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AN OPT, RCODE FORM NG METHOD) AN OPTI CAL DI SK %@Hﬁé[ g)\%
APPARAIMMMHMNG FORM NG APPARATUS) A METHOD OF FCRM%% E RKI NG
ON AN , AND A METHOD OF MANUFACTURI NG AN OPTI CAL DI SK TECHNI CAL
FI ELD The ‘BP®%¥ent invention relates to an optical disk, an oﬂm , '
barcode form ng nethod) an optical disk reproduction appar at mem”@m
form ng apparatus, a nmethod of SHBOIRICKTIAN aser narking on an optigal, disk,
and a net hod of manufacturing an optical disk. BACKGROUND ART In the

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. Si n‘gf 03?2{2‘“1 iryglgﬁg?b{)@me@‘nggsp%Ambﬁé %Rﬂmﬁepi t information

area of the optica een practiced to wite t bar coded
“information oNa t u e opti cal

ai'sk. nen r TR B ERCRE: hE, RERSoRE bR EARRALS g AT
information i tic L.C ; ea e ept ember 2002
bar coded i nf Mfﬁ‘grﬁ%ém& Y @J&@hﬁﬁ@"’%@ﬁ“&& ggébe@émg@ BH t he
non-informati on area, homeverb a seﬁarate readinﬁ devi ce has been used. In
t he above priAdr OBFICAbpDISKal AND sk METHOR OF MANVIHASTURING ANy QBRTHEAR seri al

nunber and the like is not recorded in a pit area but recorded in a

non-i nf or mat iDdSKar ea, as descri bed above, a separate readi ng device has had
to be provided in addition to the usual optical pickup) the resulting

probl em bei ng i ncreased conplexity of the playback apparatus construction.
Dl SCLOSURE OF | NVENTI ON

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



In view of the above problemw th the prior art) it is an object of the
present invention to provide an optical disk wherein data sk ID
nunber, etc. is converted into a barcode and recorded in g%;éﬁ{éngo%égolﬁji
overwriting fashion, thereby permtting the use of a single optical pickup
to read both the bit data and barcode data. It is another object of the
invention to provide a barcode formng nethod, etc. for such an opti cal

di sk. The fi barcodadinformatian syrthi asla deskabmuwhexr,h edat aréecordedor ded with
CLV, wherein, in a prescribed region of a pre-pit signal area on said disk
all or part gh ghda{onodefdrmatibn t8Ba] oweebw id isegafashireading sel ectively
renmoving a reflective filmin said prescribed region. -2 6 Septenber 2002
The second 'QM@@%é s Bed{ 2R{I cal disk according to the first invention,
wherein a contro ata area is provided for holding therein physical
feature informati n o] Kk ier for

i ndi cating the prg'g tﬁ‘%eg%# ggé%a@g&f(%s L%gll béajir%Od%ﬁ&% ?ggéﬁn%nggl n said
control data area, The thjrd inventi Q opti cal dlsg.$ncord|ng to the
second i nventG2SRY 1R &r é?ﬁlaal gHRP&}- Ba dt}%f-‘r dakesy BOhdegaraed dMr&corded i s
provi ded between said control data area and said prescribed region of said
pre-pit signalitapeea bufierendrdedvienei pentinfarmatgoncaneadi 8k according to the
first invention, wherein said barcode is formed in such a nmanner that two
or nore bar caﬂecsilga‘chlabow,nrmosepmmme redding dew cpriess hiabetb thene sl ot. The
5th invention is an optical disk according to the first invention) wherein
sai d bar code proriééd9ndaddi tAbn! eazhel tldldopgidad pidlapmatheon uni quely gi ven
to said optical disk. The 6th invention is an optical disk according to the

Sth inventiorjesynef e @rﬁ@léh laaw@%cf@igaf @§mﬂ%tx"‘1‘t§' Wi WHe aybaciaddi tion to

said I D information, ublic key of a public key encryption function

correspondin q tion, said public key is used to encrypt
prescri bed dq¥%85%§hfﬁgﬁéﬁﬂﬁﬁp ed prescribed data is transmitted to an

external party in order to obtain from

DISCLOSURE OF INVENTION

In view of the above problem with the prior art, it is
an object of the present invention to prgvide 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 fashidn, 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.



said external party a password required to reproduce said optical disk. The

7th invention is an optical disk according to the 5th inv [ in
said IDinformation is encrypted or applied a -3 6 Septgg%ggﬂgﬁ%gﬁélgital

signature to. The 8th invention is an optical disk according to the 7th
i nvention, wherein a secret key of a public key encryption function is used
when applying encryption or a digital signature to said ID information. The

9th invention isThB $dHongainvdnskomGeORA diftika] aDskOBEcdHdihgventthens from
first to 8th , wherein said optical disk is constructed fromtwo

di sk-substrafgs apyaatiod, RReEIETa cHRPrd LWl ch MRRL §OMhro% 188y 4R cal di sk
et F a1 Rrovides

barcode form ng ne erel n pul se aser light fro t source is

made 1nto 2 LECHANOU A ROAARL! e USIragn g LCLANAYESE, RSl 2nd sai d

n
rect angul ar eam erni1s used on a re Irve a pre-npi

signal region ji.n rescribed radius..portion of an optical disk on which
data i's recoPRieFalatiFiar SpH @ AR UL IEE L0K dnBiAa daE Hies RYPSeTes: AF ed,
thereby formng a plurality of rectangul ar reflective-fil.mrenoved regions
as a barcde #bsanee ehfaidabaricedpois reROBIEd Andsaidi Fertioledata @reghe 11th
invention is an optical disk barcode form ng nethod according to the 10th
i nvention, wher eiThestliiddoptvendlonliisk annoptidas di skoatcaididgt to eheasdaond
hol di ng therein physical feature information concerning said optical disk,

and an identifyetibQ whadeimtd BUafddaRd eHRACRhOfe ABSENGE i8f rédirdebairscode is
recorded in said control data area. The 12th invention is an optical disk

barcode for m,Ag, el st ek O tldNgod Q-ollNga tal ta b URN SR O prebEE fed $84ibn of

barcode is forned in -4 6 Septenber 2002 such a manner that two or nore

d
bar code sign 0 L.Lhin one prescribed tinme slot. The 13th
S GEPTEL: SERLY Mo ~

invention is barcode form ng net hod

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

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

- invention, wherein said barcode contains data at least including ID
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 7Tth invention is an optical disk according to the 5th

invention, wherein said ID information is encrypted or applied a



according to any one of inventions from10th to 12th) wherein said optical
di sk is constructed fromtwo disk-substrates |am nated tog%%p%hbJEgozl‘“ h
invention is an optical disk reproduction apparatus wherein Fecorde
contents of a recording area, recorded by formng pits on an optical disk,
are reproduced by using a rotational phase control for a notor) while
recorded contents of a different recording area other than said recording

ar ea, recordﬁﬂ#?¥afqh%§55¥$%xoforning |l ow-reflectivity portions on a

reflective f in sa erent recording area, are roproduced by using
rotational speed ntg.ol .for .said. mptor., .an he recorded conten of said
recordi ng area angﬁ)? rget?‘r é%"bﬁn&éanc%ntagn?%tl&a?s%]i% ar e gﬁt&F 2‘&‘&@ g area
are both reproduced by using the sane, optical pi.ckup. The 15th ipvention is
an optical di SWERERMAUBETOM ApBaimatuke htioR dPUR) LEokehENEHIRTioR, BHRGLAD
wherein tracking control is not perfornmed in said different recording area.
The 16th i nveirft uspdivheanapplyiiogl enfryrt iaposdacdisdnabppsnatee decoridi AB to
the 14th invention) wherein tracking control is, in effect) perfornmed in
sai d differentnfoenatidinng area. The 17th invention is an optical disk
reproduction apparatus according to the 16th invention, wherein a

rotational speed Thet9t iRtaitionals apest ichdt divdukecheliaghte\wad bme odi d
different -5 6 Septenber 2002 recording area if said rotational phase

control were aRRhteshs Foem 18Rt fy 8thi OwHeFe 8RN QAU 6541 cdN Ski CRE 0BGk Ok ed
apparatus according to the 14th invention) wherein the rotational speed of

said notor i nfl%%i ‘Ew& ﬁi%kiag‘?%tﬁgggiaaﬁg)gg{e% tBEe‘m@!r.nt ained at a prescribed

val ue based on a res neasuring a mnimumlength pit in said
di fferent recordi rea. . The 19t h inventi.on,i$. an, optical di.sk

Fepr oduct i on- appat (0 B LOMREAGR 1S PRCRAEAL; SilnbRiiodeFeiifK nashgd

| ow-reflectivity portion re a,barcqde forned by selectively renoving said
rofl ective fiViRrerRePUlseR Tanpant et A5omm dpEhE aouace LSy Eﬁﬁ?%d@éﬁ%n

apparatus according to the 14th invention whererein_said |owreflectivity

portions are Zeatangelar, baprm ReitteyReMy LeIRE @i Aectangulsn mask@nslishidrea to

whi ch contents are recorded with -
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 pértion on said reflective film.

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

The 12th invention is an optical disk barcode forming method

according to the llth invention, wherein said barcode is formed in



pits) and when reproducing the recorded contents of said different
recordi ng area) a hi gh-frequency-conponent signal generat durin
reproduction of said pits which are fornmend in said diffeggﬁP&WB§%?89%g
area is reduced or elimnated by a | owpass filter, thereby nmaking it
possible to separate a signal which is reproduced from said barcode. The
21st invention is an optical disk reproduction apparatus according to the

1ath i ti . "o e e .
wnen repr oduci 5 RSy iy S, nEFL BirkHeP Yieh RS hfof ARLE RN i the
di fferent recording.ar %, th Sﬁdth of a signal obtained by reading said

bar code is |néP@§§gH“¥€ A"re8¢ribed width and then neasured with sanmpling

pul ses froma control section. The 22nd invention is an optical dis
reproducti on appar Ai@id 328 cHVENGEOR d SaAl Qﬂﬁécéi 42$3eh%4Q94§ %?Eﬂﬁ“§4??ﬁ
21st, wherein said optical disk is constructed fromtwo di sk-substrates
| ani nat ed t ogeadeerdinhéo2any onavehtinyant korenfopt il0ah & dRtheprhedatn iseid
apparatus according to the 14th invention, wherein said optical disk

i ncludes a congptdcatiadizkai eadnstrieiedi figort tevediskpbylsstralt e ebdminated together.
i nformation concerning said optical disk, and an identifier for indicating

the presence or absgncRitAfl iSaindiBRMGOHR At 8L AU idRdréptouaceisoRbpetatdat a
area. The 24th invention is an optical disk reproduction apparatus

t
The 24ch inve _ | s
Control data o xaif rectlrd b or K A AR REEE PR R oie) i

is detern ned t.h ti | . pi gk houl d_b t j ti

o an outer pol EBAEGH 3, PR 45h Bpe ili R Be s TRt v pihe, o hataphal "
form ng appar at whi ch coppri ses; marKi f i f | yi

mar ki ng oP\pa r%}?qssécf"l?‘?ﬁé'c’ﬁi :‘atS:)F‘SrE‘EF'OHELhP%ir§%’r ! ﬁgﬁgen%@sgfigﬁpdglt ggt ?ng

nmeans for detecting a . . ]
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 appa?atus
according to the 14th invention, wherein tracking control is not
performed in said different recording area.
The 16th invention is an optical disk reproduction apparatus
according to the 14th invention, wherein tracking control is,
in effect, performed in said different recording area.
The 17th invention is an optical disk reproduction apparatus
according to the 16th invention, wherein a rotational speed is

the rotational speed that would be achieved in said different



position of said marking. and position information witing nmeans for
converting at _7 6 Septenber 2002 | east said detected p%%etpite%]ti;erzooz
information or information concerning said position inforrma h Thto a
barcode, and for selectively renoving said reflective filmto wite said
barcode to an optical disk on which data is recorded with CLV, wherein al
or part of said barcode is witten in overwiting fashion to a prescribed

region of a pegofilngSho&w|ifaEead Hataed FhadPhh4sdl cOniol Wb 2Bbhiadivention is
a marking form ng apparatus according to the 25th invention, wherein said

di sk i's construct fléﬂ?‘ﬁn%n@io?{('ﬁ“&’x%tor gtrié?llngiqgié’fefyg%g?ﬁx%hgé%rmﬁs27th

invention is a markKing form ng neans ac I nv ion,

wher ei n sai d_posit.ion_inf.or ion Wjting ans I,ncl udes. engrypt i means
for encrypt i ABcatdidast U FHA RPRH DO, HE MR T SPaedBent on
concerning said,position information,. and gﬁites ontents thus encrypted to
said di sk. THeI2gIaForniRRalenreLational ISPRET FONKF Ay Lo Paldididedcordi ng t o

the 25th invention, wherein said position informati on witing neans

i ncl udes di gibrascribgdavakue hesed onoa rasulyiohtained divt Bpasyngnat & nioun
| east said detected position information or information concerning said
posi tion infdength it amdsdidediffereny mcokdbss ased.d det ect ed position
information or information concerning said position information neans

writing informatiTHe q9BkeIVendidh [(8SaM topficsRiddsRi@ipraiust dnabpdratls 6
Sept enber 2002 application to said disk. The 29th invention is a

repr oduct i on RARAL AT, W) 4ER iR ERn, PRRLIIANSAY QbHBEAMRCE BAdiyng means

for readi ng po
portions are a barcode formed by selectively removing said reflective

film.

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

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

when reproducing the recorded contents of said
different recordiné 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



information of a marking or information concerning said position

information, said position information or said infornmatio i d by
Bstptheranle

(1) applying a marking on a reflective filmfornmed on a d cting
position of the marking, (3) converting detected said position information
or said information into a barcode and (4)witing the barcode with
selectively renoving said reflective filmon said optical disk on which
data i s recoddéfemsnthretordingraieag theadiidgh mfaassianalr el imgdi bt or mati on
concerning a physical position of said marking. conparing/judging neans for
perform ng cespdingcaidrithrcudgeasedhcinasedi tg aapresudibedfwirdthdamd by said
position information readi ng neans and a result of reading by said marking

readi ng meangheANkbasAPEQWIEhNENRAAS fullsek eFdRdHCEdIErddt fedtgenr ded on said
optical disk in accordance with a result of the conparison and judgenent
performed by sai 0 1:nQLJ I B ; I; 1 par Ld
barcode is wi ttgrnh% ?@%é@?ﬂ’?ﬂ’g‘glgaﬁ?’gﬁlﬁ%@lgféer}sei’r}?’%g%“@g‘g%‘%%r&?e%
pre-pit signal area on said optical disk. The 3 i,nvention.is a .

Pepr bauct i on SBRETLIELED AoPEE i EBYEHIDS H oM gsHh 1ns Lierarieh spidst
said detected position information or_information goncerning said position
i nf or mat i on i°§?W‘41t @éﬁk_@_con%tryéﬁegm bepAisk- S&rGI'F%ﬂ(qu‘Eﬁféﬁdt tegether.
information witing nmeans. The 31st invention is a reproduction apparatus
accordi ng to the Bt B3rdvienenbion ikezreiopticdld diskinapsadicifionnepnanatusi ti ng
means includes encrypting neans for encrypting at |east said detected

posi tion infecpatding 06 thef ddthatineantivgewerednsaaill ppsiddlodiskfinciadéorn,
and said position information readi ng neans includes decrypting neans

correspondi ”&oh@r@laid@tﬁnﬁeﬁpfbﬁgmﬁﬁ?ﬁ@1th@?éiixp)bh9§idlﬂ gad tlirdeshidtnaRgonreans,

decrypts said encrypted position information or information concerning said

ggzioﬁ ijf’ﬂgi ?‘;%H@éi‘rﬁ@xg J0f1 3904 INUEOR! URd! Sn A deRPILFLCES PN appar at us
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



the 30th invention, wherein said position information witing neans
includes digital signature neans fox applying a digital si.ghature t t

| east said detected position information or information cgﬁgﬁﬁﬂpﬁﬂﬁggéd
position information) and wites information concerning a result of said
digital signature application to said disk, and said position information
readi ng nmeans i ncludes authenticating neans corresponding to said digital

si gnat ure neabsastrRdidadetlet oed ipak ot ivat iiafloremiti actdmgnfeams ibor obt ai ni ng
said position information froman authentication process performed by said

aut henti cati ngonddining saAR! RN 0B O oFRAPDOARAEOTa baPEdEA! End IHfoer mat i on
concerning the result of said digital signature application, when an, out put

| i cati ng COLLeaIGaR, YopdPlfh St heirIgaL AN ef BRULl it s grgdyced from sald

aut henti cati ng nean aring/judgling neans perforns the conparison

and judgenment by using the posistion informati,on obfained by said position

i nformation e??%/%&dtséi ﬁg %Qﬁgl%ﬁ'}ddf‘ﬂ% opegfhf(fh 61?9? e?dfﬁ@og%?%sgfﬁl mar ki ng

r eadi ng neans& ﬁnd when said output indicating correctness is not produced)
t he reproduct b i s not perfornmed. The 33rd invention is a method of

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

di sk; fornming a refiesein adlf or mags ehisaid hansadei sk ¥rappayilng at | east one
marking to said reflective film detecting at |east one position of said
mar ki ng; and ewmerwxitting fashdometoeat presgosbed aegiorf @fnatprerpabhd witing said
encrypted information onto said di sk, wherein) when encrypting and witing,
at | east sai dsegedlypires dmsaidwiptepal digknverted into a barcode, and said

barcode is witten by selectively renoving said reflective

The 26th inveantion 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



filmon said disk on which data is recorded with CLV, and all or part of

said barcode is witten in overwiting fashion to a prescridbed reqi of a
pre-pit signal area on said disk. 6 Septenber 2002 The ?&%ﬁg?nvgﬁﬁﬁan is

a nmet hod of manufacturing a disk, which conprises the steps of: form ng at
| east one disk: formng a reflective filmto said forned di sk: applying at
| east one marking to said reflective film detecting at | east one position

of said markapglicardompil ¥aid dslli gital signature to said detected position
information and witing onto said disk) wherein, when applying said digital

signature and W ithongg¢1atinl &3Sikhnai § gas'fleblééﬂuc%%ﬁj_éypgﬁﬁls %hgﬂﬁtdbrm‘élx'i&s!

converted into a barcode) and said barcode Is witten by selectively
renovi ng said ref] tve .fi i i i IS Epecorded with
CLV, all or part p@?%!a N 1&5&@0%3@3%&%?i‘ﬂ?%ﬁ\%’c%\?ggm tplﬁﬁéafogghi on to a
prescri bed regton of, a(ﬁge-git.signaL grea an _sai d di sk. Thg 35th invention
is a di sk whePEPTPalin® 4f aghaeking, ok 4 REQTMA 1198eF0RCSTRIDE S i ve fil m of
said disk holding data witten thereon) at |east position information of

sai d mar ki ngPe#1tienoi pEATMeHlebNSaEHinng 10N 195G dAN; oFf Seddt nfermation
encrypted or applied a digital signature, at |east said encrypted

i nformation beimg diormed diyglih} wapel ppme rdedrk infzoome irefil ést ivenfelnt £drned o a
barcode) and said barcode is witten by selectively renoving said

reflective fighm afiskal (R)dideke®inghpsditdahaos Theefarkdagd, WHhcbhdortaad or
part of said barcode being witten in overwiting fashion to a prescribed

E)Egicglnpﬁ - ggeﬁﬂ:édﬁ% l%giﬁ%?xt $HPSnatQ0r ot 8RR TSP oRAk Ak iaS Kar ddeEF
, and (4)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



Figure 1 is a diagram showi ng a di sk manufacturing process and a secondary
recordi ng process according to the present enbodi nent: Fi% et%ﬁq%ﬂﬁﬁ a top
pl an view of a disk according to the enbodinent) (b) is a"t e gw of
the di sk according to the enbodinent, (c) is a top plan view of the disk
according to the enbodinent, (d) is a transverse sectional view of the disk
according to the enbodinent, and (e) is a waveform di agram of a reproduced

si gnal accordi t he, egbaodi - <Fiegqure .3 is .a:f|l0 rt illustrating a
process of rec{o%?&lgg% Jéﬁ%‘r %t‘%&qggé‘f tlf]ggﬁaﬁzflg?rr‘g?ﬁéﬁbo%&g%di sk in the form
of a barcode according. to the present enbodinent.; Fiqure 4 is a_diagram
Showi ng. o di sk T aniTEatigh PHEBEES At ¥ Loty SR RPs 0408 Bpnr
1) according tqQ the present enbodinent; Figure 5 is a di agram show ng the
di sk fabricatild® BQH&@§§eahﬂﬁbhEh§%ﬁéndary recordi ng process (part 2)
according to the present enbodinment. Figure 6 is a diagram show ng a

two- | ayer di sk fabsaizhtposhtjrrodafermasaen wr)itaeg mednsgincdutdae gncesphing- magns
6 Septenber 2002 enbodinent: Figure 7 is a diagram showi ng the two-I|ayer

di sk fabricatifor prnocgsingpat tledjt ssaddrdetegted pdsé tporesefibreatiodi oxnt :
Figure 8(a) is an enlarged view of a nonreflective portion of a |am nated

type accor di ngidfarhiei dif esRedrmABOH iepsditaed (dbrhativh, eahar ged view of a
nonrefl ective portion of a single-plate type according to the present

|
enbodi ment : Fi guresé’{@gaoisfitfomatf G685 WAt R¢ rme%egfmuﬁe% bd)%cirgp%ing means

nonrefl ective portion dccording to the present enbodi nent,

bt oduced vevel oL BOLANLAT B AL LE LY B LR AggOIing Lo (he

nonrefl ective portion according to the g esent enpodi ment) and (d) is a

pl an vi ew of aFSFEIPEINGMERNPyr SEGEERF HFa 40 (FRST ERLES BRSHEOR0d:

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 ﬁosition information, and writes information
concerning a result of said digital signature application
to said disk,
and said position information reading means includes
authenticating means corresponding to said digital
signature means, and
position information extracting means for
obtaining said position information from an

authentication process performed by said authenticating
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Figure 10(a) is a cross-sectional view of a nonreflective portion of the

| am nat ed type according to the present enbodi nent, and (%) iS a
cross-sectional view of a nonreflective portion of the si gﬁ’%?-%?fr'g?rezqogpe
according to the present enbodinment: Figure 11 is a schematic di agram
based on an observation through a transm ssion el ectron m croscope,
illustrating a cross section of the nonreflective portion according to the

present embodi ment: ‘ngeéng %}%Ptﬁgﬂpéa?@qglfgf i%nlgér?&eﬁ?n%%‘dﬁhe result

cross-sectional view sk according to the present e ment, and (b)

IS a crosssectional vj . I ti rti of the disk according
to the present enbodﬁ#gﬁ%gjﬁhggnggggé%ﬁﬁg ég%ﬁ§6%gﬁgshomﬁng a physica
arrangenent of addresses on a Ie&%lin&te CD accordinp tqQ ,t he enbodi nent,
and (b) is a physi ¥3§0 2 QN PMTe IYAIGRL LR COTERSITERS A i5348gal |y dupl i cat ed
CD according to the enbodi ment; Figure 14(a) is a_diagram show ng part (b)
of Figure 33 iauthanptinratigetrzasu)t (i preduced dnemisadAcauthgniicatddgval ent data
structure for ECC encodi ng/ decoding, (c) is a diagram showi ng a

mat hemat i cal ewpaatj oseifdocomaE iaghjudgahg areananperfoyms sthe dompprdsvshowi ng a
mat hemati cal equation for ECC conmputation: Figure 15 is a bl ock di agram of

a | ow refl ectiaid yudgsicht Oby dRtREttHe B6STYidhnthiemhbroreabedingnby Figure 16
is a diagramillustrating the principle of detecting address/cl ock

positions of agdignhs&fdiBat | MoriaPnt ieS??r O(iﬁgol{éaastgn& heeephadingpt Figure

17 is a diagram show ng a conparison o wreflectivity portion address

s a diagram show ng a Tow Fef lect v !
ovahart i 11 JeREATFry S757 CeZRind PUMACTRER: TRt wierPpla HiAhE 2,

function accoffkdlga£fhg-Qgrggg%%%ggf¥g not ﬁ%%duced, 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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6 Septenber 2002 Figure 18B is a flowhart illustrating a position

i nformati on check process according to the enbodi nent; Fi e 19

flowchart illustrating a low reflectivity position detectlg%pb rBB‘?%r%%Z
according to the enbodi nent; Figure 20 is a diagram showi ng a detected
waveform of a first-layer marking signal according to the present

enbodi ment Figure 21 is a diagram showi ng a detected waveform of a
second- | ayer mar kThey Mdithninveadeon disng nathodeopmesefac tembegiiandask, Mhgohe 22
is aflowhart illustrating the function of a scranble identifier and the
swi t chi ng betosmenisks \thel £xepsdofli sk ID in a programinstallation process
according to the present enbodinent. Figure 23 is a block diagramof a

stripe recordi ng gpRdngt 46 laasereienditle; the enbodi ment; Figure 24 is a
di agram showi ng a signal waveformand a trimmng pattern in RZ recording

according to the ?m%igngr&téfl'él:‘ai"\fee{l@it% gaﬁ# zggm@l $hQw ng a signal

waveformand a trimnmng patternin recor gure 26 is a diagram
showi ng a signal wavef.orm and a, trimi pattern,in RC r r di ng
Sccording 1o tne BiGaRRone Leaty dnegRafirBnte Mald Bhalerted SIThE' 19 agr am
showi ng a top plan view of disk stri pesgai al ono% W t€ Si gnal_ wavef or ms)
according to the @& ilp8At leagloseopsitips of saideekivg #ew of a
converging unit according to the enbodinent, and (b) is a diagram show ng a
stripe arrangenengprivdngna diigitahgignebgestgreaid eelpeted 2sdrion a
perspective view of the converging unit, with a beam defl ector appended
t hereto, accadmnfiongation and writing onto said disk,
wherein, when applying said digital signature and

writing, at least a result of said digital signature is

converted into a barcode, and said barcode is written by

selectively removing said reflective film on said disk on

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

being written in overwriting fashion to a prescribed region

of a pre-pit signal area on said disk.

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

a laser to a reflective film of said disk holding data written

thereon, at least position information of said marking or information

concerning said position information is encrypted or applied

a digital signature, at least said encrypted information or digital

signature-appended information is converted into a barcode,

and said barcode is written by selectively removing said

reflective film on said disk on which data is recorded with

CLV, all or part of said barcode being written in

overwriting fashion to a prescribed region of a pre-pit

_12_



t he enbodi nent, and (b) is a diagram show ng a stripe arrangenent and an
emtting-pul se signal; Figure 30 is a diagram show ng the r e of
stripes on a disk and the contents of control dada accordls%e.p?%rﬁgo%q%@bz
enbodi nent~ Figure 31 is a flowhart illustrating how control node is
swi t ched between CAV and CLV when pl ayi ng back stripes according to the
enbodi nent. Figure 32 is a diagram showing a stripe area and an address
area on a di sigast@miangn tsaidheéisiwbodi ment Figure 33(a) is a diagram
showi ng a data structure after ECC encodi ng according to the enbodi nent,
(b) is a diagram showi ng a data structure after ECC encodi ng according to
t he enbodi nent (when n = 1)) and (c) is a diagram showi ng an ECC
error-correction capability according to the enbodinment: figure 34 is a
di agram show ng the data structure of a - 17 6 Septenber 2002

synchroni zat I@QFE%CREP?UW(@%@] DREWENCE agr am showi ng the configuration
) 1s a S

of an LPF, an Iagram show ng a waveformfiltered through the
LPF: Figure 36(a).is_a diagram show ng a reproduced si gnal. waveform
sccor di g 1o the EHIBE heri & Bheriet SHurlaeGh Ah sk AV SC AR Bt g
di mensi onal accuracy of a stripe according to the enbodi nent: Figure 37 is
a di agr am shdWOsESH ahgnd nsasendary gece BaRBOGESISa8FOr&ANE  ’hdhBul se si gnal
waveform Figure 38 is a_ diagramshow ng a procedure for reading contro
data for playgsknthesbedimgptto t he enbodi ment: Figure 39 is a diagram
showi ng a top plan view of a disk having a pinhole-like optical marking as
a physical featurBigireolfangst e tdpe péamodiewesf :a Bisiuraecdddirg dodi agr am
showi ng a procedure for playing back a PCA area in a tracking OH condition
according to fHeeembodiment, (b) is a top plan view of the disk according
to the embodiment, (c) is a top plan view of the disk
according to the embodiment, (d) is a transverse sectional
view of the disk according to the embodiment, and (e) is a
waveform diagram of a reproduced signal according to the
embodiment;
Figure 3 is a flowchart illustrating a process of
recording encrypted position information on a disk in the
form of a barcode according to the present embodiment;
Figure 4 is a diagram showing a disk fabrication
process and a secondary recording process (part 1) according
to the present embodiment;
Figure 5 is a diagram showing the disk fabrication
process and the secondary recording process (part 2)
according to the present embodiment;

Figure 6 is a diagram showing a two-layer disk

fabrication process (part 1) according to the present

..13._



enbodi ment: Figure 41 is a block diagram of a playback apparatus

i npl ementing rotational speed control according to the e inent . Jf.gure
42 is a block diagram of a playback apparatus inplenentiggq%%ﬂgPé%ﬁgk speed
control according to the enbodinment: Figure 43 is a block diagramof a

pl ayback apparatus -18 6 Septenber 20Q2 inplenenting rotational speed
control according to the embodinment: Figure 44 is a diagramillustrating a
pi racy preven&mbndzmqunlthn1accord|ng to the enbodi ment; Figure 45 is a

di agram for expl ai ni ng barcode encryption according to t he enbodi nent ;
Figure 46 is a di agigumesfioid ragdbagiame shawipigi clad iton-bagerpldésiof the barcode
according to the enbodinent; Figure 47 is a perspective view show ng a
nonreflective f@@fiéﬁloﬁobﬁ@@shn (Sartd) | #36@frd s oatkopdesent 0 the

enbodi ment; and Figure 48 is a diagram showi ng a conpari son of address
coordi nate posivhb@Nge@n di fferent master disks according to the enbodi nent.
Description of the Reference Nunerals 584. LOWNMREFLECTIVITY PORTI ON) 586.
LOW REFLECTI VI TY L EL COVPARATOR,
588. LI GHT AMOUNT @ﬁ%&ﬁ%ﬂ% {%ﬁW&%I ON START/ END
PCSI TI ON DETECTOR 60 RE égTIVITY P ICN P | TI ON DETECTOR, 601.
LOW REFLECTI VIPPYtERRA oRI %\'BL‘JE PARETE REPS&EETI ON) 602.

LOW REFLECTI VI TY PORTI ON ANGULAR POSI Tl ON DETECTCR 605. LOW REFLECTIVITY
PORTI ON' START embpdimergpeand A REFLarCen laTeedporem off NpnpefMective7. TIME

DELAY CORRECTOR) 816. DI SK MANUFACTURI NG PROCESS) 817. SECONDARY RECORDI NG
PROCESS, 878. por$kon If 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(ay is a cross-sectional view of a
nonreflective portion of the laminated type according to the
present embodiment, and (b) is a cross-sectional view of a
nonreflective portion of the single-plate type according to
the present embodiment;

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

according to the present embodiment;
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6 Septenber 2002 MANUFACTURI NG PROCESS STEPS) 819. SECONDARY RECORDI NG
PROCESS STEPS, 820. SOFTWARE PRODUCTI ON PROCESS STEPS, 83%. EN@%@%&@PQEANS,
831. PUBLI C KEY ENCRYPTI ON, 833. FIRST SECRET KEY) 834. S éiﬂf? KEY,
835. COMBI NI NG SECTI ON, 836. RECORDI NG Cl RCU T, 837. ERROR- CORRECTI ON
ENCODER, 838. REED- SOLOMON ENCODER) 839. | NTERLEAVER, 840. PULSE | NTERVAL
MODULATOR) 841. CLOCK SI GNAL GENERATOR, 908. | D GENERATOR, 909. | NPUT

SECTI ON) 910. RZ MRurATIRa)918.a Crogk-sHcEivha IGERERATOR) d946. MOTOR, 915.
ROTATI ON SENSOR, 916. COLLI MATOR, 91?. CYLI NDRI CAL LENS) 918. MASK) 919.

CONVERG NG LENMgLoP@the fthREHe bibEentl eltbodidbnt SEEINDL)TIiMESLOT, 922, THIRD
TIME SLOT, 923. STRIPE, 924. PULSE, 925. FI RST RECORDI NG REG ON, 926.

SECOND RECORDI 7. , . CODE LASER
SOMER SUPPLY gﬁ%t%%?% ?Egg(t:ﬁ% A SS&%%%X&E%_%EM%R%M?%Z%E BEAM
DEELECTOR 932. SLIT.. 933.. STRLPE . SUB- STRI PE. 935. DEFLECTI ON S| GNAL
GENERATOR, 93§C°M§DWADEM1: 35@9@?& PE PRESENCE/ ABSENCE | DENTI FI ER,
938. ADDI TI ONAL s;gru PE P@ O\ 939. ADDI JTI ONAL STRI PE PRESENCE/ ABSENCE

| DENTI FI ER, 940. STEBSe( Fe) SR PE1pRERENGEN WESENERY SI5BNTI FI ER PLAYBACK
FLONCHART)) 941. OPTICAL MARKI NG (Pl NHOLE), 942. PE-RZ DEMODULATOR) 943.
LPF, 944. ADDREsgngewent ofimddypssessenne legatimim- BBreqcogdgng SpRERE
REVERSE- S| DE RECORD | DENTI FI ER) 949. STRI PE GAP PORTI ON) 950. SCANNI NG

MEANS) 951. DAThoROWnt952nd HGT ROW pB§si calDEEr SiRAGENG dfEEdFHINEs MEANS, 954.
- 20 6 Septenber 2002 COMPARI NG MEANS, 955. MEMORY MEANS, 956.

OSCl LLATOR, 9%A afONMGLER dud2Bca tdITCR ddsbyiidd RoUtHe eRb8dindARCODE READI NG
MEANS, 963. MODE SWTCH, 964. HEAD MOVI NG MEANS, 965. FREQUENCY COVPARATOR

%Eg-T %ELBQTS\?/EO%\FFI\%\#QMN@X £ QR @Row 208 paPPAY)L 6F s 2136933 MOTCR
in further detail, (b) is a diagram showing an equivalent
data structure for ECC enéoding/decoding, (¢) is a diagram
showing a mathematical eduation 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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The preferred enbodi nrents of the present invention wll be described bel ow
with reference to the acconpanying drawi ngs. In the description herejnafter
gi ven, position information for piracy prevention, which iegé???@p?ﬁﬁoal D,
is taken as an exanple of information to be barcoded. In the first-half
part (1) of the description) a detailed explanation wll be given of the

pi racy prevention position information as a formof ID, followed by a brief

expl anation of hop\%é,_f}%wil Of%t.f%‘vlciharﬁ:oirmﬁﬁheéjciingtﬁ paskafgpde to conplete

an optical disk an e optical disk is played back. In the second-half
part (11), t i qu i pi Vi L pN position

i nformation wg\flto‘?ﬁgmaog\s?P%%ﬁﬁ?%gé)ura?g%%ﬂggt {z-'aé Ieﬁéng t|S%‘t’r(1ﬁ§£*(1:g'ncrete manner .
More specifically).the fhrst-half part (i eal.s vmgu (A) Manufacturing a
di sk, (B) Forni ng%ég‘hr&r l%lbn’gS @y%h]g\y%r}agl&)usg}*%%&g 20)®™Readi ng the position
i nformation of éhe mar ki ng, . (.D) Encrypti ng the posi%é,on i nf Qr mati on,
converting tHek ﬁéF’y‘b‘ttddpg%’sqltOPo ehest PRI PBFAR FCEOEALNE| L0 gesept enber 2002
barcode, and witing the barcode in a pre-pit area of the optical disk in
overwiting fembeiddmentand (E) Pl ayi ng back the optical disk on a player. The
second-half part (Il) first describes (A) Useful ness of the barcode for a

| ami nat ed-type opFigate @0sk3 4 deagramoskesingt & dddkecbed madefigrst b€ position
information of the marking as a disk-unique ID, (C) Features of the

bar code- r ecorgigd tOph{&amadk Sig kOEREt hebBtd1agdstPfthkr geddeny control, and
met hods of rotational speed control during reading of the barcode, and (D)

Pl ayi ng back e-recorded optical disk. The second-half part (I1)
further deal sé!ébﬁ’dzgégﬁd with (E) Manufacturing techniques for inplenmenting

t he barcode recordin hod,  f,0l 1 owed, by. rief explanation @f a barcode
pl ayback appar at uglf‘gﬁeg? r}? al:idﬁgﬂpv, ggo%lé‘gcgié)eﬁ:le(gﬁe?s‘,"aa&??/%w 8 ?F) An
exanpl e of the abqve barcodg, encryption and anot hsireo%ppl i cati on exanpl e of

the barcode. $99CN8a{3¥eT PRECHEISREAAloafFRIAIBE ] [ &etthe above (A) to

(E), we will first describe a general process flow from
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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di sk manufacturing to the conpletion of an optical disk by using the
flowhart of Figure 1. In this patent specitication, laser_frimmng.is also
referred to as |aser marking, while a nonreflective opticd éﬁngbﬁgzéﬂ%ti on
is sinply referred to as the barcode, stripe, marking, or optical marking
or, sonetines, as the -22 6 Septenber 2002 physical 1D unique to a disk.
First, the software conpany perforns software authoring in software
production procepsgu#d027 Tize acOiEpraneshov@h vrtepi slaiehi vgred disem the

sof tware conpany to the disk manufacturing factory. In disk nmanufacturing
process 8|6 : i f Ri ry., I d software is
input in sté%&éégg,%égﬁggﬁgy %ﬁé@ligggﬁgg&%eécféﬁg%&g?gb?%?disks are
pressed (stgﬂ§ nge .818g), reflective filnms are formed on the respective
di sks (steps"8?8t%™818n), the two disks are lam nated together (step 818i),
and a ROM di sk sych as @ ?VD or CDis conpleted (steB 818m etc¢.). The thus
conpl eted di sk SOFEYLE & {a)yds ca REESPRRE LYt YR &f rIconvBFEINE 4% &ctory under
control of the software maker) where) in secondary recording process 817,
an anti - pi r &6¢oRding #g tex embodimente ande (Bhoienai di gurgur shawingsafor ned (step
819a)) and accurate position information of this mark is read by a

measuri ng mesatmspé sdreangdmint and ant anit ting-polsiet s dognalnf or mati on whi ch serves
as the physical feature information of the disk. This physical feature
information of tRgnHesBI(H €BCA \Rirefedtiivet efewdbPcthelldenpemesivpt ed
information is converted to a PE-RZ-nodul ated signal which is then recorded
in step 819 o) i ba ki i The di sk
physi cal feg{ngﬁéa?%?ngﬁﬁgg%agg %ﬁﬁé}?hgdtﬁsg?h%rgcgmr{iﬂﬁgg?tvvare feature
i nformation r YAt L on, jn 196, ... 23 2002 The above
processes w }’1% B'g&gdeﬂsﬁgﬂ’be%é{di rgﬁ); Eiret %e‘?ﬁgg?lﬁiﬁhow%gt%itsg??gé di sk fabrication
process, a marking fqQrnation process mat ki ng position readi ng process)
and an encrﬁftréag?rpﬁngr ﬁﬁ‘%i@ne&”%ﬂﬁﬁz’%&&&%ﬂaﬁdr an optical disk according
to the present igyenti B will be descrihed in detail with reference to
Figures 4 and 5 hﬂirﬁg ri% agdiagres showdngpthanarrangemerpl dnation will al so
be given dealing with a disk having two reflective layers with reference to
Fi gures 6 argtribpes amhe fbsk endnthedesnténisi of, confizohwiadangcdandiagi on process
and the marking position reading process are collectively called the
secondary remortienephodinests. (A) First, the disk fabrication process wll
be described. In the disk fabrication process 806 shown in Figure 4, first

a transparent suBsgurd 8180 a f1pFchagedililusst£pinglhow lcdnstEP modk, a netal
such as alum numor gold is sputtered to forma reflective |ayer 802. An

adhesi ve | aygy {Q4cH&d BBtyddrOCARhrd ELRWHRhES 1 L4 hE BhkeStFides applied by
spin coating to a substrate 803 forned in a different
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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processi ng step, and the substrate 803 is bonded to the transparent
substrate 801 having the reflective |ayer 802, and they arge.rqtate hi gh
speed to make t he bondi ng spaci ng uniform By exposure toeg%‘g?rﬂé?rdzoa&
ultraviolet radiation) the resin hardens, thus firmy bonding the two
substrates together. In step (4), a printed |ayer 805 where a CD or DVD
title is printed, is printed by screen printing -24 6 Septenber 2002 or

of fset printigghchiBsdatiBnSESde;(4). the ordinary |an nated-type optical ROM
disk is conpleted. (B) Next) the marking formation process wll be

described wth re H aur n ; J : : r beam from
a pul sed | aser 81?%‘3%‘?1%32(9);1 iY%é ﬁgaégéraﬁ,i ghé:wégggteﬂc? ?Epglugg raglé:[ga?er ging | ens
814 onto the refilgcti yer 802) to forma no folectd. tion 815 as
shown in stepar( rna%fg({lf?el%.a %ﬁégra}%&sgéwwﬁgs?i\%V{%f&gr{x/e lér%ﬁ?g uch as the
waveform (A) shown iﬂ_‘sLLg (7), is reproduced fromthe nonreflective
portion 815 fBATAYNEN; P&t 8'(6) in Figure 5. By slicing this waveform a
mar ki ng detection_signal_ such as shown by waveform (B) is obtained) from
whi ch hi erarchi al Figuke 36 (pbsit i2oAiagmear pbaNios & cieprrdyaed shenaddr ess) such
as shown in signal (d), and an address, a franme synchroni zing signal

number, and awaafioonuaexbrdling ktoc shetembedimerds aibvib) i is & ghagrame), can be
nmeasured. At the rising edge of the thus obtained marking detection signal,
a specific adgfresxplailingabedininsageilesscirdcy &6f Quserbidakcbsdingad by the
optical pickup fromwthin the plurality of addresses shown in Figure 5(d).
Figure 5(b) s t heal location of the specific address in

schemati c for?ﬁs)v%”?'? e&{)lt g? hand, Figure 5(e) shows the |ogical structure
of the data. As s | lysFi: QurI €. r C ni zati on

si gnal s under add?gggrénfyaﬁg iq}ggf%%&té‘ggf’gﬁ %cgy@&éggautzégr%e%ch frame -25
6 Sept enber 200?21 S nchroni%?ti on ii%nal. There%ore,, the position of the
mar ki ng measuf® a‘oyafﬁ’é% £08 PYlsk 3 ePah W¥ef & esent ed by address) frane
synchroni zati on signal nunber) and reproduced cl ock count. As_previously
stated, a suppl enER8EFS 3B bF ohatiAgRAMSIPVERE §i DESFeSHrdw o3t ragdifet er nati ve
type of disk (a two-layer |amnated disk) with reference to Figures 6 and
7. Figures 4 eontr®lstatedoa plawbagkraacarijngtowtheasmbodimegite- | ayer

| am nat ed di sk which has a reflective |layer only on one substrate 801. On

t he ot her hand) FiFjgues 3 dpda dizgean ashdwskg aeoes glhy kivwofas a two-| ayer

| am nat ed di sk which has reflective |ayers on both substrates 801 and 803.

For laser trigmlohaviig PHIERSE-19ket@RIchDIna2Rihd @ arghylsipgimental Iy the
sane for both types of disks, except with significant differences which are

briefly descrifg)?g#rlgege& dingSto tgl g,ﬁogdlgﬁ?ﬁg;ngl e-layer disk uses a

reflective | aye ormedl}rom an alumnumtilmhaving reflectivity as high
as 70/ or over, im: t o~ Layey. di refl i . formed on
t he readi ng-si de srpul%gf? a%@e) 1%0% (lhsa(&ggésfeér}rllliyv?'t“lri rzlisEﬁa;ééee\rétﬁrégily(%r Fg%lmigi | m havi ng
a reflectivitﬁ 01{ Sgg whi |l e.the ref ecti0 e Iadﬁgr 802 for.ned, on,the
print-side suB8tf & %quaslf‘h% AR UheAndI S LeP 2GCPHE g Y1l ayer di sk.
Second, as conmpared with the single-layer disk, the
embodiment;
Figure 41 is a block diagram of a playback apparatus
implementing rotational speed control according to the
embodiment;
Figure 42 is a block diagram of a playback apparatus
implementing rotational speed control according to the

embodiment;

Figure 43 is a block diagram of a playback apparatus
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two-layer disk is required to have high optical accuracy. for exanple, the
adhesi ve | ayer 804 nust be optically -26 6 Septenber 20 tran t and
be uniformin thickness, and the optical transparency mnus %ﬁ%e%é&%(ég due
to laser trimmng. Parts (?)) (8)) and (9) of Figure 7 show the signal
waveforns obtained fromthe first |layer of the two recording-|ayer disk.

Li kewi se) pa,rts1 (10)) (11%) and_(12) of Figure 7 show the, signal waveforns
obt ai ned f r olfRi§@ER gotafionabisneed ¢QMIIPECRROITALE dPethdi sk. The
contents of these signal waveforns are essentially the sane as those of the
wavef or ns deemhodimenti t h reference to parts (a) to (c) of Figure 5. The
waveformfromthe second layer is simlar to that fromthe first |ayer,

t hough the signaFigemelddi bslndéngtamadlivsirat beg fa pstadyapeevetddwaver, since
the first and second | ayers are bonded together) relative positional

accuracy betyERRFithRfMdcoraaien i crBidhRngPNtrol led only with an accuracy
of a few hundred m crons. i1l be described later, since the |aser beam

As wi ||
passes through t ke Ctq: i ) i%ﬁ, ild.egal disk the
posi tion infor rra??%"trlég)érsl %ga b#gﬁgdaﬁgﬁsee%gﬁd %gggéc#doer the first mark)
for exanple, have .to be nade tg na{ch éh@ sape value on the legitimte
di sk. But nme®3HHdPLARM AFEPER R bP o M §UPPE ™4 At ar - subni cron accuracy in

| am nating, and consequently, making jllegal disks of the two |ayer type is
practical I'y i npo§sdBwre 46The & &ldAETasLShewing arethey 2Pl ifaRieR | ecti ve opti cal
mar ki ng portion will be described in further detail in _ p7 6 Sept enber

2002 secti onexgmplet of (e batandenatdondéngrtonthe tambbdimends 8 to 12, etc.)
dealing with the lam nated type in conparison with a single-plate type.

Figures 8(a) andFiRir&rdd 0% Qerapdrtivhoviengsidwingvh eysnref] ewyivef | ective
optical marking portions) and Figure 10(a) is a sinplified schematic cross
sectional Vi gy-Qlondf SHYICEh &F el BT 108k AbcbifingPs | @eer
embodiment; and
Figure 48 is a diagram showing a comparison of address
coordinate positions on different master disks according to
the embodiment.
Description of the Reference Numerals
584. LOW-REFLECTIVITY PORTION, 586. LOW REFLECTIVITY LIGHT
AMOUNT DETECTOR, 587. LIGHT AMOUNT LEVEL COMPARATOR, 588.
LIGHT AMOUNT REFERENCE VALUE, 599. LOW REFLECTIVITY PORTION
START/END POSITION DETECTOR, 600 LOW-REFLECTIVITY PORTION
POSITION DETECTOR, 601. LOW-REFLECTIVITY PORTION ANGULAR
POSITION SIGNAL OUTPUT SECTION, 602. LOW-REFLECTIVITY
PORTION ANGULAR POSITION DETECTOR, 605. LOW-REFLECTIVITY
PORTION START POINT, 606. LOW-REFLECTIVITY PORTION END
POINT, 607. TIME DELAY CORRECTOR, 816. DISK MANUFACTURING

PROCESS, 817. SECONDARY RECORDING PROCESS, 818. DISK
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| am nated disk. (a) Using a 5 ~cj/pul se YAG | aser, a | aser beam was applled
to a 500angstrom al um num | ayer |ying 0.6 mm bel ow t he sur e%ep? of ?Fé’ 2
thick ROM di sk consisting of two O0.6mmthick disks |am naf ber P and)
as aresult, a 12 a mw de slit-like nonreflective portion 815 was fornmed)
as shown in the X 750 m crograph of Figure 8(a). In this X 750 m crograph,
no al um num resi dues were observed on the nonreflective portion 815. Thick

swol | en al umi rMANUFAGEYRING2BRACESA gSTEPSms8t%hi SECANARY REGORWIME, were observed

al ong boundari es between the nonreflective portion 815 and reflective
portions. As SRROGESS STEPGur&20LO0CAHTWARE RRGDUCTHHON PROCESHETEPS &30Gni fi cant
damage had occurred inside. In this case) the application of the pul sed

| aser presunatENCODENG evEANBE 89 1UNPUBITO KEY ERNCRYRTHONY €833.c8URSTMY a phenonenon
of nolten al um num buil dup al ong the boundari es on both sides due to the

surface Lensi aurcrit kel | ool SoRDSHTRED ek o CoBINIRG( STy ecor di ng

nmet hod. This |s a charéacteristic phenonenon’ observe on a am nat ed

o s e U TRPAENCERFARED SHRR M S g e
above | Zé'ePgt ?ﬁﬁﬁ{%"ﬁé@f@f ESCOIER o7 g dNEEREEAT R S4B U LB m&rvé | ayer

of the di sk has been renove using solvent. In the flg |f t he

a1 uri num £ 11 mRULREIR G 0K ST AENIRAS0B GO, TR0 CENERATOR: ok, he

anount of increased alum numin that portionis 1. 3 x (0. 20 - 0. 05) =
0.195 a nz. The0%mINAET SECELQNY Qlba RZ YODHIATORAGIAsi Cl0CKi BIGNAdal f porti on
(5 anm of the |aser exposed region (10 ~c m was 5 x 0. 05 = 0. 250 a m.

The differ enceGEr\EERmoR,ulgatSeoM@Is)RQ.QEORQTDIIONQﬁNSOG, 9% ~c nZ. In terns of
length, this is equivalent to 0.055/0.05 = 1. 1 a m This neans that an

al um num | ayercEfLINATOR, @1m tdWIIKDREGALADENY,. H18 MASRNGI9, r emei ned, and
therefore, it can be safely said that al most all al um num was drawn to the

Ty L peesorqheng, (e[ eadt. Tl o SRt e 1 ovre ol
SLOT, 922. THIRD TIME SLOT, 923. STRIPE, 924. PULSE, 925.
FIRST RECORDING REGION, 926. SECOND RECORDING REGION, 927.
ECC ENCODER, 928. ECC DECODER, 929. LASER POWER SUPPLY
CIRCUIT, 930. STEPS (IN CAV PLAYBACK FLOWCHART), 931. BEAM
DEFLECTOR, 932. SLIT, 933. STRIPE, 934. SUB-STRIPE, 935.
DEFLECTION SIGNAL GENERATOR, 936. CONTROL DATA AREA, 937.
STRIPE PRESENCE/ABSENCE IDENTIFIER, 938. ADDITIONAL STRIPE
PORTION, 939. ADDITIONAL STRIPE PRESENCE/ABSENCE IDENTIFIER,
940. STEPS (FOR STRIPE PRESENCE/ABSENCE IDENTIFIER PLAYBACK
FLOWCHART), 941. OPTICAL MARKING (PINHOLE), 942. PE-RZ
DEMODULATOR, 943. LPF, 944. ADDRESS AREA, 945. MAIN BEAM,
946. SUB-BEAM, 948. STRIPE REVERSE-SIDE RECORD IDENTIFIER,
949. STRIPE GAP PORTION, 950. SCANNING MEANS, 951. DATA ROW,

952. ECC ROW, 953. EDGE-SPACING DETECTING MEANS, 954.
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descri bed characteristic phenonenon. (b) W will next deal with the case of
a single-plate optical disk (an optical disk conprising a_,single dhﬁﬁ%' An
experiment was conducted by applying |aser pulses of the sa ﬁBQEﬁ a
0.05~cmthick alum numreflective filmformed on a single-sided nol ded

di sk, of which result is shown in Figure 8(b). As shown in the figure,

al um num resi dues -29 6 Septenber 2002 were observed) and since these

al um num r esi @OMBARINGs MEANSr 685.c (MEMORYN MEANS, i 956c aOSCILLATOR, 1334t t he
single-plate type is not suitable for secondary recording of optical disk

i nformation ofcoWPRGILER, h9%H) HETER DRIVECIRCUDTY ©500rBARTOSE aREADIRgENded.
Furthernore, unlike the |am nated disk, in the case of the single-plate

di sk, the proteaisvedsayginB&artey,i 96y tRbWGIANAIRANSSgpslown i n Fi gure

10(b)) when the nonreflective portionis subjected to [aser trinming. The

degree of da | gser u h cannot be

avoi ded evennﬁﬁpﬁwggiwmg’ i@c&%@ﬁﬁgﬁa%?ﬁ E@Wr eover,
according to r ) pri pt | a 805 fornmed by screen
printing to a%h?@@s%&-aotﬁg&wgﬁr gogsgrri ﬁﬁ% on the protective | ayer
862 was damaged when its thermal absorptance was high. In the case of the
single plate disk, to address the problem of protective | ayer damage,
either the protective layer has to be applied once again or the |aser cut
oper ati on shoWESTbMONEe OF cEMBOD IBENKE e depositing the protective layer. In
any case, the single plate type may present a problemin that the |aser cut

process has to be T @rpoénieddenbodifenty @FSthe preeseSinvdRtion Wills the
application of the single-plate disk despite its usefulness. (c) A

gggeg” Egi”nbetﬁ’é’eﬁ@gfzii%%e?é’ﬂoﬁﬁ ith %ﬁf@ ceatd “ﬁ'xteegcfﬂm%'énkl?r?g been descri bed
: g a two-Tayer Tam nated disk as an exanple. AS'is apparent from
the above ':M)drawings. In the description hereinafter given, position

information for piracy prevention, which is a form of ID, is

taken as an example of iﬁformation to be barcoded.

In the first—half part (I) of the description, a

detailed explanation will be given of the piracy prevention

position information as a form of ID, followed by a brief

explanation of how the information is converted into a

barcode to complete an optical disk and how the optical disk

is played back. In the second-half part (II), the technique

for barcoding the piracy prevention position information

will be described in further detail and in a concrete

manner. More specifically, the first-half part (I) deals

with (A) Manufacturing a disk, (B) Forming a marking by

using laser light, (C) Reading the position information of

the marking, (D) Encrypting the position information,

converting the encrypted position information into a
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6 Septenber 2002 description) the sane effect as obtained with the

two-l ayer |am nated di sk can be obtained with the single-layer |am Eed
di sk. Using Figures 12(a), 12(b), etc., a further descrippﬂ%ﬁ“ﬁpsériﬁé gi ven
dealing with the single-layer |am nated disk type. As shown in Figure
12(a)) the reflective layer 802 has the transparent substrate 801 of

pol ycar bonate on one side, and the hardened adhesive | ayer 804 and a
substrate on bhecaidieandiwddtinpeheebdrmidevén |apee-BiA2atbao behag
hermetically seal ed therebetween. In this condition) pulsed laser light is

focused thereepti@l deakiingoverwiitengahebn oWhdeXPePlapitig baet of 5
~cJ/pulse is applied to a circular spot of 10 to 20 ~cm di aneter on the

reflective |a FE r Lod 7 ldrry t he
¥ﬁéaﬁ9cl%c59_d1%k539 3 6;8%/&9 The 78 R34 413 g,ﬁfw @rn

tenperature instantly rises to 6 the nelting point) nelting state is

caused. By heat anst a | [ 0N +0fy 1 ran rent substrate 801
near the spot %itlgéﬁmﬁfsgggbegnéﬁmsgfg%%ﬁ i%gnhbef %?ﬁ‘téoa:edgggi%e | ayer 804 is
nelted. The |ted alum numin this state is caused b face, tension to
bui | d up al ong ABORAREATFERS 8PTACHNA 851 (yehi BIPCEERS] n (BbilR CSPHIS od Lo bot h
sides, thus form ng buildups 822a and 822b of hardened aluqinughh?s shown
in Figure 12(Bhe mosdtaonrisfoseetiva pbrifieonenging pee diskTunigue resi dues
is thus formed. This shows that a clearly defined nonreflective portion 584
can be obt ai nd@) biedtases -aff ithei beyco8d-recdréeptoptibeal 2062 fdreat,am nated di sk
as shown in Figures 10(a) and 12(a). Exposure of the reflective layer to

the outside em¢theodumft teitkihg contaobgerhdphetiedsi ¥ Hodxeignabhssdedwas t he
case with the single-plate type, was not observed even when the | aser power

was increased cgREL T AARidP rehABss WFetRPHaFESA 2kl (D PRIyingepdAser
trimm ng, the nonreflective |ayer 584 has the structure shown in Figure

12(b) where itL,S i t WO a e r s 801,
80% ;nd sealeghaﬁ?%ﬁ¥%§L§%ﬁ%gP§éﬁﬁggg%n@&%'adgﬁngéaﬁﬁgﬂéhfgggé @Hgironnent,
t hus producin ef fect .of ot.ectin hg styructure from environnent al

ef f ecltos. (d) %H%Fﬁeerr dﬁ%ﬁ%f’ir’t dg%a]llaﬁ?h}é??@gﬁ?waﬁggwgt ogether will be
descri bed next. ﬁhen secondar recordiqg %s made in the forﬂlgf a bar code,
an illegal mart6f ARIqHES, 1oL 1 Mp %t&rg;mg tite barcode recording method,

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

(I)

Before proceeding to the description of the above (4)
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



the al um num | ayer by renoving the protective layer in the case of a
single-plate disk, as shown in Figure 10(b). This gives risg to
possibility that nonecrypted data may be tanpered with by Gr%Pé?JBs‘F&%% an
al umi num | ayer over the barcode portion on a legitimate di sk and then

| aser-trimmng a different barcode. For exanple, if the I D nunber is
recorded in plaintext or separately frommain ciphertext, in the case of a

si ngl e- pl at e phiyskcal IDsupiapei bb e d@skl ter the I D nunber, enabling illega
use of the software by using a different password. i-lowever) if the

secondary recor di pgrdtS oRdQo@Bwdhe chbpanya e dtinsksaswakewyihorkhgure 10(a))
it is -32 6 Septenber 2002 difficult to separate the |amnated disk into

tup sides. | naddhtin) IER LSRG OR00S! dil OISO L e al umi num

reflective fiTmirs part estroye e i-plrracy narking is
destroyed) the disk wll .be judged. as_being a pirated.djsk and will not
run. Accordi rhfl g?fWﬁdn%"héHF %Ogég?r%ﬁ%ﬁ%‘ﬁ gﬂsaﬁ) dtlﬁ | am nat ed di sk)
the yield is low_.and thus_ illegal alterations are, suppressed for econom c
reasons. Par tN8@UFa¢ tYning fagtar fasdNofl i @apWRqtay ERe PXRERSE &dBdPbk, since
the pol ycarbonate material has tenperature/ hum dity expansion coefficients)
it is nearly thepdishk masufactiuzinmfiastons the eompletedsodteatrarist ed, by
aligning the anti-piracy markings on the first and second | ayers with an

accuracy of ainpew i cteps§l8andatmastassdiskods cerodiueéd. (sTaps§18bhe t wo- | ayer
type provides a greater effectiveness in piracy prevention. It was thus

found that ~~fiskkeard presédd€dtedd 8188, B18eN efdr¢eti M@ Polmd @re584 can be
obtained by | aser-trinmmng the | am nated di sk 800. The technique for

forming the nengll 66 chyeranlkesle WEKL NGoR0L 19188, Massrhcemldgs! [ bed 10 (2

to (d) above ) process of reading t he p05|f!on of the thus
LS, KL T S S B LS A AT o 19

such as a DVD or CD is completed (step 818m, etc.).

The thus completed disk 800 is delivered to the software

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

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

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

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

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

information which serves as the physical feature information

of the disk. This physical feature information of the disk

is encrypted in step 819¢c. The encrypted information is

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

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

laser. The disk physical feature information may be

combined together with software feature information for

encryption in step 819c.
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optical marking portion) along with its adjacent circuitry, in an optical

di sk manufacturing process. Figure |6 is a -33 6 Septe 002 di.agram
illustrating the principle of detecting address/cl ock poggg#@ﬁ§8%¥§b | ow
reflectivity portion. For conveni ence of explanation, the foll ow ng
description deals with the operating principle when a read operation is
performed on a nonreflective portion forned on an optical disk constructed
from a single di ske abowe Iprobessescephi deddesratibetheinsdnethmrer ati ng princi ple
al so applies to an optical disk constructed fromtwo di sks | am nated

t oget her. Asdgbaih i Thit giw, eald)skt fiebricak i Ppriosesnadedarking a nmar ki ng
readi ng apparatus equi pped with a low reflectivity position detector 600 to

read the mar lgopgdt Ad pacddy, Saqmmwmworslrgaaingvvgv@ééysm §7 due to the
presence and absence of pits and a signal waveform 824 due to the presence

of the nonrefle r i 1@ t Inf i gnal

| evel , as showng}“E 3{?}%28\,\,%’{\,% 8??1 gg%éalm OPP%@ %é{ % B&{]ﬁg& e(i:jghrkésbe clearly
dlstanU|shed usin | e CIrCUIt re, %(gé S a d| ran1shomnng t he
wavef orm of &CpPH IE° Rre$§miaY ?55& ‘é’al S |°5étbe f‘er cont ai ni ng
t he nonreflectlve paortion_ 584 forned by |aser gﬁ{

di agr am showidg§ai hevitaveeiarenee 19 §igeres( 5)3%15 and FigUERST Pet@nt tine axis.
By removing the reflective filmby | aser as descri bed above, a
wavef or m easil2y dA stuppdenesitaiy eeXnlenat ioat wogl @lpotb%lggn@n desl b1 ai ned.

Rat her than formng an anti piracy identification mark by renoving the
reflective fiwinh-84isk6hSepigetherreZ0otive Llagas wightreferendests i bed above,
the anti-piracy mark nay be formed by changi ng the shape of pits on the

mast er di sk. Flighseded Rad i | 'Inbﬁmed%ﬂd\ﬁ%‘é B&d Mt FinguERe Hagkishows the

wavef orm of a playback signal when the anti-piracy identification mark was

formed by ma disk. It
can be seen Erog%a?#ﬁ?wgramabﬁa{he hgﬁh ?P%“?%@gﬁ&gﬁngﬁghg - pi racy
identification mar tlngr(fg bl e f n1the mageforn1of ot her pit data.
In this way, &9 Fn"§ hi%eare FEY HEGOF SR PR¥FSBEA area
described later c e obt ai ne y rnlng | onger pits.on the master disk
in this case, V\z&e 1rEhe f\h&v&g? 51%?tI1PFtIPré’CGF$ f“{lilljlkﬁe to di stinguish as
conpared to the waveforns shown in parts (a) and (§%W?f Figure 9. By

removi ng t he destcrrébed.velnithe dysk & @grlq:atgr@n prOsegs seeWaBdve) a wavef orm
easily distinguishable fromthat of a pit signal is obtained. Rather than
form ng the Hguodedoffitrbe 4 rt\remmmnbysubsmnaftm@Oﬂhias peéssat ine fil m by

| aser |ight, as described above, the barcode, may be fornmed by changing the

shape of pitssiep (e mast etei(gK, alfeSalraiichragliadkmiveimnog gwldl ive descri bed
bel ow. Figure 9(d) is a plan view showing a portion of a master disk

wherein pits 824qeld aof f&nhtangéﬁlacftt&askpay@? 80 "R tadhed] K 18y Made

| onger than ot'her data pits an e equal” to the barcode bar wwdth t (= 10

am. Since rgfd egthyd ol APR1tPaV 18t " AR ing resin is applied

by spin coating to a substrate 803 formed in a different

Fi gur 9(b) is a

processing step, and the substrate 803 is bonded to the
transparent substrate 801 having the reflective layer 802,
and they are rotated at high speed to make the bonding
spacing uniform. By exposure to external ultraviolet
radiation, the resin hardens, thus firmly bonding the two
substrates together. In step (4), a printed layer 805 where

a CD or DVD title is printed, is printed by screen printing
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6 Septenber 2002 |longer-bit area) a waveform 824 p as shown in Figure 9(c)

is obtained. It can be seen fromthe diagramthat the wavef 4 t he
master disk nmethod is distinguishable fromthe waveform o% %%;ﬂ%rﬁg%ﬁdﬁéat a.

In this way) a waveformsimlar to that obtained fromthe PCA area
described | ater can be obtained by the master disk nmethod; in this case,
however) the waveformis a little difficult to distinguish as conpared to
t he wavef or ms cxhofifisétn ppamting( a)Thusg {b)step 2)guthe Drddsashown in Figure
16(1), the start and end positions of the nonreflective portion 564 having

the above wavefaaiiacat+thge eptibyl ®eMedistd ibycdp@ekady reflectivity |ight
anount detector 586 shown in the bl ock diagramof Figure 15. Using the

reproduced clock signdexds {HeensAiGEC6HaTE SR Y rocBOSIWillgNLé NfOormation is
obtained in a lowreflectivity position information output section 596.

Figure 16(1) s : - Lonal _vie opti gal ndi.sk. 4As, shown in
Figure 15, a c%%gg%%ag&?g}g?‘%?%%ﬁ% Iltgvylrggf%c% ra\?lfjt 5 I ﬁghgg%%u%t Yetect or
586 detects the low refl.ectivity |jght rt,i on. by detgecting an _anal og |ight
reproduced si gREPT 2RATHET M Iaoﬁ)éi/s%d gﬂ%‘?’pmbewcthhéﬁ 3 ﬁlﬁgh?gefrrﬁﬁnt reference
val ue 588. During the detection period) a Iom1ref|ectivitY portion

det ection si gri@icused tthaougly & epnvegdng jeasFBlhioatestis) reélentiyat. The
addresses and cl ock positions of the start position and end position of
this -36 6 Sepyeend), 200fbrmi gnadnraf bectdasuped.iofh@l S @pr slthwredn! i ght

signal is waveshaped by a waveform shaping circuit 590 having an AGC 590a,

for conversiorstept 66)a it Bigwle Si griWat #5,Claodkstriegenedatform38aichegenerates a
cl ock signal fromthe waveshaped signal. An EFM denodul ator 592 in a

demodul aling saq! hefefsth deMduhAtias stée () 0nal repRsliRRIEERhEect s errors

and outputs a digital signal. The EFM denodul ated signal 1s also fed to a

physi cal addr . secti r F), f-rom Q bits of
a subcode int ergggg&%ﬁlgaﬁ%gefl?%u?gﬁe%f ?gm?%g) gg)(sjr@fsgq@ﬂ%epgf section 594

and a synohr o219 MMk NGBR3 MATRUATYSN AiaP 0nal o 1S outpu
such as shown by waveform (B) is obtained, from which
hierarchial marking position information comprising an
address, such as shown in signal (d), and an address, a
frame synchronizing signal number, and a reproduced clock
count, such as shown in signal (e), can be measured.

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

there are m frame synchronization signals under address n,

and k reproduced clock pulses under each frame
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si gnal output section 595. Fromthe clock regenerator 38a, a denodul ated
clock is output. In a lowreflectivity portion address/clo si gnal
position signal output section 596, a low reflectivity porcfc$8?lteg‘lb§ﬂ9%d
position detector 599 accurately nmeasures the start posistion and end
position of the lowreflectivity portion 584 by using an (n-1) address

out put section 597 and an address signal as well as a clock counter 598 and
a synchroni zi s{pchireekzatignasianalt helhgsabend. atBe rassekon Phi shéret hod will be
described in detail by using the waveform di agrans shown in Figure 16. As
shown in the marddsgseedsured| bywitbe aftiche miptkupatandbskrdpreBemuadeb$6( 1)) the
| ow reflectivity portion 584 of mark nunber 1 is fornmed partially. - 37

6 Sept enber 28@f-eAsy ef et Epichaeh O ishgstdnadusimbas, sdiraivreproddcegdr e 16(3),
is output, the signal level fromthe reflective portion being | ower than
the |ight annyn&jggggﬁﬁnce value 588. This is detected by the light |evel
conparator 587) and a low reflectivity light detection signal) such as

shown in Figure | (5 i.S..Qut put o] w e i Vi i anount
detector 586. As Zﬁoé#wuﬁ ‘Fe#%%cg‘dtsgg%ﬂeﬁ'&ﬁ%&g%gﬂqnﬁ%#%J’gztl16(4)) no
digital signag%is outg t fr n1th$ mar k .regi on s%nqe i%%does not have a
reflective | a)@rglVRBxPGLAN0OEAMAHLeINALIV A tYDENRE cHak pisiWPTlAYeSf the | ow
reflectivity |light detection signal, the denodul ated cl ock or synchroni zi ng
cl ock shown i hamingded disks) with meerencento Higuresidr erd %.nfornation. First)
a reference clock 605 at address n in Figure 16(7) is neasured. Wen the
addr ess i medi at elRigprexddand & showettmedssin gesertdtlgckmavnbgstaie (n- 1)
address output section 597, it is found that the next sync 604 is a sync at

address n. Theinglebeay®f lamosdeedf H06R Wheck Hagha 6F 1k ot tvee Lapdrer ence cl ock
605, which is the start position of the lowreflectivity light detection

signal, is cobntedndynd N 80UNt o $98.0thbE haflioak ougte bgdet i ned as

gk
a reference delay time TD which is nmeasured by a reference delay tine TD

measuring SeC§i§wa598dI§N'gﬁhé?é?i? ﬁ£5WheEQ'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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The circuit delay tinme varies with reproduction -38 6 Septenber 2002

appar atus used for reading, which neans that the referenc i TD
vari es depending on the reproduction apparatus used. Ther?f%%et?%aéﬁ@zt he

TD) a tine delay corrector 607 applies tine correction, and the resulting
effect is that the start clock count for the low reflectivity portion can
be nmeasured accurately if reproduction apparatus of different designs are

used for readiragspiesst, ahy Yo ndifgnt be tHickkesuahd atik bbeistlart and end
addresses for the optical mark No. 1 in the next track) clock m+l4 at

address n+12 {anQphrditgdmuds ndhove 108t Rudute 1fe8) tr imiag. TD = m+ 2, the
clock count is corrected to 12, but for convenience of explanation, n+l4 is

used. Ve will despiife @notlgl &Rl ol ofMFighreld Ehoplae Shgndlfects of
varying delay times w thout having to obtarn the reference delay tinme TD in
t he reproduct r r J.N Thi -can check whet her
the disk is ah%é??ﬁ%ﬁ’?tégg?és{i?g?& g%‘te g??dgcthg%ﬁ né) WEE'% ﬁgfra t he positional

rel ati onship of [k at _address n in Figure 16(.8) ativ anot her
mark 2 natche"se‘:(??'gh%ﬁ'.]la’fﬁ’ét sk kieglﬁgngﬁégs a@bg' vgﬁi)ab?%d,e gg&l t he

di fference between the position) Al = al + TD, of mark 1 neasured and the
posi tion, A2 of Figured shew rdieksEnedakavaierns Aveane@drofhik is given as
Al - A2 = al - a2. At the sane tine, it is checked whether this difference
mat ches t he diddoadehayer af theaZyotetcoedingeyaosiiskon The ofntdnésdecr ypt ed

mark 1 and the position information a2 of the mark 2, thereby judging

whet her the -@0 thebe SeignalbeaveZobis dirskessenaidHyi thewdamedaskthosenot. The
effect of this method is that the positions can be checked after

conpensating éPreheapadificeRs dschibed 916k aRgeraflayol pAm sTRaPYoUSi Ng a
sinmpler constitution. (D) Next) the encrypted information witing process

w Il be describe ogition information read in the process (C) is
first convertgg ggtgngF%hg?text or "signed" with a digital signature. Then,

the marking F%ﬁ% %%ggform from the second layer is similar to that from the

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

The technique for forming the nonreflective optical

marking portion will be described in further detail in



information thus encrypted or signed is converted into a barcode as an I D
unique to the optical disk) and the barcode is recorded i ver
fashion in a prescribed region of a pre-pit area on the og%gﬂgﬁ

Barcode patterns 584c 5%4e in Figure 2(a) indicate the barcode MW|tten to
the prescribed region of the pre-pit area, that is, in the innernost
portion of the pre-pit area. Parts (1) to (5) of Figure 3 show the process

fromthe re%di-ueasota)t he G %@@l@w tmhhleeﬂmﬁ@éllt@tFp@x@fs 8 hey hay code
detection signal by a PE-RZ nodul ated signal denodulator. In part (1) of

Figure 3, .tgeet[cr ef H@&fmg ¥ﬁ¥ he' £ m'a"t‘é‘@ckgf%n ﬁ}%‘ggﬁ?ﬂ@?s\? feh %”d a

barcode-1ik rimm ng ern) such as sh e figure) is
formed. At the pla arat us_( envelo e vvaveformsoma
portions of %ﬂggﬁ'éf% it ng, 15‘%”3‘25&%)6'%‘)%2& are) MIGTOBRAPS gure) is

obt ai ned. Th@wr?_ssi ngqiﬂortl ons resulf in, the n rati on of a low | evel

si gnal that 188 BV ig¥s wTanenrpd Fcb’eVr?ePH merking Sept ember 2002
froman ordinary pit. Therefore, this signal is sI iced by a second slice

| evel conparpamiions, andaFigurd d0dalefiseats mpd yf iesk schamadée eentassn si gnal as
shown in part (4) of the figure. In part (5) of the figure, the playback
si gnal of theedtdbaaleview dfrmavhestect i venpolet Sorl of- thef Itectlasetry portion
detection signal by the PE-RZ nodul ated signal denodul ator 621 which wll

be descri bedidfindet@idigkh the second-half part (TlI). It wll be appreciated
that) instead of the PERZ nodul ated si gnal dermdul at or 621 a pul se-width

nodul at ed si gnal P p&ng n whi ch case
also, a simlar e(??ect gzéoie&ow I ne ﬂgv%tsn a %ﬁé?%ﬁ b![é% gove encryption
or digital r t function is
used. As an %@aﬁk{e‘?%fa t@@%ﬁ?éﬁ lg‘wlw &8 @ﬁg??ﬁé% w an
encryption pr,0cess .usi n SA fun shown in Figure 1 8 A the
process consHg SUsfagee fal}gﬂﬁ"‘nbh‘réﬁ BB“ ‘&é?‘ fAsIsEing, °'f3g“é° wher e mar ki ng
position |nforrrat|on i s neasured at the optical  disk rraker%) ste 695 where
the position0iGEmothatk otisks @ﬁ@ﬂ?b@‘%&‘)g@?h%’d?@téﬁ &iIgsal br @ |1 appended) )
step 698 where the position information is decrypted (or the signature is
verified or auvwidei shited)ike mdnhef}man@)dlmntonnéﬁaww formedid ast ep 735w
where a check is nade to determ ne whether the disk is a legitimate optical
di sk or not.shdwrstih tine $t 850 fdzaogtdph oérKiguge p®&)t i oin ithiord60on -41 6
Sept enber 2002 on the optical disk is measured in step 735b. The position

i nformation p$cidp@ApE oY a$emthunr &4 iRiRedpshe abskrivee erpRREEsSed position
information His obtained in step 735e. In step-695) the ciphertext of the

conpressed PRGhIdMRoL IO RIRLLAN o] o ThaRRt sl ed allhl Sln 1afei P 095)

secret key, d, of 512 or I024 bits, and secret keys, g, of 256 or 512
bits, are se esc g an RSA
functl on. V\hg?lo %%gb?roﬁlis?%?@g%)nrdngt %ﬁbfggfﬂ%dﬁlygﬁl s raised to

d-th power a

ci phert ext EP%@%&SFH@?&%%&“@ gg?f%&%"g#‘g&%gﬂgﬂt 81§ dfg ' N step 695d. the

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



optical disk is thus conpleted and is shipped (step 735k). In the
reproducti on apparatus, the optical disk is |loaded in step, 735m and the

ci phertext Cis decrypted in step 698. Mre specifically, Qﬁ%mémﬁﬁé?@§&t C
is recovered in step 698e) and public keys, a and n) are set in step 698f;
then in step b, to decrypt the ciphertext C, the ciphertext Cis raised to
e-th power and the nod n of the result is calculated to obtain plaintext M

The pl ai nt ext i spi c ress bt .0f o i An error check
may be perforBrde i%lélt?gpi)gggg.g ?&eﬁgﬂe‘% rdgrgg%ﬂ’lt’t %ggé%é%& ggd that no

al terations have been e to the positi.on ipformation, and the process

o oceads to tHHEEY Sk enetioedi FrataRsg CRoRPITRORBATESIOR B 1T an orr or
is detected, h% &s gﬁpided that the data is not legitinmate one, and the -
42 6 Sept e, JoldpseprRliag Brehossssedien. of thenonretiestiog 736a, the
conpressed position information His expanded to recover the original

posi tion i nf dordiporiormad shyephesshoyentesaur enimisgaproaesde t o check whet her
the marking is actually located in the position on the optical disk

i ndi cat ed by AnldeF ppisiet ildnshiowvisothat itha. adhessted afdbd)f ithei diskhecked whet her
the difference between the decrypted position information and the actually

measur ed posiHasoBeémfreniRéd &y haldgs swiddntn a tolerance. If the check is K
in step 736e) the process proceeds to step 736h to out put software or data

or execute prognapke sfti%ﬁﬁéj, QT thé aqiﬂhirﬁﬁil £ R kswo'lﬁer? horeheek & T.S?l Lml Bide
outside the tolerance, that is, 1f the two pieces of position Information
do not agree, isplay LS. pro t he. ct .t . ical disk is
an illegally a&@pﬁi %@t’éé’ Bﬁ’e&r’ agggt 8B§E)é):1§fﬁ%%e%lsgds{%ég%iﬁpgbgg 736g. RSA
has the effect: of reduci ng raguire aci.t ince only the ciphertext need
be recorded. ROE;%TH% ngrgcgs’éiﬁggét'egsﬁ 7 I9e¥%%t4‘8‘a1 E@ka%}%ﬂ}f ggt uring
process have heen described above. Next, the constitution and gperation of
a reproducti cﬁlualﬁbw eﬁrl}glw)]llé[yéﬂ)osﬂéﬁdrléblaoh%ﬁ BTN tAug fgoﬁﬁl et ed
optical disk on a player will be described with reference to Figure 44. In
the figure) tthe deset rexposerh regiem @Pt oml wels sk x09005 w 01 25k descri bed
first. A marking 9103 is fornmed on a - 43

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

In terms of length, this is equivalent to 0.055/0.05 = 1.1

um. This means that an aluminum layer of 0.05um

thickness and 1.1um length remained, and therefore, it can be

safely said that almost all aluminum was drawn to the film

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

figure also verifies the explanation about the above-

described characteristic phenomenon.

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

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

An experiment was conducted by applying laser pulses of the

same power to a 0.05um thick aluminum reflective film

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

in Figure 8(b). As shown in the figure, aluminum residues
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6 Septenber 2002 reflective layer (not shown) deposited on the optical disk
9102. In the manufacturing process of the optical disk, tgf‘ﬁgsiéiggpgf t he
marki ng 9103 was detected by position detecting neans, an® T$RCHES" d
position was encrypted as marking position information and witten on the
optical disk in the formof a barcode 9104. Position information reading
nmeans 910l reads the barcode 9104, and decrypting neans 9105 contai ned

therein decrypjdret BEsEREENESd Qfinkberhaabcomihon siBués dMaski ng reading
means 9106 reads the actual position of the marking 9103 and outputs the

result. Corrparllésbquid gQidﬁgnH??é‘si?BlP%%gQ”E@érﬁihEP?t e%iﬁﬂe&ﬁlé@é“'t from the

decrypting nean contained’in position inform readi ng nmeans

9101 with the yesult of. readi t ing. readin n 6) and
Pudges vhet her e 10t gEEEAGN, 1Pr EoRRER 2¥ePRORCRT il ke "
they agree) a reproduction sjignal 9108 for, reprodugi ng the optical disk is
output; if thelp mﬁB’cothEe'@}“é‘ Pe%%éi’dé@f‘? §‘f‘8pﬁ g%n%t’l'roglé L4 s out put .
Control means (not shown) controls the reproduction operation of the
optical disk idreadenantatce Runthermers snhikd shenkaminased diskduioy ithe stop
signal is output, an indication to the effect that the optical disk is an
illegal duplicedsedodi the isinglspllayedick, atlth ppbagctivet lateawlf2 drsd t he
reproduction operation is stopped. In the above operation, it will be
recogni zed thaindithbl@ldafapessiakl shdwer ihheigieekin@®)! eimgheal _ 6
Sept enber 2002 nmeans 9106 to use the decrypted result fromthe decrypting
means 9105 wheghdrg@dbagi veNBoRLidAls PABEL OB Qb 1B TREKIMGED10Ge NoERly 11

this case, the marking readi ng neans 9 checks er the marking I's

post t1 on i nf or ia PRAtRRIeERRE ALeRY (AR oEEE Bk g MR ERRE E° 1

th ducti . t t b t ti d t
11 egal |y dupl IR0 BERT 41 Fi dRSER@UEER!S 1RONF BNt B AT 5A Bpr ati on of
the disk) and can prevent illegal duplicates practical

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

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

laminated disk as an example. As is apparent from the above
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(I'') We finish here the description of the first-half part (1)) and now —_—
proceed to the description of the second-half part (Il1). This part focuses
particularly on techniques, including a barcode fornation freeRtsmber 2802 when
bar codi ng the above marking position information (ID information) as a

di sk-unique ID. (A) Features of the optical disk of the present invention

w Il be described. When a barcode is recorded by laser trimmng on the
above-descri bed single-plate disk, the protective |layer 862 is destroyed)

as expl ai neghglcRi SOMRECERO R aMb tdTFEE OWsCoBEY bd WA GhOTE0-BAfar | aser
trimmng at a press factory, the destroyed protective |ayer 862 has to be

ref or med_ at) g, PLESS ok AEHOBY-atn#Brod §i BPAYRNDRI;1200% hi s means that a

bar code cannot be recor on the optical a software conpany or a

deal er thatd%ﬁﬁgmgggﬁgﬁveugEﬁ%?gggaﬁggg(gguﬁggﬁntEtgheapg?$§%%1expected

here is tha ICati arcode ‘r'écordiig 1'S 'gre invited. On

t he ot her hand) .when t mar ki n osi.tion. infprmati on .was recorded as a

bar code by eéééﬁ%‘r‘%“nﬁ’r bSng’tVﬁg &%ﬁ?‘ilﬂét%ltf-ht §7€Pe Sdpgge—olfaYFﬁe i nvention

formed fromtwo transparent substrates ;?ninated oget her
an

it .was, confjrned
that the pri@mépated alaleyPgoa ASesbeWedndiigyse 1@ reflechiyedayer 802

expl ai ned in connection with Figure 10(a). This was confirnmed by experinment
by observing the disk under an optical mcroscope of 800X nagnification. It
was al so confirnmed that no change had occurred to the reflective filmin

t he tri mecdagothée araagparenansebstran@bhtad poegdarbbndte boaurs at a

tenperature of 85C and a humdity of 950. In this way, when the |aser

trimm ng oforicheidy, eafft thenHeridned ddhesPwd il@¢et B02 hadriansllpskrdielosuch as a
DVD) there is no need to reformthe protective layer at the factory. This

L%, .05 opiLade ke Himkceenc ;s e ekl 0 o1
sof tware sealed therebetween. In this condition, pulsed laser light
is focused théreon for heating; in the case of our
experiment, heat of 5 uJ/pulse is applied to a circular
spoF of 10 to 20 um diameter on the reflective layer 802
for a short period of 70 ns. As a result, the temperature
instantly rises to 600°C, 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 82la and 821b, with tension being
applied to both sides, thus forming buildups 822a and 822b
of hardened aluminum, as shown in Figure 12(b). The
nonreflective portion 584 free from aluminum residues is

thus formed. This shows that a clearly defined

nonreflective portion 584 can be obtained by laser—trimming
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conpany or a dealer. The useful ness of barcode recording on the

| am nat ed-type optical disk was thus confirnmed. In this casg, ,Sipce.the
secret key information for -46 6 September 2002 encryptﬂ% eRtemper 200

sof tware conpany keeps need not be delivered to a party outside the
conpany, security increases greatly, particularly when security information
such as a serial nunber for copy prevention is recorded as a barcode in

addition to the lahoneradedeslkt bedsheai tihofi gurkor Itatad oand AAgher nore, in the
case of a DVD) since the barcode signal can be separated from DVD pit

signal s by sgifdsigetdie thel FARIRGtII1Qa AR Bhe ML YE BVEREMenthan 14T or
1.82 mcrons, as W be described |ater) the barcode signal can be

1
mcr | . | si gnal’ e
par code 1 or iddF 19 frRGE0' :BL ERTakelo IO RS R GIROOAA L O ol

bar code for

by the optical Rick used to read the pit, signal. This,effect can be

obt ai ned nots’dfﬁq)‘?"%r&? {tBe 4 é"ﬁisn%ﬁ‘é(?gﬁ/’gv&dd?g B‘@F”aqéeo 185¢% the previously
descri bed single-plate disk. Thus) by applying the barcode form ng nethod
and nodul atiwerremmn@gemdw’er@fthaﬁelé) mi8as| B¢ PBtEUMaMakRed type di sk
such as a DVD, a | am nated-type optical disk can be provided that permts
secondary rekfredi nhe akaser thimmisat theononnedleetiver yayarhé84base description
has dealt mainly with a case in which the barcode is formed by |aser

trimm ng on thd atroatedt sipen dinsRigfreal ()- khyes itsinglaadsicded structure
(wth two reflective layers fornmed on one side). This single-sided,

two-layered ppiveenl tid Stwol Srddspatyme sQbs tHatkst G, BE3 MHnldSs@dlaback of both
si des from one side of -47 6 Septenber 2002 the disk w thout having to

ot 2T oo 35e P lar Ao gt et perfor e o s
DL a1 10, bk LS RHEL Sk o ind 35BLe4feU oPRRBEF: BRCHAL, e, 1
barcode can lsjt:erdcc:?:ru;'nesOlfrom environmental effects.
(d) Another benefit of laminating two disks together

will be described next. When secondary recording is made in

the form of a barcode, an illegal manufacturer can expose

the aluminum layer by removing the protective layer in the

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

gives rise to a possibility that nonecrypted data may be

tampered with by redepositing an aluminum layer over the

barcode portion on a legitimate disk and then laser-trimming

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

recorded in plaintext or separately from main ciphertext, in

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

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

different password. However, if the secondary recording is

made on the laminated disk as shown in Figure 10(a), it is
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si mul t aneously on both sides. This provides an advantage for nedia
fabrication in that the barcode can be recorded S|nultaneqﬁ§ é on both
sides in a single step. In this case, when the optical disk®f tembenéePover
to play back the reverse side on a playback apparatus, the barcode signa
is played back in just the opposite direction to the direction that the
barcode signal on the front side is played back. A nmethod fox identifying
the reverse diidéicslt her eémaratacenedanifatedwdidk hetaesor 5bdek.i nlnlet ai |

| ater. (B) Referring nowto Figures 23 to 26, etc.) we wll| describe the

constructi on dtoper aheRNréovang @Rkl §ede drod dhar eotele, f @hai ng apparatus for
converting the marking position information (1D nunber) into a barcode as a

di sk uni que 'ﬂuﬁmmﬁ fn@eerv%' oL He ﬁﬁ@%@@yld@sﬁwﬁcrwﬁ&d thggi on of a

pre-pit area. bar code recordi ng net al so be described. (a)

First, the op d u I s¢ribed with
reference to tg bé‘d@(mg%% fs ﬁ%@é&%%e g%gkﬁ?lg%rr gezggd%%agél agram
showi ng t he flguratlon o] de recordin atu

i npl enent i ngcb[%"} Ngpt i Rifat Bﬁis‘{ésﬁi o‘?orﬁ RE0- rreﬂ\ﬁg?ir‘;1 g@ od| ment of
the present invention. In the above ment i oned, enbodi nent, data_to be

bar coded is tmaéuaatallafgaénaﬂrt;ppabmnmglm damingterndi osthe arieldf or mati on.

But the data to be barcode is not restricted to the above enbodenent. It

may i nclude, fodoexamplthysiildetalatlacaations 42 suppegssedstied froman I D
generator 908, as shown in Figure 23) or any other kind of data. In Figure

23, the inputechnbii@ntbasbis.! DragfRelatbpuad tKOWakbefl Rhgepwy-ator 908 are
conbi ned together in an input section 909; in an encryption encoder 830,

the conbined flgjsd | snAEACIRA, | 0irReIBRL Wi LSS EY R0 p g an RSA

function) etc. 'as necessary, ahd error-correction
codi ng and 'r%é%pe?QYu{g?hﬁ&ldnyDE§5§%51gR 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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encryption process and the playback process will be described in detai

| ater by way of exanple with reference to Figure 45. The g%te teirrﬁ)etr%@zfed
into an RZ nodul ator 910 where phase-encodi ng (PE) RZ nodulation tJ be
described later is perforned. The nodul ating clock used here is created by
a clock signal generator 913 in synchronismw th a rotation pulse froma
notor 915 or a rotation sensor 915a. Based on the RZ-nodul ated signal, a

trigger pul se.i t in:a.lase LHin i it 911, and is applied to
2307 B sopviaRpd BoBSridlale BROPLEIPIE"YE Safbbing” Ci 201 shed by a

| aser power s I hrcuit 929. Th aser 912..thus driven emts pul sed

| aser |ight \BHBEFI%%/;CIPS (RAsA ELPRD PEn the ﬁ@ﬁv’é?fd'ieﬁ 1@%}6[ PBIW Bt o t he
reflective film 802 on the | am nated di sk 800, repoving the reflective film
in a barcode Figat cenvenisnee ofr explasetiéeni she nktlioning 1deSpELRIdEBr i bed in
detail later. For encryption, a public key cipher, such as the one shown in
Fi gure 18) i sleappenitddthe apesating oréncipleneherepi néadopbrativint hsa secret

key that the software conpany has. In this case, since no one other than

t he sof t war e peefipegd basa tivairs€beatti v eyoratidn t foamed arre acaoptiicadppend a
legitimate signature to a new serial nunber, this has an enornous effect in

preventing ildigatodRAMUE S Y8R Sa fsiagld i8kng & Gell dle PeddrRrized Nnce the
public key cannot be deci phered, as previously described, the security is

gLeet 1, envanses. o Shefl EKLEAR JNSIG ISV SRREL EYAIBRILRE U<

key is recor n ivery. verging unit in the
optical disk parcode .form appar at,us, of, the present ,enbodi nent wll be
ety Thed boidiak Cotsnrat B % PR PR s LeRiRa S, EOSRHIES- | i ght eni tt ed
fromthe laser 912 enters,the converging unjt_ 914 ere the entering |ight
is converted by af&ciowRaibiiguee il% othe sk §Q) lﬁ%d@fi 1he which is

then converged in only one plane by a ) o
marking reading apparatus equipped with a low reflectivity

position detector 600 to ;ead 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 é 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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cylindrical lens 917) thus producing a stripe of light. -50 6 Sept enber
2002 This light is limted by a mask 918, and is focused

converging lens 919 onto the reflective film802 on the oé?kﬁgﬁmﬁﬁggo%o
remove the filmin a stripe pattern. A stripe such as shown in Figure 28(b)
is thus formed. In PE nodul ation, stripes are spaced apart at three
different intervals) 1T, 2T, and 3T. If this spacing is displaced, fitter
occurs and thg eigd 1ighe BkS@SscriiBed BoRELSEHR! ah BRLEON malrRemy OCK
generator 913 generates a nodul ating clock in synchronismwth a rotation
pul se fromt 5 | | t Qe s, md i.n : t he

nodul at or 91g%tggéﬁéhgé ?ﬁgﬁggggﬁgsyﬁﬁﬁegg q%sHég%%rggghgf%éE@orrect
position in ¢ordance wit,h the rotatjen,of the notar 91 that is) with
the rotati onafﬁilst'?f:e haﬁs‘klléoe‘? C?ﬁ%cg%ﬁ@w'ef éE’t’reo;g (de%:h:c\wﬁg%?‘?tter.

Al ternatively, a_laser, scannjng neans, 950, such as shown in Figure 3(1),
may be provi da4eERrMRE ch éa&b@ﬁqﬁ 5480l Waek thesantipizaerined in a radial
direction to forma barcode. (b) Next, a barcode recording nethod) etc. ,
for formi ng adeatifidatisi mgrkmasatformedibgcmikiag pitrscddegerdhani ng
apparatus, wll be described with reference to Figure 24 to 26. Figure 24
shows si gnal stherflathtei pitsRénr eleomdstgr daekar iltty caether Bedo-fzemotHeecor di ng)
of the invention and trimm ng patterns formed corresponding to them Figure

25 shows si grakgr&wdadt WHN wavEeRIIHegd PRl tiahaeds, rgepat and -51 6
Sept enber 2002 trinm ng patterns forned corresponding to them The present

[ nvent i on UsqaRE: e ol irk oS HAMLAAFAON Brad byl R ecor di ng,

one unit tinme 1s y of" tinme slots or exanple) a
first tine sl 9204a) ,a,secendtinme_slaot 92 a thi.nd tj slot 922, and so
on. \Wen dat é’%gr'@%' datas gQam}ISe,wa%t & &ﬁ\éq]fog%gm&flag t%n& Fon shorter
than the period of e ti ot, that is e period, T of a channel cl ock)
is recorded i t?'h%eéi FoR % en&%l%@%&ﬁ&ﬁg@é gﬁé% Gag Bérfbt@lye‘?n Fi gure 26.
The pul se 924a whose duration is shorter than the period T of the recording
clock is out put foemingehongeripatl on=tie magtenidiskasis) thés mpsa, rotati on pul se
fromthe rotation sensor 915a on the notor 915, the cl ock signal generator

913 gener at edhoaevedulthei wavecbomkispal bttde dhftfimult tpadis{ihgudsh Fi gure 24;
by performng the recording in synchronismw th the clock pul se, the

effects of reisatbmpledves ithel Riveforn§eshowhoin @aRtHE(@ hnd n@degt In this
way, as shown in part (2) of Figure 24, a stripe 923a indicating "00" is

recorded on theygdisk within a recording region 925a, the first of the four
recordi ng regi ons shown) and a circul ar barcode such as shown in part (1)

o Eue 21 1% U Dl g R Sl B 148 30, 5 eSS,
lr:iegg:gi ﬁg rlegﬂetgﬁirgt%?ébQﬁeesfarSiggveef%%%bea{ssllr}e Psrtqggu{)s?mawee tdrio?nktl\{gtt hin a

of a pit signal is obtained. Rather than forming the

barcode of the invention by removing the reflective film by

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

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

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

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

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

longer than other data pits and made equal to the barcode

bar width t (= 10 um). Since reflectivity drops in this
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6 Septenber 2002 second region fromthe left, as shown in part (4) of

Fi gure 24. Next, when recording data "10'~ and "11", thes ata ar
recorded in the third tine slot 922a and fourth tine slot%sgﬁéﬁBS?ﬁ5p?y.

Here) for conparison purposes) fYRZ recording (non return-to-zero
recordi ng) used for conventional barcode recording will be described with
reference to Figure 25. In NZR recording, pul ses 928a and 928b, each havi ng
a width equalongerthit peeroda WayefermS824 imasogoan and igurpul (c)agsshown in
part (1) of Figure 25. In RZ recording, the width of each pulse is 1/nT; on
the ot her hasttainadt hdtcase baf sBER firemoti dgagmmpuhaste the wavkfoan T i s
needed) and furthernore, when T appears successively) a pulse of double or

triple wdtB243Ther tikl maBesorEsknehadaly diasimgniwhalile gash thd) of Figure
25. In the case of laser trimmng such as described in the present

invention, chaRgt ¢t ghégm N i1ty 4 r j | yiithfi cul t since
it necessitates ?Egﬁgrﬁﬁhgéﬁ?fngg ‘an “rﬂg%e¥%$e? ?ﬁ%gqqghn%¥ﬂg3?table. As

shown in par} ( of, JFi.qune , rARES.. 9 2 r spectively
oo T e by ot e éﬁ%f&?néf%aﬁ??%%i‘%gsgﬁ&ﬁd%%p from the
left, and in the case of data "10:) a strjpe 929b of wdth 2T is recorded
in the secorﬂptér’laegﬁm &E‘Pe'&ﬁt&irnglgl%ﬁ%}l‘%d’92§bt%‘éﬁd°@gze7b PYofRtthe left) as
shown in part (4) of Figure 25. - 53 = 6 Septenber 2002 In the

convent i onal theRFavetomiilaga titslepudidéionlh e dissinguishdasT, as shown in
parts (1) and (3) of Figure 25; it is therefore apparent that NRZ recordi ng
i's not suitatdmpatred tdeheassrefornsnshogn ofn pbet:pr(agemd i(byeof i on. According
to the laser trimmng of the present invention, a barcode is fornmed as

shown in theFgxperdnent result shown in Figure 8(a), but since trinmng
line width differs fromdisk to disk, it is difficult to precisely contro

]‘ ihﬁel i/\/ingt\l’ll\li S;:‘I e‘é@ggh&ﬁ AR Pguree1d @h! egid ?é%af'& a8 Odh £ pdk $Kionishe tri mmi ng
pending on variations in [aser output,
of the nonreflective portion 564 having the above waveform
can be easily detected by fhe low reflectivity light amount
detector 586 shown in the block diagram of Figure 15. Using
the reproduced clock signal as the reference signal,
position information is obtained in a low reflectivity
position information output section 596. Figure 16(1) shows
a cross—sectional view of the optical disk.

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

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

positions of the start position and end position of this
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t hi ckness and material of the reflective film and thermal conductivity and
t hi ckness of the substrate. Further, form ng slots of diffe%%gt bigf gidths
on the same disk will result in an increased conplexity of° PHIEMBRFAR
apparatus. For exanple, in the case of the NZR recordi ng used for product
bar code recording) as shown in parts (1) and (2) of Figure 25, the trinm ng
line width nust be made to precisely coincide with the period 1T of the
clock signalsigmal2dr®meddyrddiat 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 (eafeStdre@hcedSiIigR: [S1gnEPLC A EHADe RN OIUCka RaGERde T of et

is an NRZ format, 1f this format 1s applied to the [aser-recorded barcode

of the prese isnyent i f | cat i hel i | r.eas ecause it is
difficult to%arﬂel }ésg{fq‘?%c%% h\?g?‘% ??8‘ %@é)ébgn%%céé‘g%%g@rﬁ‘igoz wi dt hs
such as 2T and, 2T on the sane disk; furthernor stabl e recordi ng cannot be
done since t?\edligééér L*tlrgi"‘Frin' ng* \Rnllﬂ? rggeneFator RERRREIAERD Al at i on
difficult. Using RZ recording) the present invention has the effect of

achi evi ng st@s angmalarfrpr@cfgwedwaa@esémgﬁdisngmb | 48eEFM deppdwigtardt h vari es.
Further, the invention offers the effect of sinplifying the construction of
t he recordi ngPZpae adammdsl atimgREes Hoar 89 hgemeduliates thd wigmal,kiand af ECCne
wi dth and the | aser power therefore need not be nodul ated. As described) by

enpl oyi ng t heomkete Exrorscandliongplty aopigical slignelbarTiedEFMecor di ng
according to the invention) there is offered the effect of ensuring stable

digital recogehduylated %?igﬁ’&’i §s0h1idFRNES & FH?Qfﬂaﬂgaéf@ssn@&jﬁﬂﬁti on of RZ
recording will be described with reference to Figure 26. Figure 26 shows

ecor di ng v | Figre 26 shol
2718, PE- moduTSE D9 TERss " UALRRSOT I, Bl e AT hand i e

slot 9202 of e v Ui 3L 930 300380 £ Lhegiiigy hand

output section 594 and a synchronizing signal, such as a
frame synchronizing signal, is output from a synchronizing
signal output section 595. From the clock regenerator 38a,
a demodulated clock is output.

In a low reflectivity portion address/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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data N1"' is recorded in the right-hand time slot 921a) as shown in part

(3) of Figure 26. On the disk, data ~0" is recorded as a Si4&l Lh the
BSenHe o2

| eft-hand recording region 925a and data ~1'~ as a stripe

ri ght-hand recording regi on 926b, as shown in parts (2) and (4) of Figure
26, respectively. Thus) for data "OL0", a pulse 924c - 55 6 Sept enber
2002 is output in the left-hand tine slot for ""0", a pulse 924d is out put

in the right- s t for "h" is output in th
o1 nand 1 A oEyes PR, S B’ Slenah s RsCuihe B3 WakBees 2 56, on 1 ne
di sk, the fi tripe.is formed in, th t-hapd position, th d
Strihe in 18] g RARe hodhE; RS hrFiehci 9N ERESLr i pe in the | oft-hand

position, by |laser trimmng., Fjgure 26(5) shows signals nodul ated with data
"OL0". As caffbeckigenPontignghaing %%"F’\'/\égéna{}lﬁmﬁéﬂ‘é 3Mgknvery channel bit.
That is) since the signal density is constant,the DC conponent does not
vary. Since refier@ceaaponddB. dobds snbs degegtedbynthrullaghbnlavelr esistant to
variation in | ow frequency conponents even if a pul se edge is detected
during pl aykaapsardiurs 583s dndea efdwecef Xafc tsvimpt il ghtglepkayback denodul at or
circuitry of the disk playback apparatus. Furthernore, since one signal 923

is always awdighab! esulclr a&\eown CHRRDghre16¢5) 2Ty oliputhason theef fect of
bei ng able to reproduce a synchroni zation clock for a channel clock w thout

Formad on THSTdk kAL At SR F B e AT &y o
recorded, |0 bbea B4 ARG aLban of Filel 0! b 3aLeods DgBa havi ng

Y
t he sane pattern as e recor igna own T h i's°recorded as
shown in part (2). n this barcode is .played ,back by, an optical pickup) a
si gnal wavefiSr ﬁf%%%\/\&%a'g offATt A eBaPR s(1§)~,e_15t6doe% @gp{’%‘f‘%@r 2002
REPRODUCED Sggfmgﬁis output with portions thereof dropped corresponding to
mi ssing por thedh8cbives 18¥8L-nodul at ed si gnal where no reflection signals are
obt ai ned due to renoval of the reflective film as explained wth reference
to part Figure SN&¥t, By obtsdnnthe istert epdoend @dsitipnsl of htheudbw t he
second-order or third-order LPF filter 934 shown in Figure 35(a), the
filtered sigredlenairdftyr bigitodateéctibhgsirgmal /(e demabilaiteddloBy slicing this
signal by a |l evel slicer, reproduced data "01000" of part (7) is

denodul at ed.ox( €ynd¥rofiklinyetbckleshewhbin Featity €% (6f idhasedtaleaf di sk format
with a barcode forned in the above manner, tracking control nethods, and

rotat i onal. SAeRdoaendOlnRegn | NP £anaDR:t438H A NARoRI MG B back the

optical disk. first descri the features of the optical disk

or e i fhacsaga.l pURL g8ear dingddulic Bcecal, sphedoent. vhile |
A bl ayback cIBAL G Yo RS PECRITGLGEARY BI 13 deShowd PA MIGUPel o, and 118
Crbodi went | addreds output section 537, St is Found that the next sync” oo

604 is a sync at address n. The number of clocks from the

synch 604 to the reference clock 605, which is the start

position of the low reflectivity light detection signal, is

counted by the clock counter 598. This clock count is

defined as a reference delay time TD which is measured by a

reference delay time TD measuring section 608 for storage

therein.

The circuit delay time varies with reproduction
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all data are recorded in pits with CLV, as shown in Figure 30. Stripes 923

(form ng a barcode) are recorded with CAV. CLV recording ns .I.ec Lng
wi th constant linear velocity, while CAV recordi ng neans Eg%%ﬁ%P%ag@ﬁ?h

constant angul ar -57 6 Septenber 2002 velocity. In the present invention,
the stripes 923 are recorded with CAV, superinposed on a pre-pit signal in
a lead-in data area holding an address which is recorded with CLV. That is,

e o2l o GRPEEALS LEBd e LA oY) RIS, nedhs RRaPIARCPEEL AR 00, T

pre-pit sign area naps 1 nto t he 'dat a areas where s are formed. The
prescribed rggion_ of e pr.e-pit_si.gnal area, as ment.ioned in.the present

i nventi on, é@gﬁgs%]d'}?diﬁt%&iﬁsi ?lﬁﬁ?f‘d %gtolno&ﬁ%frepﬁ%dlb PRAFPRATEEYS ¢ hi S region
is also called,a pgst-gutting.area (RCA). . In this PCA area, e barcode is
ecor dad w t4seday TETER dmOS it GhesTb. i £1% GHARE COTRE TRt y) the GV
data is recorded with a pit pattern fromthe nmaster_disk, while the CAV
data is rec@ppéiesime| eerect bomvaad pdihei sesulding reifest| betthaé tha m Since
the barcode data is witten in overwiting fashion) pits are recorded

bet ween t he startoclkockt coynes foF, tH2T lommef3gct iitngpattiisnpéan ibaf or mat i on,

optical head tracking is acconplished, and Tmax or Turin of the pit

i nformati on npagubed detacitdly §hereprodectiont ayparated iocdndiffqread is
controlled by detecting this signal. To detect Turin) the relation between

the trinm ”gie‘@iigw dreOliséd rfoPerSalinganMelkie W FiRADHEK the (Pidck &bl d be t >

14T (pit), as shown in Figure 30, to achieve the above effect. If t is
Shorter b Tae dcBihse i iikell ocr BN e e RELRTRE,
and discri rrinnea}(tti erac e,t 16k tm%érln éts agg}_egaso%ﬂé)lies, obfained, as shown

in Figure 16(8). Since TD =m + 2, the clock count is

corrected to 12, but for convenience of explanation, n+l4 is

used. We will describe another method, which eliminates the

effects of varying delay times without having to obtain the

reference delay time TD in the reproduction apparatus used

for reading. This method can check whether the disk is a

legitimate disk or not by checking whether the positional

relationship of mark 1 at address n in Figure 16(8) relative

to another mark 2 matches or not. That is, TD is ignored as

a variable, and the difference between the position, Al = al

+ TD, of mark 1 measured and the position, A2 = a2 + TD, of

mark 2 measured is obtained, which is given as Al - A2 = al

- a2. At the same time, it is checked whether this

difference matches the difference, al — a2, between the

position al of the decrypted mark 1 and the position

information a2 of the mark 2, thereby judging whether the
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that the signal fromthe stripe 923a cannot be denodul ated. To enable pit
address infornmation to be read at the sane radi us positi o%%%sﬁlt hE 3#0'0 pes,
an address area 944 is provided |longer than a unit of one™a GoRer Bit
information) as shown in Figure 32: address information can thus be
obtained, making it possible to junp to the desired track. Furthernore) the
ratio of the stripe area to the non-stripe area, that is, the duty ratio,
is made |ess yhap ROY 1bgitimate TisR) o nbt{ NIhe eSEEAGAE offNen &S heehdd e
reflectivity decreases only by 6 dB, this has the effect of ensuring stable

focusing of t j . il I.b el f a
condition in aﬁigﬁhéﬁgékgﬁgqégﬁ$ﬁ%P %%ﬁ%%fk%g%gg%*f%3$gﬂgﬁﬁg%p %ﬁback (this
condition is also referrgd,to_as the tracki condi.tion).. Since the
SUripes 623 alBT 4Rt (NSnO byl ERTaren A SRRl ot g TBi B SPARRIS SHIBLE event | ng
correct playback of the pit data) tracking control may not be possible on
sonme pl ayers. CPASEUAH1BNayers, the strips 923) which are CAV data) can be
read by the optical pickup by applyiﬁg rotational control using a
rotational pul se fdmNaxtialtheetremypted eitnformat iivhewnitting paceBisgure 31 shows
a flowhart illustrating a procedure for operations in a playback apparatus

when pit dat ayiDlthe deBiid. t I ek pok it idheistdrnBeisd eeadalmahebe correctly
pl ayed -59 6 Septenber 2002 back. In Figure 31, when a disk is inserted

in step 930a) pIE'EEesét)é;;. gg%%kﬁ%gtiéon%i‘? byt d’@ﬂt\%ﬁ%&g%q’?ﬁgﬂgge to the

i nner portion e optical head 1 ositl on the area

wh the stri [ s t i bl
fo-correctly BMEjsaciedsrh TenRrae " Fudrhr PAS FREKT B Jork b otripe area
923. In this ca e% therefore, usu Idrotation phase co&trol cannot be
applied for tHOIRIMAILBK RIS ERETREd(OR 21888 TP BONATHEBLII A step 930c)

rotational speed control is applied by using a rotational sensor of a Hal
el enent in thbageeds asr apyllhwaiaue ig thee orticalcdisk. endnike barcedequency of
api t signal. If it is determned in step 930i that there are no stripes)
the process j umspsetardedepn a8@irvrifinghfashianein a prescribed region of

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

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

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

innermost portion of the pre-pit area.

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

recording of the barcode to the demodulation of the barcode

detection signal by a PE-RZ modulated signal demodulator.

In part (1) of Figure 3, the reflective layer is trimmed by

a pulsed laser, and a barcode-like trimming pattern, such as

shown in part (2) of the figure, is formed. At the playback

apparatus (player), an envelope waveform some portions of

which are missing, as shown in part (3) of the figure, is

obtained. The missing portions result in the generation of

a low level signal that cannot occur with a signal generated
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stripes, the barcode is played back in step 930d, and when playback of the

barcode is conpleted in step 930e) the optical head is np i,n st 30f
to an outer area where no stripes are recorded. In this a%i%?mgwﬁﬁgﬂﬁ%

stripes are recorded, the pits are played back correctly and accurate focus
and tracking servo are achieved. Since the pit signal can be played back
usual rotation phase control can be perfornmed to rotate the disk with CLV.

As a result) iefaRtapoPdliuryt ec Pl tnekanab | hidl QypmhiDasks igeliopy /. By

swi t chi ng between e two rotat’ion control I. rotati onal
speed control _an .rotiatieon, phase, -fi .Septenber 2002 econtrol by pit
signal s) the gffgr(‘:l{ %ﬁéc%b@é’ﬁﬁe‘ﬂ?"{pﬁggtqrsﬁgd??%éﬁe tle% gaglzeocf({%&gﬁé) bar code
stripe data and_pit recorded data, can,be pl ayed back. .Si,nce.the stripes
are recorded ipf:lrf’ncg1 idﬁﬁ%‘%trfﬁgt signal a3 §howp Hb%ﬁﬁfan@rrggs'liﬂeezlg%e'r adi us
position of the optical head fromthe optical head stopper or fromthe
address of a pft P%ﬁgr(é# ,Ofar’igeb%%'@eonﬂt%élﬁg%ﬂﬂktSbﬁnatlhegrﬁiﬁsurenent,
correctly perforns switching between the two rotation control nodes. (b)
Ref erring nextarcodd gardemodulatel £2pmvichiwi low-deftedtioitywparsionol met hods
for controlling the rotational speed when playing back the barcode

accordi ng to tdegeptivnenigratbbdi tRnPE-F2 gwdel akkdsbbsm 1t Hemddulator ot at i onal
speed control nethod wherein rotational speed control is applied by

detecting Tmg20fwiti Al %iFl BRaledcHIBEd RARStATASH' tHHD skbs®i-halra pit having
the largest pit length of various pit lengths). A signal fromthe optical

head is fi i ectyed L DG | ing of th
ead I's first subj gghe 5@w‘§@£3€£§§%§%1ﬁ3@9 {180 10 By éi?gt?g?ﬂgﬂg of the

pit signal is neasured by a measuri ng means AtO _
10 whose pul sdulatiae! | Shelar Somaral APty Brbe AuPBLSF TASTarReEegihe of gnal
but smaller than the, pul.se w d of e barcode, signal .. This reference
val ue i nformtﬁléﬂaf(ﬁe&ﬂ@ﬂt%rpmdﬁ‘ ‘Haﬁﬁof’“aﬂfh}ée r'-’éﬁgod’dbé' ighgnal - 6t
case also, a similar effect can be obtained.
When applying the above encryption or digital
signature, a secret key of a public key encryption function
is used. As an example of the encryption, Figures 18A and 18B
show an encryption process using an RSA function.
As shown in Figure 1 8 A, the process consists of the
following major réutines! 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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6 Septenber 2002 are conpared in a conparing neans 954; only when TR is
smal l er than the reference value t0 and | arger than Tnax Ef#d in a ry
means 955, TR is supplied to the nemory means 955 where TR PEPtERPEL00Zpy .
By reference to this Tmax, a controller 957 controls a notor drive circuit
958, achieving notor rotational speed control based on Tnax. In the case of
the present invention) nunmerous pulses at cycles of 3 to 10 a s are

gener at ed byobharheodptstali désk issmedmumadi in BitgprB5H( a) Thd mosheiarase of a
DVD) the sync pulse width is 14T, that is, 1. 82 a m On the other hand,

the barcode sffdm@tibsltiy ithed Tompressed Tietepa®33l, candrtde the barcode
pul se I onger than the pulse width 14T of the synch pulse wll be

erroneous| y wﬁ&%@saadpd#iftgsﬁ Ei‘ﬁf@?ma-'i%?{-}{gﬂ}gbﬁiﬁrrﬁh by ¢1@BOYRRg bar code

signals larger than the rererence val ue t y conparison with the reference

value t0, as sho%n%??}g:e@sr etk#ciﬁeﬁ%??ﬁ tHgs&jn@kgs% da@%gggfcm rot ati onal

speed control for bt ati on spee urrng back™ of the
barcode stripe,area. t, the second rgtational_ spe control .method will
be descri bed?WQrﬂ‘agé?%Nﬁﬁﬁéec?thﬁP@Eﬁ‘ﬂ 481.rsﬁ'1i §n rﬁarteﬁoge%eraf 8P ot ati onal
speed contro|l by detecting Tmn gTurin means measuring tinme for a pit

havi ng the skeri ést 0pidl2 engitidopitaar rpdssasiret| g he)and 4 t®e Turi n- based
control shown in Figure 42, the pulse information TR fromthe edge-spacing

det ecting nedbs @5512shits62are sétSegridenhestep0625tovpargition & conpari ng
means 954a with Tmn held in a nenory neans 955a. if TR < Tmn) a strobe

pul se occurspantbrined Jgidgy bR RIAe FoRIEEoOM. | Weﬁpt}@@?@sbt/idfﬁ In this case,
the barcode pulse width t is 3 to 10 a m as noted above) while Tmn is O.

510 0. 8 a mprdiadibf Wil dér{qttePebsb% CRAEs %ra??%& Stopgaﬁ/}?%lo%?ka)ngt he

condition TR < Tmn is not satisfied since the barcode pulse wdth t is
Fudgi ng & bafddb puraLetafiee Viekd BiBheeRR B T HE Yige b8, orroneously

the ciphertext C is recorded on the optical disk. The

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

In the reproduction apparatus, the optical disk is

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

step 698. More specifically, the ciphertext C is recovered

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

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

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

result is calculated to obtain plaintext M. The plaintext M

is the compressed position information H. An error check

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

that no alterations have been made to the position

information, and the process proceeds to the disk check

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

it is decided that the data is not legitimate one, and the
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based rotational speed control is conbined wth a barcode readi ng nmeans
959) the effect is that rotational speed control based on Tgn can be
applied nore stably while playing back the barcode, conpar® em8m$W'°02
Tmax- based nmet hod. Further) an oscillator clock 956 creates a reference
cl ock for denodul ation in the barcode readi ng neans 959, while detecting
the edge spacing; this has the effect of being able to denodul ate the
barcode in sgggfgtq@hspgvgtbppé&t ation. (D) Next, a series of optical disk
reproduction operations (playback operations) using the above control

net hods) etc. w g ggeﬁﬁrgpﬁp”gzﬂ ‘?:ééié‘&npfrie@éd ?Bsﬁ%hres 31 and 43, a

first playback net e descCrib Inconjunctron wth a nethod for
swi t chi ng between rotatian phas ontrol mode,and .rotational.speed control
mode by 3 nodttGArRtdbds Bheaed "Bt Brerinand Trietheh rdiREiR et hod for
pl ayi ng back .t he optical disk of 23 _ 6 Septenber 2002 the present

enbodi ment wilfomatdescr ilPeaten (ROG.cMepEyLaPenss MIgunade 39, CheEk etc. The
first and second pl ayback nethods hereinafter described are each concerned
with a case whethen thelmargisonis attusddmnoloasdedeirt dhaephsiktiph eot he third

pl ayback nethod is concerned with a case where tracking control can be
perfornmed. Athe hoptdaat diskeindixateddyophe quisibie informmatddnt o Imhe i nner
portion of the disk in steps 930b and 930c in Figure 31, the node switch

963 shown | nsEe@UIBA4311 S sSuhdckadChicthér e @i ppévavek Wethben e Swi tch 963
may be switched to A when it is detected by a pickup (PU) position sensor

042) ete. ! NgbetifeAPbbioReAtoPRAIONRNL AR afeulYy iealREDE 964 has

reached the inner portion o an operation en the

rotational s cont: ( 9 in Fi e 31).4 nt,ered will be
descri bed w Eﬁgftelfoglr éﬁg&ern{gg‘ﬂ%} J‘%ﬁg?&%gg\n r?ottc?pg#%}cﬁti 0 %qu S y, fm from
2 motor 969 audye Y ST, "dhe SlocheS FRRNLESClS Bh8 TaRROS @ ComPared i

output software or data or execute programs stored on the

optical disk. If the check result is outside the tolerance,
that is, if the two pieces of position information do not
agree, a display is produced to the effect that the optical
disk is an illegally duplicated one, and the operation is
stopped in step 736g. RSA has the effect of reducing
required capacity éince 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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second frequency conparator 967) and a difference signal is fed to the
notor drive circuit 958 to control the notor 969) thus acQ{ﬁvin%Ircgd§i onal
speed control. In this case) since the disk is rotating w ° o8l

barcode stripe can be played back. Wen the barcode playback is conpleted
in step 930e in Figure 31) the head is noved to an outer area by the noving
0,1 _ 6 Septenber 2002 neans 964, and at the sane tine, by a signal
fromthe PU posfldodivechsyer 96t shown), depesitedeoswihecbp®icali diskni tched to a
for rotation phase control node. In the rotation phase control node, PLL
control is apgld®rd fa the mRhifd&itanddg prosesderophd eakibeladibk, ahel ock
extracting neans 960. The frequency fl of a first oscillator 966 and .t he

frequency fS Bgsptirotﬁpgg%;@gﬂ%ﬁygqgr?@'r gﬁ%iedysﬂtiegiﬁg@agiysg?gﬁ%ﬁpar ed in a first

frequency conparator 9 ed to the notor drive

L phase contraicay R hehsr {28 SRR SSFer B ik dBact §fRge o0

PLL phase con t YNCHron
synchroni zati on &i% ed back.. If the

| f. fl.i | X ti | d d
Co the bar codBREE g BOST RPN EATMEE T PR tEBR Mo L PEVTRISAE Gkt ohi ng

bet ween rotational phase control for the notor and rotational speed control
for the notor }npHesdoEmmir 8l baxseda W4 be performed because of the presence
of the stripes) and trouble would occur, such as, the notor running out of
control or stoppi Mpsitborerinformadndityemdiog meansn@]0lereadsThibdeef ore, as shown
in Figure 43, switching to the appropriate control node not only ensures

st abl e pl aybabikr&fdet BE0daranddéedrybt e mehgs fl06ctombinydithiengid r oubl es
relating to notor rotation. The second nethod for playing back the optical

di sk of the pgesppitsefROURRBAt o tIRe bdessdd FBe Mtblcr elarRige to Figure
38 which shows a flowchart |IIustra§|ng the -65
reading means 9106 reads the actual position of the marking
9103 and outputs the result. Comparing/judging means 8107
compares the decrypted reéult 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



6 Septenber 2002 operation. The second playback nmethod is an inproved
version of the first playback nmethod. More specifically, t first playback
method is a nethod for playing back an optical disk on m@iﬁpp{;ergg?rﬂz)gg
presence/ absence identifier 937 is not defined. Since tracking is not
applied in the stripe area on an optical disk of this type, it takes tinme
to distinguish between a stripe pattern legally fornmed on the disk and an

irregul ar pat Fn\%ﬁb @345 *ﬁBéeSEHeatd%gfygat% f&gnlgi g%ﬁanﬁ‘ﬂﬁéac?%erygr@gr%f ore,

regardl ess of et her the stripes recorde not ack
procedure has _to LRerm a stripe adi n peration first, tp.ch t he

D esence or - aBRaRLd10f Bieh BeadBie FESAGEHaPRESTH DL Bt bR 0, the
i nner portion of the optical disk. This may cayse a pro%} in that an
extra tine is r@%ﬁﬁqefeanb@rlér 236 thRMPTKARE F&24ER8 ERYS lik?eeﬂm The
second pl ayback method inproves on this point. First, as shown in Figure
38, when an ophethfr ghekmarkingsisr retialdgniocatedaim the pogitiddnberck in step
940a. Usually, physical feature information and attribute information of
the optical dithe eptdcaboadisitedndisatedtbylthegiositbom indotmatiiodavtsicdr ea. The
physi cal feature information includes) for exanple, information indicating

that the optidal debrylsted ty khel dwrept ingprestissB105. a two- | ayer) singl e-sided
structure. -6(~ 6 Septenber 2002 In the present invention, as shown in

Figure 30, the confygl tk@i@pr6MRAI8E dppatheusent t afatd @ngerd3gonrf the
optical disk contains a PCA stripe presence/ absence identifier 937 recorded

it si f , j caxl i i j t 940
fo an"out o “atad JHERE d116RAISPbERCaRER bosTcd (SKBNESkob B! 08, Dol
head i dly j i g lural it f t Kk ti hi th
Control - dat o SrBEodes oR AR AEFST Rt ovB, 86 Ahdntat oftr e iudd el pl ayed
back. It can thus, be checked ether the stripes are recorded or not. If,

in step 940b, SURELIGAtESpRrantdsahbes absence identifier is 0, the process
proceeds to s%%?)940f toinitiate rotation phase control for

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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normal playback with CLV. On the other hand) if) in step 940b, the

presence/ absence identifier 937 is |, then the process praogcgeds to p
940h to check the presence or absence of a reverse-side ré%g?ﬂe?%§h§¢¢26H

948 which indicates that the stripes are recorded on the side opposite from
t he side being played back, that is, on the reverse side. If the stripes
are recorded on the reverse side) the process proceeds to step 940i to play

back the recordi rhigundaaze tRAt theaf@MR! e8nridtdBe OfecoPBe @i €Ak di sk. If the
reverse side cannot be automatically played back, an indication is output

for display, oE)E’%éﬁa’lgﬂiEli‘%tuieéof‘t%i‘é”@gygﬁ dg @adkr tfad tdoie§yr€e’cg;t erm ned in

step 940h tha e stripes are recor the side being pla back, the
- 07 6 Septenher 2002 process _procee tQ ep 940c¢ ere the head is
roved to thelelti e Areesass sapRETs ndhe MhePLR PFted BREE 1na " n st ep
940d, the control node js switched to rotational speed control to play back
the stripes @EQtvﬁhehami}Claéﬂ%@iocfngaICdelehée%réi}B&dI@ gEe2blibl eted in step
940e, then in step 940f the control node is swtched back to rotation phase
control for Qinvitddayback and the optical head is noved to the outer portion
of the disk to play back pit signal data. Since the stripe presence/ absence

identifier 93?7 i Vn ehorstddri hadd)ewhérd theemartkingi pupitthencontrol data, etc.,
as descri bed above) the second nmethod has the effect of being able to play

back the strijpesrnEisn/wld 2btordeddasy Gadtbdkby rayERatetmiiagtée first _
pl ayback nethod described with reference to Figure 31. When the PCA area is

with trackingnOFfn;heved-9het ARINGESASiAPAL MR flkned BERELRLed by the pits
ﬂ r I F

drops. PCA signal Teve i NnS" unchange tracking 1's set OF

Therefore) in _the filtered, wavefqrmsho i n Figure 35(b), ;the pit signal
dr ops) ki ngTPYSRATEE, 5 RIS AaR T hot e Ph e tolAe daFReha ¢ he pi
signal. This has the effect. of. sinplifying, the circuitry and reducing the
error rate. IfBPFh@BrrBF%?ethéeplrad\?Fsé_ r@f“g’f §f¢95§eu9%h@g§gns4%e record
identifier 948 nmakes it possible to identify that the stripes are recorded
on the rever #éreadie esplained un senneptloss weth figurmdl(elee Thasckase stripes
can be pl ayed back
confirmed by experiment by observing the disk under an

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

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

In this case, since the secret key information for
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_08_ 6 Septenber 2002 reliably in the case of a doubl e-sided DVD opti cal
di sk. According to the present invention, since the strip%fsaQe Begﬂgged
penetrating through the reflective filns on both sides of 2O SR

stripe pattern can also be read fromthe reverse side of the disk. The
stripes can be played back fromthe reverse side of the disk by checking
the stripe reverse-side identifier 948 and by pl ayi ng back the code in the

reverse diregcrept Wherhieatengoftiaretddnpasy kER@spicsenbtitwention uses a
bit string "0l 000110" as the synchronization code) as shown in Figure

34(a). Wen 4l K, f t ;AN € { t h i ion code is
pl ayed back %%@ygﬁeldégglg"r?%o%ﬂv%?gh{ﬁcgﬁz’a‘gﬁgé %ﬁ%ﬁ?gdfﬁgtég% e bar code

i s being pl C t r r j.de. IS C denodul ati ng
t he code ina%fg\g/gr s’eli)él}rl&g‘gcqllaggyi‘ﬁq\é?hgg%éjrlrggu]ldaf{aéwg%f ?ﬁl hateygl ayback
apparatus of_ Figure 15 he barcode recorded in_penetrating fashion can be
correctly pIWéngegth iCPp}SIpf)?(‘-fanya?@kl?r%ofﬁ%yraévgr}%%‘%&dae of a
doubl e- si ded di sk, The pl gyback apparatus of Figure 15 wi]l|l be described in
more detai | Wnegditiad thckie Abovedeseraned POSHitdaR L EOF AL H0- ~c m wi de
guard-band area 999) where only address information is recorded but no

ot her data iRurtheorated, insther cssaled ddiVReenindee tirChaacede Fdgnahd t he
control data area 936, access to the control data can be nmade nore stable.

The guard- bayath be eser22ated [firoheDWepdt iddgdalh byosettidg the 6 Sept enber 2002
detail bel ow. Wen the optical head accesses the control data fromthe

out er por ti ofyifhi el MeSiidiNer oPLalR dieatksmanen 14maEd] 8y Ui ng across a

plurality of tracks until reaching the control data area 936. In sone

, th t : t d L hat | | dat
536) | and nghSFORmp oy FANE T ERer iR ery e PRl b e T i e

tinme) if theg PCA area 998 .exists directly adjacent the i nner
ci rcunferen 5F°?¥1edcéﬂt?hﬁ pagtggcorglng %rea on %ﬂe SV5 1n

superimposing fashion. The barcode formed in this way
offers the effect that the barcode can be read by the
optical pickup used to read the pit signal. This effect can
be obtained not only with the laminated-type disk but also
with the previously 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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area, the optical head will lose its own position since an address cannot
be played back in the PCA area 998. It, then, becones inpqssible t ntr ol
the optical head. Accordingly, when the guard-band area\ﬁaéké?mPﬂgﬁﬁafor
exanple) 300 a m greater than one junp width of the optical head, is
provided in the above-noted portion) if the optical head is noved past the
control data area 936 the optical head will always land within the

guar d- band &headiskhwhghaws hawidiengo abiradaversshendiske guar d- band area, the
optical head knows its own position and can thus be repositioned on the
destinati on contQrolthdadthear kand,| whéhitsrinaing tibepexforoed dmead can be
controlled nore reliably and nore quickly. Further, as shown in Figure 30,

the control ddabke-alided,cdandhaedypeldiptioaldiskrihpe sedds puesiance/ absence
identifier and a stripe recording capacity. That is, after -70 6

Septenber 2002, raGAr 14\ o' btk Thel ARRr90 oD absél Slighpddi ti onal

stripes can be recorde an enpty) unrecorded portion of the area. The
first recorded stripes w.hl pe r ed te qa fel t stripes, and
he addi {1 oRBFFSS (BEorEbd e Fiopasr LA e CUBS, G CORRARR 8L “WihThi <
configuration, n,the first set. of stripes 923 is, al feady recorded by

tri mm ng, a§1§ﬁ\é\%ﬁ the ‘rg—lisgure hegetpre 5i?ﬁa€4ﬁc3?36fcat“héea£/¥imlegbl e space for
trimmng the second set of stripes 938 can be cal cul ated. Accordingly, when
the recordi sS§gmabipaeausty on yYusddes pdhismreovidesmnnzdvtastegeord t he second
set of stripes, the control data provides an indication of how nuch space

i s avai | abl €ot amedddfabmriralt i oreciar dhary:thehbarcpdeveant be ttecordsdi bil ity of

destroying the first set of stripes by recording nore than 360 over the

area. Furthegifl finedgsBh@anboth Fides ein3@, sihgdaps@4? | onger than one
pit-signal frame length is provided between the first set of stripes 923

?220'; ggdsffionqu f}ﬁ{ éﬂfis SddsePephétB8he LdPtI c8Edi8R 19 tRERYEYvelNo Previously
g data from
play back the reverse side on a playback apparatus, the
barcode signal is played baék 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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bei ng destroyed. Mreover) as shown in Figure 34(b) to be described later,
a trimmng count identifier 947 is recorded in a synchronk¥€tion [of0) ar ea.
This identifier is used to distinguish between the first SereRiFMBeT{Y02s and
t he second set of stripes. Wthout this identifier) discrimnation between
the first set of stripes 923 and the second set of -7l 6 Septenber 2002
stripes 938 in Figure 30 woul d becone inpossible. Finally, the third

pl ayback met hod WigUrenés3dis @ AbegFafi showlagethmcont uriagipe oo thénen t he
duty ratio of the stripe on the optical disk, that is) its area ratio, is

| ow) al nost hzocpdetrecoadkigi@pparatus fier rimpl emantiing tdre opt i ¢qle daslea) as shown
in Figure 32. Therefore) the address information in the address area 944 at
t he sane radidrgodesfdriming aiethbe iH ke cambodémgitapédtimpkesdiy s has t he
effect of quickening the disk rise tinme after disk insertion since the

address can hgeakayed Inagke Wbl & mthavbmal BabkdimRgt Stddtaeso id hout changi ng
the optical head position. In this case) the address area, an area where no

stripes are gangndeds 30Ul s (LIRS SO0LLONRUSE nkang Adigghh | onger

than one frange he safe on operation steps
for this neth W ] be_described with reference to Figure 4Q., Wien a disk
is i nserted)”&td?émﬁbtqncap”ﬁeé‘@ ?%tarrﬁ{?e%e {PFTEPLE 13ROt (ﬁeggﬁm@%eﬁ?i al portion
in step 947a. If_no é%gcking is_achieved in step 947n, the tracking node is
swi t ched frotieBRe¥e EFRedenente budaypingludpde arm exang eo4vpput) dakd ep 947b,
rotational speed control (CAV control) is perfornmed to play back address
i nf or mat i on.and aanlRidwmber issuedtirom #n dPedemensitor PO eps Ho¥n t he process
proceeds to - 72

in Figure 23, or any other kind of data.

In Figure 23, the input data and the ID number issued

from the ID generator 908 are combined together in an input

section 909; in an encryption encoder 830, the combined data

is subjected to signature or encryption using an RSA

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

error—-correction coding and interleaving are applied. The

encryption process and the playback process will be

described in detail later by way of example with reference

to Figure 45.

The data is then fed into an RZ modulator 910 where

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

performed. The modulating clock used here is created by a

clock signal generator 913 in synchronism with a rotation

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

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

created in a laser emitting circuit 911, and is applied to a
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6 Septenber 2002 step 947i to nove the optical head inward to play back the
PCA stripes. |If an address can be played back froman enpt grtion.of the
PCA area (a portion not overwitten)) the process proceed§¥§%ﬁ§Wbﬁr§%¢e
where) based on the address, the optical head is noved in a radi al
direction to the address area where stripes are recorded. In step 947q, the
presence or absence of PCA stripes is checked. If it is judged that there
are no PCA st ippes)?l2nhsughy Qée&;sﬁ\ﬁr besardestabkishpd dy7a 1asarr pover read a PCA
flag in the control data. Then) in step 947s, the presence or absence of
the PCA flag isapsgheclieduit B28he Theebaywe9d2 thus @Aehl agitss pdbsett ed) the
process returns to step 947c; otherwi se, the process junps to step 947m On

the other handaséf Jiifght swHivHOIES floBusé £ RhP4Ugh tahabnitdili fg aing tPEYY St ri pes,
the process proceeds to step 947f to play back the PCA stripes. Wen the

playback i's copp)ef drief‘le%tt?f’e %ﬁg’ 80 R Ef(g@tlgﬁt@ﬁaée% et gopd to rotation

phase control and the optical head 1s nove e outer area to play back

it si . _I 1 47 he. -fl Ln t t d i d; if
L SL bR B BB 30, A Sagg o e,
t to 947mt, t,i . L (fi Next facturi
SRR SR RTENTE AR ORI A S

invention will be described in further detail. A barcode playback apparatus
-73 6 Sept elfosremuuRtinn, | aapwd igekele siphbed Syeheds he (ene shewt |

manuf acturi ng techni ques for inplenenting the barcode recording nethod wll
be descri bed. innFiqirecd8e iaf appendedr eode si gnatrudientp rvbehseripdevi ousl y
explained with reference to Figure 28) the m ninumemttingpul se spacing is

| t ~ theref or ehuabénsdrhva tdectepUeyethifpahet softwaes i cthpahy fhas= Ud ~ is
requi red, where f~. is the frequency of the laser. In-this case, the

nunber) f-~/2, 14f sbade0dei DA fo e BehéLRaHCEthRbEBRGRNELngAAYeNSY , 1 2

beam defl ector 931 1s used, as shown In Figure 29) a mininmnumemtting-pul se

9
[ f 2t t I it ' is f~ = 1/2t
\?\E?glhn?regns tr?gtg %éer%\l%ggeéyr ge{c}?gﬁt(gg?%%nggt;%%%gdd g;gggﬁ;daaggolrsof 2. Thi s)

al so neans that.) en | aser of .the sane freguency is_used, the nunber of
bar code bars tH&REHF %8 ¢ &E8r fed epu@@gonéh%aﬁaﬁearﬁgﬂ%wsto f ~~by using

t he beam defl ector 931. This has, the effect, of redgging_the productive tact
(processing t &Epchyimpravantingsillegsh MagyEaGEYrERS of ol §IUINE-2F fi ci ency
apparatus (referred to as "switch recording") using the beam defl ector 931
wi || be descrissadabeiumben t Sine¢ cthenpeblic Reyuwaangd bef deciihegedn
di fferences fromthe configuration of Figure 28.
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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The beam defl ector 931) formed from an acousto-optical nodul ator or the
like, is supplied with a deflection signal for swtching en a
mai n beam 945 and a sub= - 74 6 Septenber 2002 beam 94%&?@2%%@?5%
defl ection signal is ON) the beamis switched to the sub-beam 946 which is
passed through a subslit 932b and fornms a sub-stripe 934. Mre
specifically, for data "0" a normal stripe 933 is forned; only when

recordi ng datBhislliglst tilsel ireftledchby @nmaslgréd8, setd tis fddusad slhmwghi n Fi gure
29(b)) in response to which the beam defl ector 931 switches the beamto the

sub- beam 946 4 @on@epEihgalehs iNG &itd hRe paFilet Oiveofilhe80Subn StHel pe 934. In
this manner, stripes 933a and 933b, each for "0") and a stripe 934a for

"1", as showpdmcRRrdididko AmRvEOIHEEi 0N {8 GiiSle pakdhs Gonfiguration)
since a | aser pulse need only be produced at intervals of 2t, a laser with
a frequency half. th uj k : iLgur at. Lgur can be
used. In ot he@%&d@cmgnééﬁﬁaggr#l%?rgﬁzg@gnééferhgguggr@ghi S lﬁ‘sgg) since the
stripes can be rmed at .twice the clock freque , _this has the effect of
Uncr easing t HPBHBAERY | GIF{PEY 25° SRALEH a3, Bbdhkpe iiFeREtey i bed. Next,
referring to Jtsflr}ie daia slé‘r ug,‘t:}uremoékt hfgs n,chroni_zati,o%co e e?iihown in Figure
34, a fornmat erypte flor e a8@i tlch tecordi ARRESl bF tedPwitaf ref erence to
Figure 29 will be described bel ow. The synchronization code data structure
al so constitujidgen oewinsi qué ther exrmr vategipesdudni the ypresentshown in Figure
3:1( _a), a fi _xefl_ pat ;grn %fé ?g:ogéxgmtlbs ;%gahéeﬂré. Comg;n;}ioo.nal :cy,osa bijtI )
string consi sinventddn,- thé clo Br n s agranodu bdeingo an s
such as "01000111", is used, but the present invention deliberately avoids

this and usesclduk ih! sifichab®tsnddt eh ot Foedtiod h@sel Feom rtd@sAGLAXP! ai ned be 1
ow. First, to achieve the switch recording of Figure 29, provisions nust be

made SO thal §ip hdis BUL S8 sWhddula0tn COUEK Yo BLE MR gghOL, that

is) within 1T Trterval. recording 1s possible in't area
because data |s recordgd.thene wi.th E- d shown_in Figure 33(a).
Fovever, | n t He TROEE offfaen 8505 skt D22 TR oEBMB A B JH R ) s nce
irregular channel .bits are atranged, Wi-xth the.usuog.l %ret hod t pul ses may
occur within RESLGIANHE Afcendancenkl Wy tpe rqtadioniotgthe moRariHPention is not
possi ble. To address this problem the inventjon enploys, for exanple, the
bit pattern "al‘i)‘b(}ﬁo‘”téétgﬁoﬁmaﬁpfﬁ%uﬁée si2sk\§Q0, ¢ Fhis Brs Hettern) in TI
a pul se occurs for the "1" on the right, in T2 no pulses occur) in T3 a

pul se occurs ebfeathef"nedusing hid tteyht Aldenhatavaky,aaplasey seannisgfor the " 1"
on the left; inthis way, two or nore pul ses cannot occur within one tine
sl ot. Thus, thearsyB860) anichads swhoendim Figuwd Br(¢) ofmayhbe iproebdédbyhas t he
effect of achieving switch recording, increasing the production rate by a

factor of 2. gRicNextdntighBli§+wadet Daderus eschphed i hefadi@gcription will be
gi ven of a playback apparatus for playing back the - 76 6 Sept enber 2002

bar code recor ' [ y the above nethod. The description
wll also tougﬁpeo%qgﬁgtdﬂgol&-@iaét yql&'ﬁédrééases. Figure 15 is a bl ock di agram of

t he pl ayback appargtu rea cLi Ny I he first-half part
(1)) the apparat us@hage’gééeg @%@??b@&%@% m%bb%?’a?ﬁé”fgfplrrgér&\lﬁé t he
position of a r Ki formed, on . the reflectjye film of optical disk, but
her ei nafter, P@%ﬁggr‘éﬁw &he mbQueelepsTipS \éﬁéc Y% N8s a barcode
readi ng apparatus) that is, a playback apparatus. An explanation will be
gi ven agai n r @PRRYatHg, twlld éarfgesx;s,lquwét inaf ererassitAgt @wrendd deénodul ati on
operation. First, high-frequency conponents generated by pits are renoved
by a | owpass2bilter (LPF filter) 94 froma stripe signal output. In the
case of a DVD, there is a possibility that a nmaxi nrum 14T signal may be

pl ayed back) wher &igure @4l3hawsnsiknaldicededsd)hi RZ hagsobdiely confirnmed by
experinment, a stripe

(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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signal and a high-frequency conponent generated by a pit can be separated
by using the second-order or third-order Chevi hov | ow pas i in
Figure 35(a). That is, the use of a second- or hi gher-ord?rééééﬂh%m
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 sinulation
wavef orm whi ch i s generated when the signal of the maxi mum 14T - 77 6
Sept enber 2002impiing| agtielnk sfdraedr gedegpiridingots!them) n this way) by using
the second- or higher-order LPF 943) the stripe playback signal can be
output after subghanpiedeny {EVEA¢iHY RQ RZ treRbAYRACKaSiMagh: idhis ensures
reliable denodul ati on of stripe signals. However, 1f the wdth of a stripe
signal thus ubat edr ( i ;anal | i : ; min Figure
ﬁﬁmer ?@. Ck[nhttﬂ?s Sl%Z{ REordill ,Voanl‘@' %ﬁgt[ %@f{ﬂ(‘-ré‘nmn(sa%lﬂr déd

36(b)) is sma han e sanpling intér see Figure 36(c)) of
a mcroconputer, the str.ipe signal npt_ be suregd. accurately. For
exanpl e, of f‘ﬁ{edsatpibréalslitgn fstqglﬁo h rgﬁ?‘@@(’b?)ﬂ%& gl”P? pe signal on
the left is | pcat i nside of the njcr nputer sanpling i rval wi dth,
and t her ef or 8}0% scﬁﬁét 3 Seeer &lm?ogiﬁogéi)ﬂﬁ §§”z’a‘f§t1f“f“ o 5224 obt ai ned by
reading a stripe is waveshaped qsip&x’a flip-flop circuit so that the signal
wi dt h beconmesngrssaver tWhan data discr@tonpor exapple| angignaleP¥4d ofi dth tm) as
shown in Figure 36(d). Figure 36(d) shows a waveformafter the stripe

si gnal w dt hawhsrationestsadet otlmnwthid pebind Tfe thavidabaphkit, sithaal is then
detected with sanpling pul ses (see Figure 36(c)) fromthe m croconputer.
Thi's ensuresjgcctheaper iRRIUHENE Rha®iell REosk,r iiBersdogaad - ilReherri ng back to

Figure 15, a further description will be given. Digital data is denodul ated
by the PE-RZrdegpdyhat §1ot94204,n atsh%@ﬁho‘iﬁﬁi”ﬂ) ikhpi glateasps then fed to
an ECC decoder 928 for error correction. That is) 78 6 Septenber 2002

dei nterl eavi i r L i I 9 , -50l onon code
conmput ati on ?ge pn}rlggr%%@i%ﬁo%% @gggiedcﬁ)gér%Erf%r%%e}:?%&e?gggeﬁti on. A
brief descriptign will now b iven in relation taq.productive tact. Figure
33(a) shows Pﬁeabeatrﬁcg’f‘ﬁlﬁ‘@t Elf%cq‘afltse?u"tpllfée]i’)%rw&?aet"&& E%%L%h oded® accordi ng
to the presenh,enbodi ment. Figure, 33(b), shows the data structure after ECC
encodi ng whehn#s £aseackbingi Agtai@ti pR DiE8 hHiome kb dofahion SERER% 33(c) shows
an ECC error-correction capability according to the present enbodinent. in
the present iPAbemn she rateri Aikr [tbavengkasigrad egersgrooDP18r r or - correcti on
coding shown in the data structure of Figure 33(a) are perforned using the
ECC encoder @efesdt@snaimpdiilgtien tlotlerpuleemsdishgwrstini past dd) aof opti cal

disk. Wth this error-correction nethod) a read error occurs in only one

di sk out of Fagure 2@;nby |pevfoniingC 8he diegksdinpden syneheomidnt wbdth of that Byte
error rate of 10-' occurs, as shown in Figure 33(c). In this data

structure, t@heegek EﬂpseC,O%eCHtf@ctertﬁt Rotdte Bl asYAEiIdiPdE is assigned to
four rows, reducing the nunber of sync codes by a factor of 4 and thus

| nereasing ol SR ca Vi ol i aGEA! SIS BREE vb, FHOUGP I b Sopl abi ity

of the data structure w | the” present 1nve t he
recordi ng ca j ap,be varied el Y. exgér:pl- , W L h range of 12B
(12 Byte) to%%gggqrrc? ?‘r%’craerﬁ%i%e (?%%6&&13%9{5%0 _l%yr(x_\émmgas‘grbterrber 2002
in the exanple of. Figure. 34(c). That is, n be changed within a range of
n=1 to n=12, tg‘? g’rﬁ%ﬂ/\/g{lm”}:iagﬁi%%or (‘E)IfegAQ“s% &‘F Eﬁﬁ% é’f3§%‘%) and Figure
14(a), for exanple, in the data structure when n=1) there are only four
data rows 95Xguromnerding geginus FHoun, fand awrigcslaEbereeds sgskas 952b,

952c) and 952d. Figure 14(a) is a diagram showi ng Figure 33(b) in further

detail. The dsduwanriowpabt nefifigues EDGsoforded. Fi gure 14(b) shows this in
an

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

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

recorded on the disk within a recording region 926b, the
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equi valent form Error-correction encoding conputation is performned,

assum ng that data rows from 951le to 951z all contain CE'G%&%&%H%&Q%Q&
equations for EDC and ECC conputations are shown in Figures c)  an

14(d)) respectively. In this way, the data is ECC encoded by the ECC
encoder 927 in the recording apparatus of Figure 1 and recorded as a
barcode on the di sk. Wien n=1) data of 12B is recorded over an angle of 51
degrees on t$ecatidskegiank Ewps ghewkesit, nae, shexnainmars(©anfvéiguwseor ded: when
n=12, data of 271B can be recorded over an angle of 336 degrees on the

di sk. In the24resent invention, by encoding and decodi ng the data using the
EDC and ECC conputati on equations shown in Figures 14(c) and 14(d)) when
the data anount iNgx&MaHefl rédtrdidd8&RBtat MW "canpUtial| ofthdse Petd arged assumi ng
all remaining bits are Os, so that the data is stored with a small

recordi ng capgiiriéd grb't?lesﬂg‘ﬁstf %'T%tmat D4 Roadtirtdine §aRL- Wien
performng | aser - 8 6 Sept enber 02 trimmng, as In the present

i nvention, the ab%ve-fescribed scalability has a significant neaning. Mre
specificallyfeﬂﬁﬁ lﬁﬁ'ﬁorning | aser trinmmng at a factory, it is inportant
to shorten the producﬁéve tact.. Wth a S|OMF§Z€€d agfar tus which trins one
stripe at a tineflere {or| compasisen QUrRRTEsioNed55atding [(Be®rd a few
thousand stripes to the full capacity. The tinme required for disk

product i on i setursetorepyropeecatidire) ivsed ufar caperittipnakdardpdry has to be
done, the productive tact increases. On the other hand) for the nonent)

di sk I D nunbegcordihgbeild baidesappibéd attlioredeeenc tbheigures2nt invention; in
this application, the PCA area capacity can be as |low as 10B. If 271B axe

recorded when onlty §98 ree8ediry, PFuldeist 9280 ahReddghsebadt Paessd A9 time will
increase by a factor of 6, |leading to a production cost increase. The

scal oo 1LV TR Edeh) 0 RASRITHETLA e e deistanne 1

when n=1 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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as in Figure 33(b), for exanple) the ECC decoder 928 perfornms the EDC and

ECC error-correction conputations shown in Figures 14(c)
assum ng that the data rows 951e to 951z all contain Gs agggﬁ%ﬁﬂg%goeggure

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 nunber of program steps

decreases, permtting the use of | |1 -capacit in . the m croconputer.
- 81 6 Septent;é‘rt%(??“ltﬁ’?’ﬂ?é‘?m@r??ﬁ%r 3Eset HR@mer HALB8AEE from each
stripe wdth is nade |l ess than 1/2 of ope pul se period) as shown in Figure
36. Since thtFeandr 8Tt reseshavn figr pacts Sb) sandsfatiafgEisure 22T)itarig 3T, the

ratio of the sumof all the stripe areas in one track to the total area of

the track isthesforbaapphiant Whalt ¥RE seaordingememot switdbdechere of a di sk of
standard reflectivity of 7030 the reflectivity of the stripe area is 2/3 of

that) i. e. thedegerS5OmmShae the pregkne invebdivmgh Aedorideagstecontrol, the
PCA area can be played back on a conventional ROM di sk player. (F) Next) an

exanpl e of tbg. abQye- dasmihPt RAE GH4QRNCIVRRE QIR (hNedrédiBo; di gi tal
signature) will be described with reference to draw ngs, followed by a

f
description eheaiotlet AAPkL Al O SXRERL & | BRRT BPUe (@) First) the

bar code encryption process” a process wl Scri bed by way of
cxarml o v ((s] ehohce, 19 LA S 4% PR E T g4 an | B nunber
Signature todifl b HErHar iBy LSrEF & 5B LG FRErSbanet 18y "e8Hrespondi ng o
a specific public key, and the thus applied digital signature 4505 and its
associ at ed | BhemurtiémmusDihareefdentivodélnan asdisksethestrammizg a to a press
factory 450l. This digital signature is - 82

line width varies depending on variations in laser output,

thickness and material of the reflective film, and thermal

conductivity and thickness.of the substrate. Further,

forming slots of different line widths on the same disk will

result in an increased complexity of the recording

apparatus. For example, in the case of the NZR recording

used for product barcode recording, as shown in parts (1)

and (2) of Figure 25, the trimming line width must be made

to precisely coincide with the period 1T of the clock

signal, or 2T or 3T, that is, with nT. It is particularly

difficult to record various line widths such as 2T and 3T by

varying the line width for each bar (each stripe). Since

the conventional product barcode format is an NRZ format, if

this format is applied to the laser-recorded barcode of the

present invention, the fabrication yield will decrease

because it is difficult to precisely record varying line
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6 Septenber 2002 applied to the ID nunber encrypted in an encryption
encoder 4508 using a secret key of a public key encryptiogs%unctﬁog@ g
public key corresponding to this secret key is sent to th drabgr P

4501. At the press factory 4501, the I D nunber and its correspondi ng
digital signature 4505 are recorded as a barcode in the PCA area of an
optical disk 4506 by using a PCA witer 4507. The public key is prerecorded
on the msterwmtbﬁ)sﬁ%ﬁ&@) and & it theosene rdisk tE tdiesROr8Men t he t hus
manuf actured optical disk 4506 is |oaded into a playback apparatus (player)
4509) the puldtiablkeyedosdimmaahnotnbiehdoms tsipoe tihenaserd trivemin@ nunber and
the digital signature appended to it axe read fromthe PCA area and
decrypted wi tyidthevarielsi ¢ Res mdltes dessduil a@ion hig fdeoultpt | DsingsRPassed to a
verification section 4511; if the digital signature data is found

| egitimat e asréc*&?di@é“'the%rés'@ﬁt Vﬁfv'eﬁtf@ht 'hQQ tﬂé‘%fpéﬁylaﬁcifcm%ﬁ’%i on of the

optical disk is allowed to conti nue. digital signature data is found

L egitimte aauibesradly Ak \é%hfffcgg?gm&e&he{ﬁgﬁwmhls st opped.

Here) if the e a8 TS Fe area together

th the plaintext of D,,th |t af. the decrypti hecked
Bgai nst t he. pYARABextPUSFAE e 1D T/ESELST FUREY HIE: EHARtT Sf he di of tal

signature data only is recorded in the PCA area, an error check is
performed forsimpLifying ithe. conssruatiendet dhesresradypg e@PaFaHISoubl i ¢ key

ci pher, as described above) only -83 6 Septenber 2002 the software
manuf act ur er simme RAsrachedsmg requices cmly iossuleind néw in@® widthernd
Accordingly, if pirated disks were made) the encrypted ID of the sane
number woul d tie deser deder ntHdreff¥eAnseéamoaf beveydulgiadk: therefore) the use

of such pirated disks would be greatly limted. The reason is that, in such
cases, the illegalsugasceibédie byobiplakendatiensbdvee RE &R ording for
optical disk barcode recording according to the invention,
there is offered the effect of ensuring stable digital
recording.
An example of the phase—encoding (PE) modulation of RZ
recording will be described with refereﬂce to Figure 26.
Figure 26 shows signals and an arrangement of stripes
when the RZ recording shown in Figure 24 is PE-modulated.
As shown, data "0” is recorded in the left-hand time slot
920a of the two time slots 920a and 921a; on the other hand,
data “1” is recorded in the right~hand time slot 921a, as
shown in part (3) of Figure 26. On the disk, data “0” is
recorded as a stripe 923a in the left-hand recording region
925a and data “1” as a stripe 923b in the right-hand

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

Figure 26, respectively. Thus, for data “010”, a pulse 924c
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nunber can be prevented by applying network protection. Needless to say,

t he above nethod described with reference to Figure 45 can_al so be use in
the Internet. (b) Another application exanple of the barc&ﬁgeWFFPeb
described with reference to Figure 46 as anot her node of enbodi nent. ThIS
node of enbodi nent is concerned wi th an exanple in which an encryption key

to be used durin e the abov ri bed barcode
in the PCA a]rse(;? sWo #‘ngl B%Jrqu ti%? Sdl g §§§ at:t%r%l igeiﬁllgeeps each 1D
nunber and its correspon n ncr |on k y) ublic ke of, a public key
encryption fthOUtaRt jmt g é%ﬁg élT% el@M%@)‘-p qﬁa Wﬁ% pP@E? factory
4601) an | D nunber and its correspondi ng public key are recorded in-the PCA
area 4605 of 9%e ept@‘t@u'ﬁdifskth&d)ﬂf tsyrand i figneas boa fari t&r  a60howRext, we wil |
descri be how the user who purchased the thus conpleted optical dISk 4604
can play it badgaron(Hi ofpFagare. 26onsi dke ,difsary heafprs) sarépsdsi n whi ch he
desires to watch novie software recorded on the optical disk. _ g~l 6
Sept ember 208 nBaf 0ff ecHehefiS-dland b giltayn,badle sésndoytEipeols ajheed on the
optical disk 4604, he has to arrange for paynent to a system nmanagenent
center 4610 afyhihayfkd apo@%%(mnasme@hm erabhe 1al aydagk-trdst . the user

sets the optical disk 4604 comuni cation software run on a personal
conmput er 46 e t lic key is
read out. g‘%sjttﬁgn g@ %gggrert%ﬁm&gr EE#?}&%& g@uﬁgg‘% asﬁ %Iegr)sonal code
nunber) an en c n enc derﬂﬁiSY e cr the entered data with the
public key, %‘1 g i £¢88H RoStE@*sY3t em nanagenent

center 4610 b u5|ng the connunlcatlons channel 4620, At the system
management c%i‘/i"laéﬁs awailable ckrrmenernichannekditon Thet 115.e8d8ce Hf(’é*el D nunber in
plaintext fromthe recei ved data) and decrypts the received data by
retrieving astealeteksitycos reamsoant,nghe DE iempEnenintiess not vary.

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

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

pickup, a signal waveform, such as shown in part (5)
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froman encryption key table 4612. That is, the system managenent center
4610 keeps the encryption key table 4612 contai ni ng nmappi i nformation for
each I D nunber and a secret key corresponding to the publi Sﬁ@ﬁmbebggﬁ on
the user's credit card nunber and personal code nunber retrieved fromthe
decrypted data, the system managenent center 4610 charges the user, and at

the sane ti i S ssword to the user. This pas rd cprresponds to
the disk IDngg%qdpi@ESs%@REi SF RBERYE ¥ th RRsGiens stilﬁfs\%ff\gg‘eawgi ned on the
di sk 4604. Using the - 85 6 Septenber 2002 password thus issued, the
user can pl agoreasPORAENZIdei RESF inBVPQr tdpns st &l Pitmedybatadedigvriput er
software. Since the public key can be prerecorded as a barcode on the

opti cal di skjhetd nonvefl eoft i emizdgnabntarbasb ttdiaeefduectoofemaal nf ti me and
| abor taken in a previous systemthat required the system managenent center

to send the ph®ldeFlkeyiveofile Wseéxslopacdtvelth. r&fbrienes "y @areven if the
comuni cation key (public key) is delivered to a press factory where no

particul ar seeplri asur.e e .1 ple UrLgy. i nt ai ned.
Furthernnre,Pg ﬁ¥%$§g§ifpzr§%%ﬁ§§bﬂ?€ E§€&ﬁ@CS§§%%?E§ gg?ﬁgﬁﬁtlvidual di sk
if security of one particular dis t.is) .0 user) isgpbroken, the
security of 8?%%£3§§?% % aﬁﬁbre 8?%?%@‘?@51]#{?& ﬁg r%‘sgg ]lPsiFr)‘lﬁ&bﬁ fferent
public keys r different disks has the_effect of, reducin e .possibility
D thi T o pASkY pIthe | EiltaRed | SIERaT RATAESI™ RROVReT SAHOF SALPoASoubl i C key
were recorded on the naster diskg,it_mould not _be possible to prevent a
third party PPb#ngdaciBiysdhcing dgas draat by @ Leeelesdigl% of Figure 46, a
public key is used as the commnication key, but it will be appreciated
that sim | ar repfaducedcdatabé0bMI0Ai B part &7)sder demddmyated.used. In this case)

however, the security level is alittle |ower than when a public key is
used. Needl ess to(®@aW}p #ilé nethddsceiter Fberingist bf ridkesenicalt éidk gure 46 can

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

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

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

CLV recording means recording with constant linear velocity,

while CAV recording means recording with constant angular
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the Internet. _ 8d _ 6 Septenber 2002 Referring to Figure 22) we will now
describe in detail a nethod of descranbling and decryptin a i a
password via the network described with reference to Figu%égﬂ%gnﬁﬁﬂﬂﬁg
flowchart of Figure 22, first in step 90la the software on the di sk checks
the scranble identifier to see if the identifier is ON. If the answer is

NO, the process proceeds to step 901b. if the software is not scranbl ed)
the install at¢l®eits. all oned to continue. On the other hand, if the answer
is YES, it is checked in step 901b whether the software is scranbled or

not; if YES, a cdnntid ippasérst iadentiont hehepetsipes 92dmmet eecoratedor k i n st ep
901c, which is followed by step 901d where the user enters the user |ID and

software TD.with CAW, Sduperdfiasedt fiere pre-witdeiyeall Dn 4 Head-on sfagp 901f the
drive ID data is transmtted to the password issuing center. After

confirmng pRyJEeRbldidy %B%’dcﬁ@ég_WHI%PD%%‘@QB%&@WWQZL‘V@N'Pﬂa_tperfOr s

encryption conputation on the drive ID and software ID by using a sub

secret key, P@dtggnggs ?s?@%ﬁﬁ&d*\g@“%ei §t1ti]rp%§.smlfjr{%ﬂeto t he user. The

process then Procee personal” conputer at the user end
conputes the_password by.a s%% public key and conmpares. it wWth, the drive
TPt Ehe rReaen bRt fne e ohEpt s SRedice f BRAS Sebih Al dre "t he
software scranble or encryption is unlocke Turni ng back to step 90le, if
t he answer i %,ar?ﬁ%ﬂ'hieﬁgsﬁ]éﬁ QEQwa%irﬁle‘gs &h%c@%’écﬁg@cﬂé%%%% is a disk
ID. If _ $7 6 Septenber 2002 there is a disk ID, then in step 901i the
di sk | D dat athe preapshistignal tareaheapaesomedi & thagpresensr . After
confirm ng paynent, in step 901] the password issuing center perforns
encrypti on comqartdabnorcornesponddi s& drDianer pottiwar efl theypustalg a sub secret
key) and generates a password which is transmtted to the user. In step
901m the pegssiitalthcormugion & albe dadeed aen@oserdutiteng tAieapéEca)ord by a sub

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

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 > I4T (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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public key and conpares it with the drive ID. If the result is CK t he
process proceeds to step 901n where the software scranbl e‘§'§ LE B %

this way, by communicating with the password issuing center SREMPH gtmork
by using a disk ID, the software scranble or encryption on the disk can be
unl ocked. In the case of the disk ID of the present invention, since the ID
varies fromdisk to disk, the password is also different. this has the

ef fect of erstignaln@nsedisdrntipindtioRi betweeR2jhen jhendtexpsstnaunseati on is
omtted) but by encrypting data using a public key recorded in the PCA
area, such ahashohe dign&l ditoa @A sduipn§2BhecananoLy cambdul guedf ormed in
steps 901i and 901j) data security during conmunication can be further

enhanced. Tiigs eRalsld e tedddrels ofnformationd 6 e reh@nimthsi imeof personal
billing information via a conmuni cati on nmeans such as the Internet where

the securit I [ h e sl t he
first-half %adgﬁg pd%tgewtaesﬁ}é‘%m%&)éé%ar%g %ﬁreestsd%%e%%cong?ﬁ ﬁgdpart
(1), and ngw procged to a de crlp n of appert nln .matters relating to
t he process “fP8RT optaica ”’B‘ltsQ oL AAERRS A gf@ B‘?atcl?soﬁ%‘?“é{‘u on of
the player. (AL.A Io ref&fctlv portion ad ess bIe ichis a
posi ti on i nfidr F&8YIh 5r s2AdrEEs  HEOrBaF 1a8r Fak (ihyst be phtal will be
expl ai ned. (a) Laser markings are forned at randomin the antl-plracy mar k
formation praddsg bt poleiblector jumpNeo | e desirddi hyacls or Recthemmeord,s nanner
can be identical in physical feature. In the next process step) the | ow
refl ectivitytheorat by ocf84hé artatpe @reeatd thieskon-s tieps ared, vihalh &s,r esol uti on
of 0.13 a min the case of a DVD) to construct a low reflectivity portion

address tablheX@ftpsrazhonid Radé A8 ﬂ}?a(na}so%,Heir Q), F@yre 1@6y) is a diagram
showi ng a Iom1ref|ect|V|ty portion address table) etc. for a legitimate CD
since the effective reflectivity decreases only by 6 dB, this
has the effect of ensuring stable focusing of the optical head.
Next, we will describe an example of a condition in
which tracking control cannot be applied during playback
(this condition is also referred to as the tracking OFF
condition).
Since the stripes 923 are written over pits,
interrupting pit siénals 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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manuf actured in accordance wth the present enbodi nent, and Figure 13(b) is
concerned with an illegally duplicated CD. The Iom/reflectééit%ﬁﬁpr%@ﬁ?
address table 609 is encrypted using a one-direction funct fif he
one shown in Figure 18, and in the second reflective-layer formng step) a
series of lowreflectivity portions 584c to 584e, where the reflective

| ayer is renoved) is recorded in a barcode-like pattern on ., the
i nnermost poatkon of the disk, as shown in Figure 2. figure 18 is a
flowchart illustrating a disk check procedure by = ~c3 _ 6 Septenber 2002

the one-way funcld figsed1f oghdrha ¢l MBt idertde SN@Wepi9B0E, Jvhe 13) the
legitinate CD and the illegally duplicated CD have the low reflectivity

porti on addigtsed s S09o70d HIOXprdRIpSEY deticabomAfnsbstant i al |y

different from each other. One factor resulting rn this difference is that

| aser markin identical i hysical f.e [e b s earlier

not ed. Anotﬁ%?t+%kﬁ§rgﬁgjpﬁgﬁ tﬁ@gsé%P8siQﬁﬁ¥gggn@ﬁéa§%€§ﬂgﬁe o the disk is
different if the master disk is different. ferri now to Figure 13, we
will descri 98 Hegvange whate hbe Mil??%@%n@%r%eﬁﬁpr%rﬂrbg?r?elf%coﬁéf—‘ en the
legitimate di sk and pirated disk. The figure shows an exanple in which the
above two fact orlere; eitdsbinntdrosisiblhdoerarysics 1y whaybaekalatar ki ngs are
formed on one disk. In the case.of the legitinmate CD, the first marking of

mar k nunber fromsalloahtepltat rederd2d2im thleoskripesaten®28r onint hkist art poi nt
of the sector of |ogical address Al, as shown in the address table 609. In

the case of @sbPVGiheédB€ofd,0ekusF rddHt Vo @Rbsd Godtds] @afhofrhd t he neasurenent
is made with this accuracy. On the other hand) in the case of the pirated

CD) the fi rﬁa)pqgégi%g e Iﬁqtgﬁtég%dgg {Hbetpg%s%a%ggg&r@?}ai FHAPcLy, the sector

of address shown 1 _ ress I detecting this.
G T erence o 06 k3t o LA RThL GReICiaiom P shBIL) BB Sk 20,
of the using a rotational sensor of a Hall element in the motor or

by measuring the T(max) or T(min) or frequency of a pit

signal. If it is determined in step 930i that there are no

stripes, the process jumps to step 930f. If there are

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

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

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

stripes are recorded. In this area, since no stripes are

recorded, the pits are played back correctly and accurate

focus and tracking servo are achieved. Since the pit signal

can be played back, usual rotation phase control can be

performed to rotate the disk with CLV. As a result, in step

930h, the pit signal is played back correctly.

By switching between the two rotation control modes,

i.e., the rotational speed control and the rotation phase
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- 90 6 Septenber 2002 second marking is also different. To make the
position information match that of the legitimte disk) t reflectd film
at the 262nd position in the sector of address Al nust be%ﬁ% ﬁ%’ﬂgﬁidtoxﬁan
accuracy of one clock unit, i. e. , 0. 13 p. m otherwi se, the pirated disk
cannot be run. In the exanple of Figure 16) the legitinmte disk and
illegally duplicated disk have |low reflectivity portion address tables 609

and 609x regpeatdlvelypitviepealsq! ties edfec dliifsf ehediinedstisdownoi N Figure 17. In
the case of the legitimate disk) in the track following the mark 1 the

start and e el @ 4 gngd /nipk€ tahd as shown in
Fi gure 16C$?$f ePeasﬂ?ﬁa?Eéﬁgéée ofogﬁégiﬁngg l'y dup ?%ﬁted di sk these

are mt24 an 7 p iwvel wn d; i gur herefore) the
correspondigagga(ﬁ%ggﬁ% ?ﬁé %%ﬁ%?ggfggp?Vi€§Rﬁgfﬁﬁ%§t%§%%%353tables 609 and
609x are different

. h in Fi 17)_ th Ki it ible t
di sti ngui shTERBF Ilﬁigiseeg\ﬁmé?é’l%.“:%ueré‘ﬁ FH@&)‘&HE%LF;@?%W@%; I‘? rgs '?o nmake

a copy of the disk having the low reflectivity portion address table 609,
they will h&edles D9SAEHIMOA HP%@P%qulagé?é ro h@oaﬁée@t g@ﬁgwi th the

resol ution of the reproduced clock signal as shown in Figure 16(%$). As
shown in Fi gioep@0 (o) fstmwhagaddressenferopit ofignabl landepasatuord cl ock si gnal
out of reproduced optical signals) -91 6 Septenber 2002 in the case of a

DVD di sk t hehgerésid tTobf thenaesnrendnt;edoct @ik yppestormeheni tehiingrted to a
di stance on the disk) that is) one pulse spacing on the disk, is 0. 13 a m

Accor di ngl y)betaedmkdeawd Idotdd] ot ebXirdihaod&f.l ective filmw Il have to be
removed with a subm cron

(b) Referring next to Figures 41 and 42, we will
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 t0 whose pulse width is larger than the
pulse width 14T of the sync signal but smaller than the pulse

width t of the barcode signal. This reference value

information t0 and the pulse width TR of the reproduced signal
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resolution of 0.1 a m It is true that when an optical head designed for an
optical disk is used, a recording can be made on a recordj i as a
CD-Rwith a submicron resolution. But in this case, the rg%ggel?lc‘:geg(ﬁ&gveform
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 filmis renoved. (b) A
first method of achieving nass production of pirated di sks by renoving the

refl ectiveatel ¢conpayebeirbyn temeirihg insansgdidsi gl v whieghTRutsput | aser such as

a YAG |l aser. At the present state of technol ogy, even the nost highly

accurat e maghl TdGhhASEe refétEntd ¢ANODH YardiC M3t hiM OGRASSI Ng accuracy of
a fewmcrons. In the laser trimmng for sem conductor nmask corrections, it

s said thakd o hSndfie nbhil tose! 1S <PLAGASSHNG AREUARIy Thi S means that

it is difficu to achieve a processing accuracy o um'at the mass

production | evel o cond d, -ray_expgsure,equi pment for
processi ng %gﬂgc%sr?éﬂ&?ﬁ @aigss%qo?gaﬁ‘g& a drf%ﬁleerﬁe)cgmg%r%hégssi ng equi pnent
are known t he presenth%j as 6 Segtenb%r.ZOOZ equi nt that can
achi eve a g%ées%icr?@tae 2357 GontRRlS AdBRLaT dShtRcar sy Bt such

equi pnent is very expensive and furthernore, it takes nuch tinme to process
one pi ece dfchdpying gagor frodatkongils kpegsk soptrsdebaser ©8i Fgsuchnequi prent ,
the cost per disk would be very high. At the present tine) therefore, the
cost woul d thecoase hifghbe priesent Haveetixnn, punereusfpulses degiyclemt e di sks) so
t hat meki ng pirated di sks woul d not pay and neani ngless. (d) As described
above, withofl BetdiX(ty seitwodehdrrdtednplbaesodeaaseripdd, masnghownt is difficult
to process with a subm cron accuracy, and therefore, it is difficult to
mass producg, Pipated @) SKSin e tdhe0bH Y DIBNGhesit iesear@RA Met hod using
t he subm cron processing technol ogy such as Xray exposure, the cost per
disk is so hj th i iratedadi sks | j N S an econom c
poi nt of vigéwf;1I21 bc@?aﬁé ;?823 ﬁﬁig Pﬁl@%af’lt}?:%{pr?]gga’cgér?%bgglté[’)o(rag]vent ed until
some day in_the future.wh | ow cost, subm cron progcessi ng technol ogy for
mass pr oducﬁro‘r?eb'éb‘g‘ilr’eéspfgc‘f feal it F’W&-xg’aﬁFgcciq"gﬁP i ﬁg‘ﬁeﬁ%‘?ﬁo‘éﬁi on of such
technology w] | he many years info the future roducti on, of pirated disks
can be preve s&ﬁopgpq rBap e pulse wieth éﬁgroﬂi@“ﬁ Wf'toﬁl‘ gulspwvwidt| ectivity
portion formed on each |ayer as shown in Figure 33) an illegally duplicated
di sk cannot beeeriFanaeuslyuiedgadnped detretesd as brax op kerefoset 3vm are aligned
wi th good accuracy when | am nating) and this enhances the effectiveness -
93 6 Sepremiimg2b@xode pignadatlangepi thany thé Befhiesnde welwé 10 descri be how
t he arrandgenment angle of the lowreflectivity portion on the disc can be
speci fied. bp ddmpaplesent thnmientefurenseffdlaeetd, akf elidwnveness in piracy
prevention is provided by the reflective |ayer |evel nmechanism that is, by

the | ow refligcki@eBI KiiRObedda8- pddkibhé StLpsLiorihe prevention is effective
even if the master disk is a duplicate. However) the effectiveness can be

enhanced by I NI, R0l i eghlr pr, [-QR ni t the master
di sk | evel. r??%gagr?%‘%g\gcnén Ilogng&e ngﬁ{?]hg%?ég{\;\}tdrn% I%‘%%av??élﬁ%rti on on the
di sk is specgifi s sh iin Tabl,e K32a and _Table 609 in Figure 13(a)) an
illegal mn&hg&eﬁygpc&%hﬁ%ﬁgcpge asggﬂlpﬁtaerle?' duplicate even the

ar r angenent anglr\gq of each pit, on the ter disk. q‘{hi s woul d_jncrease the

cost of pirated @kst%éeﬁéméoéﬁﬁhﬂigzs§%dcéﬁ%‘iﬁ i Bothad weltler piracy. (0

A further description will be given of the
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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operation of reading the nonreflective optical marking portion of the
two-di sk | am nated optical disk, focusing on points that hed
on in the foregoing description of the operating principl é_%reﬁhegﬁgerrsz?b'%s
shown in Figure 16, the start position address nunber, frame nunber, and

cl ock nunber can be nmeasured accurately with a resolution of 1 T unit, that
is, with a 6 Septenber 2002 resolution of 0.13 a min the case of the

DVD st andargbmplyediSinng somiatie@ineanal 992aayweth Thidgrietly i@ @ccurately neasure
the optical mark of the present invention. Figures 2 0 and 2 1 show the

opti cal ”Hrdﬁenﬁg?r:ﬁéa%sr 9654 NG £t hodnod, Bl guFéhel Gul S Raiad i of signals
(L, (2)) (3), (4), and (5) in Figures 2 0 and 1 wll not be given here

since the opgs Q'hliiﬁ'girprthgcrhéﬂo?yilgs tlj\%gl?jﬁégsf)?smhat shown in Figure 16. The
, [ |

correspondence between Figure ustrates the principle of the

det ecti on operatjop for t i t i.tion.,o I reflectivity
portion on a CD)IhaﬂHSFfagg'eg%% %&ﬁggﬁ%em}% grgs c%ggefé]e"c‘i%w th a DVvD)

is given below, Fjgure 16 .correspond o Figures 2 0O ) .and 2 1 (1) .
* The repr_odu‘(’:%tcfdcf?‘bg 'si“’éh};\é ﬁ%mﬁ“F’r%?}rg E%?G% édtre %c?nd?silg&tﬂ t shown in
Figures 2 0 (5) and, 2 1 (5). Address 603 .in Ficgur,e 16(7) corresponds to
that shown the Piegoede aren {)plared dacky the cerditdonylicK Eoin iis Figure 1Q7)
corresponds to that shown in Figures 2 0 (4) and 2 1 (4). Starting clock
nunber 605anoth sEitgefiediéisge dher bamoddspulser epdtddtcisl alwapsedreatteck number
in Figure 2 0 (6). Instead of the end clock nunber 606 in Figure 16 (7) )
in Figures Zhéh (ThAinandhdtlig,7)thdaé asi fio qwERhbBskiad ofidigoaedudliyt mar ki ng
length. As illustrated, the detection operation is fundanmentally the same
bet ween CD ?ﬁaigifa\éDa Bardodet puls¥9as TrfnSePiR¥FELSre2OfkedithbeTpiice is that a
1-bit mark layer identifier 603a as shown in Figure 2 0 (7) is included for
| dent i {1 ngpubed hgfial halOMEES LoRLIGH 1Y AAREROD vishof Halgoge=! aver type
or two-layer fype. - es

e two-1 ayer structure provi a greater

anti-piracy o vi gusl sgLi ped. i ff,erence is that
since the |F§%3§‘§28F§‘?%?5§en i §¥F€&ng§rf}nyac{t \XBAt?Sﬁeléggga%eﬁfjgh) 1 T of the
reproduced clock 4s as,short.as 0.13 ~, i ch increases the resolution
for the det &89?5911 3@5?%@%3@}%0&}} P%%P%@W&*ﬁr‘ar&faﬁms‘a}}ﬁ&vi des a greater
anti-piracy effect. Sho in Figure 2 0 is the signal] fromthe first |ayer
in a two-| aPary b ibéﬁp 'evhmesbaaﬁ engcewrpéf%égpvmxa ased mepRodi gnal (1)
shows the condition when the start position of an optical nmark on the first
| ayer is detfecther, mngosewillatosicdack 396 creatiesi arreserenee silgelal fromthe
second |l ayer. To read the second |ayer, a first/second |ayer sw tching
section 827 fior &empdudatforsdndshe bantddehiragd miggmeins 859, fwddds contr ol
section 828 which then controls a focus driving section 829 to switch the

focus from tdegettind thayalge epidieigsesiondhhayitie. effed® bf dyigg2 O, it is
found that the mark is in address (n)) and by counting the frane

synchr oni 21 b1 60 alenbihl 48] Ao Bateulé Sl slrctirbol A4 Ch ol ign mar [0 0

frame 4. From signal e PLG reproduced cl ock nunber is und) and the

optical marking in,@N . . i i jned. Using
this position Qgﬁ e%?én%gsﬁe?ég%f%gg%&hgp%p?feggkfduﬁg%n (:0289 1Eeladnr%r:gasur ed
with a resol u{ ilon of, 0.13 a mon a co venbi onal ﬁonjzumg VD pl ayer. (D)
Addi tional  meti8y et CREFHGORS) t Ha BN AERYE doPERt bACEMTeal | di ok will  be
further described,pelow. Figure 2 1 shows address position information
pertai ni ng t‘%)t%hé!lgbthecg?s?ﬁx’l@ﬁﬂg formed on the second |l ayer. Since |aser
light penetrates the first and second |ayers through the sane hole) as
shown in the proBefersingpfimt ta Hegues ﬁ) anthed noarbimsscplardapbrti on 815

formed on the first reflective layer 802 and the nonreflective portion 826
fornmed on t heetdwdonil ¥ dkl desdnibed ayrecoBAmcaien ivdehta aelthod 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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shape. This is depicted in the perspective view of Figure 4 7. In the

present invention, after the transparent substrate 801 an
substrate 803 are | am nated together) laser light is applsé%ﬂﬁgﬁgﬁﬁgﬁ?ng

through to the second layer to forman identical mark thereon. In this
case, since coordinate arrangenents of pits are different between the first
and second | ayers, and since the positional relationship between the first

and second {lay@Essdrt embstbimendeni Illabe nddscrgbdd it h ogelelrence tfee pit
positions where the mark is fornmed are different between the first and

second | ayer gyra@dh@nigr edoe, di Ther@pte Pa bhashd PlAFIRA RBLiGsODt ai ned from

each | ayer. ese two kinds of position infornmation are encrypted t.o
produce an i~ i i lE Lt . lJ.C hi s di sk
illegally) }?‘ﬂleélfggi%c%eg&é{;bﬁtdegf)éereaﬁgogar%gg%gﬂutrtrgr%gb%osr? ?ﬁ%e{wo | ayers
woul d have to be aligned,wth resol wtion of, about 0.13 ~cm As previously
descri bed) a%%ﬁégpﬁéﬂ;EH} %ﬁ%&?g Eﬁ H?ég?ﬁﬂﬁ 09§hfx¢ ?éerﬁhlrSOSsitﬂ eto
duplicate th i sk by aligning the tical marks with the pits with an
accuracy of PEBY stJeéVWdt Becanserigd Witk Scase A0GT6I CHARE BRder of 0.1 ~ m
but there is a possibility that mass production technol ogy may be
connercialIQOmWﬁﬂleWEhﬂEHDﬁfoﬂmédfuture that enables large quantities of
single-layer disks to be trimmed with a processing accuracy of 0. 1 p, mat

| ow cost. Even iAt thatsamastimesithat theeoptizadnbedsbtisomowkdske e tri nmed
simul taneously in the case of the two-layer.|am nated disk 800, the two

di sks nust bgnérponai@d offogled kWA Rtbhe 930b At dB0eNm Fdupdti cal marks
aligned with an accuracy of a few microns. However, it is next to

i mpossi bl e 89, | A RBlE decH FH9S sk 1hNF S RECHS AGY sPeaAlIeofA L he

tenperature coefficient, etc. of the polycarbonate substrate. Wen optical

I g LIRS RO SEL ol 958 BEL el Syt 1o aver
duplicate. Thi 5; H.QULESP b3 9" SRLEL B pBLIAK EdRE 062, etc.
that the optical head being moved by a moving means 964 has
reached the inner portion of the disk.
Next, an operation when the rotational speed control
mode (step 930c in Figure 31) is entered will be described
with reference to Figure 43.
A motor rotation frequency, fm, from a motor 969 and a
frequency, f2, of a second oscillator 968 are compared in a
second frequency comparator 967, and a difference signal is
fed to the motor drive circuit 958 to control the motor 969,

thus achieving rotational speed control. In this case,

since the disk is 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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The optical disk with an anti-piracy nechanismis thus conpleted. For

pi racy prevention applications, in cases where the disk p ess .an ser
cut process are inseparable as in the case of the single- él(écfpger[f%g()b?he
encryption process, which is an integral part of the |laser cut process,

6 Septenber 2002 and processing involving a secret encryption key lave to
be perfornmed at the disk manufacturing factory. This neans that in the case
of the singlmeapnsad®l,t ppé dthehsesamet témer ppt a awighey frmmntlae M in t he

sof tware conpany have to be delivered to the disk manufacturing factory.
Thi's great!| ypdsddi6®SsenBer BHYr etdl , Okhenwydgpswiveh 988 tikesef filedhand)
according to the nethod involving | aser processing of |am nated di sks,

whi ch consti{digeso PN tasP&f thhake tddatkaY ddeon, the laser trimm ng process
can be conpletely separated fromthe di sk manufacturing process. Therefore)
| aser trimmng a c i at.| C e r a factory of
the software makgg.% %)égéélﬁ’g glgggree%bg{r}ibrly%p?%nngy&ﬁ]tg??t e software naker
keeps need not .he deliyered to t i sk ,manuf acturing,.factory, the secret
key for encri3RRit6A g%ﬁ\flﬁepkteﬁtlgf‘?r:letfﬁ@sg*eeoe ’s‘ﬁt}dbe%‘? BYhe & re maker.
This greatly increases the security of encrygtion. %E) As descri bed above)
in the presef#thasieng imgans H0sgi therdreavrnsyt abtaf &r TSt nake a legitimate
di sk by processing the disk using a general -purpose |aser trimmng

appar at us ham';midlatprcﬁﬁésammghacgmq&l@ycy)fszeﬁea alepreduzedf microns. Though a
measuring accuracy of 0. 13 u mis required) this can be achi eved by
convent i onal sgnchront zat ioans Bgnaddare camparssuinra NDspl fonequendy encrypti ng
‘the measured result with a secret encryption key) a legitinmate disk can be

manuf act ur edeonlfiator F65CRAE@MDANfPRRACE S3ighA® 1L Felli fRlitBe RoWYract urer need
only have a secret key and a measuring apparatus with a neasuring accuracy

of 0. 13~ qbhyd &Le1 ¥ 98! * AePFOGATE PhaRECHIATYLl fadeDs Ofnh" e or ders

of magni tude several tens of mcrons. i S neans that a
convectional |aser, prgcessin ar,at us can he, used. t.he ot her hand, an
illegal manufi ?rLﬁder,Qwsao%gﬂgtp%ec‘?ﬁ?@?r@f ‘ﬁ‘&ﬁ%sﬂﬁnﬁ ve to directly
copy the encrypted ipformation recorded op the Iegit'na%e di sk. This neans
that a physi 88FarnehEenized b dihggsyns Hél%ﬁéP?pﬁ’&ﬂ‘ago% ilohS i nf or mat i on)
that is, the position information on the legitimte disk, nust be forned

with a procedsrnefd deckr adyf she @ptisah hepdTwene meyed e thavbeseedective nark
has to be fornmed using a processing apparatus having a processing accuracy
two orders ofstripnianedebhirghietidrhahaschabonofol, hwiphwdesel tehiappar at us used
by the legitimate manufacturer. Volune production with an accuracy hi gher
by two order dedivesragnithtiithali please wbitroAnfee ciheatytodf afld rodabionad difficult

both technically and economcally, even in the foreseeable future. This
nmeans 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 eémbodiment will be described with reference to

Figure 38 which shows a flowchart illustrating the
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t hat production of pirated disks can be prevented during the life of the
DVD standard. One point of the invention is to exploit thgrﬁfaﬁat gh%Q ihe
measuring accuracy is generally a few orders of nagnitude %ﬁ(ﬁ . R t he
processi ng accuracy. In the case of CLV, the above nethod exploits the fact
that the address coordinate arrangenent differs Fromone - | QU 6

Sept enber 2002 master disk to another, as previously noted. Figure 4 8
shows the rR&Fat18% t he measurenent of address |ocations on actual CDs.
Ceneral ly) there are two types of master disk, one recorded by rotating a
notor at a consflhatsecondtplavhiackpeesbdpdiisean imnrevad cearstiantofangul ar
velocity (CAV)) and the other recorded by rotating a disk wth a constant

| i near vel othd ¥ig€t\hlayback methade of a CAV disk) since a |ogical address
is located on a predeterm ned angul ar position on the disk) the | ogical

address and it s Mghysépeli f aeulyar thROFi FéOplapbidle mdiisdd diseaexactly the same
no matter how many master disks are nade. On the other hand, in the case of

a CLV di sk) mgt@gefeplmayﬁgglﬂa%ﬁaﬁn Rl OCA L MikR cgfgb&aklae@crw@ angul ar

position of ogl cal "address on the naster I's random As can be

seen from tPﬁe%ﬁggkéb%f%;ehf#mﬁyéf@g?t%éjfnolto(gé-ﬁ?llefl?dcgiﬁé | ocati ons on

actual CDs e tracki'ng pitch, "start point) and |inear
vel ocity var lightly fromdisk.to,disk even if exactly.the sane data is
ecor ot uatPaRHRE L8 R0t B Bt i cHiSnS BB A5 OPnES ORHLERL s accuml at &)
resulting in_ different physical |ocations. In Figure 4 8, the |ocations of
each | ogi cafislidfesbintynef i isttakestidme diaidiat tnguighchrtagenya white circl es)
and the | ocations on second and third naster disks are indicated by black
circles andstripmglaésern degakly ferned As than dbek sednint hrreghyar cal | ocati ons
of the |l ogical addresses vary each tine the nmaster disk is made Figure 17 -
| ~I pattern caused by scratches on the disk surface. Therefore,

regardless of whether the stripes are recorded or not, the

playback procedure has to perform a stripe reading operation

first, to check the presence or absence of stripes or

whether the stripes are recorded in the inner portion of the

optical disk. This may cause a problem in 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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6 Septenber 2002 shows the low reflectivity portion address tables for a

legitimate disk and an illegally duplicated disk for conpard t hod
of piracy prevention at the master disk | evel has been de§é¥§@£@“%%§9g?

This is, when master disks of CLV recording) such as a CD or DVD) are nade
fromthe sanme | ogic data by using a mastering apparatus) as shown in Figure
4 8, the physical l|ocation of each pit on the disk varies between master

di sks, that is)Imbéhecuesene inggntiomt as dilwknainl Fognre &0, dkkk. This net hod

di stinguishes a pirated disk froma legitimte di sk by taking advantage of

t hi s char acbetrsl idata ieeopdedidy phiecentran dace hmelao®36 af the master di sk

| evel can prevent pirated disks at the logic | evel nade by sinply copying

data only bpemdlheikkaionitabie adPEk stilopeviesefiCsRbken@ar s have seen the
energence of pirate manufacturers equi pped with nore advanced technol ogi es,

wWho can ”a‘igiegﬁf%%treg?’ﬂil%léof 'thaip%”Eié%\%'l.i nRbYesEAl thgature to a

| egitimate y melting the polycarbonate substrate of the legitimte

disk. In this. . he. pi: venti.on od at t ter disk leve

i s defeat eg’."%lrg&;%&"}énks ?ﬁ?gﬂrﬁ‘&% ’hrlgafg%q rggptrqa?té)d%ai@%eg‘ri%ﬁ?éti on, the
present invention has devi sed t.he piracy prevention, nethod at, the
reflective ‘W%§§8rtr}]ee\98PtRﬁ:ﬂrea%?% 13 ﬁ%’q{i ﬁé' i indy tBA quﬁéﬁfg&q%e film
According to the nethod of the present invention, the marking is forned on
each di sk plo¥eSetnwardhy ojumpineacaPsk a plupality chpragkenntdd2 even if di sks
are pressed fromthe master disk, by renmoving a portion of the reflective

filmin theeachirgttheecdrtirol fdatantrem 4360cessl then dnr stad ©408,he position
and shape of the resulting low reflective marking is different from one

di sk to anoftkeeontrvladatdidls prayedsback.t I8 @eXthi® benpiscked e to partially
remove the reflective filmwth an accuracy of subm crons. This serves to

enhance t heyithest{HLesTHesNafd SeeFAdMW o URdd, CaTF 0N nSk{&S 9dpp) 1 cating the

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

stripes are recorded on the side being played back, the
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Figure 1 9 shows a flowhart for detecting a duplicated CD by using the | ow
reflectivity portion address table. The delay tine needed e
optical mark varies only slightly due to the optical headsgﬁﬁgﬁﬁgﬁépﬁa
designs of the reproduction apparatus used. - This of the delay tinme TD
circuit can be predicted at the design stage or at the tinme of mass
production. The optical mark position information is obtained by neasuring
t he nunber mfoceksakmcetthatto step Bd0t) neherér the hbad fisameved nahr oni zi ng
signal. Due to the effect of the circuit delay tine, an error nay be caused

to det ect edthbakar e aftea GBI ¢al tHEAH kndOPott Doh iofif OlidatiisRN. ars ia result) a
| egitimate di sk may be erroneously judged as being a pirated disk, .

i nconveni engidpd9a0d,eqhbi £8H1@oUSREde As BATEREd (1® rEEMIGRnhNesRiddect of the
circuit delay time TD will be described bel ow. Further, a scratch made on a

I
di sk after S e | Dt [ j du - 103 6
Sept enber Zgggﬁg?ogkq§¥6na|; éggé#ﬁgs%%%%?rg?ﬂ%?Aghﬁg&ﬁngbkg%?n t he

measur enent _,0of the, opti.cal r asitjon,,Rfornation. To ess this
problem a U 8taRRACKdE %‘Wgﬁﬁléffgs@ 5%’)%911949%'7,%?%% sitﬁpF?%e 2 0) are
recorded on a disk, and whjle allow a certain degree of tolerance on the
measur ed vabhf CRBEERLImage t s tsﬁét%h?\tﬁluggd%it@u’éﬁ%oatp 3% EPREodf
reproduction, the reproduction operation is permtted when the pass count
867 is reachew CL¥hplawbagknand [theeabtical deadr tpmored to thesouteace scratch on
the di sk can be controlled by the copyright owner prior to the shipnent of

t he di sk. Thextiwnl bf heddssk itibeplay tblack gfictr engrealt dafa.gure 1 9. In Figure 1
9, the disk is reproduced in step 865a to recover the encrypted position

information frogihbe iRy eefihe peosdhicrdalpsniceondeantiBiér r93qoLgli ng portion of
the present invention. In step 865b, decryption or signature verification

:2 PZEL Sregggécﬁreu%tdi) i‘rix?ﬁ}?ﬁg§gg¢fl?r)aeaahélicﬁh%0fhe0@%%1 GREX RQE!Lifn information
) y time TD of a reproduction circuit is
stored in tREsGiHed dbove, the second method has the effect of being
able to play back the stripes more reliably and more quickly
compared to the first playback method described with
reference to Figure 31.
When the PCA area is with tracking OFF, level of the noise
signal which is generated by the pits drops.
PCA signal level remains unchanged if tracking is set OFF.
Therefore, in the filtered waveform shown in Figure 35(b),
the pit signal drops, making it easier to distinguish between
the PCA signal and the pit signal. This has the effect of
simplifying the circuitry and reducing the error rate.
Furthermore, the provision of the stripe reverse-side
record identifier 948 makes it possible to identify that the

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

effect is that the barcode stripes can be played back
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delay tinme storing section 608a in the reproduction apparatus of Figure 15)
TD is read out in step 865h and the process proceeds to SEQR §$§§¥256 TDis
not stored in the reproduction apparatus, or if a measur emsiit 1 HSt FUCTi on
is recorded on the disk, the process proceeds to step 865d to enter a
reference delay tine neasurenent routine. Wien address Ns-1 is detected,
the start position of the next address Ns is - 1W 6 Septenber 2002

f ound. The riedaakl syinctheonnze nf ai dmdll eanilddad8VD eqptadat et skl ock are count ed)
and in step 865f, the reference optical mark is detected. In step 865g) the

circuit delsyotdivg tP tie peésdntednwditishOrfitice Tt s@PEiel aed IS the same as
the operation to be described later with reference to Figure 16C7), In step

B05: c. Lhe wopptfal diRblediang! attolpn! g, ROSTARS R ReMERBERT, I St eps

8651, 865j t i cal position rnformation is
detected v~i.t;h a resql uti of, one cl.qck unit,.,as,i n_st 865d, 865y,
8651, and SHAYS R JiTh S16r HaBh, Pk it Patal 2 PeattaEtion routine | s
entered. First, the cirtcui elay ti TD js corrected. In step 865p) the
tol erance g6¥) Tpverse si %A)OtfaﬂEF §é§{§' cOlRt SHEPeS calt ilédpltﬂ’(efjhe di sk) as
shown in Figure 2 0, are read to check whether or not the position

i nf or mat i orbafkadteedhentenespe soslg ehithe disliby ehackisgethence tA 1f the
result is OKin step 865r) then in step 865s it is checked whether the
checked mar$tripanteveasersialehidentiéipndd8canhtby piating badulitheis OK) then in
step 865u the disk is judged as being a legitimte di sk and reproduction is

permtted. dddet e tiassetenset disedtdbn rirahedadial) tidetpipsrssThet urns to
step 865z. If the result is NOin step 865r, then it is checked in step

865f whet heprddagtelddnt 861 @6bs O bSUString SORICOEL0 RANtNA. and only when
the result 1s OK) the process returns to step 865s. If 1t is not OK then

oS! 5P SRS 7 A M 990t 1408, LR 5108y SoPt e
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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As described, since the circuit delay tine TD of the reproducti on apparatus

is stored in the IC ROM optical mark position infornmati i ned
wi th increased accuracy. Furthernore) by setting the to|§$§§@§"@§%ﬂ§%§ 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 probabi Hetyi Pheokei ti mate di sk being erroneously judged as an illega
di sk. As described in the above node of enbodi nent) the piracy prevention

method at the re&fﬂe%?%é/eop't"i‘}!ﬂn l'{eﬁge%céegg@ theP PY A ddEd Krbfl the pre-pit

area of the reflective filmo 1Sk, 1nstead of the previously .
practiced physical mrki.ng at the st disk level .. Pirated disk

producti on Bﬁﬁ ?‘?1’9.?5 Bgr%lr‘%@tt@c? gg@h ﬂ‘et?{’ztlaf‘gﬁ‘ﬁaé 8%?% cated at the
master disk level. In the above nDdf of,engﬁginqu, a nfM/opthal-disk
recordi ng nmeANaTrdls JYERNG REFOSe B BF WA 14 &% HdArgch L APt 4 nifasAing t wo- di sk

| am nat ed optical disk by using a laser. In the first step, physical marks
wer e randonithef epmaw] dalkh ianes HB6secbh@one epaseshetlphystteal hgrits were
measured with a neasuring accuracy as high as 0.3 a m In the third step)
their positimay befmvedt past whe destipption eomtrolsdaip tirea 336106 6

Sept enber 2002 secondary recordi ng nmeans) the encrypted information was

recorded as landangate aoport tienopirtthal thwakdvwef Rhancatcvladataof several tens
of m crons which was the usual processing accuracy. In this way) optical

mark positi ofyeanf of#Tahient MRS OPttheNPCh Wrkh F9B agCsia@reédlyf or exanple,
0.1 a m much higher than the processing accuracy of a conventi onal

apparatys, SOGReRHCH ORL | RrBrSneARE BE e I ML Bthe accuracy of

0.1 ,umb 1'ng conmmer ci y aval equi pnent, production of pirated

di sks can be, prevent eei e 1841889 8" oRRY: FE sinddGnPOS! 11O

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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information of the anti-piracy mark of the invention) which differs from
one disk to another, was used as a disk identifier. The i

information and the disk serial nunber, i. e. , the disk %%ﬁeﬁp%r%%ﬁblned
together and encrypted with a digital signature; the thus encrypted
informati on was converted into a barcode and witten in overwiting fashion
to the prescribed region of the pre-pit area, thus appending an unalterable

disk ID to eaetrdingkfifitheer gachos ailopt echldidskk haddat tidaflerent ID, the
password is also different. The password for one di sk does not work on

ot her di sks.stFhhés RARBE 98 cOARWVRH GarS @GPEY,! inrEedridRar p&FSonUsE Ng the
secondary recordi ng techni que of the |nvent|on) the password is

secondary-rgqgr O“T}FJ‘Efxﬁlk@‘&’ecB?Béﬂi%%?iéé’s TRkl e kB itk g operabl e

di sk. The first-ha f par has mai.nl'y w one -

Sept enber 2 de of t barcode is used
for a pirat gg‘%dfp (r%? gP thRSt h%w%lhg ‘ﬁqoq%%élu 5§C%$d§am in Figure 2,

t he bar code Strlgﬁﬁ) E 84e are written over the prescribed region
(stripe ared) bhe sgcpn ri8d. of Hdrdpese) Wikk Tthrléckl ng is disturbed in
that prescribed region. If a marking 584 by |aser is formed in the
prescri bed reogfogunaiden. twhenptlie ddest s@acotf sgrépes QZaecs)raiéaa dfs shown in
Figure 2, it becomes difficult to accurately neasure the address/cl ock

posi tion of rteterded biyngrimmingycisd showrs ipr Bbgiem 30f ,thescapaninyi of Fi gure 39,
the marking 941 is fornmed in a pit area 94l1a at a radius position different

from the radihes apgsidblensgicet her Irimpigathe H23ad ddieoposttipes of the
marking 941 can be measured stably with an accuracy of one clock, as shown

in Figure 209585):anm sallas dthe, efAfces@mgl?e'mnale}k@ re@ob- @iyt 1 Ty pirated

di sks nore stably. In this case orm ng a pinhole marking destroying

onlY 2 Tew L6kalu 280N 93 FLOULE ST ARl BV RIoE” nE Al M 1 M 2o

but piracy prevention can be ac

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 ofistripes 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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wi thin the scope of the current standard. Alternatively, the marking 941

may be recorded in the guard-band area 999 shown in Figur i he
guard band area 999 contains no data but address i nfornat ?é‘%%tetnﬁ}egaﬁg‘% t he

effect of avoiding destroying already recorded data by recording the

mar (cing 94l. - 108 6 Septenber 2002 The optical disk of the invention
has a structure such that a reflective filmis sandw ched directly or

i ndi rect | ySbeinaseA38 wo Fegwes S0rweylsh hegomeo impessiblpght and a nmarking is
formed by laser on the reflective film The above node of enbodi nent has
dealt with exarfinadly,n thii thindnpbaytackcrerhedi sillsded descrsbedndary recordi ng
of a barcode) etc. and a piracy prevention technique, but it will be

appr eci at egithatefenehce tst Fligirer 40.may al so be applied to other techniques.
In the above node of enbodi nent, the optical disk of the invention has been

described as bepng RO B4k 8V of AL NS DHOLIRHRBBEIAERiWkth an adhesi ve
| ayer interposed therebetween. However) the adhesive |ayer may be omtted,

or st ead. g, TRhet s e o1, 5T Rk LIRLCLbPlec SUEl AR A ot eot T ve

| ayer) nmay Dbe useéd: ‘That is) arly Sultable structure nayp e-used as long as
the reflective filn1i$ sandw ched directl r indi&ﬁctl% et ween two

menbers redfsPaHitatgef b tne HiftPe Rienet N { fréYShotre node of
enbodi ment,_ the_ optical disk of the invention has been described as
conpri si ng HeE8EeLR eshapddresheREerBatinat 1mrthe agdressedreogétner, but ot her
menbers such as protective layers may be used that is, any nenmber that has
resi st ance ato thassame| ratitusnagsitdonsell thasdtisks erh bl plaredrbdickg to the
present invention, since an |ID unique to each individual disk, for exanple)
i s convert €thiisnhas aheaefiste afiduicketiay the digkwrise ngméasfiteon - 109 6
Sept enber 2002 to an ordinary pit area, both the pit data and barcode data
can be readjjkk ¥gsdiibResiTREBLIOEdEAsPicEKURe pIRYEd hAaskiieile
playing back the stripes without changing the optical head
position.
In this case, the address area, an area where no
stripes are recorded, should be formed continuously along a
length longer than one frame in the same radium portion of
the disk.
The operation steps for this method will be described
with reference to Figure 40.
When a disk is inserted, the optical head is moved to
the inner circumferential portion in step 947a. If no
tracking is achieved in step 947n, the tracking mode is
switched from phase control to push-pull mode in step 947p.
In step 947b, rotational speed control (CAV control) is

performed to play back address information. If an address

cannot be played back in step 947c, the process proceeds to
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effect of sinplifying the construction of the playback apparatus) for

exanpl e. Furthernore, by barcoding the marking position infornatjon far use
as a disk-unique ID) the invention provides a greatly inp d%ﬂggBF?QFE@-disk

and other illegal duplication prevention capability as conpared to the
prior art. A piracy prevention technique of the prior art, for exanple,

enpl oyed a nethod that deliberately arranged pits in serpentine fashion
when maki ngsterdP4ki i aovestdr eptdcabrhead ipwarbdoi Blayobaek fideti ve in piracy
prevention, since a pirated disk can be easily nade by exactly replicating
the nol d shB(e sftropesa | éfjian addressprandie gilsked Gack hisromt Aerenipamd, accor di ng
to the present invention) since the marking is forned on the reflective
filmby a | psericandf ithe POsiarean(d mbet imt inobh éowerepiletknds ehdar code) as
descri bed above, the contents of them cannot be nade to coinci de when

maki ng an ibf&%ﬁgﬁ%ée‘%ti@%te Ry Tabeyéradesssdded eld aghréss,thus
acconpl i shed. | NDUSTRI AL UTI LI ZATI ON PCOSSI BI LI TY As descri bed above for

exanpl e the t] i o reseng._ ynvent | ol u optical disk on
whi ch dat a Fggrd f:\tg%%iejalse\l/é\ndtas é@@?@vﬁege%and,ﬁ:inayé&&éégrfobgger egion of a
pre-pit signal area on said - 110 6_Septenber; 2002 disk) all or part of
B babcode | BA4REAS, BRER ATGTE SFH DT TPaLFeDy  d SLER GATS! Bboving. a
reflective,filmin said prescribed region, and when p]aying back the disk
by a reprodBEesdiceaphabsence ofhEChAteanes deat shedredne }fﬁaéﬁeas back using the
sanme optical pickup. - 111 6 Septenber 2002 What is clained is: 1. An
optical diskudgedwtheh thera ire necBrdsdringsr &he nnecasprogoceedsed regi on of
said disk, an identifier is provided for indicating whether a barcode-1ike
mark i s presenstey 946t twntspith opad caPCAi Blag sai the demtidli datand sai d

barcode-1i ke mark are
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 proceéds 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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in respectively different |ocations on said disk, said barcode-Iike mark

di sposed in a circunferential direction, and said barcodgpgk&g ?Oﬁfving
a plurality of bars, each of said bars extending in ara I'rectron,
and, said barcode-like mark includes data containing at |east an
identification infornation val ue unique to said optical disk. 2. An optical

di sk accordi ng, t |d identification information is used
f or encryptWhgléﬁﬁ @%g&ﬁffﬁg"{ﬁfb? tion in a principal information
recordi ng area o&ﬂsald optical disk. 3. An optical disk according to claim
1, wherein contri® Hi¥sf.i sapifactueing éreclnmlqamﬁg Phyigptemertdagur e
information regarding said optical disk, and said prescribed region

i ncl udes saitteclarticode xkaioarding mmhoxbt\»iidhlbejictekcaﬂmdrdi ng to claim 3,
wherein a guard band area, in which at |east an address is recorded, is

provi ded between[isahd dmpecofletHd bardmlekrecaaiiapdnstdiod pontioaklgata. 5. An
optical disk according to claim1l, wherein one of said bars has a | ower

reflectivityxbhamenyameragerémie e6tFiguty 28, 2Re afieAnbRteMEaRisgt d one of
said bars and another of said bars. 6. An optlcal di sk according to claim

1, wherein "i‘x'lgeeﬂa%l;ﬁhé fsatl'tont | ?S{Q;Eggaréﬁngi‘ﬂ{ %Dﬁ)ﬁgsé” applied with a

digital S|g tur tlc to clfaim1, wherein said
optical disk is ,constructe t di,sk_suhstr. 112 Sept enber
2002 5. A GEPELLHIOH Qﬁrwéﬁpﬁdﬁﬂ-. SR e iSar U oo VGTE B (15 MG Sk on whi ch
data is recorded, wherein |n a prescr.ibed region of said_ djsk, an
identifier fé‘eSPéMYd@é the lpger. catlﬂn@%é@ﬁér geb%#"@@ée- ile BRrk is
present or not on said optical disk, said identifier and said barcode-like
mark are in agspdethiarsl gardiblef eecomdet opeat iseeendon Howeved skf ashiam

barcode-1i ke mark disposed in a circunferential direction, and said

bar code- | i kedefdektdw\B3dgi s ysledy ads tshiowaf ilmaF sgurealh, of miaimlmbars ext endi ng
in aradial direction, and wherein a decryption key is obtained from

identificat l@:ﬂtlt@ﬁ@*ﬂiﬂtsboibdcﬁﬁk%ieﬁtl Ds sAildwdbdr ¢adehdy ke MRllise Said
apparatus conprising: reproduction nmeans for reprodu0|ng sai d barcode-1i ke

mark or sal daili2n Petkod A8l dls(a@%leﬁt 'sogxéacﬁgtéliéyeﬁdet ecting

said identifier on sal optica Wherein t ey is

obtained frof silefle) 48 bl SO By hOFIRLLOBs 2"IThis also means

that, when a laser of the same frequency is used, the number
pf 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-

._74._.



wherein when said identifier indicates absence of said barcode-like mark,
sai d reproduction neans is signaled not to reproduce said;Rarcode-

mark. 9. An optical disk reproduction apparatus accordinQSSSP%FgPﬁ?gﬁ?
wherein said reproduction neans includes an optical head for performng
reproduction. 10. An optical disk reproduction apparatus according to claim
7, wherein when said identifier indicates absence of said barcode-Iike

mar k, sai d rbepnoddst when nihendeflecsignaligiahoits ON, reey bdame ssai d
barcode-like mark. 11. An optical disk reproduction apparatus according to
claim9, wheygitBhéd ton€hé aubObedd 92HSANCR 04 padiked MBiréupl LWuBYt. 113 6
Sept enber 2002 12. An optical disk according to claim2, wherein control

data is proviidedodsy Jal fiig BIYA-Gekideeabur e oabotiiiogyiggar ding sai d

optical disk, and said prescrib region I ncl S sal on | data. 13. An
optical disk.acgordi to claimg2. i.n pne af. said pars has a | ower
reflectivi tyf(}rhgﬁg%ln%ga}vgrrbod@a; esquéewzte)}Soforam%ar%@ybg?%en sai d one of
said bars and anqther.-of said bagrs., 14. An optical disk cording to claim
3, wherein oFHE’é’°681'%%lid&'tﬂarﬁ'J Hés&’eﬁ Fiég'\)e‘?"tr%f‘l g’&"ia@i $§t ttﬂaﬁlsr'ar?saver age
reflectivity of an area bg%@@gn said one of said bars_and another of said
bars. 15. Anshoyni énFiguse r dithgespPnseat n WichnbheibgaBne of said bars
has a lower reflectivity than an average reflectivity of an area between
sai d one of defilécbor S3dnavwhichesetheobeamite bhe ssubtbeamy®46pte cal di sk
according to claim2, wherein said identification information is encrypted

or applied wédord digfirtipk st ghatporsdtidy .ofAthepdubeatrifiesR3éccdndi ng to claim
3, wherein said identification information is encrypted or applied with a

digital signgliil @andér, AfrORid 938a Gindko3Bl; Okl Eor0”¢l,alafii4a Wherein said
identification information 1s encrypted or applied with a digital

signature. 19;-# opid Gak dj’skaacanidi 19 &a?tck}?):,gég’e.f’@}‘ﬁl@ﬁiéh $hkd

identification information I's encrypted or app with a digital

signature. 2Q;An Rt{lﬁasl gﬁﬁgugﬁgéé&ggggnateoaci%%p ﬁulw%gﬁ lncngg,i d opti cal

di sk is cons rudteg fFrom two es. n-optrcal drsk according

to claim3, whereln said QRILGANS Uyl S GNEL WY fIQulye o sk

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 tw;ce 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 showﬂ in Figure 34(a), a fixed pattern of “01000110”

is used here. Conventionally, a bit string consisting of



114 6 Septenber 2002 22. An optical disk according to cl ai m4 wherein
said optical disk is constructed fromtwo di sk substrates é dﬂdcal

di sk according to claim5, wherein said optical disk is céh ?Qtﬁ@ &

two di sk substrates. 24. An optical disk according to claim®6, wherein said
optical disk is constructed fromtwo di sk substrates. 25. An optical disk
reproduction apparatus according to claim@8, wherein when said identifier

i ndi cates aheesR alimsa drbey gadetd,i léaclﬁmersk *086001 190Nt {Plyse@ans is signal ed
not to reproduce said barcode-like mark. 26. An opti cal di sk reproduction

apparat us %‘ﬁ?odﬁjéb’bﬁleé eLC'1ﬂlré’ﬂﬁon"‘@@lﬁ%'e?a£’$l‘%’”a§é‘i&§ keletadd gked ndi cates

absence of sai arco ke mark, said reproduction neans IS signal ed not
to reprodu S K al reproduction

appar at us gglgogidﬂ‘ﬁtg%?% le%gik%%%mﬁrerglzﬁ Qﬂe ?E%l%oc}latef(g 13} dgbsence of said
mark is outt%li . 28. An optical disk reproduction apparatus according to
claim1l 1 8\”9| n an indication of absence of said mark is output. 115
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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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I LI | dEbC Figure 33(a) shows the data structure after the barcode

10- 109%VE' () -1 +109%V&’ () - S) 109%V&’ ()- @ | 109%VE' () - L%LO%VE ()-" & 1098 ()- 111 -
"V'""dEbC is ECC encoded according to the present embodiment. Figure 33(b)

10f Y: F109%VE' () -f, 810%VE’ () - 6MLOYVE’ () - S310YVE' () - 11098VR: () -/ LOYVE: () -""""""
#GHHDC 10, sHOWsS&tHe 120k rus tdi¥ adtdy FCCLOWH 1 hig -whtRVh 1M

according to the present embodiment. Figure 33(c) shows an
ECC error-correction capability according to the present
embodiment.

In the present invention, the interleaving and Reed-
Solomon error—correction coding shown in the data structure
of Figure 33(a) are performed using the ECC encoder 927
shown in Figure.I when recording stripes on an optical disk.
With this error—correction method, a read error occurs in only one
disk out of 10" = 10 million optical disks under the condition of
that Byte error rate of 107 occurs, as shown in Figure 33(c).
In this data structure, to reduce the code data length the same
sync code is assigned to four rows, reducing the number of sync
codes by a factor of 4 and thus increasing efficiency.
With further reference to Figure 33, the scalability of the data
structure will be described. In the present invention, the
recording capacity can be varied freely, for example, within a

range of 12B (12 Byte) to 188B in increments of 16B, as shown
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Totve o0 & (iedres st ihabieher detail” %n) dats row 951
108 O ) et utes EDC of 5.  Figure 1409 Shows this in an

equivalent form. Error-correction encoding computation is

performed, assuming that data rows from 95le to 951z all

contain 0s. Mathematical equations for EDC and ECC

computations are shown in Figures 14(c) and 14(d),

respectively. In this way, the data is ECC-encoded by the

ECC encoder 927 in the recording apparatus of Figure 1 and

recorded as a barcode on the disk. When n=l, data of 12B

is recorded over an angle of 51 degrees on the disk.

Likewise, when n=2, data of 18B can be recorded: when

n=12, data of 271B can be recorded over an angle of 336

degrees on the disk. In the present invention, by encoding

and decoding the data using the EDC and ECC computation

equations shown in Figures 14(c) and 14(d), when the data

amount is smaller than 188B, the computation is

performed assyming all remaining bits are 0s, so that the

data is stored with a small recording capacity. This serves

to shorten the productive tact. When performing laser
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10% 0& ()- seconds to record a few thousand stripes to the full

capacity. The time required for disk production is 4

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

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

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

the present invention; in this application, the PCA area

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

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

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

cost increase. The scalability method of the present

invention achieves reductions in production cost and time.

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

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

performs the EDC and ECC error—correction computations shown

in Figures 14(c) and 14(d), assuming that the data rows 95le

to 951z all contain Os as shown in Figure 14(b): the effect of

this is that data of 12 to 271B can be corrected for errors by
using the same program. In this case, the number of program steps
decreases, permitting the use of a small-capacity ROM in the

microcomputer.
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10' 0, 10% o0& ﬁ%g%?éi_ g% &Y 5ang t, °%, the case of a disk
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bC 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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18"”5“5‘5(1%,0/2%%%”“%&% S FORH, O OB 1 0G0 (un @33 1111111 bC
number and its corresponding digital signature 4505 are
recorded as a barcode in the PCA area of an optical disk
4506 by using a PCA writer 4507. The public key is
prerecorded on the master disk, that is, in a pit portion of
the disk. When the thus manufactured optical disk 4506 is
loaded into a playback apparatus (player) 4509, the public
key is read from the pit portion, and the ID number and the
digital signature appended to it are read from the PCA area
and decrypted with the public key. The result of the
decryption is passed to a verification section 4511; if the
digital signature data is found legitimate as the result of
the verification, the playback operation of the optical disk
is allowed to continue. If the digital signature data is
found illegitimate as the result of the verification, the
operation is stopped. Here, if the digital signature data
is recorded in the PCA area together with the plaintext of
the ID, the result of the decryption is checked against the
plaintext of the ID to see if they match. If the digital
signature data only is recorded in the PCA area, an error
check is performed for verification. When the data is

encrypted with public key cipher, as described above, only
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Needless to say, the above method described with reference
to Figure 45 can also be used in the Internet.
(b) Another application example of the barcode will be
described with reference to Figure 46 as another mode of
embodiment.
This mode of embodiment is concerned with an example in
which an encryption key to be used during communication is
recorded as the above-described barcode in the PCA area.
As shown in Figure 46, a press factory 4601 keeps each
ID number and its corresponding encryption key, a public key
of a public key encryption function, in the form of a table
4602. At the press factory 4601, an ID number and its
corresponding public key are recorded in the PCA area 4605
of an optical disk 4604 by using a PCA writer 4603.
Next, we will describe how the user who purchased the
thus completed optical disk 4604 can play it back on his
player. Consider, for example, a case in which he desires

to watch movie software recorded on the optical disk.
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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, 1issues 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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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 & third party from placing an illegal order. In
the example of Figure 46, a public key is used as the
communication key, but it will be appreciated that similar
effects can be obtained if a secret key is used. In this
case, however, the security level is a little lower than
when a public key is used. Needless to say, the method
described with reference to Figure 46 can also be used in

the Internet.
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software is scrambled or not; if YES, a connection is made

to the personal computer network in step 90lc, which is

followed by step 901d where the user enters the user ID and

software ID. If, in step 90lc, there is a drive ID, then in

step 901f the drive ID data is transmitted.to the password

issuing center. After confirming payment, in step 90lg the

password issuing center performs encryption computation on

the drive ID and software ID by using a sub secret key, and

generates a password which is transmitted to the user. The

process then proceeds to step 90lh. The personal computer

at the user end computes the password by a sub public key

and compares it with the drive ID. If the result is OK, the

process proceeds to step 90ln 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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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 is unlocked.

In this way, by communicating with the password issuing
center via the network by using a disk ID, the software
scramble or encryption on the disk can be unlocked. In the
case of the disk ID of the present invention, since the ID
varies from disk to disk, the password is also different;
this has the effect of enhancing security. In Figure 22,
ciphertext communication is omitted, but by encrypting data
using a public key recorded in the PCA area, such as shown
in Figure 46, during the communication performed in steps
901i and 901j, data security during communication can be
further enhanced. This has the effect of ensuring safe
transmission of personal billing information via a
communication means such as the Internet where the security

level is low.

We will finish here the descriptions of the first-half
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portion, will be explained.

(a) Laser markings are formed at random in the
anti-piraéy mark formation process at the factory. No laser
markings formed in this manner can be identical in physical
feature. In the next process step, the 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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as earlier noted. Another factor is that the sector address
preassigned to the disk is different if the master disk is
different.

Referring now to Figure 13, we will describe how the
marking position information differs between the legitimate
disk and pirated disk. The figure shows an example in which
the above two factors are combined. In the example shown,
two markings are formed on one disk. In the case of the
legitimate CD, the first marking of mark number 1 is
located at the 262nd clock position from the start point of
the sector of logical address Al, as shown in the address
table 609. In the case of a DVD, one clock is equivalent to
0.13 um, and the measurement is made with this accuracy.

On the other hand, in the case of the pirated CD, the first
marking is located at the 8lst clock position in the sector
of address A2, as shown in the address table 609x. By
detecting this.difference of the first marking position
between the legitimate disk and pirated disk, the pirated

disk can be distinguished. Likewise, the position of the
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address Al must be formed with an accuracy of one clock

unit, i.e., 0.13 um; otherwise, the pirated disk cannot be

run.
In the example of Figure 16,

the legitimate disk and illegally duplicated
disk have low reflectivity portion address tables 609 and
609x respectively, where values are different as shown in
Figure 17. In the case of the legitimate disk, in the track
following the mark 1 the start and end positions are mtl4
and m+267, respectively, as shown in Figure 16(8), whereas
in the case of the illegally duplicated Qisk these are mt+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(85.

As shown in Figure 20(5) showing the waveform of a PLL

reproduced clock signal out of reproduced optical signals,
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Accordingly, to make an illegal copy, the
reflective film will have to be removed with a submicron
resolution of 0.1 gm. It is true that when an optical head
designed for an optical disk is used, a recording can be made
on a recording film such as a CD-R with 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 trimming can only achieve a
processing accuracy of a few microns. In the laser trimming
for semiconductor mask corrections, it is said that 1 um is
the limit of the processing accuracy. This means that it is
difficult to achieve a processing accuracy of 0.1 um at the
mass production level.
(c) As a second method, X-ray exposure equipment for

processing semiconductor masks for VLS[s and ion beam

processing equipment are known at the present time as
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equipment, the cost per disk would be very high.

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

At the

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.

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

Since

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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10/ ! @ 0% piragropee(snt@puobagpryvigded by the reflective layer level
mechanism, that is, by the low reflective marking alone.
In this case, the prevention is effecfive eveﬁ 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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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 0 (2) and
21().

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 usihg a 6-bit marking length.

As illustrated, the detection operation is

fundamentally the same between CD and DVD. A first
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second difference is that since the line recording density
is nearly two times as high, 1 T of the reproduced clock is
as short as 0.13 um, which increases the resolution for the
detection of the position information and thus provides a
greater anti-piracy effect.

Shown in Figure 2 O is the signal from the first layer
in a two-layer optical disk having two reflective layers.
The signal (1) shows the condition when the start position
of an optical mark on the first layer is detected. Figure
2 1 shows the condition of the signal from the second layer.

To read the second layer, a first/second layer
switching section 827 in Figure 15 sends a switching signal
to a focus control section 828 which then controls a focus
driving section 829 to switch the focus from the first layer
to the second layer. From Figure 2 0, 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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laser light penetrates the first and second layers through

the same hole, as shown in the process step (6) in

Figure 7, the nonreflective portion 815 formed on the first

reflective layer 802 and the nonreflective portion 826

formed on the second reflective layer 825 are identical in

shape. This is depicted in the perspective view of Figure

4 7. In the present invention, after the transparent

substrate 801 and the second substrate 803'are laminated

together, laser light is applied penetrating through to the

second layer to form an identical mark thereon. In this

case, since coordinate arrangements of pits are different

between the first and second layers, and since the

positional relationship between the first and second layvers

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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accuracy of the order of 0.1 um, but there is a possibility
that mass produc¢tion technology may be commercially
implemented in the future that enables large quantities of
single-layer disks to be trimmed with a processing accuracy
of 0.1 um at low cost. Even in that case, since the top
and bottom disks are trimmed simultaneously in the case of
the two-layer laminated disk 800, the two disks must be
laminated together with the pit locations and optical marks

. aligned with an accuracy of a few microns. However, it is

next to impossible to laminate the disks with this accuracy
because of the temperature coefficient, etc. of the
polycarbonate substrate. When optical marks were formed by
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
wvhere 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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reduces the security of encryption. On the other hand,
according to the method involving laser processing of
laminated disks, which constitutes one aspect of the
invention, the laser trimming process can be completely
separated from the disk manufacturing process. Therefore,
laser trimming and encryption operations can be performed at
a factory of the software maker. Since the secret
encryption key that the software maker keeps need not be
delivered to the disk manufacturing factorj, 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 inventiomn,
a legitimate manufacturer can make a legitimate disk by processing
the disk using a general-purpose laser trimming apparatus having
a processing accuracy of several tens of microns. Though a
measuring accuracy of 0.13 um is required, this can be
achieved by conventional circuitry contained in a consumer
DVD player. By encrypting the measured result with a secret

encryption key, a legitimate disk can be manufactured. That
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This means that a convectional laser processing apparatus
can be used. On the other hand, an illegal manufacturer,
who does not have a secret key, will have to directly copy
the encrypted information recorded on the legitimate disk.
This means that a physical mark corresponding to the
encrypted position information, that is, the position
information on the legitimate disk, 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 twoe 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 hagnitude higher than the processing accuracy.

In the case of CLV, the above method exploits the fact

that the address coordinate arrangement differs from one
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speed, i.e., with a constant angular velocity (CAV), and the

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 triaﬁgles, 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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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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effectiveness in preventing duplication since duplicating

the Qisk of the invention does not justify the cost.

Figure 1 9 shows a flowchart for detecting a duplicated
CD by using the low reflectivity portion address table. The
delay time needed to detect the optical mark varies only
slightly due to the optical head and circuit designs of the
reproduction apparatus used. This of the delay time TD circuit
can be predicted at the design stage or at the time of
mass production. The optical mark position information is
obtained by measuring the number of clocks, that is, the
time, from the frame synchronizing s;gnal. Due to the
effect of the circuit delay time, an error may be caused to
detected data of the optical mark position information. As
a result, a legitimate disk may be erroneously judged as
being a pirated disk, inconveniencing a legitimate user. A
measure to reduce the effect of the circuit delay time TD
will be descriBed below. Further, a scratch made on a disk

after purchase may cause an interruption in the reproduced
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the reproduction operation is permitted when the pass count 867
is reached; the margin allowed for an error due to a surface
scratch on the disk can be controlled by the copyright owner
prior to the shipment of the disk. This will be described
with reference to Figure 1 9.
In Figure 1 9, the disk is reproduced in step 865a to
recover the encrypted position information from the barcode
recording portion or pit recording portion of the present
invention. In'step 865b, decryption or signature
verification is performed, and in step 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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16(7). In step 865x, the optical mark located inside

address Nm is measured. In steps 865i, 865j, 865k, and

865m, the optical mark position information is detected with

a resolution of one clock unit, as in steps 865d, 865y,

865f, and 865y. Next, in step 865n, a pirated disk

detection routine is entered. First, the circuit delay time

TD is corrected. In step 865p, the tolerance 866, i.e., tA,

and pass count 867 recorded on the disk, as shown in Figure

2 O, are read to check whether or not tbe 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 coun£ 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

- 105 -



10B 10B 10B >1098& ()- 9- &L0% ()- s"BxnmbC 104|!!f 10% u& ()- 10( 10(
10(9>10% & ()-y/ @O0% & ()-10% & ()-10% & ()- PdENDC enteper 2002
104| 1y10% u& ()-  10% u& ()-3 10% u& ()-10% u& () - 10% u& (? 16% (% 5 h
PAEMbC 104| ! 39F10% u& ()- Y10% u& () -

S10% u& ()-10% u& ()-" 10% u& () - GL0% u& () - P2l dEnbC
104| ! Y+ 10% u& () - Y(10% u& ()- Y& 10% u& () - F$10% u& () - Fl "ML0% u& ()-1S
10% u& () -diSk asdErdhe dfktalt 749 %sugtéppedl 0% u&' () -3

10% u& ()-11,10% u& ()-S/ 310% u& ()-19-10% u& ()-: @GBCTbC 104|! Ys

1098 () - YF10%&: 048321 00 £&16) »91G% U& () -5t dEbC
104] ! ()210%& ()A%%?' f)p‘?/d%o%“%%%gl%%@fﬁ(l % -‘lj'%%og;g&'{%@ ﬁg}/%éz ;J - deEbC

igfu :/10ty(y (D)Q’a“ ) & %39’%%%(/%5 ?ﬂfg‘/?%l} %)%18%9%%%%%%@5??%& / 10
Y S SR L T a0, L 1
10% u& () aé%%rQEQFI)ﬁﬁr%ﬁQ?more, BQY%Q%;lng 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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secondary recording means, the encrypted information was
recorded as a barcode on the optical disk with an accuracy
of several tens of microns which was the usual processing
accuracy. In this way, optical mark position information
was obtained with an accuracy of, for example, 0.1 um,
much higher than the processing accuracf 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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application mode of the barcode in which the barcode is used
for a pirated-disk 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 pfescribed region where the barcode, 584c -
584e, is recorded, as shown in Figure 2, it becomes
difficult to accurately measure the address/clock position
of the marking. To avoid this problem, if, as shown in
Figure 39, the marking 941 is formed in a pit area 94la at a
radius position different from the radius position of the
stripe area 923a, the position of the marking 941 can be

_ measured stably with an accuracy of one clock, as shown in

Figure 20 (5). This has the effect of being able to
identify pirated disks more stably.

In this case, by forming a pinhole marking destroying
only a few tracks, as shown in Figure 39, not only errors
can be minimized but piracy prevention can be accomplished
within the scope of the current standard.

Alternatively, the marking 941 may be recorded in the
guard-band area 999 shown in Figure 30. Since the guard-
band area 999 contains no data but address information, this
has the effect of avoiding destroying already recorded data

by recording the marking 941.
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structure is used for secondary recording of a barcode, etc.

E?_@ﬁnddg: harking

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 stfucture 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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effect of simplifying the construction of the playback

apparatus, for example.

Furthermore, by barcoding the marking position
information for use as a disk-unique ID, the invention
provides a greatly improved pirated-disk and other illegal
duplication prevention capability as compared to the prior
art. A piracy prevention technique of the prior art, for
example, employed a method that deliberately arranged pits
in serpentine fashion when making a disk mold. Such a prior
art method is not effective in piracy prevention, since a
pirated disk can be easily made by exactly replicating the
mold shape from a legitimate optical disk, On the other
hand, according to the present invention, since the marking
is formed on the reflective film by a laser and its position
information is coded as a barcode, as described above, the
contents of them cannot be made to coincide when making an

illegal duplication. The above-described effect is thus

accomplished.

INDUSTRIAL UTILIZATION POSSIBILITY

As described above for example the optical disk of the present
invention is such optical disk on which data is recorded with CLYV,

wherein, in a prescribed region of a pre-pit signal area on said
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information value unique to said optical disk.

2, An optical disk according to claim 1, wherein said identification information is
used for encrypting and decrypting information in a principal information
recording area of said optical disk.

3. An optical disk according to claim 1, wherein control data is provided for holding
physical feature information regarding said optical disk, and said prescribed
region includes said control data.

4, An optical disk according to claim 3, wherein a guard band area, in which at
least an address is recorded, is provided between said barcode-like mark area
and said control data.

5. 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.

6. An optical disk according to claim 1, wherein said identification information is
encrypted or applied with a digital signature.

7. An optical disk according to claim1, wherein said optical disk is constructed

from two disk substrates.
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identifier detection means for detecting said identifier on said optical disk,

wherein the decryption key is obtained from said identification
information, and

wherein when said identifier indicates absence of said barcode-like mark,
said reproduction means is signaled not to reproduce said barcode-like
mark.

9. An optical disk reproduction apparatus according to claim 8, wherein said
reproduction means includes an optical head for performing reproduction.

10. An optical disk reproduction apparatus according to claim 7, wherein when said
identifier indicates absence of said barcode-like mark, said reproduction means is
signaled not to reproduce said barcode-like mark.

11. An optical disk reproduction apparatus according to claim 9, wherein an

indication of absence of said mark is output.
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region includes said control data.

13. 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.

14. An optical disk according to claim 3, 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.

15.  An optical disk according to claim 4, 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.

16. An optical disk according to claim 2, wherein said identification information is
encrypted or applied with a digital signature.

17. An optical disk according to claim 3, wherein said identification information is
encrypted or applied with a digital signature.

18.  An optical disk according to claim 4, wherein said identification information is
encrypted or applied with a digital signature.

19.  An optical disk according to claim 5, wherein said identification information is
encrypted or applied with a digital signature.

20. An optical disk according to claim 2, wherein said optical disk is constructed
from two disk substrates.

21, An optical disk according to claim 3, wherein said optical disk is constructed

from two disk substrates.
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An optical disk according to claim 4, wherein said optical disk is constructed
from two disk substrates.

An optical disk according to claim 5, wherein said optical disk is constructed
from two disk substrates.

An optical disk according to claim 6, wherein said optical disk is constructed
from two disk substrates.

An optical disk reproduction apparatus according to claim 8, wherein when said
identifier indicates absence of said barcode-like mark, said control means is
signaled not to reproduce said barcode-like mark.

An optical disk reproduction apparatus according to claim 9, wherein when said
identifier indicates absence of said barcode-like mark, said reproduction means is
signaled not to reproduce said barcode-like mark.

An optical disk reproduction apparatus according to claim 10, wherein an
indication of absence of said mark is output.

An optical disk reproduction apparatus according to claim 11, wherein an

indication of absence of said mark is output.

116



