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(54) Title: LIMITED PLAY DATA STORAGE MEDIA AND METHOD FOR LIMITING ACCESS TO DATA THEREON

(57) Abstract: The present disclosure
relates to a limited play optical storage
media and a method for limiting access
to data thereon. This storage media
comprises: an optically transparent

PMMA /Levco —— \ /

/ substrate (5)%; a reflective layer (7); a
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data storage layer (9) disposed between
said substrate and said reflective layer;
an oxygen penetrable UV coating (1)
disposed on a side of said substrate
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opposite said data storage layer; and a
reactive layer disposed between said UV

£ty .“ -
’.-—7."1&‘-:3"\' DAY -"3"4 ——7

ceating and said subskrate, said reactive
layer having an initial percent reflectivity

of about 50% or greater and a subsequent percent reflectivity. of about 45% or less,

Abstract:

The




media and a nethod for limting access to data thereon. This storage nedi a
conprises: an optically transparent substrate (5); a rkf$September2896r (7);
a data storage |ayer (9) disposed between said substrate and said

reflective layer; an oxygen penetrable UV coating (1) disposed on a side

of sai dwabsizsase opposite said data storage |ayer; p@fy@nedgactive |ayer
di sposed between said UV coating and said substrate, sald reactive |ayer
having an initial percent reflectivity 14 Septenber 2005 WO 02/ 075733

PCT/ US02/ 05050 LI M TED PLAY DATA STORAGE MEDI A AND METHOD FOR LI M TI NG
ACCESS TO DATA THEREON BACKGROUND OF THE | NVENTI ON Optical, magnetic and

magnet o- OPIVMITEIPALAYS) £TRISTORAGES MEIASAI0H NIEBROPYARLIIERG St or age
t echnol ogy Whi ch enabl es hi gh storag}e ca am&y coupled with a reasonabl e
price per negabyte of st STABATH T @ nedi a has becone w despread

I n audi o, video, and conputer data applications in such formats as conpact

di sk (GR b Eﬁﬁ?l’" el (DVD) including nulti-layer structures
Ilkekgﬂgg@gb %ﬁg mul ti - @P@Zd formats such as DVD- 10, and DVD- 18,

magnet o-optical disk (M), and other wite-once and re-witable formats
such asOpiraR magDeRNndDVEEIR o-IPUD-RAR, are PDaAbuDW s AN pafuimatre | i ke,

her ei naf.t er olulg ctivel "dl%t siorage nedi.a". ln, these fornats, data are
encodod 8P Aot el e WRh RS Than courPLaltiR s Bt Retor dac
nedi a, griteipetmesaBytetofetotiat.d (REf bptiRbIaAtdiyhadiveSonddWidesp@es addas,med on t he
surface of a plastic substrate thr ough a nethod such as_i né,e_ct i on nol di ng,
st anpi ngdess ancs) Rempyteredata applications in such formats as compact disk (CD), digital

versatile disk (DVD) including multi-layer structures like DVD-5, DVD-9, and multi-

‘sided formats such as DVD-10, and DVD-18, magneto-optical disk (MO), and other

write-once and re-writable formats such as CD-R, CD-RW, DVD-R, DVD-RW,

DVD+RW, DVD-RAM, and the like, hereinafter collectively “data storage media”, In

these formats, data are encoded onto a substrate into a digital data series. In pre-

recorded media, such as CD, the data are typically pits and grooves formed on the

surface of a plastic substrate through a method such as injection molding, stamping or

the like.

In recordable media, the data are encoded by laser, which illuminates an active data
Jayer that undergoes a phase change, thus producing a series of highly-reflecting or
non-reflective regions making up the data stream. In these formats, a laser beam first
- travels through a plastic substrate before reaching the data layer. At the data layer, the
beam is either reflected or not, in accordance with the encoded data. The laser light

then travels back through the plastic and into an optical detector system where the data

are interpreted.

In some applications, it is desirable to have a limited life for an optical disc. For
example, sample computer programs are provided to potential customers in order to
entice them to purchase the software. The programs are intended to be used for a
limited period of time. Additionally, music and movies are currently rented for a
limited time period. In each of these applications and others, when that time has

expired, the disc must be returned. A need exists for machine-readable optical discs

1



In recordabl e nedia, the data are encoded by | aser, which illum nates an

active data layer that undergoes a phase change, thus érepiembgr 2808eri es
of highly-reflecting or non-reflective regions making up the data stream
In these formats, a |laser beamfirst travels through a plastic substrate

bef or ey k826430 the data layer. At the data |ayer, %g’”ﬁ'ﬂ@%i s either

reflected or not, in accordance with the encoded da ser |ight
then travel s back through the plastic and into an optical detector system
where the data are interpreted.. In sone applications, it is desirable to
have a limted. life for an optical disc. For exanple, sanple conputer

programzh are provi%ged to potential custoners in order to entice themto
pur chas &2 {8 " mesthitebe THEmt dgtharrsd af @ jontabperénd. t binedpbydlifesr a | i mited

peri od 9;0‘,;&6@950]“%9;5&1%%& musi ¢ and novies are currently rented for a
limted tinme period. In each of these applications and others, when that

time has, expired, the disc nust be returned. A need exists for
machi nelineindatmedispstliavebei preduced ndvaBept Bhions. 2006 mWBL0 261875833

PCT/ USO 2050 - n eed to be returned at the end of a rental

peri od. ﬁf{@rﬁn%tsae‘aggﬁgﬁggﬁcggﬂsecg‘beﬁ%? dseprﬁw%‘lg] ﬁ’ftgﬁrPof%‘SQWF%‘g“Btf BBttt Linited

pl ay di efiscthavieydpdeconpsagtidiad dver ¥ @rd-auemfiashicns of @aR. NBAog. conpri sed
form ng ?‘ qisci vvhet{_e the reflective |layer is protected wth a porous |ayer
such t hEESTHE "PRaEE Sraaip iyel ofipaedstien thndisn is ad Iogerrcadablee THet er mi ned
peri od wbblem®ith & Cankdh@her 1 i a rtain | evel of

oxi dati%n, the disc is nocrl %%%H?ngégg?ﬁg?s %}gﬁi E)hr%(s) fegﬁnglé\n'%fhar? hi s and ot her
lim tecﬂeﬁqa&bl%echni gues is that these techniques are defeatable. If the
met hod for providing limted play to optical discs can be easily defeated

b rrGAlih 2 Hhid i 958 wauld b .
" I>/i ﬁ‘i tgg?ﬁpeﬁg?ﬁ?@iﬁn%t he& %%gg %?gﬁggéﬁgttﬁ%%g%%r é,\E{Oma eeera%}g/l ée?%ﬂ%&fyl aﬁg an opti cal

di sc urfgktapabore coftage indushpl discs fracidine Joepballimied-prdi fd eatdsopr of that
coatin Fial uld provide g disc.with unlimted | ayabi lity.
There igis('%gg|14 (éar%m%gd% fer%ge%n aPF?BB%aEP’[SC B‘Fpa}%bﬁgefoé EXfmRs facye b"r“%ﬂvégt t hei r
i nt el | ectmalification of that coating and/or material could provide 2 disc with unlimited

playability.

There is a great desire on the part of movie studios to protect their intellectual
property. Commercialization of limited-play data storage media that can be easily
defeated 1o afford data storage media with unlimited playability would present an

‘unacceptable risk of losing intellectual property.

BRIEF SUMMARY OF THE INVENTION

The present disclosure relates to a limited play optical storage media and a method for
limiting access to data thereon. In a first aspect, there is provided a limited play
optical storage media comprising an optically transparent substrate; a reflective layer;
a2 data storage layer disposed between said substrate and said reflective layer; an
oxygen penetrable UV coating disposed on a side of said substrate opposite said data
storage layer; and a reactive layer disposed between said UV coating and said
substrate, said reactive layer having an initial percent reflectivity of about 50% or

greater and a subsequent percent reflectivity of about 45% or less.




property. Commrercialization of Iimted-play data storage nedia that can be
easily defeated to afford data storage nedia wth unl ildiSeptepibay 2006i t y
woul d present an unacceptable risk of losing intellectual property. BRIEF
SUMMARY OF THE | NVENTI ON The present disclosure relates to a limted play
optical storage nedia and a nethod for I|imting access to data thereon. In
a first aspect, there is provided a limted play optical storage nedia
conpr i Bi &igecaid fpédtabdrt ¥ préaaeRalibRtd SiePsitcal forage h&fid, @6ipMang.ayer; a data
storage | ayer, di sposed between said substrate and said reflective |ayer; an
oxygendh&RETIN ragsnatent sulsials airellisbiue layen & dqtastoree daven disppsedr at e opposi te
sai d dedtReerStad <ai . 1.\ ' en said W
coati ng_ and sai gﬂ%g{l}g)sétﬁ? astalgt}gfslﬁ:iﬁgg?@;g%talﬁvée)@g%g%eﬁg@??g}/gﬁgniﬂgi tial percent

r ef | ecdispased ot sigp ofiseib9lisioate opprosiie sid datalstarage byeywbereinpeiddévit reflectivity
of abouyt...: r . r 05 In.a second aspect, there is
provi déég(?uéér{?ag’iat %é%']t aréﬂ%éﬂgggf %g%orsaog@ 0? el’aéejr’ &8pr e%%ﬂ’gﬁaydén optically

t r ans pdisgosed betbhstin siid UVacoatihg and salé shigyete,; saad ehativeshvdr ageing ayer di sposed
between.said substrate .and said refl ective |ayer; an oxygen penetrable UV
coati ng™ igf)%?gdr Uiy o‘gsd’:bo‘étai ‘%guﬁélfir a{?"é’%ﬁ‘bplﬁ’é‘?rt OEP§ngdat a st or age

| ayer, poMrastiimetatltdendanthylendBe.a percent reflectivity of about 50% or
greater; and a reactive |layer disposed between said UV coating and said
substrate, said reactive layer having an initial percent reflectivity of
about 50% said reactive |ayer conprising polynethylnmethacrylate/leuco

met hyl ene bl ue. 2a 14 Septenber 2005 WO 02/ 075733 PCT/ US02/ 05050 In a third
aspect, there is provided a nethod for limting access to data di sposed on
the data storage nedia, conprises: directing a light toward at |east a
portion of said data storage nedia, wherein at |least a portion of said

| i ght passes through a UV coating, a reactive |layer, a substrate, and a
data storage layer; reflecting at |east a portion of said

2a




| i ght back through said substrate, said reactive |ayer, and said Wcoating;
and ‘reducing the percent reflectivity of said reactivd4 Sspiember 2868 t han
about 45% BRI EF DESCRI PTI ON OF THE DRAW NGS Referring now to the figures,
which are nmeant to be illustrative, not limting: Figure 1 is and

i somet rivo viesrsef a data storage nedia; Figure 2 is aP%?RE@ﬁ%&ﬁ showi ng
incident light, 10, and transmtted light, 12, passing 1 nto and being
reflected froman alum numlayer in a data storage nedia coated with
PMVW/ | euco net hyl ene bl ue basecoat; Figure 3 is a kinetics curve for
conversion of |euco nethylene blue to nethylene blue as neasured by

percent reflectivity on a data stora(%e media vs. tinme; Figure 4 is a
gr aphi d3P s prpseinttists s proyided; methed Torlimisias perest ndas dispgsedon| euco

met hyl gpedkph YBrals® rﬁéﬁfag)félﬂﬂ‘?sep.l (Hl%c'{iﬁk Y Ay AN EJD%HIF é)?ﬁali'é( cured

topcoat; and Figure 5 is a graphical representation o ectivity vs.
time f@ptastomeEraspl eheginaitienst agtoniongd saie tptd pasDEToLED: DFSCRIEETRON OF THE

cubst r rRt s ipercd AR o T b8 g B Bt b ARG BT T oxygen.

a r eactlighie bankt tardugh sasl gubstratb.esuid regetihy ll8ee dldusid WV ebating; esgential |y
colorless,.is oxidized to.form an opaque or, sem -opa | ayer (e.g., the
deep bF Ciﬁ'ﬁil}e BRETH Fﬂﬁ%“’ﬂ? aéﬁa.“? ﬁa?tﬁegw todess 3&0& ‘gﬁ/e t he

opaque/ senm - opaque | ayer can no | onger be played in nmedia players. By

- adj ust BRIEBDESCREPTONEF TEAPDRW R 75733 PCT/ US02/ 05050 the time it takes

to turn opaque, this nmethod can be used to provide limted-play data
storage pedia having the desired life for the given application. However,

i t hasRelEE#E ToyURdbe fenres, Mhichat: péaay todiesHestptieg avtldmitimgel y Wit h t he
reactive material layer, in this manner, are easily "defeated", e.g., in a

bl eachplests is 89 SHAkwER £1.00 ~limted- play". The additional use

of an ultra ]\S}i@iet %IHTV§ cﬁaa%al&esult’rg%%gé {0 discs with a reactive | ayer

affords |i rri;ed-gl ay data storage nedia that cannot be defeated in the
Figure 2 is a schematic showing incident light, 10, and transmitted light, 12, passing

into and being reflected from an aluminum layer in a data storage media coated with

PMMA/leuco methylene blue basecoat;

Figure 3 is a kinetics curve for conversion of leuco methylene blue to methylene blue

as measured by percent reflectivity on a data storage media vs. time;

Figure 4 is a graphical representation of kinetics curves for conversion of leuco .
methylene blue to methylene blue in PMMA with and without a UV cured topcoat;

and

Figure 5 is a graphical representation of reflectivity vs. time for the Example 3 data

storage media.
DETAILED DESCRIPTION OF THE INVENTION

The method for making limited-play data storage media comprises a substrate with a
 reactive layer and a UV coating. Upon exposure to oxygen, a reactive material, e.g.,
leuco methylene blue, which is essentially colorless, is oxidized to form an opaque or
semi-opaque layer (e.g., the deep blue dye, methylene blue). Data storage media with

the opaque/semi-opaque layer can no longer be played in-media players. By adjusting




bl each test. The data storage nedia conprises a substrate 5 having | ow

bi refringence and high light transnittance at the read4 3gmembar2068gt h,
i.e., is readable in an optical nmedia device, a reactive material reactive
| ayer 3, a UV coating I, a data storage layer 9, and a reflective |layer 7.
(See Fi nd 2) The substrate 5 can conprise na J Vi ng

suffici ﬁ?s%gﬁsgal clarity, e.g., a birefringence of %ﬁ%@%zﬁ%ﬁnm or |ess,
to render the data storage material readable in a nmedia device. Generally,
" pol ycarbonates are enployed. In theory, any plastic that exhibits these
properties can be enployed as the substrate. However, the plastic should
be capabl e of withstanding the subsequent processing paraneters (e.g.,
appl i catiedimeolt takahieyreenagre s ecthod cpn bevspdue pepvidedimitedrmat datair es of about
roomte . ni storage
condi t i %‘ﬁ%ﬁ?@?gﬁ,h%?ﬁ‘%gﬁ%%?‘?%da’?ﬂhf%&hﬁgwéé ﬁéﬁ%ﬁ}l%’?@%@é@?@%%ﬁ%ﬂ 700). That
is, it,fdusd des limeteldyodisdsipeepptedsblety tith liaveacivefmadred tayetien tiid Stability
to prevent deforrl’rat" ?n yring. t various_| ayer deposition steps as well
as. dur | FEPRFOTGEY bUENE o Bedieachissls it ke mb ongsrc ied-

ther mophiapt | The Widiflokdl A8 of aANHrd Wbt (U@sza%w{og&a@fm ahed bihQPC or
~greater, with about 125C or greater preférred, about 150C or greater nore
" pr ef er reactivgdeyenponds dpgedalaygiaiasierage wsdiantbatecappatthgrdefadted (in thy |

pol yet hgrim des, polyetheretherketones, polysulfones, polyethersulfones,
pol yet herethéersul fones, pol yphenyl ene ethers, polyimdes, polycarbonates,
etc.); with materials having glass transition tenperatures greater than
about ZB@&Glamsteragpredda cadprisstielvubsrapof yetihg dowibdrefringenwhianth high

| fonedi,ani |l i ne or di anjline has been . subsijt.uted f.or .
%phen?f%ﬁgla?slgﬂﬁ??g? ai%nrﬁa‘maﬁeérvga,\veggg 1§ B e?ﬁ%f’&'?i ‘Hiaaé@{wa‘&?ﬁﬁ nati ons
conpr i SdeRfead reh @i in=0dR1 fbﬁctiv*@%_al}feﬁl’:,e@oj\fr@aﬂh%ﬂtd &Sa stéﬁﬁ%ei Byrel snd 4 14

Sept enber 2005 WO 02/ 075733 PCIT/ USQ2/ 05050 Some possi bl e exanpl es of
subst r & Bllaeltveraur J- i (e Jimvespligndigl Hist substrgte Sd-ap sompHEsfompBisEak

crystall.ine. . sk .26 l]in t rjal ch as:
pol yvi ryflbl{ﬁghsluorl E%B]B%ﬁquﬁlﬁlelr%’ %ib%%g?ﬁéi%ﬁhﬁuﬂ%{@l 1}111%10?&%@1 g’, | i near and
cycl i ¢ remiel theldefaistega terind kaadablginpohydis Bylien &Genefallprpohehdonfpe yet hyl ene,
| | " Prpoha
po ypr P e'rgpqg)’red??n theory, any plastic that exhibits these properties can be employed as

the substrate. However, the plastic should be capable of withstanding the subsequent
processing parameters (e.g., application of subsequent layers) such as sputtering
temperatures of about room temperature (about 25°C) up to about 150°C, and
subsequent storage conditions (e.g., in a hot car having temperatures up to about
70°C). That is, it is desirable for the plastic to have sufficient thermal stability to
prevent deformation during the various layer deposition steps as well as during storage
by the end-user. Possible plastics include thermoplastics with glass transition
temperatures of about 100°C or greater, with about 125°C or greater preferred, about
150°C or greater more preferred, and about 200°C or greater even more preferred
(e.g., polyetherimides, polyetheretherketones, polysulfones, polyethersulfones,
polyetherethersulfones, polyphenylene ethers, polyimides, polycarbonates, etc.); with
‘materials having glass transition temperatures greater than about 250°C more
preferred, such as polyetherimide in which sulfonedianiline or oxydianiline has been
~ substituted for m-phenylenediamine, among others, as well as polyimides,

combinations comprising at least one of the foregoing plastics, and others.



the like), polyesters (including, but not limted to, polyethylene
terepbt bal ate, pol ybutyl ene terephthal ate, pol ycycl ohddS$emempesa805
terephthal ate, and the like), polyam des, polysulfones (including, but not
limted to, hydrogenated pol ysul fones, and the l|ike), polyimdes,

pol yet h pol yet her sul fones, pol yphenyl ene ' pol yet her
ketones%&po?getaer et her ketones, ABS resins, polystyﬁghggﬂﬁégﬁcluding, but
not limted to, hydrogenated pol ystyrenes, syndiotactic and atactic

pol ystyrenes, polycycl ohexyl. ethylene, styrene-co-acrylonitrile,
styrene-co-mal eic anhydride, and the |like), polybutadi ene, polyacrylates
(i ncl udi p r nmet hyl
nethacrﬁ&gFep%%tgfﬁ$%gﬂ%%%gSh%%?? &E%gﬁ%ﬁﬁ&ﬁ@ipﬁ§ Méq%géﬁﬁ} nftrlle

pol yacetaaiosghops)| yoatabmeatasd, sqmrqrjmltﬂ]md ehmmeplaarcs mdteriadd wdélnggs: but not

2. 3. ot FORENY 1SBEH ol POIGpIEEn Cng P Res D PRI G vy et a0 OBl yrrer .,
pol yvi nyblyoRifié aﬂi@mciuﬂﬁ’aF|ﬁ31}@fh¥/§ﬁ@|ch%h¥t€@P&?{ctﬁfr]l%’é g@ﬁpfoﬁﬁéﬁéf Ly@r oet hyl ene

copol yner, aronatic esters vin | uori de, vi nyl i dene
fluori déhe Mr)yquixﬂsre@eﬂecleﬂwer beke ot tlmrreéf mambwthﬂqnene@pb@a te, Tefl ons) As

used her,gi yemyfeng rér%érrﬁarateomgrc gsghrgcm 139 tﬁ%@t&m@fﬁét lon”, and

"conpositron” conpri n unr’t s

conposi po]grmrdek;qmﬂysg]fmies tﬂmt:ludmg Inmnioslmﬁteﬂh@, H)ﬂfdgﬂﬂlfﬂcri ﬂé]ysuﬁ‘oﬂcsp 110 (1) i
whi ch at st agout 6Q $erc eto er of R o%?s are
aromat i Bn PAYidsss ROt ’hé ake e@’FFerS NCEyr EOIXPheBW

ali cycl safder ;ﬁﬂﬁ%}lr&r&ﬁsﬂl pély&ther Eﬂaelf %ﬁﬁky ABs kiR g%{;@t?%b& Orgam c

radi cal and, nore preferably, a radical of the formul
Sept enbéncipgng Wh B2 /1pTsA3E, hydrypenated polys(yrdn)as Fendiosody @Iﬁi)ﬁ'@ctnher e| n each

of A aﬁgyé%eﬁe% %0%9(98%9(“ ﬂ%)len%l %Brren%[%l acry?onlm?e, %ngflco hidteft bri dgi ng

anhydride, and the like), polybutadiene, polyacrylates (including, but not limited to,

>

polymethylmethacrylate (PMMA), methyl methacrylate-polyimide copolymers, and
the like), polyacrylonitrile, polyacetals, polycarbonates, polyphenylene ethers
(inchuding, but not limited to, those derived from 2,6-dimethylphenol and copolymers
with.2,3,6-trimethylphenol, and the like), ethylene-vinyl acetate copolymers, polyvinyl
acetate, liquid crystal polymers, ethylene-tetrafluioroethylene copolymer, aromatic
polyesters, polyvinyl fluoride, polyvinylidene fluoride, polyvinylidene chloride,
tetrafluoroethylenes (e.g., Teflons)

As used herein, the terms “polycarbonate”, “polycarbonate composition”, and
“composition comprising aromatic carbonate chain units” includes compositions

having structural units of the formula (I):-

0

———RL—o——ﬂ——o——~cD
in which at least about 60 percent of the total number of R’ groups are aromatic
organic radicals and the balance thereof are aliphatic, alicyclic, or aromatic radicals.

* Preferably, R! is an aromatic organic radical and, more preferably, a radical of the

formula (1I):




radi cal having zero, one, or two atons which separate A fromA2. In an
exenpl ary enbodi ment, one atom separates A from A2. MHIIgptember8005
non-limting exanples of radicals of this type are -0-, -S, -SO-,
-S5(02)-, -C(O-,"nethyl ene, cyclohexyl- mnethyl ene,

2-12, 2, Ysbisxusioheptylidene, ethylidene, isopropyli dgﬁ@“*’g@gﬂﬁ@m yl i dene,

cycl ohexyl'i'dene, cycl opent adecyli dene, cycl ododecylid ntyl i dene,
and the |like. In another enbodi nent, zero atons separate A from A2, with
~an illustrative exanple being biphenol (OH benzene-benzene-OH). The
bridging radical Y can be a hydrocarbon group or a saturated hydrocarbon
group such as nethylene, cyclohexylidene or isopropylidene. Pol ycar bonat es
can be protticed byrthe@eacti on of di bydroxy conpounds in which only one
atom separates A" and A2. As used herein, the term "di hydroxy comnmpound”

i ncl ude for ! k ngds._havi.n etal, formula (111) as
foll O\A/s:%’hf]is?n Efa%()%g%f t‘?i “%% w%\%" gﬁ@%‘aeéﬁ I?I{@)d"“eag%%?n(ftf’gap%%%g}gt |y represent
hydr ogeradical halisgedo,aime/mr o somgTwhiol atpante AY domcat Hanmgxewplaiy p and q are
each indegendently integers fromO to 4 and xa represents one of the
groups SMOPEMERH 4N pIgm: Scpazates AqfromcA( Blusiribve; BenFlimising eRemRigc ol

i ndepen Y, anhydrq _ ale@finor. 1 t i \r or cyclic
hydrocagﬁgggisg?%%&r %gjﬁg}cl??i’séé g@a’l esgdt=H )Hy ojg’gﬁ’gﬁieggo"gﬁi."h%& Sept enber
2005 WOmekyBng 73 2. Ramicwichepsidne Sethyidehd, usaprepylidene, nenpettyldene,ng exanpl es

of suitab di,hydr oxy conpounds i ncht L hydric ph | s _and the

ai hydr b b BoARRRD e Bl tfonaleb, aindRTiaEs o fhe
Iike. In another embodiment, zero atoms separate A! from A, with an illustrative
example being biphenol (OH-benzene-benzene-OH). The bridging radical Y' can be a
hydrocarbon group or a saturated hydrocarbon group such as methylene,

cyclohexylidene or isopropylidene.

Polycarbonates can be produced by the reaction of dihydroxy compounds in which
only one atom separates A! and A% As used herein, the term “dihydroxy compound”

includes, for example, bisphenol compounds having general formula (IT) as follows:

B L &
=

wherein R® and R® each independently represent hydrogcn, a halogen atom, or 2
monovalent hydrocarbon group ; p and q are each indepgndenﬂy integers from 0 to 4;

and X" represents one of the groups of formula (IV):

R® R®

l |
—Cc— or —C—

L

R av)

wherein R® and R? each independently represent a hydrogen atom or a monovalent

linear or cyclic hydrocarbon group, and R® is a divalent hydrocarbon group.




di scl osed by nanme or fornula (generic or specific) in U S. Patent No.
4,217,438,. A nonexclusive |list of specific exanpl es df $e¢ptembes2005

bi sphenol conpounds that nmay be represented by fornmula (1f!) includes the
foll owi ng: 1, 1-bis(4-hydroxyphenyl) nmethane; 1, 1-bis(4-hydroxyphenyl)

et hane; -his(4- hydroxyphenyl) propane (hereinafter "bi sphenol A" or
"BPN');V§?§M%F§%4-hydroxyphenyl) but ane; 2, 2- bi s(4- h?ﬁPH§9§ﬂ@%yl) oct ane;
1, 1- bi s(4- hydroxyphenyl ) propane; 1, 1-bis(4-hydroxyphenyl) n-butane;

bi s(4- hydr oxyphenyl) phenyl net bane; 2, 2-bi s(4-hydroxy=I - et hyl phenyl)
propane; 1, 1-bi s(4-hydroxy-t-butyl phenyl) propane; bis(bydroxyaryl) al kanes
such as Some2ilhitmfive, modrloxiinG chanpptep bl suplable plilpplanyy; colnpbulbdssigdudiey dr oxyphenyl )
cycl opent,ane; . 4, 4" -hi phenol, :an | s(;hydr oxyaryl ). cycl aal kanes such as
e P iSRG p s SBeei SRR E Mt Bk B BB combi nat i ons
conpri sidiiglosdd hyemsie @MRrAila (ferid & HOATNGN T S MRARINCATPRYTE]. Alt is al so
‘possi bl e to enpl gy pol ycarbonat es resulting fromthe polynerization of two

or nor e ERPRERERA IS $peific exspis| of thertypes o Bispysnst caappoynds Byapae phenol with
a glyco ' X | o=t L nat e ith a dibasic
acigdyor l)3\/irt reéghlteﬁy‘ r%ﬁ%c@ g{rcmv%in'%ét E\heaﬁ)ﬁlg?, P%ha? 1156? écﬁ{g%‘?rghfp%&?We event a
R 4 g SN i il b e A o Yo S
ner a . : . :
o of or r it g bisbebPar oF  SrACh e Er R bdvh ey Pl ang
pol yest der@)@‘bb@ﬂﬁt&tdn@,si,@%iﬂ#—h&&@iﬁh@i%@p%ﬂ1,@1b$§?4Jﬂ?dr6f§E>hé}§5@d- Br anched
i near

pol ycarbonates are al so useful, as well ‘as bl ends of pol ycar bonat e

and a BoEHEseHsIYERBEHED @berymetiang chedisbhykanbbmstulpheid) be prepar ed
by addi Ghe: B1E 08, ] ' i ' : chi ng agents
are wel Enghg’gﬁgg#ggng%ﬁg%?g%&%®%¥?ﬁﬁ%¥§%%§@%%$€g%g%gﬁggﬁggﬁnds
cont ai n?,Adiséd-bydrexst-3-bhomesphenyhc propmzt 1gi-lais(gshydixgphengly chdogeptinaxyl |
car boxy} ,, boxyl i.c, .anhydri d hal of ormyl , an ] res c i sing at
anat ohe AR B RE  rerlse ir BhBHRESRRREREL "l net ae
trinmel | ¢yeioBe:a@e;dand thieMlel dst el adEBBinaGehs dompiinki dtileast bhe bl @l de,
I ris-p- bydr_ox%_ phenyl ethane, isatin-bis-phenol, tris 7 14 Septenber 2005
VO 02/ ofeisgame bisphenol compound.

It is also possible to employ polycarbonates resulting from the polymerization of two

or more different dihydric phenols or a copolymer of a dihydric phenol with a glycol

or with a hydroxy- or acid-terminated polyester or with a dibasic acid or with a

hydroxy acid or with an aliphatic diacid in the event a carbonate copolymer rather than

a homopolymer is desired for use. Generally, useful aliphatic diacids have about 2 to

about 40 carbons. A preferred aliphatic diacid is dodecandioic acid.

Polyarylates and polyester-carbonate resins or their blends can also be employed.
Branched polycarbonates are also useful, as well as blends of linear polycarbonate and
~ a branched polycarbonate. The branched polycarbonates may be prepared by adding a

* branching agent during polymerization.

These branching agents are well known and may comprise polyfunctional organic
compounds containing at least three functional groups which may be hydroxyl,
carbbxy], carboxylic anhydride, haloformyl, and mixtures comprising at least one of
the foregoing branching agents. Specific examples include trimellitic acid, trimellitic

anhydride, trimellitic trichloride, tris-p-hydroxy phenyl ethane, isatin-bis-phenol, tris-
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PCTI US02105050 phenol TC (1, 3,5-tris((p-hydroxyphenyl)i sopropyl)benzene),
tris-phenol PA (4(4(1,1- bis(p-hydroxyphenyl)-ethyl) a,ld4-Skptemiver 2005
benzyl ) phenol ), 4-ehlorofornyl phthalic anhydride, trinesic acid,
“benzophenone tetra carboxylic acid, and the like, as well as conbinations
conpri simgemdrsizeast one of the foregoing branching aggatgsebb@e branchi ng
agents nmay be added at a level of about 0.05 to about 2.0 wei ght percent,
based upon the total weight of the substrate. Exanples of branching agents
and procedures for meking branched pol ycarbonates are described in U S
Patent. Nos. 3,635,895 and 4,001, 184. Al types of polycarbonate end
groups ghénoh@Ce(1(B,5- m@&y@oﬂyﬁﬁnﬂlﬁfpejpygﬁexmieyqasiphm @A @i based on
bi sphenol A, in whi ch each of A and A2 phenyl ene and Y1 is
i sopr opiﬂlsﬂub)'@x}?h@w@r@élml)y a,ﬂtﬁl@e\%ﬂ gbwzsd)péméb hehleoforaw! wetbghe  of the
polycar S t S nDre
gp dulilm?%?g(ég, Pgn% ﬁe%{aﬁ%gﬂgﬁé%%ﬁco%@ D% RS 3 H:Qﬂ gé

prefera mncrmssunfs

pr ef erabbryiblahmnﬁ cohipriohg itOJea:bomﬂe 8b 160 Porag comg (braiialslsglﬂglems T[‘he m)nl toring
and eval uati.ng pol ycarbon synt hes rtlc interest to

det er mi REEHRE B4SHEIRATY bR i"@ﬁ‘? af F’e%fl %PBH@]E# “’pﬁ@?g Yt tl?ércfi’gr ycar bonat e.
AS NOt efyeqd bipbn Qﬁé“ﬁftﬁtwaghtoéf §b%b§tia&an§3x£:r f_[ﬂ@sg oP bRRKIhg Gadd gadl to. pol ymer
branchi ng, resulti r;l% uncontrol | able nme behavi or. “AS used herein, the
terms " chgthESafndm mge@almh@ﬂu@bmarb@@%taéc desceiprshin Hep- Ratent. iNPSpol ycar bonat e
havi ng a n I cribed in
connect ?’Eﬁs’%\ﬁ ﬁm‘li—'o% M 1384(I I I? %ér gk ég%\é ggaéngog’ca&] é@c%%g]o%ﬁl on may al so
i ncl udecomdnyiated.addi tives ordinarily incorporated in resin conpositions of
this type. Such additives are, for exanple, 14 Septenber 2005 WO 02/ 075733
PCT/ tJ /05 50 fillers or nf gent habl 2Zers;

ant i oxi PPW&H ORAES G ‘?32 ¢gn 815%'1’ g‘mg F&"éﬁgh ﬁtq fl d58nts; nol d

rel easi ﬁ!ﬂan?@ﬁé]én‘él Y B didpi PHBdent.e Piaf&ablh) tByineight Ageigt $nole’mlir twaipht i ke, as well

~as conbinations conprising at | east one of the faoregoing, additives.
of the polycarbonate i1s about 5,000 to about 100,000 atomic mass units, more

preferably about 10,000 to about 65,000 atomic mass units, and most preferably about
- 15,000 to about 35,000 atomic mass units.

In monitoring and evaluating polycarbonate synthesis, it is of particular interest to
determine the concentration of Fries product present in the polycarbonate. As noted,
the generation of significant Fries product can lead to polymer branching, resulting in
nncontrollable melt behavior. As used herein, the terms “Fries” and “Fries product”

denote a repeating unit in polycarbonate having the formula (V):

®Y,p

wherein X" is a bivalent radical as described in connection with Formula (0} supra.

The polycarbonate composition may also include various additives ordinarily

incorporated in resin compositions of this type. Such additives are, for example,
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In order to aid in the processing of the substrate material (e.g., the
producti on of polycarbonate via a nelt process) or to ldopeptember206perty
of the substrate material (e.g., viscosity). catalyst(s) nay al so be

enpl oyed. Possi ble catal ysts include tetraal kyl anmoni um hydr oxi de,

t et r aal ko pdsayspbBoni um hydr oxi de, and the |like, with PCT/US02/05050

di et hyl di net hyl anmoni um hydr oxi de, and tetrabutyl phosphoni um hydr oxi de
preferred. The catal yst(s) can be enpl oyed alone or in conbination with
guenchers such as acids, e.g., as phosphoric acid, and the |ike.
Additionally, water may be injected into the polyner nelt during
conpoungilag andreieoRURd agentahest wapdizersi ndoghams;véight tsabilzesye resi dual
volatile conpounds., Data storage nedia can be produced. by first formng the
subst r aPBStFgeEs | A1SPYUT AGERS: ew?ﬂféﬂﬁasmgaﬁgqn@éadﬁﬁwné}\egeé@ﬁ’ E’{fb"é’% e of

adequat 1 X4 rJ r , i hé) SCrew

extr ude?é%fgglgﬁ;dd@rg ,H\kg’l dgﬁ%%]r%% Cgfrm{nﬁg&lﬁi Cﬁyﬁgﬁgﬁgﬁﬁtﬁgggf ?ﬁg(lsjrle%d&%% mai nt ai ned
at a subddiivesnt |y hi gh tenperature to nelt the substrate materi al
precursors w thout causing deconposition thereof. For polycarbonate, for
exanpl e, t rat.ur e of abau 0 .a . 0oC w t h about
2600 t oMb Bt e afeseRats Vih i PRtr O BRRORHEFRE

ext r udepolgdagitngtebdia @ andlr pidced) bioto cantiohe peopday offpissubsioate Resiatience ti mes

of up to about 2 mnutes (mn) or nore can bg enployed, wth.up to about
1.5 m _n(erﬁ-s_effﬁf;‘?séﬂ),- %’r‘ﬂiysﬁﬂﬁ) TREYaplsitbe1 GWP}?YE‘gpe@?séﬂ)ey cx‘ﬁg@f PP Prior to
ext r usi Qi Sn i BfusesarG8ad %&:{3&1&%}59@%&%9@&%@1&; arl@elike,Waikh or the

like, the mXxture can optionally be filtered,’ such as by nelt filtering
and/ or dikthyldseethdimmonivme e hydraxide, oand héettab@iphespberingy ebidierdds r abl e

BT T L A

. usi ng various nol ding
and/ or @heesidege.kealphospheric Radsim thet WahniAdditionallys watte maynpect i on

mol ding, . filmcasting, extrusiqn, press nolding, blow noldin stanping, 9
14 Septiaitsier ool WS T o7dy Surthi chpRoP o8y HngYERds TAE. ViBe ¢ ho
subst r afRubR S vAReH reti Ve WGREhal viAiI¢ L@RRun@y. OCessi ng, such as

. electroplating, coating techniques (spin coating, spray coating, vapor

deposi tj on, ] o L
" Data storage media can be produced by first forming the substrate material using a
-conventional reaction vessel capable of adequately mixing various precursors, such as

a single or twin screw extruder, kneader, blender, or the like. The extruder should be
maintained at a sufficiently high temperature to melt the substrate material precursors
without causing decomposition thereof. For polycarbonate, for example, temperatures

of about 220°C to about 360°C can be used, with about 260°C to about 320°C
preferred.  Similarly, the residence time in the extruder should be controlled to
minimize decomposition. Residence times of up to about 2 minutes (min) or more
can be employed, with up to about 1.5 min preferred, and up to about 1 min especially
preferred.  Prior to extrusion into the desired form (typically pellets, sheet, web, or
the like, the mixture can optionally be filtered, such as by melt filtering and/or the use

of a screen pack, or the like, to remove undesirable contaminants or decomposition

products.

Once the plastic composition has been produced, it can be formed into the substrate
using various molding and/or processing techniques. Possible techniques include

injection molding, film casting, extrusion, press molding, blow molding, stamping,
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screen printing, painting, dipping, and the like), |lam nation, sputtering,
and the like, as well as conbinations conprising at | dds3eptambef 2008

f oregoi ng processing techni ques, mnay be enployed to dispose desired | ayers
on the substrate. An exanple of a limted play polycarbonate data storage
medi a cewpeziesess an i njection nol ded pol ycarbonat e sufstwbgsos® sposed on
‘the substrate are various layers including: a data |ayer, dielectric

| ayer(s), a reactive layer(s), a W layer(s), a reflective layer(s),

and/or a protective layer, as well as conbinations conprising at |east one
of the foregoing |ayers. For an optical nedia, the layers may be protective
| ayer, ped thedikey Omegyibe sulsirele des bean pragused, aeiduaoudtmocxsmagech ayer, wWith a

Do e9uSLeorliBhOELiinG LAl PP IEBRe Wb (BB RS, (he Y Laver

di spose 3etive | ayer

di sposembrmtmﬁmg,tphmnsg;bﬁipmgt endothe liké)elamiMtibmspunterihg, and theidle) & ood that the
nedi a i s not mted to disc shape but may be

form of tﬁe data st oragliq
any si z¥el A% CUnbIpaiaRR CEmPIESRE Hdeast 8 & {0EEEOINE HOFCEHMBISENNIGNSS; ce. The data

stor agemgﬁg@é,(,ﬁ]},ygmg dgg{mrdﬁ%dwrg@,ttﬁé Ltkugapabl e of storing retrievable
data, such as an optical |ayer, 'magnetic Iayer or a magneto-optic |ayer.

Typ| cal ly the data Iag has a thickness of to about 600 Angstrons (A
or - {r evarpple pf € limite pl@bpolwsi@@emda@@ma@r i qompriseEgRsisFtéordat a st or age

! ayer S llnF@L’ Cl)% %Q%Bnﬁ% suﬂﬁ}atel ' nrbrﬁgc& Gnl th%xkﬁi)%éatésf#g k\ra?ia {, ke oxi de),

‘rare ear ransitio nrc chrom um
t ant al Lﬁm-]uﬂilngt i mudata Iagex’mdmhct:g:atbth(s); wmeautweriaydﬁ(@),mU\bﬂfr}er(s), aand alloys

d conbj nat t f the . f ing, . icd

00 o R A BRSS9 8 Y O SRR AL g

conpoungst bfe 8f the f(:ﬁ@?ﬁ?layér@p@gpan aftébal fedibk, tKe ayerk h@aymeqirsfé&ﬁ%e | ayer(s),
us oi | ,

whi ch protect agains and ot her’ cont am nants, can have a
t hi cknééﬁéefsofeﬂ@?té’ﬁt layery Wiglecitisolayery God ety sipeee Jlayes Vi@ SybserUSHout | OA,

with a g48 S5 t r (B%Ec di nents, and
a thi ckrlle]sssﬁéégﬁ a g{ﬁnﬁ?% i Setggse espe0| a%f{/ rlafo groﬁe p?ﬁg%t hi ckness of
t he pr cidectfi the sttairate( withitke fe@ctﬂm 18ep dephed bZ@%n\ﬂlB Qbs1tatS a8B tHeCT/ US02/ 05050
UV layer. It is understood that the form of the data storage media is not limited to
disc shape, but may be any size and shape which can be accommodated in a readout

device.

The data storage layer(s) may comprise any material capable of storing retrievable
data, such as an optical Jayer, magnetic layer, or a magneto-optic layer. Typically the

' data Jayer has a thickness of up to about 600 Angstroms (A) or so, with a thickness up
to about 300A preferred. Possible data storage layers include, but are not limited to,
oxides (such as silicone oxide), rare earth element — transition metal afloy, nickel,
cobalt, chromium, tantalum, platinum, terbium, gadolinium, iron, boron, others, and
alloys and combinations comprising at least one of the foregoing, organic dye {e.g.,
cyanine or phthalocyanine type dyes), and inorganic phase change compounds (e.g.,
TeSeSn, InAgSb, and the like).

The protective layer(s), which protect against dust, oils, and other contaminants, can
have a thickness of greater than about 100 microns (u) to less than about 10A, with a
thickness of about 300A or less preferred in some embodiments, and a thickness of

about 1004 or less especially preferred. The thickness of the protective layer(s) is
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usual ly determ ned, at least in part, by the type of read/wite mechani sm
enpl oyed, e.g., nmagnetic, optic, or nagneto-optic. Pod4i $epdember 8005ve
I ayers include anti- corrosive materials such as gold, silver, nitrides
(e.g., silicon nitrides and alum num nitrides, anong others), carbides

(e.g., swbisgensmarbide and others), oxides (e.g., sil ipe@msoisxyi de and
others), polyneric materials (e.g., polyacrylates or polycarbonates),
carbon film (di anond, dianond-1ike carbon, and the |ike), anong others, and
conbi nations conprising at |east one of the foregoing materials. The
dielectric layer(s), which are disposed on one or both sides of the data

st or age ushialjedetanahedy et ledst @npatblyalie dipasi bedtwrite Wdchddisn smploged, t ypi cal |y

have a thi ckness. of u to or exceeding.about 1, OOOA and as | ow as about
200A or Gfs82eRECsOBie Ui BRAEELS-PRIIC. |§9%Ilt§ |PFF8P‘33H% AYFY ipflide antly.  silicon

nitride,copbbitd Matbrinistsobdfy gcﬁ@dsﬂ%lhﬁfﬁaes (] 980 Bit'Ges and aHIiAHAD oxi de) ;
carbides (e.g., silicon carbide); conbi nat1ons conprising at |east one

of the friwidesamgnaretbers), aarrb:deafﬁg{gulwphembndmaed ptatrs), @mlpate;gmsdmnt hin the

envi ron t surr yers The
refl ect IE{\;%& gggc; ?@%@h%% ﬂgvrggtg]%g%f(ggélp SIh i '{yﬁﬁa’é kcr’\reg dij r"g Fflct a
suf f i ci eatboaniilunt(diambndndingynd-Eke .carbbin,ghiig theo lﬁa)am:ﬁor@abmefsﬁtahﬂ eval .

Typi cal | refl ecti.ve layer have a t |ckness of up to about 700A
or so, \ﬁ%?’hmﬁ“‘f%cef?ﬁﬂ%gﬁfle b@mgfﬁﬁg{i{%gn&%&pa S600A general |y preferred.

Possi bl e reflective layers include any material capable of reflecting the

parti culthe deehiey labér@),Owhich aleUditBed®t 8he of Botl sidestlof MedHM stglabyer, gol d,
titanium and alloys and mi xt ures conprising at |east one of the foreg0| ng

met al's, lasbandarnaften emplpeedras deet opatrolieys can Gpicelly baveprthisksespofwpa carrier
e S0t bteedii Siche), 0Bl ahh & 19wt 4Bl YodE1eB TSGR R AALOT 5’ of 10

enabl e data retrieval st orage subsequently

f-orm a laygssinalieftrides(e lgl slélcotamaideezﬂumemai nlhn)de,tdmdtotlcbm); odddsde.g,, Which
reflected Iight)

absor bs sufficient u of .,light .i..e. nci.dent and/ or.

at the W&V %Hnéﬁgltd ?%[’%é%ﬁsesﬂlw Wédegﬂ %C%Q}P%WS CRTBTIENE 1B, 4 | ayer
that al Ie,@msozﬁrbﬂ the tfb:&gmng)%iaﬁéims @ﬁiﬁ)h@@ihevlrria‘ferfalsoéﬁnﬁﬂh@ibree\fvitlﬂﬁtthéle | ayer of
about 50%.or greater can be enp with an initial percent reflectivity
of abouf"EKBEERt 25¢ 8%??%@%9%@#%%%% sHHOYNng Jayers.per cent refl ection of
about 75% or greater nore preferred. Once the nedia has been 11

The reflective layer(s) should have a sufficient thickness to reflect a sufficient amount

_ of energy (e.g., light) to enable data retrieval. Typically the reflective layer(s) can
~ have a thickness of up to about 700A or so, with a thickness of about 3004 to about
600A generally preferred. Possible reflective layers include any material capable of
reflecting the particular energy field, including metals (e.g., aluminum, silver, gold,
titanfum, and alloys and mixtures comprising at Jeast one of the foregoing metals, and

others).

The reactive layer, which comprises both a carrier and a reactive material, should
initially have sufficient transmission to enable data retrieval by the data storage media
device, and subsequently form a layer which inhibits data retrieval by that device (e.g-,
which absorbs a sufficient amount of light i.e., incident and/or reflected light) at the
wavelength of the laser in the given device). Typically a layer that allows an initial
percent reflectivity from the reflective layer of about 50% or greater can be employed,
with an initial percent reflectivity of about 65% or greater preferred, and an initial

percent reflection of about 75% or greater more preferred. Once the media has been
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14 Sept enber 2005 WO 02/ 075733 PCTI USO2/ 05050 exposed to oxygen, e.g., air,

for a desired period of tine (e.g., the desired all owalddeSepemper 26850f t he
nmedi a), the layer preferably conprises a percent reflectivity of about 45%
or less, with about 30% or |ess preferred, about 20% or |ess nore

pref err aglo oamerssabout 15% or | ess especially preferregerfassin € reactive
mat eri al s i nclude oxygen sensitive | euco or reduced forns of nethyl ene

blue, brilliant cresyl blue, basic blue 3, and toluidine 0, as well as
reaction products and conbi nations conprising at |east one of the
foregoing material; the structures of which are set forth as fornulas VI -

| X bel o C|C~HI | H
H et thgé‘He eﬁ%@"ﬁcﬁ fs8p 2 forﬁ éeﬁ]?‘ii ”’E"ﬁ‘fﬁgﬁ] |d¢?1“‘"ﬁ:l ﬁ@ _C N~ C ~C~
CEH | I : pllij] ﬂﬂre bf th|c|me’ﬂﬁﬁ) e ¥ prbfeth%lyﬁioniﬂnbisﬁtper&en{ refledtivitiEof ativd C' cG' C-d
~ t .

45% or less, w1th about 30% or less prefcrred about 20% or less more preferred, and

about 15% or less especially preferred.

Possible reactive materials include oxygen sensitive leuco or reduced forms of
methylene blue, brilliant cresyl blue, basic blue 3, and toluidine 0, as well as reaction
products and combinations comprising at least one of the foregoing material; the
structures of which are set forth as formulas VI - IX below:
o
N_ _C C i
CHy” ¢ ™

C\&

\

briliiant cresyl blue (VID

basic blue 3 (VII)
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basic blue 3 (VI) 12 14 Septenber 2005 WO 02/075733 HHHCH3 | | I~ H-C
--CCH3 11 1 I I HCSC', CNC-=CTH 3 | | H H tol uidi ne 1l September 2005

PCTI US02105050 Anot her possible reactive material conprises a dye which
re-oxi di zes over approximtely 48 hours without a UV coating. The

synt hesis: idation of this dye is shown below N.. CH3 N \ CH3
cH3 13 lfﬁﬁ@’@g%@z‘énber 2005 WD 02/ 075733 PCT1US02/ 05050%%@5[°ﬁ°od of

synt hesi s and t he oxygen dependent reoxidation to formthe colored form of
t he met hyl ene blue dye is shown below H3CHHCH3 | I I | CH3~ N --CH3

toluidine blue O X

Another possible reactive material comprises a dye which re-oxidizes over

approximately 48 hours without a UV coating. The synthesis and oxidation of this

dye is shown below:

N
) 7 “CH. -
. CH CH,
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1 I HCI I HHnmethylene blue NaBH4 b MOH 02 in air H3C HH CH3 |
L1 CH-- N\CCN-CH 311 1 111 3 1 1 | HHH M4 Sentenben2085t he
above reactive materials, numerous other dyes and |ight bl ocking
materials, can be synthesized to operate to render the data storage nedi a
11 m tedwvad@yors;ssor exanpl e, sonme other possibl e react pppyusBhsishal s can be
found in U S. Patent No. 4,404,257 and U. S. Patent No. 5, 815,484. The
reactive materials can further conprise a mxture conprising at |east one
of any of the abovenentioned reactive materials. The anmount of reactive
material in the reactive layer is dependent upon the desired life of the
data st | | of the W
coati ng%%%%t@?df%ﬁﬂeﬁﬁ?attgégk%gg{l%ﬁ&g%/ﬁ;ere%uﬂ%g tgi‘&g?g}g Aa%&(%(% 30p thick
WV coat ilewg ofitheemethponailuedyeisshownbelowat eri al in the reactive |layer can be
as little as about 0.1 weight percent (W%, wth about 3 w % preferred,
and about 434t % nore pﬁefe@fed based uponH'rChq{totaI yei gtﬂ, of the

reactive | ayer;l WI\IRE aneea} of re 1i ve terilal ‘Ibei ng about 10
W% witha e 1« é‘fdngdm Grpt b@@?\‘ec #npelrcand  about 5
"Wt % even nor ipr ferjed.l The reactive materi isl prdferably mxed with a

carrier fomdépdsintoncoOm m@nd/ or, Cdimar egnatm'o \¢ (i‘@q’ tcFeagt a portion of
" the surface of 't he subgf,t rate. Possible carri er% cqlrrpr'kllse t he thernoplastic

acrylic polyners pol yester resins, epoxy resins,
methylene blue

In addition to the above reactive materials, numerous other dyes and light blocking

materials, can be synthesized to operate to render the data storage media limited play.

For example, some other possible reactive materials can be found in U.S. Patent No.

4,404,257 and U.S. Patent No. 5,815,484. The reactive materials can further comprise

a mixture comprising at east one of any of the abovementioned reactive materials.

The amount of reactive material in the reactive layer is dependent upon the desired life
of the data storage media in combination with the oxygen permeability of the UV
coating. For a life of up to about 3 days, with a 2 to about 30p thick UV coating, the
amount of reactive material in the reactive layer can be as little as about 0.1 weight
percent (wt%), with about 3 wt% preferred, and about 4 wt% more preferred, based
upon the total weight of the reactive layer; with an upper amount of reactive material
being about 10 wit%, with about 7 wit% preferred, about 6 wi% more preferred, and

about 5 wt% even more preferred.

The reactive material is preferably mixed with a carrier for deposition on and/or
impregnation into at least a portion of the surface of the substrate. Possible carriers
comprise the thermoplastic acrylic polymers, polyester resins, epoxy resins,
- polythiolenes, UV curable organic resins, polyurethanes, thermosettable acrylic
polymers, alkyds, vinyl resins and the Jike, as well as combinations comprising at least
one of the foregoing carriers. Polyesters include, for example the reaction products of

aliphatic dicarboxylic acids mcluding, e.g., famaric or maleic acid with glycols, such .
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pol yt hi ol enes, LTV curable organic resins, polyurethanes, thernosettable
acrylic polyners, alkyds, vinyl resins and the |ike, d< Septermder 2005

conbi nati ons conprising at | east one of the foregoing carriers. Polyesters
i nclude, for exanple the reaction products of aliphatic dicarboxylic acids
i ncl udi R o733 fumaric or maleic acid with glycols, pepgbnidsdsd Sept enber
2005 WO 02/ 075733 PCT/ US02/ 05050 as et hyl enegl ycol, propyleneglycol,
neopentyl gl ycol, and the like, as well as reaction products and m xtures
conpri sing at Ieast one of the foregoing. Sone epoxy resins, which can be
the used as the ;ﬁ;’?am c resin, include mononeric, dineric, oligoneric, or

pol yner iag clyyisrgslyael.an ?mlen@gim%| nfopeptdakycdly and the like astwellogs reagbiexy f unct i onal
groups. .Fon, E%ﬁ‘m&ureﬁ@cﬁﬁ ane%%%&E Sr ik f{}hi uﬁéenol A and

epi chl oro n, or t pi THro rrnw nol - f or mal dehyde resi ns,
.and the Ii ke. O her organic resins can be in the formof m xtures of
pol yol efSomeaapdxyp sy, hvlokls camshecthe uasd wqthmrmicléeﬁn iatludé mohbiBeridPat ent Nos.

Forch, AP ARBPEENS o oDy P Bgeat &GP PGNP E e PURESH L hnol Ogy

Vol . 1, c}bdkt Fieli6e r&l] IFoh &k amplOehacMbh SifoductsSBNbis Iphéncl-AL9Ad, at pp. 246
et seq. the references C|ted therein, ‘and the like, as well as

conbi na@Pléhﬂ@TO@M@ﬂﬂ P%ihﬁgplﬁblotoéh@in witk phsnol- l@ﬂﬁﬁplé@@if%glsp@dyh%hlse The term
ther m)pb?l?e 0 cﬁsa%%r %Jnlls caH% esftbmfgf M&?ﬂepg{}ﬁl%]eﬂnfang%% hibe gﬂ)r ace w thin

its scope er nop ’Ss ners res He po ynerization of

one or- asmrowm:gr]wgaja,dﬂl m&neNom@‘Tﬁ% and3 69@#(])2 as nethacrylic acid ester
nononers. These nonomers are represented by the general formula X2 CH2 =

xa oa EXasiE TnchoBathe deBE boRines I8 Mt 3ot GRS Beycion8fa oL Lo

at ons. &pm}ume;ns@enc&lan@ TRY¥SIges vef. 1 @ltkﬁ&mﬂﬂé%ﬂﬁsl{eﬁ@ﬂﬁﬁﬁWlﬁ &y R5 include
nmet hyl , ethyl, n-propyl, isopropyl butyl, |sobutyl, sec- butyl,
tert - bubsms, {werw atpRodknetyea. Feibe referapces foided {eeein, SatHEbe Bk, Af ¢ | ng

XA &5 ks Bt ondCiribrRakaH 1IRRAFEE e RBLAAEIRHy f Or il & X

The term thermoplastic acrylic polymers, as used herein, is meant to embrace within
its scope those thermoplastic polymers resulting from the polymerization of one or
more acrylic acid ester monomers, as well as methacrylic acid ester monomers. These

monomers are represented by the general formula X:
CH,; = CYCOORs X

‘wherein Y is hydrogen or a methyl radical and Rs is an alkyl radical, preferably an
alkyl radical comprising 1 to about 20 carbon atoms. Some nonlimiting examples of
alkyl groups represented by Rs include methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, hexyl, and the like.

Some nonlimiting examples of acrylic acid ester monomers represented by formula X
include: fnethyl acrylate, isopropyl acrylate, n-propyl acrylate, n-butyl acrylate,
isobutyl aerylate, 2-ethylhexyl acrylate, and the like. Some nonlimiting examples of
methacrylic acid ester monomers represented by formula X include: methyl
methacrylate, ethyl methacrylate, butyl methacrylate, hexyl methacrylate, isobutyl

rneth'acry]ate, propyl methacrylate, and the like, as well as reaction products and
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I nclude: nethyl acrylate, isopropyl acrylate, n-propyl acrylate, n-butyl
aerylate, isobutyl acrylate, 2-ethylhexyl acrylate, afld $eéptembes 2085ne
nonlimting exanples of nmethacrylic acid ester nononmers represented by
formula X include: nmethyl nethacrylate, ethyl nethacrylate, butyl

met hacr yadsrshaexyl netbacryl ate, isobutyl net hacrylp@ﬁusogfg,gyl
met hacryl ate, and the |ike, as well as reaction products ang

Sept enber 2005 WD 021075733 PCTI US02/ 05050 conbi nati ons conpri SI ng at | east
one of the foregoing; with poly(nmethyl nethacrylate) (PMVA) preferred.
Copolyners of the above acrylate and nethacryl ate nononers are al so

i ncl udecombinbtions comprisisg anledsesmempliasibiegoiag with golyplcsybmsthacylate) appear s

her ei n. ol yneri zation of the nononeric acrylic acid esters and
nethacr%ggg&gﬁﬁﬁ%%g{ers to provide the thernoplastic acrylic polyners
maybe acconplished by any of the known polynerization techniques. The

t her mplc&}gblgﬁmﬁ,%iy{hbcw@% VBt RAY ifd@hRrylRé Finom@isehirRdfsoRIcR@bd ar wei ght  of
about 30 greater are generally preferred. In order to enhance

adhesi ovitin tihe e cthemmoplasiier aordict pelysietss a6 aite apReatsr ibprsin. rra'yrh%e enpl oyed

ther Ebe&%\gﬁn@n%apaﬁ of Hﬁ)ﬁhﬁgﬁd g er?l?c{/ éégi& %SIQI% la%ﬂ%@tb#iﬁ{cuzlm@ Jers

I ncl ude honopol yner's romasin acryllc acid
ester pmm:h:ﬁhq thmmdparsmyharg]idnnmpﬁk yagbs ami:empudﬁdﬁ)y(any af the kgdven t ype of

met hacryljc acid no mar copol.ynmer |vedfromtwo [ nore

G 1 or e HPVRERIPR GBSy ohie. GHOTERLY FE0be FOMATS HGVOF ct SFEbhet hacr y1 i
~acid eshﬁrragmﬁm&ﬂ@fa?we%t SNbakt 30,000 g’#rﬁbld)r fe?ére@@ﬁl@ﬂﬁ{ réfeffle® Methacrylic

acid ester nononer; and the I|ke as wel conbi natlons conpri sing at

| east one of the f or egoi ng primers. Mxtures of two or nore of the
af or ede8tPidgle PhuicaEhesion ¢f the Fepriive Pusryerdhessubgirate, a primes 183Y Bore dif ferent

acryli C?,?Bl@éao'tﬁéfé%ét%veeﬁmgﬂf]ompo fafRpAkdd %&?PE\A&% ‘ﬁseféP@? i $. two or

nore different nethacryli yrrers nor e met hacrylic

copol ynisckide: arﬁcadncylhqrnombmmmldynmd frov aasmima«pcwfl wryicnapdleyierer, an

acrylic oI yne nlﬁi net hacr L ho ol ymer and a
et hacr GO g gy e Poibponngy pofred e E ks T S RUMREMRERR T &
honopol eermonomer; copolymers derived from two or more different acrylic acid ester

monomers, two or more different methacrylic acid ester monomers, or an acrylic acid

ester monomer and a methacrylic acid ester monomer; and the like, as well as

combinations comprising at least one of the foregoing primers.

Mixtures of two or more of the aforedescribed thermoplastic acrylic polymers, €.g.,
‘two or more different acrylic homopolymers, two or more different acrylic
copolymers, two or more different methacrylic homopolymers, two or more different
methacrylic copolymers, an acrylic homopolymer and a methacrylic homopolymer, an
acrylic copolymer and a methacrylic copolymer, an acrylic homopolymer and 2
" methacrylic copolymer, and an acrylic copolymer and a methacrylic homopolymer,

and reaction products thereof, can also be used.

Optionally, the reactive layer can be applied to the substrate using various coating
techniques such as painting, dipping, spraying, spin coating, screen printing, and the
like. For example, the reactive layer can be mixed with a relatively volatile solvent,
preferably an organic solvent, which is substantially inert towards the polycarbonate,

1.e., will not attack and adversely affect the polycarbonate, but which is capable of
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and reaction products thereof, can also be used. Optionally, the reactive

| ayer can be applied to the substrate using various codtl$eptemben20f8bes
such as painting, dipping, spraying, spin coating, screen printing, and the
| i ke. For exanple, the reactive layer can be mxed with a relatively

vol ati | ewe@twvsm, preferably an organic solvent, whi ¢fpisSeeiRgt antially

I nert towards the polycarbonate, i.e., will not attack and adversely

af fect the polycarbonate, but which is capable of 16 14 Septenber 2005 WO
02/ 075733 PCT/ [ TS02/ 05050 di ssolving the carrier. Cenerally the
concentration of the carrier in the solvent is about 0.5 weight percent
(Wt %9 ordiggplyangethe cairich dizootllyl thet Smomtgi@atLthepragiaeringbe solwhitlie t he upper

range of .t he. pol r is 25 W % Wi t.h out., 15 w % pref er.red.

! oS0 LD et perai SO of Beebleg il el OV 27 st BRREETHY, co

di acet atvghile thalinspey einp@bpPihe pblmet RVMBHutSkARR) vaith Atk 1961% ipkderreline reacti ve
| ayer nmay al so ojpt lonally contain various additives such as flatting

agent s, Bampie 0latme SUBN tosganich it pridudgg elylene aghypol éacptriee, and
reaCt'O%S&gg%h%toﬁth@%ﬁlga‘ﬂ%ﬂ'bfé%ﬁmi onprising at |east one of the

f or egoi Itives. I ckness of the reactive |layer is dependent upon
the particular reactive material enployed, the concentration thereof in
t he readtieveacting daver arny alére optemiaile donthinovayions additivesr sush easi 8atiiegs of t he

| ayer both. initially and after a .desjired rigd of ,tine. Th reactive
ayer caomuti aivichied bGP RRtE0 B ey el pofre, “about 0. 5
tt prebed c@shinaiods edsptsing.af feast 0B¢ 6 the Rireofrpthdditved. he upper end, the

t hi ckness can be up to about 50 it or greater, with up to about 25 It

preferred, .and up .to about .15 re referred,. For exanple,. jn order to
D tai n e PR oo Eatve arr BelPpiiey P SR USHET TFEART PP hyer of about
50% or %ﬁﬁf/&g tchneerRa6E Mereb Tl @6 dadiive/1a9kr, RRPME RBUPGULsdfEen after 24
hours, the lTayer preferably has_a thicknesS of about 1 Et to about 25 ,

with ablrcteristicsgof Gie dnysntboftoingiakly cang raficrsr despped periedeaf timge Fheot ect i ve
coatin iGgh is di er.sed on or i e ed int t..] eas ortion of
e st ihet B h B R R ERT oY ATRBGHVEH bl i R 0 84POL L0 B

of f or MpRfbrred, and about 0.75 p more preferred. On the upper end, the thickness can be up

to about 50 p or greater, with up to about 25 p preferred, and up to about 15 p more
preferred. For example, in order to attain an initial percent reflectivity through the
reactive layer of about 50% or gfeéier and a percent reflectivity of about 30% or less
after 24 hours, the layer preferably has a thickness of about 1 i to about 25 H, with

about 1.5 p to about 10 t microns more preferred.

The protective coating, which is dispersed on or impregnated into at least a portion of
the reactive Jayer, can comprise any UV curable material which is capable of forming
a layer penetrable by oxygen and which does not substantially interfere with the
~ transfer of light through the media from and to the data retrieval device {e.g., that is
substantially transparent at the wavelength of light utilized by the device, and/or
which allows a reflectivity from the media of about 50% or greater, with a percent
reflectivity of about 65% or greater preferred and a percent reflectivity of about 75%
or greater more preferred). Possible UV curable materials include acrylates (e.g.,
thermal cross-linked acrylates, and the like) silicon hardcoats, and the like, as well as
reaction products and combinations comprising at least one of the foregoing materials.

Other examples of UV materials are described in U.S. Patent Nos. 4,179,548 and
17




a |layer penetrable by oxygen and whi ch does not substantially interfere
with the transfer of light through the nmedia fromand 1dSeptembar 2005
retrieval device (e.g., that is substantially transparent at the

wavel ength of light utilized by the device, and/or which allows a

refl ectiwplyefssam t he medi a of about 50% or greater, Wdhy@ReEFent
reflectivity of about 65%or greater preferred and a percent reflectivity
of about 75% or greater nore preferred). Possible Wcurable materials

i nclude acrylates (e.g., thermal cross-linked acrylates, and the |ike)
si-licon hardcoats, and the like, as well as reaction products and -

conbi nat4 mssoeorrsbmgmaaax%oiyﬁﬁs@ﬁor@mc@faté %nf)ﬂlé:%giﬁb]'ﬁﬂe R %&mﬂfﬂ Q her
exanpl-es of UV materials aré describ in US. Patent. Nos. 1’79 548 and
17 14 s&m@ﬂﬁe%ofzb%w@awpmmxdmat@@@; 05050 4, 491, 508. Sorre usef ul

pol yfunctional acrylate nononers include, for exarrpl e, diacrylates of the
for mul as, cgﬁl ectlvel<yﬂ3de3| gnat ed Xl : CI—|3 CH3 H2C=CCOO- CH2- GOCCCH2,

H2C=CH H3 Cl H2C= CHOHCH2- OOCCH= CH2,
H2C- cc1366™ E‘ESQZ)% 086%?@112 ocfa‘%:—cﬁﬁﬁ"oﬁéf %ngﬁz 2 CH2- CH- CH3,
H2C=CHCOO- - ([ J - OOCCH=H2, HZC—CHCOOtrlacrdq ates of th@‘Hj or mul as,

OOCCH=CHg¢ =ehi@o— E)CChbHR,-Gden—=

HZC—CH%--CHZCHZCHCHZ 060014::::% HJ ﬁ%ﬁgéd%“o C=Ce--oH, o =
OQOHCHC- CH2 C H20H H2C- - oaiCRy, CH2- - f -CH2-- OOCCH==CH2, CH2---0O0CCH CH2

tetraacryl ates, of rf hey! 2.

CHs Br

: H2C=CHCOO-©*00CCH==CH2, HZCmCHCOO@OOCCHzmz, efc.;

triacrylates of the formulas,
HzC-'_'-CHCOO """'CHzc'Hg'CHCHz—OOCCH&*CHz, H2C=CHCOO"CH2_—C '—“CHZ—"CH:3,
CHy===0OHCHC—CH,

CH,0H
H,C==CHCO0 —CH,—C—CRy—~00CCH==CH,, CHy
CHZ—-OOCCH—._—CHZ @
H,C—CHCGO OOCCH=—=CHj, cic.;
tetraacrylates of the formula,
CH/==CHCOOCH,

. H2C~——CHCH00-—CH;-—-C’H—CHZ-—-OOCCH_—__CHz,

CHz==CHCOOCH;
on
H,C—CHCOO —CH,CHCH—CH,CH—00CCH===CHj, ctc.
CHB—=CHCOO—CH, CH,—00CCH=—=CH,

X3
Although the UV coating may contain only one of said polyfunctional acrylate

monomers, of a mixture comprising at least one of the polyfunctional acrylate

monomers {and the UV light reaction product thereof), preferred coating compositions
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CH2HOOOCH3 H2C- CHCHOO- CH2- - C - CH2- OOCCH=CH2, = CH2HCOOCH3 OR |
H2C- CHCOO- CH2CHCH- - - CH2 C H- 000CH=CH2, etc. CHI =CHCOO1@rPeembet2aps CH2

Al t hough the UV coating may contain only one of said polyfunctional
acrylate nononers, or a mixture conprising at |east one of the

pol yf uno¥e aaeb73acryl ate nononers (and the UV |ight reegusees@soduct
thereof), preferred coating conpositions 18 14 Septenber 2005 WO 02/075733

PCT/ US02/ 05050 contain a m xture of two pol yfunctional nononers (and the W
- light reaction product thereof), preferably a diacrylate and a triacrylate
(and W light the reaction product thereof), with m nor anmounts of

moNO- acrash@lifh iaete o LRAPIIYGHRhallMARASEnd ORIV ARIAktiof BBaldy. coaling can
conprise nonacrylic UV curable aliphatically unsaturate rgani ¢ nononers
i n amouribgeef) rreferablyr disgylatessndfa trherylate(ané AN\Ulightctbatdantport pratiudtnc| udes, for
exanpl e, eci:al s vinyl pyrrolidone, styrene, .and the |like, and
react i oﬁh%ro ug'z?ttis1 gdﬁﬁdrcgné?rgéatéfg#sm @3&9’%‘%%&‘?&? pégg@agdgstwesf he

f or egoi Mdptivadlly i the SUVVbe@ning hen\\eomyitse B6TPIHIi6 egVacifadle Ushaficafigr v at e
nononers, it ig Eggﬁeferred that the ratio, by weight, of the diacrylate to
the tri ZBFAHEEE HETKIBRIOMB GorpepnshBRito gkt 80 Wiks ehfheaimguie UVir es” of

di acryl abgingankhat ixchiles, Yhdx@spleNGlcH SutdHaXt N AE Sindlf cghedl Lacrylate with
pent aer yt hr,igt ol triacryl a}.‘t e,p eF1e>?aned_i ol di aglp&pﬁgﬁ%héﬂe??’%%‘?hyl ol propane
t ri acr yfhgt Bke, gindtiegationerypgusts anfl aeminaticns wionriprigieptaideast lone tafl the t ri acryl at e,

and di efl :ﬂ}gg diacrylate wwth trinethyl ol propane triacrylate, and
the [|i E(;e}gé %}%ﬁég%ati ng can al so conprise a photosensitizing anmount of

photoinitiator, i.e., an
When the UV layer comprises a mixture of acrylate monomers, it is preferred that the

ratio, by weight, of the diacrylate to the triacrylate be about 10/90 to about 90/10.
Exemplary mixtures of diacrylate and triacrylates include mixtures of hexanediol
diacrylate  with  pentaerythritol  triacrylate, hexanediol diacrylate  with
trimethylolpropane triacrylate, diethyleneglycol diacrylate with pentaerythritol
triacrylate, and diethyleneglycol diacrylate with trimethylolpropane triacrylate, and the
like.

The UV coating can also comprise a photosensitizing amount of photoinitiator, i.e., an
amount effective to effect the photocure of the UV coating in a non-oxidizing
atmosphere, for example, nitrogen. Generally, this amount comprises about 0.01 wt%,
with about 0.1 wi% preferred, to about 10 wt%, with about 5 wt% preferred, based
upon the total weight of the UV coating. Possible photoinitiators include blends of
ketone-type and hindered amine type materials that form suitable hard coatings upon
exposure to UV radiation. It is preferable that the ratio, by weight, of the ketone
compound to the hindered amine compound be about 80/20 to about 20/30.

Ordinarily, about 50/50 or about 60/40 mixtures are quite satisfactory.

Other possible ketone-type photoinitiators, which preferably are used in a
nonoxidizing atmosphere, such as nitrogen, include: benzophenone, and other
_acetophcnones, benzil, benzaldehyde and O-chlorobenzaldehyde, xanthone,
thioxanthone, 2-clorothioxanthone, 9,10-phenanthrenenquinone, '9,10-anthraquinone,

methylbenzoin ether, ethylbenzoin ether, isopropyl benzoin ecther, o,0-
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amount effective to effect the photocure of the Wcoating in

non-oxi di zi ng atnosphere, for exanple, nitrogen. Generd1$6}ptemﬁhes2§ﬁﬁunt
conprises about 0.01 wt' %, wth about 0.1 mt% preferred, to about 10 w %
with about 5 wt% preferred, based upon the total weight of the UV coating.
Possi bl aveteazemsmi ti ators i ncl ude bl ends of ket one-typerggdokisnder ed am ne
type materials that form suitable hard coati ngs upon exposure to W
radiation. It is preferable that the ratio, by weight, of the ketone
conpound to the hindered am ne conmpound be about 80/20 to about 20/ 80.

O dinarily, about 50/50 or about 60/40 m xtures are quite satisfactory.

Ot her pdsgiokyaectkgteome; t g pelipbiboxjanitephataes, 1-plenghl %tpeﬁp@neﬂwﬂ-w e used in a
nonoxi dj zi ng at nrosphere, such as nitr i ncl.ude: n one, and ot her
acet ophB#B ?Dgé”“"é)"eﬁzfi‘ ﬁlm%@%wﬂ@wla@t%% ’@sE‘T‘ﬂ%@‘%@ﬁ?‘é&@’éﬁ&‘ﬂi& €xant hone,

t hi oxang

9, 10- ant raggﬁcﬁg%de%%a%(ﬂﬁgygggﬁ ﬁcg?%ﬂat%g? %3 ben OP %Héie(?%(rab? ithﬁl sopr opyl

benzoi nfoet¢gomg phatomitif®ord4 Sept enber 2005 WO 02/ 075733 PCTI US02105050
.di et hoxyacet ophenone, a, a-di net hoxyacet ophenone,

1- pheny. pro anedj ol - 2- 0+, benzay '
a, a-di rrtlfehgi age pwg%)?}sgcoé)figﬁ)%}é’oﬁ%n,pn %ggeéﬁg% er(‘)ti’l 1 rface ac‘ﬂ etzﬁemfl ke. Further
i ncl udemx@rrep;é efehts,UVpLigituaiigliang (00 ddsarbérs mmﬂ/occsmhﬂlmrsngxcht asl east one of

the foregaoing photoini t| ators. The ayer \ opt i o ally conprise
flatti rrgsoaaaﬂt@on%hsv%%e Zgeethy] gesgappl i eﬂ?ﬂ?%%%@ﬁi'qﬁgém‘@ BV | i ght

stabi | | z&ftsnatib %%f?&p?)f(ﬁlu@t@ddo gn§ﬁ1§bzlt| 4L SheSHE kh@?ore%l ker RSO CTHO!

nonobenzoate, 2-nethyl “resorcin benzoate, and as well as
conbi naﬁttabﬂmrsr@adm pmsept darc asount st ipy e ‘Webght tof shrevashradndVt or egoi ng.

The stabll a t sed upon the wei ght of the
uncur ed? 3(5{/0 E(F ?8”%’ epe{a%y% V\ftfﬁ/ﬂ tgggé{gt% 'bout 3 W% to about 15

wt % Havi ng rret the defeatability test, I|mted play data storage nedia
vvi_ th a Hzeza'x(gm&tehé dofentabilfte tegyt, Jinﬁmﬁylwmtarsydragmnﬁﬁmwjﬁhatr@)cm@hmr met hyl ene

L R es SRl ey e eu e B DALY LY o ROPNRR Y- PO
topcoat were tested for playability. Upon initial exposure to oxygen, the disc was
playable. During longer exposure to oxygen, the disc gradually tumed blue as the
leuco methylene blue was oxidized and uitimately became non-playable. This was
surprising since nearly all UV cured acrylic resins are crosslinked materials, and a
variety of cross linked materials are known to be barriers to oxygen, and since the
protective layer could be UV cured without causing the reactive layer to oxidize
prematurely. For example, transparent barrier coatings applied by electron beam
evaporation have recently been reviewed (ref: Proceedings,- Annual Technical
Conference - . Society of Vacuum Coaters 1998, Soc. of Vacuum Coaters,
Albuguerque, NM, USA. p. 424-428). If oxygen could not diffuse through the UV
topcoat to the leuco methylene blue in the reactive layer, oxidation of the leuco

methylene blue would not occur to form methylene blue which is required for limited

playability, as described above.

A second benefit of having a UV cured topcoat was discovered, as follows. The rate
of oxidation of the leuco methylene blue to methylenc blue was determined by
measuring the percent reflectivity of coated discs. The percent reflectivity is related to

the amount of incident light, arrow 10, that is absorbed in passing through several
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pl ayabl e, During |onger exposure to oxygen, the disc gradually turned bl ue
as the |euco nmethylene blue was oxidized and ul ti mat el $epiember 2005
non- pl ayabl e. This was surprising since nearly all UV cured acrylic resins
are crosslinked materials, and a variety of cross linked naterials are
known t ovbez/dramsi ers to oxygen, and since the protecpeyesdhay@t coul d be UV
cured without causing the reactive |layer to oxidize prematurely. For

exanpl e, transparent barrier coatings applied by electron beam evaporation
have recently been reviewed (ref. Proceedi ngs, Annual Technical Conference
- . Society of Vacuum Coaters 1998, Soc. of Vacuum Coaters, Al buquerque,

NM  USA Jafes, %ﬁa PMN1A%E GRetB bR fayEh, }‘aé USGwd I Rg@R 4.NendV  topcoat

to the leuco nethylene blue in the reactive |ayer, oxidation of the |euco
met hy| erfsrasptyellegsviteis fstraidnefurangmited Hightnaraw | Zneinoldest light.ch is required for
limted playability, as described above. A second benefit of having a W

cured topcQate Mas,di V: . e f.e f oxidation of the
| euco et hyﬁlteene @i%}g%?% lﬁgt ;fi2?1g;’@%cglmémggﬂge‘?éet%nﬁebgmb%e arrr%oe‘llélgri ng the

per cent of &ghtgefléckidtfonntheabatietn didas.in Thatapedregnihedieid redidedisinge i s r el at ed
t of,.in bsorhed i n passing

to the _anmo i dent light, arrow_10,. that i

t hr ough t@e‘%}gtﬂgfzn%“ﬁﬁ’a@éE?ngsofﬁégmﬁﬁf é?/*wgeféﬁn‘;@%ﬁ@%baﬁse%o | ayers,
i ncl udi mgical RivblsllcareQesimtibylownenHisife BavLs PMMARRRW it EiBIEE 2. The
percent reflectivity is the ratio of transmtted |ight, "arrow 12, to

‘i nci dentogtingRp a dag siprmee medishy| ene bl ue is forned by oxidation of |euco
net hyl ene bl ue, the anount of light reflected fromthe al um num surface in

a data deonpfs o TRlica-g _Ja@dds%g% dai;,agg,qt wumg uz%ﬂ;e{b%;\k% }{3{/&]&0 H@@Efi s formed

absorbs sone of the incident l'ected I'ig ypi cal Kinetics curve
resul t pecentosltectivityFogarpsriad obtine Ny the diwitedgtidyydaa stoldgaenediznat i ng on a

data stQrage.,nedia. ldeally fqr a limted-play.data stqrage nedia, it would
 be desi g’gﬁgep 1?)6%%6\?8%?0’? ggesrygype B}efj%tg Or?%f f")é@ i RIS ‘@E?P%é’vg&ri od of tine
SO t hat havirg 4 iveiytldgh perasht defleatisito (g Caniddiial pevseul SRkt JIRPREADI Y in every
type of ;at a storage nedia .player terpatively,
75% or greater), with a mantained percent reflectivity of about 65% or greater for the
desired period of time, meets the most customer requirements. As shown in Figure 3°
above, percent reflectivity falls immediately as leuco methylene blue in PMMA is

exposed to air.

Surprisingly it has been found that when a UV topcoat is applied to a PMMA/lecuo
methylene blue basecoat, the time is extended before the percent reflectivity begins to
fall relative to a basecoat that has no topcoat, shown below. Thus high reflectivity is
* maintained longer so that playability in a data storage media player can be gnaranteed
for a Jonger period of time. Specifically, it has been found that some types of data
storage media players do not play data storage media when the percent reflectivity is
45% or less. In Figure 4, it can be seen that when there is no UV topcoat on the
PMMA/leuco methylene blue basecoat, the percent reflectivity reaches 45% in about 1
to about 2 hours whereas it takes about 4 to about 8 hours when a UV topcoat is

present.
EXAMPLES

Example 1
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having a very high percent reflectivity (e.g., an initial percent
reflectivity of about 75% or greater), vmth a mai nt ai rfddSertenber 2005
reflectivity of about 65%or greater for the desired period of tine, neets
t he nost customer requirenments. As shown in Figure 3 above, percent

refl ectiwooyokakl s i nmedi ately as | euco net hyl ene bl upcf,ﬂsdg)}{g@oi S exposed
to air. Surprisingly it has been found that when a UV topcoat Is applied to
a PMWA/ | ecuo nethylene blue basecoat, the tine is extended before the
percent reflectivity begins to fall relative to a basecoat that has no
topcoat, shown bel ow. Thus high reflectivity is nmaintained |onger so that
pl ayabi | THisexampk ddstribesprepangion wE IMM pllaye metyienbblug waatmgtseladon.f or a | onger
period of time. Specifically, it has been found that sone types of data

st orage do, no stora n the ercent
refl ect |A\/T|g@§@?r£&a%§%?n é“sih"g?’% éfvaipr‘? r“’ég’% aggm\ég@ngr?’ﬁﬁf’ when there
i's no UEN#heaato ﬁayt(h%zhyPMWat@Ia@eg from mrydosma:rﬁicueo @@B%ﬂﬂé of the percent
reflectivity reaches 45%in about to about 2 hours ereas it takes

about 4 I AFFEPEN R SoifiseRd solline prparlar mill o sHefdivsoluVBES Exanpl e |
21 14 S@@:h@@ﬂ)%s @Q@%ﬁé@t%/ﬂ%ﬁ%ﬁ% 't@%@@rft 3608 QunfRi S @EPJR? oflescri bes

preparation of co et | ue coating solution sol ution of
PMVA i nnitrogen hex passed opirts Swme of dxascdationy Hutddesgpraieéd gwlamml whs Elvacite

et hoy PIBPURA e T Bob Rl B PR s ER o Ted PP oePBRCT r et

di ssol utsifga cabiela tsel ution was transferred to a flask and heated to about
80 C while a slow streamof nitrogen was passed over the surface of the
solutio The d aerqa}t ed_solution was,. transferred usin nltrogen pressure

Lo a doAdSR B Bae 1 e ead R TP BB e arﬁfamfs?f?faetay &nnul a tube. A
I euco ”Bﬁle‘!xlxlﬁrﬂﬁtcbc‘ln'dQ) S04 rhthi Qf‘baﬁfgyﬁoﬁuﬁﬁﬁ"&%@d%t hils B8] -hetholtyAME  Of
nmet hyl ene blue trihydrate and 80 granms of canphor sulfonic acid with 40
grams ofprerapet MaydPO-mL flask equipped with a rubber septum. The stirred mixture was

heated in a 90° C water bath while a stream of nitrogen was passed into the flask using

syringe needles for both the nitrogen inlet and outlet. While hot, 4.2 milliliters (L)

of tin (I) 2-ethylhexanoate was added by syringe to reduce the methylene blue to the

dark amber leuco methylene blue. To the solution was added 0.6 mL of polyether

modified poly-dimethyl-siloxane,

To make the PMMA/leuco methylene blue coating solution, the leuco methylene blue
solution above was drawn into a syringe and then injected into the PMMA solution

after having been passed through a 0.2-micron syringe filter.

Example 2

'This'example illustrates the preparation of a disc with the PMMA//leuco methylene
bhie layer. Approximately 3 mL of the Example 1 PMMA/leuco methylene bhie
coating solution was applied as a ring around the inner diameter of a DVD held on a
spin coater. Afier spin coating at 500 rpm for 60 seconds, the coating was tack-free
and essentially colorless (e.g., a percent reflectivity of about 65%). The disc was

placed a DVD player and was completely playable.

Example 3
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2propanol in a 100-nL fl ask equi pped with a rubber septum The stirred
mxture was heated in a 90 C water bath while a strearfdobeptemben@i0bas
passed into the flask using syringe needles for both the nitrogen inlet
and outlet. Wile hot, 4.2 mliIliliters (nm) of tin (Il) 2-ethyl hexanoate .

was addewohyomyisi nge to reduce the nethyl ene blue to pbhgys@akds,anber | euco
nmet hyl ene blue. To the solution was added 0.6 niL of polyether nodified

pol y-di net hyl -si | oxane. To nake the PMVW | euco net hyl ene bl ue coati ng
solution, the | euco nethylene blue solution above was drawn into a syringe
and then injected into the PMMA solution after having been passed through

a 0. 2- M eOfpaftd rdlﬂ%gﬁor}c] 'El)sral%f)}e ﬁ@mllcﬁvea 1d Rlafid & ﬁﬁﬁpieﬁt j’(:’OWéJﬂ'&lﬁ‘fgﬁi rt he

preparation of a disc with ]euco et
Appr oxi riiriag whirbrimeéverage p@ca'rtpti&ctmmmmmedmt Yayloestmbs usng €£oat i ng

solutio ar ou r f .. DVD held on a
spin cog% %&P@Fég‘ﬁﬁﬁs C ?%gogtgcaggﬁf( qf)stlﬁr ‘g ége B%r(‘fﬂﬁcfgﬁ i coat i ng was
t ack- fre;eoppamdlm&emm&l dist 100k Fb@SEsehBally. coldeREloLY. Aﬁér'tﬁélﬂlbdll ty of about

65% . The sc.was . placed a DVD pl ayer. and was conpl etely abl e.
Exanpl e Pgd S)EBI!LZP b Sererhisrt 1 el ’\‘/\B’%ZF‘U?@‘?%BMDWIGSM/P@HO'B@ %N@ycoat ed disc

from Ex I kgt room conditions during
YIRLE e 2., WRiR Hag‘gﬁgrctﬁrg ]grrsﬁeeg{[?ﬁw BT 1 6L

whi ch timeé average per ty was measured at various tines usi ng
a Dr. Schenk PROTeteus MI-136E optical disk tester. As the percent

ref | ect iBxample 4r opped the col or of the disc turned fromessentially
colorless to blue. After the disc had been in air for about 1. week, it

was Ver&j‘hﬂ' I%dm‘!}ﬁ}é'teg Bt 'd%ogeélg(i‘eﬂ[)ﬁxajépﬁeﬁ an€ 3% detel ﬁ;l‘é' sc_had a

per cent ref |V|ty I's éexanple rrrustrates that
t he di sﬂ’hdéﬂw:r a'hbcen}omnEEamprBewasthmd i amldmﬁnaaf abpasts byThexng of disc from

ol each EAEARIEER Bod fufgh bvoveiatl droitel s anee iom & 146 BHRERo1 ut i on
ovemight, the disc was again colorless (i.e., a percent reflectivity of greater than about
50%} and the coating appeared to have been removed. Another disc prepared in the
same fashion as the one in Example 2 was placed in a closed container above a bleach
solution. After standing overnight, the blue color in the PMMA coating was gone,

Both dises were completely playable in a DVD player.
Example 5

This example illustrates preparation of a PMMA/leuco methylene blue layer and UV
coated DVD disc. A solution was prepared as in Example 1 except the following
quantitites of raw materials were used. Note: Elvacite 2008 is a low molecular

weight version of poly (inethyl methacrylate).

PMMA Solution grams
.Dowa.nol 579.0
Total Elvacite 157.5
Elvacite 2008: 118.1
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overnight, the disc was again colorless (i.e., a percent reflectivity of
greater than about 50% and the coating appeared to hd#cSértembee2006d.
Anot her disc prepared in the sane fashion as the one in Exanple 2 was

pl aced in a closed contai ner above a bleach solution. After standing

over ni glwo ed/d1e73bl ue col or in the PMMA coating was gongetu&ebisegli scs were
conpletely playable in a DVD player. Exanple 5 This exanple illustrates
~preparation of a PM MN | euco net hyl ene blue | ayer and UV coated DVD di sc.
A solution was prepared as in Exanple | except the followng quantitites
of raw materials were used. Note: Elvacite 2008 is a | ow nol ecul ar wei ght
ver si on BWacfebyiof net hyl nmet hger yl ate). PMVA Sol uti ongrans Dowanol 579. 0
Total - El vacitel57.5 Elvacite 2008:.118.1 23 14 Septenber 2005 WO 02/ 075733
El vacite 2010: 39.4 Dye Solution nmethylene blue trihydrate 8.09

canphor MeSeMtONaci d 3. 02 Dowanol PM 161.21 stannous octanoate 18.74
BYK-301 1.58 PCTI US02/ 05050 The solution was used to apply a PMVAI | euco
et hyl engubidie bRRIsERPdtct 0 8 dOVD the sanme as in Exanple 2 except the discs
were spun at 500 rpm for 3 seconds and then at 1,000 rpmfor 7 seconds.
The average coating thickness was 2.6 mcrons. After one of the discs with
t he PMvEITRhpeficRgidene bl 3d2basecoat had been stored overnight in a

ni trogen chanber, UV resin, a mxture of acrylates comonly known

Dowanol PM ' 161.21
stannous octanoate 18.74
BYXK-301 1.58

The solution was used to apply a PMMA/leuco methylene blue basecoat to a DVD the
same as in Example 2 except the discs were spun at 500 rpm for 3 seconds and then at

1,000 rpm for 7 seconds. The average coating thickness was 2.6 microns.

Afier one of the discs with the PMMA/leuco methylene blue basecoat had been stored
overnight in a nitrogen chamber, UV resin, a mixture of acrylates commonly known
as Daicure SD-640 (commercially available from DaiNippon, Inc., and Dic Trading,
USA, Fort Lee, NJ) was applied to it in the manner described in Example 2, spun at
1,000 rpm for 3 seconds, and passed under a UV Jamp.

The kinetics of oxidation of a disc with just the basecoat and that of another with the
- UV topcoat on the basecoat were determined in the manner of Example 3. The results

are shown in Figure 4.

Example 6

The two discs from Example 5 were subjected to the bleach tests described in
Example 4. The disc with just the basecoat failed the bleach test just like the disc in
Example 4. However, the disc with the UV topceat did not lose its blue color when
immersed in bleach or when it was exposed to bleach vapors. In addition, it was not
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as Daicure SD-640 (commercially available from Dai Ni ppon, Inc., and Dic
Trading, USA, Fort Lee, NJ) was applied to it in the fdrPeptechbec2D88d in
Exanple 2, spun at 1,000 rpmfor 3 seconds, and passed under a W |anp.
The kinetics of oxidation of a disc with just the basecoat and that of

anot her we on7st328 UV topcoat on the basecoat were deterfrusedsdsqt t he manner
of Exanple 3. The results are shown in Figure 4. Exanple 6 The two discs
from Exanple 5 were subjected to the bleach tests described in Exanple 4.
The disc with just the basecoat failed the bleach test just |like the disc
in Exanple 4. However, the disc with the LTV topcoat did not |lose its blue
col or wplpablé maP¥é@dplayerb Tbachusmtenkian thetcomwad Dddpestadhe GVidoetiggh vapors. In
addition, it . o N 4..14 Septenber 2005 WO 021075733 PCTI US02/ 05050

pl ayabl Béﬁsﬁtgg%hp&geﬁé}’{h%‘l‘ﬁﬁs illustrates that the coated DVD with the WV
coating passes the bleach defeatability test. The use of a Wcoating in
conmbi nathensevdftalUd co/ingtih v@nbiBitinivikh £ aAcbe maath] ban belsed tomulky | ety of
limted-use og}e]i,cal medi a devi_ces by adjusting the thickness/density of the
UV coat ?Ngrety pllirpied-vsg opbeabmagiaeyicesbysidiusies @e dickngss/dsasiy)fths ed as

desi r edypMyati ' : -and described, various
nodi fi cati ong&’g{ﬁ?eggigﬁlﬁé?@g}n@ﬁ%@s %\Arq})g%gﬁ?[ﬁg?%q%r%&t hout departing from
‘the spirit and scope of the invention. Accordingly, it is to be understood
t hat t h&hie gsaderred embodiniests haaie bermohowd @nd dedosbied) yawey mddifidationst r at i on onl y,
and such 4 | rations _an nbodi nent s. as _..h n _.di scl osed- herein are
ot to 5 iRk A e e HERES bBBhCocB g om B SR REBRESE 5005 o
02/ 075788 ilReAtNGO 24 otk )Wk té Be Ghderdt@d that the present invention has been

described by way of illustration only, and such illustrations and embodiments as have

been disclosed herein are not to be construed as limiting to the claims.
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CLAIMS: 1. Alimted play optical storage nedia, conprising: an optically
transparent substrate; a reflective layer ; a data st orldgeeptember @808posed
bet ween said substrate and said reflective layer; an oxygen penetrable U/
coating disposed on a side of said substrate opposite said data storage

| ayer; awmoloso7smacti ve | ayer di sposed between said W geatisngs@nd said
substrate, said reactive layer having an initial percent reflectivity of
about 50% or greater and a subsequent percent reflectivity of about 45% or
less. 2. Alimted play optical storage nedia as in Claim1l, wherein said

- substrate is Plastic. 3. Alimted play optical storage nedia as in Claim

2, wher eyyRaSakbidinRlagstic conprises at |east one thernoplastic having a
glass transition tenperature of about - 100C or greater 4. Alimted play

opti cal stora?e media as in Claim3, wherein said thernoplastic is
sel ect ek ‘t he group consisting of polyvinyl chloride, polyolefins,

pol yesters, qolyﬁmtgﬁg%}{%gigxﬁsy(}ré%grgg%ﬁ,gg% ..m des, polyetherim des,

pol yet her sulf ones, eny S,mgpol yet her ketones, polyether
et her ket onean optRGIly esispsrent spbdtysd yr enes, pol ybut adi ene, pol yacryl at es,
pol yacrylonitr iA{fg,, pol yacetal s, pol ycarbonates, pol yphenyl ene ethers,

et hyl ene- vi ngFeERYEAR™ T 6 opol yners, pol yvinyl acetate, |iquid crystal

pol ynmers, et hyhRRrdetifal &HRLQe! 3 : - | ol yesters,
pol yvi nyl fl uori de,ratgpolyslf/ijﬁ&%i de‘*ﬁ“’e’&??ﬁ“gﬁﬁ%eﬁ?*%? fﬁ%y Pty or de,
t et r af | uor oethgXygempengirebler Wt eonting disppel gmesids ofiserchibsintgoppdsict s, and

~ conposi iLsing at | east one of the foregoing thernoplastics. 5. A
lim tedgﬁﬁg?gg{éﬁggz%ymgf’%é age nedia as in Caim3, wherein said

t her nopl ast i eraactiverlieeispety sanvbanaldUy 26atkg 156 Pl fiRkae 0ARks WO 02/ 075733
PCT/ US02/ 050%0 . . ..
reactive layer having an initial percent reflectivity of about 50% or greater and a

subsequent percent reflectivity of about 45% or less.

2. A limited play optical storage media as in Claim 1, wherein said substrate

is plastic.

3. A limited play optical storage media as in Claim 2, wherein said plastic

comprises at Jeast one thermoplastic having a glass transition temperature of about

100°C or greater

4. A limited play optical storage media as in Claim 3, wherein said
thermoplastic is selected from the group consisting of pelyvinyl chloride, polyolefins,
polyesters, polyamides, polysulfones, polyimides, polyetherimides, polyether sulfones,
polyphenylene sulfides, polyether ketones, polyether ether ketones, ABS resins,
polystyrenes, polybutadiene, polyacrylates, polyacrylonitrile, polyacetals,
polycarbonates, polyphenylene ethers, ethylene-viny! acetate copolymers, polyvinyl
acetate, liquid crystal polymers, ethylene-tetrafluoroethylene copolymer, aromatic
polyesters, polyvinyl fluoride, polyvinylidene fluoride, polyvinylidene chloride,
tetrafluoroethylene, and mixtures, copolymers, reaction products, and composites

comprising at least one of the foregoing thermoplastics.

5. A limited play optical storage media as in Claim 3, wherein said
thermoplastic comprises polycarbonate.
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6. Alimted play optical storage nedia as in Claiml. wherein said W
coating is selected fromthe group consisting of acryl ategeptembes 205
hardcoats, nonacrylic UV curable aliphatically unsaturated organic
nononers, and reaction products and conbinations conprising at |east one
of the fWPeYeSTSg UV coatings. 7. Alimted play opticabtratenage nedia as in
Claim6, wherein said UY coating conprises thermal cross-|inked acryl ates.
8. Alimted play optical storage nedia as in Caim6, wherein said U
coating conprises diacrylate, a triacrylate, Nvinyl pyrrolidone, styrene,

| east one of the

and reaction . p cts..and. conbi nati ons .c rising at

f or egoi ng UV%(%@%?\*S&S?I%.O& a SI‘?FF%%‘HG%I‘ eV ‘Wplal‘”h B]rsétj’eu\.’redi aasin daim
1, wher edoatingis eleé®alChérd €he drédpiondistide e hcr PR ISHIRES hﬁdé&?s?flén\é%gﬁ@t eri al

sel ected fromihe r_ouP consisting of oXygen sensitive |l euco nethyl ene

g { .
bl ue, reducE@tlghpRatisalymossyiated erasniganonemiers) argiteaction proyglictinde, basi ¢ bl ue
3, tol Ui Gifdealons2BRnFoaP LML QNS I Si t l.east one of the foregoing
reactive nmat gr?lgl S. plO@Aﬂﬁs%%eoﬁ%r@fg‘g%E?}g Oab?%;r age nedia as in Caim1l,
wherein said reactive layer further conprises polynethyl methacrylate/leuco
met hyl ene bl de A limitedplay epticeldtqr geymalin dsdmClaih & aheecimadiddyvas in Caim 1,
wher ei n bd o I layer .furiher conprises about 0.1 wt%to about 10
W % reaé:t%?tsln% cﬁ%?lgérels\e{ltfefm gc\é%s 'hﬂ%% Aot al wei ght of said reactive |ayer.
12. Alimted play optical storage nedia as in Claim1l, wherein said

reactive | afeA Hmitddpday apoioglsiosaps naddiaus iBClift6! Whabiaghid ym % react i ve
materi al , based u§oa. a .total ight of said reactive layer, 13. Alimted
pl ay opfPHRE cPpysey diapplate, a fiacrylatey Neyinylirrofifiecestivengiand reaetioni ve | ayer

furt her peRE fEnAAEondeoMpiiing aPRAY bnfoMb IRk £AG! fgsial, based upon
a tot aF wei ght of sai dnr ea(?ti vgal ayerl:'l 027 lgiﬁ%‘g%?%gé%gg%S WO 02/ 075733

PCTI US02/ 05050, 14., A limted play optical storage nedia as in Claiml,
wher ei n sai d°r@a8tited ®lay|optieal storace msdiage fFlaiwe é, whesein saidreastiteect ed from t he

gr OUP C RS fakthd? GorRPridel 8 TR ATtk fal selected from the group consisting of
oxygen sensitive leuco methylene blue, reduced forms of methylene blue, brilliant
cresyl blue, basic blue 3, toluidine 0, and combinations comprising at least one of the

foregoing reactive materials. 3

10. A limited play optical storage media as in Claim 1, wherein said reactive

layer further comprises polymethylmethacrylate/leuco methylene blue.

11, A limited play optical storage media as in Claim 1, wherein said reactive
layer further comprises about 0.1 wt% to about 10 wt% reactive material, based upon

a total weight of said reactive layer.

12. A limited play optical storage media as in Claim 11, wherein said reactive
layer further comprises about 3 wt% to about 7 wi% reactive material, based upon a

 total weight of said reactive layer.

13. A limited play optical storage media as in Claim 12, wherein said reactive
layer further comprises about 4 wt% to about 6 wt% reactive material, based upon a

total weight of said reactive layer.
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acrylic polyners, polyester resins, epoxy resins, polythiolenes, UV curable
organi ¢ resins, polyurethanes, thernosettable acrylic obgpenber200%ds,
vinyl resins, and reaction products and conbi nati ons conprising at | east
one of the foregoing carriers. 15. Alimted play optical storage nedia as
in O ai nwb4zomstearein said carrier is selected fromtgergit@mpsgonsi sting of
reaction products of aliphatic dicarboxylic acids; nononeric, dineric,

ol igoneric or polymeric epoxy material conprising at |east one epoxy
functional group; polyolefins, polythiols, and conbi nations conprising at

| east one of the foregoing carriers. 16. Alimted play optical starage

media as in aim: j I rl .S . Selected.fromthe group
consi sting ofCfl 4éﬁ1n?§/'?x§e%de%y%€%§icfﬂ Sgﬁ&gﬁ e??laedgsﬁégg)aln;ﬁ Lﬁé%%‘&ﬁ?’ﬁf"gﬂff‘;‘]éeo| ;. reaction
pr oduct slay fiiher pinemisks Acaniat selpitadfran dieygdoiptonsigigtof ditmdpladuct s of |
epi chl orohydrin w th _phenol -fornmal dehyde resins; acrylic acjd ester |
nonomer ¢ ﬁBO@BWr PPJ??SI?H Ees%rﬁBP’%rieﬁ@g: aplyfhicienes.dA¥ copble REZanisr egoi ng

carri er Sesids] pdlyhreibhhed thBlrR¥ctBlela6dtic pAIPMBYSIRRE] A Pestd, fdgai M 15, wherein
said subsequent percent reflectivity is about 30%or less. 18. A limited
pl ay optiEaskpn prodvaigendretibinanensicamptisingratllBst queanf Shefomgoidg catisequent per cent
reflectivity is about 20%or less. 19. Alimted play optical storage

medi a, conprhsi RG:.; b | ent. e . | ective | ayer
; a data sto}%ggqu§gngﬁ%ggggﬁ%§%@6£%%gghl niggiﬁ%g%gﬁgﬁﬁ&iéid reflective
| ayer; isseleoted dom the ganp atssistiblyofeattion grafinsty ofdiphaic dicsbatgliof sai d
substrate ,opposite ai d data storage Ia%er, V\/ner.ef' n said UV coating has a
per cent 2PE¥ PETPPIsTEfirgeric, GgRmeris 95 plymereeRosy Maltrg! SOMPISNEaLt enber 2005 WD
02/ 0757 3st. onPedy Tt 104 2Pord; pIPAEAing SpdIRNRIs, SdRadaftbat ween said W
coating and sald substrate, said reactive [ayer having an initial percent
r ef | ect CYNPRIRE at dgsst pneobthe forgpeing eamdars.ve | ayer conpri sing

- pol ynet hyl met hacryl ate/ | euco net hyl ene bl ue.

16. A limited play optical storage media as in Claim 15, wherein said carrier

is selected from the group consisting of ethyleneglycol; propyleneglycol;
neopentylglycol; reaction products of bis phenol-A and epichlorohydrin; reaction
products of epichlorohydrin with phenol-formaldehyde resins; acrylic acid ester

monomers; and combinations comprising at least one of the foregoing carriers.

17. A limited play optical storage media as in Claim 15, wherein said

subsequent percent reflectivity is about 30% or less.

18. A limited play optical storage media as in Claim 15, wherein said

~ subsequent percent reflectivity is about 20% or less.

19. A limited play optical storage media, comprising:
an optically transparent substrate;
' areflective layer ;
a data storage layer disposed between said substrate and said reflective layer;
an oxygen penetrable UV coating disposed on a side of said substrate opposite
said data storage layer, wherein said UV coating has a percent reflectivity of about

. 50% or greater; and
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20. A nmethod for limting access to data di sposed on a data storage nedia,
conprising: directing a light toward at |east a porti ofdoPeptamben 2085
storage nedia, wherein at |east a portion of said |ight passes through a
UV coating, a reactive layer, a substrate, and a data storage |ayer,

refl ectiwgozaerstast a portion of said |ight back thropglirusaioshseubstrate,
said reactive layer, and said UV coating; and reduci ng the percent
reflectivity of said reactive layer to | ess than about 45% 21. A nethod
for limting access to data disposed on a data storage nedia as in Caim
20, wherein said percent reflectivity is about 30% or |ess. 22. A nethod
for |1 mting.a6£assiayd dipbadBkoRas e 6Y aflal AashiotaaealRdia as in daim
21, wherein said percent reflectivity is about 20%or |ess. 23. A nethod
for |i nireache lapedewng an tiichpeten afledtinaty of abtart 50%; widagetivelliyer as in daim
22, wher.ein.sai t o LVILV, out 15% or |less. 24. A nethod
for limc?#ﬁgﬁ%&%@?&? g‘%§§a§%’iﬁ?&gj%‘%c§e ﬂ%énzf% {t a storage nedia as in Claim
20, further conprising exposing said data storage nedia to bl each, wherein
subsequent t 80.sAimktkodioslimiing atasdhatdataslisposdenneidiagidrazeeddda;ch sai d per cent
reflectivity. remains about 45%or less. 25. A nethod for limting access
to datacﬁ‘?"g%%%d on a data storage nedia as in' Caim24, wherein said
percent refl gigdotig h ghtSowd@ et 1eA9XBfioh 88 Said dfta sifrafBhBAY WiRkeih bdmi ting access
to data di sposed on a data storage media as in Cfaim 20, wherein said
‘subst r aleastaqwpiangd said lightarapsspihaeighe ($¥ ceatingch fenative tayer, gsdhspateconsi sti ng of
pol yvin | yol efins, polyesters, polyam des, polysulfones,

pol yi m é‘leds%:ggﬁgftglgg?ﬁlg %n des, polyether sul fones, pol yphenyl ene sulfides,
pol yet her 29refldctitgpt leadrapo2idn of ¥ GgHiGZSABRPETAUSDREIA5@5d. ket ones,

pol yet her et her keton ABS resins, polystyrenes, polybutadi ene,

pol yacr JfEETEYeh 8 %&;rlvo‘fﬂa?’i‘g; F&? pol yacetal s, pol ycarbonat es,

pol ypheny| ened@iipahs percent reflectivity of said reactive layer to less than about 45%.

21. A method for limiting access to data disposed on a data storage media as

- in Claim 20, wherein said percent reflectivity is about 30% or less.

22. A method for limiting access to data disposed on a data storage media as

in Claim 21, wherein said percent reflectivity is about 20% or less.

23. A method for limiting access to data disposed on a data storage media as

in Claim 22, wherein said percent reflectivity is about 15% or less.

24. A method for limiting access to data disposed on a data storage media as
in Claim 20, farther comprising exposing said data storage media to bleach, wherein
- subsequent to said exposing said data storage media to bleach said percent reflectivity

remains about 45% or less.

25. A method for limiting access to data disposed on a data storage media as

in Claim 24, wherein said percent reflectivity is about 30% or less.

26. A method for limiting access to data disposed on a data storage media as
in Claim 20, wherein said substrate comprises a thermoplastic selected from the group
consisting of polyvinyl chioride, polyolefins, polyesters, polyamides, polysulfones,
polyimides, polyetherimides, polyether sulfones, polyphenylene sulfides, polyether
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et hyl ene-vinyl acetate copol yners, polyvinyl acetate, |iquid crystal

pol yners, ethyl ene-tetrafl uoroethyl ene copol ymer, ar orfgt$epieoibps2066s,
pol.yvinyl fluoride, polyvinylidene fluoride, polyvinylidene chloride,
tetrafl uoroet hyl ene, and m xtures, copolyners, reaction products, and
conposi M3 0xGAPEBI sing at | east one of the foregoing phevs@EidEti cs. 27. A
nmethod for limting access to data di sposed on a data storage nedia as in
Claim 20, wherein said substrate conprises pol ycarbonate. 28. A nethod for
limting access to data disposed on a data storage nedia as in Caim 20,
‘wherein said Wcoating is selected fromthe group consisting of acrylates,

si | i conkfiadedcnfesher BaBERIokes, A BMesids, pblystyhésppaiiealidng, unsat urat ed organic
nononer s, and reaction products and conbi nations conprising at |east one of
the foPEjstryeLyolyaaylopigye. polyacsialpaolyserbensies) pakypbemdergctiess to data

di spose A, et Ffiin | i Al {y}%g;) LN said reactive
| ayer f %P?ﬁ%efwggﬁgﬁt?%gg a réggf toﬁ’ygﬁ@tegﬁgéﬁdlseﬁgtglt e ﬁ’om t he group
consi st éthyewfewajigpesetlydams icopolpnércaromaticepdiydsersepdliviay! fluedds;ed f or ns  of

' ol ui di ne 0, and

met hyl ene blye, brilliant cr I u basi c bl ue 3,

Conb) nabTeR BR kg b Eate Bl e SegbiEerapt Fedilive mmt orial s.
30. A n®ipbRhefsOfeattidi prodi@sagRia®mpbsited 8bapiHirsnARast /8 ofthdat a st orage nedi a
as in aim 20, wherein said reactive layer further conprises

pol ynetiejeeaing thesmoplagtiss.| euco met hyl ene blue. 31. A nethod for linmiting
~access to data disposed on a data storage nedia as in Caim20, wherein

sai d reactivg lxayefhod Wrtéiﬂﬁfin%m kS 8Ra RN G 4 a4 iaBe ARGHEs 10 W%

reactive material, based upoh a total weight of said Feactive |ayer. 30 14
Sept entie Claodd, wkre/sai5uBaraRCHPEs3/r0505008%. A nethod for limiting access
to data disposed on a data storage nedia as in Caim31, wherein said

reactive |aygr Af YL Oefor ﬁ%{i‘%ﬂfg RCess (?a'fe# dig’po d:f’/Snt aoda:iPBH}ang medfh 44 " eactive
mat eri al, based upon a total® werght of Sald reactive rayer.

in Claim 20, wherein said UV coating is selected from the group consisting of

acrylates, silicon hardcoats, nonacrylic UV curable alipbatically unsaturated organic

monomers, and reaction products and combinations comprising at least one of the

foregoing UV coatings.

29. A method for limiting access to data disposed on a data storage media as
in Claim 20, wherein said reactive layer further comprises a reactive material selected
from the group consisting of oxygen sensitive leuco methylene blue, reduced forms of

. methylene blue, brilliant cresyl blue, basic blue 3, toluidine 0, and combinations

comprising at least one of the foregoing reactive materials,

30. A method for limiting access to data disposed on a data storage media as -
in Claim 20, wherein said reactive layer further comprises

polymethylmethacrylate/leuco methylene blue.

31. A method for limiting access to data disposed on a data storage media as
in Claim 20, wherein said reactive layer further comprises about 0.1 wt% to about 10

wt% reactive material, based upon a total weight of said reactive layer.
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32. A method for limiting access to data disposed on a data storage media as
in Claim 31, wherein said reactive layer further comprises about 3 wt% to about 7

wt% reactive material, based upon a total weight of said reactive layer.
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