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RELATED APPLI CATI ON BACKGROUND OF THE | NVENTI ON Opti cal, magnetic and
magnet o- oWDIos/osEdT a are primary sources of high performaneeT/svosage
technol ogy that enabl es high storage capacity coupled with a reasonable
price per nmegabyte of storage. Areal density, typically expressed as

billions of bits per squ L i rf area (CGbits per square
inch (Gits/in2)), is equ%gngﬁ%glg{qpﬁ%%?ﬁ#@é{rﬁﬁg‘%nsi ty (bits of |
information per inch of track) nultiplied by the track density in tracks

per inch. Inproved gpesds AeRSRENGRFONREDATED APPRICAKEN factors in the
price reduction per nmegabyte, and further increases in areal density

continue to be demanded by the industry. In the area of optical storage,
advances BACIKGRAURNIR &FSTHEANVERYEO™M vol une, and conpetitive costing.
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competitive costing. Increasing areal density is being addressed by focusing on the
diffraction limits of optics (using near-field optics), investigating three dimensional

storage, investigating potential holographic recording methods and other techniques.

Conventional polymeric data storage media has been employed in areas such as
compact disks (CD-ROM) and recordable or re-writable compact disks (e.g., CD-
RW), and similar relatively low areal density devices, €.g., less than about 1 Gbits/in?,
which are typically optical devices requiring the employment of a good optical quality

substrate having low birefringence.

Referring to Figure 1, a low areal density system 1 is illustrated having a read device 3
and a recordable or re-writable storage media 5. The storage media 5 comprises
conventional layers, including a data layer 7, dielectric layers 9 and 9’, reflective layer
11, and protective layer 13. During operation of the system 1, a laser 15 produced by
the read device 3 is incident upon the optically clear substrate 17. The laser passes
through the substrate 17, and through the dielectric layer 9, the data layer 7 and a

second dielectric layer 9°. The laser 15 then reflects off the reflective layer 11, back



through the dielectric layer 9', the data layer 7, the dielectric |ayer 9,
and the substrate 17 and is read by the read device 3. Conventionally, the
above i sswe3asxyeti ated with enploying first surface, i nclpadiusg2/3near

field, techniques have been addressed by utilizing netal, e.g., alum num
and glass substrates. These substrates are forned into a disk and the

desired | . di , b 1S9 ' [ ,
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layers, dptahGkERALS thay@ddediogsprotective layers. Once the desired
magneti c | ayers have been added, the disk nmay be partitioned into radial

and tangential sectors through magnetic read/wite techni ques. Sector
st ruct ur eComxentipedlybéheashieg isHied agfecistidsivith enplopg fre Surfeess ARGIEAEE, e. g.
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greater siigtaddstrittdaThbdeCfibsdattONRIfoRh¢E affo aldisk B@S ticeddsedfyersrgewr i t abl e
di sks, and the nunmerous techniques being investigated, further advances in
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| ayer and ata storage |ayer disposed therebetween. Areflective |ayer
i s di spositb bedinkeen tdngentad sestvor tigeughayegnedicdrepdievrite dedniges. SEWrabove

descri bed and other features. are exenpl.ified,by.t I | owi fi d
e e, S A e TS e e P b P L 5
dr aw ngs, %%gxre? ks hukCoRheERH S 11 RpBUTREbLBe Mdek8ic lager¥O 03/ 052757

PCT/ US02/ 4 Figure 1 is a cross-sectional illustration of a prior art

| ow areal density system enploying an optically clear substrate.
As is evident from the fast pace of the industry, the demand for greater storage

capacities at lower prices, the desire to have re-writable disks, and the numerous
techniques being investigated, further advances in the technology are constantly

desired and sought.
BRIEF SUMMARY OF THE INVENTION

Disclosed herein is a storage media having a radial deviation of less than or equal to
about 1.15 degrees at a radius of 55 mm. In one embodiment, the storage media
comprises: a plastic substrate, an optical layer and a data storage layer disposed
therebetween. A reflective layer is disposed between the data storage layer and the

substrate.

The above described and other features are exemplified by the following figures and

detailed description.
DESCRIPTION OF THE DRAWINGS

Referring now to the drawings, wherein like elements are numbered alike:



Figure 2 is a cross-sectional illustration of a read/wite system using one
possi bl e enbodi nent of a storage nedia with a light incident on the data
st orage |wges/osd7shout passing through the substrate, i.ePCTASD2/8884 surface
storage nedia. Figure 3 is a graphical illustration of curvature change

i nduced by a humdity set from 25C and 50% relative humdity (rh) to 25C

and 90% rh for_ two natched. syst W th differen { (i.e.,
PSA and ul{]lg?rév? df et Ty ébflggg%oéls P\Eea) PL&glag[ulﬁoé&p %Fégls %gn%‘s’g I cal

illust raté'n%]gﬁkg%%@H&é}lyccwallﬁﬂéfr@tepf a substrate during desorption and
adsorption.” Figuore is’a graphical illustration of the effect of thickness

on structure curvature range during absorption and subsequent desorption.
Fi gure 6 Figum Zus watrassesecaenab ilbesation of@pread/ Wiiteisysiers| Wng ges gowtble . 5.
Figure 7 is a.curvature ratiq. contour, map.at. a diffs] i . 0.
Figure 8 ‘?rgboidnﬁf’% i PTaRE P’ﬁgltar 1?1? 6?111%‘5’ mglﬁlf I\I/ta%nut(rijlg d%%agrtl%ggeir %&éﬁ&é@{%}% a

humi di ty Sgtink iRBheRRE sAaR0% | #hiak keaddurralidfedinh) to 25C and 90%rh for
a msnatc ed1 yste%n (e.g., sane substrate as Figure 3 with a different
conposition filmthan substrate). DETAILED DESCRI PTION OF THE | NVENTI ON | n
this specFigineat isargraptdedl illustretiah af ensvatiegtchpogd igdnceddyer appidityset Tee nade to

a nunber f ter t hat. shal | ..pe defi . FOk o8 X | I forns
"a", " an"2§§ ndtg@% reiaH¥e E‘H@%ﬁ'u?& Iorgfgr%rﬁféoﬁr{ﬁre@rs%mé&g%h%? gg%{le@%earl y
di ctates QtHQEMirS bon@RLisO@Mes (PE., PSRRKE anahdlet (TBRBRutddR adhbgveubsequent |y
descri bed event or circunstance nay or may not occur, and that the

description includes instances where the event or circunmstance _occurs and
i nst ancesFigher ¢ ist adgrephipat illusatiqy ofilynemir lsevetuse rast & rsgibstente KBTA8gr ees by
which a material b nas on a horizontal axis and is typically measured as
the verti %§prptld>§\;\in§1a WHPYUID-t he outer radius of the storage medium The
"maxi mumradial tilt range" 3 WD 03/052757 PCT/ US02/ 32184 as used herein

is the di FiguFéJS}@faU%ﬁplqb'auiingstﬁal@i@ﬁrdmth@ré_ffaadoﬁmhs@qssedsﬁ sgesoepuretel  wat er
and is henCe twice the radial tilt specification as usually specified by

the devetangedsringalisheption@nd sulsequent desorption.
Figure 6 is a curvature ratio contour map at a diffusion ratio of 1.5.
Figure 7 is a curvature ratio contour map at a diffusion ratio of 1.0.

Figure 8 is a graphical illustration of curvature change induced by a humidity set from
25°C and 50% relative humidity (th) to 25°C and 90% rh for a mismatched system

(e.g., same substrate as Figure 3 with a different composition film than substrate).
DETAILED DESCRIPTION OF THE INVENTION

In this specification and in the Claims that follow, reference will be made to a number
of terms that shall be defined. For example, the singular forms “a”, “an” and “the”
include plural referents unless the context clearly dictates otherwise. “Optional” or
“optionally” mean that the subsequently described event or circumstance may or may
not occur, and that the description includes instances where the event or circumstance
occurs and instances where it does not. “Tilt” as used herein refers to the degrees by
which a material bends on a horizontal axis and is typically measured as the vertical

deviation at the outer radius of the storage medium. The “maximum radial tilt range”
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Hi gh-density re-recordable optical nedia formats are bei ng devel oped to
replace existing VHS tape recorders for consuner entertai nnent

consunpt iwn.030bErsgoal is to produce a renovabl e nedia forcatusapprisachi ng
or even exceeding 20 gigabites (Gb) 1in storage and having data transfer
rates of approaching or even exceeding 100 negabites per second (Mops).

Thi nner readt hr,ough. ngdi are requj-red for. e farwWth as
thin as 8% WEH’GFFE%% °d g?&*f_tv tyreaﬁg‘élll%%%Sa%g&g%gpsgggé%g%t(?%?%tg ﬁg)ff ormat s
are asymgtil Gnil Ns Hehbe iR Wk tRdiaheilabsacerioaton i nealiNispediftatiblrthegh

medi um bel ng supported by a thicker substrate. Curvature in the readthrough

medi um i&evietnqbaxsédt}twinqmges in the surroundi ng environnment. Hum dity and
tenperature changes will induce curvature into the total asynmetric

structure_and. hence the adt hr ough,.medi. - ind

spheri cal Highedensity 6ﬁ'§ect°ﬁdrﬁ&’?ﬁ 88@0330’%%%&%%%%f%???&??\lﬁ\é%%e&l@%g %pﬁb?%fe drive.
Di scl OSedeﬁ&LI%VWﬁ'SQaﬁeai%g@I%eﬁffoﬂ@Jr@ﬁﬂn@f eiRéftaRmbR ®ns@nstiont Biel glal Bavamet er
ratios for the substrate and filmthat |ead to i nproved dinensional

st abi | i t ypofiuthe rdnotvablesthedie fonmet appiogchieg AneyasgEkcasdingr2 aigabiies/&ilr e

variation in the readth h di i,nd db i | e
changes. MOBOFagA]| a%g?‘8£§ g ?rg?flégr{anf%gseg %BPT 8@5%/ Ieo:li? ﬁ%ég %@F%@H ol\%gf' és

re-recor dﬁ]@%ﬁoi&grpifﬁf: ?éconﬁr‘fﬂibgs)f. OTR@Bher fehd@hrotigh méBRhaer theirepisuiae VHS
market. In ese‘formats the ‘areal density is increased by: adding extra
i nf or mat i ppet afmedia vddcasehsi 3P0l mermetensehipagiihare being/dsweloped: é‘é@ﬁtrﬁ%
nuneri cal aperture. Both increasing the rg[ggeaP cal aperture an& dec[leasi ng

t he wavel BWgORMHE LTS asEPSF TR SHPCURp YD RE Mg el e tIllnéou(gpti cal

aberrati Ogﬁgf@gbaﬁ? Iﬁ;l.\f})go?@g b?l F%i%ﬁér%ﬁﬁﬁfa%e. e aRreRahE AdalidisughiBedium

consi dera nsi to tilt of the optical nmedium Materials utilized
f or manuf acindoeedoby odrigelin thedsuarqyadagatnvironaisor bHwatidity andh teampieratengr n

causes a vol unme change of the materjal better known as swel An
asynmet ryChaﬁlgﬁhém%al@‘cheaBEWIaH‘? drtosthel fotalj 3symmetis SB“‘E}B‘E‘?deJg h%“r%ﬂ’te Wi t hi n

the nedi i ; : . , :
kadfif ARBEEPLIHAA CAIbeRk SR thek 184S 1d ogaused b
the need ?(?r %‘%’Bé}ll}@z?ﬁ%cﬁ%%%%oz, 3218d4 frrper neabl e netal li go and Y
i nor gani ¢ pba@y@iscadf dresptichibdivee Distlosetbbdlow arayeeges Jhmaterial parameters
YR
and material parameter ratios for the substrate and film that lead to improved
.dimensional stability of the total structure. This technology minimizes curvature

variation in the readthrough medium induced by environmental humidity changes.

Optical media format developers are currently moving towards re-recordable optical
media formats that will replace the consumer VHS market. In these formats the areal
density is increased by: adding extra information layers, decreasing laser wavelength,

and/or increasing numerical aperture.

Both increasing the numerical aperture and decreasing the wavelength has a
detrimental impact on the magnitude of the optical aberrations and hence read
noise/errors. These aberrations are considerably sensitive to tilt of the optical
medium. Materials utilized for manufacture of optical media generally adsorb water
that in turn causes a volume change of the material better known as swell. Any
asymmetry in the water absorption/swell will incur a bending moment within the

media. Asymmetry in the water absorption in optical disks is caused by the need for
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bendi ng nonment causes curvature in the nedia and hence the readthrough
medium Disc curvature is determ ned by neasuring a | aser beam defl ection
of f the dwew3/satsface. The angle of inclination froma fl &CcThise/zast al di sc
is conpared to the angle of inclination of the disc of interest; the
difference in the angl es is referred to as disc tiIt From geonetri cal

consi derat.ions t%]bz 6333{1 am def I.ejtl on I.S %gﬁ ¢ W ce tﬁe d' ctilt
and is comMBITYHet &t BB JUOERF Ao o AETE IO l?%én PP e i et i ned
as the mexd AR h&AGR dafksek RErviaturd i B8 sHeURChnAeAcdHhe ?ea@ihr@fu &difnc di sc

radius on both~ absorption and subsequent desorption of er. To attain
hi gh areal densities in optical storage nedia the |aser t_)eam spot di aneter
(i.e., theDdbanmeéureofs deterntingdk byl mgarsturlbgearrﬂasmafoe@nrcildfbstmm@ffnﬁ@i él)sc needs

Lo be' d In th e diffract t the t '
ol at ed tGUPRE NG FrUR abgpdon BOR A Sehaei BB er B ot POl Aty
Beam Spot & iabBiagion df e didOI8F fatdrest; M@‘é@ﬁf&@ﬂée‘”&n'\‘ﬁe andlTRMEfefkd 3DES Hiéée In

the optical nedia formats [aser wavel ength and/ or nunerical aperture may be
al t er ed t dtilac Frew ecoinetrdelscansilethtinss the lasec beamealeflEtteon lmhaqudrtb twrcmbthem Wi th

nmoving to _| ower vel en nd hi gher rical apertures.i
r et rospect(ﬂ%tl gind s F%‘P@‘%&E’cré er@éﬂpgﬁ ?edl&e&g{la“ofh |T%ett61 B”P&‘hbs Eef\}aﬁﬁeﬁ is
rel at ed tot ﬁ@ era'ng%tnbﬁacfff?lltln?é’éﬂsﬁgd%y dibt lat aNBEGER d cdra{%é (rj;"l?ﬁlge d =

t hi ckness rou iumIln nedia rormats bel ng eve
t hi ckness ajjfsoxtpluenapd suakbquoaddesorptonlodiwager. r educed, rel ative to current
formats, to increase the disc tilt tolerance. This opti cal 5 WD 03/052757

PCT/ US02/ 32184 . | ayer tlcal filmis then a thicker substrate
for mechanf@A&ftaigy F‘¥e@{/d &flesflprﬂi’ltw%]s‘éor?&e %dlﬁ‘p‘ﬁllf"j%ﬂer F3) SPOtTHBRMECE o

ot her inst @RCeR IGERr BPfiE léslaﬁﬂglﬁrb%al’ﬂfthe{tr%ﬁﬁés the media) needs to be decreased.

In the pure diffraction limited case the beam diameter is related to the numerical

aperture and wavelength in the following way:

Beam Spot Diameter o< {i}
NA

where A = wavelength
NA = numerical aperture

In the optical media formats laser wavelength and/or numerical aperture may be
altered to achieve the desired density increase. The inherent problem with moving to
lower wavelengths and higher numerical apertures is the retrospective noise tolerance

collapse; e.g., tilt tolerance, which is related to the above in the following way:

Tilt Margin o< [ A 3}
d.NA

where d = thickness of readthrough medium

In media formats being developed the thickness of the optical medium is being

reduced, relative to current formats, to increase the disc tilt tolerance. This optical

5



optical layers is bonded together to obtain a multilayer format simlar to
the DVD format. The filmis the optical nediumand the information |ayer

i s on thewonpesi7son- nol ded substrate. These thin optical pegdisars218an be

t hought of as optical filnms. Referring to Figure 2, for exanple, data
retrieval conprises contacting the data storage |layer(s) 102 with a |ight
beam 110 ] I l. L gt . Wl er(s). A
reflecti Vgﬂ?g%@ﬂtzcﬁgfﬂ% ﬁ%@g b %%I sptgsag%]%g{]sm%étﬁét? &éé g‘%l%nfs%? 10%1%@“J ’%nger 102

and subst fiakleustQf anroptitgiciBiel Mhetd gbbtiracdstdndeowBbrethecdrdrios S theR | ayer
102, adhesive layer 106, optical layer 114, and to the read/wite device

112 wher e optical dayess isi ondsd ripgsylesy . to Abdainiangpuitilaner tfovanas isimdarutoethe P¥R el ast i ¢
pl ate tha ends 4nfinitely in the in-pla irections and that the
Pateri ol SPOiby ore s e @ekar el e MFrmiichdtierahss AR ledBbnop: o

strai n dugdi@dvabstat@ bR il Bplical giedainddantieehhiphovs fxdptiesisienR: //2 E (t)
_f c(z, t)dz 1/2 where: ¢ = strain z = thickness direction 1 thickness c

= concentration (3 = swell coefficient where E(t) _ /3 c(z, t) The
cur vat ur e Referting te Uhgtneat e farsexagipde, edpta getrigealf ¢qmprised montacong tthee datat er

distribution i t i sk,.as,. wn_below..-1/2 7C(t). =1 ~' 6 f .c(z t)zdz
156 vo o8rednshelt ST uBI B me R e T LehG pteltid rEbbve
i ntegral s oars@ci WeRE). OASrefbctivetieg: ahst @@m?,sch&ﬂwed soQekh itike dAY 8forage
t hi cknesses including materi al paraneters tor each |layer. The
layer 102 and substrate 108, reflects the light back through the data storage layer 102,
adhesive layer 106, optical layer 114, and to the read/write device 112 where the data

is retrieved.

Assuming that the structure is an elastic plate that extends infinitely in the in-plane
directions and that the material properties are not a function of thickness then the
isotropic strain due to water absorption is given by the below expression:

/

.
E(t)=—l'b—) fc(z,t)dz
172

/

[

where: € = strain
z = thickness direction
1 = thickness
¢ = concentration

B = swell coefficient where &(¢)= S c(z,1)

The curvature of the substrate is related to the first moment of the water distribution in

the disk as shown below:

-112
x(t)= 121—'6 jc(z, t)zdz

112



concentration of water as a function of thickness and tinme c(z,t) is
calculated froma solution to the diffusion equation. In the case of a two
| ayer sysweoemsiobszstime dependant curvature change i nducedPoy/tsoyaxi8hum dity
change is given by the bel ow general expression: K(t) - K(0) = 6AO 1 s,

f(t,,0, q wheret =tinme 00 = change in relative humdity E2 |' ratio of
| ayer thigkness, =1- y' -.ratio.o chani St , 1-v, D
62" g7 srormatiplfager ysimsag Bpord, el B uiBlaShi bl BRGRIy e G | g

As, El D, gRUBRCHIRE thickne®e®! Mch@idehendtediah dBAnferdds Cfor peachl layeef ahs to the
substrate If all ‘of the material paraneters are supplied, the two |ayer

st ruct ur ecahenamition afuratat ay & foletioy of daekises atet Emaicietl is Falgulpied Frax @i bi t s
validation with the ve mathenati.c descri.ption.and exper i | data
on: a mat sHEEPHHR it%%lad? 500 SOBHA,t 40 %b%lc%ealptd?‘n!av{/% IaXGL 5 %‘C’el.[hgé Hltn% system
conprisin ' i4 aranchidity BnYe ¥ BeBRbLS tsdbabwat e)

t hat under@e@ﬁ@ltﬁﬁé{a@%@?ﬁ%ﬁ%\%gﬁﬁeﬁ al hum di}{y. I\/ba%Mi IZ, Figure 4
exhi bi ts penerdiexpresdiordat i on on three different systens with various

bondi ng | ayers and both matched and m smatched systens. Optical nedia
manuf acturers specify upper, and | ower specification [imts on structure
curvature. Thi ({)‘i%tbfé Atqjﬁﬁl (tp y@%rate curvature falls within these
specification "T'Wnits at ajl tines’during any environnental hunidity
change. The curvature range 7 WD 03/052757 PCT/ US02/ 32184 (Figure 5)
during an absorption and subsequent desorption should be mnimzed. There
are threewhayest dimmeduce the curvature range: (1) reduce the swell/strain
of the

A¢ = change in relative humidity

EZ

lr; N . l - Vr) . . .
p =-= = ratio of layer thickness, y= 2 = ratio of mechanical stiffness,

2 1

1-v,
, D : e e

0= Posy & _ ratio of water strains, g =—= = ratio of diffusivities

Bis, & D,

subscript “2” refers to the film and subscript “1” refers to the substrate

If all of the material parameters are supplied, the two layer structure dynamic
curvature change can be determined. Figure 3 exhibits validation with the above
mathematical description and experimental data on: a matched optical film/substrate
polycarbonate system (e.g., a system comprising a polycarbonate optical film and a
polycarbonate substrate) that under went a step in environmental humidity.
Meanwhile, Figure 4 exhibits further validation on three different systems with

various bonding layers and both matched and mismatched systems.

Optical media manufacturers specify upper and lower specification limits on structure
curvature. This requires that the substrate curvature falls within these specification

limits at all times during any environmental humidity change. The curvature range
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substrate on absorption of water, (2) select a filmthat mnimzes the
curvature dynamc of the structure, and (3) change the filmthickness. An
expl anat iwo 03/05316W t 0 reduce the curvature or tilt rangePefi/isoysngd e | ayer
substrate or a dual |ayer systemby selecting materials with reduced
swel | /strain on absorption of water is set forth in comonly assigned U S.

Pat ent Ser.i.al er._09/943, 767. The maxi i } g re on
absor pt i o(vﬁ 1&%&%@%‘& 2B S?rp\%g? et taf P Sée(lqug}étlmﬁ%%aé t@%b@%ﬁlg{rggirgfﬁél?{%éﬁ by the
fol I ow ngTheleakd BRce t%%@ to e Q)the cBARUR Fahge:181) rdtics thhowsll/sthah of euci ng
the solubility and swell coefficient of the material can mnimze the pure

subst r at e sthstite Gorebeerptint |of, water,of®) i ssidct faj film | thaic puRigHzasothsi PHIMAHE system

curvature., The curvature can onvert into a tilt a L he ppumtilt
range exp&YTEHES ﬂlff“f”ﬁ@“@tﬁ’ﬂ?@u‘%@“%%thg g&r&t I_Sﬁnezfﬁ'dAgueﬁ‘E%gﬁtégrh O%@oﬁti onis
given by tfie. Bl QM AXRr §SHt Phge ¥BY sFal Rberldubbtrdtape dusladyersystam by _
=1.920rh, @sr 1.920rh~r t t V\,ﬁere: ic is the curvature (length-); Arh is

step rel akelegipumaiinls; witB reducsd rsaictl/straigsor pherpioon whvaterds sat &irhem

tenperature(T);. s is fraction ter relative humdity (rh) =1 and
T, a _ (§§mm§%séﬁgnr§$f]§$ﬁa&eﬂﬁ $ﬁr£a}. Gf?’b/t94?’ggzubstra,te t hi ckness; and 8
WO 03/ 052757 PCT/ US02/ 32184 r is radius of interest. The "nmaxi mum radi al

tilt ranggheas,4semh HemeidnimictdieyMinslonCabsdiptish GnddeddigtiorabERERE fem and
subsequent Sesor ption of water and is hence twice the radial tilt

speci fi catingie substrste dd giyersipethe ffolbavibg relitgondevel opers in the industry.
Figure 4 outlines the dynam c curvature in absorption and subsequently in

desorption
6APP,s,

x(t)— x(0) = l

This shows that reducing the solubility and swell coefficient of the material can
minimize the pure substrate tilt. Consequently, an optical film is chosen to minimize
system curvature. The curvature can be converted into a tilt and the maximum tilt
range experienced by the structure on sorption and subsequent desorption is given by

the below expression:

1.92Athfsr  1.92Arha
t f

Max Radial Tilt Range (rad) = xr =

where: K is the curvature (length']);
Arh is step relative humidity;
B is strain/mass fraction water at a given temperature(T);
s is mass fraction water at relative humidity (th) =1 and T;
€= Ps is water strain at th=1 and T;

t is substrate thickness; and



normal i zed by 6Q0, 8 s' hence arriving at a value of one and m nus one at
the 1 maxi mum and m ni num respectively for a substrate without film By
addi ng a wologioszwenpri sing a different chem cal conpositi oCrhesn2/s1184
substrate, the asymmetry can be reduced, hence reducing the value of the
maxi mumtilt. As the thickness of the optical film (mtching filmand

m smat ched filrrl iﬁ.inﬁr aseEd, the maximumtilt will also reduce to the
poi nt where thé ST MY FY for a filmof the sane thickness as the
substrate (e.g., DVD, DVR (digital video recordings), and the |ike).

Figure 5 gxbiBhi:emiube rialiavilorar@b” tReusdr Yalklr és rthagisiwicubvatdie duringkness
ratio where the filmand substrate are the same material. It was discl osed

that by habsongjica amdhtsabrsgudnt|deservtion jof wWiet oxrd athenge $oe ohe tAdiat fifickness
of the substrat the tilt of.the . cqated subsirat n be reduced to 5% of
that of as%‘?fﬁgciaﬁgl? as W%h&ﬁ?ecgiefdimyntpe 8%?29 efsolﬁzﬁg‘? @dg?%gn optical film i

(layer) thickness of about 20% of the substrate thickness the tilt

reduct i onpigrédawitims 1wkt deusttasd fabsorptibh and Mitsequeniiatindesorstizpendence
on thickness is stronger than the tilt tol erance reduction caused by

aberrations_dependendddfs,t hi ckness. Consequent Ly, by -having an_opti cal
film thiER jpsze@nﬂ”ygr eat er thﬁ%ﬁ? 6?“’%3‘1 at\galllléebé}ttOhiBaéodo]%nilﬁeo%u%ts Fat e
thickness, the tilt can' be reduced by greater than or equal to about 80%

with a redugth® 4nd hinithuSf regfe@8v @Y fort ubsahatesit@ut fidmal®yhdd0a ditnai ned
with an optical filmthickness of greater than or equal to about 20% of

t he subst camprisihg ekdifferent dhenfiesl apinpositierethen thecaibstrgte.rhe pYERARBSCIIDE about
20% to about 4 %oof t e.suﬁétrf;\tefihickness .lvvith a thickness of about 25%
to about T%B¢sEMpsrreduaiRg hgvale Rl GREE M LE S red. 1f the thickness of the
filmis fixed then material properties of the filmcan be optimzed to

reduce thedtihd thifldReEof (BY ofili GiGlS A hinRefilpdRY thidna@dhed fiém] {slinereasetthat of
9 WD 03/052757 PCT/ US02/ 32184 the substrate, the tilt range can al so be

reduced. Fur mexiamph &ilt Widbileo tedyre exsthearoirgsvlhste these st 1@l Sorfaofilng ofithec syst em
(1601 gt ot ke B VSR, (M ABSHghof U he 0 2
like). Figure 5 exhibits the behavior of the curvature range with the thickness ratio
where the film and substrate are the same material. It was disclosed that by having a
matched film that is approximately 30% of the thickness of the substrate, the tilt of the
coated substrate can be reduced to 5% of that of a substrate without a film.
Additionally at an optical film (layer) thickness of about 20% of the substrate
thickness the tilt reduction is down to 10% of the substrate tilt. This curvature
dependence on thickness is stronger than the tilt tolerance reduction caused by
aberrations dependence on thickness. Consequently, by having an optical film
thickness of greater than or equal to about 18% of the substrate thickness, the tilt can
be reduced by greater than or equal to about 80%, with a reduction in tilt of greater
than or equal to about 90% obtained with an optical film thickness of greater than or
equal to about 20% of the substrate thickness. Preferably, the optical film thickness is
about 20% to about 40% of the substrate thickness, with a thickness of about 25% to
about 35% of the substrate thickness preferred.

If the thickness of the film is fixed then material properties of the film can be

optimized to reduce the tilt range. By mismatching the material of the film to that of
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range. This is a four fold inprovenent over a matched filn substrate system
for a given thickness. Table | Ratios Value Thickness p 0.09 Stiffness 3
Swel | 1. 0WwO oBiosA7eBi vity g 0.15 M ninmum Range 0. 11 For a @cCrdrsot/siisg

t hi ckness the curvature is nore sensitive to the strain ratio and

stiffness ratio and |l ess sensitive to the diffusion ratio. Figure 6 is a

cont our the normalize r i.en of the
R S e L b L T S
specific Igdrgr&l {0 rraaHfSQ s9dterh- éoomi%rorﬁ’@&ﬂ () A \Gak Ul e nhiitgeed smaht ai ned
for the case ere the stiffness ratio is related to the strain ratio in a
hyper bol i substayte) it $eallytper baivitore tange itioriab ild %o thet obiisi sitbenete fayrvagny
diffusion ratio_as. is_supported by Fi ure 7, ust.rat €S .G ntour pl ot
for a spe@ngtct hbﬁ‘lsf%g?uérfp ltda‘tn?péo\f%“ei’t Velpy &%ﬁgﬂ%ﬂm@ étrag?lsy g Patio to
swel | rat 1%15?%&411%@ n the inner contour by area 200. Based upon the above
i nformati e optical filmcan be a plastic having the desired

stiffness ratio (y) (Youngs nodul us(negapascals)/ (1-Poisson ratio)), swell
rati o(s) (percentage ¢ravvd h of the material at equilibrium, and

diffusivity ratio(q), wherein all 10 WO 03/052757 PCJ/ US02/ 32184 rati os
refer to the ratio of the—optical_filmto th e. The desired

anounts of these paramitioss are dependent uponVélhe thi ckness of the
optical film The ultimate desire is to reduce the tilt, e.g., curvature,
to a radial deviation rasge—est—t+ess—thamor—=e t—toabout 1. 15 degrees at
a radius of 55 mMm muﬁg&%ﬁt han or eqifal to ;;(E@%t 1.0 degrees at a
radius of 55 nmpreferfed, |ess than or {equal fo about 0.80 degrees at a

radi us of 55 mm nore pref@lgd, T€ss than or eqgial to|about 0.70 degrees at
a radius of

Swell d 1.01
Diffusivity q ©10.15
Minimum Range 0.11

For a given film thickness the curvature is more sensitive to the strain ratio and
stiffness ratio and less sensitive to the diffusion ratio. Figure 6 is a contour plot
outlining the normalized curvature range as a function of the stiffness ratio and
strain/swell ratio. This contour plot is for a specific diffusion ratio of 1.5. The
optimum curvature range is obtained for the case where the stiffness ratio is related to
the strain ratio in a hyperbolic way. This hyperbolic functionality is consistent for any
diffusion ratio as is supported by Figure 7, which illustrates contour plot for a specific
diffusion ratio of 1.0. Preferably, the stiffness ratio to swell ratio is within the inner

contour by area 200.

Based upon the above information, the optical film can be a plastic having the desired
stiffness ratio (y) (Youngs modulus(megapascals)/ (1-Poisson ratio)), swell ratio(3)

(percentage growth of the material at equilibrium), and diffusivity ratio(q), wherein all
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55 nm even nore preferred, |ess than or equal to about 0.50 degrees at a
radius of 55 mn yet even nore preferred, and | ess than or equal to about
0. 25 degrwessms27a7 r adi us of 55 mm desired. Generally, th@CcInisvt/smass ratio
can be greater than or equal to about 0.5, with a stiffness ratio of
greater than or equal to about 0.70 preferred and a stiffness ratio of

greater thap sofefé?%athe b8 (ﬂ@f){hte aptiea) eJu‘BEtée&Q Tlﬁheéegii?nlb%l%our}tp

stiffness ratio 1s |ess an or “equa out Nness ratro of

| ess than thgse Refinadtels araldepsndentpuipeheah¢ Glﬂcknammathﬁtdpﬁf:ilefﬂﬁl r Ah¢ oltiddatd ess
than or equal to about 2.5 even nore preferred. The stiffness of the
optical fidesiraifdiosigRuser Gedilt, & e yateg, iha rahdi deyiatign fangesefi 163 then PHom

tenperat urg, Us ABort !5‘%&@%& att%r b o Q{rﬁewltw%gg{?%s&%ﬁﬁalttﬁ? ab(}tﬂel wel |

ratio, it Can gred equa o abou grea han or

equal  to dbrdt aDa fadify 6f 85 hefl pratded)i@siien éhé@mablo fuad.s0AegResibt 4. 0 nore
preferred. Preferably, the swell ratio is | ess than or equal to about 5,

with | ess medignobsS> suyaiore prefertfdulessthﬁnpéewéfceahoeao Terggicesat atadins of equal
to about

n_nore erred., The Str i S _neasur
et oo e R S AR RIS o T ol nSt G Rl atgte R RUEDs RIS oan
be great ermmhai efén BRHAbref@reab ot 1e8s fhan oMelihal 96 8BERI0. 2N ALréds at §GhdhLs t O
about 0.10 preferred. referably the diffusivity is less than or equal to

about 2. Oof Sfimm desyed.t henerelly,dheistiffiness adtioutan be(ereaterf than edequiat tp segpect to
t hi ckness he.optic fil n_have_.a thickn 0.2 .mcroneters
Lo abour (-6 TR RerS D () e LR ebsHan b boual T esifeBed At T o
about 0.6 ¢nbss ﬁfl@f&rg&@é@er th%%r than t&ﬁbcﬁﬁll{ais tRre R redo OpBleedHTRESI S 1S
nore preferred, and I'ess than or "equal to about 120 m croneters’'is even

mor e pr ef estiffaess datio 1sd>¢es thpbi cqual dmsbowtl 5ovih efstiffnesh natib ifrlegsithan pange i s

the optical thic nes reat han or equal . to abou roneters,
ut £h_ b eareSe T RENOB S BRfTedh BhEhSme: o Tare BPLoRGREl friboal 786 ohng

greater thaneQfRALAl Tﬁé)st?f{ﬁ%é Op%e%éﬁ{C%%%ﬁd SViSRatelit ¥ P34 Op &lRife
PCT/ US02/ 3218 nore preferred. | ontrast, the substrate typically has a

t hi ckness defforgraiat @t redmanemperatacpuading on dixdten tOstBgnumchand. hWjtlessspact tthhan or

o She P R LS LE S B e [0 5 SO 0o 111

to about 0.75 preferred, and greater than or equal to about 1.0 more preferred.
Preferably, the swell ratio is less than or equal to about 5, with less than or equal to
about 3 more preferred, and less than or equal to about 2.5 even more preferred. The
swell strain is measured using a Thermomechanical analyzer from TA instruments.
The diffusivity ratio can be greater than or equal to about 0.05, with greater than or
equal to about 0.10 preferred. Preferably the diffusivity is less than or equal to about

2.0, with less than or equal to about 1.0 preferred

With respect to thickness, the optical film can have a thickness of about 0.2
micrometers to about 0.6 mm. Within the film thickness range, less than or equal to
about 0.6 mm is preferred, less than or equal to about 250 micrometers is more
preferred, and less than or equal to about 120 micrometers is even more preferred, in
some applications. Also preferred within this range is the optical thickness of greater
than or equal to about 0.2 micrometers, with greater than or equal to about 5

micrometers more preferred, and greater than or equal to about 50 micrometers even
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t hi ckness of |less than or equal to about 2.5 mMm wth I ess than or equal to
about 2.0 mmnore preferred, and | ess than or equal to about 1.5 nmm even
nore prefworems27Bue to current equi pnment and due to i nduCmyUs02/32184
specifications, a substrate thickness of about 1.1 mmis generally
preferred. If decreased substrate thicknesses are enployed (e.g., less

t han about 1.2 Lt is ferred to i i . i | b

thi cknesgoF et PesetrRhiner ShebTB BBt Bl arporhE ol 3 (0" ©
of less than F aRAYAL3 b, WIRWredlerthiti of @piiido B0t DESEnt prfered, aglial to
about 0.1 nore preferred. Also preferred is a thickness ratio of greater

';nr;?g 8; e%ﬁmﬁdﬂlﬁn aﬂcaqhal 0;) cabcut;t I tnhmgn@ratrléﬁetrh@cn Adgo prgiared is ¢ BYIALC 0. 005
rred, an eat er n .or ual to,about, 0.0

pr ef er r edhiclBEs|o I]eessgéfﬂ efa?qwr?%%fz i B “flﬂlatg’ssc lﬁnﬁé%glﬁ@%g:ags |r2§0t hat

exhi bi t's 1%91‘%8{%{}!1‘@1‘6ﬁﬂed,pcfn99§srstth£§or e'qﬁ&ll tHdbsg LHBmIBRIASblcGTefcirb®r DOSEL S, as

wel | as honopol yrmers, ° copolymers, reaction products, and comnbinations

Ic_orrpr i ZI ng oatérghteapipm@ﬁ andl dtdreo influstegapiecidjcatinney 4 substratgdhigkmasg of #haut not
imted to addition and cgndensati on | ymers. . . lllustrativ pon-limtin

exfmp![ ﬁs| bi mmds aepraldt Pré?%’b’ﬁy ﬂ%cr%ﬁsgg § t@ffﬁﬁ?-th@}‘??fé%s afBSPlPﬁ%YP‘é?%%ch as )

pol yet hy e 2 : | ; j 1

Pol yot hyl Enahad S AP is G DR} faGRR0 SRES A1 fbohaleqckness

et hyl ene- @b roafltsyahaebhydeneo abapdl, ywitr s thiplalepy ratipl off lesrotha ey equal to

pol yvinylidene fluoride, | yvinylid hlari de, |
et hyl ene-ahquyp.ngg@“ngp@ a“f’@g‘%ﬁM%th%ﬁgagﬂvﬂ%@5{%@%&%&2%@%‘%@% g é hyl ene,

polymers syc| 1{%}13}?99 AP ﬁ' gl%ht%p ﬁ}anrb(?l laaﬁ% 250G .60 WiflPhreatePMih ¥FBg Sl

pol ymer s 5 _ eni ca unsat ur at carboxyl1c acids and their functional
deri vat i v@sabouf©l008i mereasiefelica, pal yrertes timnchr amabtl stk KyI25xey nzgres) |
poly(al kyl  met hacryl ates), polyacrylam des, polyacrylonitrile and

pol yacryl prsfeareidd;  al kenyl aromati ¢ pol ymers such as pol ystyrene,

pol y- al pha- nmet hyl styrene, hydrogenated pol ystyrenes, syndiotactic and

03/ 052757 PCT/ US02/ 32184 ’ ’
copolymers, reaction products, and combinations comprising at least one of the
foregoing materials including, but not limited to addition and condensation polymers.
Tlustrative, non-limiting examples of thermoplastic polymers are olefin-derived
polymers such as polyethylene, polypropylene, and their copolymers; chlorinated
polyethylene, polyvinyl chloride, polymethylpentane; ethylene-tetrafluoroethylene
copolymers, polyvinyl fluoride, polyvinylidene fluoride, polyvinylidene chloride,
polytetrafluoroethylene, ethylene-vinyl acetate copolymers, polyvinyl acetate, diene-
derived polymers such as polybutadiene, polyisoprene, and their copolymers;
polymers of ethylenically unsaturated carboxylic acids and their functional
derivatives, including acrylic polymers such as poly(alkyl acrylates), poly(alkyl
methacrylates),  polyacrylamides, polyacrylonitrile — and polyacrylic  acid;
alkenylaromatic polymers such as polystyrene, poly-alpha-methylstyrene,
hydrogenated polystyrenes, syndiotactic and atactic polystyrenes, polycyclohexyl

ethylene, styrene-co-acrylonitrile, styrene-co-maleic anhydride, polyvinyltoluene, and

rubber-modified polystyrenes; polyamides such as nylon-6, nylon-66, nylon-11, and
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nyl on-12; pol yacetal s, polyesters such as pol yet hyl ene terephthal ate,
pol ybutyl ene terephthal ate, and pol ycycl ohexyl net hyl ene terepht hal at e;
pol ycar boweatoa®s275pol yest er car bonat es; hi gh heat pol ycar borawrasp2/paaByet her s
such as pol yaryl ene ethers especially pol yphenylene ethers derived from
2, 6-di et hyl phenol and copolyners wth 2,3, 6-trinethyl phenol,

t

pol yet her sul f opes ol yet her et her sul f on n

Pol yot hor BT RettEe oA dShEr TR Rtk & lar RS TrIFAKANET Bihiptyiene

pol ysul f opgshitane, Polygul Pb@@%ﬁe@?@%thﬁﬂ@ | i teebBthalayst abblysgbadteser s.
Non-limting exanples of thernosetting resins are epoxies, phenolics,

al kyds, pojepestabenatgsphighniedepolyprsbonsiest pakyebersiugl eapotaryleng &hets cones,

bi s- mal ei m des cyanate esters, .nultifunctional, a | ic. co such as
di al 'yl phtREFER% PO&BW?%, cfigy }<‘§F&‘§F5 p‘% o%’b%é}P?%&Vfé’ﬁé‘%%"&eﬁn ng@%ﬁg@‘és

resol es, pignal e) gigdesnetR¥phenBB! NS, poly&h&TuIRSret,0r ”H:pQEIBﬂﬁgﬁthersulfones,

ur ea- f or mal dehyde, benzocycl obut anes, ™ hydr oxynet hyl f urans, and i socyanates

benzocyc| pdivdtberketorss, molyetiwratadrketases, hodupdyejiresing dess apdyayytenes sulfidesst i on

pr oduct s, %nd ]ﬁ%orrbi n(?ti on@ éo i sing.at Jeass% .one .of the foregoing

t her moset PeIygioass: ARd PolysWHcesuHBR; ﬁgﬂ?],qu‘tdrféy HEPSRYE S0l yrer  furt her
conprises at | east one thernoplastic polyner, such as, polyphenylene ether,

pol yphe“yNS{x‘-%n%Hhé | dampdQ! ¥SUteRGettRR! YatRehidTcBxief)ObNamliey, . alkndk,t he
l'i ke, as well as ~honopol yners, copolyners, reaction products, and
conbi nat i peigestasppobiimglest Hobastthansse noihetahefiflest edlddongs,t hisrmalpinaides, c

pol yners. The th | asti c. paql i s tvpical onhi T h
ononer  nfYedieces i oR BT A G DL omIRel S B SoP AV R PG Agvies e
ol yest er gnand PREIIRBIANIdGAC! GRVOHBLT Sodbflsy CHMARIARRS DPVRRLANEA.

Illustrative, 'n imting exanples of thernoplastic polyesters include
pol y( et hyheheihefephtdeaidt e), pol yfeh Wrbaltishydne t er ephitamabackwputanes,

pol y(1, 3- | t ht hal at e) , . pol | di met hanol
Dot Spint hab By CRBh i REATRIfD: I EODGERY | SO oreptEal®t e)
POl Y ety 06,0 aRBkN AR Blers, RALOHbI&NGABHNABHClomaNGhDR! Ay at es.

[l1lTustrative, mtlngeexa thernopl astic el astoneric
pol yest er snd eximedorkyoikp dwnmasettfifFesinncliuade enpoidireettethe shearmose polynzs

R TS L e e
polyphenylene sulfide, polysulfone, polyetherimide, polyester, and the like, as well as
homopolymers, copolymers, reaction products, and combinations comprising at least
one of the foregoing thermoplastic polymers. The thermoplastic polymer is typically

combined with a thermoset monomer mixture before curing of the thermoset.

Both thermoplastic polyesters and thermoplastic elastomeric polyesters can be
employed. Illustrative, non-limiting examples of thermoplastic polyesters include
poly(ethylene terephthalate), poly(1,4-butylene terephthalate), poly(l,3-propylene
terephthalate), poly(cyclohexanedimethanol terephthalate),
poly(cyclohexanedimethanol-co-ethylene terephthalate), poly(ethylene naphthalate),
poly(butylene naphthalate),' and polyarylates. Illustrative, non-limiting examples of
thermoplastic  elastomeric polyesters (commonly known as TPE) include
polyetheresters such as poly(alkylene terephthalate)s (particularly poly[ethylene
terephthalate] and poly[butylene terephthalate]) containing soft-block segments of
poly(alkylene oxide), particularly segments of poly(ethylene oxide) and poly(butylene
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pol y(al kyl ene oxide), particularly segnents of poly(ethylene oxide) and
pol y(butylene 13 WO 03/052757 PCT/ US02/ 32184 oxide); and pol yesteram des
such as two98/05381 hesi zed by the condensation of an aron®Crasdi/sxyecyanat e
wi th dicarboxylic acids and a carboxylic acid-term nated polyester or

pol yet her prepol ynmer. Suitable polyarylates include, but are not limted
to, the polyphthal ate esters of .2, 2-. Dbis A ommonl y
known as PiSphe p%)’e,s(?%{?fal ts.)lsvcehsta %rﬂé&ecsé/ﬁ@?%? ‘?“ﬁéygfﬁ]@g%ﬁﬁ%e?%ﬁ?gpﬁuﬁft s of
the formyanhiic RliBodyhhat® PitR- Gicdrbbxlic. acidhend a &iboiydichydd ogemnnaed C1. 4

al kyl, optionally in conbination with structural units of the formula II:
(11> 1 0 polyestee bnpd¢hérprepadymert ent C4_12 aliphatic, alicyclic or m xed
aliphatic-alicyclic radical. The latter polyesters may be prepared by the

reaction of, 1, 3-dihydr.o enzene =2 i tic

di car boxﬁql@gﬁcﬁogyaéﬂl% ilﬂéx‘gﬁn&g 5 KAl Pﬁ%éac‘}ghy%t ?tgﬁé}ﬁ%%te %Eg{sﬁég units of
formil a 'Bis@%id?dx@bfﬁen%l)ﬁrdﬁhﬁe/%&ﬁﬁﬁbﬁl@z RAGyITCIsebigphdabL M )rawd bgolysstdis t i t ut ed
wi t h hal-ogen, “usually chlorine or bromi ne, or preferably with Cl4 al kyl;
e.g., netdopbistieg dfdtuciusdpmopyf thegewpyte I: butyl . The al kyl groups are
preferably primary or secondary groups, wth nmethyl being nore preferred,
and are nost often located in, the ortho position to both oxygen atons

al t hough ot herggositi ons areftal so contenpl ated. The nost preferred

noi eties are resorcinol nmoieties, in whiﬁh R16 is hydrogen. The

1, 3-di hydr oxybenzene noi et are |i nked| to W Gﬁcar boxylic 14 WO
0—~C |

03/ 052757 PCT/ USQ2L3g
_——C__

F

5

wherein R'® is hydrogen or C;4 alkyl, optionally in combination with structural units

of the formula II:

(I ﬁ ﬁ

—C—R'"—C—o0 \

wherein R'7 is a divalent Cy4., aliphatic, alicyclic or mixed aliphatic-alicyclic radical.
The latter polyesters may be prepared by the reaction of a 1,3-dihydroxybenzene
moiety with at least one aromatic dicarboxylic acid chloride under alkaline conditions.
Structural units of formula II contain a 1,3-dihydroxybenzene moiety which may be
substituted with halogen, usually chlorine or bromine, or preferably with Ci4 alkyl;
e.g., methyl, ethyl, isopropyl, propyl, butyl. The alkyl groups are preferably primary
or secondary groups, with methyl being more preferred, and are most often located in
the ortho position to both oxygen atoms although other positions are also
contemplated. The most preferred moieties are resorcinol moieties, in which R'® is

hydrogen. The 1,3-dihydroxybenzene moieties are linked to aromatic dicarboxylic
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acid noieties which may be nonocyclic noieties, e.g., isophthalate or
terephthalate, or polycyclic noieties, e.g., naphthal enedi carboxylate. In
the opti owelo3ssd7s7 bl ock units of fornula I, resorcinol orcalusg/saEsor ci nol
noieties are present in ester-formng conbination with R17 which is a

di valent C4_12 aliphatic, alicyclic or mxed aliphatic-alicyclic radical.

Possi bl e I S raI f the
ol a1 [T SRIBRRSHES bg WIBohARSE: GRTILLL 00 RRHGAL Bl BB o
the total enyigycld mBiBiegreaynsphihaleacdic@bbeylator gani c radl cals and the

bal ance thereof are aliphatic alicyclic or aromatic radicals. Suitable

R18 radical s, include mpheny p- phenyl ene, 4, 4'-Dbiphenyl ene,
4,4' -bi (36119 they Ppiana) ot tglﬁélﬁw of fopmolag], seserqimad vy R by epalTeoieties are

6,6 -(3,3, i 11 dane]

1,1 -E)i s( -p étl g%\%??%h@% %‘mi)ma @I‘%@g oheug?éér}\le% gd}dva%e%q:“a‘ alﬁpa?ﬂ al s
such as trujﬁ:gclmmhlxe@aﬁ@mmﬂlcy@ldrﬁ@lcﬁh hydr oxy-substituted aromatic

hydr ocar bons di scl osed by name or fornula (generic or specific) in US
Patent 4,217,438. More preferably, R18 is an aromatic organic radical and
still more %F@ eé?(&lﬂa@oé‘agéﬁicé%e thge corprisBmtpetural/unity ofthaforyulalll: wher ei n
each A' and A2 is a nonocyclic divalent aryl radical and Y' is a bridging
radi cal in which onelg? two atoms separatg A and A2. For exanple, A and
A2 typically represen unsubstltuted phenylene or substituted derivatives
thereof. The bridging radic ks nostlloften a hydrocarbon group and
particularly a saturated gr éﬁcﬁ*&s dEFﬁVTene; cycl ohexyl i dene;

3,3, 5- trinethylcyclohexylidene or isopropylidene. The nost preferred

pol ycar bonghésinadtel et HHOSNBH p@rd%ﬁi )Sf’%@ﬁﬁ‘ﬁtﬁﬁmber'& Nh' FBuRRER QbnsAtic and A2
is p-phenylene and Y' is isopropylidene. Suitable
organic radicals and the balance thereof are aliphatic, ahcychc or aromatic radicals.

Suitable R'® radicals include m-phenylene, p-phenylene, 4,4'-biphenylene, 4,4'-bi(3,5-
dimethyl)-phenylene, 2,2-bis(4-phenylene)propane, 6,6°-(3,3,3',3'-tetramethyl-1,1'-
spirobi[ 1H-indane]), 1,1-bis(4-phenylene)-3,3,5-trimethylcyclohexane, and similar
radicals such as those which correspond to the dihydroxy-substituted aromatic
hydrocarbons disclosed by name or formula (generic or specific) in U.S. Patent

4,217,438.

More preferably, R'® is an aromatic organic radical and still more preferably a radical

of the formula I'V:

av)
Ay A2

wherein each A' and A? is a monocyclic divalent aryl radical and Y' is a bridging
radical in which one or two atoms separate A' and A%, For example, A' and A’
typically represent unsubstituted phenylene or substituted derivatives thereof. The
bridging radical Y' is most often a hydrocarbon group and particularly a saturated
group such as methylene; cyclohexylidene; 3,3,5-trimethylcyclohexylidene; or
isopropylidene. The most preferred polycarbonates are bisphenol A polycarbonates,

in which each of A' and A? is p-phenylene and Y' is isopropylidene. Suitable
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WO 03/ 052757 PCT/ US02/ 32184 pol ycarbonates may be nmade using vari ous
processes, including interfacial, solution, solid state, or nelt

pr ocesseswoloa/om187 enbodi ment, the storage nedi a conpri ses patr/usezstisone

| ayer with at |east one polycarbonate. In another enbodi nent, the storage
medi a conprises at |east one layer wth two different polycarbonates.
Homopol yc gReRb et Rl YRdndOmify 3 dr Q¥ o and
copol ycarg)(r)ﬁgt es dgr:ﬁ{/ fPom 1ﬁgeél rﬁ%é%ccegsg%i #&@?b‘%@%ﬂgghnsammﬁbner are
enconpasseadlid ktatepoemeltripastessent , t he substrate and/or at | east one other

| ayer of the storage nedia conpri se a pol ycar bonat e or copol ycarbonate
corrprlsm structural units (V) or c 3 RM R 6 RI I/RHC .(O-(COQCH
3 0 g’F?O}’ﬁ e(ql?f) niupn(c,vt}]e S agq%e@p@ogpn@s@ ]@sp pne \aypr with)at |lpaRt peRz H or
(V1) wher ahd nt sen,;from Cl-C6
al kyl and rgg%ﬁ Bﬁ E@yogre tﬁﬁ%g%ga eﬁﬁéagor}%im&%é{t ]I%ﬁS?P Eﬁgn I

Cl- C6 al let}S ulest diffstend pcﬂmﬂ}dnate@l’ Mdpg@l@albﬂha@s @Briled Fues 210fsm(4%16>t o about
12; g is an |nteger of Q to about 12; gm's an integer of about 4 to
about 12; dihyd oné’ncqfﬁl?(é’@érmélﬁo@?foﬂﬂ qonakyca fiteg -degpedl Frops more than one

dihydroxy compound monomer are encompassed.

In one embodiment, the substrate and/or at least one other layer of the storage media

comprise a polycarbonate or copolycarbonate comprising structural units (V) or (VI):

— —_

; R RS
SN I P

HaC m(C)_(C)q CHs

L —~ V)

or — (V)

where R], Rz, R3, R4, RS, and R® are, independently chosen from C;-Cg alkyl and
hydrogen; R’ and R® are, independently, C;-Cq alkyl, phenyl, C;-Cs alkyl substituted
phenyl, or hydrogen; m is an integer of 0 to about 12; q is an integer of 0 to about 12;
m+q is an integer of about 4 to about 12; n is an integer of about 1 to about 2; and p is

an integer of about 1 to about 2.
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an integer of about 1 to about 2. 16 WO 03/052757 PCT/ US02/ 32184
Representative units of structure (V) include, but are not limted, to
resi dues wb 03/03275bi s( 4- hydr oxy- 3- net hyl phenyl ) cycl ohexane PCDNBRLZ}2184

1, 1- bi s(4- hydr oxy-3- net hyl phenyl ) cycl opent ane;

1, 1- bis(4 hydroxy 3- nethylphenyl)cycloheptane 1, 1-

bi s(4-h 3-neth h th I d

mI >S<'E ur eg Ptiagl(’a%tjg’é{) ‘ieé}g%‘%ur&qg) &Cﬁlﬂdﬁw% 0%83%)? Hgﬂﬁﬁf{bereg@g‘gpepsle’n? gtl ve
nits of BPO):t ed,],1-Bis(£EVdUes30f 2, 2-
gl !s(z hyJﬁ%(&3&%%#%%%&%&2%%%?&%%%&& eaggtl\/i PO),(E plhenlsl( etjr]\yl ?Sge?\e) bi s(2-

met hy| phenehylph@ybicgA)entdne; ahl-®iséhhydroxrdrmethiobemdsyclohepiansibstdat e

pol yoar bOHKITSBr o B aNRe oot UL eRA e TPMBATT OIS ro mio

O R (Rdhpsd "fﬂgﬁ%@ Bﬂg%nﬂ%‘l (VIl) where R9, R10, R13 and R14
are mdepend)entnlggtg%s%é)eo © I%O and R12 are independently H or Cl1-C5

al kyl, each R15 is |ndependently selected fromH and C1-C3 al k%/ and each
n is i ndepgmeentatiye sritect sichreifVD, indludendup areReqs lissitad: s resisgmpt &.20f

e e Pl e SRk b £ B NS
6 6' d|hy 5' hexanethyl spi robi i ndane;
6, 6' - di hyg %ﬁ%ﬂ@ @')@bl\fgl}% , 7' -oct anet hyl spi robi i ndane; 5,5 - 17 WO

03/ 052757 PCT/ US02/ 32184
In an even further embodiment, the substrate and/or at least one other layer of the

storage media can comprise polycarbonate or copolycarbonate comprises structural

units (VII):

L— — (VI

where R’, R'’, RP and R are independently C;-C; alkyl, R and R are
independently H or C;-Cs alkyl, each R'® is independently selected from H and C;-C;
alkyl and each n is independently selected from 0, 1 and 2.

Representative units of structure (VII) include, but are not limited to, 6,6’-dihydroxy-
3,3,3’,3’-tetramethyl spirobiindane (SBI); 6,6’-dihydroxy-3,3,5,3°,3",5°-hexamethyl
spirobiindane;  6,6’-dihydroxy-3,3,5,7,3°,3°,5 ,7’-octamethylspirobiindane;  5,5°-
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di et hyl -6, 6' -di hydroxy 3, 3,3',3" -tetranet hyl spirobiindane, and m xtures
conprising at |east one of the foregoing units. The pol yphenyl ene ethers
are pol yrwp930mTpTi sing a plurality of structural units offCrhsoz/sassul a
M1y @ Q@ (MIl) O @ Qwherein in each of the units independently,
each QL is independently hal ogen, primary or secondary |ower alkyl (i.e.,
al kyl contajninpg, to 7 bon I I ] kyl ,
hydrocarb@ﬁ%y&g%dgﬁﬂgﬁgﬂygiédgf%§%%§§&§ﬂgggﬁﬁw%% gg@?hg%%xmﬁg%ggﬁhatons
separat e feh@ opabparForRein@ngen atons; and each Q2 is independently

hydr ogen, hal ogen, primary or secondary |ower alkyl, phenyl, hal oal kyl,
hydr ocar bonoxy or hal ohydrocarbonoxy as defined for QL. Mdst often, each QL
i s al kyl The p@Ihehepylene sthets asg pylymens conygriging a platlisaefstwpturd upifgpbhen. Bot h
honnpolynﬁr a&&k@ﬁgolyner pol yphenyl ene ethers are can be enpl oyed.

Sui t abl e ‘%%8 i ncl ude random copol yners contai ni ng such units in
conbination wth (for exanple) 2,3,6-trinethyl-1,4-phenylene ether units.
Al so included are pol yphenyl enenet hers Qpntaining noi eti es prepared by
grafting onto the pol yphenyl ene “gther ifA a known manner such nmaterials as
vi nyl nononers or polyners such as styrenes and el astoners, as well as
coupl ed pol yphenyl ef¥l1Bt hers in xoupl i ng agents such as | ow

nol ecul ar wei ght pol ycar bonat_es c erocycles and fornals
undergo reaction in known manner ¢ hydroxy groups of two

pol yphenyl ene ether chains to proad 8/ hi gher nol ecul ar wei ght pol yner,
provided a substantial proportiow of fiNee OH groups remains. 18 WO

03/ 052757 PCT/ US02/ 32184 Partigﬁlarly usqful pol yphenyl ene et hers for many
pur poses are those that conprise nolecules having at | east one

am noal kyl - cont ai ni ng end group. The am noal kyl

wherein in each of the units independently, each Q! is independently halogen, primary

or secondary lower alkyl (i.e., alkyl containing up to 7 carbon atoms), phenyl,

haloalkyl, aminoalkyl, hydrocarbonoxy, or halohydrocarbonoxy wherein at least two

carbon atoms separate the halogen and oxygen atoms; and each Q2 is independently

hydrogen, halogen, primary or secondary lower alkyl, phenyl, haloalkyl,
hydrocarbonoxy or halohydrocarbonoxy as defined for Ql. Most often, each Q1 is

alkyl or phenyl, especially C1-4 alkyl, and each Q2 is hydrogen.

Both homopolymer and copolymer polyphenylene ethers are can be employed.
Suitable copolymers include random copolymers containing such units in combination
with (for example) 2,3,6-trimethyl-1,4-phenylene ether units. Also included are
polyphenylene ethers containing moieties prepared by grafting onto the polyphenylene
ether in a known manner such materials as vinyl monomers or polymers such as
polystyrenes and elastomers, as well as coupled polyphenylene ethers in which
coupling agents such as low molecular weight polycarbonates, quinones, heterocycles
and formals undergo reaction in known manner with the hydroxy groups of two
polyphenylene ether chains to produce a higher molecular weight polymer, provided a

substantial proportion of free OH groups remains.

18



radical is typically located in an ortho position to the hydroxy group.

Pol ymers containing such end groups nmay be obtained by incorporating an
appropri ave opiosaTaTy  or secondary nonoam ne such as di - n- lpawyusazsies or

di met hyl am ne as one of the <constituents of the oxidative coupling
reaction m xture. Also frequently present are 4- hydroxybi phenyl end
groups, t i r i Rloduct

di phenoqu?ﬁ%%gfalh Qﬁﬁl %ﬁg hgl@g@&% %f?ﬁ‘l{a&ﬁ”ﬂ%’%eﬁ V\@g&gteh%tog(y y “or
tertiary nﬁﬂ@dﬂ&sslyaa/ﬁ@mt feastibsd aniinallkypropainingendigrétpe [MkynEnodikilecul es,
typically constituting as much as about 90% by wei ght of the polynmer, may
cont ai n atadieghds typisallpfloqatpd Enipmqutheyposiien 49 ﬁh‘?\@yglf?éf}’élgfﬁylﬂr%&ly@ieﬁhenyl
_end gr oup ?nt%lﬁ%lngeéuc}ﬁggg %ﬁ({qﬁ! ﬁrl;ehc%taﬁapc? bg?&to étg'}ge ;H‘B?eplgljn%gl% ethers

i ncl ude a , Irrespective varla I ons

struct ur abr @éﬂoﬁqaa@rmaﬂ@aﬂnharsmclc e i edutylh@aieUs e dimdtRghiienss, ortwa ot

limted to honopolymer and copol yner thernoplastic polynmers, and m xtures
conpri si ngowlmf‘-‘éwsqftbﬁémdﬁtl‘ﬁf@uf) errerting l‘pmt“}fShé‘dW fpqueatly aresent a&)‘bol ymer s
may inclu e ran

ol yst yr efedorReR e HEh &8s Maely e Mifsrishan BB BT Sp LA B

syndi ot achidducP@bd&ioytBs 010 REPICTRTySin GQdhpérhdlde sB@DBas R ¢r@iary The

| atter rrgr aclzlgs hf?ﬁn i npgclzs?ﬂﬁi)l yrsét%reng ?HI g?é a genus of@rubber-m)dl fied
pol yst yr epmsnecoppeinsi ng shivstantis]l amebagtiant taf Wivemelymarhaolassleer typicaly

pol ybut adi e qQr a rubbery COW re in _a ran en about
70% by wef Eﬂﬁ Wing BB‘ff? BB geﬁ‘felg&‘ﬁﬁ?mé 2‘/“‘%%%8?“@% ag?qamﬁcdrg bet ween
about 2% By 1GindRbaltoARAM A %Q?/ﬂiﬁydf&ylg bhenyPbiPgrolipic! uded are ABS

copol ynmers, which are typica % ly grafts” o styrene and acrylonitrile on a
previously formed diene pol ymer backbone (e.g., polybutadi ene or

pol yi sopr éna)ll beSap}IaamtethﬁtBch@pmlypﬂ@‘r@ lndyplm@ylpn@)chﬂ@éﬁ Hba}uciﬁaﬁhl dheseret hods.
Inapreferred[ enbodi nent tE g at |Imtco rises th QFEY tlclresms
and the OUSEY ‘%O%rfﬁrre?%eé V§ RE P AL TR P UHERT A S Of %nc o “PBeEtbl e for
the opticalanfrkd rmnt:mdnfgow Inéts%nﬁi&@rm&ﬁépdmn&e&adﬂ%oym sr m@m balos ate
conprises thernoplastic resins. Simlarly possi bl e for t e optical
filmand phnsnhand atistures coomppisinget b@ammewfehmﬁoregbmg\mlﬂmbaﬁamher&

PCT/ US02/ ollaglymers may include random, block or graft type. Thus, for example, suitable

polystyrenes include homopolymers, such as amorphous polystyrene and syndiotactic
polystyrene, and copolymers containing these species. The latter embraces high
impact polystyrene (HIPS), a genus of rubber-modified polystyrenes comprising
blends and grafts wherein the rubber is a polybutadiene or a rubbery copolymer of
styrene in a range between about 70% by weight and about 98% by weight and diene
monomer in a range between about 2% by weight and about 30% by weight. Also
included are ABS copolymers, which are typically grafts of styrene and acrylonitrile
on a previously formed diene polymer backbone (e.g., polybutadiene or polyisoprene).

Suitable ABS copolymers may be produced by various methods.

In a preferred embodiment the optical film comprises thermoplastic resins and the
substrate comprises thermosetting resins. It is also possible for the optical film to
comprises thermosetting resins while the substrate comprises thermoplastic resins.

Similarly it is possible for the optical film and the substrate to comprise a mixture of
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t hernopl astic and thernosetting resins and wherein at |east one el enent of
the conposition of the optical filmis different fromthat of the

subst rat ewoDB®sOpti cal |ayer or filmcan be deposited by &Crarsnmsysof

t echni ques, including vapor deposition (e.g., plasma enhanced chemi cal
vapor deposition, and the like), coating (e.g., electrodeposition coating,

Tent SoUS SRRk RAVHEARLRT, SEBE USORHGRAL hNdeost DALIGAR SOl Ut on
coating, and tne 15 Ke , casting~(e.g., extrusion casting, solution

casting, aoshpbditod bRk opticyl €iniiodifReednd ifogh thhi dfithbbubstrag, cal endaring, and
the like, as well as conbinations conprising at |east one of the foregoing
techni ques. Meanwhile, the substrate is typically manufactured by an

ext r usi on TheoPErH dayes o filmicap be deppfitedBy @i vagetyeddt Pean s prlurling vapor
conpressi g

conpri si nge%cggﬂkog’; t "oﬁ%grg% Q@ﬁiéfcg &Q%}é%‘gﬁglé’ g)(r: lﬁf.re\ﬁ ‘gsdté";}ﬁ aﬁﬂth%&igg?’ t% g%mggtslt ?gf e

i's typicalé.y., al@abigrshionadoatii@t@éiisdus dobting sprBacdaingneansionocbatibfat t he
substrate can al so conprise any plastic nentioned above in relation to the
optical f iSPith coRBRE, esebismecoating andke Hige casHnE O Bp CREBSIPM 635HHBI 9dHtioss

oL, R L AR, iR AR AR SREPL YRR &

ecanoi ¢ a con ol €% of

pol yest er yaichs 3t 8%no Eorfp:Sienatastonddst th€ Birbiiad & chrd Gud¥D Nednbrhile,
pol yphenyl ene et her and 61 nol e% pol ystyrene, 1, 3- bis(4-hydroxyphenyl

met hane) , g0 snipstiats i syheallyl manefpeiucd bplaaosxiiuseah ungldingh (Sph émestion,

pol ycar bonate. of tetranethyl cyclobutanedjol a I. fl .pol ycarbonat e
tetra xyl Wotlﬁ];l)a’r%Uﬁswgr%go}g%&h%%ﬁ?ﬁe?sé?? t “E%é‘“??%egf,ﬂgegsa’\?ﬁy‘vf h_g% aﬁi‘“ﬁ?ﬁlur es
conpr i si.ngs admbRasdnsUdeRisinche 1o REVRE foR@bimpkasidges. Simlarly, the
optical layer can conprise thernoplastics including 80 wt% isophthal ate

terepht hal ate resorcinol - 20 wt % pol ycarbonate, styrene acrylonitrile,
bi sphenol Athouily ther Bbstiate,is cmpellly esspelycarbiaje metsoinhtibisofleas]yspidsrsttoda and

dodecanoi .d containing 7 nole% of | yest er. nd 93 .nmole% o i sphenol
A pol ycar Méb%f“ a%nfaébo 8t Cﬁ%??fﬁw%%ﬁ%ﬁ%c &eﬁé?ne n%govgfn FeAden E)OO styrene,
1, 3- bi s(4-oByek] opPR ey lexBRblRAMR) sub3atdDda@%edmhsi ke ehedm dlasBidl wherelP hiRYo

di secbutyl " bi sphenol A, polycarbonate of tetranethyl cycl obutanediol and

hi gh f | owtlsimpphstioisdtispherl A pslytarbotayed coprlyerterepodiicptbospthiof bisplaandl Ahe | i ke,
? zr e\é\ﬁ! ln gaEiISId 'S gctallgig 21 c(:jolila egigingr)]dmmez% of Sglygs?gp arnidsd?:nl%oﬁat% loF glsslt)he%gFAOf the
polycarbonate, 39 mole% of polyphenylene ether and 61 mole% polystyrene, 1,3-
bis(4-hydroxyphenyl methane), 90 mole% bisphenol A and 10 mole% disecbutyl
bisphenol A, polycarbonate of tetramethyl cyclobutanediol  and high flow
polycarbonate tetra xylyl hydroquinone diphosphite, and the like, as well as mixtures
comprising at least one of the foregoing thermoplastics. Similarly, the optical layer
can comprise thermoplastics including 80 wt% isophthalate terephthalate resorcinol-
20 wt% polycarbonate, styrene acrylonitrile, bisphenol A polycarbonate, copolyester
polycarbonate of bisphenol A and dodecanoic acid containing 7 mole% of polyester
and 93 mole% of bisphenol A polycarbonate, 39 mole% of polyphenylene ether and
61 mole% polystyrene, 1,3-bis(4-hydroxyphenyl methane), 90 mole% bisphenol A
and 10 mole% disecbutyl bisphenol A, polycarbonate of tetramethyl cyclobutanediol
and high flow polycarbonate tetra xylyl hydroquinone diphosphite, and the like, as

well as reaction products and mixtures comprising at least one of the foregoing

thermoplastics. Furthermore, the film for these high density formats preferably has
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t hernopl astics. Furthernore, the filmfor these high density formats
preferably has 20 WO 03/052757 PCT/ US02/ 32184 optical properties such as
i n- pl ane wetmafsksT ons of | ess than or equal to about 10 mamarser/axis4 (nm .
The filnms al so have | ow thickness non-uniformty and surface roughness.
For a 100 mcronmeter film thickness uniformty at |ength scal es |onger

than 2 centineters (c is an the order. of n.o I out 2

i cr onet e‘?ﬁglcgﬁﬂfi’pﬁaﬁgs rsTSt)'J‘Fl? a?één?piﬂlﬁhﬁéag at%’;lotnst(;nt(eal%iS rrt%lﬂﬁl ?rnéqugﬁq?r%% ﬁ)ﬁ Z(él)gt h

scal e i s QRhRRrOHRS. Ofhel BB akbanveroRomakntR @houiifctitynand Thefagebstrat e
may further include energy absorption. Danpening can be achieved through a

vari ety ofougimsoadhes 9achicamnggr ftheli thicknessfunsfermiiie aflengtisesalss dAgnaedmponent
or through slip nechanjsns invplvi rigus fille nd i.n i.hg

agent s. - CBaF i CrHEEBR G it Ha RS SIS0 A EHE AR Cohar NI ar o

i ncl ude e} ashi cufRkgbl Wit 1 RligindaPimAplcaaRabilk if brethe(@dd of 1@s danpi ng
coeffici eérlu o% 1glggreatergitnﬁ?asn or equlal to aboEt Qtlg 05), such as vul cani zed
rubbers, thanyt equat todbens40 sml i cone rubbers, butadi ene rubbers, isobutyl ene

rubbers, polyether rubbers, isobutylene-isoprene copolyners and isocyanate
rubber, nitrile rubber§, chLorogrene ru arasul f on

b ted,.
pol yet hyl &b subsaie, gy fider ipelpds SRy agff‘ﬁé‘i?%gﬂa%’ﬁ%ﬂn? cgpﬁa@ﬁac@bearg yNEer s

i ncl udi ng ! 5 ' RSB SanSn ey assciBmglcbM@endnd U. S.
Pat ent Not.hp%l,%‘gaf?/a%%%()fa?ﬁ{ec%é%}g%ﬁgg??sc&gl ast oner inc ma erisal s,gci ngl udi ng

pol yur et hangésoughrsdipcinatiianatisonsolvingriprioss fiffemtandaainforome agents-hdJseB egoi ng,
anong ot hers.. Vibration-danping materials, also.include.resins,in.which

| ar ge anobatesialsithaaney E?@Q‘r}%)ts}l?(fjﬁl%ng @?%r?ctteéésfw?’rﬂ}cﬁ']dg,e astie, Mggriels Wgﬁg t he
like), Tlg H@*h iffied @1cCa dinfin PO eliient drlsfdater WU HRGHAYS abdder s
(such as %ﬁﬁ?m&@l e,aaabi)lﬁflgsts(?(g%iate, cag?bon]fi ber ls%?f)agellass fi ger s, and the
li ke), and.05)yisuhuseanl coigedirsbirgs, atrylie agtbersn eiliofne tubbdre,rhatasiiong ruldens, be

enpl oyed. Mcrofibers, fibrils, n%gotub,es, a]nd whi skers, foaned and
honeyconbisabutleng t tHbsrsnpPolypbel HRIDDES o f (§POUXICRG-ISOPENF o GRPUIRE T ndPons of

SO0 M PR e bRy M bam gt obimiag Lover
dat a st or gesilayern(isers latbrilwaine ngbber, block copolymers including polystyrene-
polyisoprene copolymers such as described in U.S. Patent No. 4,987,194,
thermoplastic elastomeric materials, including polyurethanes, and combinations
comprising at least one of the foregoing, among others. Vibration-damping materials
also include resins in which large amounts of particles (such as ferrites, metals,
ceramics, and the like), flakes (such as of talc, mica and the like), and various fibers
(such as zinc oxide, wollastonite, carbon fibers, glass fibers, and the like), and
mixtures comprising at least one of the foregoing, can be employed. Microfibers,

fibrils, nanotubes, and whiskers, foamed and honeycombed structures may also be

useful as are various combinations of the foregoing.

Beside the optical layer, which is typically the top layer, other layers which may be
applied to the substrate may include one or more data storage layer(s), lubricating
layer(s), adhesive layer(s), dielectric layer(s), reflective layer(s), insulating layer(s),
combinations comprising at least one of these layers, and others. The data storage
layer(s) may comprise any material capable of storing retrievable data, such as an

optical layer, magnetic layer, or more preferably a magneto-optic layer, having a
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l'ayer(s), adhesive layer(s), dielectric layer(s), reflective |layer(s),

i nsul ating layer(s), conbinations conprising at |east one of these |ayers,
and ot herwoO 03jo&278at a storage |ayer(s) may conprise any neCefisat/3nsgpabl e of
storing retrievable data, such as an optical |ayer, magnetic |ayer, or
nore preferably a magneto opti c layer, having a 21 WO 03/ 052757

PCT/ US02/ 8 ess of less t .
t hi cknessﬁtﬁl‘“?sésog %A noqr e@H%}éP a{g%utr@@’éﬁr 1Ck1rme ?r%? o oosrse ﬂ@%lggdgt a
storage |aygf 3001‘{'? Hfed PWHos@PR Bl sdokd'getlﬁfjeﬁ %clu&xlbdﬁﬁre(ﬁitq{inﬁéi &,1 i cone

oxide), rare earth element - transition netal alloy, nickel, cobal t,
chr om um osidest Ghelmas pilibha oride), antsi earih ganhoht nitamsition anetalbadliayn nlcéi§1awel | as

al | oys and_conbi nat i I t f the f
ot her s, SRSATaS OB YanECYE. PRUBID: SyHATne SHTHEn I By RTrS PobéSdyes).
and i nor gz?gb;}/g raH{J: ggﬁgﬁlgggn%gcloﬁyi Em%’éo 1d8ast Bndof thE&SREBInG! aldAESR) suckragf er abl y,

the data T greater than or equal to about 1,500
oerst ed, wighficalyegepgicyidiye of ptytbe]atmnMdYazpe dyesdgaral 1n0tgan92tjduse 8ha@e oersted

especi aI |y preferred. The dielect r wWhi ft d
heat cont ¢GRS (f‘c&nTF%?tfba‘I F‘f‘gﬁg %yliah\g’ et Cgaf Yey as?% Cg‘?r‘]m&i}gé)%lengas

about 1,0 I‘%éePHSD %? h&Wt@ﬁ Phed, RARSE pée?%wﬁj/ gﬁﬁtref ﬂla{l%)‘%!j@al' ncl ude

nitrides on ni a um Aum ni tride, ot hers) oxi des
(e.g., alwmdboum Omdﬁétede@febiadg@re(fm@., silicon carbide); and conbi nat i ons
conpri sing at Ieast one of the foregoing dielectric |ayers, among ot her

materials_conpatible within the_environnent and f blv . ti
with the Sbrpisisaticlayerishyidh arRBen eplgyed shepbsasiiels s Pt Asg e

sufficieng tﬁlgﬂ?&gﬁypl a(f)f){/ @{Aﬁg&h%a}é&{fﬂ)@dﬁeﬁ'ﬁd AR a‘tfbfut 8064 Iy okgbignabl e

data retriev ecti’ve layer(s) can have a thickness of
up tg and%@mw lae&s lexikﬂ@@dhmgdeat(elgt sTIBRA, mtmdehalarrnﬂmmknte:sls, oid etbers); 300A
to about 600A generally preferred. Possible reflective | yers i ncl ude any
mat eri al @@9%?@5;@1‘61 lyranne O 14g)st $76DIRT (F-8u I SHICOBNEAICR | ATCOPHEF I ng

nmetals (e, V. ng t
conpri si n&(% aft)rlﬁlg 4 l%llr%g]ogg | df tgll:: ﬁp%goﬂxg, er}eggi[ceﬁ‘yaﬁés hé g%fﬁ%r?iggteﬁ%_%eur es
reflecti V@mhﬁé/tﬂi@wﬁlfﬁ}h e divipased od ]irh&rably not reactive w1th the surrounding

layers.

The reflective layer(s) should have a sufficient thickness to reflect a sufficient amount
of energy to enable data retrieval. Typically the reflective layer(s) can have a
thickness of up to and sometimes exceeding about 700A, with a thickness of about
300A 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, titanium, and alloys and mixtures comprising at least one of
the foregoing materials and others). The reflective layers may be disposed on the
substrate by various techniques such as sputtering, chemical vapor deposition,

electroplating and the like.

Optionally disposed between the optical layer and the data storage layer, and/or
between other layers, is an adhesive layer that can, for example, adhere the optical
film to the other layers supported by the substrate. The adhesive layer can also be

employed to enhance the dampening of the disc, with the thickness and nature of the
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substrate by various techni ques such as sputtering, chem cal vapor
deposition, electroplating and the like. Optionally disposed between the
optical |w@es/osid’the data storage |ayer, and/or betweenPofThesp2/bagers, is
an adhesive | ayer that can, for exanple, adhere the optical filmto the
ot her layers supported by the substrate. The adhesive | ayer can al so be

enpl oyed h nd

ot ur o of "HENE G 8s SETBEON DAL Pouping bRy ok B BERRRRAATY
anount of 14anPeRtN@aRPhavé dadichiest T dpaieiboul 36 raidhasée (LhHy®rso, Whihch can
have a thi ckness of up to about 50 mi croneters (m or so, with thicknesses

of about thiginesssaetf @bguttbm@oumetem)tqﬂhwba%m@p@nmt@ﬁ prafereed, calh CoBpYS se
rubber bas el ast rlc t her noset xi bl e therno i C and t he
e 1y pidiher bagi 68 e Galomiers Pahar ot SerPoSibite) REPRETER Dei ch® as
natural r ﬁ@%fve%resllu'bbmed bHRIBEIRE RAENAIE, GultS he hatRAI YIBYeS or andoriche i ke.
Non-rigid polymeric adhesives such as those based on rubber or acrylic

pol ynmer s amizbet headrylkceesha\/@]}snm, an‘d thhékpr Npemglfésol(ymerle ladk¢sivessech asuch as
flexibilit esj st ance, re i enc el asti ci and do rovi de
Usef Ul da AR DRGRS RPH dcOHs RIS g e BYERODE of His 1HaPSITS: of age

di sc. Th%la%ﬁ{prsstsruxh Ois ﬂ&Hbﬂﬂtﬁ' &eé}P'ré’éiE%ﬂc@ 2NRALY g SlasAS! 98d RN

i ncl udes pol ynmer$ of types of materials described herein” as el astoners

and r ubberpsqv@esus‘eﬁmdabipenmg helenlnqmlcaﬂta cqmllt}aomplayéaabhef tieplagesttdmgedmst omer s.

Sui t abl e exanpl es of such.a i ves ncl ude I |so rene, styrene
but adi ene TH’GF?B%‘PIS”&Q{WOQ%‘?% e(lilr”fea Vio)oi=] i H’V’F fs & | oxane,

chlorinat ?Qen ;ﬁ%g uge ri'l?ﬂtélﬁ%ﬂ? rd%@&l cf hh?’éfﬂp L§ r@ast&mr@ r éﬂ?iatr@é%erso olsy athiplene,

chl or osul pol yet ene, uty acryl ate, expanded polystyrene,

expanded pledrineplayticenand @(tbamﬁ@ﬁhspolelapronayd efatablecaxampla @if pucheddhasiecs
pl asticized ol yvinyl chloride, djinethyl siljcone polyners hhyl Vi nyl
silicone, I wfﬁvpﬂlwsop%@t siyisne ditediene Tybper, e4aylgha progy ee%&%‘aﬁrt

conpri si n%,@ﬁ nglsln as?ﬂ&af?g Eltﬁgrl{]ﬁ)cé(? 9Rb eneaggﬁ%hé/ e?hlo;r chel i al so

COITpI’I se an 1 on (fOITpI’I sing at east one o e above adhesi ves.
Typi cal | y pphegslene, sklosisulfveatad pebictigtenar butyl etsiatedeXpandads polystyretiat a
storage disc applications. The adhesive | ayer may be added to the data
st or age expanded polyethylene, expanded polypropylene, foaméd polyurethane, plasticized
polyvinyl chloride, dimethyl silicone polymers, methyl vinyl silicone, polyvinyl
acetate, and the like, as well as compositions comprising at least one of the foregoing
adhesives. This layer may also comprise any combination comprising at least one of
the above adhesives. Typically pressure sensitive adhesives are preferred for use in
data storage disc applications. The adhesive layer may be added to the data storage

disc by methods such as vapor deposition, spin casting, solution deposition, injection

molding, extrusion molding, and the like.

In addition to the data storage layer(s), dielectric layer(s), protective layer(s) and
reflective layer(s), other layers can be employed such as lubrication layer and others.
Useful lubricants include fluoro compounds, especially fluoro oils and greases, and

the like.

The storage media disclosed herein reduces tilt as compared to a substrate without an
optical layer and/or a substrate with a matched optical layer (e.g., where the optical

layer comprises the same material as the substrate) by controlling the thickness and/or
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di sc by nethods such as vapor deposition, spin casting, solution
deposition, injection nolding, extrusion nolding, and the like. In

addi ti on wo oBlos278at a storage | ayer(s), dielectric |ayer(sPCTAS0Y/a84 ve

| ayer(s) and reflective layer(s), other layers can be enpl oyed such as

| ubrication |ayer and others. Useful |ubricants include fluoro conpounds,

especi al | %liqsfnkalfaﬁﬁ)% fgglo ti@ﬂqa)% GRE SitbstratE go%]E)QﬁtiJ)ﬁsk ome ¥ il 9(5\%&%5«5@95 a

di scl osed herein uces ti as conpared ' to a substrate wt t an
optical | ayetratad e Piguge 8UbSit sh@vh libsaantial ehedionphiredihl deyaion((ee.ga, where
the optical |ayer co:}gri ses the sane materjal as the substrate) b¥
control | i feyiativa efin}.eR egreetineras the siyppighgdosysteny opEgurssgd Aegp 1igpdia

R B ARG R SRR SRR

advant age WS a sub

reduct i ongiffardn@dipaital d@ydrat i18MFighree3,, ménbede\i aBi@nitdto Garhplesiegmessingver sus
the m smatched systemof Figure 3 (e.g., a radial deviation of 1.26

degr ees) . pAgtashortegubetats and @pHcal pyesyvithhe prashse sesiftveaadbesive Aispefetf er ent

optical layers. In Fgure e 1.-..3relate | rj;si ng
pol ycar boﬁéfe etﬂfﬁg’t‘?’iﬁ%esaéwgésogﬁ%a?&’lagfllélp M Ef?ry 3P Blt g&s@%ﬁ%‘? glgoﬁfs%lg i \r}g

adhesi ve g}gtgdgpﬁggwﬁmglmbgﬁfﬁ@]@@dhygme[e sanpl es 10, 20, 30, and 40 enploy a
pol ycar bonat e substrate and optical |layer with a UV curabl e adhesi ve.

EXAMPLE 1: In this exanple (simulated) Bi sphenol A Pol ycarbonate (BPA-PC)
was retai BEAMBLEAe substrate material, while isophthalate terephthal ate
resorci nol - pol ycarbonate (I TR-PC 80-20) blend, styrene acrylonitrile (SAN

576) or BPA;PC was, chosen t he opti i e i £ ] s a

t hi ck pessﬁb%lsaeﬁ(gﬁl_&jle_lgm atce_? ]rgrel@sp g?%ﬁﬁfcﬁgcatr%eda?u@g%'gg Zwaagéstalg% Egl 1!(i:%l%ness of
1.1 milli gpsEte rlitdid10wailé isophthelafetbbhibRte lebarkines polyairbonaé (ITROBC  Bot h
the substrate and optical filmstiffness were neasured in tensile

def or mat i 80r28) blendostyrcperpebmitrite ((iMG7ahor BRARR wasrrhipsed asetbe iopgcatachi ne.

The swel | .of pol yneric . materi.al as.defin herein |s.th age of
The Snel 6k, Sy Koy L5l ) 160 T 05, 015020
relative B ghidkYie®Mi1 OMMBEHeted gidingRE@in ioGubstrate thickness ratio of 0.09.

Both the substrate and optical film stiffness were measured in tensile deformation at
room temperature using an Instron tensile testing machine. The swell of a polymeric
material as defined heféin is the percentage of volume growth of the totally dry
material when subjected to a 100% relative humidity environment at a specific
temperature. The swell is measured utilizing a TMA 2940 Thermomechanical
Analyzer from TA instruments. A film is mounted under a very low constant load and
initially held in a dry atmosphere. The length change is then measured upon
absorption of water when the material is exposed to 100% relative humidity. The
water strain or swell is taken to be the strain of the material (length change divided by

the original gauge length).

Table 2 below outlines the stiffness and swell ratio of the film to substrate as well as
the radial tilt range for the different material combinations. It can be clearly seen that
when polymeric materials chosen for the optical film and the substrate are different

from each other, the radial tilt range is much smaller than for the purely matched

24



t enper at ure.
Anal yzer from TA instrunents.

The swel |

is neasured utilizing a TMA 2940 Ther nonmechani cal
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Table 2
ate as

wel | as ke radial range for the dlfferent materi al conbinations. It
can be clearly seen that when polyneric materials chosen for the optical
filmand the substrate are different fromeach other the radjal tilt
range i s [Babdh2smal l er than for the purely matched 24 WD 03/05R757
PCT/ US02/{32184 material system where BPA-PC alone is used as pateri al
t he substirate and optical filmable 2 Swell ratio Radial Tilt} Range
Stiffnesg ratio (degrees) FilmMterial (filmto substrate) (filmto
substrate) I TR-PC 80-20 1.101 1.781 0.292 SAN 576 1.378 1.649|0.236
BPA-PC 1./[000 1.000 0.560 Generally @gpelptibcal filRadibhatilti Rasdel ffer and has
a greater, swell (water |stffias®) thatiolt he substrateg material wil| have better
performarjce when conpared to a matched fil nf subsftdeatees)syst em | EXAMPLE 2:
In this diktmplaeBRA- PC|(film thsubstatgre(file teragbsipig) lused for the pptical film
and different polyrrerlc materials were used as the substrate as shown in

Tabl e 2. L.al it athijckmes f—abgut—10g,ghcrometers while
Tirecie” i Fod §25%

t he subst
SAN 576

for

1.378 1.649 0.236

BPA-PC 1.000 1.000 0.560

Generally an optical film that is stiffer and has a greater swell (water strain) than the
substrate material will have better performance when compared to a matched

film/substrate system.
EXAMPLE 2:

In this example BPA-PC is the polymeric material used for the optical film and
different polymeric materials were used as the substrate as shown in Table 2. The
optical film has a thickness of about 100 micrometers while the substrate has a
thickness of 1.1 millimeters giving a film to substrate thickness ratio of 0.09. The
substrate materials are listed as follows: copolyester polycarbonate of Bisphenol A
and dodecanoic acid containing 7 mole% of polyester and 93 mole% of BPA-PC (RL
- 7553), 39 mole% of polyphenylene ether and 61 mole% polystyrene (PPE/PS 101),
1,3-bis(4-hydroxyphenyl methane) (BHPM), 90 mole% bisphenol A and 10 mole%
disecbutyl bisphenol. A (BPA disecbutyl BPA), polycarbonate of tetramethyl
cyclobutanediol (TMCBD-PC) and blend of BPA-polycarbonate with polycarbonate
tetra xylyl hydroquinone diphosphite (BPA-PC+ 1 wt% TXHQDR).
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thickness of 1.1 mllineters giving a filmto substrate thickness ratio of
substrate nmaterials are listed as foll ows:
pol ycar bowatoa/osf75Bi sphenol

0.09. The

pol yester and 93 nol e% of BPA-PC (RL

ether and 61 nol e% pol ystyrene (PPE/ PS 101),

7553)

net hane) {(BHPM-—901ote% brsphenot—A=and—10mnole% disecbutyt] bi sphenol .
( BPA di seb %I BPA), polycarbonate of tetramethyl cycl obutangdi ol
( TMCBD- _PC) and bl end of BPA-pol ycarbonate with polycarbonate tetra xylyl
hydr oqui rjone di phosphi BaFHBEARCT 1 [SHbridsiDR) . [RBAMO TR/ Rbds 7
PCT/ US02/132184 Table 3 Stiffness ratio Swell rat|io Radial Tilt{ Range
(degrees)| Substrate Material (filmto substrate) (degicesh t o substrate) RL
7553 ( SPqRYbstrats Materigdoffilon gmbstREy)PEilo o Shs§reeds 0. 744 2. 141 0/ 196 3HPM
1.000 1.724 0.208 BPA-disecbutyl BPA 90-10 0.908 1.560 0.284 | TMCBD- PC
1.478 2. 4530364 - _IPARC+ I W TxHCRP 11881 1gAQ- 0339 BPA- PC 1. 000
1. 000 O.E%E%B%Lftslatcﬁgys&gﬁrate and optical film sﬂﬁ?ness were| measured in
tensile deformation at|{ roomtenperature using an Instron tensile testing
machi ne. ghepswel T ofpip pol ynmeric terial as defined herein s the
percentage of volunme growh of the totally dry nmterial when subjected to
a 100% r eB¥WHI61e humi di Py74énvi ronment2.- B4l a speci fi[@-19¢enperature. The swel |
is neasurjed utilizing p TMA 2940 Ther nomechani cal

BHPM 1.000 1.724 0.208

BPA-disecbutyl

BPA 90-10 0.908 1.560 0.284

TMCBD-PC 1.478 2.451 0.167

BPA-PC + 1 wt%

TXHQDP 1.188 1.200 0.339

BPA-PC 1.000 1.000 0.560

copol yester

A and dodecanoi ¢ aci d cont ai niPeg/uso2ed1886 of
39 nol e% of pol yphenyl ene
1, 3- bi s(4- hydr oxyphenyl

Both the substrate and optical film stiffness were measured in tensile deformation at

room temperature using an Instron tensile testing machine. The swell of a polymeric

material as defined herein is the percentage of volume growth of the totally dry

material when subjected to a 100% relative humidity environment at a specific

temperature.

The swell is measured utilizing a TMA 2940 Thermomechanical

Analyzer from TA instruments. A film is mounted under a very low constant load and

initially held in a

dry atmosphere.

The length change is then measured upon

absorption of water when the material is exposed to 100% relative humidity. The

water strain or swell is taken to be the strain of the material (length change divided by

the original gauge length). Table 3 above outlines the stiffness and swell ratio of the

film to substrate as well as the radial tilt range for the different material combinations.
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Anal yzer from  TA instrunments. A filmis nounted under a very | ow constant
load and initially held in a dry atnosphere. The Il ength change is then
measur ed wWpea/0sabsor pti on of water when the material is erPp@®asd2/s218400%
relative humdity. The water strain or swell is taken to be the strain of
the material (length change divided by the original gauge length). Table 3
above outljnes the sti fness n ratl o of ate as
vel | as t RHEICF 28051 £51) eﬁ%%gatfgperrﬁlg pd)l eer%ce atetngfused 45%5 nBﬁ%@ﬁ@ns 26
VO 03/ 052 f5rford M@ﬁs’e%%f‘ the UBSrAGEhe rddlalctﬁﬂralh?e L4 nifib@itlyvdeereatdde
polynmeric material used as the optical film differs fromthat used for the
subst r at e whidheinrtenhi aé]lovxtsdb]tthnmrg@scdsstgragﬁpﬁpwam |y decreased which in turn
allows for the increased storage capacity. EXAMPLE 3: In this exanple,

BPA- PC vva? £e]8[hgﬁ ed in both the optical filmand substrate by different
materi al s chted in Table 4 bel ow. The optical filmhas a thickness
of about 100 microneters, while the substrate has a thickness of 1.1
mllimeter, ghi‘é'é?&nﬁ‘)le fBM@F@ vwildbgblaad® it Bk fiRSSptical fidmodndOsdStrattdbl e 4
Stiffness ratio Swell ratio Radial Tilt Substrate Range (degrees) Film
Mat eri al I\znﬁth”eafemtahat(emllsmurcdleanftdstnrﬁqbéfﬂ(ﬂﬂol\ﬂm The eptisst filie &ps pendmespal ps 101

39% 61% 1. 039 0.010 0. 154 PE/ P 01 PM 9 61% Q0. .0, Her e

t he Opt(I) c&Poyti 109, %éo%?)tla’&?sf”g}]‘éﬂée S(“égfat Ha%ﬁ} HEE O 1?m111¥m3§r5g19m%4a2

1, 3- bi s(4¢%q5gﬁyﬂggémgckn%tr§@@@f)o ¢BHPM) was used in the other. A blend of
0

39 nol e% pol yphenyl ene ether and 61 nol e% pol ystyrene was used as the
substrate in _both cases. Both the substrate and optical filmstiffness
were neaslitabit4 n tensile deformation at room
Stiffness ratio Swell ratio Radial Tilt
Substrate Range (degrees)
Film Material Material (film to substrate) |(film to substrate)
PPE/PS 101
PS 101 39%/61% 1.039 0.010 0.154
PPE/PS 101
BHPM 39%/61% 1.000 2.935 0.142

Here the optical film was polystyrene (PS) in one case while 1,3-bis(4-hydroxyphenyl
methane) (BHPM) was used in the other. A blend of 39 mole% of polyphenylene
ether and 61 mole% polystyrene was used as the substrate in both cases. Both the
substrate and optical film stiffness were measured in tensile deformation at room
temperature using an Instron tensile testing machine. The swell of a polymeric
material as defined herein is the percentage of volume growth of the totally dry
material when subjected to a 100% relative humidity environment at a specific
temperature. The swell is measured utilizing a TMA 2940 Thermomechanical
Analyzer from TA instruments. A film is mounted under a very low constant load and

initially held in a dry atmosphere. The length change is then measured upon
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tenperature using an Instron tensile testing machine. The swell of a
polynmeric material as defined herein is the percentage of volunme growh of
t he totalweodng27smat eri al when subjected to a 100% rel at i PE€THiso2/8l18Y
environment at a specific tenperature. The swell is measured utilizing a
TMA 2940 Ther nonechani cal Anal yzer from TA instrunents. A filmis nounted

d | { | oad and. -i.nitiall i . . Th
et h- charPtR hBAhaten Bn g B cesis on oyl e g apecr & The
absor pti 0g,,0 M&hek sWBB taksh BdcahE 8raih Sf Srepasedall @nk#0Hangd a@vide bhumi dity.

The water strain or swell is taken to be the strain of the materi al

(1 engt h cHengtzictl \gadgdlebgth).t Reblodi aiorabuiiaeythelstiffgess)and Batsligatio ahdwe
outlines the stiffness and swell . ratio of.the .filmto substrate as well as
the radi afil®jtp Fuhsgﬁ‘ijéisf"\‘ﬁ% gs ﬁgmdﬁl gﬁterﬁli‘gerf@f B}eidé{#erggtrm?tﬁﬂ?'ctﬁ’ﬁgj}na ‘Bite again
It can be i danRal ¥k &ld RhteHiaPheaSsthe opidal €k film
differs f@%ggﬁ%?%g%g%%r the substrg)tog?ﬁthe raedi al eti‘It raﬂﬁg% i's

si gni f i cadtifers dlear thasewtd foehthehubstratesrthe eddizdwst faoge isheghificandasiedressedr age
capacity. The storage medi a disclosed herein reduces radial tilt by

ni smat chi HgigHa tu Vo1 BRHCHRSFNEOBEE FPIFYi | m and substrate, and by
optionally enploying ms- matched thicknesses of the substrate and opti cal
film Theppisyaplch 'QFbskls ONSreirt ABLdD Uil NiBNBY! hiemktteher wer eal
density sg{gr%agszje abgﬂatd&go (€%) Sor grgat er) v?/hen 1cor%par gd to a di %c Wi thout a
fini s- mat chagodniomost theooptihl tie apt fdatrate] hnd dydoptivsally ehplayage mishi | e t he

i nvention has been described with referen to.an _exenplary enbodi nent, it
will be umsshst digkngssasipddhe WiRptrategn ﬂpti%gﬁlé{?t Tﬁﬁﬁls'{}’g?cih(%@@ﬂ%sﬁtd}@? may be

made and ﬂ“‘bﬁ?lhﬁnérﬁbggé/ hg@e? Uhsi idteﬁgif?qst&%@? AR D0SGH ' ﬁ@{}eﬂ"i Wwigut

departing Tromthe sco the 1nvention. "I n addition, nany frodifications
may be madembpareadapt digc pathout blmis-macheadatdangrostionnett the iopticaldilthend 8mchi ngs
of the invention without departing fromthe essential scope thereof.

Ther ef or e subsirates i nt ended that the invention not be linmited to the
particul ar enbodi nent di scl osed as the best node contenplated for carrying

out LTS PR B ok B GBS e lo iMElofrsl gt en
it will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out

this invention, but that the invention will include all embodiments falling within the

scope of the appended claims.
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scope of the appended clains. 28 WD 03/052757 PCT/ US02/ 32184 WHAT IS
CLAIMED |I'S: 1. A storage nedia (5), conprising: a plastic substrate (108)
havi ng a wolsnsase (108) conposition and a substrate (10@CTiusowkness; an
optical layer (114) having a |l ayer conposition different fromthe substrate
(108) conposition; a data storage |ayer (102) disposed therebetween; and a

reflecti Vﬁ]}k%gﬁ Cm@q%f?osed bet ween the data storage |ayer (102) and the

substrate’( he storage nedia (5) has a radial deviation |ess
than or equal to about 1.15 degrees at a radius of 55 mm 2. The storage
medi a (5)1.0f Chatdiugde melie(®) torapisding.f ness ratio of the optical layer (114)
to the substrate (108) is about 0.5 to about 5 neasured in tensile
deformation at roomtenperature. 3. The storage nmedia (5) of aim 2,
wherein the st# Pl subseied 1P hying a gubstrats (18PoeAMRPSHORARIASUPAIENs| | €
deformati ggzh.room,terrper ature. 4. The storage nedia (5) of Caim3,
wherein t l‘fkflﬁséSS ratio is about 1.25 to about 2.5 neasured in tensile
deformati on at roomtenperature. 5. The storage nedia (5) of daiml,
wherei n a swel by bptidadla3r (1N@) aptihgallayedempofifidd Miffeertfeors diessubatrate (108) is
about 0.5 to about 5.0. 6. The storage nedia (5) of Caim5, wherein the
swel | rat (1§8) eorapwsiftony. 75 to about 3.0. 7. The storage nedia (5) of Caim
6, wherein the swell ratio is about 1.0 to about 2.5. 29 WD 03/052757

PCT/ US02/ 32 184a data storage layer (102) disposed therebetween; and

a reflective layer (11) disposed between the data storage layer (102) and the
substrate (108);

wherein the storage media (5) has a radial deviation less than or equal to about

1.15 degrees at a radius of 55 mm.

2. The storage media (5) of Claim 1, wherein a stiffness ratio of the optical layer
(114) to the substrate (108) is about 0.5 to about 5 measured in tensile deformation at

room temperature.

3. The storage media (5) of Claim 2, wherein the stiffness ratio is about 0.7 to

about 3 measured in tensile deformation at room temperature,

4. The storage media (5) of Claim 3, wherein the stiffness ratio is about 1.25 to

about 2.5 measured in tensile deformation at room temperature.

5. The storage media (5) of Claim 1, wherein a swell ratio of the optical layer

(114) to the substrate (108) is about 0.5 to about 5.0.

6. The storage media (5) of Claim 5, wherein the swell ratio is about 0.75 to
about 3.0.

7. The storage media (5) of Claim 6, wherein the swell ratio is about 1.0 to about
2.5.
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8. The storage nedia (5) of daim1l, wherein the optical |layer (114) has a
| ayer thickness of greater than or equal to about 20% of the substrate
(108) thiwknass2759. The storage nedia (5) of Caim8, whererrusohis2iBayer
t hi ckness is about 20%to about 40% of the substrate (108) thickness. 10.
The storage nedia (5) of Caim9, wherein the layer thickness is about 25%

to about 35% t he subst.rat.e 08) .t hickr . 11...Th i 5

of daim ¥, V\hiI“%F'i‘?ratgﬁén%cb? ?%)a?f(éﬁﬂpérl’ (Nﬁ%)rl}? ]:?SOP (¢ 1a1§} ere; (ﬁ%irhgag%elg eqi)? gbz)ut

0.2 mcr Oﬁfg&?ﬂé% 6@&'@&%21@016@(1%? to hBout D0, &f ML a@isstiaRA( 08 thickéssCl ai m 11,
ayer

wherein t hi ckness i's about 0.2 mcronmeters to about 120
mcroneters. 13. The storage nedia (5) of Claiml, wherein the substrate
(108) t hi eknes¥he storagoaudio (P afiilaion Sbvarein the leyer thirknaysds shawt 28« thedi a (5)

of Claim 13, erein the su tfe (108) thickness is about 0.6 mmto
about 2. Ogﬂi‘ﬂﬂt\ﬁﬁéijfﬁees"g’ﬁg?tﬁgi@)r@aflﬁg?%) of Claim 14, wherein the substrate
(108) thickness is about 1.1 mmto about 1.5 nm 16. The storage nedia (5)

of O aim 1y wheneishridaan&is (Half d1amey, widkdh thamyar thakaess i§ Bbaknsksto and a
t hi ckness ratio of the |ayer thickness to the substrate (108) thickness is

about 0. 08Hout 35%esfshe hishstrate (10R) thrikkness.or age media (5) of O aim 16, wherein
t hi ckness ratio is about 0.005 to about 0.5. 18. The storage nedia (5) of

Claim17, erein fhe thickngss tiq is about 0.0 . 19. The
st or age rTéXi\',ina ‘(?rbﬁ’ SETags) IQF?%???) %éggflﬂ’t“ﬁjgrﬁnééleero%%‘gr‘rglg %r?(ilg%q%tﬁc?olta &

subst r at e g{;498)s SOMBESH.D nBrodcterPtPHoues.6inpdi vi dual |y selected fromthe
group 30 WD 03/052757 PCT/ US02/ 32184 consisting of thernoplastics,

t her nosets, and honopol yners, copolymers, reaction products, and

combi nat i 62s cdhprsicsagegmadial @asef Chaim bf, whrseindhe dpyeh gripngss iscbout 0.2

micrometers to about 120 micrometers.

13.  The storage media (5) of Claim 1, wherein the substrate (108) thickness is

about 0.3 mm to about 2.5 mm.

14.  The storage media (5) of Claim 13, wherein the substrate (108) thickness is

about 0.6 mm to about 2.0 mm.

15. The storage media (5) of Claim 14, wherein the substrate (108) thickness is

about 1.1 mm to about 1.5 mm.

16. The storage media (5) of Claim 1, wherein the optical layer (114) has a layer
thickness, and a thickness ratio of the layer thickness to the substrate (108) thickness
is about 0.001 to less than 1.

17.  The storage media (5) of Claim 16, wherein thickness ratio is about 0.005 to

about 0.5.

18.  The storage media (5) of Claim 17, wherein the thickness ratio is about 0.025
to about 0.1.
19. The storage media (5) of Claim 1, wherein the layer composition and the

substrate (108) composition are plastics individually selected from the group
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20. The storage nedia (5) of Caim 19, wherein the thernoplastics are
selected fromthe group consisting of polyethylene, polypropylene,

copol ynerwoas/opsyet hyl ene and pol ypropyl ene, chlori nat e#Cpalsyzshigd ene,
pol yvi nyl chloride, polynethyl pentane; ethylene-tetrafl uoroethylene
copol yners, polyvinyl fluoride, polyvinylidene fluoride, polyvinylidene

hl ori de, |,y | hyl - Vi
pol yui nyl <BEEEs (ieBReS G, G BRIy mare. e Rt yraste PSR e

pol yi sopr ?Fb%gcﬂgp«c{rbﬂ%h?oiﬁiﬁoﬁé bythgiisaki XasuBRbLIMBE Sz siAs PrRXYEs ¢ aci ds,
functi ona erivatives of polyners containing et hy%enl cally unsaturated

carboxylic acids, acrylic polyners, pol %\/élal kyl acrylates), poly(alkyl
net hacryl &0es) Thpotorags yiedin @@ of Clpiot yacwhersii thei thermqpbasyias pigi fi"iecﬁéli d,

hyar openated iy ranstn Sy ebaess ebRnprdldertor i SR ene
pol ycycl 0Qﬁefét(ﬂyg}%le%e?em@}ia/a{t@dﬁg%lg@m%ﬁyIpvpjnliﬁﬁI&lorﬁfeyp@l@ﬁmql@mtaaé;c

anhydri de, vinyl tol uene, r er - nodi fi'ed pol ystyrenes; polyamn des,
ny: onE ﬁ’ | mﬂiydnme&ﬁraﬁ]uﬁy?aﬂm&ib, capatyrmeys, qrolyvinyl gbloyisle epaysinyldsing dtosids,,

pol yet hyl ene terepht at e, ol ybutyl ene terephthal ate,

pol ycycl oMeRyIYEEERA ‘éﬂ@“%"er@&%ﬁ‘igﬁ%é?thﬁmqy@g}@%é\? acetate copolymers,

pol yest er Garhanat es., il gy hieakrined Y GRLAAAL @fd RBHYISERAL S poBBlNlerkene
et hers, %o[}{%g en%l eeﬁe’et hers re%i vg)g from 2, 6-di ir)ns hyl |f)hepr(1)§’ltB and
copol yner $oWidopredie 3 ,potyntars neft biplyjeheally , uisetuysedh enduwkfonewsids, functional

pol yet her et her sul f gnes, pol yet herket gnes ol yet her et her ket ohes, .and

pol yet her idgiviEes g6 PYLPA L HAY RG] ‘?mffgllng’ﬁf‘%% cariy Tic Goids, acrylit

pol ysul fi ne hqQyi al L 1°Q! YARIScRAshomps Fa$d

copol yrrergﬁ%e&%ct?cg#ag%dgig%%ﬁ%’on%:oﬁ% %nsﬁgndcﬁonggs??egé%gﬁnpr iegi ng at

| east one palyatiytonitiits, pohianglit heidnapt@diromatic polymetse pelystytene, fdieripbget ti ng

resins are selected fromthe _group consisti ntgpt? oxi.es, phenolics, alkyds,
P

pol yest er snethdptyrene.ddydrogenajed aohsnasnes, [Hypd iandeatagtq jRolysbgetes,

bis-malein at er | tif J.qnal i

acrylics, pg?)ﬁcéggﬁéé%ﬂeﬁg]}’?%t& m%ﬁﬁféeﬁc%%gﬁgcsﬁt%g%g gnsa,l &grlsanar}glﬁjﬁi des,
mel ani ne- fpiydehide, rubteanicalificd deiydgendsenaaiganideduhgloas, nylon-66,
hydr oxynet h}!g furans, isocyanates, benzocycl obutene r%s{ ns, andh

horopol ymewion-1831 apd 0Bl@BEP25 7PPraretaln 2 Pelyegars, polyethylene  terephthalate,

polybutylene terephthalate, polycyclohexylmethylene terephthalate, polycarbonates,
polyestercarbonates, high heat polycarbonates, polyethers, polyarylene ecthers,
polyphenylene ethers derived from 2,6-dimethylphenol and copolymers with 2,3,6-
trimethylphenol,  polyethersulfones,  polyetherethersulfones,  polyetherketones,
polyetheretherketones, and polyetherimides, polyarylene sulfides, polysulfones, and
polysulfidesulfones, liquid crystalline polymers and homopolymers, copolymers,
reaction products, combinations and composites comprising at least one of the
foregoing thermoplastics, and wherein the thermosetting resins are selected from the
group consisting epoxies, phenolics, alkyds, polyesters, polyimides, polyurethanes,
mineral filled silicones, bis-maleimides, cyanate esters, multifunctional allylic
compounds, acrylics, alkyds, phenol-formaldehyde, novolacs, resoles, bismaleimides,
melamine-formaldehyde, urea-formaldehyde, benzocyclobutanes,

hydroxymethylfurans, isocyanates, benzocyclobutene resins, and homopolymers,
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copol yners, reaction products, and conbi nations conprising at |east one of
the foregoing thernosetting resins. 21. The storage nedia (5) of Caim1l,
wherei n twe osashi7al deviation is |less than or equal to abear/usID3a8Yr ees.
22. The storage nedia (5) of Caim21, wherein the radial deviation is |ess
than or equal to about 0.7 degrees. 23 The storage medi a (5) of Claim 22,
wherein the radi al deviation is lﬁf an .or yal. to taf gﬁ rees.
24. The stCBP%éé'@eﬁSedF%F“()B) PIQAUE-afh {,\}%8?%% ﬁo HESIP%O‘T ca ? f is |ess
than or gu%qmgggganggggugegrees 25 A storage nedi a (5) conprising: a
pl astic subs 108) having a substrate (108) conposition and a
substrate (108) thlckness an optical layer (114) having a | ayer

conposi ti . andlw stayes mietiac(6h e& €]aimyh evheirgin theeradzy deviehor isnlesssthen pf er s
fromthe sub tra e (%b t hi ckness and the layer conposition differs from
the subst 9P tp #Bgyt! a%gﬁﬁtlon a data storage |ayer (102) disposed

t herebetween; and a reflective layer (11) disposed between the data storage
llayer (102)p, andl“ﬁe@oraéé’ﬁéalae{tjﬁoi(@faﬁﬁ 21MIBéRInNthE RS tRYANEN TEdéstheP br has a
radi al deviation less than or’ equal to about 1.15 degrees at a radi us of
55 mm 26.equlldosbowtdgedegrelisa (5) of C aim 25, wherein a stiffness ratio of
the optical layer (114) to the substrate (108) is about 0.5 to about 5

measured | il e defor tlon np r WD 03/ 052757
PorT USo2) B1aa TheAoels rag% ﬁt@&?&a(%er&n B 3 (ﬁﬁlé%“a\&ﬂ%?s ow PRgOT
stiffness &341i8 abSu@PPdegres/ t0 about measured in tensile deformation at
roomterrperature 28. The st or age rredla (5) of Claim?27, wherein the
stiffness ratio is about 1.25 to

24, The storage media (5) of Claim 23, wherein the radial deviation is less than or

equal to about 0.25 degrees.
25. A storage media (5) comprising:

a plastic substrate (108) having a substrate (108) composition and a substrate (108)
thickness;

an optical layer (114) having a layer composition and a layer thickness,
wherein the layer thickness differs from the substrate (108) thickness and the layer

composition differs from the substrate (108) composition;
a data storage layer (102) disposed therebetween; and

a reflective layer (11) disposed between the data storage layer (102) and the
substrate (108);

wherein the storage media (5) has a radial deviation less than or equal to about

1.15 degrees at a radius of 55 mm.

26. The storage media (5) of Claim 25, wherein a stiffness ratio of the optical layer
(114) to the substrate (108) is about 0.5 to about 5 measured in tensile deformation at

room temperature.
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about 2.5 neasured in tensile deformation at roomtenperature. 29. The
storage nedia (5) of Caim25, wherein a swell ratio of the optical |ayer
(114) to wbhe3sssdystrate (108) is about 0.5 to about 5.0. 3@CTNIise2/32184 age
media (5) of Caim29, wherein the swell ratio is about 0.75 to about 3.0.
31. The storage nedia (5) of Claim30, wherein the swell ratio is about 1.0

to about 2.5.,.32. The starage ia,(b).of . (1 kel ayer

t hi cknesszﬁs gFrgﬁtgté)FagteHEFl 1ag?) (_éfgﬁ%fm &’ gggrﬁ_nq?g%ﬁgﬁg%shr\éﬁgﬁié%ﬁl T(EltB 27 4(3 108)

t hi ckness g3 3 dB8uRHH R9Gi1IEIbEndih a@fodsh RinfPeddurewher ei n the | ayer

t hi ckness i s about 20% to about 40% of the substrate (108) thickness. 34.

The storage nedia (5) of Claim33, wherein the |ayer thjickness is about 25%
to about 38% offhe heragehnedial® of 108 2hiehaieinghe gﬁn%@t@ﬂéﬂb@é lndioa (5) of
Cl ai m 34, thgrg n the dI ayer . cgniposi L oag andtt her tsybst rate (108)

conposi t i B8R0 Pe BFEURIIZFYP JPSTRMQP LEPUR (LT t he group consi sti ng

of thernoplastics, thernosets, and honopol yners, copol yners, reaction

products, 2and qaghkidadd ﬂ@@ia({gﬁw CRIMP AwHerash sl @fio bhehd aitrgbiang
plastics. 36. The storage nedia (5({)5 of Claim 25, wherein the radi al

devi at i on (1) tethe subsirata(l 08 pigehoutilS thabeut 300 degrees. 37. The storage
nmedia (5) of Caim36, wherein the radial deviation is |less than or equal

to about Q.7 d . 33 /052757, PCT/ U di
(3) "of 01 dPm 570 e e T SCA R0 UeT oY 18 el ot S Rl @Pe, P @

about 0.5,gdsgnees. 39. The storage nedia (5) of Caim38, wherein the
radial deviation is less than or equal to about 0.25 degrees. 40. A
storage nedia (5), conprising: a plastic substrate (108) having a substrate
(108) conpdsitilba smrdgqanqui@s%r) @fé?]@m@j), wherein the swell ratio is about 1.0 to

about 2.5.

32.  The storage media (5) of Claim 25, wherein the layer thickness is greater than
or equal to about 20% of the substrate (108) thickness.

33.  The storage media (5) of Claim 32, wherein the layer thickness is about 20%
to about 40% of the substrate (108) thickness.

34.  The storage media (5) of Claim 33, wherein the layer thickness is about 25%
to about 35% of the substrate (108) thickness.

35.  The storage media (5) of Claim 34, wherein the layer composition and the
substrate (108) composition are plastics individually selected from the group
consisting of thermoplastics, thermosets, and homopolymers, copolymers, reaction

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

36.  The storage media (5) of Claim 25, wherein the radial deviation is less than or

equal to about 1.0 degrees.

37.  The storage media (5) of Claim 36, wherein the radial deviation is less than or

equal to about 0.7 degrees.
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t hi ckness; an optical layer (114) having a | ayer conposition different from
the substrate (108) conposition; a data storage |layer (102) disposed

t her ebet viwor3/052187 a refl ective layer (11) disposed betweeRrCTIisSozaais4 st or age
| ayer (102) and the substrate (108); wherein the storage nedia (5) has a
radi al deviation |less than or equal to about 1.15 degrees at a radius of

55 mm a iffness ratio of the.optical Jayer, (11 1o t.he. 108
s about 8% t o EpsTEEsPRastr SoRIm dany bRy B EGRUAF EaRLE (09
tenper at Ure@yaldo aBWRI0!5 Akl of the optical layer (114) to the substrate
(108) is about 0.5 to about 5.0. 41. The storage nedia (5) of C aim 40,
wherein the stiffness ratio is about 0.7 to about 3 neasured in tensile
def or mat i 3R. at Theoteregmpediat(d) ef Claim 3§hwhereir the eadiad diesiatien isdesscthan o 41,
wherein the tif%{g&%s tio is about 1.25 to about 2.5 nmeasured in tensile
def or mat i GAY&t'° tengefa@ture. 43. The storage media (5) of O aim 40,
wherein the swell ratio is about 0.75 to about 3.0. 44. The storage nedi a

(5) of O ajgm 43 siohrkehddid (59, oMirlsidgati o is about 1.0 to about 2.5. 34

a plastic substrate (108) having a substrate (108) composition and a substrate (108)
thickness;

an optical layer (114) having a layer composition different from the substrate (108)

composition;
a data storage layer (102) disposed therebetween; and

a reflective layer (11) disposed between the data storage layer (102) and the substrate
(108);

wherein the storage media (5) has a radial deviation less than or equal to about 1.15
degrees at a radius of 55 mm, a stiffness ratio of the optical layer (114) to the substrate
(108) is about 0.5 to about 5 measured in tensile deformation at room temperature, a

swell ratio of the optical layer (114) to the substrate (108) is about 0.5 to about 5.0.

41. The storage media (5) of Claim 40, wherein the stiffness ratio is about 0.7 to

about 3 measured in tensile deformation at room temperature.

42. The storage media (5) of Claim 41, wherein the stiffness ratio is about 1.25 to

about 2.5 measured in tensile deformation at room temperature.

43, The storage media (5) of Claim 40, wherein the swell ratio is about 0.75 to
about 3.0.

44, The storage media (5) of Claim 43, wherein the swell ratio is about 1.0 to
about 2.5.
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