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Provi sional application No. 60/316,534, filed August 31, 2001 and entitled
STORAGE MEDI UM FOR DATA. BACKGROUND OF | NVENTI ON This disclosure rel ates
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devi ces RoR/®AREoe increasingly stringent. Optical disks with
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of intensge i i of optical data storage devices. Materials
and net [ﬁ%@@ﬁgﬁ‘gﬁ’t?mpﬁﬁﬁiﬂg. cal properties of data storage devices are
constantly being sought. Design requirenments for the material used in
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required in order to achieve higher data storage densities in optical data
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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 optical data storage media to accommodate
newer technologies, such as, but not limited to, digital versatile disks (DVD) and
higher density data disks for short and Jong 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 the field of optical data storage devices. Materials and methods for
optimizing physical properties of data storage devices are constantly being sought.
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
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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 Jayer (90), and a high modulus layer (90), which is in direct contact with a

thin film layer (100).

DETAILED DESCRIPTION
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requirements of the data storage medium. A major component of a data storage
medium is a substrate layer (part 20 in figure 1; part 70 in figure 2). The substrate
Jayer 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 a macromolecular
structure that will repeatedly soften when heated and harden when cooled. Illustrative
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.



solidifies when first heated under pressure, and which cannot be renelted
or renolded w thout destroying its original characteristics. Illustrative
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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 a 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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substrate layer. Suitable data storage layers are typically composed of at least one
material selected from the group consisting of, but 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 7001&. In one embodiment the thickness of the
reflective layer is in between about 3004 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 storage
layer(s), dielectric layer(s), protective layer(s), and reflective layer(g), other layers can

be employed such as lubrication layer(s), adhesive layer(s) and others. Suitable
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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-formaldehyde, novolacs,
resoles, bismaleimides, melamine-formaldehyde, 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
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an i nnermetingiveoRriic, FRd MAERRITSYHENHes Velgas\ihag gnsed BEETBCTATERS 124876  about

15 m n and.ab 4 r, di I ERBgEDRAhY)ES) tRbout 65
m n and aauﬁldﬁtsc@%ée %ﬁmé ’Q%E%ﬁeg? ’%?}éf%gg{nia{r]]%@rhange betvx%vgn about 0.4 mm
and abogiéra@ medtunwiid Hispodeli iokmiatien up atreadiboite device mwmbt thpi ensrgyy (for ef err ed.

O her dianmeters and thjckness nmay be enpl oyed to obtain Lif

ar chi t ectitipee; Mageeits dig Sr.eﬁ]eﬁﬁé:’ 8t %%ﬁ%mﬁﬁ“m’ 658t oed OH%F@%ﬁJ]Ctggn be

enpl Oyedda!tdqlagé’mﬁ Atd R oot bifergy FBANALIAeR RN the danditragNBklONSyShems, as
wel | as in advanced systens requiring higher quality storage nedium areal

densi t y, emergyafigid contacisahe dae leyrese dispomdramie pi@ragg mediugy of By 8R5&8%i um i s
di sposed.in relation tg a rea I [ .C
i nst ancelChSgHEs it ?ly?lféh?r,ChS‘ilﬁgéma@?e glfmgnsﬁoﬁg%eﬁgﬁ gﬁgfaogléréce(g??ﬁ? s in

contact wfabndensr tighatderkRye thati poifithen faodarm dhyean Eoeexpmifle.edrd inaidsndlent on
the data storage nedium The_ ener i

_ , g%(fl | d contacts the,data | é/er.(s)
di sposedmagnetifdiedd sy gyehags hmorepiatigha Wgn?tice%ﬂn%ﬁ%%@maa gﬂ§§|y€é| or
chem cal orcgﬁaiﬂgl%eﬁﬂigthl?%eﬁﬁ A RYR AR SIS QaRFornthtioR GHete thB@ight 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 stamping, 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.e., 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 |layer. For exanple, an

i ncident nmagnetic field m ght change the orientation of magnetic domai ns
wi t hin a wettaok®ger or an incident |ight beam coul d caus@Ca/yshzass76
transformation where the light heats the point of contact on a data | ayer.
Nuner ous net hods may be enpl oyed to produce the storage nedi um i ncl udi ng,
but not limted to, injection nolding, foam ng processes, ttering,

pl asma Thpllowieposintilerrre imdudehtelpipyisdetadgitiong) %@%ﬁ@p@@ﬁiﬁﬁfi Bpin

coating, spray coati.ng, ni_sgu ir I i, ng,

sur f aceﬂ’ﬁogrit s‘ﬁi Pllﬁ,cmf]]lgtth? {Tﬁa,me‘léaf%vgfg[fo P]hg,ﬂ e rgga{tng?lgé m?%ig ,a%ﬁot

mol di NgyeprQbRh®ed bPMe pRysent disdiciurg Atcobdingly, tiedbboeingdxamplesaiediaig, and
conbi nations thereof. I n one enbodinment, the techni que e I oe\4ed enables in
situ prodensed enlivt the i venhen, padefiedur A PRENYFA S4B 1p &gy 51281%, “for exanpl e,
pits and grooves. One such process conprises an injection

nol di ngEﬁig\ﬁﬂﬁfﬁg on technique where a nold is filled with a nolten pol yner
as define erern. The nold my contain a preformor insert. The pol yner
systemis cooled and, while still in at |east partially nolten state,

conpr esédula datpsioraget disksdesier prepaad faaclllpwat ufesibseye 1ok ffpte - pits and

grooves, arr ed in spiral concentric, o i ' Oy cifiif the

desi red 15;98?%’%‘% e81=p[111§:1hc§-pso€%c§ﬁ)rog tg,poll}_rn(ef?r, (BoIﬁAe lpgr) \g%sf[ ﬁﬁgdl%gelg&i W the desired

areas. ThRs 168t ah@ ihsck hed wigobedniteo radiosof ebper Bt ome and 2WOUE3/ 021588

PCT/ US02/ 25376 The fol |l owi ng exanpl es are_i ncl gﬁgd to &&gyl. e addi tional
|

gui danceadies efdwat JRP Mg A Mmgtplic data Ipypraphhout PRY Angstr YHvent i on.

The exanpl.es, proyided,ar BIERIPRS Qb Bhte BsIQ! tdRup fRE@REsesli scl osure.
Accor di ﬁg‘ft?/e,recﬁ?e&#eo&ﬁg%sﬁrgfé%igﬁp ‘es are not intsended t(l)l limt the

i nvent i @escrided defriied, bfi ah herydip pandediagéra(lirscure $DaAYS) MeerASPI CopsedVPLES
4| ol dy MReal T oy crBoAa drparsier PR BRSO R Ga i nto
ci reul an,qigh ks 2REUoIvkatb el d3iet khinafilth Wiftddoan 75 nnesort ddtluespfwasbout 15 mm
and an C{)I(J)}lggd 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 data 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.
Vari ous twooknesses, described in table 1, of an acryli cpcaasozesiayer
(Dai cure SD-698) were spin coated onto the netallic data |ayer of the

di sks, and the |lacquer was cured using U radiation. A

co- pol ycarbonate-ester thin filmof about 75 mcron thickness, was bonded
to the geklgllic | ayer of the disks using a 25 mcron thickness pressure
sensitive adhesive of negllglble nDdqus to yield circular data storage
disks with a | ayer copfigurati TG LUIthL di sclosed in figure 2.
The data storage disks cfku;q POPaced ™ enV| ronnment of an humdity
of about 50% The data|bLf HickRess ][]H@ﬂ rlansferred fromthis first

environment of an init é!Flcﬁﬁl‘Fﬁ)dl ty of BUP 50% {to a second environment
with hunidity of about|90% The tilt qf(degi€edata storage disks was
nmeasured over tinme at radius of 55 mmuwhile the disk equilibrated in the
90% humi dity. The resulfs of the maxi miW¥¥adial ti|t measured over the
dynamic period as the|disks re-equililbrated to the 90% hum dity
environment for the datggstorage di sKg yedh varying thickness of the

spi n-coated hi gh nmodul us' 1 ayer are degscribed in tgble 1. 8 WD 03/ 021588
PCT/ US02/ 25376 Table | _High Mdul us Maxi mum Lacguer thickness Radial tilt
at  (mcrons) 55mm (degiéés) O 0.316 | ®B1%/0.196 [14.6 0.127 27.1 -0.171
As disclosed by the results in table 1, the additipn of the high nodul us

| acquer |ayer to 271 20171

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.



t he data storage disks reduces the radial tilt of the disks during the
dynam c period during which the data storage disks are equilibrating from
the firstwombbsssecond humidity [evel. Wile the inventipen/usay233een
illustrated and described, it is not intended to be limted to the details
shown, since various nodifications and substitutions can be nade w thout
departing in any way fromthe spirit of the present disclosure. As such,
further gidMS:cati ons and equi val ents of the invention herein disclosed can
occur to persons skilled in the art using no nore than routine

experi ne\pﬁa%t.i qn. nd all such nodifications and equival ents are believed
to be wt A ﬁléneajlis'rit and scope of the disclosure as defined by the
followng clainms. 9 WO 03/021588 PCT/ US02/ 25376 CLAIM5. Wat is clained
i st 1. AN AsYyaRBinidite aptticelalstosdger agdiume dionmrisorgpai $yay whichyamprovdsi ch
inproves directional stability in said medium 2.The optical storage
medi um ofiregticiiahstabilifiigsaidiedid- | ayer is a high nodul us layer. 3.The
optical storage nedium of claim2, wherein said high nodulus |ayer

conpri S%T}a%ﬁ%ﬂt&ﬁge tRatunfarcifig) £uriRebit Shitayel israhigh elogtlukiqybt.. 4. The
optical storage nediumof claim3, wherein said material conprises at |east

one nenber selected fromthe group consisting of an _acrylate, an epoxy, a
si | i coned.Thonticat storage mrasiviané clagnd. hgreabsaid Righi BAdYPRIRGTCOM e opti cal

storage nediu f. claim rein. sal i gh nodul us | ayer conprises a

mat er | alalpﬁtﬁ?g?ég?’{ CBB%F ﬁ%%%%% u%{]\élg?étggﬂr%e optical storage nedium of claim
5, wherein said material conprises at |east one nenber selected fromthe
group conshebpthgl stbrage siddivonEclaan dcwbtreinsiald watevil ¢tpmpvigey ¥ll¢asbdie si | anes,
an epoxyrhen%be%r s?etlgc?e%e ’fro?nn tlllemggo%’p gongljsjtil(q)é( %?eanaarl]cgyﬁpe\,/ a%o(%xglf"%' s?l@cong—her eof .

acrylate, a urethane, and any combination thereof.

5.The optical storage medium of claim 2, wherein said high modulus layer comprises

a material that can be thermally cured.

6.The optical storage medium of claim 5, wherein said material comprises at Jeast 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 a poly-methylmethacrylate, a methyl
methacrylate-polyimide copolymer, a methyl methacrylate-silicone copolymer, and

any combination thereof.

8.The optical storage medium of claim 2, wherein said high modulus layer is in direct

contact with a data layer.

9.The optical storage medium of claim 2, wherein said high modulus layer is in direct

contact with a film layer.

10



7. The optical storage nmediumof claim4, wherein said acrylate is at |east
one nenber selected fromthe group consisting of a

pol y- net Wwbreabbi#es yl ate, a net hyl et hacryl at e- pol yi m de Pcopshynsre a

met hyl nethacryl ate-silicone copolyner, and any conbination thereof. 8. The
optical storage medium of claim2, wherein said high nodulus layer is in
direct contact with a data layer. 9. The optical storage nediumof claim?2,
wher ei n ExTlt ¢ntighl stowes medivaye clpign P wiegreia dhe tl%ﬁ?%fswdtmg]hmPﬂWW | ayer. 10

VO 037021588 ﬁ / US%%ngﬁ%zgllg%ﬁleFEse g{j lﬁaAbO?{%ﬁg&Oﬁgggk%,:@en .aC| aim 2

wher ei n FH8 R R sal ayer 1s bet bout 0. 01
m cronmeters ((err)n) and about 50 m croneters ((err)rr) 11. The opti cal
st or age nEThaeptithl somigmnediwhef elaﬂthhwhsaiirdtH@i sgiil Imgllmhadglusdyyer hénd a
nmodul us that is greater or uaI to ]cﬁi Ys of the substrate. 12. An
asymet r dedypt thakl S%Ta(‘ﬁréﬁ&q i ‘&ff‘r‘g‘f“g? F&%Fol | owi ng layers: at

| east one substrate | ayer; at Ieast one data Iayer which is in direct

contact yd hh Gegitptit At forh @V REdiuatcohpRsinganefdlio@ingRgedsus | ayer which in
di rect cont a(??ﬁ\}\}l teh 5’3’. d dat agé/ayer 1%&1 | east one thin filmlayer which

is in direct contact with said high nodulus layer. 13.The optical storage
medi um oft ledshonn substraipEyei:n sai d substrate layer is a pol ymeric materi al
conprising at | east one nenber selected fromthe group consisting of a

t her mopl ?t%%ds?on attzbﬁigmﬁléh iﬁﬂqm%@tycoﬁfé@p\klﬂﬁ%l@@uﬁﬂx%?eel‘ﬁiler 14. The opti cal

storage ne erein sald thernoplastic is one nenber

sel ected fromthe group consisting of a polyester, a polycarbonate, a
pol yst yr etriesst ene Ipgh yrogtthag | layer Wducahyih direct canigel Wk@ﬁ@dé‘atadamI@dm de, an
aromatic pol yet her, a polyether- suI fone, a polyether-imde, a polyether

et o BRSBTS DB SRR A pogntbay

said data | ayer conprises at | east _
13.The optical storage medium of claim 12, wherein said substrate layer is a

polymeric material comprising at least one member selected from the group consisting

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

14.The optical storage medium of claim13, wherein said thermoplastic is one member
selected from the group consisting of a polyester, a polycarbonate, a polystyrene, a
polymethylmethacrylate, a polyketone, a polyamide, an aromatic polyether, a
polyether-sulfone, a polyether-imide, a polyether ketone, a polyphenylene ether, a

polyphenylene sulfide, and any combinations thereof.

15.The optical storage medium of claim12, wherein said data layer comprises at least
one member selected from the group consisting of a thermoplastic, a thermoset, and

any combination thereof.

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

a thermoset, and any combination thereof.

11



one nenber selected fromthe group consisting of a thernoplastic, a
thernoset, and any conbination thereof. 16. The optical storage nedi um of
cl ai m 12, wateaezisss sai d hi gh nodul us | ayer conprises at | eastusones3menber
selected fromthe group consisting of a thernoplastic, a thernoset, and
any conbi nation thereof. 11 WO 03/021588 PCT/ US02/ 25376 17.The opti cal
st or age umof claim 12 V\/n thin . fi I’IS at
east ond muRBEred SRR TP F D et oh S g g B BB pet

copol ynmeleasttorieieshBg saticd 1f1 ot ﬂféeg‘?rﬂiﬁﬁ&insmﬁﬂgioﬁé‘Moﬁbﬁélyﬁﬁﬁ atdapsI9@ikr, 18 The
optical storage nediumof claim17, wherein said thernoset is spin coated.
19. A et hdeprmeplages pékesmagett and any|pixBResdhera@lmmet ri c optical storage
medium said nmethod conprising an addition step wherein a high nodul us

| ayer is L : [ i onal

St abi 111y oa e i L, SR el B LR o “wherei n
said optical storage nedium conprises: at |east one substrate |ayer; at

| east oné9ahanmtﬂo&iyﬁ>|r debrieeding she falt dif raecztsymommbphﬁaﬂ tsagedmsdibst satle | ayer;

ayer . aRURE TEAETTGh8Y SRR 90 PRSI arieh nedthR Brvel Lot Taé i
sai d hi gipHad sokkge n@i@Im so it the d1rect10nal stablhty of said medlum is increased.

20.The method of claim 19, wherein said optical storage medium comprises:

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 in direct contact with said data layer; and

at least one thin film layer which is in direct contact with said high modulus layer.
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