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| MPROVED DI MENSI ONAL STABI LI TY . CROSS REFERENCE TO RELATED APPLI CATI ONS
This application clains priority to and the benefit of the filing date of
U S. "Provisional = application No. 60/316,534, filed Aug Ngr%guﬁ 2001 and-
entitled STORAGE MEDI UM- FOR DATA. BACKGROUND OF | NVENT: I's disclosure
relates to a data storage nedium and in particular to a data storage

medi um conpkdSi-RAgat | east one hi gh nodul us | ayer used trol the

overal | degyé(gds%glféflat ness in the storage nedium An i%cggégzzzé&?n dat a
storage density in optical data storage nedia is desired to inprove data
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wite-once neRTQRAGEWMEDIEMIFORBRATA WIHHIMIROVES RIMENSONAHI a and

magnet o-optical (MO media. As datapgipyage densities are increased in
optical data storage nmedia to accompdate newer technol ogies, such as, but
not limted to, digital versatile disks (DVD) and higher density data

di sks for QP\Q%R&H&RWS%T@&EWEP&%}W Ssuch as digital video
recorders (DVR), the design requirenments for the transparent conponent of
t he opt i cafrhis aiflieatish claing @richty tocrs tHedere I efxbeiling date efI3ISnPbyisiehal | ngent .

nave been Bibea Se UPOSFE BBl PEADE! sy Bilb BrBRACKpRRM 27 Gl

storage debVOR®ATAVAterials and nethods for optim zing physical properties
of data storage devices are constantly being sought. Design requirenents

for the maggekarosasor NvoRiioal data storage nedia include, but are not
limted to, disk flatness (e.g., tilt), water strain, |ow birefringence,

hi gh transpar.enc h resi stance uct i li.ty, .high it nd medi um

honogenei t lf 815§°9,{“e lﬁga?e% U4t 08 en%“&%f’?]aﬂdolﬁ}gémﬁlf?f%%t F%‘/ Séérn%?oyed ‘

mat eri al s mediuthgomptising ableast arcliighgnoedulus dayer wed towomdrobthe byeeadladegizar act eri sti cs,

and new naj&y 'tn%%s%n L6t Fa?%&fimﬁg in order to achieve higher data storage
ptica 8a a storage nedia. Disk flatness, also referred to

densities Ino
as tilt, is a critical property needed for high data storage density
increase in data storage density in optical data storage media is desired to improve

data storage technologies, such as, but not limited to, read-only media, write-once

media, rewritable media, digital versatile media and magneto-optical (MO) media.

As data storage densities are increased in opticé] data storage media to accommodate
néwer technologies, such as, but not limited to, digital versatile disks (DVD) and
higher density data disks for short and long term data archives such as digital video
recorders (DVR), the design requirements for the transparent component of the optical
data storage devices have become increasingly stringent. Optical disks with
progressively shorter reading and writing wavelengths have been the object of intense
efforts in thé field of optical data storage devices. Materials and methods for
optimizing phyéica] properties of data storage devices are constantly being vﬂsought.
Design requirements for the material used in optical data storage media include, but
are not limited to, disk flatness (e.g., tilt), water strain, low birefringence, high
transparency, heat resistance, ductility, high purity, and medium homogeneity (e.g.,
particulate concentration). Currently employed materials are found to be lacking in
one or more of these characteristics, and new materials are required in order to
achieve higher data storage densities in optical data storage media. Disk flatness, also
referred to as tilt, is a critical property needed for high data storage density



2 7 APR 2006 WD 03/021588 PCT/ US02 /25376 applications. Consequently, a
long felt yet unsatisfied need exists for data storage nedia having

i nproved di nmensional stability and mnimal tilt. SUMMARY OF | NVENTION In
one enbodi nent, the present disclosure is drawn to an azzrxgﬁ @Imlﬁc opti cal
storage medium conprising a |ayer, which inproves di nensi % stability in
sai d nmedi um V\/nerei n the asynmmetric optical storage nedi um conprises at

| east one suRg &gl ayer, at least one data |ayer, at |east one high
modul us Iayer a at | east one thin filmlayer. In anofREPSO¥B¥i nent, the
present application is drawmn to a nethod for decreasing the tilt of an
asymetric optical storage nedium said nethod conprising an addition step
wherein a kpmisativosluCogsequaythy ailengafdd et tnsatiafiedoped exits fetdate apegeredi um so t hat
the direc [ creased. BRI EF DESCRI PTI ON
OF DRAW N 16\8/%?1%‘8{? ﬁ%ﬁé%‘t‘?{“e@k“’gg s%‘gﬁ?ynh'mdﬁ IEIegvgtnt ages of the present

di scl osure wi || becorre apparent with reference to the follow ng detail ed
descripti o§ g‘%ﬁ@\! and acconpanying figures. Figure 1 is a
Cross secti onaI VI ew of one enbodi ment of the present data storage nedium
(10), mher@metdmeaodiaﬂnuﬂmmmaf disdsuse is tilash tedneasyrai@fic §ptidd] stovdgech IS i n
direct cont Wi 30 a_dat r. Wm chis in
direct contac e cofr?nsm% 'ﬁ‘?aﬁer YC? "f’é QS d("ﬂfﬁswngr%%i% ’ﬁl(s?fg m| ayer (40),
which is i whehemehetasmmttacoptmltsnraae mthm cpphiskaU lelaayeersub@@e layBi,gure 2 is a
Cross sect [ a storage

medi um (60?99%}]%1:%(;1? \r%q%%eﬁgét:a ﬁ%m%gﬁgﬂhggi%amsdu& is}'fgsrt g{egﬁlﬁgi&%g%m) which in
direct co W|t data %%1 adatal%gi g. which is in -
direct con ?ﬂ" ’Winbﬂ‘e PUSRS dragp o 2 Aithod TR idEHeaTBEUI us | ayer
(90), whi chheitit oflan dsymtncmpﬁnaasmagu rhdfﬂuﬁn shil mathbd bdmpha‘;ugan 4défcen . DETAI LED
DESCR PTI Os\!e}? wherein a high modulus layer is added to an optical. storage medium so that the

directional stability of said medium is increased.
BRIEF DESCRIPTION OF DRAWINGS

Various features, aspects, and advantages of the present disclosure will become
apparent with reference to the following detailed description, appended claims, and

accompanying figures.

Figure 1 is a cross sectional view of one embodiment of the present data storage
medium (10), wherein the medium comprises a substrate layer (20), which is in direct
contact with a data layer (30), a data layer (30), which is in direct contact with a thin
film layer (40), and a thin film layer (40), which is in direct contact with a high
modulus layer (50).

Figure 2 is a cross sectional view of another embodiment of the present data storage
medium (60), wherein the medium comprises a substrate layer (70), which in direct
contact with a data layer (80), a data layer (80), which is in direct contact with a high
modulus layer (90), and a high modulus layer (90), which is in direct contact with a
thin film layer (100).

DETAILED DESCRIPTION




2 7 APR 2006 WD 03/021588 PCT/ US02 /25376 The present disclosure describes
the use of polyneric material as storage nedia for data. In one enbodi nent
of the present. disclosure, the storage nmediumfor data (part 10 in figure
1; part 60-+in-figure 2) cenprises a plurality of l|ayers cph#PRdilhg at | east
one substrate |ayer, at |east one data layer that is in direct contact with
the substrate |ayer, at |east high nodulus |ayer, and at | east one thin
filmlayer. ﬁg used herein, the term"high nodulus" refers to a tensile
nodul us’ t ypi 9?33’2’d§8eat er than about | G gapascal (GafCT¥E2High nodul us
| ayer effectively increases the dinensional stability of the data storage
medi um by reducing the tilt of the data storage nedium As used herein,
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storage nedium bends on. a hqrizontal  axis, .and is typiga asured as the
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typi cal data sf]orage nmediumis conposed 0O a pﬁ urality of polymeric
conponent s, laydniat Feasi high gredeinslpyey andati¢anieahe ithin DlodeyenyAsuged beesin, fsnt al | ayer s
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requi renents of the data storage medium A : nponent of a data
storage nedigentssal (Gpagyfde highanediius iayep gffpctivaly jingropsey) theedimensiprl 70 i n
figure 2). s uPmit dmh Sorabd¥€iurh By teaRéisRink Yit GRAE ¢ sterafOhddimAl ¢ materi al,

whi ch conprises at | east ope nenber selected fromthe aroup consisting of
a t her nopl a8t ped %gfe‘f‘h'g‘?%’ée?lf reff n“‘EB‘?Pt??Wﬁ’P{@ﬁre?sH’é(rvg’&g.a%@t h addition

and condensaragemiiny Baks ot Rorlzohibledxiseaddok typiaglly idagseinds thereégichli on. As used

herein the term"ther | asti ol yner" .. al referred.to..i.n the art as a
t her mopl ast eé""E%%f“%" fr’{l[sggdae L}Sr?gg‘% a?gcx © MeFRp: Z’onpwq{yhﬁ’%lgﬁésc}}agr%lr&&ul ar

struct ure tdhatagevatial deeipimi(the Hyvissioh bErlasshbmamhaateecredidddgeeden when cool ed.
[l'lustrative classes of thernoplastic polymers include, but are not

limted to, mShe/ddRRRY of RepYdsdrft SisclosR! ¥ §hidd| i1 8B ragd/ mbiilnS is cOMpRBSof and
fl uorocarbons, As used herein the term"thernpset _po ", .also referred
Iugéltyaofts n

toin the atf & EmPRSR, VS o AP Fembnerh POPEEY it  Ch

sol i di fi es Wdueontdli lagts bfcakied hikiessefr dpaiding, onathé spetific prapatietndde renel t ed

or remol dEdrequirements of thé data storage rnedium.- A major component of a data storage
medium is a substrate layer (part 20 in ﬁguré 1; part 70 in figure 2). The substrate
layer is typically made of a polymeric material, which comprises at least one member
selected from the group consisting of a thermoplastic, a thermoset, and any
combination thereof. Both addition and condensation polymers are suitable for the
present invention. As used herein the term “thermoplastic polymer”, also referred to
in the art as a thermoplastic resin, is defined as a material with 2 macromolecular
structure that will repeatedly soften when heated and harden when cooled. Iustrative
classes of thermoplastic polymers include, but are not limited to, styrene, acrylics,
polyethylenes, vinyls, nylons, and fluorocarbons. As used herein the term “thermoset
polymer”, also referred to in the art as a thermoset resin, is defined as a material which
solidifies when first heated under pressure, and which cannot be remelted or remolded
without destroying its original characteristics. Illustrative classes of thermoset

polymers included, but are not limited to, epoxides, malamines, phenolics, and ureas.




w t hout destroying its original characteristics. Illustrative classes of

t hernoset polyners included, but are not limted to, epoxides, nalam nes,
phenolics, and ureas. 3 2 7 APR 2006 WD 03/021588 PCTI US02/ 25376

Il lustrative exanples of thernoplastic polynmers which ar2] 48R €66l e for the
~substrate |ayer include, but are not limted to, olefin-derived polyners
(e.g., polyethylene, polypropylene, and their copolyners),

polynethylpe ..di ene-derived polynmers (e.g., polybutadiene,
polylsoprene%&? gnPﬂ%ir copol ymers), polyners of unsat urPAT@8022833¢ boxyl i ¢
acids and their functional derivatives (e.g., acrylic polyners such as
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poly(cyclohexanedimethanol terephthalate), poly{cyclohexanedimethanol-co-ethylene
terephthalate), poly(ethylene naphthalate), poly(butylene naphthalate), and

polyarylates,

In another embodiment the substrate layer comprises a thermoplastic elastomeric
polyesters (TPE’s). As defined herein, a thermoplastic elastomer is 2 material that can
be processed as a thermoplastic material, but which also possesses some of the
properties of a conventional thermoset resin. Suitable examples of thermoplastic
elastomeric polyesters include, but are not limited to, polyetheresters, poly(alkylene
terephthalate),  poly[ethylene. terephthalate], poly[butylene terephthalate]),
polyetheresters containing soft-block segments of poly(alkylene oxide) particularly
segments of poly(ethylene oxide) and poly(butylene oxide), polyesteramides such as
those synthesized by the condensation of an aromatic diisocyanate with dicarboxylic

acids, and any polyester with a carboxylic acid terminal group.

Optionally, the substrate layer can further comprise at least one dielectric layer, at

least one insulating layer, or any combinations thereof. The dielectric layer(s), which
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pol yet heresters containing soft-block segnents of poly(al kyl ene oxi de)
particularly segnments of polyethyl ene oxide) and pol y(butyl ene oxide),

pol yest eram des such as those synthesized by the condens

aromati c di-i socyanate with dicarboxylic acids, and any pﬁfﬁ@gﬂ@ mnth a
carboxylic acid term nal group. Optionally, the substrate |ayer can further
conprise at |east one dielectric layer, at |east one insulating |ayer, or
any conbi nati_o s thereof The dielectric layer(s), which 4 2 7 APR 2006 G
WO 03/ 021588 8/ 25376 are often enpl oyed as heat @ERUBBIRENRG s,
typically have a thlckness bet ween about 200A and about 1,000,. Suitable
dielectric layers include, but are not l[imted to, a nitride Ilayer (e.g.
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~whi ch typi cthé¢ foyegoimgpnd smsc@patéﬂd weaitnia) ¢hahistral reattvy evith ticasurbmdimade of any
material cgpable of storing retrievable data, such as an optical layer, a
magneti c Ia@Fé , a magneto-optic |layer. The thickness of a typical data

| ayer can be up to about 600 Angstrons (A). .In one enbodipent, the

t hi ckness of ‘P‘T’lé‘”&%ﬁtffl e dresent dt?ﬁ]"f“éc Fhbmical datg Atorage, medipm RIHBY | on whi ch i s
to ]pe st o][ eﬂﬁgﬁseﬁ Bﬂeid;ﬁbﬁe @ammﬁgg)aﬁegwmanhm souﬁm rm)eldméldwct ly onto the
surface of the a l.ayer, or stored in oto er -, 0r

magnet i cal 1€ r’d"g‘f ?’rﬂ% 2y SR e&TﬁveH’ééﬁﬂ)ag’Erncﬂebﬁ ?@%W?‘Smflhe surface of
t'he subst rapadlel ofy goringStetricatbleedatatsachsdsomageiclalypt.sa aagnetiy piyerakl y conposed
of at |east al f, but are
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imprinted directly onto the surface of the data layer, or stored in a photo-, thermal-, or

magnetically- definable medium which has been deposited onto the surface of the
substrate layer. Suitable data storage layers are typically composed of at least one
material selected from the group consisting of, bﬁt are not limited to, oxides (e.g.,
silicone oxide), rare earth element-transition metal alloys, nickel, cobalt, chromium,
_ tantalum, platinum, terbium, gadolinium, iron, boron, organic dyes (e.g., cyanine-or
phthalocyanine type dyes), inorganic phase change compounds (e.g., TeSeSn or

InAgSb), and any alloys or combinations comprising at least one of the foregoing.

The reflective metal layer(s) should be of a thickness that is sufficient to reflect an
amount of energy, which is sufficient to enable data retrieval. Typically, a reflective
layer has a thickness up to about 700A, In one embodiment the thickness of the
reflective layer is in between about 300A and about 600A. Suitable reflective layers
include, but are not limited to, aluminum, silver, gold, titanium, and alloys and
* mixtures comprising at least one of the foregoing. In addition to the data stofage
layer(s), dielectric layer(s), protective layer(s), and reflective layer(s), other layers can

be employed such as lubrication layer(s), adhesive layer(s) and others. Suitable



pht hal ocyani ne type dyes), inorganic phase change conpounds (e.g., TeSeSn
or 1nAgSb), and any alloys or conbinations conprising at | east one of the
foregoing. The reflective netal |ayer(s) should be of a thickness that is
sufficient to reflect an anount of energy, which is suffip}@ﬁ(ﬂm@ enabl e
data retrieval. Typically, a reflective layer has a thickness up to.about
700A. I n one enbodi nent the thickness of the reflective layer is in

bet ween abou%w)ggésand about 600A. Suitable reflective |ayers include, but
are not |imted 8al uni num silver, gold, titanium aR§TAPR2633 and

m xtures conprising at | east one of t he foregoing. In addition to the data
storage layer(s), dielectric layer(s), protective layer(s), and reflective
| ayer (s), oOlubant layegriscladnbut B miphitdsed, fidedconpolndb ich aé fiedio bikyer (s) ,
adhesive | a %5&‘ % and others. Suitable 5 2 7 APR 2006 WD 03/021588

PCT/ US02/ 25 “tibri cant | ayers include, but are not limted to, fluoro
conpounds such as fluoro oils and greases. In the context of the present
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t hi ckness i WiNLOREIFIECBE: b&é’@ﬁera%tﬂeﬂ@dém‘?ﬁfbﬁ"dwseélﬁ’éFddbéﬁthEC Cr ons ont o
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. and about 30 microns onto the data storage medium. Hlustrative examples of
thermoset polymers include, but are not limited to, polymers derived from silicones,
polyphenelene ethers, epoxys, cyanate esters, unsaturated polyesters, multifunctional
allylic materials, diallylphthalate, acrylics, alkyds, phenol-fonna]dehyde; novolacs,
resoles, bismaleimides, me]amiﬁe—fonnaldehyde, urea-formaldehyde,
benzocyclobutanes, hydroxymethylfurans, isocyanates, and any combinations thereof.
In one embodiment, the thermoset polymer further comprises at least one
thermoplastic polymer, such as, but not limited to, polyphenylene ether,
polyphenylene sulfide, polysulfone, polyetherimide, or polyester. Typically, the high
modulus layer is a copolycarbonate ester. The thermoplastic polymer is typically
combined with a thermoset monomer mixture before curing of said thermoset. In
.addition the high modulus layer may be added during the lamination process of the

pressure sensitive adhesive.

Currently, the dimensions of the storage medium are specified by the industry to
enable their use in presently available data storage medium reading and writing :

devices. The data storage medium typically has an inner diameter in a range between




pol yphenel ene et hers, epoxys, cyanate esters, unsaturated pol yesters,
multifunctional allylic materials, diallylphthalate, acrylics, alkyds,
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range bet vveg B “E?g’““hﬁg%ﬁ@galﬁ?&m Ci‘?,g' e fRployed b SOPLptiPntlhPR%ness in a

range bet V\Bﬁs@gnaﬂa(-li]ttlc @ndﬂfma@ﬂeamjfstexabmwelﬂas% Vhwed &ystﬁmﬁ J‘emﬁﬂﬁg&ﬁ@xeﬂg to albout .

1.2 mmtypica r.s..and thi.ckness e enpl oye

to obtain aqusal‘tlyfsfcg "'g}egﬁ*."% ére%(;rg’és’t?"forﬁ%g’é’%é? °ns%ﬁeée°§t b%"s% um descri bed

her ei n can htaagmpbdmyeds flispcssnmarittioonala reqifvirite devigguelt thatapergy (foand magnet i ¢

systens, a??ktﬂ; ﬂgmaa&% or/ah %%%b]ﬁ% tﬁe'résg ipkr%]%ﬁéct witidhd Ly storage
a ens f t he

medi um are any conbi hations there ring use,
st orage nedfaadayss, i 58 @f Pherery deidgpeidest en the defs wetagemerki. c Shes uch t hat

ener gy (for enejgh srtem%ﬁmmnﬁial 18yer(d) dEbpbsed Bh %ts‘idd?ge r¥diudl) YTHe @fddggnat i on
thereof) is_in contact with the data |ayer, the formof an energy field

i nci dent onfiffeAusesa-Physic] Sb@eﬁifﬁfl cepge ?h’é‘e St@ﬁé"r 6‘9"“!“}" &P & 10 6%04kS the data
| ayer (s) di mpiaare offhet &gt 0 ik @oie oh lindataTi’zl@erenRﬁQ){amﬁlé ehdnddses a

physical or magrrlxgtrl]g ﬁgd m?gm?nlgange fle E)Qe%ta%})l? of rgz?gnetl Aoldxgqmg%i atd0 ta r]aey(e:or d the
or an incident light beam could cause a phase transformation where the light heats the

point of contact on a data layer.

Numerous methods may be employed to produce the storage medium including, but
not limited to, injection molding, foaming processes, sputtering, plasma vapor
deposition, vacuum deposition, electrodeposition, spin coating, spray coating,
meniscus coating, data stémping, embossing, surface polishing, ﬁxturing, laminating,
rotary molding, two shot molding, coinjection, over-molding of film, microcellular
molding, and combinations thereof. In one embodiment, the technique employed
enables in situ production of the substrate having the desired features, for example,
pits and grooves. One such process comprises an injection molding-compression
technique where a mold is filled with a molten polymer as defined herein. The mold
may contain a preform or insert. The polymer system is cooled and, while still in at
least partially molten state, compressed to imprint the desired surface features, for
example, pits and grooves, arranged in spiral concentric or other orientation, onto the
desired portions of the substrate, i.c., one or both sides in the desired areas. The

substrate is then cooled to room temperature.




i nci dence of the energy at that point on a data |ayer. For exanple, an

i ncident nmagnetic field m ght change the orientation of magnetic domai ns
within a data layer or an incident |ight beam could cause a phase
transformati on where the |ight heats the point of contact onl ARl | ayer.
Nuner ous net hods may be enpl oyed to produce the storage medi umi ncl udi ng,.
but not limted to, injection nolding, foam ng processes, sputtering,

pl asma vaporw,dspesiti on, vacuum deposition, el ect rodep05| tion, spin
coating, spr ay Coating, meniscus coating, data stanpi nECTBHEEEY ng,
surface polishing, fixturing, lamnating, rotary nolding, two shot

nmol di ng, coinjection, over-nolding of film mcrocellular nolding, and
conbi nat i orTée PoHewiepéxamiples arénchribdipneite adﬁmalt@@mmmcﬁmml@yed enabl es in
situ pr OdU(fﬁe' Q-Pnpr tc@c?nsgz“ﬁs&glﬁlteg 15\%}{{1&9 'ﬂhp%x ﬁ'gwti&iawrlﬁe?elyf or exanpl e,
pits and grooves. 63 rocess conprises inje

mol di ng- comwree@@inmoftbwhmqmclmer écwrml)dﬂﬁ@leﬂg@ﬁmleswﬂanqul ten pol yner

as_def ined ned i, fsflon, BRCARONH el SRAKTORy hidgert, The pol ymer

systemis coo e st in at least paftially nolten state,
conpressed _to inprint the desired surface features, for exanple, pits and
grooves, a in spiral concentric or other orientation, onto the
desired portions of the substrate, i.e., one or both sides in the desired

areas. The Cirsukysdataasterages disksewere quépedd tap follpem tkwletrabdzyer of74,#-7 APR 2006 WO
031021588 RCLURAGAARRADr,oTNG: 600 AAAD SRHP 55 Bifnh B bl 0 or vl de

addi ti onal ance fose s he art 1 n practicing the clained
i nventi on. lswoﬁxhhmﬂééhlfi‘r oW Wil aar!@ew@ﬂ@f of ahoup ke mahang: gnqutedf t he present

di scl osur e ragfs 6P itbud 81 0Ymmt h@nfeghic%n@memmahtema(@sms thicltv@pded to limit
the i nventi on, ‘?s defined in the a 8@) alms in any. ranner. EXAMPLES
M BEERES

Grcul ar d&RUer Bronger theskecqiet stgte figltst NAEouSALCkNSEEY at e | ayer of
4, 4" - i sopdepyded cﬁemmlphwa@hcrmm NepetioRaIRidr SDvess)(vRRAspCloatsts nol ded into

g:—urjcg:—]a{)ut d{)tg lilse mePan &ata layer o {h% kdxskgndd%é li]acc?urc]er Iwr;lgec(lredau%nu U\gf about 15 mm

radiation. A co-polycarbonate-ester thin film of about 75 micron thickness, was
bonded to the acrylic layer of the disks using a 25 micron thickness pressure sensitive
adhesive of negligible modulus, to yield circular data storage disks with a layer
configuration similar to that disclosed in figure 2. The data storage disks were
equilibrated in an environment of an humidity of about 50%. The data storage disks
were then transferred from this first environment of an initial humidity of about 50%,
to a second environment with humidity of about 90%. The tilt of the dataA storage
disks was measured over time at a radius of 55 mm while the disk equilibrated in the
90% humidity. The results of the maximum radial tilt measured over the dynamic
period as the disks re-equilibrated to the 90% humidity environment for the data
storage disks with varying thickness of the spin-coated high modulus layer are
described in table 1.




radi us of about 120 mm A netallic data |ayer, of about 500 Angstrons
thick, was sputtered to one-of the surfaces of the BPA-PC substrate disks.
Various thicknesses, described in table 1, of an acrylic lacquer |ayer

(Dai cure SD-698) were spin coated onto the netallic- data Ia,ﬁermpfmg he

di sks, and the |acquer was cured using UV radiation.

co- pol ycarbonat e-ester thin filmof about 75 mcron th| ckness, was bonded
to the acryl g dsavess of the disks using a 25 mcron thi %'PGS?E%EB essure
sensitive adhesive of negligible nodulus, to yield circtla a st orage
disks with a layer configuration simlar to that disclosed in figure 2.
The data storage disks were equilibrated in. an environnment of an humdity
of about 50%#lethe data storage disks were then transferred fromthis first
environment of an initial humdity of about 50% to a second environnent
wWith humdity of about 9 mihe MbaﬁlusofMafig,umata storage disks was
measured over tine at a [Bsbgus QhichRssTRAdM1! ﬂttzh;ér di sk equilibrated in the
90% hum dity. The resul t pafitrohd)e maxi madi al tfilt neasured over the
dynam ¢ period as the d| sks re-equilijagired) to tthe 90% hum dity
environment for the datal storage diskis with varyi ng thickness of the

spi n-coat ed hi gh nodul us|®ayer are dede3libbed inftable 1. 8 7 7 APR 2006 WO
03/ 021588 PCT/ US02125376] Tabl e 1 Hi gh |[Modul us Maxi num Lacquer thickness
Radial tilt at (mcrons)S&eém (degrees)| O®6316 6. TO' 196 14.60. 127

14.6 0.127

27.1 -0.171

As disclosed by the results in table 1, the addition of the high modulus lacquer layer to
the data storage disks reduces the radial tilt of the disks during the dynamic period
during which the data storage disks are equilibrating from the first to the second
humidity level.

‘While the invention has been illustrated and described, it is not intended to be limited
to the details shown, since various modifications and substitutions can be made
without departing in any way from the spirit of the present disclosure. As such,
further modifications and equivalents of the invention herein disclosed can occur to
persons skilled in the art using no more than routine experimentation, and all such
modifications and equivalents are believed to be within the spirit and scope of the

disclosure as defined by the following claims.




27.1-0.171 As disclosed by the results in table 1, the addition of the high
nmodul us | acquer layer to the data storage disks reduces the radial tilt of
t he di sks during the dynam c period during which the data storage di sks
are equilibrating fromthe first to the second humdity IEevgip mhile the
invention{ﬁ?s en illustrated and described, it is not intended to be
limted 4 ‘details shown, since various nodifications and
substitutions can be nade w thout departing in any way fromthe spirit of
t he present disclosure. As such, further nodifications and equival ents of
t he i nventli on Herasymntitscbpseatstomge oedinm tanprsugsatayes kihidhedhproves he art
usi ng no re.than r.out.ine experinentation, and aJl.suc di ficati.ons and
equi val en{glgre fjopa %?*?@%‘8 Spig ThReIyn: ‘?fe]lnhq@%slﬁ ‘?rilstagr‘r%r% q%ferfﬂlé‘pnsmg

di scl osur @ Aseith @oRYaHIER Bl QN GtrAiviBlet IhE7 APR 2006 CLAIMS: 1. An
asymmetric optical storage medium conprising a layer, which inproves
directional stability in said nmedium wherein said |layer is a high nodul us

| ayer conpri si a material at iIs erable.to be cyred.using .

it v ot 1 P BB o icol Mieee ErelB Sty AGWEHEEPCHTESSH o1 ng a

pl ural ity phfralitg€layersSatliddinglaktBdtiate/lapdr, b ax81ayet, Ral utlicRd ofe iBSThéRIE | ayer,
a data layer, and at |east one hi %h.rmdul.us |"ayer whi ch |rr£roves

di r ect i ond&dyeswaishlimpyovien dgagtipnaledahibity is agid ntadghn.reeiduhighe modyls layebnpri si ng a
cured hig nj.c | [ _havi NsSi_| I Q ast 1
gi gapasca??%g%gécg%%ﬁlé%}f m§? %l)régargregarrlrle&ﬁo?}%’%fh tag iar%gr?g ?Eg\?\‘}goéf}jl gllsr?ffggllte%&ﬁi gh
modul us | gy@paanpri ses a material operable to be cured using ultra-violet
light. 4. The optical storage nmediumof claiml1l or 3, wherein said materi al
conprises at |east one nenber selected fromthe group consisting of an

acryl ate. san eRg gy Sl AT ATEN:hS, ek SLIANEN LARALATY  BTRbAGL! on

thereof. 5. The opti cal rage nedium of any one of the preceding c
wher ei n saimiatéria] lperabldub bs cliey esing aibipa-vioks lightrat erial that is operable to
be thermally cured.

4. The optical storage medium of claim 1 or 3, wherein said material comprises at

least one member selected from the group consisting of an acrylate, an epoxy, a silicone-

acrylate, a urethane, and any combination thereof.

5. The optical storage medium of any one of the preceding claims, wherein said high

modulus layer comprises a material that is operable to be thermally cured.

6. The optical storage medium of claim 5, wherein said material comprises at least
one member selected from the group consisting of a silicone hardcoat, silica with
hydrolizable silanes, an epoxy, a urethane, an imide, a siloxane and any combination

thereof.

7. The optical storage medium of claim 4, wherein said acrylate is at least one

member selected from the group consisting of apoly-methylmethacrylate, a methyl

10




6. The optical storage nediumof claim5, wherein said material conprises
at |l east one nenber selected fromthe group consisting of a silicone
hardcoat, silica with hydrolizable silanes, an epoxy, a ur et hARR 200&n
imde, a siloxane and any conbination thereof. 7. The optical storage
medi um of claim4, wherein said acrylate is at_ |east one nenber selected
fromthe GRAMASTHBSHOLIMGE copolyperya methe] metesrlats silieene wpabmeylandgny 7 APR

2006 net h%ﬁ%g%gﬁ%@gfm de copolyner, a nethyl nethacrylate-silicone
copol ymer, and any conbination thereof. 8. The optical storage nmedi um of

any one of the preceding clains, wherein said high nodulus layer is in

direct contact wth a or the data |layer. 9, The optical starage ] um of
any one of> t he TeoPteRl Stprageanerium of apy ppe kihe PHFCEHnE RigHwS: d@er%%%qggg in

direct conf@iusihjd? iﬁintcf?tie@tl Sdnkd® %%ror_tﬂ@dafg;'g?elppti cal storage medi um of

any one of the preceding clalns, erein the “thickness of said high
nodul us | ayer is between about 0. O mcroneters (m and about 50

m croneters ( 11.. The optical storage i um of. any.one of .the preceding
Gl ol e wiler o1 RS Pr o AAD SPegEe RS et S Bigfo er
or equal tngbdulie 18R4H WMIiREt ddAeact WakartBinSilmlidyerAN asymetric optical storage
medi um conprising the following |ayers: at 1east one substrate |ayer; at

| east one data layer which is in direct contact with said substrate |ayer;

at | east e high dul us | ayer. whi.ch is ipn,direct. contact .with,said data
ayer . andD a 1eg0Rcsiboas i ey Fe (iibE RP&ling SHTE b IRIES: i ¢ h
sai d hi gh tiipihess16f da&yﬁﬁh motRIs@hyer SFbewekdt Molie). 8T mikRREtbSEEmd bnd S5kt SONe
menber selected fromthe group consisting of a thernoplastic, a thernoset,

and any c&Mpometerdiimher eof . 13. An asynmetric optical storage nedi um
conprising the followng |ayers: at |east one substrate |ayer; at |east
one data layer which is in direct contact wwth said substrate |ayer; at

| east one 1hi gh Tiledpticd stoegpermediivedfiafy bfie of the pteceding alatmyMivitraaitd sdidt a
| ayer, sai
y hggh modulus layer has a modulus that is greater or equal to the modulus of the substrate.

12. An asymmetric optical storage medium comprising the following layers:
at least one substrate layer;
at least one data layer which is in direct contact with said substrate layer;
at least one high modulus layer which is in direct contact with said data layer; and
at least one thin film layer which is in direct contact with said high modulus layer;
wherein said data layer comprises at least one member selected from the group

consisting of a thermoplastic, a thermoset, and any combination thereof.

13. An asymmetric optical storage medium comprising the following layers:

at least one substrate layer;

at least one data layer which is in direct contact with said substrate layer;

at least one high modulus layer which is in direct contact with said data layer, said
high modulus layer comprising a cured high modulus organic polymer having a tensile

modulus of at least 1 gigapascal; and

11




hi gh nmodul us | ayer conprising a cured high nodul us organi c polynmer having a
tensile nodulus of at |east 1 gigapascal; and 11 2 7 APR 2006 at | east one
thin filmlayer which is in direct contact with said high quApRsZﬂbBayer

14. The optical storage nmedi um of claim 13, wherein said data I"ayer
conprises at |east one nenber selected fromthe group consisting of a

t her nopl ast i c, ableptenatse filmamctr shich is andirevat omact thithrsaif high moditue laypt.i cal
storage nedium of claim 12, 13 or 14, wherein said substrate layer is a
polymeric material conprising at |east one nmember selected fromthe group
consi sting40f FhelbpBERREARIh&iud of BRIATS e&vherélﬂ@aﬁr&étacl(a%}'c%{ph@éh dtngeof .

16. The optical storage medi um of claim 15, wherein said thernmoplastic is
one nenbepne gwhbet saledteditpmtiee gnoop porcsmstgaf A thprobplastpo b ylegmeset, aand any
polycarbon yrene, a polynethyl nmethacrylate, a pol yketone, a
pol yam de, a%ﬁh%ﬁgﬁng%&polyether a polyether- sulfone, a polyether-im de,
a pol yet her ketone, a pol yphenyl ene ether, a pol yphenylene sulfide, and
any conbi natl ons thereof. 17. The optical storage nedium of any one, of

claims 12196, wWheoptisal steragermeshurmed claim 124 b?y@rrl“e(v}@plfeifls%d subsiratg dayepise
member 56%8 Eiﬁegcfrﬁeﬁgf'tl%%ereg 19%{%@91% St'oﬁé' %91 ber sel %defrrcg'ﬁgheggsr%{ﬁﬁo?ns%tlhh%%mset

and any c ion any one of

cl ai ns 12{}ﬂeﬁnophﬁtc§amheiﬁ1lo§bt,t&Hdmnillcbﬂibldaﬁyﬁtheﬁd@iﬁprl ses at |east one nenber
selected fromthe group consisting of a homopolyner, a copolyner, a
t hernopl astic, a thernoset, and any m xtures thereof. 19. The opti cal

storage magi umpgf h@dl?ﬁ?gi ’ﬁ(\?ﬁ%ﬁ o cifth 95 DRLIRSEL thémﬁyﬁ%laﬁti&%aén%%e

nmet hod for decreas ng an asy RISt T ¢ -0 ptic storage nmedi um
said et kddctedfrpm the pepuarcoadstityi afra mﬂ@pteﬁwqfceydaﬂmnbiegdnpmpstyfms d ayer is

added to the opti cal orae dlums the directiopa b|||t of
sai d nmedi BRVE yrh@?@&%taifte a0l togﬁ 2po ci %ma BBl P39@Pt er-

conpri si Guiforei @q%@%ﬂﬂ@tﬁ wyaﬁaq;@t&e POLATEenfRUE BBeR 2B PhbA18mRAul Us

| ayer of at |eas gl gapasca
sulfide, and any combinations thereof.

17.  The optical storage medium of any one of claims 12-16, wherein said high modulus
layer comprises at least one member selected from the group consisting of a thermoplastic,

a thermoset, and any combination thereof.

18.  The optical storage medium of any one of claims 12-17, wherein said thin film
layer comprises at least one member selected from the group consisting of a homopolymer,
a copolymer, a thermoplastic, a thermoset, and any mixtures thereof.

19.  The optical storage medium of claim 18, wherein said thermoset is spin coated.

20. A method for decreasing the tilt of an asymmetric optical storage medium, said

method comprising an addition step wherein a high modulus layer is added to the optical

storage medium so that the directional stability of said medium is increased, said high

12



21. The nethod of claim 20, wherein said optical storage nmedi um conpri ses:
at | east one substrate |ayer; at |east one data |ayer which is in direct
contact with said substrate |ayer: at |east one high nodul us 12dy&R Wi ch i s
in direct contact with said data |layer; and at |least one thin filmlayer
which is in direct contact with said high nodulus |ayer. 22. An asymetric
optical standabys lagsd compdsing ricsreddrigthmodwis ongamig polyaier hedsg adensils modtluat e

| ayer; at 1I easﬁt: Que. at a Ia%lgr which is in direct contact with said
subst r at e ‘P, @ | £88P26Re hi gh nodul us | ayer which is in direct contact
with said data layer; and at least one thin filmlayer which is in direct
contact with said high nodulus layer; wherein said thin filmlayer

conpri ses2at | dasmethnsl ofeokiiar20s sthersireshid pptinal $terage medivmopermpriseng of a
honopol ynmer, a | voer,..a thernoplastic, a thernoset, and any m xtures

t hereof; and f&f@%ﬁPX%ﬁngﬁﬁlgﬁ¥u thernoset is spin coated. 23. An

asymetric opt ackkhst®he dageayee dihidh i aNrdcs tdBadt Rethfald @bktige layat, | east one
substrate layer; at |east one data |layer which is in direct contact with
sai d substr at e 3t lgg¥one high raedilusdlareriviyeh ivdu dire cpaipetl willhsaidh data laysr@nd ect

contact with sg % : ; -t-}e I: | 'Pisin
di rect contact q{V\A@fl %égfﬂdgﬁﬁ% %a;ﬁeg g’llfll ‘%sls nagi}getrc;t 8&\?\%% ?‘;el?lnsfaisdalﬂgﬂl ﬁ%ghlu@n% (é ‘us
| ayer conprises at | east one nenber selected fromthe group consisting if
a t her nopl %St ic, a thernoset, and any conbination_thereof. 13
22.  Anasymmetric optical storage niedium comprising the following:
at least one substrate layer;
at least one data layer which is in direct contact with said substrate layer;
at least one high modulus layer which is in direct contact with said data layer; and
at least one thin film layer which is in direct contact with said high modulus layer;
wherein said thin film layer comprises at least one member selected from the group
consisting of a homopolymer, a copolymer, a thermoplastic, a thermoset, and any mixtures
thereof; and

further wherein said thermoset is spin coated.

23.  Anasymmetric optical storage medium comprising the following:
at least one substrate layer;
at least one data layer which is in direct contact with said substrate layer;
at least one high modulus layer which is in direct contact with said data layer; and
at least one thin film layer which is in direct contact with said high modulus layer;
wherein said high modulus layer comprises at least one member selected from the

group consisting if a thermoplastic, a thermoset, and any combination thereof.
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