ,.be scl A . e y rdh.pg is nade in the
formof a B@é@%déggadwﬁﬁfg&iﬁﬁhaﬁg$a3¢3ﬁ§@ﬂgﬁﬁ @?ﬁ@gegbﬁe al um num | ayex by
renoving the protective layer in the case of Si - te disk) as shown
in Figure f@@g‘ﬂEchhpQM%ﬁWéf!%ﬁ@-t@ﬁgigé_ﬁ%ﬁ'biggﬁ fﬁ@iﬁ%@necr ypted data may
be tanpered with by redepositing an alum num |ayer over the barcode portion
on a | egit COMPARATIORK 36f1 OBEHLUATEB, -46%. MR a different barcode. For
exanple, if the ID nunber is recorded in plaintext or separately from main

ci phertext, in the case of a single-plate disk it is possible to alter the
| D nunber, enabling illegal use of the software by using a different

password. Hawevwgipe bF typepIgEerdary recording is made on the |am nated disk
as shown in Figure 10(a), it is - 32 difficult to separate the

t _
| am nat ed di sk 4nt sid N i _tel I 0 ide fromthe
ot her, the al unmeuﬁﬁﬁ%ree& ?@%Odrlimfiﬁﬁdsotfpg?? ipggggnég@%égg‘)d’. %Zn t he
anti-pirac rking i,s, destroyed, .,the disk will be judged as being a
o't t ol di e QrETAPe holow BRI REEBTAICAGES , mERCTAATONE | Legal Lt or ati ons
to the |lam nated disk, the yield is |low and thus illegal alterations are
suppr essed dréwirgnokh ctheedeserintion thexainaiter EhveameDestdodf the two | ayer

| am nat ed di sk, since the polycarbonate material has tenperature/ humdity
expansi on dodbfnatient §or igiraey mraveytion, which is a form of ID, is

taken as an example of information to be barcoded.

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

converting the encrypted position information into a
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i npossible to am nate the two di sks, once separated, by aligning the
anti-piracy markings on the first and second |layers with an accuracy of a
few m crons, 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

| aser 111 "BhAhddCah @R AL HoSKale f1e peEMNURL] of kAEM NQ the

nonrefl ective optical marking portion has been ‘descri in (a) to (d)

mar ki ng. w PPobgladeer Ppoavenrghi B T8 sPlod BrBoR P ARy e BBk ng 1 ow
fl i Vi i d 584, f d [ h fl [
opt i cal | 1aitke IREHRGRTI TR 58 Ghg AT | HEe RCRRRTIALE PRt (9] i m an opt i cal

di sk manuf acturing process. FI%UFE 16 is a -33 _diagramillustrating the
princi pl e Sirsftetdesctesaddl disefulnrds pbsthd bascaste €2 4 ow reflectivity
portion. For conveni ence of explanation) the foll ow ng description deals

with the opewnatdted-pyie1eppl @alwdesk,a theadpareeds iton (B Rercbdimged on a
nonrefl ective portion formed on an optical disk constructed froma single

di sk. It wichh RRike60MrEeHdidaAl of NGeSARE MRCAA AYsRAINIGLR! B,al so applies
to an optical disk constructed fromtwo di sks | am nated together. As shown

in Figure i ihs i i i appar at us

equi pped le(té?‘l %J%%ggvégﬁgg?ib\%rfg%cﬁgﬁd 3’8?2% lo@gggg%t%gggbad t he mar ki ng,
and in this cas ince,a_signal vef.orm,823 due to the.presepnce and
Absence of TBHICIn AT B kIR CHavaloARLoRRES T TORE P BIORER DT t ho
nonrefl ective paqrtion 584 Sre sigg%ficant y differe t in sjgnal level) as
shown in tk&n O8F MYTaar R of Qg@@‘e‘f:@&ea) ang gms@ i¢arly

di stinguished using a sinple circuit. Figure 9 (a) is a diagramshow ng the
wavef or m ofthe ErapBeckecsirdedioptionl alibkA diheasectmschabiegarat €F)) cont ai ni ng
the nonreflective portion 584 farmed by laser light. Figure 9(b) is a

di agr am shdwr tigert dealwief detaidf wEtlguE? P4mifabutrimgth a different tinme axis.
By removing the reflective filmby |laser light, as descri bed above) a

Aot L7 sl s o nplaB Lo kel SeaRaIRL RN SO,
reflectiveshiifRed by a brief explanation of a barcode playback

apparatus (player). Finally, a description is given of (F)

.An example of the above barcode encryption and another

application example of the barcode.

(I)

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

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

marking portion is simply referred to as the barcode,

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



-34 by laser light) as described above) the anti-piracy mark may be
f.ormed by changing the shape of pits on the naster disk. This nethod wll
be described bel ow. Figure 9(c) shows the waveform of a playback signal
when the anti-piracy identification mark was fornmed by nmaking pits |onger
than other data pits on the master disk. It can be seen fromthe diagram
that the efor ﬁﬁ he a piracy identification mark is

di sti ngui BF%afl 9e?d£ﬁ¥of other pit data. In this way) a
maveforntslnllar to that obtained fromthe PCA area descrjbed |ater can be
obt ai ned by foFiisty thdfol tpaYe comPaHE PRELRENS GPEkVaren aphher id8se, however)
the waveformis a little difficult to distinguish as conpared to the

wavef or ms igheofitwarepareductapn sprdceby 820. Fi Thpucomplet®d sefitwaneg t he
reflective filmby |aser |light, as described above) a waveformeasily

di sti ngui simldebifared fhei the sofuwhrei @mpkny stoohhaidiesk Rat her than form ng
t he barcode of the invention by renoving the reflective filmby |aser

light, as deseatfindng bga/ ryhe hageadea Yafﬁ:rﬁﬁ%%c@%sc@ﬁ?%‘tng the shape

of pits on the mast er sk. "This master od w Il be described

lﬁﬁ'e?év. nFlﬁ| Q%é.‘g ;ﬂagg‘ﬁiﬁtﬁﬁan@%i? a@Eslé’tﬁt%ﬁiHﬁﬂosfﬁ&F%i 5 o ejln%ge
i = 10
aonmgerst ngl{e]“pg[éfffrécstt%l@ %fég@aﬁtg?ti’rg‘q%%;c’o“tcﬁg B%:E gfglgsrea\)lm atwa;[/etgorm

824 p as shown in Figure 9(c) is - obtaiped. It can be_seen fromthe

di agr am t Hbisksherevaressedn G2aps 18)18ene8 1%t erefdies kivretiidnsiaredi st i ngui shabl e
fromthe waveform of other pit data. In this way, a waveformsimlar to
that obt ai frevhefir omtheer &prcaiva deksr (egs| St&F; 838h)be thettioned by t he
master di sk method in this case, however, the waveformis a little

difficult dixkdi 8t nanisitas tepemrredsted Bttl&i)/ya\aﬁﬁoa ROMsHbgin in parts (a)
and (b) of Figure 9.
such as a DVD or CD is completed (step 818m, etc.).

The thus completed disk 800 is delivered to the software
maker or to a factory under control of the software maker,
where, in secondary recording process 817, an anti-piracy
marking 584, such the one shown in Figure 2; is formed (step
819a), and accurate position information of this mark is
read by a measuring means (step 819b) to obtain the position
information which serves as the physical feature information
of the disk. This physical feature information of the disk
is encrypted in step 819c. The encrypted information is
converted to a PE-RZ-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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As shown in Figure 16(1)) the start and end positions of the nonreflective
portion 564 having the above waveform can be easily detected by the | ow
reflectivity |ight anount detector 586 shown in the bl ock diagram of Figure
15. Using the reproduced clock signal as the reference signal, position
information is obtained in a lowreflectivity position information output

section 596. Firgurg, 9(51)00%993@ wagrp%gj-?glgﬁh%eﬁpe@h f’ﬂrec‘f‘!fePf the optical disk.

As shown in Figure f&) a cornparator ow reflectivity |ight
amount det eqt 5 etects,the dow reflectivity ljght,portion by detecting
an anal og ﬁﬁﬁﬁg'rggpgdﬁ%e& QFQHJFBHHVVHQDaBY%%E¥'s?gﬁﬁkgpével than a |ight
anmount reference val ue 588. During the detectign period, a lowreflectivity
porti on detUFRtsn PTReSS oft ‘E‘Wé“’\%v@‘?%}rwgh’{)%ﬁpﬁ Biasgee. I@"(Cg) is output.
The addresses and clock positions of the start position and end position of
this -3G amnieganyptedeinforspatéch writheg mypcestded an gitisahrdiski s waveshaped
by a waveform shaping circuit 590 having an AGC 590a) for conversion into a

digital sigmmalrdikg doocke rraeeert dnoentim wedbrey dessridedl pgk signal fromthe
waveshaped signal. An EFM denodul ator 592 in a denodul ati ng section 591

dermodul at egetlli® §1GNakfededfh FPeuFdd PGhE Brand’ Bi @ndsogtiyits a digital
signal. The EFM denodul ated signal 1s also fed to a physical address output

section 593, wher S I¢ jts of:.a.s in the case
of a CD, ?gz'ouﬁpg‘fﬁpﬁggnrg%a%%agéleas'}{g%%% 6‘3?118%%(% gﬁ %Q%nagdﬂ;lq%ynchr oni zi ng
signal, such,as a.frane, synchromn,zing si,gnal , i.s,output froma
synchr oni z‘f&&‘ 8 glr% ﬁﬁﬂ’t'ﬁ%ttwge’ar}:lﬁﬁtg‘éas.lgif?ﬁ{fnwtlza HIGER @ féher at or 38a, a
denodul ated, clock is output. In a lowreflectjvity portion address/cl ock
si gnal posti§Was 6 @adl Toutlputhe dedil ewi modeser IndohefthecPaTking portion
start/end position detector 599 accurately neasures the start posistion and
end posititormtiohmerboess ehidethd wiarkinggpposbti GB4ebdingspngeess (n-1) address
out put section 597 and an address signal as well as a clock counter 598 and
a synchronazd rgltécrikedy Pl e@rtHeheesineyl Bé@FdEh®Procdbs.s
(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

_24_.



method will be described in detail by using the waveform di agrans shown in
Figure 16. As shown in the cross sectional view of the optical disk in
Figure 16(1), the lowreflectivity portion 584 of mark nunber 1 is forned
partially. - 37 A reflection selope signal such as shown in Figure 16
(3) ) is output) the signal level fromthe reflective portion being |ower
t han the |ioghtffsetuptintahgr erbhaisyal mest®88(4)Thitke i srdieregt ed by the |ight

| evel conparator 587, and a low reflectivity light detection signal) such

as shown i nahk ganeRl-16§@)opth a PROMUE] di 99 édmpllegugdr ef l ectivity Iight amount
detector 586. As shown by a reproduced digital signal in Figure 16(4), no

digital signal } ut, fr . . i L iit ,does not have a
reflective Iayep?f% ﬁgﬁ)’) tthg @ﬁktallgg mﬁggggtﬁa&ﬁgggﬁﬁléog?ti ons of the | ow
reflectivity |ight, detecti.on signal.. the denodulat l.ock gr synchronizing
cl ock shommﬁ%ﬁﬁr%ie&u?’ét}lg(eéfr?%ceu§@dF‘£u5ﬁ§ ‘gnat“% gddﬁg’s IFWf%gma?i on. First,
a reference clock 605 at address_n in Figure 16(7) is_measured. \Wen the
addr ess i rmidgratheap rem adpubsadéaseriSddssych gsdet s daser ishe (n- 1)
address output section 597) it is found that the next sync 604 is a sync at
addr ess n. fbeesedirtheougtf ackomkexgingnidnise8 &4 moitoctie trefil ket ivef er ence cl ock
605, which is the start position of the lowreflectivity |Iight detection

signal, is 1geentgne, byo thenchosdhredledtdheSPs -t ibhi 818 laackhe@nh i s defined as
a reference delay time TD which is neasured by a reference delay tine TD

Teasuring Saehi af) GASE{AlreSEOr Aga Lt NET & B tHHR L Ch fuickmOie by BLITE var i es

wth repro ion - apparat us Used for reading, which neans that the
ref erence | ay_ ti TRharies .de di o] d i appar at us
usea. - Ther ars Ve Rgthnahel (1 BFRE (2 ol aaPrhERsA eE s ee i e
correction) and_the resultin ffect is.that t sfart, clo count for the
| ow refl ectWO\P‘F?§1t%r1t’?&Prééﬁgté%ga’é’ﬂﬁ‘ﬁdna%@ﬂ Qg)a n iFflgP%Fp%ducti on
apparatus of different designs are used for reading. Next, by finding the
cl ock countByasdicing $his wasafowndaameikdsgedetiestiomesigpeical mark No. 1 in

the next track, clock m+t1l4 at address n+12 is obtai ned, as shown
such as shown by waveform (B) is obtained, from which

hierarchial marking position information comprising an
address, such as shown in signal (d), and an address, a
frame synchronizing signal number, and a reproduced clock
count, such as shown in signal (e), can be measured.

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

and k reproduced clock pulses under each frame
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in Figure 16(8). Since TD = m+ 2) the clock count is corrected to 12, but
f.or conveni ence of explanation, n+l1l4 is used. we w |l describe another

met hod, which elimnates the effects of varying delay times w thout having
to obtain the reference delay tine TD in the reproduction apparatus used
for reading. This method can check whether the disk is a legitimte disk or
not by checlynobratieehion tshenmbsi Therefloreel tid onshiiwnopfntlrk 1 at address n
in Figure 16(8) relative to another mark 2 matches or not. That is, TDis

i gnored as markamg akheurandyt fie dbtiedlendekbetoanche tieprpositiddoby Al = al +
TD, of mark 1 neasured and the position, A2 = a2 + TD) of mark 2 neasured

I's obtal ne@dd‘f\@iéih,firﬁmegis}&%h?&xi&%tiorﬁ%iﬁn@i mumBér, Andt PepirfiRedime, it is
checked whether this difference matches the difference, al - a2, between

t he positiqﬁogk gﬁ”&he decrypted mark 1 and the position information a2 of
the mark 2)7t eréby judgi ng whether the -39 disk is a legitimte disk or
not. The effect, of this thod is that the ositioqs can be checked after

conpensati ng f oS PEEVERYSINsStAtedned r Binp e 24| eXPlEPabl oD iyl usi ng a
sinpler constitution. (D) Next, the encrypted information witing process
will be deder gbezsh behew pdsaniaternébiveatipn afediisk rlat heoprayeess (C) is
first converted into ciphertext or "signed" with a digital signature. Then)

the mar ki ndapesatddodi kN GiRRtiaierbhes tenBiyteads candsiTgned i s converted into
a barcode as an ID unique to the optical disk, and the barcode is recorded

in overwiting ﬁpgﬁjyggn4ié}lda5p§mgai Qqﬂsq(egérgg}agiqu%g-% ty area on the

optical disk. Barcode patterns 584c 584e 1n Figure 2(a) indicate the

the i nner e Ebsrvh HHIFREEL K PSS 4 PRERGb LS B
the. bar coddTdr G BnELrTare B la RS RECnBHUa Bt ST QAL SHEBaR ator . I 1
o a Dar cdEPY b kK rERAGE bbE BEPH 25 s 1aHBurAARBLAL 3K of tho
figure) is formed. At the playback apparatus (player), an envel ope waveform
sone porti osdchfhashirefl eatd vai ksjerg, ombothosubstnapes 801 3ndbB08he figure, is
obtai ned. The missing portions result in the generation of

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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a low |l evel signal that cannot occur with a signal generated - 40 from
an ordinary pit. Therefore, this signal is sliced by a second slice |eve
conparator to obtain a lowreflectivity portion detection signal as shown
in part (4) of the figure. In part (5) of the figure, the playback signal
of the barcode is denodul ated fromthis lowreflectivity portion detection
signal by trensper&t rmmdubatued fermgrial thiokndekatawd 624 ogtiichlwi 11 be
described in detail in the second-half part (I1). It will be appreciated
that, instepthsphreney BEsRAdtoge! Bistdded apalasenmeduhaigy. 621) a pul se-width
nodul at ed si gnal denodul ator (PVr' M denodul ator) may be used) in which case
al so) a siml ag € C b biai : n Vi : bove encryption
Paftl o), o8 Pen8 e grdglg\ggglggﬁ@u LR st{gm

or digital signature, "a secr ey ey encryption function is
used. As an_e | e.,of .th ncryption, FKigures A and 18B show an

encrypt i onVESICEs AEAGes A TRBATTOT s b eI RE Shath THH qure 18 A the
process consists of_the follow ng naj or routines: ep 7353 where marking
posi tion i REGANPAREDIAYEE ﬁbﬁi‘su\rlvleg(eétlsﬁhé)aé'ﬁﬁi £l »di(i{() »mél@gr ?I?Qt ep 695 where
the position information is encrypted (or a digital signature is appended))
step fi98 ofdiigurael shoit thom sianalr waveiormssobieasinggt Eepn( dhet he signature is
verified or authenticated) in the reproduction apparatus, and step 735w
where a cheedonds 1 apéte of otliketiabnt e rdiiegterwet héisiti skThe cankegid i nat e opti cal
disk or not. First, in step 735a, the marling position information -41

on the opt heahedbSKidrn]l BP0 Hs | d1eSbefent3ally Hhe BORd HsORhédgy Or mation is
then conpressed in step 735d, and the conpressed position information Nis

0Dt ai n1ed 1 0 iR kA 30Ruml "1 L8100 P FrBNEL 5 bals L8 gD essed

position infofmatlon s constructe iTs in a secret key, d)
of 512 or 4 bi.ts) and secret keys, p and ) of 256 or 512 bits) are set,
and in steégﬁéégklﬁﬁ%?§ption is performed using an RSA function, |i'hen the

osition .
P The waveform from the second layer is similar to that from the

first layer, though the signal level is lower than from the first
layer. However, since the first and second layers are
bonded together, relative positional accuracy between them
is random and can be controlled only with an accuracy of a
few hundred microns. As will be described later, since the
laser beam passes through the two reflective films, to make
an illegal disk the position informations on the first and
second layers for the first mark, for example, have to be
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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information His denoted by M Mis raised to d-th power and nod n is
calculated to yield ciphertext C. In step 695d, the ciphertext Cis
recorded on the optical disk. The optical disk is thus conpleted and is
shi pped (step 735k). In the reproduction apparatus, the optical disk is
|-oaded in step 735nm) and the ciphertext Cis decrypted in step 698. Mire

speci fi cal : i rtex I S; i , public keys,
a and n, aslreétzéée%ei(%bs ep(tsz%?l;%wt ﬁle{n}?%(r%\fg{%%eb?oﬁ)&@gg?%ttoﬁg’ ci phertext O
t he ciphertextcé%is raLsSd tole-th ower and the mod n of .the result is

cal cul at eftfo HAEA?RE pidhntRstlapin BYRE e KPTRA%ISOR B! b Apr essed
position information H An error che%k nayﬂge performed in step 698g. If no
errors, itsipglerndiadedtinsat Riguaesed )i end felverseusTagtRPhS t he position
information, and the process proceeds to the disk check routine 735w shown

in Figure shoBimy plinaviewsr of nomrdéledtied, opttice$ makiided that the data is
not legitimte one, and the - 42 operation is stopped. In the next step

7363, the ReAPHESSaHd AOigurEO10 () f 05 R APL T iled sxRanded drpskecover the
original position information. In step 736¢c) neasurenents are nmade to check

whether ©NScERGIING; b bRk BEANRIpLAICGPITI bg-Digehe optical di sk

i ndi cat ed § e poSrtion’intormation.” Tn step checked whet her
the difference be n the decrypted position information and the actually
neasur ed &@@FP?gﬁfﬁﬁF rmation falls within a tolerance. If the check is OK

in step 736e, e _process proceeds to step 736h to qutput software or data
or execute prog‘%@a 188 G &d Pbifl?t‘-‘ﬁéeo{ﬂq iéﬁeﬁi §k?3$€fr BeM Heck result is

outside the tolerance, that is) if the two pieces of position information
do not agramp)ied diospl s0angspramiadeninum darerflyées & Hammiledosptical disk is
an illegally duplicated one) and the operation is stopped in step 736g. RSA
has t he effhecsunfaceedficd rig 2mequhickdR@hdask toonsistingonfytwdie ci phertext need
be recorded. (E) The processing steps in the optical disk manufacturing

i ocoss PO SLRCERLTLSe RS [oRber) cioaed Kb ndacper o on of
optical di g 04@ f1iYPikeVnbhr 42 edESR pREEi M B5"RISHBRRS, @sFi gure 44.
shown in the X 750 micrograph of Figure 8(a). In this X 750

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

In this case, the application of the pulsed laser presumably
melted the a2luminum reflective laver, 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



In the figure, the construction of an optical disk 9102 will be described
first. A marking 9103 is fornmed on a - 43 reflective | ayer (not shown)
deposited on the optical disk 9102. In the manufacturing process of the
optical disk, the position of the marking 9103 was detected by position
tdetecting neans, and the detected position was encrypted as marKking

posi tion i mHor MetiighRe and 1 htd@HRnPi d 8 aPPAM, CARsEd SIn WA the formof a
bar code 9104. Position information reading means 9101 reads the barcode

9104, and JRCEVAY MEAanOL UR-R0R ARC T atel udssiypte the contents of

the barcode for outpu rki'ng readin rea e actual

posi tion of mrki ng 9103 and out pyt.s th esul t. aring/judgi ng
neans 9107 qgﬁgaggguﬁﬁ%tdégr%ﬁr@asr %&Ianqugﬁﬁ‘Fh%orH@éﬁ?g&% neans 9105
contained in the position information reading nmeans 9101 with the result of
readi ng by POR&1omfkrRed tyadhephesankaserobl LIHA8] RARFESSwhet her the two agree
within a predeterm ned all owable range. |If they agree, a reproduction

si gnal 910&nfloFiguzer dbtudiowg thet opeiadblestiveidaysr oaff phe disk hey do not

agree, a reproduction stop signal 9109 is output. Control neans (not shown)

control s t hasregarodendve bopesialzl eslvaitt he optical disk in accordance with
t hese signals; when the reproduction stop signal is output) an indication

to the effectytfiat b Eﬁlré)ptiifcﬁlhe %ﬁﬁﬁﬁﬂu@ ?Ehﬁ'éw‘%%‘%‘rb Goptk stied 108 Sk o §ide

di spl ayed on"a display (not shown) an e reproduction operatioh iIs
stopped. In th ove ratipon, 1t wld . r i hat .it.is al so
possi bl e fg‘,ﬁndt ﬁ'egﬁd’f’ Ri ﬁg‘%}‘eaﬁ’?%&’““%&ﬁs?’gf%@%?gg@s‘@gwé %b(#’éf)t ed result
e no- o5 Remot 1A% 0.0 0 Dol ML 152 2SR RO 8106 chocie
whet her the marking is actually |l ocated in the position on the optical disk
i ndi cat ed tﬁ}uﬂ‘h@l"b@é’ig%féﬁilwndmﬁ?@rimi balf §06éh¢’yp{5ed“ﬂy0€he decrypting

nmeans 9105. Thus the reproduction apparatus of the above cons{ruction can
det ect an itheelasdry edppsddc aegtbrogid calm)dvak andOsipF HOh250 um”.

The difference is calculated as 0.250 ~ 0.195 = 0.055 um®.
In terms of length, this is equivalent to 0.055/0.05 = 1.1
pm.  This means that an aluminum layer of 0.05um
thickness and 1.1um 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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reproduction operation of the disk, and can prevent illegal duplicates
practically . (1) W finish here the description of the first-half part
(1), and now proceed to the description of the second-half part (I1). This
part focuses particularly on techniques, including a barcode formation

met hod, used when barcodi ng the above marking position information (1D

| nf or mat i gl 8, BK- URkOUE d:Den(dY oFERI eSO aiiecgptd cal di sk of the

present invenfion w be "descri bed. en a barcode is recorded by |aser
trimm ng on the, above-described _singl e-plat i sk,. the_ tective | ayer 862
i's destroyéﬂ?r%@cgl%l%ﬁlﬁgd 1 C@Bn%%étefgn%%t ﬂh?:igdﬁ‘ﬁie 1‘8{ ° Therefore,
after laser tripming at, a press factory) the destrqyed pratective [ayer 862
has to be rtépérlrﬁedlogts%lﬁéb ¢ oy ﬁ&%QTtS{aW r%’?rgl%i AebHeal Hask a bar code
cannot be recorded on the optical disk at a software conpany or a deal er

t hat does rofotmatdonhef nbdel sahygbodensientandThel pr ebrem mégect ed here is
that the application of barcode recording is greatly 1 invited. On the

ot her hand areh@ghanlded MaFgr ekl @il ikef tHabhDiktedsdi sigoridetha@s a barcode
by laser trimming on the | am nated-type disk of the invention formed from

two transp%éé‘toﬁ%gt§ﬁ¥g§§-£§£@e“a§9€! tRgSiRkctlve W@?ef 2 gged that the
y remai ned al

protective layer 80 nost unchanged, as already explained in

connection w th Fihgure 10(Ga),.. This S G i N b pgarl ment by observing
R AL 1gp9?’?;aaﬁegm 43 &E%’b\éﬁ‘of gg‘g‘%gxl@%m PPEATTIS 1t was al so

confirnmed that po change had occuryed tq the reflective filmin the trimmed
portion af f@RTEM ERYYE APRI1S subJestedetd, ,sgrattrlgxmpégmerffg]gu&%gr&e 85C and

a humdity of 950. In this way, when the laser trimrmng of the present

i nvention iof dppideedepends bantheadeseniipokesudiitathen dewege tasanetilke no need to
reformthe protective layer at the factory. This offers a great advantage
in that a laoddetk even if the laser power is controlled accurately.

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

(c) A comparison between single-plate disk and
laminated disk has been described above, using a two-layer

laminated disk as an example. As is apparent from the above
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can be recorded by trimmng on the optical disk at a place other than the
press factory, for exanple, at a software conpany or a dealer. The
usef ul ness of barcode recording on the | am nated-type optical disk was thus
confirmed. In this case, since the secret key information for -46
encryption that the software conpany keeps need not be delivered to a party

out si de t he.GRPPR YN, SEIsah¥ dfIREEaSEIHEE BRI Wi tRAHd GWbardperwhen security
i nformation such as a serial nunber fox copy prevention is recorded as a

n
bar code | n AATHELAN 450 LG, BRONSAdRSE YiRRCLRPSI DL OR Tjfer rmat  on.

Furthernore, in e cas I nce the barcode signal can be

separated from DVD pi.t, si gnals Dy sett.i t imang lLipe width at a

val ue gr eat]émlf’ﬁ%‘?% %&’:rk'or S18% }ﬁiger%%sl)ﬂg%’ \r/]\f% (1%5 be® Heschi g‘ér&\ﬁlleét er) the
barcode sigpal can be recorded in the,pit_rec%rding area on the DVD in
superi rrposi%Cfé@?ﬁo@nwlh%é)ebﬁi‘&mé%b’rﬂrﬂeﬂlﬂh 8 §1W‘ A¥ers the effect

that the barcode can be read by the optical pickup used to read the pit
signal . Thilaméhéeed disk typeobtks mhdwmdn BigyrenillKak,heheane flzcedve yiayedi 862
but also with the previously described single-plate disk. Thus, by applying
t he barcode form ng nethod and nodul ati on recordi ng nethod of the invention
to a lamnated type disk such as a DVD, a | am nated-type optical disk can

b id h i i i t f th
C Pro gt AL RO £ SR BT S ere BT 1o e

factory. The above a case in which the
barcode is forned by lLaser .triming,on.a |am natgd-type di,;sk of a
t wo- | ayer, Oﬁenéf Q'siaagdﬁé‘% R’BEQWQ ?W%%Vfivxga%eé'f P@%ﬁr@gal a%srkcga%%r%d on one
side). This single-sided) two-]ayered optic disk is the type of. disk that
permts pl ayPalkheR sBaen Hiedee ]fBrCGPrY%rﬂ@yﬁ’d@%f‘:h’ﬂ?bel“tgh@em%kcﬁi]tyhout
having to turn over the disk. On the other hand, when trinmng is perforned
on a doubl esesildddihdrehetiaend- t ipghdptdandi t somk puhaed deses tighti ng over when
pl ayi ng back the reverse side, the laser |ight

is focused thereon for heating; in the case of our

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

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

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

up along boundaries 821a and 821b, with tension being

applied to both sides, thus forming buildups 822a and 822b

of hardened aluminum, as shown in Figure 12(b). The
nonreflective portion 584 free from aluminum residues is

thus formed. This shows that a clearly defined

nonreflective portion 584 can be obtained by laser-trimming
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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.
This provides an advantage for nedia fabrication in that the barcode can be
recorded sinultaneously on both sides in a single step. In this case, when
the optical disk is turned over to play back the reverse side on a playback
appar at usyhe Hembaa tealdd i sk grsakhown dhafeghirieack0 (a) podtl12(ae. opposite direction
to the direction that the barcode signal on the front side is played back.

A nmethod Eggosudenss frhiengef e tf ¢ &lia ?@rsﬂdehbSodﬂSQH@fé}fﬁrﬂﬁﬂM This will be
described in detail 1 ater. (B) Referring nowto Figures 23 to 26, etc. |,

we uill deserids il ERnBIIEL] A 1806 ORRLERIAR oh AP ORIM sk barcode

form ng apparat us convertin narking position information (ID

nunber) into .a b rco e as a dis ordi ng the barcode in
a prescri B%%F]lﬁeﬂ ¥Pe v {(02’158 ved eBﬁ?c‘g’tf@ F}é%cellraél fhg net hod, etc.

w Il also be descri bed. a) Flrst the optical disk barcode recordlng

appar at usPWeY ¥B& Hwsepseddoket thanedBridmes the opgumen ¥3lueqg  Figure 23 is
a di agram showi ng the configuration of the barcode recordi ng apparatus for

i npl ement Aftpratheptdseal txinsk nparthedeofxafienti veet Aper i584ohas enbodi nent  of
the present invention. In the above nentioned enbodi nent, data to be

bar coded tke tdteudaire showncimypige-evep sh)owhete niar Risngarrmws‘bhéd)n i nformation.
But the data to be barcode is not restricted to the above enbodenent. It

ey | ncl urdedr R ARl erarisatindaasaidcansd R Bugbard iseayed froman 1D

generator 908, as shown in Figure 23, or any other kind of data. In Fi gure

23, the i (ﬂgt Qd}?er}qv[ahfar}JE goart %51*1%%3%9 Mt%q]dghe | D generator 908 are

conbi ned ?oget n-an inan - éncryption encoder 830)
t he conbi ned. data IS subjected.to ure pr_encr | usi ng an RSA
functi on, %Ygonggnﬁeéz‘%aﬁpduéh?ﬁ f'ﬁtlféé gﬁc%&éF éﬁ’ﬂ %B?ror correction
codi ng and interleaving are applied. The encryption process and the

pl ayback ptoddsewirgm pavironmental 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



described in detail later by way of exanple with reference to Figure 45.
The data is then fed into an RZ nodul ator 910 where phase-encoding (PE) RZ
nodul ation to be described later is perforned. The nodul ati ng cl ock used
here is created by a clock signal generator 913 in synchronismwth a
rotation pulse froma notor 915 or a rotation sensor 915a. Based on the

RZ- nodul atddfscyitaltp separiaggetheplbsinatedcdisk édtontwo Isades. edntting circuit
911, and is applied to a -49 | aser 912 such as a YAG | aser established by

a | aser palitsemphyiesirendvin®de Jide fasertizldthéws tei ven emits pul sed
| aser light which is focused through a converging unit 914 onto the

refl ecti velfynh ABQR£P8c LR kaTH nat ok a3 ky BRQLrb eEMYVI MEeh Mo ef L ective film

in a barcode pattern. The error-correction nethod will be described in

detail |ater.._For_ en tion bl | i ph C one shown in
Fi gure 18,&%%&?&%@? galéi‘%ﬁggwee&t E%h‘glsgerﬁ%& So%ﬁg@?erﬁﬂgh a secret

key that the software coppany has,.In this case j nge no, one ot her than
thg softmd¥%“Soﬁﬁéﬁ?tﬁgéﬂgﬁe%géﬁﬁélIKﬁyrH%d 3%@%% HEdYe ¥t append a

legitinmate signature to a new serial nunber, this has an enornous effect in
prevent i ngnakiihggilllegahglderat tons toothei dsmineged dish,athaundedd. Since the
public key cannot be deci phered, as previously described, the security is

greatly enhaneedandlithifs pillagyl cdRetftivneeaps evppteskedv€or when the public
key is recorded on the disk for delivery. The converging unit 914 in the

optical dislonBfi£qd@shs.m 'Pgrf‘fb‘?%é?l IS jqf thOQ aRECSERNheCEROdI MENt Wi |1 Dbe

descri bed bel ow I n nore detal shown in Figure 28(a), light emtted

< conver 2 ey BT ek “oTRY RO8 saTsbibord e R B! MR i ch i
B o
focused through a converging lens 919 onto the reflective film802 on the
optical dikiwossiblandoelamamate|the hva diskspeonsst separatad, by
aligning the anti-piracy markings on the first and second
layers with an accuracy of a few microns, and to mass
produce disks. Thus, the two-layer type provides a greater
effectiveness in piracy pre?ention. 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



stripe such as shown in Figure 28(b) is thus fornmed. In PE nodul ati on,
stripes are spaced apart at three different intervals, 1T) 2T, and 3T. |If
this spacing is displaced, fitter occurs and the error rate rises. In the
present invention) the clock generator 913 generates a nodul ating clock in
synchronismwith a rotation pulse fromthe notor 915, and supplies this

nmodul ating,cl ock to.the u or... 0 en .hat each stripe 923 is
recor ded a?l%régrjr@&lts%%gﬁ% gﬁgid{lz%g%iedggcgéqvﬁ%ttwghe rotation of the notor
-915) that iég théhttua rolationlgf thﬁédisg 80Q. .This has the effect of
reduci ng f#94%ess/ nqckr RasIiony, oty theskow g€ ﬁ?ﬁtﬁdlﬁﬁa‘?&r@?ﬁ; such as shown
in Figure 3(1), may be provided by which a continuous-wave | aser is scanned
in a radi aFoxicoarenignceoct @xmlanafdoaodeie B} 1eRe, desydréer recordi ng

nmet hod, etc. , for form ng a barcode using the above-described barcode
recordi ng agrdar af tis)thei bpertes idesmrinbépll avivhin refrerdnepertadibngiz e 24 to 26.
Figure 24 shows signals coded with RZ recording (polarity return-to-zero

recor di ng) p&fforhed idivanhbmrefaagt ive pottibnpabimidnsnf £f pdiegl r esponding to
them Figure 25 shows signals coded with a conventional barcode format and

-51 trinm f S i ngs t h ent invention
uses RZ rggloélgicgg%ﬁggc’igﬂoﬁo'ﬁfg %ﬂ{g%r%eg)gsﬂé Igtt\ﬁilg E‘?ﬁ%@ﬁ%@; one unit
time is divided,.into a plurality of .tine.slots, .for_exanpl first tine
sl ot 920a, BASdBEEIANG AREXG1GNE 11,“Cépi?1iailc?°t?9f’é1§fso‘f° n,Bpgerc?also on. Wen
data is "0Q", for exanple) a signal 924a of a, duratjon shorter than the
period of g}ﬁak PRt =cSed %IFPJ& t}"%)daltsllfé laningted tege N @hannel cl ock, is
recorded in the first tinme slot 920a, as shown in part (1) in Figure 26.
The pul se 924aAshseynddnafigurei 85,sHdet éisk BAA ishdopded datT of the recording
clock is output between t=T1 and t=T2. In this case, using a rotation pul se
fromthe raistingnresisgr apdfratos ddudpped aithld, lowheefleatkviiygnal generat or
913 generates a nodul ation clock pul se as shown in part (1) of Figure 24;

by perfornmpgitide de&eRiel NG00 RoSyduahtREIfaFk Mg, h ahbiei|10Gk padese, the
effects of rotational variation of the notor can be elimnated. In this

1) o2 LB BRI ol g 2l SyntpapREend b 10 00 |

recorded on the di a recording rrst of the four

of i gur o 5 W o REEE WA R SRISSHER ARSI O PCo) Gt

in the second tj,ne slot 921b ween t=T2 .and {=T3,..as shown in part (3) in
H gure 4. RPRFAIIPE fis PORC LT PR GPas. PLLTLEBF Hod BRSNS Shok w fhin o
recordi ng region_926b, the -52  second region fromthe |eft s shown in
part (4) ofimgulevels. ameshowvnwhanthewayvefiory dwagramiof Rigyre 1916'&5 ,these data
are recorded in the third time slot 922a and fourth tine slot,
respect i velthey idanebe fadrear byphHisitsnguishedosdsy NRZmpée aridicngt.( non
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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return-to-zero recording) used for conventional barcode recording will be
described with reference to Figure 25. In NZR recordi ng) pul ses 928a and
928b) each having a width equal to the period T of tine slot 920a, are
output, as shown in part (1) of Figure 25. In RZ recording, the w dth of
each~pulse is 1/nT; on the other hand, in the case of NZR recording, a

pul se as wyde T1i 8 ,+negde r e M@%@ r uccessi vely,
a pul se o:‘l\lbgou Ig %)%gﬁl'ttr'ig e&ﬁcg?ﬂeg %@ng. g@e %neconega-%g@%gga@?s as shown in
‘part (3) of Frgure 25.,In the casg of laser trinmgng such ,as, described in
Phe. pr esenpi HH15RE: S chaRgHil A6 TeBea8E s i o5 ARSHSr 2 Skr act | cal |y
difficult sjnce it necessjtates changipng settings, ,and therefore) NRZ is
not sui tablTé?S A}gtg%mﬁﬂnb@éﬂ(etsqg)ecgge Yur €1841€ @t(P? wg28B€ and 929b are
respectively fornmed in the first and third recording regi ons 925a and 927a
fromthe Leév§foandof ra pheybarde sbgnalawher 1die, ant strirpey 929b of width 2T is
recorded in the second and third recordi ng regions 929b and 927b fromthe

left, as shewwcific@eidn mdrk afasFEated Bp -makidg pity Ubggeonrwent i onal NRZ
recording, the pulse widths are - 1T and 2T, as shown in parts (1) and (3)

of Figure ghhed Uaks SIS 610G ARDANERLSKNAN LN, NRCQEA NGohSep! Sui tabl e

for the laser trinm'ng o e present 1nvention. According to the | aser
trimmng of,.the presge invertio bargode_is f.orned as shown in the
experi mant HRE ERbel PR GRS UPasT i S8 hRdteF Tmm ng 1ine wi dt h
differs fromdisk to, disk), it i.s difficult t recisely control the line

wi dt h; Meag%wﬁfﬁ&%@a%ﬂseé%ﬁwgmbah}ﬁ A6 Gbp ¥BLELOEPRA ng 1i ne wi dt h
varies depending on variations in |aser output, thickness and material of
the refl ecother Mitndatend Imethisl vabnaukavefiory s leki ek id8§ of the
substrate. Further, formng slots of different line widths on the sanme disk

will resul obtaired fraw ehselCA arpa edescyibdd tlheer emar e nuptapped at us. For
exanple, in the case of the NZR recordi ng used for product barcode

recording, bgsmﬁmﬁ@ 1dhgearpsts( bn e mhgle0idibkouime tBSs dae, trimmng line
wi dt h nust be nmade to precisely coincide with the period 1T of the clock

signal) or hode ¥y, 3{he tngt@ £ i‘%’i %gﬁig 'lgln%ifﬁcgﬁf ttioCHi?{iln%H% ficult to

record various line wi S suc y varying the ine width for
each bar (ggcgbﬁﬂéEEQEQd the & eforms shown in parts (a) and (b) of

Figure 9.

By removing the reflecfive 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 pm). Since reflectivity drops in this
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t he conventional product barcode format is an NRZ format, if this format is
applied to the | aser-recorded barcode of the present invention, the
fabrication yield will decrease because it is difficult to precisely record
varying line -54 w dths such as 2T and 2T on the same disk; furthernore,
stabl e recordi ng cannot be done since the laser trimmng width varies. This
makes denpbenegrrbit diresi culwave{eim§2&D ascehermdn ¥igursr 84ehtis nvention has
the effect of achieving stable digital recording even if the |laser trimmng
wi dt h variestaihedt hdrt) camebd seemtfirom tid eiagrdwe tbéf ethte @tveforpl i fyi ng t he
construction of the recording apparatus since RZ recording requires only

one kind of24y B¢ whdmisead dikR hasRd POWRKtiMAiehebke feed tigd be nodul at ed.
As descri bed, by enploying the above RZ recording for optical disk barcode

recordi ng g i 4N io re.4 s 0 ct of
ensuring stab Sgﬁﬂgiﬁgbéfgﬁérﬁgﬁ%. Zﬂ gﬁgng?% STE%ﬁ%ﬁgﬁggg?gﬁ%gding (PE)
nodul at i on, of recarding wl descrihed wmi t,h,reference to Figure 26.

Fi gure 26 E%d&g%s?gﬁﬂpgd maﬁkﬁaﬁénegﬁbﬁ€58¥l r#%@?'ﬁﬁanﬁﬁhe RZ recording
shown in Figure 24 is_PE-nodul ated. As shown, data "0" is recorded in the

| ef t - hand eb¥adngfoty dheanasterndiskumethess dnothisgoase,ak@werah; on the ot her
hand, data "1" is recorded in the right-hand tinme slot 92l1a, as shown in
part (3) oth&Fimguetod6isCa Yiteldidikffidalta tbodistsingetsh desd as a stripe 923a
in the left-hand recording region 925a and data "1" as a stripe 923b in the

ri ght - handcmaeedi fi9 theowoe 1289, shasnshowarts (ar bsd (@) afid (4) of Figure
26, respectively. Thus) for data "0Ol0", a pulse 924c -55 is output in the

| ef t - hand pigﬁesbpt for "0", a pulse 924d is output in the right-hand tine
slot for "1™, and a pulse 924e is output in the left-hand tinme slot for

o h : . Tof Fi . di _ Iy . .
formed in the &t PR prigtreot otDhe ol s3at Pl bR ReSER LM Ghe Shanas
posi ti on, gfd t he tﬁ%{d stripe int

trinmng. B gtieenomy e%hﬁmgpgrbﬁa1Sgﬁhﬁﬁﬁéggﬁgmgga$%§¥&%fg%bl?Sié can be
seen, a signal is o )

can be easily detected by the low reflectivity light amount

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

the reproduced clock signal as the reference signal,

position information is obtained in a low reflectivity

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

a cross—sectional view of the optical disk.

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

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

positions of the start position and end position of this
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al ways avail able for every channel bit. That is) since the signal density
Ls constant, the DC conponent does not vary. Since the DC conponent does
not vary) PE nodulation is resistant to variation in | owfrequency
conponents even if a pul se edge is detected during playback. This has the
effect of sinplifying playback denmpdulator circuitry of the disk playback
appar at us.sigoal regenpeasursdnce one signal 923 is al ways avail able for every
channel clock 2T, this has the effect of being able to reproduce a

synchroni zat i otheclrepioduedal tghangegnall 9§ kwavelshapéd byi Bowavdlkm A circul ar
barcode such as shown in Figure 27(1), is thus fornmed on the disk. Wen

dat a 010%@53?11?{%‘9’?0&% B3t hé:\hgx rco? g%Od S fheCAfiRdsid fhig PE-RZ

nodul ation o e i nvention a having the sanme pattern as the
recorded si nal hown_in part ).ls record wo.lh part (2). Wen
this barcdd 1$’sta§| E%Ibalbacg ﬁ:ﬁ r%etnieggfozb%%ﬁa% Eeé{’%g?&% wavef orm such
as shown i rt. (5 D. SI L t mnth portions

t her eof drcgﬁﬁgcﬁkgg?ae%%h@hﬁdvaﬂ@%ﬁbg 6’?1&3?88’?%% 218Hul at ed si gnal

where no reflection signals are obtained due to renoval of the reflective
film as &98 i reedempdilaténgrsacséon didademadudates 3(he) simialpasnd rap £ACs
repr oduced signal through the second-order or third-order LPF filter 934

shown in FogueetSefadrs tand dutpueses dHiggnal sigwel.or hehBi- i n Fi gure 27(6)
is obtained. By slicing this signal by a level slicer, reproduced data

" 01000" Ofdeﬁéﬁﬁla(tai 5 %rﬁqn'ﬁ’g%l%toefled (t©) 2 Vhy¥ilkchl r@@reQES&fﬂpQQ features of
the optical disk fornma a barcode formed in the above manner, tracking

contr ol d,, nt at can be used when
pl ayi ng bacEQ?ine Sggt?}rl%leaé i@dr(ag? %M\%% Iflﬁmr g‘tew}%gcrl e the features of
t he optlcal k .forat a. barcode cor to the present
enbodi ments)u ?‘f emdéga'cr‘?&evxﬁ 1 ? e%(sdr?'BFBug%drgmc%rhcﬁ%ijgﬁ that permts
tracki ng control durlrmgi) gack (this condition is agso referred to as the
tracki ng OYtEBhdactéay 9% g y%éékc}bfﬁé#a%i’%ﬁlﬁﬁia%g SUFAckS fy control is
shown in Figure 40, and |ts details will be given later. In the case of a
DVD di sk |ﬁ'rambassmcéseniz1mrgbodgnaint1s altputtfroare sycbromiking pits with CLV,
as shown in Figure 30. Stripes 923 (formng a barcode) are recorded with
CAV. 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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CLV recording neans recording with constant linear velocity, while CAV
recordi ng nmeans recording with constant angul ar -57 velocity. In the
present invention, the stripes 923 are recorded with CAV) superinposed on a
pre-pit signal in a lead-in data area hol ding an address which is recorded
with CLV. That is, the data is overwitten with the stripes. In the present

i nventio 2= Pl i.0 r S b A0 3 : data areas where pits

are formrahd.rte?ﬁeecp%?)gs%%ll@gdgr ngaﬁoﬁg%ﬁr%tghgh%rrg-lgﬁj%qgnal area, as nentioned

in the pr t invention,,corresponds, to_an_inner portion of the optical

di sk; thi}?@Zgi10?1°iu§p‘é‘?’s&h5a$]|gé’3@af?)vc?§t ?{:?ﬂ tt;hﬁg area (PCA). In this PCA

area) the barcode is recorded with CAV, superipnposed on pre-bit signals. In
&

( . : ri
this way, T&IHecEINe @arhiqrs beakslguar ihap éh‘gl £8pataMOMALf r om t he naster di sk,

while the CAV data is recorded with | aser-renoved portions of the
reflectiveeflerence Siedue G8%e bHrisode deteated bur the eightt bensdwriting fashion)
pits are recorded between the barcode stripes 1T, 2T, and 3T. Using this
pit i nf oramipaoatoropBi caindheatbw rafkeatgvi sy ddghopdétebeddn and Tnax or Turin
of the pit information can be detected; therefore) notor rotational speed

i's controdigad] bysidet g6tdHdamt i Figheoals. (570 idebegiutTdibm, tHehe rel ation
between the trimmng width t of stripe 923a and the pit clock T (pit)

houl d b JGRELY .13 [ i 0, j t h b
crrect. 110 TeitesPaty 1iphe e, BelacBbt R0, A RO Ao *From the
tri 923a . b . | to th | ' f the.pit -5 i |, d
G Scri i rEehrRoEH aentananerel narFage 1 ). obo (Bl Bgha from the
stripe 923a cannot_ be enndu%ated. To, enapl it address information to be

e p
read at theO¥hRel fxam the,Jerkitsgign sinsesttidoss nofnhadfress area 944 is
provi ded | onger than a unit of one address of pit information, as shown in
Fi gure 3xefdeatbes lianenr mati on can thus be obtai ned, making it possible to
junp to the desired track. Furthernore,
Next, to obtain the start and end positions of the low

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

The circuit delay time varies with reproduction
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the ratio of the stripe area to the non-stripe area, that is) the duty
ratio) is made |less than 506, i. e. , T(S) < TINS) ; since the effective
reflectivity decreases only by 6 dB) this has the effect of ensuring stable
focusing of the optical head. Next, we will describe an exanple of a
condition in which tracking control cannot be applied during playback (this
condition is_al so re&g&&ed to as thﬁﬂtéacking OFF .condi ion%. Si nce the
stripes 923PRHENIS 136 18T headiipg, AIER MRADS) AR hithesT GrHIPECand prevent i ng
ctorrect playPack,of the piit data, tracking control may not be possible on
sone pl ayef8lay disach yeayes depending pnplieoyepreghicthoRraPpergtéat a, can be
read by the optical pickup by applying rotational control using a

rot at i onal uped.se ThexeficaeHan$ing eﬁeﬁML attimei deldwe covrectar760Fi gure 31 shows
a flowhart illustrating a procedure for operations in a playback apparatus
when pit dapplies thee epirreetidn; aghd ithethudtinpefdeen panhet fie correctly
pl ayed -59 back. In Figure 31) when a disk is inserted in step 930a, the

optical hegeats TBYRLoIN L Af G %Eri@@ﬁ‘eiﬂé&tﬁ%@#ﬁbﬁt'ﬂ@nidﬂ?xebeporti on in step
930b. The optical head 1s thus positioned on the area where the stripes 923

of Figure r Lta .S not i te. eqrrectly playback
data from ggi&{rﬁg gﬁ?&ﬂﬁg}%mgw ir-léqdr?zls ﬁpgg%{r‘ga%zgfﬁ%ﬁeﬁﬁi S case)

t herefore) ,usual rotatign.phase contrgl cannot.be applied for the playback
of L he pi ¢ CHSTES BEBiRed £0% 1 eBLVE | et bp BHaBLIrEt 2be drarResll Con rol
is applied bg using a rotational sensor of a Hal| elenent in_the potor or
by measuri 883tHe staeikpendrend wddyessess fegddecyrioicaa park Nognhiin ithejt js
determned in step 930i that there are no stripes, the process junps to
step 930f. nekt ttreck, arlockt mtidest sdiresarmwidde issohtiadped, Escghdwn st ep 930d,
and when pl ayback of the barcode is conpleted in step 930e) the optical
head i s noyadFigurst Bp(30f SimcealDotitrer 21 ehewbbsck roust rispes are recorded.

In this area) since no stripes are recorded, the pits are played back

correctly apgr&a®Wr 86€12, but for convenience of explanation, n+l4 is
used. We will describe another method, which eliminates the
effects of varying delay times without having to obtain the
reference delay time TD in the reproduction apparatus used
for reading. This method can check whether the disk is a
legitimate disk or not by checking whether the positional
relationship of mark 1 at address n in Figure 16(8) relative
to another mark 2 matches or not. That is, TD is ignored as
a variable, and the difference between the position, Al = al
+ TD, of mark 1 measured and the position, A2 = a2 + TD, of
mark 2 measured is obtained, which is given as Al - A2 = al
- a2. At the same time, it is checked whether this
difference matches the difference, al - a2, between the

position al of the decrypted mark 1 and the position

information a2 of the mark 2, thereby judging whether the
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focus and tracking servo are achieved. Since the pit signal can be played
back, usual rotation phase control can be perfornmed to rotate the disk with
CLV. As a result, in step 930h, the pit signal is played back correctly. By
swi tching between the two rotation control nodes, i.e., the rotationa

speed control and the rotation phase -60 control by pit signals) the

effect 1s gbliined toak hib, dikkogebck! N3 e dal 8¢ DRICQdengd ! pe data

and pit recorde can be played back. Since the stripes are recorded
in the innernpst ea, sSW.tching yreans nmeasures the radi.us position of the
optical hedd m%g‘ﬁedoéﬁt’:?%’h? Cﬁga}&e §?‘BﬁlbeéfagFe'f [GTPERSS Hidr gg% of a pit
signal, and based on the result of the nmeasurenent, ,correctly perforns

swit chi ng Bafyatdene el tthe reftesenen dedny rioimendbldy USBYE RefSéMPifly next to
Figures 41 and 42, we will describe two control methods for controlling the

rot ati onal cepgeidushem pl ayi ng back the barcode according to the present
enbodi nent. Figure 41 shows the first rotational speed control nethod

wher ei n rotati ol Nepgedheosridrgbtéd iapptnaadohywdatiagt prgebgax of a bit
signal (Tmax neans neasuring tinme for a pit having the Largest pit length

of vari OUSWE’H He:ﬁggﬁébﬁdﬁh?}%zﬁé%{@%m imrggrdt(ﬁglreggaﬁ ﬁefi rst subjected

i

t o waveshapi ng, aci ng prt S|gnal is measured by
an edge-spacin uri ans 953., A 10 reference val ue gemerati ng neans
956 goner npEaces Srbrs o aFha b uPE Rt Ph CIBNEHGRG B SBREBLN 1o 1ot gor
than the pulse width 14T of the sync signal but smaller than the pul se
width t of Vike daiebthl signatureThi Khenef themesking Pesi WYy mation t0 and t he
pul se width TR of the reproduced signal -61 are conpared in a conparing
means 954. iofibymattien tHRsi encryptat|ar siboed tisecomfeatedcmtwabue t0 and | ar ger
than Tnmax held in a nenory nmeans 955, TR is supplied to the nmenory

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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means 955 where TR is set as Tnax. By reference to this Tmax) a controller
95?7 controls a notor drive circuit 958, achieving notor rotational speed
control based on Tnmax. In the case of the present invention, nunmerous

pul ses at cycles of 3 to 10 a s are generated by barcode stripes, as shown
in Figure 9(a). In the case of a DYD, the sync pulse wdth is 14T, that is,
1. 82 a m ffam heortingry hpind) Theefarsoddiistsigmalwigtdiiicedlya m In

Tmax- based control, the barcode pul se | onger than the pulse width 14T of

‘the synch pilsa@ WMide hever r&psmoy rodasdiangd 1dgtestrd tagifyax. Therefore,

by renoving barcode signals larger than the reference value t0 by .

conpari son_wt:h t refere -aS i pe Rihgqu it becones
possi bl e tg%%:apogﬁercgﬁgéi%%g‘fiyzdpgégggg%nlﬁ 8?%2@) ngt; n%k% r?gglg{q'onal speed
during the_pl ayback of. the harcode, str] as ea. Xt he second rotationa
speed cont I’glpaﬁét g@d ofi Fhe t;ggélé%crtihﬁe@i%%@ﬁ r%‘fgé"r;llin% Figure 42. This
met hod perforns rotational speed control by detecting Tmn (Turin neans
neasuri ng bamedeois aleppduleteidnframhéhisalovesel ot ivétytneréionvari ous pit

| engths). In the Turin-based control shown in Figure 42) the pul se

i nf or mat i ode fide tfi borsitgnel ety eche pRE-RIgmoldit laded ngi gmednder@@Blaso6n ~ conpar ed
in a conparing nmeans 954a with Tmn held in a nenory neans 955a. if TR <

Tmin) a stéepbayhpuh SE1ACBErdesrPthddenTadtriilni s hthemes®dnd-half epl aced by TR
In this case) the barcode pulse width t is 3 to 10 gem as noted above)

while Trnigeis @1)5 Ua §i1B1R BeAtidrifuiht, drcible dRigadEarea is played

back, the condition I's not satisfied since the barcode pul se
width t ispal reater 1 han in.  _That is, {here,is ossji bility of
erroneousl 5%%@5?%8“2%5%%&%’"8@%&055 i ﬁ.p"'ll'nS rgf%rr}b)m%aﬂg%tetdhe Tm n based
rotational speed,conirol is ined with a barcode readi pg nmeans 959, the
effect is Eh&i2 ré?’&%qt‘%ﬁépr s@@ﬁn?@tﬂﬁiﬂlﬂ%?o’sa@éﬂ uFatn @aﬁﬂb‘éh applied nore
stably while playing back the barcode) conpared to the Tnax-based nethod.
Further, afasdélspatsislbak ejbectcantes otedtastence cl ock for denodul ation
in the barcode readi ng neans 959, while detecting the edge spacing this has
the effect of Hhengamilyéng otheerbohd @heryptdobhasxddgital synchroni smwith
rotation. (D) Next, a series of optical disk reproduction operations

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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(pl ayback operations) using the above control nethods, etc. will be
described. Referring first to Figures 31 and 43) a first playback nethod
will be described in conjunction with a nmethod for sw tching between
rotation phase control node and rotational speed control node by a node
switch 963. Then, a second and a third playback net hod for playing back the
optical dfrithef optigal disghdspressamedeibederemdobwi | Theo@ogésiern bed wit h
reference to Figures 38, 40, etc. The first and second pl ayback nethods

‘her ei naf t emfodeaciorhdd ahen eamprassedeimestepi 136da endethshere tracki ng control
cannot be perforned, while the third playback nmethod is concerned with a

case wher gofpragkedHoe@nidlinEarndi8 oR e fi@r BBthind iMesteam@3sd.me that the
optical head is noved to the inner portion of the disk in steps 930b and

930c in Figur %3 eptrrlggs,rmg{% g#%@e%}pggm%@ﬁggﬁ%ﬁaﬁ& fswi tched to A.

Alternatively, the e swt be sw e en it is detected
by a picku PU) . posj tion sensor 962,..etc..that t optical .head being
moved” by TRSTRE S rebnS Gk RIS thackid tt hih (376Rr OBy B SRCHRC the di sk
Next) an operation when the rotational speed control node éstep 930c in

Fi gure 31key,s deneerbdd or 11024ebis candesechpt kevst eP edie Gt 00Fi gure 43. A
notor rotation frequency) fm froma notor 969 and a frequency) f2, of a

second os258 loat 612 MHRsararecapparand in stepe6dhty Bneguemrioyn tonparator 967,
and a difference signal is fed to the notor drive circuit 958 to control

t he not or p@EDrmbAUss inghae RSAIfiitdbhonaheapeiRdpeentigdl - I n this case, since
the disk 1s rotating with CAV, the barcode stripe can be played back. Wen

the barcoderplaybachs s CARLEUSAM nMS{‘sega?s%QP tBndE\{I’gz}é@e?’andt he head is
y g- 6 ., an

noved to an outer area by the novin means 96 at the sanme
time, by g gional fromihe ()i PRPLEPRALERESST 3R2ed Gosal Ne mode switeh

the ciphertext C is recorded on the optical disk. The

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

In the reproduction apparatus, the optical disk is

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

step 698. More specifically, the ciphertext C is recovered

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

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

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

result is calculated to obtain plaintext M. The plaintext M

is the compressed position information H. An error check

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

that no alterations have been made to the position

information, and the process proceeds to the disk check

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

it is decided that the data is not legitimate one, and the
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to B for rotation phase control node. In the rotation phase control node,
PLL control is applied to the pit signal fromthe optical head by a clock
extracting means 960. The frequency fl of a first oscillator 966 and the
frequency fS of a reproduced synchronization signal are conpared in a first
frequency cornparator 965) and a difference signal is fed to the notor
drive ciropératd®8. igrstoppedti on phase control node is thus entered. Because
of PLL phase control by the pit signal) data synchronized to the

synchroni zat i dm shg@nadxtoktépl 7i36apl theedotpr@ssed fpddieiopt i cal head were noved
to the barcode stripe area by rotation phase control, w thout sw tching

bet ween r ghpbitabn ANaSCegPIHdeq! td Hecber TREOhr BFIGhal OpFditQBAl speed control
for the notor) phase control could not be perforned because of the presence

of the stijpes).and traubl e, wagld AGSHEenIEh,AS paiie, flkgryr unni ng out of

control or s?opplng, an erfror “cohdition occurring, etc. erefore) as shown
in Figure 43, swtching.to the approptiate control node not only ensures
stabl e pl APpHRET 6&1%'??5?(55%10%@05@@1H2i°‘f%§def?e@“te BPSLVANIPRG troubl es
relating to notor rotation. The second nethod for_ playjng back the opti cal

di sk of thBeprdsent erfbodndinatedihy the prsidippeiarpatiafer dhce to Figure
38 which shows a flowchart illustrating the - 65 operation. The second
pl ayback mskepmctBbids an isnphecked wkethieonthd dififefdncet bptwedmathke net hod. More
specifically) the first playback nmethod is a nethod for playing hack an

optical didekrgitedhpedy tdoat fnfRempt Rerad/ gleseneealldeneadured 937 is not
defined. Since tracking is not applied in the stripe area on an opti cal

di sk OF L Bo%i LR inkbrrkR6R 118 ¥ ndhoh | AU afl Dt WEeh A cRbEk Pe pattern

| egal |y f on t an Irregular pattern caused by scratches on

t he di sk rkace. Thergf.are,, regardl e of her t st,ripes are recorded
or not) tﬁg g}?a\?‘oégﬁp pﬁgged % Pﬂ%%eﬁsoﬁg%‘iﬁec?m%é s&elpi 226]? etzgdi ng operation
first, to check tnggresen e or absence of stripes or, mhe%@er the stripes

are recor @BUPHH SOREWATMAET Pakd PBneXfCUReprograms stored on t

optical disk. If the check result is outside the tolerance,
that is, if the two pieces of position information do not
agree, a display is produced to the effect that the optical
disk is an illegally duplicated one, and the operation is
stopped in step 736g. RSA has the effect of reducing
required capacity since only the ciphertext need be
recorded.

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

In the figure, the construction of an optical disk 9102

will be described first. A marking 9103 is formed on a
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optical disk. This may cause a problemin that an extra tine is required
before the data can be actually played back. The second pl ayback nethod

i nproves on this point. First, as shown in Figure 38, when an optical disk
is inserted, control data is played back in step 940a. Usual ly) physi cal
feature information and attribute information of the optical disk are
recorded ageflyuitiob Motk (btashowi) depositkdaoeatheTbpt pduisidéak feature
information includes, for exanple, information indicating that the opti cal

di sk is a bag.nafgdiHe/ REntH 24 uPind priPed AT theidpdl €aBidied, sigdicture. -66
In the present invention) as shown in Figure 30, the control data recorded

N the conbool. gt fe ai5an 936 0f o 4 AR holec i3l BROLAIQYS @ PCA stripe

presence/ absence i dentifier 7°rec pi't “signal. Therefore) the
optical head,is.first noved) .in step.940n) .to an outer areg where the
Control daghtec DECERARE. AkhdTEHEA eked dit £ 2T RERHe RVEL SR far oLy | urpi ng
across a plurality of tracks until reaching the control data area 436. And
then in st @prign@apositdopohniasmatitar and witidjied dradke onticad dhils be checked
whet her the stripes are recorded or not. If) in step 940b) the stripe
presence/ alisetize forterdfi & kardode09104he process proceeds to step 940f to
initiate rotation phase control for normal playback with CLV. On the ot her

hand, if, in steRiPA&b.intoendtiesenciapspaee §MENteaderti@37 is 1, then the
process proceeds to step 940h to check the presence or absence of a

reverse-s! dar{&of0d I8AH! ddypPAtk WALAS 9108 EGHiRInbA A BEy ST Pes ar e

recorded on the side opposite’fromthe si el ng played back, that is) on

the revers i.de. t ri pes..are._r r 0 e nLever si de, the
process prggé}éggst @f‘%t“gﬁtéﬁbﬁ %?ot]gq i)ﬂrg(g%(q?geoﬁé%g'rdi%&ﬁéﬁgf ace on the
reverse side gf the o ?i gl disk.. If the reverse si.de cannpt be

aut omat i caFf§ Jpﬂgaﬂ}‘@@)mg éﬁ, rgRdsnthe Actul inosabiguets bhe MeEhIng, to urge the
user to turn over the disk. If it is determned in step 940h that the
stripes ar 8192@mddedtmntst ke giegul bei fgmpanipediviaing 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



process proceeds to step 940c, where the head is noved to the stripe area
923 in the inner portion of the disk, and in step 940d, the control nobde is
switched to rotational speed control to play back the stripes 9?3 with CAV
rotation. If the playback is conpleted in step 940e, then in step 940f the
-control node is switched back to rotation phase control for CLV playback

and the obhbgfl ohgeco asEPURL dbOfitRdOH &I PRFd Qe Olediiprdhgk 10 P! ay back

pit signal data. Sincet stripe presence/ absence identifier 937 is

. ded i he 4R} hol.di h .. d : d i bed
above) t heneto A0 soRBar ek hen hd A2 4R oSyl o RS rpeBiag . T he

stripes nore reliably.and nore guick conpared to th jrst playback

met hod descrYaméd Ywi? HhA&f e3%emcehe d”alf}‘é’[ﬁ ges ?“W@ﬁ“?h@&c&ﬁﬁ?%ﬁ is with
tracking OFF) level of the noise signal which is generated by the pits
drops. PCAwkegheal th@m@wknmmgcmﬁaanb@@ﬁeﬁ i ddlei peSitsioneon OFF.
Therefore) in the filtered waveform shown in Figure 35(b), the pit signal
drops, nukithg dptieabidrkt dndlicateddiy she betsitéon tin€oP@#t iingwhicland t he pit
signal. This has the effect of sinplifying the circuitry and reducing the

error ratejg F&gctrtggfé@rb@, th& RPN iSigoRe &is Oe5stri pe reverse-side record
identifier 948 nmakes it possible to identify that the stripes are recorded

on the reverse ﬁggetm{ é?e?g%qjjcstgont%?a%{ﬁcto | $nd Q@E}léen&ngggﬁ Stripes can

be pl ayed back y int case of a dou optica
di sk. According.to. the.present i,nvention) si.nce t.he stripes are recorded
penetrati n&a? &Gﬁh %é%%@g& fj‘e/%hfcialtﬁ% 2 rs'fl%fr?llégd%@ OSROB %k, the
stripe pattern can,also be read_fromthe reverse side of HEEE%LSK' The

[

stripes caReBEOGHCAYRRY OPSERIATLRT L HIE ddshr s8dsFefe BFeYRE d checki ng
the stripe reverse-side identifier 948 and by playing back the code in the
reverse di deplicatearmractéadig.the stripes. The present invention uses a
bit string "01000110" as the synchroni zation code, as shown in Figure
34(a). WherIp) ayed back fromthe reverse side, the synchronization code is
pl ayed back as "01100010", fromwhich it can be detected that the barcode

itﬁebgijgg Plnaxr/g\c}veelroggmd%‘}{ ggtrié gﬁler gyvedsptsblaf the tiiirsteiasl) phyt denodul ating
(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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in the denodul ator 942 in the playback apparatus of Figure 15, the barcode
recorded in penetrating fashion can be correctly played back even if played
back fromthe reverse side of a doubl e-sided disk. The playback appar at us
of Figure 15 will be described in nore detail later. Further, if) as shown
in Figure 30, a 300- a mw de guard-band area 999, where only address

information is Thaconemd bhat o batbede dahwot der emewrded, on sther ovi ded bet ween
the PCA area 998 and the control data area 936, access to the control data

can be mdeyEnie 8kl aTHsr@RE dsdipadyanea B991a khabeddlsapi bed in more

- 69 det ai w. When the optical head accesses the control data from

the outer i t di sk j unpi ng
across a p?’gpglﬁ% g%?e{bgﬁk%q%ﬁpfﬁt ;rhgﬂ#go%?ﬁ %ﬁ??o{i q,\(/]gg,re Egr ea 936. In
sone cases, ,the optical head st the desf{ination control data
area 936) Iaﬁﬂlﬂ%j 8PP HLG341 O} cﬂ?%é? ‘HED 1G80tS 1882t rol data area. At
this time, if the PCA area 998 exists directly adjacent to the inner

circunf eredémitdd.t he control data area, the optical head will lose its own
position since an address cannot be played back in the PCA area 998. It,

t hen, becones i0maeksi dhert hat)niwvheh theemeliingapodiaddn Accordi ngly, when the
guard-band area with a width, for exanple, 300 ~cm greater than one junp

width of therepfdiGah W%Céﬁde@ Qy'éi%qrusué g ehouerPobRthgPeption, if the

optical head 1s noved past the control data area 936 the optical head\MII

al vays |andu I%leﬂﬁrtg'c? .ﬁé‘ g @{ee%vér o ?drﬂe%ag‘k&ﬁl ) address in the

guar d- band area nows I'ts own position and can thus be
repositioned on the dest i on contr dat.a are I n thi ) the opti cal
head can bdTBBIRAIGEet 5%6 %Prseﬁ@abn@te nEORRINET A ey COUEREY, s shown in
Figure 30) the control data al so ontalns a ddltlon stripe data
presence/ aﬁi‘éﬁc@‘q aERteGLlde HIgTa %rreﬂélﬁ@{:@smﬁ@ U@ég ady afhat is, after

- 70
already explained in connection with Figure 10(a). This was

confirmed by experiment by observing the disk under an
optical microscope of 800X magnification. It was also
confirmed that no change had occurred to the reflective film
in the trimmed portion after an environmental test of 96
hours at a temperature of 85°C and a humidity of 95%.

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

In this case, since the secret key information for
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recording first stripes on an optical disk, additional stripes can be
recorded in an enpty) unrecorded portion of the area. The first recorded
stripes will be referred to as the first set of stripes) and the
additionally recorded stripes as the second set of stripes. Wth this
configuration, when the first set of stripes 923 is already recorded by

trinmmi ng) eAsry@htovn iHatFtaIr®3kard Rempapakebys aleedhgoavai | abl e space for
trimm ng the second set of stripes 938 can be cal cul ated. Accordingly) when

the recor gL ng, R GIRaPly BhaLf FRePEIRNT® ddchiPTLPUid@hegord the second

set of stripes) the contro ata provides an indication of how nuch space

520 SRR, B CL0RE, SRR NGLc) Mo BEA sy pase 1LY o

destroyin recor nore 't han 360 over the
area. Furthernore), as .shown in Figure 30) a gap 949 | anger ,t han one

Bl £ -1 gnaPeTTaEerhiS AT Sohy! Bur vt Bac v aho PR Aot Eogt "ot ¢ T pes 923
and the second set of stripes 938 this serves to prevent the previously
recorded £RiafAAiAgor dtoa the Ahoverdescadbed BpsdtiomiadoErativg. shown in Figure
34(b) to be described later, a trinmng count identifier 947 is recorded in

a synchr oRuzgtdraoreode aheaxasthot a O¥Df ifinee tle baedode sdigsdl ngui sh bet ween
the first set of stripes and the second set of stripes. Wthout this

i denti fiegan MesGehatatalll ProWPYDeSt Shendls %z seltiag shdipes 923 and the
second set of -71 stripes 938 in Figure 30 woul d becone inpossi bl e.

Final ly) the i o ol axbacic et hod L hie despridregy i iy reference to

Fi gure 40. e e duty ratio o ripe on the optical disk, that is,
its area ratio, is_|low, almpst _coryect tracki can be intained in the
stripe ar Bards sRov O BareToRd SSher o P et b ias CPRT or mat fon 1 n
t he addregg area 944, at the same radi us pOSitiQQIﬁé t{ he di sk can be pl ayed

back. Thi ensecorded iy &be it gar Bn@r §hendt sthtine after disk

insertion since the address can be played back while
superimposing fashion. The barcode formed in this way

offers the effect that the barcode can be read by the
optical pickup used to read the pit signal. This effect can
be obtained not only with the laminated-type disk but also
with the previously describéd single-plate di sk.

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-lavered optical disk is the type of

disk that permits playback of both sides from one side of
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pl ayi ng back the stripes w thout 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 | onger than one frame in the sane
radi um 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 nbhedish WW@OPHH@\’l@Brgﬁjrﬁuéﬂefh\teirafﬁh?)djrltskon in step 947a. |If no
tracking is achieved in step 947n) the tracking node is switched from phase
-control to pu$h- phe lothedéand, stlem 2247mmingnistpepfodvdd onotati onal speed
control (CAV control) is performed to play back address information. If an

addr ess _camitlle-beddd, 2y eli kel -1 yhesbppi @A7di sk hdapr veriys tprwiageds to - 72
step 947i to nove the optical head 1nward to play back the ' PCA stri pes.

|1 an addpess vian HG BheROREK JNOMARIBRP hePIELAN ighthe PCA area (a

portion not overwitten e process proceeds to ste 47e where, based_on
t he addres the, opthcal head_i ved d. i i tion to the address
area Whergggﬁersl gggoou&be?p%cavpdgﬁfle]c 23 eéplri@g?%ﬁ%ﬂt ﬁérngerdég) n%lgyor absence of
PCA stripes,is checked, If_ it is judged that there e nqQ PCA stripes, the .
process pfteddsthe diskpy Jhere Qfet»rifrg% Cdpa,rég £3pe riofgefn the control

data. Then, in step 947s, the presence or absence of the PCA flag is
checked. bimtltanpowsence huftht RedddCA Thimy previtieseen eatlvanheger ocess returns
to step 947c; otherwi se) the process junps to step 947m On the ot her hand)

if it is fofdgedianfabirépatibrdihhetatt hké aacedPCAnsbe imesrdede process
proceeds to step 947f to play back the PCA stripes. Wen the playback is

conpl et edgifi1th8Po B4 {Ton thR NG ddes isingMtaagd to rotation phase control
and the optical head is noved to the outer area to play back a pit signal.

In step 947t, fhhey FCALLL ag,HeR E}g\?ioﬁ?g%%lgldgggt(ﬁ itﬁrﬁ%ﬂq\ve-i‘ft& here is no PCA

flag, an error nessage I's | Ssue and the process returns to
Sarm o CBT&}'H%%kt{E% L96FSe 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

ié therefore needed. This will be described in detail

later.

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

(a) First, the optical disk barcode recording apparatus

will be described with reference to Figure 23.
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(E) Next, manufacturing techniques for inplenenting the optical disk
barcode form ng nethod of the invention will be described in further
detail. A barcode pl ayback apparatus -73 will also be described briefly.
(a) First, manufacturing techniques for inplenenting the barcode
f.ecording nethod will be described. In the case of the barcode recording
met hod previ oufliguex23ai neal diaghan eshewargehe ocdrifggnea 2®n pliethd ni num
emtting pulse spacing is It; therefore, a laser with a pul se repetition
period of p&xrcode/ fe‘cdr%ihg%szraediuél\’ff%feixﬁp‘leménth@ hhespreney @fsk he laser. In
this case, the nunber, f~/2) of barcode bars can be recorded per second.
However, i a fle 9 | : i igure 29) a m ni num
emtting- pé?%ﬁgpg%ﬂﬁagoﬁé‘g{mi g&a%%og\gﬁ, léngﬁ:f fl&;?\e?ﬁe&p{ egg repetition
period is f~ =_1/2t,. whjch ,neans that the,l aser frequency,can be reduced by
a factor ofMENtiRls I %he AROYE FERfion eq‘?‘bgg}’&%r g‘f‘ Q[}‘ngﬁrre frequency is
used, the nunber of barcode bars that can be recorded per second can be
doubl ed t obarcagpdyts rifet fatananerranpéed oerssan ofhmarlpig pRsikionect of
reduci ng the productive tact (processing tact) by a factor of 2. The
operation offarmdoidn.eBetfilhd daty wpparanreodér=f eoterestoiasedsio t ch
recording"') using the beamdeflector 931 will be described below wth

reference tie Fabgue eerdddeh@et)sInampn idefdde, efeewxamphe,t Hepoonddtgur ation of
Figure 28. The beam defl ector 931) formed from an acousto-optical nodul ator

or "the I kend ish SHPRlbEY 1adaa2eiEl LRCID @Rnstgnal ober Awkh6iing the beam

bet ween a mai n beam 945 and a sub eam 946; when the defl ection

-74
signal is quﬁéﬁg?QSQHEEsﬁﬁy%%ﬁggqg%gu%?gPﬁgp-bean1946 whi ch is passed

through"a Sub 2b" a ( rrpe 934. Nbre_specific?ILyz for
AT I RS NERE R SR BT S W NENRE AL
the beam from the ID generator 908 are combined together in an input

section 809; in an encryption encoder 830, the combined data

is subjected to signature or encryption using an RSA

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

error-correction coding and interleaving are applied. The

encryption process and the playback process will be

described in detail later by way of example with reference

to Figure 45.

The data is then fed into an RZ modulator 910 where

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

performed. The modulating clock used here is created by a

clock signal generator 913 in synchronism with a rotation

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

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

created in a laser emitting circuit 911, and is applied to a
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defl ector 931 switches the beamto the sub-beam 946 to record a stripe at
the position of the sub-stripe 934. In this manner, stripes 933a and 933b,
each for "0", and a stripe 934a for "1", as shown in part (b)) are forned
on the disk. In this configuration) since a |aser pulse need only be
produced at intervals of 2t) a laser with a frequency half that required in
t he confi glaser 8d2o0fudhi gara YAS taserbestaleld.shed tot helaswr gowemhen a | aser of
t he sane frequency is used, since the stripes can be fornmed at tw ce the
clock frequepsly cihésithg2st h@hef Iaer 012 ithusedsiveg ehetppadsedivity by a
factor of 2, as already described. Next, referring to the data structure of

the synchr gpigati;ghe Gaden SNOWRCh e taNbGeI3d ofn/ddigiRy aitict abhe for the

switch recording eéxplained with reference to Figure e descri bed
bel ow. The hropi zat i.on e S tue | 5Q. itutes a techni que
for inprovpﬁépgwgdu%fﬁvffyeqﬁgmsﬂga%ni&E€ﬁ‘u}§?§%§§}g?3&p?xed pattern of
"01000110" is used here.. Conventionally) a bit string cqnsisting of -75
the same nGRBRYLNGs thsg r&ﬁae‘FTsl,V‘astbﬁ“ as gdl@@@ﬂilpqttiegg'usgg’? but the present
invention deliberately avoids this and uses the illustrated data structure
for the re&snorwopredtiod method wiHl de, describai eire deteiksviaten recordi ng of
Fi gure 29, provisions nust be nade so that two or nore pul ses wll not

occur w t hFer aneryptiors! atpubtliat kéys ciphéhi uil dnttkeverle shewtich recordi ng
is possible in the data area because data is recorded there with a PE-RZ

code) as shpwmdieFigura Fd{ebded HOVWRYQE gndthirkhen GRees@fidihe synchroni zation
code of Figure 34(a)) since irregular channel bits are arranged, with the

usual met hggml%%‘e) wRth SPSeRRY: %ﬁg%hé”ﬂ ttmeg?défuv:?%g'a%lkngé%qﬁ%e tfig switch

recordi ng fnventron Is possi is problenm the
i nvention | oys, for exanple) the bit patterp "0100011 0" shown in
Fi gure 37. %g\ﬁ hélatsﬁl SSYICE %totng% R{f;hqrnbc#%naﬁ&ﬁgﬂt“&g‘%u?%&qagxly ﬁ%% "1" on the
right, in T% no pul ses ocgur, i? T3 a pul se ocgurs for.the "1" on the
right) and'Nf SEFTSTpERY%ENECHIFTEIPHF (BRACE APDERT thdeREFIMatEN this way, two
or nore pul ses cannot occur within one tinme slot. Thus, the synchronization
code structsigeatofret be & me¥nsdrdal haumbere Hiifsedas ofin B6IMAKSNg switch
recordi ng, increasing the production rate by a factor of 2. (b) Next)
referring tedfédtginepidlenaiby iidfl egekoranpfacomurers|frioe jsstemgod a pl ayback
apparatus for playing back the -76

serial number. Since the public key cannot be deciphered,

as previously described, the security is greatly enhanced.

Disk piracy can thus be prevented even when the public key

is recorded on the disk for delivery.

The converging unit 914 in the optical disk barcode
forming apparatus of the present embodiment will be
described below in more detail.
As shown in Figure 28(a), light emitted from the laser
912 enters the converging unit 914 where the entering light
is converted by a collimator 916 into a parallel beam of

light which is then converged in only one plane by a

cylindrical lens 917, thus producing a stripe of light.
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bar code recorded on an optical disk by the above nethod. The description

w Il also touch on productivity increases. Figure 15 is a bl ock diagram of
t he pl ayback apparatus already described in (1). In the first-half part
(I'), the apparatus has been described as an apparatus for reading the
position of a marking formed on the reflective filmof an optical disk) but
herei naft eryj § hg gaPPad atiNst & bl SUERk1918Y lahdbes dR3GELDat 38R bar code
readi ng apparatus) that is, a playback apparatus. An explanaglon will be

gi ven agai ri t 0 Fhor 5,11 i i f S| e denodul ation
operation.gF?&é&%gkﬁgHpﬁﬁe%g£ﬁ§§&6%] ghﬁ%%éﬂgéﬁgﬁﬁkgggﬁﬁpﬁ%?s are renoved
by a | ow pass, filter, (LPE filte 4 froma stripe,signal ,output. I'n the
case of a Wg}caclhgil%kité’ ée'b%"sesitgiz’lﬁt tha Sér?r%%(ipr?ﬁ?r‘leg’lﬂ & gnal may be

pl ayed back, where T = 0.13 a m_ In this case, it has been confirnmed by
experi nent StEiRg sipk ag ghawn alrmdFaguﬁegﬁﬁb)eq@eﬁ}&s dorpohentingBihier at ed by a
pit can be separated by using the second-order or third-order Chevihov

| ow- pass f mbderatdbowstinipEs qareespafea) apattatati shreaehdififerenft a second- or

hi gher-order LPF has the effect of being able to separate a pit signal and

a barcode shegealalsi g @Msuiid@Tst aldl ehps ayphathke dfs didslaeede. Fi gure 35(b)
shows the sinulation wavef orm which is generated when the signal of the

maxi mum 14T; 34 i e LS T r contj us} kn this way) by
usi ng the ;Eégogn%-ocglrjpﬁagﬁe?}%%ﬁr L%&%ggé,%stche s?ﬂépg %slef%}back signal can

be output after, .subst,antial,ly renovin he pit.playbagk si.gna | this
ensur es rellpgwtéoaenﬂﬁlcg??lbrgel}?rﬁ% 8&%&%’&5?5&5 I%U\‘g&/‘é]railgg the wdth of a
stripe signal thus dqupuLated %the stripe shgn w dth shown as 15 a min
Fi gure 36( Bi?ck ¢ Ns SRRGEONE il 1t Re? srzﬁﬁlti‘ﬁ'g nuABeirem HheR M (see Figure
36(c)) of a mcroconputer, the stripe signal may not be measured
accur at el y 91Forangx aupp ld esothishamodulatiagse nek 0 sthewmodwl atiogu9) 36(b), the
stripe signal on the left is located inside of the mcroconputer sanpling
i nterval witdt énsuredthdtereatbrstrips 923 iderexmirded aMoaacaixkctthi s, a stripe
signal obtained by reading a stripe is waveshaped using a flip-flop

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), méy be provided by

which a continuous-wave laser is scanned in a radial

direction to form a barcode.

(b) Next, a barcode recording method, etc., for forming

a barcode using the above-described barcode recording

apparatus, will be described with reference to Figure 24 to

26.

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

trimming patterns formed corresponding to them. Figure 25

shows signals coded with a conventional barcode format and

_51_



circuit so that the signal w dth becones greater than the m croconputer
sanmpling interval wdth tn) as shown in Figure 36(d). Figure 36(d) shows a
waveform after the stripe signal width was increased to a width Bw. The
waveshaped signal is then detected with sanpling pul ses (see Figure 36(c))
fromthe mcroconputer. This ensures accurate neasurenent of the stripe

signal . Refiemih@GaRacknd dorhadrc@rtddpondl b titerheigscription will be given.
Digital data is denodul ated by the PE-RZ denodul ator 942 in the above

manner. The d?ﬁ@ dé’%sél?gp]nfv@gtfd?t aeetﬂﬁ@ decadng 9% fsRbwe! {r0r correction.

That is, - ein eaV|ng is perforned in a delnterleaver 928a, and
Reed-SoI C t r d 928b for error
correctl bgfefggpgyg B? ﬁﬁ?ﬁg 8&Fq£h3|€§%55ﬁ ??f 7on to productive
tact. Flgure 33(a) hows t he data structure fteriéhe bar code is ECC
encoded alddér @i Pigh glthé)fpﬁé’ﬁ%rﬁ Oéﬁvb nBRMP L gRirld T53(bYMShows t he data
structure after ECC encoding when n = 1 according to the present

enmbodi merglotFB2Qa.e a38¢aynds omes sdntE@.’Z‘l err thirdot ke tslon &&gabi lity according
to the present enbodinent. In the present invention, the interleaving and

Reed Sol carmh sersmr - §her alattihohs O pof cxhexemplre, t aesicma 824ai0fure of Figure
33(a) are perfornmed using the ECC encoder 927 shown in Figure 1 when

recordi ng; sfuf-hPEsh %Bo@ﬂez‘)%hﬁaﬂhedgéﬁod\%fhtHé”"t%m@rsfl@Ft cgiigtection method, a
read error occurs in only one out of 2710 ml1ion optical di sks

nder oGt paoa T ia Bt LRI 218 s0boted sg0BES, a5, Shown |1

Fi gure 33(¢) nthis data structurée, to reduce t e co a length the

same sSyncgco S| f r ows n er of sync codes
by a fact ﬁ’gft‘“aﬁ qﬁggln§§é%§ﬁﬂ F?F@ gﬁ 1Rg@%¥ﬁe %@bher reference to
Fi gure 33), the_ scalgbilit f the data struct scribed. In the
present i ﬁw%agz?‘ﬁe“}mf}éoam‘%%ab%émyt%ﬁ AR PéHl‘? ely, for

exanpl e) mnthln a range of 12B (12 Byte) to 188B in_increnments of 168, as
shown _ 7¢f the recording clock is output between t=T1 and t=T2. In

this case, using a rotation pulse from the rotation sensor
915a on the motor 915, the clock signal generator 913
generates a modulation clock pulse as shown in part (1) of
Figure 24; by performing the recording in synchronism with
the clock pulse, the effects of rotational variation of
the motor can be eliminated. In this way, as shown in part (2)
of Figure 24, a stripe 923a indicating “00” is recorded on
the disk within a recording region 925a, the first of the
four recording regions shown, and a circular barcode such as
shown in part (1) of Figure 27 is formed.

Next, when data is “01”, a pulse 924b is recorded in
the second time slot 921b between t=T2 and t=T3, as shown in
part (3) in Figure 24. In this way, a stripe 923b is

recorded on the disk within a recording region 926b, the
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in the exanple of Figure 34(c). That is, n can be changed within - a range
of n=1 to n=12) as shown in Figure 33(c). As shown in Figure 33(b) and
Figure 14(a), for exanple, in the data structure when n=1, there are only
four data rows 951a, 951b) 951c) and 951d, followed by ECC rows 952a, 952hb)
-952c, and 952d. Figure 14(a) is a diagram show ng Figure 33(b) in further
detai | . Theedand negiw®Sromotis ilehit esasEBowE i4Bpart gﬁ4ge0ﬁ4iilg)lrshows this in
an equivalent form Error-correction encoding conputation is perforned,
-assum ng tRR4t data rows from 95le to 951z all contain Os. Mathematica
equations for EDC and ECC conputations are shown in Figures 14(c) and

14(d), respectingly. yhdh TrBESr IRy dafe "dat dadd "FCC amegdedhtayatbe ECC

encoder 927 in the recording apparatus of Figure 1 and recorded as a

| g i
dogr oos onZERErdHEEn WA iR 9228 4 et e ottt cor ea: “whon

n=12) data of 271B can be recorded over an’ angle of 336 degrees tin the
disk. In tﬁ@sEﬁQi%¥ﬁiyinvention) by encodi ng and decodi ng the data using the
EDC and ECC conputation equations shown in Figures 14(c¢) and 14(d), when
the data anountHere, sfeit IcompaniaeniBsmoseie Mdnpacendios (Ronger f or med assumi ng
all remaining bits are Gs, so that the data is stored wwth a small

recordi ng gepati-ty-zdio Teserdiar)t osehdotetoriveat psrxdubatomiet act . When
perform ng | aser - 80 trimmng, as in the present invention, the

above- desCriPerl Al At el Ye b4 I UM Lbf@tholeAFigurdlyse speci fi cal | y)

when performng laser trimmng at a factory) it Is inportant to shorten the

producti ve tact%rk\é(}llkhr&oihg#,i%%ggec%\n raaéry&s g\é@gclggtcbieﬁg%. ge stripe at a

time, it will t ot et : to record _ _ udand stripes to
ok 1 f {ORACEASHELL 5P BEoPEh 103 hosf 9MBeS BonBo0her rOtAE: vo tact |
i ncreases. On the other hand) fox tile nmonent, disk ID nunber will be a
mai n appl i @t skevradsapant ?1) of Figure 25. In RZ recording, the

width of each pulse is 1/nT; on the other hand, in the case

of NZR recording, a pulse as wide as T is needed, and

furthermore, when T appears successively, a pulse of double

or triple width, 2T or 3T, becomes necessary, as shown in

part (3) of Figure 25. In the case of laser trimming such

as described in the present invention, changing the laser

trimming width is practically difficult since it

necessitates changing settings, and therefore, NRZ is not

suitable. As shown in part (2) of Figure 25, stripes 929a

and 929b are respectively formed in the first and third

recording regions 925a and 927a from the left, and in the

case of data "10", a stripe 929b of width 2T is recorded in

the second and third recording regions 929b and 927b from

the left, as shown in part (4) of Figure 25.

_53_



the present invention: in this application, the PCA area capacity can be as
low as 10B. If 271B are recorded when only 10B need to be witten) the

| aser processing time will increase by a factor of 6, leading to a
production cost increase. The scalability nethod of the present invention
-achi eves reductions in production cost and tine. In the playback apparatus
shown in Fi gurelt5thareenvertlioasli MZrguowdidg( b)he polsexmphe)anche ECC
decoder 928 perforns the EDC and ECC error-correction conputations shown in

-Fi gures 14(r) amdd214(ad) shewsum pgrihdl) tdel da) aoff iguldb LS.t ot 9xlz al |
contain Os as shown in Figure 14(b). the effect of this is that data of 12

to 271B Cant}b@recfefg efpadehOrthat 'R rA¥orSingdit R 1SaieLdyIQEsM I n this
case, the nunber of program steps decreases, permtting the use of a

smal | - capacj [ ' - . Furt I e pulse width
r epr oduced #ﬁ%%ﬁ%@hﬂéwﬁb@o\% gﬁg%&g@ eml%érslglc{:nhank%@c%ﬁgo%g pul se
period, as sho in Fi,gutre 3. Since there are, three difference pul se

spaci ngs, 1€ %?e’ént(flg“’f*}nﬁ H’g Fg?iQfeéf“'mE Hé“"s’ﬂﬁll%‘f’ 3182590885{$ i pe areas in
one track to the total area of the track is |ess thapn 1/3. Wth this

ar r angenent formed: ae dwya b1 thedpxnerdment aipgat tl shewnetn iNiguye of 700 t he
reflectivity of the stripe areais 2/3 of that) i. e. , about 50/0. Since

this val ue 8&)enbuyrsihoe fmieumsngohitneow) dthdiPf¥rsafeam adskbeo pl ayed back on
a conventional ROM disk player. (F) Next) an exanple of the above-descri bed

barcode encdydk,i 98 {d meadiyly dbgpricrlisel granvred thel limewdaseribed with
reference to drawi ngs, followed by a description of another application

exanpl e of i hatfode +ha)rdFIESL),d be1RACadE SICEHPUINprOCeSS and

pl ayback process w e desc y way of exanple wth reference to

Fi 45. hown in Fi 4 1D n 4504 _uni t h

i viauai b Bou e S Geliind drofe B TSy dRotarth 8ebC A Che sane
tine, | D_sj gnat tion. 4503 appi | digital sjgpat to the ID
nunber by USHHTASS I RRESGElr 8t W TEbacdpbrihlAg A5 ANGRRRA f1 ¢ publ i c

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

because it is difficult to precisely record varying line
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and the thus applied digital signature 4505 and its associated | D nunber
4504 are sent together as a series of data to a press factory 4501. This
digital signature is -82 applied to the I D nunber encrypted in an
encryption encoder . 4508 using a secret key of a public key encryption
function. The public key corresponding to this secret key is sent to the
press fact ogydddluchtad ¢ a2 bacther ¥akdQlikkt htudtReprokgr and its
corresponding digital signature 4505 are recorded as a barcode in the PCA

area of an QphhralredhsdiMOeonMt B3I dichedsPi Whit BAsA5QFimditg Public key is

prerecorded on the master disk, that is, in a pit portion of the disk. Wen

(pi ayor) 4580801 NETBERI | HiEymiteS, bt R BSERATY, Tul A RReY 2PPE

nunber and the dj.gital, signature appended to,it e read from,the PCA area
and decrypt &8 lﬁ‘gt hglep@gﬁﬁﬁnq(éwg ny g%%lttheof??{‘?ﬁét QECRYPEVSRE | s passed

to a verification section 4511; if the digital signature data is found

| egiti mate asablee digétal retordimevever iidathenaseretpimnbackidsper ati on of the
optical disk is allowed to continue. If the digital signature data is found
illegitinmat eanbed.heFuoeshdr oOfie tinwereionf bEfdrsonhetdé®feapestiti on i s st opped.
Here, if the digital signature data is recorded in the PCA area together

with the pl gipseestyigf the cobbuidaeiseof thefrdcaeddecraphiafd s checked

agai nst the plaintex the IDto see if they match. If the digital

Lol e 8RR et kS AR (Rl Ps G MR 0B B PV E |

performed for "verifica n ta 1s encry ic key

ci pher, as scfi bed abov on -83 - the saqf re manufacturer that has
The secrof KBS 1A% DONRY SheCkyore RepbaPt B ORUIBEHG) 1 pirated di oks
were made) the encrypted I D of the sane nunmber woul d be recorded in the PCA
area of evexy di@,(,deﬁ‘h’élrb@ﬂor@ eMREOYiSE &he sﬁ]’»@l"{epw Fesarding $otioul d be

greatly limted. The reason is that, in such cases, the illegal use of the
sof t war e haephicalhdiskhrmmrcode recording according to the invention,

there is offered the effect of ensuring stable digital
recording.

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

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

Figure 26, respectively. Thus, for data “010”, a pulse 924c



nunber can be prevented by applying network protection. Needl ess to say,

t he above nethod described with reference to Figure 45 can also be used in
the Internet. (b) Another application exanple of the barcode will be
described with reference to Figure 46 as another node of enbodi nent. This
node of enbodi nent is concerned with an exanple in which an encryption key
to be used dw bogpoorinuthedeiforhdml teworsded for ('8, abpuésdedXidi bed bar code
in the PCA area. As shown in Figure 4& a press factory 4601 keeps each ID

nunber and ilsS oG HHIEIROLKM rfg]gﬁﬂq{a\ﬁlatitgﬁb lkayt forPUbt i Gridey @flse public key
encryption function, in the trormof a table 4602. At the press factory

4601) an ! Damaber At ' GRETESROAGKACRUOLIE keY, AT secargd in Lhe Poa

area 4605 of an optic usin writer xt, we wll
descri be how t he usex purchased the thus conpleted tical disk 4604
can play it lﬁ’agﬁan&’P\i \é\@ail%‘t’é?. A8 Qéer)leg'r %‘?aﬁﬁsgt, Sggb%%ési n which he
desires to watch novie software recorded on the optical disk. - 84

Before the ussmedain shaylafdcRanhdogolidn cohe 59¢0A0 5t RiRE 1N dhei cal di sk

4f1 04, he has to arrange for paynent to a system managenent center 4610 and

have a passwdglittlssuegos it imnabamd ghaybsicld sErimst intthe dsft-lmmtds t he opti cal
disk 4fi04. Wth comuni cation software run on a personal conputer 4606,

the PCA aregosetfon,abg Diseredrbagingandridieep2dNs) cskews issghiglad out. Wen the
user enters his credit card nunber and personal code nunber, an encryption

encoder 46074, 30¢5 YR %itREARL eHEsr. daha Wil BethenPubldiGnkeY;s and the

encrypted data 1s transmtted to the system nanagenent” center 4610 by using

t he communi cat i ons 2 t y m el center 4fi 10, a
comuni cat i wé%%tq‘%ﬁﬁggﬁél égag%e@hgfl%%eﬁuﬁ%gr i nggﬁlﬁ]ﬁ? %r)l&e 19;}18m t he

recei ved data) and, degrypis the receiveg%gata by retrieving a secret key
cor r espondi g 881 t4RASLEY niisePsatdm She FOMRAGAT KERESt AP eV8XB12. That i s,

the system nmanagenent center 4610 keeps the encryption key table 4612
cont ai ni ng riEmsenthd MCocornonent fdges 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. Furthérmore, 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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each I D nunber and a secret key corresponding to the public key. Based on
the user's credit card nunber and personal code nunber retrieved fromthe
decrypted data, the system nmanagenent center 4610 charges the user, and at
the sane tinmes) issues a password to the user, This password corresponds to
the disk I D and user-specified novie or conputer software contained on the
di sk 4604. REBRORJAEReSIGNM., is pagpuorwi thhpertiongethendod dseppedan pl ay back
the desired novie or install the desired conputer software. Since the

public key co@fedifordi 8 eOmd €6 ms por PRInEode HpithRfodillaitedl sidingk, this nmode
of enbodi ment has the effect of saving tine and | abor taken in a previous

system {nayeeguiq $de|f1ain)oL ATTRNACPRBAL RANLGE (P BRBAI be publio key to

the user separate her even | comuni cat 1 on y (public
key) is deljvere ss facto ere articular security nmeasures
are inpl eng Feﬁe{iseggﬁ‘f‘? P{ﬁganasogxpr@/m Héﬂ‘ rﬁg?{%ﬁnﬁ%p nce a different
public key is used &or each indi vi dual dISk if securlty of one particul ar
di sk, that Figyremd6lserBy passing&his thepraducad sjensl dhreyehudbes can be
protected Furthernore, using different public keys for different disks has
the effect setomdﬂhndbngpnItéipdmnﬂdbtll&ﬁ/fdﬂter19BHrshqwmrﬁy Plgceng an il l egal
order. If the communication public key were recorded on the master disk) it
woul d not 36 (gpssihel €ilteredeyiiial awavdfiotnpslidwy i dgakrac2@)ansi | | egal
order. In the exanple of Figure 46, a public key is used as the

conmuni cat ighia ke, bst dltich ! tHig @pﬁaq%@taeqewptsﬁ'ce}l ar effects can be
obtained if a secret key is used. In this case, however, the security |evel

isalittl rng@mdhﬁg,?é/\lmal gofp%tgl bi% 3?7%' ﬁ%%ﬁgdu I\Aet%gl ess to say, the

net hod des efer nce to can a SO be used in the
Internet. -86 err| Fi gure 2 we wll, now descr n detail a
met hod of descr I Entt &%Erﬁr%ﬁﬂ%zﬂ?éf’ér‘ﬁ%loﬁg optica dlSL

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

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

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

while CAV recording means recording with constant angular
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password via the network described with reference to Figure 46. In the
flowchart of Figure 22, first in step 90l1a the software on the di sk checks
the scranble identifier to see if the identifier is ON. If the answer is
NO) the process proceeds to step 901b; if the software is not scranbl ed,
the installation is allowed to continue. On the other hand, if the answer
is YES) itv@§ogpﬁgked in step 901b whether the software is scranbled or not
if YES, a connection is nmade to the personal conputer network in step 901c,

Softvare 1D 110 ibPER a0 e REPE, (R VR R Sehohei®eeep d01r tne

drive ID dat.a,i ransmtted to the password issuing,center., After

confirm ng wﬁ&bn@ﬂ{', SPHers’t"@BSQé)fﬁ‘ lah@p‘i)—é’égomf)lr%‘ﬁs%%i%&eé ntedabadr f or ns
encryption conputation on the drive ID and software | D by using a sub
secret ' keyreantolsdnsran addsepnydieh d svieeorded vithdh't t ethato the user. The
process then proceeds to step 901h. The personal conputer at the user end
conput es t ha, ptisswiatd by oxeswbi fiehl witlhképe astripesparlasthe with the drive

ID. If the result is OK the process proceeds to step 901n where the

sof tware s@ragbhe idieRITdnY PthOpriespifl ket arbur maftg ingskaltlothbep 90le) if
the answer is NO, then in step 901h it is checked whether there is a disk

ID. If 87 aiattgt ea%pbaﬁexae ?’3%5 44 rhARRY. | TS %?ngg{betdh?eﬂo%ko?[) data is

transmtte asswo I SSuUi ng center. er confirmng paynent, in
step 901 the ssword. i ssui.ng. cent er rfor. Cryption conputation on
t he di sk IIf)hgngg%@f\ﬁ?\/\g}@%%Daﬁ%’ugﬁnﬁe%ﬁgﬂggslemiFg{g R%eg,e“ nd generates a
password which is transnittgg to the,user. In step ?glnl Ih? per sona
conmput er at!MVRBLiAer CRREPSPORPEIL s 2R |SAsBHOYENHY!L L EuBPh St ¢ key and

conpares it with the drive ID. If the result is OK the process proceeds to
step 901n wheke tihes zegiamris sbyoaeblled @ pestoeksting areai POAdy, by
comuni cating with the password issuing center via the network by using a
di sk I D, tHe s$his PAeased,anhkebaricodacisy pecordednwitte (dVsk can be unl ocked.
In the case of the disk ID of the present invention) since the ID

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

023a 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

_58_



varies fromdi sk to disk, the password is also different. this has the
effect of enhancing security. In Figure 22, ciphertext comrunication is
omtted, but by encrypting data using a public key recorded in the PCA
area, such as shown in Figure 46, during the conmunication perforned in
steps 901i and 901, data security during comruni cation can be further

enhanced. Thj. S the : . en j tr 1. SSI: of, per sona
billing inf (r)grlkg ?’onan\?ii g?%érglgﬁnﬂ%%o%aﬁ ?é%%gﬁéﬁslﬁcﬁggg Otssﬁégp?lt &Pnet where
the security level is low. W wll fini here the, descriptions of the
st hal f @8T thasianal T raati s tEaob e aRar 410k DE (TTP b now pr oceed
to a description of appertaining matters relating to the process from
optical di sklomgnabbepiti addnesst W osmatinickoobemeedoat dihet Bemgl ayer. (A) A
|l ow reflectivity portion address table, which is a position information
list for theddiusrmfdiedcon\ds phpostiripes, wnl bddeessxpted rtdd. 1§ grovaded
mar ki ngs are formed at randomin the anti-piracy mark fornmati on process at

the factory.1oNget agiflh Beikings & ABArdds blifi §i EAREmAABnPEad daBkhcal in
physi cal feature. In the next process step, the lowreflectivity portion

584 for rredDg%’ ??gﬁ‘rediS%lf %%j{ﬁ@?sﬂf%‘?mﬁﬂh gaﬂtegrmgub%o&t%fiagd 13 arnin the

case of a constr a lowreflectivi orfion addr'ess table 609 as
shown in Figure 13(a). re, .Figure 13(,a) ,is.a diagr.am showi ng a | ow
reflectivit 3"%‘6?‘& Bn p&agﬁb]fs tPa-ﬁ-l"l?) t%t{b_‘g flgsize éég?k'mﬁgr%rﬂl&ﬁﬁf act ur ed
in accordance with the present enbodi nent, and Figure 13(b% i s _concerned
with an il dd® Fgtifupsti ebe edrope arga tovwheeRPrwtrype 2188 t thAt d8dress tabl e
609 is encrypted using a one-direction function such as the one shown in
Figure 18) arhe duty hetdecorsdmrdé |lessi thad &0%r . @ ni Htf)sKeP(NA ;series of |ow
reflectivity portions 584c to 584e, where the reflective layer- is renoved)
is recorded dimca iy edfectiveer pfldeet ni On debeedg¥zebnDEtbyp6r d8,08hef the di sk,

as shown in Figure 2. Figure 18 is a flowhart illustrating a disk check
procedure byhas 8Re 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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t he one-way function used for the encryption. As shown in Figure 13) the
legitimate CD and the illegally duplicated CD have the low reflectivity
portion address tables 609 and 609x) respectively, which are substantially
different fromeach other. One factor resulting in this difference is that
{aser markings identical in physical feature cannot be nade, as earlier

not ed. Anot lbackfactor is that the sector address preassigned to the disk is
different if the master disk is different. Referring nowto Figure 13) we

Wi || describe hopy tHigurBrki, nghes Wil isnfipsemiedonn didehegsodetpgen the
legitimate di sk and pirated di sk. The figure shows an exanple in which the

Formed on o arak erd PRAAEd by, PRECEIBER, Aetarhe e P D ki ng of

k nmb 1is | ted h 62nd_cl it fromthe start i nt
of the Sect BPZ5TOR g E5fP SR oS<ITALOD LA R 1 P 88T bLetb e 605, I n

the case of a DVD) one clock is equivalent to 0.13 a n) and the neasurenent
i s made wit®nt ihe arceurkene ta 31apes 3 pAndigurs $hareasecwidedhe pirated
CD, the first marking is located at the 8l st clock position in the sector
of address A2) akershoin is nbhepeskibéestd abteed09xpl&badit éxta ng this
difference of the first marking position between the |legitimte disk and

pirated di skrohhg] Pithat gtk dirgkofdd B tHeSkhPmud abesl- 923l keps s@ist he position
of the - 90 second marking is also different. To nmake the position

| nf o mat i on JgRoh ko of 6| QTR Sdiskorbe efhectiye Tilm at the

262nd position in sector o ress nust be formed wth an accuracy
of one clock unit, i. . 40.,.13 ~ ot herwi se,_ the, pirate i sk cannot be
Pun Tt e S9RARER o3t Ehe qUREbAR: ofnEht st e setd LR ual
duplicated disk have low reflectivity portion address tables 609 and 609x
respectively) whbreteal 33k, aretafiionst esneedsceriowh 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 pléyed 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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Figure 17. In the case of the legitimate disk) in the track follow ng the
mark 1 the start and end positions are mtl4 and m+267, respectively, as
shown in Figure 16(8), whereas in the case of the illegally duplicated disk
these are mt24 and mt277) respectively, as shown in Figure 16(9).

Therefore, the corresponding values in the lowreflectivity portion address
t abl es 609 aodtBOlobyapit diifghelsntthe asf feledwhs iobtEiged ¢haT, twchus naking it
possi ble to distinguish the duplicated disk. If an illegal manufacturer
desires to raK€ePercORYndd ofhgath,Skabheddengtiiye davarafd gét+vity portion
address table 609, they wll have to performa precise |aser trinmmng

operati on wisdhetey sl UdyoBe ofl b KRR odinRd ehockrsbenaleas shoun in

Figure 16(8). As shown in Figure show ng the waveformof a PLL

repr oduced cloekssf qnaty oyt of S apLoduced optiheah. M ORRL Sy e 10 the

case of a e peri f "oneé repro 0 pul Se,” When
converted to a.distance on _the disk) that ,is, ong pulse aci,ng on the

di sk, is 0. TE4LWS MOSALLRR Minghe OPESCHRIEadrFEom SaaIoRiISp] NER ref | ect i ve
filmw Il have to be renoved with a subm cron resolution of 0.1 a m It is

true that wsénpper opt fren theaaddressgefed pbdt wignepi iard basedk ons used, a
recordi ng can be made on a recording filmsuch as a CO-Rwith a subm cron

resol ution. tBetrésulithof tasecaiirenespr educest wapef fomswekitdhdngs shown in
Figure 9(c)) and the distinct waveform 824 as shown in Figure 9(a) cannot

be obtai ned yarkess thRetwedoegatiote cbhtfBll mod&oved. (b) A first method of
achi eving nmass production of pirated disks by renoving the reflective film

may be by laser i Do uel Hoxd o Bl alePut Jases, Suchigp @ YAG | aser. Al

the present state o | ogy, even the nost highl'y accurate nmachi ni ng
the | aser TiqaRr e e il tudeBs SR BEr Stk St PR LR s “that 1. &
mis the limt of the processi ccuracy. This neans that it is difficult
to achieve FPSPOCHIR RLAEIE.PAEY tBF BRILOSe nAGROT(RRE nté’sé‘gﬁrw&@ﬂon | evel .
embodiment. .
Figure 41 shows the first rotational speed control
method wherein rotational speed control is applied by
detecting Tmax of a bit signal (Tmax means measuring time
for a pit having the largest pit length of various pit
lengths).
A signal from the optical head is first subjected to
waveshaping, and then the pulse spacing of the pit signal is
measured by an edge-spacing measuring means 953. A t0
reference value generating means 956 generates reference
value information t0 whose pulse width is larger than the
pulse width 14T of the sync signal but smaller than the pulse
width t of the barcode signal. This reference value

information t0 and the pulse width TR of the reproduced signal
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(c) As a second nethod, X-ray exposure equi pnment for processing

sem conduct or masks for VLSIs and i on beam processi ng equi pnent are known
at the present tinme as equi pnent that can achi eve a processi ng accuracy
of the order of subm crons, but such equipnment is very expensive and
furthernore, it takes nmuch tinme to process one piece of disk, and if each
di sk were precesmpadedsimg sompareénginmanst 954 hentpsthepefRdisk woul d be very
high. At the present tinme, therefore, the cost would becone higher than the

retail priggaPfermfibn! @@ rbi@icll vhlue $0 ddlar@dd REaRi Tdxed di sks woul d
not pay and neani ngl ess. (d) As described above, with the first nethod that

i nvol ves | tri L kf f4cul t C i subm cron
accuracy, ggggtlhr%rag&ﬁ%?y %“%a’?sz 9§|5,f fi:R:cglst Slépg)lﬁégs&;r%g u%%hozp}iyr ated di sks. On
t he ot her hand i.t h the_second_ net hod usi t he subm crgn processing

t echnol ogymgﬁ‘é% Q\gé %“’r%?y@xb%sﬁ??e?stﬂ@xcosé])gﬁg%]eroq@ﬁ tQ YYShi gh that naking
pirated disks is neaningless froman econom c point of view.  Accordingly,
maki ng il égax Gopretrdasrhdhrevtrtlsdaumtar dohve gaycuit 998, fut ure when

| ow- cost submi cron processing technology for mass producti on becones

practi cal . ahied ngr metdrc zbtaipnedrespestdi contofolsbhaded eohTmaxogyImi |1 be many
years into the future, production of pirated disks can be prevented. In the

case of a the-daenfdilsK prktdhta ihemtich| epinerbty skl ost fegehesl on each

| ayer as shown in Figure 33, an illegally duplicated di sk cannot be
manuf act ur Lt (o] al | i th good
accur acy mﬁgnyﬁgﬁﬁga%gﬁg?ba%ﬂﬂﬁﬁ%gye hg%gggktggﬁgg?éc%?sﬁﬁg@g -93 in

preventing.pi Lacy. Next, e wll desgcribe, how t he arrangenment angl e of

t he IOM/reFBeé%g FtéégortiBhuﬁhc?ﬂ%cﬁ?ékﬁ@%n%BE %%@c??ﬁghwlﬁﬁ‘the pr esent
invention, ;sufficient effectiveness in_piracy prevention is provided by the
reflectiveifaleh Itgﬁ'éllﬁmih&]i%ﬁ] tQThtthPs‘?t%W gﬁ@»l &%e rkancedei ve mar ki ng

alone. In this case) the prevention is effective even if the naster
stripe width is 15 um. In Tmax-based control, the barcode

pulse longer than the pulse width 14T of the synch pulse will
be erroneously judged and detected as Tmax. Therefore, by
removing barcode signals larger than the reference value t0
by comparison with the reference value t0, as shown

in Figure 41, it becomes possible to perform

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

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

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

information TR from the edge-spacing detecting means 8953 is



disk is a duplicate. However, the effectiveness can be enhanced by
conbining it with the piracy prevention technique at the master disk |evel.
If the arrangenent 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
manuf acturer woul d have to accurately duplicate even the arrangenent angle

of each pitcQpalbg 1R3! 8bmsHrSkg ding 964H qitRCTAASBe1dECQSt of pirated
di sks and hence enhance the capability to deter piracy. (C) A further

descriptio W j of; ot Lati iLpg n efl ective
optical mar %Mr?gfl"pgﬁrlg'o?gg?' tlﬁfel?tﬁv\gﬁllgk f%{#zﬁ?ﬁ zjglqlggt?écéalﬁsd?s , focusing on
poi nts that_were.nof touched on.in the foregeoing description of the
operating pﬂ?ehé‘f“bvel.n fﬁﬁtmquaés srﬁgg:ﬂc?‘ﬁ bIa'fi gftz!re 16, the start position
address nunber, franme nunber, and cl ock nunber can be neasured accurately
with a resolutidh aTlSlC@‘bnitth,e barpodespulge; Width trdsod (g éﬁ 8fM0a%83 ~crn in
the case of the DVD standard, by ' using a conventional player) thereby to
accur at el y metasluabotene wbplé dalinnks 10. 6f ta e Spresenttsi aveasulon.ifFi gures 2 0
and 2 1 show the optical mark address readi ng nethod of Figure 16.

Expl anat i ontled batrgodd ared)is p2pyed Iprk( 4dhe aofditipni TR K Guiesis2 O and 2 1
w Il not be given here since the operating principle is the sane as that

shoun in Fi g @a36sf (U0 sERLY SRRDEIRRAE PAISECRTITH QIS lfayWhi:da bhl UStrates

the principle of the detection operation for detecting thé position of a

| ow reflectjwit rei o, a d_Figureg.: ¥ d i.ch are
concer ned V\,:E}%dnn gm D, T?lgtgfs\)eﬁgg%ﬁ g\% nEi}g#rsggi%lt&??c%lrzfroé%%md's to Figures
20 (1) and,2,1 (1) ,. The reproduced.clo signal in Fiqureg 16(6)
corresponds-"f‘glf‘ga% @Yﬁﬁﬁeimﬁﬁf*g‘iﬁ gg‘“?' 0 fegCPRF'ZW{I]e'( St?‘.e j’i "ess 603 in
Fi gure 16(7% corresponds_to that shown in Figures 2 0 (2) and 2 1 (2) .
Frame synchb®td roat#iigoet smedisorigodespaoaslined wish & od¢y Figures 2 0
(4) and 2 1 (4). Starting clock nunber 605a in Figure 16(8) corresponds to

reproduced céeatingl mednscRo%urtiher effecki gartha? fo{ad)ionéhsiread of the end cl ock
nunber 606 in Figure 16(7), in Figures 2 0 (7) and 2 1 (7) data is

conpressed ¢witrglabdsdd bnnBwit 0gn [lRN@bbliels mbié utlabdy eghilehe detection
operation is fundanmentally the sane between CD and DVD. A first - 95
playing back the barcode, compared to the Tmax-based method.
Further, an oscillator clock 956 creates a reference clock
for demodulation in the barcode reading means 959, while
detecting the edge spacing; this has the effect of being
able to demodulate the barcode in synchronism with rotation.
(D) Next, a series of optical disk reproduction operations
(playback operations) using the above control methods,
etc. will be described.
Referring first to Figures 31 and 43, a first playback
method will be described in conjunction with a method for
switching between rotation phase control mode and rotational

speed control mode by a mode switch 963. Then, a second and

a third playback method for playing back the optical disk of
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difference is that a 1-bit mark | ayer identifier 603a as shown in Figure 2
0 (7) is included for identifying whether the low reflectivity portion is
of the one-layer type or two-layer type. The two-layer DVD structure

provi des a greater anti-piracy effect, as previously described. A second
difference is that since the line recording density is nearly two tinmes as

high) 1 T of.th 0 . 1h'S as ; ~ i.ch increases
t he resol ut it(})]% ogrsee%eg@got eg%gﬁ’h&# ?ﬁ?%ggl{ %doﬁlﬂ}lglgéfﬁﬁ |Coérllw1§nd t hus

provi des a greater ,antipiracy gf fect. Shown in, Figure 0 Ji,s the signal
fromthe fi %?UT%&QS’ i 40.2 &tGo- Iﬁ'&ﬁe?lﬁiﬁ ia&3§| S¢fio0d ﬂ%ﬁbﬁﬁgt%thoéﬁl ective

| ayers. The signal (1) shows the condition when the start position of an
optical nar KegplRa{Eer| dascnizga rases eaet CONERL e Butle 2 casenBidet he condition
of the signal fromthe second |layer. To read the second | ayer, a
first/secondreeyirg sentxdli tgneettbeopeszmed, Mihgle ethies théndls a swi t chi ng
signal to a focus control section 828 which then controls a focus driving

section 829 playbadk amBthde ifsogtscdrneth with hi¢ade Whyes thackiheg second |ayer.
FromFigure 2 0, it is found that the mark is in address (n), and by

counti ng th%ogﬁﬁgpC§¥ng@&g&@g}ﬁgisignal (4) using a counter, it is found

that the mark is 1n franme 4. Fromsignal (5), the PLL reproduced clock
nunber is found),.and the optical i n 0Si i data _as sh by the
signal (6) is ob@%&ﬁ‘&d?aﬂ%&ﬁﬂeﬁh@i% geal hegd 13 8%’8? rtongwgpti cal mark
can be nmeasured with a resolution of - 0.1 m Qn conventi onal consuner
DVD pl ayer. 10BFT RAKLEPBRA thAt 4EF 1Pe$t<ﬁﬁsn§3(ﬁb af‘aegqaq}ao-lﬁi Uréni nat ed
optical disk will be further described below. Figure 2 1 shows address

posi tion i nf3ds nbhé medpesnidichi PP tshowneirofigurd 4dnikisvdtthedrsd dn the second
| ayer. Since |aser light penetrates the first and second | ayers through the
sane hol e, adtshoativiedyt hehepmode swistleB6G6nay roeFsgitohed, to e whenr ef | ecti ve
portion 815 formed on the first reflective |layer 802 and the nonreflective

Chape. Thi s 1o aop CLad 11 Lho. POTopective viw of Figure 45 Inthe'
present inveplkofte dbtelal Mealil BIHRAAGH by a moving means 964 has
reached the inner portion of the disk.
Next, an operation when the rotational speed control
mode (step 930c in Figure 31) is entered will be described
with reference to Figure 43.
A motor rotation frequency, fm, from a motor 969 and a
frequency, f2, of a second oscillator 968 are compared in a
second frequency comparator 967, and a difference signal is
fed to the motor drive circuit 958 to control the motor 969,
thus achieving rotational speed control. In this case,
since the disk is rotating with CAV, the barcode stripe can
be played back.

When the barcode playback is completed in step 930e in

Figure 31, the head is moved to an outer area by the moving
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substrate 801 and the second substrate 803 are | am nated together, |aser
|ight is applied penetrating through to the second | ayer to form an
identical mark thereon. In this case, since coordinate arrangenents of pits
are different between the first and second | ayers, and since the positional
r.el ati onship between the first and second | ayers is random when | am nating

t hem t oget hefehnt 864 n@as thensamehelme,t B¢ avdignhd frymmeHeaple di fferent
between the first and second | ayers, and entirely different position

[ nformation joy ePipldardof 1opg) CEd) | EYEmodENGRD hNg6KI Sy oL et L1 on
information“are encrypted to prodice an anti-piracy disk. [T it is
attenpted tq dypkicat his disk illegall the 97 _ optical marks on
the two | ay&lpsgmt?ﬁ J°ﬁ3@1e°fk ngge ézloinbﬁ(gg "\?nﬁ?h a resol ution of about 0.13
~cm As previously described, at the present state of technology it is not
possi bl e to dupl I%att?@ TP tdPBKPIRF eaF PRfFORgMe G giﬂ-i%ﬂtrﬁgrk% with the pits
with an accuracy of 0. 13 am that is, wth an_accuracy of the order of
0.1 gen) butappheeed tios the pogssbgidlt fromathenesti gadobead ibynat eldukol ogy may be
commercially inplenented in the future that enables large quantities of

si ngl e- | ayerexdiraksiigombgnd 1960edhsi FrequepepcEssifng fiaggracy of 0. 1 ,u mat
| ow cost. Even in that case, since the top and bottom di sks are tri mred

o1 mul taneousjst il faidie 966 SthdOkhé NretiPnd AY8! of ANt Gflicdigsk 80Q. the 't wo

di sks nmust be | am nat ed toge tthe pit |ocations and optical narks

sk must | , th the ons
rposs bl e [‘Sﬁ’rlfaﬁfﬁlé{%%Sgl&ﬁgiia%:‘fﬁfﬁﬁ%?é %;Elxﬁﬁ%syt f5eaBelr 1 e

i Ci . b . W i cal
Tar ks wer ¢ (GHRBER Y MBI AToR | HASPTPAGgn e BRAC Ra £ RRUBIHOFhe. to- | ayer

di sk 800, the resulting anti-piracy mark -is extrenmely difficult to
dupl i cate. TdrigsepeimcudesdaB.gr Ebe etabion phesecoatfeltmodehés dmiscal di sk
with an anti-piracy nechanismis thus conpleted. For piracy prevention
appl i cat i onssntieped.as Bacadney eft Plel gphake pontess tandhé gsier s¢galpr ocess are
inseparable as in the case of the single-plate type, the encryption
process, Whiddtal SymdhroRi£ad &b P tsybhtdidzh8b@ sGhaPIoFCESSis

played back. If the optical head were moved to the barcode

stripe area by rotation phase control, without switching

between rotational phase control for the motor and rotational

speed control for the motor, phase control could not be

performed because of the presence of the stripes, and trouble

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

stopping, an error condition occurring, etc. Therefore,

as shown in Figure 43, switching to the appropriate control

mode not only ensures stable playback of the barcode but has

the effect of avoiding troubles relating to motor rotation.

The second method for playing back the optical disk of

the present embodiment will be described with reference to

Figure 38 which shows a flowchart illustrating the
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98 _ and processing involving a secret encryption key have to be
performed at the disk manufacturing factory. This neans that in the case of
the single-plate type the secret encryption key maintained in tile software
conpany have to be delivered to the disk manufacturing factory. This
greatly reduces the security of encryption. On the other hand, according to
t he nethod iAP#ERY19Y | aser processing of |aninated disks, which constitutes
one aspect of the invention, the laser trimm ng process can be conpletely
separ at ed from t Flee dieskndreplafyhetkumenbogriccessimpTorve@fwersiohaser trinmi ng
and encryption operations can be perforned at a factory of the software
maker. SinceHeh¢isechehyledul mpthsd) key that the software naker keeps need
not be delivered to the disk manufacturing factory, the secret key for

encryption can bﬁfo l%ej:f‘fitctéq1§,aftfhecP?ltsoéj?%ﬁ}‘;bazcgmi’g{%igg%ea”aker- Thi s

greatly increases the security of encrypt cri bed above) in
t he present

i nyention,,a legitiymate nuf.agt urer. can ,make, a. |l egiti mate di sk
by processi ﬁ&%ﬂg rspl%li che%elog l-cﬁ}r §6§§ qnagg}c}{ A WH@E appar at us
havi ng a processing, accuracy, of  several tens of mcrons. Though a neasuring
accuracy of R}’.efB“CE/rﬁ%isgnfﬁ%d@iePEHf,sletrh9§7 cénnpk C&cfﬁf’%@-ed%léf}c%onventi onal
circuitry contained in a consuner DVD player. By encrypting the neasured
result with traskingetisenct yappiload kiey the dtegpeiameaeonli &k opancdle manuf act ur ed.
That -99 is, the legitimte manufacturer need only have a secret key and

a measuring dighasftihs sweite,a inetsiissi bimacoutd beyinghii $h bBetwesn avhil e the
requi red processing accuracy is two or three orders of magnitude | ower)

that is, sev@ndbel®iigelh {)@'eg%’l??zfor-égﬁs ARABSd{dkdand &PG%??%&ME?' | aser

processi ng apparatus can used. the other hand, an 11Tega

TR et U et 0T ROhy NBKE BRCH S Bl AR Sp DR 1B IEELLY, 0OPY,

a physical nz%rggrgi)ersrse%eowgt%%rt '(c)he:[ régcripes are recorded or not, the
playback procedure has to perform a stripe reading operation
first, to check the presence or absence of stripes or
whether the stripes are recorded in the inner portion of the
optical disk. This may cause a problem in that an extra
time is required before the data can be actually played
back. The second playback method improves on this point.

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

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

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

single-sided structure.
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encrypted position information, that is) the position information on the
legitimate disk, rust be formed with a processing accuracy of 0. 13 a m
That is, tile lowreflective mark has to be fornmed using a processing
apparatus having a processing accuracy two orders of nagnitude higher than
that of the processing apparatus used by the legitinmte manufacturer.

Vol ume product i bm thiet bresenacénventyiohj giseshbyn tinoFoguter 800f theagni tude, i.e.)
with an accuracy of 0.1 a m is difficult both technically and

econom cal |gpnteyEMAt Féveridedeseaabl forftrblr atallarea BNt production of
pirated disks can be prevented during the life of the DVD standard. One

Poi nt. of By ENsRNodrfaifs SXICAl Leffie bRBLerdBakbddiReTmasU ] g accur acy

i s general ew orders of magnitu than the proceSS|ng accuracy.
In the case, abov thod exnpl. t t that the address
coordi nate ’aﬂ%m%‘e%h??aﬁ%% o Blnte Slg&%f) t}gﬁﬁ%fere d'$ to another, as
previ ously noted, Frgrge 4 8 shows the resuét of the neasurenent of address
| ocat i ons cwtdealidieadnss fazséreavegd) imertepa?40n wsotafposter Wﬁter di sk) one
recorded by rotating a notor at a constant rotational speed, e.) with a

const ant anduelrartheelconitol dasd)is amdotded. ot Ared theno‘r}tbedpbycarlohaad ng a disk
with a constant linear velocity (CLV). In the case of a CAV disk) since a

| ogi cal addires 1r§va|r@¢?tﬁiﬂrp(?ﬂ%6hc@b§§&é §lurabrk yaagut@ickgoghgilon on the di sk,
the |l ogical address and 1ts physical angular position on the disk are

exact |y there%%ﬁfn@qga@a&@og%kﬂmhmer &'ﬁcﬁ‘%ﬁfﬁ‘rﬁm WREE- 94, Lhe other

hand, in the case since only t I near velocity is

controlled) I Qsi tion t.,he lLogical he mast er di sk
i s random 83% I%g ?% ' B 3{‘ar‘riok?‘elé’ul lI% ?ar} ﬁgu %a f’gﬂ% | ogi cal
address | ocati n actual CDs in Fig re 4 e trackin |tch, start
point) and ¥ eﬁg t3"@I 6&?%&?%%‘? T§I°P§1iﬁ Pt P%T'n d k i SdPBk en if exactly
the sanme data is recorded using the sane mastering apparatus) and these
errors accurhel ateipe esesancegabsengief identddiphyis Qal theopaotess. In Figure 4
8) the locations of each |ogical address on a first master disk are

i ndi cat ed myroched® to step 940f to initiate rotation phase control for

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

stripes are recorded on the side being played back, the



circles, and the locations on second and third nmaster disks are indicated
by black circles and triangles, respectively. As can be seen, the physical

| ocations of the | ogical addresses vary each tinme the master disk is made.
Figure 17 - 10l shows the low reflectivity portion address tables for a
-egitimate disk and an illegally duplicated disk for conparison. The method
of piracy mreceasimmwcaeds e step &40di skhdrevehe hasdbisemodedctd bed above.

This is) when master disks of CLV recording) such as a CD or DVD, are nade
fromthe sathe kogipe data 993 Wai ti dnnestperithen afpahatdisk, asndshewn in Figure
4 8, the physical location of each pit on the disk varies between naster

di sks, thatsdep 9hed,Wesp é&]ﬁrb@grhdde'm‘seswiltéke@% Pbt#{ Rfadi §heedThi s met hod
dlstanU|shes a plrated disk froma legitimte disk by taking advantage of

this char ac('toql ; ﬂ?iﬁ&ka% %[t?‘fﬁ@é |9@@ &F.ﬁ;\%},olgé/tgg ﬁhe [Fast er di sk

| evel can preve e’ 1"6gi ¢ y sinply copyi ng
data only from gLti mat k. Howe recent years e seen the
ener gence o“fheppﬁ%ift@‘:%ahﬁf%%’tp FE‘?@ léqﬁf"iﬂ)égb%i ttﬁ‘eﬁo}% %&Pa%@@é t echnol ogi es,
who can make a master disk replica identical in physical feature to a

| egi ti mat e iesRomtratempdad st Bl prhiegdcbedoriar Botatisn reaseororti@ll egi timat e
disk. In this case) the piracy prevention nethod at the master disk |evel

i s def eat edforT6LPrehagback dnd nbevdptieal hekdpis abedd dicskhprowhest i on, the
present invention has devised the piracy prevention nethod at the

reflective gentedn | efvehevdiskeitd plavbkeloitssigratedatn a reflective film
According to the nethod of the present invention, the marking is forned on

cach di sk pressgthdd ARpasiFITkehrodliih/aticehd2 1denfyplesl badi sks are pressed

fromthe master by renoving - a portion o the reflective filmin the
R PR LSERE Rt 5 st B R
'n a usual égg%% ged above, %Xgegond method has the effect of being
able to play back the stripes more reliably and more quickly
compared to the first playback method described with
reference to Figure 31.
When the PCA area is with tracking OFF, level of the noise
signal which is generated by the pits drops.
PCA signal level remains unchanged if tracking is set OFF.
Therefore, in the filtered waveform shown in Figure 35(b),
the pit signal drops, making it easier to distinguish between
the PCA signal and the pit signal. This has the effect of
simplifying the circuitry and reducing the error rate.
Furthermore, the provision of the stripe reverse-side
record identifier 948 makes it possible to identify that the

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

effect is that the barcode stripes can be played back
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i npossible to partially renmove the reflective filmw th an accuracy of
subm crons. This serves to enhance the effectiveness in preventing
duplication since duplicating the disk of the invention does not justify
the cost. Figure 1 9 shows a flowhart for detecting a duplicated CD by
using the lowreflectivity portion address table. The delay tine needed to
detect the omliiehly nir khe ayasesobrd dosblagistided dV® optided dpsk.cal head and
circuit designs of the reproduction apparatus used. This of the delay tine
TD circuit catobgimd adi chedrakeihdndestion, stbge: aheastitipestare of nass
production. The optical mark position information is obtained by nmeasuring

the number qfec%&a@&%;ente@?éti}n% thifigh! TR rbFOBR{NG FIBRE oRYRSEN ONi zi ng

signal. Due to the effect of the circuit delay tine, an error nay be caused
to detected t ptical , par k it i Rf orpatian. aresult, a

l egitimate dﬁ?{gng@ ebg?g To oﬂ%%ej ngt:ed—kagg%e%qﬁé ggpljieggtg di sk,

i nconveni enci.ng a |l egitinmate user,, sure to reduce the effect of the
circuit del ayre FRECTAS §i (¢ Oéeté"eéiéls?be FBWD%FPH;E) P43%84 at ch made on a
di sk after purchase may cause an interruption in the reproduced - 103

cl ock si gnalhackafisomghanreverse ®ifdeaof etheciddsk by ghepleingesber ement of the

optical mark position information. To address this problem a tol erance 866

and a pass cotibe86versbesiiel ndéntddier 248 and by edayited bavk athdi sk) and
while allowing a certain degree of tolerance on the neasured val ue

accor di ng t ozddae i ACfHiAlePérteAHE AEL t3bn ifen! kBB g RBOrHGYBES ON Thehe
reproduction operation is permtted when the pass count 367 is reached. the

margin all owsd ot ARGREl Al (ue 4953 surfaceopgiAneh anghpe di sk can be

control |l ed By the copyrig owner pri or e shipne the disk. This
Fepr oduced | /ChR HE408 & WBoorernoKE HhaisBted 6t ¢ MBA™ WAYEHati on from
nvent] on. 1Ak GEOBEEB) FHERgpH B 5HE SIGRATOTEATEPR 14088 1on | o perf or med)
and in step 865c) a list of optical ~mark position information is recovered.
Next) if 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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the delay time TD of a reproduction circuit is stored in the circuit del ay
time storing section 608a in the reproduction apparatus of Figure 15) TDis
read out in step 865h and the process proceeds to step 865x. If TD is not
stored in the reproduction apparatus, or if a measurenment instruction is
tecorded on the disk, the process proceeds to step 865d to enter a
reference d E@ ifHﬂﬁ jeasur enent routi ne. When address Ns-1 is detected,
the start position oP"the next address Ns is - 104 found. The franme

synchroni zi ng signal and the rqduced clogk are caunted,.and in step
865f, the refer 6E€i@éllcﬁ£ﬁ%agsa%%5§8§e e ICH“?ECglp dgg3fraMe circuit
delay tine TD is neasured and stored. This operatjon is the same as the
oper ation t dhpeowfescpppidn af evhenidt sk diher epfdéad ohegadymoaes6(7). In step
865x, the optical mark | ocated inside address Nmis neasured. In steps
865i, 865), i888kJlyarjdmBbacross appluedl itmr&f poacks omtidf neathitingn i s
detected with a resolution of one clock unit) as in steps 865d) 865y, 865f,

and 865y. Nexe)cértralegai6Brea DIBL I alieckonlt Skagbe] eclid wptioal ieadi s ent ered.
First, the circuit delay time TDis corrected. In step 865p, the tolerance

866, 1. e mabAYe %geﬂaﬁa%tcgﬁé‘w]egﬂnéﬁ%r B6ck N BBE, direk. 9B Shown in

Figure 2 0, afe read to che er ‘or not the position 1nformation
measured in,st 865g falls within the toler e tA. . lf the result is OKin
Ctep goor dABAThe atraPussaet filitBet Bl UPaTR e RE chEfea mar k count
has reached the pass count,. If the result is , then i.n step 865u the disk
is judged ag¥Bain tatﬁb‘gittlf“ﬁratjett dhe P GrF%pﬁQggﬁéﬁ%d%e%@rmtted. If the
pass count is not reached yet, the process returns to step 865z. If the
result is Nediacettepostsy Yinnpercircunfersheekeld tha eentgodedatarhet her the
error detection count is smaller than NA, and only when the result is OK)
t he processatredurtie vptstadph8s6dbwillflode iiss omn OKsitihansimeestap 865v t he
disk is judged as being an illegal - 105 di sk and the operation is
st opped. 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 pm, 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

_70_.



As described, since the circuit delay tine TD of the reproducti on apparatus
is stored in the IC ROM optical mark position information can be obtained
wi th increased accuracy. Furthernore, 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 nmadeeobrding diskt aftrépepuwnchaseptithl diBas dduditebhglct of reduci ng
the probability of a legitimte di sk being erroneously judged as an ill egal

di sk. As desgkiped daf bda-c2BPY& TRdEn AnpeYbodirEeptded BBrPidAGY Prevention
method at the reflective |layer level forns a physical mark in the pre-pit

area of the dgflpct| V?lﬁé Lﬂgi@g?r‘{ef]c'é?dg& Sé‘t’rihé@t\ﬁ‘i‘f }S’% e Erp{cg:fo%@' y

practiced physical™ mar master disk lIevel. Pira drsk
production can thus be prevented even if the. disk,is duplicated at the
mast er di sk tl%gvtjrlfStl Aet Hbteégﬁb%e%a%d diftee @’(ﬁlﬁﬂﬂuy geﬁgﬁ\?edﬁti cal - di sk
recordi ng means was used that perfornms secondary recording on a two-di sk

| ami nat ed optrépes @sskheysesondsed PhseTipes t NaThi ¥his step, physical narks
were randomy fornmed, and in the second step, the physical marks were

measur ed wi tdondigmasionngheactiiadyiras detgbf astripa8 ¥E3mislalnehadyt hird step,
their position information was encrypted and, using the - 106 secondary

recordi ng meaRsrddd1®yeteimmihed disRbwRtinORi fase BECotléedapsciaybgf code on the
optical disk with an accuracy of several tens of mcrons which was the

usual procesgj.n C n 1+S 3 i gal sikij:an i nformation
was obt ai nezﬁl\?\ﬁ ﬁg%'dziigc%rag%yf%l\?,t§#wnegxg%l%?:OBEB%L&, g?n%:{fr%%gﬁ hi gher than
t he processi accyracy, of onyentional,. apparatus._Sinece such optical

mar ks cannotgré ec?%:i’ﬁEGXWWlﬁ%?ﬁ'e 2‘58%@6&51& ‘@‘.ef gﬁ%rﬁﬁoﬁ&% comercially
avai l abl e equipnent)ﬁgafﬁuctig of pirated djsks can b revented. In the
above node GPPERBYH 1gUurge gd’seirfPHPF ithE BRI LBt &OTEN "aﬁtepo?f?racy mar k

of the invention, which differs fromone disk to another, was used as a
di sk i dent i faedr of Tieipesi tthencontirod ndataopravniteshen dinsicatidrabf

how much space is available for additional recording: this
prevents the possibility of destroying the first set of
stripes by recording more than 360° over the area.
Furthermore, as shown in Figure 30, a gap 949 longer than
one pit-signal frame length is provided between the first
set of stripes 923 and the second set of stripes 938; this
serves to prevent the previously recorded trimming data from
being destroyed.

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

between the first set of stripes 923 and the second set of
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nunber) i. e. , the disk ID, were conbined together and encrypted with a
digital signature the thus encrypted information was converted into a
barcode and witten in overwiting fashion to the prescribed region of
the~pre-pit area, thus appending an unalterable disk ID to each disk. Since
each conpl eted dis has&g diffﬁ&gptllﬁi t he Passmogp is also different. The
passwor d f ottTORES diSdk 1AJEEU 6t SOk BrPESPREr IMAOSRED eFhi s enhances password
security. Furthermore, using the secondary recording technique of the

i nvention, the Piralor dthe thétdrmdayhackedethed wiadlt be deisskibeter manent |y
maki ng the disk an operable disk. The first-half part (lI) has dealt mainly
with one - wiGh refeampcectd iFagur®d®. of the barcode in which the barcode is
used - for a pirated-disk prevention nmethod. In this case, as shown in

Figure 2, the bgh&pdde(8ity PE8Io F4€he f1848e e thei ditdRalVElsikt he prescri bed
region (stripe area) of the pre pit area. therefore, the tracking is

di sturbed i h resgli ELQ:QNT A T i Lalight is
fornmed in tﬁxgttpgge’sgrtl%bg%éér)gxgaﬁﬁ)ﬁ’ V\l%erlce“l"t ﬁgmgg; ?gggféggtéf?ﬁkg@gani s recorded,
as shown igﬁgi ure 2, it _becones. difficult to accuratel asure the

addr ess/ cl ’"86%?%’1“6(1 bt thReS HeiPEi ABER TS aYHYE LRi & BbPEm if, as shown
in Figure 39) the marking 941 is formed in a pit area 94la at a radius

posi ti on difieseéere.f thm addresadinforpatian on e eferesy iepea H44a 9723a, the
position of the marking 941 can be nmeasured stably with an accuracy of one
cl ock, as sdtowhei sanfei gadau2@ogb)ionTbf stheadisheanf beqgtlagkdbdakg able to
identify pirated disks nore stably. In'this case) by form ng a pinhole

mar ki ng desthigyhag el ¥ffedtewft qickenims thBoddski Ri&d aume 20)ernot only
errors can be mnimzed but piracy prevention can be acconplished within

the scope ofskhenguliiight sSIANAL Shdbbi E1AA! by Hikyel KNG 941 My be

recorded in the guar and area 9 own in gure 3 I nce the guard

band area 999 cont,ai ns.no data but. .address i nformati an, i s has the effect

o el arncP AuS BRI 8P 35Be i 4R ShRpk e PR i nd Hoae e ki g 04T,
position. :

In this case, the address area, an area where no

stripes are recorded, should be formed continuously along a
" length longer than one frame in the same radium portion of
the disk.

The operation steps for this method will be described
with reference to Figure 40.

When a disk is inserted, the optical head is moved to
the inner circumferential portion in step 947a. If no
tracking is achieved in step 947n, the tracking mode is
switched from phase control to push-pull mode in step 947p.
In step 947b, rotational speed control (CAV control) is
performed to play back address information. If an address

cannot be played back in step 947c, the process proceeds to
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- 108 The optical disk of the invention has a structure such that a
reflective filmis sandw ched directly or indirectly between two nenbers
resistant to laser light and a marking is formed by |laser on the reflective
film The above node of enbodi nent has dealt with exanples in which this

structure is us for secondary recqrding of a barcode, etc. and a piracy
prevention F*é‘%ﬂ]f%(ia&eﬁo H\Qt’eiﬁ‘e\/\PPT—m@g gﬁ%‘?é@iwéfédtoc Ragy Shetructure may

al so be applied to other techniques. In the above node of enbodinment, the
optical di sRChfstrhpes.nvéifitdnmddaesbeen begdaybédak beément anpixat ed by
| am nating two substrates with an adhesive |ayer interposed therebetween.

However, thpospgilvesbfetHeaPls arey ke poritidedotooveraticaen) ,a tienmber nade of a
different material, such as a protective |layer, may be used that is) any

sui tabl e st wg%d.gsep eelag ’c@%‘%e?\i%i’%”eg]a@ise,t Iggsé@folne%jev dE-ieEE‘? i's sandw ched

directly or indirectly between ers resistant to laser |ight.

Furt hernore,, in _the ove node of enbodi t).Lhe .optical disk of the

i nvention ha}ée boé’éﬁcﬁggtetaﬁbé% mz%eéo]rﬂ)rai E?%qsﬁbﬁ&d‘togs{%gthtehe menbers t hat

are | am nated, together, but other nenbers suah gf prot%ﬁﬁ;ve | ayers may be
-t ol £88P 947§

used; that RSGressyaReiybere it 1pes aTesreeorre ntthay be used.
As descri bed, according to the present invention, since an ID unique to
each i ndi vi dvegengiesty & Bn@&@rfpgéé stsipenier checkatt o Bf bdr é6de and written
in overwiting fashion - 109 to an ordinary pit area, both the pit data

and bar code jodgeal chat bshetreadt ebyio BTGt Ingessambe gptoiceas miockegs This has the
effect of sinplifying the construction of the playback apparatus, for

exanpl e. Fugghefdgpbelr By BAF a@dir8sd NPCABI leignen PR EbRfrdINUetdmtion for use
as a disk-unique I D, the invention provides a greatly 1 nproved pirated-disk

and oiher | hesalodenl) aton Bl BIEATo BRI i Sho SRPRLSS (o (e
is checked. If the presence of the PCA flag is detected,
the process returns to step 947c.; otherwise, the process
jumps to step 947m.

On the other hand, if it is judged in step 947q that
there are PCA stripes, the process proceeds to step 947f to
play back the PCA stripes. When the playback is completed
in step 947g, then the mode is switched to rotation phase
control and the optical head is moved to the outer area to
play back a pit signal. In step 947t, the PCA flag in the
control data is read: if there is no PCA flag, an error
message is issued in step 947k, and the process returns to
947m to continue the process.

(E) Next, manufacturing techniques for implementing the

optical disk barcode forming method of the invention will be

described in further detail. A barcode playback apparatus
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exanpl e) enployed a nethod that deliberately arranged pits in serpentine
fashi on when nmaking a disk nold. Such a prior art nmethod is not effective
in piracy prevention) since a pirated disk can be easily nmade by exactly
replicating the nold shape froma legitinmate optical disk. On the other
hand, accordin? to the present invention) since the marking is forned on
the refl ectimiélfalan by dedcasbeddndefls position information is coded as a
barcode, as descri bed above, the contents of them cannot be nade to

coi nci de when maki)n§iast,i Inaqgdhcwirphg craichabquéEh€onbimeetenttnded effect is
t hus acconplished. | NDUSTRI AL UTI LI ZATI ON POSSI BI LI TY As descri bed above

for exampl e cheh gRiddeatedt:altneindtiBd Py a3chE dewteabi@n is such optical disk
on which data is recorded with CLV, wherein) in a prescribed region of a

pre-pit signal afr?aahgnz:?saé %.f' tllxel arco (% srlé%?gdéiljn Ohe P4 H?EVPOL%? code is

witten in overwriting tashion - by SelecC renoving ar ective film

in said prescribed region, .and when pl ayi ng,back the, di sk by .a reproduction
appar at us, Fﬁ@i%%ﬁe@oa t}ﬂé:teéeE%ceoéOp?’a@éﬁ g%rc%%ﬁsﬁn%mtul’i’ee@h%é“gﬁti cal

pi ckup. - 111 What is clained is: 1. An optical disk on which data is
recorded, WPSA8e rSHacing predési thareferg.on desemmdthiawulsn identifier is
provi ded for indicating whether a barcode-like mark is present or not on
sai d opti calregesktionaperiodenfi f¢ er 14fid isardqbiaredpdehdrick€Lnbs khare in
respectively different |ocations on said disk, said barcode-|ike mark

di sposed i n feegiskdyber & i1akesll I GRL LIONy cABE SHednbiez0der )3 kegsmark having

a plurality of bars, each of said bars extending in a radial direction, and

3214 prescr gl 1900 i deoon ke daha BLam, bl PRV Rkl cature

i nformation g-sald ical IS recor and a gu band area,
in which at Iﬁzst an g dress is recgrded, LS égo bded het ween sai d

bar code- | i k&eEhF&tr a1 ity USEfd ASoRPPB! l&ai(:hg Feg.' 2 TARIBH i cal di sk
according to claim1; wherein one of said_bars has a | ower reflectivity
than an avereBdbtivgPHAs? \SPaging ofn 2hr kn adéo¥Rbn SeatRtotBeg1UlSEi d bars and

anot her of said bars.
repetition period is fu = 1/2t, which means that the laser

frequency can be reduced by a factor of 2. This also means
that, when a laser of the same frequency is used, the number
of barcode bars that can be recorded per second can be
doubled to fu. by using the beam deflector 931. This has the
effect of reducing the productive tact (processing tact)

by a factor of 2.

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

The beam deflector 931, formed from an acousto-optical
modulator or the like, is supplied with a deflection signal

for switching the beam between a main beam 945 and a sub-
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3. An optical disk reproduction apparatus for use with a disk on which data
is recorded, wherein in a prescribed region of said disk, an identifier is
provided for indicating whether a barcode-like nmark is present or not on
said optical disk, said identifier and said barcode-like mark are in
respectively different |ocations on said disk, said barcode-like mark
disposed [ N 1aGl 9T BEANHAL o] dctabh Whgrdl i ST bRY Gdg- 14 ke mark having

a plurality of bars, each of sal ars extending in ara di rection,
sai d appar at rising:. ke i on incliugi n_opkical head for
r epr oduci ng SsvzitgﬁggrtgohggI%u&egéﬁ?;ﬁgnﬂgéﬁrﬁg?ggﬁsgép gg{sh%,gﬁi %Iesﬂ{tbl fier

det ecti on neans detecting said identifier of said.ptical disk, and
control nea 11*01&?%1)@?[10 qq%gaasug?r_é%]r‘?eogg‘lopé&’g@i %eod%géﬂfﬁ'n sai d
identifier detected by said identifier detection neans, wherein said disk

i ncl udes a d®@at data d&t a2 aragmal ovtripg I3hdsdfenpedat ahbomherpondi ng to

physi cal characteristics of disk and a guard band area situated between

sai d controlredatdirg datard "sasdtheadebbextliokes ignak setsaiodONuasd band area

i ncl udi ng address information which is read by said optical head to

reposi tion sghotnof ikghré@adbpwedn reoporsai do gidcH blendeanea. 4. An opti cal
di sk reproducti on apparatus according to claim 3, wherein said control data

area is acoshigdeady o1 saldcAAdr GRoRLA AMeRd Abnespigloayar d band area is

confirmed. tical reproducti on apparatus according to claim a3,

wherein when said identifier _indicates a ce of said code-li ke mark,
sai d cont rolreﬁgﬁﬁsa isgréP% I éhe *&51%60'} é)gfg@%é;élgsafﬁmﬁagg%de- fi ke mark. 6.
An optical disk reproduction a rat ys cordin% to,G) aim3, wherein an

i ndi cation dMigh8 » of tied ap putachy ToRn G 2842 di sk accor di ng
claim1, wherein said address information is F ed for repositioning a

pi ckup whi ctstrénesOXai foxlatla, r e sh@en h peat dltdi skre gormad opt itbal  di sk
according claiml1l ( wherein said guard band is 300-umor nore. 9. An
optical di skdirsépr obtudhi srcafparettisnaceiordi aglaserchaise deedioadgi n when said
identifier indicates absence of said barcode-like mark, said control neans
i s signal ed oprbdudedproditaersal $l odfagtodelhsde wighka fi@quécyopti cal di sk
reproducti on apparatus according to claim4, wherein an indication of

absence of S3i1¢ BREK ﬂeﬁu%cp%-thﬂel%onﬁb%xréfi&l:-o‘i‘&l:f@lﬁé- -éan be
H AF9e. A AHse. AH A | AF. Aa9R A A, R A& AY5 " e. Aa. Au9e. AN9y. A

EE Y R T e g

12 .
DL A ALY, 5 03, B 50 SN AR o ABAP A OB M A A A oA
A

A.AL.A & AS. A A A CAY.D A A A A L Au&, A9y. Aa&y. A A@R. A. Al (. AA& A( & A A{.
A { 1 ﬁé ef%ect é% 1n¥rea§%¥g thég& ( ( {

A9. A AL. A ANTRQUEREMG tRTS has t

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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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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microcomputer sampling interval width tm, as shown in Figure

36(d).” Figure 36(d) shows a waveform after the stripe
signal width was increased to a width Bw. The waveshaped
signal is then detected with sampling pulses (see Figure
36(c)) from the microcomputer. This ensures accurate
measurement of the stripe signal.

Referring back to Figure 15, a further description will
be given. Digital data is demodulated by the PE-RZ
demodulator 942 in the above manner. The data is then fed

to an ECC decoder 928 for error correction. That is,

_78_



10968 () - @ 109%6G& () - 10%G& () - 8899@0e999i K- KF | Z109%G& () - F

10968 ()- 109%G& ()-F 109G& ()-1 109G& () - @LOYGE () - &LOYGE ()-99: M : : : +;
i K- KOF109%G&' () -. 10%G& ()-Y , 10%3& ()-s*&L0%C& ()-Y Y(109%C& ()-Y

, 8Z109GE ()-Y $-109G& () -+ W

10968 () - @ d¥uE8ef )eak3nPUS&per foimed<i x<e<deinter{eaver 928a, and

Z10% & ()-10% & ()- SL0% & () - Z10% & ()- | 10% & () -

@QO0% & () - 10%4e8-§ 9 FompM=code3 eBmpitatifon "OYeSf domed {40 KS(HeHHRK & () -
S10% & ()- 109% & ()-f109% & ()-3L10% & () - >>?N??2@@ K- KE31n10% & () - F/ z
10% & () -3, C ()35 L 1004 &' () - 3( MLO% & () -f &10% & () - 3LSMLO% & () - QEaamd
A5A%A7,(6\23Ai _3%@?‘1?}%2/ ipf f‘%?ﬁ%%%ﬁf >1o§/( &'( % ) - Y910§/( &'( % ) - F710% f&' (§) Fy510%
& (12);/3?3 -12(1/%5;&'( %;@#@g@g@{g’é{%@%& BT A0 s AU e tation to

10%&: () - F10%&: () - i BBBOOC] CCGi K- KY, 810%& () - $10%& () - Y! @O% () - FL0%& () - YnL
0% ()-Y z10%Rdnyt We108@L.() - CC. DkDDDDE K- K@f 10%&' () - | 3410% () -

0S109% ()-.s10%& ()-1, TLO% ()-*10% ()-1 Y( @O% ()- EBEXE} E~EEEEEi K@f 10%&
()-3 Figure 33(a) shows the data structure after the barcode

S109G8 () - 9@LOYUCE' () - 101010@10% () - 910% () - | 7mLO% () - EEE2FgFFFFi K- Kf @0
YC& () - 910%G% ELE ndHdYEEd (dccbOdirs (th- %é%‘i@érﬁ) embOd&aent) - IFigure 33(b)

10%6&' () - FRUGGGGBHK Hi K- Kf &910%6& () - &$10068' ( ) -

"10%G& () -1 () ) =3 - -
1096 (§) kH&ﬂ%th%%%/%fgg}&u% -éﬁ‘eﬁ BCE encoding when n = 1

$3109%6G& () - FL109%6& ().-/ L0Y%6& ()-. Z10%6& () - * @OY%G&

Crovge ()1 A3 e b3 e e b THOBIE ne (OPUES 1OWDgSgrs an
10GLOGLOGE&>10%G& () - 9y10%6& () - 710%65& () - JIJI! KAKKKLI K- KY S10% h&' () -LY10%
h& ()-110% H&Q prrerreesreetipnre ALY acgansingste)the) pygsent
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h& () - Y10% hgs1ohofr erk@¥%-dxrrekt @0 %A éng )show@%h&hé)data structure
of Figure 33(a) are performed using the ECC encoder 927
shown in Figure 1 when recording stripes on an optical disk.
With this error-correction method, a read error occurs in only one
disk out of 10" = 10 million optical disks under the condition of
that Byte error rate of 107" occurs, as shown in Figure 33(c).
In this data structure, to reduce the code data length the same
sync code is assigned to four rows, reducing the number of sync
codes by a factor of 4 and thus increasing efficiency.
With further reference to Figure 33, the scalability of the data
structure will be described. In the present invention, the
recording capacity can be varied freely, for example, within a

range of 12B (12 Byte) to 188B in increments of 16B, as shown
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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 0Os, 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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the present invention:; in this application, the PCA area

capacity can be as low as 10B. If 271B are recorded

when only 10B need to be written, the laser processing

time will increase by a factor of 6, leading to a production

cost increase. The scalability method of the present

invention achieves reductions in production cost and time.

In the playback apparatus shown in Figure 15, when n=1

as in Figure 33(b), for example, the ECC decoder 928

performs the EDC and ECC error—correction computations shown

in Figures 14(c) and 14(d), assuming that the data rows 95le

to 951z all contain Os as shown in Figure 14(b); the effect of

this is that data of 12 to 271B can be corrected for errors by
using the same program. In this case, the number of program steps

decreases, permitting the use of a small-capacity ROM in the

microcomputer.
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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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number and its corresponding digital signature 4505 are
recorded as a barcode in the PCA area of an optical disk
4506 by using a PCA writer 4507. The public key is
prerecorded on the master disk, that is, in a pit portion of
the disk. When the thus manufactured optical disk 4506 is
loaded into a playback apparatus (player) 4509, the public
key is read from the pit portion, and the ID number and the
digital signature appended to it are read from the PCA area
and decrypted with the public key. The result of the
decryption is passed to a verification section 4511; if the
digital signature data is found legitimate.as the result of
the verification, the playback operation of the optical disk
is allowed to continue. If the digital signature data is
found illegitimate as the result of the verification, the
operation is stopped. Here, if the digital signature data
is recorded in the PCA area together with the plaintext of
the ID, the result of the decryption is checked against the
plaintext of the ID to see if they match. If the digital
signature data only is recorded in the PCA area, an error

check is performed for verification. When the data is

encrypted with public key cipher, as described above, only
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y10%r&: () - 1ﬁggg%egg Eg‘gagfﬁﬁﬁg 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.

_84__



104@ 10%r& () - &S10%T& () - SL0%T& () -f 10%r& () - 10%r& () - 10%r& () - 1kdEnbC
104& 10%r& ()-*10%r& ()- (10%r& ()- &S10%m&' ()-$: 10%r& ()-1"f10%m& () - RxnbC
-1041 z109Z& () - 10m 10m

10mP10%8 () - : 10%& () - 710%& () - S/ @ 0%r& () - YR uaBnbC

104s5109%2&" ().- 00/<z -1 1097& ¥4 - 1Y @oww& 10% . & () -
&cdENbC 104 9 %‘—’1 R CRY Fé%@é% )thgli&%’@@&c%ﬁtasf’f w&‘&t(h)e 1092& () -

8] QdEMbC

.104, 109Z&' ( pprtivulzdish 469400 hey- Bagroogse fpragaonms £y-a SYeveR' () - GGUJEMD
C 104 9109%& ()-7109%& ()-f5: 109%Z& ()-93109%%& ()-1109%Z& ()- .109%&Z& ()- @bC
104" Ly10% u&afhagemeh®@%antet) 460 %nd &ave- 4 0843s&otd -1 sQ2d 10X enable

10Zy>109Z& () - W& dEbC

104F10% U&' ) ayKak@% u& () - 10% u& ()-10% u& ()-9%40% [& ()-y10% u& ()-Bu"dELC
104, &109&u&.() $109&u&.()-'109&u&.() s 10% u& ()-y 10% u& () -

10% U& 3MLO%
S%O% ug (§) -10 lﬁé ()"9&3’*%6@/r &“‘%‘63‘?%% gﬁ/%qﬁ& ?}Sk 9% o i 104 100me () -
10-u 10-u 10-uSS>10% u& ( 9 10% u& ()-I710°iu& ()ter ié&gu&h() Fu% aBnbC

104 109%Z& (yomrmgb;@&t(qn f@‘%?@?l(e) rug|ofp@zReYSanag compu
| 1092Z& ()-!, s10%H& () - 6pdEnbC 1043, &109Z& () - 3$109@Z& () - 3! 109Z& () -
| 1002& () - GREA oA, ( Pic. samma(y)edme:ndom&amb@&key F9-read
109Z& ()-3. YI09&Z& () -, 109Z& ()-3* 109%&Z& ()-3Y(109%Z& () - - dkl mxnmbC
10410%4|&'(but10&%k621he user enters his credit card number and
10ZS>109&&' () - F9109Z& () -1 7109%Z& () - F@: 109%Z& () - WABmbhC
personal code number, an encryption encoder 4607 encrypts
the entered data with the public key, and the encrypted data
is transmitted to the system management center 4610 by using
the communications channel 4620. At the system management
center 4610, a communication section 4611 reads the ID number
in plaintext from the received data, and decrypts the received
data by retrieving a secret key corresponding to the ID number
from an encryption key table 4612.
That is, the system management center 4610 keeps the
encryption key table 4612 containing mapping information for
each ID number and a secret key corresponding to the public
key. Based on the user’s credit card number and personal
code number retrieved from the decrypted data, the system
management center 4610 charges the user, and at the same
times, issues a password to the user. This password

corresponds to the disk ID and user-specified movie or

computer software contained on the disk 4604. Using the
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communication key (public key) is delivered to a press
factory where no particular security measures are
implemented, security can be maintained. Furthérmore, 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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proceeds to step 901b; if the software is not scrambled, the

installation is allowed to continue. On the other hand, if

the answer is YES, it is checked in step 901b whether the

software is scrambled or not; if YES, a connection is made

to the personal computer network in step 80lc, which is

followed by step 901d where the user enters the user ID and

software ID. If, in step 90lc, there is a drive ID, then in

step 901f the drive ID data is transmitted to the password

issuing center. After confirming payment, in step 90lg the

password issuing center performs encryption computation on

the drive ID and software ID by using a sub secret key, and

generates a password which is transmitted to the user. The

process then proceeds to step 90lh. The personal computer

at the user end computes the password by a sub public key

and compares it with the drive ID. If the result is OK, the

process proceeds to step 901n where the software scramble or

encryption is unlocked.

Turning back to step 90le, if the answer is NO, then in

step 901lh it is checked whether there is a disk ID. If
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confirming payment, in step 901j the password issuing center
performs encryption computation on the disk ID and software
ID by using a sub secret key, and generates a password which
is transmitted to the user. In step 90lm, the personal
computer at the user end computes the password by a sub
public key and compares it with the drive ID. If the result
is OK, the process proceeds to step 90ln where the software
scramble is unlocked.

In this way, by communicating with the password issuing
center via the network by using a disk ID, the software
scramble or encryption on the disk can be unlocked. 1In the
case of the disk ID of the present invention, since the ID
varies from disk to disk, tﬁe password is also different;
this has the effect of enhancing security. In Figure 22,
ciphertext communication is omitted, but by encrypting data
using a public key recorded in the PCA area, such as shown
in Figure 46, during the communication performed in steps
901i and 901j, data security during communication can be
further enhanced. This has the effect of ensuring safe
transmission of personal billing information via a
communication means such as the Internet where the security
level is low.

We will finish here the descriptions of the first-half
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(a) Laser markings are formed at random in the

anti-piraéy mark formation process at the factory. No laser
markings formed in this manner can be identical in physical
feature. In the next process step, the low reflectivity
portion 584 formed on each disk is measured with a
resolution of 0.13 um in the case of a DVD, to construct a
low reflectivity portion address table 609 as shown in
Figure 13(a). Here, Figure 13(a) is a diagram showing a low
reflectivity portion address table, etc. for a legitimate CD
manufactured in accordance with the present embodiment, and
Figure 13(b) is concerned with an illegally duplicated CD.
The low reflectivity portion address table 609 is encrypted
using a one—direction function such as the one shown in Figure 18,
and in the second reflective-layer forming step, a series of
low reflectivity portions 584c to 584e, where the reflective
layer is removed, is recorded in a barcode-like pattern on
the innermost portion of the disk, as shown in Figure 2.

Figure 18 is a flowchart illustrating a disk check procedure by
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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

_90._

()-Y
()-Y
L



104|y :-109%&' ()-y710%& () -

5F10%& ()-y3910%& ()-yl109&' ()-yf/ 109 ()-::::::5;q;;bC 104 @O%& ()- @
109%&' ()- , 109 ()-@0%& ()- 10 10 10>109& ()-;; <Wk<<=dEbC 104|

| 109&' ()-SF109%& ()-S910%& ()-S10%& ()- 109%& ()- @O () - =<=t === >WedEDC
104| Sy&y10%&' ()-fL$Z10%&' ()-f3"f10%&' ()-S 10%& ()-S10%& () -

@O0%&' ()-Wexpeernd Madkbsg is also different. To make the position

104|f 3@O0% ()-y31109& ()-f/ @O0%&' ()-f, 109& ()-f*109% ()-f(S10%& ()-??@QJAZ

Q@@ @@ﬁb%%%h Q(r’{“g‘mz(‘r)ch %Qatl%fl%{?h%%tmat%lgm (the?
1098 ()-y5310°/

104] 109 (F @éf%%% j @"*’é“%o}ﬁs %@é@‘%& Gt 10t (dec®eGy 1)~ ABRRBEETDE

, S10%&' () - @ e 41, SI00& () - * YLO% ()-f1 (
109 () - f@fa -‘)()/‘(Bg w/&qt &g{j REN -
104 910%&’ () - y?ZlO%&( ySSlO%& ) - y9310%& O-

IMLOY&: () - f Uit () - EEEECREBFIGthEr 1158, 1@%|I&r@;edf disk cannot be

10%4| & ()-, ' 10%4| & ()-10%| & ()- 10 10 10f >10%&' () - KFFFGXGGGIEbC

104| Z10%| &in- S10% & () -

&10%4| & ()-y10%}| & () - 10%4| & () - F10%}| & () - GHGHHHHI dEbC

104| @10%| & (h- Sl Q¥ o bf "HOA#E&IE,) - LO%H & () - 10%4] & () - 10%4| & ()-12Z1113J

JJAEDC 104| 910%}| & ()-F | 710%}| & ()-. 10%| & () -1

10%H & () - +Re0% & ihded QXA () 1A HPIKYYLd

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+l4
and m+267, respectively, as shown in Figure 16(8), whereas
in the case of the illegally duplicated disk these are m+24
and m+277, respectively, as shown in Figure 16(9).
Therefore, the corresponding values in the low reflectivity
portion address tables 609 and 609x are different, as shown
in Figure 17, thus making it possible to distinguish the
duplicated disk. If an illegal manufacturer desires to make
a copy of the disk having the low reflectivity portion
address table 609, they will have to perform a precise laser
trimming operation with the resolution of the reproduced
clock signal as shown in Figure 16(8).

As shown in Figure 20(5) showing the waveform of a PLL

reproduced clock signal out of reproduced optical signals,
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clock pulse, when converted to a distance on the disk, that

is, one pulse spacing on the disk, is 0.13 um.

Accordingly, to make an illegal copy, the

reflective film will have to be removed with a submicron

resolution of 0.1 pm. 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 wavéform 824 as

shown in Figure 9(a) cannot be obtained unless the reflective

film is removed.

(b) A first method of achieving mass production of

pirated disks by removing the reflective film may be by

laser trimming using a high-output laser such as a YAG

laser. At the present state of technology, even the most

highly accurate machining laser trimming can only achieve a

processing accuracy of a few microns. In the laser trimming

for semiconductor mask corrections, it is said that 1 um is

the limit of the processing accuracy. This means that it is

difficult to achieve a processing accuracy of 0.1 um at the

mass production level.

(c) As a second method, X-ray exposure equipment for

processing semiconductor masks for VLSIs and ion beam

processing equipment are known at the present time as
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equipment, the cost per disk would be very high. At the
present time, therefore, the cost would become higher than
the retail price of most legitimate disks, so that making
pirated disks would not pay and meaningless.

(d) As described above, with the first method that
involves laser trimming, it is difficult to process with a
submicron accuracy, and therefore, it is difficult to mass
produce pirated disks. On the other hand, with the second
method using the submicron processing technology such as X-
ray exposure, the cost per disk is so high that making
pirated disks is meaningless from an economic point of view.
Accordingly, making illegal copies can be prevented until
some day in the future when low-cost submicron processing
technology for mass production becomes practical. Since
practical implementation of such technology will be many
years into the future, production of pirated disks can be
prevented. In the case of a two—layer disk with a low
reflectivity portion formed on each layer as shown in Figure
33, an illegally duplicated disk cannot be manufactured

unless the pits on top and bottom are aligned with good

accuracy when laminating, and this enhances the effectiveness
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(B) Next, we will describe how the arrangement angle of
the low reflectivity portion on the disk can be specified.

In the present invention, sufficient effectiveness in
piracy prevehtion is provided by the reflective layer level
mechanism, that is, by the low reflective marking alone.

In this case, the prevention is effective even if the master
disk is a duplicate.

However, the effectiveness can be enhanced by combining it
with the piracy prevention technique at the masfer disk
level. If the arrangement angle of the low reflectivity
portion on the disk is specified as shown in Table 532a and
Table 609 in Figure 13(a), an illegal manufacturer would
have to accurately duplicate even the arrangement angle of
each pit on the master disk. This would increase the cost
of pirated disks and hence enhance the capability to deter
piracy.

(C} A further description will be given of the
operation of reading the nonreflective optical marking
portion of the two-disk laminated optical disk, focusing on
points that were not touched on in the foregoing description
of the operating principle.

That is, as shown in Figure 16, the start position
address number, frame number, and clock number can be measured

accurately with a resolution of 1 T unit, that is, with a
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show the optical mark address reading method of Figure 16.
Explanation of signals (1), (2), (3),
(4), and (5) in Figures 2 0 and 2 1 will not be given here
since the operating principle is the same as that shown in
Figure 16.

The correspondence between Figure 16, which illustrates
the principle of the detection operation for detecting the
position of a low reflectivity portion on a CD, and Figures
20 and 21, which are concerned with a DVD, is given below.

Figure 16(5) corresponds to Figures 2 0 (1) and 2 1 (1).
The reproduced clock signal in Figure 16(6) corresponds to
that shown in Figures 2 0(5) and 2 1 (5). Address 603 in
Figure 16(7) corresponds to that shown in Figures 2 0 (2) and
21(2).

Frame synch 604 in Figure 16(7) corresponds to that
shown in Figures 2 0 (4) and 2 1 (4). Starting clock number
605a in Figure 16(8) corresponds to reproduced channel clock
number in Figure 2 0 (6). Instead of the end clock number 606
in Figure 16(7), in Figures 2 0(7) and 2 1 (7) data is
compressed using a 6-bit marking length.

As illustrated, the detection operation is

fundamentally the same between CD and DVD. A first
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the low reflectivity portion is of the one-layer type or

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

greater anti-piracy effect, as previously described. A

second difference is that since the line recording density

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

as short as 0.13 um, which increases the resolution for the

detection of the position information and thus provides a

greater anti-piracy effect.

Shown in Figure 2 O is the signal from the first layer

in a two-layer optical disk having two reflective layers.

The signal (1) shows the condition when the start position

of an optical mark on the first layer is detected. Figure

2 1 shows the condition of the signal from the second layer.

To read the second layer, a first/second layer

switching section 827 in Figure 15 sends a switching signal

to a focus control section 828 which then controls a focus

driving section 829 to switch the focus from the first layer

to the second layer. From Figure 2 O, it is found that the

mark is in address (n), and by counting the frame

synchronizing signal (4) using a counter, it is found that

the mark is in frame 4. From signal (5), the PLL reproduced

clock number is found, and the optical marking position data

as shown by the signal (6) is obtained. Using this position
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to the optical marking formed on the second layer. Since
laser light penetrates the first and second layers through
the same hole, as shown in the process step (6) in
Figure 7, the nonreflective portion 815 formed on the first
reflective layer 802 and the 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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possible to duplicate the disk by aligning the optical marks
with the pits with an accuracy of 0.13 um, that is, with an
accuracy of the order of 0.1 um, but there is a possibility
that mass production technology may be commercially
implemented in the future that enables large quantities of
single-layer disks to be trimmed with a processing accuracy
of 0.1 um at low cost. Even in that case, since the top
and bottom disks are trimmed simultaneously in the case of
the two-layer laminated disk 800, the two disks must be
laminated together with the pit locations and optical marks
aligned with an accuracy of a few microns. However, it is
next to impossible to laminéte 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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and processing involving a secret encryption key have to be

performed at the disk manufacturing factory. This means
that in the case of the single-plate type the secret
encryption key maintained in the software company have to be
delivered to the disk manufacturing factory. This greatly
reduces the security of encryption. On the other hand,
according to the method involving laser processing of
laminated disks, which constitutes one aspect of the
invention, the laser trimming process can be completely
separated from the disk manufacturing process. Therefore,
laser trimming and encryption operations can be performed at
a factory of the software maker. Since the secret
encryption key that the software maker keeps need not be
delivered to the disk manufacturing factory, the secret key
for encryption can be kept in the safe custody of the
software maker. This greatly increases the security of
encryption.

(E) As described above, in the present invention,
a legitimate manufacturer can make a legitimate disk by processing
the disk using a general-purpose laser trimming apparatus having
a processing accuracy of several tens of microns. Though a
measuring accuracy of 0.13 um is required, this can be
achieved by conventional circuitry contained in a consumer
DVD player. By encrypting the measured result with a secret

encryption key, a legitimate disk can be manufactured. That
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can be used. On the other hand, an illegal manufacturer,
who does not have a secret key, will have to directly copy
the encrypted information recorded on the legitimate disk.
This means that a physical mark corresponding to the
encrypted position information, that is, the poéition
information on the legitimate disk, must be formed with a
processing accuracy of 0.13 uxm. That is, the low
reflective mark has to be formed using a processing
apparatus having a processing accuracy two orders of
magnitude higher than that of the processing apparatus used
by the legitimate manufacturer. Volume production with an
accuracy higher by two orders of magnitude, i.e., with an
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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10t 10%4 & ()-10% & ()-, 10% & ()-,F10% & ()-, mM0% & ()-10% & () - &>dEbC
10t!, & 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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210%m&' () - QRO%WHY s tal ALRUBROH Jof" 8hch @it 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 piraté manufacturers equipped with

more advanced technologies, who can make a master disk

replica identical in physical feature to a legitimate disk

by melting the polycarbonate substrate of the legitimate

disk. In this case, the piracy prevention method at the

master disk level is defeated. To prevent this new threat

of pirated disk production, the present invention has

devised the piracy prevention method at the reflective layer

level wherein a marking is formed on a reflective film.

According to the method of the present invention, the

marking is formed on each disk pressed from a master disk,
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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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bC 10t! 10948 (rpachéd;1@he margin allowed for an error due to a surface

scratch on the disk can be controlled by the copyright owner

prior to the shipment of the disk. This will be described

with reference to Figure 1 9.

In Figure 1 9, the disk is reproduced in step 865a to

recover the encrypted position information from the barcode

recording portion or pit recording portion of the present

invention. In step 865b, decryption or signature

verification is performed, and in step 865¢, 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

- 104 -



10f >109& ()-f 9109 ()- 7TL0% ()-f SSMLOY% ()- Gg$dEMbC 10t!

109@2& ()-z109@2& ()-109@& ()-1092Z& ()-Y 109&Z& ()-, 109&Z& () - $XRIEMHC 10t!Y
“109&& () - 109&& ()-109&& ()- gl09%&& ()-fmlo%&Z& ()- 9109%&Z& () - Rér dEnbC

10t !, T109@& () - *gl09%&Z& () - (109&& ()-f &L09%Z& () - 9$2109@& ()-"109%&& () - (2t dE:
J 10Z 10Z910%Z& ()-710%Z& ()-1 @GLOYZ&' ()-93

109%Z&' () - 1EOME' (The @ARMEES YnchKbxingl9ZdnkQ%&nd )thlel 988 dduckd 109& ()-13
109& ()-1109%& ()-1109% ()- 10Z50 EJE:/ 10ZI 1 109& ()-1109%& ()- Yl 109& () -

, 109& () -1 Y&k - d o hQEE (Qnd hﬁiEst/e 865f the reference o tlca§
10Zl s* " 109%& FflO%& - &10%& 0%&' ( y109%&' () -1 10% - N1dE: /

310% g () - METodU e%%c.t%ilogﬁé %éer%’?s%%éo ﬁ%e fé%% ¢ ??w%ﬁ%&@ (- 61 80EBC

1021 mL0% U& 1§)mgé%8%;ékgn%)§tgfg§%)L¥%§ 0835241%§ gg_t %qgame(;g the
operation to be described later with reference to Figure
16(7). In step 865x, the optical mark located inside
address Nm is measured. In steps 865i, 865j, 865k, and
865m, the optical mark position information is detected with
a resolution of one clock unit, as in steps 865d, 865y,
865f; and 865y. Next, in step 865n, a pirated disk
detection routine is entered. First, the circuit delay time
TD is corrected. In step 865p, the tolerance 866, i.e., tA,
and pass count 867 recorded on the disk, as shown in Figure
2 0, are read to check whether or not the position
information measured in step 865g falls within the tolerance
tA. If the result is OK in step 865r, then in step 865s it
is checked whether the checked mark count has reached the
pass count. If the result is OK, then in step B65u the disk
is judged as being a legitimate disk and reproduction is
permitted. If the pass count is not reached yet, the
process returns to step 865z. If the result is NO in step
865r, then it is checked in step 865f whether the error
detection count is smaller than NA, and only when the result

is 0K, the process returns to step 865s. If it is not 0K,

then in step 865v the disk is judged as being an illegal
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reproductlon apparatus is stored in the IC ROM, optical mark
position information can be obtained with increased
accuracy. Furthermore, by setting the tolerance 866 and
pass count for the software on each disk, the criteria for
pirated disk detection can be changed according to the
actual condition to allow for a scratch made on the disk
after purchase. This has the effect of reducing the
probability of a legitimate disk being erroneously judged as
an illegal disk.

As described in the above mode of embodiment, the
piracy prevention method at the reflective layer level forms
a physical mark in the pre-pit area of the reflective film
on the disk, 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. 1In
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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h& ()->r $"dE_@ 10, 1%0% h& ()-110% h& (), 310% h&! (3) *10% h& () - (
h& ()-S&l098h@bteinedwith anyggennary of, for example, 0.1 um,

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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L% & O - 3 0m0d ™ thh 5k Phed Fealon whetd the Berddde, OBl O
584e, is recorded, as shown in Figure 2, it becomes
difficult to accurately measure the address/clock position
of the marking. To avoid this problem, if, as shown in
Figure 39, the marking 94] is formed in a pit area 94la at a
radius position different from the radius position of the
stripe area 923a, the position of the marking 941 can be
measured stably with an accuracy of one clock, as shown in
Figure 20 (5). This has the effect of being able to
identify pirated disks more stably.

In this case, by forming a pinhole marking destroying
only a few tracks, as shown in Figure 39, not only errors
can be minimized but piracy prevention can be accomplished
within the scope of the current standard.

Alternatively, the marking 941 may be recorded in the
guard-band area 999 shown in Figure 30. Since the guard-
band area 999 contains no data but address information, this
has the effect of avoiding destroying already recorded data

by recording the marking 941.
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other techniques. In the above mode of embodiment, the

optical disk of the invention has been described as being

fabricated by laminating two substrates with an adhesive

layer interposed therebetween. However, the adhesive layer

may be omitted, or instead, a member made of a different

material, such as a protective layer, may be used; that is,

any suitable structure may be used as long as the reflective

film is sandwiched directly or indirectly between two

members resistant to laser light. Furthermore, in the above

mode of embodiment, the optical disk of the invention has

been described as comprising substrates as the members that

are laminated together, but other members such as protective

layers may be used; that is, any member that has resistance

to laser light may be used.

As described, according to the present invention, since

an ID unique to each individual disk, for example, is

converted into a barcode and written in overwriting fashion

- 109 -



10968 () - S1O%E' () - 9210938 () - 10%46& () - 1+272223L3dEYNC

10* S1096G& () -1 (109%6G& () - @RLOUGE () - $S10%GE () - S! 10%46& () - 10%46&' () - L3333, 4i 4
4dEYNC

10@109%63& () -, S5- 10%G& () - 9310%G& () - 1Z109%G& () -. 10%3&' () -, , MLOYGE () - 44444
4 5?75|5_@10Y z10%4| & ()-!,4"10% | & (): 10%| & ()- 10G 10G

10GLS> 10%RP (A0 odunpnicPi § -ansas nide6he Rat datd and Barcode data

10@rL0%t| & () -s10%| & ()-z;O%lL&' ()-mLO%H| & ()-s10%H & ()-s

10%4| & () - 60aGhe77eE @v10$impdhe’ $ame opbeH 1&piski®100dh&s (Has the

10%4| & () - 10%4| & () - YS10%}| & () - 73808888+9dE_@ 100310%4| & ()-. Z10%4| & () -

, 1096 & () - ef ld%Ab& {)mpYG 1PPAY &hé)con®Z00tH o0&’ 6F -tHRg8Pyback: dYNC 10 104|

104] 104| 9>10%4| & () - 910%4| & () - F7ml0%4| & ()-5MLO%t| & ()-310%4| & ()-:W: :;

2:2; aBYNC 194 J0%:N& (Al 20%N& ()-1s 10% h& ()-1F 10% h& ()-!,
" 1é%ilh&' ()-lg‘l)l%%?ﬁggg( 590211 ??@%ﬁ’&%aﬁc 1010% & ()-10% h&' (§ 2| 10%

h& () -1 SMLO% h&p( )z &10% h& ()}-110% h&. () -<<bzk===>dEYNC 10*10% h& () - Y( 10%
h& 8 , &10% he %}ﬁli‘/é%f%{o ﬁ&'@?’& )"Pli%%%/‘??g&f’%‘g f@%ﬁh‘@ (p)O-Sg%&IILﬂ?e?dE:{NC (12)\/710%0
h& ()- @10% h& ()-310% h& ()-010% h& ():.10% h& ()-,| 10%

h& Eg-g???%@é@g@@&cfféw%%ﬂ(s)@ %’cﬁ%ﬁléﬂ% @%H‘g (15“-’9%{)% 10 h 10 h, >&10%

h& ()-s910% h& () - QaaadbAi AAdEbC 1010% h&'%- 10% h&' ()-s10% h& ()-Yz10%

h& () - @10%%1&321@%%&11)%5%8@%@ shompchether liddegahg ()-1t10%

h& ()- @0% h& ()-2z10% h& ()-10% h& () - BCTCCCC) DAELC 10Y 010% h& ()-. 10%

h& ()-S, Y108ami&'catidt Tkt ion- Yaatddd by 9 coipped&té ) theDpPDRPEEEEd YNC 10
10 h 10 h 10 h=10% h& ()-9910% h& ()-710% h& ()-4@0% h& ()-210% h& ()-E;

EWEEE F] F} "2\NC AOF @5 8révention technique of the prior art, for
example, employed a method that deliberately arranged pits
in serpentine fashion when making a disk mold. Such a prior
art method is not effective in piracy prevention, since a
pirated disk can be easily made by exactly replicating the
mold shape from a legitimate optical disk. On the other
hand, according to the present invention, since the marking
is formed on the reflective film by a laser and its position
information is coded as a barcode, as described above, the
contents of them cannot be made to coincide when making an
illegal duplication. The above~described effect is thus

accomplished.

INDUSTRIAL UTILIZATION POSSIBILITY
As described above for example the optical disk of the present
invention is such optical disk on which data is recorded with CLV,

wherein, in a prescribed region of a pre-pit signal area on said
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and another of said bars.

3. An optical disk reproduction aé)paratus for use with a disk on which data is
recorded, wherein in a prescribed region of said disk, an identifier is provided for
indicating whether a barcode-like mark is present or not on said optical disk, said
identifier and said barcode-like mark are in respectively different locations on
said disk, said barcode-like mark disposed in a circumferential direction, and said
barcode-like mark having a plurality of bars, each of said bars extending in a
radial direction, said apparatus comprising: reproduction means including an
optical head for reproducing said barcode-like mark on said optical disk; identifier
detection means for detecting said identifier of said optical disk, and control
means for controlling a prescribed operation based on said identifier detected by

said identifier detection means, wherein said disk includes a control data area for
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10.

holding data corresponding to physical characteristics of disk and a guard band
area situated between said control data area and said barcode-like mark , said
guard band area including address information which is read by said optical head
to reposition said optical head away from said guard band area.

An optical disk reproduction apparatus according to claim 3, wherein said control
data area is accessed after said address information in said guard band area is
confirmed.

An optical disk reproduction apparatus according to claim 3, wherein when said
identifier indicates absence of said barcode-like mark, said control means is
signaled not to reproduce said barcode-like mark.

An optical disk reproduction apparatus according to claim 3, wherein an
indication of absence of said mark is output.

An optical disk according claim 1, wherein said address information is used for
repositioning a pickup which reads said data recorded on said disk.

An optical disk according claim 1, wherein said guard band is 300-um or more.
An optical disk reproduction apparatus according to claim 4, wherein when said
identifier indicates absence of said barcode-like mark, said control means is
signaled not to reproduce said barcode-like mark.

An optical disk reproduction apparatus according to claim 4, wherein an

indication of absence of said mark is output.
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