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.BARCODE FORM NG METHOD) AN OPTI CAL DI SK REPRODUCTI ON AQMW'W RKI NG
FORM NG APPARATUS) A METHOD OF FORM NG A LASER MARKI NG { L DI SK
AND A METHOD OF MANUFACTURI NG AN OPTI CAL DI SK TECHNI CAL FI ElsBssFhe present
invention relates to an optical disk, an optical disk 1 ng
nmet hod) an optical disk reproduction apparatus, a narkmmﬁﬂﬂﬂﬁmmﬂﬁmr
apparatus, a nethod of formnm nGPECIFHEATIONr ki ng on an o , and a
met hod of manufacturing an optical disk. BACKGROUND ART | nGpaa*

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. SingeQBPPRIALI DISK, MAK i GRTICAN DISK PBARGODE tEORMING & pit information
area of the optical disk, it has been practiced to wite the barcoded
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is not recorded in a pit area but recorded in a non-information area, as
described ab8¥ a separate reading device has had to be provided in
addition to the usual optical pickup, the resulting problem being increased
conplexity of the playback apparatus construction.

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 methed

of manufacturing an optical disk.

BACKGROUND ART

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

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

When reproducing (playing back) such an optical disk,

1 ]
the pit information is read by an optical pickup:; to read the
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DI SCLOSURE OF | NVENTION In view of the above problemw th the prior art, it
s an object of the present invention to provide an optical disk wherein
data such as a disk ID nunber, etc. is converted into a barcode and
recorded in a pit area in overwiting fashion, thereby permtting the use
of a single optical pickup to read both the bit data and barcode data. It
is another object of the invention to provide a barcode form ng nethod,

etc. for suchareodedtinfalmaliidhk. sudie aki 4 seriial emimbor,i £tan wgbirded di sk on
which data is recorded with CLV, wherein, in a prescribed region of a

pre-pit signgl tfeeforingsthtdbiKaredl lhdievied! ta %@P@rmrs@ﬂﬁ_d s witten in
overwiting fashion by selectively renoving a reflective filmin said

prescribed rggj.:an. a4 econd invention is an optical disk according
to the firstggh@gn¥?%ﬁ?eaﬂ§$§in a control data area is provided for hol ding

th i hysi cal (f eat i nf or.nat | ' ' ical .disk) and an
dent 1 fi6r for 1 AT 08 FREE e BF ceaneBP AT BN SR SBNARI LGS <
recorded in said.control .data area. ,The terd.invention %f.an optical disk
accordi ng tocqri’r'@lg%c%ﬁﬁr?'%ﬁéwpsl%)a%gﬂeeilﬁ & GuBPH-1%5AHIet 48 fhere no data

is recorded is provided between said control data area and said prescribed
regi on of saPit preaphut spegrdedains nypeinformafipanaied B8 an optical disk
according to the first invention, wherein said barcode is forned in such a
manner that desrribedmbevbara sdpasdtgnabadiogndeticeckas haidt to beone prescri bed
time slot. The 5th invention is an optical disk according to the first
invention, whesdidedsai dddat iamdeo cehiet abisl datbealt pidas! timel uding 1D

i nformation uniquely given to said optical disk. The 6th invention is an
optical di skr@qAQiag HrobPeh H2iRENincreased complexity of the playback

apparatus construction.

DISCLOSURE OF INVENTION

In view of the above problem with the prior art, it is
an object of the present invention to provide an optical
disk wherein data such as a disk ID number, etc. is
converted into a barcode and recorded in a pit area in
overwriting fashion, thereby permitting the use of a single
optical pickup to read both the bit data and barcode data.

[t 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.



i nvention, wherein said barcode contains data including, in addition to
said IDinformation, a public key of a public key encryption function
corresponding to said IDinformation, said public key is used to encrypt
prescri bed data, and the encrypted prescribed data is transmtted to an
external party in order to obtain fromsaid external party a password
required to reproduce said optical disk. The 7th invention is an optical
di sk accordi ng t oThdeseboid iinvemtionnjs vdneppt itadaidisd Acofdimgato arhei s
encrypted or applied a -3 digital signature to. The 8th invention is an
optical disk figeeriliveationt herdin any@trodndataher&i nsapsodded gy of a
public key encryption function is used when applying encryption or a
digital signajg1geng ahedbth IpRyséar TBAERR. idfndtlod R¥RREHARG! SaiRn opti cal
di sk according to any one of inventions fromfirst to 8h , wherein said
optical disk {§; stiryct o} [,Sle- suhsit: ' et her.
p dptiQSdi'sk é?rf!i[BE {He&%ﬁ%ﬁ‘foﬁé&%ﬂ?&é‘h %gltﬁ‘ngpﬂgggrg&]et Y

The 10th invention is ah optica 'S arco orm erein pul sed
| aser light froma light.squrce,is nade into. a rectangular, beam pattern by
uaing a pect Aaas dadridRArES SscRihrgRl e seEhBATFer 1elE Peised on x
reflective filmip a pre-pit signal, region,i .prescribed radjus portjon
of an optical di sKiortRRRTCHVAREEN 45 4 GPHiRs] 348k G cordlgate themayend g
optical disk is rotated, thereby forq%gg a plurality of rectangul ar

refl ecti ve- f i Invensheivedhersjinonsguar dabantd eser whare o dake isagreardsdris on on
said reflective film The 11th invention is an optical disk barcode formng
met hod accor dimgyited thedwaet Isail dveomtiroh,datheamdan apdi sk idppresairibéd keghard wdes

a control data area for holding therein physical feature information

concer ni ng sagfidopté-giilt gigal argh.an identifier for indicating the presence
or absence of said barcode is recorded in said control data area. The 12th

! nvent! on is an ,OFPhé Q?c'h dhpen theh Pﬁdﬁnfwt%,ﬂg (ﬂ%kh%ﬁ'ﬁ‘iﬁé dionghd Fithe 11th
i nvention, wherein said barcode is fornmed in -4 such a manner that two or

f
ore bar code fdv%ﬂ%kén,c%ﬂg%'nogﬁi‘& bg‘rk & 19" eRSEL el 41 né{ Yhat i 13t
invention is an optical dis arcode fTormng nethod according to any one of

i nventions from 10t ai d opt.i disk is. ¢ tr.uct from
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rotational phase control for a notor, while recorded contents of a
invention, wherein said barcode contains data at least including ID

information uniquely given to said optical disk.

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

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

invention, wherein said ID information is encrypted or applied a



different recording area other than said recording area, recorded by
selectively forming lowreflectivity portions on a reflective filmin said
different recording area, are roproduced by using rotational speed control
for said notor, and the recorded contents of said recording area and the
recorded contents of said different recording area are both reproduced by
using the same optical pickup. The 15th invention is an optical disk
reproduction a AGeRreging to the 14th invention, wherein tracking
control is ng?Eggﬁngg%d In g%ld different recording area. The 16th

nvention s an oftd ggh (ki [BPTOE UL APRILRtHALREEY Bngrd gk 14th

i nvention) wherein tracking con I'n said
different recording ar The 17th ventLon is,an,optical .

F epr oduct | on BEBY BSHIREARCH r%gecrsm‘ﬁ 3h o ol B if 3nf\mefleqnnfanctwn
rotational speed%%g ghe roﬁatlonal speed t hat mo%%ﬂ be achieved in, said

di fferent -515 WERHMVIPRAPRIEENG fengamflpat@f.aoﬁw aSESNRGHES dio st |
applied. The 18th invention is an optical disk reproduction apparatus
accordi ng t o infermadtipni nventi on, wherein the rotational speed of said notor
in said rotational speed control is maintained at a prescribed val ue based
on a result obtaiThed9by iwastiiomdsaamiopiticad Idéslgtdrcprdingnteadny diné fokr ent
recording area. The 19th invention is an optical disk reproduction

appar at us acdexentidnisofide f145h tongetnt,i @hereinctelid opalchll disk efsl esigtrué yed
portions are a barcode fornmed by selectively renoving said reflective film

The 20th i nvewbinOfyd algla-s%%tpfdesdmhnra@@aowg@&h&n apparatus according to
the 14th invention whererein said lowreflectivity portions are a

bar code, sai d di ffﬂf‘e”tlo’E}?Cﬂxgghﬁ‘ﬂmaEEaad dpBlSA AHED RTESdd Foth g nEOHENt S

are recorded with
wherein pulsed laser light from a light source is made into a

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

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

optical disk is rotated, thereby forming a plurality of

rectangular reflective-film-removed regions as a barcode in

the same radius portion on said reflective film.

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

The 12th invention is an optical disk barcode forming method

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



when reproduci ng the recorded contents of said different recording area, a
hi gh-frequency-conponent signal generated during reproduction of said pits
which are fornend in said different recording area is reduced or elin nated
by a lowpass filter) thereby making it possible to separate a signal which
is reproduced from said barcode. The 21st invention is an optical disk
reproducti on apparatus according to the 14th invention, wherein said
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contents of s fferent recording area) t si gna

obt ai ned by readin ar ode is increased to a prescribed width and
t hen measured® ﬁf%ﬂqggﬁﬂﬁﬂﬁ g ses froma control section. The 22nd

invention is an o di,sk reproduction apparatus acc in one of
ot ons Tran e Fhe sabeh SRaetY wnL o Al BaP ToRRekrnaRods" s o,
two di sk-substrates | am nated together. The 23rd invention is an, optical

di sk reproducererrdHpgatatany %@gdlﬁi’@nﬁboﬂsnémmwthn%rh 2itdn, wheetisaidai d
optical disk includes a control data area for hol ding t herein physi cal
feature inforoptical dosk dsnconstsactedfrondivodd s¢k-sahsitzatesdbanintied tbgether.
i ndi cating the presence or absence of said barcode is recorded in said

control data area.Theh¢4@dtinvemviont i oran spaitadpdi dalepraioct b egpatd s
apparatus according to claim23) wherein) after reading recorded contents

of said contr gheglitrA raS@ledNeon teddl NeF hheré%ro%%{%r@ﬁ aheepesy o said
barcode, it is deternlned whet her an optical pickup shoul d be moved to an
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is a marking ornl 0 appara us ‘wh conpril

phase control for a motor, while recorded contents of 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 apparatus
according to the 14th invention, wherein tracking control is not
performed in said different recording area.
The 16th invention is an optical disk reproduction apparatus
according to the 14th invention, wherein tracking control is,
in effect, performed in said different recording area.
The 17th invention is an optical disk reproduction apparatus
according to the 16th invention, wherein a rotational speed is

the rotational speed that would be achieved in said different



marking form ng neans for applying a marking on a reflective filmfornmed on
a di sk: marking position detecting nmeans for detecting a position of said
mar ki ng: and position information witing neans for converting at -7

| east said detected position information or information concerning said
position information into a barcode, and for selectively renoving said
reflective filmto wite said barcode to an optical disk on which data is

recorded w th I\, 4\ ra‘?’eQ %%a?@e %ttl&ialsgp&' PILEOAR hgravy g}ai?&i n

overwiting fashion t prescri a pre-pi't signal area on said

optical disk. The ventl Qn 1S & apparatus_acc rdlng
t6 the 25th i nvent fOh, 14Meriar 5ah 5 oS0, T AR et

di sk-substrates Ia nat ed Eo%%&g The 27t |nvenB|on is,.a rk %ornlng
means accor di ct°6 the Wsthe i BRI Qe MBETE Dhithe p‘(?§?ﬂ?ﬂ? i on
writing means |ncludes encrypting neans for encrypting at Ieast sai d

det ect ed posi t5difl mAter e fad getakiosakesnesd eHEel nish@asataingdsdt idon
information, and wites contents thus encrypted to said disk. The 28th
invention is apresckibed fvalue fgsagpar at neswdcobtiingd thy mees®Sng & mianninon)
wherein said position information witing neans includes digital signature

means fox appl yedp@hapiit dint shididdfiférene tecoridihgagtasai d detected position
information or information concerning said position information, and the

witing at |east sahd pRhech®chtROsi id @R 6ﬁﬁﬂ€ﬁﬂfﬁﬂsﬁnréﬁfoﬁﬂéE¥dﬁahbﬁﬁ}atus

concerning said position informati on neans witing information concerning a
result of Sa'daéudiﬁﬁﬁﬁ fﬂ YR & ifvention, wherein said low-reflectivity

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

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

said low-reflectivity portions are a barcode, and

when reproducing the recorded contents of said



application to said disk. The 29th invention is a reproduction apparatus
whi ch conprises: position information readi ng neans for reading position
information of a marking or information concerning said position
information, said position information ox said information being formed by
(1) applying a marking on a reflective filmformed on a disk) (2) detecting
position of the marking) (3) converting detected said position information
or said infordififeranti mecordibararede tred widylwoift & neienhé deadoetk byi t h
selectively renoving said reflective filmon said optical disk on which
data i s recongeding tsai@lbircoae kisngneadedotoraapsedeeibédaddoly dandf or mati on
concerning a physical position of said marking: conparing/judging neans for
perform ng comearmsuraddvijtHdgaimnhg Buless from 4 eulttoDfsecedsh.ng by said
position information reading neans and a result of reading by said marking

readi ng neans an j : K odugi fel g ti 68 sai d
optical disk in gggg?ggggghaﬁ%ﬂ§§@$é%ﬁppiggﬂtﬁgggg%8a§¢§5ﬁ a%gg?ggggkent
performed by said,co ringljudgi n an er ej loQr part i
barcode is Wﬁ%{’g%'}ﬁg\/@ﬁaﬁh?ﬁ%18‘5%%% tf\é'wag g%‘g’sgbl?b%&’ r%rgﬁgoiaaiéid
pre-pit signal area gn said optical ,disk. The . 30th invention is a

epr oduct | on SR5AER RISk aEE GPBE HRYCERA (AN HHh G eIbSORA aah LRI LAY Yagasher.
said detected position information or information concerning said position
information i s wiha @drdginventipnsaperiopkieal gosk trieproduetdpreanDeRatMS ti ng
means. The 31st invention is a reproduction apparatus according to the 30th
i nvention, wescerdimnitd pusiléthrnvafitiomat vieereini saidgopeiacad disld ddebudes a
encrypting nmeans for encrypting at |east said detected position infornmation

or informati aontool efatengresaifor frdingprthendor paysiwal fewtuvai thfpematicn
i nformation readi ng neans i ncludes decrypting neans corresponding to said

encrypting neghgbriitl BidopRocHladdsideandpid ndefeifier fRCrypts said
encrypted position

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



information or information concerning said position information. The 32nd
Fnvention is a reproduction apparatus according to the 30th invention,
wherein said position information witing neans includes digital signature
means for applying a digital signature to at |east said detected position
information or information concerning said position information, and wites
informati on concerning a result of said digital signature application to
sai d di sk, andesst dapdsddtieoted pbei tiain dnfomemdi oy oreamforimaciamdes

aut henti cati ng neans corresponding to said digital signature neans, and

posi tion infors®ddrain@XddidChodidt iBRATH oAt 1WAt @h 8y AOb&RIdePOsHd ifOR
information from an aut hentication process perforned by said authenticating

-10 - means agg{ &t ikbOMeAb¢idd a1 ARl QB FORCEITH 1Y el gl t of said
digital signature application, when an output indicating correctness of

gi tal i gnaturs _ nd cor of
compar | ng/ | udHERG edact hEP} e CFHE SR HEET BELE Sk RERATHARD, et ng the

position info?ﬂg;ion obtai ned by said position information extracting neans
and the resul readi ng by said marking readi ng neans, and when said

out put indicating orrectq?ss IS not prog ced, ,the reproduction is not
performed. The 33rtPerptRllofr iR e CAE% USalT L eRgIR di sk, which

conprises the steps of: formng at |east one disk: formng a reflective
filmto sai d Pyerad tdngifaghpryitegaprassasbedgesialy REny Br6 BEE d refl ective
film detecting at | east one position of said marking; and encrypting said
det ect ed posi ssigmel rteanmt isend apdical disk.

The 26th invention is a marking forming apparatus according to
the 25th invention, wherein said disk is constructed from two
disk-substrates laminated together.

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

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

and the writing at least said detected position information

or information concerning said position information means

writing information concerning a result of said digital signature



witing said encrypted informati on onto said disk) wherein) when encrypting
and witing) at |least said encrypted information is converted into a

bar code, and said barcode is witten by selectively renoving said
reflective filmon said disk on which data is recorded with CLV, and all or
part of said barcode is witten in overwiting fashion to a prescribed
region of a pre-pit signal area on said disk. - 11 The 34th invention is
a met hod of naippll a€d tilonngo &saddskiskwhi ch conprises the steps of: formng at

| east one disk; formng areflective filmto said forned di sk; applying at

| east one marking tie 99tH fiikhedd (8 4 ieBrodlRtiashi Aihadhtd £IRL CIPRBNRASIds:ON

of said marking; and applying a digital signature to said detected position

I I
information and wrjti; n i i : i) i said digital
signature and wi tFélégl?qg ﬁ@g?@é%oﬁegu c%lwg?'ﬁ%éll@df |g‘i%tagppési%8§g%%?le is
converted int%F& barc.odeb and Sﬁid barcqpe isS witten bé seLﬁctiver

renovi ng said PEAE;Pe Fial PRES 8P ISR ™3 H RhF R AR %8 %8 Fecor ded with
CLV, all or part ,of said barcode being witten in overwwiting fq§hion,to a
prescribed rediasityen 4n5PEIHIPNS| Ml DRFIEA0H N NEQFERdi0aKOT 134 SHHRI MM i on
is a disk wherein a marking is forned by a laser to a reflective film of

sai d di sk hol dieiggdfermedr by t@n apndyéns,a anrkingsonpogiefiest ivef bilmafporedf
said marking or information concerning said position information is
encrypted or appla éilslg dRyidealecsirgnadsitonadf |thesmardding, et®r yptedting
information or digital signature-appended information is converted into a

bar code) and sgiwdcbad wade pdsiwibi tigfobyatiehest isuelyidrorRyivg s@idla barcode
reflective filmon said disk on which data is recorded with CLV, all or

part of said bargqd i ihit I i td i i i
region of a pr’e-a%?t ?‘})tl%?l@g%%#gl l?d;rrcgge%%g‘g;ﬁ%féggﬂgﬁél@;g%%@m S%Q%HP?I'?%I\%@%
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a secondary recordrng process accordrng e present e iment: Figure

2 i t | i.e f di sk di to t.h di t b) i t
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of the disk according to the enpodi nent) (d) hf a transverse sectional
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



view of the disk according to the enbodi nent, and (e) is a waveform di agram
of a reproduced signal according to the enbodinent Figure 3 is a flowhart
illustrating a process of recording encrypted position information on a
disk in the formof a barcode according to the present enbodi nent Figure 4
is a diagram show ng a disk fabrication process and a secondary recording
process (part 1) according to the present enbodinent; Figure 5 is a diagram

showi ng the d't%ksfa?@rdl%ﬁtbP%o@’i@F&ﬁ%n%&qnattfﬂ@n%ﬁ@ﬂ@@rnbéaf@cord' ng process
(part 2) according to the present enbodinent; Figure 6 is a di agram show ng

a two-|ayer disk f?t?é' &35t 0 vBBPPcﬁFis(é’%retpr%Au@c‘iSRragl Gat s tala?célgd“ ge% -13

enbodi nent: Figure is a granlshomﬁng t di sk at1on

process (part rdi n t he sent enbodi nent : Flgure 8(a) is an
enl arged viemﬂ%% gﬁﬁgﬁrgFﬁ%%ﬁﬁvehd%??lon of a lam nated type according to

t he present enbodlneqi % t an.enl ar. ed vi ew af 2 onref | e%
portion of a singl &% zftoél BEUIR a}?fb wtré {%mﬁﬁl?%elﬁlf B0 8P m&l"@ﬁff‘é
9(a) is a reprPduced waveforn1d|a ram,f nreflectlvg? ortion according
to the presentfQInBBEFFRIANE gth)lepst said e&& %i‘/@fcﬁ‘rﬁi‘ ﬁ’@rté‘?ﬁf%'r a
nonrefl ective portion according to the present_ enbodi nent, (c) is a
r epr oduced- waveTorne i eigcancgroing seddredsidden viefpsnatiion, aaor di ng to the
present enbodi nent, and (d) is a plan view of a master di sk produced by a
mast er di sk nethodsaid position information reading means includes decrypting means
corresponding to said encrypting means, and by using said
decrypting means, decrypts said encrypted position
information or information concerning said position
information.
The 32nd invention is a reproduction apparatus according to
the 30th invention, wherein
said position information writing means includes
digital signature means for applying a digital signature to
at least said detected position information or information
concerning said position information, and writes information
concerning a result of said digital signature application
to said disk,
and said position information reading means includes
authenticating means corresponding to said digital
signature means, and
position information extracting means for

obtaining said position information from an

authentication process performed by said authenticating

_.10-



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 (b) is a
cross-sectional view of a nonreflective portion of the single-plate type
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 enbodi ment: mehdds and/gurfrot2{s)d isfarmatdss-ceecsérmingl the eesolt a di sk
according to the present enbodiment, and (b) is a crosssectional view of

the nonreflective pyft kg diigt i diglataes updlngatidnt he present enbodi ment:
Figure 13(a) is a diagram show ng a physical arrangenent of addresses on a

egiti mate OO acoptal B S phheiRARSK Bt ARflo Dorl Saa physt oa

arrangenent of addresses on an i1l egall upltcated CD according to the
enbodi nent: Figure 1 S i.agr how y f. Fl e 33 in
further detai #Hfﬁslcfégz?én cfieég}grﬁssﬂgﬁu?iag\gfn%glqg?lv&afaég%en é{:g’cgﬁ ucture for
ECC encoding/decodin%, &ﬁg is a diag#?n1shomﬁng a nﬁ&henatical equation for
EDC conput at i"RMSartf{dayonRar ingidRtHE SRERS METLOTRS: HRSROMEAT 18%uat i on for
ECC conputation; Figure 15 is a block diagramof a lowreflectivity
position det eodudganens g using ae pasddi Preinformajdpe e aineq byi agr am
illustrating the principle of detecting address/clock positions of a
| ow-refl ecti\daiy positiion infoonatiiog extraheingrpednsrend: thd geseltlpfis a
di agram showi ng a conparison of low reflectivity portion address tables for
a |l egitimte mhadkngry gaidimarkateedeadislg: méargyr end 8Aehssa df bovmitar t
illustrating a procedure for encryption, etc. using an RSA function
according to idddcating correctness is not produced, the reproduction is
not performed.
The 33rd invention is a method of manufacturing a disk,
which comprises the steps of:
forming at least one disk;
forming a reflective film to said formed disk:
applying at least one marking to said reflective film;
detecting at least one position of said marking; and
encrypting said detected position information and
writing said encrypted information onto said disk,
wherein, when encrypting and writing, at least said
encrypted information is converted into a barcode, and said
barcode is written by selectively removing said reflective
film on said disk on which data is recorded
with CLV, and all or part of said barcode is written

in overwriting fashion to a prescribed region of a pre-pit

signal area on said disk.
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enbodi nent: -15 Figure 1$B is a flowchart illustrating a position
informati on check process according to the enbodinent; Figure 19 is a
flowchart illustrating a low reflectivity position detecting program
according to the enbodi nent; Figure 20 is a diagram showi ng a detected
waveformof a first-layer narking signal according to the present

enbodi nent; Figure 21 is a diagram showi ng a detected waveform of a
second- | ayer mar Rhegd&tihgharerddenridi agmethodhef massBantusimodi désk, whighre 22
is aflowhart illustrating the function of a scranble identifier and the
swi tching betowperisdsithe stemndfdisk IDin a programinstallation process
according to the present enbodinent. Figure 23 is a block diagramof a

stripe recordi ng fappidgtaySl éxeossd Madskp the enbodinent; Figure 24 is a
di agram showi ng a signal waveformand a trinmmng pattern in RZ recording

according to the rgpbafl GERLA] ek GWM Efl%ﬁ e sﬁldj'f%%é‘dnﬁ@“‘ ng a signal

wavef ormand a trimmng pattern in recording; Figure 26 is a diagram
Show 10 o8 o ygtety onice 44 WLERSSS A1) Lo g S
plan view of disﬁetectlng at least one position of said marking; and
applying a digital signature to said detected position
information and writing onto said disk,
wherein, when applying said digital signature and
writing, at least a result of said digital signature is
converted into a barcode, and said barcode is written by
selectively removing said reflective film on said disk on
vhich data is recorded with CLV, all or part of said barcode
being written in overwriting fashion to a prescribed region
of a pre-pit signal area on said disk.
The 35th invention is a disk wherein a marking is formed by
a laser to a reflective film of said disk holding data written
thereon, at least position information of said marking or information
concerning said position information is encrypted or applied
a digital signature, at least said encrypted information or digital
signature—appended information is converted into a barcode,
and said barcode is written by selectively removing said
reflective film on said disk on which data is recorded with
CLY, all or.part of said barcode being written in

overwriting fashion to a prescribed region of a pre-pit



stripes) along with signal waveforns) according to the enbodi nent; Figure
28(a) is a perspective view of a converging unit according to the

enbodi ment) and (b) is a diagram showing a stripe arrangenent and an
emtting-pul se signal; Figure 29(a) is a perspective view of the converging
unit, wth a beam defl ector appended thereto, according to the enbodi nent,
and (b) is a diagram show ng a stripe arrangenent and an em tting-pul se
signal : Fi gurélg’@li area @i“a@%ﬁndéﬁbvm ng the arrangenent of stripes on a disk
and the contents of control dada according to the enbodi nent Figure 31 is a
flowchart illustrating how control node is swi tched between CAV and CLV
when pl ayi ng back stripes according to the enbodi nent; Figure 32 is a

di agram showi ng a stripe area and an address area on a disk according to

t he enmbodi nent. Figure 33(a) is a diagram showi ng a data structure after

ECC encodi ng BRIEF OESCRIPTIONERTRRDRARDNGS (b) is a diagram show ng a data
structure after ECC encodi ng according to the enbodi nrent (when n = 1), and

(c) is a diagram show : s t] P ccording to
t he enbodi nent; F?&gggggﬁggsggﬁﬁ?%gfggggl%ﬁ?ngﬂ?%g datgkg%¥ﬁ%ture of a - 17

o "an LPE) - anfe GRS and b fonti ) rdcheitl PO HE b 16 WD O "
LPF; Figure 36%&9 isgﬁrﬁéagran1shomﬁng a reproduced si gnal wavef orm
according to Ph&*b AE$tand (b) is a diagram

Figure 2(a) is a top plan view of a disk according to
the embodiment, (b) is a top plan view of the disk according
to the embodiment, (c) is a top plan view of the disk
according to the embodiment, (d) is a transverse sectional
view of the disk according to the 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
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for explaini
enmbodi ment .
| aser emtti

ng a di nensional accuracy of a stripe according to t
Figure 37 is a diagram show ng a synchroni zation cod
ng pul se signal waveform Figure 38 is a diagram sho

procedure fox reading control data for playback according to the

enbodi nent ;
a pi nhol e-|
enbodi nent ;

Figure 39 is a diagramshowing a top plan view of a
ke optical marking as a physical feature according t
Embed igned®; i s a di agram showi ng a procedure for playi

he
e and a
W ng a

di sk havi ng
o the
ng back a

PCA area in a tracking O0~( condition according to the enbodi nent; Figure 41
is a block di agr &gate a7 dlsaybdiclgrapshoativg thaptwraayéngiskt ati onal speed
control according to the enbodinent; Figure 42 is a block diagra

pl ayback appanptitsatidR! (FHREEE NGak Ot A! iaeBetd iBRe | th@ngFedenaccor di

enbodi nent ;

Figure 43 is a block diagram of a playback apparatus

m of a
ng to the
-18

inplenentinge&ggéfﬂéagal speed control according to the enbodi nent; Figure
[

44 i1s a diagram

ustrating a piracy prevention al gorithm accor

ding to the

according o the ohiga it 1S APk e Lrey P PaRPR A i er

application
IS a perspec
di sk accord

Fi gure 47

I f the.b di t.h nbodi t.
EEELR 6 B RGLE REPE ARPREH e thth BFTBmaa i n & Lwo- | ayer

ng to the enbodi pent; and i ]
embodiment, and (b) is an enlarged view of a nonreflective

portion of a single-plate type according to the present
embodiment;

Figure 9(a) is a reproduced-waveform diagram for a
nonreflective portion according to the present embodiment,
(b) is a reproduced-waveform diagram for a nonreflective
portion according to the present embodiment, (c) is a
reproduced-waveform diagram for a nonreflective portion
according to the present embodiment, and (d) is a plan view
of a master disk produced by a master disk method;

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

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

according to the present embodiment,
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Figure 48 is a diagram show ng a conpari son of address coordinate positions
on different master disks according to the enbodi nent. Description of the
Ref erence Nuneral s 584. LOW REFLECTIVITY PORTI O\, 586. LOW REFLECTIVITY

LI GHT AMOUNT DETECTOR) 587. LI GHT A~4t OUNT LEVEL COVPARATOR) 588. LI GHT
AMOUNT REFERENCE VALUE) 599. LOW REFLECTI VI TY PORTI ON START/ END POSI Tl ON
DETECTOR, 600 LOW REFLECTI VI TY PORTI ON PCSI TI ON DETECTOR, 601

LOW REFLECTI VI TY PBRIUIEN1ANGULLAR: RESISTHEe tSpGNAlY i UTHUT SEBTI ON, 602.

LOW REFLECTI VI TY PORTI ON ANGULAR PGCSI TI ON DETECTOR, 605. LOW REFLECTIVITY
PORTI ON START &QoNdinH0n. thOwrREenEEhbyd iMénPORAJOLENED RO NT, 607. TI ME
DELAY CORRECTOR) 816. DI SK MANUFACTURI NG PROCESS, 817. SECONDARY RECORDI NG

PROCESS) 8l 8. &lodsectlidnal MINWFAETIRI hNenROGERS eSPERT 0n8d P . thSECRNDARY
RECORDI NG PROCESS STEPS) 820. SOFTWARE PRODUCTI ON' PROCESS STEPS, 830.

ENCODI NG MEA - L 833. FI RST SECRET KEY) 834.
SECOND SECRE%%%%%C%:%F&G&Ks@cﬁ%(%\é“ésa. RECORDI NG Cl RCUI T) 837.
ERROR- CORRECTI ON E R;,838.. R .839. | NTERLEAVER, 840.
PULSE | NTERVAL N@E%,mg%l.ISCE%?%%TC;%‘V%%,%%ZO& | D GENERATOR)
909. | NPUT SECTI QN) 910. LATOR, 913.. CL | GNAL , GENERATOR) 91 5.
MOTOR) 91 5. Wﬁﬂ“W%S%%?e%@LPmm%?E%PRM P tE\s, o1s.
MASK) 919. CONVERG. NG LENS, 920., Flgg; ',I'(Iml\f SLOT, 921. SECOND TI ME SLOT,
922. THI RD TI Mmboddmgnoand st pe)a gpysical sprangesent-ofsrddaessr®l NG REG ON,
926. SECOND RECORDI NG REG ON, 927. ECC ENCODER, 928. ECC DECODER, 929.
LASER PONER Sumplay ClRmalty ¢gdicsmEbED (2a¢ocdingitayBrecenboOmeRaRT), 931.

BEAM DEFLECTOR, 932. SLIT, 933. STRI PE, 934. SUB-STRI PE, 935.
Figure 14(a) is a diagram showing part (b) of Figure 33

in further detail, (b) is a diagram showing an equivalent
data structure for ECC encoding/decoding, (¢) is a diagram
showing a mathematical equation for EDC computation, and (d)
is a diagram showing a mathematical equation for ECC
computation;

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

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

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

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

embodiment,
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DEFLECTI ON SI GNAL GENERATOR, 936. CONTROL DATA AREA, 937. STRIPE
PRESENCE/ ABSENCE | DENTI FI ER, 938. ADDI TI ONAL STRI PE PORTI ON, 939.
ADDI TI ONAL STRI PE PRESENCE/ ABSENCE | DENTI FI ER) 940. STEPS (FOR STRI PE
PRESENCE/ ABSENCE | DENTI FI ER PLAYBACK FLOWCHART), 941. OPTI CAL MARKI NG
(PINHCLE), 942. PE-RZ DEMODULATOR, 943. LPF) 944. ADDRESS AREA) 945. MAIN
BEAM 946. SUB- BEAM 948. STRI PE REVERSE- SI DE RECORD | DENTI FI ER, 949.

STRI PE GAP PORTI ON I.N Nﬁﬁ ECC ROW 953.
EDGE- SPACI NG DETECW?EP@%\!\‘&@ %jgt lgﬁéﬁ%f‘ﬁ%@%‘b%. MENDRY
MEANS, 956. OSCILLA 7., CONTROLLER OR RCU T) 959.
BARCODE. READI NE AR gR‘g’bé‘gedﬁ/(ﬂﬁécﬁﬁ EEpraid tohe WA TEANS Do
FREQUENCY COVPARAT 966.. OSCl 6.7. FREQUENCY. COVPARATOR, 968.

OSCI LLATOR, 969. I\/g;@’@'%é& i/GDElI %I‘/E (?J Te? pY¥ erred enbodi nent s
of the present invention will be descrlbed be|OM/MAth reference to the
acconpanyi ng drefiesgdyith poRbtivasdetestiog nregedmarccerdigisven,theositi on
information for piracy prevention, which is a formof ID is taken as an
exanpl e of i nfembwtimentto be barcoded. In the first-half part (1) of the

description, a detailed explanation will be given of the piracy prevention

position informati ¢igase R0f 0§ na diagdam Ehowioged duteatdd ivaleform afiad i on of
how the information is converted into a barcode to conplete an optical disk

and how the optfal-1diyek Ma%kpﬁéxé@gnaa%cofdlngheo $Peopekspatf part (I1), the
techni que for barcoding the piracy prevention position infornmation will be

described in fgﬁ&ﬂﬁm ﬁ tail and in a concrete nmanner. More specifically,
the first-half f ? deals with (A Manufacturing a disk, (B) Forming a

mar ki ng by using I Read| Ihe posi tion infermation of the
Tarking, (D) EncryBeHge (o BAtiPBEEH ROrIR: PO EoCERY@UPRG M RB Bncr ypt ed
position i nforgggén&nlggéf)ﬂ%rklng signal according to the present
embodiment;
Figure 22 is a flowchart illustrating the function of a
scramble identifier and the switching between drive ID and
disk ID in a program installation process according to the
present embodiment.
Figure 23 is a block diagram of a stripe recording
apparatus according to the embodiment:
Figure 24 is a diagram showing a signal waveform and a
trimming pattern in RZ recording according to the
embodiment;
Figure 25 is a diagram showing a signal waveform and a
trimming pattern in NRZ recording;
Figure 26 is a diagram showing a signal waveform and a

trimming pattern in PE-RZ recording according to the

embodiment;
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-21 barcode, and witing the barcode in a pre-pit area of the optical
disk in overwiting fashion, and (C) Playing back the optical disk on a
pl ayer. The second-half part (I11) first describes (A) Useful ness of the
barcode for a | am nated-type optical disk, then proceeds to (B) Barcoding
the position information of the marking as a disk-unique ID, (C) Features
of the barcode-recorded optical disk format, nethods of tracking control,

and met hods of rqﬂiﬁixf@@ﬂ isPeedagPri SRbwiHgr h by BRsh A eRfott g skar code, and
(D) Playing back the barcode-recorded optical disk. The second-half part

(1) further [ [ B %/ﬁ{}l\.hac I hpi ques for

i mpl enment i ngsﬁ??e%érggﬁg ?(ia{;:%\r@chkﬁ%l( %’EJ od, tsf o%#g\%\g%lénéga%érqi ef explanation
of a barcode ,%a%?%ﬁg apparatus (player). Finally, a description is given
of (F) An exanpl e t he above barcode encrypti on and anot her application

exanpl e of the barcode.,(Il) Before proceeding tq the description of the
Shove (&) to (e Figgreiadal; ree AEBerbe e Vidnatat CUELELE HBRE T rom di sk
manuf acturing to the conpletion of an o tg’ al disk by using the flowchart
of Figure 1.a¢¢pnding m{%mer@m@l@mnt@a@n nP) | b dizgnam sEoWiNgatso referred
to as laser marking, while a nonreflective gg;ical mar ki ng portion is

si nply ref er striipeo aasangdemebhirandden eswitkjpeg-pubsekisngnalor optical marking or,
sonetinmes) as the - 22 physical 1D unique to a disk. First) the software
conpany per f or ns Fightevd?9ahui har pengspent saf iew e fptheuohivergimgocess 820. The
conpl eted soE tware is delivered fromthe software conpany to the disk
manuf act uri ngnfBCHALN - a Ibafl S4€1RBEM AheHdeddtHr@E6s Sactbed g tthe di sk

manuf acturing factory, the conpleted software is input in step 818a) a

raster di sk i WAlSRchi SEP @18D) o Ui sknrtRngSa st eps 818, 8180),

reflective filns are torne he respective s (steps 818f, 818h), the

two disks ar ] d t t her, i nd a ROM di sk such as a DVD
or CDis congft%ﬂ?éfe%ldggg l&éﬁ% %ij%eé%tlkﬂ%ﬁconpl eted disk 800 is
delivered to the\}ﬁoftwa,?(ﬂﬁ.rrake. or to,a 1‘ac&I ry under cgnté:ol of the

sof tware maker, WHEMES 1th iSeR FHASFIM SHRBIIA Ee rroEReE 8t 7%t an anti - piracy
mar ki ng 584) such the ong sho in Figure 2, is forned (step 819a)) and
accurat e posiStFHRES Afo? rétsioﬁn\l\@ftk?rﬁ@ RRF% Oifsc‘?rlé'dﬁlgfﬂdé ABGEANRg means
(step 829b) to obtain the position information which serves as the physical
feature infotpatheogmbedimeatsi sk. This physical feature information of the
disk is encrypted in step 819c. The encrypted information is converted to a
PE- RZ- nodul at ed dignak hiishaiSlowhkart éthudedting dbepditodl amda bar code
signal on the disk by using a | aser. The di sk physical feature information
may be conbi dedswitgdetichetvebh CAV andirOVf elednupay infgobaeh isepifedr encryption
in step 819c. - 23 The above processes will be described in further

detail. That ac8drding $& frRbehssdiment process) a marking formation process) a
mar ki ng position reading process, and an encrypted information witing

process for an ORtkih # S BEALAGILAIS REBATLINRILED W11 b
A suppl ement gy xplgaation WUl aksouie ol (60 dealipmwi th a disk having

two reflective Tayers W er Fraur In the follow ng
description, the rkin roatign process .and the markin osition reading
process are col | ect§WE 33{?; :Yea t%ﬁ@g"saé'bﬁﬁw ¢ Fdf{ﬁlcﬁﬁ’b‘gess. (A) First)
t he diskfabricatié)da:proc ss W Il be described. In the, disk fabrication

b
process 806 &Gk EnERAIRE4RCqrAdRe L0t £ epRP&REns L& r A8 2 801 i s pressed

in step (1). In step (2), a nmetal such as alum numor gold is
diagram showing a data structure after ECC encoding

according to the embodiment (when n = 1), and (¢) is a
diagram showing an ECC error-correction capability according
to the embodiment;

Figure 34 is a diagram showing the data structure of a
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sputtered to forma reflective |ayer 802. An adhesive |ayer 804 forned from
an ultraviolet curing resin is applied by spin coating to a substrate 803
formed in a different processing step, and the substrate 803 is bonded to
the transparent substrate 801 having the reflective |ayer 802) and they are
rotated at high speed to nake the bondi ng spacing uniform By exposure to
external ultraviolet radiation, the resin hardens, thus firmy bonding the
two substrat egyd@8hiedtiohncsdedP (4), a printed layer 805 where a CD or DVD
title is printed, is printed by screen printing -24 or offset printing.
Thus, in step (4) r; LWnary 5 gy egs t i InSkei s

conpl eted. (B) Neftl,kmteehgrs%)?iiisyna GHdiah; %‘rﬁﬂ%ﬁgcﬁsbﬁﬂgﬁﬁé@%@ségi bed with
reference to Ei s. 4 | n; E : : a pul sed | aser
813 such as agwﬂgﬁﬁa%%ﬁagg %éhgégkﬁﬂ{gﬂéﬁng %gﬁﬁéﬁgﬁﬁghigﬁgh814 onto the
reflective Ia¥§&)8 Z%h% %orn1a nonrefl ective portion 815 as shown in step
(6) in Figure~ 5. a s) a distinct waveform such as the waveform (A)
shown in step (7)§.is r%%royuced fromthe nonreflectiye Eorlioz 815 forned
in step (6) in Fi ga8BrS J089) IS @ AA&MRMsSHRNIRE G FEPEOHSPR $igMAt ect i on
signal such as shown by waveform (B) is pbtainﬁgé from whi ch hierarchi al

mar ki ng posi t Farefiormoaérardang donphe ambgdivensdoansk<b) sisch diRggBBWN i n si gnal
(d), and an address, a frame synchroni zi ng signal nunber) and a reproduced
cl ock count) $oclexpdashingnai dimeinghedal( efcurman df anetsipeedccoatditpe ri sing
edge of the thus obtained marking detection signal, a specific address

(i ndi cat ed bytadtheeembsdinmanti gure 5(d)) is read by the optical pickup from
within the plurality of addresses shown in Figure 5(d). Figure 5(b) shows

t he physi cal !OcatFigﬂr@fB’it he SRBGLFAF sAEPHRSE syhchebemkion f@um On the

ot her hand, Figure 5(e) shows the |logical structure of the data. As shown

in Figure 5(e), tyqagﬁgr im“fﬁﬁﬁé’%?h@iﬁ%mﬂfi gnal s under address n,

and k reproduced cl ock pulses er ea rane - 25 synchroni zati on
signal. Therefore,:th i.tion,.qf I?e mar ki ng_neasured. by the optical
o1 ckup can be repraddre o b5 SQuBesd PRI S nRRRIrS dor e iaRhl ' ninber.
and reproduced clﬁgk cou?; revi ousl .state&@ a su glenpntary
expl anat i on WEPMLERE §RtRHoBeP RAYDEEK AFCArE g 40i P?@Eﬁ BN sk (a two- | ayer
| am nated disk) with reference to Figures 6 and 7. Figures 4 and 5 showed a
di sk general |y kndUiguas 39 dsngyldiagegreshpuingat tep @ilak VilKcef Bas a
reflective layer only on one substrate 801. On the other hand, Figures 6
and 7 show a disk hponegad Ipinkelemlike aptioml Imaykind asi nahgdictilsk whi ch has
reflective |ayers on both substrates 801 and 803. For laser trimmng) the
processi ng st €patfre) aaccrditl B ehbuembtadénéad:l y t he sane for both types of
di sks) except with
Figure 40 is a diagram showing a procedure for playing
back a PCA area in a tracking ON condition according to the
embodiment;
Figure 41 is a block diagram of a playback apparatus
implementing rotational speed control according to the
embodiment;
Figure 42 is a block diagram of a playback apparatus
implementing rotational speed control according to the

embodiment;

Figure 43 is a block diagram of a playback apparatus
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significant differences which are briefly described below First) while the
single-layer disk uses a reflective layer fornmed froman alum numfilm
having reflectivity as high as 7096 or over) in the two-layer disk the
reflective layer 801 formed on the readi ng-side substrate $OL is a sem
transparent gold (Au) filmhaving a reflectivity of 30fo, while the
reflective [ayer 802 formed on the print-side substrate 803 is the sane as
that used in thelenengieg |cpfatienadk spessceartrodsacenrganedonther t he
single-layer disk, the two-layer disk is required to have high opti cal
accuracy. for eabadimea):t he adhesi ve | ayer 804 nust be optically -26
transparent and be uniformin thickness, and the optical transparency nust

not be | ost due t Filgaser44 riismai diggraiaritiduétbarif)a pansky Prevdnthbgure 7 show
t he signal waveforns obtained fromthe first |layer of the two

recordi ng- | ay%‘lg@'ﬁﬁﬁhm %&&?ﬁ@iﬁe%too%ésenﬁ)@:@irﬁen(tll), and (12) of Figure 7 show

the signal waverorns obtained fromthe second |ayer of the

t wo-recordi ng- 1 ayef: di.sk,e The_c f . SJ vef orns axe
essentially the sgﬁéﬁgg %%ggeadﬁg%ﬁéﬁaﬁge?%ﬂgégﬂgég??%% with reference to
parts (a) to (c) of .[Figure 5. The veform fromthe second layer is simlar
to that from %Hérwtrlé’f’ P%%ﬁ}“% htrﬁ’ugﬁe teﬂ‘gogli Hgl' | evel is lower than from
the first |ayer. However, since the first, and second Ifyers are bonded

t oget her, relativéhG@§Pt4%ﬁélad@@@?&&fhﬁﬁyﬁbéﬁoﬁmﬁhﬁpgJﬂéﬁéﬁhland can be
controlled only with an accuracy of a few hundred mcrons. As wll be
described | at examslof the haaseti/e leaondiagstes tharenhgdiméng it wo refl ecti ve
films, to nake an illegal disk the position informations on the first and

second layers for Figrei 4Btismarfersbect isaniyve shbwitg tondmeefibettive match the
sane value on the legitimte di sk. But
portion formed in a two—layer disk according to the
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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maki ng them match woul d require a near-subm cron accuracy in | am nating,
and consequently, making illegal disks of the two |layer type is practically
i npossi ble. The technique for formng the nonreflective optical narking
portion will be described in further detail in -27 - sections (a) to (d)
below with reference to Figures 8 to 12) etc.) dealing with the | am nated
type in conparison with a single-plate type. Figures 8(a) and (b) are

m crographs sSIMANURACTURINGVPROQESSTSTERPS e 192 c SECONDARY iREGDRIENGKI ng porti ons)
and Figure 10(a) is a sinplified schematic crosssectional view of a

nonrefl ective FROCESS STEPS! NE20L WOOFPWARE PRODUOBIGNI PROGHSS SEHPSUsB3® a 5 a
j/pul se YAG | aser, a | aser beamwas applied to a 500angstrom al um num | ayer

| ying 0.6 mm belcoWIAGMEANS] a8, OPUEL IC. REMENDRYEC TBOMaias K GgTsi sti ng of two
0. 6mm t hi ck disks | am nated together, and, as a result, a 12 u m w de

s! it-1ike nonr@d@?tx%&ea?git 'S‘E@RW%@@E@%’CMW@S ag @m\fﬁclﬁ gy X 750

m crograph of Hgure m cr ogr ap no alum num resi dues

ﬁﬁ;igif’s%égda st Esg@wmm 3 Lﬁ%&ﬁé@}&@ﬁi@ﬁ@@%@%ﬁ@%“m -

. h . =

ps-shoun 1 n_ i SAEDesAGGN’ ElGOngR: 85y PRHMERKER  sB0< Aot T Emmge had
occurred inside. In this case) the application of the pul sed | aser

or esunsbl y el ARWLARGR. a0 rioCK cS 1L GRNERATGR,) 968D GENERARBROMENON of

nol ten al um num bui | dup al ong the boundaries on both sides due to the
surface tensi 0909.WENBUET ISECRIGN, a9hdt RZeMODUELATORCO18erGLi06OK JIGMBT) recordi ng
met hod. This is a characteristic phenonmenon observed only on a | am nated

disk - 28 BCENERATOR) 9151 MCOTOR, s®I%emROTATION 2RBNSOR, [#ded on an observation
through a transm ssion el ectron m croscope (TEM, illustrating a cross

section of thecaauathrcilye CRINDRICALOLENS] bys.t igsebaysg, | aser trimming
process. And Figure 11 'shows that the adhesive | ayer of the disk has been

Lgm);’gg Pg g%g@gv@\l;mrggtwwk,“ o0 ki’ @rue 'sLbPe o2 Undgrab iy swol | en
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 ROV,

952. ECC ROW, 953. EDGE-SPACING DETECTING MEANS, 954.
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and 0.20 a mthick) the anount of increased alumnumin that portion is 1.
3 x (0. 20 - 0. 05 = 0. 195 ~c nZ The anount of alum numoriginally
deposited in a half portion (5 ~cm) of the | aser exposed region (10 ~ m
was 5 x 0. 05 = 0. 250 a nz. The difference is calculated as 0. 250 - O.
195 = 0. 055 ~ ne. In ternms of length) this is equivalent to 0. B5/0. 05 =
1. 1 am This neans that an alum numlayer of 0. 05 ~ mthickness and 1.

|, u m I ength COMPARINGI MEANS| (9561 eMBMORY MBANSArO38e §SCIRLKTGRI @57hat al nost all
al um numwas drawn to the filmswollen portion. Thus, the result of the

anal ysis of tdmTRbOWR. 9‘5§0M0?0RfDR€IVEE c@n@' @@?t'm\mc@bmfm\bmlabove

descri bed characteristic phenonenon next dea t he case of

a singl e-pl atyg: (&Btl @b@é( Siﬁ??l@pbbﬁalﬂﬂbsﬂfoﬁﬂﬂpﬁﬂﬁfsn%@s single disk). An
y app

experi nent was coh uct Vi ng 1 aser pul'ses of the Sane power to a
di sk, “of i crREAUETY UPERIRR. | % DTt oRE HRBWIBGY Thetigure)

al um num r esi r ed)..an nce these al um num resi dues
cause reproddﬂﬁ&%ﬁﬁﬁﬁvsgﬁgf#%ggﬁiﬁbﬁsé%ﬁLtﬂ%ﬁﬁﬁhe single-plate type is not
suitable for secondary recording of optical disk information of which a
hi gh density and a low error rate are demanded. Furthernore) unlike the

| am nat ed disk) in the case of the single-plate disk, the protective |ayer

862 is inevi t BESTy MOREeffe BMBGIIMENTSW i n Fi gure 10(b)) when the nonreflective
portion is subjected to laser trinmm ng. The degree of damage depends on the

| aser power, but The glefesfed anbedimeat\d ded eeentd fintéet loaseillpover is
control | ed accurately. Mreover, according to our experiment, the printed

llayer 805 forpedelYr SJde8816F 'w“El'x '}ngEPerﬁ:et b Citfae§Sc dipad frﬁ%’ hundred mi crons
on the protective layer 862 was danaged when its therma sor pt ance was

high. In the gasgool the g %e@@%ﬁatteiogolféé"gtlﬁé’f& degss, Lhs i ghl em of

protective |ayer nage her e pr I've e appl i ed once
prot ect i ve | ayermeEid, %Q@I@a%?h%"e?%h @ phltc@"ﬁgepag 385 4 dBen® 5 probi om
1 ihat the | 23er, Cut, PIOSESE, 190 (AR LIC0 S Bl the pressing
process.
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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This limts the application of the single-plate disk despite its -—
useful ness. (c) A conparison between single-plate disk and | am nated di sk

has been descri bed above, using a two-layer |anm nated disk as an exanpl e.

As is apparent fromthe above -30 - description, the sane effect as

obtained with the two-layer |an nated disk can be obtained with the
single-layer |am nated disk. Using Figures 12 (a) ) 12 (b), etc. , a

further descbapidden aad wrbeirg the heabdegnwat pre-pét siregl ef Ithger | am nat ed

di sc type. As shown in Figure 12(a), the reflective |layer 802 has the

transparent gpbidalaliesi8Qh eferlyha Fasieidn, oandn€) shldgingrthickhe hardened
adhesi ve | ayer 804 and a substrate on the other side, the reflective |ayer

802 thus bei pge NgyTEA] Coqlskyoé%apggyetrherﬁ&efsw@rm—hbpftpfa&»§ eqndi tion) pul sed

| aser light is focused thereon heating in the case of our experinent)

heat of 5 a %ﬁ)%ge%Fsééirbaéggy)?gjﬁgguﬁﬁ%isrgfjlt% %ﬁ%?d%fﬁgato 20 ~ m di anet er

on the refle a short perro . As aresult, the
tenperature instantly rises to,60Q0 e nelting poink, onelting state is
caused. By hlﬁ‘?lr}arr%ﬁﬂs?yé}e) OBt iggd glﬁrﬂ‘]%fh D5PC??1C% Ep'?a pg?%‘ﬁ’tdlggbst rate 801

near the spot is nelt{ed, and also a portion of the adhesive |ayer 804 is
mel ted. The HDBEtROFIALHiiAGRITAtioR;f §Bﬁt'&ﬁr|ké“&aﬂ§sé ISk -4kquc &Dt ensi on to
buil d up along boundaries 82la and 821b, with tension being applied to both
si des, thus flo} fieagubes lofupke d2zeodamaesoxiedopptizad etick &pxmataum as shown
in Figure 12(b). The nonreflective portion 584 free from al um num resi dues
is thus formedthods sfstmaskithatonarel,eantd ymetbbdned notatébhalctspeed porti on 584
can be obtained by laser-trimmng -31

control during reading of the barcode, and (D) Playing back

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

further deals in detail with (E) Manufacturing

techniques for implementing the barcode recording method,

followed by a brief explanation of a barcode playback

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

An example of the above barcode encryption and another

application example of the barcode.

(D

Before proceeding to the description of the above (A)

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

disk manufacturing to the completion of an optical disk by

using the flowchart of Figure 1.

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

marking portion is simply referred to as the barcode,

stripe, marking, or optical marking or, sometimes, as the
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the |l am nated di sk as shown in Figures 10(a) and 12(a). Exposure of the
reflective layer to the outside environnent due to a damaged protective
| ayer, which was the case with the single-plate type, was not observed even
when the | aser power was increased nore than 10 tinmes the optimum val ue.
After the laser trimmng, the nonreflective |ayer 584 has the structure
shown in Figure 12(b) where it is sandwi ched between the two transparent

substrates 8Qd)5i3Q3 W%n@&@é%ﬁ Wi ikt he adhesive | ayer 804 against the
out si de environnent) thus producing the effect of protecting the structure

together w i1 be TbSks hEcsofhr & MRELy, dERSouts Sorterdiad¥ e S,
formof a barcod an ill . manuf act r can ex t,he al um num | ayer b
removi ng thelrbrsé)f%g?f?/é’rf’g'g%trmf‘npm‘f@sﬁaugs@' ofﬁée §Pﬁ§f‘%—eﬂl ?ﬁ%‘"af%k) as >s/howny
in Figure 10(b This gives rise to a possibility that nonecrypted data ma
be ta?rpered %4?115;‘;6? gﬁ%itthenﬁoéwaéiaplﬁﬂ"ﬁﬁwI%P\/gpe dﬁé}‘ t he bglrocode porti o%

on a legitimte disk and then laser-trinmmng a different barcode. For

exanpl e, if Wwarufaptuningefastoryecokuddsk rmq@ugac‘rﬂuém drosepartdfedy from nain
ci phertext, in the case of a single-plate disk it is possible to alter the
| D nunber, ehbabldisl nadufgatunisog Odctolg, stifet vomm ethgd umifgare disf f er ent
password. However) if the secondary recording is nade on the |am nated di sk

as shown in fheuw enl@ted 8184, iaSmaser disldiikf pedduted o(s3epaBiBLe, t he | ani nat ed
disk into two sides. In addition) when renoving one side fromthe other,

the al um numyi gtd @ebl yeessel Mdteppag1ged! 8180 eSEdAKEE: v e nd R@eanti - piracy
marking is destroyed, the disk will be judged as being a pirated disk and

wi |l not r unfﬁ)ﬁﬁ{ff;'bﬂi e X‘as urivg}atﬁis'ﬁg Gt{eggaélﬁl,tgf%t)i, opge kQot he | am nated

di sk) the yie ow an s 1llTegal alterations are suppressed for

econom ¢ reagons. Rar{iEnaeld Woghthds685 8180t R M RoM disk

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 8!9c.
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| ayer | am nated disk, since the polycarbonate material has
tenperature/ hum dity expansion coefficients, it is nearly inpossible to

| am nate the two di sks, once separated) by aligning the anti-piracy
mar ki ngs on the first and second |ayers with an accuracy of a few nmcrons,
and to mass produce di sks. Thus, the two-|ayer type provides a greater
effectiveness in piracy prevention. It was thus found that ~~a clearly

defined slit of Fhaaook! AGickySePRill B2 d84cidRdbE FRtahdred by
| aser-trimmng the | am nated di sk 800. The technique for formng the

nonr ef | ecti gy Rt CahafRI ki NIAPY el AT pRERDASSCT Rering (@) to (d)

above. (O t, the process o eadi ng the position of the thus forned

mar ki ng wi |l |- Qe cri Fi.g . i s..a.blac i aqr owihg a | ow
reflectivi tyf%maﬁ?g%%gﬁgssde?e@{rg(rl$§8@sﬁg%g%&eég%@%r%éeggo#‘gf | ective
optical marking portion, along.with iifs adjacent, circuitr i,n . an optical
dl sk manut actUERREYRieSc saEOrmBP iRl &7 Fing & Eesgator A GPSHR8L 1K rat 1 ng ¢ he
principle of detecting address/claock positions of the |owreflectivity
portion. ForaGCORGEng dfcshefpraspntadayeniiont well de| drdcadberbdadription deal s
with the operating principle when a read operation is performed on a
nonref | ect i vdetaddt wovh frefemssicontal igprdscdl and Sk asdisgnnes 8dtdérom a single
disk. It will be recognized that the same operating principle also applies
to an optical2.di Aksupylishencdrgdetplanation giskallsanbaatieen tdegéimer. As shown
in Figure 15, the disk 800 is |loaded into a marking readi ng appar at us

equi pped W t h koMY Slehberdd tivb YraFo8LEiv@N 1 BpdACWPth GRBeFehcepsl t he narking,
and in this case, since a signal waveform 823 due to the presence and

absence of pfffggxgr%??% f\angjigg.”a'ln"‘@kYeeff‘B;P&ﬁ lgé’%xﬁiﬁti&ﬁ RRESRBEEn P! the

nonreflective 84 are significan erent 1 n signal |level, as
G st ngui shelP AR PBeRe 2% el etk reghfat ol Yodile dRbeSE showi ng the
e nonr ef | BT PO por tivahy Gibd P iREdStPROAEE aCPGRITE PTORASS: o(b) 15 & |
di agram showi ng t he waveform of Figure 9(a) but with a different tinme axis.
By renoving the &) Basitveths dislyfabaseationgpitoceqs will be

described. In the disk fabrication process 806 shown in

Figure 4, first a transparent substrate 801 is pressed in

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

sputtered to form a reflective layer 802. An adhesive layer

804 formed from an ultraviolet curing resin is applied

by spin coating to a substrate 803 formed in a different

processing step, and the substrate 803 is bonded to the

transparent substrate 801 having the reflective layer 802,

and they are rotated at high speed to make the bonding

spacing uniform. By exposure to external ultraviolet

radiation, the resin hardens, thus firmly bonding the two

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

a CD or DVD title is printed, is printed by screen printing
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descri bed above) a waveform easily distinguishable fromthat of a pit
signal is obtained. Rather than form ng an anti piracy identification mark
by renoving the reflective film- 34 by laser light) as described above,
the anti-piracy mark nmay be farnmed by changi ng the shape of pits on the
raster disk. This nmethod w il be described below Figure 9(c) shows the
wavef orm of a playback signal when the anti-?irac identification mark was
formed by nakiow opfset [pghgking habhust hér stapal$it sherondhearmst er disk. It
can be seen fromthe diagramthat the waveform 824p of the anti-piracy
identificationlamnktéd-tgpstogtdanb ROM éidk am ¢dmpleasdf orm of ot her pit data.
In this way, a waveformsimlar to that obtained fromthe PCA area

described later cagppeNexf! afHredabingOfsimaibeaeted wildrbd he master di sk;
in this case, however, the waveformis a little difficult to distinguish as

dto th j ' 9., B
Fembvi ng the 1o ReErSa T e epE BB [ RufkRe £0R408) A HIEREe 2 Neverorm
ily disti i shaple f t i to1gi | i ' . ;Rather th
form ng the baltBloosi chah hodhefodasst Saiuti g 2pr REr 1B 08 T by
I l'i ght d i.bed ab , the b d be, ,f h [ th
Shape of 'pi {s CIFUSRG HHGHER HHCORYSRRING TSk M AILR 1A FORISOLFS be deseri bed
bel ow. Figure 9(d) is a plan view showi ng a portion of a master disk

wherein pits shaneri R0% ftowiowmar eennef els venbatid opedtbeps diswnai® nade

| onger than other data pits and nade equal to the barcode bar wwdth t (= 10
~cm). Since re$tact(bViiny Fdgors 5i n Thaitsis,33 distimgérwaiefommesuch agavef or m
824 p as shown in Figure 9(c) is obtained. It can be seen fromthe di agram
that the wavef tlienv@2éfortny (Aheshoast ir sdesk(70et hodebsodliceti fugm shabl e from

t he
nonreflective portion 815 formed in step (6) in Figure 5.
By slicing this waveform, a marking detection signal
such as shown by waveform (B) is obtaiﬁed, 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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waveforrn of other pit data. In this way) a waveformsimlar to that
obt ai ned fromthe PCA area described | ater can be obtained by the master

di sk nethod; in this case, however, the waveformis a little difficult to
di stingui sh as conpared to the waveforns shown in parts (a) and (b) of
Figure 9. As shown in Figure 16(1), the start and end positions of the
nonrefl ective portion 564 having the above waveform can be easily detected
by the | ow reﬂretbtrpmqft1|ongmgnagouﬁftheaef@@t, oth&@esshigmn of nthehe bi ock

di agram of Figure 15. Using the reproduced clock signal as the reference
signal, posi thmn‘kiingfneamlriegrb}i shebiptiinel fickap laaw beflepresanted mositi on

i nformati on output section 596. Figure Ifi(1) shows a cross-sectional view
of the opticahddbesls, PameheywchronFiagive dignad mmbpay aindr r&@&bdused he | ow
reflectivity light amount detector 586 detects the low reflectivity |ight
portion by degpsdd ggugh anal og |ight reproduced signal having a | ower
signal level than a |ight anount reference value 5%$8. During the detection

period, a |ow ref IA§C %éé} -ons%ﬁrestt'gg%#'d%t g&ﬁdlgﬁeﬁag?ig%@gn%ppow\{?{ or m shown

in Figure 16(5) is o u esses an rons of the start
position and gnd .position of this, -36, . signal are nmeasured. The reproduced
| i ght signal 6% @H\?@S‘Pﬁ%]p?é’doéfnaa;&?}‘éﬁw‘ﬁ? st%BBi?éd&?lf c% ?w%g@yﬁﬁvi ng an AGC
590a, for conyersion . into.a digital signal. A clock regenerator 38a
regenerates a é‘l”d'@l@eéi‘éﬁﬁéﬂ) Y’%W?ﬁ@%@e%gﬁéwr%ﬁ én%lflld. An EFM denodul at or
592 in a denodul ating section 591 denodul ates the signal, and an ECC
corrects errors afdgoneput snd Mishowed asdigkagenated lEFViowenasid at ed signal is
also fed to a physical address output

single-layer laminated disk which has a reflective layer

only on one substrate 801. On the other hand, Figures 6 and

7 show a disk generally known as a two-layer laminated disk

which has reflective layers on both substrates 801 and 803.

For laser trimming, the processing steps (5) and (6) are

fundamentally the same for both types of disks, except with

significant differences which are briefly described below.

First, while the single-layer disk uses a reflective layer

formed from an aluminum film having reflectivity as high as

70% or over, in the two-layer disk the reflective layer 801

formed on the reading-side substrate 801 is a semi-

transparent gold (Au) film having a reflectivity of 30%,

while the reflective layer 802 formed on the print-side

substrate 803 is the same as that used in the single-layer

disk. Second, as compared with the single-layer disk, the

two—layer disk is required to have high optical accuracy;

for example, the adhesive layer 804 must be optically
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section 593 where an address of MSF) fromQ bits of a subcode in the case
of a CD) is output froman address output section 594 and a synchroni zi ng
signal, such as a frane synchronizing signal, is output froma

synchroni zi ng signal output section 595. Fromthe clock regenerator 38a, a
dernodul ated clock is output. In a lowreflectivity portion address/clock
signal position signal output section 596) a lowreflectivity portion
start/end podirahspansateand besoni facsuimitsligknesas iangs thérewpstiaat posi stion and
end position of the lowreflectivity portion 584 by using an (n-1) address
out put sect i cirab§varendy amsiddoede $ogmaleas Mekér asimmidigock counter 598 and
a synchroni zing clock signal or the denodul ated clock. This nmethod wll be
descri bed in detaPdrtay (Usi M)} hendwd¥efodr Riglireg? agwsblovsighaFi gure 16. As
shown in the cross sectional view of the optical disk in Figure 16(1)) the
low reflectiavirpend bBbaied Sfor™RhK fiwdberaykri of fteMpgh-partially. 37 -
A reflection selope signal such as shown in Figure 16(3)) is output) the

signal level fr )El.[he ki ve iQan g wer; a h i ght anount
reference val%geg% : ‘}E?ésll i%fsigﬁ'et é‘ggé‘@% ?‘ﬁletrgl i%(??t’ I(g/)}ell raggrrgladr)at or 587,
and a | ow ref] | vit | ef.ect i [ I uch ,a in Figure
16(5), is outy u?gwlloem¥t %goq{]g\?vgréel%ﬁégt a\y;%&g}ﬂ% SR?&?& unﬁomgﬁgctor 586. As
shown by a reproduced digital signal in Figure 16(4),.nho digital signal is
out put from t¥%&° r]léyﬁégg%ﬁﬁgi T’l‘?,oe—rFF°Hﬁ8§'EﬂYterh ’vs(ek'a The ICBE?‘?‘\};@ | ayer.
Next, to obtain the start  and end positions of the lowreflectivity |ight
det ection si gfathesesignabvavai@mscarr lessentipdénride samgy asl Beaéeshown in
Figure 16(6) is used along with address information. First, a reference

cl ock 605 at cfddheswaveformsidgaceibed(W)th sefexznoe e paen (ahetaddr ess

i mredi ately preceding the address n is detected by the (n-1) address out put

section 597, {d bf Figupd 5.hat the next sync 604 is a sync at address n. The
nunber of clocks fromthe synch 604 to the reference clock 605, which is

the start pospHd @RvéformNerdmdWhe efdc8rlli Myky 14 Ghhivet estiR SidNahe 1S
counted by the clock counter 598. This clock count is defined as a

:nea;glrj(raimr:]S gglcitsi?fgtrﬁi g%ySe-[']PO}f‘ms‘{gjgr glgeerﬁéﬁﬂr advby & 16 eRGE 196hathe! FiEstTD
layer. However, since the first and second layers are
bonded together, relative positional accuracy between them
is random and can be controlled only with an accuracy of a
few hundred microns. As will be described later, since the
laser beam passes through the two reflective films, to make
an illegal disk the position informations on the first and
second layers for the first mark, for example, have to be
made to match the same value on the legitimate disk. But
making them match would require a near-submicron accuracy in
laminating, and consequently, making illegal disks of the two-
layer type is practically impossible.

The technique for forming the nonreflective optical

marking portion will be described in further detail in
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therein. The circuit delay time varies with reproduction -38 appar at us
used for reading, which neans that the reference delay tinme TD varies
dependi ng on the reproduction apparatus used. Therefore) using the TD, a
time delay corrector 607 applies tinme correction) and the resulting effect
irs that the start clock count for the lowreflectivity portion can be
nmeasured accurately if reproduction apparatus of different designs are used

for reading. MNedionby(d)i nei () bBEoklwiek mdenéncindotiigustarg tant2,end
addresses for the optical mark No. 1 in the next track) clock m+l4 at

address n+12 pgc,Qblah » with $R@WhnliRatddUyBe 18( Bbmpa?liB6E wilth=am + 2) the
clock count is corrected to 12) but for convenience of explanation) n+l4 is
used. W will L er d [ i m : ffects of
varyi ng del ayS I %sb\?mgtteﬁggégha\};?ﬁ%%%obé taalﬁﬁ t é%%@%@é’% ay time TD in
t he reproduction .appayatus used for_ readi.ng. This,nethod can check whet her
the disk is asﬁg%wdi i e V4Fek ogrn%efg?/cwgc ?Hé:a\}mf@rﬁépgthe posi ti onal

rel ationship of mark 1 at _addres i.n Figure, 16(8) relative to another
mark 2 mat cheBOHYLORS¢ _ar%hgggqrg 165& ésiﬁrﬁc}ﬁ‘égl daSehamas bt €Ir0afd t he

di fference between the position, AZ = al + TD, of mark 1 neasured and the
posi tion) A2 seciionalDiesf ofrea noprefdacti e post b af nide, twerilaers given as
Al - A2 = al - a2. At the sane tine, it is checked whether this difference
mat ches the dléher¢ndediskl - a2, between the position al of the decrypted
mark 1 and the position information a2 of the mark 2, thereby judging

whet her the - 39 (a)dising & $ LGgpilsRaiAG diagkrora N@ser Hbem&falsect of this
method is that the positions can be checked after conpensating for

variations of ahhH gget&r£B00attet@Ym l41HRidkh QY y&S1RGnd (R6MRh HelbpnSti tution.
(D) Next, the encrypted information witing process wll be described. The

position inf owg;éug@aag#t 'hn%t | g?é%%eﬁéM (d@ski éorfsi.}ﬁgﬁngcgﬁvﬁrot ed into

ci phertext or "Signe srgnature. e marking position
information tRus encrypted, or. si.gned, i.s_cgonverted into_a rcode,as an 1D
uni quet o t he Dot AR RS A RECY, sPeBHRET Lo b7 coaBrR v B 11 1 ng
fashion in a prescrj bed. regjon of re-pit area t he .optical disk.

Bar code patterfh® Wﬁcsg’éﬂg?!‘?\ fﬁ“ﬁ%&f"féé&? Hoﬁé'l?'?:‘htsggt"f?é SQE eqWritten to
the prescribed region of the pre-pit area)_that is, in the innernost
portion of thé&he¥eisi theked50 micresyaph of Rigpres @ gurla hindw/®he process
fromthe recording of the barcode to the denodul ati on of the barcode

det ecti on si gmatrdgraphPmoRAl wnidumaresi duegreredebasduedtosr the n part (1) of
Figure 3, the reflective layer is trinred by a pulsed | aser, and a

bar code- | i ke mpnrefilegtped perbjos8th. aFhiblovawol herpadtimir2n bdydrse figure, is
formed. At the playback apparatus (player)) an envel ope waveform sone

portions of w2000 awgstremssithiick andshowm widayawerd dpsefveidneldrdggure, is
obtai ned. The missing portions result in the generation of a |ow | evel

signal that cagiedarde§UbetiebR fheShamMAIf1860B/AbEFL0A0815 and
reflective portions. As shown in Figure 10(a), it was
confirmed that no significant damage had occurred inside.
In this case, the application of the pulsed laser presumably
melted the aluminum reflective layer, causing a phenomenon
of molten aluminum buildup along the boundaries on both
sides due to the surface tension. We call this a hot melt

surface tension (HMST) recording method. This is a

characteristic phenomenon observed only on a laminated disk
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froman ordinary pit. Therefore, this signal is sliced by a second slice
| evel conparator to obtain a lowreflectivity portion detection signal as
shown in part (4) of the figure. In part (5) of the figure, the playback
signal of the barcode is denodul ated fromthis |owreflectivity portion
detection signal by the PE-RZ nodul ated signal denodul ator 621 which wll
be described in detail in the second-half part (II). It will be appreciated

that, instead gifg.t hpi RreRT1 "yl 3é1Rtasi Onidkgeaodadet 6h £22) a pul se-width

nodul at ed si gnal denodul ator (PWM denodul ator) may be used, in which case

al so, a sinila,eb{e fonc%ﬂrélg%hogt f’:ia'ﬁgﬁigssé&ggf@l&QP&NiﬂQrEQ&)ﬁbove encryption

or digital signature) a sec ey o Ic key encryption function is
used. As an exgﬁﬂée ptiQn) . El e w an
encryption proces ’ugln‘%Qg%F@Axf#no%{gi S(’)érfd.tqﬂé gss%(jgﬁné\ @&q&?g%tzb 8 A the
process consi sts_ aof tgen%allowgng n%joL rou%ines: step 735a where marking
posi tion inforRHER FEMRERY G AOVENLAESt FEUPIAR HONERSr) step 695 where
the position ipformation. is encrypted (o, a.digital sjigphature is appended))
step 698 wher e‘&]‘%qgélﬁ%q tiloBheWws ég%ttg‘éna @Séé%rqﬁﬁﬁ’éc?f( gget#é?‘si gnature is
verified or authenticated) in the reproduction apparatus) and step ?35w
where a check has baee tamoged drvmupengvselyent.t he disk is a legitimate opti cal
disk or not. First) in step ?35a) the marking position information -41

on the optical dimskhesfipuasyrid the atuapnit8Fhim Bwel bersipbi-bivn nkol.ath mrwiids
then conpressed in step 735d) and the conpressed position information His

obtained in stgpl 032@. vl thiely €86, anolt WiPhREteaxbd oflumiigut dRpElestsed
position information His constructed. First, in step 695 a secret key, d)

of 512 or 1024% Hidh 80d. gegr @, 2ey . 0B) and, 995 of m256 TAE AAinRi 68, are set,
and in step 695b, encryption is perfornmed using an RSA function. Wen the

post 1 on 1 or ARl bl 8T ooy M g 56840 d5Lhoter and mod
[eror . on C0eu2RLLSEo sk R RPLICA A 5 Y SO R |

The difference is calculated as 0.250 - 0.195 = 0.055 pm’.

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

pm.  This means that an aluminum layer of 0.05um

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

safely said that almost all aluminum was drawn to the film

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

figure also verifies the explanation about the above-

described characteristic phenomenon.

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

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

An experiment was conducted by applying laser pulses of the

same power to a 0.05um thick aluminum reflective film

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

in Figure 8(b). As shown in the figure, aluminum residues
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| oaded in step 735nm) and the ciphertext Cis decrypted in step 698. Mre
specifically, the ciphertext Cis 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 plaintext Mis the conpressed
position information H An error check may be perforned in step 698g. If no

errors, it isyslecicBgeridial aflp saht&riheseFludNEn Begidumdeatse the position
information, and the process proceeds to the disk check routine 735w shown

i Figure 1 % BheoficallPhholo! §506kPekethed tnk WlgC R olhpliet he data is

not legitimte one, an operation Is stopped. In the next step
736a, the conpressed Sl ti i r ' j e r the

ori gi nal pos?PY%%§Sn?§€ﬁﬁé%%ﬂ@ ?&P§¥%%h@§%t%b%¥§§ﬁ?gﬂgﬁ éﬁgpeagége to check
whet her the marking is agtual lly located in the position on the optical disk
'nd cat ed by THOTTEIET G PRI Aukian donii by et Fodey STEOFdrateckod whet her
the difference between the decrypted position information and the actually
measur ed posi éroriemandedvat Fortheanoze, wunhike she diaginated disk.t He Eheck is oK
in step 736e) the process proceeds to step 736h to output software or data
or execute progsamd theorsidgberplhte alitskcathedpsttedtive Hayehe®d desult is
outside the tolerance, that is) if the two pieces of position infornmation

do not agree, irevlitapl aydamaged,0@ddceltbwino ih & gaté eldt(b) hathehheheopti cal disk is
an illegally duplicated one, and the operation is stopped in step 736g. RSA

has the effechoffefledtid@ot XN 80 ubGRAEdd XoS1dxee ORimnihfe Theh@sgrext need
be recorded. (E) The processing steps in the optical disk manufacturing

pocees have SECRacH e W ife, N, oIS OISl Mpgrae on o
opLI 2l 1k, Q0. il By ¥ Lhe ISP SELRoT YTk LhE RGRaL, OV © 44 17

Moreover, according to our experiment, the printed layer 805

formed by screen printing to a thickness of a few hundred

microns on the protective layer 862 was damaged when its

thermal absorptance was high. In the case of the single-

plate disk, to address the problem of protective layer

damage, either the protective layer has to be applied once

again or the laser cut operatioﬁ 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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wi |l be described first. A marking 9103 is forned on a -43 reflective

I ayer (not shown) deposited on the optical disk 9102. In the manufacturing
process of the optical disk) the position of the marking 9103 was detected
by position detecting nmeans, and the detected position was encrypted as
mar ki ng position information and witten on the optical disk in the form of
a barcode 9104. Position information reading neans 9101 reads the barcode

9104, d d J X ¢ a bar ¢ f
t he ba?godee?%%géﬁﬁgogfqﬂgrgéﬁée?ﬁ&%@bEQQnﬁhgég?géﬂeﬂﬁyQgg_uggrcon ents o

u I ng read ng nmean reads the actual

posi tion of the. marki 9103 ,and, ouf put s. t,he, resyl _gﬁ, aring/judgi ng
means 9107 c&ﬁ%h'}aeselat ﬁgSkdé;@Pytb?t 839?1&'[5%@ Y”%}]' E}rﬁat%égé%c%’ g?i ng neans 9105
contained in the positign ipformtion r i\ng ns 9101 with,the result of
readi ng by tﬂémﬂﬁﬁflnélq%adpﬁﬂl éﬂgeglgg&ﬂanbgﬁﬁdgﬁgLmhgrﬁg}hfﬁe two agree
within a predeterm ned allowable rapge. |If they agree, r epr oducti on

si gnal 9108 SFCIF’é’érléﬂu‘l‘:]i149%&%"6&3@"@3“&@%& gh%gf‘bate,'???'eghey do not
agree, a reproduction stop signal 9109 is output. Control neans (not shown)
control s the lesprat@dcdisin typer atisoshavh imd igpre dRi(abi shei netlecsi variezenidon
t hese signals: when the reproduction stop signal is output, an indication

to the effect that the optical disk is an illegal duplicated disk is
di spl ayed on a display (not shown) and the reproduction operation is

stopped. In tig @l@‘t?aﬁ’ﬂ?&r@hg%bsitfaﬁ@ Bblgﬁ‘og@?ﬂﬁ%éﬂié Bat it is also

possi bl e for the marking reading means to use the decrypted result

fromthe decr&%;%lﬁywﬁﬁ&'m%lﬂér 88 4RELI0 1hber 20YURd ROSIELi98LO%0d N

. )
mar ki ng 9103. I's case) the marking readi ng neans éhecks

whet her the r.Ki i s:actuyall tedsin ity 0 : i.cal disk
i ndi cat ed byqﬁﬁeogg§}§%®% ﬁﬁ &%#ggggﬂﬁhﬁég%;?§2§g®5y%¥gﬁ E@ﬁﬁﬁéggg%?ypting
means 9105. Thu repr.oductigqn aratus .of the abave construction can
detect an il |S@a§?<§ 3‘?‘865‘?‘?9@?% 3}5& ﬁg CGF@W&Hd @ﬁéﬁgﬁﬂéere&%‘ducti on
operation of the disk) and can prevent illegal duplicates practically .

(I'1) Ve finidf Rhesusedhsheressr fot heat Bie t b er assn8kro%Wart (1)) and now
proceed to the description of the second-half part (Il1). This part focuses
particul arl y espetregndi gheas, of Tl mdipglse barappdéed donatdismubat hod, used when
bar codi ng the above marking position information (ID information) as a

di sk-uni que Ispot(#f 1Beasd Bles: ofdiahetapioncelie diefkeatfive hmypreliht i nvention
w Il be described. Wien a barcode is recorded by laser trimmng on the

above-descri kg &i sl@re- périlod 6f K. nshe ARr ategulve thayedmpdeatire destroyed)
as explained in connection with Figure 10(b). Therefore, after |aser

trinmng at g REesely 3564 ho BOPCICEAE Rueeidy Bbert,| ¥E14ApestSR2ibas to be
reformed at the press factory. - 45

caused. By heat transfer, a small portion of the transparent

substrate 801 near the spot is melted, and also a portion of

the adhesive layer 804 is melted. The molted aluminum in

this state is caused by surface tension to build

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

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

of hardened aluminum, as shown in Figure 12(b). The

nonreflective portion 584 free from aluminum residues is

thus formed. This shows that a clearly defined

nonreflective portion 584 can be obtained by laser-trimming
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This means that a barcode cannot be recorded on the optical disk at a

sof tware conpany or a deal er that does not have the necessary equi pnent.
The probl em expected here is that the application of barcode recording is
greatly 1 invited. On the other hand, when the marking position information
was recorded as a barcode by laser trinmng on the | am nated-type di sk of
the invention forned fromtwo transparent substrates | am nated together, it

was confirmedhbhbimihBeed dabRCid KhRokMar FBAd ek elBlapegnallzggy. unchanged) as
al ready explained in connection with Figure 10(a). This was confirmed by

experi ment bExB«*lj’éﬁfeVBf‘gTHeh?eﬁie%_‘fib'é‘g%"yef‘”too%éCcﬁlts'i"?ifé?ﬁ‘%?&rﬁne‘ﬂft 800X

magni fication. It was so confirnmed that no change had occurred to the
reflective fi in.t inggg i t e i tal .t of 96
hours at a tgprg]eégtaurngm%%e% ae%gigé ﬁ‘%ﬁ%l t%‘lgﬁl @EQEﬁé):l%E?hﬁsthv\g% when t he
| aser trinmm ng of the present inveption is, applied tg a.lam nated di sk such
as a DVD, thégggi%—pﬁﬁtgeté'c?et owarsef’SPrﬂhFﬁéwﬁjr 8?8&“1?\‘78 ﬂ&‘yé?sﬁ‘f the factory.
This offers a great advantagg in that ﬁ bar code can pe recorded by trimm ng
on the optic&PYER Nasainerassad genthan RAntimes Hiecontimum 8?3—,‘9-f0r exanpl e,
at a software conpany_or a deal er. The useful ness of barcode recording on
the | am nat edftepethepiasen taimkingasthehnenrafdertivedlayer HBishasase, since the
secret key information for -46 encryption that the software conmpany keeps
need not be dékisenedute shopariny Fogirs d8 (hhehepepanyd saadwidhed i ncreases
greatly, particularly when security information such as a

between the two transparent substrates 801, 803 and sealed

with the adhesive layer 804 against the outside

environment, thus producing the effect of protecting the

structure from environmental effects.

(d) Another benefit of laminating two disks together

will be described next. When secondary recording is made in

the form of a barcode, an illegal manufacturer can expose

the aluminum layer by removing the protective layer in the

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

gives rise to a possibility that nonecrypted data may be

tampered with by redepositing an aluminum layer over the

barcode portion on a legitimate disk and then laser—trimming

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

recorded in plaintext or separately from main ciphertext, in

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

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

different password. However, if the secondary recording is

made on the laminated disk as shown in Figure 10(a), it is
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serial nunmber for copy prevention is recorded as a barcode in addition to
the above-described position information. Furthernore, in the case of a
DVD) since the barcode signal can be separated from DVD pit signals by
setting the trimmng line width at a value greater than 14T or 1.82
mcrons, as wll be described later, the barcode signal can be recorded in
the pit recording area on the DVD in superinposing fashion. The barcode

formed in thidg fiboulaf kersepaeteftheclanihated desbamtedencandbs rdad by the
optical pickup used to read the pit signal. This effect can be obtai ned not

only with thediafdigt GRed YeRofing< oRltsidkSH-oM the IdtReR) &heousl y descri bed
singl e-plate disk. Thus) by applying the barcode form ng nethod and,

modulaton reagheh g aRiaad 8l rilheil NERIANG, Hosdrdval Nahed fnepe di sk such

as a DVD, a I'amhated-type optic can’'be provided that permts

secondary recording after shipment fromthg f ory., the .abov escription
has deal t maiaﬁlltfz Qﬁaﬁyam%ré(s‘é‘gi &ﬁﬁ%ﬂﬂteﬂe r?g%l% w?{%lfbo% Hgg&bf a?aser
trinmm ng on l.am nat.ed-type di sk of, a two-|ayer, single-sided structure
(with two refiedRgid iray §1ﬁbr3r?édwb]nl oRé %i“de)’gccpﬁfié Bivngleersi ded,
two- 1 ayered optical disk is the type of disk that permts playback of both
si des from omakingelldegal #lteratingsdicithei tandnatehdialy tthet vidddover the
disk. On the other hand, when trimmng is performed on a doubl e-si ded)

| ami nat ed-types Gpviamal thisklibad]l ntecationniarg sumprevbeh fprayi ng back the
reverse side, the laser |ight passes through the two reflective filns each

formed on onecshefi®frebbéngi sRarthiBal&flgr ein tthe bavcedetianwde formed
si mul t aneously on both sides. This provides an advantage for nedia

fabrication iyybhafadiigtbRHRE G3BePthe B6PFAeHonate material has
temperature/humidity expansion coefficients, it is nearly
impossible to laminate the two disks, once separated, by
aligning the anti-piracy markings on the first and second
layers with an accuracy of a few microns, and to mass
produce disks. Thus, the two—layer type provides a greater
effectiveness in piracy prevention. It was thus found that
"a clearly defined slit of a nonreflective portion 584 can be
obtained by laser~trimming the laminated disk 800.
The technique for forming the nonreflective optical
marking portion has been described in (a) to (d) above.
(C) Next, the process of reading the position of the
thus formed marking will be described.
Figure 15 is a block diagram showing a low reflectivity
light amount detector 586 for detecting the nonreflective
optical marking portion, along with its adjacent circuitry,

in an optical disk manufacturing process. Figure 16 is a
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si mul taneously on both sides”in a single step. tTmthrs case, wienthe —
.optical disk is turned over to play back the reverse side on a playback
apparatus, the barcode signal is played back in just the opposite direction
to the direction that the barcode signal on the front side is played back.
A nmethod for identifying the reverse side is therefore needed. This wll be
described in detail later. (B) Referring nowto Figures 23 to 26, etc., we
wi |l describg the c t.i on._,an erati ptical disk barcode
form ng appa 15‘?5@”@%%%@%?‘& ng gﬁg&ﬁéﬁﬁi ?213 d%ggﬁlingn information (ID
number) into(ﬁgba%; de, as a di skuni que I D an for.recordLng t he barcode in
a prescri becPARESHFE OCkPeid10ns ofy Bhe 1RWNERTISAE Y idd 0P HE et hod, etc.

will also be described. (a) First, the optical disk barcode recording

appar at us wiflar senriEenrre&d mlamaéf-@meﬁgeﬁ lpyHig deseription Figure 23
is a diagram show ng the configuration of the barcode recordi ng apparatus
for inpl enerdalg withophe cetlerdt sig Ipaivwidd ef wiani Agreask ABeratiobniss enbodi nent

of the present invention. In the above nentioned enbodi nent, data to be

bar coded i s gdrdodn¢dr onf a emmrgpiet iver mirdionfforaediongapomiticeh i nf or mati on.
But the data to be barcode is not restricted to the above enbodenent. It

may include, dfsk coxstinceed iftprta ddhalantdskn 11 allibée tecvgadzédd om an 1D
generator 908, as shown in Figure 23) or any other kind of data. In Figure

23, the inpu{hqﬁgtrtﬁe%%etQﬁeﬂa@iﬂgﬁ}?gci@%gﬁgsg ragﬁlféketharg%B?{@atlor 908 are

combi ned t oget Inan nput s on . 1h-an encryption encoder 830)
e com ned 08 Sol AUTAF O, 1, BERPUS o REIAILE D VoI 10 o B
coding and i nter | eaui g ar ¢ ARRLI . (D% LRGP ThabeERS 8nd the
marking reading apparatus equipped with a low reflectivity
position detector 600 to read the marking, and in this case,
since a signal waveform 823 due to the presence and absence
of pits and a signal waveform 824 due to the presence of the
nonreflective portion 584 are significantly different in
signal level, as shown in the waveform diagram of Figure 9(a),
they can be clearly distinguished using a simple circuit.
Figure 9(a) is a diagram showing the waveform of a
playback signal from a PCA area, described later, containing
the nonreflective portion 584 formed by laser light. Figure
9(b) is a diagram showing the waveform of Figure 9(a) but
with a different time axis.
By removing the reflective film by laser light, as
described above, a waveform easily distinguishable from that
of a pit signal is obtained. Rather than forming an anti-

piracy identification mark by removing the reflective film
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described in detail later by way of exanple with reference to Fi gure-45.
The data is then fed into an RZ nodul ator 91 0 where phase-encoding (PE) RZ
nodul ation to be described later is perforned. The nodul ati ng cl ock used
here is created by a clock signal generator 913 in synchronismwth a
rotation pulse froma notor 915 or a rotation sensor 915a. Based on the

RZ- nodul ated signal, a trigger pulse is created in a laser emtting circuit

911, and is agplifdet 9jghtd as dm?i%e%l%béwht% t YA pRSCha 88 n@h! | shed by

a laser power supply citcuit 929. The laser 912 thus driven emts pul sed

| aser 1ight LCh. J S ,f o (o] Lt _9l4 ont@g the
reflective fY?ﬁ1Qﬁgﬁgngfﬁiﬁﬂgﬁgégﬁggﬂ%Pgwﬂggd?gpgh%@%ﬁgg¥ & &% [ective film
in a barcode ttern he .eryor-correction nmethod w be, described in
detail later. qéb‘? “@ﬁé?gﬁ?‘il‘;nge Ae56hied b%i/]’wci pﬁ’eﬁ“,res t“r? §8°¥Hdh8ne shown in
Figure 18) is appended as a sjgnature to the serial nunber with a secret

key that the ¥aveimgmeof Apdaybinks signplt when theeantdirAé®2GYo one ot her than
the software conpany has the secret key and therefore cannot append a

|l egiti mat e si gdentifdcadien mevk seasi fdrmednbemaking pitaslengeenthamus effect in

preventing illegal manufacturers fromissuing a serial nunber. Since the

public key cawnthér kiatdegitzhenethe asstredisius| ¥t descbebsdh fihen sheurity is
greatly enhanced. Di sk piracy can thus be prevented even when the public

key is recordgdagran hRatli gle havefdehi 9RIpYof MR 8RFMQABAREY unit 914 in the
optical disk barcode form ng apparatus of the present enbodi nent will be

opti cal di sk barcode form ng apparatus of the hodi rent w1l &
(' om e | aser 815 aupEr e pREK RSO HHTe g0, KBD e o g 11 gt

Beconver o0 B Sl WEBLOT 13 By 2 FRAAELER SRIROLA LAY W 8
a stripe of lioggginéd §gom the PCA area described later can be obtained
by forming longer pits on the master disk; in this case,
however, the waveform is a little difficult to distinguish
as compared to the waveforms shown in parts (a) and (b) of
Figure 9.

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

longer than other data pits and made equal to the barcode

bar width t (= 10 um). Since reflectivity drops in this
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This light is limted by a mask 918) and is focused through a converging

l ens 919 onto the reflective film802 on the optical disk to renpbve 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
Fnterval s) 1T) 2T, and 3T. If this spacing is displaced, fitter occurs and
the error rate rises. In the present invention) the cl ock generator 913
generates a niwdgkathitgaceacle wavefpno328npsas \dhomn ainr Gigurieof (pulise from t he
notor 915) and supplies this nodulating clock to the nodulator 910 to
ensure that edbthisdd.i pdto&h bs sesnofced the &iagoamediatptsd waoaform accor dance
with the rotation of the notor 915, that is) with the rotation of the disk

800. This hasgbebeftRchadfer adsicimaghdd tikedistAngeishablyefriom €hd aser _
scanni ng means 950) such as shown in Figure 3(1), may be provided by which

a_conti NUOUS-WAYEHAAT otfers G8EMAal N B tAG Alaydlid GabbAsk @1foI4R a bar code.

(b) Next, a barcode recording nethod) etc., orm ng a barcode using the

above- descr i bhgd Jbat cae; Fer oL dh N APPR AblSI L ba DS A PES G bRD Wi Lh

reference to Figureé i gure ows Sighal’s “Co Wth RZ
recording (polarity,rneturn-to-zer ecordi,ng, .the invention and trinm ng
patterns for a&g%/q é’gpgﬁ%li"}?@t?f) ﬁﬁ&n‘\‘eﬁoam}é‘ %E%ﬁ&\%’ JI9YREPS coded with a
convent i onal ?@Jcode For mat %nd -5%, trimm ng . patterns fornmed

cor r espondi ngtheovavahiarmrre alételp difliowltobr @4E510ERIFR &S di ng, as shown in
Figure 24. In this RZ recording, one unit tine is divided into a plurality
of tinme slot sqomlbaredaxb@n‘phe,waate?dmmt showre 1] parts26a)) aads@dond time sl ot 921)
athird tine slot 922, and so on. 4Yhen data is ~00", for exanple, a signal

924a of a durhiigups $horter than the period of the tine slot, that is, the
period T of a channel clock, is recorded in the first tine slot 920a, as

tsﬂg\rllmt Ihg Bg; ;f O((jlzl_AE NsHowed UL € FAQure NG (DM e 92¢katWaRb @ndUsiit@Bnd S shorter
of the nonreflective portion 564 having the above waveform
can be easily detected by the low reflectivity light amount
detector 586 shown in the block diagram of Figure 15. Using
the reproduced clock signal as the reference signal,
position information is obtained in 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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of the recording clock is output between t=T1 and t=T2. In this case, using
a rotation pulse fromthe rotation sensor 915a on the notor 915, the clock
signal generator 913 generates a nodul ati on cl ock pul se as shown in part
(1) of Figure 24; by performing the recording in synchronismw th the cl ock
pul se, the effects of rotational variation of the notor can be elim nated.
In this way, as shown in part (2) of Figure 24, a stripe 923a indicating
n00"' is recogig@dl oard @ashizsdd. Wi thin a recording region 925a, the first of
the four recording regions shown, and a circul ar barcode such as shown in

part (1) of Fi gur en2%dopoldtedigiox gnates Wklnised BF'a hveBbAF 924D i

recorded in the second tine slot 921b between t=T2 and t=T3, as shown in

part (3) in Fhgure 24 | @ty ) St 92 I S e t he di sk
within a recog?}%l rllggr%lgfic(ll')lrlth bf‘gﬁ:“’é Q%ZAtGC g%()cadngglfecaqnggggfrog‘mq?ﬁ&e] | eft, as
shown in part

(4) .of, Fi.qure 24. t, when recqrding data "'10" and "11",
these dat a arb JELRHEITALY hd ¢IRakiHIRETal S 8B EPRARATALRS £h ¢ e si ot
respectively. Here, for conparison purposes, NRZ recqrding (non
return- t o- zer®laCcdiENalgFremd ddier WavesoaRash 618l  bAR C@r&d?r@@@#at% will be
described with reference to Figure 25. In NZR recordi ng, pulses 928a and
928b) each ha¥ihdnaademodubafiaR sectine §9dr derpdnlates ithe signalooow) aarkCC
output) as shown in part (1) of Figure 25. In RZ recording, the width of
each pul se i scdrmettscarriome andentmesda digithk sigsel.of TNEREEMecor di ng, a
pul se as wide as T is needed) and furthernore, when T appears successively,

a pul se of dogdnodudatdd ispkRaMi@t Alse?Te®rto3d) plbgdeabsaddeess satyut as shown in
part (3) of Figure 25. In the case of laser trimrming such as described in

the present igyanbhos93 GRERYI 10l ssasEMSE! | 775mng Mitdt Bris practically
difficult since It necessitates changing settings, and therefore, NRZ is

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

output section 594 and a synchronizing signal, such as a
frame synchronizing signal, is output ffom 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(l), the low

reflectivity portion 584 of mark number 1 is formed partially.
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suitable. As shown in part (2) of Figure 25) stripes 929a and 929b are
respectively fornmed in the first and third recording regi ons 925a and 927a
fromthe 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 fromthe
feft) as shown in part (4) of Figure 25. - 53 In the conventional NRZ
recording, the pulse widths are 1T and 2T) as shown in parts (1) and (3) of
Figure 25. i§ J I t it JEGRrEiNgei S not suitable for
t he | aser tr{\nﬁﬂ&r}tgbg;&{ %g?%geggg%@} r?&gnta}%l% Acgorpcﬁéri:lgeto t he | aser
trimm ng of prese I pvent.i o] | Siformed as shown in the
experi nment I’%QIEH)'[' g%o%tqhﬁ, Iéhﬁugg&r@?agjwegu??%dll f]tgg trimmng line width
differs fromdisk to disk) it i.s difficult r.ecj sel ontrol the line

wi dth; when ff fﬁﬁtﬁéet%l%ﬁa?|b§&P$Sl€WFF|}?ha8nE§e 51%% at‘“Hé“ rimming line width
vari es depending on varjations jn |aser outpyt, thickness, and material of
the reflecti YeI9Lange whde; -rrallr}r‘]b%ﬁéu‘é‘irie\‘f‘it?g bé'n(gﬂ? ﬁil(gﬁﬁe]s‘%”e f the
substrate. Further, formng slots of different |ine widths on the sane disk
will result cemparatarrd¥seandampoexiefyestivite rigbbrdategt ifpar at us. For
exanple, in the case of the NZR recording used for product barcode

recordi ng) asigtawnsich gar shownl)in drigue) 16d6) Fiigupet@s) frore thei mring |i ne

wi dth nust be nmade to precisely coincide with the period 1T of the cl ock
signal, or 2Towrre¥lecthattyi bighwi adount. détecitsr (BB6t i cAd ahbyn diyf &icult to
record various line wdths such as 2T and 3T by varying the line width for
each bar (eagBpsdduces)digditAr &silghel GanFeaireonal4)pr Relutilgibal cdgaaf ormat is an
NRZ format, if this format is applied to the |aser-recorded barcode of the
present inventi h j i.0 iof! & dde! kit hhesapse it is
difficult to@%r%psutgl ?é@?géﬁgr%%g Ilglndge- 54%%\%’\& ths such as 2T and 2T
on the sane disk: f.urthe re, stable recording cannot be done since the

| aser trinm %Sftﬁ%lﬁevg#egg. Thi s makes denodul ation difficult. Using RZ
recording, the present_inyentiqn has the effect af,achi evj,ng.stable digital
recordi ng even i f[\Fet"ﬁe F%@ésa{f} itﬁﬁi %&r 'ﬁrﬂ‘ﬁe\‘) R LR £ eh'}egtlﬂg i nvention
offers the effect of .sinplifying the construction of the recording

appar at us si ﬁ@éfqz@lﬂéébﬁgigh@ 4“6&%%‘& Séﬁ‘l‘%/l’oﬁée eppdigrated nelagkdt h and t he

| aser power therefore need not be nodul ated. As described, by enploying the
above RZ rec@rdsvrehrenizing elockdshavmanchimireet®lbdi iy usedrldingg to the
invention, there is offered the effect of ensuring stable digital

recordi ng. Awiehaaddressfinfoemgptiase- diicetj rg réPBencedulloaki 606 @t RZ recor di ng
will be described with reference to Figure 26. Figure 26 shows signals and

an arrangenenriddeés$t i Remigienld (e ¥ me@S@fedl NONEROYRe iaddréggire 24 is
PE- nodul ated. As shown, data "O0" is recorded in the left-hand tinme sl ot

immediately preceding the address n is detected by the (n-1)
address output section 597, it is found that the next sync
604 is a sync at address n. The number of clocks from the
synch 604 to the reference clock 605, which is the start
position of the low reflectivity light detection signal, is
counted by the clock counter 598. This clock count is
defined as a reference delay time TD which is measured by a
reference delay time TD measuring section 608 for storage

therein.

The circuit delay time varies with reproduction
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920a of the two tine slots 920a and 921a: on the other hand, data "1" is
recorded in the right-hand tinme slot 921a) as shown in part (3) of Figure
26. On the disk, data "0" is recorded as a stripe 923a in the |eft-hand
recordi ng region 925a and data "1" as a stripe 923b in the right-hand
recordi ng region 926b) as shown in parts (2) and (4) of Figure 26,
respectively. Thus, for data "0O10", a pulse 924c - 55 is output in the
|l eft-hand tine sIQCt for (% a %ul se 24}(11 i S Ouétfgt ﬂ'ln the right-hand tine
slot for "1"FPRAPHSHEPeh 195489 é“%ut‘”g'bf iMEPRe et EIhAFESTFHE sl ot for
"0") as sho {n part ) of Figure 26. on.,the disk) the first stripeis
formed in thdela¥ RGP JaEies GRPeRHOE R GG ERRTOBHCE PR ABPETAHE- hand
position) and the third stripe in the |left-hand position) by |aser -
trimmng. Fi §66@ 2dhsyefaronsusingnine Thodu tdmeddehayncearreston1@7 As can be
seen, a signal is always available for every channel bit. That is) since
the signal denplies itémemesraation handCtbeomesuehingdeéfeatotisvihrat. tis nce t he
DC conponent does not vary) PE nodulation is resistant to variation in

| ow f r equencytanthminektountefor ftha juw sefbdgévitsy deretdredanbd ng pl ayback.
This has the effect of sinplifying playback denodul ator circuitry of the

di sk pl aybacleappaidabesuratel § e Fepodust (6t agperatiugnef d2Beréntal ways
avai l abl e for every channel clock 2T, this has the effect of being able to

reproduce a [ iQn i ngel ot ' a PLL.
A circul ar bgnréggéo}'gs?agﬁ?#egsfgﬁg\%%dii% Fi gﬁ?@ gg(%ﬁdqﬁg %ugp(?%kr lrdfé%lﬁ%n t he

di sk. When d N . 0 i Frgur.e .2 i egor ge i the
PE- RZ nodul a’? ?’gnt]g%l%? %Ie.t iaﬁl@e)r%]q gr@dg&{)éaers c?) etgﬁs‘gﬁ%{‘}? n"gal?hg&sgngnp% tern as
t he recorded signal sho i n t . (3),is. recarded,as.shpwn i art (2).
Waen this bar€s etqa'gﬁpl‘\g(}’ééf Bgﬁi aﬁyaidﬁeéﬁtfi@% lf)ioé’&ﬁbr} Cg ap BmwaveForn')
such as shown iE_ part ég& - gﬁ REPRODUCED Sl ﬁ%’YAL) is Qqutput with
portions ther@ofl&EppeBleor PERGFABITIA tolnithgi PPCEoERWHndSof a

pit-nodul ated signal where no reflection signals are obtained due to
renoval of tferregiedctpvie,f bl fogscenysinapresd ofi explasatiamcatid igart Figure
5(6). By passing this reproduced signal through the second-order or

t hi rd-order WBEdSi IWeewibB4leshoitre anoHiegumet!®d( ayhichhel ininaeesdhei gnal

wavef orm shown in Figure 27(6) is obtained. By slicing this signal by a

| evel slicer effeptodfcedrdaigads 000w tlaout hayingstdesmdihaghed. (C) W

w Il next describe features of the optical disk format with a barcode

formed in theeZbpyeaTdBIgy ,tiﬁnéamiiﬁgt@@bﬁﬁduﬁﬁi&P@%EaMsf@éé&i onal speed
control nethods that can be used when playi ng back the optical disk. (a) W

will first degerbbgiihge MBAKURSERS cAienent ivhakhdk Shel @RIV th a barcode
formed according to the present enbodinent) while dealing wth an exanpl e
of a conditi d e t N i pl. Ay this
condition i sqglgggﬁﬁaet%ep?%%%troﬁgglﬂtyhghﬁ%géé%%qw %ﬁd#ﬁ%ﬁ?&ag pl ayback
operation usin acki.ng gontro] s 0 in Fhgure and,it.s details
will be gi venrelqg%é ‘?SIF‘PR ?ﬁé“ac‘fgsie alt a‘ié]rﬁ\\%% %Ii1&#?%‘1}%38é)q)egg?ﬁglé{ﬁbodi ment )
all data are recorded in iczgs wi,th CLV, as shown in Figure 30, Stripes 923
(formng a barc8aeynety @aylg PAtehesi oF Mok, Bay F%'cg‘rD i %0 898584 aSecor di ng
with constant |inear velocity, while CAV recording neans recording with
constant angud d@riaple, ged ddiet iffiesengm bgteaamithe masatiom) Alre adtri pes 923
are recorded with CAV, superinposed on a pre-pit signal in a lead-in data
area hol di ng adDadef emgkwhimslasused eodrthedpeditiio@ \A2 Tha2 4 3D, tdfe data is
overwitten with the stripes. In the present invention, the pre-pit signal
area maps i ntmarkl2 ndasuded a saobtsinadderwhight 5s grieed arsmatl. - Mle=palescri bed
region of the pre-pit signal area) as nentioned in the present invention,
corresponds t-© a0 iAnehepsdnd eim@f ithes ehetlesad wHesher this region is al so
called a post-cutting area (PCA).

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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In this PCA area, the barcode is recorded with CAV, superinposed on pre-bit
signals. Inthis way, the CLV data is recorded with a pit pattern fromthe
master disk) while the CAV data is recorded with | aser-renoved portions of
the reflective film Since the barcode data is witten in overwiting
fashion, pits are recorded between the barcode stripes 1T, 2T, and 3T.
Using this pit information) optical head tracking is acconplished, and Tmax

o Turin O oL RsR!is MgEimee 6aR b et eadh réder of s ARRH

rotati onal spee is contt cting this signa etect Turin,
the relation het nd_t pit cl ock
T (pit) shoul g% %‘ﬁf{‘ ti] Hé!ﬂ"&,é‘%{g\é}‘}g thecgd EHJ}P%O%% ag g h‘?)g.ve t he
above effect. is sh an | 4T the pul wi dth of the,signal from
fhe stri po 923ATBRLASSOBAie TERPARES MRleE Ttk DY Bthepe, SIRIgrS"; nal)
and di scrim nation betmeen themis not possible) so that the signal from
the stripe 92%8NehhHGHOBe denpdul ated. To enable pit address information to
be read at the sane radius position as the stripes, an address area 944 is
provi ded | onger théN Newhi tthef engrypsediriofsrmgtipntwiinfing moces§ as shown in
Figure 32: address information can thus be obtained) nmaking it possible to
junp to the dedillebe tdegekibedur t Trer mos etiohhénffoama bioef réde st thepe area to the

non-stripe area, that is) the duty ratio, is made | ess than 5090, i. e.
T(S) < TINS) girieesd he)eié ef‘itrbi’ecdn%f@&f '1Ht6361 E@ft%%%eér oRliyndy” 6 dB) this
has the effect of ensurlng stabl e focusing of optlcal head. Next, we

Il d b t trol t b
W escri egwque&( %?F mgn& | iR N mﬁpkf ;5 ogontrol cannot be

applied durin ayba itionTs also re to as the tracking

CFF condi tion); information thus encrypted or signed is converted into a

barcode as an ID unique to the optical disk, and the barcode
is recorded in overwriting fashion in a prescribed region of
a pre-pit area on the optical disk. Barcode patterns 584c -
584ec 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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Since the stripes 923 are witten over pits) interrupting pit signals and
preventing correct playback of the pit data, tracking control may not be
possi bl e on sone 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 froma Hall elenent, etc. in the notor 17. Figure

31 shows a flowchart illustrating a procedure for operations in a playback
apparatus whephpbh @dfidaby dite omér@%rérgﬁg SiBndNasSETigA By &p cannot be
correctly played - . In Figure when a di IS Inserted in
step 930a, b r to the inner
portion in s?éﬁ)g Bgﬂk%ggagbf?g ggdﬁ1§b %ﬁggngFSFg%%%ﬁgg?¥he area where
the stripes 9 % @% ur.e 30.. .are) recor r ded. Fbrs %f IS no% 2033|ble to
correctly plBSH4eR z& f?rbrﬁlg_“ﬁ eS cf"fnslp ady of gt Fffe area 923.
In this case} thereE re r ot at | g cont r.ol not be applied for
t he pl ayback!®fPagke E‘a rlé‘t‘:’EﬁVdé lagbagt 513‘%?]39(% rot ati onal

speed control is appli ed by usi a rot ational sensor of a HaII el enent in
the motor orb WOd@assjrdengdumetr(’?mm)t bis towrrefleet Fwidgurardyionf a pit
signal. If it is determned in step 930i that there are no stripes, the
process j unpdeteztiompsi®dal byl the RE-8Z aneludatédesipnalhdebeddaderi s pl ayed
back in step 930d, and when pl ayback of the barcode is conpleted in step

930e) the op6lrahiblad lilshémiesdribedsiene?30f #nothe seubed-tarl€a where no
stripes are recorded. In this area) since no stripes are recorded) the pits

are played bggks qary eCtI'tYwﬁIfldbé%ﬂﬁr@&?aﬂcéacH§atanQn§fe%‘akbﬂ9th%ePEO are
achieved. Since the pit signal can be pl ayed back) usual rotati on phase

control can F? R 2F J@@l?ﬁ’af g%@&&gta%r Hogk é(“ptugsgv}{dtﬁ‘smd%url?%{l in step

930h, the pit si gna correctl y sSW t ching ween the two

Lﬁ;gtel ?nGSOnHEAaIWHemodulator (Pw;lederm%hﬁl |%r11'51l }p%gdusc nt{r?lwh nﬁi the rotation

case also, a similar effect can be obtained.

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

As shown in Figure 1 8 A, the process consists of the
following major routines: step 735a where marking position
information is measured at the optical disk maker, step 695
where the position information is encrypted (or a digital
signature is appended), step 698 where the position
information is decrypted (or the signature is verified or
authenticated) in the reproduction apparatus, and step 735w
where a check is made to determine whether the disk is a
legitimate optical disk or not.

First, in step 735a, the marking position information
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control by pit signals) the effect is obtained that two different kinds of
data, barcode stripe data and pit recorded data) can be played back. Since
the stripes are recorded in the innernost area, sw tching nmeans neasures
the radius position of the optical head fromthe optical head stopper or
fromthe address of a pit signal, and based on the result of the
measurenment) correctly perforns switching between the two rotation contro
nmodes. (b) Ref ehei ogtinektdish Fs gueaesretl ianstep?735® wThé maedcisbe two
control nethods for controlling the rotational speed when playing back the

bar code accofrfioRflat b i§ tHeasetpregbedliitestep F38YN @ndltishows the first
rotational speed control nethod wherein rotational speed control is applied

oy det ect | g ohR¥<0fd Bobl Lich! 9Rrn 1EX HTRAID APARHThNGrdy TBsd.or a pit

having the largest pit length of various pit lengths). A'signal fromthe

opti cal head 15 Gh! Sleco o) eGhEc i HUBRRNNT) AN L DB B! sE sPaci ng

of the pit signa Sur e yan e Spaci ng neasaring neans 953. AtO
ref erence val ener at,i ng nmeaps 956 generates ref er.epce val ue i nformation
10 whose pui W ORAFEPN & 15GBs CRURHAC: d 158 bsd f G BAT BECPHEE sync. of gnal
but smaller than the pulse width t of the barcode signal. This reference
val ue i nf or k&% ofl» t@f 814 QﬂnéO%I@éSw’ it ST F kerd PepR®ducel signal -61
are conpared in a conparing nmeans 954: only when TR is snmaller than the

ref erence valifeorO5bhditsr gee sdéanaddedn éép 698ba eremppyiomeasns 955) TR i s
supplied to the nmenory neans 955 where TR is set as Tnmax. By reference to

this Tmax) apexfairned win@5%h REAtHwlcsicn. MOWhEn dhievgosditieni t 958, achi eving
notor rotational speed control based on Tmax. In the case of the present
invention, NyRAEEIRUIHSES Rhot¥E!b9SM, M is raised to d-th power and

mod n is calculated to yield ciphertext C. In step 695d,

the ciphertext C is recorded on the optical disk. The

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

In the reproduction apparatus, the optical disk is

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

step 698. More specifically, the ciphertext C is recovered

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

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

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

result is calculated to obtain plaintext M. The plaintext M

is the compressed position information H. An error check

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

that no alterations have been made to the position

information, and the process proceeds to the disk check

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

it is decided that the data is not legitimate one, and the
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of 3 to 10 a s are generated by barcode stripes, as shown in Figure 9(a).
In the case of a DVD, the sync pulse width is 14T, that is, 1. 82 ,um On
the other hand, the barcode stripe width is 15 a m In Tmax-based control,

t he barcode pul se | onger than the pulse width 14T of the synch pulse wl|
be erroneously judged and detected as Trnax. Therefore) by renoving barcode
signals larger than the reference value t0 by conparison wth the reference
value t0, as gpheswnidmiki gibppedl, it becones possible to performrotationa
speed control for normal rotational speed during the playback of the
barcode stripe argg.chiexbxt SREp SBBANHOLShAR33kd SRRGEiGPNtrol method wil |

be described with reference to Figure 42. This nethod perforns rotational

speed control; ect iyn ut j asuj; ti a pit

havi ng the snlanlt??slés J‘g)i?lthl gsn-ggghg%éeﬁvgé ir}gggg%lsttrﬂ?eﬁétdﬁ@?.l }#Jngqtta‘gr( Turi n- based
control shown in_Figure t he | se information TR f,romthe edge-spacing
detecting rrealﬁgoﬁ% 04 -%Stepc@éﬁar"&eﬂsﬁe%n&ﬁnﬁ% imrqae nléoar(fge 4a with Tmn
held in a neg&%% neans 95%a: it TR < TniT, a strobe pul se occurs and the
Tnin in the her i e, BRTHOEI hyRctrel I 1o¢atedc AR cther ReSHAPRGRR: pul se wi dth
t is 3to 10 a m as noted above) while Trninis 0. 5to 0. 8 am As a
result, if tH&epaptirdd disdla indightedely Hhekyosifdor oiidormahnionR <Immnin is not
satisfied since the barcode pulse width t is always greater than Tmi n. That
is, there is stepp6d&d,biiti iy checked whethex! yhé Wddfereneebbetweda phd se as Tnin.
Therefore, when the Tm nbased rotational speed control is conbined with a

bar code readidugripters p9sdtidohénfdrimacion antihele motadlilgnabasipedd contr ol
based on Tm n can be applied nore stably while playing back the barcode,

conpared to tOR;Tex-hFsemh iBhNed1sFWI{Hara ®1e086dd.! aoritel erdcid56 creates
a reference clock for denodul ation in the barcode readi ng neans 959, while

detecting the; £gge; psac%Pn%Gé[,hitﬁe gbfiﬁgéé}ep‘?%geﬁ%e% ARpy@pPlks to denpdul ate
t he barcode in synchronfsmwth radtation. xt, a“series of optical

di sk reproducti,on,o ations ayback operatiaons sing the,above control
et hods) ot o YRR B FRbe i dR LA KT EfeqtRE FeERt SRR AT ana a5 &
first playback nmethod wll_be described iin ¢conjun¢tion with a nethod for

swi t chi ng bet%@éﬁapo‘fﬁm onhpb)ﬁ%ea&‘}kt?%ﬂ“lﬁoﬂ% al‘a%tt £i Berat¢feed contr ol
node by a node switch 963. Then, a second and a third playback nethod for

pl ayi ng back that éﬁ{ikﬁaﬂhgi%ﬂ@ piecesgaf position information do not

agree, a display is produced to the effect that the optical
disk is an illegally duplicated one, and the operation is
stopped in step 736g. RSA has the effect of reducing
required capacity since only the ciphertext need be
recorded.

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

In the figure, the construction of an optical disk 9102

will be described first. A marking 9103 is formed on a
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t he present enbodiment will be described with reference to Figures 38, 40,
etc. The first and second pl ayback nethods herei nafter descri bed are each
concerned with a case where tracking control cannot be perfornmed) while the
third playback nethod is concerned wth a case where tracking control can
be perforned. At the sane tinme that the optical head is noved to the inner
portion of the disk in steps 930b and 930c in Figure 31, the node switch

963 shown i nr&fpputdvd3ldyershidtc bleahn) odéposilteéromthyapticaheliighde switch 963
may be switched to A when it is detected by a pickup (PU) position sensor

962, etc. theiod.helapticabniRRduPRigNSromdobytid opYicad 4BANStRE4 has
reached the inner portion of the disk. Nert, an operation when the

rotational s GaN he"R&k8 168t 9 iR e Ei ithspentered will be
descri bed w Pﬁggté%grg%?eet oﬂgﬁléérgeﬁmgﬁg%dﬁofg{?%lg?aﬁ%n ?? equency, fm from

a motor 969 gnd. & hEeIsRcydnd he AorBcoBr YU OB kol PR ALE Compared in

a second frequéncy conparator erence sign ed to the
notor drive circuit 958 to coilot rol. t he got or . 969 hus %chi evi. rot ati onal
R t atg

|,

speed cont r oMaT§ifig RPSL QR NTOrfRE oy And; v then 99 53 I, the
barcode stripe can be pl ayed baak. Wen the barcode playback is conpleted
in step 930elpnthe dare of12 barsopeH04s noved to an outer area by the noving
-64 nmeans 964, and at the sane tine) by a signal fromthe PU position
sensor 962, etc.)Poshéiomdefemiation geading swansd@1trea@sf the r ot ati on phase
control node. In the rotation phase control node) PLL control is applied to
the pit signahréodenBi0k apdidstirypeiag hgams Ql0Skcontained therein

decrypts the contents of the barcode for output. Marking

reading means 9106 reads the actual position of the marking

9103 and outputs the result. Comparing/judging means 9107

compares the decrypted result from the decrypting means 9105

contained in the position information reading means 9101

with the result of reading by the marking reading means

9106, and judges whether the two agree within a

predetermined allowable range. If they agree, a reproduction

signal 9108 for reproducing the optical disk is output; if

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

Control means (not shown) controls the reproduction operation of

the optical disk in accordance with these signals; when the

reproduction stop signal is output, an indication to the effect

that the optical disk is an illegal duplicated disk is

displayed on a display (not shown) and the reproduction

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

recognized that it is also possible for the marking reading



extracting nmeans 960. The frequency fl of~a first—oscittator—966 and the-- - --
frequency fS of a reproduced synchronization signal are conpared in a first
frequency conparator 965, and a difference signal is fed to the notor drive
circuit 958. The rotation phase control node is thus entered. Because of

PLL phase control by the pit signal, data synchronized to the
synchroni zati on signal of fl is played back. If the optical head were noved

to the barcod i tati (o] I i .SWi tchi ng

bet ween rotatﬁgﬁéﬁ §§é8§5%¥ﬁé€ 5¥9$H%P%§§g% Q%QQH%?Q@%%&§&I§ eed contro
for the notor) phas ontrol cquld not be perfaroed hecause of t resence
of the stri e Eaincs 1BoBrE HAaaite DR Ctial P IE o e ot JETRimh I 0ut o
control or stopping, an error condition qccurring) etc. Therefore, as shown
in Figure 43, swemehy dg thig KesapphepPiziag kaadint nesas PH6 6AeSkSnsures
stabl e pl ayback of the barcode but has the effect of avoiding troubles

rel ati ng to nothetheottdiei varkingeisessnal etheatedoin pihey pagi thaskon he opti cal
di sk of the present enbodinment will be described with reference to Figure
38 whi ch showstle bboimaladisk lindstatzdi by theepediiion cipdoanabion Thicksecond

pl ayback nethod is an inproved version of the first playback nmethod. Mre
specifical ly, ihdetiymiedpbpythacHedsmihong imeans 84060od for playi ng back an
optical disk on which a stripe presence/ absence identifier 93?7 is not

defined. Since tragkidGheSrélodaPPidnelppdtatii§ oft Eh@@RVEa AT taflc Okl cal
disk of this type, 1t takes tinme to distinguish between a stripe pattern

| egally for med, o dbbee a5k, PHMGa1y |20 3N BALLEE 4iRUSRE dhppograt ches on

t he di sk surface. erefore, re Ss 0 her are recorded
or not) the playbagk procedure .has erforma stripe readi. operation
first, to checleRRAUEHO0AREr 208 e Fh8 UrRs 41, 8% oPERKEThAr L8R st r i pes
are recorded in the inner ortign of the optical disk. This may cause a
probl emin t hatuBlicRigs BractifaldYrequired before the data can be actual |y
pl ayed back. The second pl ayback nethod i nproves on this point. First) as
shown in FiguréL@8, when an optical disk is inserted, control data is
pl ayed back in step 940a. LBuaIIK,arhysical feature information and
attribute infornat Nenfiofishhkersptthe alesdr ikt ianeof dber tiewtabalfomartl data in a
control data area. The physical feature information includes, for exanple)
i nformati on i ndl)gathdgndwhptodderl optihpabdestirdibtion afl thd satedi-thppé di sk of a
two- | ayer, single-sided structure. -66 In the present invention, as shown
in Figure 30) pdwer @)Yy OlTheatphrteeqiuded pdttibelaz0pt 60ltedhhBqRisea 936 of the

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 destroved, 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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optical disk contains a PCA stripe presence/ absence identifier 937 recorded
as a pit signal. Therefore, the optical head is first noved, in step 940n,
to an outer area where the control data is recorded. And then the opti cal
head nmoves inwardly junping across a plurality of tracks until reaching the
control data area 436. And then in step 940a, the control data is played
back. It can thus be checked whether the stripes are recorded or not. If,

in step 940b, the Milsi Reany ehgnGehabsafceahmianbefiRbried Gn the process
proceeds to step 940f to initiate rotation phase control for norna

pl ayback with gt\i/caloallgﬁea@tahg{}EMElg)cdﬂp)m{' S hefe48bshdthBoes not

presence/ absence 1 dentiftier , then the process proceeds to step
940h to check,t of identifier
948 whi ch |ndﬂ@g?é@hiﬁgp&gﬁggsggﬁgggg%reTﬁ%égﬁgiéfg b?ﬁe Si fglﬁp03|te from
t he side being,played bagck) that on, the reverse side.. If the stripes
are recorded gﬁ‘af'hé‘er é@@f’s‘zﬁtépﬁl@t] Bﬁ’écoéireoE%%oé'%bP%cléeGEeﬁt&Ystep 940i to play
back the recording surface on the reverse side of the optical disk. If the
reverse side ddmided.be automatically played back) an indication is output
for display, to urge the user to turn over the disk. If it is determned in
step 940h that theOstthiepethear bandcgheredhenmatkéngi phsibedmg pl ayed back, the

_07_  process proceeds to step 940c, where the head is noved to the stripe

area 923 in thefohfeyiopowid orcofdddias di lrceded by nl e pt D4iddng tdre cont r ol
node is switched to rotational speed control to play back the stripes 923

w th CAV rot atﬂ}fénladlfnattee—@p@yewofsw@rmb&hq@nlfbr%]teepfx%oewothen in step
940f the control node is switched back to rotation phase control for CLV

pl ayback and the oplidd sadatss MMt Lo tRYEETit was confirmed

that the protective layer 804 remained almost unchanged, as
already explained in connection with Figure 10(a). This was
confirmed by experiment by observing the disk under an
optical microscope of 800X magnification. It was also
confirmed that no change had occurred to the reflective film
in the trimmed portion after an environmental test of 96
hours at a temperature of 85°C and a humidity of 95%.

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

In this case, since the secret key information for
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portion of the disk to play back pit signal data. Since the stripe
presence/ absence identifier 937 is recorded in the pit area holding the
control data, etc., as described above) the second nethod has the effect of
being able to play back the stripes nore reliably and nore quickly conpared
to the first playback nethod described with reference to Figure 31. Wen
the PCA area is wth tracking OFF, |evel of the noise signal which is
gener at ed bynthgptdiohstitdtoREe FHEAWSIQRBMpABY ReefLMBEedSndtnebBanged if tracking
is set OFF. Therefore, in the filtered waveform shown in Figure 35(b)) the

pit signal dopserddBkbng pattPanit8idd thdi &drpagyl sachet eqRctdeRCA signal
and the pit signal. This has the effect of sinplifying the circuitry and

reduci ng thggr%{W, E)ﬁh?icu'f?llfie\}r“’wg\ggr@cu}?@y %‘?anﬂtgpréo{ucthh sSfripe

reverse-side record 1 denti makes 1t possi o identify that the

stripes are recoyrd n e_reverse si. of the disk. th ffect is that

t he barcode Sffr‘%é@g‘égﬂ %’e ﬁ?%?’yz’agbea@gs 16%recorr£e|di gf)li/b:gﬁg?%]ee case of a
doubl e- si ded D%E optical dis Ac ordLHg to thﬁgpne?ent i.nvention, since
the stripes & 8d4idOnqtYy thendhvarAeRFTERFORATIE H LBFPERALI0R fi | ms on bot h
sides of a disk) the stripe pattern can_also be read fromthe reverse side
of the disk.Furtkemrorepein ¢ha tasepphyedVBackinee ofhe Rareedeefignadi de of the

di sk by checking the stripe reverse-side identifier 948 and by playi ng back
the code in dahebe sseprsateati fecn iDVA pitesigesld by sdteisgrihpes. The present
invention uses a bit string "01000110" as the synchronization code, as

shown in Fi gitiemBd d)ine Wiethpatyedahackréiyn then ridvessd. 82de, the
synchroni zation code is played back as "0l 10001 0", fromwhich it can be

detected thafickhgs,DaCRIE be AsicRgbed aueer,Pagk BARBHE NG gngY s Side. In
this case, by denodulating the code in reverse direction in the denodul at or

942 in the a @%% pparat.us: of. EL g e ha de recorded in
penetrati ngp[*eaéﬁl on e@agﬁb@tec }fgg:é{)gd&&%a%gec? tt())gc }pee\li/)gﬁ I'T played back from

the reverse 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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side of a doubl e-sided di sk. The pl ayback apparatus of Figure I5 will be
described in nore detail Later. Further, if, as shown in Figure 30) a 300-a
m w de 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 nmade nore stable.
The guard-band area 999 wil|l be described in nore -69 detail below Wen
the optical [thadiskcettwsttlayiognte durazavers tlvindible outer portion of the

di sk, the optical head noves inwardly junping across a plurality of tracks
until reaching tHn tbetather dedrd, avlem 986uming somwerfasesd, oh ke optical head
may be noved past the destination control data area 936, |anding at a

portion furti@etbid*eaded,oflanixeatednt il ofticaladisk thét tdeedstiurmingf the PCA
area 998 exists directly adjacent to the inner circunference of the control

data area, tgepRiterablIaRg Midd thoTBvblss 3 PaRk!iARSINgg an address

cannot be played back In e PCA area 998. It, then, becones inpossible to

cont rol the QBLLEAIHDEA (AECAILaBIor Y09 1RO Ghakdkaansh anga vith @

width, for exc e) C m gre an ‘one junp w dtt he opti cal
past the contidf Ratle Ak o3BerRES St ERAISEREAF FPF PPAER | and wi ¢ hin ¢ he
opti cal - head SAEHEREDUS Gn pBE SofPand ek PEPLIeB 2 SQU8RTARned on the
destination control data area. In this way, the optical head can be
control | ed nmdpe medipabtbrigatiororia thatckhs bapgedehern kes reponded n Fi gure 30,
the control data also contains an additional stripe data presence/ absence
identifier amsdmaltdneopsly eaobathngidegpdai 4 \singbhatstes, aE ter - 70
In this case, when the optical disk is turned over to

play back the reverse side on a playback apparatus, the

barcode signal is played back in just the opposite direction

to the direction that the barcode signal on the front side

is played back. A method for identifying the reverse side

is therefore needed. This will be described in detail

later.

(B) Referring now to Figures 23 to 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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recording first stripes on an optical disk, additional stripes can be
recorded in an enpty, unrecorded portion o the area. The first recorded
stripes will be referred to as the first set of stripes) and the
additionally recorded stripes as the second set of stripes. Wth this
configuration, when the first set of stripes 923 is already recorded by
trimmng, as shown in Figure 30, the capacity of the available space for
trinmmng the secdﬁlcg%‘étnglssﬂrtiims'a@&élouamg t;éec@mfugar@@onA@Eoﬁhm ngly, when
the recording apparatus of Figure 23 perforns triming to record the second
set of stripdsrcode recotdiolg dpparapnsviote smplementlirgatnooptdicahodiskuch space
is avail able for additional recording this prevents the possibility of

destroyi ng thartodestfospingineshsd dasody embodimdnogpfmzhe presen860 over the
area. Furthernore, as shown in Figure 30, a gap 949 |onger than one

pi t-signal frigyent &gt 'Dn'tf’nepéBWéj%nPﬁn‘é@ee"hbtoH?médtrSHa’é@ttoOBeSt“peS 923
and the second set of stripes 938: this serves to prevent the previously

recorded tri Ko i eqv n Figure
34 (b) to be gg‘%&gtlg Fa e@ratega F ﬁﬁprt%g\%&gt'}@ﬁ % féh% gggl [ shr ecor ded
in a synchroni zatign co rea., rhi |de tifier ed to g t|nQU|sh
bot neen e (iFernalofRor B HRE dakdn fo thebataonini L detor st b oWt hout
this identifier, dlscrlguggélon et ween & first set_of stripes 923 and
the second séfieopbave; embodgmenpedlionay jinc v@uréoeoewei@ HeeBheatapossi bl e.
Finally) the thlrddplayback met hod wil |l be descrlbed with reference to
Fi gure 40. Dioupberatssuest frpm ant [P mengratare 96Ht iasahelsk) that is)
its area ratio) is low alnobst correct tracking can be naintained in the
stripe area, imsFsgunen28n d&i gayeot3@r Himgh of adaga. t he address information in
t he address area 944
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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at the same radius position of the disk can be played back. This has the
effect of quickening the disk rise tinme after disk insertion since the
address can be played back while playing back the stripes w thout changing
the optical head position. In this case, the address area, an area where no
stripes are recorded, should be fornmed continuously along a | ength | onger
than one franme in the sane radium portion of the disk. The operation steps
for this methdaser|91besudessr bt gﬂaser restablisbedthy Bi bages Bovervhen a di sk
is inserted, the optical head is noved to the inner circunferential portion
in step 947a. subpbp direcki 939 s Hhehlesad 9l dtugpdPidvén, emits pubsedi ng node i s
switched from phase control to push-pull node in step 947p. In step 947b,

rotational spaedesoligh®! wiiehVisomcusbd thogh fa0EhRebrigon®lud t PPk address
information. If an address cannot be played back in step 947c) the process

proceeds to - o?\%ol ¥h<§tr"el?é@é‘t7iivetf’i1’ﬂi°g@2 tJPxetHé’tlLa‘ﬁFi‘ha disinggpd to play back

the PCA stri pes. an address can be played back froman enpty portion of

(1, P91, 2122 CAnpRiig B HELIL  e LARRSERIGPEO IS, 5L %47

where) based on ess, e opti i'n a'fadial

direction to the add ST : ded. tep 947q, th
or ceence. or alERECCHE SRR PeF R Wi LI (BAoaReAT SOFR 11 CPLA] LABER- hat (here

are no PCA stripes, the process, proceeds to step 947r to try to read a PCA
flag in the cdiftr eRcEERtaonTHeRUDLE Kewriohes) susb 35 dsertie Bhobsence of
the PCA flag is checked. If the presence of the PCA flag is detected) the
process return Fogured8osix appendednes e stibraprrectssheusgisalo step 947m On
the other hand, if it is judged in step 947q that there are PCA stri pes,

t he process pxambedswith at sqred eyt ohpt ahebacitwahe do@past thapes.Inhen the

pl ayback is conpleted in step 9479, then the node is switched to rotation

phase control i@ thee,0REhERINoheR oitheihRd ti sSBEtwitectonaBd Kay pl ay back
a pit signal. In step 947t, the PCA flag in the control data is read if

there is no PCAJ kaghetdhe§r4rd tRESTRYE éa%nB%sé{f'p@nHEa %hgptﬁnﬂls, and the

process returns to 947/mto continue the process. (E) xt, manufacturing

t echni ques forsfﬁgggpg%i Q%%g?ﬁﬁlhg&h%%f Ziﬁpp&ak&gd& feg5mqr&g nmet hod of the

invention wll escribe _ r _ arcode plrayback apparatus
2 ) 2 oo GeCrlbe BT oty Bl B o RERCLU G, oo s
case of the baéé??; ggggg;girllnggtt(%dpggf?g gilggnnot be deciphered,
as previously described, the security is greatly enhanced.
Disk piracy can thus be prevented even when the public key
is recorded on the disk for delivery.
The converging unit 914 in the optical disk barcode
forming apparatus of the present embodiment will be
described below in more detail.
As shown in Figure 28(a), light emitted from the laser
912 enters the converging unit 914 where the entering light
is converted by a collimator 916 into a parallel beam of

light which is then converged in only one plane by a

cylindrical lens 917, thus producing a stripe of light.
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explained with reference to Figure 28, the mninumemtting pul se spacing
iIs It: therefore) a laser with a pul se repetition period of fC = 1/f~is
required) where f~ is the frequency of the laser. In this case) the nunber)
f~/ 2, of barcode bars can be recorded per second. However, if a beam

defl ector 931 is used, as shown in Figure 29, a mninumemtting-pul se
spacing of 2t is allowed, so that the pulse repetition periodis f~ = 1/2t,

whi ch means Thid 1ipRt |iRS@inf fe@AUENE iaRIDIBE aetlygetbdused flaeugh of 2. This
al so neans that, when a | aser of the sane frequency is used, the nunber of

bar code bars, tmrve?grhdoqeﬁeowgdsﬁt@%ese&fq@etw Fben dpgbbect 0 T~ by using

the beam deflector 931. This has the effect of reducing the productive tact

(processing bacida10yid 'Bckafal e TG APSTSLIE olsaydouy e-ef i of enoy

apparatus (referred to as "swtc recor ng the beam defl ector 931

w il be descr bed e ow wWih reference i

di fferences F IE)lrﬂet %c?r?f F@%H‘ﬁ%‘#é%? %gé%u%h oL 8§ olglfrgctor 931,
formed from an cousto tical nodul ator or the like supplied with a
defl ection sMesHatigh SVFiReS Rget FRACKEARATEt HedfiTae FHEEeB9tn 945 and a sub
-74 beam 946; when the deflectlon signal is ON, the beamis switched to
the sub- beamiBrvahschll s2pagdd3thr dfigthis margrmgtle:dzmbmdr orns a
sub-stripe 934. More specifically, for data '"0" a nornmal stripe 933 is
formed; onlyjibear cecarsdiang thet artdr’ rase triseslef Ilacthompreseptal set to ON, as
shown in Figure 29(b)) in response to which the beam defl ector 931 sw tches
the beam to theerstiibnpegiv 886ck genheratod S S gehatat 4 hedpdsiingon of the
sub-stripe 934. In this manner, stripes 933a and 933b) each for "0", and a

stripe 934a {04ck %n) sﬁ?ch%B@Y‘Qn 'wrrtw trofbr):)onaﬁl?weo'fﬁaﬂ @8 hdt@rdi sk. In this
configuration, since a |aser pu se need only be produced at intervals of

2t) a laser wish aqf caguencyulial hodf1atiLEQbERdd Bnd NBanoafd,0uigt i on of
SFESS b

Figure 28 can used er Wor a |l aser e same frequency

has the ef fodf %rrsir%t rgﬁi éht 3% et vr.efy%ifa‘ci‘%ccfok%% el ready
descri bed. hbxti referrlngr 0 the.@gkﬁastructure of, t he sgqggronization

code shown i ROF 1B RCCIIEHGPalL T ation (o thgymoth or di ng
expl ai ned wit reference o Figure 29 escrjbed, bel qw. The
synchr oni zat it gﬁ t dgele VHER éi‘gt’f‘?f@tt&?% Qfl ﬁgtéj Uit eShiss hagntdieque for

|nprOV|ng productivity. As shown in Flgure 34(a), a_fixed pattern of
"01000110" i ¢ffeetd orﬁereduceoavmtennalArlyerrwtbrrelsst i hesegoncdmtingg of - 75

t he sane nunber of Gs and |s, such as "01000111") is used, but the present
i nventi on delmebrs H56| ysrmho'aslss}tolwhsirarfdguses?:(ﬂh,e malyl hetpmtré@ledihva structure

for the reason explained below. First, to achieve the swtch recordi ng of

Figure 29) prwhvélsirentimbuberd@dtaser ibadcanned oin aoraiipll ses will not
occur within one tinme slot, that is) within 1T interval.
direction to form a barcode.
(b) Next, a barcode recording method, etc., for forming
a barcode using the above—-described barcode recording
apparatus, will be described with reference to Figure 24 to
26.
Figure 24 shows signals coded with RZ recording
(polarity return-to-zero recording) of the invention and

trimming patterns formed corresponding to them. Figure 25

shows signals coded with a conventional barcode format and
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Switch recording is possible in the data area because data is recorded
there with a PE-RZ code, as shown in Figure 33(a). However, in the case of
t he synchroni zati on code of Figure 34(a), since irregular channel bits are
arranged, with the usual nethod two pul ses may occur within 1T, in which
€ase the switch recording of the invention is not possible. To address this
problem the invention enploys, for exanple, the bit pattern "01000110" as
shown in Fi gittiem8ng padttérdshifsromd cpeddspondingntd lthempul se occurs for the "I
on the right, in T2 no pul ses occur, in T3 a pulse occurs for the "1" on

the right, and i hd4rasew SAvERGWASuSE RENecoRdi) hbestohtini n this vay,
two or nore pul ses cannot occur within one tinme slot. Thus, the

synchr oni zatn Q0,§Ofle SR UG &7 HochPi g VeTS WAD: haset he igGiged of achi eving

switch recordi'ng, increasing ﬁ]e production rate by a factor of 2. (b)

Next, referr, Fi , bri d ri.Qti i e.glven of a
pl ayback applé{rngt%Jgp]fdgrg&l%fyaégnﬁ%aéw{she?&c%é%hbf)%a\réﬂclg)ldreﬁr égﬁéer ded on an
optical disk b above thod. The scripti Wl al touch on
product i vi tflioryﬁcég(gaseé. 5§49 rElmFSSI%t Q(}Ei o‘?:ﬁl?‘df‘g dfn %]foatt ﬁgz'pl ayback
apparatus already descrjbed in (1), Jn the first-half part ),. the
appar at us ha?é‘dbé@rpfﬂes%?fbéét%lslsanogppépétwmp 8 P88 9%%5 ®dsition of a
marking formed on the reflective filmof an optical disk, but hereinafter)
t he appar at us dotratiqquisbonterwithan be deydodbefl the timsasbatde thatadi ng
apparatus, that is, a playback apparatus. An explanation wll be given
agai n referringthe gérdodel b%) atdhasnél rdotlocusi ngcaomled hin deaodul ati on
operation. First, high-frequency conponents generated by pits are renoved
by a | ow pasirsitl tie GLEPE F20k} ed9 sBéwrd rianpartst(l) pim Figowd 26ut put. In the
case of a DVD, there is a possibility that a maxi num 14T signal nay be
pl ayed baCk,TH@"?ﬁ?SJ 9249 Whds? Mratfoh UsSsk@S@r tharhke hRAogoNTirmed by
experinment, a stripe signal and a hi gh-frequency conponent generated by a
d

pit can be Sc?ﬁéac'h@t%’co%il@cﬁgcﬁ F&%&Sﬁﬁ&mgﬁ@ﬁ ‘Bﬂ]lt Qh&dfﬂ?ﬁerln(:he"i hov

| ow- pass filter shown in Figure a a second- or

hi gher - or der ,L.PF has the effect .of bein ble.to sepatate a pit signal and
2 barcode si BRS paetudsERl i Pt SeaohulSh EERR 8 BRLE SeBed ki gure as(b)
shows the si ation waveform.whi.ch |s generated when t signal of the
ot mum 147 S1op7 on Phes A e oE V1" ¢ Lo SERh o REneAGAE| 913 T n v hi s vay. by
usi ng the second- or hi gEe{-Qrder LEF 43) the strjpe pl a(}igack signal can
be output af E¥Erates EACHwlatyon Hosk R lisseashishopn dmaskt Silgndl : this
ensures reliable denodul ati on of stripe signals. However, if the width of a
stripe si gnaFigurgs2derhydpenfiosning rbesredosding gnasynahgonighsith as 15 a min
Figure 36(b)) is snaller than the sanpling interval width tm (see Figure
36(c)) of a therdookynulee, theceffacitpeofirghatiomay veotiabeomedsur ed
accurately. For exanple, of the stripe signals shown in Figure 36(b)) the
stripe signathomottbe daf beiel imdratedd i Irsittés ofayl hes showwdanpatter(2sanpl i ng
interval wdth, and therefore, is not detected. To avoid this, a stripe

si gnal obtai pedilgyre e2a]i BOsEripbrizdR isdMAYesHAPOd LisirBgored! bp-flop circuit
so that the signal wi dth becones greater than the m croconmputer sanpling

i nterval wi difs Tiskap IRV deBoFd MY EogRiibasdi G o5 i38¢ W thovs a vaveform
dt h th Bw.

after the stripe signal w was Increased to a w e waveshaped
signal is th t it b i.ng es: i.qu 3 )). fromthe

m cr oconput e?&u:?%e?%nﬁ@g&éﬁg@?%q{w@, rr@blgsér gf?&ﬁiﬁ%ﬂ#ﬁég%ts%%egssi gnal .
Referring back to.Figure , further description will be given. Digital
data is dem)aﬁ?‘%ﬁ éd 8@1"& I{i?ﬁéaﬁkg%@ngéu’lsd B8F™f42 in the above manner. The
data is then fed to an ECC decodey 928 for error correction. That is, - 78
_ deinterl eavi A§Xts ‘ﬁ@lﬂf ertiedsi Pla, ceinwlee| Ldbets grgaydeghdn Reed- Sol onon
code conputation is perfornmed in an RS decoder 928b for error correction. A
brief descri he crecand|timewsbe §eltereitweere|tals amd: =Tk odsicthiove iract. Figure

33(a) shows the data structure after the barcode
part (3) in Figure 24. 1In this way, a stripe 923b is

e use o

recorded on the disk within a recording region 926b, the
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is ECC encoded according to the present enbodi ment. Figure 33(b) shows the
data structure after ECC encoding when n = 1 according to the present
enbodi ment. Figure 33(c) shows an ECC error-correction capability according
to the present enbodinent. In the present invention, the interleaving and
Reed Sol onon error-correction coding shown in the data structure of Figure
33(a) are perfornmed using the ECC encoder 927 shown in Figure 1 when
recordi ng st sepersd aegaom dpbmcite defts. aw $lownhis part of4)cofrBiguren net hod, a
fead error occurs in only one disk out of 10 - 10 mIlion optical disks
under the comdition of that Byte error rate of 10O occurs, as shown in
Figure 33(c). In this data structure, to reduce the code data |l ength the
same sync code | \ASSI GedrbQoddity dRWS710dHE! gt NendydnBeta @eSYNC codes
by a factor of 4 and thus 1 ncreasing efficiency. Wth further reference to
Figure 33, t céxcoaédagh'ﬁﬁey tR%r& Q?mgastl%.tséiz‘é%}{%efow%ﬂx tgﬁ]gdgfc]ccr,' bed. In the
present inventron, the rFecordihg capacity can be varie reely, for
exanple, within ar. nge of 12B (12 Byte) to 188B in increnents of 16B, as
shown _ 7~ TeSPeLHIN&I¥Nyammlie of Figure 34(c). That is) n can be changed
within a range of n=1 to n=12, as shown in Figure 33(c)., As shown in Figure
33(b) and Fi gur e Hezea)yox @Pm@z@(ra}ﬁﬁﬂé?uﬁpﬁsﬁﬁeNBgtléﬁC@i’ 1R# JPehwhen n=l, there
are only four data rows 951a) 951b, 951c, and 951d, foll owed by ECC rows
952a, 952b, %BRerndodzeSPdectidinge Ustdafor coavehitdgnanbarovdeg Fi gure 33(b)
in further detail. The data row 951 constitutes EDC of 4B. Figure 14(b)
shows this inreadrding walleie deyonibéd ndrchcerflegshid ORoehimdiengs.conput ation is
performed, assuming that data rows from 95le to 951z all contain Cs.

Mat hemati cal equatd aER #&QlorEbig,aRd] &CI20MMUAIAY2AY)S e 618 hAONH 4l N Fi gures
14(c) and 14(d), respectively. In this way, the data is ECC encoded by the

CCC cncosr R e E£EChaR PP iy o S dhaosggerded v o

degrees on tiy% gﬁé&% 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”7, 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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Li kew se, 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

i nvention, by encoding and decodi ng the data using the EDC and ECC
conput ati on equations shown in Figures 14(c) and 14(d), when the data
Aamunt is smaller than 188B, the conputation is perfornmed assum ng all
remaining bits are Os, so that the data is stored with a small recording
capacity. This sdnvélse tcongéraripeal tNRE peatdéng.vdheamtlseViidthseafor mi ng | aser
= 80 trimmng, as in the present invention) the above-described

scal ability bRsamal 8Tgnisf shawnt imeparitsg(IMand §Peoiff F mgalrky25 wieniper f or i ng

| aser trimmng at a factory) it is inportant to shorten the productive

tact. Wth atgdforpefsba2bRethY NRIirekorldihgsiOnet SduiithBlatfoa tinme, it will
take nore than 10 _ seconds to record a few thousand stripes to the ful

capaci ty. Thend iyiReleaiinnedly f?r 1kd egérﬂd‘iﬁ%m&n? hce8e@Hgs tper disk. if

full-capacity recording has to be done, the productive tact increases. On

t he other ha fqr .t . + 0l AWYRN i-p application
area of the gfril%slea(r%teri%en F%%tf Fﬁé ?’EF%Q&% i%‘gttlwgh,at%%gg%@lgr ea capacity

b | 10B. | f 271 ded _wh |y .10B. need to b
witten thetPHus 25 Y¥ES hGHEl FPRAPPT] RerULSSTBY 4 BBF of 6. I eadi ng

to a producti cost increase. ' The scal apility.method of the present

i nvention acﬁ?gbe uf eBhNce bRdimipg phisguridthndebarsabieem digk ton the pl ayback
apparatus shown in Figure 15, when n=1 as in Fiqure 33(b)) for exanple, the
ECC decoder 928k,pditf b% rﬁslflfh@-llED@zm‘@CE&iYeﬁﬁ@'ﬁtgoﬁh%d{ménw@dhbut ations
shown in Figures 14(c) and 14(d), assunming that the data rows 95le to 951z
all contain @kemstrihoiwg ithe Frefleet ive( 6]1m tonea edfskct thof trbimsings t hat data of
12 to 271 B can be corrected for errors by using the same program In this

gﬁ;ﬁ tC ggagrtm‘e@é R&?Afditﬁrfaﬁg@m dépendinfecnenadatioey fhildseg bdpugse of a
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 trimminé 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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m croconputer. -81 Furthernore, the pulse width reproduced from each
Stripe wwdth is nade |l ess than 1/2 of one pul se period, as shown in Figure
36. Since there are three difference pul se spacings) 1T, 2T, and 3T, the
ratio of the sumof all the stripe areas in one track to the total area of
the track is less than 1/3. Wth this arrangenent, in the case of a disk of
standard reflectivity of 7030 the reflectivity of the stripe area is 2/3 of

that) i. e. ,yabddt s®drasENGERd BT DnvahdSams ERRYIPuftherh®eds control, the
PCA area can be played back on a conventional RON disk player. (F) Next) an

exanpl e of t he. ANQvesdasithy heflaBRNRodenenaryp N 1AL ckishiigedi ol tal

signature) w e descri eference to draw ngs) fol l"'owed by. a
description of. ano pptil cat t odey_{a) pfirst) the
bar code encry%%?%hwgfgggss+gﬁ%%%?§§§é@%ﬂg§62é%énﬁffgu%% d%?g%iggd by way of
exanple with reference to Figure 45. As shown_,in EpLgure 45, .an.| D nunber
4504 uni que t bEEEdANER 'th\?i B{p%engp{qv(gapqﬂ é’ﬁsi@eggﬁgg‘% O BZXIRD gener at or
4502. At the sane time) an I D signature, sectipn 4503, applies di gi tal
signature to §Fﬁiﬁ-leDdh rrwréépﬁﬁvﬁnskfzéﬁﬁﬁa%eé'c%’tm"l%éﬁ “!’:’dirtﬁespondi ng to
a specific public key, and the thus applied digital signature 4505 and its
associ at ed | Dvawieiser PBUhenr eheebnvensgen dfens theseffasd of data to a press
factory 4501. This digital signature is - 82 applied to the I D nunber

encrypted i n aim@Eridfyymg ithe esmadectidnOs8f uhengecordéng edppreytid a public key
encryption function. The public key corresponding to this secret key is

sent to the psesde fRﬁciél{oYdﬂ@#)Jr-egﬁ\iréshSnW ®ne ko of vl #ROkidfthand D nunber
and its corresponding digital signature 4505 are recorded as a barcode in

t he PCA t i i it 4507. Th bl i
o PO men shahartyfak Sl edPa gt up i e Ss0T The pudl

key is prerecord mast e ina pit portion of the
di sk. When the th : uned t S 08I into a
pl ayback apparatug&(p ayé? &u§§9?ﬁ@ﬁ3§§%b i°c Qé&’?é g%%%ﬁgﬁgék he pit
portion, and the. | u r.and the di.gital signature appended to it are
read fromt heoP’%ﬁair gésqgﬁar Cger §ﬁ?%§5f t?fmtoﬁgg%ﬁloi gh‘?(é;‘}yewnr esult of the
decryption is passed tQ. a verificgation_section 4511: if the digital
si gnat ure dat ég?rse A§upktfaregi Y}i%ﬁ%ge%f‘s of LensuEing t“&%l? rJég\]/E?]i fication) the
pl ayback operation of the optical disk is allowed to continue. If the
di gi tal signafﬁ@@"ﬁ&ga is found illegitimate as the result of the
verification) the operation is stopped. Here) if the digital signature data
is recorded in thdnPexangleact oijet peasementnding (RE moduhatdpntdfeRED) the
result of the decryption is checked against the

recording will be described with reference to Figure 26.

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

Figure 26, respectively. Thus, for data “010”, a pulse 924c
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plaintext of the IDto see if they match. If the digital signature data
only is recorded in the PCA area, an error check is perforned for
verification. Wien the data is encrypted with public key cipher, as

descri bed above, only - 83 the software manufacturer that has the secret
key can issue a new I D nunber. Accordingly, if pirated disks were nade) the
encrypted I D of the same nunber woul d be recorded in the PCA area of every
di sk: therefors, outputuse e seftrhpnd arimd statkSonol’d depudseadddd 1imted.
The reason is that, in such cases, the illegal use of the software having
the same nunbds catputeipreheeni gt-handitihyi siptn€omdilk, parat acpilee. Needl ess
to say, the above nmethod described with reference to Figure 45 can al.so be

used in the |mghaengy outhlt AROtRELN e8PfHandat imn sexanidlre”®f, hbhestancode wil |
be described with reference to Figure 46 as anot her node of enbodi nent.

This mode of egbogiitRe) o6 FagRreAedhthh SMeXERPlrartn eiigh @n encryption

key to be use rong communrcation 1s recorded as the above-descri bed

barcode in th%ogr%@l iai{ne@he ﬁ%f%— ar/%\%]% .h&ﬁigwSﬁhfégﬁe%eyfgglsip"%g%g{ 4601 keeps

each I D nunber s ‘correspo g encry ey of a
public key encryption functi.on, | he form qf .a tabl 6 5; At, the press
factory 4601, r&ﬁﬁf DandnBest tAARy ia[ng f:}berrtbéﬁ% 'rr‘laep‘ﬁ‘bltﬁ%ﬁfg had recorded in
the PCA area 4605 of an optical disk 4604 by usiqﬁég PCA witer 4603. Next,
we will descriP98ihtamt BE aser WHOMpRE.chEdswra 198 (Ph$sokdmigBREY optical di sk

4604 can play it back on his pkﬁgeg. Consi der, for exanple) a case in which
he desires tomsdut#tedwith datawdé” r eder ded benseew epsigral d$sk. 84

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

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

pickup, a signal waveform, such as shown in part (5)
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Bef ore the user can play back the novie contained on the optical disk 4604,
he has to arrange for paynent to a system nanagenent center 4610 and have a
password i ssued to enabl e playback. First, the user sets the optical disk
4604. Wth comruni cation software run on a personal conputer 4606, the PCA
area, etc. are played back and the public key is read out. Wen the user
enters his credit card nunber and personal code nunber, an encryption
encoder 4607RERRODYAER SIGNAeNtiar edtplat @itk phrtivesptidreofkéygppadd t he
encrypted data is transmtted to the system managenent center 4610 by using

the comuni capir@pofdiipned niGidng Horthensyst £rpineneddared sigahkr 4610) a
comuni cation section 4611 reads the ID nunber in plaintext fromthe

recei ved dat gno@ngodRci1uet o ReghARCLYE A fedMub Sid rBHoNA groccrel key
corresponding to the I D nunber ron1an encryption key table 4612. That is,

the system maageegl. entefy 4610, KR8R84 NELIINRLAAN sgp habl o 4612

cont ai ni ng orna RUMDEr - and a secr et key
corresponding.to t ubli c ke Based on ser edlt rd nunber and
per sonal codg (rfsfeth Wo 1tshEle@éP§/‘ii¥édgﬂét gfxr gs%tem
managemnent center 4610 charges the user)_ and at sane tinmes, issues a
password to feeondserderrorstiviadsartar &BF rfééﬁéﬁc%‘lt éhQ"We igi Bigure and
user-specified novie or conputer software contained on the disk 4604. Using
the -85  pad&(wrdthaukilitesedd)igualk wayeforgashpiraynbbigurehd! @sis ed novie or
install the desired conputer software. Since the public key can be
prerecorded sbtainedr cBle sdicingetbid isighaldibyka ldvied shiderpf enbodi ment has
the effect of saving tine and | abor taken in a previous systemthat
required thergysideeeaadiadeBIO00Cest Qart o(Bend ddmedildddde key
(C) We will next describe features of the optical disk
format with a barcode formed in the above manner, tracking
control methods, and rotational speed control methods that
can be used when playing back the optical disk.
(a) We will first describe the features of the optical
disk format with a barcode formed according to the present
embodiment, while dealing with an example of a condition
that permits tracking control during playback (this
condition is also referred to as the tracking ON condition).
A playback operation using tracking control is shown in
Figure 40, and its details will be given later.
In the case of a DVD disk in the present embodiment,
all data are recorded in pits with CLV, as shown in Figure
30. Stripes 923 (forming a barcode) are recorded with CAV.

CLV recording means recording with constant linear velocity,

while CAV recording means recording with constant angular
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to the user separately. Furthernore, even if the comunication key (public
key) is delivered to a press factory where no particular security neasures
are inplemented) security can be maintained. Furthernore) since a different
public key is used for each individual disk, if security of one particular
disk, that is, one user) is broken, the security of other users can be
protected. Furthernore, using different public keys for different disks has
the effect ofel®dugi ng the possibility of a third party placing an illegal
order. If the conmmunication public key were recorded on the nmaster disk, it
woul d not be posgibkge tfteRERY §RVedt oR! M cheP3EEYpes 923 RIrRCEAG AR ! | | egal
order. In the exanple of Figure 46, a public key Is used as the
conmuni cat i op; bug,, {t.: b Ci-at at.sj q.Lar: ef ts can be
obt ai ned i f Qlé’ﬁ%ﬁf\gt i%dftrrl}éwuésegdsn %ﬁBgﬁfﬂsﬁcgg%’wh%%Avemre%&t’h"edég%uri ty |evel
isalittle |ower an_ when ubli.c,key is used.. ess,tQ say, the

net hod descrFB%H}VﬁphngéWe?@ﬁE%st@"ﬁpgh¥éeﬁgr%§ﬂwéﬂggige 33@ in the
Internet. _86 Referring to Figure 22 will now describe in detail a
met hod of dedSr ¥l Aake éﬁdoﬁ%"é"lrﬁgﬁ%&lﬂléttgguﬁﬁé’eé' pa@‘s #d via the network
described with reference to Figure 46. In the flowhart of Figure 22, first
in step 90laPFésendof RVRIAOBN HeeDER Pt cHeiRS 2168 Bepsipte 3ldembefier to see
if the identifier is ON. If the answer is NO) the process proceeds to step
901b if the data eaeesiwheret piisr andlfodmed.he Thesireistnibednregion béwed to
continue. On the other hand, if the answer is YES) it is checked in step
901b whet her théepreebliterignab sreapndd edndionedt in ithe ii®seatconnection i s nade
to the personal conputer network in step 901c, which is followed by step

901d where t hgydtsiSoneNésrespitRisUe6 an Pnadyd papiioebe tHa opficaln step 90lc,
there is a drive ID, then in step 901f the drive ID data is transmtted to

the passwor d gy SsuichdsCAIKIRh. 14180 GATEA IBgL AAXNTIE -0rkl BICRD. 9010 the

password issuing center performs encryp conmpu on on the drive ID and
software 1D d N sacr ey, : : password which is
transmtted ?}c() ﬂﬁles gggr&&he&per gélé{os tﬁgn%ﬁgg@egigégﬁoﬂgt ep 901h. The
personal conputer. at the user ,end conputes. the. password a, sub public key
and conpar es SPPEW"PHS?%EPndPF?/eblltDslqnmﬁheS[r“egﬁ’r§“’ia§’ e ﬁ% d3tBcess
proceeds to step QOén where the softmarg scrEane or§ﬁ%%ry tion is
unl ocked. Turfi FRFB4ER Hidhse oy topakterns Txofe thpguaster <1186, "YiHdR in step 901h
it is checked whether there is a disk ID. If - 87 there is a disk ID,
then in steptbolfAk Hetdi sk reppuisdavith daserswenoead poertivaspesdher d i ssuing
center. After confirm ng paynent, in step 901 the password issuing center
performs encrgptéeativeofiplu at §inceonhd fardodk defar aisdwsdffttenai®e | D by using a
sub secret key, and generates a password which

overwriting fashion, pits are recorded between the barcode

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

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

information can be detected: therefore, motor rotational

speed is controlled by detecting this signal. To detect

Tmin, the relation between the trimming width t of stripe

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

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

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

stripe 923a becomes equal to the pulse width of the pit
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is transmtted to the user. In step 901lm the personal computer at the user
end conputes the password by a sub public key and conpares it wth the
drive ID. If the result is OK the process proceeds to step 901n-where the
software scranble is unlocked. In this way, by comunicating with the
password issuing center via the network by using a disk ID, the software
scranbl e or encryption on the disk can be unlocked. In the case of the disk
| D of the pre i Nt | 0N, S t vari es, f i o di sk, the
password is a gggéﬁf grg%%?‘?ﬁ#gﬁﬁgsgﬁﬁéggfﬁggk§%fh§2h§%§%%é’§%%urity. In
Fi gure 22, cipghertext .co ication s oghtted. but by encrypting data

usi ng a publ i@’aﬁex%/hef é&SP%ﬁ}PH ‘il}?es%@ea %a C&BE%HE% éﬁ%%rcﬁ'lgﬁe#:i gure 46,
during the c ni catiQn rformed. in steps 901i apd 901j, data security
during conmunit&REBIE @Ak FICESF t HEPTRHHARCER DeTRE ﬁésth%ém@?fect of
ensuring safe transm ssion of personal billing information via a

conmuni cat i orragduAsbasihomast hke |SiTépemt aﬂ/r@dgeﬁﬁea@éc%‘l tig peardideds | ow.
W will finish here the descriptions of the first-half _ 88 _  part (I)
and the seconkbigatfthaar & (dilt) of a2 addregsisocted tt bnfordesion, pas oshowh
appertaining matters relating to the process fromoptical disk

manuf act uri ngid Figinee BRaydhkiziesspaifatmotionl cithehpl dyecobtd{edA | ow
reflectivity portion address table) which is a position information |ist
for the |ow rgfidiagt i vigb¥s et tONjump té the exdllrdidnerhck( a)FurdaBFmdTRI Ki Ngs are
formed at randomin the anti-piracy mark formation process at the factory.
No | aser nmarkj i b - i i y:si cal
feature. In &}g}q%gi?g g‘r?gg}lleés]ssttgkg%%gﬁgﬁ g\f}vgrtg)%l gg’tel Vi %géap’o?%llggnﬁl584 formed
on each disk j;s sured with a,resal ution 0.13 = [ case of a
DVD, to const{'}l?cgsgylr l?'efllseﬁ’??i‘?/ﬁteﬁspgﬁni It;)@z’addﬁefsg@ib{]gt(ggb’ as shown in
Figure 13(a). Here), Figqure 13(a).js a diagram show ng I reflectivity
portion addre%’sncleagll“’e,e%gﬁ%tlvfeoFe%lqcégYﬂy P%r@ﬁeﬁﬂ‘?{{)-fya&’ Lffgg' i Higccor dance
with the present enbodi ment, and Figure 13(b) is concerned with an
i11egally duphasaheceidmct ofe ensuringt stahlievFesusisgtofihacentdssl thesde 609 is
encrypted using a one-direction function such as the one shown in Figure
18, and in the selextl wefwildt desctidgean fexamplyy oft @psondision és of | ow

reflectivity portions 584c to 584e, where the reflective layer is renoved,

i s recorded iwhixhbarasklegl ¢decrphtdannot de abpl iednduringt ppoytackn of the di sk,
as shown in Figure 2. Figure 18 is a flowhart illustrating a disk check

procedure by {t{i% condit@ofNEs Wa¥o freFetta tysed ther tiRiRHQFFPti on. As shown
in Figure 13, the legitimate CD and the illegally duplicated
condition).

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

Figure 31 shows a flowchart illustrating a procedure

for operations in a playback apparatus when pit data in the

optical tracks in the stripe area cannot be correctly played
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CD have the low reflectivity portion address tables 609 and 609x)
respectively, which are substantially different fromeach other. One factor
resulting in this difference is that |aser markings identical in physical
feature cannot be made, as earlier noted. Another factor is that the sector
address preassigned to the disk is different if the master disk is
different. Referring nowto Figure 13, we will describe how the marking
position infophgekion differs between the legitimte disk and pirated disk.
The figure shows an exanple in which the above two factors are conbined. In

the exanpl e shown,pd wogimRs KINOHA & diQLTRY ABePPH dhSkted DIOhE th@se of the
legitimate CD) the first marking of mark nunber 1 is [ocated at the 262nd

cl ock posi ti og{ [ 14 SEARL, APt YrebbEiRACPLL AL, QOirkal s @ddr ess AL, as

shown in the addréess ta e case of a ne clock is
equivalent to 0.13 ~.n) and e surene is . mde, with this accuracy. On
t he ot her han&»))r%hon[ & §§espe9é¢b.t ﬁﬁfn 3&&5& éﬁ?dt’rﬁa%W sqosr?ﬁf%e%g i s | ocated
at the 81st clock positiaon in the sector of address A2, as shown in the
addr ess t abl e 0B0tHE ampadeieset iy sthiresdPEd afefésuns 3P nare reserdedr ki ng
position between the legitimte disk and pirated disk) the pirated disk can
be di stingui shed. Hereewitds nbt pessiblieotiooforrketly pdaybackedatrl narking is
also different. To make the position informati on match that of the

legitimate di fkomtdild rRélEcisi vecdrided iat théest2Gdadarneas®23.onlahnthiBe sector of
address Al nust be fornmed wth an accuracy of one clock unit) i. e. , 0. 13

~C m- ot herw g@se! htheRPetf @t dusiFK r68aIOh PieaseUBontrd 1t Bentappl e of Figure
16, the legitimate disk and illegally duplicated disk have low reflectivity

portion addr eﬁg&ﬂ?@é EE%EGH% g’?%ﬁ&l "ot %Qegﬂ ‘e %e‘gﬂﬁﬁgd yakhegare

different as i gur he “case of "the Tegitimte disk, in the
Lrack Toll ovi ng U, Tk kb Sk bn M drEnd BORIL] oRe, g i, and me26
H11egally dupldsc{géead r%itestlz(ic;[ng Sseenasro?' tgr‘}i2a4Hall 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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and mt277, respectively) as shown in Figure 16(9). Therefore, the
corresponding values in the lowreflectivity portion address tables 609 and
609x are different, as shown in Figure 17, thus making it possible to

di stinguish the duplicated disk. If an illegal manufacturer desires to nake
a copy of the disk having the lowreflectivity portion address table 609,
they will have to performa precise laser trimmng operation with the

resol uti on ofortirel rizpmpadusighadspcthesefifenlt as obltaiwmed rthei guwee 16(8). As
shown in Figure 20(5) show ng the waveform of a PLL reproduced cl ock signa
out of reprodiffedeaptiiads of @asks bardde stripd datgagel pita DVD disk the
period T of one reproduced cl ock pul se, when converted to a distance on the

di sk) that iggcopded MHtae sapGenglHdt ekl S&indeStRe sk3ipesnarpccordingly, to
make an illegal copy, the reflective filmw |l have to be renoved with a
submi cr on rePéHo‘be&!‘irPfthQ:i]rl(n“éersé taébé, tsW?cﬂiE@t mél\ﬁ}ﬁs”mggs | ¢gl head
designed for an optical disk 1s used, a recording can be nade on a
recording film.such as.. Wi . bm,cron resol yt.i on. t inthis
case) the re’b%a}&gc %38%%%’9}]‘@8%?@9@% itﬁe Iﬁ%ﬁ?gpﬁ‘%ﬂ) and the

di stinct waveform 824 as shown  in Figgre 9§a ,caEnot bg obt ai ned unl ess the
reflective f31QRPEE PofE0BAtNe Bldress; PEia pd N3t AN @f»%{; Ofass production
of pirated disks by renoving the reflective filmmay be by | aser trinm ng
usi ng a hi ghthritrgstlt afethe measusemenyaGarasetly perfdmmspsesiohingt at e of

t echnol ogy, even the nost highly accurate machining |aser trinmng can only
achi eve a preteennthadear cabatobn aohemolvimodesns. In the laser trinming for
sem conductor mask corrections, it is said that 1 a mis the limt of the
processi ng accur doy. Refeirsingarstttlfigirdss4tlidrifd ¢2) twet @iLhi eve a
processi ng accuracy of 0.1 a mat the mass production level. (c) As a

second net hogdscxibaytwx<ReAtFSl REHIIFERér fcahtRIIAGRE SEHR] r§€aM igARUUCt or masks
for VLSIs and ion beam processi ng equi pnent are known at the present tine

as - 97 g A RRER T : o\ 0§ ESHHIR he order of
subm crons, %&E sugﬁnég%?bﬁ%gFﬁggﬂgz§§ﬁ%§%eﬁs|vglg%gﬁgﬁpgﬁgfﬁé¥%, it takes
much tinme to quﬁﬁgﬁtone pi ece of disk, and if each di sk were processed
usi ng such eau(%ne .. the cost per disk would be very high. At the present

time) therefore, the cost woul d, becone higher than the retail price of nost
legitimate di sksF1gHre r@t sheng fthe pﬁ?ﬁrﬁﬁe@tgfcé%alv\éﬂ? font and
meani ngl ess. (d) As described above, with the first nethod that involves

| aser trimi mgthad wheredinf rotanionab speed cepntwpl Hsaappbitidcbvn accuracy, and
therefore) it is difficult to nmass produce pirated disks. On the other

hand, with tHeteddopdineet hfda bditngignad &inami meams peasiadsagngimeechnol ogy such
as X ray exposure, the cost per disk is so high that making pirated disks

i s meani ngl egsr f4 @it altavde@neid dapgdstt pbf length ofceeritusgbid making ill egal
copies can be prevented until sone day in the future when | ow cost

submi cron pr eggsishy technol ogy for mass production becones practical

Si nce

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 t0Q and the pulse width TR of the reproduced signal
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practical inplenmentation 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 lowreflectivity portion forned on each |ayer as
shown in Figure 33, an illegally duplicated di sk cannot be manufactured
unless the pits on top and bottomare aligned with good accuracy when

| am nating) and this enhances the effectiveness - 93 in preventing
piracy. (B) Aextcomperwed |in desumpabmghaeanh@bdr ranvigewwart TAnd e of the | ow
reflectivity portion on the disk can be specified. In the present

invention) syhdllererhaefthectdferorss vialuditiagkd la@¥entihal Taxpr ovi ded by the
reflective | ayer | evel nmechanism that is, by the low reflective marking

alone. |n thh81£a%Ca hdiforh! FURI 008 TR & BGb1MA @YOthe hehdiy master diskis

a duplicate. wever, the'eftectiveness can be enhanced by conbining it

W th the bl aEhPuBsepiianTRedOLaUS. Shot hegrarlist i oltol gy - 1T the

arr angenent e’lowTreflectivity po on on I'sk is specified
as shown in Jable 532a and Tall.e 609 in Figure 13(a),. an.jl{ggal

manuf act ur er ‘Bt & H%Emtqge’é?%.?r 8‘Brb"1r3956|&p|"\%g%’f ré\%%rpltrﬁél{érqs hgenent angl e
of each pit on the master disk. This would increase the_cost pi rat ed

the : f
di sks and hedcklaviRgneetarmeotaliantl ispeed sogérel baseaan Tpas. A?F urt her
description will be given of the operation of reading the nonreflective

opti cal markithg gaset pdnthef présentwinwging kon,amimertcad pDptdesast divskes f ocusi ng on
poi nts that were not touched on in the foregoing description of the
operating prioficd ploel0That ars,genersteawbyibarebdeirstripes,t ae shawnt position
address nunber, franme nunber, and cl ock nunber can be neasured accurately
with a resol ghiPig@fe 4(d).unif,thehadse 8f AMIVD, athe sync pulse width

is 14T, that is, 1.82 um. On the other hand, the barcode

stripe width is 15 gm. In Tmax-based control, the barcode

pulse longer than the pulse width 14T of the synch pulse will

be erroneously judged and detected as Tmax. Therefore, by

removing barcode signals larger than the reference value t0

by comparison with the reference value t0, as shown

in Figure 41, it becomes possible to perform

rotational speed control for normal rotational speed during

the playback of the barcode stripe area.

Next, the second rotational speed control method will

be described with reference to Figure 42. This method

performs rotational speed control by detecting Tmin (Tmin

means measuring time for a pit having the smallest pit

length of various pit lengths).

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

information TR from the edge-spacing detecting means 953 is
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resolution of 0. 13 ~c min the case of the DVD standard, by using a
conventional player) thereby to accurately neasure the optical mark of the
present invention. Figures 2 0 and 2 1 show the optical mark address
readi ng nethod of Figure 16. Explanation of signals (1), (2)) (3), (4)) and
(5) in Figures 2 0 and 2 1 will not be given here since the operating
principle is the sane as that shown in Figure 16. The correspondence

bet ween Fi gurc@mp8red\inchl ddmpdsing@mesnd 964prwinhi Phin Gbld him det ection
operation for detecting the position of a lowreflectivity portion on a CD,

and Fi gures Zdofithednd) 959ai;Cf aIRE <CTHIGET Aot rdbé b sPMdcurs ghden bel ow
Figure 16 (5) corresponds to Figures 2 0 (1) and 2 1 (1) . The reproduced

clock signal (3 Thatrig 404 RenSP¥F r&SP Loyt kgt shown in Figures 2 0 (5)
and 2 1 (5). A dre551603ﬁ§n Eigﬁfé 1 (7f cgiresponds to that shown in

s 2 0, (2L 20 Bl (A TETR YR RE At e 1 1) g gpponds (o

that shown in Figures ing clo 5a in

Figure 16(8) caqrresponds .tg reproduc h | clogk number . in. Figure 2 0
(6). |nstead Brefn@PU sy Yﬂhigc?k?ﬁ’(fhﬁér&%%o?@rr@i‘b% o Aga (18SUL Ly At gures 2 0
(7) and 2 1 (7) data js conpressed using 6-bit nmarking |l ength. As
illustrated, Qh@egﬂ&@@t 2EFR dﬁeP]}(}ieSnb@‘gﬁfE ééﬁﬁa%tdlomyj[‘gh% TaifelSet ween €D
and DVD. A First -95 difference is that a 1-bit mark |ayer identifier
603a as showndtnsetigfiedosince7ihe dareedeudabss widtlidndsfalinayswenaater the | ow
reflectivity portion is of the one-layer type or two-layer type. The

t wo- | ayer DVD:isminr Treirur e Thato\disdeshexregi £ atoe posaithii 1 piy afyeefdneotslyas

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

density is neaidging W baro®de aal8eé @R) Tdinl ofhdrefor&pragnce Chbek is as
short as 0.13 a n) which increases the resolution for the detection of the

post Ui on I nf et Ak ATEnd 11 upeRd RnEEs] AsUEGHiREd Hlth B bAcKdel fect. Shown
in Figure 2 0 1s the signal fromthe first layer in a two-layer optical

5 11 46 5 GV YR B W el et o o e
Figure 2 1 shows b%L20%4 '1ilnLar B8 £ipd788 dor@MLgySacaad aver.
playing back the barcode, compared to the Tmax-based method.
Further, an oscillator clock 956 creates a reference clock
for demodulation in the barcode reading means 959, while
detecting the edge spacing; this has the effect of being
able to demodulate the barcode in synchronism with rotation.
(D) Next, a series of optical disk reproduction operations
(playback operations) using the above control methods,
etc. will be described.
Referring first to Figures 31 and 43, a first playback
method will be described in conjunction with a method for
switching between rotation phase control mode and rotational

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

a third playback method for playing back the optical disk of
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To read the second | ayer, a first/second | ayer 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 fromthe
first layer to the second layer. FromFigure 2 0, it is found that the mark
Fs in address (n), and by counting the frame synchroni zing signal (4) using
a counter, it is found that the mark is in frane 4. Fromsignal (5), the
PLL reproducetk plrestntienmbedinent fwilidbe aledct ttedopt tlc alk f awerciengo posi ti on data
as shown by the signal (6) is obtained. Using this position - 96 dat a)

the optical pPafresass,baomeasur ethanifl Bs@ an@Sddehtopl adbadl ki tAods ON a
conventional consumer DVD pl ayer. (D) Additional matters relating to the

two-di sk | amnaliadsppt 'd%gérfyeﬂkal\’! 'ehcrbecofneéfmrwﬂﬁw Lhed wagkow. Figure 2 1

shows address position information pertaining to the optical marking forned

Phyere thronEradEE: coﬂt@ﬁgléea?ﬁ% ﬂsahggff&ﬁegt e éh*aetu it and second

| ayers throu sane process s ep (6) in Figure 7,
t he nonrefleci & orti H 815 fornea 1} flrsﬁ refle ive |ayer 802 and
t he nonref | eR134P&°C E qhB §2(§°f‘6‘?rrﬂ§ By ﬁecassgcg eréf‘? Bve | ayer 825 are
identical in shape. This is ted in the perspective view of Figure 4 7.
In the preseﬁ@“ﬁﬁ&eﬁ@ﬂéﬁ peg éﬂe ‘he transparent substrate 801 and the
second substrate 803 are | am nated together, |aser light is applied
penetrating throdghthe same Sigeothat aperontécabhendniy aewed dal ther k t her eon.
In this case, since coordinate arrangenents of pits are different between

the first anﬂnmcpnrlticmyefstheadﬂslsiinceté;ise%@isiahdcﬁ%lc iellHguoashi p bet ween
the first and second | ayers is random when | am nating them together, the

pit positionglwhdeembde swtdh 1963 f sHowadiiFe gdid 4Er potswhetmienothie first and
second layers) and entirely different position information is obtained from

coch VST IBSRALIRCl o oA IOTAg) T o aep MY L0
Tegally) the ;5 Altected by a pickup (PU) position sensor 962, etc.
that the optical head being moved by a moQing 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, f£2, 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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optical marks on the two | ayers would have to be aligned with a resol ution
of about 0.13 a m As previously described, at the present state of
technology it is not possible to duplicate the disk by aligning the opti cal
marks with the pits with an accuracy of 0.13 ~ m that is, with an accuracy
of the order of 0.1 ~ n) but there is a possibility that mass production
technol ogy may be commercially inplemented in the future that enables |arge
quantities ofmeansgPed| spdratitarssame Béme.r mecsigneh fFopr the$¥i ng accuracy
of 0.1 ~ mat low cost. Even in that case, since the top and bottom di sks
are trinmmed spositianesansby 962,t htc.casbke ofodehswiteb- 963/dis bwitichaded di sk 800,
the two disks nust be |lam nated together with the pit |ocations and opti cal
mar ks al i gnedtovB foanrctatiomphasé contewl modeons. However, it is next to

i npossible to lam nate the disks with this accuracy because of the

tenmperature coeffilgi i ro€i€ionophddte chRt MO APEL SddastsBtig. When opti cal
mar ks were formed by applying |aser |ight penetrating through the two-1|ayer

di sk 800, theaﬁﬁ;i‘é'dt tQGnangie %iiFﬁ‘Qly 7Bh Kt HeS o@?{f%ﬁ?@éaﬂ Giffi lqubk to

duplicate. This provides a greafer anti-pira C he optical disk
with an anti-pj . ' s 4,hu onpl et gd. For..pi.racy prevention
applications,g%ﬁé@éégg%%ﬁg%zﬂphe @F%Erg?%¥5¥s€§ﬁﬁ ?éggﬁEcut process are
i nseparable as in.the e o he_singl e-pl.ate type, fhe ,encryption
process, whi cﬂs‘f’gléﬁoﬁ'fﬁ% g?ré‘J t ﬁrfre&ﬁlgf"i’ﬂé 'fjlsaggr&l %6?%5#”68 ss, _9g _ and
processing involving a secret encryption key have to be perforned at the
di sk manuf act SYRGFOREEatEY. SimmRd #easempared im a Aérstadseanenciie singl e-pl ate
type the secret encryption key maintained in the software conpany have to
be delivered tomgdretdr 965maand acdifffiergnéactigngl ishfed goethd yoteduces t he
security of encryption. On the other hand) according to the nethod
involving | asdriw ed¢essitn@5®f The rotation phase control mode is thus

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

data synchronized to the synchronization signal of fl is

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

stripe area by rotation phase control, without switching

between rotational phase control for the motor and rotational

speed control for the motor, phase control could not be

performed because of the presencé of the stripes, and trouble

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

stopping, an error condition occurring, etc. Therefore,

as shown in Figure 43, switching to the appropriate control

mode not only ensures stable playback of the barcode but has

the effect of avoiding troubles relating to motor rotation.

The second method for playing back the optical disk of

the present embodiment will be described with reference to

Figure 38 which shows a flowchart illustrating the
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| am nat ed di sks) which constitutes one aspect of the invention) the |aser
trimm ng process can be conpletely separated fromthe di sk manufacturing
process. Therefore, laser trinmng and encryption operations can be
performed at a factory of the software nmaker. Since the secret encryption
key that the software maker keeps need not be delivered to the disk

manuf acturing factory, the secret key for encryption can be kept in the
saf e cust ody 8@e¥ﬁé°§bftmare maker. This greatly increases the security of
encryption. (E) As, descrihed aggve, ig éhe present ipventjon, a legitimte
manuf act urer can MAReS&Lq gIPHY tk metae by BROBE8Y ey VERELQAN 8k using a
gener al - purpose |l aser trinm ng apparatus having a processing accuracy of
several tens bthe fiicsorslaybadugietaodeasuri ng accuracy of 0.13 ~ mis
required) this can be achi eved by conventional circuitry contained in a
consuner DVD pl aydforeBypeei€igaitliypgtien€inenplagshckesedhodwid e a secr et
encryption lcey, a legitimate di sk can be manufactured. That 99 is, the
legiti mate nmapeflaad goerplagess dakk d?ﬁ‘é?t?ceﬁeﬁiﬁi oeyhidhdaastraasuri ng
apparatus with a nmeasuring accuracy of 0.13 ~ m while the reguired

processing acg?ééé%%ei/%ééé‘@ Pfdén'@'i??ez‘)ﬁ@?ri% bt %Qﬁhéd!dfﬂ%r) that is)

several tens m crons. Tﬁ|s means that a convectional |aser processing
apparatus can_be  used, 0QOn.the ot he nd,..an illeg nan turer) who does
not have a seH%‘Ekllggy,is\ﬁoltl a%ggt@ Eﬁ?e%tﬁl?ec%rﬁg ?#eaneﬂ&’%%tled i nformation
recorded on the I%%ithnate di sk. This neans that, a Q{Eical mar k
corr espondi ngE8K (e LRI yBEed tpbakes §hme rFPoFih%ttlingH;)S §t¥4ed) 3t he position
i nformation on the Iegitinate di sk, must be formed with _a processing
accuracy of 05iBine petters legallyntonmed epwrihectdiske ahtirad hEEe&Ud2be f or med
using a processing apparatus having a processing accuracg two orders of
magni t ude hi ghetterranatdest bpfsaraéchrsooesttiendislpmarfaces uSkerefprehe
| egitimate manufacturer. Vol une production with an

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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accuracy higher by two orders of magnitude, i.e., with an accuracy of 0.1 ~
m is difficult both technically and econom cally, even in the foreseeable
future. This nmeans that production of pirated disks can be prevented during
the life of the DVD standard. One point of the invention is to exploit the
ffact that the measuring accuracy is generally a few orders of magnitude

hi gher than the %rocessing accuragy. In the case gf CLV th%ﬁabove met hod
exploits the facti™ FB8 PTRECHyAPURAI080r3f SAPEN dy BHgERer? di'efers from one
- 100 master di sk to another) as previously noted. Figure 4 8 shows the
result of theomedufetremecordeddin dde rortoiloddtaonredh3hl OCHEe General ly)
there are two types of naster disk) one recorded by rotating a notor at a
constant rotaptioadl dépeedntdins.  RGA ktaipopsesancedminenae vel ocity (CAV),
and the other recorded by rotating a disk with a constant |inear velocity

(CLV). In thedemsi€iof FB7CAMalidel)assianpét asilgagl.calThewkfioess the | ocated on a
predeterm ned angul ar position on the disk, the logical address and its

physi cal angdbfical0Rbidd Q8 PivsthRofHESK iRl £e8X940d, Y tb Nih dafE R@egmt ter how
many master disks are nade. On the other hand) in the case of a CLV di sk,

since only thQgeld Qﬁ@rcdfﬁlre%:i&éfgg gsr(“r%%f&’éd edind RGeRNA 85 RAY! hihn of the

| ogi cal address on the naster i's random As can be seen fromthe
result of the neasurenmgnt .of . agical addresslloca%iﬁps on %gtual CDs in
Figure 4 8, PREY ABYRIHY APTRARE RYENSE PR WERLAG OF | HESKS Vi ddity vary
slightly fromdisk to disk even if exac the, sane data i s recorded using
t he sane nastréﬁ?m@gabkb‘?arc&f‘ﬁ@l gﬁaa t%'é§e£@{ro?‘%d égé'ﬂmiﬂ atey HMauiting in

di fferent physical locations. In Figure 4 8 the |ocations of each | ogical
address on athgrenntpebtdatadissiplaved ibagkcatlédcdy thusthe checked

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

stripes are recorded on the side being played back, the
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circles, and the locations on second and third nmaster disks are indicated
by black circles and triangles) respectively. As can be seen, the physi cal

| ocations of the | ogical addresses vary each tinme the master disk is made.
Figure 17 - 1QL shows the low reflectivity portion address tables for a
legitimate disk and an illegally duplicated di sk for conparison. The nethod
of piracy prevention at the master disk |evel has been described above.
This is) wheRregesepregesds b9 stew $4corvwharg, thadwadsisameredrtopvD, are made
fromthe sanme | ogic data bg using a nastering apparatus, as shown in Figure
4 8, the physheatripeaarean9233 imathe ginheprporiheomiodk therdisk, adwérn nast er

di sks, that is) between the legitimate disk and pirated disk. This nethod
di sti ngui shestep [940d; ethedicsktfolomode lisgswitohee b sktdxyiohakispgeddvant age of
this characteristic. The piracy prevention technol ogy at the master disk

| evel can preygtitolpichbailed Baskshatstrtipes AR3cwl gvehvnadatbyn.si TPl y copyi ng
data only fromthe legitinmate di sk. However, recent years have seen the

errer gence of ¢ (ALGLIANUIAELHIESA BB B40b! LHER &0 AdugNER technol ogies,

who can nmake a nmaster disk replica 1dentical 1n physical feature to a

legitimte digk é%\ﬁtmfenlopfag i?%w@%ﬁ’ecda@&@%efﬁgﬁigﬁaéqﬁasgc&r{l?oiegi timate

disk. In this case, racy preventron mne e master disk |eve

i s defeated. .To prevent, this threat,qf pirated disk, prodyction) the

b esent 1 nveror dilThBLAthaRksaee e iiae) sy b OSRE ik B8 SHESE ne
reflective | ayer, | evel wherein a rking is formed on a reflective film
Accor di ng topPﬁ@%PgoﬁleomFlﬁetopPg%érb@C Ridnft mi g8k narking is formed on
each di sk pressed froma nmaster disk, - 102  even if disks are pressed
fromthe master diigke Be séning pyesenser absancef idandifidn 887idse filmin the
reflective filmformation process. As a result, the position and shape of
the resulti ngetondedefih ethe pét nereki ingl diag ditfef eomtrtolf data, omec.di ak~t o anot her.

In a usual process) it is next to inpossible to partially renove the

reflective fidestmibeld alfowrsCuh@®ecoid melbhvd hapsthelBiffectevyelseing enhance the
effectiveness in preventing duplication since duplicating the disk of the

I nvention dogsl80fs iplayiHaek! bige Ge8ipesthmord &elifhishans bl quehayt for
detecting a duplicated CD by using the low reflectivity portion address

AR ST S S e R
reference to Figure 3l.
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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reproduction apparatus used. This of the delay tine TD circuit can be
predicted at the design stage or at the time of mass production. The
optical mark position information is obtained by neasuring the nunber of
clocks) that is, the tine) fromthe frame synchronizing signal. Due to the
effect of the circuit delay tinme) an error may be caused to detected data
of the optical rk position infarmatipn. As sul t, l,egi timate di sk
may be erroneSEgEthuaﬁe Casa3tfelC daéhﬁgrﬁﬁﬁéegié ,OPﬁﬁﬁﬁvgh ncing a
'egitimate user. A neasure to reduce the effect of the circuit delay tine
TD wi || be dedeeomst@shtd dfe PraseRbrinvgnsiamt shngmdle oftrdpas siceaf t er
purchase may cause an interruption in the reproduced - 103 cl ock signal)
causi ng an er recomofedapémetrak bk throughhéheramdleenirt foing be bpthi cal mark
position information. To address this problen) a tolerance 866 and a pass

count 867, shewdes mfFaodisk, 2tkd sdxipd eaetsed can £s8i 5k readdfmn | e al | owi ng
a certain degree of tolerance on the neasured val ue according to the actual

situation at the tdvaRsefsid@PEPANEt d k. t1ige SRPIREhA b PREFAL 10N IS
permtted when the pass count 86Z is reached: the margin allowed for an

error due to %aék”fr%ﬁnetﬁé:rz%%gsneiogi&é‘eofd%ﬁ%(ha?giQyﬁ;ﬁ%ﬂ#fg@&tﬁ? by the

copyright owner prior to the nment o . . be descri bed
B65a 1o 1 ecovsrt e eNErsAeLe et FGE, Mt For A Ui pREE HlFeode o
recording portiqn or pit recordjng portion of the present invention. In
step 865D, de&Paﬁt]i’bﬁRBrr%eéﬁ%tJ}Fgc i PhedTeaRlng tbérsf'%'rlﬁéﬂ, ghﬁ in step
865c) a list of optical mark position information is recovered. Next, if
the del ay ti mPrEseny iaveriiosdusssi anbidi s¢uing i §164WUABY amthee circuit

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

back from the reverse side, the synchronization code is

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

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

In this case, by demodulating the code in reverse direction

in the demodulator 942 in the playback apparatus of Figure

15, the barcode recorded in penetrating fashion can be

correctly played back even if played back from the reverse

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

Figure 15 will be described in more detail later.

Further, if, as shown in Figure 30, a 300-um wide

guard-band area 999, where only address information is

recorded but no other data is recorded, is provided between

the PCA area 998 and the control data area 936, access to

the control data can be made more stable.

The guard-band area 999 will be described in more
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delay tinme 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 TDis
‘not stored in the reproduction apparatus, or if a nmeasurenent instruction
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 - 104 found. The frane
synchroni zi ngdstgilalbedow t he reproduced clock are counted, and in step
865f, the reference optical mark is detected. In step 865g, the circuit
delay tine TD is riasutiks opndcst dieed.actbssesophe addnarol dathefmne as the
operation to be described later with reference to Figure 16(7). In step

865x, the opt itﬁalomrkgbpﬁ@hesfimi dslkaddiespt Nl hea@amuesd. I n steps
865i, 865), 865k, and 865m the optical mark position information is

detected w th iﬂw\?ﬁﬂg{ g%h%%c% gl ﬂ%lcfial’ﬂi.)l ogaﬁicﬂssﬁxﬁﬂq BERMinB6SY, 865f,

and 865y. Next, a pirated disk detection routine 1S entered.

First, the cirgui | ay, tJ TDdhg CGLr e p t ol erance
566, 1. o . RS CorITRReAtDRrE SBY T dnoFae et P B it IeR el
Figure 2 0, are read to,check whet her ar. not the position jaformation
measured in s3y BEMVEL RES ?%idﬁS?H@%ﬂBﬁle‘P&&lE@ tﬁ%alqre@hg%’esult is OKin
step 865r) then in step 865s it |s checked whether the checked mark count
has reached tH@NgiR%E atoamortipn ihyethes dpyayd ofkyhe H@Ht’f‘ﬁ d8k%H 865u the disk
is judged as being a legitimate di sk and reproduction is permtted. If the
pass count is ares. r ddclibis ydme, tife the JEdsaraaePBB rexisss stiggesbs5z. 1f the
result is NOin step 865r, then it is checked in step 865f whether the
error detecti oijecent tostisemdhher dibemfd&pnemafothe coherol Metaesult is OK)
the process returns to step 865s. If it is not OK then in step 865v the

di sk is judgediras, beengpaicdll headlwiil Udse itowk prdtidre sQpes @i on is
stopped. As described, since the circuit delay tinme TD of the reproduction

apparatus is siqrggs id&gh@? HeCpRid_eRdU Gl tHERPA PRIl bof 10t or mation can be

obtained with increased accuracy. Furthernore, by setiing the tol erance 866

and pass count%lfeg’r 6&80339;%&@%?5}@% ?gc{b}r}lgi_éi(,threhgpﬁrchieﬁéa%_for pi rated disk

det ecti on can b€ than actual condition to allow for a
scratch made on the disk after, purchase. .This has_the,effeqgt, of. reducing
She brobani i oy of KeSirainglh B R BB ok BRE YARD 7 uitke Eekon Tl 'Y gal
di sk. As described,in t@e above npde of enbodi nent thﬁdﬁkracy prevention
met hod at t he P@MPLet 308 el e BTPRNATI LhaT: RRE HJUTRy K1dLh o in the pre-pit
area of the reflective filmon the disk, instead of the previ %gly
practiced physintarahdigadnglaaprondadait dhegraveraotad ppriianedllitor
production can thus be prevented even if the disk is duplicated at the
mast er di sk | eapglical rheadeisimoved megs the sapbatilndata axeacWbopké cal - di sk
| 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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recordi ng neans was used that perforns secondary recording on a two-disk

| am nated optical disk by using a laser. In the first step, physical nmarks
‘were randomy formed) and in the second step, the physical marks were
measured with a nmeasuring accuracy as high as 0. 13 ~c m In the third
step, their position information was encrypted and, using the - 106
secondary recordi ng neans, the encrypted information was recorded as a

bar code on t recopdingafixkitsiktnigds am acoptal dfslsewddadionehs of mnicrons

whi ch was the usual processing accuracy. In this way, optical mark position

informati on wagipdy @anclk wetbrdud a8 cdn anytf unfedordsdnreod.ofl (U m nuch
hi gher than the processing accuracy of a conventional apparatus. Since such

optical narkgheagwal behd @1iaeed relcbhddd@tafsedr €Y 8k Peflerred Ry adsi ng
commerci ally avail abl e equi pnment, production of pirated di sks can be

prevented. | rthEh?ir%l%OEQt W@t?fpe%f‘bé’ﬁ gﬁ@;qdfd?@?or%?%tf%rhéﬁ ormation of the

anti-piracy mark of the invention, ers fromone disk to another,
was used as b ideptifier. T si.tion ingor ion and the di sk serial
nunber, i. e%t,g”?%eaai gﬁke Isﬁfo%rsg?c%ﬁ‘éitké%esrog@{ﬂ\en%b%d encrypted with a
digital signature: the thus encgrypted informtion converted into a

bar code and WPPttEHA AR/ Wiﬁ\engl"f%fsﬁ%rf’ étFWS\SEZ%érSi Bgﬁeqdé(gi on of the

pre-pit area, thus appending an unalterable disk ID to each disk. Since
each conpl et égcardad B¥strimdlng.c@snshqwp, in i gyse sitbr Ghe £aprebtydioff erent. The
password for one di sk does not work on other disks. This enhances password
security. Furthreavaileblesipagetfrer sebwmidar the seoordi sgt tafcisniipes of t he
invention, the password is secondary-recorded on the disk, permanently
maki ng the di9SB ean deecaldudadedk. Accordingly, when the recording

apparatus of Figure 23 performs trimming to record the second

set of stripes, the control data provides an indication of

how much space is available for additional recording; this

prevents the possibility of destroying the first set of

stripes by recording more than 360° over the area.

Furthermore, as shown in Figure 30, a gap 949 longer than

one pit-signal frame length is provided between the first

set of stripes 923 and the second set of stripes 938; this

serves to prevent the previously recorded trimming data from

being destroyed.

Moreover, as shown in Figure 34(b) to be described

later, a trimming count identifier 947 is recorded in a

synchronization code area. This identifier is used to

distinguish between the first set of stripes and the second

set of stripes. Without this identifier, discrimination

between the first set of stripes 923 and the second set of

_71_



The first-half part (C has dealt mainly with one - |07 application node
of the barcode in which the barcode is used for a pirated-di sk prevention
method. In this case, as shown in Figure 2, the barcode (stripes) 584c -
584e are witten over the prescribed region (stripe area) of the pre pit
area: therefore, the tracking is disturbed in that prescribed region. If a

mar ki ng 584 by | ase ight..is fqQrmed,i,n the prescripbed regi on where the

bar code, 5845¥r’5§4§e§3$ slg‘lY Eé%‘r‘r(fegp %lghg%ﬁ?m?nlrﬁoﬁafgf%, it becomes

difficult to accurate|y Eﬁasune t he %dd ess/cloqﬁlposition.of t he mar ki ng.
) e yi )

To avoid this prddnatvi abhigHoRkavbackinptnad 30,11t b desekibed 941 is forned
in a pit area 941a at a radius position different fromthe radius position
of the stripwithaefersze thelimget4bn of the marking 941 can be neasured
stably with an accuracy of one clock) as shown in Figure 20 (5). This has
the effect of beiWhgnatiee duoyideibi 6§ ther strédedorskhemptdcat adilsk, In this
case, by form ng a pinhole marking destroying only a few tracks) as shown

in Figure 39thaptisonkys eirear fatdan e 1aWNidlindee dutredt rtaaykge¥emt i on can be
acconplished within the scope of the current standard. Alternatively, the

Ki 941 dyy - in Fi 30.
mar ki ng %ﬁm%gﬁé%&{ 94 5}5& sthepPuaed, Qgggg&{jrﬁ?ngfg%u%%@ InFgure

Since the guar area 999 contalns no ress I nformation,
Fecording 11 MECHEke gt B p 1 R BRESHELIE 4 R AR R B 4 Vent i on has
i oot 'y batulh SEHp TS B EPLAEns S1FASn PP GHEYER G S rar ki ng i s
formed by laser on the reflective film The above node of epbodi ment has
dealt with elBipihas the gfifent (afi gustkandngthei disks&dse dringedld®dary recordi ng
of a barcode, etc. and a piracy prevention technique) but it wll be
disk insertion since the address can be played back while
playing back the stripes without changing the optical head
position. .
In this case, the address area, an area where no
stripes are recorded, should be formed continuously along a
length longer than one frame in the same radium portion of
the disk.
The operation steps for this method will be described
with reference to Figure 40.
When a disk is inserted, the optical head is moved to
the inner circumferential portion in step 947a. If no
tracking is achieved in step 947n, the tracking mode is
switched from phase control to push-pull mode in step 947p.
In step 947b, rotational speed control (CAV control) is

performed to play back address information. If an address

cannot be played back in step 947c, the process proceeds to
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appreci ated that such a structure nmay al so be applied to other techniques.
In the above node of enbodi nent, the optical disk of the invention has been
descri bed as being fabricated by |lam nating two substrates with an adhesive
| ayer interposed therebetween. However) the adhesive |ayer nay be omtted)
or instead) a nmenber nade of a different material, such as a protective

| ayer) may be used;_that is) any suitable structure be used as |ong as
the reflecti vEep &H‘l dogmgYEWL R é’é?tél??leg‘te ¢ twar d‘i°r8 >b3195t n two
menbers resistant to laser_ light. Furthernore, in the above node of

enbodi ment) A &prines) difsRn gaddrras i ade he | DAY haske Ar e 881 ¢MEA as
conprising substrates as the nenbers that are | am nated together, but other
nmenbers such mgtpootafcthe POAagrsas (aayorsdonsed; Ovhra\trlitst?n)anyherenber t hat has
resistance to laser light may be used. As described) according to the
present i nvendrogsss roceeds tbs1ep 4k wheeaclbasadion dhaladdrsss, for exanpl e,
is converted into a barcode and witten in overwiting fashion - 109 to

an ordinary pife g @peﬁmm t Bendileld mt@raapalbfaafé)&qoqaﬁ@ th@n be read by
usi ng the sanme optical pick up ThIS has the effect of sinplifying the

construction plo-bhe ey 45, cB05: BXATPEP o ENTdRT TBle, by

bar codi ng t he marKkr ng posi on | orna ion use as k-unique ID, the
invention provides a gre ed |rated n er illega

dupi Fcatt on YRUERET aBiebe PT el S ned: B Rl D i L Api racy
prevention tech ue of the prior fQx exa | o ed met hod t hat
del i berately &%‘fg&ﬂ {l%rq ﬁr‘éé’ropg{:fé sﬁ'é"lP%l%hltgp QS%?@H |°F|§e di sk nol d.
Such a prior art nethod is not effective in plraCétpreventlon since a
pirated disk tastee ¥ Ly trgdeo BpadxadiCAyLlagpiinchhe ggntasd detal shape from
a legitimate optical disk. On the other hand, according to the present

i nvention, siTien,tbe stepkd4, i the eresehaenor habseatt edt the HCAI fildgy a | aser
and its position information is coded as a barcode, as described above, the

contents of themhesketht D thedprdsenceidtcitde Pdeflagpkisndewortel) egal
duplication. The above-described effect is thus acconplished. | NDUSTRI AL

UTI LI ZATI ON PERSEBLLASEY r88ut@sss idied abiateotitirvesambs siReqpt i cal disk of

t he present |nvent|on i's such optical disk on which data is recorded wth
CLV, wherein) r r region of a pre-pit signal area on said - 1
i0 di sk) af?ﬂgf géﬁ%ﬁ ’ barcode is witten in overwiting ashion by

ol ayi ng back the 8 s&*?w%r iﬁ%béﬁ&i ¢ Phrt ggared 48 SYane T84 388 uat a can be
pl ayed back u%ll'lgrge ta?g P?L%nsetlpl%tels, athe process proceeds to step 947f to

play back the PCA stripes. When the playback is completed

in step 947g, then the mode is switched to rotation phase

control and the optical head is moved to the outer area to

play back a pit signal. In step 947t, the PCA flag in the

control data is read; if there is no PCA flag, an error

message is issued in step 947k, and the process returns to

947m to continue the process.

(E) Next, manufacturing techniques for implementing the

optical disk barcode forming method of the invention will be

described in further detail. A barcode playback apparatus
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pi ckup. What is clainmed is: 1. An optical disk on which data is recorded,
wherein in a prescribed region of said disk, an identifier is provided for
indicating whether a barcode-like mark is present or not on said optical

di sk, said identifier and said barcode-like mark are in respectively
different | ocations on said disk, said barcode-like mark disposed in a
circunferential, direction, and,sai.d.parcode-li ke mark having a plurality of
bars, each o“fﬂslaﬁhs%g’ 38%%&%58??{61%?% radial direction, and a mark is

mar ked by | aser ?efg;on an information Igyer of _said disk, .information
based on the posi#l giirst, MANYIaEtUEIng teqhRipesdfamdmeAeRerdARE ypt ed
information is included in said barcode-1ike mark. 2. An optical disk on
whi ch dat a ither beseasted recprsiagnmathod wirldsbe idesgrikagi on of said di sk, an
identifier is provided for indicating whether a barcode-like mark is
present or not ofnsthedcape icfakhelibakcodmirdctadingdre thodeprevikusisposed in a
circunferential direction, and said barcode-li ke mark having a plurality of
bars, each ddxpaifdedarishexdfendndcy tonF agurad2®l ttermictimon, erdndimg-mark is

mar ked by | aser beamon an information | ayer of said disk, information

bafsed_ on thepLg%%i gbm_n@f i§qitci ﬂwgﬂ@fi)?e,agpng@é_} wWh aapglgé: tal si gnature and
said information applied with said digital signature is included in said

bar code-1i k LK. . opt iccab di c Is t i . rein one of
said bars hggﬁ%tﬁgﬁé}pég%@gé¥i€¢fyl?ﬁ%ﬁ%agé Jgggggﬂﬁﬁglg%ﬁﬁvﬁ?i of an area

bet id f id b d t h f idb . A A tical disk
accor ai ng 1t cEXAUEPRT DhAT kb 181 CL8 A28 S0 RGRUMET ouler 21 &1 bt vi ty

than an average reflectivity of an area between said one of said bars and
anot her of skakfodgrkars)¢an bes.remrdéatwaﬁea?r& r boseygtictifod B8A%ar atus for
use with a disk on which data is recorded, wherein in a prescribed region
of said di skdefdecitoreri3lf ierused, prowhownl ihoFigure 29, a minimum

emitting-pulse spacing of 2t is allowed, so that the pulse
repetition period is fu = 1/2t, which means that the laser
frequency can be reduced by a factor of 2. This also means
that, when a laser of the same frequency is used, the number
of barcode bars that can be recorded per second can be
doubled to fu by using the beam deflector 931. This has the
effect of reducing the productive tact (processing tact)

by a factor of 2.

The operation of a double-efficiency apparatus
(referred to as “switch recording”) using the beam deflector
931 will be described below with reference to Figure 29,
focusing on differences from the configuration of Figure 28.

The beam deflector 931, formed from an acousto-optical
modulator or the like, is supplied with a deflection signal

for switching the beam between a main beam 945 and a sub-
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i ndi cati ng whether a barcode-like mark is present or not on said optical

di sk, said identifier and said barcode-like mark are in respectively
different |ocations on said disk, said barcode-like mark di sposed in a
circunferential direction, and said barcode-like mark having a plurality of
bars, each of said bars extending in a radial direction, and a mark is

mar ked by | aser beamon a information |ayer of said disk, information based
on the positi beamf946ai shemitkeideféactiont sigraxldisdNd eherbgamets i nf ormation is
irncluded in said barcode-like mark, said apparatus conprising: reproduction

means for repiseduetigdgtsaihd bab-beda-d46kehiet Ksopasseiddtippiughad silibsk;
identifier detection neans for detecting said identifier on said optical

di sk, and conignot gmBNand Fore®™H %Qﬂaldtﬂﬁgé gy4es cidreedpoRiTiahi B based on
said identifier detected by said identitier detection neans, wherein said

reproducti on gn&#anebuogegog&log%f@ 9§§ag ffgémé:hqr BRIWwﬂgnr epr oducti on,

positional information readout neans for reproducing, from said barcode
i ke mark, infarmtion akdin e iLfion ai r rk
measur enent méAns 1018 gé‘?ﬂgrr}h n’i%éhgndeggéﬁéﬁm@ghaﬁoﬁg%;%sgllq’dr%ar k, and
reproduci ng neans f.or .repro i\ng.data recorded on i&)o tical disk based
on a conparis&ﬁOBW'%Hglg:%%ﬁgapnf6?H§Fp8ﬂs?éﬁrgﬁﬁgbgﬁ% €8%i d positiona
i nformation readout neags, and said ﬁftual position determ ned by said mark
measur enent mégRsectOr Al Gwitehas ghebeaBpiediiet s¥TbappaA4Et &2 according to
claimb5, wherein said positional information reading nmeans decrypts the
reproduced i nfrecaed i2ostaing obt thenpositiignr epribgusérrsinire @a¢i odnbased on the
position of said mark. 7. An optical disk according to claim2, wherein one
of said bars hhisamdmmee; stafipestd3d3atand BABb,armaalefoagélT,efandcai vity of an
area between said one of said bars

stripe 934a for ”1”, as shown in part (b), are formed on the

disk. In this configuration, since a laser pulse need only

be produced at intervals of 2t, a laser with a frequency

half that required in the configuration of Figure 28 can be

used. In other words, when a laser of the same frequency is

used, since the stripes can be formed at twice the clock

frequency, this has the effect of increasing the

productivity by a factor of 2, as already described.

Next, referring to the data structure of the

synchronization code shown in Figure 34, a format suitable

for the switch recording explained with reference to Figure

29 will be described below. The synchronization code data

structure also constitutes a technique for improving

productivity.

As shown in Figure 34(a), a fixed pattern of “01000110”

is used here. Conventionally, a bit string consisting of
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sampling interval width tm (see Figure 36(c)) of a
microcomputer, the stripe signal may not be measured
accurately. For example, of the stripe signals shown in
Figure 36(b), the stripe signal on the left is located
inside of the microcomputer sampling interval width, and
therefore, is not detected. To avoid this, a stripe signal
obtained by reading a stripe is waveshaped using a flip-flop
circuit so that the signal width becomes greater than the
microcomputer sampling interval width tm, as shown in Figure
36(d). Figure 36(d) shows a waveform after the stripe
signal width was increased to a width Bw. The waveshaped
signal is then detected with sampling pulses (see Figure
36(c)) from the microcomputer. This ensures accurate
measurement of the stripe signal.

Referring back to Figure 15, a further description will
be given. Digital data is demodulated by the PE-RZ
demodulator 942 in the above manner. The data is then fed

to an ECC decoder 928 for error correction. That is,
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is ECC encoded according to the present embodiment. Figure 33(b)
shows the data structure after ECC encoding when n =1
according to the present embodiment. Figure 33(c) shows an
ECC error—correction capability according to the present
embodiment.

In the present invention, the interleaving and Reed-
Solomon error-correction coding shown in the data structure
of Figure 33(a) are performed using the ECC encoder 927
shown in Figure 1 when recording stripes on an optical disk.
With this error-correction method, a read error occurs in only one
disk out of 10" = 10 million optical disks under the condition of
that Byte error rate of 107‘ occurs, as shown in Figure 33(c).
In this data structure, to reduce the code data length the same
sync code is assigned to four rows, reducing the number of sync
codes by a factor of 4 and thus increasing efficiency.
With further reference to Figure 33, the scalability of the data
structure will be described. In the present invention, the
recording capacity can be varied freely, for example, within a

range of 12B (12 Byte) to 188B in increments of 16B, as shown
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rows 951a, 951b, 95lc, and 951d, followed by ECC rows 952a,
952b, 952c, and 952d. Figure 14(a) is a diagram showing
Figure 33(b) in further detail. The data row 951
constitutes EDC of 4B. Figure 14(b) shows this in an
equivalent form. Error-correction encoding computation is
performed, assuming that data rows from 95le to 951z all
contain 0s. Mathematical equations for EDC and ECC
computations are shown in Figures 14(0).and 14(d),
respectively. In this way, the data is ECC-encoded by the
ECC encoder 927 in the recording apparatus of Figure 1 and
recorded as a barcode on the disk. When n=1, data of 12B
is recorded over an angle of 51 degrees on the disk.
Likewise, when n=2, data of 18B can be recorded; when
n=12, data of 271B can be recorded over an angle of 336
degrees on the disk. In the present invention, by encoding
and decoding the data using the EDC and ECC computation
equations shown in Figures 14(c) and 14(d), when the data
amount is smaller than 188B, the computation is
performed assuming all remaining bits are 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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seconds to record a few thousand stripes to the full
capacity. The time required for disk production is 4
seconds per disk; if full-capacity recording has to be done,
the productive tact increases. On the other hand, for the
moment, disk ID number will be a main application area of
the present invention; in this application, the PCA area
capacity can be as low as 10B. If 271B are recorded
when only 10B need to be written, the laser processing
time will increase by a factor of 6, leading to a production
cost increase. The scalability method of the present

invention achieves reductions in production cost and time.

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

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 0s 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% & ()_?wadl\%g With this arrangement, in the case of a disk
of standard reflectivity of 70% the reflectivity of the
stripe area is 2/3 of that, i.e., about 50%. Since this
value is enough for focus control, the PCA area can be
played back on a conventional ROM disk player.

(F) Next, an example of the above-described barcode
encryption (including digital signature) Qill 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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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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cases, the illegal use of the software having the same
number can be prevented by applying network protection.
Needless to say, the above method described with reference
to Figure 45 can also be used in the Internet.

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

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

As shown in Figure 46, a press factory 4601 keeps each
ID number and its corresponding encryption key, a public key
of a public key encryption function, in the form of a table
4602. At the press factory 4601, an ID number and its
corresponding public key are recorded in the PCA area 4605
of an optical disk 4604 by using a PCA writer 4603.

Next, we will describe how the user who purchased the
thus completed optical disk 4604 can play it back on his
player. Consider, for example, a case in which he desires

to watch movie software recorded on the optical disk.
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PCA area, etc. are played back and the public key is read

out. When the user enters his credit card number and

personal code number, an encryption encoder 4607 encrypts

the entered data with the public key, and the encrypted data
is transmitted to the system management center 4610 by using
the communications channel 4620. At the system management
center 4610, a communication section 4611 reads the ID number
in plaintext from the received data, and decrypts the received
data by retrieving a secret key corresponding to the ID number
from an encryption key table 4612.

That is, the system management center 4610 keeps the
encryption key table 4612 containing mapping information for
each ID number and a secret key corresponding to the public
key. Based on the user's credit card number and personal

code number retrieved from the decrypted data, the system
management center 4610 charges the user, and at the same
times, issues a password to the user. This password
corresponds to the disk ID and user-specified movie or

computer software contained on the disk 4604. Using the
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to the user separately. Furthermore, even if the

communication key (public key) is delivered to a press

factory where no particular security measures are

implemented, security can be maintained. Furthermore, since

a different public key is used for each individual disk, if

security of one particular disk, that is; one user, 1is

broken, the security of other users can be protected.

Furthermore, using different public keys for different disks

has the effect of reducing the possibility of a third party

placing an illegal order. If the communication public key

were recorded on the master disk, it would not be possible

to prevent a third party from placing an illegal order. In

the example of Figure 46, a public key is used as the

communication key, but it will be appreciated that similar

effects can be obtained if a secret key is used. In this

case, however, the security level is a little lower than

when a public key is used. Needless to say, the method

described with reference to Figure 46 can also be used in

the Internet.
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if the identifier is ON. If the answer is NO, the process
proceeds to step 901b; if the software is not scrambled, the
installation is allowed to continue. On the other hand, if
the answer is YES, it is checked in step 90lb whether the
software is scrambled or not; if YES, a connection is made
to the personal computer network in step 90lc, which is
followed by step 901d where the user enters the user ID and
software ID. If, in step 90lc, there is a drive ID, then in
step 901f the drive ID data is transmitted to the password
issuing center. After confirming payment, in step 90lg the
password issuing center performs encryption computation on
the drive ID and software ID by using a sub secret key, and
generates a password which is transmitted to the user. The
process then proceeds to step 901h. The personal computer
at the user end computes the password by a sub public key
and compares it with the drive ID. If the result is OK, the
process proceeds to step 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 resul
is OK, the process proceeds to step 901n where the software
scramble is unlocked.

In this way, by communicating with the password issuin
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

..88_

t

g



10 h, F10% U& ()-, 10% U& ()-L10% U& ()-F10% U& ()- 10H 10H
10Hy>10%4&' ()-"]dELC 10 hS/ Z10% U& ()-9- 10% U&' () - $10% U& () -Z"10% U& () - f
- 10% U& ()-"10% U& () -, hdE:/ 10 U 10 U3y>10% U& ()-y910% U& () - 710%
U& ()-5 10% U& ()-3Y10% U& ()-1110% U&' () - H<uV7/ 10
y109B& ()-" 109B&' () - FmlovB&' () -, s109B& ()-1098& ()- !"1098B& ()- 10
U<y, UdE7/ 10 y - 109B& ()- $109B& ()-3" 109B& () -
109B& () - 10vB8axt) (198 the Wwded+hal® part (II), and now proceed to a
description of appertaining matters relating to the process
from optical disk manufacturing to the playback operation of
the player.

(A) A low reflectivity portion address table, which is
a position information list for the low reflectivity
portion, will be explained.

(a) Laser markings are formed at random in the
anti-piraéy mark 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 pm 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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1&-10% & ()-"mL0% & ()-"y 10% & ()-y910% & ()-
y310% & () - f KIDOb4 & @he1thﬂEfe@$da11v1ty portion address tables 609 and 609x,
1910% & ()-710% & ()-5y10% & ()- 3&10% & ()-Y1l 10% & ()- @s10% & () - 7>?@Wb
C 10 !l respectively, which are substantially different from each

other. One factor resulting in this difference is that

laser markings identical in physical feature cannot be made,

as earlier noted. Another factor is that the sector address

preassigned to the disk is different if the master disk is

different.

Referring now to Figure 13, we will describe how the

marking position information differs between the legitimate

disk and pirated disk. The 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 81st 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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10%&' ()- 10tsekOhd IMHr&1AEi& )l s TfeM=nE. 1070 make the position
| f g10% ()-L10% ()- 310%& ()- 10%& ()- 10%& ()- 10% ()-; @aqdEbC 10
PL-10%& () - inrbOne ioh- hated¥@had of 108K 16k SHAYE diskl, 108& () -. ] dELC 10
reflective film at the 262nd position in the sector of
address Al must be formed with an accuracy of one clock
unit, i.e., 0.13 pm; 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 m+l4
and m+267, respectively, as shown in Figure 16(8), whereas
in the case of the illegally duplicated disk these are m+24
and m+277, respectively, as shown in Figure 16(9).
Therefore, the corresponding values in the low reflectivity
portion address tables 609 and 609x are different, as shown
in Figure 17, thus making it possible to distinguish the
duplicated disk. If an illegal manufacturer desires to make
a copy of the disk having the low reflectivity portion
address table 609, they will have to perform a precise laser
trimming operation with the resolution of the reproduced
clock signal as shown in Figure 16(8).
As shown in Figure 20(5) showing the waveform of a PLL

reproduced clock signal out of reproduced optical signals,
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is, one pulse spacing on the disk, is 0.13 um.

Accordingly, to make an illegal copy, the

reflective film will have to be removed with a submicron

resolution of 0.1 uzm 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 VLSIs and ion beam

processing equipment are known at the present time as
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10: 3, >10% & ()-,i AJEbC 10 !f10% 0& ()-10% o0& () -

10% o0& () - z16é9bipReq) -thh@%ankathidvEO%S p&iceys B¢ ad&lr@cyOof the

Ly&109% 0& ()-s$10% 0& ()- Y" S10% 0& () -

10% o0& () - &16X4e@&of ) sub¥e ffns( ) bl e dabE eﬂeﬁ)nbnﬁ&iltO%O&r() Y7
109% 0& ()-.109% 0& () -3y, 10% 0& ()-*10% 0& ()- (10% o0& () - ehijkTuv7 10 “F

S109%& () - s, 15&@§n@lve]éﬁé&f&QtH%%Qd@% (Xt feevWRkOWPM® to process one
10wowo! PF, >10%M)V\D& - T8sd

piece of dxsk, and if each disk were processed using such
equipment, the cost per disk would be very high. At the
present time, therefore, the cost would become higher than
the retail price of most legitimate disks, so that making
pirated disks would not pay and meaningless.
(d) As described above, with the first method that
involves laser trimming, it is difficult to process with a
:submicron accuracy, and therefore, it is difficult to mass
produce pirated disks. On the other hand, with the second
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-coét submicron processing
technology for mass production becomes practical. Since
practical implementation of such technology will be many
years into the future, production of pirated disks can be
prevented. In the case of a two-layer disk with a low
reflectivity portion formed on each layer as shown in Figure
33, an illegally duplicated disk cannot be manufactured
unless the pits on top and bottom are aligned with good

accuracy when laminating, and this enhances the effectiveness
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$10% & ()-s10% & ()-10% & ()-GLO% & ()-910% & ()-10% & ()- = r dEbC 10
“F& 10% & ()-f*S10% & ()- (G 10% & ()-& 10% & ()-$10% & ()-"10% & () -
?:”dEbC in preventing piracy.
(B) Next, we will describe how the arrangement angle of
the low reflectivity portion on the disk can be specified.
In the present invention, sufficient effectiveness in
piracy prevehtion is provided by the reflective layer level
mechanism, that is, by the low reflective marking alone.
In this case, the prevention is effective even if the master
disk is a duplicate.
However, the effectiveness can be enhanced by combining it
with the piracy prevention technique at the 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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1GQhe optical mark of the present invention. Figures 20 and 21

show the optical mark address reading method of Figure 16.

Explanation of signals (1), (2), (3),

(4), and (5) in Figures 2 0 and 2 1 will not be given here

since the operating principle is the same as that shown in

Figure 16.

The correspondence between Figure 16, which illustrates

the principle of the detection operation for detecting the

position of a low reflectivity portion on a CD, and Figures

20 and 2 1, which are concerned with a DVD, is given below.

Figure 16(5) corresponds to Figures 2 O (1) and 2 1 (1).

The reproduced clock signal in Figure 16(6) corresponds to

that shown in Figures 2 0(5) and 2 1 (5). Address 603 in

Figure 16(7) corresponds to that shown in Figures 2 O (2) and

21(2).

Frame synch 604 in Figure 16(7) corresponds to that

shown in Figures 2 0(4) and 2 1 (4). Starting clock number

605a in Figure 16(8) corresponds to reproduced channel clock

number in Figure 2 0 (6). Instead of the end clock number 606

in Figure 16(7), in Figures 2 O0(7) and 2 1(7) data is

compressed using a 6-bit marking length.

As illustrated, the detection operation is

fundamentally the same between CD and DVD. A first
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10 on>10% 08dé9)ec?930%r0&hé ) 0151t10n information and thus provides a
- 3<n<<<dEbC10% &GLO%E () - L10V& () 109 () - 109 ()- 910% () - 9l
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10% & ()1 100 & CYOTLG9 B e1  ods Besignal F5om et el #12ann
in a two—layer optical disk having two reflective layers.
The signal (1) shows the condition when the start position
of an optical mark on the first layer is detected. Figure
2 1 shows the condition of the signal from the second layer.

To read the second layer, a first/second layer

switching section 827 in Figure 15 sends a switching signal
to a focus control section 828 which then controls a focus
driving section 829 to switch the focus from the first layer
to the second layer. From Figure 2 O, it is found that the
mark is in address (n), and by counting the frame
synchronizing signal (4) using a counter, it is found that
the mark is in frame 4. From signal (5), the PLL reproduced
clock number is found, and the optical marking position data

as shown by the signal (6) is obtained. Using this position
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Tove ¢ 8 0ve Efi@i%f%% %@&ﬂ%ﬁ%‘%é&y#%%ﬁm SRR - viove
orove ) 58 %%é*‘?é*?we%%%& §) ﬂgg%&’ & %T”V”f@éﬁ%% B dintd

1- 109 () - U Y / 108&10%—1& 1096 () | 10%&: () - 10%%&: () -

10%4& () - &1 ‘aqg ighty 1rst and second layers throu

108810%&’ () - & 10%1& ) &nTLO%—i& () &109%4& () - &10%1& () 10%4&' () - @OO0#Y[ YYYd
E:/ 109* 109-e pane Jrdnisay jshoyr1iooshe (Orooesy5oepia(®)) 1oy 1094 () - &,

109%4& () - YZGZZZZ2[ dE: /| 10" Y7109 () - @10%& ()- " &3

L0%&: () - L11bgRe( T~ LLhE10644%l pe tiveOpbiion- 815 [Fpkidd fon [id f@9010%6& () - !
10%pé& ()-410%6& ()-4 10H 10H 10H>10%4& () - s910%H& ()-]~ ~ " -~ @
1010% & () - 10941&c€ive layer 802 and the nonreflective portion 826

formed on the second reflective layer 825 are identical in
shape. This is depicted in the perspective view of Figure
4 7. In the present invention, after the transparent
substrate 801 and the second substrate 803 are laminated
together, laser light is applied penetrating through to the
second layer to form an identical mark thereon. In this
case, since coordinate arrangements of pits are different
between the first and second layers, and since the
positional relationship between the first and second layers
is random when laminating them together, the pit positions
where the mark is formed are different between the first and
second layers, and entirely different position information
is obtained from each layer. These two kinds of position
information are encrypted to produce an anti-piracy disk. If

it is attempted to duplicate this disk illegally, the
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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

where the disk process and laser cut process are inseparable

as in the case of the single-plate type, the encryption

process, which is an integral part of the laser cut process,
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according to the method involving laser processing of

laminated disks, which constitutes one aspect of the
invention, the laser trimming process can be completely
separated from the disk manufacturing process. Therefore,
laser trimming and encryption operations can be performed at
a factory of the software maker. Since the secret
encryption key that the software maker keeps need not be
delivered to the disk manufacturing factory, the secret key
for encryption can be kept in the safe custody of the
software maker. This greatly increases the security of
encryption.

(E) As described above, in the present invention,
a legitimate manufacturer can make a legitimate disk by processing
the disk using a general-purpose laser trimming apparatus having
a processing accuracy of several tens of microns. Though a
measuring accuracy of 0.13 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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orders of magnitude lower, that is, several tens of microns.
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 two orders of
magnitude higher than that of the processing apparatus used
by the legitimate manufacturer. Volume production with an
accuracy higher by two orders of magnitude, i.e., with an
accuracy of 0.1 um, is difficult both technically and
economically, even in the foreseeable future. This means
that production of pirated disks can be prevented during the
life of the DVD standard. One point of the invention is to
exploit the fact that the measuring accuracy is generally a
few orders of magnitude higher than the processing accuracy.

In the case of CLV, the above method exploits the fact

that the address coordinate arrangement differs from one
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JFXJQSaVK@@]Jgp%ed’ i.e., with a constant angular velocity (CAY), 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 triangles, respectively.

As can be seen, the physical locations of the logical

addresses vary each time the master disk is made. Figure 17
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&Z109%& () - 19¢p& hhs Hd¥Pfeddribed above. This is, when master disks of

CLV recording, such as a CD or DVD, are made from the same

logic data by using a mastering apparatus, as shown in Figure 4 8,

the physical location of each pit on the disk varies between

master disks, that is, between the legitimate disk and

pirated disk.This method distinguishes a pirated disk from

a legitimate disk by taking advantage of this characteristic.

The piracy prevention technology at the méster 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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the resulting low reflective marking is different from one

disk to another. In a usual process, it is next to

impossible to partially remove the reflective film with an

accuracy of submicrons. This serves to enhance the

effectiveness in preventing duplication since duplicating

the disk of the invention does not justify the cost.

Figure 1 9 shows a flowchart for detecting a duplicated

CD by using the low reflectivity portion address table. The

delay time needed to detect the optical mark varies only

slightly due to the optical head and circuit designs of the

reproduction apparatus used. This of the delay time TD circuit

can be predicted at the design stage or at the time of

mass production. The optical mark position information is

obtained by measuring the number of clocks, that is, the

time, from the frame synchronizing signal. Due to the

effect of the circuit delay time, an error may be caused to

detected data of the optical mark position information. As

a result, a legitimate disk may be erroneously judged as

being a pirated disk, inconveniencing a legitimate user. A

measure to reduce the effect of the circuit delay time TD

will be described below. Further, a scratch made on a disk

after purchase may cause an interruption in the reproduced
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according to the actual situation at the time of reproduction,
the reproduction operation is permitted when the pass count 867
is reached: the margin allowed for an error due to a surface
scratch on the disk can be controlled by the copyright owner
prior to the shipment of the disk. This will be described
with reference to Figure 1 9.
In Figure 1 9, the disk is reproduced in step 865a to
recover the encrypted position information from the barcode
recording portion or pit recording portion of the present
invention. In step 865b, decryption or signature
verification is performed, and in step 865¢c, 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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g i"lof%: éot(%; & )B%Zség%;i&& /;sgg%g&aﬁigﬁos@oberation is the same as the
operation to be described later with reference to Figure
16(7). In step 865x, the optical mark located inside
address Nm is measured. In steps 865i, 865j, 865k, and
865m, the optical mark position information is detected with
a resolution of one clock unit, as in steps 865d, 865y,
865f, and 865y. Next, in step 865n, a pirated disk
detection routine is entered. First, the circuit delay time
TD is corrected. In step 865p, the tolerance 866, i.e., tA,
and pass count 867 recorded on the disk, as shown in Figure
2 0, are read to check whether or not the position
information measured in step 865g falls within the tolerance
tA. If the result is OK in step 865r, then in step 865s it
is checked whether the checked mark count has reached the
pass count. If the result is OK, then in step 865u the disk
is judged as being a legitimate disk and reproduction is
permitted. If the pass count is not reached yet, the
process returns to step 865z. If the result is NO in step
865r, then it is checked in step 865f whether the error
detection count is smaller than NA, and only when the result

is OK, the process returns to step 865s. If it is not 0K,

then in step 865v the disk is judged as being an illegal
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accuracy. Furthermore, by setting the tolerance 866 and

pass count for the software on each disk, the criteria for

pirated disk detection can be changed according to the

actual condition to allow for a scratch made on the disk

after purchase. This has the effect of reducing the

probability of a legitimate disk being erroneously judged as

an illegal disk.

As described in the above mode of embodiment, the
piracy prevention method at the reflective layer level forms
a physical mark in the pre—pit area of the reflective film
on the disk, instead of the previously practiced physical
marking at the master disk level. Pirated disk production
can thus be prevented even if the disk is duplicated at the
master disk level.

In the above mode of embodiment, a new optical-disk
recording means was used that performs secondary recording
on a two—disk laminated optical disk by using a laser. In
the first step, physical marks were randomly formed, and in
the second step, the physical marks were measured with a
measuring accuracy as high as 0.13 um. In the third step,

their position information was encrypted and, using the
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of several tens of microns which was the usual processing

accuracy. In this way, optical mark position information

was obtained with an accuracy of, for example, 0.1 um,

much higher than the processing accuracy of a conventional

apparatus. Since such optical marks cannot be formed with

the accuracy of 0.1 pm 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 ([) has dealt mainly with one
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a)))))) ) XmbCyriPtOUh & (he dPddcribed region (stripe area) of the pre-

pit area; therefore, the tracking is disturbed in that
prescribed region. If a marking 584 by laser light is
formed in the prescribed region where the barcode, 584c -
584e, is recorded, as shown in Figure 2, it becomes
difficult to accurately measure the address/clock position
of the marking. To avoid this problem, if, as shown in
Figure 39, the marking 941 is formed in a pit area 94la at a
radius position different from the radius position of the
stripe area 923a, the position of the marking 941 can be
measured stably with an accuracy of one clock, as shown in
Figure 20 (5). This has the effect of being able to
identify pirated disks more stably.

In this case, by forming a pinhole marking destroying
only a few tracks, as shown in Figure 39, not only errors
can be minimized but 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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of embodlment has dealt w1th examples in which this
structure is used for secondary recording of a barcode, etc.
and a piracy prevention technique, but it will be
appreciated that such a structure may also be applied to
other techniques. In the above mode of embodiment, the
optical disk of the invention has been described as being
fabricated by laminating two substrates with an adhesive
layer interposed therebetween. However, the adhesive layer
may be omitted, or instead, a member made of a different
material, such as a protective layer, may be used; that is,
any suitable structure may be used as long as the reflective
film is sandwiched directly or indirectly between two
members resistant to laser light. Furthermore, in the above
mode of embodiment, the optical disk of the invention has
been described as comprising substrates as the members that
are laminated together, but other members such as protective
layers may be used; that is, any member that has resistance
to laser light may be used.

As described, according to the present invention, since

an ID unique to each individual disk, for example, is

converted into a barcode and written in overwriting fashion
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BEEEEFI1J~_= 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 CLV,

wherein, in a prescribed region of a pre-pit signal area on said
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in respectively different locations on said disk, said barcode-like mark disposed in
a circumferential direction, and said barcode-like mark having a plurality of bars,
each of said bars extending in a radial direction, and
a mark is marked by laser beam on an information layer of said disk,
information based on the position of said mark is encrypted and said
encrypted information is included in said barcode-like mark.

2. An optical disk on which data is recorded, wherein in a prescribed region of said
disk, an identifier is provided for indicating whether a barcode-like mark is
present or not on said optical disk, said barcode-like mark disposed in a
circumferential direction, and said barcode-like mark having a plurality of bars,
each of said bars extending in a radial direction, and

a mark is marked by laser beam on an information layer of said disk,
information based on the position of said mark is applied with a digital
signature and said information applied with said digital signature is
included in said barcode-like mark.

3. An optical disk according to claim 1, wherein one of said bars has a lower
reflectivity than an average reflectivity of an area between said one of said bars
and another of said bars.

4, An optical disk according to claim 1, wherein one of said bars has a lower
reflectivity than an average reflectivity of an area between said one of said bars

and another of said bars.
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reproduction means for reproducing said barcode-like mark on said optical
disk;

identifier detection means for detecting said identifier on said optical disk,
and

control means for controlling a prescribed operation based on said
identifier detected by said identifier detection means,

wherein said reproduction means includes an optical head for performing
reproduction,

positional information readout means for reproducing, from said barcode-
like mark, information regarding the position of said mark,

mark measurement means for determining an actual position of said mark,
and

reproducing means for reproducing data recorded on said optical disk

based on a comparison of
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said information reproduced by said positional information readout means,
and
said actual position determined by said mark measurement means.
An optical disk reproduction apparatus according to claim 5, wherein said
positional information reading means decrypts the reproduced information and
obtains said reproduced information based on the position of said mark.
An optical disk according to claim 2, wherein one of said bars has a lower
reflectivity than an average reflectivity of an area between said one of said bars
and another of said bars.
An optical disk according to claim 2, wherein one of said bars has a lower
reflectivity than an average reflectivity of an area between said one of said bars

and another of said bars.
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