; e3eaR*"$Rv6TRCs/ z | ~Ad~~~~~ 1 ~E~, ~~, 10~~~~~ 19~1~ AN OPTI CAL DI SK, AN
OPTI CAL DI SK BARCODE FORM NG METHOD, AN OPTI CAL DI SK REP

‘APPARATUS) A MARKI NG FORM NG APPARATUS, A METHOD OF 'FCRMRW" MRKI NG
ON AN OPTI CAL DI SK, AND A METHOD OF MANUFACTURI NG AN OPTI CAL Dhﬁ%* NI CAL
FI ELD The present invention relates to an optical disk, an opti cal” di sk

barcode formi ng nmethod) an optical disk reproduction appan'mmmﬂmmﬂm,ﬂﬁi ng
form ng apparatus) a nethod ongfC%f@ﬂqoﬁ | aser mar ki ng on i sk,
and a nmet hod of manufacturing an optical di sk. BACKGROUND ART+gbodort he

manuf acturi ng process of optical disks, it has been commonly practiced to
record a serial nunber, |ot nunber, etc. on each optical disk in the form

of a barcode. Singe informati n e it a pit information
area of the opti ¢ |0P§5§&3 Iﬂtsgha@‘} Qggﬁ% ﬁgélf 33@886@ %ﬁﬁﬁﬁt he bar coded
information to a non-informati on area) or unused space, on the optical

di sk. Wen rMFHEBuGMGPTHIAL DRSK BEERY @J&ﬂNaMPABMIE%l ANARKING he pit
information is read by an optical pickup; to read the bar coded

i nformati on HORMINGSAPRABATIS| AnMETRHOD, O tRORMENGE dr UASER MARKINGNOMN- i nf or mat i on
area) however, a separate reading device has.been used. In the above prior
art optical AN 9RTIGCAINOESKNIANDNRIMETHOB 20F MANGFACTSRINGIANNORTIEAL and t he i ke
is not recorded in a pit area but recorded in a non-information area, as
descri bed abpisx) 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 view of the above problemw th the prior art, it is

TECHNICAL FIELD

The present invention relates to an optical disk, an
optical disk barcode forming method, an optical disk
reproduction apparatus, a marking‘forming apparatus, a method
of forming a 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 reéord 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



an object of the present invention to provide an optical disk wherein data
such as a disk ID nunber, etc. is converted into a barcode and recorded in
a pit area in overwiting fashion) thereby permtting the use of a single
optical pickup to read both the bit data and barcode data. It is another
object of the invention to provide a barcode form ng nmethod) etc. for such
an optical disk. The first invenion is an optical disk on which data is
recorded wit WREH BhdVioh "SR hPEESESkPEA EEbON @2 mkerdid signal area
on said disggug§§%%r part 3? a‘g%rcoggsis witten in overwiting fashion by
selectively re i ng L1\ i lmy ai.d [ :regi on. The
second i nventl gﬁgiﬁ;&aﬁngﬁdagg{)ﬁ di gé’ a}{(;ggjgp%?’nﬁ Pgﬁﬁggf?ﬁatﬁgnventi on)

wherein a contr.ol data area i,s provided for hol ding therein physical
feature infd Wﬁoli"ﬁscgﬁﬁ%r”rﬁeﬁg said optical disk) and an identifier for

i ndi cating the presence, or absence of sai arcode is.recorded in said
control data aredh Hicabaye @Tiew &iti epticaldi st FHnpe (‘JPE‘V"‘&(’E(’:‘&? ding to the
second invention) wherein a guard-band area where no data is recorded is
provi ded bet oaenyisgial seshak aiumben andr the dalie sk dopreeserdesbdnr @gi on of said
pre-pit signal area. The 4th invention is an optical disk according to the
first inventpbn.arehend mresardddbim eodentimfbonaeidni areaichsa manner that two
or nore barcode signals cannot occur within one prescribed tinme slot. The

‘5th inventi ofesdidBdofoveal a Hephkravecorading Hevideehds mad tenbention) wherein
sai d barcode contains data at least including ID information uniquely given

to said optigabhyidedkin H¥di01dh kBVEN LSlal SpRicAPhicRAlp, dikhk according to the
5th inventioh, wherein said barcode contains data including, in addition to

said IDinfo ' e, :key:. | L enerynt | cti.on
correspondi ngg%ftgggdgﬁ%q?hf%rlﬁgt }rgc‘;{egggl %dé‘ﬁ%‘%(’ﬁéﬁyk@f; t?‘g %Is)%gfa?g encrypt
prescribed data, and the encrypted prescribed data is

apparatus construction.

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,andvbarcode data.

It is another object of the invention to provide a barcode
forming method, etc. for such an optical disk.

The first invenion is an optical disk on which data is
recorded with CLV, wherein, in a prescribed region of a pre-pit
signal area on said disk, all or part of a barcode is written in
overwriting fashion by selectively removing a reflective

film in said prescribed region.



transmtted to an external party in order to obtain fromsaid externa

party a password required to reproduce said optical disk. The 7t1l1
invention is an optical disk according to the 5th invention, wherein said
IDinformation is encrypted or applied a -3 digital signature to. The 8th
invention is an optical disk according to the 7th invention, wherein a
secret key of a public key encryption function is used when applying

encryption or a.ﬂkg%éc%lndslrg}g%?itt%r? itsoar§6gp¢k£)1 idrlfs .rg%toirg?%%n-li?etﬁ% h invention

is an optical di's ccording to any one of ‘Inventi ons irst to 8th ,
wherein said,opti.cal disk is construc%eqahrgh1tmo disk-sqgs reat es | am nat ed
t oget her. Thit TotAVERGASR: | WIPTRLN h COPFTHadab? AFeBatt RI8VILFHTRE et hod
wherein pulﬁegy!aseﬁ IL%ht froma,light %gurce.is made into a.rectangul ar
beam pat t er ROE{iNgsther eify Bhysicgl taatihe i ndpgmation FRCeERRE S2iBeam pat t ern
is focused on a reflective filmin a pre-pit signal region in a prescribed
radi us port PekieHl dislopwandaan ddektidiennfuh 1t cat188 r eOPHRIENCENOT at t he
sanme time, said optical disk is rotated, thereby formng a plurality of

rect angul ar abeénexofvsaiid barceieniedecoydethsnasaial bantwdedata talfeasane radi us
portion on said reflective film The 11th invention is an optical disk

barcode form ng Tt hhirddeesstiog (o dnheplidal divleattoryinghes ethe sedothd
optical disk includes a control data area for holding therein physical

feature infanyektQdn, CRRGRIAI AGudalichaRt hfed wibsk noaRstAnsi degyridbiers for
i ndi cating the presence or absence of said barcode is recorded in said

cortnel oot BRiERe, E IR Of S aPlog syt tsene uyeo,
said pre-pit signal area.

The 4th invention is an optical disk according to the first
invention, wherein said barcode is formed in such a manner that two
or more barcode signals cannot occur within one prescribed time slot.

The 5th invention is an optical disk according to the first
invention, wherein said ba;code 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 o;der 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



such a manner that two or nore barcode signals cannot occur within one
prescribed tine slot. The 13th invention is an optical disk barcode form ng
‘met hod according to any one of inventions from10th to 12th, wherein said
optical disk is constructed fromtwo di sk-substrates | am nated together.
The 14th invention is an optical disk reproduction apparatus wherein
recorded contents of a recording area, recorded by formng pits on an

opti cal disﬁ} are_reproduced by using a rotational phase control for a

mot or, whi | 18348} FEENAG¥ESeRPs of a different recording area other than
said recording area, recorded by selectively formng |owreflectivity
portions on a reffhecdithvéntention nissandonfiicpbrdimk pecddnadtoatta, 7ty e
roproduced by using rotational speed control for said notor, and tHhe
recorded conirevensiof, shiedeire@oseimeg berafandpublécriesyoededyrdant efiirstodn sai d
different recording area are both reproduced by using the sane opti cal

pi ckup. The iStusednvigsi iappl yisigaenapbttal odi skdigdpabdigha tureappasaitdusD
according to the 14th invention, wherein tracking control is not perforned
in said diffesedmat€s®rding area. The 16th invention is an optical disk
reproduction apparatus according to the 14th invention) wherein tracking

control is, in efﬁh@%%}} Hﬁf’és i¥Rdid nnSah o A f AesientcsR6QEH AN 6% ofhe 17th

invention is an optica reproducti on apparatus according to the 16th

i nvention) wh ' r ( I d i rof:at Lhonal. s :t.h e
achi eved i n""gg?%ltgpﬁ ?efrilé)ﬁt H}%ﬁ tgrpgzcglofd‘?}}%%g?e%@f blg{;llac& lrgta il%ng(fns\gﬁg&s%db
control were.appljed,.The 18th invention is an.optical disk reproduction
appar at us ach&EﬂW8 gﬁﬂiﬁE%iHFﬁan Pﬁgﬁ!%ﬁﬁ%vgﬁh the rotational speed of
said notor in saig r ti,onal speed control .is, maintaiped at, a prescri bed
val ue based on a ﬂ@sgbﬁah dBVeried b ar?eﬁ%h’rqaﬁggés iPRT gﬂﬂﬂwgpﬁ?&%i sai d
different recording -area, The 19th invention is an optical djsk

reproduct i on whppeitapusseddesen ddehb firea adiight nsaurceols maderigite said

|l ow-reflectivity
rectangular beam pattern by using a rectangular mask and said

rectangular beam pattern is focused on a reflective film in a pre-pit
signal region in a prescribed radius portion of an optical

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

optical disk is rotated, thereby forming a 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 llth invention, wherein said barcode is formed in



portions are a barcode fornmed by selectively renoving said reflective film
The 20th invention is an optical disk reproduction apparatus according to
the 14th invention whererein said lowreflectivity portions are a
barcode,said diffrent recording area is al so such area to which contents
are recorded with pits, and when reproducing the recorded contents of said
different recording area) a high-frequency-conponent signal generated
during reproduction of said pits which are fgrnend in said differenE.
recordi ng ar e#Ghsar BRANRCEALhAL EFP ATHRPEY DIFcade SiBRALS CAMqe PFCHRI&RYN one
making it possible to separate a signal whicch is reproduced from said
barcode. The pPescribgdrimersliod. an optical disk:reproduction apparatus
according to the 14th invention, wherein said lowreflectivity portions are
a barcode, and wh&herBthotnxamigon his recentdeal atiskebarcode Saimdngenethod
different recording area, the width of a signal obtained by reading said

barcode is ingt@adédgtto anprewcol biedent tins &nch tll0eh teedluhedvherein sabihl i ng
pul ses froma control section. The 22nd invention is an optical disk

reproduction gppRHAt ¥5si@G ek s Fud 2 FYo o0 i k¥R iranes fTamhdtdd thgether.
21st, wherein said optical disk is constructed fromtwo di sk-substrates

ot o0 e TS gL S B8R ORLe il a0R
el 8 CORhEL It el RO JSEALAY WU SALOLSAIGE o
Lhe Presence o ahoences oh SEISAL PR Serardat e el cont rol ol
according 1o o o o dontrol Fof: & motor, while Tecordsd Gontents ofa ° O
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 of said recording area
and the recorded contents of said different
recording area are both reproduced by using the same optical pickup.
The 15th invention is an optical disk reproduction apparatus
according to the 14th invention, wherein tracking control is not
performed in said different recording area.
The 16th invention is an optical disk reproduction apparatus
according to the 14th invention, wherein tracking control is,
in effect, performed in said difféfent 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



said control data area and judging the presence or absence of said barcode)
it is determ ned whether an optical pickup should be noved to an inner
‘portion or an outer portion of said optical disk. The 25th invention is a
mar ki ng form ng apparatus which conprises: marking form ng nmeans for
applying a marking on a reflective filmformed on a disk; marking position
detecting neans for detecting a position of said marking. and position

information witj.ng neans.for. convertin t 7 east sai etect ed

posi tion i nFSF?r’é‘{‘i“ naGHa iLhf %"r‘ﬁﬁ%%ﬁ@Bﬁgéﬁ‘ﬁFﬁg"%ﬂéF&i p"‘%%let ?@éﬂiegf or mat i on
into a barcode,,ﬁﬂp for selectively renoving,said rg&legtive filmto wite
sai d barcode to dBER davention &% ahhPRRIGHt 415 TPREAUFSACNi ARR2EL S wher ei n
all or part of sajid barcode is witten in overw,iting fashjon t8 a

prescri bed BegPBLNgr ta Heelpth iovembionar ¥ierean siegrepiicsr! dinged ahe 26th
invention is a marking formng apparatus according to the 25th invention,
wher ei n sai dadidstotios corgaiduretedipnaimspaed doskraluBst patdainetiatated
together. The 27th invention is a marking form ng neans according to the
25t h i nvent iprescttaydeival waibdsedbint & aresudt csbtat neh byr nedwginganminbmimrdes
encrypting neans for encrypting at |least said detected position information .

or infornatiQhgeRNSE RhNehidat df feesht ikok@fy AREd.ON, and wites contents
t hus encrypted to said disk. The 28th invention is a marking form ng

apparat us accor drpg Jn! [1fchifh 118V EAdca VARSI bpPBUAL BRI hbitatys
information witing neans includes digital signature neans for applying a

digital S'grggéégﬁiﬁé)to the 14th invention, wherein said low-reflectivity

portions are a barcode formed by selectively removing said reflective
£ilm, |

The 20th invention is an optical disk reproduction apparatus
according to the l4th invention whererein

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

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

The 21st invention is an optical disk reproduction apparatus
according to the 1l4th invention, wherein

said low-reflectivity portions are a barcode, and

when reproducing the recorded contents of said



at | east said detected position information or information concerning said
position information, and the witing at |east said detected position
information or information concerning said position information nmeans
witing information concerning a result of said digital signature _8
application to said disk. The 29th invention is a reproducti on appar atus
whi ch conprises: position information readi ng neans for reading position

i nformati ondoffereRr Kidddd g iatba)l NiHel RDd1EOBECL NigBabajbdapesd biyon
information) said position information or said information being formed by

(1) appl vi N9 Y K608 1A%cA S5/ eitiiSed foma! GFIRY 0 Gudiplond(2) detecting

posi tion of converting de sald position information
or said infqQrmation into.a barcoede an Dt I e Wth

sel ecti vel y%@?rd?ﬁaﬁ{jr%‘%iwd%beﬁm@@f?%@ﬁ?ﬁn%I"séiq%nggﬁ tc%glcggﬂls‘k on whi ch
data is recorded, w V mar ki ng readin ns, for readi.ng inforpation
concerning a phy %?E“g&é‘i"?f‘%‘ﬁ’% S &) Bpﬁg‘?ﬁsaba‘ Jﬁﬁﬁ%chgé?ﬁlﬁé’iaﬁﬁg%eans for
perform ng conparjson and judgenment by using a result_of reading by, said
posi tion i nfasentdingntpcanyi ABe fadBvenidons riaon| 14y 1P ellfitngWirgred | S idhr ki ng
readi ng neans: and regroducing means for reproducing data recorded on said
optical di slopticakdislaix eonstiucded efnomt twf dikk-sbspuatiesohaminatieddipgesher.
performed by said conparing/judgi ng neans, wherein all or part of said

barcode is wittEie i23rdvatventiomdsf as ipehcdlo ddshrepeodiedonegiparaois a
pre-pit signal area on. said optical disk. The 30th invention is a

reproducti on, RRRPAIRE 4D BkCQudh NthvkAtidie #REFinnyeNT opblcalhei &k Nnaludenat
said detected position information or information concerning said position

i nf or mat i on L hetbL LAY ardd 1821 bINIAK (herBOR oy @Rcd INFRA LI Ot diiiali 510
means. The 31st"I'nvention 1s a reproduction apparatus according to
concerning said optical disk, and an identifier for
indicating the presence or absence of said barcode is
recorded in said control data area.

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

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

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

marking position detecting means for detecting a

position of said marking; and

position information writing means for converting at



the 30th invention, wherein said position information witing neans

i ncl udes encrypting nmeans for encrypting at |east said detected position
information or information concerning said position information, and said
position information readi ng neans includes decrypting nmeans correspondi ng
to said encrypting neans) and by using said decrypting neans, decrypts said
encrypted position information or information concerning said position

i nf ion.; The 32nd i i . d i : : di
he 30t h | nkaReroRh B sty ol TBERAPL: BE PRRARAER O ot ¢

includes digital signature neans f.or applying . a digital si e to at

| east said d‘ZﬁR'@@FBH‘%@é‘i‘@iRﬂ?lgh‘?‘brlﬂé?f"glrp?lg? lig‘l‘rlhoo? rfgﬂe'cgﬁgg{;# ng said
position information, and wwites,'nfg{nation. oncerni.n a.QFsuIt of said
di gital signaelacéivebl reaeyisng syl APHIGRdKe fdﬁa‘ g%i“ﬁlﬁgsﬁli on i nformation
readi ng means includes authenticating neans corresponding to, said digital
signature mebaxdodanto paspptivali disk ARt YHShedatad i FREOFEEAY Br obt ai ni ng
said position informati on froman aut hentication process perforned by said
aut henti cati 6pV,- 10 means and/or fromsaid information concerning the
result of said digital signature application) when an output indicating
correctness of sajhdraid hantoraaroroft gaid tbarsoge ddueeit tenom sai d

aut henti cati ng nmeans) said conparing/judgi ng neans performs the conparison

and | udgerent, byyitifg #4160l b ok dsBt Dtk berombE ad mzd-byt sai d posi tion
information extracting neans and the result of reading by said marking

readi ng neanﬁﬁgﬂgpEﬂ@gqxggkg%ﬁﬁgggégkﬁgkpating correctness is not produced,

t he reproduc n 1s not he 33rd invention is a nmethod of

manufacturing a diSKoeiy ihvantion is a marking forming apparatus according to

the 25th invention, wherein said disk is constructed from two
disk-substrates laminated together.

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

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

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

writing information concerning a result of said digital signature



whi ch conprises the steps of: formng at | east one disk: formng a
reflective filmto said forned disk: applying at |east one marking to said
Teflective film detecting at | east one position of said nmarking. and
encrypting said detected position information and witing sai d~encrypted
informati on onto said di sk, wherein) when encrypting and witing, at |east
said encrypted information is converted into a barcode, and said barcode is

written by %ﬁgggakyﬁLXEL RVigng.said reflective filmon said disk on which

data is rec and all or part of said barcode is witten in

overwriting fashio [ i he ' =l [gmna n said
i sk e sat Bt afeniith Ed EGsRcE Lot aBp Ak B iRChomicaRep
conprises the steps of: .formng at |east one disk; formng.a.reflective
filmto said forpﬁ’éélt’d?%RF‘P%rﬂﬁltg?%g"eﬁgl‘%ﬁ?"%ﬁé’rnﬁ?iﬁﬁﬁ ?%Slgélg reflective
film detecting,at |east one positiqon of said marking: and applying a
digital sighafermation i @ eRakdRg ey pBEPEMAgAOR rﬁoé‘rcﬁﬁ'ﬂq’t?ns%h‘b witing onto
sai d di sk, wherein, when applying said digital signature and witing, at
| east a respbsitionsanfpriegiom seigmasition dnEermradiorPr fabd d QF'%tdg,“ and
said barcode is witten by selectively renoving said reflective filmon
sai d di sk obeihg dfordad sy 1) exppl dixez wi narlding, omld reflesdive ofilgafernsgr code
being witten in overwiting fashion to a prescribed region of a pre-pit

si gnal area N, S@ gk, di 3K deThet i3zt fodituentaOnhei markidgsk(3hesmiertangrar ki ng
is formed by a laser to a reflective filmof said disk holding data witten

I
S e T e B
signature, at | gagly 33¢ ¢ S1KEYRLEHal Wi‘%n?élieg@i%lydir%tﬂﬁlng said reflective
film on said optical disk on which data is recorded with CLV;
marking reading means for reading information
éoncerning a physical position of said marking:
comparing/judging means for performing comparison and
judgement by using a result of readiﬁg 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



si gnat ur e- appended information is converted into a barcode) and said
barcode is witten by selectively renoving said reflective filmon said
‘disk on which data is recorded with CLV, all or part of said barcode being
witten in overwiting fashion to a prescribed region of a pre-pit -12
signal area on said disk. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
di agram showi ng a di sk manufacturing process and a secondary recording

process according. {o,.t resent e i - El e is atop plan view
of a disk acd8r a?hci, dt‘SQﬁ??g p8ﬁb%‘&“nén§€3qmg§§éf} é"%%%p“‘%ﬁ@ﬁ view of the disk
according to the gnbodinent, (c) is ato -an.view of 1he _disk,.according
to the enbodi mentfhe( dgllFE lé“’f’ﬁ‘é\%g\/éfsae r§8£‘¥4%ﬁ' PO \ARRRS BFUS ﬁgc%ﬁ%ll?%ag%or di ng
to the enbodinent) and (e).is wavef orm di agram of a reproduced signa
accordi ng to thee3@Hbdavaphion FYRATEAN3 s a flowchart illustrating a process
of recording encrypted position information on a disk in the formof a

bar code accor di ngSaid toesiprans épformabien weating-mgers iaciudes gnepIRiANg HigANAg
a disk fabrication process and a secondary recordi ng pxocess (part 1)
accordi ng to fdreepcegdringemtbddasersaid apected positiali agfermashomiary t he di sk
fabrication process and the secondary recordi ng process (part 2) according

to the preseninforbatiarerbhcdinigareid pesiaidn agfamastion ngnd t wo- | ayer di sk
fabrication process (part 1) according to the present - 13 enbodi nment ;

Figure 7 is a di aghai 5RQMi0 ihBeriab@oh adink seahabinictatiéoniept psrag haast
2) according to the present ;

M

corresponding to said encrypting means, and by using said
decrypting means, decrypts said encrypted position
information or information concerning said position
information.
The 32nd invention is a reproduction apparatus according to
the 30th invention, wherein
said position information writing means includes
digital signature means for applying a digital signature to
at least said detected position information or information
concerning said position information, and writes information
concerning a result of said digital signature application
to said disk,
and said position information reading means includes
authenticating means porresponding to said digital
signature means, and
position information extracting means for
obtaining said position information from an |

authentication process performed by said authenticating

_.10_



enbodi nment; Figure 8(a) is an enlarged view of a nonreflective portion of a
| am nat ed type according to the present enbodi nent, and (b) is an enl arged
view of a nonreflective portion of a single-plate type according to the
present enbodi nent: Figure 9(a) is a reproduced-waveform diagramfor a
nonreflective portion according to the present enbodinent, (b) is a

r epr oduced-waveforrn diagram for a nonreflective portion according to the

t enbodi t i d; '
nonrof | ect ive port| BRSLeBRAStbE I8 YRR PO SoRMATE it rogylt .
I [ f t di sk dyced b di sk nethod; Fi 10
"8 1 oss- sect | onaltyPE BEEAloR ERIUEE P KHLIBN of Che |am nated {ype

according to the present enbodjnent,_and@éb is a cgross;sectional view of a
nonrefl ective porthesnapfoutpit sindgratingas Ii%?ﬁﬁe%ﬁ:@gr §Hy to the present
enmbodi nent ; Figure jl [s a scheqa;ic di a ram based on an observation
through a trauthessicatiet aesnbh isi nr@h@égeﬁrqﬂﬂ pakd pathenftigatigks section of
t he nonreflective portion according to the present enbodinent; - 14

Fi gure 12(a) pheans, Csaidlscomniri nghjudgiegvmebna mirfarse ¢be dtovparssate present
enbodi nment,) and (b) is a crosssectional view of the nonreflective portion

of the di sk agrordigkhen® BhesPreshet pasiteeh nerformat ivar ebtadfal by a di agram
showi ng a physical arrangenent of addresses on a legitimate CD according to

the embodi meng ) [ I apganmAt afd addreswes oh an
illegally dup%%lcd:pg?j{%gnag%%fg?%gdnt gk}:lf\&{ecrtengodi ment: Figure 1l4(a) is a

di-agram show P@adol?irgtby( @aigfmeﬁjk%'é ere%aing 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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in further detail, (b) is a diagram showi ng an equival ent data structure
for ECC encodi ng/ decoding) (c) is a diagramshow ng a mathenatical equation
for EDC conputation) and (d) is a diagram showi ng a nat hemati cal equation
for ECC conputation. Figure I5 is a block diagramof a lowreflectivity
position detector according to the enbodinent: Figure 16 is a diagram
illustrating the principle of detecting address/clock positions of a

| ow-reflectivityhaosditonna&diodi g af Rethid efeaufEntur ifi gurddsk? which

di agram showi ng a conparison of low reflectivity portion address tables for

a | egitimte giskeantha (Jupliggated disk: Figure 18A is a flowchart
illustrating a procedure for encryption, etc. using an RSA function

according to the i JTeR - c-gure-18B is a flowhart illustrating
a position infof%éﬁﬁggzﬁﬁé%is%Pégéggﬁéccording to the enbodi nent; Figure 19

is a flowhart iflustrating,a l.ow gaflectivi,t Si ki detectin rogram
acco;ding ;o th ‘HWBBEi%ﬁﬁ?}mﬁﬁdﬁréﬁfb%P§“ﬁdd%£§§§négﬁgmﬁng a de?egteg
waveform of a first-I|ayer rking signal accordin o t.he present
enbodi ment ; Fi gu@@lﬂngsataqgﬁ%lb%% W(lf\hpﬁgtoasﬁlb‘i é’gﬂe%‘:tvbé{\?ef’olr"}’n of a

second-| ayer marking signal according to the present embodi nent; Figure 22
is a flowchart idétesitingiatgleast POACIASIRIRT O SR ABIENEPRY 1 er and t he
switching between drive ID and disk IDin a programinstallation process
according to theapslsdegta afifgotahmsignature to said detected position

information and writing onto said disk,

wherein, when applying said digital signature and
writing, at least a result of said digital signature is
converted into a barcode, and said barcode is written by
selectively removing said reflective film on said disk on
which data is recorded with CLV, all or part of said barcode
being written in overwriting fashion to a prescribed region
of a pre-pit signal area on said disk.

The 35th invention is a disk wherein a marking is formed by
a laser to a reflective film of said disk holding data written
thereon, at least position information of said marking or information
concerning said position information is encrypted or applied
a digital signature, at least said encrypted information or digital
signature—-appended information is converted into a barcode,
and said barcode is written by selectively removing said
reflective film on said disk on which data is recorded with
CLV, all or part of said barcode being written in

overwriting fashion to a prescribed region of a pre-pit

_12_



Figure 23 is a block diagramof a stripe recording apparatus according to
the enbodi nent; Figure 24 is a diagramshowi ng a signal waveform and a
trinmng pattern in RZ recording according to the enbodi nent; Figure 25 is
a di agram showi ng a signal waveformand a trinmng pattern in NRZ
recording; Figure 26 is a diagramshow ng a signal waveformand a trinm ng
pattern in PC-RZ recording according to the enbodi nent; - Ifi Fi gure 2?

is a diagragighowididadod @Ri®! Akkyi ew of disk stripes, along with signa
wavef orms, according to the enbodinment: Figure 28(a) is a perspective view

of a converging unit according to the enbodi ment, and (b) is a diagram
showi ng a stripe arrangenent and an em tting-pul se signal; Figure 29(a) is
a perspective view of the converging unit, with a beam defl ector appended
thereto) according to the enbodinent) and (b) is a diagram showi ng a stripe

arr angemnent L5 RO+ ' ; Figure 30 is a diagram show ng
t he arrangeHgﬁgFﬁﬁﬁgﬁthg@pQﬁugﬁgpgéﬁgﬂ% the contents of control dada
according to the_enbodinent: Figure 3l |is avhkgwcha%t %ILustrating how
control node is Bigulehédipe: feadramashoiagc PRV A0 M8ack stripes

according to tlZe enbodi ment; Figure 32 is-a diagramshowing a stripe area
and an addr esmocaseasansh aaselicsdans gecardiqe Breesseatddadhtt %h@ure 33(a) is
a diagram showi ng a data structure after ECC encodi ng according to the '
enbodi ment, fpPdsens embdiddmersth showi ng a data structure after ECC encodi ng
according to the enbodi mrent (when n = 1)) and (c) is a diagram show ng an
ECC error-correcthijgire@dapi id ty tae pdadi nigwt of thdiskimmdongitg to
the embodiment, (b) is a top plan view of the disk according
to the embodiment, (c) is a top plan view of the disk
according to the embodiment, (d) is a transverse sectional
view of the disk according to the embodiment, and (e) is a
waveform diagram of a reproduced signal according to the
embodiment;
Figure 3 is a flowchart illustrating a process of
recording encrypted position information on a disk in the
form of a barcode according to the_preseht 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 -



figure 34 is a diagram showi n6 the data structure of a - 17
synchroni zati on code: Figure 35(a) is a diagram show ng the configuration
‘of an LPF, and (b) is a diagram showing a waveformfiltered through the
LPF. Figure 36(a) is a diagram show ng a reproduced signal waveform
according to the enbodinment, and (b) is a diagramfor explaining a

di mensi onal accuracy of a stripe according to the enbodinent: Figure 37 is

a diagran1shgmﬁ&gg%n§ynchronization code and a laser emtting pul se signa
wavef orm Fi gure i's a diagram showi ng a procedure for reading contro

data for playback;.a rgi:ng . to: 1 e 'gqm o 3Asks a diagram

showi ng a top pl g‘rfg@i?gvfblg g (gﬁagggﬁaé\ﬁaﬁgh ~p%nﬁ@ggpl&f<e ospti cal marking as
a physical f ure according tp the ' t: Fiqu is a diagram
showi ng a pr ggb‘dh‘iaeu%rmch anj%gc%)earg%g&&@%egoi%%aﬁ o ng O~( condition
according to the enbodiment: Figure 41 is a block diagramof a playback
apparatus i mA ﬁéHWﬂﬁg rotational speed control according to the

enbodi ment: Figure 42 is bl ock di.agram of a pl ayback, appar at us

i mpl enenti ng rotaFi@ﬁ@lgégbéé é%ﬁ¥@6¥g%£&6?%i g2t ‘Fﬁglﬂﬁﬁgainent:
43 is a block diagramof a playback apparatus - 18 i npl enenti ng
rotational speedicomf al lanicetad nyrecaceesdengd@i hsmpresent

Fi gure

embodiment, and (b) is an enlarged view of a nonreflective
portion of a single-plate type according to the present
embodiment;

Figure 9(a) is a reproduced-waveform diagram for a
nonreflective portion according to the present embodiment,
(b) is a reproduced-waveform diagram for a nonreflective
portion according to the present embodiment, (¢) is a
reproduced-waveform diagram for a ﬁénreflective portion
according to the present embodiment, and (d) is a plan view
of a master disk producedvby 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 tfansmission electron microscope,
illustrating a cross section of the nonreflective portion

according to the present embodiment;
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Figure 44 is a diagramillustrating a piracy prevention algorithm according
to the enbodinment; Figure 45 is a diagramfor explaining barcode encryption
"according to the enbodi ment; Figure 46 is a diagram showi ng anot her
application exanple of the barcode according to the enbodi nent; Figure 47
IS a perspective view showi ng a nonreflective portion formed in a two-I|ayer
di sk according to the enbodi nent; and Figure 48 is a di agram showi ng a

conpari son of ad(i”igg?e qoqQs¥li nahec RASHsboonah Wichf 6f enidisest er di sks
according to the enpbodi nent. Description of the Reference Nunerals 584.

L1 GHT AVDONT B B PARA O BB L ST AN PREFERENCE VALUE) 599 LOW

REFLECTI VI TY PORTI ON. START/ END P | TEC FLECTI VI TY
PORTI ON PCS| $FeRFSSET vighpt %@ﬁ@%%\w gr@"ﬁ%@e&l)’f m}ﬁgwdfggpw TI ON
SI GNAL OUTPUT SECTI ON, 602. LOW REFLECTI VI TY PORTI ON ANGULAh POSI Tl ON
DETECTOR) sogﬁcamlzhégﬁ %W“ﬁcﬁéﬁ"g{f’@wm PO NT) 606. LOW REFLECTI VI TY
PORTI ON END PO NT, 607. TJME DELAY CORRECTOR, 81§. DI SK MANUFACTURI NG
PROCCSS) 817. SEdONuaRYl HeCORDING prorESkoVigigga IHYSKC249  MANUFACTURI NG
PROCESS STEPS, 819. SECONDARY RECORDI NG PROCESS STEPS) 820. SCFTWARE

PRODI JCTI ON RROSEGSERTERS, addsesseENoOD NesMEmase ©3 accprdingctKEeENCRYPTI ON)
833. FIRST SECRET KEY, 834. SECOND SECRET KEY, 835. COMBI NI NG SECTI ON) 836.
RECORDI NG Cl RGHodimé{. afRROR- GORRENN i0H 1 ENC@DERnerg38f REERs S OVON
ENCODER) 839. | NTERLEAVER, 840. PULSE | NTERVAL MODULATOR, 841. CLOCK S| GNAL

GENERATOR, 90§, ahDi GRMaRAT QRb196ked! OIPWESEGTgOMD k0 embid iMEBULATOR, 9l 3.
CLOCK S| GNAL

Figure 14(a) is a diagram showing part (b) of Figure 33
in further detail, (b) is a diagram showing an equivalent
data structure for ECC encoding/decoding, (c) is a diagram
showing a mathematical equation for EDC computation, and (d)
is a diagram showing a mathematical equation for ECC
computation;

Figure 15 is a block diagram of a low-reflectivity
position detector according to the embodiment;

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

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

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

embodiment;
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GENERATOR) 915. MOTOR) 915. ROTATI ON SENSOR) 916. COLLI MATOR) 9'17.

CYLI NDRI CAL LENS, 918. MASK) 919. CONVERG NG LENS, 920. FIRST TI ME SLOT,
"921. SECOND TI ME SLOT, 922. THIRD TIME SLOT) 923. STRIPE) 924. PULSE) 925.
FI RST RECORDI NG REG ON) 926. SECOND RECORDI NG REG ON) 927. ECC ENCODER)
928. ECC DECODER, 929. LASER POWER SUPPLY ClI RCU T) 930. STEPS (I N CAV
PLAYBACK FLOWCHART) , 931. BEAM DEFLECTOR, 932. SLIT, 933. STRI PE, 934.

SUB- STRI PE, 935._ DEFLECTI ON Sl TOR). .936 DATA AREA) 937.
STRI PE PRESENCE/FABSE‘NgggI mm|f%%§5%i%?w%€%+ﬁ PORTI ON, 939.
ADDI TI ONAL STRI PE PRESENCE/ ABSENCE | DENTI FI ER, 940. STEPS (FOR STRI PE
PRESENCE/ ABSENgmalt DEnTher kR IocAYR ACROFLOACEARTE EMPALMERPT) CAL MARKI NG

(PINHOLE) , 942. PE-RZ DEMODULATOR, 943. LPF, 944. ADDRESS AREA, 945. MAIN
BEAM 946. SUB- BRiANre 9B isSTH lorciREVERSRISSE B rE@ORY 1 DENTI FI ER,  949.

STRI PE GAP PORTI ON, 950. SCANNI NG MEANS) 95/. DATA ROW 952. ECC RON 953.
EDGE- SPAC! NGe PEFEG MG pd=AKSon @84ecting0progr@mVvisaRr iigaVtANE)e 955. MEMORY
MEANS, 956. OSCl LLATOR, 957. CONTROLLER, 958. MOTOR DRI VE CIRCU T, 959.

BARCODE REARLNGH MeANS) 963. MODE SW TCH, 964. HEAD MOVI NG MEANS) 965.
FREQUENCY COMPARATOR) 966. OSCl LLATOR, 967. FREQUENCY COMPARATOR, 968.

O5C1 LLATCR) 969. FW2@E§TaN%r% EMROR MENE Sedled waasfermext enbodi nent s
n n

of the present i tion wll be described below with reference to the

acconpanyi ng..drawi ngs. |n the r I.QE reinafl8keQf Ven, position

i nf or mat i ongﬁgﬁ%m?‘gegymﬁﬂ%\/ngn#@ﬁdﬁ mﬁédgﬁ??éeﬁg ?@?rﬁt o?el D, is taken as an
exanple of information to be barcoded. In the first-half part (lI) of the
description)eWPQQéwé?Wed explanation will be given of the piracy prevention

osition information as _a form.,of ID,, fall owed by, a, br
P Figure 21 is a g&agram shoé}ng.a J%teXted wav§¥orm of a

second-layer marking signal accordiné to fhe’present
embodiment;

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

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

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

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

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

embodiment;
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expl anation of how the information is converted into a barcode to conplete
an optical disk and how the optical disk is played back. In the second-half
‘part (I1)) the technique for barcoding the piracy prevention position
information will be described in further detail and in a concrete manner.
Mre specifically, the first-half part (1) deals wwth (A) Manufacturing a
disk, (B) Formng a marking by using laser light) (C Reading the position
i nformation of _the King, .¢ n i.n e iyt 1 pfiQgmat i on,
converting theFéﬁB?%r?ebls &gﬁ%@ gﬁ%@?‘ﬁagl%ﬁ Plr?(g Véb?g(l)ﬂ Q{flgl;r code) and
witing the barcode, in a pre-pit, area.of the optical di in overwiting
fashi on, aBtrYEES, Piikﬁﬂgnﬁlﬁ'hékg?%]e vageforas: d?cscl?@%gg t9) g@%r. The second- hal f
part (11) first describes (A Useful ness of the barcode for a '
| ami nat ed- eppedimenteal di sk) then proceeds to (B) Barcoding the position
"information of the marking as a disk-unique ID) (C Features of the
bar code- r ecor defti gupei 28a) disle perspectivetiedsofor EPRUATLRARE dBitrol ) and
met hods of rotational speed control during reading of the barcode) and (D)
Pl ayi ng baglkcbhéidpateothe erbatidedt,opnic) dssk.dizEeam showinha f part (11)
further deals in detail with (E) Manufacturing techni ques for inplenenting
the bar code;ug6er 4liradgsiintosnd faal emivednipypud sbrsinadxpl anation of a barcode
pl ayback appar at us (pFayer). Finally, a description is given of (F) An
exanpl e of the ?p@‘? be(HOGS £HErYPEtaNe aNikyanDtther coppirigtagi on exanpl e of
efo

t he barcode. (I re proceeding to the description of the above (A) to

(E)) we wl lrgIt!, gﬁ}g?%:ﬁéénp%.eﬁ g?;@pbeii}ﬁé’@ecf'h%rgjc@,walf:&@fﬂi%igsko manuf act uri ng

to the corrplll optlca using the flowhart of Figure 1. In

this patent specjfication) | r. trimm [ . d to as | aser

mar ki ng, whi® eﬁ‘hﬂ‘éﬂ‘}eé‘fti € digg)eolﬁ;t Fc%ﬁa#gwkﬁlﬁgkggrdi |%fot‘lr31h|5ése sinply referred
to as the barcode, stri ﬁe) mar, Ki n%; Ojr' opt i call. mar ki ng or) sonetines) as
the - 22  aprangedant and en fMdttdBaPhr¥ S H%5t) the software conpany
perfornms software authoring in software, progucti on roges 820. The

conpl eted sof t wdigure el p\addagramo feHdEsd ?\ﬁérr@n%%‘}fr‘ﬂ ny to the disk
manuf acturing factory. In disk manufacturing process 8l 6 at the disk

manuf act ur i syripes onya disk andnshetcomtents wir eontgo; PRCQGIR8818a, a
master disk is produced (step 818b), disks are pressed (steps 818e) 818g),
reflective fiol oke @mbolimenmd on the respective disks (steps 818f, 818h), the
two di sks are | am nated together (step 818i), and a ROM di sk such as a DVD

or CD is conpl etpdyfrat $P i@18M1owthadt iThestrausng dopl edredodi sdde800 i s
delivered to the software maker or to a factory under control of the

software MRk Ly MidHed: bltheRRCONVaY TIRCOR6H Bapigebask &tékpan anti-piracy

mar ki ng 584) suc e one shown in Figure 2, is formed (step 819a)) and

accurate position.infaor i H is mark is read by a measuring neans
(step 819b) ?Cocogg#éé]r}: tg@ﬁg@?ﬁmghlel nf ormati on whi ch serves as the physi cal

feature information of .the di sk, Thi [ : eat i apmation of the
di sk is encrypt ed EHess pl%f9§.la e %@égt%?tfaﬁﬁra%tgi%n is converted to a

PE- RZ- nodul at ed signal which,.is then,recqrdgd i-n, st 19d as a barcode
signal on thaddpesg BxeaSNNY désﬁa%"é:ro.rd%%ai E}W 6?\‘9@?@%@1‘ eature infornation

may be conbi ned together with software feature informati pn For encryption
in step 819c. - XFigure 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 enching
according to the embodiment (when n =1), and (c) is a
diagram showing an ECC errpr—correction capability according

to the embodiment:

Figure 34 is a diagram showing the data structure of a
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The above processes will be described in further detail. That is) a disk
fabrication process) a marking formati on process) a marking position
‘readi ng process) and an encrypted information witing process for an
optical disk according to the present invention will be described in detai
with reference to Figures 4 and 5 and Figures 8 to 12. A supplenentary
‘explanation will also be given dealing with a disk having two reflective

| ayers with reference to Figures 6 and 7. In the follow ng description, the
mar ki ng f or sgnclorongeatads cad®l t he nmar ki ng position readi ng process are
collectively called the secondary recordi ng process ggﬁ) First, the disk
fabrication procRigsirei 33 (eislescirsean showingeths SOFEEFRLAPE & process 806
shown in Figure 4) first a transparent substrate 801 %s pressed in step
(1). In stemn( 2PF, ande(a) isuehdizgranstioning ¢ Yauiferms ‘s]ﬁﬁtrFér ed to forma
reflective | ayer 802. An adhesive |ayer 804 formed from an ul traviol et
curing resi nghirpugippihiectlPPy spin coating to a substrate 803 forned in a
different processing step, and the substrate 803 is bonded to the
transparent subskigi® 88lahavi aglidzean efboeing werémodncedsigaall they are
rotated at high speed to nake the bonding spacing uniform By exposure to
external ultyravi t hatd an, sSimenbara@ngb) tikua diagrhy bondi ng the
t wo substrat%%yfgggtﬂg$ga?ﬁég@egﬁ%g?P a printed | ayer 805 where a CD or DVD
title is printed, is.printed. e LAt - i ne0 ddsgg printing.
Thus) in steg‘”( zﬁx})llf‘h‘gmgr%i(ﬂlg%sFgﬂﬁﬁq‘ngi:@%{a%p({epgptgﬁlﬁe éR%]é\l/lj(di sk is
conpleted. (B) Next) tQE mar ki ng formati on process will be described with
reference totfi Hifr 68bodiIRALEs | n Figure 4, a laser beamfroma pul sed | aser
813 such as a YAG | aser is focused through a conyverging.len 14 onto the
reflective |ayer Ri@RretY fisr #n & agbHR SHOELRG \?es‘ﬁtﬁ\f‘ﬂ’g’#a&igga‘%dghom in step
(6) in Figure 5. That is, a distinct Maveforn} such as the waveform (A)
shown in stepnd7))ldserrepirtédog aulseomianad Yy8ERfMective, portion 815 formed
in step (6) in Figure 5. By slicing this waveform a narking, detection
signal such as shpygurey38wischodingrBp showdng & REeceduren khireddiiger ar chi al
mar ki ng position information conprising an address) such as shown in signal
(d)) and an agftess dadal fewe laybadk actaidigg siognbé embadbbrentand a reproduced
cl ock count) such as shown in signal (e), can be neasured.

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 é PCA area in a tracking ON condition according to the
embodiment;

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

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

embodiment;

Figure 43 is.a block diagram of a playback apparatus
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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 fromw thin the plurality of addresses shown in Figure 5(d).
Figure 5(b) shows the physical |ocation of the specific address in
schematic form On the other hand) Figure 5(e) shows the |ogical structure
of the data. As shown in Figure 5(e)) there are mframe synchronization
signal s undgplamdtéss motatimhat spredodomtad lcaerordpug sos theider each frame -25
synchroni zation signal. Therefore) the position of the marking nmeasured by

the opti cal.gpbgiént¢an be represented by address, frame synchronization
si gnal nunber, and reproduced cl ock count. As previously stated) a

suppl enentary ey ' i dilagP8n GilN @Bt Al Ay Hhiaacyipreveatione type of
di sk (a two-| a%%‘?g?n&%ggegn%agk)mwm reference to Figures 6 and 7.

Figures 4 and 5. showed a, .dis e I )wn as a single-layer |am nated
di sk whi ch ﬂggrha%ppg%ﬁl\gg f"a&grg %‘ﬁ[iof/i:{%ér({ﬂgne substrate 80l. On the ot her
hand, Figures 6_and 7 show a,di sk general{y: k two- | ayer | am nated
di sk which has Fb&qr@cflgv‘é Iaagbar@at‘}nf%o?ﬁpis%géF?%é.gg%%l and 803. For |aser
trimmng) the processing steps ) and ,(6) .are fundanentally the same for
bot h types @icrgptien asgeepnentq &?@l aﬂ']ofilgE%l‘ht[ di fferences which are briefly
descri bed below. First, while the single-layer disk_ uses a reflective |ayer
formed from an Higurendfn 13 lamdhanangshewingcanarhey applarghiols 7090 or over)
in the two-layer disk the reflective |layer 801 fornmed on the readi ng-side

substrat e 8gtaripledoferiie barvndpaacmordgng do( the embodameating a reflectivity of
300, while the reflective layer 802 fornmed on the print-side substrate 803

is the same as tﬁighrﬂiﬁdikr‘a tResgddtave-Jiaweshaliak. a Senoafllecisveonpared with
the single-layer disk, the two-layer disk is required to have high optical

accuracy. o examplhened iR 2dRBSixE. Bvar 180drdmg! tbabeptically _10_ -

transparentpgﬁ e"uniformin thickness) and the opti cal

embodiment; and
Figure 48 is a diagram showing a comparison of address
coordinate positions on different master disks according to
the embodiment.
Description of the Reference Numerals
584. LOW-REFLECTIVITY PORTION, 586. LOW REFLECTIVITY LIGHT
AMOUNT DETECTOR, 587. LIGHT AMOUNT LEVEL COMPARATOR, 588.
LIGHT AMOUNT REFERENCE VALUE, 599. LOW REFLECTIVITY PORTION
START/END POSITION DETECTOR, 600 LOW-REFLECTIVITY PORTION
POSITION DETECTOR, 601. LOW-REFLECTIVITY PORTION ANGULAR
POSITION SIGNAL OUTPUT SECTION, 602. LOW-REFLECTIVITY
PORTION ANGULAR POSITION DETECTOR, 605. LOW-REFLECTIVITY
PORTION START POINT, 606. LOW-REFLECTIVITY PORTION END |
POINT, 607. TIME DELAY CORRECTOR, 816. DISK MANUFACTURING

PROCESS, 817. SECONDARY RECORDING PROCESS, 818. DISK
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transparency nust not :be |l ost due to laser trimmng. Parts (7)) (8)) and
(9) of Figure 7 show the signal waveforns obtained fromthe first |ayer of
the two recording-layer disk. Likew se) parts (10), (11)) and (12) of
Figure 7 show the signal waveforns obtained fromthe second | ayer of the
two-recording-layer disk. The contents of these signal waveforns are
essentially the sane as those of the waveforns described with reference to

parts (a) towﬁphmgéuiﬁmwm‘éﬁsgm“syeél@t rrsriaowpnkmﬁsemm layer is sinilar
e |

to that from rst layer) though the signal |evel is |ower than from

the Tirst | a¥loceSSVSNeS) SidCSorTHARE! ¥ UePEhNs PROCESS! Svigrss 85® bonded

together) relatiVve positlonal accuracy between themis random and can be

Cont 1ol L ed, OENCOBNG BAVES HIRSHBTcAkELMERNATEN, st opmsres Wil be

descri bed | at €am passes through the two reflective
films, to mak i]legal  di Lt Qn tnfo i first and
second Iayers&f(g&Tt k‘lé?f |%|3§t ﬁ%pw%ﬁﬁt?@plé‘%hgg@mﬂgeﬁ%‘ggﬁto mat ch t he
sanme value on the legitimte di sk. But i t u require a
near - submi cr o&3€ac@ﬁ€g@lmnclp§rﬁmat83ﬂg, E@%‘E&&&@gm&@&mkbﬂ@ iI'legal

di sks of the twol ayer ‘txpe is practically i n’gossi bl e. The_technjque for
form ng the nBREEREFS0EOMO éNﬁWB%aBBerINiTEé-W Ri $40wi FULSEINFERYAL ped i n
further detail in - 2? sections (a) to (d) belowwth reference to
Figures 8 to MADUIATOR, 8#dal CLQCKWETGNALhGENERATABL 8t yHe GENERIMBari son with a
single-plate type. Figures 8(a) and (b) are m crographs show ng plan views

of nonrefl ectigge. OPUTaSEQTAOK, red OpoRZ IMODBLATARY FiguCEOCKOGEINALs a sinplified
schemati c crosssectional view of a nonreflective portion of the two-1ayer

| am nat ed di S'GENEI@}T(Rsi O, aMOTER,] OPS! FOTATYON 8BNIOR, a91@ser beam was appl i ed
to a 500angstrom al um num | ayer lying 0.6 mm bel ow the surface of a |.2mm

t hi ck ROM di sg;oggm@mmr%lepgF?mﬁ%émnﬂmsclgl@l .SW?SK[ agjqrat ed together, and,

as ahresul t) ) € nonreflective portion 815 was formeﬁ)
. o . . 0 m
o ?‘I ?n“lm ?@N@%M@%E{?Z{Mﬁﬁéﬁ ?fiﬁ%@:ﬁ@f‘rﬁ)e?ifeﬂé?@%@p?%@?onms‘i%f’g%ﬁf’c)k
' ‘ 0 ' i d b d
a1 ong. boundar | S9The seohH L THA AT ectt e SHOHE ot Bt P2 ective

ortions. As shown in Figure 10(a), it was confirned th i gnifi t
Elarralge ?lad oc'iEﬂﬂS@d{?EQ%ﬁnggG RERIL Nri) §2|§a5%l§C%NP.éIE§IQBgfI\E}aBE§£{)I‘Q? gﬂ\gn:ou: ggg

| aser presunably nelted the aluminumreflective |layer, causing a phenonenon
of nolten al unECQENDODBRJUP2% &6G RECODBR.UMRAr | WSEBNPUERNSWIRIds due to the
surface tension. SVe call this a hot nmelt surface tension (HVST) recording

met hod. This igIRcUaMarGew eSTERS €I GAVOREAVBACK EOWCRARTO Nl $31onBBAM ani nat ed
disk 28 800. Figure 11 is a schematic diagram based on an observation

fs Q(r:giugg gﬁ{ﬁgﬁ%@g@;ggﬁegﬁggm My$3 OSTRDMEE, ( I8N SUBHITRIPEALII®Y a cross
‘ portion formed by the above |aser trinm ng
Process. DEFLECTION SIGNAL GENERATOR, 936. CONTROL DATA AREA, 937.
STRIPE PkESENCE/ABSENCE IDENTIFIER, 938. ADDITIONAL STRIPE
PORTION, | 939. ADDITIONAL STRIPE PRESENCE/ABSENCE IDENTIFIER,
940. STEPS (FOR STRIPE PRESENCE/ABSENCE IDENTIFIER PLAYBACK
FLOWCHAR&), 941. OPTICAL MARKING (PINHOLE), 942. PE-RZ
DEMODULATOR, 943. LPF, 944. ADDRESS AREA, 045. MAIN BEAM,
946. SUH—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.

=20 -



And Figure 11 shows that the adhesive |ayer of the disk has been renoved by
using solvent. In the figure, if the aluminumfilmswollen portionis 1.3
-~cmwide and 0.20 ~ mthick, the anount of increased alum numin that
portionis 1. 3 x (0. 20 - 0. 05 = 0. 195 ,u n2. The anmount of alum num
originally deposited in a half portion (5 a m of the |aser exposed region
(10 ~¢c m was 5 x 0. 05 = 0. 250 a n2. The difference is calculated as O.
250 - 0 19%ipRRnotiAifs "Bas.| REHGRTHERNS, 986! NOSCIDLAOR e§Hi val ent to

li
-0. 055/ 0. 05 means that an alum num|ayer of 0. 05 a m
thickness and 1. 1 ~c, ength, & i dqkfern : REhpG@n be safely
said that alGONIROLLER, a&tf‘lrri ﬂﬁm,é?g% mbv@nt ﬁégfiqﬁke{g%ﬂ%n portion. Thus,
the result of the analysis e ki gy j fic€s e explanation
about the atMRASHe¥ri ﬁ%ﬁ éﬁhé‘tt 8{5‘?‘35{’3@03@%@%%. '(%@?Wé will next deal
with the case of a single-plate opti I incal~di sk conprising a
singl e di sk)ERE&HEﬁ&bé}OﬁﬁMmﬁasg%nQﬂ%gk@é; %21 méﬁ@%gr pul ses of the
same power to a 0.05 ~.mthick alum numreflective filmformed on a
si ngl e- si dedCOMPARRTOR]I 963. AISCELLATOR: €369.t MOEORshown in Figure 8(b). As shown
in the figure) alumnumresidues _ 2~ _  were observed) and since these
al um num r esi dues cause reproduction noise, it can be seen that the
single-plate type is not suitable for secondary recording of optical disk

i nformation W Evabpdgnssty and a low error rate are demanded.
Fur t her nor e) ﬁg% i ogbt%e 'am nated disk) in the case of the single-plate

di sk, the protectyve 62 A I §aklhg gpdmaedinaatsbowilin Figure
10(b)) when the n’[l(;Wr 8# ee?trl”Fge‘g"%?%’!‘égﬁ%i S subj gct ed to laser trimmng. The

degr ee of darggfgg%%gglgggg}ecigg;gﬁ}ﬁ! gggerreggm deéﬁé'taéclaﬁ?mge cannot be

avoi ded even contr accuratel’y. Mreover)
according to our experinent, the .printed |ayer 805 for : creen
printing to #AneKigdhes “oq‘ead?%%l GHY z‘arm'{a?ff%ﬁg 1He8hg€0%rlg¥%r(§:ti ve | ayer
862 was damaged when its thernmal absorptanc .wgs.hi gg. I n Eﬁ case of the
si ngl epl at e dirdlormaticadfersraae Déﬁb‘b‘?"éﬁf‘of‘ﬁ}:}rc t 8213 v&'T Bfer“darfage) eit her
the protective |ayer has to be applied once agaip or the |aser cut

oper ati on shotdiknbes ey eeamee befimferwriiosi W?Rj Bﬁrecog,e tective layer. In
any case) the singleplate type may present a problemin that the |aser cut
process has to beInngiy farat-ealf rpartie (Pr edsthg) desetydonTH s linits the
application of the~single-plate disk despite its usefulness. (c) A

conpari son beywes i S 1enkt Bre will Blbeapildrant netteed i davk Pheweriéeh descri bed
above) using a two-layer |am nated disk as an exanple. As is apparent from

the above -30 osmf%n' 2% Atk e forliag ka FormhefwID| nfdilgueésyla(ayiednd 12(a).
Exposur e of theFe l'ective layer to the outside environnent due to a

danmaged pr ot e%&hl’&xa!t%ﬁrof %h%ew@ﬁfaﬂaﬁts@ws%éd\zetrlﬂed singl - pl ate type)
was not observeét even when the | aser power was increased nore than 10 tines

the opti num val ue. (After t er 11y RpefdpataVelilskyer 584
has the strucﬁl??&o‘é% C?quféﬂ%eogg{db%%? ghiﬂﬁciﬂg sancﬁ/tvi ched between the

two transparent substrates 8Ql, ,803 and, i th i | ayer 804
agai nst the ou*tsspgéy%ﬂ????%nngﬁtshet ﬁﬁ%orﬁjr ﬁggtﬁ%éwt F\febéf eég;#ég?ﬁ%@gt ecting
the structure from en(;‘(i.r onnmental effects. .gd) Angt her. enefti.gnof | am nati ng
two di sks togefdrebantddingethe 9EFadyedr AESRTL! 1L AGAPY 4 éR0r di ng is made
in the formof a barcode) an illegal manufacturer can expose the al um num

| ayer by renovitld bbedgucatibed iimefurther detaiheatchdd BCORCEEYyl e-pl ate di sk,
as shown in Figure 10(b). This gives rise to a possibi Iiti tegat nonecrypt ed
data may be tappafead Widde byedifdepblyi t ting fHmsathakfnpant zﬂ' rdegl&r t he
barcode portion on a legitinmate disk and then laser-trimmng a different
bar code. For eyappl @) idnifaethBouatirski s(B)eornied amarkanatext or
separately frommain ciphertext, in the case of a single-plate disk it is
possible to al h‘égn%*l%ébP 15&%@6%@6&@@11&@%(4 lpegét ions énffrmahiors of t war e by
using a differen assword.” However, if the secondary recording i s made on

the | am nat ed dcih%kmaar (ii?\@.omﬂ))i @nér'yfpitgh’é &heOfitibh inFormabion,

convertiing the encrypted position information into a
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difficult to separateithe | am nated disk into two sides. In addition, when
renmovi ng one side fromthe other) the alumnumreflective filmis partially
-destroyed. Wen the anti-piracy marking is destroyed) the disk will be
judged as being a pirated disk and will not run. Accordingly, when making
Allegal alterations to the |am nated disk, the yield is | ow and thus
‘illegal alterations are suppressed for econom c reasons. Particularly) in

the case of ,the two_| ayer i,.nat diuskin 9 pes-plibeaal yEagheonat e materi a
"has tenperapﬁfg? unPhﬁﬁéléip %Q?J%ﬁgoefficieﬁtsf it is nearly inpossible to

| ami nate the two di sks). once separat . HOYN agddic pi racy

mar ki ngs on opAC3 %Fﬁaﬂﬁog‘éﬁ‘gﬁg%gy@gél@% %hgnmgcghérggﬁ lga%d‘% few m crons,
and to mass produce disks. Thus), the two-I 1 Vi a greater

ef f ect i venedd1€] ﬁpb‘icragéélszﬁ' ahehth 8net tw\/\%s ﬁh% %ggnggﬁhéfgswa clearly
defined slit of a nonﬁeflec iv%gp?rtion 584 ggn b gbtained by

| aser -t ri mmifigsthéescanbent@d Esefilpets ofnEne SRRFI%ULOF &t form ng the

nonrefl ective optical ‘marking portion has been descrbgﬁg in Qﬁ% to (d)
above. (C) Neatinatéd-typecmgdcal disldiWhent BE0GesdstiorBbBarkeditus f or ned
marking will be described. Figure 15 is a bl ock diagram showi ng a | ow
reflectivitythd gokicivauiinfciaaetsroni58ite markirg estd g skrienigsarehl ective
optical marking portion, along with its adjacent circuitry, in an optical

di sk manuf act(?r IFag t RF Q€ 88 StheFbarERletbeterded- @ icallidigkafotmaltust rating the
principle of detecting address/clock positions of the lowreflectivity

bor t i on. For 6 pyent eNGACRIneXBhaRAL | aRd deiRodoldforstg ideslcspped on - deal s
with the operating principle when a read operation is perforned on a

R e R R B SR
t? an optl Ca%he barcodé—recorded optical disk. The second-half part (I1)

further deéls in detail with (E) Manufacturing

techniques| for implementing the barcode recording method,

followed b& a brief explanation of a-barcode playback

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

An exampl% of the above barcode encryption and another

application example of the barcode.

(D | | |
| Befo%e proceeding to the descriptién 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

referredito as laser marking, while a nonreflective optical

marking ﬁortion is simply referred to as the barcode,

stripe, %arking, or optical marking or, sometimes, as the
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di sk constructed fromtwo disks |am nated together. As shown in Figure 15,
the disk 800 is |oaded into a marking readi ng apparatus equi pped with a | ow
“reflectivity position!detector 600 to read the marking, and in this case,
since a signal waveform $23 due to the presence and absence of pits and a
-si gnal waveform 824 due to the presence of the nonreflective portion 584
are significantly different in signal |level) as shown in the waveform

di agram of Figure a)). they can.he clearly distinguished using a sinple
circuit. Fﬂﬁﬂﬁéc@k§$ &é“&edﬁ%d¥§ﬁF'homjng t he wavef orm of a pl ayback signa

froma PCA area, descrjbed |ater, containi t he nonrefl ective portion 584
formed by |aserFirsfht fh‘Fis@lfrt‘éa@( 5PMPaNY, PR f“ﬁrﬁ%ﬂgﬁfﬁgaﬁﬁgr%eform of
Figure 9(a) but with a different tine axis. By rempving the reflective film
by laser i ihtspfasattesredusddonisvesss mvef%‘reﬁ%"éigl%ltﬁdoq%f{%?”ﬂﬁ%i shabl e from
that of a pit signal is obtained. Rather than form ng an anti piracy

i dent i fi cat i orietavérdsy fremohenspiitwere eompary @ Hhe Aiskag - by laser

i ght, as described above) the anti-piracy mark may be fornmed by changi ng
the shape ofamifasteridghCacmayer I disk Tanafaetirdog wirocese &ésati bed bel ow.
Figure 9(c) shows the waveform of a playback si.gnal when the anti-piracy

identificatipe (RkKnNRTaboirig DictdRlj Ntheptbmpleandesoftthare dsher data pits
on the nastgr éﬁgk. 't can begseen fromthe diagramthat the waveform 824p

of the antipiracy Lognlnbhcal nabidmhksk Ssdpsbdinaul thabl B18wom the vavef orm
ata. I'n a f

of other pit hi's way, waveformsimlar to that obtained from

the PCA area.described |atef..c obg ad yed et g 1honger pits on the
master di sk G A8 Bg%ses,"dhg%e@gr chet Latlar s gL TP P i o

Fi gur o 9. Byl EBROVITGEE HESPET B f ey [ Hatby raie B T eLeRhe s be
above) a Wavdeifs(l){rsn;l?ea%igrln%/na%ieﬁt };ong%%ixgp a(%ltgpfé’l%%} ha{ir;[d a ROM disk
such as a DVD or CD is completed (step 818m, etc.).

The tth completed disk 800 is delivered to the software
maker or to}a factory under control of the software maker,
where, in secdndary 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
iﬁformatiop which serves as the physical feature information
of the dis%. This physical feature information of the disk
is encrypt%d in step 819c. The encrypted information is
converted [to a PE-RZ-modulated signal which is then recorded
in step 8ﬂ9d 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

encryptioh in step 819c.
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of a pit signal is obtalned Rat her than form ng the barcode of the

i nvention by renDV|ng ‘the reflective filmby laser light) as described
“above, the barcode nay be formed by changi ng the shape of pits on the
master disk. This master disk nmethod will be described bel ow. Figure 9(d)
-is a plan view show ng a portion of a master disk wherein pits 824q in a
few hundred tracks on the naster disk are made | onger than other data pits

.and made equal TaB@*iep%rrSQ RAgi W gfehdésr(rrbél(p ia Mreheknce reflectivity

drops in thls -35 l onger-bit area, a waveform 824 p as shown in Figure
9(c) is obt b n wavef orm 824p by
the master h g réé gl sﬁ?né%‘f@%gm %Irrg%ﬁg]egvh\gabe?ngm of other pit

data. Int veforn1s mlar to.that obtained fro he PCA area
descri bed E&F@m@@{h%ﬁﬂ%ﬁ a?rl’&‘d bye RE* éFa‘g’i & PhEtWou: 59“; this case)
however) the waveformis.a little dlfflcult to.distinguis conpared to
t he wavef ordfs e§ﬁ6¥/§f¥eg]n”tfé¥f“§t’(°é‘) WERE NEoPrfess; Rk @“9°&A§a2h®v§1f in Figure
16(1)) the start and end positions of the nonreflective portion 564 having
the above vaogetding danthre peasenty ineersdoaavidy bpedasewiibesk iBctivity Iight
amount detector 586 shown in the block diagramof Figure 15. Using the
reproduced ddtadk wignabfaentheta &igumscd andybabnd Fogirdsol tof ormation is
obtained in a lowreflectivity position information output section 596.

Fi gure 16(1)2.shawsugplenestaryeeiplanation @il bfalsbeboptivemldedlshg As shown in
Figure 15) a conparator 587 in the lowreflectivity |light amount detector

586 det ect sy{fieal aysK ‘?xfallﬁﬁ?é'thtx}’efllef‘ivep%{réx%nwDMu defegdrcRgt@n anal og |ight
reproduced signal having a |lower signal |level than a |ight anount reference

val ue 588. PHLING §NGO9t ety PRe AB11OMnAdescription, the marking

formation prbcess and the marking position reading process
are collectﬂvely called the secondary recording process.

(A) Fiﬁst, the disk fabrication process will be
described. %In the disk fabrication process 806 shown in
Figure 4, first a transparent substrate 301 is pressed in
step (1). in step (2), a metal such as aluminum or gold is
sputtered té form a reflective layer 802. An adhesive layer
804 formed from an ultraviolet curing resin is applied
by spin coafing to a substrate 803 formed in a different
processing Ftep, and the substrate 803 is bonded to the
transparent‘substrate 801 having the reflective layer 802,
and they ar@ rotated at high speed to make the bonding
spacing unifofm. By expoéure to external ultraviolet
jthe resin hardens, thus firmly bonding the two
substrases together. In step (4), a printed layer 805 where

radiation,
a CD or DVﬁ title is printed, is printed by screen printing
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low reflectivity portion detection signal of the waveform shown in Figure
16(5) is output. The addresses and cl ock positions of the start position
-and end position of this -36 signal are neasured. The reproduced |ight
signal is waveshaped by a waveform shaping circuit 590 having an AGC 590a,
for conversion into a digital signal. A clock regenerator 38a regenerates a
‘clock signal fromthe waveshaped signal. An EFM denodul ator 592 in a

denodul at i ngolsgﬁtfg?é‘lp???rtﬂ&mdpﬂ@t esn tdtepsi{Pnakhe adrdiamryECC corrects errors
a

and outputs a digl "signal . The EFM denodul ated -signal is also fed to a

physi cal add{fﬁﬁg@g&bﬁ@%&%.derﬁ BonAddegss of MSF, from Q bits of

a subcode in i's output froman address output section 594
and a synchroni zi i gnal, such.as.a fr idipg signal) is output
from a synchroni Z(ngﬁes’ﬁ%gnme Jat piis g%‘ﬁ%@é@é’%% ggrrillﬁhg cl ock regenerator
38a) a denodul ated clock is output. Ln a |ow reflectjvit ontign

addr ess/ cl ockestujbet wddy refareacqy ik %b@{rﬁlﬁt Els%'lii[ Pon fgbg,%%qu Siv i(r;)ef lectivity
portion start/end position detector 599 %fcuratel gures the start

posi stion andasend beesi fiopnaajulshe lagrr&H sueh A% %‘?t 28f’ 584 by using an

(n-1) address output section 597 and an address signal gs well as a clock
counter 598 Fagusedsthebughnazeonyersuk lengidl onta 8o deafdGl Hi%ed o ock. Thi s
met hod will be described in detail by using the waveform di agranms shown in
Figure 16. Ag.5BevEDY; Nté Forfr #smnsefidcabed poreiooBlbhas shovealn disk in
Figure 16(1), the lowreflectivity portion 584 of mark nunber 1 is forned
partially. - &fp (6) in Figure 5. That is, a distinct waveform, such as
the waveform (A) shown in step (7), is reproduced from the
nonreflect&ve'portion 815 formed in step (6) in Figure 5.
By sliciné this waveform, a marking detection signal
such as shown by waveform (B) is obtained, from which
hierarchiél marking position information comprising an
address, such as shown in signal (d), and an address, a
frame synkhronizing signal number, and a reproduced clock
count, sukh as shown in signal (e), can be measured.
At ﬁhe 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) sho@s the physical location of the spgcific address in
schematit form. On the other hand, Figure 5(e) shows the
logical %tructure of the data. 'Aé 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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- Areflection selopeisignal such as shown in Figure 16(3)) is output) the
signal level fromthe reflective portion being |ower than the |ight anount
reference value 588. This is detected by the light |evel conparator 587,
.and a lowreflectivity light detection signal, such as shown in Figure
16(5), is output fromthe lowreflectivity |light anbunt detector 586. As

“shown by a reproduced digital signal in Figure 16(4)) no digital signal is

output fro K691 QRngi NCehbfefdees tiet phsitdon ofefthective | ayer.
Next) to og%@l%ﬁrgﬁ{eﬁét}art ggd end positions of the lowreflectivity |ight

detection si aqﬁ@g'ngsr}é%%gggm@uk%%t%%%i_@kuﬂ@ﬁmé)megfmnmbd)ddv shown in

Fi gure 16(6')1 ong 'w address information. First, a reference

cl ock 605 al  addr o8 el SN B AT s o TeRaEed arlesriccatidr eos

i medi at el y2@ | ressnis tected by the (n-1) address out put
section 597, it is found that the next sync 604 is a sync at address n. The
nunber of cFbRKS CPEBIN t he synch 604 to the reference clock 605, which is

the start position of the lowreflectivity |[ght detecti hgnal, is
counted by the dsopretiousterstsoed, 'Ph?%piéll‘%‘@l?{:%duﬁfp @%ﬁigﬁl{]r@ggas a
reference delay tinme TD which is neasured by acLieI(e ence fel ay time TD
measuring séet 'ggrerﬁ%ld\orofsamraégernd‘teweiW.‘DeTﬁ@ Skchd V8t &P ti me vari es
with reproduction -38: - apparatus used for readin whi ch neans that the

reference dglaaynsidme dTE8k)\Vantesredfepenud ng kigurbe & epgb'bluct i on appar at us
used. Therefore, using the TD, a tine delay corrector 60?7 applies tine

correction) and fhe fe&skldidng &fveata idiskhgdnetrbElyskaown @sozk count for the
|l ow reflectivity portion can be measured accurately if reproduction

appar atus of _di ffeyent i ) UG hf REs reeaef @t iNeXtayeby finding the
cl ock count %%%h%aisbgra??ﬁé‘%é%?\d&%gddr essessffor_ the optical mark No. 1 in

the next track) clock mtl4 res 2 1S in % 6han in Figure
16(8). Si nceo‘ﬁydl)j on onel f)u%ﬁ]r%ttefgﬁglk §n thb2oterORAm, N dgu g

] ' 2) C K count is corrected to 12, but for
CoVeT nce 81 GSPhaRE SoieALET Pyl a, My o R apetnor oo
otarn the T fen has f?éehae}étixiem?ale[)ré ot bstn SREQTUESS ¥012RRpRASUS used

For laser £rimming, the processing steps (5) and (6) are
fundamentaily the same for both types of disks, except with
significank differences which are briefly described below.
First, whihe the single-layer disk uses a reflective layer
formed frdm an aluminum film having reflectivity as high as
70% or ovér, 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 theireflective layer 802 formed on the print-side
substrate/ 803 is the same as that used in the single-layer
disk. Sekond, 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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for reading. This method can check whether the disk is a legitimte disk or
not by checki ng whether the positional relationship of mark 1 at address n
“in Figure 16(8) relative to another mark 2 matches or not. That is, TDis
ignored as a variable, and the difference between the position) Al = al +
D, of mark 1 neasured and the position, A2 = a2 + TD) of mark 2 measured
is obtained) which is given as A1 - A2 = al - a2. At the sane tine, it is

i V‘heﬁ&;i{spé%ﬁghgf@é%ﬂﬁ??ocfiﬁtiﬁhﬁﬁckh@sééi hheranrceptalal- a2, between

the positio ecrypted mark 1 and the position information a2 of

L, Pl s B s 2oL L

at the positions can be checked
after conpensating foy,variations Qf r | {ymve TD by using a
sinpl er consti t J&&H. (’I()D) ($\7ext“5‘dt 8&?‘?’3&8&? %ﬁﬁgrﬁrget ?gﬁﬁa\l/\llri ting process
wi |l be described. The positjon inf%r,mation reafdt'hn the process (C) is
first convemgeefanmsooktainedtisem bhe tdrghddvehithtAedi*yital signature. Then)

the marking position_ information thus encrypt %aor fhgned i onverted into
a barcode agseaordiDgohaygre disk.t hélbﬁh‘tliséalpad‘l@kfl nd $He Bafc i s recorded

in overwiting fashion in a prescribed region of a pre-pitf area on the
optical dislkf Baguedd shuw ehessigsat wazgfiermsnobiagimed Dy thedi cate the
barcode witten to the prescribed region of the pre-}lgit area, that is) in
t he inner npsdechAdtifyRro6f tthe preerptérdingalayear disk 1) The ceByewfs Fi gure 3
show the process fromthe recording of the barcode to the denodul ati on of

the barcode cgmtﬁgéé C%lgﬁhg%lve?&n@;_ RFe REéseptidlayethesisgmelasdehostul ator. I n
part (1) of Figure 3) the reflective layer is trinmed by a pul sed | aser,

and a barcodes | ke g&g} Nyi SHGRF &Sz BOV datpatd) ¢8) of the

figure) is f?ﬁ ﬁg’g.w%\{ét eggq""g%%%@%b%gr atus (pl aygr), an envel ope waveform

sone portions ,of ich age mssing) as shown in part (3) of the figure, is
Loy of Figute?b.

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 informatidns on the first and
second layers for the first mark, for example, have to be

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

The technique for forming the nonreflective optical

marking portion will be described in further detail in



obtai ned. The missing portions result in the generation of a |ow | evel
signal that cannot occur with a signal generated -40 froman ordinary
‘pit. Therefore, this signal is sliced by a second slice |evel conparator to
obtain a lowreflectivity portion detection signal as shown in part (4) of
the figure. In part (5) of the figure, the playback signal of the barcode
is denodul ated fromthis lowreflectivity portion detection signal by the
PE- RZ nodul at ed sig al d(BDgu{ator. 621 which w Ilg. be de8sq:ri din detail in
t he secondséfdiirnpaka (tplf. eloy withefspracs 4Pt 8087 )° i'Ast@ad of the PERZ
modul at ed signal denodul ator 621) a pul se-w dt h nodul at ed, si gnal

denodul at oetq.RWeakired#i th dhp hﬂi‘}}“@ée‘ﬂsréé? }th CRAPRH SCRSE 1A 80) a sinilar

ef fect can be obtained. When applying the gbove encrypti ?n or digital

si gnat ur e, singlecpéatkeypef Fipubds 8 (Reyandnébl Breoni rgsEalivn i s used. As an
exanpl e of the encryption) Figures 18A and 18B show an encryption process
usi ng an RS§RodiHEChilam.vides sdfononief LEL gives opt Bead) matdngr ocess consi sts of
the followi ng major routines: step 735a where marking position information

I's measur egoﬁi&x&? aRd ilsglir&li1oKa)reiken, s BigiRf 68D sehenatithergsssi tion
information 1s encrypted (or a digital signature is appended), step 698

where the RAsEidon REPIJTRA| b2l LAGLYRIAT 18Toft ARe ShigRRIysre s verified
or authenticate in e reproguctl on apparatus, and step 735w where a
check is malde.to d tdi?rrri ne whether the disk is a legitimte optical disk or
not. First, af“ﬁ“%Eee‘l;e) 3 a, the marking position information -41 - on the
optical disk is ured in st 73 he posi{i i nf o tion is then
conpressed in s{g)gﬁé%l,a andt l@@lé%ﬁﬁ\ue&%eﬁpgsﬁsggnﬁ%rﬁ ggynati on His
obtained in step 735e. _In step 69&) I he :filge?erlt ext oé thg £Qmpr essed

posi tion i ranplaedin aHB00ANgsHEQT @dimEPunE{aXeT 1y g fe €% secret key) d,
of 512 or 102 bits) and secret keys, and q, of 256 o 512 bits) are set)
and in steptlﬁﬁ%brfmpﬁpaibﬁMs‘C}p@kf%&ﬁﬂésbﬁoﬁgl%ﬂnﬂ f¥Acti on. Wen the
position information His denoted by M Mis raised to d-th power and nod n
i s cal cul at @b thiet diskpHemieatedCiogatheremngoses a heswlitphartdext Cis
recorded on the optical disk. The optical disk is thus conpleted and is

shi pped (st gpm %33k) s1itFlike noapsdidieti vompoappar Sibisyast Bermgst i 22l di sk is

| oaded in step 735m and the ciphertext Cis decrypted in step 698. Mire

speci fical | ¥pod@nCtROSr 15 tniCrbSraphCcoF arigdre 8 @) ep 698k)s &n@5Publ i c keys)
a and n, are set 1n step. 698f then in step b) to decrypt the ciphertext C)

L Cl ber ! fibrdrledn’ Ao Blub o H RS wAalobhaveB b thE The Tesull i

cal cul ated {0 obta al nt ext e plaintext Mis the conpressed

position infor ion.H A heCh T8y i 1hyestep 698g. If no
errors, it ingng%[tclie éav? tPé)?tg%{ §I1tr’ér2ﬂi8ns ﬁgggpg&égﬁ[ﬁge {bo the position
i nformation

o O BRSSP PRSI "Gl BT e o5 show
not Tegit] mago%n Ql?i)esaggtv}eg% {:he42nonref1ective portion 815 and

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

confirmed that no significant damagé had occurred inside.

In this case, the application of the pulsed laser presumably

melted the aluminum reflective layer, ‘causing a phenomenon

of molten aluminum buildup along the boundaries on both

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

surface tension (HMST) recording method. This is a

characteristic phenomenon observed 'onlyron a. laminated disk
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operation is stopped. In the next step 736a) the conpressed position
information His expanded to recover the original position information. In
-step 736¢) neasurenents are nmade to check whether the marking is actually

| ocated in the position on the optical disk indicated by the position
anformation. In step ?36d, it is checked whether the difference between the
"decrypted position information and the actually neasured position

information falls within a tolerance. |f the-cheﬁk is OKin step 736e) the
process pr@68edFiguretldp i¥3mchemaficptasraf Rase9o?" Mt a or execute
progranms stored on the optical disk. [f the check ,result is outside the

tol erance, gblatvdtsipni thrdughtavdrphemission ed6sE¥eHMLIFTIOREti on do not agree,
a display is produced to the effect that the optical disk is an illegally
dupl i cat ed @pf), aild ukbeatiper atdrossi secsi oppdd the nongpf Fesdd e RSA has t he
effect of reducing required capacity since only the ciphertext need be

recor ded. g@r{% PfGedshyghet stpsel Madelret ojpimioal prdic§ RS manuf act uri ng process
have been described above. Next) the constitution and operation of a

reproductio ehat fthe AdtRisodeidiaygr tafe thausiskonpl et ed opti cal
di sk on a p&ggggggﬁ%ﬁqbgmgggcribed with reference to Figure 44. In the

figure, the§g$ %%érﬁ%%gggqg,ﬁgﬁgggbq@éngisk 9102 will be described first. A

mar ki ng 910 reflective |layer (not shown) deposited
on e ont ol ek A, e AU A R e Dokt ok
and the detected posi ti on yes, enct yptege a5 TR KIG1 8RR oF dhakor mtion and
| portion is 1.3 x (0.20 - 0.05) = 0.195 um>. The amount of
aluminum originally deposited in a half portion (5 um) of
the laser exposed region (10 pxm) was 5 x 0.05 = 0.250 pm’.
The difference is calculated as 0.250 - 0.195 = 0.055 wm’.
In terms of length, this is equivalent tq 0.055/0.05 = 1.1
gm.  This means that an aluminum layer of 0.05um
thickness and 1.1um length remaiﬁed, 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 conductéd by applying laser pulses of the
same power to a 0.05um thick aluminum reflective_film

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

in Figure 8(b). As shown in the figure, aluminum residues
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in the formof a barcode 9104. Position information readi ng neans 910l
reads the barcode 9104, and decrypting neans 9105 contained therein
“decrypts the contents of the barcode for output. Marking readi ng neans 91 06
reads the actual position of the marking 9103 and outputs the result.
+Conparing/judgi ng neans 9107 conpares the decrypted result fromthe
decrypting neans 9105 contained in the position information readi ng neans

9101 with the result r.eadi ) i leRJcARaNs 9106) and
‘judges whet H&F €t ﬂﬁej‘i"’tr\xghagar Ziekvﬁmqi(%ﬂr}ég@ggggg@?%éﬁg@eal (I:owabl e range. |If
they agree) a repgroduction sigpal 910%$ for repr.odugi L ptical disk is
out put if t HEBPTABUHLLONA]? By gprcé%‘r ?ltjsc‘ateinoﬁhagfgggs:g:@ggf @%&8 i s output.
Control means (not shown) ntrol s the,reproduction g ion:. t he
optical di skt¥R¢ A&cRAtdSHEERRAC EPIE resandaryn SECORfiBR qlﬁgggg%‘rlogﬁc i on stop
signal is output, an indication to the effect that the optical disk is an
i | legal dupl inforedttomslofi whidihs pl Bighd dems it YdraHI3ay oY FSTOSHAWS) and t he
reproduction operation is stopped. In the above operation, it wll be
recogni zed thpd detandedal sPupthesnttes Lol ikenshenlauingtedddshy in #Bans 9106 to
use the decrypted result fromthe decrypting neans 9105 when readi ng the

actual posit a8 Off the dtagkéda9a0fiskNatied yrovedtive kayee) 86hédsmar ki ng
readi ng means 9106 checks whether the marking is actually located in the

posi tion on tiﬁﬁvpd%boils?a&an@igé!f, iadsRadrednbyidure pOW)S i eien mher mati on which is
decrypted by the decrypting neans 9105. Thus the reproduction apparatus of

Lhe ‘above CORSEEUAIULRRNE IR IRIPTL 8l fobh88ald Tashuphkomiiog, oPtiecdbesiok and

stop the repro ion op tion and can prevent illega
duplicates practically . ({1 fhnish_h SaLt Dt + the
first-half p téﬂ‘zﬁe ﬁﬁﬁe'ﬁ@mﬁtﬂ)%@elﬁs%op?ﬁéeﬁdtgggrﬁ%t ?%dﬁ&tc?f 9??1@ sggond- hal f
part (11). This _part focuses particularly on technigues, i uding a

bar code f or nVodhe vsad¥?d§édﬁvﬁgnp%ﬁﬂbiaiﬁﬁ“ﬁﬂgﬂ§@89@“ﬁ§?§¥hg posi tion
information (ID information) as a disk-unique IE. (A F %Fures &g t he
optical di sk Mgrepher.preserdingniemuropxperinent, the printed layer 8

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 probleﬁ of protective layer
damage, either the protective layer has to be applied once
again or the laser cut operation shéuld be performed before
depositing the protective layer. In an& 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 thé'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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wi |l be described. Wien a barcode is recorded by laser trinmmng on the
above-descri bed single-plate disk) the protective |ayer 862 is destroyed,
as explained in connection with Figure 10(b). Therefore, after |aser
trimmng at a press factory, the destroyed protective |ayer 862 has to be
reformed at the press factory. - 45 This means that a barcode cannot be
recorded on the optical disk at a software conpany or a deal er that does

not have thtehél?%glsnsaatré &PSLHQ BlHown THE pggﬁbéseqbgagp%%egzmre is that the

application rco ecording 1s greatly 1 invited. On the other hand)

{ri i ng_ ortaeBtr 8B BB s A S BR LR DL ar Sp B EREs 1Y 7"

e Invention forned fromtwo

t t bst | am nated. t th j t ' th
o1 ot s6t] v 48P BOWRERAIRTER ol oo entMsdy VR AR PTG P 100

connection with Figure 10(a). This Eas c nfirneg by ,experinment by observing
the di sk ungirglempbpte E¥PE.nas R0 SRSV e8oBYeTIBRR FifCat?H. It was al so

confirmed that no change had occurred to the -reflective filmin the trimed
portion af t powan weavinaneased aore eanol0 démpgihe aptimuMekdldieat ure of 85C and
a humdity of 9590. In this way, when the | aser trinning of the present

i nvention i afe@plthedliseratt amings ethedhekresliettiae aDPB4 H@se is no need to

reformthe protective |ayer at the factory. This offers a great advantage

in that a bapgoggealrdhbRsOndBdgine 12 (Knvhereoritt be septivietieddi sk at a
pl ace other than the press factory, for exanple, at a software conpany or a

deal er. The yusefsl nessy@f tPassRdent &UBE i@ s0801,h608 aamidnst£kidt ype opti cal
di sk was thus confirmed. In this case, since the secret key information for
- 46 with the adhesive layer 804 against the qutside

environment, thus producing the effect of protecting the

structure from environmental effecfs.

(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

tahpered 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 ppssible to alter the

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

different password. However, if the secondary recording is

made on the laminated disk as shown in Figure 10(a), it is
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encryption that the software conpany keeps need not be delivered to a party
out si de the conpany, security increases greatly, particularly when security
-information such as a serial nunber for copy prevention is recorded as a
barcode in addition to the above-described position information.
.Furthernore, in the case of a DVD, since the barcode signal can be
"separated fromDVD pit signals by setting the trimmng line wwdth at a

val ue greater.than 14T 82hd1 GhORSYed®ai ¥t lintberwestdédedThater) the
bar code si hgfmégrtl %% sregé%egtc?eghénnl%t he peit recording area on the DVD in

superi nposi ng, fashion. The barcode f. [ ithedarhaf fers the effect
that the b@dgbﬁ’@%aﬁﬂ‘ﬁb rF@%‘H‘“ﬁyO‘ﬁglgéﬁgl mﬁ)‘% E’Iﬁuﬁ used to read the pi t

signal. This effect can he optai ned not gn ' he i fi ed-type di sk
but al so wialbmimen geElecdyryl sty iNGe %ﬁr’fg?ﬂ%g\tﬁ%}}% e cﬂhg[? Thus, by

applyi ng the barcode form ng nethod and dul.ati anR,recoys di thod of the
i nventi on tamtd-phrdayamark ingpks diie§'l'<rc§i?5h gge é‘%@lﬂﬁé ﬁé;riugg%gﬁype opti cal
di sk can be provided that permts secondary record',ng}aft r shipment from
the fact or yhe iHgeaapirvtedatioki mid enl hawtdeu-t ABFHIY 84 Ph ¥E®Rase in which
the barcode is forned by laser trimmng on a |am nated-type disk of a
two-layer, singleisidiad slterations Coithe aminaged editskvethérydesd f or ned on one
side). This single-sided, two-layered optical disk is the type of disk that

permts playbagck i Ry eiRonsi gee Glupprekéed fort he di sk wit hout
having to t%?ﬁfogvgﬁdmgd?g%%a& the other hand) when trimming is perforned

on a doubl e-si ded) | am nate | caly dhskealsBasf ndedswd-ur ni ng over when
pl ayi ng bacl?c?wlrceg(é?ssoé&si gjeaﬁ?ﬁueﬂﬁgg'e?nl ?gﬁt apasses t hrough the two

reflective filns each fo on.one .si bS re) the
bar code can lBge¥ olr%aag‘?wgénébﬂ%? }%Sgg%lg{cﬁ%s]& gg@ﬁ}%g%?&d\% des an
advantage for nedia fgbrication in that t barcode.c cor ded
si mul taneouﬁeylpemﬂdmeﬁh@ildéﬂied‘pé“@i%gfzge & gﬁts? TR ndr I

impossible to laminate the two disks, once separated, by
aligning the anti-piracy markings on the first and second
layers with an accuracy of a few micrbns, and to mass
produce disks. Thus, the two-layer type provides a greater
effectiveness in piracy prevention. It was thus found that
“a clearly defined slit of a nonreflective portion 584 can be
obtained by laser-trimming the laminated.disk 800.
The technique for forming the_nonreflective optical
marking portion has been described in (a) to (d) above.
(C) Next, the process of reading the position of the

thus formed marking will be described.

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

in an optical disk manufacturing process. Figure 16 is a
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In this case, when the optical disk is turned over to play back the reverse
side on a playback apparatus, the barcode signal is played back in just the
“opposite direction to the direction that the barcode signal on the front
side is played back. A nmethod for identifying the reverse side is therefore
-needed. This will be described in detail later. (B) Referring nowto
"Figures 23 to 26) etc.) we will describe the construction and operation of
an optical disk barcode form ng apparatus for converting the marking

"posi tion i nfiagran iiddugtmtiogbere) prmaipde belr detectdsga di sk unique 1D and for
recording the barcode in a prescribed region oP a pre-pit area. A barcode
recordi ng reidreds/cliock padiltiense@fbehaldserrefddct (w)tyFpostiont he optical di sk
bar code recordi ng apparatus will be described with reference to Figure 23.

- 48 Fi oryre c8svdrsi edcdi FURRP HRAONGMI thbefcidok i gidaséwiptdbnt he bar code
recordi ng apparatus for inplenenting an optical disk barcode form ng nethod

in one enboglijen}iaf thBeogurasend priNeiflieOwhed A £l apeveridanid oned
enbodi nment , égﬁa %o be Hgggode PE tﬁgidata of encrypted version of marking

position i ' u 3 ot ) | ofptiealricted to the
above enboggeér)%refé?&éﬂb nngyﬁ?r%\%?tljgg%ﬁf oﬁﬁég%@gﬁndpﬁtaﬂdg%% and an | D nunber
i ssued froman |1 D generatok 908, . h i i 2 : ot her ki nd
of data. | ndﬁqbﬁpgg ,CtFaefqoﬂlpﬁtblglgtlg ‘i}% t kqlef}v%y%ﬁoﬁbg%cl nslgg% fromthe ID
generator 908 are conbi ned tqgether in an,i nput.section 909, in an
encryption Elh%toégf" $2t%) OP?\’éatégﬁb‘?rriéﬂlg]aq 2159 appbietiteqer &Pzilﬁﬁgt ure or
encryption using an RSA function, etc. as necessary, and in an ECC encoder

907, " error - 6bsl sonpbructedi fipmaitue idisks | kninatehtee et ed. The

As shown in Figure 15, the disk 800 is loaded into a
marking reading apparatus equipped with a low reflectivity
position detector 600 to read the marking, and in this case,
since a signal waveform 823 due to the presence and absence
of pits and a signal waveform 824 due to the presence of the
nonreflective portion 584 are significantly different in
signal level, as shown in the waveform diagram of Figure 9(a),
they can be clearly distinguished using a simple circuit.

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

By removing the reflective film by laser light, as
described above, a waveform easily distinguishable from that
of a pit signal is obtained. Rather than forming an anti-

piracy identification mark by removing the reflective film
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encryption process and the playback process will be described in detai

| ater by way of exanple with reference to Figure 45. The data is then fed
“into an RZ nodul ator 910 where phase-encodi ng (PE) RZ nodul ation to be
described later is perforned. The nodul ating clock used here is created by
-a clock signal generator 913 in synchronismw th a rotation pulse froma
"notor 915 or a rotation sensor 915a. Based on the RZ-nodul ated signal) a

trigger pulse is created in a |l gser emtti circujt 911) and is applied to
"a - 49 Ib&shﬂfsesb‘lilglfcha%sdeécr( 4 3 ‘é‘fe'eég‘gtﬁ"itéﬁ%’era&y %\qua@@?’ power supply
circuit 929. The |aser 912 thus driven emts pul sed |aser |ight which is
focused t hbeufgrmedcbnwdageing the tshape ofpdts en tae masteyed¥skm 802 on the

| ami nat ed di sk 800) renoving the reflective filmin a barcode pattern. The
error - cor r &bt & ane tiet hwoid Iwbé [delser tesic bebed | RiglaeaPc) shevs theér encrypti on)
a public key cipher, such as the one shown in Figure 18) is appended as a
si gnat ure tyavehermsefi alplaybdel sigidl ahsechet akely-pihady t he soft ware conpany
has. In this case) since no one other than the software conpany has the

secret key iqaflt{ 1R/a01 04 haeRIAL f@ﬂﬁ&lﬂﬁﬁudl@_ﬁk%iﬁ@ Bodegnghai e to a new
serial nunmber, this has an enornous efrect in preventing illegal

Tanuf act Ur s L @R 3P 0 P Ghlelr MIERE 1:SEAPS! BeerbUbbpoctsey cannot be

deci phered)” as” previ y descri e security is greatly enhanced. Disk
DR o e HE e et e e MOl LRy, "oroy ded on (e
01T 1O SRRl o e, RLESETL BIDSULIER), Yolh e fesgriBeg ool ow I more
the converging unit 914 where the entering light is conv?g%ed by a
col | i mat or OW®T Aib datpar AN ship@am ¢ waveform similar to t

obtained from the PCA area described later can be obtained

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

however, the waveform is a little difficult to distinguish

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

Figure 9.

By removing the reflective film by laser light, as

described above, a waveform easily distinguishable from that

of a pit signal is obtained. Rather than forming the

barcode of the invention by removing the reflective film by

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

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

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

a plan view showing a portion of a master disk wherein pits

824q in a few huﬁdréd tracks on the master disk are made

longer than other data pits and made equal to the barcode

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



i ght which is then converged in only one plane by a cylindrical |ens 917)
t hus producing a stripe of light. -50 This light is limted by a mask
918, and is focused through a converging lens 919 onto the reflective film
802 on the optical disk to renmove the filmin a stripe pattern. A stripe
ssuch as shown in Figure 2%(b) is thus formed. In PE nodul ation, stripes are
spaced apart at three different intervals, 1T) 2T, and 3T. If this spacing
i s di spl adedgef-ttiteares;car sawefdrn {824epray shewre ini Bigurel 8 (¢hdspr esent
“invention, the clock generator 913 generates a nodul ating clock in

synchroni gEg#iddd.a [otcdn B8 JuehSErdn @he tdiaghdt aha®lthe andefotmpl ies this
nmodul ating clock to the nodul ator 910 to ensure that each stripe . 923 is

recor ded rvh@c i Yy ' GQr datGRewidhabt Herrort glid on of the notor
915) thatQpé? ﬁfﬂﬁ@tﬁ%§?§1§%?ﬂﬁk§¥ﬁfhg gﬁgk %00. Thi s ﬁas the effect of

duci fit t el y, I : i ; h h
o Fi gure arefbnds BEREL BOF gsan, ' RFRLS AR € HaTER, S ECY BT e
[ di al dj ion t de. ,(b).. t b d di
ot hod. et ShFbrottarprhd AR R Bt ATERA i TRio S e8udiy Phed bar code
recordi ng ppar%%_s) ﬁjll be described with Leferenc to Figure 24 to 26.
Figure 24 e Hﬁné ¢ nasden QhsKnmesRode cHt Ry 43561 A9%eye et urn-to- zero

recording) of the invention and trinm ng patterns formed corresponding to
them Fi guthe ¥Bvefmws isiyrdtsle ddébiasmlthta dishirgwisBnas bar code format and
-51 trimmng patterns forned corresponding to them
compared to the waveforms shown in parts (a) and (b) of
Figure 9.
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 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 é 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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The present invention uses RZ recording, as shown in Figure 24. In this RZ
recording, one unit tine is divided into a plurality of tine slots) for
exanple) a first tinme slot 920a) a second tine slot 921, a third tine slot
922, and so on. \Wen data is "00", for exanple, a signal 924a of a duration
shorter than the period of the tinme slot, that is, the period T of a
channel clock) is recorded in the first tine slot 920a) as shown in part

(1) in Figure . 924a whose duration is shorter than the period
T of the re%l&néinﬁgégﬁggﬁuﬁse?'out put between t=T1 and t=T2. In this case,

[ tati | f h tatl 915, th
ook s gnai . gonBb ot e Ra i et aReEsch TEEEAS chown i n

part (1) of Figure 24; by performng the cording in synchronismwth the
cl ock pul sefhamiaset FEeis @ ;‘6‘(‘5{15 aﬂaﬁ&\/§§‘5%t it8k ‘g‘?m’teﬁ%}/%tlf] Ocan be
elimnated. In this way,_ as shown in part (2) of Figure 24, a stripe 923a

i ndi cati ng aobigitel reigsrbied loaledke rageneraionidBaaresan6rateyy & egi on 925a) the
first of the four recording regions shown, and a circular barcode such as
shown in paciodkl)sighalFifgom eth@7waeeshapekdighiekt , AnhEiM damedulatonl”) a pul se
924b is recorded in the second time slot 921b between t=T2 and t='r3) as
shown in pag92(i3) ai demddula i se¢nonhdSl Wapodid asesi e 92@kmli, sandcaor 86@ on
the disk within a recording region 926b, the _ 52  second region from

the left, agophaws bPrd}d" hnd DutplitFiz081 €134 saall) VvihenEFRgeording data " 10"
and "11") these data are recorded in the third time slot 922a and fourth

time s|ot, H@ﬁ@(ﬁﬁg%@lé’i’ggwr 2l 96 ff%m@élfé PAPs RUA1Pe8M%ssNGtpugcor di ng

(nonreturn-to-zero recordi ng) used for conventional barcode recording wll

be descri bed Wlt%{g1 g@&ﬂ_e@%e%%eaﬁ %dﬁ¥g§% ﬁgzﬁSF.! '@5&?&0?%9%@ gg, pul ses 928a and

928b, each KV equa peri o time slot 920a, are
output) as shown.in part (1) of FLgure 25. In.RZ recording, the w dth of
each pul se isélgi?ﬁiﬁ';mogh? Sét‘héta {:llglnd)S PR eflc%gno?&%fggrecordi ng, a

pul se as wide as T is _needed) and furthernpre, when T gppears successively)
a pul se of deikbne actien H9%4 @\i“gtath@hréﬁl%rﬁg B ss‘%FZ'té§s%r y, as shown in
part (3) of Figure 25. In the case of laser trimmng such as described in
the present framensyrmhroniwinmgi signahe isasetput ifmom rey swhchtoniging actical |y
difficult since it necessitates changing settings) and therefore, NRZ is
not suitabl esighalshowpiti Sedtdbh §95) OFrdm gh 130k Hgenpestd®288a,and 929b are
respectively forned in the first and third recordi ng regions 925a and 927a

fromthe |eff, daapduidtedhelsases Butdata 10", a stripe 929b of width 2T is
recorded in the second and third recording regions 929b and 927b fromthe

left, as shown i QFperto_w( %&fl@ctﬂﬁ#’ Bortion” address/éTbdkhgigaventional NRZ
u 1T and 2

recording) the pulse wdths are T, as shown in parts (1) and (3) of

Figure 25: i Fogﬁr%n%f:%n%ge%‘?@ggﬁéﬁtﬁwag%[\l@ T&CPEE gl seynot suitable for

the | aser trinm 0 nvention. According to the |aser

trimm ng of the present jnyenti.on arcodgsd s fornmed. as..s in the
experi ment r 8eL0Ns ﬁﬁ%ﬁ/:eﬂ F‘?Oﬁﬁgbd%?ﬁg?c%’ﬁt E%E? ﬁ&guf?ﬁeﬂ% 'r?\%a%]u?%\g wi dt h
differs fromdisk to disk) . it is difficult to_precjsel ont,rol the Line

wi dth: when thenshiasg ordistien @adiend ppshiion af oﬁb@k;o"{ r%fi??%’ﬁlkb RATA0W dt h
vari es depending on variations in |aser output, thickness and material of
the refl ecti $84fhyt msiamcnt Ker alddoassuceintt gecriont BT lendsan of t he
substrate. Further, formng slots of different line widths on the sanme disk
will result iaddeess sigeslsed waliphexd tofook doueter®dB8damly aappar at us. For
exanple) in the case of the NZR recordi ng used for product barcode

recordi ng, asysbRMhiziingarlosk (signahty( 2he afembilglated28lodkhe Thiismmi ng i ne
wi'dth nust be nmade to precisely coincide with the period 1T of the cl ock

signal, or 2TQhodwillhed deStri¥ddnimdethil by Raidd eHkaidveform
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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difficult to record various line wdths such as 2T and 3T by varying the
line wdth for each bar (each stripe). Since the 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 wll
-decrease because it is difficult to precisely record varying line -54

w dt hs such as 2T and 2T on the sane disk furthernore, stable recording
cannot be done since the laser trinmng width varies. This makes
“demodul atd GietdreE1Quiselongs ishgnalz shel GSdFRY™ tRer [F¥E€ent i nvention has the
effect of achieving stable digital recording even if the laser trimmng

wi dth var1@63), Fistdiputs Hee aignadi bevedf fepm thee ef fect of sinplifying the
construction of the recording apparatus since RZ recording requires only
one ki nd oéfldatéveimirftiamdeting lowser thpowehe tlHghefamoanheed not be nodul at ed.
As descri bed) by enploying the above RZ recording for optical disk barcode
r ecor di ngraf@@ndiengalue 68& i Muentiisodgtdchedeby shef Yimhedleved ef f ect of
ensuring stable digital recording. An exanple of the phase-encodi ng (PE)

nodul at i Ogompar@éoke58T, dand aMlbl fe1desiriitpel ghitt He teeftg¢oence to Figure 26.
Figure 26 shows signals and an arrangenent of stripes when the RZ recording

shown i n Eigile 3dch PEhoRdiharafre P BHOWk Aapdt ‘oni the ecorded in the

| ef t - hand thF sl ot 920a of the two tine slots 920a and 921a. on the other
hand S5 o BRI e Alctenohe M 0BLa) s shown L1,
0 e Leehaat e aer s Lagon, Sk R . HatSysflells 2270 11 e
26, 1 especitsi thl:gdt r1]cL>|nsl)thfeorrnar a&-gg;o%lg;r’xcea i'%uliosees %gé “have a

reflective layer.

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 foﬁhd 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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-55 is output in the left-hand tine slot for "0", a pulse 924d is out put
inthe right-hand tinme slot for "1", and a pulse 924e is output in the
feft-hand tinme slot for p0", as shown in part (5) of Figure 26; on the
disk) the first stripe is forned in the |left-hand position, the second
stripe in the right-hand position, and the third stripe in the |eft-hand
position, by laser trimmng. Figure 26(5) shows signals nodulated with data
"010". As can be seen) ,a_signal is always availablﬁ for_ every channel bit.
That is) siaRP8ratks sghaiorqemading whighmaant jhathdherefergBent does not
vary. Since_ the DC conponent does not vary) PE nodulation is resistant to
vari ation idelegut ineedlevasiesodqrending oavthe ireprOietien cRparatuset ect ed
during playback. This has the effect of sinplifying playback denodul at or
circuitry ofsedne Theslefpteyhbachke dppallit astineudebay moregctxim6ee7 one signal 923
is always avail able for every channel clock 2T, this has the effect of

bei ng abl e dgpliepr vidiec eorreptiionr @nd z afheonelladkg fafifeat cirmnthet tHeock wit hout
using a PLL. A circul ar barcode, such as shown in Figure 27(1), is thus

formed on téeardi skeclNeeintidoz tIRLABY refIBOWViitD P thoffi &Y 8e27(4)) is

recorded, in the PE-RZ nodul ation of the invention a barcode 923a having
the same paﬁxé@szug)eés%cﬂ?afﬁﬁpri@epep%bﬂur@ﬂioﬁh%é‘h%@@ft dfBlereqrr ecorded as

shown in part en thi's barcode is played back by an optical pickup) a

si gnal wave S i art ) kPG REOPUGERLS L, is

out put mﬁthB%%r“Fo%§p9§§92ggmg?%§€§d gg%?és%gﬁapgg o] niSS|%g&§§@tions of a
pi t - nodul at ed, si,gna ere ng reflecti signal s.are _abt af ned due,to
Femoval ot G VB PEeRY 900 (9nadreREen Hhr el BPERC BB “Eo b3 F ur e
5(6). By passing thjs repyoduced signal through {he second-order or

Uhi T d- of der nEBE trackerclogh & t'%ﬁi%ﬁ?%mélgsl(sapfvtaw i SNe¥Nsi gnal
wavef orm shown in Fiagre Zgéﬁ) is obtained. By slicing this signal by a

| evel slicedn Figwredle@d. davimceoidaom bf2, pshe qlppkicouddndsiul ated. (C) W

wi || next describe features of the optical disk format with a barcode
formed in tkeradubed tmnier but farkéanyesienceobf rsmhenatioandntidt asi onal speed
control nethods that can be used when playing back the optical disk. (a) W
will first aesdri e vhil ideatribesandthiehemathbdcathidhsél fiminatés wheh a bar code
formed according to the present enbodi nent, while dealing with an exanpl e

of a conditiegfiettalofpeiiing dd¢lagktiimescoithonl Bavinggt®lobthagkihet hi s
condition is also referred to as the tracking ON condition). A playback

operation Usigfgréd@cieldy Gomé ' ihSth%hi?%fkddﬂcﬁcﬂy%ﬁﬂé%tuéngséé s details
will be given later. Inthe case of a DVD disk in e present enbodi nent,

(formng o BeFchd P o s, el e ¥hald® RROAEE cBe A o 2. Pecording
W th ccnwstar%eéikgﬁgyé ﬁ?gﬁxgrtXOt 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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whil e CAV recording neans recording with constant .angul ar -57 vel ocity.
~In the present invention, the stripes 923 are recorded w th CAV)

superinposed on a pre-pit signal in a lead-in data area hol di ng an address
which is recorded with CLV. That is, the data i s~overwitten with the
;stripes. In the present invention, the pre-pit signal area maps into all
the data areas where pits are fornmed. The prescribed region of the pre-pit
signal area), K as .mentjoned in the present invention, corresponds to an inner
‘portion of #h¥k dpt#clagiginate Hisk cggneh i Shelefdeetiafedhss meshodutting area
(PCA). In this PCA area) the barcode is recorded with CAV) superinposed on
pre-bit sighalthat| phe Hositisns cawe belvhelded attarecommasaping farpit pattern
fromthe master disk) while the CAV data is recorded with | aser-renoved
portions of vehimtriieht exft ithe fdflemenc®i debay embafl bgeusiatgaai simmletten in
overwiting fashion) pits are recorded between the barcode stripes 1T, 2T)
and 3T. Usi pgngtiitatpen. i nformation) optical head tracking is acconplished)
and Tnmax or Turin of the pit information can be detected. therefore) notor

rotational speedp)syeett rtﬁb!&Q_rwtapﬁﬁﬁéﬂmagiémiv&i%'w%gu ocddy detect Turin,
the relation between the trimmng wdth t of stripe 3a and the pit clock

T (pit) Sho%f]][ ?)eet ‘iie?cé;ggd( Pif %gﬁﬁﬁt}ﬁ%‘h?mf\}ﬁw ?eag’fgngﬂm achi eve the

above effect. I'S orter e pul'se w _ Yhe si gnal from
tsihgn:tlt ,“ gﬁd%ggg?é)ﬁeﬁﬁgg’[sﬁ %ﬁgg{etc\tﬁgﬁéfhtteqqgﬁ?i C\#B}?érgﬁggi ‘Eﬁhg,sg!%‘i?dt’_’hgf the signal
fromthe stripe 923a, cannqgt be demodul ated. To enabl e pit address
i nf or mati on Y& e drlééﬁaa]gﬁlﬁﬁ%t@&ne Theai ythepmarkingnpasitige stripes, an
address area 944 is provided |onger than a unit of one address of pit
i nf or mat i on infermatdan thusFegerwtsd:orgderaks isntanventedrintara t hus be
optained 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 béfcode‘ 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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making it possible to junp to the desired track. Furthernore, the ratio of
the stripe area to the non-stripe area, that is, the duty ratio) is nade
less than 50fo) i. e. , T (S) < T (NS) : 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
tracki ng control cannot be applied duxing playback (this condition is also

referred to ' F on [ e 923 are
witten over?%(fnt gii {cﬁgﬁﬁg{lﬂfg Vg\%?gféllgenal)ds”s: gﬁﬁ’? gnglﬁnég c§¥r ct pl ayback
of the pit data ckin ont r ol not , be, possi bl e .on so pl ayers. In
such pl ayer s§¢¢% f 48@300Wr@;{a£r %aﬂ'g@afo‘&gﬁ ‘éc ¥ad¥by the
optical pickup hy applylng rqotatjonal control using a rotational pulse from
a Hall el emeReytigncdetdetion Srwa@i ag7sheyrydpepart ¢ %owi she | gukar t
illustrating a procedure for operations in a playback apparatus when pit
data in the dptparal (8 adkshe fighee,stthe prlayback sdamal dfetberrectly played
-59 back. In Figure 31, when a disk is inserted in step 930a, the optical
head i s novebabgode ﬂ)sahmmdbka:tedi franchis d owheefileoeiviggr pootionn st ep 930b.
The optical head is thus positioned on the area where the stripes 923 of

Figure 30 ardetesdodesignatriey the PB-RIohodidased|sd ghol clembégldtyprpl ayback data
fromall the pits recorded in the stripe area 923. In this case) therefore,

usual rotati @mnbmg \fFPlrlt bel derpidd Re dPRlileth fthe §h@na-Rylrck of the pit
data recorded with In step 930c, rotational speed control is applied

R mm? EORoLL S Sbbhaelemat gy e g by meesur no
there are st REBf: gl TR ] 6%35?@%{@1‘?@%@@ atanen
playback of tsqegngflrd(:e%ggufa%;or Me}ign?ocfu?ator mgg eé useéa in which
case also, a similar effect can be obtained.
When applying the above encryption or digital
signature, a secret key of a public key encryption function
is used. As an example of the encryption, Figures 18A and 18B
show an encryption process using an RSA function.
As shown in Figure 1 8 A, the process consists of the
following major routines: step 735a where marking position
information is measured at the optical disk maker, step 695
where the position information is encrypted (or a digital
signature is appended), step 698 where the position |
information is decrypted (or the siénature is verified or
authenticated) in the reproduction apparatus, and step 735w
where a check ié 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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optical head is noved in step 930f to an outer area where no stripes are
recorded. In this area) since no stripes axe recorded, the pits are pl ayed
"back correctly and accurate focus and tracki ng servo axe achi eved. 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

I [[=T ' I i h
80 Cconttornporipal B AOLS R L RRTA TS, | BE AR P e ont

ki nds of dat bar code stripe data and pitr rded .data, can be played
back. Si nclé‘f?)zﬁ@aﬁ% ﬂ)ésaﬁ eg?"g)ESF%% 1inngh9e%§ﬁ?tferar%s Grea, swi tchi ng neans
measures the radius position of the optical head fromth tical head

st opper orCWSﬁ?ﬁ?ijszEHF’é’é‘sl%&r&ab}qn i GhAbtainef dass 90235 e result of the
measur enent) correctl erforns switching between the twg rotation control
nodes. (b) Ref éRr$%ep é%&t the GIDGEF bext4 of o QQ?DWSQEIWOSGéé%i be two
control nethods for controlling the rotational speed when playing back the
bar code acirdfodtinagidarm Ht he qonesmnttednbddiratntin Btept8541a steonst t he fir st
rotational speed control nethod wherein rotational speed control is applied
by detectikgy, Tdaxopf512 or t1024 dinials, (dimbseoretn&kepsasuandgy,tiofe for a pit
having the largest pit length of various pit lengths). A signal fromthe

optical hegsp iy 512 Hitgubirecked tadwayqQtbaragrs) édybbesh tike pul se spacing
of the pit signal is neasured by an edge-spaci ng neasuring neans 953. A tO

reference Akl a ge t siargpce value information
t 0 whose pﬁ s%&v"&gggﬁglﬁg ?tgrﬂgggr t cggg? hemgl%?stg‘%vvl d%lh 114T of the sync signal

but snal | er h IS i ofy, t:he G - 8i.4n This reference
val ue i nf o?ﬂt&%ﬁg?ﬁ *Qﬁ& ‘?“r{‘\gtg@h"fe“w Lélt]% {'%?%‘%dogﬁefrtgpsé)%etfcg%&si gnal -61
are conpared,in.a co ri ng means, 954;, onl en. TR s | er than the
ref erence Wafuk iS0c% Pa?géf’ 4 ‘Fh%@rﬁé?zﬁvtihn In heBr ans 955) TR is
supplied to the nmenory neans 955 where TR is set as Tnax. By reference to
this Trax) the coimhestexy Coby nesprdast enatheoppticali ¢esleirdbgt 958) achi eving
not or rotational speed control based on Tmax. In the case of the present
i nvent i on) optibeglods shulssdbusmtconptdted atd dst shimped §stepe7dner ated by
barcode stripes, as shown in Figure 9(a). In the case of a DVD) the sync
pul se wi dth is Iftthet bgirodsgtibn Sbaratws, @Ghetdetiothediskaisl) t he barcode
stripe wwdth is 15 a m |In Tnmax-based control, the barcode pul se | onger

than the puloagedvidt Rtdg 736h, tdd s chipRettextVe|lis Beceptedenusl y judged and
detected as Trmax. Therefore) by renoving barcode signals |larger than the

reference valiycodd DHoFORRE] SRAIW! nbheiigtebanee; yalaugytQh as shown in

Figure 41) 1t becones possible to performrotational speed control for

nor mal rot altnl gggﬁ @@%ed%n(r?;ﬂlmct gg%é)l %yg?é:ﬁé?%ré @%.tbfrf Bsgggest ri pe area.

Next) the sec rotati Speed " cdntro od ‘Wil scribed with
reference t i,gure 42. This net hod rforns rotatiopal  speed control by
det ecti ng ‘I&%E’(%Eﬁq ﬁnnﬁ%ﬁ%%m@sa???ﬁ’% %}i‘ﬁe CfIBF‘e%te&itt 8'haf\p!eng the smal | est
pit length of various pit lengths). In the Turin-based confrol shown in

Fi gure 42) ¢ibeptexte G pfdrataed e TRl Ponet Hade e MOBakiHg thRt ect i ng neans

953 is - 62 conmpared in a conparing neans 954a with Tnmin held in a
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 havé_ 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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menory neans 955a. if TR < Tmn, a strobe pulse occurs and the Tmn in the
menory is replaced by TR In this case) the barcode pulse widtht is 3 to
10 ~ m as noted above, while Tminis 0. 5to0 0. 8 ~c m As aresult, if
the barcode area is played back, the condition TR < Tmn is not satisfied
since the barcode pulse width t is always greater than Tmn. That is, there
is no possibility of erroneously judging a barcode pulse as Tm n.

Therefore, when e .ln] ed rotational speed control is conbined with a
bar code reéﬁpﬁatﬁghﬁgngg§$%§he effect is that rotational speed contro

based on Tm n can he applied r.e stably while,playing back the barcode,

conmpared to the?ﬁﬁgf-ﬂggﬁdﬁﬁﬁpﬁ%at'ﬁﬁrfﬁgpfséﬁddgﬁg%fgior cl ock 956 creates

a reference, cl ock for denodul ation in the barcode .readi ng . neans 959, while
3 g

detecting tHEEERbI A HCihFxranfed ha TECAReR e PT B NBL  BRYIANY to derpdul at e
the barcode in synchronismwith rotation. (D) Next, a series of optical

di sk repr odimforsat bier ali oi€P (hiosy ERASUSPRGTHS] BFE nade; 1R C%‘ﬁ%k above control
met hods, etc. will be described. Referring first to Figures 31 and 43) a
first playbedtheet tlorl markingoés cegsal bedocatedbiputia POAL WHOMHhOR net hod f or
swi tching between rotation phase control node and rotational speed control
node by a nplle opwiiteh di6B. intieatedabgettendositdoa infardaplaybatk met hod for
pl ayi ng back the optical disk of -63 the present enbodi ment will be

described wsidy r8baT eNCe st ChetkBd s tBS thE. dififereddie betwadn ahd second
pl ayback nethods hereinafter described are each concerned with a case where

Lracking conbrply(aNA: ¢6n PREbARAEREN Y Ro Lhublly hoRbaddiack rethod s

ere tracking control can be perforned. At the sane
time that the optical 1S 0. the.j r porty f disk in
steps 930b &R4* clpﬁgﬁggﬂkéfggﬁgﬁﬁégﬂ%gﬁtégn 8ﬁ996 fgﬁgaﬁh%EEFigure 43 is
switched to A ternatively, .the node swtch 963 switched to A when
it is detect€do ymasﬁ?‘?:lgtége(ﬁ@f B%etsﬁo?f‘oézgﬁg%rt%ég?ggggh that the optical
head bei ng noved by a noving neans 964 has reached the i nner portion of the

di sk. Next, oaipebesoftrare WRed?tener reFesi o PAPeEHIe 4 ekhtt PBI thide (step 930c

in Figure 31) is entered will be described with reference to Figure 43.
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 ciﬁhertext need be
reéorded.

(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 cqmpleted 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

f43'



A nmotor rotation frequency) fm froma notor 969 and a frequency, f2) of a
second oscillator 968 are conpared in a second frequency conparator 967)
-and a difference signal is fed to the notor drive circuit 958 to control
the notor 969) thus achieving rotational speed control. In this case, since
‘the disk is rotating wth CAV, the barcode stripe can be played back. Wen
“the barcode playback is conpleted in step 930e in Figure 31, the head is

[Toved 10 an et AL 94y SR IR Gepaiired dRETRS BRflaPsRL {he sae

U posi sensor etc., the node switch

963 is swt dto f3 for rotation phase coptnal ; h otation
phase cont rgr&mdgﬁ‘ q_“‘E‘HHI%F PN Eﬁ%ﬁqsédgpo{}\%h%g%%tﬁlséliggnktél g?é om t he
optical head by a clock extracti nmeans ggoP%gEe frequency fl of a first

osci | | ator DeSitRd ehher BrIkAB B2S deten £y Ahr oni zati on si gnal

are conpared in a first frequency con?aratot 965, and a di%%erence si gnal
is fed to tHetenttiog weanse and ¢hetdedsgtedmosibiofk ¥ah SKLERIDAFr ol node i s
t hus entered. Because of PLL phase control- by the pit signal) data

synchr oni zegatkbingheositionr omforaat n ehgritsen fan mgempéy%ll gk. If the
optical head were noved to the barcode stripe area by rotation phase
control, wi tiRotlie Soirincdt agbiedodeedl (ot at i onal phase control for the notor
and rotational speed control for the notor) phase control could not be

perfornmed becausg,QftibhenRbesrier Hadifg wdanspeE)l apsldd nhebl e woul d occur,
such as) the notor running out of control or stopping, an error condition

occurring, §fGrod0819h0" fd a&&@m ifeafs W08 dShta3nbd Cfhergid 0 the

appropriate EoRPT ol nnge not on ensures stable playback of the barcode
o e e Bl bR 46 LRl e o0 e
LoD descr ) b e thddhs' §10% $888s 'R FAANRE S 0bFbe BRYadicl AP mehar

9103 and outputs the result. Comparing/judging means 9107

compares the decrypted result from the decrypting means 9105

contained in the position information reading means 9101

with the result of reading by the marking reading means

9106, and judges whether the two agree within a

predetermined allowable range. If they agree, a reproduction

signal 9108 for reproducing the optical disk is output: if

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

Control means (not shown) controls the reproduction operation of

the optical disk in>accordance with these signals; when the

reproduction stop signal is output, an indication to the effect

that the optical disk is an illegal duplicated disk is

displayed on a display (not shown) and the reproduction

operation is stopped. In the above operation, it will be

recognized that it is also possible for the marking reading



operation. The second pl ayback nmethod is an i nproved version of the first

pl ayback method. Mre specifically, the first playback nethod is a nethod
“for playing back an optical disk on which a stripe presence/ absence
identifier 93? is not defined. Since tracking is not applied in the stripe
-area on an optical disk of this type) it takes time to distinguish between
a stripe pattern legally formed on the disk and an irregular pattern caused
by scratches on the disk surface. Therefore, regardl ess of whether the
‘stripes aremeatofded tor usetthet Hecnybagbaeisupt dretuthe Hasriiperforma stripe
“reading operation first, to check the presence or absence of stripes or
whet her themsans 9665 avhenr peatidedthienatthwali poeitipor of dheohartlimgoPtlsal di sk.
This may cause a problemin that an extra tinme is required before the data
can be act ual Namdllyaygdhigckase]hehs aaokihg raydiagk neath8d06 nghreekes on this
point. First, as shown in Figure 38) when an optical disk is inserted,

control dat ghbshd¥ dHEhdrREKe i1k 8tQMA1IY0Bcalsdaln Yhe Pivssitean dneature
information and attribute information of the optical disk are recorded as

control dalgppnostialt dl IfiRaR68%y THE dRRYE1Rlinf@atisn |iHiehTRL ! On

i ncl udes, for exanp Information i'ndicating that the optical disk is a

| am nat ed- t y.pe ,d) - . Sl -gh@ed structure. -6E~ In the
present i nvent fig%%é{g&s o&/n)q/}‘;‘?idne %?%%‘r“? @gA&t %ggg'ont rol data recorded in the
control data are of the @g}ical d

93 i sk _contai ns,a P i
presence/ absence “H%gb?fq%ﬁbé 1PB&HF@§655§°§ ﬁﬁiaEPE%aopgﬁﬁgﬁgpgre, t he
optical head is first noved, jn step 940n) tao qQuf er area ere the
control dat &ans de Gy aédl.lelﬁﬂﬁif%éal %tBQtQQPéFgﬂéjéaknﬂfgﬁPﬂ dly j unpi ng
across a plurality of tracks until reaching the control data area 436. And
then in stepreprodictivon epsnatéen i she digkayand park preventanliegal be checked

duplicates practically .
(11)

We finish here the description of the first-half part
(I), and now proceed to the descripfiod of fhe 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 invconnection 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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whet her the stripes are recorded or not. If) in step 940b) the stripe
presence/ absence identifier is 0, the process proceeds to step 940f to
“initiate rotation phase control for normal playback with CLV. On the other
hand, if, in step 940b) the presence/absence identifier 937 is 1, then the
process proceeds to step 940h to check the presence or absence of a
reverse-side record identifier 948 which i.ndicates that the stripes are

recorded on the,side oppgsite from,the si bei ng  pl ayed back) that is) on
‘the reverse si (?.lsl'\‘eat“ﬁeglé""ttr Aoharcors ?%@8?3&% r8ﬁ9’f‘£eéja¥3vte}}ese si de) the
process proceeds to step 940 to play back th ecording surface on the
reverse si @Btifal; gislpmti aagofdwaxe cpmp@%,o,re@éﬁ@iegit(i@tc Potobe
automatically played back) an indication is output for display, to urge the

user to tuhavevihe heecstiask.equiphenti.s The orablen ekpeciedphedtist hat t he
stripes are recorded on the side being played back, the 67 process

proceeds tahatethed4ps)icatiese ofhbatwedd recordiegl itsogtdetlytri pe area 923 in
the inner portion of the disk, and in step 940d, the control node is
switched tqipet&d.i onal speed control to play back the stripes 923 with CAV
rotation. If the playback is conpleted in step 940e, then in step 940f the

control -mode | SoWhtchafkDRE, ! Snéih! MkRRESRsGembg ol for CLV playback

and the opti cal ad 1's noved 't e outer portion of the disk to play back
Fecor ded | i ERERERONaFah TRPtoiE Te L BRSRRAL BYGERET LPEMIbE ) 0T bea
Stri pes. mora SATHRPIaNEandiek Gt B v NEEHAR R FET P8:  pl ayback
met hod described with reference to Figure 31. Wien the PCA area is with
tracki ng OFF;anspgxgntopubsicages samingind Lo towT; s“gé’ﬁ@r"aq'\gsrﬁ‘ifft he pits
drops. PCA signal level remains unchanged if tracking is set OFF.
Theref ore) thatt hhe fonotee bivendardro B¢ stedwihnech atmesiy ainghgnged, as

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

confirmed by experiment by observing the disk under an

optical microscope of 800X magnification. It was also

- confirmed that no chénge 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 recofded by trimming on the obtiéél 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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the pit signal drops, making it easier to distinguish between the PCA
signal and the pit signal. This has the effect of sinplifying the circuitry
and reducing the error rate. Furthernore, 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 dislc~ the effect is that

t he barcode stripes can be played back - 6 reliably in the case of a

8
double-sid%ch%giggthgggtgé§§ﬁtﬁ%§pgg%ﬂgghgﬁ&gﬁngg@gﬁﬂt énvention, si nce

the stripes ar€ recor penetrating e reflective filns on both
id f di sk, the stri |so. b . id
of the i o8eLiared Fp phoaREn B I R s oR Ry o R aOBHRs! G o Tthe
disk b hecki the stri -side i.denti fi. 94 db | ayi back
the cotle | REERELY cPBF ELURT LE FPEh SARUR: (et REPAHE STHAMDBS.2 The. present

i nvention uses a big string "0100011Q" as the s chronizatiﬁg code) as
shown in Fisggial Jwmber SAKcROBY RyEEMAeR ¥S SATeNHed ay ) PAresdts) the
synchroni zation code is played back as "01100010", fromwhich it can be

det ect ed t Hat adéhictilvar toddei sbdverdesqiibge dosatkorf rioformes ipaver se side. In
this case) by denodul ating the code in reverse direction in the denodul at or
942 in t he hirakeereappartheusagef ofFiag VR, 1A ncththebdaconte ségmalded in
penetrating fashion can be correctly played back even if played back from
the reversegi §e §dpazadedfirem DVedi €lisiknaldh®yps@ytiagkttappar at us of Figure
15 will be described in nore detall later. Further, if) as shown in Figure

30, a 300- ~&imn%§€1i%awdéhaaé a%ﬁ?u%%?ea%}eﬁ:ﬁa@rﬂm gedrges information is

recorded but no other data is record I's-provided between the PCA area

998 and t he, COpRCol, ighe aled. 939 A0GRRR Licl Ber Nt Lolnadalay can be made

nor e stabIeT e guar area be ‘described 7 n nore det ai

bel ow. Wen, the o kfal ead.accesses the control ta fromthe outer
portion of }P%JQBPE% tlﬁetl'beptpllgaqecﬁﬁgld’grrﬁ\t}%% qrh\ﬁg?dﬂ@ Ui ng across a
plurality of tracks until reachi he conirol data,area 936. In sone
cases) the SWRETEAPOHEIfashioge ﬁ@\%egaﬁfé’éi? Haedelh (thisi ¥ control data area
936) landing at a portion further inward of the control data area. At this
time, if theffurs aﬁeaefégetebhagtﬁxajbamdeycammcémd by the i nner
circunference of the control data area) the optical head will lose its own

position sippticwl pddagsasedrtootedue thé piedsbaeh. i MitilseePfaktacem 998. It
t hen, becones inpossible to control the optical head. Accordingly) when the

guard-band akeghtaihBd ot BTy wieh thealiifats@Syaendidk Bat &flsbhan one junp
wi dth of the optical head, is provided in the above-noted portion, if the

opti cal hea@ikﬁ-ﬂﬂN?ﬁePﬁﬁ&l& sEPﬂkMQEhﬂ@Bapﬁgﬁﬁd?§§ the optical head w |

always land within e guard-Dband area. Then, by reading an address in the
Peposi t1oned an T SRRl i e MRPEFad sPs ALk RORAd Bflaane can thus be

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 forméd on one side).

This single-sided, two-layered optical disk is the type of

disk that permits playback of both sides from one side of
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way, the optical head can be controlled nore reliably and nore 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 recording first stripes on an opti cal
-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 stripeshe al@kt itechadeli Kdvafg! {o/ s vdediisd diiples as the second set of
stripes. Wth this configuration, when the first set of stripes 923 is

al ready recor gadify JrhbETHAM) ferd RPN [ gt fordBl b, capacity of the

avai l abl e space fox trinmng the second Set of stripes 938 can be
cal cul ate cQtgi nghy., - [ o, i.gure 23 perforns
trinmmng 98“@%%§§§&Fhéxgg%gﬁg éﬂ%}é?gﬁ%gigg%?Qﬁﬁgq%%ﬁfr%ﬁﬁdg?a provi des an

i ndi cation_of R h | i | able for, additional ding: thi
or event s DHE® Jh8G: B n Bk b8k REFeree snder 108 T OFe T pes by

recordi ng nore than 360 over the area. Fyrther e) as shown in Figure 30)
a gap 94913?6%?“{%%%‘ She o reflpciive rfgﬁrﬁsl@t?g?épq"‘@%pi?‘b\ﬂn&ed bet ween t he

first set of striges 923 and the second set of stripes 938: this serves to

prevent tisédprafvitbesdipkr echiedetorei the hprdade cendir fermed dest r oyed.

Mor eover, as shown in Figure 34(b) to be described later, a trinmm ng count
i denti fi ersigulitansonglgoodebotin sadssyncBhimipratides emdelvantage This identifier
is used to distinguish between the first set of stripes and the second set
of stripegorWddiaufabticatisterini they theikedicodd nahi o leebrean the first set

of stripes 923 and the second set of - 7( stripes 938 in Figure 30 would
becorme i Mgl PdRously on both sides in a single step.

In this case, when the optical disk is turned over to
play back the reverse side on a playback apparatus, the
barcode signal is played back in just the opposite direction
to the direction that the barcode signal on the front side
is played back. A method for identifying the reverse side
is therefore needed. This will be described in detail
later.

(B) Referring now to Figures 23 to 2, 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. o

(a) First, the optical disk barcode recording apparatus

will be described with reference to Figure 23.
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Finally) the third playback nethod will be described with reference to
Figure 40. When the duty ratio of the stripe on the optical disk) that is,
its area ratio, is low, alnost correct tracking can be maintained in the
stripe area) as shown in Figure 32. Therefore) the address information in
the address area 944 at the sane radius position of the disk can be played
back. This has the effect of quickening the disk rise tinme after disk

i nsertion sinceighee AYiess diagrdne shbmirid thacdonthplhmatpbaysthghback the
stripes without changing the optical head position. In this case) the
address ar ggrcsdl 2686-d¥Ag SpiRatld I1BESi M1 entLERRd8s opthes] diike formed

continuously along a length | onger than one frane in the sane radi um

portion of bta?eo?é.()sférmi-rrﬁemggﬁ -}éﬁ&gsh{ﬁlgidﬁ%t td¥ %gﬁ;}étggnw |1 be descri bed

with reference I gure I'S I nserted, e optical head is

noved to the inper ckrc nferential.por@io% hn s%ep 9&7%.n$f no tracking is
achi eved i tMERR A7 ealfqvfcmf"htgmﬂﬁ N 8 R Chg%i %8 ?)hase control to
push- pul | de in step 947p. In step 947b, rotatjonal. speed, control (CAV
control) ig;oaﬁéP‘ﬁ%jr HSdthe dﬁF&;PfBQERYY@&G Sy iR HnBATSHE PPS iiOBddr ess
cannot be played back in step 947c, the process proceeds to - 72 step

947i to noviaforeatoen; cBut rbadlatawke det bardode badlett restrdated tiopes. 1f an
address can be played back froman enpty portion of the PCA area (a portion
not overw itheenbove eabpdemeass Ior napddslude,stfep Odmplehemput bdegad on t he
address) the optical head is noved in a radial direction to the address
area wher e &id apel) anebéedesded from 8 €D gehégatdh@0Bs esehewor absence of

PCA stripes-is checked. If it is .
in Figure 23, or any other kind of data.

In Figure 23, the input data and the ID number issued
from the ID generator 908 are combined together in an input
section 909; in an encryption encoder 830, the combined data
is subjected to signature or encryption using an RSA
function, etc. as necessary, and in an ECC encoder 907,
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,'énd is applied to a
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judged that there are no PCA stripes, the process proceeds to step 947r to
try toread a PCA flag in the control data. Then) in step 947s) the

- presence or absence of the PCA flag is checked. If the presence of the PCA
flag is detected, the process returns to step 947c; otherw se) the process
Junps to step 947m On the other hand, if it is judged in step 9479 that
“there are PCA stripes, the process proceeds to step 947f to play back the

PCA stri Nrhen, t he~pl ayb LS. [ t th d
o tahed 0Bt ol b NG Sort Pabe e RL AR o R Bt LU0 16 The

outer area to play, back it.Signal. ep 947 P ag in the
control dat&AK Yy h?ﬁ“lﬂ:fg?[q?erghq 2HB" 3&2 ?lia‘ésg)d%%é%ﬁbgﬁs r?egs?\géa%e i s issued
in step 947k) and the process_returns to 947mto cantinu process. (E)
Next, manuf basedr 1hght é’ghﬂ? defogused; Elb‘ioé‘ﬁgn% i‘iﬁ’é“’?%“@p‘t"?’ﬁta}glfgi sk bar code
form ng nmethod of the invention will be descrjbed i({] Lug her detail. A

bar code pl aghtxkkhappefilectitve T31m 842 pn aiheo laeingded (qLskaSthi ef 1y, (a) First,
manuf act uri ng techni ques for inplenmenting the barcode recording nethod will
be descri bedemdvinghethe asflaftivhef Har émd@%meco)dajipngtm hoth&r evi ousl y
explained with reference to Figure 28) the m ninumemttingpul se spacing is
I't; theref operop-do2sestivht ethoduhisld bepddscribed der demkidf ldt@r= 1/f~ is
required, where f~. is the frequency of the laser. In this case, the

nunber, -~/ 2, 0fndgpeasle Bagiilsenkdie cigher,dedcipels skecone. stidmever, if a
beam defl ector 931°1s used) as shown in Figure 29) a m ninmum emtting-pul se

spacing of 2t hfg@ﬁ'e?gg% §¢prén*a@a ihe RUkSAUFEPES thi aerRgliod is f~ = 1/2t,

whi ch neans Tha ser equency can be reduced by a factor of 2. This

I th wh I of j d, 1tyh nb f
o 50 TS e ISR § 8381 0,8, SIS kg . e nurber o

t he beam defl ector 931, This has e f ect, of i ductive tact
(processi ng WHSt §388, A1RGH 09O o%{x]err& aapé}eatspgﬁw%ﬁ gﬂn&)tgﬁglfgi:sgf ficiency
apparatus (referred to as "switch recordi ng"@uai ng t he, beam def | ect or 93l
wi |1 be descthersacrrll ey vand, thesredpsn Ganngt FARASPE D ,egfbld‘lﬁgieng on

differences fromthe configuration of Figure 28. The beam defl ector 931)
fornmed from sigracoostto- epiavc abriaddotaber GRig A@S| 3k ENOFEOUSuppl i ed with a
defl ection signal Eor switching the beam between a main beam 945 and a sub
_7~_  beam 8fifectWherpriehentiafzl etidgad sampfabtumereNfrathés$ieia® Bs switched to
t he sub-beam 946 which is passed through a subslit 932b and forns a

sub-stripe 934ridtbhemisdeci $incal the publicldley cddivtabedeniphestedj pe 933 is
formed; only when recording data "1" is the deflection signal set to ON, as

shown in Fig iBhs1y RetSSBRRS L HeO subiGhyt e dheatiydenhandedr 931 switches
the beamto tgﬁgp%%g%ségm 846 to record a stripe at the position of the

sub-stri pe Q%Fk.l.ﬂllrta%scarﬁamﬁr .)oeS%fév%ﬁ?% 333nabnd 8RB0 puBEh Kegr "0") and a

stripe 934a _ s shown in part , are formed on the disk. In this
20) a1 aser it FEPRPAIES P TPhat # St red | n the confi gur ati on of
s used) sinoe ¢ nbheeonpatate §BF rizavhy i e R 88 equency. this
SZ:J ihgegffecigorgfiné na%;)(;‘?:gur;go% ht?xepxr)rggsue%tti g{i\go%i?\gnta wfi?ftb%r of 2, as already

described below in more detail.

As showr 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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Next, referring to the data structure of the synchroni zation code shown in
Figure 34, a format suitable for the switch recording explained with
“reference to Figure 29 will be described bel ow. The synchronization code
data structure also constitutes a technique for inproving productivity. Ils
-shown in Figure 34(a), a fixed pattern of "01000110" is used here.
"Conventionally, a bit string consisting of -75 t he sanme nunber of Gs

and |s) such as,.01000111".. i,s e t he present..inv i del i berately
‘avoi ds thi shélr?d 16%&3 th 1'?lltleﬂslp$2dt g%ISlggtlg satnrdué? ﬁ’@?%@ r&‘%éh&gason

expl ai ned below. First) to hi eve, t he i tch recordi,pg of ,Figure 29,

provi si ons stgg%ée%% gﬁﬁa?“mﬁ%rreﬁy et H8 gé@“ %ﬁbglom&g‘eoccur within
one time slot) that is) within 1T inferval. Switch recording is poSsible in
the data ar@%z’tfé‘éa kK &ataemogeré@ofaﬁw inar S EAPE P tBERRZ Acode) as shown in
Figure 33(a). However, in the case of the synchronjzation codg of Figure
34(a)) si nc8t¥inecguelmscpbowmeinbiigyreard8 &) r khghys Sarmadt hdnuBBal net hod two
pul ses may occur within 1T, in which case the switch recording of the

i nventi on i sodwltatpos,sidirépesTaradshaced afars pt dhireediffieréniventi on enpl oys,
for exanple, the bit pattern "01000110" as shown in Figure 37. Wth this

bit pattern)intérvhlsp Hyl 88 andud® f af this Sgdcimg idelispbided,in T2 no pul ses
occur) in T3 a pulse occurs for the "1" on the right, and in T4 a pul se

occurs for theterl'ocelird RAd! &fet eridr rhts MR¥s. t VIR Ohe FRESe| Ses cannot
occur within one tinme slot. Thus, the synchronization code structure of the

. ti h £ > : . . . h
product i on EaY S Eys P coroEatay R e £ RS Y e e
description w.ll .be _qgi f a. Kk | ayi back the - 76
bar code. r ecéiagh BhstheiEePin viGh & B5E R B TrbF I8 M deacr pt on

i1l al t h tivity i . Fi 15 j bl di f
the. pl ayback ppitasugb Hesclity aebiiatons ok s T e RrokSifalt part
(1)) the apparatus haﬁ been descri bezg as an a pdalrat us for reading the

posi tion of %@ ABSWEENGhabe3eR TIPS 40et F S18COFEeT iatnR FFOTARCbpt i cal di sk,

position in accordance with the rotation of the motor 915,
that is, with the rotation of the disk 800. This has the
effect of reducing jitter. Alternatively, a laser scanning
means 950, such as shown in Figure 3(1), may be provided by
which a continuous-wave laser is scanned in a radial
direction to form a barcode.

| (b) Next, a barcode recording method, etc., for forming
a barcode using the above—-described barcode recording
apparatus, will be described with reference to Figure 24 to
26. |

Figure 24 shows signals coded with RZ recording

(polarity return-to-zero recording) of the invention and
trimming patterns formed corresponding to them. Figure 25

shows signals coded with a conventional barcode format and
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but hereinafter, the apparatus of Figure 15 will be described as a barcode
readi ng apparatus, that is, a playback apparatus. An explanation will be
“given again referring to Figure 15, this time focusing on the denodul ation
operation. First, high-frequency conponents generated by pits are renoved
-by a lowpass filter (LPF filter) 94 froma stripe signal output. In the
case of a DVD, there is a possibility that a maxi nrum 14T signal nay be

pl ayed ba e = Q. > his. case,..it has been confirmed by
‘experi rrentctpigms}ld; ﬁggt%ﬁngng%mae gk%ll%séﬂg(ﬁrn%qﬁgn@é"‘corrponent generated by a
pit can be sepﬂ{ated Q{ usi nq .t he secR?d-ord r .or third-order Chevi hov

| ow- pass filt et REGRHS tnlﬁYU&rlgr‘?SS(eé). THELPTIWE ¢ AS $I0¥NoIN 2 second- or

hi gher-order LPF has_the effect of being able to separate a pit signal and
a bar code Higyral24.t nla *i‘ﬁ§uézer¥§‘3§¥%1t5‘lge Meaypabikige &S savéderk. Figure 35(b)
shows the sinulation waveform which is generated when the signal of the
 maxi num 14into apluralpty ofenipehsiets,efor cexampbmt ianfibussd] imen this way, by
usi ng the second- or higher-order LPF 943) the stripe playback signal can
be out put sifotted2@ajbat sedandl time edoviadd, tdehird fimeybbatk 982gnal : this
ensures reliable denodul ation of stripe signals. However, if the width of a
stripe si gl sbhets dihedWdaabeis (00% Sori @amplena sigsdlh 9ghever as 15 a min
Figure 36(b)) is smaller than the sanpling interval width tm (see Figure
36(c)) of @ dirGtPEPIRBEEIr thAE thel bE ol SPahe MMM obe tRBASUN ed
accurately. For exanple, of the stripe signals shown in Figure 36(b), the
stripe signal tnd . INAS I Q t craaconput er sanpling
i,nterval WI{]%'[ ﬁ?aaélé(}q{)khlg? e%ﬂorae'%@ggﬁg%ldgg’t c'ej%t e (.:6 0 dg\illgi%%t his, a stripe

si gnal obt gj ned r i a r i |p i flip-flop circuit
so t hat thghéetgﬁal?(e vﬁqgghé%)ea(:o?réesghg?%aﬁxe)g@%(ﬁ;q?t ﬁg Iﬂ#{ég%c%r'rput er sanpling
interval w.dth shown i,n Fi.gure 36(d). Fjgure 36(d) ,shows a waveform
after thewglﬂ?i i%i%l Wit ﬂu'ﬂﬁs‘%f’nﬁé éE%ert 6}‘%“ vﬁ'%ﬁtﬂ B4 The waveshaped
signal is then detected with sanmpling pul ses (see Figure 36(c)) fromthe

m cr oconpuf®rtheTReeorsiag  ockc by oatBUhPasHeEmaTt L gndt kel &t r &be si gnal .
Referring back to Figure 15, a further description will be given. Digital
data is defibbulcased Upinghe mEaRonderbsRifapwrth@4potatipheseaitsove nanner. The
data is then fed to an ECC decoder 928 for error correction. That, is, 78 _
dei nt er | ea%ildgy dns the mosone?l 5, nthe ddbok evilgeal gendp8awr &hd Reed- Sol onon code
conputation is perfornmed in an RS decoder 928b for error correction. A

bri ef descriepérareswaldodadative glodknpubse elsathawn Lo gared(bt iofe tact. Figure
33(a) shows the data structure after the barcode is ECC encoded accordi ng

to the pregepireZa0dhyeRtfofmidL the3ZebirdifgWen thaclinasitwiutt ure after ECC
encodi ng when n = 1 according to the present enbodi nent. Figure 33(c) shows

an ECC ef 1 ahaCOIddkohi b, ORRERisebL s 3e0R5lcind 0 vhheafibgsgpt embodinent. In

the present invention, the int er%eaw ng and ReedSol onbn error-correction
codi 10 oW B idieclh BLIGLUEE, O™ §o2560) o RETRASTEA USino Che
ai ok out oo (15108 3 st E iR L Ane A i, T ek [Fon of 't hat Byt e
error rate t%fe &PSk4 within Sa) r2§or%?82“rég?oﬁ9gz‘é%? t?h?é( %)n‘st of the

four recording regions showh, 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



In this data structure, to reduce the code data | ength the sane sync code
is assigned to four rows, reducing the nunber of sync codes by a factor of
4 and thus increasing efficiency. Wth 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 exanple) within
a range of 12a (12 Byte) to 188Q in increnents of 16a, as shown _ 79 _ in
t he exanpl e i 3 +hdh is ] dnpitiBi,pe @ range of
n=1to n=12?8%§55ggé§“ﬁﬁﬁéggggeﬁ%%(casQﬂgagH@ﬁﬁgfﬁngﬁgﬁgg%ggg%) and Figure
14(a)) for §anple, in the data structure when n=1, there are only four
data rows 951a, 951b, 951c) and 951d, followed by ECC rows 952a, 952b)

952c, and 952d. ,Figure 14(a) i,s_ a diagram show.ng Figure,33(h) in further
detail. The dat é‘érxgw @'Bei‘ %%%%rfjil?%td%%aEd% of’mﬁB.uF’i g éel‘it’(att?) a%‘ﬁows this in
an equivalent fo Error-correction e di ng, co tation Jis performned,
assuming t ha?cwva{e? invider thindytime tséo@&)i?%aagr%d é@ﬂ?g} 188 Sk hemat i cal
equations for EDC and ECC conputations are shown in Figures 14(c)' and
14(d)) respaespeadiiyely.n this way, the data i's ECC encoded by the ECC
encoder 927 in the recording apparatus of Figure 1 and recorded as a

barcode on the diede, flod kemparison darposds, 1NRZ irecoedinglddowver an angl e of
51 degrees on the disk. Likew se, when n=2, data of 18B can be recorded,

when n=12) datarwfto2Zdfh GaboRHngPatedefo0\¢ahvaitiangl eaetodB6 degrees on the
disk. In the present invention, by encoding and decoding 'the data using

the EDC and S50 40PV BY 1RNARG420LANA BAWRCLA: £itgUR Bl dgs) and 14(d))

when the data anount Is sma an 188B, the conputation is perforned

assuring all renpl NG BldRiBLe oilise 92803l BAIaLAY Bapiprad Wi a sl

recordi ng capaci h1 8" ser rten the productive 't When
performng | as - 8 rinm.ng,~as. i.n the present invention, the

above- descr i“ﬂélg{‘s%oéiagbf?i% H%Fsmg Ei‘gnitf"f"’ca?ﬁf)gn@ﬁi ndF e I%EB‘”Speci fically)
when performng, laser trimipg at..a fagiory, |f is inportant to shorten the
producti ve tacEhovy i pacy d\lfs%%agwpg at U8 hzi%%‘oﬁi}% 6&% stripe at a
tinme, it will take nore than 10 seconds to record a few thousand stripes to
the full capeicithyof Basht pulser bgli/ntd dnoitheliathepriaddet imrthescaseseconds per
disk; if full-capacity recording has to be done, the productive tact

i ncreases. nf NiR oddordilngnd) pilae thevintenentl idisdeded nmmdber will be a nmain
application area of the present invention; in this application, the PCA

area capaci t furctheriérels vherwTagpdddBs $iccifdBedve 4 andedest dbekhleonl y 10B need
to be witten) the |aser processing time will increase by a factor of 6,

I eading to apPredyts iviRtROYT bRCITEaBEcomERenédedlsaky, iakysiginhesl of the
present invention achieves reductions in production cost and tine. In the

bl ayback apngral 13) S&nggg%'i‘ggurﬁ tfe ctBEMNTRsES dxfinfil GkERI(D), for

exanpl e) the ecoder erforns t and C error-correction
COPUL e o0 SR U L8, ) CrdEUR Sy e St rove

trimming width is praptically difficult since it

necessitates changing settings, and therefore, NRZ is not

suitable. As shown in bart (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 §29b and 927b from

the left, as shown in part (4) of Figure 25.
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this is that data of 12 to 271B can be corrected for errors by using the
sane program In this case, the nunber of program steps decreases)
‘permtting the use of a small-capacity ROMin the mcroconputer. - 8L
Furthernore, the pulse width reproduced fromeach stripe width is nade | ess
than 1/2 of one pul se period, as shown in Figure 36. Since there are three
‘difference pul se spacings) 1T, 2T, and 3T) the ratio of the sumof all the

stripe areas | MuoRRe ldoAGhnd Robl NROLBLoANIRG, Vot BRLIL FEUtHS argSS than 173,

Wth this arrangenent, in the case o standard reflectivity of
700 the refikegti wirty, Of. St S . thel.; ..., about 50fo.
Since this ltaﬁde\é:r’s %érjlgaéﬁ?f%r B%@%ugﬁggarﬁdr é?f %tfﬁglé@ g?éaltcéﬂ be pl ayed
back on a nvent i onal i sk aver. ,.(F).Next) a anpl e of the

above- desc&ﬁ%%]%sr %Wégé]ﬁﬂc%t 'i\"g%] %Fﬂ’é‘?"&‘&i hYy 'Witgﬂ‘%a%if’g ture) will be
described with reference to drawi ngs, followed by a description of another
appl i cat i o\r%éx]aansﬁlretﬁlf"‘“‘tlﬁﬁ ‘ngtg%d&eSG% Imveation heAgrorden® Wncrypti on
process and, pl ayback process wi |l be~described. by way of exanple with

ref erence ttBeF]rWetﬂB‘!mlAS afhdhp presERfUinwentionana| @rsaddels 4504 uni que to
each individual optical disk is generated by an I D generator 4502. At the
sarme time, fanme¢dasi ghewruin thecekper ingos rgsplt eshoandigiFiglresi gnature to the
| D nunber by using a specific secret key corresponding to a specific public
key, and tiB&a) hunitapphdeedritingiinigal irsd ghdthirdd f4&05 famd ditsk essoci ated 1D
nunber 4504 are sent together as a series of data to a press Factory 4501.
Thi s digitaliskj anatidrgififScnl 830 pr@eq@bnﬁcbotn@rémhmM@aﬂﬁncrypt ed in an
encryption encoder 4508 using a secret key of a public key encryption

function. ThenPtdidnSn e%fﬁgpéﬂee%gg iﬂgmt&llégﬁsl?ﬁgﬁﬁ;l}é@%n%% sent to the

press factory 4501. A press rtactory and its

correspondi di gi.b.a i an 4505 are. recorded,as a barcode in the PCA
area of an 13%& %%tthdib%ife%Sg%&{)nélﬁgi%gVggf?d&o\[/\)?i]tnetlaﬁ%lf)?.‘l%%té public key is
prerecorded,on, t he master, disk, .that i ina pit portion of the disk. Wen
the thus neMHESRESH &4 d?ﬁtieEé"l’i((ﬂfs%‘%B"@%l?%t1I"8a§’éﬂ"i ﬂ‘t“% 1"g“e’f)’F‘aa]yback appar at us
(pl ayer) 4509, the public key is read fromthe pit _portion, and the ID
nunber and QOREugt Biityl ard gnacknessaphdhgesuhssrrte.ar Burhed, from t he PCA area
and decrypted with the public key. The result of the decryption is passed
to a verififumiog setsi oh ddbfdardnt 1ire gidthsabnsitgnaame alidhtwilils f ound
legitinate as the result of the verification, the playback operation of the
optical distesuitald @neihdreasedtdorpbexiltly dhethdi gédoaldisg gnature data is found
illegitimate as the result of the verification, the operation is stopped.

Here, if theprdiratésll SbenAampEe,dahathe ca86 UdeHe INZRt PEc2dAngr €a toget her
with the plaintext of

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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the ID) the result of the decryption is checked agai nst the plaintext of
the IDto see if they match. If the digital signature data only is recorded
-in the PCA area) an error check is perforned for verification. Wen the
data is encrypted with public key cipher, as described above) only - 83
the software manufacturer that has the secret key can issue a new ID
“nunber. Accordingly, if pirated disks were nmade, the encrypted ID of the

same nunber | d be regqrded,i.n t PCA area of. every disk; therefore) the

use of sucl’{”\ékfzﬁ%ltsé‘&ﬁd?%% Wfﬂlz %%QS‘Fe%‘%“}edefﬁm tfgﬁ).clhelxﬁ]@r?'eason is that) in

such cases) thg iIIegg,I use of Lhe sof t war e Eavi ng t he sane nunber can be
P

prevent ed titahbplsEcAGIHE GARIOtPELIARe] BHICENERE| BSETt FIBINGE t he above net hod

described with reference to Figure 45 can al so_be lfsedéj,sn tg?eZW,l nternet. (b)
Anot her apptiidsht Yarriesxarfilie makeshdengdntabioniffisal fesdisiBedt4nith reference

to Figure 46 as anot her node of enbodi nent. This node of enbodinent is
concer ned wddordingxahplpreisenwingen tionehas yhei effecsyof @cbéeviwd during
comuni cation is recorded as the above-descri bed barcode in the PCA area.
As shown i nsfabdur ¢igithl ardeoeding actmriyf #1660 1akeeps ieachg Mddbinber and its
correspondi ng encryption key, a public key of a public key encryption

function, iptiRe. f FuPtRéra thabimeblth offethehpreffectast ory 4601, an ID
nunber and its correspondl ng public key are recorded in the PCA area 4605

of 1, Ll 048 ks 0 1 e et 1 e e
e P B BRI bl e R B L0e0LE Bt res o
| the laser power therefore need not be modulated.
As described, by employing the above RZ recording for
optical disk barcode 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 92la; on the other hand,
data “1” is recorded in the right-hand time slot 92la, as
shown in part.(3) of Figure 26. On the disk, data “0” is
recorded as a stripe 923a in the left-hand recording region
925a and data “1” as a stripe 923b in the right-hand
recording region 926b, as shown in parts (2) and (4) of

Figure 26,vrespective1y. Thus, for data “010”, a pulse 924c
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Bef ore the user can play back the novie contained on the optical disk 4604)
he has to arrange for paynent to a system nanagenent center 4610 and have a
-password i ssued to enabl e playback. First, the user sets the optical disk
4604. Wth comruni cation software run on a personal conputer 4606) the PCA
area, etc. are played back and the public key is read out. Wen the user
enters his credit card nunber and personal code nunber, an encryption

encoder 46 PLS th€) ARLRARD tdié aslokt Port HO” pubpubs&é@idand t he
encrypt ed g%togﬂ?gytransnﬂted to the system nmanagenent center 4610 by using

the communi ¢ag|ns ghagnel; #82Mn b SIBYSEGM TENagAMRNulcent o 4610,

cormmuni cat Far°SECEti on ads the I D nunber in plaintext fromthe

received d , .and decrypts the-receivedd regri gyididwa secret key
correspondgkgetlcf’ Png‘ﬁD){ﬁu etlgff:‘g g‘%%gnﬁgnﬁcggg% F})Srrl key table 461 2. That is,

t he system manage t nter 10 keeps,ihe I i it.abl e 4612
cont ai ni ng 1#&@%%??&?’%%&&“% gf ot Egghd]l%’ ngﬂn%gpg%?ig%g%cﬁrset key

corresponding to the public key. Based on'the user's.credif, card nunber and
personal cdosmedinisethe etefits PPOHYhICHE ﬁ&ﬁﬁﬁ?’&ﬁ SHEIRE. ?ﬁh{ehesyst em _

managenment center 4610 charges the user, and at,th _tines, issues a
password t arighe-heel pogiiiionpaandnbhel %BFQ(—:%HGHSS”{ 53‘??1‘@&& @%‘EED and

user-specified novie or computer software contained on the disk 4604. Using
the - 85 padssyer byt baseri ssimedngt hdiigsee 26R) pshoyspeighatfe desired novie
or install the desired conputer software. Since the public key can be

prer ecor dedyaf 18t @A THE)"OPt Asaandbs keenhi s sigoel 4§ enmbodi nent  has
the effect of saving tinme and | abor taken in a previous systemt hat

required th&gﬁy’ét P BRI by &8N ERAndel Bepd Thet publ sindeeyh¢ o the user

separately. thernore, even if the communication key (public key) is

delivered to.a press_f.actor i S rh&l VARGSUr es ar e
rg@uﬁp?Vtgaggbéén%%tﬁa?ﬁeeg-ﬁf EhRpdritnt S&sds aS

i npl enent edfl% mai n Furthernore, since a different

public key is used f each individ [.SK, pth iohYi©f one particul ar
di sk) that Sé?c%ﬁg‘euﬁ‘ér‘ﬁ"mpgne&rqoﬁ%‘?ﬁ %?he\%s Cu?#tmfag&%to er” users can be
protected. Furthernore) using di'fffqrw?- }T%‘fubl ic ke f.or r(fi%rgnt di sks has

< .
the ef fect oRSislAdi iy YAFaapHYSiB UeRCy e e B%l“syeg% acing an illegal

order. If the conmmunication public key were recgrded on,the ter disk, it
woul d not beuleesidgeeis dleseetedhduningptayhask v ﬂ?lénﬁ?ﬁ géFnﬁffg?f%i | | egal
order. In the exanple of Figure 46, a public key is used gs the

communi cat i o5 keypl ifyting tphaybaclodenphrlatpatcidcuhbity of § eagl%l? fects can be
obtained if a secret key is used. In this case, however) the security |evel

is alittle powBack hppavhais. a Pudtheemdwy Esnaesede Ngoal &3 iv say, the
nmet hod described with reference to Figure 46 can al so be used in the

Internet.  ,lyays available for every channel clock 2T, this has the
effect of being able to reproduce a synchronization clock
fbr 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‘701000”,'shown in part
Figure 27(4), is recorded, in the PE—RZ‘ﬁodulation 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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- 86 Referring to Figure 22) we will now describe in detail a nethod of
descranbl i ng and decrypting data using a password via the network descri bed
‘with reference to Figure 46. In the flowhart of Figure 22, first in step
90l1la the software on the 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 scranbled, the installation is allowed to continue.

On the oth [ S It Sy 4 Fiid heGiogdd i yep 901b whet her
t he softvvafﬁéep@ﬁg%? ai%ﬁ@iei gr@ éé]‘ﬂét{p;uti ‘#l%ég?fgld&%ngecti on idsbpr%rade to the

personal conputer network Jn. i i |l step 901d
where the (8 es@ﬂf“é’r@m?ﬂemllfgéﬁéﬁ%rgg#%gﬁwet Pf)é"ﬂ]aftg&?%@tg}ap 901c, there
is adrive |D then jn step 901f, the drive | ata is transpitted to the
passwor d iggﬁ%d‘océﬁ‘%lé’rc.tl tsélg“%]osnf‘F?rﬁbrﬁ?lB%‘gr?@ﬁt ?0 irr?mgi’%oo 0lg the
password issuing center perforns enerEtLon.conputation on the drive ID and
sof twar e | bheyrafdieative §ibnsasrexpladped didhgeaferaned t8 paklsword which is
transmtted to the user. The process then proceeds to step 901h. The
personal c&iputers (). t By pasvingnthicompprossicethes igasbvidrduely thesub public key
and conpares it with the drive ID. If the result is OK the process
proceeds t gegbed-d¥din ovheheérd-oedeofliPRaf £l teer 8dbishoon ien€igyte on is

unl ocked. Turning back to step 901e) if the answer is NO, then in step 901lh

it is checkgdayheinaerilfieed &ignal distefbih shbwn BV Figuth@f€6) 9sa disk 1D,
then in step 901i the disk ID data is transmtted to the password issuing

center. AllgratRBd] I By NG IRANEHIs 41kl Oy 01kvdR1paggword i ssuing cent er

‘perfornms encryption conputation on e disk I D.and software ID by using a

sub secret k%\épﬂ‘ggegdegggfg@tlggofa0;?2?%?%?%% ﬂgmé&l E@@sm tted to the user.

In step 9oﬁﬁ_ onput'e _ e user en conput es the password
P 2ol PO (AR ESTRRLER R 8610 LB B ot 12 K
'nthis may%ogﬁétcgit giggggogg gggﬁgdt{gat gsgggyédmééﬁg%in%&acking
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 tfacking control during playback (this
coﬁdition 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 rgcorded with CAV.
CLY recording means recording with constant linear velocity,

while CAV recording means recording with constant angular
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center via the network by using a disk ID) the software scranble or
encryption on the disk can be unlocked. In the case of the disk ID of the

- present invention) since the ID varies fromdisk to disk, the password is
also different; this has the effect of enhancing security. In Figure 22,

-ci phertext communication is omtted, but by encrypting data using a public
“key recorded in the PCA area) such as shown in Figure 46, during the '
comuni catign performed in steps 901i and 901j, data security during
*connunicaﬁ?gﬂcggh be further enhanced. This has the effect of ensuring safe
transm ssion oi per sonal bilIin%.infgbnation v%& a connunigafion means such
as the I nternet® ifiér Bre36atstpiention| &H8| SirdPedi2verSuliecor el sh here t he
descri ptions, of %he First-half _~d _ part (1) anfﬁ%ﬁe second- hal f part
(11), and Yl pAbcsErerinrased o p REGRLbiSIgRperimpnt 8Rf 1At ¥ rel ating to
the process fromoptical disk manufacturing to the playback operation of

t he pl ayerarepaholdiingnan efddsess whi¢h psr rewdaddwetévsCE&m éhathich is a
position information list for the lowreflectivity portion, will be

expl ai ned.ig,athtadata mmrdvienysitdies ¢irhnehe attripesiomlnntitehe anti - pi racy mark
formati on process at the factory. No |l aser markings fornmed in this manner
can be i depidseat invepbysi,cahe fa@tpie.siknal eenandpspintead 1stiep, the | ow
reflectivity portion 584 fornmed on each disk is neasured with a resol ution
of 0.13 a gataatbes GAsLe Qfitd ADDfokfed;ONBHd Webser ibeW Fa@filoacéf vity portion
address table 609 as shown in Figure 13(a). Here, Figure 13(a) is a diagram

show ng a h?éN.p&»@iﬂ)@@tsggﬁély a4l iQNnatdiass AR %Eﬁr%tsﬁntfor a legitimte CD

n
manuf actured in accordance wth the present e ment, and Figure 13(b) is

concer ned yii).ag11d,£gallonadupl 162t g6 OB T LWieLhagLivi Ly portion

address ta ncrypted using a one-direction nction such as the
one shown i,n Fiqucte 18) and in the,second reflective-|ay ormng step) a
series of Bbuk SRS caebplyis,alee GRLIREA Dot e iz Blie) Yot | ect ve

| ayer is renoved) s recorded, in bar.code-ljlte pattern on __ the

i nner nost gBr‘EhlénP arka, dingk basgo hweicﬁrwfgwa&hﬂ Figure 18 is a

flowchart illustrating a disk check procedure by _ 8~ t he one-way
function usuperimposed oanprgMtitosignadsshdinthis way,” the CLV data

is recorded with a pit pattern from the master disk, while
the CAV data is recorded with laser-removed portions of the
reflective film. Since the barcode data is written in
overwriting fashion, pits are recorded between the barcode
stripes 1T, 2T, and 3T. Using this pit information; optical
head tracking is accomplished, and Tmax or Tmin of the pit
information can be detected; therefore, motor rotational
speed is controlled by detecting this signal. To detect
Tmin, the relation between the trimming width t of stripe
923a and the pit clock T (pit) should be t > 14T (pit), as
shown in Figure 30, to achieve the above effect. If t is
shorter than 14T, the pulse width of the signal from the

stripe 923a becomes equal to. the pulse width of the pit
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in Figure 13) the legitimate CD and the illegally duplicated CD have the

|l ow reflectivity portion address tables 609 and 609x, respectively, which
“are substantially different fromeach other. One factor resulting in this
difference is that |aser nmarkings identical in physical feature cannot be
-made, as earlier noted. Another factor is that the sector address
"preassigned to the disk is different if the master disk is different.
Referring pnowto Figure 13, we will describe how the parking position

i nf or mat | SHENAL f &9 dﬁéfméﬁaﬁ%%‘%éb“(%“rrﬁ @n dissk%rv&%%.eaom sk. The
figure shows an exanple in which the above two factors are conbined. In the
exanpl e shbad thewsignal kfraps the strépendddancametdbe idempdulkateédcase of the
legitimate CD, the first marking of mark nunber 1 is |ocated at the 262nd
cl ock posiloienabfleopi t kddeassr inframatiaf tohke swadoat dhel safiecal address Al, as
shown in the address table 609. In the case of a DVD, one clock is

equi val entradud pd8itiom asindhet bier ipess uareaddtedss aneal &4di {4 prbovsdedccur acy. On
the other hand) in the case of the pirated CD,  the first marking is |ocated

at the 813bngd10¢kaRasiuhi 0bfl Bné hRIdpess OF Pit Adp et 108, &5 shbpywn in the
address table 609x. By detecting this difference of the first marking

posi 1100 bRt ERR! be: LAHITEE ot koMnPLAGH 6 diglinedfe P rated di sk can

be distinguis ew se, the position o second marking is

al so differ .o i tjon, i nfaQr i,on qat ¢h ih f the
Iegitinat@agg@%fxtﬂgaﬁﬁgggg{B§§Pf¥ﬁEb%fhgﬁggié%ﬁﬁprEP{#%%%Pgethe sector of
address Al,nust, be fornmed with an accuracy of ane clock unit) i. e. , 0. 13
a m other sEa,t]tohe%p‘iheaFEHlp@i §¥<eac§ﬂnﬂ?e BT PP A 1EFe E}ﬁénﬁlse of Figure
16, the legitimate disk and jllegally duplicated disk h?&§_lom1reflectivity
portion addeeduty aBEEy doonadedletothreiiit ively T (Wher & WRlues are
different as shown in

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 example of a condition in
which tracking control cannét 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 nét be possible on some
players. In such players, the strips 923, which are CAV
data, can be read by the optical pickub 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 plaxback apparatﬁs when pit data in the

optical tracks in the stripe area cannot be correctly played
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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

di sk these are mt24 and mt277, respectively, as shown in Figure 16(9).
-Therefore, the corresponding values in the lowreflectivity portion address
"tables 609 acid 609x are different, as shown in Figure 17, thus naking it

possi bl e tqwgkstinguish'the duplicated disk. If an illegal manufacturer
‘desires to e a copy of the disk having the low reflectivity portion
address table 6

9,..the ill, have 1q perform a,precise er_trimmng
operation with f‘hé“ltgé’é%lm i BREHA fhré‘ ASpFRICEH ) 5LEP s*éaalt}}fs shown in
Figure 16(8). As_shown_ in Figure 20(5) show hg, the veformof a PLL
repr oduced antdeal diegdais dgve H’Yr épPH‘cﬁ&’Eég"‘yﬂtlgE%‘?ces;ggnéles)‘"g‘@rl in the
case of a DVD disk the period T of one reproduced clock,pulsg, when
converted tmraidnsirastep #30bhe Thieskyticadt head) isnhysupesitdpaed ng on t he
disk) is 0. 13 a m Accordingly) to nmake an illegal copy, the reflective

filmuwll h@yehboakhe wheryetlevstripas I#3nvErRiguresi( arearecorded.1 a m It is
true that when an optical head designed for an optical disk is used, a

recording can bgepRdg (005 &hdtepeésiibng {d lcBrsailyapl aybebk Rlavat h a submicron
resolution. But 1n this case, the reproduced waveformw || be as shown in

Fioure 9(¢) h@ndi§ Nehdl bt NekolUPHRl RS24r A5 Sourmobn Fiuheso(a) cannot

be obt ai ned™unf ess ereflective filmis renoved. (b) A first nmethod of
Ty be by | eee ERERAGHE UGl ESNARERE TS o EP Rt 1B L°as later. AL
| aser tri AR i Coh| heaBIABREK 5 ibe i ABtacetrney F L GG, ncrons. in
(e aser tri nunIinngstLOrQB%Serocigglijgr;[acir sggesdk nggﬁctiisogpsp)ligé kgys said that 1 -
mis P ,

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 stép 930f. If there are

stripes, the barcode is played back in step 930d, and when

playback of the barcode is completed in step 930e, the

optical head is moved in step 930f to an outer area where no

sfripes 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, usuai 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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the limt of the processing accuracy. This neans that it is difficult to
achi eve a processing accuracy of 0.1 a mat the mass production |level. (c)
- As a second nethod, X-ray exposure equi pnent for processing sem conduct or
masks for VLSIs and i on beam processing equi pnent are known at the present
-time as - 92 equi pnent that can achi eve a processing accuracy of the
“order of subm crons, but such equi pnent is very expensive and furthernore,

it takes mdSRtxtdlnggt etgt%l? rf%%t Oﬂﬁ]@%F@& ek (%t%x:igﬁ@%aitf tfgch di sk were

‘processed USIi ng su e cost per woul d be very high. At
the present,.tp.ne) .therefore, .the l.d. b . higher than the retail
price of m‘}é%%?ree)éﬁtt Ph‘h‘fseogi%al&”‘) a%dg“%?ﬁ%}'&#é ?n(igeact%rg%?eogtﬂdi sks woul d not pay
and reani ngl ess, ( As descri bed ove, W.th the fir.st hod t hat

invol ves | 386Pr4eq a‘%ht‘?rg,caf‘t § §tfﬁ¥‘?‘fi et \téﬂbnfﬁ otlg‘gsg%pteﬁn?esubm cron

accuracy, and therefore, it is difficult, tﬁémass roduce Eé |rﬁt ed di sks. On

the other H&geyded in ths 18pTNET AR dSYASICAGNE MRS HIRASHE §cessi ng
t echnol ogy such as Xray exposure, the cost per disk is Sﬁ@qm gh t hat nmaki ng

pirated di gediis posibionylodsthe opkical bewhdsre P aptbrly Accor di ngly,
maki ng illegal copies can be prevented until sone day in the future when
| ow- cost summbpenrompfooeshenaddreshind] agyitf signalkss apd duasetli on becones
practical. Since practical inplenmentation of such technology will be many

years into fterbsilyy oFf teoavgiirenc®f, poredadydpaiforangnswiechirvented. In the
case of a two-layer disk with a lowreflectivity portion forned on each

|ayer as shouebdl Heth rbhtfh bheal hagupl i cated di sk cannot be
manuf act ured unless the pits on top and bottomare aligned with good

accur acy when | 36) npiicngs et d NSk ARARCER eyl backiveness - 6~ i

preventing pira scri be how the arrangenent angl e of

the low reflecti.vit Qrtion on,t i i fled.: t he present

i nvention, g%ﬁqrilﬁpeﬁopgp?fg&qi W%%Qg ﬁfg?ﬁ%}qug\&iﬁt %J&ﬁﬂllgh%lr ovi ded by the
reflective | ayer |evel. nmechani that i,s, by the |l owreflective marking

al one. In tﬁli’%/‘*d;ﬂg%‘,‘ RlgEIng Z’@Eg?@h@ng?%‘:c’g‘ﬁf %(‘c‘%/qr\(}én%\;gnt{‘? RrRa®Nast er disk is
a duplicate. However, the effectiveness can be enhanced by conbining it
with the piemkedipeatention technique at the master disk level. If the
arrangenment angle of the lowreflectivity portion on the disk is specified
as shown in TablRigiBeatlashowilthe HEatirotatgomal £8¢ed coabral | egal

manuf acturer woul d have to accurately duplicate even the arrangenent angle
of each pit meehdd@hBBsieRotlatSionalhipeedatdndrohcirseappl iddebgost of pirated

di sks and hence enhance the capability to deter piracy. (C A further

descri ption 4eikbit 3@ 9hyeBfoh ditesppplalTmi Atadeadhseringetn@nreflective
opti cal mar ki ngportion of the two-di sk | am natedoptical disk)focusing

onpoints th r eno i o] ol hpt i onof the

oper at i ngpr ﬁ%&?%ﬁ?&rh%%ﬁ‘%g?ﬁgs@ﬁéﬁ ﬁ)ﬁ‘EFiléé{ ?gl% gtagg&g gﬁ posi ti onaddr ess
nunber)fra nug}ixnﬁr, andcl ock nunbercan be neasuredaccurately w tha

resol ution 3 nit, thatis, with a resolution of 0.13 a min the case
of the DVD standard, b sing a copventional player),thereby to accurately
measure the opti¢afl&Rat KLom %Fb@ni‘@&ﬁén??‘bﬁ S?*P?ﬁ.f&ég é’o and 2 1 show
the optical mark address readi ng nethod of Figure 16. Explanatjion of

signal s (1))vaveshapidle, aud thapdthespulse spaminesod theanpit S1igndd 145 not be

gi ven here since the operating principle is the sane as that shown in
Figure 16. Theasuoed eéspandeipeespatingemeadsugime meéns vihidch A 1tlustrat es t he
principle of the detection operation for detecting the position of a | ow
reflectivityrefirenod lua gdheratichgFinginse95@ dbnanatel tpfevdnch are concerned
with a DVD, is given below Figure 16(5) corresponds to Figures 2 0 (1) and

2 1 (1). They Ry QHEGAALELO0 ﬁlﬁ&h@akuig& i gtk & s164:@erceliarezhonds to that
shown in Figures 2 0 (5) and 2 1 (5). Address 603 in Figure 16(7)

corr esponds Fg dhgtiaphaur 4f tlﬁlagﬁfn%ss?grm( Bit amd1Perl th2) theFpalg synch 604
Iin Figure 16 B corresponds to that
width t of the barcode signal. This reference value

information t0 and the pulse width TR of the reproduced signal
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shown in Figures 2 0 (4) and 2 1 (4). Starting clock nunber 605a in Figure
16(8) corresponds to reproduced channel clock nunber in Figure 2 0 (6).
- Instead of the end clock nunmber 606 in Figure 16(7), in Figures 2 0 (7) and
2 1 (7) data is conpressed using a 6-bit marking length. As illustrated,
.the detection operation is fundanentally the same between CD and DVD. A
“first 9 r difference is that a 1-bit mark layer identifier 603a as shown

in Figure a%eocélﬁ)axjeﬂ irf“él UoRthrfiRE dedfate M;Bﬁ’lwmfeneﬂﬁ]ti@e low reflectivity

-portion is of e one-layer type or two-1layer type. The two-layer DVD
structure proyides a greater anti-pira f.f a Lously described. A
second di f%ﬁﬁ’éeﬁ’lag ?’heatre ?%e@getﬁ@ulei ﬁ% %%éicg?’éﬁ)eﬁg%%@@ﬁ?g is nearly two
times as high, .1 T of the repraducged .cl ock,i.s,as ort as 0.13 ~ n) which

i ncr easesr]ﬁ%g HR s IMERPBhH “‘IeéPth%g' det dét F‘bQPIde?We%BBS'Pet"PSH i nformati on and
t hus provides a greater anti-piracy effect. Shown in Figure 2 0 is the

si gnal fromangeS%h wbere dFedsi sptaaswinakay By spferancedteKMavi ng two
reflective layers. The signal (1) shows the condition when the start
position ofmaan aptérdabl hetr B53rcantteoks msmotary drives cdeeeit 868, Figure 2 1
shows the condition .of the signal fromthe second |layer. To read the second

| ayer, a fa¢lsitehing andol asterat$ondlcbpegl sontiadnb82ed ion Faagur eld5 sends a
switching signal to a focus control section 828 which then controls a focus

driving segiid Qas828F ltheSptdseht twehotdts hummoubepdlisestat ayele¢ 0 the second
| ayer. From Figure 2 0, it is found that the mark is in address (n), and by

counti ng t Be I IR0 SYNCREO Rtk BY aﬁr(:%s UsirDgesd GQUEHoW, it i's found

that the mark is in frane 4. From sign the PLL reproduced cl ock

ianal (8) e e Er G P i B BB e S s P U ek
DVD pl ayer 15( BT AGORE | onal- Hat Br s OReFit PGST S3fe TiRobeH S48 am nated
optical di 2§r¥gélwigghffgfﬁgeitd?esfgingnggiggv%ontrol, 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 lérger than the reference value t0

by comparison with the reference value t0, as shown

in Figure 41, it becomes possible to perform

rotational speéd control fbr 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 haviﬁg the smallest pit

length of various pit lengths).

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

information TR from the edge-spacing detecting means 953 is
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Figure 2 1 shows address position information pertaining to the opti cal

mar king formed on the second | ayer. Since |aser |ight penetrates the first
and second | ayers through the sane hole, as shown in the process step (6)
in Figure 7, the nonreflective portion 815 forned on the first reflective

| ayer 802 and the nonreflective portion 826 fornmed on the second reflective
|'ayer 825 are identical in shape. This is depicted in the perspective view

of Figure 4 r o j teretihe rent substrate
So1 s Tns ami 16, 2CSSPEFhemy oske SETE o Ts0S

are lam nated together) laser light is

appl i ed penclial) Ng.hQrgual 1 1gne ARACNY didueL ol ddhap dflentical mark

thereon. In s’ case, si'nce coordi naté arrange S of pits are different

between the first. and second | ayers, ,and,sin the positional relationship
bet ween t he ¥ SPim4d g@%gﬁﬂof%ﬁérEmﬂéc?%ﬁﬁbﬁgmhen.Ianinating t hem

together, the pi{ positions ere the mark is fornmed are different between
the first and sei:‘b 1850356, \é\g‘hd)aéﬁ?cfer QP;s%iwflfiE}P etntlspgstiot' n#iMf 8% mation is
obtained fromeach | ayer., These two_kinds of position informatjon are
encrypt ed t d9fe8deReanviine Tpin é:éyO‘Cﬂ $R.04&E AR s‘\Sa@t%ﬁ%‘géd o duplicate
this disk illegally) the _ 97 optical marks on the two |ayers woul d have
to be ali gnethenbancaler ased utsi phayed bandut tite Ic@ndi taonAsR f dwiibukd y descri bed,
at the present state of technology it is not possible to duplicate the disk
by aligni ng ridie sapisfiad shrdesthe Warbodeheupsd width t ds alvaysagseatkr0. 13 ~c
m that is, with an accuracy of the order of 0.1 hem but there is a

possibility {imt THRSS FhatUG, i eferlecehinG goysimYibe ofosrRImebatly i npl ement ed
in the future that enables |arge quantities of single-layer disks to be

trimmed wi thidqngCeIRhddeGRIsac thif: Fhérdfodt, |henCaR! TnEyen in t hat
case, since the top and bottom disks are trimred simnultaneously in the case

o e 1o Al MSFRTAEY St S0k, 8 s St e v

reading means 959, the effect is that rotational speed
control based on Tmin can be applied more stably while
playing back the barcode, compared to the Tmax-based method.
Further, an oscillator clock 956 creates a reference clock
for demodulation in the barcode reading means 959, while
detecting the edge spacing; this has.thg gffect of being
able to demodulate the barcode in synchronism with rotation.

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

(playback operations) using the above control methods,

etc. will be described.

Referring first to Figures 31 and 43, a first playback
mefhod 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



aligned with an accuracy of a few m crons. However, it is next to

i npossible to lam nate the disks with this accuracy because of the
“tenperature coefficient, etc. of the polycarbonate substrate. 4Yhen optical
mar ks were fornmed by applying |aser |ight penetrating through the two-|ayer
-di sk 800) the resulting anti-piracy mark is extrenely difficult to
“duplicate. This provides a greater anti-piracy effect. The optical disk

with an ante iy, TRERANIY | 511l BUSISRURLE! Gduh RUpRLIACY oPr event i on

“applications) I n cases process "‘and laser cut process are

i nsepar abl g, as i n,the,case of .the..single-plate t .. the encryption
process, mﬁf@ﬂe§53%n%pnt%8?alT%%ﬁPrBP%¥ﬁeg? rpﬁﬁﬁaﬁkdygggﬁs_ c~E _ and
processing, i nvol vin secret encryption key have to be performed at the

di sk manuf B%lfwfael? HesEFiDetTATE SHCArRONRARE] Hifhet CASE WIeTEne i ngl e-pl at e
type the secret encryption key maintained in the software conpany have to
be del i ver é8agkingheothirol eannetabe werhermedet Wrile e $hdrdat|y reduces the
security of encryption. On the other hand, according to the nethod

i nvol vi ng paadracyr nedwd hg avnckomddhai thi adicsks whahe ctirackibsg i t ut es one aspect
of the invention, the laser trimm ng process can be conpletely separated
fromt he dicsktrdnohadieupenfpymedcess. Therefore) |aser trinmmng and
encryption operations can be perfornmed at a factory of the software maker.

Since the secreft gRersdilel @fm@¥at e bHEi co0f howdr €sRiRA keeahe need not be
delivered to the disk manufacturing factory, the secret key for encryption

can be keplinhd: Wik sa orcul arlkioln epsabibes abery Fkarreat!y

i ncreases t security of encryption. ve) in the
present inwgnt] l egiti e nuf.actur er n Kk l,egi t,i mat e di sk by
processingwﬁhehg?gﬁaﬁ§ﬁﬁékgqgghgggwl6ﬁr%lL%elasé?n?Wﬁﬁﬁfﬂggﬁﬁparatus havi ng
a processi accur.acy of_,several tens m cyons.. Though asuring

accur acy o;‘kqégﬁ%a%alvﬁﬁ’s thg Eedes §¥1 Cﬁ’l 8836{‘}%@@ afévﬁitgk}’éﬂ%ﬁygc ent i onal
circuitry cgntaiped in consuner pl ayer. By enc ting the neasured
result wthtalg ‘@@téﬁgwyﬁtPH#uRe5¥B;p?%§FPPnﬁ¥§°Hi »c&RCbe manuFact ur ed.
That 99 is) the I%%;tinate manuf acturer need only have a secret key and a
measuring dpdr thaiorhieal deadbaingmpvadchi &cpovingomeans 964)haghi | e the
required processing accuracy is two or three orders of magnitude | ower)
that is) seneached ttdvesindenmriporbimn offihe dislns that a convectional |aser
processi ng apparatus can be used. On the other hand) an ill egal

manuf act urer, wNextjoea op¥ralhboe whenetheetotaonad |dpebdvednit@olli rectly copy
the encrypted information recorded on the legitimte disk. This neans that

a physical medek (§0dp 930ONH Pighre BNE @NehydieddwPOShii @kdribed mation) that
is) the position information on the legitimate disk) nust be forned with a

processi ng @ohUkatdredkeOto IF3gare M3, That is, the low reflective mark has to
be formed using a processing apparatus having a processing accuracy two

orders of megni hugs: i hES: iohAR-dfiBhe’ thNerRROSSRYLRB@PRAAY US Used

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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by the legitimate manufacturer. Vol une production with an accuracy higher
by two orders of magnitude, i.e., with an accuracy of 0.1 a m is difficult
both technically and econom cally, 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 nmeasuring accuracy is generally a few orders of magni tude hi gher than

th i o Lo th € . V b loits th
fact L hat ¢ hBoadoBhe o ph Hik S8 TaRGe e SRl G SRS 4RE P te 1M
mast er di sk to anot her) as &%eviousé% not ed. Fhﬁgég34 8 sho the result of
the nmeasur enBREIHONAGHITs My c SLFonLNEAMOEE: 4} T 03 &sn 8¥ LYG there are

two types of master disk) one recorded by rotating a notor at a constant
rotational speel)far, retatiop; phpsg ePHICANIOKngul ar vel ocity (CAV), and the
other recorded by rotating a disk with a constant |inear velocity (CLV). In
the case of a CAVithR)rofiatiden phhosgiaatrebdodes BlE tontawddisn a
predet erm ned angul ar position on the disk, the |ogical address and its
physi cal anguipal i@biot tiee pin §iwmadi Bromatke evpactdly hehé tvamec hmkmatt er how
many master disks are made. On the other hand, in the case of a CLV disk)

since only thgtkhoeialy MEARCHEY. | Theofteabh@d f1t & safigedtar position of the
| ogi cal address on the master disk is random As can be seen fromthe

resul t of the JERSIKGTEEE Hld LRIITeRLuRYN 85 Df! Qcﬁ%ﬂr@li'&ém actual CDs in

Figure 4 8, the tracking pitch, start point) and I'inear velocity vary

slightly fror@ﬁcﬁ?cﬁﬁaqii%(usg ﬁglni?frtee tawdtit?\eas%tdfgfqgeﬁc? ecorded usi ng

the sane masteri-ng appara these errors accunul resulting in
addr o5e. on' & JAT0EFatAIs DBP. ARdica dHe EFFGSaS LiPy Lot oo t8 181 B8 Eand ¢ her
| ocations on second and third naster djsks are indicated by black circles
and triangl esdrivespirauisedsB. alheetaklofeshase Kenpinlsmess iSofBHS ons of the
| ogi cal entered. Because of PLL phase control by the pit signal,

data synchronized to the synchroniiatiop_signal of fl is

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

stripe area by rotation phase coptrol, 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 Eigure 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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addresses vary each tine the master disk is made. Figure 17 - 101 shows
the lowreflectivity portion address tables for a legitimate di sk and an
“illegally duplicated disk for conparison. The nethod of piracy prevention
at the master disk |evel has been described above. This is, when master

-di sks of CLV recording) such as a CD or DVD) are nmade fromthe sane |ogic
"data by using a mastering apparatus, as shownr in Figure 4 8, the physical

| ocati on obpexethopit on the disk varies between master disks, that is,
‘between the legitimate disk and pirated disk. This nethod distinguishes a
pirated disk friha setsgl blaghaek cethollyid aki hfpradedniageowfoft hi s
characteristic. The piracy prevention technol ogy at the master disk |evel

can preventhpifiats@dpthyhask akethBg. | 0gic | evel nmade by sinply copying data
only fromthe legitimte di sk. However, recent years have seen the

energence of pijfaheq LffiEghL%eme qgggp%%gpé%lp ndPE&y advanced technol ogi es)

who can nmaeke a masteé gls replica identl n physical feature to a

| egitimate di tis I I rate of:the legitimte
disk. In tﬁ‘Fgﬁ‘g‘&%F nﬁaé) 13%%4&3‘ %ﬁe%ﬁéﬁf?ﬁn%%&i%?fﬁ%ﬂ%é%ﬁ"er di sk | evel
is defeated. To preyent thi,s new t at of pirated disk production, the
present i n\Pé'ﬁ??rb%/%§§erb°§vilg%‘bt"?ﬁ%r 3{3 aty np?rtegféﬁt 'egn r@tnﬁgd at the
reflective |ayer |evel wherein a rking is formed on a_reilective film
Accor di ng ttgFackhEngrdsneet @prlfﬁéi PR eENELT HLeATRD WP BRONFAFRI ng is forned on
each di sk pressed froma master disk) - 102 even if disks are pressed
from the nakisbrofiithiiy types eib\tiakigs atiper to atisvinguishrkdtweeniae filmin the
reflective filmformation process., As a result) the position and shape of

t he resul tigtyibevpatektrcldgadl yefokned) onstitk fdiek eatid tnoipregelak sk t o anot her.
In a usual process, it is next to inpossible to partially renove the

reflective ddthprividausad HCeutatchesf oS WRA EIskNSurflites SHEie¥8Sok) enhance the
ef fectiveness in preventing duplication since duplicating the disk of the

i nvention | Uet | 0 « Fi f hart for
gﬂ%%rﬂ_%sd 62 iflethbpetie §£r,hp§sgalfée r%??rééaow@ ot | eye

detecting uplicated CD by using t low reflectivity portion address
0L | T SRRk TocBREHCRaL O bRyl o T P it g LY
spparat e upede ThLSglyl feepUela TR, D el ULl a0 e predcred At the
nfor MLl O tnge the Striges 5rs Tecorded Sn"HiE Shndr portion of the | o M
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 reéorded as control data
in a control data area. The phyéical feature information
bincludes, for example, information indicating that the

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

single-sided structure.
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time) fromthe frame synchronizing signal. Due to the effect of the circuit
delay tine, an error may be caused to detected data of the optical mark
position information. As a result) a legitimte disk may be erroneously
judged as being a pirated disk) inconveniencing a legitimte user. A
measure to reduce the effect of the circuit delay time TD will be descri bed
bel ow. Further, a scratch made on a disk after purchase may cause an

interruption inlhhehd @ResshtCefvendifs, as shewk isi Biddre 3®Usheg an error of a
few cl ocks in the nmeasurenment of the optical mark position information. To

address thi gop Rl 8Ma etSRUANE &HB0&0ARE] AdNRS Br&P W6 O theshown in Figure
2 0, are recorded on a disk, and while allowing a certain degree of

tol erance oppi fie|MBASUIBH:iRsUE FRACSEAINOpEOsdlE/Afdelgl Situati on at the

time of reproduction, the repro Ion operation 1s permtted when the pass

count 867 i [ . I |1 foryan ue,to a surface
scratch on ?ﬂén%&-gggc%ﬁhg%@%@%?p%ﬁalaegy\g%lgﬁél'cogﬁn::eg(ﬁfgb\;e&qhgr prior to the
shi pmrent of the disk.,This, will be describe ith reference.to Figure 1 9.
T Blour o 108] Ferohad S ISPtk odh ey SHM68% Ao OHEROREESt he encr ypt ed

position information fromthe barcode recording portion or pit recording
portion of thergrthgesdntrayedatiaohs negotdeds sémbitharcihepepbitadr headnat ure
verification is performed, and in step 865c) a list of optical nmark

posi tion i nfrovesitingardky rjenpmingr edrosseatlurhlitie ofeteacksi et ilD of a
reproduction circuit is stored in the circuit delay tinme storing section

608a in the reaphirfuché atonapphrdatasareh E3@ur @nd StheDin Stepaditfayt in step
865h and the process proceeds to step 865x. if ‘TDis not stored in the

B At ORIAPRAS Y |8y TBYLETETS hSHRHA Ot 5orcod on
whether the stripes are recorded or not. If, in step 940b,
the stripe presence/absence identifier is 0, the process
proceeds to step 940f to initiate rotation phase control for
normal playback with CLV. On the other hand, if, in step
940b, the presence/absence identifier 937 is 1, then the
process proceeds to step 940h to check the presence or
absence of a rgverse—side record identifier 948 which
indicates that the stripesvare 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. I[f it is determined iﬁ step 940h that the

stripes are recorded on the side being played back, the
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reference delay tine neasurenent routine. Wien address Ns-1 is detected)
the start position of the next; address Ns is - 10~ found. The frane
“synchroni zing signal and the reproduced clock are counted, and in step

865f, the reference optical mark is detected. In step 865g, the circuit
-delay time TD is neasured and stored. This operation is the sane as the
"operation to be described later with reference to Figure 16(7). In step

865x) the pRidegal provekds OcRlkesh i9adt dayrddr aRs hblY 1% ABASYed. | n steps
-865i, 865), 865k, and 865nm) the optical mark position information is

detect ed wikd Rrigs Ardhi 98 o a{be_iﬁh@pg,og?iin 8@5tﬂ@.d§§€,psan%6§ﬁj’ 865y, 865f,

and 865y. Next, in step 865n, a pirate S etection routine is entered.

Goe 1 | aostld QMOE, dfeNodedTE ddd 35 QUERLECo O AIERA PAMkal e | OF Brance

866, an passhcoun\t,\'h ! recorded on Sk, "as shown in
Fi 2 0 e . .
reasured | HORUEY BByl FREC Spy ity 1o a1 B CBY BRYah 6 ne tesuit s ok in

step 865r) .t hen i tep 8655 it,is chec whet her the checked mark count
has reacheaﬁ?ﬁgaﬁgéé‘déuﬁ?mﬁﬁﬁeQH@ F@@hhﬁg?s n ihetepnddtep 865u the disk
is judged as being a legitimte di sk and reproduction is permtted. If the
pass count the geatrebamodediyewitehad padkedosrottipnsphaseseaprabsz. 1f the
result is NOin step 865r) then it is checked in step 865f whether the
error det edof dlVcolatback smdbltherontiaal Nkadans momby twheéhetdgeresult is 0K)
the process returns to step 865s. If it is not OK then in step 865v the

di sk is judgetiomsobetireg dask it pbwvt backGSt signali dktaand the operation is

st opped. As described, since the circuit delay tinme TD of the reproduction

apparatus is st3imed the tsheideCpRedncepabserle BddntROsd:t 980 iNf or mation can be
obtained with increased accuracy. Furthernore) by setting the tol erance

8611 and paggorudninite Hie aﬁ%ﬁtl"{@lrdgn@ntl%aﬁgrﬁﬂio?kaaﬁ el tekia for pirated

di sk detection can be changed according to the actual condition to allow

for a Scratd%gcfrf;%ﬁ QIFOJehetEé géércéxﬁ& %‘fetﬂéﬁ% gsﬁneo-eg?kgc#%? %tgﬁ effect of

reduci ng the probabiTity o egitinmate S g erro oﬁslyjudged as
an illegal _disk, described in.the above.n of ,enbodi nent, the piracy
prevention ?h%%%zﬂft??é:&r gkllef SIS ngl%Fellg&ng £Bf foTg B%’;Fé‘itléal mark in
the pre-pit area pf the reflective film.on the disk, instead of the

previ ousl y C;?F‘B%Wﬁéa BH?/@E%\'? pﬁrﬁ?%%mﬁthdhéeﬁ‘h‘sltbé Witdk 1 evel. Pirated

di sk producti on can thus bebg{’event ed even if the disk is duplicated at the
master di skeafeyence ta Fi@rapdle node of enbodi ment, a new opti cal - di sk
recording means was used that perforns secondary recording on a two-disk
| ami nat ed opti c¥herditbe BGA esend sawl s érackimgt OFF,f ilesel sifephe ploysé cal mar ks
were randomy formed, and in the second step, the physical marks were
nmeasured wigignal 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.

Furthermor_e. the provision of the stripe reverse-side
record identifier 948 makes it possible to identify that the

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

effect is that the barcode stripes can be played back
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measuring accuracy as high as 0.13 am In the third step, their position
i nformati on was encrypted and, using the - 106 secondary recording
‘means) the encrypted informati on was recorded as a barcode on the optical
disk with an accuracy of several tens of mcrons which was the usual
processing accuracy. In this way) optical mark position information was
‘obtained with an accuracy of) for exanple, 0.1 a m nuch higher than the

processi ng ra¢eM BCYn Ofhel cGONYENE | RIIRY e AARRUADIE op Bl (IS agdleh oL cal marks

cannot be forned with the accuracy o a m by using comrercially

avai l abl e i gqg; d J iLtated.di can.. prevented. In the
above nnde%%?bgn% dF%&%@,Bﬁ%%ggogﬁFﬁg%&%ngégﬁghﬁgngg?%?ﬁe&gﬁti-pi&acy mar k
of the invention),which di.ffers from one disk.to .apother, s used as a

di sk i dent irFFBFq‘;dTWS“%U&%H%ﬁhFH‘F%T T e TaR it LI PR potiE] number) i. e.
, the disk I.D, were ¢onbi ned together and encrypted with a~digital

si gnat ur e: Stlﬁést‘h{@ ah‘ggyﬁh%étirw%r%tt?@h casaloonberiead f¥am a bar code and
witten in overwiting fashion to the greSC(ibed region of the pre-pit
area, thus tspeenusg aileunhl ther dbsle difB&k sthipes eaphbelidkyedsi nce each
conpleted disk has a different 1D, the password is also different. The )
passwor d f drackn€rati $ke degersmtsiderdf ahe odirskr byli chleskimghitbeenhances password

security. Furthernore) using the secondary recording technique of the

invention, dtrdppassmose-didesiianddiar 048 airdety ailayheg dask, theer manent |y
maki ng the disk an operable disk. The Crst-half part (1) has dealt mainly

Yf'ste g one - dQfe in BRPkEFASEON TRECPWhEREr A1 EEARE SrrMbesh tiNg barcode is
| present invention uses a bit string “01000110” as the

synchronization code, as shown in Figure 34(a). When played
back from the reverse side, the synchronization code is
played back as fOllOOOlO”, 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 appératus 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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for a pirated-di sk prevention nethod. In this case, as shown in Figure 2,
the barcode (stripes) 584c - 584e are witten over the prescribed region
“(stripe area) of the pre pit area. therefore, the tracking is disturbed in
that prescribed region. If a marking 584 by laser light is fornmed in the
-prescri bed regi on where the barcode) 584c 584e) is recorded, as shown in
"Figure 2) it becones difficult to accurately neasure the address/cl ock
position ofdtgﬁln@gking. To avoid this problem if, as shown in Figure 39,
‘t he narkingfa; i dtmed in a pit area 941a at a radius position different
fromthe radiuswﬁosh%ion of i e stripe area 923a he Position of the

marki ng 941 can"Beh Fd8sertdsalhaadyacrasseanthe eon gatadgosl ock) as shown
in Figure 20 (5). This has the effect of being able to identify pirated

di sks nore Beaphjer pertiems ofathe digl.f dhei ot isapi el moves ki ng dest r oyi ng
only a few tracks, as shown in Figure 39, not only errors can be mnim zed
but piracy brerdhy i bmping aszoss coppuraliey of tthackd hatstamaching he current
standard. Alternatively) the marking 941 may be recorded in the guard-band
area 999 shtwncbntfolgdata MreaBiece Ihaopvassheanthabgai @9 hegat ai ns no dat a
but address information, this has the effect of avoiding destroying al ready
recorded daidy by REA gh0 thBeddsika ithndtbntrol 108ia ardheyggptical disk of
the invention has a structure such that a reflective filmis sandw ched

directly orlgﬂ}ghgeﬁl%pgpgmepu MRr SHSof et?i:efncfrﬂ%ﬁaodlt ser light and a

marking is forne aser on the retlective fi e above node of
cecondary roagrdi nb dEoal B cohe et et kg WHERLEL AT on 't echni que)
but it wl la&f%cent to the inner circumference of the control data
area, the optical head will lose its own position since an
address cannot be played back in the PCA area 998. It,
then, becomes impossible to control‘the.optiCal head.
Accordingly, when the guard-band area with a width, for
example, 300 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.
Tﬁen, by reading an address in the guard-band area, the
optical head knows its own position and can thus be
repositioned on the destination control data area. In this
way, the optical head can be controlled more reliably and
more quickly.
Further, as shown in Figure 30, the control data also

contains an additional stripe data presence/absence

identifier and a stripe recording capacity. That is, after
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appreci ated that such a structure nmay al so 'oe applied to other techniques.
In the above node of enbodi nent, the optical disk of the invention has been
.described as being fabricated by |lam nating two substrates with an adhesive
| ayer interposed therebetween. However) the adhesive |ayer may be omtted,
or instead, a nmenber nade of a different material) such as a protective
‘l'ayer, may be used; that is, any suitable structure may be used as long as

th flect d t t
e et oL RUEOE R e scashh ot i S icujdqchagipberveen e

I'ght ernDre i'n't ove node of

erhodi ment) SAEp PP TRAe Leikr@ly LS BUS] AR fiBFabEaRAESFTIDEd a5

conprising su rates as t are nat'e her but ot her

mb d. b h h
resi stance 49 a’é’ & T Vf?aa@ L R T e

present inventi h.individual disk, for exanple

, since an | D uni eag ,
i s convertedfen brsaF EéFd{faét’éwswgi‘fé ?ffdd\‘}é?% il¥i FRfo®dhion 1 Dc~ to

an ordinary pit area) both the pit data and barcode data can be read by

usi ng the sAt&ippsiasathpisecopd seiof wdsipere efidethds sinplifying the
construction of the playback apparatus) for exanple. Furthernore, by

bar codi ng t heonfaglaatdoposihenothe fifivstreset oof fseripese 938 is dlséadni que ID, the
invention provides a greatly inproved pirated-di sk and other illegal

duplication gyceveed ignteppdaby) idsy showcdnpRigatet 30,t ke ptdpaciey tof A piracy
prevention technique of the prior art, for exanple) enployed a nethod that

del i ber at el yy}@f baggR®b1e! épsaclenf&ertﬁi?ﬂﬁi@‘clfx@%@bgﬁ'd wheno frakirigeq di sk nold.
Such a prior art nmethod 'is not effective in piracy prevention, since a

pirated di skoganapen£AalLY1aTBEE WEcEXATEY, WhRh! A FBSofdiGg

apparatus of Figure 23 performs trimming to record the second
set of stripes, the control data provides an indication of
how much space is available for additional recording; this
prevents the possibility of destroying the first set of
stripes by recording more than 360° over the area.
Furthermore, as shown in Figure 30, a gap 949 longer than
one pit-signal frame length is provided between the first

set of sfripes 923 and the second set of stripes 938; this
sérVes 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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nol d shape froma legitimate optical disk. On the other hand, according to
the present invention, since the marking is fornmed on the reflective film
by a laser and its position information is coded as a barcode) as descri bed
above, the contents of them cannot be nmade to coi nci de when naki ng an

i llegal duplication. The above-described effect is thus acconplished.

"1 NDUSTRI AL UTI LI ZATI ON PCSSI BI LI TY As descri bed above for exanple the
optical disteipéstdd38 pndiguieidlvaotldbetons Umposyithleal di sk on which data is
recorded with CLV, wherein, in a prescribed region of a pre-pit signal area

on said - 110 Finglilgk) tlel thofd PpAbybAdk ReBRICCREE]L ibe Weddrii@Bdi N overwiting
fashion by selectively renoving a reflective filmin said prescribed

regi on, aq@t\p{nggfﬁleﬁgbn& lp:it ¥rd @, di sk by a reproduction apparatus, the
barcode data can pl ayed ack u5|ng the same optical p i c kup. - 11l

S vhat s clai g e dyABaofd Lealn sk 00 cANLED iRl gtgcor ded. wherein

in a prescribed Fegion sal an’i ier-is prOV|ded for
i ndi cating a barcod

et her, like resent or on said optica
disk, “sai d Yot 11 EH TERI 0 B3 Lot AP RATESl GrRkingopiit | valy
dlfferent | ocat.i ons on.said di sk, said barcode-|ike mark disposed in a
ci rcunf er bR MR NER Inedt iBrEheaREriDsi T ¢ar 85 dRNAKEN FHERTha% ng a plurality of
bars, each of said bars extending in a radial direction, and, said
bar code- | | Reenedpkei dlevaddregat infosnation iy the hditssaaréad@adi fication
i nformati on val ue unique to said optical disk. 2. An optical disk according
to clai m latvither same gadius gesitfdncafite dbflorcaat bomplagedidadkf or encrypting
and decrypting information in a principal information recording area of
sai d optic@higlihak. the effect of quickening the disk rise time after
disk insertion since the address can be played back‘while
playing back the stripes without changing the optical head
position.
In this case, the address area, an area where no
stripes are recorded, should be formed continuously along a
length longer than one frame in the same radium portion of
the disk.
The operation steps for this method will be described
with reference to Figure 40. |
When a disk is inserted, the optical head is moved to
the inner circumferential portion in step 947a. If no
tracking is achieved in step 947n, the tracking mode is
switched from phase control to push-pull mode in step 947p.
" In step 947b, rotational speed control (CAV control) is

performed to play back address information. If an address

cannot be played back in step 947c, the process proceeds to
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3. An optical disk according to claim11, wherein control data is provided
for hol ding physical feature information regarding said optical disk, and
said prescribed region includes said control data. 4. An optical disk
according to claim3, wherein a guard band area, in which at |east an
.address is recorded, is provided between said barcode-like mark area and
"said control data. 5. An optical disk according to claim1, wherein one of
sai d bars $em 947 Dvier mows lthetdptiityl thead inmwardet@mgdayefdokctheity of an area
-bet ween said one of said bars and another of said bars. 6. An optical disk
accordi ng pep Gtaipasl, Wheimehddedisdeai®at pidwat badk ifpberamengty i s encrypt ed
or applied with a digital signature. 7. An optical disk according to claim

1, wherei n;saiidn00F 1153 PN S¥eh S(aCRHSLTIAChEE Jvebwt ftveny] SheSubstrates. 112
- 8. An opP?@gﬁnd?sk ?epro%ug%i%hgapﬁaratus #or dge &Fth g di sk on which

data is recorded, whergqin in @scl hed i 10 saj .sk, an

identifi erpf%(:eﬁlsoef%ceeﬁgfo ° Fﬁ%? c%??n‘bﬂe\l%\/%ét a:sgzdag%gc];hgo J<{a(ﬂ-leﬁ°1 e mark is
present or pot on said gptical disk, saj.d,identifier and said barcode-1like
mark are iﬁg?égﬁééﬁ J@P8 Hi fP¥eeAf ?d@gbpédglﬁﬁtgﬁ}&od , said

bar code-1i ke mark di sposed in a circunferenti al direcgi n, and said

bar code- | i RAdveask aked Mhgre SIFEPeS 29 TACOBARS, dRCHLEHf éﬁq»d tgﬁrs ext endi ng
in aradial direction, and wherein a decryption key is obtained from

i denti fi capreserasf or rattseoce iofcPCAIsdripesdisdchrnkedde-Ifi kb isark, said
apparatus conprising: reproduction nmeans for reproducing said barcode-1ike
mar k on saijddged ivhak theslk; amndoi BNt fimrs, deheprboessrpaoseddsr det ecti ng
said identifier on said optical disk, wherein the decryption key is

obt ai ned f remssey d47eeqy itfy ct iread ianPOA Nfitaigon  thedcotiendi dutaben sai d
identifier indicates absence of said barcode-like mark, said reproduction

eSS 2, SR o S8k e S spic Pt e prack dbe o ontien|
means i ncl ydedn gl Pt fRlthB SRt sbREe R LR PCROs TP 8 dstel A,

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 thé‘playback is completed
ih step 947g, then the mode is switched to rotgtion 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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10. An optical disk reproduction apparatus according to claim?7, wherein
when said identifier indicates absence of said barcode-like mark, said
reproduction nmeans is signaled not to reproduce said barcode-like mark. 11.
An optical disk reproduction apparatus according to claim9, wherein an
i-ndi cation of absence of said mark is output. 113 - 12. An optical disk
according to claim2, wherein control data is provided for hol di ng physical
feature inforiddtalso begdestirnbed dirdedt.i cal di sk, and said prescribed regi on
i'ncl udes said control data. 13. An optical disk according to claim 2,

wherein one of s&)d Riges, hasubadt@wefig tRthetdueyi for tihphemdhtangr age
reflectivity of an area between said one of said bars and another of said

bars. 14. Anipbhf@dedir8dor@iaLNiHtREd 1WA 1! & Me3crydigf €i n one of said bars
has a |ower reflectivity than an average reflectivity of an area between

said one of sl dihags gadh 41OLETa8LodAk0AlSy dOhoATERIAR]y O oK

according to claim erein one of sai has a %ect|V|ty

th db d
anothor of _saianfed Wk e B f Rl B HEC e Rl fﬂ%’ﬂ B8 nerei n'
sai d |dent|f|ﬁ§t|on i.nformatio encrypﬁed or. plbﬁﬁ with a digital
signature. 19U1SEnSRHtINEalS ditdk Q?@SPH‘? nG tBE gll fein said

|dent|f|cat|on information is encrypted or applied with _a digijtal
si gnature. 18ePeAdtbpn ipesiodiodkt %ccé/fﬁ i§ teawirgdm whergnér disnthai d

identification information is encrypted or applied with a digital
signature. 1frequencptdfcahe diasleracdar thig case,clthemmigbenhef @2y shi d
identification infornmation is encrypted or applied with a digital

si gnature. 2Baroddeobirs ahn dies lteaerieddpéry segord.ai Howevethei Lianbsahd opti cal
disk is constructed fromtwo di sk substrates. 21. An optical disk according

to claim 3, a@ﬂre%ltar%wlemgéaal adlishbwh SirCPDGEFUQD e iAo di sk
substrates. 114
emitting-pulse spacing of 2t is allowed, so that the pulse
repetition period is fu =.1/2t, which means that the laser
frequency can be reduced by a factor of 2. This also means
that, when a laser of the same frequency is used, the number
of barcode bars that can be recorded per second can be
doubled to 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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22. An optical disk according to claim4, wherein said optical disk is
constructed fromtwo di sk substrates. 23. An optical disk according to
-claimb5, wherein said optical disk is constructed fromtwo di sk substrates.
24. An optical disk according to claim®6, wherein said optical disk is
constructed fromtwo disk substrates. 25. An optical disk reproduction
‘apparatus according to cI aim8, wherein when said identifier indicates
absence of a|d r.code- || ke sai d c ntr is signaled not to
reproduce sg @E b% dr‘?g??(‘:ﬁ"?é Sigpa pf?gjgl nﬁﬁ%i’e%p‘r%ductl on
apparatus accor g to cI aim?9, rejn when said identjfier indicates
absence of §§?‘B° r £ alde) SR bﬁﬁ?‘\li& s ¥iEch épr%‘%ﬂf@g Hhroavghg suWb~si gnal ed not
to reproduce_sai d barcode-like mark. 27. An optical disk reproduct| on
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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 film of an optical disk,
but hereinafter, the apparatus of Figure 15 will be
described as a barcode reading apparatus, that is, a
playback apparatus.

An explanation will be given‘again referring to Figure
15, this time focusing on the demodulation operation.

First, high-frequency components generated by pits are
removed by a low-pass filter (LPF filter) 94 from a stripe
signal output.

In the case of a DVD, there is a possibility that a
maximum 14T signal may be played back, where T = 0.13 um.
In this case, it has been confirmed by experiment, a stripe
signal and a high-frequency component generated by a pit can
be separated by using the second-order or third-order Chevihov
low-pass filter shown in Figure 35(a). That is, the use of
a second- or higher—order LPF has the effect of being able
to separate a pit signal and a barcode signal, thus ensuring
stable playback of a barcode. Figure 35(b) shows the simulation

waveform which is generated when the signal of the maximum 14T
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943, the stripe playback signal can be output after
substantially removing the pit playback signal: this ensures
reliable demodulation of stripe signals. However, if the
width of a stripe signal thus demodulated (the stripe signal
width shown as 15 um in Figure 36(b)) is smaller than the
sampling interval width tm (see Figure 36(c)) of a
microcomputer, the stripe signal may not be measured
accurately. For example, of thé stripe signals shown in
Figure 36(b), the stripe signal on the left is located
inside of the microcomputer sampling interval width, and
therefore, is not detécted. To avoid‘this, a stripe signal
obtained by reading a stripe is waveshaped using a flip-flop
circuit so that the signal width becomes greater than the
microcomputer sampling interval widfh tm, as shown in Figure
36(d). Figure 36(d) shows a waveform after the stripe
signal width was increased to a width Bw. The waveshaped
signal is then detected with sampling pulses (see Figure
36(c)) from the microcomputer. This ensures accurate
measurement of the stripe signal.

Referring back to Figure 15, a further description will

be given. Digital data is demodulated by the PE-RZ
demodulator 942 in the above manner. The data is then fed

to an ECC decoder 928 for error correction. That is,
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deinterleaving is performed in a deinterleaver 928a, and
Reed-Solomon code computation is performed in an RS decoder

928b for error correction.

A brief description will now be given'in'relation to
productive tact.

Figure 33(a) shows the data structure after the barcode
is ECC encoded according to the present embodiment. Figure 33(b)
shows the data structure after ECC encoding when n = 1
according to the present embodiment. Figure 33(c) shows an
ECC error-correction capability according to the present
embodiment.

In the present invention, the interleaving and Reed-
Solomon error-correction coding shown in the data structure
of Figure 33(a) are performed using the ECC encoder 927
shown in Figure 1 when recording stripes on an optical disk.
With this error-correction method, a read error occurs in only one
disk out of 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 freeiy,‘for éxample, within a

range of 12B (12 Byte) to 188B in increments of 16B, as shown
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As shown in Figure 33(b) and Figure 14(a), for example,

in the data structure when n=1, there are only four data
rows 95la, 951b, 95lc, and 951d, followed by ECC rows 952a,
952b, 952¢, and 952d. Figure 14(a) is a diagram showing
Figure 33(b) in further detail. The data row 951
constitutes EDC of 4B. Figure 14(b) shows this in an
equivalent form. Error-correction encoding computation is
performed, assuming that data rows from 95le to 951z all
contain 0s. Mathematical equations for EDC and ECC
computations are shown in Figures 14(0) and 14(d),
respectively. In this way, the data is ECC-encoded by the
ECC encoder 927 in the recording apparatus of Figure 1 and
recorded as a barcode on the disk. When n=1, data of 12B
is recorded over an angle of 51 degrees on the disk.
Likewise, when n=2, data of 18B can be recorded; when

n=12, data of 271B can be recorded over an angle of 336
degrees on the disk. In the present invention, by encoding
and decoding the data using the EDC and ECC computation
equations shown in Figures 14(c) and 14(d), when the data
amount is smaller than 188B, the computation is

performed assuming all remaining bits are 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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which trims one stripe at a time, it will take more than 10

seconds to record a few thousand stripes to the full

capacity. The time required for disk production is 4

seconds per disk; if full-capacity recording has to be done,

the productive tact increases. On the other hand, for the

moment, disk ID number will be a main application area of

the present invention; in this application, the PCA area

capacity can be as low as 10B. If 271B are recorded

when only 10B need to be written, the laser processing

time will increase by a factor of 6, leading to a production

cost increase. The scalability method of the present

invention achieves reductions in production cost and time.

In the playback apparatus shown in Figure 15, when n=1

as in Figure 33(b), for example, the ECC decoder 928

performs the EDC and ECC error-correction computations shown

in Figures 14(c) and 14(d), assuming.théf thé 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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less than 1/3. With this arrangement, in the case of a disk
of standard reflectivity of 70% the reflectivity of the
stripe area is 2/3 of that, i.e., about 50%. 'Since this
value is enough for focus control, -the PCA area can be
played back on a conventional ROM disk player.
(F) Next, an example of the above-described barcode
encryption (including digital signature) will be described
with reference to drawings, followed by a description of
another application example of the barcode.
(a) First, the barcode encryption process and playback
process will be- described by way of example with reference
to Figure 45.
~ As shown in Figure 45, an ID number 4504 unique to each
individual optical disk is generated by an ID generator
4502. At _the same time, an ID signature section 4503
applies a digital signature to the ID number by using a
specific secret key corresponding to a specific public key,
and the thus applied digital signature 4505 and its

associated ID number 4504 are sent together as a series of

data to a press factory 4501. This digital signature is
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SFSGSdYNClOcorded 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 6f 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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a new ID number. Accordingly, if pirated disks were made,
the encrypted ID of the same number would be recorded in the
PCA area of every disk; therefore, thé use of(such pirated
disks would be greatly limited. The reason is that, in such
cases, the illegal use of the software having the same
number can be prevented by applying network protection.
Needless to say, the above method described with reference
to Figure 45 can also be used in the Internet.

(b) Another application example of the barcode will be
described with reference to Figure 46 as another mode of
embodiment.

This mode of embodiment is concerned with an example in
which an encryption key to be used during communication is
recorded as the above-described barcode in the PCA area.

As shown in Figure 46, a press factory 4601 keeps each
ID number and its corresponding encryption key, a public key
of a public key encryption function, in the form of a table
4602. At the press factory 4601, an ID number and its
corresponding public key are rebbrded 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 iﬁ thch he desires

to watch movie software recorded on the optical disk.
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gcggbC communication software run on a personal computer 4606, the

PCA area, etc. are played back and the public key is read

out. When the user enters his credit card number and
personal code number, an encryption encoder 4607 encrypts

the entered data with the public key, and the encrypted data
is transmitted to the System management center 4610 by using
the communications channel 4620. At.thé Sysfem 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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U& ()'-Tflogﬁlj&éﬁgéés%ggbpublic key can be prerecorded as a barcode on

the optical disk, this mode of embodiment has the effect of

saving time and labor taken in a previous system that

required the system management center to send the public key

to the user separately. Furthermore, even if the

communication key (public key) is delivered to a press

factory where no particular security measﬁres are

implemented, security can be maintained. Furthermore, since

a different public key is used for each individual disk, if

security of one particular disk, that is, one user, is

broken, the security of other users can be protected.

Furthermore, using different public keys for different disks

has the effect of reducing the possibility of a third party

placing an illegal order. If the communication public key

were recorded on the master disk, it would not be possible

to prevent a third party from placing an illegal order. 1In

the example of Figure 46, a public key is used as the

communication key, but it will be apprecié£ed 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 90lb; if the software is not scrambled, the
installation is allowed to continue. On fﬁe ofher hand, if
the answer is YES, it is checked in step 901b whether the
software is scrambled or not; if YES, a connection is made
to the personal computer network in step 90lc, which is
followed by step 901d where the user enters the user ID and
software ID. If, in step 90lc, there is a drive ID, then in
step 901f the drive ID data is transmitted to the password
issuing center. After confirming payment, in step 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 901h. The personal computer
at the user end computes the password by a sub public key
and compares it with the drive ID. If the result is OK, the
process proceeds to step 901n where the software scramble or
encryption is unlocked.
Turning back to step 90le, if the answer is NO, then in

step 90lh it is checked whether there is a disk ID. IF

- 87 -



103S>100& () - 9MLO%& () - OBJELCS109%A09%B& () - 10YB& () - MLOYB& () - f 1098& () - f L0
oB& ()-f 109B& ()-8l ; dBbCS10% $z 109BB& ()-" 109B& ()-f | .

- 109B& () - LYL109B& () - 3109B& () - Z109B& () - ( b<pdEbCS10% &9109B& () -y7109B& () -
@ 1098B& () - 3& s109B& () - +10%3&') ()68&0((%;3& (12)[3016?10

S10%&' ()-"S1096G& ()-"1 109%& ()- 10%c& () - | |

" 10BFf >1(()2%B&' () - $U& ZbCS10@ s109& ()-f10%& ()-, - 10%& ()-, 10%& ()- 10G 10G

UG (o 1094098 ().~ ¥ 109&. (. YL0%&:.() - o .

100 () - SIHOTE! (- SIB0R () MRELSRURROEH 76 disk B Gata is
f/ MLOY% () -Se= J09R' () 2 Y+ OW&'% S'loty&'lbé)_&l‘ 10%; () -: ydYNCS10 10 10 10
>10%& ()-91%5}& ‘)f&féo%t}‘f-%ﬁ %)Iﬁﬂﬂt &epter=dp 10! 109 () - L10%E () -
%8%‘ 82%%%@%& payneaspely, Sign ARl d ok PR SHartt1 HeguEas( §emegUcs’ () - F10%GS.
'()-F 10M 10M_10M >109%V& ()-z! VbCS10, f 10% & ()-,  10% & ()-310% & ()- 10G
10G 10G >10EEorns ppeaysidan (gonpRyaiEisaSInyideodd & [P-4nd software
10% & ()-HI(%%&' ()_-smcﬁg 8-@%0;;4&' ();.1 @10%{{&' ()-& L

0 r 1Ng199 ' cre ey, and generates a password winic
Eg%)gls%) ?10% & (l§s) 10% & ()-yS10% & () - E#XdEbCS10110% & () -yf/ 10% & () -

: ' ()is, Erd0Migtéd o) tRYhGert) - ShOKA OD1R- fhkMRENESLO 10/ 10/ 10/
tlg}ﬁ?? fL) ( )@:tgwuo% &'l( ) ?%3%% &'L'E%)e%s 10% &Q%( y-f 37 10%% ) - NMBhdEYNCS10

%e()s . - (Id @IV & (Vo 310 & 1(): LOW& () - 4hYAEYNCSL0
0% E () -y b 1o )y IO D (1% U T osd &'() -5

0
AEVNCSLO 116 6 (e ARMcBnbhrest U ) 1k 0 o) S QL& Qi 910% & 00
@ dYNCS10 10/

is OK, the process procéeds to step 901n where the software
scramble is unlocked.

In this way, by communicating with the password issuing
center via the network by using a disk ID, the software
scramble or encryption on the disk can be unlocked. In the
case of the disk ID of the present invention, since the ID
varies from disk to disk, the password is also different;
this has the effect of enhancing security. In Figure 22,
ciphertext communication is omittéd; but by encrypting data
using a public key recorded in the PCA area, such as shown
in Figure 46, during the communication performed in steps
901i and 901j, data security during communication can be
further enhanced. This has the effect of ensuring safe
transmission of personal billing information via a
communication means such as the Internet where the security

level is low.

We will finish here the descriptions of the first-half
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portion, will be explained.

(a) Laser markings are formed at random in the

anti-piraéy mark formation pr@cess at the factory. No laser

markings. formed in this manner can be identical in physical

feature. In the next process step, the low reflectivity 1

portion 584 forﬁed on each disk is measured with a

resolution of 0.13 um in the case of a DVD, to construct a

low reflecfivity portion address table 609 as shown in

Figure 13(a). Here, Figure 13(a) is a diagram showing a low

reflectivity portion address table, etc. for a legitimate CD

manufactured in accordance with the ﬁresent embodiment, and

Figure 13(b) is concerned with an illegally duplicated CD.

The low reflectivity portion address téble 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 barpodeflike 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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CD have the low reflectivity portion address tables 609 and 609x,
respectively, which are substantially different from each
other. One factor resulting in this difference is that
laser markings identical in physical feature cannot be made,
as earlier noted. Another factor is that the sector address
preassigned to the disk is different if the master disk is
different.

Referring now to Figure 13, we will describe how the
marking position information differs between the legitimate
disk and pirated disk. The flgure shows an example in which
the above two factors are combined. In the example shown,
two markings are formed on one disk. In the case of the
legitimate CD, the first marking of mark number 1 is
located at the 262nd clock position from the start point of
the sector of logical address Al, as shown in the address
table 609. In the case of a DVD, one clock is equivalent to
0.13 um, and the measurement is made with this accuracy.

On the other hand, in the case of the pirated CD the first
marking is located at the 81st clock position in the sector )
of address A2, as shown in the address table 609x. By
detecting fhis difference of the first marking position
between the legitimate disk and pirated disk, the pirated

disk can be distinguished. Likewise, the position of the
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In the example of Figure 16,
the legitimate.disk and iliegally duplicated
disk have low reflectivity portion address tables 609 and
609x resbectively, where values are different as shown in
Figure 17. In the case of the legitimate disk, in the track
following the mark 1 the start and end positions are m+14
and m+267, respectively, as shown in Figure 16(8), whereas
in the case of the illegally duplicated disk these are m+24
and m+277, respectively, as shown in Figure 16(9).
Therefore, the corresponding values in the low reflectivity
portion address tables 609 and 609x are different, as shown
in Figure 17, thus making it possible to distinguish the
duplicated disk. If an illegal manhfacturer,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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Accordlngly, to make an illegal copy, the
reflective film will have to be removed with a submicron
resolution of 0.1 gm 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 é submicron
resolution. But in this case, the reproduced waveform will
be as shown in Figure 9(c), and the distinct waveform 824 as
shown in Figure 9(a) cannot be obtained unless the reflective
film is removed.

(b) A first method of achieving mass production of
pirated disks by removing the reflective film may be by
laser trimming using a high output laser such as a YAG
laser. At the'present state of technology, even the most
highly accurate machining laser trimming can only achieve a
processing accuracy of a few micronsf In the laser trimming
for semiconductor mask corrections, it is said that 1 pm 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 eprsure equipment for
processing semiconduétor masks for VLSIs and ion beam

processing equipment are known at the present time as
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order of submlcrons, but such equipment is very
expensive and furthermore, it takes much time to process one
piece of disk, énd if each disk were processed using such
equipment, the cost per disk would be very high. At the
present time, therefore, the cost would become higher than
the retail price of most legitimate disks, so that making
pirated disks would not pay and meaningless.

(d) As described above, with the first method that
involves laser trimming, it is difficult to process with a
submicron accuracy, and therefore, it is difficult to mass
produce pirated disks. On the other hand, with the second
methodbusing the submicron processing technology such as X-
ray exposure, the cost per disk is so high that making
pirated disks is meaningless from an'ecoqomic,point of view.
Accordingly, making illegal copies can be prevented until
some day in the future when 1ow-co§t 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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the low reflectivity portion on the disk.can be specified.

In the present invention, sufficient effectiveness in
piracy prevehtion is provided by tﬁe reflective layer level
mechanism, that is, by the low reflective marking alone.

In this case, the prevention is effective even if the master
disk is a duplicate.

However, the effectiveness can be enhanced by combining it
with the piracy prevention technique at the master disk
level. If the arrangement angle of the low reflectivity
portion on the disk is specified as shown in Table 532a and
Table 609 in Figure 13(a), an illegal manufacturer would
have to accurately duplicate even the arrangement angle of
each pit on the master disk. This would increase the cost
of pirated disks and hence enhance the capability to deter
piracy.

(C) A further description will be given of the
operation of reading the nonreflective'optical marking
portion of the two-disk laminated optical disk, focusing on
points that were not touched on in the foregoing description
of the operating principle.

That is, as shown in Figure 16, the start position
address number, frame number, and clock number can be measured

accurately with a resolution of 1 T unit, that is, with a
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since the operating principle is the éame 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 20(1) and 21 (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 O (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) correéponds to reproduced channel clock
number in Figure 2 0 (6). Instead of the end clock number 60§
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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second difference is that since the line recording density
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is nearly two times as high, 1 T of the reproduced clock is
as short as O.lé 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 opticai marking position data

as shown by the signal (6) is obtained. Using this position
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< f:>>2@§[f2§g% 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 idenfical 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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U& () - J‘]nglfftm?'é%ﬁlﬁ)éggnc% %ébg'uot%o.hi% (/z;n 10As previously
described, at the present state of technology it is not
possible to duplicate the disk by aligning the optical marks
with the pits with an accuracy of 0.13 um, that is, with an
accuracy of the order of 0.1 um, but there is a possibility
that mass production technology may be commercially
implemented in the future that enables large quantities of
single-layer disks to be trimmed with a processing accuracy
of 0.1 um at low cost. Even in that case, since the top
and bottom disks are trimmed simultaneously in the case of
the two-layer laminated disk 800, the two disks must be
laminated together with the pit locations and optical marks
aligned with an accuracy of a few microns. However, it is
next to impossible to laminate the disks with this accuracy
because of the temperature coefficient, etc. of the
polycarbonate substrate. When optical marks were formed by
appiying 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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$[Q@(&[[[nggic%g/§%e 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 confained in"a consumer

DVD player. By encrypting the measured result with a secret

encryption key, a legitimate disk can be manufactured. That
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can be used. On the other hand, an illegal manufacturer,
who does not have a secret key, will have to directly copy
the encrypted information recorded on the legitimate disk.
This means that a physical mark corresponding to the
encrypted position information, that is, the position
information on the legitimate disk,Amust'be formed with a
processing accuracy of 0. 13 pm.  That is, the low
reflective mark has to be formed using a processing
apparatus having a processing accuracy two orders of
magnitude higher than that of the processing apparatus used
by the legitimate manufacturer. Volume production with an
accuracy higher by two orders of magnitude, i.e., with an
accuracy of 0.1 pum, is difficult both technically and
economically, even in the foreseeable future. This means
that production of pirated disks can be prevented during. the
life of the DVD standard. One point of the invention is to
exploit the fact that the measuring accuracy is generally a
few orders of magnitude higher than the processing accuracy.
In the case of CLV, the above method exploits the fact

that the address coordinate arrangement differs from one
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other recorded by rotating a disk with a constant linear
velocity (CLV). 1In the case of a CAV disk, since a
logical address is located on a predetermined angular
position on the disk, the logical address and its
physical angular position on the disk are exactly the same
no matter how many master disks are made. On the other
hand, in the case of a CLV disk, since only the linear
velocity is controlled, the angular position of the logical
address on the master disk is random._ As can be seen from
the result of the measurement of logical address locations
on actual CDs in Figure 4 8, the tracking pitch,vstart point,
and linear velocity vary slightly from disk to disk even if
exactly the same data is recorded using the same mastering
apparatus, and these errors accumulate,-resulting in different
physical locations. In Figure 4 8, the locations of each logical
address on a first master disk are indicated by white
circles, and the locations on second and third master disks
are indicated by black circles and triangles, respectively.

As can be seen, the physical locations of the logical

addresses vary each time the master disk is made. Figure 17
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The method of piracy prevention at the master disk
level has been described above. This is, when master disks of
CLV recording, such as a CD or DVD, are made from the same
logic data by using a mastering appafatus, as-shown in Figure 4 8,
the physical location of‘each pit Qn‘the disk varies between
master disks, that is, between the legitimate disk and
pirated disk. This method distinguishes a pirated disk from
a legitimate disk by taking advantage of this characteristic.
The piracy prevention technology at the master disk level can
prevent pirated disks at the logic level made by simply copying
data only from the legitimate disk. However, recent years have
seen the emergence of pirate manufacturers equipped with
more advanced technologies, who can make a master disk
replica identical in physical feature to a legitimate disk
by melting the polycarbonate substrate of the legitimate
disk. In this case, the piracy prevention method at the
master disk level is defeated. To prevent this new threat
of pirated disk production, the present invention has
devised the piracy prevention method at the réflgctive layer
level wherein a marking is formed on a reflective film,
According to the method of the present invention, the

marking is formed on each disk pressed from a master disk,
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formation process. As a result, the position and shape of

the resulting low reflective marking is different from one

disk to another. 1In a usual process, it is next to

impossible to partially remove the reflective film with an

accuracy of submicrons. This serves to enhance the

effectiveness in preventing duplication since duplicating

the disk of the invention does not justify the cost.

Figure 1 9 ‘shows a flowchart for detecting a duplicated

CD by using the low reflectivity portion address table. The

delaf 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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allowing a certain degree of tolerance on the measured value

according to the actual situation at the time of reproduction,

the reproduction operation is‘permitted when the pass count 867

is reached; the margin allowed for an error due to a surface

scratch on the disk can be controlled by the copyright owner

prior to the shipment of the disk. This will be described

with reference to Figure 19.

In Figure 19, the disk is reproduced in step 865a to

recover the encrypted position information from the barcode

recording portion or pit recording portion of the present

invention. In step 865b, decryption or signature

verification is performed, and in step 865c, a list of

optical mark position information is recovered. Next, if

the delay time TD of a reproduction circuit is stored in the circuit

delay time storing section 608a in the reproduction apparatus of

Figure 15, TD is read out in step 865h and the process

proceeds to step 865x. If TD is not stored in the reproduction

apparatus, or if a measurement instruction is recorded on

the disk, the process proceeds to step 865d to enter a

reference delay time measurement routine. When address Ns-1

is detected, the start position of the next address Ns is
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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. Firsf; the circuit delay time
TD is corrected. In step 865p, the tolerance 866, i.e., tA,
and pass count 867 recorded on the disk, as shown in Figure
2 0, are read to check whether or not the position
information measured in step 865g falls within the tolerance
tA.  If the result is OK in step 865r, then in step 865s it
is checked whether the checked mark count has reached the
pass count. If the result is OK, then in step 865u the disk
is judged as being a legitimate disk and reproduction is
permitted. If the pass count is not reached yet, the
process returns to step 865z. If the result is NO in step
865r, then it is checked in step 865f whether the error
detection count is smaller than NA, and only when the result

is OK, the process returns to step 865s. If it is not OK,

then in step 865v the disk is judged as being an illegal
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As described, since the circuit delay time TD of the
reproduction apparatus is stored in the IC ROM, optical mark
position information can be obtained with increased
accuracy. Furthermore, by setting the tolerance 866 and
pass count for the software on each disk, the criteria for
pirated disk detection can be changed according to the
actual condition to allow for a scratch made on the disk
after purchase. This has the effect of reducing the
probability of a legitimate disk being erroneously judged as
an illegal disk.

As described in the above mode of embodiment, the
piracy prevention method at the reflective layer level forms
a physical mark in the pre-pit area of the reflective film
on the disk, instead of the previously practlced physical
marklng 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, é new obtical-disk
recording means was used that performs secondary recording
on a two-disk laminated optical disk by using a laser. In
the first step, physical marks were randomly formed, and in
the éecond 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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secondary recording means, the encrypted information was
recorded as a barcode on the optical disk with an accuracy
of several tens of microns_which was the usual processing
accuracy. In this way, optical mark position information
was obtained with an accuracy of, for example, 0.1 um,
much higher than the processing accuracy of a conventional
apparatus. Since such optical marks cénnot'belformed with
thebaccuracy of 0.1 um by using commercially available
equipment, production of pirated diéks 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 1D, fhe password
is also different. The password for one disk does not work
on other disks. This enhances password security.
Furthermore,_using the secondary recording technique of the
invention, the password is secondary-recorded on the disk,
pefmanently making the disk an operable disk.

The first-half part (I) has dealt mainly with one
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pit area; therefore, the tracking is disturbed in that
prescribed region. If a marking 584 by laser light is
formed in the prescribed region where the barcode, 584c -
584e, is recorded, as shown in Figure 2, it becomes
difficult to accurately measure the address/clock position
of the marking. To avoid this problem, if, as shown in
Figure 39, the marking 941 is formed in a pit area 94la at 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 éf 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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that a reflective film is sandwiched directly or indirectly
between two members resistant to'lasef'light and a marking
is formed by laser on the reflective film. "The above mode
of embodiment has dealt with examples in which this
structure is used for secondary recording of a barcode, etc.
and a piracy prevention technique, but it will be
appreciated that such a structure may also be applied to
other techniques. In the above mode of embodiment, the
optical disk of the invention has been described as being
fabricated by laminating two substrates with an adhesive
layer interposed therebetween. However, the adhesive layer
may be omitted, or instead, a member made of a different
material, such as a protective layer, may be used; that is,
any suitable structure may be used as long as the reflective
film is sandwiched directly or indirectly between two
members resistant to laser light. Furthermore, in the above
mode of embodiment, the optical disk of. the invention has
been described as comprising substrates as the members that
are laminated together, but other members such as protective
layers may be used; that is, any member that has resistance
to laser light may be used.

As described, according to the préseht in?ention, since
an ID unique to each individual disk, for example, is

converted into a barcode and written in overwriting fashion
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Furthermore, by barcoding the marking position
information for use as a disk-unique ID, the invention
provides a greatly improved pirated-disk and other illegal
duplication prevention capability as compared to the prior
art. A piracy prevention technique of the prior art, for
example, employed a method that deliberately arranged pits
in serpentine fashion when making a disk'mold. Such a prior
art method is not effective in piracy prevention, since a
pirated disk can be easily made by exactly replicating the
mold shape from a legitimate optical disk.. On the other
hand, according to the present invention, since the marking
is formed on the reflective film by a laser and its position
information is coded as a barcode, as described above, the
contents of them cannot be made to coincide when making an

illegal duplication. The above-described effect is thus

accomplished.

INDUSTRIAL UTILIZATION POSSIBILITY

As described above for example the optical disk of the present
invention is such optical disk on which data is recorded with CLY,

wherein, in a prescribed region of a pre-pit signal area on said

- 110 ~



11 1910%s& ()- 1 710%s& ()- 15 10%s& ()- 1310%s& ()- 11110%s& () -

| S/ 10%s& ()-J9vU4 1 |1 &I0%Q& ()- | 10%Q& ()- | 109%& () -

| &10%& ()-10ss10ss10ss | y>10%s& ()-9tA|[:vud 1 | | 10%& ()-|I

| 1096% ()-1 | 109 ()-1 |f109%& () - |L10%3&() | 10%% ()-C[:vud 11
| " - 1096 ()-1 13+10%% ()-1 1)10%& ()-1 |"10%x% ()- |$109%x& ()- |I"
10968 ()-0 Q|[ vU4 1I ISQlO%Q&() | 1S710%% ()-1 | @10%& () -1

| @L0% %X S
109 <§3&&(|) di ﬂSO/ Cl{ ) 9%, ‘%EE t %@@gﬁd&? /&k%ﬂ%@g (9a8€ffﬁ“

| @ 10% f & | 109 f.& |10%f& >100&

100997 & () - Op Aope! W&VGB Iref“@’i‘tﬁ%?f ‘g’fil %%%SEM | pre%@lftﬁ% Feg i
| & 10% & ()- | 10961 () |1096f& (%rer ud 10% 18 () -
|1+ 109 f & (3nd wheg Rdoy ing ppok| %bﬂ (HePrpd )@8%?@%

| S109%6 f& ()-LJI5n|[-vUs 1 1 | O%f& ﬁw | 1 @10%f& ()-1 1510%f& ()-
| 310% f & () -thelbasgdde (ata |C/am01% dayed bagkysipgythe same optical

pickup.

- 111 -



11,
| >10% f & () -
10%#y& () -

10%#y& ()-3 |, GLO%y#y&' ()- | 10%#y& ()- ! 10%¢& () - 10ff 10f f 10f f
Cuz|[:vUs 11 Iy 10%#y& ()-1 1f10%#y& ()-1 |f10%#y& ()-
| Ss10%y#y& ()- | SFLOW#y& ()-Z || [:vUs 1 | |s-10%#y& ()-I

| Y+10%y#y& () -1 | @ 10%#y& ()- | & 10%#y& ()- | 9%40%#y& ()- |

10% #y& () -

v [:vU4 11 1 910%#Y& () -1 | 7mlo%y#y& () -1 |5310%#y& () -

| 3MLO%Wy#y& ()- | 110%#y& ()- |/ 10%#y& ()-$,-./TvUs 1 1 Ff 10%& ()-

10%& () -

Ff 10%e& ()- | Ff 10%& ()- 10y#ylOy#ylOy#y

|->10%y AyBatip-cGi@elfisvUs 1 | | @-10%@& ()- | | @-10%& ()- | 10%&'()

| 109%& () -
1098" 3& () -

11

'S

| Ff
I

|Ff 10008 ()- IFf 10%& () 34 11@ 109%8'3& ()- | @
fS vu4

An 83008 Bk ¢n) whidDe®a3& r¢cordet; Mberein in g-argessibed)region of sa

1098"3& ()-1 1f1098"3& ()-1 1S1098"3& ()-1 |1S1098"3& () -

| S1098" 3&' ()disH, BRUYBerdfiel)is prowidet"” f3r| indiceing 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, and,

said barcode-like mark includes data containing at least an identification

information value unique to said optical disk.
An optical disk according to claim 1, wherein said identification information is
used for encrypting and decrypting information in a principal information
recording area of said optical disk.
An optical disk according to claim 1, wherein control data is provided for holding
physical feature information regarding said optical disk, and said prescribed
region includes said control data.
An optical disk according to claim 3, wherein a guard band area, in which at
least an address is recorded, is provided between said barcode-like mark area
and said control data.
An optical disk according to claim 1, wherein one of said bars has a lower
reflectivity than an average reflectivity of an area between said one of said bars
and another of said bars.
An optical disk according to claim 1, wherein said identification information is
encrypted or applied with a digital signature.
An optical disk according to claim1, wherein said optical disk is constructed

from two disk substrates.
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radial direction, and wherein a decryption key is obtained from identification
information included in said barcode-like mark, said apparatus comprising:
reproduction means for reproducing said barcode-like mark on said optical
disk; and
identifier detection means for detecting said identifier on said optical disk,
wherein the decryption key is obtained from said identification
information, and
wherein when said identifier indicates absence of said barcode-like mark,
said reproduction means is signaled not to reproduce said barcode-like
mark.

9. An optical disk reproduction apparatus according to claim 8, wherein said
reproduction means includes an optical head for performing reproduction.

10.  An optical disk reproduction apparatus according to claim 7, wherein when said
identifier indicates absence of said barcode-like mark, said reproduction means is
signaled not to reproduce said barcode-like mark.

11. An optical disk reproduction apparatus according to claim 9, wherein an

indication of absence of said mark is output.
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encrypted or applied with a digital signature.

19. An optical disk according to claim 5, wherein said identification information is

encrypted or applied with a digital signature.

20. An optical disk according to claim 2, wherein said optical disk is constructed

from two disk substrates.

21. An optical disk according to claim 3, wherein said optical disk is constructed

from two disk substrates.
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