; €3egOWIBBC$JL$ V6VTOWKE Septenber 2002 =PE<, F, ur, ~N i ~~~~nu~u~ AN OPTI CAL
DI SK) AN OPTI CAL DI SK BARCODE FORM NG METHOD) AN OPTI CAL %Gg“%t%ﬁgé%%ﬂ ON
APPARATUS, A MARKI NG FORM NG APPARATUS, A METHOD OF FORM RKI NG
ON AN OPTI CAL DI SK, AND A METHOD OF MANUFACTURI NG AN OPTI CAL DI SK TECHNI CAL

FI ELD The present invention relates to an optical disk, an opti Sk
barcode form ng nethod, an optical disk reproduction appaNﬂNﬁ%ﬂMﬁ“Mﬁmging
form ng apparatus, a nethod of SPEGIAIGHTION aser marki ng on i sk,
and a nethod of manufacturing an optical di sk. BACKGROUND ART*ikas6t 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 OPACOAL MIISKMBAN ORTIEAMNOTSIOEBARCODE RORMING pit information
area of the optical disk, it has been practiced to wite the barcoded

i nformation WETROMONN DPPICRR! DPSK REPRODUTTIUNUFPAREPIE €4 MARKING opti cal
di sk. When reproduci ng (playing back) such an optical disk, the pit

| nfor mat i on e ABEARATIRDT A ORTBbCUIRORKENG REASHIE MARRITT D 6

Sept enber 20 arco rmation such as a seria er, etc. recorded

used. 1.t he Mo BREL QA BESET oK R on e ARG R ARt SRR e S Ty ng &
serial nunber % d the like is not recorded in a pit area but recorded in a

non-i nf or mat ilg area, as described above, a separate reading device has had
to be provided in addition to the usual optical pickup, the

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 record a serial number, lot
number, etc. on each optical disk in the form of a barcode.

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

When reproducing (playing back) such an optical disk,

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

-
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resul ting problem being increased conplexity of the playback apparatus
construction. DI SCLOSURE OF | NVENTION In view of the above %%Pﬁ%ﬁg‘ 'bg t he
prior art) it is an object of the present invention to pro@i e ‘%g@ al

di sk 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
bar code dat abartoded anfoimatiobj suth af a leerialentmben tedcprordotded bar code
form ng nethod, etc. for such an optical disk. The first invenion is an

optical disk jantMdifoh-dafdrnas i 6@ Gedethomdvir Clav.sephiedtel headimga prescri bed
region of a pre-pit signal area on said disk) all or part of a barcode is
witten in oyglyed tHROpEashis@R by selectively renoving a reflective filmin
sai d prescriggdwéégkbn.é-Zus 6 Septenber 2002 The second invention is an

d_prescri bed Fegi 6 Septenber 2002 The second i nvent on
S provi ded for nl drAGENer BFteRyE TR TSk L ARE AR O g

id tical disk d . i,dent.i fier ,far i,ndicating the presence or absence
of sad barcGdEtTing deserial FARASH &hd e JRkeicRe EP R ESHBEERRTE G Phvent: on

is an optical .disk according to the second invention, wherein a guard-band
area where n®ifadzed Sutctasoddad i gr BRAUEdoHRAIEBRLEES d2%ontrol data area
and said prescribed region of said pre-pit signal area. The 4th invention
is an opti caldedcsibescebodi,ng sepanagef Feadkingndasricedrgs Wwadr&i hesai d bar code
is formed in such a manner that two or nore barcode signals cannot occur
within one ppeseiddiednt additibatto The durli opeivalopidksipantlopt i cal di sk
according to the first invention, wherein said barcode contains data at

| east incl udirggul Qrignhpsumen BRIt IidbEdsedl ¥oTbIRi Spict eRpd idakbabisk.

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 and barcode data.

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

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

film in said prescribed region.



The 6th invention is an optical disk according to the 5th invention)
wherein said barcode contains data including) in addition %g %a%g Iléfep(gln
information, a public key of a public key encryption funct RPIEEPPE di ng
to said ID information, said public key is used to encrypt prescribed

data, and the encrypted prescribed data is transmtted to an external party
in order to obtain fromsaid external party a password required to
reproduce sai d optlheaseatingk inMargignhiy reeonticali éignaopetdak th sleaccor di ng
to the 5th invention, wherein said IDinformation is encrypted or applied a
-3 6 Septenberst2(@2enti igint avhexiegnas woattol dEte &tda inveraviided iforan opti cal
di sk according to the 7th invention, wherein a secret key of a public key
encryption fuReldiog thettsiadpifeEinadpfdatung Biferyaticncoficerndhgidadld signature
to said IDinformation. The 9th invention is an optical disk according to
any one of inyeptdaang; K, 0Bl 4btideRt Blilkr, fé{ih‘%ﬁiélat%ﬁdt}%)%gﬁ@énd@' gk is
constructed fromtwo di sk-substrates | am nated together. The 10th invention

s an opti cal gl b 0aS LRI TRhadiIhereL PUbsEb B8es dieght from a

| i ght source s nma 0 a rectangular beam'paitiern by using a rectangul ar
mask and sai d rectangul ar, beam pattern is focysed on a reflectiye film,n a
pre-pit signal rea‘i?‘ﬁnﬁi”rfdalBY%%téPpb]e% aPaaP‘i}scan 5% ACHTT A8, ‘fi%‘ﬁl SR on
whi ch data is recorded, and at the sane tine, said optical disk is rotated,
t hereby formi ABVERtEPHr Aherginfa BEardmgnragraderhers inpedata dsy e4ro¥dad ricyi ons
as a barcode in the sane radius portion on said reflective film The 11th
invention i s anowdipgedchetweiesksdiar confrolodatagreetdrsld satd ardseribed régionoof

i nvention, wherein said optical disk includes a control data area for
hol di ng t her esaiplpysrpid sfigasdlirareanf or mati on concerni ng sai d optical disk
and an identifier for indicating the presence or absence of said barcode is

recorded in said qhgt4el idebstidneds abheplrdd]l dhyeniccording 86 shet feadt di sk
bar code form ng net hod
invention, wherein said barcode is formed in such a manner that two
or more barcode signals cannot occur within one prescribed time slot.

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

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

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

invention, wherein said ID information is encrypted or applied a



according to the 11th invention) wherein said barcode is fornmed in -4 6
Sept enber 2002 such a manner that two or nore barcode sigqg%s fa%noé ccur
Wi thin one prescribed tine slot. The 13th invention is an Epiemoen Y

bar code form ng net hod according to any one of inventions from10th to
12t h, wherein said optical disk is constructed fromtwo di sk-substrates

| am nat ed together. The 14th invention is an optical disk reproduction
appar at us whedgiital estyndedreonents of a recording area, recorded by
formng pits on an optical disk, are reproduced by using a rotational phase

control for a motep, g lig,LpGended a%Ong? al 8?51@ a‘éic&[t(ﬁrn Nto IGO0 el N area

ot her than said recording area, recorde y selective orm ng

ar e, o o opPDATEH by REP Ry & SERRTIOKEY ol RbT P ELRY fERo g

t he recorded contents of sajd recording area and .the recorded conte of
said differentS r”é@gr‘a?eﬁ‘gaaij D&y 8%%&%%%&%&%&}% %“ﬁéuﬁ%éos%@]géti cal

pi ckup. The 15th invention is an optical disk reproduction apparatus
according to yHermatipn-nvention, wherein tracking control is not perforned
in said different recording area. The 16th invention is an optical disk
reproducti on appafbe Rthadoventiiog i® anheptitel diskenctordinghte ains ereadki ng
control is, in effect, perforned in said different recording area. The 17th
i nvention is aveapiowsalfrdinskinseprodht | ovheaarparstidsopcicalddigk ie ¢dmastiteted
i nvention) wherein a rotational speed is the rotational speed that would be

achieved in spidh @k fEISRPEubSratls SRt RIDAT tdPherecording area if said
rotational phase control were applied. The 18th invention is an opti cal

di sk reproduct i onTRPPRTAL Ysy ARIBR NGyt Gyl ide1 141dk bEVER! SikmivBeReitBA he

rotational speed of sal notor 1 n sai rotation speed contr

%?L{‘mim”ed Ay Y § SRR ¥ 1S 1 BRS $00R ™ 31 5RE WolirPOLA RES QY cfBASUTI NG A
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 1l1th invention, wherein said barcode is formed in



| ength pit in said different recording area. The 19th invention is an
optical disk reproduction apparatus according to the 14th %g ntron%
wherein said lowreflectivity portions are a barcode for S@ @gﬁe qu\/el y
renoving said reflective film The 20th invention is an optical disk
reproducti on apparatus according to the 14th invention whererein said

| ow-reflectivity portions are a barcode,said diffrent recording area is

al so such areasiich whhgihezoBheNttwoase moes dadeddwi $ignal § Scanabe ode@R within one
reproduci ng the recorded contents of said different recording area, a

hi gh- frequency opENtt itk t.generated during reproduction of said pits
whi ch are fornen IE|Pn sai d d|$ﬁJrent recording area is reduced or elimnated

by | ow pass 111t gp, {H1Er ehy. Jrakl 1y SLP| & JOLSERRIALE 8] AL N o
B e shof rTeh Moty

i s reproduced from S&j arco nven |on rs"an o

reproducti on tus accordrng o the 14t h i nv rei,n said

low ref | ecti vid5FO5aKF diis 4aF P18 B r%aasloawdfmﬁ%rb %&ﬁhﬁnah@ﬁslré@dﬁded
contents of said - 6 6 Septenber 2002 different recording area, the width
of a signal otaRtiical biskr d86aGtEuG iedhBFam duo| &1 skrsubsirades ol anipabed rogegher.
wi dt h and then neasured with sanpling pulses froma control section. The
22nd invention is &he dpitihcanvaiitden risproduticeh digkarepumsiuatior dppgratasany

one of inventions froml1l4th to 21st, wherein said optical disk is

constructed fryireredn ricordsdbsintates of aar neteddimyetbmr retbrded3bd i nvention
is an optical disk reproduction apparatus according to the 14th invention,

wherei n said or&ﬂnﬁag $ii 5K oh nérl wgescaal dosi,r ale dRdrodnedd ber udid ranﬁoﬁa!t%ﬁan
physi cal feature information concerning sai d optical disk, an

identifier forpindi caiimq F8e PRESHICEhLle 2BEERER Qbnbittd QPraCOde s
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 l4th invention, wherein tracking control is,
in effect, performed in said different recording area.
The 17th invention is an optical disk reproduction apparatus
according to the 16th invention, wherein a rotational speed is

the rotational speed that would be achieved in said different



recorded in said control data area. The 24th invention is an optical disk
reproducti on apparatus according to claim23) wherein) aft i
recorded contents of said control data area and judgi ng tH§ES§§§§ﬁEgO%%
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 marking form ng apparatus which conprises: marking

form ng nmeans f@koARRgY hP&a & fMBE KA NBtaPichdlehhasd ic¥gtidll meforamdian a di sk;
mar ki ng position detecting neans for detecting a position of said nmarking;

and position Infor g ‘i’gtWﬂrIvieHGié’i?% Sah prtcieé‘l’ecfﬂsi{][‘xgep%dg&ion GppRt gEer

2002 | east said detected position I nformation or 1 nformation concerning

02 | east said detected posi'tion i ning
et obtive 111 ACERSine 89k 148 CBNERF fonyn Vit in PG BELRERLL, EERLDE 0O

recorded with CLV, wherein all or,  part of said b rcPde is.wi.tten .in
overwriting fasSAtOMASTalhradd FH lPaﬁfcﬁPeSfi PR it M8t Inegr%t

a%on said
optical disk. The 26th invention is a marking formng apparatus accordi ng

to the 25th i nPEAs¢Medwielua hased Pndaskesud teoainad thydMeRPHHINEod minimum=

di sk-substrates | am nated together. The 27th invention is a marking formng
means accor di ngength Ipé t26n saidvéiffierant wesosdingsareda.posi ti on i nfornmati on
writing nmeans includes encrypting nmeans for encrypting at |east said

detect ed position iTHeon g%l iioiveatidmiier smtdpancebridek ntgpgodad thopospgarabus
information, and wites contents thus encrypted to said disk. The 28th

i nvention is a,eRskiing tOr{HeNI48RPRRBhYFOMACHRELHIMIsER] U1BR-2ErlBet IMaRti ON)
wherein said positioninformation witing neans includes digital signature

¢ viaa a digltal <i ¢ . S
i or mat 1 onor PP RFiRaEFs f osEkdRE tuEfie by kel Ao A RnbPLRC SR BRT e
writing at Iea%%lggid detected position information

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

said low-reflectivity portions are a barcode, said diffrent
recording area is also such area to which 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 l4th invention, wherein

said low-reflectivity portions are a barcode, and

when reproducing the recorded contents of said



or information concerning said position information neans witing

information concerning a result of said digital signature S nber
2002 application to said disk. The 29th invention is a rep?gWBEWQEﬁSBBf

apparatus which conprises: position information reading neans for reading
position information of a marking or information concerning said position
information) said position information or said infornmation being formed by
(1) appl yi ng &l f@rRRAgresaTainepredt ithe Yidth pbransd gpal Hbdrined pF) detecting
position of the marking) (3) converting detected said position information
or said infornegdiog saitd bartedec dsleiramdaged woi aipreschébdshmddtte andt h

sel ectively renoving said reflective filmon said optical disk on which

data is recortlegh webhburddVi tirskinpbingeadl sug feams fcontraadeagidnnf or mati on
concerning a physical position of said marking; conparing/judging means for

perform ng conpar iraemAHad i hHIGEBR s BY &5t iRd]1 ad 1 &S ¥bhrdfuct 8aliaRPa Ryl d

position information reading neans and a result of reading by sald marking

reading. eans AR RERLOINS NG B ChPlordeREAH NG, data.  hacded angoai d

optical disk FHOLELEF S ERT S resu arison’ an udgemen

Dar code 1 s wr SRTIEALL R P AR A b O B S auBs v edhs | CARLOR o tgeether

pre-pit signal areg SQSSaid optical disk. ,Th Oth invention is a
£

reproducti on appar rdcdBYentagntls eReoMdCRli paknT pRPduRhEITe RRPRE YUSast

sai d detected position information or information concerning said position
i nformation iaceerdingrto dhe ldghSitpreatben, Ibepeim sead drdiiskl iskobraliudas a
information witing neans. The 31st invention is a reproduction apparatus
accordi ng to tdreer3Qt tatianeeed ifom, hotdngi 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 24th invention is an optical disk reproduction apparatus
according to claim 23, wherein, after reading recorded contents of
said control data area and judging the presence or absence of
said barcode, it is determined whether an optical pickup
should be moved to an inner portion or an outer portion of
said optical disk.

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

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

marking position detecting means for detecting a

position of said marking. and

position information writing means for converting at



said position information witing neans includes encrypting neans for

encrypting at |east said detected position information or Lnfo ti
concerning said position information, and said position inégﬁﬁégﬁﬁﬁgﬁg%ding

means i ncl udes decrypting neans corresponding to said encrypting nmeans, and
by using said decrypting neans, decrypts said encrypted position
information or_ infornmation concerning said position information. The 32nd
invention is aeasprsiscdpber dpaesitisnatipraahipn 6rt Hfogpehiamvent i on,
wherein said position information witing neans includes digital signature
means for applopnegraing geidlposighert inéormation| butst askdntodet eddefoposi ti on
information or information concerning said position information) and wites
i nformati on caredective yaremsuilng sdidsaefileitgiveafi lm goatnite sqipl i cation to
sai d di sk, and said position information readi ng nmeans incl udes

aut henti cati nga¥eaas @ohhesardl ndi skoosawt ctli gafaalissrapdatied v itkans, and
position information extracting nmeans for obtaining said position

information frgm an authentication process perforned by said authenticating
-10 6 Septenber 2002 neans and/or fromsaid information concerning the

result of said dig .Sl t ur i catj en ‘ t indicating
correctness of sai &c’iﬁ%{ftlﬁeg??@gt s%%pgl(gsgﬁd ;%gr%%dﬁts:g@l%g%%%?ai d
aut henti cati ng neans,. sai.d .conpari ng/j udgi.ng neans rforns .t he conparison
and j udgenment Q¥FTHEL W& FRSTHSL £¢ (?n%irjﬁ%&r?& i BYF 6Bt ‘gfr?earfﬁp%ai d position
i nformation eeraciing means and the rgﬁggt of reading by said marking
readi ng neans,S1gRalviHER 8RR L u?%ﬂtcailn }¥ating correctness is not produced,
the reproduction is

The 26th invention 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



not performed. The 33rd invention is a nethod of manufacturing a di sk,

whi ch conprises the steps of: formng at | east one disk; form a
reflective filmto said forned disk; applying at | east onegﬁﬁpéﬁﬁﬁrgeo%aid

reflective film detecting at |east one position of said marking; and
encrypting said detected position information and witing said encrypted
informati on onto said di sk, wherein) when encrypting and witing, at |east
sai d encrypt edappficataon o issidaliskrted into a barcode, and said barcode is
witten by selectively renoving said reflective filmon said disk on which

data is recorded wThe 284H ianentibh D¢ apaeprafucstod dppaeotles whish icohpnidds:
overwiting fashion to a prescribed region of a pre-pit signal area on said

di sk. 6 Septenbern,3902nTharsdidtibAeali AN reind fBY E*@Qdﬂfé pBauf Gt uring a
di sk, which conprises the steps of: form ng at |east one sk; formng a

reflective {11 mgsaig, g Tofkdiinli o RREYLDG 18h A&RStnale ARAKi ng Lo said

reflective film cting at Teast one position of sal I'ng; and

applying a digital_.signature to said,detected.pesition_ infarpgt.i angd.
WLt ng ont o SBF e IRBL EAHAREI Ty GRLH PRSbFimd RCTA PG S 2Lt T PEPEL Lo
witing, at least a result of said djigital signature i converéﬁglinto
barcode, and sBeehAPE®eE bvs (hk iappLring 2aseadne el 2 FefRataye skHile forme
reflective filmon said disk on which data is recorded with CLY, all or

part of said barcodédskei &) deteatdngippsdéonift the meashnon Bd eonyessing bed
region of a pre-pit signal area on said disk. The 35th invention '"is a disk
wherei n a nar kdetedtedf saidkdobition information or said information into a barcode
, and () writing the barcode with selectively removing said reflective
film on said optical disk on which data is recorded with CLV;
marking reading means for reading information
concerning a physical position of said marking;
comparing/judging means for performing comparison and
judgement by using a result of reading by said position
information reading means and a result of reading by said
marking reading means; and
reproducing means for reproducing data recorded on said
optical disk in accordance with a result of the comparison
and judgement performed by said comparing/judging means,
wherein all or part of said barcode is written in
overwriting fashion to a prescribed region of a pre-pit
signal area on said optical disk.
The 30th invention is a reproduction apparatus according to

the 29th invention, wherein at least said detected position information

or information concerning said position information is written



a laser to a reflective filmof said disk holding data witten thereon, at
| east position information of said marking or information n iLn ai d
position information is encrypted or applied a digital dﬁg?@?5¥ gj east
said encrypted information or digital signature-appended information is
converted into a barcode) and said barcode is witten by selectively
renmoving said reflective filmon said disk on which data is recorded with

CLV, all or pakb £fidsdisk b3 positibei DEFomnat ien wirdt vemeansi ng fashion to a
prescri bed region of a pre-pit 6 Septenber 2002 signal area on said disk.

BRI EF DESCRI PTI ON @lhe THEE IRANY S ol 9417 rbphdi tdbR HppBY 8110MaBE0 A i@l Sto
manuf acturing process and a secondary recordi ng process according to the

present enbodi i ) op plan view of a disk according to
t he enbodi nen tgﬁ‘? %Otﬁ QW&t%ER adr?%\ll-léler\q/v of the d| sk according to the

enbodi nment, (c) is o] \Y; % (ﬁ i E f?ﬁ@é
(d) is a transverseS%%g ?‘?%ﬁg Virg%rg tJt ew %Esgﬁﬁgl‘éc‘%s fie 4 %%;
and (e) is a veforn1d|a ram oduced nal. accordi ng.to the
oo et : 1 ok SRSV Bt Ak Aowiat SETY &gzﬂﬁaﬁqdﬁagalwacé% IRLIRE S di ng
encrypt ed p05|t|on information on a disk in the formaof a r@rcode accordi ng
to the present IBFR/T@LARMICONFRERATE 4216 PRSAL EQYY ARLQHRALIAR &Ndi sk fabrication
process and a secondary recording process (part 1) according to the present
embodi nent ; Fi gur e sSBidspesidiiayrnfioshatiiong readingi s&afsabn budesodeqnyod ers meads
t he secondary recordi ng process (part 2) according to the present
enbodi ment ; Fi goresponding dbags idneaboyp vriggandans; | aykbydiusing abid cati on
process (part 1) according to the present
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 corresponding to said digital
signature means, and
position information extracting means for

obtaining said position information from an

authentication process performed by said authenticating

_10_



-13 6 Septenber 2002 enbodinent: Figure 7 is a diagram show ng the

two- | ayer disk fabrication process (part 2) according to t esen
enbodi ment: Figure 8(a) is an enlarged view of a nonreflec?gvgéﬁﬁﬁfégﬁzof 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 g;a) is a reproduced-waveform diagramfor a
nonrefl ective porti oreascandriorgfram saéd pirdosmt iomboanceni he (the reswt

repr oduced- wavef orm di agram for a nonrefl ective portion according to the
present enbodi ment, ¢f)said digiept cdgaetisneaeppbroatdoagram for a

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

plan view. of a myhegrardotipu eddRdiby driestmyssdbsksatgt hod: Figure 1 (a)
is a cross-sectional view of a nonreflective portion of the |am nated type

according to AMeHE?émtoneﬂ%ig:tgg{tgroﬁu”&o( ot Sa3dCAQFRREEGIHiapal Vview of a

nonrefl ective portion of t plate type according to the pr esent

Chrough ot r aifisestaid oBRdrid/ Mdei ol BIEe DentaR s . Om SR cecti on of
t he nonreflectu¥g Bortion accordL@% to the present enboginﬁn%: - 14 6
Sept enber 2003NGiJgHgemens by ysdng e Bes Hdop rmat Rl 8P taedsRY accor di ng

to the present enbodinent, and (b) is a
said position information extracting means and the result of

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

signal area on said disk.
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crosssectional view of the nonreflective portion of the disk according to

the present enbodi nent. Figure 13(a) is a diagram show ng physi cal
arrangenent of addresses on a legitinmate CD according to tﬁéee%ﬁ8ﬁ¥ﬁQW%

and (b) is a physical arrangenent of addresses on an illegally duplicated
CD according to the enbodi nent; Figure 14(a) is a diagram show ng part (b)

of Figure 33 in fyrther detail, (h) is a,diagram showi ng an equi val ent data
structure for EC&%Bgahnﬁyvﬁé&bﬁl i§) 3 (Rthpd ‘gfrd’iaéibg%ﬁﬁ%ﬁwan&lék- which

mat hemati cal equation for EDC conputation, and (d) is a diagram showi ng a
mat hemat i cal cegpaisesntherstees ebnputation: Figure 15 is a bl ock di agram of
a lowreflectivity position detector according to the enbodi nent Figure 16
is a diagramill usdrmangnat tleespranecidpsle of det ecting address/cl ock
positions of a lowreflectivity portion according to the enbodi nent. Figure

17 is a di agram sfuptiing @ re@petiveonini thovaieifbesdd dikk; portion address
tables for a legitimate disk and a duplicated disk; Figure 18Ais a

flowchart illustrgd (§ef ryptda08, ' n RSA
function accordi na;&dtlgg? eaocre(rzﬁg)ggéljr?gﬁtﬂliﬁgg ‘b’dé ngggtreﬁbt}g?tgééoggllﬁgure 1$B is

a flowhart illus [ pesltJ i nf.Qremt i essqaccording to
t he enbodi nent; Fé%%&éygﬁaﬁts?gé#q %&Ehé;orstth uog?ﬁg?fgnérgiﬁ?%’wiﬁgf | ectivity
position detectin rogram according to the enhqdinent; Fiqure 20 is a
i agr am showi ng -ERILYARE il QY A o SHERAEURef F9 LA adRhechaR KTV X9 nal
according to the present enbodinent; Figure 21 is a diagram show ng a
det ect ed wavénbermadfion awt yHdting entees®idndisk.gnal according to the present
enbodi ment; Figure 22 is a flowhart illustrating the function of a

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
CLY, all or.part of said barcode being written in

overwriting fashion to a prescribed region of a pre-pit



scranble identifier and the switching between drive ID and disk IDin a
programinstal l ati on process according to the present ean%'nent. F&&%{e 23
is a block diagram of a stripe recordi ng apparatus accordi pPtsMbRE

enbodi nent: Figure 24 is a diagram showi ng a signal waveformand a trimm ng
pattern in RZ recording according to the enbodi nent; Figure 25 is a di agram
show ng a signal veformand,a,.trimmng pattern in NRZ recording; Figure
26 is a diagr§h$¥ﬁ€ﬁfﬁb(§'§Fﬂﬁéps veformand a triming pattern in PC-RZ
recordi ng according to the enbodi nent; -16 6 Septenber 2002 Figure 27 is
a diagramshow ng a top plan view of disk stripes, along with signal
wavefornms) according to the enbodi nent: Figure 28(a) is a perspective view
of a converging unit according to the enbodinment, and (b) is a diagram
showi ng a stripe arrangenent and an emtting-pul se signal; Figure 29(a) is
a perspecti veBRIBFWDBSCRIRTION R ITHENRRAWINEGS Wi th a beam defl ect or appended
thereto, according to the enbodinent, and (b) is a diagramshow ng a stripe

arrangenent and apjgd t]i @g‘é’tdi%g_r&ﬁ Ghalind ia0Hi &k Fenlifactudim@r am show ng
t he arrangement of stripes on a disk and the contents of control dada

Control mode PSR L AReq BET e Gy AN R Shh S S Bk Rt f pos

according to theeegboq&gﬁnt igure 32 is a diagramshow ng a stripe area
and an addr es® 4?4 M 8F8% accordi ng to the enbodi ment:

Figure 2(a) is a top plan view of a disk according to
the embodiment, (b) is a top plan view of the disk according
to the embodiment, (c) is a top plan view of the disk
according to the embodiment, (d) is a transverse sectional
view of the disk according to the embodimént, and (e) is a
waveform diagram of a reproduced signal according to the
embodiment;

Figure 3 is a flowchart illustrating a process of
recording encrypted position information on a disk in the
form of a barcode according to the present embodiment;

Figure 4 is a diagram showing a disk fabrication
process and a secondary recording process (part 1) according
to the present embodiment;

Figure 5 is a diagram showing the disk fabrication
process and the secondary recording process (part 2)
according to the present embodiment;

Figure 6 is a diagram showing a two-layer disk

fabrication process (part l) according to the present

._13_



Figure 33(a) is a diagram showi ng a data structure after ECC encodi ng
according to the enbodinent) (b) is a diagramshow ng a dafa structure
after ECC encodi ng according to the enbodi nent (when n = 1%?69%@*@%?0@% a
di agram showi ng an ECC error-correction capability according to the
enbodi nent. Figure 34 is a diagram showi ng the data structure of a - 17 °
6 Septenber 2002 synchroni zati on code. Figure 35(a) is a diagram show ng
t he confi gur aemlodieentn LPF, and (b) is a diagram showi ng a wavef or m
filtered through the LPF Figure 36(a) is a diagram show ng a reproduced

si gnal wavef orm afdguek Iy ikoa tdiageah ahoweng ,thandwdayes A stli agram for
expl ai ning a di nensi onal accuracy of a stripe according to the enbodi nent.

Figure 37 is gakhiadtasm EJ}@%&Q (%a?t’@hfé%bﬁﬁtnigof'o cddeppddnd | aser emtting
pul se signal waveform Figure 38 is a diagramshow ng a procedure for
readi ng contrglyfdata,far playback according to the enmbodinent. Figure 39 is
a diagramshowng a top plan view of a disk having a pinhole-Ilike optical

mar ki ng as a physis¢al feature according.to.the.embodiment; . .Figure 40 is a
G agr am shovi ng. a SEBEbAIPY FolfoPalAraga,fide B pERFEE ek B Pl heki'ng o

condition accordi.ng to the enmbodi nent; Figure 41 i.s a bl ock diagram of a

pl ayback appaP%Edth‘é’gi ﬂglaeﬁéﬂ%"ﬁarﬁ r b¥Rf iaﬁﬁagéj%’ﬁeéﬁ 1Ef’(?n??%ﬁ"‘r‘iccordi ng to the
enbodi nent; Figure 42 is a Z%qu di agram of a plﬁ%back appar at us

i npl enenti ng fERCELMORGI a8gell) dener ANnlaseet dilAy el at pentefBeetivent 1 Figure

43 is a block diagram of a playback apparatus -18
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, (c) is a
reproduced-waveform diagram for a nonreflective portion
according to the present embodiment, and (d) is a plan view.
of a master disk produced by a master disk method;

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

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

according to the present embodiment;

_14_



6 Septenber 2002 inplenmenting rotational speed control according to the
enbodi nent: Figure 44 is a diagramillustrating a piracy pfevention

al gorithm according to the enbodinment: Figure 45 is a di agé gﬁPtFB}ber 2002
expl ai ni ng barcode encryption according to the enbodinment; Figure 46 is a
di agram show 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-| a)Félguﬁf-'s]szééc&cﬁ ﬁ@oﬁ%‘&eﬁélmom%ﬁf:amkﬁ gure 48 is a
di agram showi ng a conpari son of address coordi nate positions on different
mast er di sks aecosmiing t® theepredeodi embudineetscrngt {bnisof the Reference
Nuneral s 584. LOW REFLECTI VI TY PORTI ON, 586. LOW REFLECTIVITY LI GHT AMOUNT

DETECTOR, 587. ckb$3dbcAMANT vieWH{ CRVRARAEORCct388. pdrit Gbil AMBUNTI iREFERENCE
VALUE) 599. LOW REFLECTI VI TY PORTI ON START/ END PCSI TI ON DETECTOR, 600

LOW REFLECTI VI R(Cﬁqglgqxb ag@@fggn@qmn@pl . LOW REFLECTI VI TY PORTI ON
ANGULAR POSI TI ON"SI GNAL OUTPUT SECTI ON, 602. LOW REFLECTI VI TY PORTI ON

ANGULAR POSI Tl ON '~ 805 EGTL M TY. PORTE QN START POl NT) 606.
W FEFLECTI VI T PERFILN N P R e FINE Bet ATVOLERECTOR, 816, DI 9K
MANUFACTURI NG PROCESS) 817. . SECONDARY RECORDING. PROCESS. 818..DISK -19 6
Sept enber 002 SR IRIRETE R T §s°fS1aEg§§l[%8‘f‘§Fe ER B P REEBENG
PROCESS STEPS, 820, SCETWARE PRCDUCTI.ON PROCESS STEPS, 830, ENCODI NG NEANS)

831. PUBLI C KEYWedRePT @0d 883 1sFprefyysdeeRErIREEEMesS 40T QEAERESSSECRET KEY,

835. COMBI NI NG SECTI ON, _ _ .
on an illegally duplicated CD according to the embodiment,

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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836. RECORDI NG Cl RCUI T) 837. ERROR CORRECTI ON ENCODER) 838. REED- SOLOMON
ENCODER) 839. | NTERLE. 4VER, 840. PULSE | NTERVAL MODULATOR, 841, CLOCK

SI GNAL GENERATOR) 908. | D GENERATOR, 909. | NPUT SECTI ON) 9%&eriemiand0PAToR)
913. CLOCK SI GNAL GENERATOR) 915. MOTOR, 915.. ROTATI ON SENSOR) 916.

COLLI MATOR) 917. CYLINDRI CAL LENS, 918. MASK, 919. CONVERG NG LENS, 920.
FIRST TIME SLOT, 921. SECOND TIME SLOT) 922. THIRD TIME SLOT, 923. STRIPE,

924. PUSE. 925 FlRST:BECOROING Relht 94045 SREND REESROING REG ON,_027.
ECC ENCODER) 928. E DECODER) 929. LASER POAER SUPPLY ClI RCU T) 930. STEPS

(I N CAV PLAYBA 1:SLIT, 933. STRIPE,
934. SUB- STRI PE. fgﬁ%ﬁw%WC@Emﬁ@@% DATA AREA
937. STRI PE PRESEN E | = . | TI _STRI PE PORTI ON,
090 DDl 11 ONAL Srr P TR ) BIENEE: | ATERS S97~Srope ( FOR STRI PE
PRESENCE/ ABSENCE .| DENTI.FI ER PLAYB FLOACHART)) 941. OPTI CAL, MARKI NG

(PI NHOLE), 942 IePEeGiA PENRRILATOR)IeTESTINPRIOGAN 2AFHHESRE HRER® 945. MAIN
BEAM 946. SUB-BEAM 948. STRIPE REVERSE- S| DE RECORD | DENTI FI ER) 949.

STRI PE GAP POREMOSHIMEG: SCANNI NG MEANS, 951. DATA ROW 952. ECC RON 953.
EDGE- SPACI NG DETECTI NG MEANS) 954. - 2() 6 Septenber 2002 COVPARI NG
MEANS, 955. MEMORY RiAIS, 2056 aOhiigranToRWios7a deOh RO kER fo9msof MOTOR
DRI VE Cl RCU T, 959. BARCODE READI NG MEANS) 963. MODE SW TCH) 964. HEAD

MOVI NG MEANS, $6%stFRFQUIENTL IGeMPARATOR) cd¥déng QoCkhé ATERen©67. FREQUENCY
COVPARATOR, 968. OSCI LLATOR, 969. MOTOR BEST MODE OF EMBODI MENTS The

preferred enbodipef s, the present invention will be described below with
reference to the acconpanying drawi ngs. In the description hereinafter

?is"er“ position infpr Rl of 0L PIIAGK HHER WrelfULhalrodn & G O 1D,
second-layer marking signal according to the 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 pattern in PE-RZ recording according to the

embodiment;
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taken as an exanple of information to be barcoded. In the first-half part
(I') of the description) a detail ed explanation will be giv of the_piracy
prevention position information as a formof ID, followed §&egtegpqeéf2%£
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 (11?, the technique for barcoding the piracy prevention position
information wil| Fheudes2T iibea diagtam tshewinptaatbp gridni niev obndrst e manner.
More specifically, the first-half part (I) deals with (A) Manufacturing a
di sk, (B) Fogf#ipesp APsrg wythysigabhovdvesernd,i ghéordiy Reatleng the position
information of the marking) (D) Encrypting the position information,
converting t s fNgexXpted position information into a -21 6 Septenber 2002
barcode, and witing the barcode in a pre-pit area of the optical disk in
overwiting fashi . Pl_ayi] ekt opti.cC j | ayer. The
P part R E A Gr Ha BrEDesRase nBr ot e Bonfirtnl R D 2

second- hal f part ness- of e barcode for a

| am nat ed-type optical disk, then proceeds.to (B) .Barcoding.the position
D or ot | on BieERenRara g iR ARG B¢ K BRSO | e

bar code-recorded optical disk format, nethods of tracking control, and

met hods of r &t&PCoARTaRASDEAT A PBIW)‘GM%‘WZ&@!i%@“Bf'the bar code, and (D)
Pl ayi ng back the barcode-recorded optical disk. The second-half part (I1I)
further deals inFdeuss |294ed hig B) peasnecatraiviiayg afedhai epreergdie i npl enenti ng
t he barcode recording nethod, followed by a brief explanation of a barcode
pl ayback appamit, usitiplaybern. ddileatdly apaenisic thetdton ascogidieg wf (F) An
exanpl e of the above barcade encryption and anot her application exanple of

t he barcode. ti{d JemBef Dfi¢h thr @s&ed) ngs t di Bgrateshewiplgl anstafipehe above (A) to
(E)) we will first describe a general process flow from di sk manufacturing

to the conpl Effﬁ%]pﬂén@rhrﬂpﬁhCﬁit@iﬁé‘-pﬂ!sé‘%i@ﬁal he flowchart of Figure 1. In

this patent specification, laser trimmng IS also referred to as | aser

t”gr ;L”?he""g;'r goggtiﬂ{}fé?fs‘oe‘itsi ¥ &1QQEAE FnoWRIK tRE Mahi;&ﬂadt%?i mply referred
stripes on a disk and the contents of control dada according
to the embodiment;

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

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

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

to the embodiment;

Figure 34 is a diagram showing the data structure of a
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stripe, marking, or optical marking or, sonmetines, as the -22 6 Sept enber
2002 physical 1D unique to a disk. First, the software con‘gany perfaorns
software authoring in software production process 820. The®cSRisinRes£002
software is delivered fromthe software conpany to the di sk manufacturing
factory. In disk manufacturing process 816 at the di sk manufacturing
factory) the conpleted software is input in step 818a, a master disk is

produced (stepsydt8bdniAditiks @de;pressed (steps 818e) 818g), reflective
films are formed on the respective disks (steps 818f, 818h), the two di sks

are | am nat ed togeFhatrd 3560 35h)diAedn MG il Sugt gasasi FVBEOr CD i s
conpleted (step 818m etc.). The thus conpleted disk 800 is delivered to

the software nRKEPFOTadO (B) fACLORYadiAACERSARET QlwaRbri i 30E4Mar € maker,
where, in secondary recordi ng process 817, an anti-piracy marking 584, such
t he one shown j I is forned (step 819a), and accurate position

i nformation ofel}@ﬁ!ﬁg}gmﬁkgrg' read by a neasuring neans (step 819b) to obtain
the position inforgation i\ch seryes as the,physical feature information
of the di k. Thi o DRGAPCAP odsuf <t 1o oF AAICVARE o TeRtodiEeR TEnahcrypred 1n
step 819c. The encrypted information is converted to a PE-RZ-nodul at ed

si gnal whi ch i%gveheim ascording ith theogmBadideas, andalbbds 8i ¢iagradn the di sk
by using a | aser. The di sk physical feature information may be conbi ned

t oget her wit h foof exekadnfieatairdd mens imnadht acnurboy ofher yitipenacoordiep 819c. -
23 6 Septenber 2002 The above processes will be described in further
detail. That it the ddmblodimdxit;cati on process, a marking formation process, a
mar ki ng position reading process) and an encrypted information witing

process for an optfFfalred3ski AGCA{sma bkoding Qrs@%ﬁg{rodi@é@ﬂéﬂ QBdwi I | be

described in detail with reference to Figures 4 and 5 and Figures 8 to 12.

A suppl enent ara\fﬁdeépifééfi{[ %ﬁﬂw{‘gl p]?lls%os? i WE@eﬂ‘gﬁl:i ng with a di sk having
re

two reflective layers w rence to Figures and 7. In the follow ng

description, the rking.formati,on process and th r Ki:n Ltion reading
process are collec }%}lé'lgy‘géa]ﬁ ddﬁ%l%g‘e onw&ggygrpé'@g?yrﬁgfB?oI%ggél%g(A) First)
the disk fabricati Oﬂ c%l’OCfSS ‘ﬁ‘ | J @? descc{:ii bed. In the disk fabrication
process 806 sHORIT? tgufer playback agcerding te dhe Pefite 801 is pressed
in step (1). In step (2), a netal such as alumnumor gold is sputtered to
forma reflective Figue 892is Andbagrasi showiagez Wo4rlay vdavfafom an
ultraviolet curing resin is applied by spin coating to a substrate 803
formed in a didifsér katingr eceistiohg-kitkepoptina 1t naridpar anta shpsicedt ~ and t hey
are rotated spacing uniform By radiation, the resin substrates together. a
CD or DVD tit|feaitaré ezconbthig avetldd@mbsdimended to the 801 having the
reflective |layer 802, at high speed to nmake the bondi ng exposure to
external ultraviol Bigiter dens at Bitserfahr showipgnaipracbiieret ¥or Iplagimp (4)) a
printed | ayer 805 where printed, is printed by screen printing -24 6
Septenber  2002,,0k 2IBACrk | bNGracking, ON RosdBR chacorAEn@td! P Y

| ROM di sk I d. (B t

| am nat ed-type optica I's conpl et ed. xt, the marking
formation proc&&%dgﬁﬁlrlt.be described with reference to Figures 4 and 5. In
Figure 4, a laser beam'froma pul sed |aser 813 such as a YAG | aser is
focused through a gpnverging |l e 14.onto the reflective |ayer 802, to
form a nonref| ectiﬁbg%(?r g#o’?ﬁ @19@&% hod%h?™ A sacé’ga(%ﬁctlﬁ ﬁp%r&yﬂ"% 5. That is)
a distinct vvav,ef(irm such as the waveform (A)_shown jn step (7), is
reproduced f r oifibt pEERidRBeFPatirtel speed siPrgrs! rascredingntetds (6) in Figure
5. By slicing this waveform a marking detection signal such as shown by
wavef orm (B) iembgBimgnted) from whi ch hierarchial marking position

i nformation conprising an address, such as shown in signal (d)) and an
address) a franme shigineodlzing blapkadiagmimenf amdapbackprpphmdeds cl ock count)
such as shown in signal (e)) can be neasured. At the rising edge of the

t hus obt ai ned inmlknéeg: idgt ectdtdonsl gpekd contpelidcicerdiddr essthei ndi cat ed by
address n in Figure 5(d)) is read by the optical pickup fromw thin the
plurality of ag@b@ss&as;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 oghC S t e f e in Figure
5(e), there are m%-{r]@r#ee g?/ng%rao{r)u[ézjcg‘t ?6ﬁg%mghgl%%ﬂég%arﬁza@&ce}\sﬁgu%) and k
reproduced cl ock pul ses under each frane - 25 6 Septenber 2002

synchroni zation signal. Therefore, the position of the
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mar ki ng nmeasured by the optical pickup can be represented by address, frane
synchroni zati on signal nunber, and reproduced cl ock count. As previously
stated, a supplenentary explanation will be given bel ow of & 2RPEMbeF 3893 ve
type of disk (a two-layer |lam nated disk) with reference to Figures 6 and
7. Figures 4 and 5 showed a disk generally known as a single-Ilayer

| am nat ed di sk WE%Ch has a retlecLive égyer ol %% on,one sufstrate 801. On
the other handPEFRRIME886T AR 19N3hFAREG °§I§r@£ FAF#in8hBwHeas a t wo- | ayer
| am nat ed di sk which has reflective layers on both substrates SO1 and 803.
For | aser triﬁﬁ$ﬁ§)mQﬂ¥é processing steps (5) and (6) are fundanentally the
sane for both types of disks) except with significant differences which are
briefly described Bidure. 44 ista, didgriaa ihlerssiratfing- bayieracdi shevasesom
reflective layer formed froman alum numfilmhaving reflectivity as high

as ?0% or over]gbhi tHie atwerdiaeto dilgkehthelimhedd ecti ve | ayer 801 formed on
the readi ng-side substrate 80l is a sem transparent gold (Au) film having

areflectivity of Xreis | £ tﬁhﬁiiﬁfahe%ﬂ \éggiﬂﬁ?gg%c%@é med on the

print-side substrate 83 Is the sane as th used in the single-layer disk.

Second, as co gt 51N Layer @i sk). the two-layer disk is
required to hgﬁggﬁgbﬁﬁbgf§§§Pi c%£ﬁ§8y¥ﬁ¥g?ﬁ%§3nple) t he adhesive | ayer 804
nmust be optically 26 Sept epber 2002 trans ent_and be uniformin

t hi ckness, and theFlo%‘Fiecgﬁ5 ]ﬁ?éngg%ﬁréﬂc%%% %@’?Y‘B’é qui%cacﬁfgnt o |l aser
trimmng. Parts (7)) (8), and (9) of Figure 7 show the signal waveforns

obt ai ned frcnnﬂ%ﬁépiﬁrQﬁ:th@yhﬁrcédetQ%Sof@kﬂﬂeé%rﬁhenengA;@PnH?sk. Li keu~i se,
parts (10)) (11), and (12) of Figure 7 show the signal waveforns obtained
fromthe second | ayiguref 47 his awperspeot iiengiéwm\showiligla ndtwefdeot g s of

t hese signal waveforns are essentially the sane as those of the waveforns
descri bed wi t hotref & egted oirpar two-{layet Adick)actbrfiggite bhe The ;vav~ferrn
fromthe second layer is simlar to that fromthe first l|ayer) though the
signal level igphowgdnt:hapgfromthe first layer. However; since the first
and second | ayers are bonded together) relative pusitional accuracy between

themis random ande: ‘eb%cpgnar giéﬁqmgé‘ﬂn&%% L.QQ C?Qg%fi%%a&f/ aﬁfir@sJ ew hundred

mcrons. As will be described1a ~~am passes t hrough
the two reflective.films, to make an.kllegal disk,the positi.on jnformtions
on the 11 st nareuaniaepal el & Prteifiresietcel 5, BEARR thave o be
made to natch1%Pe a value on the legitimate disk. But making them match
woul d requi re ‘&eneBRQ J8Rtcron accuracy in |am nating, and consequently,
maki ng illegal disks of the twolayer type is practically inpossible. The

t echni que for fornPessrinéiommicthe fefokerept Numerakar ki ng portion will be

described in further detail in
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

_1_9_



_ 7 6 Septenber 2002 sections (a) to (d) belowwith reference to
Figures 8 to I2) etc.) dealing with the lam nated type in arison wwth a
single-plate type. Figures 8 (a) and (b) are m crographs sﬁ%%ﬁ@‘bﬁfaﬂo%l ews
of nonreflective optical marking portions, and Figure 10(a) is a sinplified
schemati c crosssectl onal view of a nonreflective portion of the two-l|ayer

| am nat ed di sk. Using a 5 a j/pulse YAG | aser, a | aser beam was appl i ed
to a 500angstrMNN AGTURUNG |IPROEESS \ATHES 0. 8 9 ECINDARY RECERP FN¥ce of a | .

thick ROM di sk consisting of two O0.6mm thick di sks | am nated together) and
as a result, aPRACESSMSTERS $120t - JORTHARS MRODUETION BRQCHSSI STERELS5888s f or med)
as shown in the X 750 m crograph of Figure 8(a). In this X 750 m crograph)

no al um num r e SNOOERNGWEANR LSS verBRNC tKEY BNORENTION! i888. pPIRSTON 815. Thi ck
swol I en al um num | ayers) 2000 angstrons thick and 2 ~c mw de, were

obser ved al ongsbepndakiesahiet weesrr Becioniel! ey VeI BERES0mNd

reflective portlons own In Figure 10(a It was conflrrred t’hat no

The pul sed | aobPs @@RB@W&(@W Lo BHE S BET R BlcngE e Lon o
Gue o the SHEEI@%@W@“ME@ 00 AR R Pl @d?pkiﬁﬁéﬁmnskﬂﬁ%

recording method. S aracteristic enonenon observed only on a

| ami nat ed di skMOD@Q\TOR %418e5{-Q%§rIG§@®2558‘@8Am& gBP® 1b GENERABRematic

di agram based on an observation through a transm ssion el ectron m croscope
(TEM, illustr@8ndNeUEr T IO8ctI1dh BE MQwLﬁm.eﬂﬂé.ctGW@Kp‘HﬁNAbn formed by
t he above | aser trinmng process. And Figure 11 shows that the adhesive

| ayer of the JGEKERATORDe®IG.r #0DORd Sy, ROTAGIGNISENBOR, BA6the figure, if the
alumnum filmswollen portionis 1.3 ~ mw de and 0.20 ~cmthick) the

anount of incr gEEIMATIORM UMM CYLINDRICROTIENSN $18. IMASK,x9(®. 20 - 0. 05) = 0.
195 ~. m. The anmount of alum numoriginally deposi ted in a hal f portl on (5

a m of the 'aégnvmm@emwseggw (xﬂzﬁs'r mmmﬁ 529. s@@orem GMe50 ;~ m. Thz

difference is calculated as 250 - 195 = 0.055 ,u n2. In ternms of

al Ui nim | ayer ShPT0. 5205 IREC R SEOE: - ﬁlmi’ﬁa N
i mswol | en poRESbRECORDLY: ?ﬁéf’mi_-sér@a'c#&@h%ﬁ%}?@m REdResP qure ol so-

verifies the explanation about the above descri bed characteristic
phenonenon. )'5 QeENGODERN348. gBed DRCPPER.h 828 adeSER P@@Rn@-ﬂpeoj-ﬂl ate opti cal

di sk (an opt| cal disk conprising a single disk). An experinent was
conduct ed by afpROUHG P38erSTERS sERN AV tHAYBAGKE RhOWEBHARTY o 2810. BBAM M t hi ck

alumnumreflective filmformed on a single-sided nol ded di sk, of which

result i s showDEFDEGTORyr @3B{ SLITAD3IShoSTRIPE, t 984, f BM&'RIE&,UI@Bﬁum resi dues _
29 6 Septenber 2002 were observed, and since these al um num residues

cause reproduclnspnamonesmmw@mmﬁmergsteha@omgl,snml SRIY, abg7Lype is not
suitabl e for secondary recording of optical disk information of which a

hi gh density andpivd SHESEIGY/BSRR TRGRMENC CosfLIIRTARIC STRIbE k@ he

| am nat ed di sk he "case he si at'e dis ive |ayer

por i on .”iv'shﬁ, Ok ET 85 SBP 1 PO EERWBRE%%\@EZR%#WESMQ‘?&E%SE' on 1 he
control | 6a acollt Qfgﬁ%W@g&iEfﬁ@%&@@ﬂﬁgﬁﬁe?@éb{?éﬁfﬁwﬁ?éﬁﬁ? pri nt ed

| ayer 805 fornmed by screen printing to a thickness of a few hundred m crons
on the protect F-8W¢RARTY , 834L. m@BTHEaaMéﬁ(Weﬁ PINHOLE), 942. PE-RZ

DEMODULATOR, 943. LPF, 944. ADDRESS AREA, 945. MAIN BEAM,
946. SUB-BEAM, 948. STRIPE REVERSE-SIDE RECORD IDENTIFIER,
949. STRIPE GAP PORTION, 950. SCANNING MEANS, 951. DATA ROW,

952. ECC ROW, 953. EDGE-SPACING DETECTING MEANS, 954.
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t hermal absorptance was high. In the case of the single plate disk) to
address the problem of protective | ayer damage, either the_protective |ayer
has to be applied once again or the |aser cut operation shB eﬂteﬂ'é’%gp@%rmad
before depositing the protective layer. In any case, the singleplate type
may present a problemin that the |aser cut process has to be incorporated
in the pressin rocess. This limts the application of the single-plate

di sk despite CQMPARINE MEASs . 95%) MEMQRYmMﬁwgor%ﬁechLM%l 85l ate di sk and
| am nat ed di sk has been descri bed above, using a two-|ayer |am nated disk
as an exanpl eCONROLEERp 988endOTORoBR I Ve CARCY, - 359. BARGRNE KERBING2002
description, the sane effect as obtained with the two-1layer |am nated di sk

can be obt ai ngrRNS, t B63.hOBENS ETCHAYSG4. | HPAM MO INGIiMERNS Usdesg Fi gures 12(a))
12(b), etc., a further description will be given dealing with the

si ngl e-l ayer PI@{}QUERE?%OMP%FATO’R?E%@&S oseevmaTor. Fygur e mcy the reflective

| ayer 802 has the transparent substrate 8Dl of pol'ycarbonate on one side,

and the hardeg@ﬂm§826$i%%sla¢§ﬁlﬁgf0@ng6g g&ﬁékrate on the other side) the
r ' g

reflective |l a hds “bei'n ermet’cal I'y ‘Seal ed therebetween. In this
condition) pulsed laser light is focused thereon for heating in the case of
our experinent, heat of 5 a 3/pulse is applied to a circular spot of 10 to
20 a mdianmeter_on the reflective |layer 802 for a short period of ?0 ns. As

a result) theBETnMEPE:Qfr EMBARIMENIPY rises to 600C) the nelting point,

melting state is caused. By heat transfer, a small portion of the
transparent subst Theepfernedrenbhdimanss ¢f tiel pegsenaninwdngdom widdti on of

t he adhesive layer 804 is nelted. The nolted alumnumin this state is
caused by surpaciesteised el ow niithdrefierahongobohandarcvesaBdhg and 821b, vrith
tensi on being applied to both sides, thus foam ng buil dups 822a and 822b of

hardened al unyyuWingds ShoWhel destiroptidnl RéEMinafher Ba0ERS iRt MM pPOrtion 584
free fromalum numresidues is thus forned. This shows that a clearly

def i ned nonre%}l%ﬁrggygorp%tri g&dalig“pfmnfe?oabm&@qubx fd'i}gd(eg;tlgjﬁg‘i‘%”g 31 6

Sept enber 200 I'am nat e k”as shown in gur es 2(a).
Exposure of tha debtegl I EnhBY T 10rdrhEt PoH $h06e TALELQATEN
In the first-half part (I) of the description, a

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

converting the encrypted position information into a

_21_.



due to a damaged protective layer, which was the case with the single-plate
type, was not observed even when the | aser power was incregggd nore than 10
times the optimum value. After the laser trimmng) the non P?@iqe\?gop%iyer
584 has the structure shown in Figure 12(b) where it is sandw ched between
the two transparent substrates 801, 803 and sealed with the adhesive |ayer
804 agai nst the outside environnment, thus producing the effect of
protecting t tharspdectandewritmeethe hanaede dn afprecpst qr@p AhdhBer benefit of
| am nating two di sks together will be described next. When secondary

recordi ng is apdeal nitskeid arverwf it nigafasiden, aand I(Eég%llayrmmdfaakt urer can
expose the alum num | ayer by renoving the protective |layer in the case of a
singl e- pl at e gheskpt A ls by onna Fblgiyee. 10[He) seddridshgl Vearti €d)to a
possibility that nonecrypted data may be tanmpered with by redepositing an

al uri num | ay of;;8yededdiehBar 0008 PATNEOD OF the| BLckliEme gl sk and then

laser-trimmng a ferent barcode. For exanple, if the |ID nunber is
recorded in pj_ai fr her t @xt case of a
(gl oo pl at o GRe Ftegbe SERRERL ikic ?{@rf{’?h&%@nﬁ%@%B%fn%gF“%g T egal
use of the software. hy us a differ swor d.
secondary rec %‘l’edpﬂﬁlﬁlé’nnh‘b@%&ﬁt’t%o‘% ér[‘)aé 1% & &s \Aﬁo’d\?f}quﬁ iy gure 10(a))
it is -32 dg gtenber 2002 djfficult to ssparate t he Ignlnated disk into
two sides. | n(@dieaturs dhdher BRARGSTT OFRF ASHARP tLCAM 445k HAEE, the al umi num
reflective filmis partially destroyed. Wen the anti-piracy marking is
destroyed, tHethpdk ofi tragjeingudeiaods ard mgthods ot eatagienalassesd | | not
run. Accordlngly ) when making illegal alterations to the | am nated di sk,
the yield i s donwrahdlurling rdadenalofalthertzricods, and $pPlegsmdback econonic
reasons. Particularly, in the case of the two

the barcode-recorded optical disk. The second-half part (II)

further deals in detail with (E) Manufacturing

techniques for implementing the barcode recording method,

followed by a brief explanation of a barcode playback

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

An example of the above barcode encryption and another

application example of the barcode.

(D

Before proceeding to the description of the above (A)

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

disk manufacturing to the completion of an optical disk by

using the flowchart of Figure 1.

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

marking portion is simply referred to as the barcode,

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



| ayer | am nated disk, since the polycarbonate material has

tenperature/ hum dity expansion coefficients, it is nearly i rgpossi ble to

| aminate the two disks, once separated, by aligning the anfiSeptanzhey 2002
mar ki ngs on the first and second | ayers with an accuracy of a few m crons)
and to mass produce di sks. Thus, the two-layer type provides a greater
effectiveness in piracy prevention. It was thus found that ~a clearly
defined slit phfysacabriDefihbqte te pariskon 584 can be obtai ned by

| aser-trimmng the | am nated di sk 800. The technique for formng the
nonreflective optFrat, "Bh&i Sod tR@rFd icompdras peforniesef fWaed authbaing o (d)
above. (C) Next, the process of reading the position of the thus forned

marking will jhesdeaercbptodfdtgl Grbeess 8200/ otde EbAdralY Siage @ | ow

reflectivity |Iight amount detector 586 for detecting the nonreflective

optical marki.ng 1,an, | ] ' | LLry, in an optical

di sk manuf actllr%r Ici%%f%ég%@é@n?&?aﬂ%oéﬁ%f?Sc%gb?r?gg:to %%%gtlsa%tenber 2002 di agram
illustrating the.pringcipl f detecting addrgss/clock _positi,ops of the | ow
refl ect ivi ty BOREFGHT A8 Tackayeni dc At MERutamiar 1O PrORess BIP i ng
description deals,with the operatjng pringiple en, a read operation is
perforned on enah&%f"!aéﬁ @Qﬁé‘rb%tﬂa@g“br r?\gﬁ CATPARLYHSPERYAIE 4R const ruct ed
froma single disk. It will be recognized that the sanme operating principle
al so appl i es inpuanimopsitienad 18 sk maswer rdickeds frroduced (gkexS1Bhhi nat ed
together. As shown in Figure 15, the disk 800 is | oaded into a marking
readi ng apparditsits aquipppssedri(sbers BdBe,r &f1Bekt ineiflyctdosi films des ector 600 to
read the marking, and in this case, since a signal waveform 823 due to the

presence and fakaedce @hepPrdspestiver dsblohals tupy F10FMEBRAR) dughet ewd he presence
of the nonreflective portion 584 are significantly different in signal

evel) a5 showaikraddaaeyelear glchdr am:8h £141y1 caif ) kol hetwican be ol early

di st i ngui she sing a sinple circuit. Figure 9(a) 1s a diagram show ng the

wavef orm of a nlbaybaclysi %?R ;%%glgﬁ L& Sggﬁ’crejtgep | at er, containi ng

the nonreflective portion _ aser” i ght. igyre 9(b) is a
g 2oram show ng e Yane! sl [LAULE 3) Bt LD 8 B Cekepl T e axi
wavef or m easi&a egiggit%ggi gg%%L? JJE%?‘EJE?%ol of the software maker,

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

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

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

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

information which serves as the physical feature information

of the disk. This physical feature information of the disk

is encrypted in step 819c. The encrypted information is

converted to a PE-RZ-modulated signal which is then recorded

in step 819d as a barcode signal on the disk by using a

laser. The disk physical feature information may be

combined together with software feature information for

encryption in step 819c.
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of a pit signal is obtained. Rather than form ng an anti piracy
identification mark 6y renoving the reflective film-34 6_Sept enber 2002
by |l aser light) as described above) the anti-piracy mark ﬁ§§eH€"P8F%E8 by
changi ng the shape of pits on the master disk. This nmethod will be

descri bed bel ow. Figure 9(c) shows the waveform of a playback signal when

the anti-piracy identjfication mark. fornmed, by makin its longer than
other data pits (}ﬁ’et ﬂléo‘f?a?f'g?estﬁeék‘f’lW%Eaﬁeﬁfélgéérﬂnf :%Bﬁﬂf%e di agr am t hat

t he wavef orm 824p of the_anti}Pi acy identification mark is distinguishable
fromthe wavestdih of Tathds, pt léist bnigat kors PRAGESH WalFKdPf similar to
that obtained fromthe PCA area described |ater can be obtained by form ng
| onger pits Gorndtdonepranesdi sk markingiposébiby) reodingepyotdss, wakeformis a
little difficult to distinguish as conpared to the wavefornms shown in parts
(a) and (b) ef driqgypee®.inByrmerioni wigitiihg prfdesst fore ahi dpileyll disdr |ight, as
descri bed above, a waveformeasily distinguishable fromthat of a pit

signal is objaidielingRed Rple bPaRntoldengibh6yNAr R seFiBdieihnvention by

removing the reflective filmby laser light, as described above, the
barcode ey Berd e o og 4 caboas,l ok repuideqray e ok
Froven9, 2 Pogd o Glof ABRLELy ShaleISE A L bSPTIR o0,
Tl L8 el AT s Hanane tho réflective layels Wit Ebr&ncd fy ATOPS 11

Figures 6 and 7. In the following description, the marking

formation process and the marking position reading process

are collectively called the secondary recording process.

(A) First, the disk fabrication process will be

described. In the disk fabrication process 806 shown in

Figure 4, first a transparent substrate 801 is pressed in

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

sputtered to form a reflective layer 802. An adhesive layer

804 formed from an ultraviolet curing resin is applied

by spin coating to a substrate 803 formed in a different

processing step, and the substrate 803 is bonded to the

transparent substrate 801 having the reflective layer 802,

and they are rotated at high speed to make the bonding

spacing uniform. By exposure to external ultraviolet

radiation, the resin hardens, thus firmly bonding the two

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

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



| onger-bit area, a waveform 824 p as shown in Figure 9(c) is obtained. It
can be seen fromthe diagramthat the waveform 824p by the ster dj

met hod is distinguishable fromthe wavef orm of other pit d%ggmeWefhﬁgzmay)
a waveformsimlar to that obtained fromthe PCA area described later can
be obtained by the master disk nethod> in this case, however, the waveform

is alittle difficpts+t0.:diSEtLNgyd ned : ef orms shown in
parts (a) and %%fﬁgFEEN§H$é§@? Aghgﬁoaﬁ ?ﬁﬁgﬁéﬁ?é&%%kﬁ§ﬁmﬁre start and end
positions of the nonreflective. porgion, .564. havi ng t he above waveform can be
easily detecte Wattﬁg A% PBﬁ%@t FWtd}S i’g%tcogﬂg ‘detector 586 shown in
the bl ock di agram of Fi gure 15. iing the reproduced clock signal as the
reference signal, p85i¥¢%n f‘é? d}aggﬁ‘%rfoirﬁab‘@t“apﬁ%ﬁfﬁsnwhﬁl &% reflectivity
position information output section 596. Figure 16%}) shows a

cross-sect i onaflesdréhedfwittherefarenae i $kgures $hawh 5 n B Jugerash a
conparator 587 in the lowreflectivity light anount detector 586 detects

the | ow refl eciasert peam ghiompargulead blaseet &3 isngh aas an¥h®d akeghis r epr oduced
signal having a | ower signal level than a Iight amount reference val ue 588.

During the detegdised Plefdugt) a xdn@érg iy eehs \§1UYopy thenr«fdkeeiveon signal of
t he wavef orm shown in Figure 16(5) Is output. The addresses and cl ock

positions of the gt gPQ, PQSIEbER™ ﬂgﬁrg}%w?@é bl Pf'icﬁi 885i s shdfh in 6

Sept enber 2002 sign are nmeasure e reproduced l'ight signal is

vaveshaped by & URBoL VS IIEL0 OG0, PO RHIAR BUuA0R SR oLor
cLock sLanal {rom heekavesponed Loy 1) ST domdul o or 29g i @
nonreflective portion 815 formed in step (6) in Figure 5.
By slicing this waveform, a marking detection signal
such as shown by waveform (B) is obtainea, from which
hierarchial marking position information comprising an
address, such as shown in signal (d), and an address, a
frame synchronizing signal number, and a reproduced clock
count, such as shown in signal (e), can be measured.
At the rising edge of the thus obtained marking
detection signal, a specific address (indicated by address n
in Figure 5(d)) is read by the optical pickup from within
the plurality of addresses shown in Figure 5(d). Figure
5(b) shows the physical location of the specific address in
schematic form. On the other hand, Figure 5(e) shows the
logical structure of the data. As shown in Figure 5(e),
there are m frame synchronization signals under address n,

and k reproduced clock pulses under each frame
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corrects errors and outputs a digital signal. The EFM denodul ated signal is
also fed to a physical address output section 593 where an_address of MSF,

fromQbits of a subcode in the case of a CD) is output frBmERIPMREILEAS

out put section 594 and a synchroni zing signal, such as a franme

synchroni zing signal, is output froma synchronizing signal output section

595. From the GlRekor B2R18H A (PhadBda TharezdmadukRd efdset Rk oifStigUt put. In a
|l ow reflectivity portion address/clock signal position signal output

section 596) q“a!rwngﬁ]gggggwi&y%tRQV&dt?Ean@rcggg%anﬂIloeig?g#*ﬁ?gc{’g\r,v >99

accurately measures art osi stion a PoOsSI

reflectivity poytion 4 by using an.(n-1). address output section,597 and
an address si garfiglreﬁ@ AMeay g 5?%1&?1:38& e 9r§1m§ﬁ8' aa[%llsayﬁ% lPO(SiHF%ﬁ’ ng cl ock
signal or the denpdul ated clock. This nmethod will be described in detail by
using the wavet @Wr ans 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 marks muevépudly stataded pantlementary-egylanatsorsepl bnber 2002
A reflection selope signal such as shown in Figure 16(3), is output, the

signal |evel fhoomitvée bedblest iaveabiwrnboivdaiypg dfodesk ttaanwsHeyki ght anmount
reference value 588. This is detected by the |ight |evel conparator 587)

and a | ow reflgefihatdd disBNiwidal £ofdr@Rcs i 1Nl guiSddCh aj ghown in Figure
16(5), is output fromthe lowreflectivity |ight anmount detector 586. As

shown by a repr Oduﬁﬁéhr%is.ght?r{d gi Q}Wedi 0 ﬂs@“%@ne]r%(l‘f'}’kn’&?fxdégiat al signal is

output fromthe mark" regi on since 1t does not havée a reflective |ayer.
Next, Lo obtain Lhe piant 1andend Bop 1A 0nShel £ el QWing ISRt vity Tight
only on one substrate 801. On the other hand, Figures 6 and
7 show a disk generally known as a two-layer laminated disk
which has reflective layers on both substrates 801 and 803.
For laser trimming, the processing steps (5) and (6) are
fundamentally the same for both types of disks, except with
significant differences which are briefly described below.
First, while the single-layer disk uses a reflective layer
formed from an aluminum film having reflectivity as high as
70% or over, in the two-layer disk the reflective layer 801
formed on the reading-side substrate 801 is a semi-
transparent gold (Au) film having a reflectivity of 30%,
while the reflective layer 802 formed on the print-side
substrate 803 is the same as that used in the single-layer
disk. Second, as compared with the single-layer disk, the
two~-layer disk is required to have high optical accuracy;

for example, the adhesive layer 804 must be optically
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or synchroni zing clock shown in Figure 16(6) is used along wi th address
information. First, a reference clock 605 at address n ind$§EU{e 16§gazis
nmeasured. When the address . immedi ately preceding the ad Riefbes
detected by the (n-1) address output section 597, it is found that the next
sync 604 is a sync at address n. The number of clocks fromthe synch 604 to
the refer ?ncet[r,‘%l'n@PKrépﬁanW‘Bé:rﬂx,nﬁ?oxtrﬂ%insﬂ?irctanQSQ' lah @M 1 ofsbf‘célow
reflectivity [ight detection signal, is counted by the clock counter 598.
This clock c ' I arefere e t whi ch is neasured
Q&Fétnstﬁz;/ Iy‘ n@&&}b%t bé GloSk CRGE tf iaas\é(SBhf"ﬁmorng

by a referencé dela measuring section orage therein. The
circuit delay ti vari d\h rQQuck i -3 t er, 2002
appar at us used nga¥ aA?ZgY%ﬁmiéﬁP#@znéﬁgﬁgPr?ﬁ%SP§¥§$@n§g§3glay time TD
vari es dependi ng_.on the reproductiqgn aratus used. Therefore) using the
TD, a tine de‘Yaé'%fEB’Fsré’ ng%ggr%pq eegPIFSI ager rozc?]?%rﬁvoand the resulting
effect is that the start clock count for the I&g gefbfgtivity zortion can
be measured aREOFEiRgILAVET r&igkodUeikieshsapparhs udlos il f e2cht(1@ksi gns are
used for reading. Next) by finding the clock count and the start and end
addr esses foroft ifiégupt iTcahowsthle bignal waveaflemseohtatnatiironl ek m+14 at

address n+12 is obtained, as shown in Figure 16(8). Since TD = m+ 2, the

cl ock count i&coadrEpteedof othe? twirttechbodimehypant engle ofThexgdnamats on) n+l4d is
used. W will describe another nethod, which elimnates the effects of

varying del ayofl ithBSe WilghQUtyvdi@¥bits aPe Os2nBid NG KRS @aRBCAs dabgy tine TD in
the reproduction apparatus used for reading. This nethod can check whet her

the disk is Lty ' : . i e posi ti onal

rel ati onshi paoo %%ri%@{g%ﬁrsgééw i“?”ﬁ%ﬁ%é%(geﬁragﬁgt ga{/)e ttlgo anot her
mar k 2 mat cheg \or 1. That is, TDis ignored as a variable, and the

di fference be(aegﬁqﬁﬁﬁlﬁogiticn, Al = al + TD, of mark 1 neasured and the
position, A2 = a2 + JD, aof mark 2 neasured iis abtai ned, which is given as
AL - A2 = ol The;aveforimaram i, F3R000 [a5ed &heTled el HEAL CRPB W1 f or ence
mat ches the difference) al - aZ% bet ween the position al of the decrypted
mark 1 and thelngésizyegm though the signal level 1s lower than from the first

layer. However, since the first and second layers are

' bonded together, relative positional accuracy between them
is random and can be controlled only with an accuracy of a
few hundred microns. As will be described later, since the
laser beam passes through the two reflective films, to make
an illegal disk the position informations on the first and
second layers for the first mark, for example, have to be
made to match the same value on the legitimate disk. But
making them match would require a near-submicron accuracy in
laminating, and consequently, making illegal disks of the two-
layer type is practically impossible.

The technique for forming the nonreflective optical

marking portion will be described in further detail in



information a2 of the mark 2) thereby ;judging whether the - 39 6
Septenber 2002 disk is a legitimate disk or not. The effecé of this nethod
is that the positions can be checked after conpensating fo Sggtember 3pQ2 of
the reference delay tinme TD by using a sinpler constitution. (D) Next, the
encrypted information witing process will be described. The position

information read,_ in the pro O is.first converted int i phertext or
"si gned" wi t hSECHI St gP) s‘ioggafi?eel.owﬁbm rﬁﬁ%rer?éﬁkm L8HER % i%ozoi ﬂﬁor mat i on
thus encrypted or sjigned is converted into a barcode as an I.D unique to the
optical disk, eafo tdeelbeg dodl the dambrated trpeovar apTRETHEOR ddhhoh in a
prescribed region of a pre-pit area on the optical disk. Barcode patterns
584c 584e in Biggkepladd tvpei caiigurbe Haw cond (wisrtemitvogtaghprescri bed
region of the pre-pit area) that is) in the innernost portion of the
pre-pit area. sRewirg plantviewd)odmohtrefleztIve pwithe markiwss fromthe
recordi ng of the barcode to the denodul ati on of the barcode detection
signal by a PhoRddHadubmd ¢ gt 9@ (aflerPaukaharifibd Raehafil) cPbsd= gure 3,
the reflective layer is trimed by a pul sed |aser, and a barcode-Iike
trimmng patt g@@éio%‘ﬁhvﬁ %@Omane?Pééti(/g)p&ftﬂoﬂeoff 'tﬁb'rﬁvoJl§¥é10r med. At

t he pl ayback apparatus (player)) an envel ope waveform sone portions of
which are ms ing%tga ﬁhqﬁm in part (3) of the figure, is obtained. The

nmi ssi ng porti oAS%EEH P15% the generation of a low | evel signal that cannot
occur with a signal .g nerateg -40 6 3§gt nber 2002 froman ordinary pit.
Therefore, this signaFSiE & cédJ/lBylée ob#Fed) i BelasevePeaMpdr at or to
obtain a lowreflectivity portion detection_ signal as shown in part (4) of
the figure. | @pphiad (cs)aﬁdp%néstfnogluabgmmﬁ@ ivgypirinesDghaim 6elathe bar code
is denodul ated fromthis lowreflectivity portion detection signal by the
PE- RZ nodul at ¢te ssupfake defimaddl 2urorth6e RO disknicbhsistidesef ithed in detail in
the second-half part (I1). It will be appreciated that, instead of the PE
RZ nodul at ed $9i §mmlthdekodiigkat bimimdted atogel ber, wWadth awdutesudd, sia drzal

denodul at or - ( P"WM denodul ator) may be used, in which case also, a simlar

effect can be phtwideed]iiViaReamirsifNectifve pheMene®d ¥WRb i fined, Hoi t al
signature) a secret key of a public key encryption function is used. As an

exampl e of thengRePLhon) TBhGHIGS¢1AM AR IER SRON anIRNHKPLiTE P ocess

usi ng an RSA function. As shown 1 n Figure process consists of

the foll ow ng Ol rout]nes: 5 e i siit.ion information
i s neasured a{ﬂ??*;l%érgggl céeﬂ %gprgiﬁugﬁégma%ﬁg%é%gg%ﬁé\&g ?rﬁeﬂhﬁosi tion
information is _encrypted (or a digital.signature is appended step 698
where t he posi“PPB#lieﬁ bY?T&’PF&hm? §q§ecrmﬂ1‘3 ds‘fqtjrlef‘h@“gﬁg‘r‘f&ﬁﬂéfﬁ’s verified
or authentica%sga inthe re noductign ap%aratus, and ste 35w where a
check is made RNESLRIPE Whhek rARd Ehe myWdfe, yeze| Rser Y #hi3doBBti cal di sk or

not. First, in step 735a, the marking Position information -41
boundaries between the nonreflective portion 815 and

reflective portions. As shown in Figure 10(a), it was
confirmed that no significant damage had occurred inside.

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

characteristic phenomenon observed only on a laminated disk
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6 Septenber 2002 on the optical disk is nmeasured in step 735b. The position
information is then conpressed in step 735d, and the conprgssed p05|t|o
information His obtained in step 735e. In step 695, the c 2002 t he
conpressed position information His constructed. First, in step 695, a
secret key, d, of 512 or 1024 bits) and secret keys, p and g, of 256 or 512
bits, are set, and in step 695b, ryption is performed using an RSA
function. Wen89the Eég‘ﬁq dﬂ ilﬁffbrsﬁg LIS }%gré@nﬁlaéé dp9n @R M i's raised to
d-th power and nod n is calculated to yield ci phertext C. In step 695d, the
ci phertext C iebsasvetilen througle pransiisdiek.elyprospmieriscapek is thus
conpleted and is shipped (step 735k). In the reproduction apparatus, the
optical disk i$TEMadetlustratépg ZB35mpsarsdct e of ptier nexreﬁiemidﬂecrypt ed in
step 698. Mrre specifically, the ciphertext Cis recovered in step 698e)

and public keygortioanflormedabe sief abovetlapepXdfimmidgeprocesstep b, to decrypt
the ciphertext C the ciphertext Cis raised to e-th power and the nod n of

the result is gad Qybated 1t ahoks aehatptf?é AHRS{ v 15%@ praimt gxék M is the
conpressed position inFormation H An error check may be perfornmed in step

698g. If no erM){ Sb’eehtré vgacbgeglh aJolQan"' terations have been made to the
position infor ion, rocess proceeds to the disk check routine

735w shown in Fi

ur, : tec i.s deci t hat .t he
data is not |egi r?gf"ef](ﬁ‘rg ahﬁ%ﬁ a um&gum mS%vbO[ g%ﬁei?orfdﬁﬁ lospgr ti"‘d’hwllé
stopped. In the step e conpressed positi n|nforma|onf( IS
expanded to reé"(‘f{; Phe "brtlz‘@F 'alt%ﬁo%‘llct‘-i“(?no rifn&F%hfﬁdoﬁ unlpug B t57‘§éc
nmeasurenents are nmade to check whether the marking.,is actually | ocated in
the position opoxtienopsiba xdi@i0 ndd.&%ed byl9hea mosi Theosmpwitoodat i on. I n

aluminum originally deposited in a half portion (5 um) of
the laser exposed region (10 um) was 5 x.0.05 =0.250 pm°.
The difference is calculated as 0.250 - 0.195 = 0.055 um’.
In terms of length, this is equivalent to 0.055/0.05 =
pum. This means that an aluminum layer of 0.05um
thickness and 1.1pum length remained, and therefore, it can be
safely said that almost all aluminum was drawn to the film
swollen portion. Thus, the result of the analysis of the
figure also verifies the explanation about the above-
described characteristic phenomenon.

(b) We will next deal with the case of a single-plate
optical disk (an optical disk comprising a single disk).
An experiment was conducted by applying laser pulses of the
same power to a 0.05um thick aluminum reflective film
formed on a single-sided molded disk, of which result is shown

in Figure 8(b). As shown in the figure, aluminum residues
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step 736d) it is checked whether the difference between the decrypted
position information and the actually neasu: ed position iq%grnation @g%ls
within a tolerance. If the check is OK in step 736e, the p?38REMBSF e
to step 736h to output software or data or execute prograns stored on the
optical disk. If the check result is outside the tolerance, that is, if the
two pieces of position infornation do not agree, a display is produced to
the effect tha{eTEnBDIRVieEal 3N} SENES tARSE |3 1MTAPYY TESHIYESaCBESDNe, and the
operation is stopped in step 736g. RSA has the effect of reducing required
capacity si ncerepabguetionchpire:t éktcarebd $rer sbat ddd. simlenelateocessi ng
steps in the optical disk manufacturing process have been descri bed above.
Next, the constypeuis awtasdi tgideafooseobndanyepeoniding oo appacalt dssk pl ayer)
for reproducing the thus conpleted optical disk on a player will be

descri bed wi t hinfetedeieeof owlichus chifh. dénsittheaidd guley driterceatst ructi on of
an optical disk 9102 will be described first. A marking 9103 is fornmed on a

- 43 6 SepthabgemaiRd. r eflr8fkinct e a¥eTikenehe %&ﬁ%%téﬂieei)ﬂ,t ed gup the
optical disk 9102. In the manufacturing process of the optical disk, the

osition of t i M t e j L i neans, and
Phe det ect ed B%g??§%ﬁﬂgbg}§§%¥?%?%§dggkhg¥§¥Hgg%%%§?$g%$%ﬁg%¥ﬂgfion and
witten on the optical disk in the . form of..a bar 9104. Position

i nf or mati on réﬁﬁgﬁbﬁﬁééﬁ§m§¥ﬁq F%dﬁ?wphg‘63535%é%3g84ﬂ%ﬁﬂdtﬁ%crypting means
9105 contained therein decrypts the contents of the barcode f oyt put .
Mar ki ng r eadi f@nFakactgyeepedan Y eURge e be shasesnt GMmni Ag nﬁﬁkicr?@rgios

and outputs the result. Conparing/judgi ng means 9107 conpaxes the decrypted
result fromthf deszgepidengndreanstics d8senmoaenedlitnthhalapage tdapnot feor mat i on
readi ng neans 9101 with the result of reading by the marking readi ng neans
9106, and judgewidbdtdven ffetHewbasegr pewey tilsi oot ol ekt taecorated yal | owabl e
range. |f they agree, a reproduction signal 9108 for reproducing the

optical disk ipresi@t ackbrdiigy t6 vutobxpdiident,a thePpeihideti Diyest 805 si gnal
9109 is output. Control means (not shown) controls the reproduction

operat i on of - t4)gneRty kgl iR 465 2 AANIA LA bR TE3i BilRley vhen the

reproduction stop signal I's output,” an indication to the ect that the
optical disk, oty lheanl slbentedaphoiuchonsh sahavaigy 3.4 Splay (o
Lo 11 D ecoabepd el Lt Sa2ha0Poost B L bS,ncing reading | ©
means 9105 mheq@&gﬁ %gg t he actual position of the naxleg 9103. Nanely in

this case, thé .1 BARHFeRB TS DIV eMheE K okAGtIYEr 18R narking i s

actually located in the position on the optical disk indicated by the
posi tion i nford@@@Ben &ifther the protective layer has to be applied once

again or the laser cut operation éhould be performed before
depositing the protective layer. In any case, the single-
plate type may present a problem in that the laser cut
process has to be incorporated in the pressing process.
This limits the application of the single-plate disk despite
its usefulness.

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

laminated disk as an example. As is apparent from the above
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is decrypted by the decrypting neans 9105. Thus the reproduction apparatus
of the above construction can detect an illegally duplicatsg%%ﬁ%ical di sk
and stop the reproduction operation of the disk, and can p m@anQaa|
duplicates practically . (I1) W finish here the description of the
first-half part (1), and now proceed to the description of the second-half

part (I11). Thjs part. focuses particularly,on, technjques, including a

bar code for nﬂielsﬁﬁl?w%‘toﬁod?ﬁ%ss@geV\#efrc?cﬁa?%(%itﬂb“etdﬁglQ'bc}gé Fr‘%ﬁ'ﬁ?ﬁ%r posi tion
information (ID.information) as a dLsk-uniﬂue ID, (A) ,Features of the
optical disk Jemipatedydaskrman ReMtadnednIthpEhesiegiasdayetyhen a barcode is
recorded by |laser trinmng on the above-descri bed single-plate disk, the
protective | dypaingsdl iddskestUsdyedicuseexigl(al ndd (bh ebaneca ifonthdnt h Fi gure
10(b). Therefore, after laser trinmng at a press factory) the destroyed
protective | alegerBfidonasilb beegiwmoderlingt wi tte theesimgflactaoey. -45 6

Sept enber 2002 This neans that a barcode cannot be recorded on the opti cal

di sk at a soflaWahLtLOARIRYE k. @ Aledheyn tiRaFi gloes12Q) , haNe refeefigcRs 3afet §02
equi pnent. The probl em expected here is that the application of barcode

recording is greatly limted. On the other hand, when the marking position
informati on was recorded as a barcode by laser trimmng on the

| am nat ed-type disk .of the invention, f d.fromt transparent substrates
| am nat ed togﬁfhtﬁ‘? tirﬁnﬁ%%re&gn?mat? %&??ﬁé"%#&?%{@@% Ci“ayer 804 remai ned
al nost unchanged) ., as al ready, expl ai,ned in connection with Figure 10(a).
This was confd nﬁb‘?%yaéﬁp § Héﬁ‘fe”@)‘; BHESLYE nipvieR S §RdLﬁ'1(fé1}:’gEﬁ?t8p95(‘cal
m croscope of 800X magnification. It was also confirmed that no change had
occurred to tihe ediqresidee thel reflective layer 802 thus being hermetically

sealed therebetween. In this condition, pulsed laser light
is focused thereon for heating; in the case of our
experiment, heat of 5 u J/pulse is applied to a circular

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

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

up along boundaries 821a and 821b, with tension being
applied to both sides, thus forming buildups 822a and 822b

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

thus formed. This shows that a clearly defined

nonreflective portion 584 can be obtained by laser—trimming
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inthe trimed portion after an environnental test of 96 hours at a
tenperature of 85C and a humdity of 950. Tn this way) whep _the | aser
trimm ng of the present invention is applied to a Iam'nategs;ﬁpgﬁ'1 rgﬂo%s a
DVD, there is no need to reformthe protective layer at the factory. This
offers a great advantage in that a barcode can be recorded by trimmng on
the optical disk,at.a pl,agce other, than the pre facto for exanple, at a
sof t ware conp 16?1%?Rﬁ9a5bﬁk &?hQ“U@eFﬁIH@@Eeﬁﬁﬁﬁﬁ?cﬂag%kéé%rding on the

| am nat ed-type optical_ djsk was thus _confirnmed. In this case, since the
secret key i n@ogHre Of ftoe reijgctives laper depshe 20091 ¢heEnyproMethat t he

sof tware conpany keeps need not be delivered to a party outside the
conpany) seculuet $oi nclagaged npposactiye pared,cuhieh yaghthe sesertitth thé or mati on
such as a serial nunber for copy prevention is recorded as a barcode in
addition to tdimgdboeplkntédesygpé,badspugti bbesrvedf everatwhen. tHeudtber nore) in the
case of a DfD, since the barcode signal can be separated from DVD pit

signals by seidweROwdd g nkibadedflord tBaW IJ Rigks ahvabpeimmedi Rle. t han 1~T or
1.82 microns) as will be described |ater) the b~.rcode signal can be

recorded in 41gopi {nd 960681 GAALAR el MrEYDeidl 3UDRITBRR g T ashi on. The

barcode fornmed in this way offers 'the effect that the barcode can be read
by the optic i ed tor j &\ Si | .. Thi e can bf ~

obt ai ned nota%ﬁ£§ggﬁﬁﬁ&?hghTﬁh%ﬁgﬁégygyggﬁﬁi%@ﬁ%b%td¥%§aﬁﬁ%%ﬁ%ﬁe previ ously
descri bed single-plate disk. Thus, by | yin e code fqrm ng nethod
and nodul at i %W@gﬁ%engwﬁeﬁrﬁ&éip@?e“t hé@%ﬁ??c@qt o&g{ Iagﬂ'i ?ﬁftqgal't ype di sk
such as a DVD,, a | am nated-type optical disk can be,grovided that permts
secondary recttdi hbe #dhesivhilgnent80dr aminsé theodt§ideThe above description
has dealt mainly with a case in which the barcode is forned by |aser
trimming on eenvambmeandd- thpe pdodkeioR dhe wifeayaf, psoteagiténgithed structure

(with two reflective layers forned on one side). This single-sided,

two-| ayered ogptriucalirelifsismi envirenherpaloéffibicsk. t hat permts playback of both
sides fromone side of - 47 6 Septenber 2002 the disk wi thout having to

turn over the di s¢d) @holther afdngri Hafd] apMiRRihg |13 AsKsS tBgédRrmed on a
doubl e-si ded, |am nated-type optical disk that needs turning over when

playi ng back }ihq pev sf%?iﬁé&’%ex‘c.he v/h@ﬁeéeéo%@?{% F}%iﬁéﬁﬁr&gm? el i two

reflective filns eac ormed on one side © erefore, the

bar cod bg f ] 1 | th sides. Thi i d
advant age T ocHeaP I odof) RAITOR | B EASTETh-naESheet Ao By ded.
i mul t | bot h sides i ingle.step.. In.thi th
optical i sk T BLPRKITOVErST 4 f e vRAE v BEo ke SevE Oh Hopl ayback

(o the di T ectiast Phe SiRBIBaasacynas DAVEHG Fiate 494 This O oo O
gives rise to a possibility that nonecrypted data may be
tampered with by redepositing an aluminum layer over the
barcode portion on a legitimate disk and then laser-trimming
a different barcode. For example, if the ID number is
recorded in plaintext or separately from main ciphertext, in
the case of a single-plate disk it is possible to alter the
ID number, enabling illegal use of the software by using a
different password. However, if the secondary recording is

made on the laminated disk as shown in Figure 10(a), it is
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is played back. A nethod for identifying the reverse side is therefore
needed. This will be described in detail later. (B) Referring now to
Figures 23 to 26) etc., we will describe the construction §r§%%’@*?%{t3083 of
an optical disk barcode form ng apparatus for converting the marking
position information (I D nunber) into a barcode as a disk unique | D and for

recordi ng thﬁ]ltgg i CQOE tiy n ﬂfa%écfrl)eb?gmfr?a&' nd&fk QSX%ZGCWBI dae{re optl A barcode

recordi ng ne etc. al so escrl i rst cal disk
bar code record pa us. W des refe ce to Figure 23.

- 48 6 Serﬁ gﬁgéﬁwzaéggﬁe&l?ryén%%e E fgﬁl]l at\rﬂ s% ng%ﬁ‘ge configuration
of the barcod recordlggB par t s .for igne t|n ﬁ%lca di sk bar code
fornmi ng net hddYPhPEhd€eibo i FstW@”ﬁﬁ £ Stﬁ the above

menti oned enbodi ment, data to be barcoded is the data of encrypted version
of marking pagitirbhracyf Bansingons ®streved, dahe diskpel Habeoiuiged awot
restricted to the above enbodenent. It may include, for exanple, input data
and an ID nuﬁhﬂngiaaﬂﬂﬂtédaﬁmanmkagbhematDum908¢cmsﬁabbwnwhﬂnFigure 23, or
any other kind of data. In Figure 23, the input data and the |ID nunber

i ssued from takihP derR@aRtOIte288ichsetsofHel heaftinavagtdiek, | thegibhput section
909; in an encryption encoder 830, the conbined data is subjected to

signature or igﬂ%rpédaoremiﬂqeg 1 Bfelaichlome ShfprdSepesgssary) and in an
907, on I

ECC encoder error-correct codi ng an nte eaving are applied. The

eneyPL i on PSSRERSENLaUIG P APERKIBESE SR, I Labe steRRE RS 0 Ve,
into an Rz ”39%%?tfhml%%9eﬁwﬁisﬁ, since the polycarbonate material has
temperature/humidity expansion coefficients, it is nearly
impossible to laminate the two disks, once separated, by
aligning the anti-piracy markings on the first and second
layers with an accuracy of a few microns, and to mass
produce disks. Thus, the two-layer type provides a greater
effectiveness in piracy prevention. It was thus found that
"a clearly defined slit of a nonreflective portion 584 can be
obtained by laser-trimming the laminated disk 800.
The technique for forming the nonreflective optical
marking portion has been described in (a) to (d) above.
(C) Next, the process of reading the position of the
thus formed marking will be described.
Figure 15 is a block diagram showing a low reflectivity
light amount detector 586 for detecting the nonreflective

optical marking portion, along with its adjacent circuitry,

in an optical disk manufacturing process. Figure 16 is a
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phase- encodi ng (PE) RZ modul ation to be described later is perfefhea“"Tﬁe-"

nodul ating cl ock used here is created by a cl ock signal
synchronismwith a rotation pulse froma notor 915 or a rg$§9§ L?é%% r

915a. Based on the RZ-nodul ated signal, a trigger pulse is created in a
| aser emtting circuit 911, and is applied to a9 6 Septenber 2002 | aser
912 such as a YAG | aser established by a | aser power supply circuit 929.

The |aser 913iidwum dllvesraeiigd sheupsiedibdsesf degdytingi ch is focused through
a converging unit 914 onto the reflective film802 on the | am nated di sk

800) renovi ngda}'g%sr/eliléﬁ@tpb}é?tfdnsnbf N2 Dak Q@Qe@ﬁtvtl%?nporﬁhgn

error-correction met be described in detail [ater. For encryption)

a public keypcl MGtenlith 88 LAGL00E SNOM. 141 TLAWEeadir e gppended as a

signature to e seria er W Secret key t e software conpany
has. In this c e no _one other th n the soft e.c ny, has the
secret key afl @f gﬁikoﬁg 88ﬁﬁ%1n§pﬁﬁﬂﬁ18 é??l%d?@ %ﬂ§$3&21¥0 a new
seri al nunber, %hls has an enor.nous effect reventin |II gal

manuf act ur er B¥ Qi’r%eﬂs%ianﬁo’ér%‘{,lre%’rv%@ﬁ‘ﬁ@on %PE‘B@ PReAH B} 2 key cannot be
deci phered) as previously described, the security is greatly enhanced. Disk
pi racy can tHisk mngt@u@mﬂeﬂr@mnsmﬁ@ dhek-pubt it lkebe izgcpgizeded on the

di sk for delivery. The converging unit 914 in the optical disk barcode

f orm ng appathitishef saire opeesemy priadpbentlsei dppliesdesani betichél ow i n nore
detail. As shown in Figure 28(a)) light emtted fromthe |aser 912 enters

the conver gi Bgsikiiohs9de teldef eort RGo editsiisi Damina@bd togetlpaverted by a
coltimator 916 into a parallel beamof |ight which is then converged in

onLy one plane bhsaskyid A" Fedlrel 85,5 the7didiN880 PLTHEANY iRty | pe of T1ght.

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

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

By removing the reflective film by laser light, as
described above, a waveform easily distinguishable from that

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

piracy identification mark by removing the reflective film
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6 Septenber 2002 This light is [imted by a mask 918) and is focused

t hrough a converging lens 919 onto the reflective film 80 ntthqﬂﬁﬁbhcal
disk to renove the filmin a stripe pattern. A stripe suc % I
Figure 28(b) is thus forned. In PE nodul ation) stripes are spaced apart at
three different intervals) 1T, 2T, and 3T. If this spacing is displaced)
fitter occurs ,an t he erégr rate ri. ea. | n tht reﬁqpt invent'on;i t he cl ock
gener ator 913 Hendieh ddeatn AR AR ST LSt noe) ARRY MR IATH B2 ot at i on
pul se fromth tor 915) and supplies this npdul ating clock to the

odul at or 910 DeoLernad BV ShANELAE et 5 e 63P1's PecIIBASEAT 418k v act
position in accordance with the rotation of the notor 915, that is, with
the rotation dhisheethiodkw80l beTrhescriihed thedows f Figund Fledushavg theter.
Alternatively, a |laser scanning nmeans 950, such as shown in Figure 3(1),
may be provi dedvbforshiofha aplaybhcluigsavawhen! geeant 5-pdeaoned in a radi al
direction to forma barcode. (b) Next) a barcode recordi ng nethod, etc.

for form ng gdeatradatush ﬂxﬂarkh@a@%k‘xﬁedj%§crﬁ51&%g_ PRI odRgdrecnhsli ng
apparatus, wll be described with reference to Figure 24 to 26. Figure 24

shows signal s o‘%HQPddc?"H't'aﬁ Piﬁz JreERE HalTek RALAM Ity EAL Wansbs g?@g {rﬁegor di ng)

of the invention an nm ng patterns forned correspondin m Figure
25 shows si gna|. od i 1,0 a_convents pnal. barcode f.ormat and -51 6

Sept enber ZOO%I?Ff%%ﬁSWpé}ﬁ évPH%p%rg‘rér%% é’gr esﬁgﬁhi%éa% them The present
i nvention uses ,RZ recording, as.shown.in . Fjgure_24. Ln this RZ recording,
one-uni &t o IAENH BCAEHOR A Fal DL B 1Y) SEAD 1o B0 1SRN SO B .
first tinme slot 920a, a second tinme slot 921, a third tinme slot 922, and so
on. Wen dat aother gt detg. edanphis, way.sigghayeiozaas brilar dia ¢hebn shorter
than the period of the tine slot, that is, the period T of a channel clock,
i s recorded i obthindd fxomtiheePEA mrea2descrabedHater icanphe toltainéd Fi gure 26.
The pul se 924a whose duration is shorter than the period T of the recording

clock is outplbty Betmimgnlémgel abtls torTZhe Imastéw slishse)n whisaxagey ot ati on pul se
fromthe rotation sensor 915a on the notor 915, t-he clock signal generator

913 gener at es haweRd| ahb Ofavelfesk FRULSE] B3 e SIORM chilt RA Bi dthheg@isHi gure 24;
by performng the recording in synchronismw th the clock pul se, the

effects of ro t'&gﬁ | &f1,0 rs im In this
way, as shomta?nbp r{re{i%é ?;HeF?%ﬁng@iéﬁghgtlrrf grg§3§bié\ﬂdjl]gg?idonfg "00"" is
recor ded ontl%e disky within a recording region 925a, the first of the four

recordi ng regi GRETS own, and a circular barcode such as shown in part (1)
f Fi 2? is f : . . .
° 'gure 'S Oéyrr%gmoving the reflective film by laser light, as

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

bar width t (= 10 um). Since reflectivity drops in this
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Next, when data is "Ol"', a pulse 924b is recorded in the second tine sl ot
921b between t=T2 and t=T3, as shown in part (3) in Figure_ 24.,1n this way,
a stripe 923b is recorded on the disk within a recording r@é‘leawn'g’f&gpo% he
-52 6 Septenber 2002 second region fromthe left, as shown in part (4) of
Figure 24. Next, when recording data '"10"' and "11"', these data ar a

recorded i tbgn bl o, SL 0 2338 A0 ol ok T8 Bl e 38PES! Vel v

Here) for conparison purposes) recording (non returh-to-zero recording)
used for conv j : I dj AT LLb | reference to
Figure 25. | ng%%? g'COP%Ir %gge%e[]l%ggé %J%g'a\é’éélcp 18?5%’}25{&5% hﬁ%a\\%akgfoaﬁw dth
equal to the iod T of tinme slot 920a, .ar ut put own_,in part (1)

of Bi gure 2. SFHP BY Petdmst it CisRenaiiahi Srdlsdchbiishabls SHORTAAC oF ™ { e

ot her hand) in the case of VZR recording, a pulse as wide as T is needed)
and furt her noVevelgRBrofT ofppe s datdesdnvElis) vayp@ ¥aveforgosbnidasr triple
wi dth, 2T or 3T) becones necessary) as shown in part (3) of Figure 25. In
the case of | tsethatrobteimgdsfidm abe Rdcrrémdeisoritted patesecanibevention,

changing the laser trimmng wdth is practically difficult since it

necessitates echtaigeddhyathei ngsderadtsit hetkddr éh HRE casdothowtivdgbl e. As
shown in part (2) of Figure 25, stripes 929a and 929b are respectively

formed in thethd halepoh i 5l tQEOT & fF9ch PYItANg] HARgudld a827a from the
|l eft, and in the case of data "'10", a stripe 929b of wdth 2T is recorded

0
Shown i n par t SR 1 GhP QPR ey N LR S M T ke

conventi onal PPZ re§ording) the pulse widths are 1T and 2T, as shown in
parts (1) and ¥8Y¥®f  Figure 25. it is therefore apparent that NRZ recording

is not suitable for the laser, trinm of the present |nventjon. According
to the laser trinASnEhai iR WQ%&%V@F& iSGAYt a?“ga? desiklons

of the nonreflective portion 564 having the above waveform
can be easily detected by the low reflectivity light amount
detector 5386 shown in the block diagram of Figure 15. Using
the reproduced clock signal as the reference signal,
position information is obtained in a low reflectivity
position information output section 596. Figure 16(1) shows
a cross—sectional view of the optical disk.

As shown in Figure 15, a comparator 587 in the low
reflectivity light amount detector 586 detects the low
reflectivity light portion by detecting an analog light
reproduced signal having a lower signal level than a light
amount reference value 588. During the detection period, a
low reflectivity portion detection signal of the waveform
shown in Figure 16(5) is output. The addresses and clock

positions of the start position and end position of this
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formed as shown in the experinent result shown in Figure 8(a), but since
trimmng line wwdth differs fromdisk to disk, it is diffigult, t | sely
control the line width; when trinmming the reflective filmgﬁeate %?E?&%Le
trimming line wdth varies depending on variations in |aser output,

t hi ckness and material of the reflective film and thermal conductivity and
t hi ckness of the substrate. Further) formng slots of different line wdths
on the sane drs§ 'PFeHK?hPFe&n an increased conplexity of the recording
apparatus. Fox example) in thg Qaie of tTe.NZR recorgi g used gor pr oduct
bar code recor di ng, NasTEHORCPH &Rt s @R L alig waygshape ighrae Warelarfe tri nm ng
line width nust be made to precisely coincide with the period 1T of the

cl ock signal, shapi2g oir@mt ga&thaivs'ng vint AGGBI0rt far ganveéraloarintodi fficul t
to record various line widths such as 2T and 3T by varying the line width
for each bar fediggitalrsjmmal. Sihcdotheegonsymmtoroddd regedacitebas code f or mat
is an | ~RZ format, if this format is applied to the | aser-recorded barcode

of the IOresen&lédk}/%fﬂFM)ln,frblﬂetl'f@%if&ﬁa:peﬂ' Sigahl, WA ERRCictpael fzegause it is
difficult to precisely record varying [ine 5~ 6 Septenber 2002 w dt hs

such as 2T angg2T 09 &é}ﬁ;dﬁ?ﬁ?h\?\ﬁé gfléﬁtifo‘dr B@Prﬁ@68u1§%§b¥ﬁe rﬁ%g{iﬁi AgdcanEet be

done since the Taser trimmng varies. This makes denp ati1on
aiificult VeLng ST e agy AP STk RSN PRR BRI o0 O |
the. recor di nUSBAHAFHL SHEAED Fe2 5t Seciedh FY & BHUNTE BAFYFBnesRd of 1ine
wi dth and the | aser power therefore reed not he nodul ated, As described, by
enpl oyi ng t heSe®owa 8&3 reesedam@ddeessopti Ml drek ©aitsdRd Recordi ng
according to the invention)

subcode in the case of a CD, is output from an address

output section 594 and a synchronizing signal, such as a

frame synchronizing signal, is output froﬁ a synchronizing

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

a demodulated clock is output.

In a low reflectivity portion address/clock signal

position signal output section 596, a low reflectivity

portion start/end position detector 599 accurately measures

the start posistion and end position of the low reflectivity portion

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

address signal as well as a clock counter 598 and a

synchronizing clock signal or the demodulated clock. This

method will be described in detail by using the waveform

diagrams shown in Figure 16. As shown in the cross-—

sectional view of the optical disk in Figure 16(1), the low

reflectivity portion 584 of mark number 1 is formed partially.
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there is offered the effect of ensuring stable digital recording. An
exanpl e of the phase-encoding (PE) nodul ati on of RZ record] wll be
described with reference to Figure 26. Figure 26 shows si &gg@emg%ﬁm
arrangenment of stripes when the RZ recording shown in Figure 24 is

PE- nodul ated. As shown, data "0" is recorded in the left-hand tine sl ot
920a of the two tinme slots 920a,and 921a; on the other hand, data "1" is
recorded in t%éefl%ﬂoﬁaﬁﬁﬂmeﬁél%ﬂa&t 39@1@5 ééo"ﬁhéﬂrﬂghlfﬁart (3) of Figure
26. On the disk, data "0" is recorded as a stripe 923a in the |eft-hand
recordi ng reg]ﬁiﬁ)QZEaO@mdudattée dignad hewtlr fpem 328b in the right-hand
recordi ng region 926b) as shown in parts (2) and (4) of Figure 26)
respectivel y.refles}iveopodaican HOlE )loaepulhre €ikidighd amoGnSept enmber 2002 is
output in the left-hand tinme slot for "' 0", a pulse 924d is output in the

right-hand tirgfesbade fvallue 1988andT sPuk Séet3446d iby ehd Hught nldvie¢ | ef t - hand
time slot for "O~, as shown in part (5) of Figure 26. on the disk, the

first stripe t e strlpelnthe
ri ght-hand podS| ?gél{@d ngt hée}ﬁt hl ir%w E‘??Iﬂepoéth%%’c){ qqg{l{ep{%tﬁgﬁgﬂgo& tion, by

| aser trinm 26(5 o] dIa 'O10°

can be seen, nsgigglla:ig;gu%h Qéls)v}\}éﬁg %@gﬁkg’ﬁ?el%f(g}r) gveéy g#a{rzﬁo"?q%g That |s
since the signal it s jcopstant )t c oes.not vary. Since
t he DC conpon&ti agg tr’rétl{: B? Hﬁ&ﬁe‘;‘ﬁf%ﬁf %EB sts B 0¥ Bariation in
| ow f requency co nents even if pul se edg det ect ed duri ng playback.
Thi's has tho KSPFBREYCEH dIgFEAl FyER) apaﬁjﬁ%ﬁ Sl anndors ot drtay of the

di sk pl ayback apparat us. Furtherm)re since one signal 923 is al ways

avai | abl e f orisevstputaanethe mazk rzxxom igchakt dnes dotekavaR being able to
reprod~ce~a synchroni zation clock for a channel clock w thout using a PLL.
A circul ar barefdde}iwudbyes shown in Figure 27(1), is thus formed on the

di sk. When data "01000", shown in part Figure 27(4), is recorded, in the
PE- RZ nodul ati on Béxf,heoi shierihi tife 3that cpdeeP Pasheivnggof Nthesdewe pattern as
the recorded signal shown in part (3) is recorded as shown in part (2).

Wien this barggdectsyirh aY?ﬁltbﬂékeé}Moﬂns%Ta'lcadhepﬁgdﬂ&%h@ecﬁ'c%@l’c wavef orm
such as shown in part ( 6 Septerrber 2002 REPRODUCED SI GNAL, is

out put wi th W%&H&fro&\)ﬁ?iﬁé’fcl@l&? BitnCO1 F33BAN MY 1 [hapialgnportions of a

pi t - nodul at ed si gna ere no ref ection signals are obtalned due to

renmoval of t tiv e d n to, part Figure
5(6). By pasgﬁn&\ Hﬁ? Srseg?f)ddjﬂigkﬁ&gi gﬁg%ﬁ’hgoﬁégﬁ&mé §28§hgﬁgr§%r or

t hi rd- order vﬁf filter 9 4 shO\{\g,n Figure 35(a), the fil{ered signal
wavef orm sho dirﬁSffifg&Pe beyr) g>ol5f3a'f‘er?§élre Prbitg‘ﬁ £HI$SSi gnal by a

| evel slicer, reproduced data "O OO0y of part (7) is denodul atblg. (O fe
will next desimmedéatedat arecedingt the epdrass ndisdetested: bwithe &nvhr code
formed in the above manner, tracking control nethods, and rotational speed
control net homtkirebatomutbﬁaislanl SRTENi plimy fogndoabkt tthe ngtti sghc di sk. (a) W
will first describe the features of the optical disk format with a barcode
formed accor dd0dg ik0a tdy@icpaesRidte ss1nodi TN umbdt be dleakisnfrond the an exanpl e
of a condition that permts tracking control during playback (this

condition is @inef 664 &' €He tr%f@?edc'%%lécﬁ@'ﬁ()@g ¥R ondk he Athrt A pl ayback

operation using tracking control is shown |n Figure 40) and its details

Wil De of veryd ety Jinihbe qAzer sty ROL m'eeeéélgnpgf@%go yrbod ment

all data are recor de hown ' "Figur tripes 923
(form ng a barcode ed with V rding, neans recording
wi th const ant“q4H g@é byv BC?C]&F GRHtET ﬁ%cq?n? gt récording with
constant angul ar, - 6 Sept enbe 2002 veI ocCi ty In the pregent i nvention,

the stripes 9%e3iap aSe@orer%%rwe eday, tingpdP i WhieBets rasitdedpia signal in

a lead-in data i _ )
reference delay time TD measuring section 608 for storage

therein.

The circuit delay time varies with reproduction
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area hol ding an address which is recorded with CLV. That is, the data is

overwitten with the stripes. In the present invention, the pre-pit _signal
area maps into all the data areas where pits are forned. Tﬁ@eBW@§E¥?B@g

region of the pre-pit signal area) as nentioned in the present invention,
corresponds to an inner portion of the optical disk; this region is also
called a post-cutting area (PCA). In this PCA area, the barcode is recorded
with CAV, supmmpamptsedised forereatimg, gwhich mkans Hhatwee refierddicd data is
recorded with a pit pattern fromthe master disk) while the CAY data is

recorded w t hidlaget e TOVesr ixer Heperaliag drheheefdpetiivgionl hpparditage t he
barcode data is witten in overwiting fashion, pits are recorded between

the barcode sfdddpestHebefdfd, aRAndTtheUSDNG khhe Rilhyi Arae@Bbt @7 opti cal
head tracking is acconplished, and Trmax or Tm n of the pit information can

be det ect ed; Lhgs el ofste HOLAIL 14 8haldANalnSREEM |ingCORAR! | ediy et ecting

this signal. etect Tmn, the relation betweent rimmng wdth t of

stripe 923a and_the, pit clock T (pit) shayld be t > 14T (pit),. as shown in
i gure 30t o A5k VB RELEEERE B dbr ritleRt PE et Pot Rk beaT The pul se
of “the pit - TeaSuTed Asghreier |BOURTSEHEOT. SRFIAE O i RESH6ACbet een t hem
is not possible, so that the signal fromthe strjpe 923a cannot be

denmodul at ed. desisnaare pred Loar seadingf orleati oby faneing dhe akockneowrne

radi us positie;baﬁ t he stric|toes,d gﬂh;ddreif argg 944 ;f prgﬂgﬁeg | onger than
a unit of onenddthesstast gid endf ssen, foastthomnical FagkirNe.32: imddeess

i nformation can thus be obtained, making it possible to junp to the desired

track. Furthetegxar epadiheciadk m+dd dheddtedspa+il da vbtdirednogs showpe area,
that is, the duty ratio) is nade less than 50% i. e. , T(S) < TINS)

since the ef fiecFiyerd abl(8r! i WihYe dBCEERSED, Oty cDYcld @Battid s has the
ef fect of ensuring stable focusing of the optical head. Text) we will

describe an xRl Pl o2180M it £8P doflvenience of explanation, n+l4 is

used. We will describe another method, which eliminates the
effects of varying delay times without having to obtain the
reference delay time TD in the reproduction apparatus used
for reading. This method can check whether the disk is a
legitimate disk or not by checking whether the positional
relationship of mark 1 at address n in Figure 16(8) relative
to another mark 2 matches or not. That is, TD is ignored as
a variable, and the difference between the positicn, 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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whi ch tracking control cannot be applied during playback (this condition is
also referred to as the tracking OFF condition). Since thqsstrggﬁf %ﬁgya
witten over pits, interrupting pit signals and preventing ot terd b
of the pit data, tracking control may not be possible on sone players.
such players, the strips 923) which are CAV data, can be read by the

optical pickup,.by appl ying rotatipnal control, usi a rotationa ul se from
a Hall el emantd,lsgt Z:g 3 egngEl“f?&FoIh? .°rFP%hrelr§‘i %tﬁg% Oafoftﬁb?l\d'ﬁ’é}‘f’g
illustrating a procedure for operations in a playback apparatus when pit
data in the opits ¢het tthgcraesitiongecan bepehepked ebitfocomrensatitktpPy pl ayed
-59 6 Septenber 2002 back. In Figure 31, when a disk is inserted in step
930a, the optiveaiiabbad bf tioyedfbyeramepdekay ithee i by arci@st @ simplenner
portion in step 930b. The optical head is thus positioned on the area where
the stripes 9%%netifitdone 30 are recorded. Here, it is not possible to
correctly playback data fromall the pits recorded in the stripe area 923.

In this case, therehoNgyxtUSt ehefﬁitiean_irpﬂa%@tmmmirrgagﬁ&ses@e appl i ed for
t he playback of the pit data recorded with CLV. In step 930c, rotational

speed control j.5+applj Si I | r._.Qf || element in
the notor or ﬂbiéeggd$§g6P¥%é T?%%iysg%ﬂ¥tggg§n%ﬁQE$ér%gnggqﬁﬁ a pit
signal. If it is detq&gined.in S“ﬁf QgOi that there are np stri,pes, the
process junps RQCEspCO38F  THTSt FRIPvET P i plRNerieEt 9% c3tERels pl ayed
back in step 930d, and when playback of the barcode is conpleted in step
930e, the opti%idh acH@ital nphesgiure.st épem3dhetarkingRasité®ea where no
stripes are recorded. In this area, since no stripes are recorded) the pits
are pl ayed backfooration yhushenatypted erfsignedaisl coneertiedgiser wo are
achieved. Since the pit signal can be played back) usual rotation phase
control can bégrenderazednt ID nmtighe tiohehelicgkivel ki€kV.ands the rbasobde in step
930h, the pit signal is played back correctly.

is recorded in overwriting fashion in a prescribed region of

re
ack
n

a pre-pit area on the optical disk. Barcode patterns 584c -
584e in Figure 2(a) indicate the barcode written to the
prescribed region of the pre-pit area, that is, in the
innermost portion of the pre-pit area.

Parts (1) to (5) of Figure 3 show the process from the
recording of the barcode to the demodulation of the barcode
detection signal by a PE-RZ modulated signal demodulator.

In part (1) of Figure 3, the reflective layer is trimmed by
a pulsed laser, and a barcode-like trimming pattern, such as
shown in part (2) of the figure, is formed. At the playback
apparatus (player), an envelope waveform some portions of
which are missing, as shown in part (3) of the figure, is
obtained. The missing portions result in the generation of

a low level signal that cannot occur with a signal generated
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By switching between the two rotation control nodes) i.e., the rotationa
speed control and the rotation phase - 60 6 Sept enber 2 contr by
pit signals) the effect is obtained that two different kiﬁggegF”@QEégoz

barcode stripe data and pit recorded data) can be played back. Since the
stripes are recorded in the innernost area, sw tching neans neasures the

radi us position of the. optical head fromthe optical .head st er or from
t he address gFo%ﬁﬁﬁPrgﬂﬁﬁglPl%nd%Egggﬁrﬁn ¥He Eé@ﬁﬁtlﬁfsJﬁédﬁggéurenent,
correctly perforns switching between the two rotation control nodes. (Db)
Ref erring negecens silges deval campanptonpsovphtaiges clowpreflastévhty ol net hods
for controlling the rotational speed when playing back the barcode

accordi ng topoheiqor detentienbeitinadnas shogurin parsh@nsof Heef figtrer ot at i onal
speed control nethod wherein rotational spsed control is applied by

det ecting Tréx mfrta(B) tofsithaafiguFepxtheephsybaehssignad 61 rohef or a pit having
the largest pit length of various pit lengths). A signal fromthe optical

head is firsphapatRiecss efbrodu Ryt Famh R4 s Ak BETedthei BHipdet sfaci ng of the
pit signal is neasured by an edge-spaci ng neasuring neans 953. A tO

reference vahggecgcgtgﬁr?l{sé’rﬁgg PFanhs p@_qzzgﬁg%ﬁ]adttga §1§nﬁii4 315?%??% i nfornati on

t 0 whose pul se w arger than the pulse w e sync signa
but small er n.t.h l.s pdt h . f. the harcode signal, ,This reference
val ue inforng?f3ﬂufg gﬁg ﬁﬁgﬁ%ﬁ¥géﬁ 48tae¥¥ﬁofnfﬁ§ F%ﬁ?gdhﬁg% signal -61

6 Septenber 2002 c ar, in a co ring nmeans 954; on en TRis
smal | er thanP#he &iferﬁ&l@&hﬁ&?we&%g@%ﬂg% tHsheadnf ﬁ}égl(f\gﬂn a nmenory
means 955) TR is supplied to the nenory neans 955 where TR is set as Tnax.
By ref erenceREonaduilatadrsignal dempdwlater ©87 aopitksereidthmpediladedve circuit
958, achieving notor rotational speed control based on Tnax. In the case of
the present shgrait demydulater o(F¥Mpdémodslatorymbeseofis@d,t anldich s are

generated by barcode stripes, as shown in Figure 9(a). In the case of a
DVD, the syneagpallaisowi altstimii bari4ffedthatnilse obtaBieda m On the other hand,

t he barcode :

When applying the above encryption or digital
signature, a secret key of a public key encryption function
is used. As an example of the encryption, Figures 18A and 18B
show an encryption process using an RSA function.

As shown in Figure 1 8 A, the process consists of the
following major routines: step 735a where marking position
information is measured at the optical disk maker, step 695
where the position information is encrypted {or a digital
signature is appended), step 698 where the position
information is decrypted (or the signature is verified or
authenticated) in the reproduction apparatus, and step 735w
where a check is made to determine whether the disk is a

legitimate optical disk or not.

First, in step 735a, the marking position information
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stripe wwdth is 15 a m In Trmax-based control, the barcode pul se | onger
than the pul se width 14T of the synch pulse will be errone EFI% j.udged and
detected as Trmax. Therefore, by renoving barcode signals |3r§E Mheak08%e
reference value t0 by conparison with the reference value t0, as shown in
Figure 41) it becones possible to performrotational speed control for
normal rotational speed during the playback of barcode stripe area.
Next, the se€Bntn& 6P&t¢n FS%pléea%gmeﬂonnn%tteﬁo@%w [ Th M8Eiabed wi ¢ h
reference to Figure 42. This nethod perforns rotational speed control by
det ecti ng Trii nf@rmatiian nisanbenecoooressed iines fepr 735¢bi @andatlieng the smal | est
pit length of various pit lengths). In the Turin-based control shown in
Figure 42, tbempdssedipdsartdad i iovfoFia fioantt he obdgiredpaci syppd@8Bxt i ng nmeans
953 is - 62 6 Septenber 2002 conpared in a conparing nmeans 954a with

Tmin held in a mMPkYe®39s SRbaiphdrtbRt<offNhB, campeb&E poudl swmoccurs and
the Tmn in the nenory is replaced by TR In this case, the barcode pul se

wdth t7s 3iheodfldoiy a3 ogfaduapaye. Fifly eifiiteg 8960, Ssbordd 8 .U m As

I
aresult, if arcode area 1s played C the condition TR < Tmn is
not satisfie i nce ar.c e w,dih t . i | way reater than Tm n.
That is, theggf’i sac’n8tfr£1§sf)5i %Bg#é’erapgn%%ﬁf&tyﬁ?ﬁdg n%nagqbaéféode pul se as

Tm n. Theref : the Tmi n based yqtation speed control is conbi ned
with a bar cogégr%“\ggﬁagb%anér@%f' tq'ﬂé{ éfif €eap éshvhﬁﬂcwﬂr‘&woh%l speed

control based on Tm n can be applied nore stably while playing back the

bar code) conper&atrmed umnmeﬁaﬂmcmhothemut thdesibirrosci |l | ator cl ock
956 creates a reference clock for denodul ation in the barcode readi ng neans
959, whil e deéhBatmangot He isddenctedchingt, Mhis radsed he éfflepbwef andi ng able to
denodul ate the barcode in synchronismw th rotation. (D) Next, a series of

optical di skmpépi d@ueilsuladpeértt yoakd CRbRyPRGE OperatsedpskIsgi ng the above
control nethods, etc. will be described. Referring first to Figures 31 and

43) a first phaydligmkr f@ithedi yiddeobgedoncErd@dtifnlc@nsrncrhen with a method
for switching between rotation phase control node and rotational speed

cont ol T3Sl e, 4 Ll 6] T gnd, APGEIN e N30 P avback
In the reproduction apparatus, the optical disk is
loaded in step 735m, and the ciphertext C is decrypted in
step 698. More specifically, the ciphertext C is recovered
in step 698e, and public keys, e and n, are set in step
698f; then in step b, to decrypt thé ciphertext C, the
ciphertext C is raised to e-th power and the mod n of the
result is calculated to obtain plaintext M. The plaintext M
is the compressed position information H. An error check
may be performed in step 698g. If no errors, it is decided
that no alterations have been made to the position
information, and the process proceeds to the disk check

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

it is decided that the data is not legitimate one, and the

_42_.



6 Septenber 2002 the present enbodinment will be described with reference to
Figures 38, 40) etc. The first and second pl ayback nethods gerehggfégé
descri bed axe each concerned with a case where tracking coftFBeMPeRALY2 be
performed, while the third playback nethod is concerned with a case where
tracking control can be perforned. At the sane tinme that the optical head

is noved to Qgﬁr%gﬁﬁgégoghgﬁgﬁpf the disk in steps 930b and 930c in Figure
Wi TC S

31, the node in Figure 43 is switched to A Alternatively,
t he node switch 963 be switc to, Awhen it jis det.ected by a pickup
(PU) position senZ%rtrT%)éﬂ?xEts\gept Eﬁé'tﬁ}ée SOPPESTSeleBAS K%y noved by a
novi ng nmeans 964 has, reached the,ipner portion of the disk., Next, an

oper ati on wherl! Pﬁ@a?’cﬁnaﬁi LhAXPERERY L8 oFRGOSET OF 8 H} 1980 Y IROFi gure 31)
is entered will be described with reference to Figure 43. A notor rotation
frequency, fninfproatipnaot br T69 A, an¢zsageserts ate masfe 50sdwekd oscill ator
968 are conpared in a second frequency conparator 967, and a difference

signal is fedteshéhetheomarkihrg ie adtuelly 1968té¢d inmothe gostibeomohor 969, thus
achieving rotational speed control. In this case, since the disk is

rotating wthhGAYDtidd Haseodeisdtddoby ceie besPiiavietnfaelstidhenIhhe barcode
pl ayback is conpleted in step 930e in Figure 31, the head is noved to an

outer area bysyBe7smyi ng i?%hec@e@%&%@e&hgoﬂggg?&gé:ec%@ﬂweé}{‘(ﬂhé‘t the same

time, by a signal fromthe PU position sensor ., the node switch

963 | i f . - I s i h
003 1 St Lo B LAt e Lo aese SanLApl ey biptliad ot 2 on phase
960. . ,The

head by a ol qokse: 61 HAGLLNg: 1220 350; e ISENRY. M relnd chble!

is OK in step 736e, the process proceeds to step 736h to
output software or data or execute programs stored on the
optical disk. If the check result is outside the tolerance,
that is, i1f the two pieces of position information do not
agree, a display is produced to the effect that the optical
disk is an illegally duplicated one, and the operation is
stopped in step 736g. RSA has the effect of reducing
required capacity since only the ciphertext need be
recorded.

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

In the figure, the construction of an optical disk 9102

will be described first. A marking 9103 is formed on a
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oscillator 966 and the frequency fS of a reproduced synchronizati on signal
are conpared in a first frequency conparator 965, and a dh;%eQenﬁedg' nal
is fed to the notor drive circuit 958. The rotation phase ¢ FRFTPEE is
t hus entered. Because of PLL phase control by the pit signal, data
synchroni zed to the synchroni zation signal of fl is played back. If the

opt i cal head et g IyLerli (he: WARRRNSEBEL B Bhed ot LA oy Phase

control, wt switc ween rotation ase contr or the notor
and rotational.spe ntrol .for the notor e cantrpl,.coul d not be

or for med bediAde o ER MRuCkTLaiEF dRsess JIEE ARl skt occur)
such as, the notor rupnni.ng out. of trol ,or st ing).an error condition
occurring, ePeSLEHEy 8?0’% "‘égk%a/ﬁgfr’f’aﬁi 6%?%’538')0‘?3'5 Pty to the
appropriate control node not only ensures stable playback of the barcode
but has the dpteetingfmeans dand theodtass edepegiitign tesnpReryDted a3 on. The
second nethod for playing back the optical disk of the present enbodi nent
wi ||l be descmableihgrpbhi tiehei eformat DorFiagdr er 3% ewhorc the havisicalf dislchar t
illustrating the -65 6 Septenber 2002 operation. The second pl ayback

met hod i s aninnplieo\fedm Vel ai barcdidet @B04.i r st pl ayback nmet hod. Mre
specifically, the first playback nethod is a nethod for playing back an

optical disk on viysgRiéh ShbRftRbRSARGIRnaDSERGE | HeRbhdd @he937 is not
defined. Since tracking is not applied in the stripe area on an opti cal

def i ned. S | i d ™ the s an opt i
egal y 1 or medt b RL04T ER0 BerFRt ind aBBhE IR o FRYREE AgRhld 0, Blchec on
t he di sk f .. They ef I f ther, th ' ded
or ot he. (PGSR b GRBARRE RESCRS SREFPAR ok SitPibe DBRCHG opor ation
first, t heck ,~: h b tri whet her the st

ar o1 bcor ded FPRATRTERRL D106 19205 Bhe PREUGHROEAF LT Ok, AR cause o

problemin that an extra tinme is required before the data can be actually
pl ayed 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



back. The second pl ayback nmethod i nproves on this point. First, as shown in
Figure 38, when an optical disk is inserted, control datawig @Iaﬁed(ﬁgfk in
step 940a. Usually, physical feature information and attri eRISMREle ion
of the optical disk are recorded as control data in a control data area.
The physical feature information includes, for exanple) information
indicating that the optical disk is a |lam nated-type disk of a two-I|ayer,

si ngl e- si ded sneanst 36 toesse wWhesSeprwmibed o0t |fromheherdeserptingvention) as
shown in Figure 30, the control data recorded in the control data area 936
of the opti cal metinsk9 tiinwhiensreadR@4 tlter apeugdr peeittehabst etheemademigi 8163. 937
recorded as a pit signal. Therefore, the optical head is first noved) in

step 940n) to amNapelerimrads Wbes the madkinlregdiing néane@d0dethechBd t hen
the optical head noves inwardly junping across a plurality of tracks until

reaching the opfichal Al Rask ey 430 ARATLY MRRatay SheendHiRisidie chont rol data

is played back. It can thus be checked ether the stripes are recorded or

0% ent Dot Bl SR UGN SRR LERMALAR e,

process proceeds f rotation phase control for norma

pl ayback with CLV. On she,otf,er jhand, .if) in_s 940Db, the
presence/ absente (%ea’émtiepi B?r Qf«f’?di“'grqutlflﬁe%eapﬁeégg0cess proceeds to step
940h to check the Egese ce or ab

sence of a revgés%-side record identifier
948 whi ch i ndi cat esN¥hdtier RRPLAGUEHERD aPRatatls e dherndhiaye SPURITHFEE te from

t he side being played back,_ that is, on the reverse side. If the stripes
are recorded ofent Hetealy @ansallkesad]ly tduplpeatads sppicadedink @adsstap 940i to pl ay

back the recording surface on the reverse side of the optical disk. If the
reverse side ceemrotubioaubpertiioal 6f/ theagdisk, band caan prevent illegal

duplicates practically .
(LD)

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

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

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

press factory.
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indication is output for display, to urge the user to turn over the disk.
If it is determined in step 940h that the stripes are recqiged on tg si de
bei ng pl ayed back, the 67 6 Septenber 2002 process proce EPtEgIbef §0294OC)
where the head is noved to the stripe area 923 in the inner portion of the
di sk, and in step 940d, the control node is swtched to rotational speed

control to play bagk.the stripes 923 with CAV rotation, |f the playback is
conpl eted in step gﬁéé,metaﬁ‘éanﬂt & E?Jrcf?ﬁj@f CRHP e ?ltrreGPrﬁir‘ﬁJdémi Eh%vvi t ched back
to rotation phase control for CLV playback and the optical head is noved to
the outer portPRWcal €hek @tsk $of tHREY OBORNDIOT 3 dAfART dEhad. dsphdett he
stripe presence/ absence identifier 937 is recorded in the pit area hol ding

the control dahaye éhe.necessdeymqgubpmertbovEhe tpmeb ke enpectednberads t he
effect of being able to play back the stripes nore reliably and nore

qui ckly conpar €ffatt ahehgpgliicstiql aybbadcodet radrdesgriisbgreasilyh reference to
Figure 31. When the PCA area is wth tracking OFF, |evel of the noise
si gnal whi ch i§hﬂﬁggrated by the pits drops. PCA signal |evel renains

o

unchanged if tracking is set OFF. Therefore, in the filtered wavef orm shown

in Figure 35(b), _tlag %%ﬁgh?gaﬂanﬁr OPSun qﬁgl#%&ﬁ%;g%{l {ont O di stinguish

bet ween the PCA signa e pirt signa e effect of
simplifying the circuitry and redugi ng the error rate. Furthernore, the
ot v i o of | MRFATAL i Medor e TORl Y ecOFErOaent [ IBEE GHBHIKED |
possible to identify that, the stripe re.recorded, on the reverse side of
the disk; the B9 d@pinatedyiype Ska‘i’gdﬁé Layentden CoRMeR TIPREHP back - 68
6 Septenber 2002 reliably in the case of a doubl e-sided DVD optical disk.
Accordi ng to theanspesent subgbratiesnlaminased tingeshen,pés wase cprtigmedd

penetrating through the reflective filns on both
that the protective layer 804 remained almost unchanged, as

_' already explained in connection with Figure 10(a). This was
confirmed by experiment by observing the disk under an
optical microscope of 800X magnification. It was also
confirmed that no change had occurred to the reflective film
in the trimmed portion after an environmental test of 96
hours at a temperature of 85°C and a humidity of 95%.

In this way, when the laser trimming of the present
invention is applied to a laminated disk such as a DVD,
there is no need to reform the protective layer at the
factory. This offers a great advantage in that a barcode
can be recorded by trimming on the optical disk at a place
other than the press factory, for example, at a software
company or a dealer. The usefulness of barcode recording on
the 1aminated-t§pe optical disk was thus confirmed.

In this case, since the secret key information for
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sides of a disk, the stripe pattern can also be read fromthe reverse side
of the disk. The stripes can be played back fromthe rever si de of the

di sk by checking the stripe reverse-side identifier 948 ang tﬁHﬂ&W?H%?back
the code in the reverse direction when reading the stripes. The present
invention uses a bit string "01000110" as the synchronization code, as
shown in Figure 34&3}. Whe | ayed back fromthe reverse side) the

synchr oni zat§AYBbHY jthap) FObHAL CaSOMRFY0BBARF-"C8E SIAWAE ch it can be
detected that the barcode is being played back fromthe reverse side. In
this case, bieldepberiitet Rnepteoubidle Ahe opmpawy.diseeetityn ingraasesdenodul at or
942 in the playback apparatus of Figure 15) the barcode recorded in:

penet rating §wesitlpn pea el ardyr weerd weplmitad i hEamasiem suchpaayped back from
the reverse side of a doubl e-sided disk. The playback apparatus of Figure
15 will be desdail bednbesr fior ecget prdvehatar isFueddrded af a bBsradiewn in Figure
30) a 300-a mw de guard-band area 999) where only address information is

recorded butjnadelhrsn dat ehd abbeealededibdds pps Piicdetnfeiaeesn.t he PCA area
998 and the control data area 936) access to the control data can be nade

more stabl e-@%&%&-?@g@@@ﬁ& Tl Bendeshei hadolp SRaL 69 6

Sept enber 206 etail b en the optica ead accesse control
data fromthe outer porti of disk._ the ,optical head noves inwardly
j unpi ng acr o gep%ﬂ?aafa%%‘gnfgfomtb@‘g@tuﬁﬁnla‘ﬁe cﬁleﬁg”f%gﬁﬁontrol data area
936. In sone cases, the optical head may be noyed t the destination
control dat atE@ANG3Igne| | 'hnéta% v; qB%rg/I'ieéﬁeF ut\r(“@ﬁefffr%aroegf t he control
data area. At this tine)_ if the PCA area 998 exists directly adjacent to
the inner ciRioyAner afc#lbl hehdeseribed| latera thedareode spenghlcanead wil |

|l ose its own position since an address cannot be played back in the PCA
area 998. |the trreorddsedontwe ipipossiortdéng @areandm ahetD¥D apti cal head.

Accordi ngly, when the guard-band area with a width, for exanple, 300 ~cm
greater thansupeeippoging fdshioh. t Eheopiraxale Pemid is thievwsled in the

above-noted portion, if the :
offers the effect that the harcode can be read by the
optical pickup used to read the pit signal. This effect can
be obtained not only with the laminated-type disk but also
with the previously described single-plate disk.

Thus, by applying the barcode forming method and
modulation recording method of the invention to a laminated-
type disk such as a DVD, a laminated-type optical disk can
be provided that permits secondary recording after shipment
from the factory. The above description has dealt mainly
with a case in which the barcode is formed by laser trimming
on a laminated-type disk of a two-layer, single-sided
structure (with two reflective layers formed on one side).

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

disk that permits playback of both sides from one side of
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optical head is noved past the control data area 936 the optical head wll

al ways land within the guard-band area. Then, by reading address in the
guard-band area) the optical head knows its own position %ﬁ&“gﬂng?ﬁﬁ@abe

repositioned on the destination control data area. In this way, the optical
head can be controlled nore reliably and nore quickly. Further, as shown in

Figure 30, theoodie gh pfaliangl 86 eeNtaim3yan Additdional stripe data

presence/ absence 1dentifier and a stripe recording capacity. That is, after

- 70 6 Septe [ 02..rec | n i r.st. | ReSs tical disk,

addi tional stri 32‘2“ éﬁ% %té‘e?eg%r%eghlyr‘w %ﬁ"@#ﬁé gg B%}-é)g@?ggﬁl %o_rti on of the
St 11 pes, and SHEl GAAREForam A Tk or B PPALFF pak s iHle CRLORUBHE of |
stripes. Wth this configuratiaqon, when the fjrst set of stripes 923 is

al ready reco©dea Hien: Piainggbags tHR oY arse FFiger et ) 2686 lclgkigci ty of the
avail abl e space for trinmng the second set of stripes 938 can be

cal cul at ed. Aesseslithgbydh whentwcheef bentridienfyi lmspercht forméd Bngome 23 perforns
trimmng to record the second set of stripes, the control data provides an

i ndi cati on ofsilevwefnthb dipkce Thera¥aré,abhe Paxrcodddidn beaformedor di ng; this
prevents the possibility of destroying the first set of stripes by

recordi ng noisgnfNadne3081 PVAr bé 1L sRHER. FHES NALIPAEs aASadh@WAgs N Figure 30)
a gap 949 |longer than one pit-signal frame length is provided between the

first set of f%i»rrhe‘h‘%%l i;%a?ri%'%‘i’iéx{"‘insEﬁé’@dchﬁgtgz%x;&fofiétéénpﬁé zge%grﬁé‘&s serves to

prevent the previous recorded trinm ng from berng destroyed.
Vdent 111 er oA MLeBsTHaRT RO ShAbR Ao SRn S aren. i
the second set of otht Ba@ o MBLENE HEIFALASK: & CLaPSbA AT iR on
play back the reverse side on a playback apparatus, the
.barcode signal is played back in just the opposite direction
to the direction that the barcode signal on the front side
is played back. A method for identifying the reverse side
is therefore needed. This will be described in detail
later.
(B) Referring now to Figures 23 to 26, etc., we will
describe the construction and operation of an optical disk
barcode forming apparatus for converting the marking
position information (ID number) into a barcode as a disk-
unique ID and for recording the barcode in a prescribed
region of a pre-pit area. A barcode recording method, etc.
will also be described.
(a) First, the optical disk barcode recording apparatus

will be described with reference to Figure 23.
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between the first set of stripes 923 and the second set of -71 6

Sept enber 2002 stripes 938 in Figure 30 woul d becone inpossjble. Finally,
the third playback nethod will be described with ref erencz? $?thaﬂr@%30.
1' Yhen 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 i NFRpgw €332 alldengfai showihg ekdrc@ssi fuaeioRidforhén the
address area 944 at the sane radius position of the disk can be played

back. This hag,t.h eerfefégs;mg agghgé;ﬁﬁ ggrgm@égﬁcﬁﬁg% toig'infc@lf 4ek) di sk

insertion since the address c e e playing back the

a1 B 10 LT SR 00 N6 OB 6D BhRRRAY 9B, AR £, LTS

address area, a tri cor shou %e f or med

continuously along.a | ength | gnger than one frane in fhe sa radi um
bortion of 1 HAVGNEKh TR HhieaBof brnectaped groddientodida 50 1% be descri bed

with reference to Figure 40, Wien a disk is inserted) the optical head is
noved to the haseedediLsctie edadat paIenssypiash versidnepl guerking fposdtiqracki ng i s
achieved in step 947n, the tracking node is switched from phase control to
push-pul | nodefonmation. OBTP.thendstaegoodd bprecodatisonat repeerttednta ol ( CAV
control) is perfornmed to play back address information. |f an address

cannot be pl ayedabeek embodémmtI4TE makhendiideesorpeoagdds imput data _ 6
Sept enber 2002 step 947i to nove the optical head inward to play back the

PCA stripes. dfd an BAAURBSr GaRube Mopyad IDagkndra®sr aynge®é she@kition of the
PCA area (a portion not overwitten)) the process proceeds to step 947e

where) based QNE e L94r €58)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, and is applied to a
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the optical head is noved in a radial direction to the address area where
stripes are recorded. In step 947q, the presence or absen%g of P c%@ripes
is checked. If it is judged that there are no PCA stripes,® PHICHPEE02
proceeds to step 947r to try to read a PCA flag in the control data. Then)
in step 947s, the presence or absence of the PCA flag is checked. If the

presence of t headiAghh aichSadlef 8L CThaeNEs IAGERA HF U MiSek ocilagp 947C.

ot herwi se, the process junps to step 947m On the ot her han t is

judged in step L.h a té1 t o) eds to
step 947f to p?%ﬁﬁ%aégﬁéﬁé %%% s?§?§§§?§vﬁgﬁ%§ﬁ% p|§§@é%§%?§89%%§|eteq in
step 9479, thep the.node s swtched to _yrotation phase, control gnd the
optical head i Srﬁfvég&?ro wk‘ﬁ%ﬁdlﬁ gpc%egatfé{)ou& af ‘Hﬁi’,’ﬁr%”}ﬁ pngg g?r]rgl . In step
947t, the PCA flag in the contrql data is read; if there is no PCA flag, an
error nessage P&t $8ackpfilactivy folmi802apn thee lppibnated dﬂétkug% to 947mto
continue the process. (E) Next, manufacturing techniques for inplenenting
the optical disdmdyvdngothe trefhdatgveefidadinfa thaecode @attexm. wi The be descri bed
in further detail. A barcode playbac(: apparatus -73 6 Septenber 2002

will also be desori-berrdutief|nethbod)wifilr 5¢ )desepibedtinrdatail etdvairques for
i npl enmenting the barcode recording nethod will be described. In the case of

the barcode regg @nggypEioRO0a RUBYI OUGY c Eptiiral Bech Wit the @hersagg to Figure
28, the mnimumemtting pulse spacing is It; therefore) a laser with a

pul se repeti ti)?rg F{g%ﬁ}é)qgc’)f igﬁ@eg{{i} aissa][%ia'fggé rahexe sfeE‘i:ils t he frequency

of the | aser. IS case, er, bar code bars can be

recorded per sec ) v i f ef | or.9 i.S.u , shown in
Frgure 20 a iRRTE d Pl B WREC R S8t ohre Somahs 85 3R, Rt The
pul se repetitign period is f~ = 1/2t, whjch ansfthat t he Iasgr frequency
can be reducgdt §2F&cSIRCR D ONgRthe Ellﬁnrrggﬁsso tware company has

" the secret key and therefore cannot append a legitimate
signature to a new serial number, this has an enormous
effect in preventing illegal manufacturers from issuing a
serial number. Since the public key cannot be deciphered,
as previously described, the security is greatly enhanced.
Disk piracy can thus be prevented even when the public key
is recorded on the disk for delivery.

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

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

cylindrical lens 917, thus producing a stripe of light.
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that, when a | aser of the sane frequency is used, the nunber of barcode
bars that can be recorded per second can be doubled to f~§b% usi ng t he beam
defl ector 931. This has the effect of reducing the productd 9ePtEREEr 2002
(processing tact) by a factor of 2. The operation of a double-efficiency
apparatus (referred to as "'switch recording”) using the beam defl ector 931

w || be descr,bed .bel ow wi.t h reference, t i qure, 29) focusin n

di ff er ences H‘b‘?n } Btcb‘%mlﬁlﬁﬂ:% iBn 8 0P, g&ué:’e%?g1%%8035%14‘:1%&58'11§h0r 931)
formed froman acousto-qptical nodul ator the ljke, s supplied with a
defl ecti on ngﬁ%Veﬂ‘Q#“%vﬁet“éhgh% anfe a@aﬁ?g{sﬁl%éﬁ é’ﬁﬁ‘ﬁﬁbﬁ%ﬁﬁ@% and a sub
_ 7~ _ 6 Septenber 2002 beam 946; when the deflection signal is ON, the
beamis swi t ehticalodiple tousepewmtbactilini ih 4 Stpirseattdfough a subslit 932b
and fornms a sub-stripe 934. Mre specifically, for data ~OH a normal stripe
933 i s fornedtripd puvhers sbown dim§igatea28(y) iis thes defhetti dm RE gnal set to
ON, as shown in Figure 29(b)) in response to which the beam defl ector 931
switches t hembéglattiont hetrdpbs baamsfdéed aparecartdtiaest di Pfer@htt he position of
the sub-stripe 934. In this manner, stripes 933a and 933b, each for "0")

and a stripeifgaasfar In’ RTasashiawn IFF BRIJ spRYIndte fosgTedegn the disk. In

this configuration, since a |l aser pulse need only be produced at intervals

I
of 2t) a | asqt, W e t uir i nfiguration of
Figure 28 caﬁﬁgﬁg%?g@l{{ %qgt E@? e\%gl?%s%aq\%hre%seeg' I a%gﬁhgfsl{]%gﬁgarre frequency

i s used, since thce strj,pes ca]? be forrreg gt twice the clqck.frequency) this
has the ef f edBVHItiORcr WS CAGCK BENBFRRICPTViBAPehItes RalIda5inS  as al ready
descri bed. Next) referring to the data struct uie of the synchronization
code shown i AletydnesEehrant sp weithsyinoARF &0 BRlSHdTeM Hen™PE¥Dr di ng
explained with reference to Figure 29 will be described bel ow. The

synchr oni zat &% cadeswrnldest thict mpdulkating cowski taitthe modudehor QUE f or

i mprovi ng productivity. As shown in Figure 34(a), a fixed pattern of
"01000110" i $ousreuirketlat €ankestiriipadlZ3y is ardsiorded ritng eowscsting of - 75

6 Septenber 2002 the sane nunber of Gs and |s, such as "01000111", is used,
but the presessitivnedsiavtogdahndematiel theayveoiaidon hifs thadndteesdise il l ustrated
data structure for the reason explained below. First, to achieve the switch

recording of tFhgus ¥Pth RheVist4Asn NdSkhe Of sKBYH0.SOThI@thakWehor nore pul ses
wi Il not occur within one tine slot, that is) wthin 1T interval. Switch

recording i epsgsy Beecdduciie JANAsar 9A BEGAUSE AaLA1hser Seardgd there wiih

a PE-RZ code, as shown iIn wever) in the case of the

synchroni sat i on of . Figure 34(a).z:Sin ikregul ar chan bits are
arranged, w f“g“?ﬁig%ﬁ'su%q(:hnggh%bowf\/@ ;fd%&ﬁé%n%’ o“gd uﬁevﬁl{&?ilﬁgélﬂy in which
case the svm'tﬁh record{.n of _the Envent,i onis hof goss'.bl e. To address this
probl em ¢ he "IHY/Lrt CORCRHIGHSTEver b5 dar shanBed Me SoF i t ern *01000110"
as shown in Figure 37. Wth this bit pattern, in Tl a pulse occurs for the
1" on the fifgationntorLozs puraséadeccur, in T3 a pul se occurs for the "1'"
on the right, and in T4 a pul se occurs for the "1" on the left; in this
way, two or nore (M Nest,canharcasecneconiding meshedt iefe. slfor. fatming t he
synchroni zati on code structure of the invention has the effect of achieving
switch recordi bgrcddecusiagg nfetd@verdebeet bed baateddyeaofdagor of 2. (b)
Next, referring to Figure 15, a brief description will be given of a

pl ayback appapgitttulsOorwilllapendeddathed Ke th A& ferbneRbeFRIre 2802 obar code
recorded on an optical disk by the above nethod. The description will also

touch on proggctivity increases. Figure 15 is a block diagramof the
pl ayback apparatus already described in (1).

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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In the first-half part (I), the apparatus has been descri bed as an
apparatus for reading the position of a marking fornmed on e reflective
filmof an optical disk, but hereinafter, the apparatus ofé Efeﬁtﬁmgeigé% |
be described as a barcode reading apparatus, that is, a playback apparatus.
An explanation will be given again referring to Figure 15, this tine

focusing on {he d i Qperation. Fif.st,. high-frequency conponents
gener at ed by£%"¥“ggg‘r)%algrt§%r%€e%(?r§§/d:c rgﬁf%%lnsdsl%%i T{]etrgeT'LPF filter) 94 froma
stripe signal ougBut. In the case of a a#g) thefe is a %ossibility that a
maxi mum 14T si gnaf€RPSEBL iy @BHIPhURES wHeFECHTLNE: 353 SDAWL 1N [y this case,
it has been confirped hy experinent) a stripe signal and a high-frequency
conponent gehiduTeeddby [d phis RAnrereOrdépsr Anedumit (P d st Aevitedond- or der or
t hi rd-order Chevi hov | owpass filter shown in Figure 35(a). That is, the
use of a secbmud aoplinadhiéy-aff déme LRBthasfarhexafflect a dfiriséi higneabl e to
separate a pit signal and a barcode signal, thus ensuring stable playback

of a barcodesldt 900&, 3b6btorshawge tdletsh2yl at tbirdvaved aslotvgdxh is generated
when the signal of the maximum 14T _ 77 _ 6 Septenber 2002 pit length is

recorded coniidiggushy. Whentddta Y@Y.000Y £ Reahple, SECHNEa] 0J24ai gher - or der
LPF 943) the stripe playback signal can be output after substantially
renmovi ng the,pj ' s+ NI e ¥ d ul ation of
v pe o gnat SRR Ry SRGK LS Bhah o RBr EIENE e T8 S8 PR yenaul at ed

the stripe sj L, i it h a. min FLaur 6 Is smaller than
( Pe Pl dNge vﬁg%ﬂv%'a d? h&\tﬂﬁl ?@anjrl%&i %IBdk’,‘?,g% %%0816&0( 9}1) the

the sanpling T'nter ee ure a'm croconputer, the
tripe Sional, iy 00t 8. MBART S0 RGN AL SLY: 37 9RRLE p@" the stripe

The pulse 924a whose duration is shorter than the period T

of the recording clock is output between t=T1 and t=T2. In

this case, using a rotation pulse from the rotation sensor

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

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

Figure 24; by performing the recording in synchronism with

the clock pulse, the effects of rotational variation of

the motor can be eliminated. In this way, as shown in part (2)

of Figure 24, a stripe 923a indicating “00” is recorded on

the disk within a recording region 925a, the first of the

four recording regions shown, and a circular barcode such as

shown in part (1) of Figure 27 is formed.

Next, when data is “01”, a pulse 924b is recorded in
the second time slot 921b between t=T2 and t=T3, as shown in

part (3) in Figure 24. 1In this way, a stripe 923b is

recorded on the disk within a recording region 926b, the
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Figure 36(b), the stripe signal on the left is |ocated inside of the

m croconputer sanpling interval wdth, and therefore) is et ect To
avoid this, a stripe signal obtained by reading a stripesggﬁé%@gﬂégﬂa

using a flip-flop circuit so that the signal w dth becones greater than the
m croconputer sanpling interval wwdth tm as shown in Figure 36(d). Figure

36(d h f.arm af [ | l; - w, dth i RG dt
w L h B TS VavEaRaen (ol LI 1T B8 SO b (LRI Nl see (see

Fi gure 36(c)? fromthe mcroconmputer. This ensures accurate neasurenent of
the stripe s'ahal. Referring back to Figure 15, a further description wll
be given. Digital_ data s denodul ated by.the PE; denodul ator 942 in the
above manner. The'efdt a¥heh FREPr 4108 ‘?%taanl@cé“éecggert o PB&aequor
correction. That is, 78 6 Septenmber 2002 deinter|eaving_ is perforned in
a dei nter| ea¥etoriegain e BéEd Sdmenpiotc8dia eadpiautnobinesShebformed in an
RS decoder 928b for error correction. A brief description will now be given
in relation respeatdweliyve tact. Figure 33(a) shows the data structure after
t he barcode is ECC encoded according to the present enbodi nent. Figure

33(b) shows the dafra, sfaruebhpsriabhesurlboSesN ORI Perotdeng N(nent according to
the present enbodi nent. Figure 33(c) shows an ECC error-correction

capabi ity a&.@%ﬂi%g—a&& e cPFETEN U 26 BV ent fhnk I dHcgagNt 1 nvention,

the interleaving and Reed Sol onon error-correction coding shown in the data

structure of (ELGNS LR bar SRelol WIpusl g hlie 5Ok apeoder 927 shown in

Figure 1 wheni"recordi ng stripés=on an opttcal
error-correction freyhod. 34880 SLIs 9564 M Bofl) Yo having a

width equal to the period T of time slot 920a, are output,
as shown in part (1) of Figure 25. In RZ recording, the
width of each pulse is 1/nT; on the other hand, in the case
of NZR recording, a pulse as wide as T is needed, and
furthermore, when T appears successively, a pulse of double
or triple width, 2T or 3T, becomes necessary, as shown in
part (3) of Figure 25. In the case of laser trimming such
as described in the present invention, changing the laser
trimming width is practically difficult since it
necessitates changing settings, and therefore, NRZ is not
suitable. As shown in part (2) of Figure 25, stripes 929a
and 929b are respectively formed in the first and third
recording regions 925a and 927a from the left, and in the
case of data "10”, a stripe 929b of width 2T is recorded in
the second and third recording regions 929b and 927b from

the left, as shown in part (4) of Figure 25.
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di sk out of 10" - 10 mllion optical disks under the condition of that Byte
error rate of 10-4 occurs, as shown in Figure 33(c). In thi

structure) to reduce the code data |l ength the sanme sync cgé%P%%h%§§P8%ed 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 StrUcwft%e\'\fcéx{ve%imcNh@ﬁdecowiﬁé?etHéG‘pﬁﬁ@E_J;ir&/c%@téx%m the

recordi ng capacity can be varied freely) for exanple, within a range of 12B
(12 Byte) to g% i Qer t i1y h : Sept enper 2002 in
t he exanpl e J$8EF%J?E gg(%?ﬁgTﬁég%Fé?ag)cgﬂébgwgﬂ§ﬁ§é8r3ﬁ¥ki2Eaﬂ$ange of
n=1 to n=12, as_shown in Fiqu 3 ). As ,shown in Figure 33(b) and Figure
1l4(a), for e%g’ﬁﬁ?gc,’r% ﬁpPz}‘lreenga%gatsiﬁgcﬁﬁo@dﬁ%ﬁsng?s Stuﬁg?@ea%éronl y four
data rows 951a, 951b, 951c) ang 51d, followed by ECC rows 952a, 952b,

952c, and 95Xd€ FRSAT TIMPLRE P HedPEE e é‘h‘fﬁ}iﬁtﬁén-Fi GFRra88hYOin furt her
detail. The data_row 951 constitutes EDC of 4B. Figure 14(b) shows this in
an equi val entthfotaserEtr brmingr p£ ctheonrageaddi mgndbaputtabregrdesiper f or ned,
assum ng that data rows from 95le to 951z all contain Gs. Mathenmatica
equati ons forfoEDe aasd sEO® danphe xpenisnearter shdwnshownFigUriesiré4(c) and
14(d), respectively. In this way, the data is ECC encoded by the ECC
encoder 927 ig(a) hebuteedneh ngiamirg dt v walitki differd faos diakorded as a
barcode on the disk. Wen n=1, data of 12B is recorded over an angle of 51

degrees on thgsHl sk iki §B0AiSR1t WACPricidelYadcht@bl 13R ¢afe Redtiecor ded when
n=12, data of 271B can be recorded over an angle of 336 degrees on the

di sk. In the pres i: i : i.n ng . decaqdi : ata using the
EDC and ECC é"@ﬁgu a%Wéﬁggc%a??%ln%)éég%mcﬁq?“n&hadggrlgg %ﬁ%g% 1531“@3“ 4(d)) when

t he data anoynt 'swﬁgaller t han 188B, the conputatign iscﬁﬁrforned assum ng
all remai ni ng BPt% Ge Ve S BRI NE HE YT LA G20t Yt edSH (W B sl |
recording capacgity. This serves tq short t he productiye tact. Wen
performng | égépkuesgoang "@t8§b%]er9%theZGG%??c‘rtierﬁi }E@l)m adn§ thepalor esent
invention, the above-described scalability has a significant neaning. Mre
speci fi cal | y,condeatipdity oand npickness of ithe supsdrate.f afuother,it is inportant
to shorten the productive tact. Wth a sl ow speed apparatus which trinms one
stripe at a tfiorming tslotfloft diEfevane limenwidths sactnrdsan® diekovidla few

t housand stripes to the full capacity. The time required for disk

product i on i sedubecionds fRrediskiconpldullty- 6RRABI Fecorgeey ding has to be
done, the productive tact increases. Un the other hand, for the nonent,

di sk 1D nunbeppskhiybe Fomiingfpl 108:3 67 Bhe W1 PLRRAREg | NVontion: in

this applicatio e PCA area capacity can be as | ow as | f 271B are

recorded when, gal o, QBoARRI bhPcdte ¥oLdid ARy, 4 shARETnPEASESRIN

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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time will increase by a fzctor of G leading to a production cost increase.

The ;calability nmethod of the present invention achieves %?%Q%%@%Q?Obg,

production cost and tine. In the playback apparatus shown
when n=1 as in Figure 33(b), for exanple) the ECC decoder 928 perforns the
EDC and ECC error-correction conputations shown in Figures 14(c) and 14(d),

ing that the dat 951 951z all i hown in Fi
Ta(b): The of PEToRuEh & R PREL ot P 4 G860 raBePut or T ot ca for

errors by using the sanme program |n this case) the nunber of program steps
decr eases, peﬁg@l‘t’ﬂi ﬁ@c@wnﬁséa’@?“a‘)%n@iﬂ“le- E%ith‘?/h]ﬂ(ﬂ?lri RCAMR D& cr oconput er .
- 81 6 Septenber 2002 Furthernore, the pulse width reproduced from each
stripe w dth widimaariess Thas makesolemgdel plosedpelicods. adisdReV i n Fi gure
36. Since there are three difference pul se spacings, 1T, 2T, and 3T, the
rati o of the secomfinglltheherssentpeénvengdsni monbeteffektt of tachieving area of
the txack is less than 1/3. Wth this arrangenent, in the case of a disk of

standard refl eeahM idygofal/@3eotdiggr efdrecti thid Nasér themaidd pedatea is 2/3 of
that, i. e. , about 50/. Since this value is enough for focus control) the

PCA area can bgrplayeg,Daghk ofh& iaopvaRhi ofddrsRekt dirskeplgyer. (F) Text) an

exanpl e of the above-descri bed barcode encryption (including digital
signature) w || riihe 1 eren AN N P owed by a
description o k%‘ﬁ@tfﬂzﬁgéd&gl ?gé\%%@ﬁlig@(nar?gl gﬁeogr%gﬁ%@fgr gg%aexfaq Igl) First, the
barcode encryption process,.and_pl ayback.process w1l ;be descyibed by way of
exanpl e with géﬁd%ﬁ (Bﬁcée?%dﬁf‘étﬁ%uig?s Rglgh% ilﬂgmlﬁi gurRe Zf“sl,sa%érlanl nunber
4504 uni que to, each individug; optical disk is generated by an I D generator
4502. At the Shfelaseseyowar t %quﬁatrtﬁeé BektheoROTE@3edppl i es a digit al
signature to the ID nunber by using a specific secret key corresponding to
a specific public Asedesemidedhebyt leaplewipki the @bgve A2 seeerdingef®505 and its
associ ated |1 D nunber 4504 are sent together as a series of

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 921a; on the other hand,

data "1” is recorded in the right-hand time slot 92la, as

shown in part (3) of Figure 26. On the disk, data "0” is

recorded as a stripe 923a in the left-hand recording region

925a and data “1” as a stripe 923b in the right-hand

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

Figure 26, respectively. Thus, for data "010”, a pulse 924c
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data to a press factory 450l. This digital signature is - 82 6 Sept enber
2002 applied to the I D nunber encrypted in an encryption %?goder 4508 usi ng
a secret key of a public key encryption function. The publ$ EeRigpber 2002
corresponding to this secret key is sent to the press factory 4501. At the
press factory 4501) the ID nunber and its corresponding digital signature

4505 are recorgedyuasu ipagrode ri fhinde t B Abeard "an, aphicaé gdugk 4506 by
using a PCA witer 4507. The public key is prerecorded on the naster disk)

W2k agbe s 1 puBREE AN R AiRReCaAl iR IbReed g TR Ak o1 £

di sk 4506 is |'oade nto a pl a pparatus (p e public key
is read fromt pi. t rtion nd, the, | D, nunber, and_t he.di gital signature
appended to itgb%ﬂel?eoo p]“ko]rﬂ ttﬁg ]Ffé& Q?ré%nﬁdﬂla %Ileogr ?8?2(@9 Wi %‘l St%ﬂgn public
key. The result of the.degryption.is passed.tp a,verification section 451,
if the di gitall%ipﬁﬁétﬁr)eoga%%”ir% %R Hheyidd st el tsfe SFERRA £50f t he
verification, the playback operation of the optical disk is allowed to
continue. If tipemgfgin hesleffqahane ngsibions thentecont effiriPAeife th8 t he resul t
of the verification, the operation is stopped. Here, if the digital

si gnat ure dat aiightrkarat gedl tiont handChe athedardt etpeifeein vihehlefe-hghdi nt ext  of
the ID, the result of the decryption is checked agai nst the plaintext of

the 1D to see ddsithey, ngt thsed kridi€ingi giRigursi 2MED) usiovdabdgrrllsy is recorded
in the PCA area, an error check is perfornmed for verification. Wen the

data is encrypifshiwtéd waYR! dftakey1El Phes .cadSpeesdehl bedighayes only - 83
6 Septenber 2002 the software manufacturer that has the secret key can

| ssue a_new | gugber, Ag6or dhaoke,i LnildeAt 6o di aks, wer ecfipdecyd he

encrypted ID nunber woul e recorded i'n thé area of every

di sk; tlqerefOrg?gn%TeHéﬁ%?tgfiés%%gségﬁ%?tgﬁt DC component does not vary.

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

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

pickup, a signal waveform, such as shown in part (5)
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di sks would be greatly Iimted. The reason is that, in such cases, the
illegal use of the software having the sanme nunber can be gﬁevented 8%%
appl yi ng network protection. Needl ess to say, the above ne §Rteqbes d
with reference to Figure 45 can also be used in the Internet. (b) Another
application exanple of the barcode will be described with reference to
Figure 46 as f i LonThi S f i t is

concer ned mﬁﬁ%pgﬁﬂgggg%ﬂgmﬁh ﬁgﬁgﬂbgﬁqg%gr ﬁ?ﬁgﬁgﬁg%rfgﬁgg%hggg during
conmmuni cation isS rec rdeqﬁﬁs.the above:descgibed pagﬁﬁdf%én.th PCA ar ea.
As shown in EPGLEPOREING Yo BISSINE-PRTFOA804! 1BeBpl LAY SdRfRT and its
correspondi ng encryptig? key, a public keg of Eublic key ?ncryption
function, in"haEe {6 ke bkect 1PALT BNaGsRTeap Fahlélegr 4% t0aEeMINR 148D, an 1D
nunber and its correspondi ng public key are recorded in the PCA area 4605
of an opti calthdi s¢fleeduvyfidsi ris axPAned| vieth 260@ enmextq pastwi || descri be
how t he user who purchased the thus conpl eted optical disk 4604 can play it
back on his plhigyes .5(6bnsiBlepasdion ektymieproducedseigmlwbhmiughetidesires to
wat ch novi e software recorded on the optical disk. _ 84 _ 6 Septenber

2002 Before BeostbRrdsAPkAYrdaret NPFPY] ©1C984 oG N0 Fipgroptical di sk
4604, he has to arrange for paynent to a system managenent center 4610 and

have a passvagd,) Ssueds o20abl &0t aVRAgkrn Rilodh i BEglinerser st he onti cal

di sk 4604. comuni catl1 on software run on a perso conputer 4606, the
PCA area, et e pl nd_t he i I Stk out. Wen the
user enters ﬁgfgf%¥%d?¥$g%?§§ﬁ%§%gF gﬂ%@gg$%ghg?y%% éﬁ% rr~her, an
encryption encoder 4607 enc t he entered data wit he public key, and
the encrypt eEGBEI?‘:L\‘Cieg %?%smﬁoz&?opﬁr e?z%/sltseﬁ?'mﬁ#&agﬁ%nt center 461Q by
usi ng the connunif tions, channel 4620. At the system managenment center

4610, a communi cat@ofe sidili Bexuslescr drpddee i esDPhuMsePPtisap| skt ext from
the received data, and decrypts the received data by retrieving a secret
key, correspdéndnafy withthdarpode fozmed riontha above yyaninen, Kewnckid e 4612. That
is) the system managenent center 4610 keeps the encryption key table 4612

cont ai ni ng nepptrgl mefhodmt end fogetebact]l bfreduobrtrodndetheiactiedt key
corresponding to the public key. Based on the user's credit card nunber and

personal codgafusdelsed ekidney el fgobadthahdesyipheddigat a, the system
managenent center 4610 charges the user, and at the sane tinmes, issues a

password to the UgeryeTH1S PassyedcLOye eRPIRASuES: bRetkH sktidfd1and ,
user-specified novie or conputer software contained on the disk 4604. Using
r

(1S o0 o SRIEMIETGRA0E PRI A SRER USR8t B 2 Dack
embodiment, while dealing with an example of a condition
that permits tracking control during playback (this
condition is also referred to as the tracking ON condition).
A playback operation using tracking control is shown in
Figure 40, and its details will be given later.
In the case of a DVD disk in the present embodiment,
all data are recorded in pits with CLV, as shown in Figure
30. Stripes 923 (forming a barcode) are recorded with CAV.

CLVY recording means recording with constant linear velocity,

while CAV recording means recording with constant angular
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Since the public key can be prerecorded as a barcode on the optical disk,
this node of enbodi nent has the effect of saving tinme and I§b?r haKﬁﬁ in a
previ ous systemthat required the system managenent cent e IPEBAY 4908
public key to the user separately. Furthernore, even if the conmunication
key (public key) is delivered to a press factory where no particul ar
security neasukes. are inplenented, security can be maintained. Furthernore,
since a diffgﬁiﬂ?lﬂbblic key is used fer each individual disk) if security
of one particular_disk, that is, one user) is broken, the security of other
users can be protEBtitéd. PrRAeNeiMANE10NsithE SEHIPES S BUBITEEORESS T or
different disks has the effect of reducing the possibility of a third party
pl aci ng an i MighalAVor duper imposéd opormRAt-Dat i Dignplbin ¢ kead~ier dataecor ded on
the master disk, it would not be possible to prevent a third party from

pl aci ng an i laregatolaideran laddréss ekacplies oécdridgdrei th6CL® pdbktc key is used
as the communication key, but it will be appreciated that simlar effects
can be obtained tHe daggcielovkeyritsedseith khe tdrirspeaselnhghwever, the
security level is alittle | ower than when a public key is used. Heedl ess

to say) the pptback dasentRed whd Breehay angeat arbh GHpe #dcFaniaiigd be used
in the Internet. 86 _ 6 Septenber 2002 Referring to Figure 22, we wll

now descri be 4 et ai.l g f ra | n : ryt: ata using a
password vi ad?ﬁg%@aﬂy@eﬂggg%’@gg g\n&@%df gfi@ree légﬂ’lqolggggyue%ébﬁg?ﬂl n the
fl owchart oftFégure 2 in step 901a e sgﬁtmare n the di sk checks

the scranbl e ‘fHeMS P }S{%i?raifa%fﬁar fRd"s éﬂ?‘% i*8r "1 PORECTT the answer is
the i nat al | aURGPT T FORAPDBE AL PRUSMCETPEIIoBIot AHARELCP] T he anwer
is YES, it is checked in step 901b whet her the software is’scranbled or not
if YES, a codaelt itdvisi segiwe s lshecpldedonapossonpinion aegandPRAY.n step 901c,
whieh s In this PCA area, the barcode is recorded with CAYV,

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

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

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

reflective film. Since the barcode data is written in

overwriting fashion, pits are recorded between the barcode

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

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

information can be detected; therefore, motor rotational

speed is controlled by detecting this signal. To detect

Tmin, the relation between the trimming width t of stripe

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

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

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

stripe 923a becomes equal to the pulse width of the pit
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foll owed by step 901d where the user enters the user I D and software ID.

If, in step 901lc, there is a drive ID, then in step 901f %?g?ﬂri e |D data
is transnmtted to the password issuing center. After confi S"%ﬁyﬁgwt, in
step 901g the password issuing center perfornms encryption conputation on
the drive ID and software ID by using a sub secret key, and generates a
password which is._ tran qltted_to the user. The process theB proceeds to
step 901h. Th@%@rlso'ﬁéﬁi dsehimidat ion beEveRbtheRd caRpAGSS1PHe $Assword by a
sub public key and conpares it with the drive ID. If the result is OK the
process procetts the stigpadofirpmitbe es trhipe sHEanesrnoscbandsmedolat@der yption is
unl ocked. Turning back to step 90le, if the answer is NO, then in step 901h
it is checkedlaveatbbe piteaddriessainfaimativn Ith be gBad a6 thepsamber 2002 t here
is adisk ID then in step 901i the disk ID data is transmtted to the
password i ssurdaiiugepdsirtionf 4 ertheosfipesNaaudEdss) ak8a D4EPidGhovi Bed
password issuing center perfornms encryption conputation on the disk ID and
software 1D b i-N u f e S ich is
ransm tted 1 Re g b B A o S A L Lo
end conput es . r.d S Li res_ it with the
drive ID |If #ﬂgl?ggiﬁg'i%(%E%Stggﬂ%ﬁgéggé%gﬁo@gghggggﬂ§?§%i901n where the
software scranhl.e i s unlocked. In this ), by communi cating with the
passwor d | s Mg PEeht GOSOTEIE 18 AARSPKLTR CoSTHif X8k it CHARBOTR f var e
scranbl e or egg;yption on the di sk can be unlocked. In the case of the disk
ID of the pre@¥nEativ it the stiipeanerets Bheaporsirinmagieak thatdisk, the
password is also different; this has the effect of enhancing security. In
Fi gure 22) cigteeduextracdmmuid cade oresissthan 60%d,1.lsut B@)eﬁc’l’a{&)i:ng dat a
using a public key recorded in the PCA area, such as shown in Figure 46)
during the cogimgei tid iedfiepeivieors€lbdtivitiepecbddesaonlP®ij 6 dBat ahbecurity
during communi cation can be further enhanced. This has the effect of
ensuring saf ends aReréfFeteroPienBEF SN aka®id FbPesin3f OF el OptMad Read.

conmmuni cation nmeans such as the Internet where the security level is |ow
VW wi il finish hegget hgedg rldg%?oﬂ,% ok é,}l’é@pigaﬁt zhaddditi88 1 6 Septenber

2002 part (1) and the second-ha part (I now proceed to a

Geser L1 o0 Sy SRPEEIAL ST Cautl o) Ly s Sogimdoomopt oo
et ectivivy ROl o A09eos LAt athieh s pesition et ion 1ot
formed at rancdo%@igc?or} t.1e .
Since the stripes 923 are written over pits,
interrupting pit signals and preventing correct playback of
the pit data, tracking control may not be possible on some
players. In such players, the strips 923, which are CAV
data, can be read by the optical pickup by applying
rotational control using a rotational pulse from a Hall
element, etc. in the motor 17.
Figure 31 shows a flowchart illustrating a procedure

for operations in a playback apparatus when pit data in the

optical tracks in the stripe area cannot be correctly played
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anti-piracy mark formati on process at the factory. No | aser markings fornmed

in this manner can be identical in physical feature. In tE§§§§xt r Ss
PePiRe 70

step, the lowreflectivity portion 584 formed on each dis W th
a resolution of 0.13 a min the case of a DVD, to construct a | ow
reflectivity portion address table 609 as shown in Figure 13(a). Here)
Figure 13(a) iyg.p diagramshowing a lowreflectivity portion address table,
etc. for a legifimate CD nanufactured in accordance with the present

mbodi t, d Fi 13 [ d with ill || i cated CD.
The Low ref | ectivi fy 8PET ol abbiods i dois oo Tiadeit SYBe el HF S ©
- di [ f [ h h i n,.Fi 18 d i h
one-direction unct|$§P§up as égf one s omg@in |gure and in the

second ref| ecPPYLCIy f bt fOMEd Ve p, PEESCEiPed diFtRRRG f18f PR PBfTy porti ons
584c to 584e, where the reflective layer is renoved, is recorded in a

bar code- | i ke partim isnstem WAber Mbst Opidcel obeask ishthugi Brsitdonetown in
Figure 2. Figure 18 is a flowhart illustrating a disk chec(c procedure by
_ 8~~ _ 6 Sent tmbare20firtehehertripys 928cof diiguseBX are tieeoeded.ypti on. As
shown in Figure 13) the legitimate CD and the illegally duplicated CD have

the | ow reflectivilareportiiannaddicssbl/hloego S 1ancy16¢9uck reespect i vel y,
whi ch are substantially different fromeach other. One factor resulting in

this differen i S, fih | aser A0S, iglentical, | iC ure cannot
be nade) as eg?P?éylngbgdﬁﬁﬁnggﬁgre?a%%gﬁsigtt gth?ﬁggggbtgk g@ ress
preassigned tq_the disk.is different_ if the maste isk s gifferent.
Referring nowctaccie'Fit Fgfil'se,’ welY Irlottﬁ < Pﬁ%s%&%nhlcgl r?ﬁpéﬁtn eposi tion
information differs, hetween the |egitinate, disk and pirated, disk. The
figure shows éﬁpﬁk‘?ﬂngpé the \Bh?‘éb\aqihé%a%k‘}vél‘f maE?%rgegr@t@omned. In the
exanpl e shown, two nmarkings are formed on one disk. In the case of the
legitimate CD, thelristep ki netasfional Ispradinantro]l sisl epatied bBY the 262nd

clock position fromthe start point of the sector of |ogical address Al, as
shown in the addngss rotational sensor of a Hall element in the motor or

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

By switching between the two rotation control modes,

i.e., the rotational speed control and the rotation phase
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table 609. In the case of a DVD, one clock is equivalent to 0.13 a m and
the nmeasurenent is made with this accuracy. On the other hand) in the case
of the pirated CD, the first marking is located at the Bl 2 SePt§ewepdddz i on
in the sector of address A2, as shown in the address table 609x. By
detecting this difference of the first marking position between the

| egiti mate di sk anrd, pir.ated disk, . the pirat.ed disk ca e . di stingui shed.
L Rew e, e neSBTe PR PGt TR oA R B a6 8 A S har ki ng | &
also different,..To ke the.ppsition information match that of the

legiti mate disiEeTeRE %ﬂdFeEfii%§afi¢4ﬁ°8 etHd1p8 apB%&tQHﬁﬁ in the sector of

address Al nust be formed with an accuracy of one clock unit) i. e. ', 0. 13
a m otherw Egcordge ¢atdat ean diesRlewath8eclhe Phnce Ithet HEri@esndle of Figure
16) the legitimate disk and illegally duplicated disk have low reflectivity
portion addresmrdall s 18691 st me69xanees pedttichéng meahsrmeasar e Lhar e
different as shown in Figure 17. In the case of the legitimate disk, in the

track foll owtadiushposirrionlof hehesbpticadnieatndr pwthiei ofsi caleheadl4 and m+-267,
respectival .y, as shown in Figure 16(8), whereas in the case of the

i11egal ly dupiigates: dirsh thesadases B¥2s ARdspl7, af@HageEi el y, as shown
in Figure 16(9). Therefore) the corresponding values in the | ow

refl ecti vity, porblan: addies s Al 65809 A EAPL LG Lhoran, as shown in

Figure 17, us nmaking it possiblé to' distingu e dup disk. If

an il Agal uf act urer._desires to make, a copy of the disk having the | ow
reflectivi tgg% tef‘oﬁheacwpe’é%tatetéﬁf‘ecoggg)?l t"f?§§gw |1 have to performa precise

ae"shown 11 FUguid | BABFriNG Merdut? FACH QAL St 45 SHOWIAG the wavel o mof
a PhL reproduced cl ock signal_ out of reproduced optical signals, -91
describe two control methods for controlling the rotational
speed when playing back the barcode according to the present
embodiment.

Figure 41 shows the first rotational speed control
method wherein rotational speed control is applied by
detecting Tmax of a bit signal (Tmax means measuring time
for a pit having the largest pit length of various pit
lengths).

A signal from the optical head is first subjected to
waveshaping, and then the pulse spacing of the pit signal is
measured by an edge-spacing measuring means 953. A t0
reference value generating means 956 generates reference
value information tQ whose pulse width is larger than the
pulse width 14T of the sync signal but smaller than the pulse

width t of the barcode signal. This reference value

information t0 and the pulse width TR of the reproduced signal
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6 Septenber 2002 in the case of a DVD disk the period T of one reproduced
cl ock pul se, when converted to a distance on the disk, th i | se
spacing on the disk, is 0. 13 ~c m Accordingly, to nake ﬁmséﬁﬁ?@g%&"@gpy,
the reflective filmwll have to be renmoved with a subm cron resol ution of
0.1 am It is true that when an optical head designed for an optical disk

is used) a recordi n; e ofe&j N I, ush .as a CD-Rwith a
subm cron re?SFu?#mg%.rgguyP%n%aﬁg ?"eé,’a% héeglir'e%rnyt’ju@eea :I/;v;gvlgsform will be as
shown in Figure,9(c)) and the_.distinct, waygef orm 824 as, sh in Figure 9(a)
cannot be obﬁﬁﬁhﬁ%" J&?PBS@“’( RELFEANCEC Y3 e ¥8i"}rmmi1§r$eern3%%%n(at§) A first

met hod of achieving mass producti on of pirated  disks gy renovi ng the
reflective fherd ey aaergry g6ars PPnmifhg SusiRRy 18dnEQ DB UISIREYI aser such as
a YAG laser. At the present state of technol ogy, even the nost highly

accur at e macheansi@93%wbera TRmis rigtcan Toaky dbhireferencgr bedddisng accuracy of
a fewmcrons. In the laser trimmng for sem conductor nask corrections, it

is said that Thag m icoanthel lernd§7 ebntived sproseissi dgiwvcciracit 938 s neans t hat
it is difficult to achieve a processing accuracy of 0.1 a mat the nass

production | g¥glevii®) mbSor roeeOMhalBifted, contrd] BXRASYAETRGUi prent for
processi ng sem conduct or nmasks for VLSIs and i on beam processi ng equi pnent

are known at f,he, L3@N{hd igggso 1%venti R, ePRE 4002 Aauiprmnt that can

. 'c'%
achi eve a processing accur e order of submcrons) buf such

gggi prent s o¥€3 ytoexliaerbsé Va%eagéjnefr'ﬁ'f:écﬁ]eoryngggwcf-et sEzaﬁ:»%i, MEERGRAE Lo process

in Figure 9(a). In the case of a DVD, the sync pulse width
is 14T, that is, 1.82 um. On the other hand, the barcode
stripe width is 15 um In Tmax-based control, the barcode
pulse longer than the pulse width 14T of the synch pulse will
be erroneously judged and detected as Tmax. Therefore, by
removing barcode signals larger than the reference value t0
by comparison with the reference value t0, as shown
in Figure 41, it becomes possible to perform
rotational speed control for normal rotational speed during
the playback of the barcode stripe area.

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

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

information TR from the edge-spacing detecting means 953 is
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pi ece of disk, and if each disk were processed using such equi pnent) the
cost per disk would be very high. At the present tine, th fore, t cost
woul d becone higher than the retail price of nost Iegitingigeﬂnggfggg t hat
maki ng pirated di sks woul d not pay and meani ngl ess. (d) As described above)
with the first nethod that involves laser trimmng, it is difficult to

ith 1 , . RN i ffi It t
b1 oduce pi o QT BRalr G ERREARE S R, 5 2R b RGN R Fod using the
bm [ t | o X th t di sk i
o hi gh T hat TRIRRRGHT RaPBe ok « TRLni Dt ERle PLbG AFCHEGIM & poi nt of

view. Accordingly).making illegal ,copies c be prevented until sonme day in
the future wh ﬁ@%ﬂcﬂbﬁgngﬁHQEVohsﬁ%@i@?§ﬁgé'ﬁgchnology for mass

producti on becones practical. Since practical inplenentation of such

t echnol ogy will bénnthy pases that barasdef Rithseevidifioduts i2ooot0 pkmat @8l di sks
can be prevented. In the case of a two-layer disk with a low reflectivity
portion formembted ebave,| afele dmishiemd. bntdFilgBr g i83) Asira irekebtl Iif dupl i cat ed
di sk cannot be manufactured unless the pits on top and bottom are aligned

wi th good accthedyrybdn akesi imbilagdd dadkt the enttinces The& Bhfredsi veness -
93 6 Septenber 2002 in preventing piracy. ($) Next, we will describe how

the arrangeneqd: angi &ried sivecd QWerRirc8as iptlky PiRIthi PN OR1KAEs draki&an be
specified. In the present invention) sufficient effectiveness In piracy

Prevention | SRHEThAET, Mok et Skbg v bpyety vl mctapiamy et 5, by
o TRk S iod AR S O BeEhaerk VB B RS o e
i Sk i 5 speci 1% BEVEHGHAL | FPeraDrE BSba aamEHINoV DD & Kertar e 13(a) ., an
'11egal nanuf;gg&iggrm;g%gI859, the effect is that rotational speed
control based on Tmin can be applied more étably while
playing back the barcode, compared to the Tmax-based method.
Further, an oscillator clock 956 creates a reference clock
for demodulation in the barcode reading means 959, while
detecting the edge spacing; this has the effect of being
able to demodulate the barcode in synchronism with rotation.
(D) Next, a series of optical disk reproduction operations
(playback operations) using the above control methods,
etc. will be described.
Referring first to Figures 31 and 43, a first playback
method will be described in conjunction with a method for
switching between rotation phase control mode and rotational

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

a third playback method for playing back the optical disk of
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have to accurately duplicate even the arrangenent angle of each pit on the
master disk. This would increase the cost of pirated disk§€%%$ hen%ﬁ
enhance the capability to deter piracy. (C A further descCr ?TWFF'P? be
gi ven of the operation of reading the nonreflective optical marking portion
of the two-disk [ am nated optical disk) focusing on points that were not
touched on ip the foregoing.descripiion,of t.he operati principle. That

is, as shovvngli"ﬁ Hi"ieéﬁpg ?gfrﬁeé‘ std ]{ bﬁog?ﬁqr&ﬁegd&%&geﬂ%ﬁﬁg?,tq‘ rane nunber,
and cl ock nupber cag be neasure&hac urately with a reﬁolution f 1 T unit,
that is, wtRi8gs 38, 405 ebpt eberiizGo2a0d S6c00d Hlaghacy pat in the case
of the DVD standard, by using a conventional player, thereby to accurately
measure the beYeinaftenrdessribate ape casht corrasned ol thFe tAses¥her® and 2 1 show
the optical mark address reading nethod of Figure 16. Expl anation of
signals (1), tf&Ring3rontrd)l) canmdt( ¢ perfFimad; eshPled thadtidrd will not be
given here since the operating principle is the sane as that shown in

Figure 16. Theayickespeivdens ecddeereah witguw eadb)whattectrdckingt rates the
principle of the detection operation for detecting the position of a | ow
reflectivity.poftd1oRa@bedpboraiad. Figures ? 0 and 2 |., which are concerned
with a DVD, 1s given below Figure 16(5) corresponds to Figures 2 0 (1) and

2 1 (1). The repnqd o Si | +ni N QUR e e s to that
shown in Figures gﬁf"g‘fﬁ‘gngh‘? fg?g)FheA%Ig{r%slésl 1%%3%( ?)rsl %&r g&i@%)
corresponds to that shown.ip Figures 2.0 n ). synch 604
o gure. T otBT oPr Libds e N Sught ROBTT ados T PR ()
Starting clo nynber ,605a i n Fi.gure 16(8). corresponds. to reprqduced
channel cl ocﬁfn elod¢, ¥l e S63 ghc(“@) . S?Qﬂs?{uéédfiflst Wéltéﬁadctlpoogk nunber 606
in Figure 16(7), in_Fiﬂgres 20 (7) and 2 1 (7% data is coqgressed using a
6-bit marki ndlienngithvelss ithe urpdeaseidcht B3 dayele isyatolrs 40i drvhes
fundanmental ly the sanme between CD and DVD. A Eirst - 95 6 Septenber 2002
di fference isttimtdesedtdd bynarkckayelPU) deoiitiipersed®8n ¥, stitaan in Figure 2

O (7) is included for identifying whether the low reflectivity portion is
of the one-| ayet thepepoicalwheddypeing ypeed Bye at moringyesaddVBb4thagct ur e

provi des a greater anti-piracy effect, as previously described. A second
difference i geddtrdd shacinehepditienreTahdidigkdensity
Next, an operation when the rotational speed control
mode (step 930c in Figure 31) is entered will be described
with reference to Figure 43.
A motor rotation frequency, fm; from a motor 969 and a
frequency, f2, of a second oscillator 968 are compared in a
second frequency comparator 967, and a difference signal is
fed to the motor drive circuit 958 to control the motor 969,
thus achieving rotational speed control. In this case,
since the disk is rotating with CAV, the barcode stripe can
be played back.

When the barcode playback is completed in step 930e in

Figure 31, the head is moved to an outer area by the moving
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is nearly two tines as high, 1 T of the reproduced clock is as short as
0.13 ~cm which increases the resolution for the detection 8f taﬁ)F£a$%ion
information and thus provides a greater anti-piracy ef f ect® Sepishipe gure
2 0is the signal fromthe first layer in a two-layer optical disk having
two reflective |ayers. The signal (1) shows_t, ha condition when the start

position of an optigagl mark on, the first |ayer i.s tected. Ejgure 2 1
shows t he conﬂ\eﬁﬁﬁrﬁg‘r f”ﬁ% ati Jhe same, W%egie%éﬁénggﬁpm %5* fad the second
| ayer) a first/second | ayer itching section 827 in Figure 15 sends a

swi t ching si gRaFit¥Pnase sgggnnt?f(ﬂ--sélﬁ imgre s34 tahi 9 tlﬁe?wlééhﬁsol s a focus
driving section 829 to switch the focus fromthe first |ayer to the second
| ayer. From FitguBefar potationsphagm@gontral mpée-mark is in address (n), and by
counting the franme synchronizing signal (4) using a counter, it is found

that the mark is iln fthameotatibn ghasegoaitreb)nodehePBL lconeprlodsced cl ock
nunber is found, and the optical nmarking position data as shown by the

signal (6) isapblbdded. théipig shirlpesint ithe opti6al heal Hept elbek 2002 dat a,
the optical mark can be neasured with a resolution of 0.13 a mon a

conventi onal %Q@?é’{'ﬁhgq}l@rﬁl ayer - qujlg)) raddehipral ofraf tf‘ft?c relating to the

two-di sk | am nated optical disk w be furt’her described below. Figure 2 1

Showe 20156 SELLIA, 408 UL P AL AUTLIR L § HUiggdplagal v ing fored

I th h_ t hol h in th t 6) in Fi 7,
Lhe: nonr of | ccerETEAORER o £35FY Aed GAFPEREA () &1 F Rl EEA9iBcT ayer 802 and

t he nonreflective portion 826 forned on the second reflective |ayer 825 are
i dentical in SREPELatpR; 969.sapdm cidgerancensignadspediedvio vibewnetorri gure 4 7.
In the present invention, after the transparent substrate 801 and the
second substradrév8Giraukt 19881 nakhed rotatdohephadeasentrol ghtdd dsaphpls ed
penetrating through to the

entered. Because of PLL phase control by the pit signal,

data synchronized to the synchronization signal of fl is

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

stripe area by rotation phase control, without switching

between rotational phase control for the motor and rotational

speed control for the motor, phase control could not be

performed because of the presence of the stripes, and trouble

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

stopping, an error condition occurring, etc. Therefore,

as shown in Figure 43, switching to the appropriate control

mode not only ensures stable playback of the barcode but has

the effect of avoiding troubles relating to motor rotation.

The second method for playing back the optical disk of

the present embodiment will be described with reference to

Figure 38 which shows a flowchart illustrating the
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second layer to forman identical mark thereon. In this case, since

coordi nate arrangenents of pits are different between the6f$'e:pzt @n%@gcond
| ayers, and since the positional relationship between the™f Sl cond
| ayers i s random when | am nating themtogether) the pit positions where the
mark is forned are different between the first and second | ayers, and
entirely diffepepitpesition information is obtained fromeach |ayer. These
two kinds of position information are encrypted to produce an anti-piracy
disk. If it is att ' i §disk | s Ahes97 . 6
Sept enber 2002 optﬁgfsggr%écﬁgqggé%%ghtg% g;sleér“zliv"\%tﬁl)ﬁqﬁgégsﬁog Eg al i gned
with a resol ution.of ,about, 0, 13.~¢ m As previously described, at the

pr esent statetbf fHEﬁnB?%QVm#tm?guﬁOt possi ble to duplicate the disk by

aligning the optical marks with the pifs w't n accuragy, of 0. 13 ~c m
that is, with an i éE?/C]cﬁlctaEJeY'oFBgr%HfStOP ayiaﬁ? "PﬁPﬁ"Othesré is a
possibility that nmass production technol ogy may be commercially inplenented
in the futuremehbed ef@abpb@vi|nar@@cl«qaamm1ice¥ &fskspagthdchay egtrdpéks to be
trimmed with a processing accuracy of 0.1 a mat |ow cost. Even in that
case) since theeseqredabtsémte ddentiifier 43 tisi medefinadl t afiewesly in the case
of the two-layer |am nated disk 800) the two di sks nust be | am nated

together withtt-hekitigd ikosat la@pbiandnofhd Gakip@nksa an anesbtaicah an accuracy
of a few mcrons. Hovrever, It is next to inpossible to | am nate the disks

with this aCC‘driéﬁyofb%%'saﬁ%f I@%ak@f’pﬁrnét ‘Eé%i“s@?{;éﬂi‘%he twe@ﬁc? of the

pol ycar bonat e substrate. en optical marks were formed by applying | aser

i ght penetrat ty - [ e ' anti-pirac
rra?k ig extreklé?gpédiq{a??g&f t*}ég%fm&?ﬁc{%i eoq ?I'ﬁ? ;’dqgkr(o%/r{aggé i?yﬁ%gg er P y
anti-piracy effect. The optical disk with an,anti-pirac chanismis thus
Conpl ot ed. | FoPAEFLRL GRSy Bt SERF (ABEF | BhEPBrli o HUEASEs VHEFELtHfa. di ok

process and laser cut process are_ inseparable as in the case of the
singl e-pl at e tg¢perdlass ehdmgsherthe stripes are recorded or not, the

playback procedure has to perform a stripe reading operation
first, to check the presence or absence of stripes or
whether the stripes are recorded in the inner portion of the
optical disk. This may cause a problem in that an extra
time is required before the data can be actually played
back. The second playback method improves on this point.
First, as shown in Figure 38, when an optical disk is
inserted, control data is played back in step 940a.
Usually, physical feature information and attribute
information of the optical disk are recorded as control data
in a control data area. The physical feature information
includes, for example, information indicating that the
optical disk is a laminated-type disk of a two-layer,

single-sided structure.
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process, which is an integral part of the |aser cut process,

Sept enber 2002 and processing involving a secret encrypti ke hav 0
performed at the disk manufacturing factory, This neans tH§§ ?%"Pﬁéﬁyg%e of
the single-plate type the secret encryption key maintained in the software
conpany have to be delivered to the disk manufacturing factory. This

greatly reduces the ﬁ%cb'féste)ﬁtoin\?éﬁ%é{ﬁt 'a%nsh@'h tlpgl:lggqltsilgr§@arm)a according to

t he net hod |nvoIV|ng l'aser processing of | am nat e ‘whi ch constitutes

one aspect of t] Foddt! PLOGe C conpl etely
separ at ed fréﬁﬁtﬁ%idP E ‘%ﬁFé@tur.ng % Egvgﬂg? ére g?% s gr trinmmng
and encryption 0 don an_be rformed at a facgtor of the sof tware
meker. since Ocpllié gcfif“ég ‘éq{‘(%NBfiao%%ﬁe trtlﬁﬁtmferféng?f %‘é nmaker keeps need
not be delivered to th di sk facturing . fa tor e secret key for
encryption canlepsl kiegt 93 %Iﬁﬁéggﬁyéscﬁ§ﬁdd§1%ﬁathe °LaESe theker . This
greatly increases the security of encryption. (E) As described above, in
the present iopténsl dwadaid dgrst movedneatuisaen B40n, ctn amaketer beedti mate di sk
by processing the disk using a general -purpose |aser trimrmng apparatus

havi ng a progéeskntheacontrady deta seveeadrdedns Aold ther ahs. opffieddhhendreasuri ng
accuracy of 0.13 a mis required, this can be achieved by conventi onal

circuitry conogbgethyabdBy Cﬁﬂﬁ?ﬁ‘?%c@(@s R ?Y@fall%f @ﬂ"%ﬂ@ﬁé %t&!['e measur ed
result with a secret encryption |cey, egi timate disk can

manuf act ur ed.. Ih t28 contrfl Sﬂ“aoc%e?p%;l%@pz At 1hegidd @%2

manuf act ur er neegl%%ly have a secre
the control data is played back. It can thus be checked

whether the stripes are recorded or not. If, in step 940b,
the stripe presence/absence identifier is 0, the process
proceeds to step 940{ to initiate rotation phase control for
normal playback with CLV. On the other hand, if, in step
940b, the presence/absence identifier 937 is 1, then the
process proceeds to step 940h to check the presence or
absence of a reverse-side record identifier 948 which
indicates that the stripes are recorded on the side opposite
from the side being played back, that is, on the reverse
side. If the stripes are recorded on the reverse side, the
process proceeds to step 9401 to play back the recording
surface on the reverse side of the optical disk. If the
reverse side cannot be automatically played back, an
indicaticn is output for display, to urge the user to turn
over the disk. If it is determined in step 940h that the

stripes are recorded on the side being played back, the
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and a neasuring apparatus with a nmeasuring accuracy of 0.13 ~cm while the

requi red processing accuracy is two or three orders of magni tude | ,
that is, several tens of mcrons. This neans that a convegﬁeﬁﬁ%b?rggg?

processi ng apparatus can be used. On the other hand, an ill egal
manuf acturer, who does not have a secret key, will have to dwectly copy

the encryptedrhfd<y FRbEOMS 86050990k, hBet&UHe! ABAL 19i RdvedTBE S MeAns that
a physical mark corresponding to the encrypted position informtion, that

is, the positj infar ' o Lt e d] b rmed with a
processi ng atéég;]saﬂcri}pof grgga ?23,{1}‘%%%@%% Eg@t{]ﬁ@ {)gvkghree ]?Stekét ?{]/‘jeqrrr]ark has to
be formed usin ocessi ng. appar.at us. havj a. progessing accuracy two
orders of naéﬁ???o@rdhi eercoﬁﬁ)écﬁl {'RET of vahtc rdoct,gsrsol ﬁgl% aF%‘?eg{s used by
the legitimte manufacturer. Vol unme production w an_accuracy. hi gher by
Lo o der s oFORBETE (4qBIEY baCK Hiet RUEkPescat desnotlolata oy 1% di {1 cul
both technically and economcally, even in the foreseeable future. This
means that ptBeurtavbackfipiceapkatedi sk steanddhe, pthereinestapuPttly the 1ife of
the DVD standard. One point of the invention is to exploit the fact that

t he measuri nghecontaoy nalegéneswiltched baelv ty detst ofn paggd cadtrali gher than

t he processing accuracy. In the case of CLV, the above nethod exploits the

fact that thé€oadiirepdagimaukdandtiheadpaitadneedd disf hieres to aheooeter 100 6
Sept enber 2002 master disk to another) as previously noted. Figure 4 8

shows the reﬁHHid’H o‘fh%éTﬁlfi%ldrﬁﬂ?’BhyCﬁacﬁdﬁhﬁ%ighQP%ltaitQ.nS on actual CDs.
Cenerally) there are two types of nmaster disk, one recorded by rotating a

motor at a const &yt Lot iQRd)e 3’2%? eccfi/gﬁsené@ i Berdt i3QBS ARt s @ngul ar

velocity (CAV)) and the other r y rotating a disk wth a constant
< Tocat ed ofROHRUAToH ok SrgurariBashie Gt atE: 2t 0k ogicar
adiress and 15 BIS) ol anqul o, posiLlen, n L he, sk pre g1y, (he same
oo tion of eBbe | GuPlar back the Siripes mere reliably and mere quickly o o
compared to the first playback method described with
reference to Figure 31.
When the PCA area is with tracking OFF, level of the noise
signal which is generated by the pits drops.
PCA signal level remains unchanged if tracking is set OFF.
Therefore, in the filtered waveform shown in Figure 35(b),
the pit signal drops, making it easier to distinguish between
the PCA signal and the pit signal. This has the effect of
simplifying the circuitry and reducing the error rate.
Furthermore, the provision of the stripe reverse-side
record identifier 948 makes it possible to identify that the

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

effect is that the barcode stripes can be played back
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address on the master disk is random As can be seen fromthe result of the
measur enment of | ogical address |ocations on actual CDs in i re~4dﬁ%)the
tracking pitch, start point, and linear velocity vary inéi%%ﬁempﬂ' sk to
di sk even if exactly the sane data is recorded using the sanme nmastering
apparatus, and these errors accunulate) resulting in different physical

ocati ons. 11 JB19HERy 4nSchd heachosetd a5 obseack fupohaleaaddrges on a first

master disk are indicated e circ , and cations on second and
third master di e ingic y . c cirgd d Lt l.es)
respectively. %ﬁggggﬁ{%éosg‘}aen,%&gg%&pﬁgk%géailoﬂ 0%%{}%?0%29 Sf rkﬁ%gﬁ%gi cal
addresses vary each tine the master djsk is de.. Figure 17 - 1d 6

Sept enber 00TCRBIRY PRECHERG PE: FEOLED: 1Y BoFTcH VAt BSsoR Btds far

| egitimate disk and an illegally duplicated disk for conparison. The net hod
of piracy prewsdgescif &t disle st sirigeskatitevel cansgloeds geaerfirped above.
This is, when naster disks of CLV recording, such as a CD or DVD, are nade
from the sane thegrevatseaside wsi the diskst dhengt=pparcanudy msaysdown in Figure
4 8) the physical |ocation of each pit on the disk varies between naster

di sks) that i $ackefmmenheheveege tdinfet ef dihekd bsid bpi clgckdngi te. Thi s net hod
di stinguishes a pirated disk froma legitimte di sk by taking advant age of

this characterdtsiphe.relResPidideyi MMy eDst 0agt &6ngl poyiag B ARster disk
| evel can prevent pirated disks at the Logic |evel made by sinply copying

data only fromgy@e; ecgliet%Medafﬁ%'ctm?{@ﬂgﬁ\)mr%ﬁqﬁgttk)’eeg'i§i Ve n the

energence of pirate manufacturers equl ppe re advarced technol ogi es)

'egi timate di SEOBO Fary PRG ehashory baFpisiale IOBYEICEs MR Sl Uit

disk. In this casge, the pirac reventio hod he
! ! syncﬁ}onlzatgén co%e? a§/s o&n Qn }gure gﬁ(éB. When played

back from the reverse side, the synchronization code is
played back as “01100010%, from which it can be detected
that the barcode is being played back from the reverse side.
In this case, by demodulating the code in reverse direction
in the demodulator 942 in the playback apparatus of Figure
15, the barcode recorded in penetrating fashion can be
correctly played back even if played back from the reverse
side of a double-sided disk. The playback apparatus of
Figure 15 will be described in more detail later.

Further, if, as shown in Figure 30, a 300—-um wide
guard-band area 999, where only address information is
recorded but no other data is recorded, is provided between
the PCA area 998 and the control data area 936, access to
the control data can be made more stable.

The guard-band area 999 will be described in more
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master disk level is defeated. To prevent this new threat of pirated disk

production) the present invention has devised the piracy pr J t hod
at the reflective layer level wherein a marking is for md%o§e$gé}b%$50§?i ve

film According to the method of the present invention) the marking is
formed on each dislc pressed froma master disk) - 10'? 6 Septenber 2002
even if disks(P%e.ﬁ:%ﬂsed fromthe master disk, by renmoving a portion of
the reflectiveTit ? Phe reflective filmformation process. As a result,

the position and shape of the resulting |ow reflective narki is different
from one disk ~to QW%R £. OWHCQ?UM ag?‘?ﬁ@%?h?tcoinér‘i’]]e:déttatgr%imrrpossi ble to
partially renove the reflective filmwth an accuracy of subm crons. This
ser~~es to enh@gceutere nerfien iofehees disk pgheventiond Bead imexes on since
duplicating the disk of the invention does not justify the cost. Figure 1 9
shows a flowchiamwarfiby jlepeécy iacgoss duplucalticd €D trpcksiung il heedcbing
reflectivity portion address table. The delay tine needed to detect the

optical mark wvavel esntly data ghtehy93bie 1o dome opddscathdrepdieald headcuit
designs of the reproduction apparatus used. This of the delay tinme TD

circuit can benfyr gdigdved ghst ﬁﬁed@é&t@ﬁaﬁ%&ﬂ@o@{rﬂt di D arkABOH, nmass

production. The optical mark position information is obtained by neasuring

th nb f cl.acks, s, t i f _ .
Si Snglu. gjeot ol(\atnﬁgkéﬁttegﬁb%#ﬁtcﬁ P\?rtthlegﬁm{?rgﬁggf hg f L arEs3Yaghy oni zi ng

e circuit time, an error may be caused
to detected data_of the,opti.cal rk pesition iif ormatian, aresult, a
legitimate di ¥ Ray %%eté‘r‘goﬁé'ﬁmﬁ ‘il?‘ﬁdg a£§abéeﬁ§xggﬁ Aredtly sk,
i nconveniencing, .a |legitinpte user., A ngasure tP reduce the effect of the

circuit del ay 34J38eHD th [the HANGESEHICHBERTIFACEWPT Fler ARET04 43423t ch made on a

di sk after purchase may cause an _interruption in the_ reproduced
area, the optical head will lose its own position since an

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

identifier and a stripe recording capacity. That is, after
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- 1u3 6 Septenber 2002 clock signal) causing an error of a few clocks in
the nmeasurenent of the optical mark position information. [T gddre%% %his
problem a tolerance 866 and a pass count 867, shown in Fi e 9
recorded on a disk, and while allowing a certain degree of tolerance on the
measured val ue according to the actual situation at the tinme of
reproduction) the reproduction operation is permtted when the pass count
867 is reache%lecotrﬁé“&rﬁrléﬁﬁ HTIHREPT P it I6RE o SHuedddi t4088k f ace scratch on
the disk can be controlled by the copyright owner prior to the shipnent of
the distc. Thétrimes|carebderanorded it ah emstar ewnyecooddd goréian ®f | n Figure 1
9, the disk is reproduced in step 865a to recover the encrypted position

i nformati on ftlemarbe bdheoflierstececatided ptaripesrwidl pe trefecoedlitogaporti on of
the present invention. In step 865b, decryption or signature verification

is perforned)tndibst Se@PoBGRGipss, anl e aBiiidhalBy kepesidd Oon information
is recovered. Next, if the delay tinme TD of a reproduction circuit is

stored in the 1 gyléi%qﬁ%_ayectolngesesg Qi 59 iES! ti q@égoﬁﬁé n the reproduction

appar at us of Dis read out 1n°s h and the process
proceeds to s ored kn odyc ppar at us,

or if a neasu ne%ﬁrs‘{tnmb’r u-ﬁl Tors thlrg%:o%eg 8% %twﬁggggsak% %eroe%g cess
proceeds to s 6 to _enter a reference_del a neasurenen routine.
Bhen: addr eos TEPTAFE tolEOMHGR £ #e SOMR {1 BUREE ADor TN EaPRAL Y ati con Ne i s
- 10~ 6 Septenber 2002 found. The franme sy nchron|2|ng signal and the
repr oduced cl a¥pelabdansrase 08 frimging thesyeconfesqlePér sHAPESpt i cal

938 can be calculated. Accordingly, when the recording
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 stripes 923 and the second set of stripes 938; this
serves to prevent the previously recorded trimming data from
being destroyed.

Moreover, as shown in Figure 34(b) to be described
later, a trimming count identifier 947 is recorded in a
synchronization code area. This identifier is used to
distinguish between the first set of stripes and the second
set of stripes. Without this identifier, discrimination

between the first set of stripes 923 and the second set of
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mark is detected. In step 865g) the circuit delay time TD i s nmeasured and

stored. This operation is the sane as the operation to be scribe ter
with reference to Figure 16(7). In step 865:c, the opticapq%ﬁﬁﬁnﬁﬂggkgd

i nside address Nmis neasured. In steps 865, 865j, 865k, and 865m the
optical mark position information is detected with a resolution of one

clock unit) agripesodnsiBAo@Lr 865y woBEbihkcans @paysidiext, in step 865n, a

pirated disk detection routine is entered. First, the circuit delay tinme TD

s corrected. |n pfen 19650, therd EIANICBER kil be dbéhriBad pass count

867 recorded on the disk, as shown in Figure O, are read to check whet her

or not the p%ék%i{gﬁgrgég%ﬁg}?gaaﬁfgﬁyred in step 865¢g falls within the

tol erance tA i'n" step 865r) then in step 865s it is
checked whet her the checked mark. count, has reached the pass count. If the
result is OK the qnntgfe‘ﬁ"té’GﬁﬁtltonQ%ld?}?K Sit§1?%8ﬁeghea§pﬁg‘fa§gdés 'egi ti mate

di sk and reproduction is permtted. If the_pass count is naot reached yet,
the process rthetrks t6Ssa%gs 8850, Lf Idfe PERQAY CPETQM® tFRal8S &8br) then it
is checked in step 865f whether the error detection count is snaller than
NA, and onl y beheairttadneésin tthe sst@Kpetdreapr agedownetrufnguteo 38t ep 865s. If it
is not OK then in step 865v the disk is judged as being an illegal - |U5

6 Septenber 28@Peflirsk @hel dddeeopandbimatibs bi appesddriss desar bded, since the
circuit delay time TD of the reproduction apparatus is stored in the IC

ROM optical gafke RQb! iﬂéﬂluisr‘{)@ﬁrf%hocff Gap desiobhaigred] yyddhbhdler eased
accuracy. Furthernore) by setting the tol erance 866 and pass count for the

sofnare on 998 NS kel nrt ekl ) ol sl Selapam con be
(e 1 1 g6 sputhanton W2 aR, LAS SLTcct 1o aieing, (i probabil iy o
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



As described in the above node of enbodinent) the piracy prevention nethod
at the reflective layer level forns a physical mark in the_pre-pit Bea of
the reflective filmon the disk) instead of the previouslysgPa@BF@égfm
physi cal marking at the master disk level. Pirated di sk production can thus
be prevented even if the disk is duplicated at the nmaster disk level. In

the above nodgt&yf 9ambogh wBRs .tha B ANt héal 1diwsid teCHI4li Backemis was used
that perfornms secondary recording on a two-di sk | am nated optical disk by

using a | aserpcd Bikhged ! LE? if 8RdrlW ehfidle FRAK YBER 1RANGH dhphor ed, and

in the second step, ysical marks were neasured wth a measuring

accuracy as hj m&%ﬁ Qf ]tgﬁe?l;(gﬂ alr%'%&e pg)g{@p?%pc}veggg%gtegzsi {%Bon i nformation

was encrypt ed”an usin enber tondary recording
means, the encrypted infornmation recor ded as(ﬁﬂbarcodgdon t he opti cal

disk with an B Schr Beeds i SiteR et eofhaRee r B AR cHhendddt s, usual

processing accuracy. In this way, optical mark position information was
obt ai ned wi t hthé oatécaladgadfis mevedianpl eadiel 1dixestiorudle khggher than the
processi ng accuracy of. a conventional apparatus. Since such optical nmarks
cannot be foraddesst érdehwhearc statyeofare. decocdedy Usistepcddter chal |y
avai |l abl e equi pnent, production cf pirated disks can be prevented. In the

above node of peygeade mntabsédue POSPCA @fripdsoipadlicehedf tlfeiants - pi racy mark
of the invention, which differs fromone disk to another, was used as a

di sk identifi¢idgelinehdOShetOmrel Ab FORRELLIpe8NUtHBrodeds pesédldsnumber, i.
e. , the disk I[% wer e conbi ned together and encrypted with a digita

i gnat ure: -t he, Lhus enar vt ag kBT ALIRL PO Was CONYRL Ll bt QA abar code and

witten in overw ng fas prescri region o e pre-pit
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; otherwise, the process
jumps to step 947m.

On the other hand, if it is judged in step 947q that
there are PCA stripes, the process proceeds to step 947f to
play back the PCA stripes. When the playback is completed
in step 947g, then the mode is switched to rotation phase
control and the optical head is moved to the outer area to
play back a pit signal. In step 947t, the PCA flag in the
control data is read:; if there is no PCA flag, an error
message is issued in step 947k, and the process returns to
947m to continue the process.

(E) Next, manufacturing techniques for implementing the
optical disk barcode forming method of the invention will be

described in further detail. A barcode playback apparatus
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area, thus appending an unalterable disk ID to each disk. Since each

conpleted disk has a different ID, the password is al so di&%;rent.6§§§
passwcrd for one di sk does not work on other disks. This g &w%gger wor d

security. Furthernore, using the secondary recording technique of the

i nvention, the password is secondary-recorded on the disk, permanently
maki ng the dwskl avlsopies alekeritieskbrildfyfirst-half part (L) has dealt mainly
with one - |07 6 Septenber 2002 application node of the barcode in which

the barcode is us@y FpFst2 RadiAta@@ndingk tBEIRMQREE Ofbr BhPPthenk Ind hi s case, as
shown in Figure 2) the barcode (stripes) 584c - 584e are witten over the

prescri bed gl GrksAs | REAIER) nBthdd' DY & Pldbs@ BRY, ther efore) the

tracking is disturbed in that "prescribed region. a marking 584 by | aser

light is formed iIrﬂ Efﬂ? C%rsgsgf |t§?d?%ﬁ%ig§nrm%§??¢ qn%tP?& Cp%?lo itcel 584e) is

.recorded) as shown ih Figure ones icu t'o "accur y neasure
t he address/cl ack sition of the marking. ,-Jo avoid this problem if, as
Shown i 1 Fi EF 2850 e b RTegC8.4 FLEHEs dd FIe 41piTem Bh GFEa at
radius position different fromthe radius position of the stripe area 923a)
the positi onPwlse: §ea¢in&kilfgl batherafase, nbdasesdvisthaBl BUlEt h an accuracy of
one clock) as shown in Figure 20 (5). This has the effect of being able to
identify pirntetidiskperdod «ft 461 5.1/fn ihirequased, bhiefeorfni by thepi nhol e
mar ki ng destroying only a few tracks, as shown in Figure 39, not only

errors can bfrdguensy zed thut layeracyliprByenidsen el nogb@gc@opl,i sifed within
the scope of the current standard. Alternatively, the marking 941 may be

recorded in the guapsk-DIAL B Gac SRS efvrkeic!ang.i IYiofevdr, PENERehe guard

band area 999 contalns no data but address information, this has the effect

o 1g‘é°i ding gestlQyt 12l 5oAdY, S UHARE AR ghYe "RCOL GiAdntdre Marki ng 94l
émitting-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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6 Septenber 2002 The optical disk of the invention has a structure such
that a reflective filmis sandwi ched directly or indirectly.hbetwee

menbers resistant to laser light and a marking is forned S%Sqékiﬁ%dggb?ﬁe
reflective film The above node of enbodi nent has dealt with exanples in
which this structure is used for secondary recording of a barcode, etc. and

a piracy preventio echni que) b it wll be appreciated that such a
structure may }?;ﬁaé‘bgﬁé HhsPi éﬂ'} tdéﬁ)?q{éro“t%’cﬁﬁ‘ﬁiqhg N, | he E’éaab’(ﬁ/e nmode of
enbodi ment, the optical disk of the jnvention has been described as being
fabricated by $wihichaditfy thaosubrbean H4Eswhniahn i arPassRestiieuRByR SUPTt er posed

t her ebet ween. However, the adhesive |layer may be omtted, or instead, 'a
menber nade of shitdPBEkerandt fommseni sh-ssuipe &4a Ploseesndoiditaller) may be
used; that is, any suitable structure may be used as long as the reflective
filmis sandw fdredads r'dt hynamail nsiiripet 933 het fiexemredt wonlyewhens resistant to

| aser light. Furthernore, in the above node of enbodi nent) the optical disk

of the inventigstdidsnpaRhadesThisbek dsftaigibhssmadubst wat @6 as the menbers
that are | am nated together) but other nenbers such as protective |ayers

ey e useds Ll 8) RIS, gtbanseens syaasentotkaper |1 ont ey be
witten in oveltrerhs PAcrUFIEeTYE vbiy BN SO 5% o aTnary pi
opt 1 cal pi ckuprSoRTss HoS PR G BAELEr o1 FP Ot FE PEodir udfi on of the
Pl ayback this manner, stripes 933a and 933b, each for “0%, and a
stripe 934a for “1”, as shown in part (b), are formed on the
disk. In this configuration, since a laser pulse need only
be produced at intervals of 2t, a laser with a frequency
half that required in the configuration of Figure 28 can be
used. In other words, when a laser of the same frequency is
used, since the stripes can be formed at twice the clock
frequency, this has the effect of increasing the
productivity by a factor of 2, as already described.

Next, referring to the data structure of the
synchronization code shown in Figure 34, a format suitable
for the switch recording explained with reference to Figure
29 will be described below. The synchronization code data
structure also constitutes a technique for improving
productivity.

As shown in Figure 34(a), a fixed pattern of “01000110”

is used here. Conventionally, a bit string consisting of

_75_



apparatus, for exanple. FurthernDre by barcodlng t he narklng position
information for use as a disk-unique ID, the invention pr S tly
i mproved pirated-disk and other illegal duplication preveﬁ¥$ﬂﬁ @@ﬁg%i&

as conpared to the prior art. A piracy prevention technique of the prior
art, for exanple) enployed a nethod that deliberately arranged pits in
serpentlne fash on when Kin k. nol d., Such , art nmethod is not
effective in pi b%cﬁ?"‘ﬁr B‘t}'ﬁﬂl Bg)&%laﬁ etS phthasy Qfg(ﬁﬁé n be 85%‘5 'y made by
exactly repllcgtln the nol d shape from.a legitinmte optical disk. On the
ot her hand, acBefdi gpr@sqr}felpv@gtéﬁﬂ delibprately avoids thes mdkmj is formed
on the reflective filmby a laser and its position information is coded as
a barcode) as tescrlilbetratrol/ data servontrenfer diet heasonanxptaibednade to

coi nci de when making an illegal duplication. The above-described effect is

t hus acconpl i shetbw.l| NDUSTRI AL UTI LI ZATI ON PCSSI BI LI TY As descri bed above
for exanple the optical disk of the present invention is such optical disk

on which data i's 1 ggecdedyathi LleVehdNAeLR rdcBraify 93CFIMed 980i on of 2

pre-pit signal area on said - 6 Sept enb 2 dis all or part of
b d
et cotive i1y 2ang Wﬁéﬁélfﬁa’dﬁgﬁﬁgh"&% mﬁéﬁcé}%?%%mﬁgﬁﬁft{‘ﬂead. Sk

by 2" eprodct Lon ageek s, 116, BLECYRSL2 S0 Be ) syl back usno i
Switch recording is possible in the data area because data
is recorded there with a PE-RZ code, as shown in Figure
33(a). However, in the case of the synchronization code of
Figure 34(a), since irregular channel bits are arranged,
with the usual method two pulses may occur within 1T, in
which case the switch recording of the invention is not
possible. To address this problem, the invention employs,
for example, the bit pattern "01000110” as shown in Figure
37. With this bit pattern, in Tl a pulse occurs for the 1”7
on the right, in T2 no pulses occur, in T3 a pulse occurs
for the “1” on the right, and in T4 a pulse occurs for the
“1” on the left; in this way, two or more pulses cannot
occur within one time slot. Thus, the synchronization code
structure of the invention has the effect of achieving
switch recording, increasing the production rate by a factor
of 2.

(b) Next, referring to Figure 15, a brief description

will be given of a playback apparatus for playing back the
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1. An optical disk on which data is recorded, wherein in a prescribed
region of said disk, an identifier is provided for indica%igg ththﬁ§ a
barcode-like mark is present or not on said optical disk, RISMEEne993 er
and said barcode-like mark are in respectively different |ocations on said
di sk, said barcode-like mark disposed in a circunferential direction, and
sai d barcode-like mark haying a plurality of bars, each of said bars
extending in §3F56¢aF98PFé%PP6n?“éﬁﬁlﬁahéyﬁkiﬁy ¢ Veym¢ ¥ beam on an
information | ayer of said disk, information based on the position of said
mark is encr yﬂyﬁl@ddmmai@ end i ypksed towthooneptasict v i tivc [ neieas sied. sai d
barcode-1i ke mark. 2. An optical disk on which data is recorded, wherein in
a prescribed regi ofigufreshd dsdask]ockndi agmami 6 f ethei slgyback degbafratus ndi cat i ng
whet her a barcode-like mark is present or not on said optical disk, said
bar code- | i ke natkadlt sleesethddnia ¢i)y.cunferential direction, and said
barcode-1i ke mark having a plurality of bars, each of said bars extending
in a radial directjpipeapd-A-ARIK dattMENKedhduphasaysbraganan infornation
| ayer of said disk, information based on the position of said mark is
applied with Lgital ,Si d id. i IRt i | i with said
digital si gna?&ggg%iﬂ ﬁgl %ggdhﬂézﬁa@faﬁi ggﬁaﬁr%gggﬂefltﬁgeﬂo%g}ggﬁéte%n optical disk
according to clajm1,. wherein _one qf said s has a |l ower reflectivity
than an aver ad8*Ftt§ 58”’?/‘5 t&7 6& @F%ﬁ%?f&ﬁ s PPEAE3 fdrl§gi d bars and
anot her of said bars. 4. An optical disk according tq.claiml, wherein one
of said bars 4§ Berednaftetet |t86tanna1r9t%alﬁ éﬁuaeef%gfélﬁebq ectivity of an
area between said one of said bars and another of said bars. 112 6

Sept enber 2002e5¢cridredopsia dlardodk neepingl@ppimatuappihesdt s, faor use with a

di sk on which data is recorded, wherein in a prescribed region of said

di sk, an identplbyleack appaxatuded for indicating whether a barcode-Iike mark
is present or not on said optical disk, said identifier and said
barcode-1ike nmark gf expDadfspackiMeby givehesgih ForatiapstpFigatd di sk,
sai d barcode-like mark disposed in a circunferential direction, and said
barcode- I'i ke @ kyinavi-nge argh4E At 1dnY t04 %éﬂbla%?{iﬁ fegé@i&m.bars. ext endi ng
in aradial direction, and a nark is narked by [ase eamon a information

layer of First, high-frequency components generated by pits are

removed by a low-pass filter (LPF filter) 94 from a stripe
signal output.

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

waveform which is generated when the signal of the maximum 14T
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said disk, informati on based on the position of said mark is encrypted and
said encrypted information is included in said barcode-like_mark, said
appar at us conprising: reproduction neans for reproducing SPerteabentlds i ke
mark on said optical disk; identifier detection neans for detecting said
identifier on said optical disk, and control means for controlling a

prescribed opetat i},ﬁﬁg{%sﬁdf g:ﬁi@iidccj epLifdigr detected by said identifier

det ecti on neans, efel n sald reproductron ans includes an optical head

for perform ng reproduction Qsition i nf ormat i on .readou s for
reproduci ng, from Zﬂi 1l§a?va¥fd2”| PRE Lﬁ,sqcﬁf‘g‘?nﬁ i%&ﬁﬁ e 5?8I?Nﬁ‘§ﬁt he
position of said mayk, mark asur.enment ans, for determ ning an actual
posi tion of sgé‘g'nﬁg‘%,sréﬂﬂer&%ﬂga%i%é“ﬁg;@ Peroytayt fng data recorded
on sai d optical disk based on a conparison of 113 6 _Septenber 2002 said
i nf or mati on repibsdaseirldy senayipesthe ehbipliaybeekeiiesnl r chdsdnsusans, and
said actual position determ ned by said mark neasurenent neans. 6. An
optical disk regiatletdemodappdnat of sacipe diiggali o clHawevesr, wherhei n sai d
positional information readi ng neans decrypts the reproduced information

and obt ai ns sajidithepf aducedps nfighantthes basddleted Nehpasiriponsighabai d mark.
7. An optical disk according to claim?2, wherein one of said bars has a

|l ower reflectiwidty théwh el 96 tgav Lanhetipgen said one
of said bars aﬁd an%therﬁgfﬂZéfg %éggghggz%%bggt?igﬁaﬁgik according to

claim 2, wher el 908, ofn ;3310 sy NS @1 gL Lofd@sfigy Ly than an average

reflectivity o ar ea between sai d one of “sal s and anot her of said
bars. 114 . . .
LA Ay. Aa. Ae. ATHCRPSOTRUREr, athe AtRIPE AlLEnal Rag not k8 BgasHredo. A y. A LA A Af
A.AA.A9..A.%)A&.Aa.g;:.A. A, . Ayh, A{. A.. [.AA“A..ALA.Q&U ég.A.%)AU%)ASU.A..
A@ Ah. Ah% AAL . 3GPUTAEA AL off RBoeXaRP e, AT ARRE AU ARS SAERE I SROBN ARY 06 ARA. AS{ . AA
. AyL. A9hL. AL{. A{. Ah. A, 9. Ayh_. As{. AA AL..As..Ah. A h. A@y9. Ah9. Ay. AfL. A&y9. A
f.A{.ASy. Af, . Ajhgrra. 26 (bds . nlie AEripen sAgpgl mnagha Jedrals Aospiad. Al. Af. Ay. ASy.
A. A@ AS. AS2) Z

inside of the microcomputer sampling interval width, and

therefore, is not detected. To avoid this, a stripe signal

obtained by reading a stripe is waveshaped using a flip-flop

circuit so that the signal width becomes greater than the

microcomputer sampling interval width tm, as shown in Figure

36(d). Figure 36(d) shows a waveforn 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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] ca] ca] ca] ca] ca] ca] ca] ca] ca]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca:]&ca] ca)Z
i K-10% & () - 100518, (fata s &Y 1B car hoyeeorded oyanmnezrgleapdodd () -

"10% & ()- RA2IK-&10% & ()-1"10% & ()-S 10% & ()-L10% & () -

Y10% & () -, GLOdég¥eey- oriGde&d{9k 2hIn the present invention, by encoding

i K-510% & ()-s310% & ()-Y110% & ()-, @10% & ()--m0% & ()-*@0% & ()- @ 10%
T& () -+, - ?{ UM db00M fg( thd QY4t&' (9ine’ tROBDE fad EUC démpl@htion

=109%&' ()-710% & ()-<pdEuV7& 10% & ()- 10% & ()-10% & ()-Z10% & () -1

@o% & ()-S 1%@&.%'16315 %ﬁHWf&F%QP@S&:IQXC):' ‘s &(d)), - ¥hen the data

-10% & ()- T10% & ()-,10% & ()-@0% & ()-' ¢

?2dBEUV7& | 1- 10% & ()- § (e & . .
109 & () +10% S ToTE () ROoRSER, ) 1P SORBRTAPM IR
100> 10 & (- 988 8, 0: 54098 §10: S0 £ 08 (s R o 9EVNCR

data is stored with a small recording capacity. This serves

to shorten the productive tact. When performing laser
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910%4& () - S10%4& () - @O0%H& ()- MLO%H& ()- " 10%4& ()-b ) CIEYNC&
109448 () - y109%44& () - 10944& () -1 10944& () - 10944& ()-y: 10944& () %%@Eﬁﬂ 2002
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'10%48 () - 3*dxY:/ 10HL0% 0& ()- - 10% 0& ()-y 10% 0& ()-S 10%0&() F
10% 0& ()- 3", 109%. 0& (

LOINL0% b dfl@fa%og? Ao g IR . SRS 8o 0w () - ce

0,
EO‘/)/(') égLHE ;?ﬂ%f}%lgé fl EgL/a()m%%l ;cant(rgeanl %rg)spemflcally,

10H510% 0&' () -310% 0&' ()-110% 0& ()-f/!110% 0& ()-L-z 10% o0& ()-

+109% 0& () - UBEn1 opEBrmiDeglaser trippdge (at 21020ty olt is 1mportant

10" oY>@ 0% o0& ()-910% o0& ()-S710% o0& ()- JNAEbC

10H 10%& () - SLGYW&r{9n t#@@dxad@):clvstm@ov& (i <h T GYBw{Jpesd am9aBat s NYAEDC
10H) - 109%& ()- & 109%& ()-s$10%& ()-"s10%&' ()-" !'10%& ()-y !10%& ()-y@dEbC
10H5- 109%&' () winidhO%®in(s) ord fst¥ge (It f/ £ IR € )will- tOR& Moy e stan 10

10%&' () - 1ost uvbC 10HF10%@&' ()-3" 10%@&' ()- 10 10

é?SOT/(l@g%(&) (g/F%(?)caQ@%’&g& 52%%;%( f%w)l Qggﬁbﬁlcﬂ%@@&"/@ fhe FR0P@X () - 10%@& () -
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 areirecorded
when only 10B need to be written, the laser processing
time will increase by a factor of 6, leading to a production
cost increase. The scalability method of the present
invention achieves reductions in production cost and time.
In the playback apparatus shown in Figure 15, when n=1
as in Figure 33(b), for example, the ECC decoder 928
performs the EDC and ECC error-correction computations shown
in Figures 14(c) and 14(d), assuming that the data rows 95le
to 951z all contain 0Os 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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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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4506 by using a PCA writer 4507. The public key is
prerecorded on the master disk, that is, in a pit portion of
the disk. When the thus manufactured optical disk 4506 is
loaded into a playback apparatus (player) 4509, the public
key is read from the pit portion, and the ID number and the
digital signature appended to it are read from the PCA area
and decrypted with the public key. The result of the
decryption is passed to a verification section 4511; if the
digital signature data is found legitimate as the result of
the verification, the playback operation of the optical disk
is allowed to continue. If the digital signature data is
found illegitimate as the result of the verification, the
operation is stopped. Here, if the digital signature data
is recorded in the PCA area together with the plaintext of
the ID, the result of the decryption is checked against the
plaintext of the ID to see if they match. If the digital
signature data only is recorded in the PCA area, an error
check is performed for verification. When the data is

encrypted with public key cipher, as described above, only
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1099°& () - 1Q@ Figure 45 can also be used in the Internet.
(b) Another application example of the barcode will be
described with reference to Figure 46 as another mode of
embodiment.
This mode of embodiment is concerned with an example in
which an encryption key to be used during communication is
recorded as the above-described barcode in the PCA area.
As shown in Figure 46, a press factory 4601 keeps each
ID number and its corresponding encryption key, a public key
of a public key encryption function, in the form of a table
4602. At the press factory 4601, an ID number and its
corresponding public key are recorded in the PCA area 4605
of an optical disk 4604 by using a PCA writer 4603.
Next, we will describe how the user who purchased the
thus completed optical disk 4604 can play it back on his

player. Consider, for example, a case in which he desires

to watch movie software recorded on the optical disk
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out. When the user enters his credit card number and

personal code number, an encryption encoder 4607 encrypts

the entered data with the public key, and the encrypted data

is transmitted to the system management center 4610 by using

the communications channel 4620. At the system management

center 4610, a communication section 4611 reads the ID number

in plaintext from the received data, and decrypts the received

data by retrieving a secret key corresponding to the ID number

from an encryption key table 4612.

That is, the system management center 4610 keeps the

encryption key table 4612 containing mapping information for

each ID number and a secret key corresponding to the public

key. Based on the user’s credit card number and personal

code number retrieved from the decrypted data, the system

management center 4610 charges the user, and at the same

times, issues a password to the user. This password

corresponds to the disk ID and user-specified movie or

computer software contained on the disk 4604. Using the
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communication key (public key) is delivered to a press

factory where no particular security measures are

implemented, security can be maintained. Furthermore, since

a different public key is used for each individual disk, if

security of one particular disk, that is, one user, is

broken, the security of other users can be protected.

Furthermore, using different public keys for different disks

has the effect of reducing the possibility of a third party

placing an illegal order. If the communication public key

were recorded on the master disk, it would not be possible

to prevent a third party from placing an illegal order. In

the example of Figure 46, a public key is used as the

communication key, but it will be appreciated that similar

effects can be obtained if a secret key is used. In this

case, however, the security level is a little lower than

when a public key is used. Needless to say, the method

described with reference to Figure 46 can also be used in

the Internet.

_86_



gntnnnoAo} odEnmbC

1010% & () - @0% & ()-ML0% & ()-y10% & ()-L10% & ()-10% & () F}ooc
C 10s$@0% & ()-F'nl0% & () - eptemb
10% & ()-& 10% & ()-Z10% & ()-210% & () - ppp) qdqqqdEnbC 10 1'10% & () -
10% & () -,
10: 10: @10% & ()-910% & ()-7m0% & () - 5510%&5) S93

10% & () - rrrsuux~efRering to Figure 22, We will now

escribe in detail

10" - 10%\/&()-110%\/|v&§) 1098 () -! SLOWNE: () - 310%\/&9 %

109%VE' () - x $x Gix Bt hasix p

{descraoh Fiag108& derr yRIShRYEA () ub mgL@O/& ()-G"

QrRgppPdE

10% & () - @10%&() ( 10% & ()-&10% & ()-qqlrgrrrrrrdYNC 10 10:

109%& () -

10M 10M 10M@109v& ()-{8]|{}}}}}}avVK@ 10! 10 10 10>109& ()-!, *109%& () -

L * 109 () -

, passwvdnd vi&HVRe {Work} B)eé@i’%’&@ith reference to Figure

10! s*109% & ()-!y10% (& ()-10%& ()-! @O0%z& ()- @O0%& ()-

10% & () - OVKE] bQnlQhe FIRA¥MRafD) olff F'ﬂ@.%% QQ V& bty IAYE&tHe - 10z 10z
102>10%& ()-(_9dEbC 101 Lf: 1004 ()- ()-

109 () - L4100 Ueleks HURD

10! L&§$)10%& gﬁ‘f{%ao%g{&@mf%%&e-& DchlO%&Q%&-ﬁlLl o P 1058 358 PdEDC

10VL010%&: () if %f?é’/“%déhl%e}o{@dw) L1 18%&0 (et i L RUE (e b P& () - 0j dYNC

10!

10 10

proceeds to step 901b; if the software is not scrambled, the
installation is allowed to continue. On the other hand, if
the answer is YES, it is checked in step 901b whether the
software is scrambled or not; if YES, a connection is made
to the personal computer network in step 90lc, which is
followed by step 901d where the user enters the user ID and
software ID. If, in step 90lc, there is a drive ID, then in
step 901f the drive ID data is transmitted to the password
issuing center. After confirming payment, in step 901g the
password issuing center performs encryption computation on
the drive ID and software ID by using a sub secret key, and
generates a password which is transmitted to the user. The
process then proceeds to step 90l1h. The personal computer
at the user end computes the password by a sub public key
and compares it with the drive ID. If the result is OK, the
process proceeds to step 901n where the software scramble or
encryption is unlocked.

Turning back to step 90le, if the answer is NO, then in

step 901h it is checked whether there is a disk ID. If
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ID by using a sub secret key, and generates a password which
is transmitted to the user. In step 90lm, the personal
computer at the user end computes the password by a sub
public key and compares it with the drive ID. If the result
is OK, the process proceeds to step 90ln where the software
scramble is unlocked.
In this way, by communicating with the password issuing
" center via the network by using a disk ID, the software
scramble or encryption on the disk can be unlocked. In the
case of the disk ID of the present invention, since the ID
varies from disk to disk, the password is also different;
this has the effect of enhancing security. In Figure 22,
ciphertext communication is omitted, but by encrypting data
using a public key recorded in the PCA area, such as shown
in Figure 46, during the communication performed in sSteps
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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10% & ()- 10 10 (A) A low reflectivity portion address table, which is
a position information list for the low reflectivity
portion, will be explained.

(a) Laser markings are formed at random in the
anti—piraéy mark forﬁation process at the factory. No laser
markings formed in this manner can be identical in physical
feature. In the next process step, the low reflectivity
portion 584 formed on each disk is measured with a
resolution of 0.13 um in the case of a DVD, to construct a
low reflectivity portion address table 609 as shown in
Figure 13(a). Here, Figure 13(a) is a diagram showing a low
reflectivity portion address table, etc. for a legitimate CD
manufactured in accordance with the present embodiment, and
Figure 13(b) is concerned with an illegally duplicated CD.
The low reflectivity portion address table 609 is encrypted
using a one-direction function such as the one shown in Figure 18,
and in the second reflective-layer forming step, a series of
low reflectivity portions 584c to 584e, where the reflective
layer is removed, is recorded in a barcode-like pattern on
the innermost portion of the disk, as shown in Figure 2.

Figure 18 is a flowchart illustrating a disk check procedure by
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preassigned to the disk is different if the master disk is
different.
Referring now to Figure 13, we will describe how the
'marking position information differs between the legitimate
disk and pirated disk. The figure shows an example in which
the above two factors are combined. In the example shown,
two markings are formed on one disk. In the case of the
legitimate CD, the first marking of mark number 1 is
located at the 262nd clock position from the start point of
the sector of logical address Al, as shown in the address
table 609. In the case of a DVD, one clock is equivalent to
0.13 um, and the measurement is made with this accuracy.
On the other hand, in the case of the pirated CD, the first
marking is located ag the 81lst clock position in the sector
of address A2, as shown in the address table 609x. By
detecting this difference of the first marking position

between the legitimate disk and pirated disk, the pirated

disk can be distinguished. Likewise, the position of the
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In the example of Figure 186,

the legitimate disk and illegally duplicated

disk have low reflectivity portion address tables 609 and

609x respectively, where values are different as shown in

Figure 17. In the case of the legitimate disk, in the track

following the mark 1 the start and end positions are mt14

and m+267, respectivel&, as shown in Figure 16(8), whereas

in the case of the illegally duplicated disk these are m+24

and m+277, respectively, as shown in Figure 16(9).

Therefore, the corresponding values in the low reflectivity

portion address tables 609 and 609x are different, as shown

in Figure 17, thus making it possible to distinguish the

duplicated disk. If an illegal manufacturer desires to make

a copy of the disk having the low reflectivity portion

address table 609, they will have to perform a precise laser

trimming operation with the resolution of the reproduced

clock signal as shown in Figure 16(8).

As shown in Figure 20(5) showing the waveform of a PLL

reproduced clock signal out of reproduced optical signals,
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resolution of 0.1 pgm It is true that when an optical head
designed for an optical disk is used, a recording can be made
on a recording film such as a CD-R with a submicron
resolution. But in this case, the reproduced waveform will
be as shown in Figure 9(c), and the distinct waveform 824 as
shown in Figure 9(a) cannot be obtained unless the reflective
‘film is removed.

(b) A first method of achieving mass production of
pirated disks by removing the reflective film may be by
laser trimming using a high output laser such as a YAG
laser. At the present state of technology, even the most
highly accurate machining laser triﬁming can only achieve a
processing accuracy of a few microns. 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 exposure equipment for

processing semiconductor masks for VLSIs and ion beam

processing equipment are known at the present time as
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present time, therefore, the cost would become higher than

the retail price of most legitimate disks, so that making

pirated disks would not pay and meaningless.

(d) As described above, with the first method that

involves laser trimming, it is difficult to process with a

submicron accuracy, and therefore, it is difficult to mass

produce pirated disks. On the other hand, with the second

method using the submicron processing technology such as X-

ray exposure, the cost per disk is so high that making

pirated disks is meaningless from an economic point of view.

Accordingly, making illegal copies can be prevented until

some day in the future when low-cost submicron processing

technology for mass production becomes practical. Since

practical implementation of such technology will be many

years into the future, production of pirated disks can be

prevented. In the case of a two-layer disk with a low

reflectivity portion formed on each layer as shown in Figure

33, an illegally duplicated disk cannot be manufactured

unless the pits on top and bottom are aligned with good

accuracy when laminating, and this enhances the effectiveness
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10f &$° 10%&' () - ( ext, we will describe how the arrangement angle of
the low reflectivity portion on the disk can be specified.
In the present invention, sufficient effectiveness in
piracy prevehtion is provided by the reflective layer level
mechanism, that is, by the low reflective marking alone.
In this case, the prevention is effective even if the master
disk is a duplicate.
However, the effectiveness can be enhanced by combining it
with the piracy prevention technique at the 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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HYGHEH #( #9#q##bC 10& 109%6& ()-10%& ()-! 109%& ()- 10M 10M
10M=10%VE’ () Slwn dhgroRbical mIrésadinese reading method of Figure 16.

10&109%6&' () - & 1096& () - @L0Y%B& () - &&109G& () - S10%6& () -

1096& () - Y% kst tCof signals (1), (2), (3),
(4), and (5) in Figures 2 0 and 2 1 will not be given here
since the operating principle is the same as that shown in
Figure 16.

The correspondence between Figure 16, which illustrates
the principle of the detection operation for detecting the
position of a low reflectivity portion on a CD, and Figures
20 and 2 1, which are concerned with a DVD, is given below.

Figure 16(5) corresponds to Figures 2 0 (1) and 2 1 (1).
The reproduced clock signal in Figure 16(6) corresponds to
that shown in Figures 2 0 (5) and 2 1(5). Address 603 in
Figure 16(7) corresponds to that shown in Figures 2 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) corresponds to reproduced channel clock
number in Figure 2 0(6). Instead of the end clock number 606
in Figure 16(7), in Figures 2 0(7) and 2 1(7) data is
compressed using a 6-bit marking length.

As illustrated, the detection operation is

fundamentally the same between CD and DVD. A first
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10t 4) 5d5556C6dENN/ 10% 10% & ()-10% & ()-y10% & ()- Y10% & ()-310% & () - T10%
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MLO% 0&' () - S&&Ce8h&liffergnce>bsthavxsincelthd 11004 coYydimgdengdidyo
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10t, 10% & () 810848 y( twethiaes &s high, 1 T of the reproduced clock is

as short as 0.13 um, which increases the resolution for the

detection of the position information and thus provides a

greater anti-piracy effect.

Shown in Figure 2 0 is the signal from the first layer

in a two-layer optical disk having two reflective layers.

The signal (1) shows the condition when the start position

of an optical mark on the first layer is detected. Figure

2 1 shows the condition of the signal from the second layer.

To read the second layer, a first/second layer

switching section 827 in Figure 15 sends a switching signal

to a focus control section 828 which then controls a focus

driving section 829 to switch the focus from the first layer

to the second layer. From Figure 2 O, it is found that the

mark is in address (n), and by counting the frame

synchronizing signal (4) using a counter, it is found that

the mark is in frame 4. From signal (5), the PLL reproduced

clock number is found, and the optical marking position data

as shown by the signal (6) is obtained. Using this position
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10% & () - KQQeReptieal@narking formed on the second layer. Since
10t ! F10% & () -10% & ()- @0% & ()-S10% & ()-10% & ()-f10% & () - KRRRSUSSSAE~
@ 10t. 10% Eador fligRbopenekratfels* the first and second layers through
10% & ()-F(10% & () -, &ML0% & ()-$: 10% & () - SSTRTTTTTTAE: / 10:
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 aré identical in
shape. This is depicted in the perspectivé view of Figure
4 7. 1In the present invention, after the transparent
substrate 801 and the second substrate 803 are laminated
together, laser light is applied penetrating through to the
second layer to form an identical mark thereon. In this
case, since coordinate arrangements of pits are different
between the first and second layers, and since the
positional relationship between the first and second layers
is random when laminating them together, the pit positions
where the mark is formed are different between the first and
second layers, and entirely different position information
is obtained from each layer. These two kinds of position

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

it is attempted to duplicate this disk illegally, the
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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
énd bottom disks are trimmed simultaneously in the case of
£he 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 substrape. When opticél marks were formed by
applying laser light penetrating through the two-layer disk
800, the resulting anti-piracy mark is extremely difficult
to duplicate. This provides a greater anti-piracy effect.
The optical disk with an anti-piracy mechanism is thus
completed. For piracy prevention applications, in cases
where the disk process and laser cut process are inseparable

as in the case of the single-plate type, the encryption

process, which is an integral part of the laser cut process
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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 pm is required, this can be
achieved by conventional circuitry contained in a consumer
DVD player. By encrypting the measured result with a secret

encryption key, a legitimate disk can be manufactured. That
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who does not have a secret key, will have to directly copy
the encrypted information recorded on the legitimate disk.
This means that a physical mark corresponding to the
encrypted position information, that is, the position
information on the legitimate disk, must be formed with a
processing accuracy of 0.13 um. That is, the low
reflective mark has to be formed using a processing
apparatus having a processing accuracy two orders of
magnitude higher than that of the processing apparatus used
by the legitimate manufacturer. Volume production with an
accuracy higher by two orders of magnitude, i.e., with an
accuracy of 0.1 um, is difficult both technically and
economically, even in the foreseeable future. This means
that production of pirated disks can be prevented during the
life of the DVD standard. One point of the invention is to
exploit the fact that the measuring accuracy is generally a
few orders of magnitude higher than the processing accuracy.

[n the case of CLV, the above method exploits the fact

that the address coordinate arrangement differs from one
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other recorded by rotating a disk with a constant linear

velocity (CLV). In the case of a CAV disk, since a

logical address is located on a predetermined angular

position on the disk, the logical address and its

physical angular position on the disk are exactly the same

no matter how many master disks are made. On the other

hand, in the case of a CLV disk, since only the linear

velocity is controlled, the angular position of the logical

address on the master disk is random. As can be seen from

the result of the measurement of logical address locations

on actual CDs in Figure-4 8, the tracking pitch, start point,

and linear velocity vary slightly from disk to disk even if

exactly the same data is recorded using the same mastering

apparatus, and these errors accumulate, resulting in different

physical locations. In Figure 4 8, the locations of each logical

address on a first master disk are indicated by white

circles, and the locations on second and third master disks

are indicated by black circles and triangles, respectively.

As can be seen, the physical locations of the logical

addresses vary each time the master disk is made. Figure 17
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The method of piracy prevention at the master disk
level has been described above. This is, when master disks of
CLV recording, such as a CD or DVD, are made from the same
logic data by using a mastering apparatus, as shown in Figure 4 8,
the physical location of each pit on the disk varies between
master disks, that is, between the legitimate disk and
pirated disk. This method distinguishes a pirated disk from
a legitimate disk by taking advantage of this characteristic.
.The piracy prevention technology at the master disk level can
prevent pirated disks at the logic level made by simply copying
data only from the legitimate disk. However, recent years have
seen the emergence of pirate manufacturers equipped with
more advanced technologies, who can make a master disk
replica identical in physical feature to a legitimate disk
by melting the polycarbonate substrate of the legitimate
disk. In this case, the piracy prevention method at the
master disk level is defeated. To prevent this new threat
of pirated disk production, the present invention has
devised the piracy prevention method at the reflgctive layer
level wherein a marking is formed on a reflective film.
According to the method of the present invention, the

marking is formed on each disk pressed from a master disk,
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Figure 1 9 shows a flowchart for detecting a duplicated

CD by using the low reflectivity portion address table. The
delay time needed to detect the optical mark varies only
slightly due to the optical head and circuit designs of the
reproduction apparatus used. This of the delay time TD circuit
can be predicted at the design stage or at the time of
mass production. The optical mark position information is
obtained by measuring the number of clocks, that is, the
time, from the frame-synchronizing signal. Due to the
effect of the circuit delay time, an error may be caused to
detected data of the optical mark position information. As
a result, a legitimate disk may be erroneously judged as
being a pirated disk, inconveniencing a legitimate user. A
measure to reduce the effect of the circuit delay time TD

will be described below. Further, a scratch made on a disk

after purchase may cause an interruption in the reproduced
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In Figure 1 9, the disk is reproduced in step 865a to

recover the encrypted position information from the barcode

recording portion or pit recording portion of the present

invention. In step 865b, decryption or signature

verification is performed, and in step 865c, a list of

optical mark position information is.recovered. Next, if

the delay time TD of a reproduction circuit is stored in the circuit

delay time storing section 608a in the reproduction apparatus of

Figure 15, TD is read out in step 865h and the process

proceeds to step 865x. If TD is not stored in the reproduction

apparatus, or if a measurement instruction is recorded on

the disk, the process proceeds to step 865d to enter a

reference delay time measurement routine. When address Ns-1

is detected, the start position of the next address Ns is
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address Nm is measured. In steps 865i, 865j, 865k, and
865m, the optical mark position information is detected with
a resolution of one clock unit, as in steps 865d, 865y,
865f, and 865y. Next, in step 865n, a pirated disk
detection routine is entered. First, the circuit delay time
TD is corrected. 1In 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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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 practiced physical
marking at the master disk level. Pirated disk production
can thus be prevented even if the disk is duplicated at the
master disk level.

In the above mode of embodiment, a new optical-disk
recording means was used that performs secondary recording
on a two—disk laminated optical disk by using a laser. In
the first step, physical marks were randomly formed, and in
the second step, the physical marks were measured with a
measuring accuracy as high as 0.13 um In the third step,

their position information was encrypted and, using the
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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 cannot be formed with

the accuracy of 0.1 um by using commercially available

equipment, production of pirated disks can be prevented.

In the above mode of embodiment, the position

information of the anti-piracy mark of the invention, which

differs from one disk to another, was used as a disk

identifier. The position information and the disk serial

number, i.e., the disk ID, were combined together and

encrypted with a digital signature; the thus encrypted

information was converted into a barcode and written in

overwriting fashion to the prescribed region of the pre-pit

area, thus appending an unalterable disk ID to each disk.

Since each completed disk has a different ID, the password

is also different. The password for one disk does not work

on other disks. This enhances password security.

Furthermore, using the secondary recording technique of the

invention, the password is secondary-recorded on the disk,

permanently making the disk an operable disk.

The First~half part (I) has dealt mainly with one
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U& () - 09?5#§a(b1r£é%éLdlsk prevention method. In this case, as

shown in Figure 2, the barcode (stripes) 584c - 584e are
written over the prescribed region (stripe area) of the pre-
pit area: therefore, the tracking is disturbed in that
prescribed region. If a marking 584 by laser light is
formed in the prescribed region where the barcode, 584c -
584e, is recorded, as shown in Figure 2, it becomes
difficult to accurately measure the address/clock position
of the marking. To avoid this problem, if, as shown in
Figure 39, the marking 941 is formed in a pit area 94la at a
.radius position different from the radius position of the
stripe area 923a, the position of the marking 941 can be
measured stably with an accuracy of one clock, as shown in
Figure 20 (5). This has the effect of being able to
identify pirated disks more stably.

In this case, by forming a pinhole marking destroying
only a few tracks, as shown in Figure 39, not only errors
can be minimized but biracy prevention can be accomplished
within the scope of the current standard.

Alternatively, the marking 941 may be recorded in the
guard-band area 999 shown in Figure 30. Since the guard-
band area 999 contains no data but address information, this
has the effect of avoiding destroying already recorded data

by recording the marking 941.
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between two members resistant to laser light and a marking
is formed by laser on the reflective film. The above mode
of embodiment has dealt with examples in which this
structure is used for secondary recording of a barcode, etc.
and a piracy prevention technique, but it will be
appreciated that such a structure may also be applied to
other techniques. In the above mode of embodiment, the
optical disk of the invention has been described as being
fabricated by laminating two substrates with an adhesive
layer interposed therebetween. However, the adhesive layer
may be omitted, or instead, a member made of a different
material, such as a protective layer, may be used; that is,
any suitable structure may be used as long as the reflective
film is sandwiched directly or indirectly between two
members resistant to laser light. Furthermore, in the above
mode of embodiment, the optical disk of the invention has
been described as comprising substrates as the members that
are laminated together, but other members such as protective
layers may be used: that is, any member that has resistance
to laser light may be used.

As described, according to the present invention, since
an ID unique to each individual disk, for example, is

converted into a barcode and written in overwriting fashion
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provides a greatly 1mproved 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 CLYV,

wherein, in a prescribed region of a pre-pit signal area on said
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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
a mark is marked by laser beam on an information layer of said disk,
information based on the position of said mark is encrypted and said
encrypted information is included in said barcode-like mark.

2. An optical disk on which data is recorded, wherein in a prescribed region of said
disk, an identifier is provided for indicating whether a barcode-like mark is
present or not on said optical disk, said barcode-like mark disposed in a
circumferential direction, and said barcode-like mark having a plurality of bars,
each of said bars extending in a radial direction, and

a mark is marked by laser beam on an information layer of said disk,
information based on the position of said mark is applied with a digital
signature and said information applied with said digital signature is
included in said barcode-like mark.

3. An optical disk according to claim 1, wherein one of said bars has a lower
reflectivity than an average reflectivity of an area between said one of said bars
and another of said bars.

4, An optical disk according to claim 1, wherein one of said bars has a lower
reflectivity than an average reflectivity of an area between said one of said bars

and another of said bars.
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encrypted information is included in said barcode-like mark, said apparatus
comprising:
reproduction means for reproducing said barcode-like mark on said optical
disk;
identifier detection means for detecting said identifier on said optical disk,
and
control means for controlling a prescribed operation based on said
identifier detected by said identifier detection means,
wherein said reproduction means includes an optical head for performing
reproduction,
positional information readout means for reproducing, from said barcode-
like mark, information regarding the position of said mark,
mark measurement means for determining an actual position of said mark,
and
reproducing means for reproducing data recorded on said optical disk

based on a comparison of
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said actual position detérmiined by said mark measurement means.

6. An optical disk reproduction apparatus according to claim 5, wherein said
positional information reading means decrypts the reproduced information and
obtains said reproduced information based on the position of said mark.

7. An optical disk according to claim 2, wherein one of said bars has a lower
reflectivity than an average reflectivity of an area between said one of said bars
and another of said bars.

8. An optical disk according to claim 2, wherein one of said bars has a lower
reflectivity than an average reflectivity of an area between said one of said bars

and another of said bars.
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