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address the concerns o ten prov tine-of their
content in the marketplace, and which would not have the disadvantage of

having to be retur is the case with videotape novie rental s today.
It woul d al sé- be &négpé&eénmtmnuf acture such an optical disk at |ow cost

and Wi th 30 TReRh VBT Wgﬁ&ﬂgﬁ&g%& ﬁéld QPbhEA nflbRk MEBBLARLIHY e

processes. | WO 01/04887 PCT/ US00/
15 invention relates to time sensitive disposable optical media.
2. Discussion of the Related Art

Optical disks such as CDs and DVDs are sold and rented to consumers for use at
home. The content of the optical disks may be music, movies, software or data.
Unfortunately, the purchase of CDs and DVDs can be expensive. The cost is associated

20 not primarily with the manufacturing cost of the optical disks, but with the value of the
information, such as movies or software, encoded on the disks. Content providers, such as
movie studios or software companies, do not want to sell at a low cost copies of their
material that will have a long lifetime in the marketplace. Rentals of CDs and DVDs
enable consumers to access the information at a lower cost, but the need to return the

25 rentals on time is inconvenient. It would be desirable to have an optical media (e.g., disk)
that the user could purchase at a low cost, would address the concerns of the content
providers about lifetime of their content in the marketplace, and which would not have the
disadvantage of having to be returned, as is the case with videotape movie rentals today.

It would also be desirable to manufacture such an optical disk at low cost and with

30 minimum changes to existing optical disk manufacturing processes.



CDs and-D\ eneral |y manufactured according to the foll ow ng process.
Thi s infor@‘lﬁl{‘)}gss\?\/as downl oaded fromthe web site of Disct Gﬁ"fuégo’%s"“
Manuf acturing (UK) Ltd., Southwater Business Park, Southwater, West
Sussex, England on January 26, 1999, and has been slightly edited. 5 3. CD

Mast ering Mast eGDandDVDs arrginGallyehbufastutedaooqtig (6 HRIGEBGwRE prctdsd. O
Create a iﬁ‘g“ r (ysed t8 u‘lu1c‘iF the CDs) fromthe premastered data. The
processes ‘%"éﬁ?‘? Vaydomiopded from theyveb site of PissianicoMenufaptaring GWK) wear
speci al cl i ' j %itﬁ K i Nizm ze

particles. %aé}f g%ltg‘ggtbng{sl%sg g%%bar at | %t%ﬂ%gé%e%%g’glgﬁ%%g?%; Qb‘ﬁlfya?@c/}g 9%f t he
240 cm di aned bas enslightyleditedss naster starts by stripping the old photo
resi fromits surface (since the glass blanks can be recycled). This is
foll d by cleaning and final washing using de-ionized water. The bl ank
master is then g‘ri@gl\gﬁ&{nﬁlly ready for the next stage. The surface of the
clean glass nmaster Is then-coated with a priner and then 20 a photo resi st
| ayer 140 to 150 microns thick by spin coating. The thickness should be

mat ched to the nol di &%@C cle_ time. Shorter cycle tinmes inply a thicker
resist layer to ens t’%}%ﬂfﬁpﬁ apd 6RERPMSs iy compler progessnesded tocreatgar i s

measured with a i . i | ass master is
t hen baked at a ou1?g%%’§eg t?g?d@%ﬁ{e %ﬁﬂ@é&ﬁ%ﬁeﬁa@%ﬁ?gpﬁgﬁﬁ%gg resi st
| ayd0 ready forcaxipbeutrigaljass 4,660 clegiiom. Opajatdrasesr dpean dRehipdhéladife Laser
Beam Recor der (_LBR}r{ai S #ﬁﬁd t o expose the photoresist |ayer on 30 the

gl ass master whiEceMARks QPtwsRAR to mypENIZe AR paskdclesThi s is carried out in a -
cl ass 100 controlled environnment using a high power gas |laser directly
fromthe premastered source audio or CD-ROM data. The | aser 2 WO 01/04887
PCT/ US00/ 18944 4. (dass Mastet Reeparatddret or (for DVD and CD mastering) ultra
violet. The laser beamis nodulated to expose the photoresist where pits
shoul d be while the gl ass master

15 Glass Master Preparation of the 240 em diameter 6mm thick glass master

starts by stripping the old photo resist from its surface (since the glass blanks can
be recycled). This is followed by cleaning and final washing using de-ionized
water, The blank master is then dried carefully ready for the next stage.

The surface of the clean glass master is then coated with a primer and then

20 a photo resist layer 140 to 150 microns thick by spin coating. The thickness should

be matched to the molding cycle time. Shorter cycle times imply a thicker resist
layer to ensure good pit geometry. The uniformity of the layer is measured with an
infra red laser.

The photo resist coated glass master is then baked at about 80° C for 30

25 minutes. This hardens the photo resist layer ready for exposing by laser light.

{(a) Laser Beam Recording

A Laser Beam Recorder (LBR) is used to expose the photoresist layer on
30 the glass master where the final pits are required.
This is carried out in a class 100 controlled environment using a high power

gas laser directly from the premastered source audio or CD-ROM data. The laser



Spi ns at the correct linear velocity and is nove éﬂ and -
snoot hl W@@%Wnt ain the correct track pitch and Ii,near%f@%ﬂ@ .4X5 The
LBR is controlled by a PC based system which fornats the data from the

source CD, U-matic or Exabyte tsﬁe with the CIRC error protection and EFM
nmodul ati on. | fcamhe bluepyiolet etifer RND-and Gl maastening) vittagiolet! Therlaseg bems ier i ng

ot ho i neiiptd BibhssliR PhtbRis wRaepis shoiERe vaTR MY dimuatdua b
U matic was t Rpingat dxadByltiR dofrst Infker Rdboity aidliPWoved BaBuARLAM SHRDHAY k1 T-

Q her newer nedia allow faster mastering up to 4 tines, with even faster
speeds possi bimaintgincthe eomreshirack pitahl anddimgammvelocdty. t he nmstering speeds for

di fferent nedia. 15l . Med] eed ts, U ' 163 I till in
us€ but is graduall e@%&“ﬁﬂﬁ@é@u‘ip&%ﬁs s‘ﬁﬁ’t‘gﬁiitcb%‘bé‘fagﬁg%rdﬁﬁ ®Pred
offline to a ftwsidhice CDJ UBhatRah Bxabite tipRwildthé CIRE ertof phitkctivning@ERN €d
format for nmastering CD 4x Faster 1f LBR capable CD-R 4x Depends on

qual ity of CDmedylation. If gagrranercupswhish sannet be prredted duriigymast@B@ohe. 8x Max

speed of Exab Eljant 820 4x Faster if LBR capable 30 Hard disk 4x
Faster if pBR\éé'(i‘ﬁ%{Eefng‘}‘Eé{’%eﬁﬁ?‘%!ﬁas? PCT/ USOQ/ 18944  The absol ute limt of
speed is dictated ls;seédalaswgédme&smiié%a&ﬁn&&sﬁm%hine%aiﬂﬁﬂt%e@ﬁas pl ates,

the practical Iimt is around 6x for mastering. Network nmastering is a

nef} devel opnerit opptimesyhanirvery£R vasmudiey Uohaticwapthe only mediaased ®i ni ng
the audi o or r.data) i f &L, nast er.i
carri gdl out frgggn%%tshn%ge %%?%ﬁ}év%&gg @glﬁFg%&%h@%qigéﬁoﬁ& f%?eqtn(l)a%h%lg é“ iténg)g via a

hi gh speed netines)witibevenr faster SpBedsqiasible. qheTeldwidlg t4blé hanmetingrike and

mastering speeds for different media.

15 Input Media Speed Comments
U-matic (1630) Ix Still in use but is gradually being phased out.
Audio data is often transferred offline to a faster

format before mastering

20 DAT ' 1x  Not a preferred format for mastering

CD 4x Faster if LBR capable

CD-R 4x Depends on quality of CD-R media used and
25 speed of LBR

8mm Exabyte 8500 2.8x Max speed of Exabyte

8mm Eliant 820 4x Faster if LBR capable
30
Hard disk 4x Faster if LBR capable



mast eri.ng_j ob n be schedul ed in advance. The result is hi ed,
nore rel #é’o?lzu@steri ng. 10 (b) Devel opnent & Metalli zatiwﬂgﬁgosed
phot oresi st surface is devel oped to renove the photoresist exposed by the
| aser and therefore create pits in the surface- These pits should extend
ri ght through the phdheabmiute litmit dfispel ia dictatediey the abbustreswoftheysgPor pi t
15 geonetries a§ épeci led in the Red Bogk. The gl ass _itself is unaffected
by this proces<*3Hun glasgpiates.<he prastical Bpitis aroupd px for CIY mastsriagi st . The

active surface (i.e. NeBRSRIAUsATinRs f s S
then netallized either vél?r@ﬁ%gwgllg%)rle‘gflgtég&ngﬁY?ﬁ%rggﬁe%ﬁg spEtgferi ng or
with silver by Bxabyies, @Ds@tc (chitainingbe atdio ot 6thet da) ioyransferaig atsaiver et ones
part of the 20 Father which is_created by electroformng.so the pit

geomtry is nmi Mi2steHBg carried out fror this éatGd’HiPhtcﬁ'ébWWW PEATHR mﬁtﬁﬁggbma on

top of the silven: ﬁ;‘%' ' | | ' , but this
I's not usually gr%%lg seir“?g’ﬂisl?y&tg%%%1&%5?%%%%%’3‘?@%&%@?@ (c)

El ectrof or m ng Histering yolis\¢as be schadiled invddvisde. fThk heult is hightraspeedyatbrst anper s
by electroformng,in a class 1000 cl ean room environnment. The father is

el ectrof ormed f FiRblefBastaaingt | i zed gl ass master and then the 30 surface
containing the 'bunps' is oxidized ready for the next stage. (This allows
the nother to be separated fromthe father). 4 WO 01/04887 PCT/ USOQ 18944
The Toot her is then el(®dDewelopnreat&fMenllizagod at her and is an essenti al

I nternmedi ate stage from which the stanper(s) are then electroforned in a
simlar way. After the nother has been created, the father can then be

used as a stanper. & S péﬁ:é?;é S.
Addi ti onal stanpers gpg)e@(gatggﬁ&?%gtrl ongqugg‘éélﬁedé%s. hgﬂéﬂ%c{t%g st on
the gl ass mast eexpased by therlawepaebthartbre bea! pits én thegarfad. Thesagyts sloudd used

again. If silver is ,used, it i.s recovered_ and recycl ed.
g extend gght through the photores?st to the glass underneath to achieve good pit

15 geometries as specified in the Red Book. The glass itself is unaffected by this
process and acts merely as a carrier for the photoresist.

The active surface (i.e. containing pits) of the developed glass master is
then metallized either with nickel or nickel alloy created by sputtering or with
silver by evaporation. If nickel or nickel alloy is used this becomes part of the

20 Father which is created by electroforming so the pit geometry is maintained. If
silver is used, the nickel Father is grown on top of the silver resulting in some
distortion of the pit shapes, but this is not usually enough seriously to impair the

resuitant pits.

25 (c) Electroforming

This involves creating nickel fathers, mothers and stampers by
electroforming in a class 1000 clean room environment.
The father is electroformed from the metallized glass master and then the
30 surface containing the 'bumps' is oxidized ready for the next stage. (This allows the

mother to be separated from the father).



10 (d) Sta r _Finishing Wen the stanper has been el ectroforned fromthe-
not her, WP%F’E‘!?G res finishing before any discs. can, be re"m"&%@@ﬁ"f’rom It.
Each stanper is checked visually, the back polished, it is punched to the
15 required outside dianeter, a hole accurately punched in the center and

finally it is chegkeghotitrds thkRBREoBHANEfroMShOThd? @hd & dnl dskéifiaf O t he
press. Stanper. finishing is an inportant stage as it will affect the

qual ity of t hintermedigte stagafromivéhichethe stantpsi(e) are theniplectroformed dén g similart o avoi d
eccentricity whjch could affect the playability of CD-ROMs using nodem
hi gh speed CDVROM drives. 20 Also the stanper thickness nust be uniformto

avoi d unbal ance pr alfeptie théthér s bbérekiad (R felifer cim fheh e tséd RPREBpE ©
stored in protective plastic packages ready to be fitted to a nolding

maéhi ne. 25 5Onkyomethers aseneasiad forrsubsequeny stagmere pAdditienal stampersareore@sdpact

Di scs, whet heg. i ROM are manufactured in the same 30 way using
the follow ngfopg?%&r@:g%éf@ﬂﬁ] ection nolding of the clear polycarbonate discs

using a hydraulic n)‘heglsotoreféism Q&?MB&&SIBGE&M%QM e lghdsk SleBed O
create an alumnumreflective surface -Lacquering to_protect the back of

the refl ecti vieadytq bgewsed apainn {f siyeis userb itdp secoverpd pndtecyeded-of t he | acquer .
5 (a) Replication Lines The replication of CDs in the past has been carried
out using batch processes where each stage of the process uses a different
maohi ne. In the | agl) Stamper\Riaisbingnt egrated - replication |ines have becone
the norm Exanples of such 10 nmachines are: Single-line A conplete
replication |ine conprising nolding nachine, netallizer, 15 | acquer unit,

printer (normally {eQUAl ARG HaO BRGCHL AR forfiRA% AR thetRBnEL HG8qiRheS

finishing before any discs can be replicated from it. _
Each stamper is checked visually, the back polished, it is punched to the
15 required outside diameter, a hole accurately punched in the center and finally it is -
checked on a stamper player before being fitted to thelpress.

Stamper finishing isan important stage as it will affect the quality of the
final disc. The center hole must be accurately cut to avoid eccentricity which could
affect the playability of CD-ROMs using modern high speed CD-ROM drives.

20 Also the stamper thickness must be uniform to avoid unbalance problems in the
finished discs.

Finished stampers are stored in protective plastic packages ready to be

fitted to a molding machine.
25 5. CD Replication & Printing
CD Replication Overview

Compact Discs, whether audio or CD-ROM, are manufactured in the same

30 way using the following processes:

+Injection molding of the clear polycarbonate discs using a hydraulic press.



transferred to different spindles. Finished discs are renoved on spindles
for packi WQ.01/0#88%| t ernative to this does not include a prPEGTASV/IBM4S
allows a new job to continue w thout being stopped while the printer is
being setup. 20 Dual-line A replication line conprising two nol ding

machi nes, netallizer, fsﬁd@% %”ﬁg(g f i S provides a better
mat ch bet ween nol di nadangc I eczgnghl o%ﬁ&ggﬁﬁgﬂffgﬁnt cycle tines and
is currently the nosfLatquexinpkeprstectithe back offacteflectivdi sagfacnchi ne can run

different titles, the di,scs_being separated after inspection and placed on
different spindles. ¥ H“%%f'?‘@ﬂ‘sﬁ)«!?iﬁef)%t.ol’(oﬁ}hellﬁ‘f‘lé'e’f-i on Mol ding 30 Optical
grade pol ycarbonate is 'baked' to renove any noisture and is injection

nol ded in a high pressure nol ding machine (press) using the stanper 6 WO
01/ 08887 PCT/ USOQ 18@} Replieation £thesn t he nould fixed to the press. This
mould is in tw parts and provides a cavity which ensures that perfectly
nol ded di scs are produced with the correct dinensions every tine. One half

of the nould contali n&etrﬁﬁécéﬁgggf:ﬁDWEP%;ga% ﬁrcaxrféﬁlofmﬁé?%ﬁﬁt&? the mrror

bl ock to ensure a snoot raulic press appfies a force to
the two hal ves mbcdskes wherd ehchvsiagéiof the prozkssases a Afferetinmachiye dn ierlastdews t hen
injected into the cavity and,  held_ in place by the applied pressure while
the disc cool s YAt ageratrdireplication incsdgvebecome ths pym. Pg’emnlwng suphe

trapgferred by fohat s to a spindle for the next stage in the process.
Succli:]gssful nol Jf‘ng c??% whi ch neet the CD specification, require stable

10 processes with the machi nes setup correctly. Ml ding paraneters which
can affect the resul,taig‘ﬁ_ CD i nclude stanper geonetry, nould tenperature,
pol ycarbonate tenp I8¢ conpression force and cycle tinme. Cycle tines
for injection nolding have decreased substantially fromover 10 seconds
sone 10 years ago to under 4 seconds for the | atest presses and

A complete replication line comprising molding machine, metallizer,

15 lacquer unit, printer (normally 3 color) and inspection. Good and bad discs are
transferred to different spindles. Finished discs are removed on spindles for
packing.

An alternative to this does not include a printer. This allows a new job to
continue without being stopped while the printer is being setup.

20

Dual-line

A replication line comprising two molding machines, metallizer, lacquer
unit and inspection. This provides a better match between molding machine and
25 downstream equipment cycle times and is currently the most flexible solution.
Each molding machine can run different titles, the discs being separated after

inspection and placed on different spindles. Also called Duoline.

(b) Injection Molding
30
Optical grade polycarbonate is ‘baked’ to remove any moisture and is

injection molded in a high pressure molding machine (press) using the stamper



15 rnoul ds. cle tinmes of under 3 seconds are al so becomn ossible. (c)
Met al | i zWRyOH#88700| ycar bonate discs after nolding are traﬁgﬁ&s@?ﬂ”‘ﬂ n order
that the 20 laser can read the pits they need to be covered by a mrror
surface to reflect the laser light. The next stage is therefore to

netalize the mounted irsthenindd fikedahe Piess: This ould lis i tMePabty afid pidvidesg-
Sputtering requires the transparent polycarbonate discs to be transferred

]E oI ][ hg s pu':1 t eFaViRy Whislhenspresthat pesfectiyiaelded dises ape produced with (ﬂiel egrvecind 25
: | . 1 ot
by the "use oitsBR5eveltfiud BRANIPHENR IO CREhE e bt it WA 20

al um num ar e half euitains the thinoLbldck tsérisard avnicoti igfdck) surface. Mbdem
megal i zers are capable of cycle times of under 2 seconds allowing themto
be

used i n duol i neSheredranlisipsessappliesiadeorceda thetaiodialves pé thempuld whiehm two 30

seconds. () At SioadE Mot ibycafiEhl i b 3o AR AT BEXH B RAPHIA I RIpSS e
al um num | ayeby the appliddasresstreovhite thadist ebolshind SolidsfisPPRAskdAdsAR, dftegui d evenly

across the surface of the disc by spin coating. The centrifugal force
created by spioeHpggre Hansfereed byvobplarmsitee spindleifar-he apxtstagsrin thamroosss! e di sc

in an 5 even | ayer kS .l r A um num
t herefore seali %g %%éc%ﬁg%{%étg?gkm& %’P&%??%ﬁ%@é%ﬁ&gﬁ lﬁljrgl%t?% |
sl@rt to oxi cproeesyestwithnthe niaehines setap corbeetlly Adplding iparatieters whychidahrafifewi ol et
(W) light pr ducipg a_hard protective 10 surface. The discs are then
ready for pr itﬁ? resyltant S0 nehuds §tampes geamaetraosldtsmperatyrgapol yrarhangtet i ng

rocess, lac [ L1 | N- . cle . times of under 2 seconds
gre nor mal | yqac Rlergggg%%grfpkéeéﬁpﬁg?rcg%Q%ﬁ%tém%e two steps into two stations
or using two spin Cyd¢ timgs firadtjection,. mollimg(laye HedvedsedPsubstantiglly fremupRe r

surface of a finished disc is printed wwth u o five colors by a
10 seconds some 1(6 years%go to under 4 seconds }"or the latest presses ancY -

-

15 moulds. Cycle times of under 3 seconds are also becoming possible. -
(c) Metallizing

The polycérbonate discs after molding are transparent. In order that the
20 laser can read the pits they need to be covered by a mirror surface to reflect the
laser light. |
The next stage is therefore to metalize the active surface of each disc with
aluminum by sputtering. Sputtering requires the transparent polycarbonate discs to
be transferred to the sputtering chamber which is then quickly evacuated of air and
25 filled with argon gas. The argon ions are attracted to the aluminum target by the
use of a high voltage. As the ions strike the target, particles of aluminum are
ejected and are deposited onto the CD surface.
Modern metalizers are capable of cycle times of under 2 seconds allowing
them to be used in duolines where one metallizer can handle the output from two

30 molding machines. The fastest metallizers can achieve cycle times of 1.5 seconds.

(d) Lacquering



flat si.l k screen process. Each color requires a different screen created
from | abelWORIA4887 pr oduced as col or separations fromthe aPEWEFW/18H4cH
color is printed using a 20 squeegee whi ch pushes the ink through the mesh
of the screen on to the disc surface. The inks are then cured using W

i ght to produce a durable surface. For picture discs five colors are
needed. These are white for the base, plus cyan, magenta, yellow and bl ack
(CWK). Very high qufihé backpf ket dlmrginoemlaper is proteicteddyy alacqugr whithns spreadtasng

nmachi nes, which re capabl e of eed f 7 i SC 25 faster.
Aut olmat ;Sc ch:ack igyid € ¥P%fassotl}?g‘&fﬂ°fs=ﬁgﬂkerﬂ0$§q§tssa§’e° Hngﬁ&ﬁr"ﬁmf‘hﬁaf gﬂrq:e Zi scs
bei ng printed caeaid B?@yxﬁﬂhé%dxf@éxﬁhﬁgﬂﬁt her¥dvER thewRbIBQRHE ifPhn t he

di sc hub during maste DVD Manufacture 8 WD 01/04887
PCT/ ©S00/ 18944 e@ﬂﬂhﬂrscs are nore diffi cuIt to manuf acture t han CDs,

requi ring new, purpose designed e u' rrent han up d e UI rrent.
DVD discs are diffet & ‘H’éOY‘H'aIPB er%"w&w %1?9 t pits
and smal | er pit botﬂéﬁ@ﬁtkqu{é@lss | HEhids wil 60t 88 okif é@mmﬁﬁéfelw gher

mast eri ng speeds in angul ar “an I near ve ocity and data rate -New
data formatti ngdayeqw rerrents - Thinner disc substrates to nmoul d 10 -Ti ghter
tol erances on tilt |tter in i cul |on bon e-DuaI
| ayer and doubl e si d eb’r?smr"(d%y% @?Kﬁﬁg g"}rgg

bet wgen DVD an%@cm@gl&p%mp@ fok BRnG@St €ri ng pr ocess for DVD needs
new equi pnent i ncludi ng 1 nproved SS st ef preparation, |aser beam
recording and devel dmcggerm'glﬂxevcpimsttmmrsmsm ﬂwbaymrcosﬁmgupmpessj ldapiet y be about
120 rimin thic e?:ce)s%ﬁorg éu?ds ép?r?—gﬂo nycl:IAé%nQeTJf%der secgr}dssayect?o?%gjly achieved by

either splitting the two steps into two stations or using two spin coating stations.
15 (e) Label Printing

The upper surface of a finished disc is printed with up to five colors by a
flat silk screen process. Each color requires a different screen created from label
films produced as color separations from the artwork. Each color is printed using a

20 squeegee which pushes the ink through the mesh of the screen on to the disc
surface. The inks are then cured using UV light to produce a durable surface.

For picture discs five colors are needed. These are white for the base, plus
cyan, magenta, yellow and black (CMYK). Very high quality printing can be
achieved using modern printing machines, which are capable of speeds of 70 discs

25 per minute or faster.

Automatic checks are carried out during this stage to ensure that all discs

being printed carry the correct catalogue number which is placed on the disc hub

during mastering.

30 6. DVD Manufacture



20 mastering using the sane thickness as for CDs is possible. Any defects-
or vari MOBP4887n "t hi ckness of this layer nust be kept veF?T’élﬁ‘éﬂ’%."“Laser
beamrecording requires a smaller spot size, higher nunmerical aperture and
tighter tolerances than for CDs. Many LBRs designed for DVD nastering use
a W laser (insteaVa disbeareddie difficult @ Bimifasitre thiPODS,Feqitkg newo handl e
CD and DVD nastering, it is 25 necessary to change the nunerical aperture
from 0.6 for DPmpese designedequipmentratheithanypeaiad epipmens. PYDndisesage '
differently fprom NEARL €OLT new formatting hardware/software to
handl e t he” RSPC a"’r‘c'rpg'ro cglr)Pglg#ﬁegﬁﬁovgngc‘)”q% nodul ati on and the higher
channel data rate. 30 Stanper finishing requires nore care than for CDs

since tilt (variatigns in flatness of the final disc) is critical for DVD.
9 0 01/ 04887 PCT/ t¥helowerpits andymallenpitisize | ayer) discs require the upper

| ayer (layer 1) to-s%a‘} EE@E | hile ble rotating in the reverse
direction. Al so, the g?ec |§ig0h\(,)4nh\?\}gl. ﬁ(;g;lglra{v}éﬁﬁl be either fromthe inside
to outside (parall elighéranksteriig speéds] btth irPanguddrdad linegineticit¢ ahd datd)rate
dependi ng on the agﬁ)l ication requirenents. 5 CSS (Content Scranbling
Systen) copy pr ot et¥gwdataformattinggqyitaments t he nmstering stage. The data on
DLT is conbi ned w j{.: e nd the audio and video data
scranbl ed usi ng thﬁ"&%gd%ﬁ%%%@aa?gt%%@edﬁ on the DVD disc. (b) DvD

Repl i cation 10 DVDTigiaetitoldvaxctonviltand fietef in'patticllascs t o be manufactured.
DVD-9 has proved to, he considerably nore difficult and there is a shortage
i n manuf acturing M@?ﬂib?wn&% dual layer discs. Al DVD discs

conprise two substy p@{a Reddlntisp@nd nol ded separately. 15 For
DVD-5 discs, the acItﬂ%aSgayEu stdrogltbe |lséd$é’t%§fl€i zed and then bonded with the
bl ank, non-netallized substrate. -For DVD 10, both substrates are

nmetallized For DVD- i st nmetalization |ayers are required, one bein
sermi - (a? DdVI%(iVIastevr\glg Y g d

15

e

The differences between DVD and CD means that much of the mastering
process for DVD needs new equipment including improved glass master
preparation, laser beam recording and developing. The photo-resist layer should,
ideally be about 120 nm in thickness (instead of 140 nm for CD) but successful

20 mastering using the same thickness as for CDs is possible. Any defects or
variations in thickness of this layer must be kept very small. Laser beam recording
requires a smaller spot size, higher numerical aperture and tighter tolerances than
for CDs. Many LBRs designed for DVD mastering use a UV laser (instead of the
blue or violet laser used for CDs). To handle CD and DVD mastering, it is

25 necessary to change the numerical aperture from 0.6 for CD to 0.9 for DVD
maétering.

DVD data is formatted differently from CDs and requires new formatting
hardware/software to handle the RSPC error correction, 8 to 16 modulation and the
higher channel data rate.

30 Stamper finishing requires more care than for CDs, since tilt (variations in

flatness of the final disc) is critical for DVD.



reflective, using gold or silicon. Paraneters such as tilt, bonding |ayer
20 transpg?%%‘}fs&c are nore severe for DVD-9. Also the |a’§ﬁé¥"’§"“ﬁf‘ 1 num

| ayer mnust be uniformin thickness to avoid jitter. DVD nolding is sinilar
to CD nolding but with some inportant differences. 25 -Two pressings are
needed for each fi n@vﬁm&hﬁaqu&r@@kﬁetﬁeﬁﬁp&sﬁéﬁgaﬁrQ%td&ﬁgﬁmt hi ck
instead of 1.2nm -The thinner disc also requires different nolding,

par aneters, sud¥ithuihe gumtehlgrotating i) the réversedineetionn dAksogthe diraetigncb fivedting at ur e.

VD Bond ni 10 WS DA BRI E G o of GagEre g Tos: )

(D

43 Bk
2dgfo 1ppde st
difficult partgosdositbea ,Cm?éﬁdin bEfR adpEcafion efk. possi bl e sol utions.
-Hot nelt bondis(n%ﬁi S théemme hod gIsed fag? Laserdi scs where the two

substrates just need3So(CGsategt Serambling:System) ¢opyipsotedtiog is carriebpat athe si ngl e

| ayer (single or. doubl e gj .. The.process i s sipphe an

rel atively i ne}%é’ §ﬁngé&%ﬁaﬁg%%%qﬁésmlgﬁdg@% @egafrg’g%ﬁ&e}’soﬁn%&ba | ayer
di scs because igudioSnd VidkoFRAM Rmbld usinpBb ¥y witeh ARrGidRE ofthDVID Sikc.t he
substrates with a UV cured resin simlar to normal |acquer. -Cationic W
Bondi ng i nvol ves screen printing the resin over both 10 substrates, curing
each with WV |ight dpgjg)eg us@i ng the discs together. This nethod is not
sui tabl e for dual Iz@e I 8% he resin used is opaque. Disctronics use
Radjgcal UV Cured bonding which is conpatible with all DVD formats. DVD-9
bonding is particularly difficult as the bonding | ayer nmust 15 -be of

uni form t hi ckness WV andd2eDt 16! wera theefirst discsdp be manpfacturednBYA-8das wi t h no

def oot SUCh a9 RURGL B2 contlabhy bR ffulishd i R IRollt iPYRnBASEL GO 0"

capacity for these dual layer discs. All DVD discs comprise two substrates each

0.6mm thick and molded separately.
' 15 *For DVD-5 discs, the active substrate is metallized and then bonded with
the blank, non-metallized substrate.
*For DVD-10, both substrates are metallized
*For DVD-9 discs two metalization layers are required, one being semi-
reflective, using gold or silicon. Parameters such as tilt, bonding layer
20 transparency etc are more severe for DVD-9. Also the layer 1 aluminum layer

must be uniform in thickness to avoid jitter.

DVD molding is similar to CD molding but with some important
differences.
25 *Two pressings are needed for each final DVD disc
*Each half disc (substrate) is 0.6mm thick instead of 1.2mm
+The thinner disc also requires different molding parameters, such as a
shorter injection time and higher mould temperature.
In general, new or redesigned mounding machines are needed for DVD.
30
(c) DVD Bonding

10



20 Finishing conprises |abel printing, for which there are a nunber of

options,w%'ﬂép“%di ng the Burst Cutting Area. Printing opt PERYSPRA44D /D9
DVD10 25 Nornmal printing on upper surface O disc (like CDs) Yes Yes No
Printing on inside surface of 30 blank substrate to give snooth " gl ossy’

effect Yes No No fdndiffs {3n@48the Mbst/diffehlt pSAAGr the) Pocél\ibst. ThbRMfe # hol ograph

like Image is nolded into the blank Substrate Yes 5 Printing on both
si des but onlsumieriof possitile splutions. -- Yes Burst Cutting Area (BCA) is an -

annul ar area wthi he . di sg. hub_wher ode,.can .be itten for

addi tional infor naﬁoémeéﬂ%%a% 13 89 ’B?‘gﬂ%wg?@ E%"%‘ﬂ?&? ﬁ{eﬁw}ﬁ_ssur ance DVD
i nspecti on angbbeséd jagt Heedtd beglubd ogefier. ¢ isaRoRuilatlé Braftiglé RGEF(silgRS. new
paranmeters to be tested and new readers. 15 DVD gl ass mastering nmust be

checked usi ngoralopbie sidedhP¥Dsp [Thy process is simplk andwslativalydoexpsnsive. t o :
replication. DVD ighspecty i im.l ar t in tion but includes tilt.
Di scs nust 20 be ?%@15%%@3:'5?? §Pl§%8§bsl srlfa‘a@gf?r@‘gfgygg@S?ﬂ?’?c?‘ﬁﬂtdauce tilt
and ot her deftegisparemdVitinvdivedi coang6Rcor BagPEthe Sibstrhted With 4 OW ciéll fgint om of
each disc. DVD bit verification needs new equi pnent to read the data. 25

DVD neasur enesimiaigaiopmaldagiueew equi pnent pl us new and nodi fi ed
*Cationic UV Bonding involves screen printing the resin over both

10 substrates, curing each with UV light and then pushing the discs together. This

method is not suitable for dual layer discs as the resin used is opaque.

Disctronics use Radical UV Cured bonding which is compatible with all
DVD formats. DVD-9 bonding is particularly difficult as the bonding layer must
15 sbe of uniform thickness within close tolerances
sbe optically transparent with no defects such as bubbles
*not introduce tilt outside the DVD specification

(d) DVD Disc Finishing
20
Finishing comprises label printing, for which there are a number of options,

and adding the Burst Cutting Area.

Printing options DVDS5 DVD9 DVDI10

25
Normal printing on upper surface
Of disc (like CDs) Yes Yes No

Printing on inside surface of

30 blank substrate to give smooth
‘glossy’ effect Yes No No

11



tests. .7. CD Packaging 30 There is a w de range of packaging available for
audi o CDs WNM/BSIROME 12 WO 01/ 04887 PCT/ US00/ 18944 - JevRETEE ¥t he nost
comon) conprises a transparent plastic case with hinged Iid, a plastic
tray, inlay card and booklet. -Slinmine cases, a slinmer version with no
tray, for audio sinpjt@gst whéatholbptdphiiikeand many ot her cases available. 5 A
range of outer packaging is used particularly for CD-ROM discs e.g. to

hol d a printed manubhage(synoiedintashelanki ng 10 Di scs are packed in standard
jewel or slimines S W th paper parts b aut omat machi nes,and
over w apped and pacggbds?ﬁ%tr?to boxes as require S The %i ne aut 3}1,%“ cally
t akes each case and opens it ready for the disc 15 to be inserted. A robot
armtransfers the printed discs from spindles and places themin the
opefed cases. . BookPantinggnbath sidesbutiealynachi ne by anot her robot arm and

placed in the jewel,: ._Some machi nes are capabl e of handli t wo
bookl ets per CD. Zowlﬁéﬁlgba%'ﬁaaged CD can have stickers automati cng"’[sl y added

and, optionally, can be over-w apped. Mchi nes operate at speeds up to 100
CDs per minute or nore. For snooth operation at these speeds it is
essential that caseBurhguibagdreap@GA) isdnenmlargreaiting hytewhete aensi ons

and ot her physjcal ;properti.es.. United tes .Patent 5 815 484 to Smth, et
al . issued on g%?%ﬁ%%ezﬁl&qb@éaa@%ﬁ@%ag%8‘1’%’03&5?5’1%1 3 met hod f or
meqpi ng the needs stated in the Uility section above. 30 To quote Smth
et al., the currentlxl used optical disk systenms operate as follows: In a
typi cal optical di sSRVibRualieAssuranceonputeer' s optical readout system data
is
DVD inspection and testing requires the use of some different techniques,
new parameters to be tested and new readers.
15
sDVD glass mastering must be checked using a DVD stamper player to
check the stamper prior to replication.

*DVD inspection is similar to CD inspection but includes tilt. Discs must
20 be inspected after bonding as this stage can introduce tilt and other defects. DVD-
10 discs need inspection of both top and bottom of each disc.

*DVD bit verification needs new equipment to read the data.

25 *DVD measurements again need new equipment plus new and modified

tests.
7. CD Packaging

30 There is a wide range of packaging available for audio CDs and CD-ROMs
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stored as a series of lands and pits. This is acconplished st anpi ng
al ong spWVPN/0488% \\O 01/ 04887 PCT/ US00/ 18944 tracks,on a ?‘F’%(?-/l

pl astic disk, overlaying this with a reflective coat | ng, and thereafter
superinposing a protective layer over this coating. Light froma sem -

conductor | aser | SJéliél @adethe v icEminkt) camffisea AdradkpaFeritphadtib ehe\widgind t he
refl ected i pi nges upon a photodetector which converts the presence

or -absence ofhlngﬁélﬂ B a§ﬂ¢ﬁ@b lalabncﬁrdrapdévpelelph cal signal. Because the

Croraa onto t ho ousiiR sfieb Ambl et R UTh B w2 B BRGTR 220,01

be spaced apart byC@ﬂDWﬂldtﬂﬁicﬁh&nﬁolﬁeM@émmﬂé hence approxi mately -
40, 000 tracks may be avail able on a conventional 120 nmm diameter (5 inch)

optical disk. The *Al1eage oicuterqagkaging igarsed partienlpdy fas CBQMaliscs6-& &ndout
systemcorre gnl tude of reflected Iight which either

i ncreases or%gg&fgtalgtgé ue to interference and/or diffraction by the
preformatted data structures. Smth et al acconplish the goals stated
above by placing an additional |ayer over the 15 protective |ayer. Again,
guoting Smth: Mre parti cularly, an optical disk is provided which is
adapted for use |g ﬁm” lla%eadou_t system of a conputer that includes a
| i ght source oper 8 Ve produce an interrogating beamof |ight for
regadi ng data structures. Broadly, the 20 optical disk according to the
present invention includes a substrate and a netallic .layer encoded with
i nformati on st or ediaes age paoked i ‘E@“@FdM%Oéﬁlm&eéﬁﬁsﬁ“ﬂﬁ'tpaﬁ@ms@é’dabl e by

cont ronti ng. PRl er@hes dl en A S EOEPESPINIAT | | cactive

conpound is superi rrposed over at | east sorre of these data structures. The
reactive conpound 25 is sel ected t be of pe ich.is e to
change physi cal cnzhawehmgﬁweeap rally takes 53 ° saameqﬂéeftréagg&fﬁhﬂ% .
tpereby to aff geinskgafability of the data by the int errogatl ng beam The
reactive corrpounoflls di sposed between the |ight source's interrogating

beam and t he met al*Ai robotayar tranffersthe paotedwdiscs tropospimtileseandipdades thenps ed

bet ween t he subgtrate and the netallic layer and have a thickness in a
range of 0 1‘11"001"’ne cases

*Booklets are fed to the machine by another robot arm and placed in the
jewel cases. Some machines are capable of handling two booklets per CD.
20 *The packaged CD can have stickers automatically added and, optionally,

can be over-wrapped.

Machines operate at speeds up to 100 CDs per minute or more. For smooth
operation at these speeds it is essential that cases and paper parts adhere to the
25 specified dimensions and other physical properties.
United States Patent 5,815,484 to Smith, et al. issued on September 29, 1998
discloses a composition and method for meeting the needs stated in the Utility section

above.

30 To quote Smith et al., the currently used optical disk systems operate as follows:

In a typical optical disk for use in a computer’s optical readout system, data is
stored as a series of lands and pits. This is accomplished by stamping along spiral
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mcrons, and preferably 1-5 microns. Alternatively, it may be di sposed on
an outer WOPYME¥ of the substrate. The netallic layer is 8?
contoured to include a sequence of pits and | ands which deflne the
plurality of data structures, with the reactive conpound superinposed over
at | east sone Qfackmasetrmipareaﬂplaétﬁrtﬂﬂc, ov&layhig thlvaietd £etflettivedodting, andhi ch
the reactive cqhReitd sieRaddmelaproRtieliffer ob&tﬁﬁc@hﬁﬂEngh‘t floRl £semight |

i nfrared Ilght ’coﬁauci‘&mhs%mscﬁfé\ﬂe&mﬁrtheq fﬂohgmow%ﬂ tHX¥AERed OF

I 0488
L o ;g%ﬁﬁﬁ;gn@ »%%gghggg G wﬁcgg}&v;ewg ;ev&sfenwer o

sel ected from e rrpl e,
6-nitro-1'3" 3 40 ?’b tz%pbleﬁgﬁ k&3 impagnse.o
6-nitro-1 - S BiAdiaqegtt nﬁedor&haemaﬁ@amtmmwbnhémmm t he
stimulus is a dwenhes approsimately #0909 tracks may\hsavailathieon a genventional d2pownd woul d

t herefore be prdmxm'texa(étmcléopmaihdmkyﬁm'elmmﬂcqbsghdsddh;eredienM@tioal change
i t slphysi cal cheddaat systent ¢ortespondrte tizanisghitude afreflodted ligigathictgeiteam of | i ght

havi ng a wavel gngédieObr deeRiasesidiB tCinverfobdhcd aNdYOELER ftion BY the/ftefoimbed
encountered Wy @neintay! versatile disk (DVD) readers. 10 Were the

environnmental stinulus is sinply air, the reactive conpound nay be one
which is operative after an accumul at ed duration of tinme to oxidize and
al ter an @miticetlal advanplislethe poals statedrabote byFplaciax anpdditiosal tdyepoveeded | ve

conpund pmuétdrqugggﬁmoqa@aggmlﬂpal ly transparent condition to an
optically opaque condition wherein it absorbs |ight having a wavel ength

within a desired range. This 15 wavel ength could be either 650 nanoneters
(nm), as discussed Maregartioularlyzan cajticddiﬂ:dsppprﬁdndiwhicleiswdmed faeeat &r s

Th di ti d f f d
Conti sting of REVFERRUYEm SACPHPHRE T BEpens HEhSowee PRBHTR®S ang
tol ui dine blue %du%@ax?lﬂtér?bgﬁﬁng’v‘iueaﬁl Slighe At Be KA BibcRired BRodlily ihd N an

i iert envi ronrrent For exanpl e, such an optical” disk would pref erably be
cor2®i ned i n aopticd disk aceording ¢o thepreserit inventibu fchudes bagbsuamaed aun¢thllic

g(r)il/%/(raf)m/rieﬁ? fa' xyaértﬁp é{gcoggcggﬂﬁm O%IIP%:}IOHI fcﬁfg%r?n}guw 1ty cgf (g?a struc u?&%rt}latgarg eous
readable by the interrogating beam of light. The substrate is disposed in a
confronting relationship with the metallic layer, and a film of a reactive compound
is superimposed over at least some of these data structures. The reactive compound
25 is selected to be of a type which is operative to change physical characteristics in
response to a selected stimulus, thereby to affect readability of the data by the
interrogating beam.
The reactive compound is disposed between the light source's interrogating
beam and the metallic layer. This reactive compound may be interposed between
30 the substrate and the metallic layer and have a thickness in a range 0£0.1-10
microns, and preferably 1-5 microns. Alternatively, it may be disposed on an outer
surface of the substrate. The metallic layer is preferably contoured to include a
sequence of pits and lands which define the plurality of data structures, with the
reactive compound superimposed over at least some of these pits and lands.
35 The selected stimulus to which the reactive compound responds is selected
to be either visible light, infrared light, an ambient environment containing light

and oxygen, or simply air. Where the stimulus is light alone, the reactive
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25 Heretg‘}‘or% the requirenents of low cost, limted content lifetine, :
avoi danc& MUYt al returns and ni ni mum changes to exi st PREUSEHIME uri ng
precesses referred to above have not been fully net. What is needed is a
solution that simnultaneously addresses all of 30 these requirenents. The

i nvention is chinipouhdthdyhermstiotorgadtive satdridl thd prefethbly onsBélgcte@fogi $. SUMMARY
OF THE | NVENTI ON 15 }/\D 01/04887 PCT/ USOQO 18944 A glgal of the invention is
to si mul t anectPdiopy@aciass gf phatocmemic compeundsedfor examplen&aiteo-b8'3l-ow cost

limted cont L1651 IO P g@%g fy b el ur ns ang pmdkum changes
to existing ﬁtn?itg\rh a?{:l%ﬁ@é{ g?ocess S”%%ﬁ?&?‘#s@h&éﬁ:@g 0 ??egqt? isg‘]?r?’art,
are not si nuldmdrethersbigtedabmpbiveds. 5 One enbodi nent of the invention is

based on an optic di sk, conprising: a . substrate; a netal |ayer coupled
tosssai d substrat e%ﬁ’{f ¢ stirmplys is 2 eambinstionptdightiand-exyigen, thy eactiviher ei n o

optical prop ';ﬁ‘ﬁn | AERS mﬂg |
substrate toetgo?ﬂ, sg%ﬁgdxggéyg%éggﬁg%ané rea g&'@tagﬁ%?gfg{ﬁgg%rpgg%%g"ed on
said optical chasge its pinsidabechaeathaidticeintresponsd e anrinebgating leahesfiighon a
package cont gi ni ng an gt ical disk, 1 éGai d optical disk, conprising:_ a
substrate, a E%IaWﬁ‘{Fi ngth ol Anpgoximately 60 Anagemetery(nmy)y, Which 15 sacovatered upl ed

to said net alvﬁt@u&qmlm%ﬂafgggygjgﬁggsq package triggers a process that

changes optical properties o strate, thereby degrading an ability
ttread data recoWher thoemdiothmeptal stithuliis fssimplyadit) dhie :eadtdi cvapound t he

I nvention is basgd on E.n g{)tical di_sk, c.orrpr'i%%i > a 15 substrate; a netal
| ayer coupl ed™®¥%PEoReWhIGh s onsrative afigr an accupmy, Byt tyng tg exidige apd

| ayer, wher eijhephn gﬁzcgl CIRRECLERAR Bersdt! F&&%}Lﬁﬁ%@f&%&gﬁ%@ﬁﬁ&t i ng of

said substrate - an acquer permt cont sai d net al
| ayer to air,weuléchingedmm amloptipally ¢radspardnt tondifiortatan opticaliylephqua sai d

optical disk. Another, enbodinent .of .the invention is . based on a package
cont ai ni ng arfeBfHeR Aherr1n E,aa’ﬁgﬂh@ﬁt}ia@é‘g ad’V%W?Eeé’Sﬁ’p‘P’iﬂ%‘Pﬁgffes‘ée‘gﬁﬁg?-rﬁV%, a 20
mpg al layer GouRldagt QuidbekifidP850 AlrdmeRdis (rin), 86 §dQissEPatRvE ok ha33i1Eh et al
| ayer, wherein opening said package trl_g}?ers a process that changes

reflective prisppproximately Hilinanometsts (nmayBie oxidisingygactizvg comipogpdamanbe | ity to
read data r ecsgfegég fidth g%}o%p%?%lygsaclzon(sji'sﬁr%g of methylene blue, brilliant cresyl blue,

basic blue 3 and toluidine blue 0.

20 Smith et al also teach packaging of the disk in an inert environment:

For example, such an optical disk would preferably be contained in a package in
the form of an aluminum bag coated with polyethylene. Within the hermetic
packaging would be an inert gaseous environment, such as argon or dry nitrogen.

25
Heretofore, the requirements of low cost, limited content lifetime, avoidance of
rental returns and minimum changes to existing manufacturing precesses referred to above
have not been fully met. What is needed is a solution that simultaneously addresses all of
30 these requirements. The invention is directed to meeting these requirements, among

others.

SUMMARY OF THE INVENTION
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In inprovenent to Smth et al, we have recogni zed that the use of one or
nore extrYAUPAIZ on the disk may be augnented with addit iPSTAISOVE®Rhi ques
to achieve the 25 required results. Furthernore, in contrast to Smth et
al, we have recognized that for optical disks containing a "directory" or
"tabl e of cont eAtgdal efithe@invehtidrSis aFMMMIAGRVAS shisfy HHeaBbedisaisseddi rect ory
area rather than the entire surface of the optical disk. Furthernmore, in
contrast t&quiieraentyef law conle limited cortertdifetinael avpidance of entgaetumstand physi cal

£ . i Sk : | f
o1yt ng. hofttnikefh otdh 3t o 8Etn ARtk SheGRetREA Ihefosd SHIE RO #ay 4

change i n ie@othimkltancopily eaisfiedoperties. Finally, in addition to the
mechani sns identified by Smth et al, we have invented new nechanisnms to

trigder the pr@seembedimentofitheinventiondybasgd onen aptital diskctompeistnguger acti on

h ' | 1 1/.04887 PCT/ USQ0Q/ 18944 l.ti ng . f
ol ayi mg- 1 neoRra ¥ gL ffer bl 1 i S e e hesm P ol B ikl £ oy
or set of JRYEEWhERY optids! propirfiesf stidthbiHate Haf@e digonlanl kBekurd éfkaid Mat eri al

that turns opaque or cloudy upon exposure to oxygen or other substances in
t he envi r ofwbstmte toalmswdrexyqsur@gm@mmadabéltﬁ o6 dath resorded oorsaidwiptieal disk.

i o iS] h kag] |d, 5 dual | the disk
ol ayan! dunferbmbadiitd o e tnRRRES R ke S hickpe EnfibiiRe a8 o TRl i enc
i n aohydr ogahopieyl diSkesmbrisy: aGUENHR], b Yncbd e 46 said sEhs@dfty ahdia NOSt Or

all other environnments including normal air. W define the "substrate" to
be the ondagfuengnupladdospid neetaldaien wherein opering said package triggbrs ajpasesssthbef or e

i mpi ngi ng I r rnently. th ubst.rate er 1s

pol ycar boncg’?%é%r%p ﬁ?ﬁ%&bﬁgﬁﬁg{ ﬁ% S?‘}?F%gret %‘F‘segkag%ﬁ&lpﬁa{’ﬁ%@é' éolfﬁdl %aéal n the
art maybe retis@el onaidlepticakdishe I acquer" to be the Iaye_r or layers not in
the path of the | ase ht during the process of reading data fromthe

roli

di sk. One or noheotesT embeg'@nqnapﬁihs Ingptiorels basednmpmsantical digk epmprisingiant i cal
or stmlar . r.at h i .. 1S, not
I nt g%ded tsgi)%%ag%%trﬁér}%t} e?? R\%ﬁ%%@%%ﬁ%%%aﬁe?gﬁ? F}-acgu%rﬁ%z)ﬁé}iegé%&éﬁi g’ﬁ%% such as a
CD or a [RrSyheteihlat bastena nieditee sdlectal fithahe groMp Coldakting eNsdid ettt r at e
and the | acaue,r. In a twp- sided disk (such as a DVD-10), the |acquer wl|l
typi cal | y 3nA&piddeeqren eyt contielisdsxposge plesald mefal kaygy te pigaisershy demradingk. 20
ne_aspeCiroiahity of dFRIcbAa 67 Uik Spifcal lisk! WhBteP B UifheNt ofiid HPLreloh 8"

based on a package containing an optical disk, said optical disk comprising: a substrate, a

20 metal layer coupled to said substrate; and a lacquer coupled to said metal layer, wherein
opening said package triggers a process that changes reflective properties of said metal
layer, thereby degrading an ability to read data recorded on said optical disk.

In improvement to Smith et al, we have recognized that the use of one or more
extra layers on the disk may be augmented with additional techniques to achieve the

25 required results. Furthermore, in contrast to Smith et al, we have recognized that for
optical disks containing a “directory” or “table of contents™ area, it is advantageous to
disable said directory area rather than the entire surface of the optical disk. Furthermore,
in contrast to Smith et al, we have recognized that a change in the physical structure of the
disk, such as warping or enlargement of the central playing hole, can be used to render the

30 disk unpiayable, rather than a change in the disk’s optical properties. Finally, in addition
to the mechanisms identified by Smith ei al, we have invented new mechanisms to trigger

the process that inhibits playing the disk, such as a user action or the centrifugal force
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of conte directory) information on an optical disk. This coul d be
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properties of the substrate, or damaging the netal |ayer. Benefits include
hi gher manufacturability because a smaller part of the disk may need to be
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other part of the 17 WD 01/04887 PCT/USQCQO 18944 disk) nore vul nerable the
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the opgigal data. For instance instead of a coating of a few mcrons, our
i nvention would allow a |ayer of material up to the thickness of the
substrat e, p&ésdd:ﬂry: the‘élabqueg talbe th¢1hywa;r layeys hétan rtheet peith bﬁﬂ:edaseﬂ'light woul d

facilitat f di F t 10 | d
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more difficult for a user to defeat this nmechanismby polishing off a thin
coat i ngis natintendedde passitbrabgly therlaaguen ubrpically a ansesidsd disks(sheheata CDrprane .
enbodl L nvents on
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area
of contents (or directory) information on an optical disk. This could be achieved by

several approaches, such as a coating, modifying the properties of the substrate, or
damaging the metal layer. Benefits include higher manufacturability because a smaller
part of the disk may need to be rendered inoperable, and more abrupt deterioration, as .

25 instead of deteriorating parts of the video content on a DVD, possibly in a gradual process,
attacking the table of contents will prevent the player from accessing entire sections of the
video content, and render the disk unplayable in a relatively sharp time frame. This is
likely to be preferable to having an extended period during which the disk is playable, but
not at full quality. It should be noted that because of the much stronger error correction in

30 the table of contents, previous approaches such as Smith et al, would likely result in the
table of contents failing last. Our invention recognizes, however, the benefit of having the

table of contents fail first. In order to make the table of contents (or any other part of the
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ot her gases or vacuumto fill in the 20 gap, or expands. In any of these
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di sk. Re f e comer would.trigger.the 18 WO 01/04887 PCT/ USO0/ 18944
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oXi @0zi ng welaimake it cakieV@LHbBorbUr 8RRt ShoBiph Hlér] tf bveht feligsePGREM cal
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environnment. The cover m ght be an adhesive |abel, special printing or
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20 gap, or expands. In any of these cases, after the change in the filling material occurs, the

laser beam may be reflected at the boundary of the trench or its interior, thus being
prevented from reliably reading the data on the disk.
In another aspect of our invention, small bubbles, crystals, particles or cracks could
form in the coating or substrate, making the data unreadable. For instance a substance (in
25 gas, solid or other state) could gradually precipitate or otherwise separate from other parts
of the disk and thereby create interference for the light beam. In addition to potentially
being easier to achieve than a uniformly increasing opacity, this approach may more
successfully interfere with the readability of the disk.
In another aspect of our invention, user action triggers the process of destroying
30 information. One embodiment would place a cover on the data side of the disk, over the
table of contents/directory area, or over the entire area, or over part thereof. The user

would need to remove the cover to play the disk. Removal of the cover would trigger the
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DVDs rotate at speeds up to 1600 rpmy. Playing a DVD on a standard player
i nvol vesdisk saedeamgeor shakiegl €xpesingptomaigrwaymradigtion in agpicsQWIYPIVERi ves may -

utilize even higher ds.. ..This .k Wela I ' t I ggering
and/ or sGPPAR F%g"%iﬁgﬁ ies?ﬁsf’gert%t‘wgé‘%é%@é%}g%ﬁ?g?é) {nﬁé grfosr Jt?%é sg?sg%c S )
uppl ay abiviping 6 otherMidel ekpodifid tHeidisk tolsoind@hemsdak @f feni@diy biscianginf gbme
centrifugal forces, simlar to a mni- centrifuge, In o&%tg?ng,odl ment, these

centrif L@&PPW@@%@‘{EIF-dm‘F PsgRRctions wanldirglatiyely guick e isk, bstances
that caugédditilt) ggzme.bﬁtom%mp vitnid A58 8 il HloriBH R AGHEERN and efetiivapRPSUl oS

woul d br oséd to sudta centrifugal rces, and trigger a 10
react i onireeersiblé sequente ioe setafirergtivliewbiich levenvpdlyyrander thedisk enplayabte. Hienary
undi o Shvarage Sl EeReraLiEeRy; 15 diat distcal oF Folying only of primanty on ratatively ' "

20 passive environmental conditions to render the disk unplayable, our invention leads the

user to take a more drastic action which may provider a sharper starting point for the time
period before the disk becomes unplayable and expand the set of reactions and approaches
which can be considered.
The disk could be made unplayable without changing its optical properties, by

25 changing its mechanical/physical properties. In one embodimént, a DVD disk consisting
of two substrates could be warped by uneven expansion or other physical changes in the
two substrates, or by expansion or other physical changes in an adhesive layer, or by
expansion or other physical changes in a specially placed layer that changes upon
exposure to moisture or content. In another embodiment, the disk might be rendered

30 unplayable through fractures, either because of thereby induced mechanical failure or
because of interference of these fractures with the ability of the laser to read the encoded

data. In another embodiment, the central hole could be enlarged, possibly as a result of
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of an optical disk, representing an enbodi nent of the invention. 20 WO
01/ 04887 P&t S@OAUESUHpaqueGsbstaucednteifeting with readingtofithe opsical dida, of ews  of

anot her optical disk, representi.,n anqgt.her e di t. of the invention.
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medi a. Opti cal . . .
and the accompanying drawings. It should be understood, however, that the following

description, while indicating preferred embodiments of the invention and numerous
specific details thereof, is given by way of illustration and not of limitation. Many
20 changes and modifications may be made within the scope of the invention without

departing from the spirit thereof, and the invention includes all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS
A clear conception of the advantages and features constituting the invention, and of
the components and operation of model systems provided with the invention, will become
25 more readily apparent by referring to the exemplary, and therefore nonlimiting,
embodiments illustrated in the drawings accompanying and forming a part of this
specification, wherein like reference characters (if they occur in more than one view)
designate the same parts. It should be noted that the features illustrated in the drawings
are not necessarily drawn to scale.
30 FIGS. 1a-1b illustrate schematic side views of an optical disk, representing an

embodiment of the invention.
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10 disks represent a generic class of optical nedia. The sub-generic cl ass
of DVD- R¥RN0A#887 contain any digital information. DVD Vi deBCTASHYEA4 on
DVD- ROM st andard and al so on the standards represented by MPEG 2 and Dol by
Digital. The invention can utilize data processing nethods that transform
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actuate interconnected g]jescrete har dware el enents; for exanple, to start,
15 st op 2B FmbAdineRtof RGWVERtQR- | ons of the media reader (device) that is
accessing the data on the optical nedia. The concept of the invention

I ncl udes di sposabl e optical nmedia, such as, for exanple tine-sensitive

di sposabl e digital video disk (DDVD). A DVD could be manufactured or
packaged in such a WBESCRIPTION OFPREFERREDUENIBGPIMBNISN ted time period
20 or a limted nunber of uses. The DVD could react with oxygen in the air
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ai r suctheaecompatyingdewinis@d dgtasied in the following destription bf pRferfednoved from an
air-tight package, the surface would obscure a fraction of the underlying
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react tq_ l.i ) L ght. g d to read data, so that
it coul gnlrll%%{%yeasr%}eéggb ‘glglaeft'%%%ljf@ z)ﬁg%déﬁe%ﬁﬁn%@%néid‘?{%zdi ngs. This could be a
phot ochen calThpiconessofthérinvaiitidroinplrdéDghding aarfrdoh én 6pticall negdia0fOpticalibst ance
when 30 exposed to light. 21 WO 01/04987 PCT/ US00/ 18944 The DVD could
idact t diskpiapeesent pesACIF gless elonticalt mediac dhe subraenepe classaf BYH-ROMcar  sone

mb ' . 1 hi | ' : i lar t
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fromthe packagi ng which sets in mtion a tinmed destruction of the data.
The ef f Bracessing petheds thetvanséorpy signalyproduesd; frap ghegataenegded oy theoptica)y

rel easedifien, sﬁf{@ abMhleistefOAREA dibdrOR b REVAPEEK Afs; bR exRhNESS SR, T €MOVi Ng
the DVD fromthe packaging or playing it 1 n a device '
15 stop and/or actuate other functions of the media reader (device) that is accessing the data ’

on the optical media.

The concept of the invention includes disposable optical media, such as, for
example time-sensitive disposable digital video disk (DDVD). A DVD could be
manufactured or packaged in such a way that it can only be used for a limited time period

20 or a limited number of uses.

The DVD could react with oxygen in the air so that once it was removed from an
air-tight package, the surface would obscure a fraction of the underlying data. For
instance, some plastics may be come cloudy, or black.

The DVD could react with other constituents of air such as moisture or other gases

25 so that once it was removed from an air-tight package, the surface would obscure a
fraction of the underlying data. Again, some plastics may be come cloudy, or black.

The DVD could react to light, such as the laser light that is used to read data, so
that it could not be read again after some number of readings. This could be a
photochemical process similar to photography or the clouding of a substance when

30 exposed to light.
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coul d set timng in any other way. For exanple, renoving the DVD
fromthe %T(Siop‘c}iogﬁggl ng m ght break a seal exposing either F&dYPRIES44 de or
the | abel side of a single sided DVD to reactants contained within either
the DVD or the acka%ng materials, thus triggering the process that
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coul d be i piwtegrastycst thd $106din@¥f A6ibistiaby/ whéfPMipb¥ddtg lighe DVD or by storing
this information in the player or in a network. The degradation can be
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possible to initially protect” the data, an then when t nti - oxi dant was
used up, rﬁ@ﬂdh%lpﬂﬁli%&&the DVD degrade. The invention can readily apply to

rel ated nedia s _compact. di sc .. Laser, disks,. CD, ,. tapes,
etcetera. Appl f@ge{hrg%egs &Pﬁ?@“ﬁgﬁ@%ﬁt‘{‘)@:ﬁgﬁ?a@ a%‘P%PﬁE‘@WBs LIPRAEVIER- vi ewi ng
movi es, whicali eouffthetiRmedn hnf HBeVivale OF srRhRbleRid6ng tht DYD ABRIheat i ons 25

of the invention include "trial" disks with nmusic, software or other
di gl®al i ritaskaging wight bregk b seal guposing eitherythe ata sidesir the labed sids of a singlear e,

dat a, - _hybrid. di.sks.wi.th t. t
Com ho’ at ST YR8 Autaf opinge Sithin eyt DY BT WEE R R MR oB RS et & *The
time duringgydtinghhd procels timt YadbA tREDVIR@RIsEHIE Afbth deARRSefib@BF fiRedr hhan a

few 30 seconds to nore than several weeks. The tine during which the data
woul d be $§BaBmEmbenefiusese linmited to a single playing, some finite nunber

of uses, or ev random nunber. of uses. 22 01/ 04887 .PCT/ US00118944
An extra |ayer efglﬁﬁwg pgaggk@quéngﬁ%iveﬁeraﬁ@&rs ?’Sryé%ﬁii ‘é?fgl e “bfgg??t@é‘ Myl ts.
I'n the enhisDVENind refiBO slsigy itagife TREoARbeaMplenRARINGNY by actidggge the
performance of the netal l|layer. The term "substrate" is defined herein to

be the ondnQdifying the DYJ2 puby sipring thisinfarmation intthe playenrorfin ghetwozksses bef or e
i mpinging on thge G@éx@ﬁa’doﬁ%ﬁﬁ be Igﬁivzﬁps%[dﬁgx{ &-sﬁ]%}qccgﬁf possible, so that there

would be minimal affect on the data for some initial period, and then a rapid loss of data.

For instance, by including in the DVD a finite, controlled quantity of antioxidant along
20 with a substance that reacts to oxygen, it could be possible to initially protect the data, and
then when the anti-oxidant was used up, rapidly have the DVD degrade.
The invention can readily apply to related media such as compact discs (CDs),
Laser disks, CD-ROMs, tapes, etcetera. Applications of the invention include storage of
limited-viewing movies, which could supplant the video rental market. Other applications
25 of the invention include "trial" disks with music, software or other digital information,
mail order catalogs for music, videos, software, data, games, etcetera; hybrid disks with
some permanent components {e.g., coming attractions), games with limited time for
completion, etcetera.
The time during which the data would be useable could range from less than a few
30 seconds to more than several weeks. The time during which the data would be useable

could be limited to a single playing, some finite number of uses, or even a random number

of uses.
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pol ycar bonat but other materials known to those skilled_in the art- may be
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resul ti ngsed forithe susiahe. CIlhellasTeyhgﬂt 1§ﬂ&ﬁnﬁei‘i&bdl tafpbsé thidﬁgh@he lraequtrt he data on
the disk. The rate of degradation can be defined by the netal. It is

ad@el er alynicallyeronergdeddis (suFlsaSn«'h@PémaLWBrS)swull\}@we aseflectivemeial d4Yef od - when
th t f o n
7T I s 0B o ey OGS R

al um nuntavqueh will kypicallydndlddeoa lag’aﬂﬁﬁdhngmgeﬂﬁf tHeawotsides d€theadisk.i on.” I n .
general , contacting of magnesiumor alumnumwth a WDVVEP nobl e rret al _
accel erates tmeonesaodimentdhe ventien inglydesan eptisal diskconwhishihemealic . wnen
two net r h t he
Fati o of e RutiIEE the/dhf & b PooyfflcE Al Ak fonr e f@%@%&#ﬁf@%@ ROER TR
ov®r | appixample, hipertidohef thaswefact nthygiclibatielynot be abated Hetherlacquetoby the 30

overlap. 23 WO 04887 CT/ USOQ/ 18944 neces hat {he entire
sur f ace THESHAlGr SRS PEERILS {85 UnpED é’°“i“l“‘?flsth%{§'fsfa?l&‘ilé‘ﬁ?”? elagtﬁéé‘p% Y ot ect ed

only keyth@ﬁﬁlrbieﬂf‘émﬁfon}ﬂbﬁt OPfie &ﬁlectwes{fetmﬁé eaaitHa Qﬁhﬁoneﬂ%ﬁﬁﬁ apyr to read
the remainder of the disk, It is possible to control time required for

t he net adxiainpld, aya}urmhumﬁeyem maydw|oxitlizdd hysthe oxygen in air to aluminum oxide.

After a period of exposure to the ambient environment the quality of the signal reflected

20 by the metallic layer will degrade, resulting in poor data quality or even the inability to:
- read the data on the disk. ' '
The rate of degradation can be defined by the metal. It is accelerated when the
metal is magnesium or silver and is decelerated when the metal is aluminum. If the metal -
. is in electrical contact with a second metal, the degradation is accelerated. For example,
25 contacting of aluminum with silver, gold or copper accelerates the degradation. In
general, contacting of magnesium or aluminum with a more noble metal accelerates the
degradation of the magnesium or the aluminum layer. When two metals are used, the rate -
of degradation can be adjusted through the ratio of their exposed areas. When the two
different metals are overlapping films, the rate of degradation is also determined by the

30 overlap.
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5. degrade by controlling the thickness, quality or conp05|t|on of the
substrate ¥ & '{Jer. For exanple, a substrate or Iacquer S§048M40sen
such that the flux of oxygen, nitrogen, water or hydrogen sulfide reaching
the metallic surface is a function of the thickness of the |ayer.

Al ternatively, Itlisanotmbens‘Sa{ymamﬂtmﬁsdsmgfacé\be snpstected. eF@rrethplq:uiiris may be
chosen such _.t.hat :la ers of e t hi ckness ve differ abl lities
to oxygen, SHEAFiENt tg leays ynprotegte (9 ulfeprlg%uoqs,?f aptigal véé@“ﬁ%&r’g t%ks can be

desi gned tQecggga}y@treﬁtﬁg%ﬁﬁgdgrbme@‘gl@r exposing themto the destructive

environment, e.d., one hour, six hours, 24 hours, 48 hours, 72 hours or
one week. Al terfias pqselertb@dnmdnhe mmeirduplred ﬁlmhsmeiatlh: layeaof ﬂxerqpﬁcatslisk to

£ mes a%hfe”{l'réfﬁ%% orl %ﬂ“@w&?ﬁ%ﬁ b GsarontpRel bE ek gRpapee O
tical Th
optica Ftllu‘éxlhmgx?le ggﬁfsglﬂbé e |ts Iélgxo%rﬂéﬁ@h Ma?ﬁfé'ﬂt&%fbﬁ?gén?ﬁﬁ%@en ese

opti cal ex of refraction or
transpar e negter Oﬂl)&b@gﬂl sulfide rcaahmgltbeammaﬂwcshrfa@as alfmmtmnbﬁﬂwdhlbkhasauﬁ&et he

der | | h t | b
above. | n s Aspiitiyely, 8 sty pubr s SHsTRS T P HEGRBeUEh o be
conbi ned V‘ﬂhﬁﬂa?erE ef écfiﬁi &Y&n&ﬁm{re n"l?%}en? &ﬁféﬁ&llﬁ@ﬂr‘ror&fv%ﬁpw&é? or Hytftogen

transparency ot a polynmer filmca anged by the : reactlon of
thelPilm vﬁtﬂﬁdﬁz\dnsuc;haway:bpmal disks ¢ea Heidesignéd to faik gtpedesired time pBerdxposiagi on

of the pol I ncreased al i gnnent of, pol r nolecul es.in the
1 AL OB s ot SETFGIRAFRL o PHBO0h SO £ B WS ARG 7By

conmponent Shdxﬁs&'dnev?ék.SUCh as oxygen or water. For exanple, oxygen could
oxi di ze the substrate, causing a change in its transparency or its index

of refraction. Alternatively, the substrate could be designed to absorb
water in the air, causing it toélmm&tlv&rﬁmmmgé its optlcal propertles

Anot her exanpl e t hat th te cou st

oxygen over ti r@m AR s Blék}fﬁ? %ﬁ’staﬁgngﬁf(iﬂ%({%g&ﬂs%qel %SFW%*’ ayer
In ghe | atigeifGafRdifletd@veMmaha! Thd nbBifidRichedTthd subkirate Buld BRuse it ¢BingeREi a
could be a function of the properties of both the substrate and/or_I|acquer

and the r edticakqualitiesathereby 2iegrading thesigs readninggeorades fhestioptieal pualitiese or
ont . B8R iRt Rt Rt Bt ee o change i n the optical
Moreover, the modification of the substrate could cause the underlying metal layer
to change its optical properties, as described above. In this way, a time-sensitive substrate
20 and/or lacquer could be combined with a reflective layer that becomes non-reflective.
The transparency of a polymer film can be changed by the following: reaction of
the film with water; reaction of the film with oxygen; or crystallization of the polymer,
meaning increased alignment of polymer molecules in the film.
As an example, a substrate could be chosen that is changed by components in air
25 such as oxygen or water. For example, oxygen could oxidize the substrate, causing a
change in its transparency or its index of refraction. Alternatively, the substrate could be
designed to absorb water in the air, causing it to swell and change its optical properties.
Another example is that the substrate could change its permeability to oxygen over time,
thereby permitting the oxidation of the metallic layer. In the later case, the overall time
30 sensitivity of the optical media could be a function of the properties of both the substrate

and/or lacquer and the reflective layer.
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qual i ti egyorek | ayer, thereby degrading the signal reacpipgsidA@odscader.
Exampl es i nclude photodepol ynerization of the substrate; photogeneration

of acid; photogeneration of 5 singlet oxygen; and unzi pping of the polyners
(e.g., fissure of, cross |inki hydr o bonds). | ncorporatijon of
li ght-activat SE'%&“?F%&’t‘lée F}?’Faﬁg"‘tlﬁ er gﬁ]arl%&l%e’é‘f“&? fFé’s“ri’é(Fg‘P fHeE‘qgayer can
assi st 'wav%ﬁhgmphpgggzs Exﬁéﬁxg@fﬁhé%,wéda&ngﬁﬁ%vma&aaeﬁaﬂgaein tedpticqmai ns

e Tnten peri o dl

high for t | of use and then decays rapidly. Oine nethod of
acconpl iqahlitiey of itheslayer, thereby idegrading shesigndl reachimigltheread€r. fixamplesonclude back

of the disk, over the |agquer Upon exposure tq. aif jhe silver serves as a
cat hodePhB"r‘?dWﬂ\{EﬂeWt‘Pg" @HW?%IPHWPEW cﬁg pé%ogmaaél_on rrosion is
fast onlgpo eih&s&m%%ﬂ OSthE BbMRREs (e, skt Aol linkimgalydfdgam | ayers.
The deves?ﬁgpefrtrgn gof the s or%) regults fﬁrerdgrentﬁe growt h lof § Si I_\%gr dendrite
t hr ough bbhds)! hwgrperatichoofdightvactivatedsatitystscintothe sustratecorithe metatlic kayérs
desirable to.use a | ageguer that has 15 sone ionic conductivity. Typically
the | a_c&ﬁ'}:‘f‘ssfsél thSHT9SSSyl ate. 1f the polyacrylate is slightly hydr ol yzed,
or if it is, ph&eraBlAMR dhta quality VIt YKR réAiAS highdbethe AREAIETRIeriod BELS W | |
be sone ionic conductivity. Preferred are co-polyners of .

pol y( acrayd thentdecays)rapidly. dInepoethed of adcomplishingithieis to printg layer of metallic

ly(1l-vinylimd I |l of th hqul d d '
LY Lo TRt vk, er R e GBS by 8 IRE e RB R e 8"
t oxi Ci t Kathdfe, DRSVIEEE O G tedBEHER hlufifurA sErve$as’ 4 ArddE.. CoPbiive s fast only if a
air-oxidized: 4Ag+02 -> Ag20 (corrpl exed with lacquer) Ag 20 + H 20 +

conpl exahaert devplopsdetwsenteailver 281 thaglunigumdalisss evelopmenhof thpshart i s

oxi di zed (i.f.Ag+.is_nobile in the.lacquer. 5 which is designed to conduct
Ag+) AlégrS{’h%gﬁﬂ”RF@W"gOfﬁsgﬁr Eﬁ‘rtﬁ Ou%q}eiﬂuﬁ&3+ +3Ag A silver dendrite
starts grow Ng drbwithd Séhdaitd ikt sughthOlabd\er ik Uesirabldheisé A fachiiier thatdyer s are .

shorted, the "switch" between a battery's (A) anode and (Ag) cathode is

.diSosed. someiani¢ camsiustivitys Fxpitally sheilagques it a pylyaceylaten df dipolxagrylsie ihe art

o i & SR Ghedh B 8.0k SPmal B Ry aci R o ibre e 40

be some ionic conductivity. Preferred are co-polymers of poly(acrylonitrile), or of poly(4-

vinylpyridine), or of poly(l-vinylimidazole). All of these should conduct silver, copper or
thallium ions (Ag* Cu" or TI*). Thallium is less preferred due to its toxicity. |
20 The chemical equations are as follows:
Silver is air-oxidized:
4Ag+0, — Ag,0 (complexed with lacquer)
Ag,0+H,0 +complexant — 2Ag* (complexed) + 20H
Ag" is reduced by aluminum, which is oxidized (if Ag" is mobile in the lacquer,
25 which is designed to conduct Ag")
AI** +30H — AI(OH), —» AI(O)OH + H,0

Ag* +Al—> A1* +3Ag" |
A silver dendrite starts growing from the aluminum to the silver. When the two
layers are shorted, the "switch" between a battery's (Al) anode and (Ag) cathode is closed.
30 Corrosion is rapid and catastrophic. One skilled in the art will recognize that other similar
~ metals may be substituted for Al and Ag in this example.
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G'ven a-su d_g#) e substrate, the alum num and silver coatings could be
sputter deb‘ Y4887 The | acquer coul d be spin coated. Anot hétCTE}OI894df t he
invention is a conposition conprising a degradable optical disk as
described in this section packaged in an encl osure and at nosphere that

protects it 5 Gn@matdnﬁaldawbsu'aﬂemhbalunﬁhmmahdSﬂ\tdilabatﬁm@y&@iﬁdbé% tldr| ure. For
exanpl e, g‘?drgﬁ}‘? di sk de gl bed above coul d be packaged ina nmtallized
foil packaé?oé |ﬁ‘§1“§r?ﬁ¥z‘§; ¢ ¥n geated ar bon di oxi de, nitrogen or argon.

The pressure of Aﬁ@tﬁé edt%fmqsﬁ%ﬁgﬂgsea r?lgﬁlog% pgﬂ%ﬁogghe“%ﬁge 8]5@:@frabl y

| ess than 1 torr. ner ases as ar

serve to pdisk es:descnbedlptthls a¢ctldn pkcldagﬂiﬁn@ﬁ)@dﬂsur%ﬁ&ﬁﬂno@ﬂiﬂr@ﬂm{ pﬁaﬂécts‘ﬁ
certsln 10, wav Ien ect of the invention is a nethod

manuf act ur TR e, &P&Bég %ﬂus‘ﬁll@lfal&@gcl??mbeﬂ@ optinal disle hod
| to t
otall e f%%"r‘%sao*?ﬁ%?‘l?‘? “g’ﬁt € th A T RLAGE BPETENrR s,

the opti castarlmrx}hamdé rlmmgeh@rdrgmh The prdage mh?’sgeﬁxmeﬁa%k@g@cﬂf&%ﬁbﬁf%eg f
e invention is a nethod o

t al t th t
anuf a0t ur g RES R oo i fars 10T gmschisuah & pgcdss refomad. imgcs. t e
t | t t f
The. motal T oapuiee 1 prolee UpaLd 2isE SRS Blach, ey Spd/fn/ BBl °° ©

residti ng wavelengthlsl y or partially reversible loss of the ability to read
the data on the, optical %tg di sk. ,Subsequently the disk can be exposed to a
"reversing envi‘ﬂfﬁf‘r"éﬁﬁpe"{ the inveptiop is @ magthod mgnurf@agmgéhe degsadablsact of the
previ ous Bal didkededépleq r &g vi.ng

envi ronmaﬁ):pﬁ (whi ch may gg"?ﬁgﬁ?ﬁﬁ&ﬁ&% gﬁg%é‘q%?egen sﬁ?s Pe % "&er si ng

envi r onmerdeycribeg ehovaglmmmepmtklhg tayeesouthhtsit partisily &&@n@ietél? Covdds #RTK, O
gen, noisture

enV|ronne 5 nd I ent conditions of 0X

and/ or 3’%\‘? ?/\?ﬁ%’&ﬁ Sgral tomche ﬁlsk ﬂﬁgr%ém expefed dnt Prsselegted ensdropmental
abiijty tgt,ﬁﬁﬁg‘data fromthe disk within a certain tinme period. It is
preferable that this |ast degradation of the disk be difficult or

i npracti cal tcAnOélmasmct ¢tdhe imentidneis aumthcmlidfnmhfa%mnglﬂcb degratialsled Wi th the
pol ycarbo {1 %e E}ts used Jnijn Id| ng. of .the substrate. During
the pr oce & ?B’f?"?ﬁsﬂaﬁtﬁﬁf"} ng propsBiesafth FﬁF‘éﬁ“&tﬁaIquﬁhf‘oxygen

car bon di @eﬂd&ﬁv@ﬁ%%ley\@f BE nica) ﬁ@%ﬂn%%&a@%#ﬁ%%ﬂ? %\ﬁlfi@ g, the

optical properties of the substrate. After t t’| onal
resulting in a fully or partially reversible loss of the ability to read the data on the optncaI

20 disk.

t hat

Subsequently the disk can be exposed to a "reversing environment" that partially or
fully reverses the impact of the previous step. The disk is subsequently packaged in a
"preserving environment" (which may be identical to or different from the reversing
environment). Opening the package results in a loss of the "preserving environment"

25 and/or exposure to ambient conditions of oxygen, moisture and/or light, which will result
in renewed degradation or loss of the ability to read data from the disk within a certain
time period. It is preferable that this last degradation of the disk be difficult or impractical
to reverse. For example, certain salts could be mixed with the polycarbonate pellets used
in injection molding of the substrate. During the process of injection molding, these salts

30 may interact with oxygen, carbon dioxide and/or water to form opaque compounds that
modify the optical properties of the substrate. After the steps in the traditional

manufacturing process, the optical disks could be chemically reduced in a hydrogen
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manuf act urin rocess, the optical disks could be chemcally reduced in a-
hydr ogen W98 1/ 04887 PCT/ US00/ 18944 at mosphere, once RGEUSOVEBMt:ing

t he pol ycarbonate substrate transparent to the reading |aser. Subsequently
t he di sks could be packaged in a hydrogen environnment. Opening the package
woul d r estmiospliene, oinee agzamns repidetingthepolycarbgnity dubstrate teansparzntas theereading

pol yonr o SCbiETLBe Biskh Galtd b SRR In ARG on A B RBBINE Ao et

aspect WH8 Résuftin tife RsI @GR Ridasing R§dioen a
timed dgéaﬁcﬁ%lon of thg at; when t he %p?l gg %Hs%ogﬁ%z%%@édﬁ?%&the

packagi nexygem moésture ahd danen dioxidegrondening the plysirbbnaersubistratpanpaqug afterni ght -
break a seal E‘F@E 3% Li,ther the data side or the |abel side of a
si Agl e- % ERIFO vt ants contained within either the 10 disk itself

or the packaghpnghEPdspedtdf the inbétiioh'it &8READEcal BEvieE RARASels MotisRder s t he

di sk unusable after a certain period of tine or a certalin nunber of
vi ew ngsUmFd)demmn of the dataovhenithgyopticsl diskiisdemeovet fromdhé packagiogp fir ome nt of

t he package art fromthe dis Kk t ect I
t hat Iopre (@g@}"r EF&HW@‘F"I‘#%&ERWEI ; %béﬁgﬁ’éeta ao‘Falpqr’fg?sjgg E*\{}E?éta ckage
i s desi st&é‘ﬁf&h&%el E(GSBf h BRgRAGHGUASE ® reReAREcdiMMindd Rithin'ethed thi® @ 15

seal is broken and the red u0|ng gas contacts a surface of the di sk, thereby

cdfsi ng dlslextsqbﬁ@tth@pmkegmay@atemais Wensdeggeringdbie prvhessshﬂ:ss«tmbtsehgdlsket al |ayer

t hat had tected fro |dat Il on by the atectiv woul d t hen
be susce‘B}“iS%q B E’%}?ﬁlﬂf hGor &€ a'&‘é&'ﬁmeﬁg V‘SB’B%ﬂé ’él“f‘?e\? idvely, a
timed de&aﬁaﬁg % td E&ﬁoﬁdﬁﬁa%aﬁp%éﬁtlcﬂﬂﬁrﬁﬂk@é @laﬂq%dni ﬁleta:mcr efe or 20
charge prov ed by a snmall battery, or sinply the ener rel eased when the

di sk i s digleeamprises g protectivedayer shps prevents ex@nmreof tée undes sngawstma onophor e

pot ent i aPCRE. Tieerked® oAEHERRstch ek FBE S el Sumhed 1k ot BFURRE . <

gisdual | s¢a¥ie Grikeh ah@ theredaoinglpds dbﬂtabts a@éﬂﬁ@d’bﬂtﬂe dizk[ thereby thgirgatiener at ed
state the chronpphore absorbs light. 25 Alternativel charge storing

devi ce shretgctive layeria be dS%ifQYéFiy Tba sybstrateas metal | aysa&a&éﬂqbeem@rs%ql frogoul d
provi de (g&ilﬁi[oﬁ rthé:gxfo'cti&glq% ﬂf&'tﬁéntl?e & p'ilSEQB 'ogﬁa{lﬁx?gy gdgslsroys  the
a (0] e

di sk's e process o removi ng t optical disk from
its. pacl«tegd:rrlgda\bovéd then i nterrupt the inhibiting field, thus triggeri ng
the process t hlaémgt(iavse )[,%ytlsméc{] Sestructlon of the data can be triggered by electric current or
20 charge provided by a small battery, or simply the energy released when the disk is
removed from the package. For example, a reversible chromophore could be used. The
chromophore is reduced to a colorless state when the potential is applied. When the
potential is removed, the chromophore is gradually regenerated by oxidation by oxygen in
air. In the regenerated state the chromophore absorbs light.
25 Alternatively, a charge storing device such as a small battery built into the
packaging material, could provide an electric field that inhibits the reaction that destroys
the disk's ability to read data. The process of removing the optical disk from its packaging
would then interrupt the inhibiting field, thus triggering the process that destroys the disk's
ability to read data. For example, the battery applies a potential to the metal layer which
30 maintains the metal layer in a reduced state. When the potential is removed the metal

layer begins to oxidize when contacted with an oxidizer such as oxygen in the air.
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ability-to_read data. For exanple, the battery applies a potential to the
metal 1 ayeVQWO%730 naintains the nmetal layer in a reduced®CIUOWISNhen t he
potential is renoved the netal |ayer begins to oxidize when contacted with
an oxidi zer such as oxygen in the air. 27 WO 01/04887 PCT/ USOQ 18944

Anot her aspect ahotheeaspestexfittiedivéntion iyeinBddd of maRRftRehy e giddabidegr adabl e
optical di sk_l%g% 1L()ackagi ng it in an enclosure and/or atnosphere that
protects i PPYGabisk aad packeging i Ar snclesureand/or atmespheretbat proteats itftomuthe. The

i nvention . ' ol ld. e. expos of the. finished
optical di é’b’ to { %?g@#@g%%{ﬁg# l%tffl@!%r"uiﬂ? }PA’FH %ﬁg"geﬁ C[OE‘I%IS?Sa(Mn%PEmguH ng
t he manuf atheexposuresithe finished gickladiing thPeividohBsital SifulexAEPiaAsesqRt i cal

di skg nanuéﬁctwe,d today nmay sit unpackaged for a substantial anmount of

ti me>bef or BUUFARIRe the mapeactung snd/orithepackagingraperatians: Foxexpmple, opticaly

degrade th | ' | C ISk f,this ipvention before
the. di sko Do SRR iddey Hay Siimp Rt &lor & s st dmodiy LB e
packaged i beitgnpackagdde Suck @ tieedb@idy Actad GpRlficahipashadeah¥kiphil quakiydgdes of
10 its productjon, preferably wthi hours of its production, nore

f € : thin 8
pr ef er abl yoRbcahfisksHdhis prygnti¢r bafers thy disksare evengackaged: Therefose, ltd gptisak hi n 30

i nut f s L.on.:Shat . dj ff i t t di sk shoul d
b pacrkagelok St el i sileive eotioRff AberdEiemoteliead B U Houmoto o1 1 o
of ll@ss t hisnpra@iétivongprefeedbly within 8 lefss éf1Rprddildion, mhérk profaablyadthif8gé adat i on

time. 15 It is_also possible to manufacture and/or store the unpackaged
optical diheur pfityproduchanagd sast prefesablyl withinnd miwtesof its produgicnd tateha Such

an envi r onjiBfenft . . Iyt e . er.e bstantially
zero air, or c’éﬁ*t"’?%}‘?ée)@”ﬁ%fg)‘ﬁ‘fl? %_ﬁfﬁ@ﬁ?ﬁcga#%h té’%%g%@é%&?r%?f&goeshde@é%aesi rabl e
t han pr onpetingspgheckiagitige pdrivddif dss tHan2008 terdlyclasd than 1% of e eected

at nosphere du%gto the high costs associated with these speci al
envi r onmerftt§BOMOEDEHer aspect of the invention is a nethod of use of the

optigal disk degsgrdidy ; e PRt 5 | slg 4.0, :an

encl osure and/or at W%S%gggy'%{iﬁprot%g{bg SIR)?é: &?rg%ﬁ%tk hge%eog’\lsllﬁ%lodﬁgrfelﬁtagl

stinul us tensiromaerddbatidbes fonichuse éts dedradutiope Suclgar drviroatikmanightise, f@xposi ng i t
td the envi ron{'rental stinmulus that causes its failure. is desirable to

|t
have the I38P of NHAGFAATMASBRTS Subiantatly zergpirserrontalied ightingr Pyeh an 25 and
then Speecipﬂibaél?ﬁig#(gairl@s H&iﬁbfe% 5€ﬁg§ggﬁﬁpﬁa§§ﬁﬁe &i%lﬁ'naabﬂrl)fe%: vd dhcloSaf data

of f the optical One neth I'ng 'S S e gro of
dendri t es anffooagiosphere dae tpube high costs associated with these special environments.
20 Another aspect of the invention is a method of use of the optical disk described

above, comprising packaging the disk in an enclosure and/or atmosphere that protects it
from the environmental stimulus that causes its failure, then opening the package and
exposing it to the environmental stimulus that causes its failure.
It is desirable to have the level of degradation be minimal for some initial period,
25 and then speed up resulting in a rapid degradation of the ability to read data off the optical
disk. One method of accomplishing this is the growth of dendrites through the lacquer, as
described above. Another means for accomplishing this is to include a finite, controlled
quantity of antioxidant along with a substance that reacts with oxygen. The anti-oxidant
would protect the data from oxidation reactions until such time as the anti-oxidant was
30 consumed, at which time the disk would rapidly degrade. For example, an organometallic
compound that reacts with oxygen can be packaged with the disk to protect the disk from

oxidation while in the package. Alternatively, the organometallic compound can be
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descri be v Anot her neans for acconplishing this is to include a
finite,’ ggﬁ?ﬁ%‘%’ed quantity of antioxidant along with a PEHASON 18944 15t
reacts with oxygen. The anti-oxidant would protect the data from oxi dation
reactions until such tine as the anti-oxidant was 30 consuned, at which
time the inbosporased lirto tiepsubktyatelcthuschatinbing teprtget the metaldagaforepeidd of
conpound that_reacts w th oxygen can be packaged with the disk to protect
the di sk tippeer W&WF?‘@F‘WG@-M package. Alternatively; the
organonet al | i Q &ﬁ%&la : ' rﬁ%é | rated
into the substq;h %t%?pt é égsn%gﬁ%?ﬁggl%&%@ggggfgt etgg’eoaﬁgﬁaﬁégé%trde*? %s(rg&ggperi od
of ti medatethy, ahd sotmeckssarilylmechimiesllyo fErecterm itestaneinlly, o usddlbreiasisus ed
herein, is_defined as copnected,, alt{hough ecessarily directly, and
nof nec egﬁgﬁ‘_‘?‘{? WBE%&HP%E’I é;ﬁ:’ Pﬁ’f@“&’ Yﬁtgi{}ﬂg?}%lﬂg more preferably sathin %dfn s 5

defi ned %s@%f%l?%ﬂﬁﬂﬂ.(l? ?f) preferably within 10%of, nore preferably
within 1% of, nDs preferat) y within 0.1 %of). The particular nmateri al

used for the Jhbpartuls materiabasedfor thelsebstratesahh be ampsubstantally tramsparehal .
Polymeric materjials are preferred,. such as, for exanple, polycarbopate,
Ryl e iR EreTals S SSORRG, SUAb 4501 GEMP RGO POQTAs, acryli
manuf act ykd ' IR n 3 3 at e
R T e e A R S GRS
nd0 essendvantagedo eimployi apalycarbonateanatenalg as it provi des the -described
function. Norpally, those.who nmake or. us the i.nvention will, sel ect the
best comer ci gﬁ"{&%&q%‘gﬂwgﬁ‘%ﬂmﬁ&@g@rl Bpbstiate ‘%%ﬁﬁ?ﬁn&l t8theost and
- avai | abi idvieltion, A8 1hEPRRGE SidyiaRPIHe GREdrBRd Tgfttibh.CNBRAAIY thds@ Whoi ke ot Rse
product, and the demands of the overall manufacturing process. Wile not
bei ng | i Hietipventionavill splect the best comoeraialippavadabla diateriabbased ugomtheost i ¢
i dentifier referred enbodi,nents of the invention can be identified one at
2t e broneBUE SR ama A aaR D e Leportt ol Edion S EaRER VB Bbtlay of
ofsi cal  prodRed hhdthe diifafids SMBE bldraidinavufabRlifg phRegnset and duration of |
decay should be predictable. A sudden 20 deterioration (bri ef duration of
decay) is prefMiileqpt bring lisnitadsp any pppiewar paifasmanesriadigator or diggnostiast ance,
pr ef erred;, ephodi S the i e ( ' § £ by. one by
testing ?d SrHﬁ%éb%?%%eéin%ébog?ﬁgﬁtgéf{ri%\}v ST gﬁlggir Sbédlﬂgﬂﬁegu%fggggg' tHe tinme from
acti vat i wgtigy fortan acurdte an@ ppstise titnd-sensikivg décay DB Yp1igal proplertibe! Mdrer at i on.

(e.g., 50% ] oss of transm ssivity or 50% .
specifically, both the onset and duration of decay should be predictable. A sudden

20 deterioration (brief duration of decay) is preferred, for example, approximately one hour.
For instance, preferred embodiments of the invention can be identified one by one by
testing for the presence of a narrow standard distribution of the time from activating event
(e.g., exposure to air) to 50% optical deterioration (e.g., 50% loss of transmissivity or 50%
loss of reflectivity). Many other optical (e.g., material property) tests are possible.

25 Examples

Specific embodiments of the invention will now be further described by the
following, nonlimiting examples which will serve to illustrate in some detail various
features of significance. The examples are intended merely to facilitate an understanding
of ways in which the invention may be practiced and to further enable those of skill in the

30 art to practice the invention. Accordingly, the examples should not be construed as
limiting the scope of the invention.

Example 1
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| oss of ~ret‘\l,e(()act lvity). Many other optical (e.g., material property) tests
are possi b"P 0M8EE, 5 hl es  Specific enmbodinents of the i nveRETV/USIOAENME now
be further described by the followi ng, nonlimting exanples which will
serve to illustrate in sonme detail various features of significance. The
exanpl es are i nipgpdad f Sfole ok t | - s in

whi ch the invention n’gaﬁ?%rlg'gﬁ C vi'lin ?ﬁ%&y?ﬂﬁﬁgﬁgﬁ‘%ﬁ%ge %f skill
in the 30 tansmissivpreadtintibitirtage showantTheroptidd diskdioogholudesasubstam] ®s ashoul d

not be consigued as |t t he sco the invention. Exanple 1. 29 WO
01/ 04887 P&éﬁﬁgﬁﬁflﬁ%’gﬁ? a“ﬁé‘fqg‘?‘l”f’ﬂ@y fo‘%ﬁt %@G ha shopg }hee%@éaw@vk%o%m affyst
optical di siatelWferdintthe Suble: ST : MaleU Mo No] r The
optical di skt_lgoeriwrrllc%des ghlS3%‘5%5?2??@1§'\(§)?mg£%&%2§{|v\%éﬁg‘y%rs’%?g’g@gnd a
| acquer | apptical disk 100 dn 2 secondstars wiereinjthd subbtradé islsub@ahtially apficaltnonst at e

wherein the _substrate 110 s sybsfantjally optically transmssive., FIG | b
Shows the SeBYERUL ThERmbBmAHORaB b i FRledo fsetand SO IS AR facRar &
subst ant i alfietieR bF e !Bont M mittaliRe EvSH ¥8his PARich P BRRIETh t he
first state to the second state | @gﬁlﬁggglts-l n-c%{aa?.” a lg‘&fr’léc%(?%{ggépati me
from an i nsebstantially gasdmpatmeable mérnbrapa(rot shdvar) tiest angibses thelwptioglelisknpoof a
subst anti al | as i r reabl, e rane (not shown) that encloses the
optical di &Pﬁf sPQﬁlﬂg&’eﬂfp@eﬁl@‘g‘eﬁed, shi pped and sold. 10 Exanple 2
Referring to FIGS. 2a-2b, edge views amamegptical di sk 200 with a pseudo-

reflective read_inhibitor are shown. The “optical disk 200 includes a
substrate 210, Reftating todHiGS 22l edpoviens of 2 optival disk 200with alpasigio- 230. | n

t hi the data. d t, 220 js.a thin filmof metal. FIG
1" shows, selteabitirer s anov, The pritel §k2D0 ek eibsiritg ! Bcadsncoded
conponent  &ddéd coipiteA 120 H ¥ 1803k I &érﬁsb?fnhg&%éx\éﬁxplﬂr% acisz SheodliPVs the

3
optical disk 200 in a second state wherein t ata'encoded conponent 220
i s subst agempanent 226is 8 fhih filmofimetfl] EUG.i hacshows theroptibad diskr200 is s dimnlsage t he
t rangf or ton. fromthe first sta 0 the second. state is
2t - 3ast -1 Hogsin hEdh Hondst Cmodichbaad S meRipntallY PR Rl Fflesten EIG I ¢ i s
second exaghomg thd RticaPBSk 260 Bifa ReHdMHE WhbRld te Ahta ché ' i
pol ymeric 20 contgiiﬁnef not ShOWI(’:]) t hat encl osgs tt%ﬁg %S?lcéxglpb%ﬂg%ﬁo whi |l e
it is packa@stastigllynpticalhyinon-reflective. As in the first example, the transformation from the

first state to the second state is at-least-in-part a function of time from an initializing event,

in this second example, the opening of a substantially air tight laminated polymeric
20 container (not shown) that encloses the optical disk 200 while it is packed, shipped and
sold.
Practical Applications of the Invention
A practical application of the invention that has value within the technological arts
is time-sensitive optical media. Further, the invention is useful in conjunction with DVD-
25 ROM (such as are used for the purpose of software), or in conjunction with DVD-Audio
(such as are used for the purpose of music), or in conjunction with DVD-video (such as
are used for the purpose of movies), or the like. There are virtually innumerable uses for
the invention, all of which need not be detailed here.
Advantages of the Invention
30 An optical media with time-sensitive properties, representing an embodiment of
the invention, can be cost effective and advantageous for at least the following reasons.

The invention allows a low cost retail product. The invention yields a product having the
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sold. Practical Applications of the Invention A practi cal a_P | ication of
the i nveMOBM488Tat has value within the technol ogi cal art BCTUS00/18944
time-sensitive optical nmedia. Further, the invention is useful in
conjunction with DVD- 25 ROM (such as are used for the purpose of

sof t war gotential ofn imitpdicariterddifetilnds Théinvention pesmiththesaveidencesafdefital t he

pur pose of nusj.c),, or.in conjunction with DVD vide 6‘%?“ill.lch as are used for
t he purﬂﬁg‘é"‘soﬁh_t‘?dweé%‘?‘,‘ i V’F‘I{’g'f‘ng?ﬁé??“%{f’égq}ﬂ'& RE PISAVNEY abl e uses
for the inve 't}ié'llisxﬂtlﬁed‘éfanﬂin?éhts”ﬁﬁﬂ% REntth A3EbddaHrdif o béFbaRRRTeS Of

the Invention 30 An optical nedia with tine-sensitive properties,

r epr es e rdndpgacticed withoutrmdue eXperinfentationcAlthaugh thabesbmode of carfying butthe and
adyant ageous, for at least the follow pg, reasons. The invention allows a
o0 oo Y Rign PORETRATET by e TrVFPIAH FCISER AEOVE: BrPBtRa DS PYROLer I 29b v
01/ 0488 fhited et LB AdinP9L & Wil %fE aﬁﬁreélaﬂleﬂ By tEsbe GRIMe8 I tHelakthit e The

invention permts the avordance of tental feturns. The invention and
m ni mum inventige snaycepracticed gtherwisé thanas spegifically desosibed heteint he di scl osed

enbodi ment t he i ti d i bed .h ' be ,r.eal i d
pract : ced \?\n ?é%l‘}f‘grﬂh \tj gél @f*f’ﬁé}%@f’ﬁﬁﬁ?‘e‘r%'t‘}?’6§§ﬁ°r{”r6?8r“g§‘s""t‘ﬁ%%?§33f carrying
out the ghandsN¥eiibdibled fhe fﬂlﬂcﬁis@(ﬂcﬁh\fighﬂﬁoh,m '&bﬁlﬂ%ekioﬂﬂ&?ﬂn%ﬂﬁhl@%&?,

i
practice of the Invention is not imted thereto. Accordingly, it will be
appr eci ahegk, byd assembledin lvirtully any benfigurationa tFurther, theindividyal ¢amypasentsr act i ced

her wi h i fically. i bed ,her ein. | h
Chal vi aumed Bo AR i e st SRR PuF kilig b Tyt s aally,
assenbl %yisﬁiﬁm@gﬂ'tezﬁlss) TREthER afthGlighdhd Sticalinbdia Aedcibee horeRvidaasd 4 n

virtually any 10 shape, and assenbledin virtually any configuration.
Fur t her ,phybiealiynstiparatembdaesipwilk he manifest thap thelnptifalimedizmen be intagrated

di scl osed terials, but ,cquld be fabrigcated fro i riuall sui.t abl e

mat er | allgt.°r{Eﬁf“?9‘?é?t‘,lg ‘é(f‘ﬁﬁ% _t f%ﬁ%cb%?cg all‘C U ey g‘reidtésleégosﬁ% Fleelﬁ{rzf}{‘%:saalrédbe a |
Phwsi cal fepmu®gRREahedisBIsEet @mbolinvént tarie: dMbihAGBSWith I subdtieutepforcde medi a may
be integrated into the apparatus with which it is associated. Furthernore,

al |t he disclesed slemeatsand feafuren of avery ather disglospd embhodiment exerpt Wheresyah nent  can
be conbieril&g%n%B eat%Fessa%)ﬁltuh%ﬂg%Qcmg{/e. the disclosed elements and features
0 odi nen

of every er disclosed e except where such elenents or features
are nut ual | y Temdll bs maaifest that various additions, modifications and rearrangements of the

features of the invention may be made without deviating from the spirit and scope of the
20 underlying inventive concept. It is intended that the scope of the invention as defined by
the appended claims and their equivalents cover all such additions, modifications, and
rearrangements. The appended claims are not to be interpreted as including means-plus-
function limitations, unless such a limitation is explicitly recited in a given claim using the
phrase "means-for." Expedient embodiments of the invention are differentiated by the

25 appended subclaims.
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It will. beprpaildegst that various additions, nodifications jQﬁnmon&u4
rearrangenents of the features of the invention may be ma

deviating fromthe spirit and scope of the 20 underlying inventive
concept. It is intended that the scop%gg%%% e invention as defined by the
appended cl ai s and their equival ents all such ad bR ERR TN
modi fi cati qQugat i90Simedges r angenents. The appended cl ai ns
interpreted as including neans-plus- function limtations, unles§ sich*a .
limtation is explicitly recited in a given claimusing the phr ase
"means-for." Expedient enbodinments of the invention are differentiated by
t he 25 appénded Asproesssifersmalking mbmmmﬁhmmmﬂwm@@mcmm | | 1ill

e ai r FO RO i et path a5 G o SRS o Beatlobrhede 0"

surface wogdh@ obscure a fraction of the underlyl ng data. 2. The process of
claim1 wherein the reaction would be with other constituents of air such
as noisture or other gasses. 3. The process of claim|l wherein the DVD
reacts to Light, such as the |aser Ilght that is used to read data, so
that it codld nE eseocue%%ﬁf chaimi Inwhreia thesisaetion ayd be with other genstituents T gir
process ofs h s &ed EQ& eaction m ght be a photochem cal process
simlar to pho ogra y or c ‘oudi ng of a substance when exposed to
light. 5. The process of claim3 wherein the light is anbient roomlight.
6. A process of renoving a DVD from a package wherein an el ectrostatic or
mechani cal 3r eactThe pmcmﬂfslaimucxhhes'einﬂd DVBotaaatot light ductead the taserdigho that he
data. 7. The psoces of claim®6 in the de tructlon noti.on.js effected
by & power BHSEToa gy o B ah a0 o s a8 210 i RS OGO m 6l <0
including a device that sets of timng when renoving a DVD from a package
that causes a seal to be broken thereby exposing either side of the data
and whi ch aendeThe phRedd\dP claitt Saltheiein teSreadliof @i Rd B dishotdeeical praBesdr a

nunmber of uses. 9. The process of claim6 wherein the DVD player actively
reads soneSigiier g,opmlggography or the clouding of a substance when exposed to light.

5. The process of claim 3 wherein the light is ambient room light.

6. A process of removing a DVD from a package wherein an electrostatic or

mechanical reaction occurs which sets in motion timed destruction of the data.

7. The process of claim 6 wherein the destruction motion is effected by a powered

battery or release of energy.

8. The process of claim 6 also including a device that sets of timing when removing a
DVD from a package that causes a seal to be broken thereby exposing either side of the
data and which renders the DVD unusable after a certain period of time or a number of

uses.

9. The process of claim 6 wherein the DVD player actively reads some encrypted
indentifying information from the DVD and refuses to play it again.

_—
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I ndent i fyiod@okggh or mation fromthe DVD and refuses to pl ay@&gﬁ% 32 This

Sheet Has Been R laed Illitlihti1t/f131/1/7i1f WD 01/048 18944
10.. A process for sudden degradation of the DVD so that there is nininal

ef f ect the, data for an initial per.i nd thep rapid_loss of data. 11.
An opti dd stfbPHY ssrﬁ@ﬂ?‘?ﬁﬁ%f’r?ﬁ"?iﬁ"ﬁ& °§ﬂ§3ggf)rsé’tt at thergds myinimgl effect qa the
| acquer ,datM?aﬁhﬁﬁglfi)@ﬁ§&lg§&ﬁl@ﬁ?aaﬁ)ak;sglgquuel’ permt controlled exposure
of the nmetal layer to air, sald exposure degrading or destroying the
ability to read the data on the optical storage nedia. 12. An opti cal

storage nedia conprising a substrate, a netal layer and a | acquer, wherein
the optildal proppitcal gerage media cogiprisingtasubstzatga metehlapsrndurlacquer,t he

substra Q. air sai d exposure degradi or destrpying.the abiljty to
read th%&?ﬁ%ﬁupﬁ%&%ﬁ &'8 gchg?r&ega co%@?eg_exggs_urg\ogé»&{&ﬁ%lga%tt? 8% " st orage
medi a cearexposifle degratifg bPdédtrofinEHhedbilitg )6 keadliFe data bATE GPtical\i6fagé N OpeNi ng
t he package triggers a process that changes the optical properties of the
subst r af@edidai d process degrading or destroying the ability to read the
data on the optical storage nedia. 14. An optical nmedia, conprising: a
dat a encoded conponent, wherein at least a fraction of said data encoded
conpone tr Qi i.al .G _ ' state to a
subst an'z1 ?él I ﬁ%@{cé!gﬁt{){egér?gﬁgrﬁle&? ﬁ%pgl? i;ngga slgp%tfhgé,gs at%lylﬁ%{a{gaph%ﬁ&éﬁglrg{’ a function
of ti me whessin the dpticali pbperfiesopfalenibstratb charge vpph egpdsureastithe siibsehtaitornit4,
wherein sgid at |east said fraction of said data, encoded conponent

t r ansf PR} CXBOSYIG dinger destraving éhet"g’ﬂ&@' tp gadthe,data g theppticaliierage onsi st i ng
of oxygeksdifi trogen, water and hydrogen sul phide. 16. The optical nedia of
claim 14, furt her conprising a substantially gas inperneable nenbrane
surroundi ng said optical nedia. This Sheet Has Been | "I~ 111"l "'l

T T O I Reﬁl aced C L 1111111 1111111
13. A packaged optical storage media comprising a substrate, a metal layer and a

lacquer, wherein opening the package triggers a process that changes the optical properties
of the substrate, said process degrading or destroying the ability to read the data on the

optical storage media.

14.  An optical media, comprising: a data encoded component, wherein at least a
fraction of said data encoded component transforms from a substantially optically
reflective state to a substantially optically non-reflective state as at-least-in-part a function

of time from an initializing event.

15.  The optical media of claim 14, wherein said at least said fraction of said data
encoded component transforms as a result of exposure to at least one of the group

consisting of oxygen, nitrogen, water and hydrogen sulphide.

16.  The optical media of claim 14, further comprising a substantially gas impermeable

membrane surrounding said optical media.

This Sheet Has Been
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FIET e 1 11l 33 WO 01/04887 PCT/ US00/ 18944 17. The optical nedia of
claim 16, WRIMEsaid substantially gas inpermeable nenbrBGRUSASHANS an
inert gas. 18. The optical nmedia of claim 16, wherein said substantially
gas i nperneabl e nenbrane contains a reducing gas. 19. The optical nedia of
clai m 14, wher eiThexptidalanedizaftlainnl ) wheeeir saidsubbtantally giatimpertrabided
conponent transforns as a result of at |east one nenber selected fromthe
gr oup conﬂ??nsrﬁﬁeﬁqnt%{ﬂs%‘k%’ét@% to light, a change in applied voltage, an
exposure to nechanical stress, an exposure to at |east one reactant
contained in said optical nedia and an exposure to at |east one reactant

contained i18.a PRkMCaliHia SMiA 165 wheleth QRY §ublantiRl us,ix% ermkd61eOPt I cal

medi a of claim 19, wherein said package includes a reducing gas pack that
destroys a Iperbbrene ¢andainsareducinggas.s coupl ed to sai d data encoded component.
21. The optical nedia of claim19, wherein said change in applied voltage

I ncl udes renobving a battery voltage source that maintains a netal |ayer

that is coypl ed ' e i ced state. 22. The
optical ne Pé of'lthgloglmr:fa?i fge% E%fec(rf%ﬁlgﬁé g’lh%%ggst%gaeéeltrll%aé{c]seagd %%%% r?gﬁ?ldi%ﬁ% udes a

| i ght acti eatmidd catpbyesit tradgsforhivers apésultalf atRakit an®meglber Slebfed foth ou
conprising a supstrate coupled to said data__ encoded conponent and a ﬁ’ayer

of |acquer CBUFHnE PR expasuredadight achangs iv appbicd anltagean exprsure e meohanigalli a of
claim 14, el ' - fir netal film
Chat |1 nl udnecalpgBbite (b AEF SRARICERIBRIRE if ARL GRS Bedia b bo PR o
My and Ag. td atleast drdrehethhtbithinkd 1 4 packagsthdl conedinsdaii dptienl dedthaced 34
11111111111111111 111111 WD 01/ 04887 PGI/ US00/ 18944

20.  The optical media of claim 19, wherein said package includes a reducing gas pack

that destroys a protective layer that is coupled to said data encoded component.

2].  The optical media of claim 19, wherein said change in applied voltage includes
removing a battery voltage source that maintains a metal layer that is coupled to said data

encoded component in a reduced state,

22.  The optical media of claim 19, wherein said data encoded component includes a
light activated catalyst

23.  The optical media of claim 14, further comprising a substrate coupled to said data

encoded component and a layer of lacquer coupled to said data encoded component.

24, The optical media of claim 14, wherein said data encoded component includes a

first metal film that includes at least one metal selected from the group consisting of Al,

| AR A

‘This Sheet Has Been Replaced

(MR




25. The gptical nedia of claim?24, further conprising a second netal-film-
i ncl udi n&P ast one metal selected fromthe group conBFHUSHISHM ng Ay
and Cu coupled to said netal film 26. The optical nmedia of claim 24,
further conprising a | ayer of |acquer coupled to said data encoded
conponen25and The optit4l mealia ofdlsiin 24) Sty coiripkising Al secondntietal filvi invludin@up! ed to
said |l ayer of lacquer, said exterior netal coating including at | east one
el enent  least enemetal selsetad-feom tha group sensisting ¢f v, 4japd Cu coyplsdito said mefall | | um -
27. The ical media of claim26, wherein said |ayer of |acquer includes
at | east one copolyner selected fromthe group consisting of
poly(acrylonitrile), poly(4-vinylpyridine) and poly(1-vinylimdiazole).
28. The optical nedia of claim26, wherein said:layer of |acquer includes
hydrol yzéd. pdhgaptigdl amedid afbcjaier 24, :fmhe‘flcempﬁsihgallayeedf lcgder cbupled 26,

uer i,ncludes 2- droxyet.hyl acryl ate.copol yner

30, The S cela ehppdbpomPoRethani 34 eX{erar Bt LoRREdat 0Bl AOUEEF i one

i ncl udes c8ip led RAd Y é‘rd}hﬁ&ﬁlﬂép B4 @xteAdr mBtal BbAink 1§&h¢ﬁn§ﬁ€l@§§%ne ERARAE Si NY
t he optlcal media of "claim . An optical di'sk, conprising: a

subst r at e;leetedrﬁpmthbmpm&p‘hwﬁwvmp@mb@dﬂnﬂm and a | acquer coupl ed
to said netal |ayer, wherein at | east one nenber selected fromthe group
consi sti ng of said substrate and said | acquer permt controlled exposure of

3200 rebdl | HElophi e OGN IRHATLAR I EPIRRLLI el B o 850" 900, O

said optical pac age ¢ ai ning sai'd optical
di sk conpbpstymer setectedpérhakegrodp comisting |0&1)z561y(&6ﬁ§h1&ﬂe)8 ﬁol@@i-din?lﬂ%iﬂ[@l)e and

a lacquer coupled to said netal |ayer, wherein This eet Has Been

Repl acedand pely(}-vinylimidiazed®). | 1ii 1111100100 "1 s © (LEEEEE trrien (i
1T (111 WD 01/04887 PCT/ USO0O/ 18944 opening sai d package triggers a
process that changes reflective properties of said netal |ayer, thereby

degr adi nggan qlnbl pram&d;aﬁ@fﬂa@g{?s WhieRd ﬁ 6 [de foeﬁideghysdsoxy%éd An

~optical nedia, rising strate, I n at ast a fractron of said
substrat @olyaautatmlamefrr om a substantially optically transm ssive state to a
substantially

29. The optical media of claim 26, wherein said layer of lacquer includes 2-

hydroxyethylacrylate copolymer

30.  The optical media of claim 24, wherein said data encoded component includes at

least one chromophbi'e.
31. A retail sale package, comprising the optical media of claim 14.

32.  Anoptical disk, comprising: a substrate; a metal layer coupled to said substrate;
and a lacquer coupled to said metal layer, wherein at least one member selected from the
group consisting of said substrate and said lacquer permit controlled exposure of said

metal layer to air, thereby degrading readability of data recorded on said optical disk.

33. A package containing an optical disk, said optical disk comprising: a substrate, a

metal layer coupled to said substrate; and a lacquer coupled to said metal layer, wherein
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optically non-transm ssive state as at-least-in-part a function of tine
froman i nMACHO#887ng event. 35. The optical nedia of clai MCTAISONRRIME n
said at least a fraction of said substrate transforns as a result of
exposure to at | east one of the group consisting of oxygen, nitrogen,
wat er and g ﬁdék%%‘ tiiggersf Fro-E&% 18R Chaddes PLAv O roféribd d3did hetal her
conprising ‘a substantially gas inperneable menbr ane ‘surroundi ng said
optical nelyer, ttefby Tegradimgiavabilite th raaddats rezorded 6n saidoptical diski d
substantially gas inperneable mnenbrane contains an inert gas. 38. The
optical nedia of claim36, wherein said substantially gas inpernedable

nmenbr ane cont ai . in S. 39. .T opki cal i . Cl gl m,34,
wherein th ‘p't raﬁ@?ﬁ?@?fﬁ g%?’ ??%ﬁqs%.gsgnggfeaﬁlﬁlletgeﬁ ?qg%{p?lﬂg%tm%y&if%ggnsm ssive
state to saibgtrats tagdfornis b v sobstartially Mpﬁ&ﬂr&ﬂaﬁﬁﬁi@iiﬁéétﬂt@ 16 h siiltdntigllydes a
change in at_ | east one optical property selected fromthe group, consisting
of transpa®rtiselly nenriransmeissiverstate a3 atleast-iparh @ furrien eftime flomingiabiging] ai m
34, wherein 3 id at least a fraction of said substrate transforns as a
result of &Y @xposure to light, a change in applied voltage, an exposure to
mechani cal stress, an exposure to at |east one reactant contained in said
optical nedia and an exposure to at | east one reactant contained in a
package th3d. coTheoptivalaaedia opélhinBs, wheehinsaidat l€adt a Bacon/\6F Gid b&bate

PCT/ US0O0/ 18944 41. The_optical nedia of claim40, wherein said substrate

i ncl udes | rgiforms @5 9 sgsulf of exposyxede at leasp on ® BTOUP LPTEIE LT SKYRSDai m 40,
wherei n saj: C i uci ng gas pack that destroys a

prot ect i vgﬁlﬁggef&?%gtah?g&dégg%%g{@'sai d substrate. 43. The optical nedia
of claim34, wherein said at least a fraction of said substrate transforns
as aresult of a change in permtivity of gas through said substrate, a
crystal | i zZ3.i onllefopdicalahgdieof ¢lhiat 34 durthes esmprsing 8 sibstantially gas impermeable

phot odepol yerpreri zati on. of .sai.d substrate, a photogeneration of acid in
sai d subst ﬁlpg‘%&ﬁ&“‘éo”&aﬁ’cgoqé iggl; Ef‘ﬁaof singlet oxygen in said substrate.

37.  The optical media of claim 36, wherein said substantially gas impermeable

membrane contains an inert gas.

38.  The optical media of claim 36, wherein said substantially gas impermedable

membrane contains a reducing gas.

39.  The optical media of claim 34, wherein the transformation from said substantially
optically transmissive state to said substantially optically non-transmissive state includes a
change in at least one optical property selected from the group consisting of transparency

and index of refraction.

40.  The optical media of claim 34, wherein said at least a fraction of said substrate
transforms as a result of an exposure to light, a change in applied voltage, an exposure to
mechanical stress, an exposure to at least one reactant contained in said optical media and
an exposure to at least one reactant contained in a package that contains said optical

media.
I —
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44. The gptical nmedia of claim34 wherein said substrate includes an- -
anti oxi dXQOV4BY  The optical nmedia of claim 44, wherein BSTHSIHISM dant

i ncludes an organonetallic. 46. The optical nmedia of claim34, further
conprising a data encoded conponent coupled to said substrate. 47. The
optical #bdi aThé¢ optical me8ig oficlaimd; wherepr said substrate inchudeslighttactjiuated coupl ed t o
sai d dat a ,encoded conponent. 48. A retail sale package, conprising the
opti cal Y¥0f claim34. 49. A nethod of naki ng an optical nedia,
conprising: providing a substrate; coating a reflective |ayer on said
substrate; exposing said substrate to a reversing environnent to increase
optical 43.r anghe sptical inediafof ehiidl 40\ hére said f@ﬂagmauaégdﬁduéih ghd pdck! .
1111111111 C 37 01/04887 PCT/ US00/ 18944 exposing said substrate to a
pr eser vi Wgt desirpyom peotective layar thatisgoupled toegaid subsimated ssivity of said '
substrate. 50. The nethod of claim49, wherein said substrate includes

pol ycarbonate and salts mxed with said pol ycarbonate. 51. The nethod of

cl ai m 5047 Wh i t S i I . th: . c
componantsor L% SpcAPmadts\of clain 3" bherbll i 168PE Hall ALIRSHSRAE |
opaque tamsfurmsds a réshlt ofacchangdiagpenhitivitpiofizdsithrosgh sgid Bubsfate, tever si ng

envi ronrren;}éirnclud(gfs h%dr%gtgn and sai d opaque cqnpounds are, di,sassoci at ed
by sai d $¥¥alization AR yReEhat composes saplubstigte, aqhotodenelyenrerizationgt hod of
claim49_,; opLil j i Skng; : L ayer
coupl ed staé)cpsguegsﬁﬁgheg@lt“rﬁgéeg ; fain 8?g@gi%g%bggﬁ%ﬁgga@ §8§ F%r%eﬁ)ﬁla s "mgr

an (= ,
wher ei n aygen &l said sybstratees of sai d substrate change upon an exposure of
said substrate to air, said exposure degrading readability of data
recorded on said optical disk. '

44.  The optical media of claim 34 wherein said substrate includes an antioxidant.

45.  The optical media of claim 44, wherein said antioxidant includes an

organometallic.

46.  The optical media of claim 34, further comprising a data encoded component

coupled to said substrate.

47.  The optical rﬁedia of claim 34, further comprising a layer of lacquer coupled to

said data encoded component.
48. A retail sale package, comprising the optical media of claim 34.

49. A method of making an optical media, comprising:
providing a substrate;
coating a reflective layer on said substrate;
exposing said substrate to a reversing environment to increase optical

R

transmissivity of said substrate; and then
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55. A packwg)e containing an optical disk, said optical disk conprising
substrate O104982) | ayer coupled to said substrate; and aﬁqé‘%@!i”é‘bupl ed
to said netal |ayer, wherein opening said package triggers a process that
changes optical properties of said substrate, thereby degrading an ability
to read data reexposiag said sabstritectptai preserving énvifofimenyto apdintaial opticalk conpri si ng
a substrate, a.netal er.and a lacquer, wherein exposure to air or
renoval f r BARSTHISTHY, é@é bstfalsoval of a cover or an action undertaken by
the user triggers a process degrading or destroying the ability to read the
data in the directory or table of contents area of the disk, thereby
rendering She dTRkmthol 87 ahinf49.5Fherdl s&ﬁ%hﬁs@atﬂh&ﬁdé@ﬁo?}rcﬁr%ﬁﬁt@rahé‘kaléppl i ed
in trenches or pores, possibly in addition to a coating of the sanme or

di fferent mxedrw@lsaxdpﬁdycamlbm@es upon exposure to the environment 38 |
I~I1i ~, ~ g WD 01/04887 PCT/ US00/ 18944 or because of a user action, said
exposure degradi ng or destroyi ng the ability to read the data on the di sk,

because of si.cal prLoperties of e terial,
ei t her sol & @S%Fﬂgﬁ% W e{%nﬂ}%s Llﬁ %f‘”gﬁ‘t?éllqa?te%ﬁ&g %" es.
58. A pac kﬁﬂl@fbneﬂts!eléaﬂeddﬂoﬁktlﬁ@fﬂifplc%hﬂmrfg MU@IM 0% ﬂa‘nn'xﬁ‘ﬁ@:ie and a

| acquer, wherein opening the package and/or exposure to air triggers a
process th‘élmm%es the physical characteristics of the disk, said
process degrading or destroying the ability to read the data on the disk.
59. An optical disk conprising a substrate, a netal |ayer and a | acquer,
wherein th Nt n
pl ayi ng t h% di E@Jméﬁwaélﬁh{r:@d gughgée?fti Igfﬁgrevﬁ“ géél vﬁ%&g&ﬁ? Ilfcé%&g%&&%%eﬂm cal

properti esamifsaidm@aqhesdom;mndk qre dsmcﬁﬁglbgldmﬂge\@‘smgia&ﬁmﬁmleﬂg the abl lity
to read the data on the disk. 1O H) 111111 11111 21212 11 1111 L M 39
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53.  Anoptical media made by the method of claim 49.

54.  Anoptical disk, comprising: a substrate; a metal layer coupled to said substrate;
and a lacquer coupled to said metal layer, wherein optical properties of said substrate
change upon an exposure of said substrate to air, said exposure degrading readability of

data recorded on said optical disk.

55. A package containing an optical disk, said optical disk comprising: a substrate, a
metal layer coupled to said substrate; and a lacquer coupled to said metal layer, wherein
opening said package triggers a process that changes optical properties of said substrate,

thereby degrading an ability to read data recorded on said optical disk.

56.  An optical disk comprising a substrate, a metal layer and a lacquer, wherein
exposure to air or removal from the package or removal of a cover or an action undertaken
by the user triggers a process degrading or destroying the ability to read the data in the
directory or table of contents area of the disk, thereby rendering the disk unplayable.

57.  Anoptical disk with a material applied in trenches or pores, possibly in addition to

a coating of the same or different material, that changes upon exposure to the environment

i ——
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or because of a user action, said exposure degrading or destroying the ability to read the
data on the disk, because of changes in the optical or physical properties of the material,

either solely or in combination with the shape of the trenches or pores.

58. A packaged optical disk comprising a substrate, a metal layef and a lacquer,
wherein opening the package and/or exposure to air triggers a process that changes the
physical characteristics of the disk, said process degrading or destroying the ability to read
the data on the disk. |

59.  Anoptical disk comprising a substrate, a metal layer and a lacquer, wherein the
centrifugal force and/or mechanical stresses inherent in playing the disk trigger a process
that changes the optical or physical properties of the disk, said process degrading or
destroying the ability to read the data on the disk.
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