-WD 2005/ 026793 PCT/ US20041029603 DURABLE OPTI CAL ELEMENT Background 5 The
present invention relates generally to durable optical elenents. Mre
particula§h§ 5@575 esent invention relates to mcrostructured bearing
“articles RO5LZ67P3,  exanple, a brightness enhancement PETPSI004P9603: i ca
lighting filmor a reflective elenent. Mcrostructure bearing articles, such
as, brightness enhancing filns, optical turning filns or reflective

el enents, are nade in a variety of forns. One such form 10 includes a series
of alternating tips and grooves. One exanple of such a formis brightness

enhancenent film which has ﬁU’I@HBLErOPﬂ@EUEEEﬂ%Mr n of symmetrical tips

and grooves. Qher exanples include patterns in Ich the tips and grooves
are not symetrical and in which the size, orientation, or distance between

the tips and grooves is not uniform O&? dra&/oack of current brightness
enhancenment filns and optical |ighti Y& ns, and the like, is that the
tips the mcrostr c | ' : C@&F&?

exanplgfe, | i ght scrapgﬁgﬂfvﬁ?ﬂ@V@Pﬁggﬁﬁgﬁﬁgﬁaﬂgqﬁgﬁ?kﬁﬁﬁﬁ vely Ss'hlg% edge
can cause phttieulatlpsthe presér inventios relates tormictostrbetared bearifig articles ench@spdr t i ons
sufficient to hreak.the tips of prjor art, njcrostryctures_are experienced
during nor ﬁﬁmﬁs,rﬁjwﬁﬁlgraf e@ﬁp@%ﬁ@ﬁém, wnonticabigbe i ar 2 Tefleqtva slement. . he
manuf act uri ng of | i qujk: ﬁ'kl%l e%% f : :

m crostructure peaksﬂg?rgggyo er?, t &fﬁé@f,esgﬁésgﬂgg@ng%feﬁﬁgg%ﬁ\é pf%%gc?{ies
of the aff anrhing filmslos reflectivessiciaetis,ancimbdeinta vaety of foens.| Oht swhabinered to
virtually .all_ forward angles. Hence, when the brightness enhancenent film

i s intl di faludes aseresiof aliergating Hps and 2oaxKre dOve exaTEe of Suchaciorn i, S6 he

bright ness gnh s & e!aﬂn!ﬂ% f"ﬁ'“ S AT '

undanmaged & ea@%?&i he Wﬁﬁllﬁgﬁé‘%@?&%en %étéglﬁé‘p ay %ﬁ%ﬁg&eﬂgﬂgﬁh% angl e
near or gr €iherfeximples idetudeatiehb in whigh ¢he tigsemd podoves brewlot eyminbizicaladdénon t he
display is no _|onger vjiewable, the scratches | ook substantially brighter
than the gﬁnmﬁaﬂzwﬂeﬁw&amé@webeww@8|me%tw%M%gm-ons, the

anhancermnt. 111 m i t PURAPRVSE BE ke Bl BuERs Hibefop b MR ot opfBRl by ness

unaccigpt ablfgmé,cind tselilie)isahatitheitiph 6f thié inddrogtheiréire sukdebtibleltd mech@scabeen a
difficult propertl%/ﬁto quantify. In the past, durability of microstructure
bearing ar Gp@pgss Roasxaapls, hghd serepiag ity rechaadaplafively gharp edge can

cause the tips of the microstructure to break or fracture. Conditions sufficient to break the
tips of prior art microstructures are experienced during normal handling of brightness
enhancement filns, such as, in the manufacturing of liquid crystal displays for laptop

20 computers.

‘When microstructure peaks are broken, the reflective and refractive
properties of the affected peaks are reduced and the transmitted light scattered to virtually
all forward angles. Hence, when the brightness enhancement film is in a display, and the
display is viewed straight on, scratches in the brightness enhancement film are less bright

25 than the surrounding, undamaged area of the film. However, when the display is viewed

-

at an angle near or greater than the "cutoff" angle, the angle at which the image on the
display is no longer viewable, the scratches look substantially brighter than the
surrounding, undamaged area of the film. In both situations, the scratches are very
objectionable from a cosmetic standpdint, and brighiness enhancement film with more
30 than a very few, minor scratches is unacceptable for use in a liquid qrystal display.
Durability has been a difficult property to quantify. In the past, durability
of microstructure bearing articles has been measured by forming a scratch in the
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1 WD 2005/ 026793 PCT/ US2004/ 029603 m crostructure surface and neasuring
either the width or depth of the scratch or the gain associ ated vm'th t he
scratched microstructure surface. The prior durability tests have

al ways pr oYPFEP/U6T3| i abl e quantification or a realisti CPFW§?“ﬁf"8’E9$?31 on of
how a scratch in the mcrostructure surface appears as a defect in an
opti cal . di spl ay. 5 Summary Cenerally, the present invention relates to

dur abl e opt use f.or i ety of .applicatio cl udi ng,
For - examp cseaFEEik ot Rl ormuriRe sitook e idin i 400t BF suBRhor e [ s,
as wel | as iseguistedPithyie stidcitidifiorod@uEERSSuEREY. ai'h%ili}E)thﬁbﬂﬁy MsEHRASE hstCt Ur ed
films. In one enbodj ment, a durable optical filmincludes a polynerized

optical fialwaytproeided a rﬂmblermlaauﬁmmsar p iealisticiatespretation ofhowa seratchtinh
cont r ast Lo.value.in a.ran of 1 Q ot her enbodi mrent, a
dur abl e op%@?@?%@ﬁéﬁ%@ CPORY %F%’aan%‘l"cﬂ)?ﬂ SP#Y- filmstructure
havi ngsa m crostructured surface including a plurality of rounded prism

apexes extending along a first surface and a scratch contrast ratio value in
arange of 1.0 to 1.65. In a further Samppdiyrent, a durabl e optical fiIm

et Ses & YTl e e e S A

nanoparti cl gg a%néty'of&%)hcéﬁéﬂ‘s%l rfo %pﬁéﬁre%%en?é ﬁ:cﬁé%@éx&%
contrast ratio valle I'm a range o 65. The ove sunmary of 't he

pr esent |nMWMS;deﬁmmedmphysmdmhmednmhmmhenbodl ment or
every i npl enent é t he present invention. The Figures, Detailed
Descrllbtl ich foll ow nore particularly exenplify 25 these
enbodi nent s. Br| ef Rib8fintnt t re -
conpl etel y understoo S%bconm derg’t I on o Mﬁﬁﬁc&dﬁﬁgbgg&@ﬁbﬁm@ )

descri pti onﬁln.i mtm'ehmgbugicmm@md sutffeee iand @ sctatoh contrash ratiocvatusrinwiredge 30
t he acconpa&yf.é"l% PE?‘M ngs, in which:
In another embodiment, a durable optical film includes a polymerized
15 optical film structure having a microstructured surface including a plurality of rounded
prism apexes extending along a fu'st surface and a scratch contrast ratio value in a range of
1.0t0 1.65.
In a further embodiment, a durable optical film includes a polymerized
~ optical film structure having a microstructured surface including a plurality of surface
20 modified colloidal nanoparticles of silica, zirconia, or mixtures thereof and a scratch
contrast ratio value in a range of 1.0 to 1.65.
The above summary of the present invention is not intended to describe )
each disclosed embodiment or every implementation of the present invention. The
Figures, Detailed Description and Examples which follow more particularly exemplify
25 these embodiments.

Brief Description of the Drawings
The invention may be more completely understood in consideration of the

following detailed description of various embodiments of the invention in connection with
30 the accompanying drawings, in which: '
FIG. 1 is a schematic view of an illustrative micro-structured article of the
present invention in a backlit liquid crystal display;
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FIG | is a schematic view of an illustrative mcro-structured article of

the present invention in a backlit liquid crystal display, 2 WO 2005/ 026793

PCT/ US200%038036793F1 G 2 is a perspective view of an i plCuwaiszeiiorso3

pol ymeri zed structure bearing a mcro-structured surface; FIG 3 is a

cross-sectional view of an illustrative mcro-structured article which has

prismel enments of varying height; 5 FIG 4 is a cross-sectional view of an

I Il ustrative nicro- sSFKu@isegedrspedtive iview ofarciliustesivp polymeizedretnicsure bearagy i ng
0ss: sectional view of an illustrative mcro-structured

hei ght; FI G .5
article; '@%Pat“?dcgi"‘ﬁtggdsect ional view of an illustrative
m cro- S”UCt‘”ed artFRi"31‘3Bcrdﬁ%@éﬁohﬁ!ﬁué\ﬁb?%ﬁiﬁ%énﬁ?@sﬂcﬁ%ﬂn%fem

hei ghts and have their bases in different planes; 10 FIG 7 iIs
cr 0ss- sect whithlhayprsm elements dflvastinglhdighd; nmi cro- structured arti cl e FI G 8is

a cross-sectional of. an illustrati,ve mcrp-structured arti FIG 9
is a eross- sectlonalﬁg-lfék/bsﬁﬁr‘)éﬂ‘s?qulo ‘Pﬁpg ué’qre}ngetrp{g:gq FI G

10 is a SCREM ﬁ@%qon deV|ce|ncIud|ngaturn|ng fllm
15 FIG 11 i1s tgh%?%%?-é@seg%ﬁ%orbﬁa view : aturning film FIG 12 is a
cross-sectional vi ewFIf}. 548 atchess-séationalngew iof an ilkistrativies3micso-strsdiredratticte; f | ow
diagramillustrati ngFg_;?:e scratch contrast rat| nmethod; and FIG 14 is a
schematic di agr am of 6 is p gEQss-seqtipRalpe of i Ylusrtive micke-piauctargd axticla ian

contrast ragi ons and
alternati ve %/Tﬁﬁ spec flsgisleeﬁereg#l?% g %m%avéﬁ%év\iﬁwégyway OFH rﬁ:sﬂ ein
t he d®aw ngs and wi | FI(h € is desussséntidnabviele ofiah illustrativequnicto-benaturdé astictend,

however, that the intention is not . to limt t i nvention to the particular
rTggodl ments descri beﬁlgéisﬁﬁ@séﬁWWWH%mgﬁ’éﬁﬁtﬂW@ f=a| I

(i cations, equi VRl igs AMLAUHRRT\AR 608 [ cibudeia Bl and

scope of the invention. scriptio
FIG. 10 is a schematic view of an illumination device including a tuming

film;
15 FIG. 11 is a cross-sectional view of a turning film;
FIG. 12 is a cross-sectional view of another turning film;
FIG. 13 is a schematic flow diagram illustrating one scratch contrast ratio
method; and

FIG. 14 is a schematic diagram of an illustrative apparatus to determine
20 scratch contrast ratio.
While the invention is amenable to various modifications and alternative

s

: ) forms, specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit the
invention to the particular embodiments described. On the contrary, the intention is to

25 cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention.

Detailed Description
The durable articles of the present invention are believed to be applicable to

30 a variety of applications needing durable micro-structured film including, for example,
brightness enhancing films, optical turning films as well as the displays and other devices
containing the durable microstructures. While the present invention is not so limited, an
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‘The durable articles of the present invention are believed to be applicable -
to 30 a variety of applications needing durable mcro-structured film

i ncl udi ng or | e, brightness enhancing filns, opt] rnj film
as well ag’({wgsﬁgzﬁ)ays and ot her devices containing tw&&ﬁﬁz@%wgb&g

m crostructures. Wi le the present invention is not solimted, an 3 WO
2005/ 026793 PCT/ US2004/ 029603 appreci ati on of various aspects of the

i nvention W : ' | ' . . i ded

bl ow  Bri SRS A SpoHpBt ReihabG b RTn hdf SR T RS ut e
(referred ehmipesprasidédbelot ness”) of a lighting device. Brightness
enhancing filnms can be light 5 trangm ssible, mcrostructured filns. The
microstructured t opoBFigbtgsseahansangiiins generally ephance pp-gwis leminepee @efemed ur f ace

such t hat - f e : L r ' n I j on and
refracti onilé}%edﬁ ‘ﬁ@g@ﬂ Jf’:'sr?b)gtﬂn Z’%ﬁ Cgldg\ggépﬁ%ghtg%sg%ﬁ%%m%&ﬁ% ﬁ%ﬁtjl apt op
conputser s, teasidibiitsle, Biceostruttuted ileiso The utitrostesttapd tepderaphl Bt pREdRASE
brightness of an optical display by limting |ight escaping fromthe

di spl ay t oPtfEhemthg fluy surfaee sch thaas t@oﬁlmswbwsealttoa@brqeéﬁgm%g%ah froma

I i AN h kcal di AV, | t1,0 b h
woul d ex 1 TR R DB a8 AL AR ey s A Betin A o1 o
t he di spl agorah@e:s, watoheés) &ie)) ttefmickoserttul¥d optieslyFireckn indrehse Btightieds dfagk to the
m crostructured filmat an angle that allows it to escape fromthe displ ay.

The recycl pp@call éiwhsbﬁdﬁmiﬁw i @Swﬁ@aﬁprré]mgﬁ@lﬁbtﬁéﬁﬂé@ﬁmﬁmfp&ﬂe?eeded to
! ; ; s . t b e :
P et ne Pispfeegt dbsir Bndhes 08 et 4FF soRbin BB B S iy A 'V
i nci dent | tegliit, 13t fiat woideixit the GiSpleybuteide Of eHealllowabRaagd i seflepfed blsk into ™

rotational orientation of the sheeting abO,l,Jt an axis perpendicular to its.-
maj or sur f Hedispiaysehaere g pertionafit eanbef rasyeled band returnedback e thée a body portion

typicall ' tial r..bas r d [ red
sUrtace sofpnarisfre BRh ALk fgte Rt s 1083528 Sk 8 Brlie e eHEhg IS
surface. Eagdful®ébaise aidaftredics ér&ﬁﬁﬂ?ﬁdﬂ&%déd%%oﬁﬂéﬂﬂisb}hy&ﬁﬂﬁéamia”y
per pendi cul ar optical faces that typically intersect at a single reference
poi ntl5 or desited lemgkof hyigldness. t he cube comer el ement acts as an aperture
t hrough which Iight {s, transmtied | nt the c rhet elemspt. I n use,
[ ght ol dent o« nBEEIEYS B ety ot whRR of FeiSing’s SpRBhan 0 “The
Pﬁz e surf apgc@iftagd T ifd1@6H: 1ight at rélatvely high @nirftice 4l flet Rpafdlsl OF tHotbtaliasas Of

orientation of the sheeting about an axis perpendicular to its major surface. Cube corner
retro-reflective film can include a body portion typically having a substantially planar base
20 surface and a structured surface comprising a plurality of cube comer elements opposite
the base surface. Each cube corner element can include three mutnally substantially
perpendicular optical faces that typically intersect at a single reference point, or apex. The )
base of the cube corner element acts as an aperture through which light is transmitted into
the cube comer element. In use, light incident on the base surface of the sheeting is
25 refracted at the base surface of the sheeting, transmitted through the respective bases of the
cube corner elements disposed on the sheeting, reflected from each of the three
perpendicular cube corner optical faces, and redirected toward the light source, as
described in U.S. Patent No., 5,898,523, which is incorporated by reference herein.
For the following defined terms, these definitions shall be applied, unless a
30 different definition is given in the claims or elsewhere in this specification.
The term “polymer” will be understood to include polymers, copolymers

(e.g., polymers formed using two or more different monomers), oligomers and
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cube corner elenents disposed on the sheeting, reflected fromeach of the
three perpendicul ar cube coner optical faces, and redirected toward the

| ight source, as described in U S. Patent No., 5,898,523, which i 3

incor por at 840 BPSHTE} ence herein. For the foll owing defi R PRAOPMIOZ9603 0 s
definitions shall be applied, unless a 30 different definition is given in
the clains or elsewhere in this specification. The term"polynmer"” will be

PR A A
PCT/ US2004/ Q39i6&iBle bty firl ek ASipleNeieRRlisias o Rhbtichs iRl il snseféri fKAlBAS, Of
copolyners that can be formed in a mscible blend by, for exanple,

coext r usi onBﬁhblealeand)mdm(@pn@lmwarmgh@e@mﬂessm%\tﬁd otlsawiseb| ock and
random copol yners arencl uded nl e L, ndj cat dt herwi se., The .t ekm
"refracti \F;e ?/nde>s<" is%@%ﬁeﬁe#ﬁ%’jﬁgﬂﬁ‘@? FH%%B‘S&?E‘P&#‘@?”&E?%‘H Wﬁa%mfendex of
a matery al WHekdf b Indteifhe wHi@CE uhder@Bod b tBE E&iﬁfﬁ@?eﬁt}?@fﬁe&&omagmeﬁc

el ectromagnetic radiation in free space to the speed | he radiation in _
t hat mat er i aadiatiomdn feee spaseity the spekshof theradiationdm that pdtenisl. nbhamebactivedndaxds and

i's generall asured psi.ng an Abb, Ref.r.act o er in the.visihl.e |ight
egion.  The EPaRerFod RS kidhg MethodsancHS SRy Pristed J5ing 40 A%5% pr i mar y

particles HangkoRSRPH MbQikile ligR¥glAl ticles) with a dianmeter |ess than
about 100 nm The term "associated particles” as used herein refers to a

groupi ng of two or nidhe termi featlgidpitns defined hetein toameanpagiiciep{peithany\pidrticles
aggl o ated. The term "aggr tion" gs used herein i escriptive of a
st rongﬁ%ssoef&'ingﬁtegBBﬂﬁégﬁmﬁ%ﬂa‘ﬁgh%a*aﬂ%rg?swc’ﬁ@ém&'hem cally bound

to one another. The 19nhbiGakeQyiptdd ROEKIEIk 25ed KErbinTEREs 168 PSMiPgihEdBR0 S

di f_,,f)'cul t to achieve. The term "agglomeration” as used herein i's descriptive
of & weak a@sBwre pritnany paftigles theiraye aggregatddemdidriagglomeyaitk hel d t oget her by

charge or polarity ang,can .e broken do i nt.o.smal l.er entities. The.term
Br pary particl e si 2 e P CEgmERhTe A8 APt & SRy e A pienE sppbeiation
associ at ed $eRtof pRafaty fdrfeled WRich®hdY behemidaSlybRihd ffoddamBiter.aPhét di spersi on
or suspension of coll oldal

15 breakdown of aggregates into smaller particles is difficult to achieve.

The term “agglomeration” as used herein is descriptive of a weak

association of primary particles which may be held together by charge or polarity and can
be broken down into smaller entities.
The term “primary particle size” is defined herein as the size of a2 non-
20 associated single particle.
The term “sol” is defined herein as a dispersion or suspension of colloidal
particles in a liguid phase.
_ ) The term “surface modified colloidal nanoparticles” refers to nanoparticles,
each with a modified surface such that the nanoparticles provide a stable dispersion.
25 The term “stable dispersion” is defined herein as a dispersion in which the
colloidal nanoparticles do not agglomerate after standing for a period of time, such as
‘about 24 hours, under ambient conditions ~ e.g. room temperature (about 20-22° C.),
atmospheric pressure, and no extreme electromagnetic forces.
The term “gain” is defined herein as a measure of the improvement in
30 brightness of a display due to a brighthess enhancing film, and is a property of the optical
material, and also of the geometry of the brightness enhancing film. Typically, the

viewing angle decreases as the gain increases. A high gain is desired for a brightness
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particles in a liquid phase. The term"surface nodified coI'I oi dal
nanoparticles" refers to nanoparticles, each with a nodified surface such
that the n 1 s provide a stable dispersion. 25 The term "stable

di spersi on%?@%@éqzﬁ?gd herein as a di spersion in which t hECTUSEI04/05p3
nanoparticles do not agglonerate after standing for a period of tine, such
as about 24 hours, under anbient conditions - e.g. roomtenperature (about

20-22 C.), gRsH r X C LG A0 . The
Cormgai v SLEFHRAI Sodhasihitfred al R R PRV ERLLOTPANBE biiatyhes st
bri ght ness ahe badtiighi dispigue to a brightness enhancing film and is a

property of the Opticqﬁlh n&%p%rﬁi alg, agd aﬁl so of theogeo,meturéy of thlge

bri ght ness enhanci ng fihefectiafign ehnumpenqahangss bendgomtyineludescalbasmaberss t he
g e ea S Baymhid Wiblin 9 Barde (€551 10¥inlb et 8 G5 D852 opg ) 2y 026793
PCT/ US2004/ enhancl ng =fi'T'm’because 1 ngroved gain “provi des’an

effectiye increase i n Adwselin thid pesification dndehdaspehdaidlaisiss theajhgulbh forms
recitation of , nungerical ranges by endpoints includes all numbers subsuned
Wi thin that Pangg @EadgtheT melnds pigal sgérzents unlessshe pontent plparly dicatgpotherwisgag 5) .

5 As used innggi [+L ' . ded clal &: Sk ar forns
"a", "an", an ’@ﬁgfﬁflﬂ%’lru%gén%aﬁ?oﬂrl (Iat?og%t%gmurlésé he cgnf%lrl]# c; %’early

di ct at es ot haixtirs ef twoliBorefcdmponadsp | A useé irethéy gpecificatibonCadnis appeaded

contai ning "a conpound” includes a mxture of two or, nore cqonmpounds. As

used in thi sclaipscthe tesey josnisgeaeralhy eraplovediindts sensq ipgluding &'and/pry undgss thes
generau)y e%b%?aﬁg’&i%teﬁ% 'ch uding "and/or" unless the 10 content
r

clearly dictates o w'se. "Unl ess ot herw se indicated, all nunbers

expressi ng quantiti es (Ohiessiofigtirathe eiticated) @l aundeREkprEsing guatiticest such as 9
contrast ratjio and so forth used in the  specification and clains are to be -
under st ood ABSISEicH, MerFuremRept phpiaperticygich 38 gentst 1afa and g9 farthaysisd in the

Accordi ngly, i.ndi . d%égrvug' 9556]%3 rs set
15 forth in S{pﬁée]h or gg%gﬁ%%%ggrgittﬁ)%a ﬁl%%gél&n%r%ﬁéa%ﬁe C a?ﬁrrsmsga?e §

appr oxi mat i oesn tdbatt.t Accentingly dmbse thdigitedao thd dontrides tHeatmpriepkgaraeaesgaig ht

to be obtained by those skilled in the art _utjlizing the teachings of the
pr esentS i nvelrthghthe Apregoiag spsojfiqation and aitaghedelamms agp appropimationsthat ¢ag vary ne

appl i cati on gbel 416, Gl thh Bl FUNR'SGRER od Be bESERP hodl siiiea fl @b R each

utilizing the teachings of the present invention. At the very least, and not as an attempt to

I £

limit the application of the doctrine of equivalents to the scope of the claims, each
numerical parameter should at least be construed in light of the number of reported

20 significant digits and by applying ordinary rounding techniques. Notwithstanding that the
numerical ranges and parameters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific examples are reported as " )
precisely as possible. Any numerical value, however, inherently contains certain errors
necessarily resulting from the standard deviations found in their respective testing

25 measurements.

Durable microstructured articles such as, prismatic optical films, provide
brightness enhancement functionality by refraction and total internal reflection (TIR) from
the protruding prismatic structures. These structures are vulnerable to damage by
compression or fracture, which accounts for some amount of yield loss. Currently, a cover

30 sheet is, in many cases, placed above the top prism film to protect the prism surface from
damage. Prism structure durability is an important attribute of a prism film, and therefore
it is highly desirable to be able to accurately measure this quantity. The previous method
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numeri cal parameter should at |east be construed in light of the nunber of
reported 20 significant digits and by applying ordinary roundi ng techni ques.
Not wi t hst an¥iOr§03/926193t he nunerical ranges and par anet er s PEFUS2004/029%5P3 h t he
broad scope of the invention are approximtions, the nunerical values set
forth in the specific exanples are reported as precisely as possible. Any
nunerical value, however, inherent] % contains certain errors _necessarily

resul ting friFReERIENEDRSEY FORRR- ee”1cam detestdifferances hetyreadifiarentasismng” 25

neasurerrentsang,l ' | -g*@g_.a%%l | L& aQpthcal
filnms, provide ’Eﬁﬁgﬁtﬂ%%ﬂg@ﬁhgﬁéﬁgpﬁéﬁﬁﬁ% Ity fsrék%@{elgsgonn%é%gt ot al
i nternal ref insettivemétiaRind apparatisipeesentod heriptovides incretded sehsitivityy medits These
structures are yvul nerabl e to damage conpressi on _or_fracture, which

b
accounts f oreSWticongnond clpselyitathe wé@ﬁi_ty edsoralehes pn agbasklight. Tbe Wé%’tfe?%ﬁ,t in
rom a8 mgetiobf ind Bhid Bt Rabibed bllby AnRE eckblc BB 0457 °2°

prismfilm and therefDﬁﬁbldmicf(%uhbﬂfﬁd)bIﬁiﬁsddaﬁbb&omd?ﬁomblgpbl}&@ermbkr ately
measure this quantity. The previous method 6 WO 20051026793 '

PCT/ US2004/ ospepsitions Thepgalimarizgbls cpmpesitien candis-a mbptantigliyesolvenhfiae tadiation

di fferences ' . A Y | L) ve ough
o handl e vergoaF riweieic el SreRis 3Blugtiitel The SitnlcptiaSe PEthe RERBbIRER "0
appar at us pr gseit 60h Rectiretivhid 6Bgdniet] Grasstitking Atdromer biid optishally sncludesul t s
correspond closely to the visibility of scratches on a_backlight. The

measur dfent Bhateinitiglpra dhe arasnicgospoaent sy heve asrcliactive iBdex ofcat dsastahndl o5 t he
Exanpl e sect]on. | G, ' : df a
ol yiyer | 3abl FORpERgRtt A Eab s T chbibh seRthcaht d B ARG R AR 10
substanti al | yfacfiwsndes copgpositidngithese less thiaabll. 50, arwgapenilly chsitt edchiegabdsed
conposite. The organi c phase of the_conposjtion may _consist of a reactive

d .h | uent, ol i gdfevasteelsetion efiqonguersislyrevailehle maerialnm this refastinedadex region.
phot oini t1 at Pher r%g?éﬂpvg%egtég%%ﬁm eiﬁﬁ@smégm@ a@@lﬁ@ﬁsﬁé 55 &%f%& lgfg} iy

| east 1.50 for I'catrons and exh srgnitican

i n the 1sur edwhaldiecdghirer Higletriaedittiee imthewikblatighi speciman chh alde bé destretihan

1.50, are generally easier to achieve based on, the vast sel ection, of

commercial I'y |t%ﬂmmmxt@niwwﬂxﬁp§§¢t@f A indyesd segrich wale epfimizingthe
€

ldgolly,
refractive i ' | S | 0se.-&ski il ed
h the art 10880 ATl Brol s WaP mlbine o'k BRI GREkBORCEDAT Aty
spect r um canhigh efodph t6 @sit@ther brightness enhancement product failure modes such as those
- described in U.S. Patent No. 5,626,800.
20 The polymerizable composition can also contain inorganic oxide particles

whose size is chosen to avoid significant visible light scattering. The inorganic oxide
) particle selected can impart refractive index or scratch resistance increase or both. It may
| be desireable to use a mix of inorganic oxide particle types to optimize an optical or
material property and to lower total composition cost. The total composition of inorganic
25 oxide particles, organic monomers and oligomers preferably has a refractive index greater
than 1.49 or greater than 1.56. Use of inorganic oxide filled polymers allows one to
achieve durability unobtainable with unfilled resins alone. The cured composite
composition should meet any product properties of durability, high visible light
transmittance, optical clarity, high index of refraction, environmental stability, and photo
30 stability while possessing the uncured composition requirements of low viscosity, shelf
stability (composition should not change chemically over time, particles should not settle
or phase separate) and are energy curable in time scales preferably less than five minutes,
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| deal |y, the conposition mnimzes the effect of any induced scratch while
optimzing the desired optical properties and maintaining a Tg (gl ass
transiti t rature) significantly high enough to aypi h I ght ness.
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No. 5,626,800. 20 The pol ynmeri zabl e conposition can al so contain inorganic
oxi de particles whose size is chosen to avoid significant visible |ight
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product properties, of dyraghility,  hi visihle |jght _transmittance, optical
clarity, hﬁ'ﬁﬁcmaésﬁeem @3@%99%%?5@%% ¢ aftic %@Biheiawpﬁ%ﬂ%aﬁm@eter 30
stabilit ' | E L ' f ok
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in time scales preferably _|ess than five mnputes, 7 W) 20051026793
PCT/ 11S2008Hushyshaying pluraldy ebsystss m%ﬁ%@ﬂ%%pgpp&% # the advapnfage

Conmpggi ti %ﬁti%ﬂbﬁoﬂﬂed‘ﬂﬂoyéﬂm’és% nononmer anounts and reactively
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functionalized 1 norgani ¢ oxide particles maintain the formof the original
master as wel | as t Surface sdddifipduoilgiinhemspatitien cansanprefant itsthapelyheehized f r or

3M Co. 5 Durable articles_can include ol rized structure hayvjng a -
plural ity SrctEsmranamandeieciye (o emhper o Aarbiity end/preeaots BRFEANthe ar ¢ | ol e

and an opt e O e BB I e R Y T o

t he sane ocandiatré &vanety pbtigsimeblemtitibuties incliding furlexamplez pahopatticlect ur e havi ng a
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resin system making the composite more durable, properly surface modified nanoparticles

added to resin systems provide a low impact on uncured composition viscosity. A
combination of surface modifiers can be used to manipulate the uncured and cured

20 properties of the composition. Appropriately surface modified nanoparticles can improve
optical and physical properties of the optical element such as, for example, improve resin
mechanical strength, minimize viscosity changes while increasing solid volume loading in )
the resin system and maintain optical clarity while increasing solid volume loading in the
resin system. In some embodiments, particularly solventless systems having nanoparticle

25 loadings described herein, have viscosities in a range from 1 to 1000 cps at 85 degrees
Celsius.

The surface modified colloidal nanoparticles can be oxide particles having

a particle size or associated particle size of greater than 1 nm and less than 100 nm. Their
measurements can be based on transmission electron miscroscopy (TEM). The

30 nanoparticles can include metal oxides such as, for example, alumina, tin oxides, antimony
oxides, silica, zirconia, titania, mixtures thereof, or mixed oxides thereof, Surface
modified colloidal nanoparticles can be substantially fully condensed or crystalline,
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.article or optical elenent. The surface nodified colloidal nanoparticles
descri bed herein can have a variety of desirable attributes, including for
exanpl e; n rticle 15 conmpatibility with resin systens such that the
“nanoparti e@@?ﬁﬁ?ﬂ 5stabl e di spersions within the resi nPQé‘ESéﬁ“é’“ Yt ace
nodi fi cation can provide reactivity of the nanoparticle with the resin
system mating the conposite nore durable, properly surface nodified

Compost 1 on-vi scos: 1 CABERRRRYS PATBAR Sikide Bor Bl TRTE wlAr {0 aGHm:

mani pul at eortd0enminSilice s&ﬁnB@pﬁsaﬁQﬂ theatursble ftieleCorpEiGAl leledient in an
Appropriately surface nanoBart icles can inprove optical and
physi cal piet fioas] Q)FJ Q%@Ve’mrﬂ@#“ ma e nilieng dor use in theymatga#ppithe; nprove
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particularly solventless systems having nanoparticle 25 | oadi ngs descrlbed

her ei n, haALGOsprodnats é@49,r10é2,r19§@,e1069&a2f7 apd 232D oSuipblesfuned silisgs inehide

Col 3 Us: TR e PHRIESFoR e el ARREI S5, GBI 45 0 1 o
and | ess t1avaflibie fomDeGissa M HaBRE Hefmrd)), 4@ HABAU SPERSERDOS] SABON

el ectron mscroscop}éaél\/K The 30 nangparticles can include rret al oxides such

as, for ex@ KAB1Q-H1loM aseilable fioppGgbot prmiduscela, bk, zi r coni a,

E:i)ha | daIm )rigﬁ(r)gairt P%‘g’ IﬁJntMS%S ?%%ﬁ”ﬁ%ﬁ@ﬁf&‘? #5{??%5 i flcsetg 1?al i ne.
8 -\\D 2005/ 836 AP k. T ZideAi0 AdrdpRaiefes cﬁhbbﬁﬁsﬁﬁﬁy@mr@rﬂ@&uﬁﬁwbﬁﬂ@la particle

siZe from5 to 75 ran or 10 to 30 rimor 20 nm Siljca nanoparticles can be
present i relementdn fapmeuntfrom (18 to 70 pitke erd0 tol Sriwtte. Ziscepas forbaein materiala 0 t o

are commer & he fofeaton frdkrrmimerc i erpilabtE o NbS cHBRfR Cor ofhoelyife m ) 1 oy
the 5 produffer thepradirt desipnide:ONATRG O0ZIOB.LI CAS. For exanple, silicas
i ncl ude’ NALCO products 1040, 1042, 1050, 1060, 2327 and 2329. Swtabl e

fumedSsi | icas i ncl udBitanis entsany peides, planine, dingwides, andéor mixed metal oxide

NG ( ranameRlgtes hd s Bt aiidassdged Bt RGBT hB. SRR o5

Mb avai | abi ®urh @ 0GERO Titésihantimbng @Rides, ahirhink, tin oxides, and/or mixed metal oxide

| nanoparticles can be present in the durable article or optical element in an amount from 10

{0 70 wt%, or 30 to 50 wt%. Mixed metal oxide for use in materials of the invention are

20 commercially available from Catalysis & Chemical Industries Corp., (Kawasaki, Japan)
under the product designation Optolake 3.

) Surface-treating the nano-sized particles can provide a stable dispersion in
the polymeric resin. Preferably, the surface-treatment stabilizes the nanoparticles so that
the particles will be well dispersed in the polymerizable resin and results in a substantially

25 homogeneous composition. Furthermore, the nanoparticles can be modified over at least a
portion of its surface with a surface treatment agent so that the stabilized particle can

copolymerize or react with the polymerizable resin during curing. In some embodiments,
selection of a second surface modifer can provide rheology modification (i.e., to increase
or decrease the viscosity) to allow for higher nanoparticle loadings with corresponding

30 lower viscosity. In some embodiments, the second surface modifier is different than a first
surface modifier.



10 Zirconi a nanoparticles can have a particle size from5 to 50 nm or 5 to -
15 nm or 10 nmm. Zirconia nanoparticles can be present in the durable

article gj, el enent in an amount from 10 to 70 9 55 wt % .
Zi rconi agﬁpo%ﬁ%@ ¥n materials of the invention are coﬁf‘?ﬁ"éﬁ@r‘ﬁ% é\ial | abl e
from Nal co Chemical Co. (Naperville, M) under the product designation
NALCO OOSSOCS. 15 Titania, antinony oxides, alumna, tin oxides, and/ or

m xed netal oxide defe ﬂnié?:{ S

particle size from5 to @8{:&&%1@%0 @ @&Y%ﬁtlpé‘ﬁ %greﬁ Q%aﬁl glogegn I mony
oxi des, al asurfeae trbahnenkag&ashasarﬁiﬁtnndrﬂ:amdllmﬁmﬂitodkepinhclnamfmr(bwallmﬂypan be
pr esent |r1 t he dur pr optic n .an anmount rom

ble ,article eIe nt 0O to
70 Wo, oriogisaliyo fgr%g%sﬂm& wemonbaaadoeesepem %m%mp@ e}fw%

i nventi on @ fﬂgg‘g ndustries
Corp., (Kawa E‘éaﬁﬂ gapan er t e proééSSI? esi gha |on %ﬁto a %é

Sur f age- t rteantiney agusts nmhmleslcbhdlsmnﬂnes; kaboxgitv qeidsy sulfonic &fidsh bh)sﬂo}snm sion in
t he pol yneri ¢ r.esin. refera;)‘]!:h‘e fgg urfacge-treat nent, stabi es the
nanopartlcarcé‘g‘; and titppales, il P obregfment %Eegblérdg@an 1 gart,
olyrmeriz

D omost gﬁ}ﬁﬁurt alaﬂ}i‘?uréﬁfﬁieﬁetélrbﬂd @rgﬂa%}lbé{wég%f@l?@gﬁover at | east a

conposi t I rm)re nanoparti cles can

portion ofothérdossiliéene filletsh Saamsrahae&bbxﬁmami%tammfmwdd‘ot matal dxtidesssuabi | | zed
particle can, copolynerize or react with _ the polyperizable resin during
curing. | rRsdienienae sHREe nodification cambe danesither SRePdERY A CEIRBATIE c ar

provi ‘%f” osity)
to al ﬁow ;}grgﬁﬁg&ﬁer%]éarnopa f?tcl%grﬁm&fﬁthgasg %%)arnrgéetsoggn ﬁ%ﬁ% x‘(gl!lwe&{ré
Vi scosi ty. particls onearepintidlersarfhcs beftre ixmeporaticalintosihe resindi Theerequisedcinidumt ent ™
than a firs urfa : 2005/ 026793 PCT(.US2004(029603 The -7
nanopart i &%ﬂﬂ%&?@%@@%ﬁtﬂwgfsgﬁéj&@qﬁ% méleéﬁénﬁ %?I%’Qneral a
surface trg g&lﬁg Dadal cle
surface (coval ent ‘Z)VEI ca y or r'o gﬁ st \ﬁ%iggr%g@ﬁ%ﬁon ﬂdé
second endnbmﬂayeu:mﬁmoﬂﬁﬁecmm’ach&lltblthwswfacebfl&epantmlecl'ﬂle\mmbhmmkpmsdmeand/ or
reacts with resin duri.ng cur,i anp] es of urfac a agents
i ncl &ﬁe al FrdFRstin g %@r%%%&;%ﬂ%eee%i%@e AL %arr%‘éﬁ BHbHi
acids, sil Rl b
det er ni ne In g;ﬁ?#&gﬁtﬁ%dggﬁsﬁ%ﬁ%turgﬁoe?gm}q{c&b%% OXI e sur?g%e
Si | anes arb2@he£1q:roxid1ataby Siurfdce freatntént agents such as carboxylic acids do not require
elevated temperatures or extended time.

-Representative embodiments of surface treatment agents suitable for the

20 durable compositions include compounds such as, for example, isooctyl trimethoxy-silane,
N-(3# triethoxysilylpropyl) methoxyethoxyethoxyethyl carbamate (PEG3TES), Silquest
A1230, N-(3- triethoxysilylpropyl) methoxyethoxyethoxyethyl carbamate (PEGZTES), 3- )
(methacryloyloxy)propyltrimethoxysilane, 3-acryloxypropyltrimethoxysilane, 3-
(methacryloyloxy)propyltriethokysﬂane, 3-(methacryloyloxy)

25 propylmethyldimethoxysilane, 3-(acryloyloxypropylmethyldimethoxysilane, 3-
(methacryloyloxy)propyldimethylethoxysilane, 3-(methacryloyloxy)
propyldimethylethoxysilane, vinyldimethylethoxysilane, phenyltrimethoxysilane, n-
octyltrimethoxysilane, dodecyltrimethoxysilane, octadecyltrimethoxysilane,
propyltrimethoxysilane, hexyltrimethoxysilane, vinylmethyldiacetoxysilane,

30 vinylmethyldiethoxysilane, vinyltriacetoxysilane, vinyltriethoxysilane,
vinyltriisopropoxysilane, vinyltrimethoxysilane, vinyltriphenoxysilane, vinyltri-t-
butoxysilane, vinyltris-isobutoxysilane, vinyltriisopropenoxysilane, vinjltris(z-
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.other for siliceous fillers. Silanes and carboxylic acids are preferred for
nmet al oxides such as zirconia. The surface nodification can be done either
subsequent to mxing with the 10 nononmers or after mxing. It is preferred

“in the ca¥O 2085036719 nes to react the silanes with the pBETfiUé?@"B? 603
nanoparticle surface before incorporation into the resin. The required
anmount of surface nodifier is dependant upon several factors such particle

size, particle type, . .nodifier nplecylar w, and nodifier type..ln general
TS br et BB i SR SRR Ry SRR B TR E PSSR adhod ¢ o
the surfacgygifiodypeoptitdeMlokysildng, RIRCIME MetRIcRARMIE ofbR> Lid, sRAAE LAA

conditions Tequited al so depend on the surface modifier used. For silanes it
i s pref erdalgcanoicsasid, 2ef@-(Ermethoxgethoixp)eticay]acetipeid (MEEA A)nbksa- aci di ¢ or
basi ¢ condi tjons.for fro 1-24 hr oxj.mat.el y. . Surface treatoent .agents
cnoh as_CoAR R REIEE T methor PR ShE B et B el Bk anded
ti rre.SReprﬁE@,ﬁgg\thie%ﬂgnbodi ments of surface treatnent agents suitable for

the 20 durabl e conpositions include conpounds such as, for exanple, isooctyl
trimet hoxy-sil ane, Therface modificatyen ofithe partipley imibe koltgidaldispeedidrocapdieny |

ot hoxy et HASEGEPHTIEY 18 A YRIRS PEwAY o hebospe yvolves the Mikture b B fbtgahic

ot nacr 1 SR RARee R Sy ooyt KLORIDEARS) b g R | one, o
T e e e
g)r opaﬁdi Wﬁ@ﬁﬁ@@ﬁﬂﬁ aﬂﬁ"ﬁ%@ﬁ%fﬂm i ygﬂ,ﬂg aﬂ'é?f‘y‘?ﬂt chn BHI\QDCG the

phenyl tri g i a@emegf;%sggls dHRS ROXPhd g@%ﬁ%ﬁﬁg&%xm | ane,

octladecyl tri met hoxysi | ane, rimet hoxysi | ane, t hoxysi | ane,

vi nyl met hyinikitare ebmpyising fireciporg@nicisoldndsutfcdmedifiying sgdntsis subsequently reacted
vinyltriacetoxysilane, vinyltriethoxysilane, vinyltriisogrqpoxysi] ane,
Vil e oo S PR et TR LR Ty i e Eeliods R e e,
Vi nyl tri s-d.5qRuLSH LBAR 85 \HePk (T fok S6RIt OAPORKY RkhIBAL in the RHhde Rédified 0 VO
2005/ 026793 PCI/ US2004/ 029603~ net hoxyet hoxy) si | ane,

st yr ¢b et hydol.r Imeadothey sietkode whererroetplt axpdaspyd surface iodifiedi thesmrfacs treatment of
gl yci doxyptopyl tri net hoxysilane, acrylic¢ acid, thacrylic acid, oleic acid,
St bari o actha et} e b preterebty vstyesthe ssd i g RC K P e ) G becfec o
( MBEAA) , " : I i d
et hoxyph gﬁf;ﬁcﬁ w&gﬁoﬁg’%‘gﬁ@d §Fthé h&%&tm&t ﬁi@fe&‘ﬁlﬁf glckSprRed & room
: temperature.
The surface modification of ZrO2 with silanes can be accomplished under
20 acidic conditions or basic conditions. In one case the silanes are heated under acid

conditions for a suitable period of time. At which time the dispersion is combined with

) aqueous ammonia (or other base). This method allows removal of the acid counter ion
from the ZrO2 surface as well as reaction with the silane. In a one method the particles
are precipitated from the dispersion and separated from the liquid phase.

25 The surface modified particles can then be incorporated into the curable
resin in various methods. In a preferred aspect, a solvent exchange procedure is utilized
whereby the resin is added to the surface modified sol, followed by removal of the water
and m:solvent (if used) via evaporation, thus leaving the particles dispersed in the
polyerizable resin. The evaporation step can be accomplished for example, via distillation,

30 rotary evaporation or oven drying. The surface modified particles can also be exiracted
into a water immiscible solvent followed by solvent exchange, if so desired.
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5 m xtures thereof. The surface nodification of the particles in the
col | oi dal di spersion can be acconplished in a variety of ways. The process
i nvol ves wheoss/ogbrese of an inorganic dispersion wth sBCTaS200402h603/i ng
agents. Optionally, a co-solvent can be added at this point, such as for
exanpl e, |-nethoxy-2-propanol, ethanol, isopropanol, ethylene glycol, 10

N, N- di net hyl acet am de and 1-nethyl -2-pyrrolidi none. The co-sol vent can

enhance the sol ubi | flternativel @neiber met@odqfetiingarperatingthe surfacaspodified ¢ he
surface nod] f| rthcles The . mxture comprd sing.the inorgani.c sol and
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t enper at ur gpovwAlidrfollowsl b ehéf additionvd the résifl Hifaterid] Rte whidlethBip¥iidles arcan be
reacted at about 85 deqree C for about 24 hours, resulting in the surface

rm(cji! ; @ e(cji 1%8@@6!1. The drengstap in thé&fmetbc,;\d oanebeeTmlésMiba@@na?n@iogillrmm |
noail eat r freat t t { X1 can rerera I Nvol ve
t he agsorpﬁﬁ%ﬁféﬁpﬁgfﬁt@ﬁ%& Sexlmal%{eggv%la IOSSP?HF%QB@ Theysurface
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acconpl i sheit afflaeagenisthas eifanctiond rgmoup eoriolpmenzablewith adiardeoahde rasin. dive case
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surface as well as reaction wth the silane. In a one nethod the particles

are pPeci ptandieefor exanplean atrgpieros methagrylate,cys aingd @pupr ofncybléc fungiondl phase. 25
fosi n i o PR LIRS Bk bointicod] Plmisthtn MEnrliP CRBAE Fhuktobr At ** © )
procedure c'b:@gu%ishjﬂxe& nittbeme M préferdbBrh B-hémBSe@fing Goﬁtﬁiﬁiﬂ‘glﬂxfyg?xﬁsdm% fied

sol, followed by renoval of the water and co-solvent (if used) via
evapor at i 0¥ epoKigs- | eavi ng the particles dispersed in the polyerizable

in. Th tign st be . i f | L.
Grstii 1t on, 50 ot EpsSGREM:ar BiEE IRk IR cdh EER Bronl Wi 1 o
partiisl es vaRnAbfydlfiterstdbRAbiSohuling hepatadl et scllibbsic SRlorANdet@dioned by

sol vent exchange,” if so desired. 11 WD 2005 3 JS2004/ 029603

Al t er nat i virsin. Fhistlayer canbe fumed fromidgh e of refraction sateriabseinebding ed

nanopar | of&Srhkts b YA BabE SPleRabtR] Cho i mbilsn e aiSoRltod o MO {1 e
.monomers, and other such high index of refraction monomers as are known in the art.

See, for example, U.S. Pat. Nos. 4,568,445; 4,721,377, 4,812,032; and 5,424,339, all
20 incorporated by reference herein. The thickness of this optical or micro-structured layer

can be in the range of about 10 to about 200 microns.
Suitable polymeric resins to form the optical or micro-structured layer )
include the u.v.-polymerized products of acrylate and/or methacrylate monomers. A
suitable resin is the u.v.-polymerized product of a brominated, alkyl-substituted phenyl
25 acrylate or methacrylate (e.g., 4,6-dibromo-2-sec-butyl phenyl acrylate), a methyl styrene
monomer, 2 brominated epoxy diacrylate, 2-phenoxyethyl acrylate, and a hexa-functional
aromatic urethane acrylate oligomer, as described in U.S. Patent No. 6,355,754,
incorporated herein by reference.
While most types of energy polymerizable telechelic monomers and
30 oligomers are useful for the present invention, acrylates may be preferred because of their
high reactivity. The polymerizable composition can be of flowable viscosity that is low
enough that air bubbles do not become entrapped in the composition and that the full
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a powder, followed by the addition of the resin material into which the
particles are dispersed. The drying step in this nmethod can be acconpli shed
by conventi 5 suitable for the system such as, , oven
drying or ‘S\ﬁ(ﬁ'g@s r@’?ﬁg. A conmbi nation of surface nodifyi nﬁé%ﬁﬁﬁgﬁ be
useful, wherein at |least one of the agents has a functional group
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30 oligoners are yseful faqr the present invention, acrylates nay be
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- the glass transition temperature of the polymer that results from the polymerizing of the

: .. polymerizable composition. The glass transition temperature can be measured by methods
i known in the art, such as Differential Scanming Calorimetry (DSC), modulated DSC, or

20 Dynamic Mechanical Analysis. The polymeric composition can be crosslinked
sufficiently to provide a glass transition temperature that is greater than 45° C.

‘) Monomer compositions can have a melting point that is below about 50° C.
The monomer composition can be a liquid at room temperature. Monomer compositions
can be polymerized by conventional free radical polymerization methods.

25 Examples of initiators include, organic peroxides, azo compounds,
quinines, nitro compounds, acyl halides, hydrazones, mercapto compounds, pyrylium
compounds, imidazoles, chiorotriazines, benzoin, benzoin alky] ethers, di-ketones,
phenones, and the like. Commercially available photoinitiators include, but not limited to,
those available commercially from Ciba Geigy under the trade designations DARACUR

30 1173, DAROCUR 4265, IRGACURE 651, IRGACURE 1800, IRGACURE 369,
TRGACURE 1700, and IRGACURE 907, IRGACURE 819. Phosphine oxide derivatives
include LUCIRIN TPO, which is 2,4,6-trimethylbenzoy dipheny! phosphine oxide,
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diluents with refractive index greater than 1.50, |ike SR- 339, nmaybe
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known .i.n thg art,. such as.D ffecential Scannin | or | et SC), nodul at ed
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bel ow about "IB0d esin” meanshabihe resuling polna exhibifs pa elongating af brask of lass
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desi gnat.i ong theRieliyer, and can be of a size, shape and thickness allowing the optical layer to
direct or concentrate the flow of light. The optical layer can have a structured or micro-

structured surface that can have any of a number of useful patterns as described below and
20 shown in the FIGURES and EXAMPLES. The micro-structured surface can be a plurality
of parallel longitudinal ridges extending along a length or width of the film. These ridges
can be formed from a plurality of prism apexes. These apexes can be sharp, rounded or )
flattened or truncated. These include regular or irregular prismatic patterns can be an
annular prismatic pattern, a cube-comer pattern or any other lenticular microstructure. A
25 useful microstructure is a regular prismatic pattern that can act as a totally internal
reflecting film for use as a brightness enhancement film. Another useful microstructure is
a corner-cube prismatic pattern that can act as a retro-reflecting film or element for use as
reflecting film. Another useful microstructure is a prismatic pattern that can act as an
optical element for use in an optical display. Another useful microstructure is a prismatic
30 pattern that can act as an optical turning film or element for use in an optical display.
The base layer can be of a nature and composition suitable for use in an
optical product, i.e. 2 product designed to control the flow of light. Almost any material
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lsc ae. & bright ness Eenidiretiiefe sl st aithBiRfie B g bty rol, ©'
_ for example, brightness enhancement films, examples of preferred base materials include
... Dolyethylene terephthalate (PET) and polycarbonate. Examples of useful PET films
20 include photograde polyethylene terephthalate and MELINEX™ PET available from
DuPont Films of Wilmington, Del,
) Some base materials can be optically active, and can act as polarizing

materials. A pumber of base_s, also referred to herein as films or substrates, are known in
the optical product art to be useful as polarizing materials. Polarization of light through a

25 film can be accomplished, for example, by the inclusion of dichroic polarizers in a film
material that selectively absorbs passing light. Light polarization can also be achieved by
including inorganic materials such as aligned mica chips or by a discontinuous phase
dispersed within a continuous film, such as droplets of light modulating liquid crystals
dispersed within a continuous film. As an alternative, a film can be prepared from

30 microfine layers of different materials. The polarizing materials within the film can be
aligned into a polarizing orientation, for example, by employing methods such as
stretching the film, applying electric or magnetic fields, and coating techniques.
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or substrates, are knownh in
can also depend on the above-described requirements of the optical product.

Durable microstructure-bearing articles can be constructed in a variety of

forms, including those having a series of alternating tips and grooves sufficient to produce

20 a totally internal reflecting film. An example of such a film is a brightness enhancing fitm
having a regular repeating pattern of symmetrical tips and grooves, while other examples
have patterns in which the tips and grooves are not symmetrical. Examples of )
microstructure bearing articles useful as brightness enhancing films are described by U.S.
Pat. Nos. 5,175,030 and 5,183,597, which are both incorporated herein by reference.

25 According to these patents, a microstructure-bearing article can be prepared
by a method including the steps of (a) preparing a polymerizable composition; (b)
depositing the polymerizable composition onto a master negative microstructured molding
surface in an amount barely sufficient to fill the cavities of the master; (c) filling the
cavities by moving a bead of the polymerizable composition between a preformed base

30 and the master, at least one of which is flexible; and (d) curing the composition. The
master can be metallic, such as nickel, nickel-plated copper or brass, or can be a
thermoplastic material that is stable under polymerization conditions and that preferably
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reflecting light also toward the liquid crystal display panel. The brightness enhancement

« film 11 collimates light emitted from the light guide 18 thereby increasing the brightness

20 of the liquid crystal display panel 14. The increased brightness enables a sharper image to

be produced by the liquid crystal display panel and allows the power of the light source 16

to be reduced to produce a selected brightness. The brighiness enhancement film 11 in the

backlit liquid crystal display is useful in equipment such as computer displays (laptop

p—

displays and computer monitors), televisions, video recorders, mobile communication
25 devices, handheld devices (i.e. cellphone, PDA), automobile and avionic instrument
displays, and the like, represented by reference character 21. While FIG. 1 shows an edge
lit system, it is understood that the lighting system could directly lighting the film 11 such
as, for example, as used in transmissive L.CD televisions.
The brightness enhancement film 11 includes an array of prisms typified by
30 prisms 22, 24, 26, and 28, as illustrated in FIG. 2, Bach prism, for example, such as prism
22, has a first facet 30 and a second facet 32. The prisms 22, 24, 26, and 28 can be formed
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bri ght ness enhancing filnms are described by U S. Pat. Nos. 5,175,030 and
5,183,597, which are both incorporated herein by reference. 25 According to
these patents, a mcrostructure-bearing article can be prepared by a nethod

id ncl udi ng phﬁbgdbip@rﬁoﬂ_?’éall}jﬁbﬂ-‘b@ﬁrﬁt meyface 361oprmehirly tiginsisms mpdand € b)
T 6r ost r UcSteBH IR et it Fp SRR 2t 38 pBli =PRSS RI B Mo o 1111 the

cavities of the mast @lneafarrdy dfiregiflarttight pfisits EdrsroPide o diftical jeePfin@icet he

pol ynmeri zabl e conposition between a prefornmed base 30 and the master, at
| east one ond egse ehmanufhruse. Bherighimismg) it suneanythahtheaprpargle Pim. The naster

can be netallic. Chnd i ckel . nickel-plated obrass, or can be a
t her nopl as?]iapgo%ﬁazeﬂygp ’?’Hg'fa%iagso P4 %OIBr?ﬁg X%?‘W%aﬁooﬁr §8Wdi tions and
that pref epglibyimhéely\@02BABH0 20heStisiIhecs#SAKI MY B fdbpticdldgndaths prismeERagBer gy
that permits clean renoval of the polynerized material fromthe naster. The

parti cul ar tiked with respect te eackradiare Futthermioss, dka relastonship betpisgn tstibicknese 40 pEd
herei n can,be..si mJ.ar. t.o the | di. ng, .process scr i bed. | .S, Patent No.

5, 691, 846 \ﬂ?ﬁ?@ﬂ‘ anidstﬁ? Pl?}g]Ptp‘@rot P rlgpgf'gﬁiﬁ@ﬂﬁgf%ﬁ&sﬁ@e%%ﬁ%b@?uct ure
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i ncl udes adesched embediments belgdh as a fluorescent lanp, a light guide 18 for
transporting 116nt sl kSit bR RifhstliSa h eptbdnfative Litks ol 8 P2
portion of one embodiment of an optical element or light directing film. The film 130
includes a first surface 132 and an opposing structured surface 134 which includes a
20 plurality of substantially linearly extending prism elements 136. Each prism element 136
has a first side surface 138 and a second side surface 138', the top edges of which intersect
to define the peak, or apex 142 of the prism element 136. The bottom edges of side )
surfaces 138, 138' of adjacent prism elements 136 intersect to form a linearly extending
groove 144 between prism elements. In the embodiment illustrated in FIG. 3, the dihedral
25 angle defined by the prism apex 142 measures approximately 90 degrees, however it will
be appreciated that the exact measure of the dihedral angle in this and other embodiments
may be varied in accordance with desired optical parameters.
The structured surface 134 of film 130 may be described as having a

plurality of alternating zones of prism elements having peaks which are spaced at different

30 = distances from a common reference plane. The common reference plane may be
arbitrarily selected. One convenient example of a common reference plane is the plane
which contains first surface 132; another is the plane defined by the bottom of the lower
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microns, any optical coupling which may occur in. this zong is not detectable to the human

20 eye under normal viewing conditions.
A variable height structured surface may also be implemented by varying
) the height of one or more prism elements along its linear exient to create alternating zones
which include portions of prism elements having peaks disposed at varying heights above
a common reference plane.

25 FIG. 4 illustrates another embodiment of the optical element similar to FIG.
3 except that the film 150 includes a structured surface 152 which has a zone of relatively
shorter prism elements 154 separated by a zone including a single taller prism element
156. Much like the embodiment depicted in FIG. 3, the taller prism element limits the
physical proximity of a second sheet of film to structured surface 152, thereby reducing

30 the likelihood of a visible wet-out condition. It has been determined that the human eye is
sensitive to changes in facet heights in light directing films and that relatively wide zones
of taller prism elements will appear as visible lines on the surface of a film. While this
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descri bed enbodi nents below. Referring to FIG 3, there is illustrated a
representative cross-section of a portion of one enbodi nent of an optical

el ement owo 20981026043 ecting film The film 130 incl udes PEWGS2844/03960f ace 132 °
and an opposing structured surface 134 which includes a 20 plurality of
substantially linearly extending prismelenments 136. Each prism el enent 136
has a first side surface 138 and a second side surface 138, the top_edges
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depicted in FIG. 6 has the additional advantage of substantially reducing the visibility to

the human eye of lines on the surface of the film caused by the variations in the height of

20 the prism elements.

FIG. 7 shows another embodiment of an optical element for providing a
soft cutoff. FIG. 7 shows a brightness enhancement film, designated generally as 240,
according to the invention. Brightness enhancement film 240 includes a substrate 242 and
a structured surface material 244, Substrate 242 is can generally be a polyester material
25 and structured surface material 244 can be an ultraviolet-cured acrylic or other polymeric
material discussed herein. The exterior surface of substrate 242 is preferably flat, but
could have structures as well. Furthermore, other alternative substrates could be used.
Structured surface material 244 has a plurality of prisms such as prisms
246, 248, and 250, formed thereon. Prisms 246, 248, and 250 have peaks 252, 254, and
30 256, respectively. All of peaks 252, 254, and 256 have peak or prism angles of preferably
90 degrees, although included angles in the range 60 degrees to 120 degrees. Between
prisms 246 and 248 is a valley 258. Between prisms 248 and 250 is a valley 260. Valley

R
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-ranges extending fromabout 1 mcron to about 200 m crons. Additionally, the
di hedral angles may be changed or the prismaxis may be tilted to achieve a
.desired ofig fmkoghdsect. 15 The width of the first zone ggAnE20d4a26608 han
about 200 to 300 mcrons. Under nornal.view ng conditions, the human eye
has difficulty resolving small variations in the intensity of light which
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prismelenent |imts the physical proximty of a second sheet of filmto
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surface of a film Wile this 19 WO 2005/ 026793 PCT/ US2004/ 029603 does not

nge rial | ylaxer3dd: Surfacoi4 feauurqsersrsmsm@tr@ng lightrdiffasing plementsSs 8n§"}w$ﬁe
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hunan eye 832, dRirfagé 3361ﬁea{ﬂr¢m a:faytdﬁméarlpﬁmmuﬁﬁg bhRintédér rhahded éxleﬂfslﬂlm

elenments. 5 FIG 5 is a represenfative exanple of another enbodi nent of an

optical eintegsally formedhwvith bagedayrri3dh Eh@ﬁmﬁ@lsﬁ ae ehazpperasedbatacghprd widtb ane si ze
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surface 16theicheddueiiithois aquidl te sdut Y0-A40%SeHtheé addks-sdctivnal Ipitak §idthahée tﬂe&h@[@ nts
166. Each prism el ement has opposing |ateral faces 168, 168" which
of curvature is equal to about 20-50% of the cross-sectional pitch width. The root angle

» ranges from about 70-110 degrees, or from abont 85-95 degrees, with root angles of about

# 90 degrees being preferred. The placement of the prisms within the array is selected to
20 maximize the desired optical performance.
Rounded prism apex brightness enhancement articles usually suffer from
) decreased gain. However, the addition of high refractive index surface modified colloidal
nanoparticles can offset the lost gain from the rounded prism apex brightness enhancement
articles, | |
25 FIG. 9 shows another embodiment of an optical element having flat or
planar prism apexes. The brightness enhancement article 430 features a flexible, base
layer 432 having a pair of opposed surfaces 434, 436, both of which are integrally formed
with base layer 432. Surface 434 features a series of protruding light-diffusing elements
438. These elements may be in the form of “flat bumps” in the surface made of the same
30 material as layer 432. Surface 436 features an array of linear prisms having flattened or
planar peaks 440 integrally formed with base layer 432. These peaks are characterized by
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10 intersect at their upper edge to define the prism peaks 170. The di hedral -
angl e defined by opposing |lateral faces 168, 168" neasures approximately 90

degrees. In this enbodiment the highest prisms may be ¢ g first
zone and PRBMR6PPi sns may be considered a second zongg%’h gqo%gzg? e first

zone can neasure | ess than about 200 to 300 microns. FIG 6 illustrates a
further enbodi nent of an optical elenment. The film 180 15 disclosed in FIG

Fi1 m maybe Caieutd whith 442 fnd (0PN BRBE DR 434 Fker e ihaBiSuiep. )
shorter  prhesdusl 16 ABOED-F0% ofthvscreusissetichbbsihtwidf varyi ng hei ght. The
structured surface depicted in FIG 6 has the additional advantage of
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is preferably flat, but coul ures as well. Furthernore, other
al ternati vaﬂmwMgadﬁpbmdedl%ethméIghtﬁwsmUﬂlembs trhetmbstantallypardiehtchas a

a5, 305, AEOSEE Q}ﬁv% e b5 Topley Souicy o Wrmik o pe LR AR | of

peaks 252, &%a@ﬂgn BANeniR@&mOr Prismangles of preferably 90 degrees, )
al t hough |ncI uded angqes in thée range 60 degrees to 120 degrees. Between

prisns 246 and 248 i FlgsyH)-12ilhetge apdiwniaation devine inelgdingd teping flmy Th | ey

260. Vall ey 2005/.026793 P JUSZ 6 258 dered to
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degrees andgmpl A @ym#ger¥eor lgﬁ Qﬂiyﬁﬁ&d\é@ ﬁﬁﬁs&&&%bﬁrﬁﬁd\ﬁhtaﬂiﬂﬁdtsm
248 and has a valley angle of 110 degrees, ough ot her val ues coul d be

used. 15&f f ecwirfaed, ynd therinmiitsidacs ledisgméﬁé]acem mheringlmgndmcm ra}rs@xﬁ;mar ent
Mane and r0f REEdg ot e Miimerhiele, okl for Bh 2P ReB3s b SubtonRBiE crent
film but Véﬂc&rdt&ﬁ:h@f)h%tr&&ﬁfédﬂélﬁﬁhtrﬁsrﬁé teRei b e flh Rirfad8f the prism
structures and are reflected by a second surface of the prism structures such that they are
directed by the turning lens or film in the desired direction, e.g., substantially parallel to a
20 viewing axis of the display.
Referring to FIG. 10, an illumination system 510 includes opfically coupled
a light source 512; a light source reflector 514; a lightguide 516 with an output surface )
518, a back surface 520, an input surface 521 and an end surface 522; a reflector 524 7
adjacent the back surface 520; a first light redirecting element 526 with an input surface
25 528 and an output surface 530; a second light redirecting element 532; and a reflective
polarizer 534. The lightguide 516 may be a wedge or a modification thereof. As is well
known, the purpose of the lightguide is to provide for the uniform distribution of light
from the light source 512 over an area much larger than the light source 512, and more
particularly, substantially over an entire area formed by output surface 518. The
30 lightguide 516 further preferably accomplishes these tasks in a compact, thin package,
The light source 512 may be a CCFL that is edge coupled to the input
surface 521 of the lightguide 516, and the lamp reflector 514 may be a reflective film that
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ef fect of canting the prisns is to increase the size of the output |ight
cone. FIG 8 shows anot her enbodi nent of an optical el enment having rounded

pri sm ape i ght ness enhancenent article 330 fe i bl e,
base Iayesﬂgéofyag%p%avi ng a pair of opposed surfaces 33?&d g@%"%‘%?ﬁﬁof whi ch
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of protrudi ng |ight-diffusing el enents 338 These el emrents maybe in the

form of " aatrblﬂldt e N HACE sfr@;é %sr-éfg%m%%zh BUES the332-

Sur f ace 33 ures an-array o r| s avi n unt'éd or rounded

peaks 340 lightzeigesll6yund b ameflimdﬁﬂbeckmﬂedstoﬁag a'llbmﬁert:raﬁ@ksm&lar film
characterized by a QhOI’d w dth 15 342, cross-sectional pitch wdth 344,
radi us of OLf¢PHINAIANG  and root angl e 348 in which the chord width is

gﬂlrj\allgth(r)eafogueqﬁgl 4?21‘119%«1(}%4‘-@0%&@3%11??1‘6@%@&‘9”OSSWW?% t‘? W husThe

root a&ngl eend anges 52 aﬂmnﬂmlbymlm Kigh io@cracied ﬂdhﬂﬂie&@tgm&‘i‘ilﬁ%ydegr ees,

wi th root angles of about 0 degrees being preferred The pl acenent of t he
prisns w t Aupratioa of theliR. sAger@@%@ed%thmhﬁra m@é& fancreases Byangia ofcal
perf or manc I sﬁéa ly
suffer fro(ri%1 @B‘g?%g%égt%grp )&)\/\fg@éer L"@ﬁﬁu di 't on oﬁl’ﬁ‘?"é\g{é&@ﬁ@éﬁs@é I ndex
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WO 2005/ 02hGheliofhhlig @ﬁﬂ@ﬁﬁ‘a@ S13abuteritinave dyical bt dome apgle &ethei onal
pitch width 444, in which e flattened width can be equal to about 0-30%

of thd crosutpsbeefaenal8.pi tch width. Another method of extracting |ight from
£ e 1= by g i BIG s s S SR
transmissive optical film where the output surface 530 is substantially planar and the input
_- surface 528 is formed with an array 536 of prisms 538, 540 and 542. The second light
. redirecting element 532 may also be a light transmissive film, for example a brightness
20 enbancing film such as the 3M Brightness Enhancement Film product (sold as BEFII)
available from Minnesota Mining and Manufacturing Company, St. Paui, Minn. The
) reflective polarizer 534 may be an inorganic, polymeric, cholesteric liquid crystal
reflective polarizer or film. A suitable film is the 3M Diffuse Reflective Polarizer film
product (sold as DRPF) or the Specular Reflective Polarizer fitm product (sold as DBEF),
25 both of which are available from Minnesota Mining and Manufacturing Company.
Within array 536, each prism 538, 540 and 542 may be formed with
differing side angles as compared to its respective neighbor prisms. That is, prism 540
may be formed with different side angles (angles C and D) than prism 538 (angles A and
B), and prism 542 (angles E and F). As shown, prisms 538 have a prism angle, i.e., the
30 included angle, equal to the sum of the angles A and B. Similarly, prisms 540 have a prism
angle equal to the sum of the angles C and D, while prisms 542 have a prism angle equal
to the sum of the angles E and F. While array 536 is shown to include three different
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5 shape, and light rays incident on a thick edge of the Iightguide are
totally internally reflected until achieving critical angle relative to the
top and b aces of the 1lightguide. These sub-crjti light
rays are e%ggé@é?%ct ed, or nore succinctly refract frf#(‘f?@l"l“ﬁ’gﬂgPSm de, at
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ot oot voMBR pitil 88 3y 336 TnE RRARC 1, UG sl P 067 bhoE oS ERpuaty: N 7
modi fi cat i fomtafesiemism émfigaratieh) suck aoptism chiefighativassid8pfo 4 seeond piidngui de is to

provide for the uniformdistribution, of light fromthe |ight source 512
over an areenfigiEHonasugh As P co tioRt548oindse ogy For sxamplacthe PRSAL i cul arl y,

substanti a LI r L83 . 0

i ot gui e efigiafbp Ay bideind iioR niillertod Pl Bl Bhfeettlion BBS],
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the input surface 521 of the |ightquide 516, and the lanp ref]ector 514 may
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clusters may have a regular cluster pitch. The prism array can be symmetrical as shown in

FIG. 11 or the prism array can be non-symmetrical.

20 While the array 536 shown in FIG. 11 has prisms having a symmetric
configuration, an array of prisms, such as array 536' shown in FIG. 12 formed in light
redirecting element 526', may be used. Referring then to FIG. 12, in the array 536, prisms )
538", for example, has angle A' unequal to angle B'. Similarly for prisms 540' and 542’,
angle C' is unequal to angle A' and angle D', and angle E' is unequal to either of angle A",

25 angle C' or angle F'. The array 536' may be advantageously formed using a single
diamond cutting tool of a predetermined angle, and tilting the tool for each cut producing
prisms of differing prism angle and symmetry. However, it will be appreciated that with
the use of a single cuiting tool, the prism angles will be the same, i.e., A+B=C+D=E+F.,

It is contemplated that as few as two different prism configurations may be

30 used and arranged in clusters within the array 536, althongh as many prism sizes as
necessary to accomplish a modification of the output profile from the lightgnide 516 may
be used. One purpose of the prism side angle variation is to spread and add variable
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nei ghbor pioicedies thd RéatchS OnRhillgdiali¢dset BPYREmERIIREd Y4 ér8atdithd 260 inghudes angl es
(angles C and D) than prism 538 (angles" A and B), and prism 542 (angles E

and E§. Asthe nsﬁmﬁa QJWZ;m %Blshmhﬁ tip. Ftiegmobariip esn be @aggedrasrq;s)thenc | uded
angl e, equal the t he apgles A ns 540 have a
orsm an RS oA feiohesy %ﬁ@ﬂ%ﬁw ebre BpdBhandee s have o
pri sm angl gxqu@d of $(Pg e i? Hanping spodl ﬁﬁ)bgd&ﬂgn,'ﬁr p¥dHe! vei gt AN cPehfe 4 S
shown to include three different

.. scratch of different width and depth and thus alter the optical detection results. Thus, the

« only requirement for scratch creation is to use a consistent set of parameters for each

20 scratch creation to evaluate the durability of a microstructured article.
The scratched optical film can be ifluminated 630 by any number of light

) sources such as, for example, a backlight. The light source can be a diffuse light source

providing a near-lambertian light. A detector such as, for example, a camera can capture
an optical image of the scratched microstructure surface and provide a measurement of a

25 scraich contrast ratic along the length of the scratch 640. The detector and/or scratched
film can be rotated such that the detector is off-axis with the scratched film in order to
obtain the greatest conirast ratio. The contrast ratio data can then be manipulated (i.e.,
integrated, normalized, or the like) to determine a maximum contrast ratio 650 for the
scratched film based the contrast ratio data provided by the detector.

30 Once the image of the scratch sample is acquired, the data can be exported
as an array of luminance values. One straightforward way to calculate the optical contrast

of the scratches is to extract a luminance line profile across each scratch. In some
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23 WD 20051026793 PCT/ US2004/ 029603 prism structures based upon different
prismangle, it should be appreciated that virtually any nunber of

di fferent W 2005826M98y be used. Prisns 538, 540 and 542 neACTAIS004029606r ned
with a cotmon prismangle but with a varied prismorientation. A prismaxis
"C" isillustrated in FIG 11 for prism 5 538. The prismaxis C may be
arranged normal to the output surface 530, as shown for prism538, or at an
angl e to theasmnpents therefia emoughtmbise it thealath such thabin doyquivéniline profile, hour ce  as

illustrated h hant om axes " "and." C".  respectively, for pri.sns 540
and 542. gﬁ%’ﬂi@e S W00 A Sﬁﬁfyb%“aw’am%@?&ar Fapdo S shown
in FIG 11afré. "OQHIGE if RRFH hé!ﬁssaﬂltio?bglﬁé)nﬁtz%é&xﬁ)isﬂ%d tioBrslz:?éﬁF? E?an

while the array 536 Is 10 ‘not sho prisnms adj acen
prisms, suthe datacodeilhuomstthaistroegly atdsioedomisesdis. to lddalizadmoint defdcts withdve arr ay

536, the prjisns,538, 540 and Hh42 change,conti puously_ _froma first prism
confi dur at ?@ﬁ’i‘}la%ﬁe M@@@SW%@F&’G& gglg,caqge ey dg?ﬁ‘éﬁ’ﬁga
configurat'@jﬁnﬁﬂﬁgﬂ%vara%%gm&_guration 540, and so on. For exanple, the

prism configuration nmay nge in a gradient manner fromthe first prism
configuration to theSihbe s emateh ia orendimensional fertire,averiigigy aleng the ldjrectidne
prisns may ange jn a step-w se . .napnner, imlar tqQ the conf]guration shown
in FIG 119 %ﬁ%ﬁmﬁﬁawosr&%ﬁwﬁww%@&e SFERfah. FLOwFYESPRRSRSS vini ch
I's selecte OB k& anl D Hlfﬂngllfﬁ&@?éah‘ﬂ' ' BAM imhb&EMtse. the
clusters ng?écﬁgé’lgagt reg%lag& cluster pitc Esﬁri"gmﬁﬁlﬁés‘;m arrag? ](J:%irllt e

symddr i cablongthslaveraging disttien. Thiotype bfayeraging creagescansitivityworspatyaityet r i cal .

20 Wiile the s 536, shown_in FIG 11 has pris havi ng,.a synmeiri.c
conf 1 gur at POFRICH AEIEFS b GF ¥ EIow SaRSh DLV Rholen aretiailh IRk By gy )
formed in {4 : igﬁ.&yegg- - 526, may be used. Referring then to FIG
12, in theh‘grg?{al)]}ia%g-', prulrj%lr!rls%g @38', for exanple, has angle A unequal to
angl e B'I . Siml a&l y Ilmrdl gErrfm_sﬂns laiiﬁien?im:hliﬂfﬁ‘?%inglttgﬁlﬁeabdmi i e'irislizﬂgpdmnal nglog A
and angl e and angle. E.. i § upnequa ei r angle A, angl e Cor
angle F. T f%ﬁﬁwggﬁaﬁ%%}eéﬁ%%ﬂ%ﬁ 'El%‘l’?cﬁopﬁiﬁawﬁgimf‘gs%at%hP@ke di anond
cut 139 { OfthmififngB i YifeflsEd Y Beile 851BhPwiddP Horbld tht Renihfifoe'hle! 32 Sl CU!
producing prisms of di ng prism angl e and symetry. wever, 1I't will be
appr eci at echrtding sewetahscrathlesubat acf not abidentieal angles, thgntibisinpt péssibe fosbtzdmgl es

will be the sane, ,i.e., AtB=C+D=E+F, 1} is coptennpl ated at.as few as two
i 1 er ont | B FHELaSH FY4508S gmEnpRapeals alue fr cach idtvidial scraich isig only one

averaging direction. Therefore, the averaging algorithm carries out multiple one-

dimensionai averaging passes along different directions, recording the resulting profile for
20 each. Then the highest scratch contrast ratio vatue calculated for each scratch is recorded.
By doing 1-dimensional averaging along multiple directions and recording the peak
contrast ratio for each scraich, we are assured to obtain the correct value for each scratch, )
regardless of its orientation. These contrast ratio values that are calculated by the |
algorithm are plotted along with a composite, optimally 1D-averaged profile. If the
25 background is noisy, the algorithm may identify some spikes or bumps in the data as
- scratches even if they are not, and therefore it is useful to plot both the CR values and the
composite luminance profile. By looking at the composite profile, one can quite easily
determine which calculated contrast ratios values are from real scratches, and which ones
are from other profile artifacts.
30 One embodiment of durable optical film includes a polymerized optical
film structure having a microstructured surface and a scratch contrast ratio value in a range
of 1,010 1.15, or 1.0 t0 1.12, or 1.0 to 1.10, or 1.0 to 1.05. The optical film can be formed
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-30 used and arranged in clusters within the array 536, althouﬁgmh as many
prismsizes as necessary to acconplish a nodification of the output profile
Jfromthe 516 may be used. One purpose of th ri ' angl e
vari ati onwogﬂ’ %&ggf’ead and add variabl e 24 WO 2005/ 02673’?*@%@3%8%/ 029603
anounts of optical power into the first light redirecting elenent 526. The
varyi ng configuration of prisns 538, 540 and 542 serves to provide
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the scratc One illustrative set of paraneters used to create the scratch

i ncludes 18 te A&Suetel -Bto h4pomod tarint 0. adheieptinabim eapincipde apluplétytof purdass be
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WI th and depth and thus alter the optical detection results. Thus, the

only requi #& eqlptheguiceasimctyrediaelndes 4 pluralityefaidges exending nlongetﬁr@f

o1 ost ?Li?&f?ﬁé&eﬁ%‘&g&‘pﬁﬁﬂe GG S o s BB 4 4 QiR Y 00 %630
by any nunber oIndnbﬂmmwm&&hm&,dmewﬂmmlmhbb@mmﬁe l'i ght

source can be a diffuse |ight source providing a near-lanbertian light. A

det edfor soptirabBlm storctirg haping o microstragtired surfacenelpding apluplityafsusfaggge of t he
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scrat ched cdritfaft rafé\valfe 0 fin@d of V.00 1163] ot DB tAIRHLGT100 10 5.10f Asdxdcpibed t h the

scratched filmin order to
. herein, the nanoparticles such as, for example, silica, can have a particle size from 5 to 75

w nanometers, as desired. The durable optical film can include nanoparticles such as, for
20 example, silica, from 10 to 60 wt% of the microstructured surface. The opticai film can
have any microstructure described herein. In one illustrative embodiment, the
microstructure includes a plurality of ridges extending along a first surface. These ridges

-

can be rounded to a radius in a range of 4 to 7 micrometers.

25 FIG. 14 is a schematic diagram of an illustrative apparatus 700 for
determining scratch contrast ratio. The apparatus 700 generally includes a light source or
backlight 710, a polymerized optical film structure having a microstructured surface and a
scratch on the microstructured surface 720 disposed on the backlight 710, a detector 730
configured to acquire image data from the scratch. The detector 730 being disposed above

30 the optical film 720 and a computer 740 configured to manipulate the image data and
calculate a maximum contrast ratio for the scraiched optical film 720.
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obtain the greatest contrast ratio. The contrast ratio data can then be

mani pul ated (i.e., integrated, normalized, or the like) to determ ne a

maxi mum ceh 2085/026m98 i 0 650 for the scratched fil m based®QIE2WNRIA@8t ratio *
data provided by the detector. 30 Once the image of the scratch sanple is
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-al gorithmare plotted along with a conposite, optimally 1D averaged profile.
If the 25 background is noisy, the algorithmmay identify sonme spi kes or
,bunps in W?f B %s scratches even if they are not, angi &6 lj@slt is
usef ul ot both the CR values and the conposite Ium nance pr Ile. By

| ooki ng at the conposite profile, one can quite easily determ ne which

cal cul ated contrast ratios values are fromreal scratches, and which ones
are fromother profile artifacts. SOEWQdi ment of durable optical film

i ncludes a polynerized optical filmstructure having a m crostructured
surface and a scratch contrast ratio value in a range of 1.0 to 1.15, or
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1.10. As dgggifeed herein, the nanoparticles such as, for exanple, silica,
can have a"particle size from5 to 75 nanonet ers, as desired. The durable
optical filmcan include nanoparticles such as, for 20 exanple, silica, from

10 to 60 wt % of the mcrostructure? surface. The gptical filmcan
. SCRATCH CONTRAST RATIO (CR) TEST METHOD

~ Scratch Creation
20 This test method describes a procedure for scratching various prism structures.

This test is considered a destructive test. The following materials and equipment are

commonly commercially available unless otherwise noted.

) . ANORAD Intelligent Axis Conirol System (Anorad, Shirley, NY)
. VIA Controller
25 . Sony Monitor

. 50 gram weight

. 5.5” X 7 Prism film Sample (sample can vary in size)
. Scotch Magic Tape 810

. TX309 Wipes 9”7 X 9”

30 . Plexiglas sample holder 3” x 3” with black border and matte finish.
. Plexiglas alignment frame 6.5” x 4”
. Ethanol
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have any m crostructure described herein. In one illustrative enbodi nent,
the mcrostructure includes a plurality of ridges extending along a first
surface. Weg®soiages can be rounded to a radius in a rREERGES2904/029608 7
mcronmeters. 25 FIG 14 is a schematic diagramof an illustrative apparatus
700 for determning scratch contrast ratio. The apparatus 700 generally

I ncludes a light source or backlight 710, a polynerized optical film
structure having a mlbamend $hsred surface and a scratch on the
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Optical Scratch Measurement

1

This test method describes an optical measurements procedure that evaluates a
scratch formed on prism film with a stylus. The following materials and equipment are
20 commonly commercially available unless otherwise noted.
. Optical Table
+  Tncandescent Light Source (Fiber-Lite Model No. 180 Dolan-Jenmer Inds.) )
with Regulator Box (0.5 inch thick, 6 in x 6 in Teflon Cube Box Light 4
Source) - Power setting set to highest (10).
25 . ESP-300 Motion Controlier (Newport Inds.)
. ESP-300 Utility Software (Newport Inds.)
. Goniometry Stage and Table (Newport Inds.)
. Radiant Imaging Camera (Prometric CCD)
. Radiant Imaging Software 8.0 (Radient Imaging Co.)
30 . Round Mirror
. Dot Pattern Scale Gauge
’ Plexiglas Sample Holder
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WO 2005/ 026793 PCT/ 1JS2004/ 029603 EXAMPLES PREPARATI ON OF THE OPTI CAL
ELEMENT Conpositions used in the preparation of exenplary optical elenents
of the prd¥@ae0s/0367MAhventi on are described in the exanpl eBCEES200693903bel ow.
Scratch contrast ratios of the optical elenments are described in Table 1
set forth below The preparation of exenplary optical el errents cont ai ni ng
prismatic mcrostructures was simlar to those described in U S. Patent

Nos. 5, 175Mmwt thedledlon§ubs dythsgomemetasiagd serues io thgoptieal sghle-i The @Jéﬁqn@ér i al

Tgl 6%2/332%@ ﬁ@?eﬁn@%?é% omggg%tﬂe glgdﬁle ncor‘t’lo?a eg&byr erence

her ei n.  Unkasple bblier, pragouspeddstriled above rontopthe Tefion culstiboxc tAMRE tivreend 90
apex angle as defined by the sl ope of the sides of the prisns WItB t he nmean

di st ance b@m@étqtb@faa@émholéfmaeégc%@tm@e&sbtﬁouw miace shevigma 10framdenss m

vertices o r

ver L) < Oy MERIRY Sl LA LAY PO 3PV S a0 ln RERUBAIRDS
SCRATCH COHdRAHVafs S FCB¢0citility s&8TwidleTHOD Scratch Creation 20 This test

met hod describes a procedure for scratching varj OUSB})I‘I sm structures Thi s

test i s consi deﬁé’@ﬂéhmﬂfﬁmtth%mglﬂmw*m ui pnent

are como c har

Intelli gen?é)fﬁ%&g% st em notroa*g&f%ﬁ W %%E%O%%Wer 25
Sony Moni t gydvarie tﬁéxmrweaﬂbtbfthé gbinoteter with RI'S. 0 s&,ﬂﬂwﬁar@d af thafdrer igan vary
in size) Scot ch I\/Bg@g Tape 810 TX309 Wpes 9" X 9" 30 Plexiglas sanple
hol det0 3" gemterediq thedense Lhisdpsiaes @ﬁﬂhﬁﬁmﬂeﬁmﬂ%cmtefﬁﬂ tocthg lens ahibegnment

fr a)me 6.5 g)o(ingﬁleteﬁwﬁg %ges of 35 degrees to 55 degrees. Once this is accomplished, remove

e

the mirror from cube box, and replace it with the dot pattern scale gauge. Select a series
of graduated dot patterns on scale by using the crop technique. Focus the camera lens so
the dot patterns are clear and sharp. Distortion will provide inconsistent data. Using the
15 ESP software, zero out all values displayed in the controller position window box. Select
the jog feature in the position box window, and input a value of 40.000. This will move
the goinometer stage to an angle of 40 degrees off axis. Replace the Dot Pattern Scale
- Gauge with the sample to be analyzed. Select the camera calibration feature in the
s Radiant Imaging Software and hit auto calibrate. Calibration should be performed at the
20 end of every five measurements taken, Using the Radiant software, select the crop feature
on software program and crop the scratch lines.

) Capture the image by clicking on the take measurement tab. The image will be
stored in the Radiant software database. After image has been stored in database, rotate
the goinometer stage by entering a value of 1.000 in the position box and capture another

25 image. Continue rotating the goinometer stage until images at angle ranges between 40
degrees to 50 degrees are taken at one degree increments. For additional samples, repeat
these steps.

Export the data files of each image captured in the Radiant software database by
convertiilg the files as a Luminance type file and export the Luminance file for each image

30 for further data processing.

Scratch Contrast Ratio Determination
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29 WO 2005/ 026793 PCT/ US2004/ 029603 D anmond Styl us The process conditions
are 0.002 mmradius probe tip with 160 degree included angles. The probe
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next posit @y be@ecesBirgte Biphp sol Bpe o néise-tddavitor schemend tHealaher idsaltypdreh about
1/8" fromthe 15 first scratch to forma scratched sanple having two scratch

li nes. Repéhst strongdyreduesssoisgdue tnlopalizedpriat defeets pathoukaticnastingdhe ur ement Thi s

soratch o HERRR B sk R, TRCH PR heR Ra g e SR 7
equi prent  ay&agig@neeivaonl y commercial ly avail abl e unl ess ot herw se noted.

Optical Table Incandescent Light Source (Fiber-Lite Mdel No. 180
Dol antQenner |né?gm)ra%tram@R)@émtataéneas@w°€w@mwmthmﬁcga¢9henth¢mmﬁlm

£SP 900 NoOPave B0l robbsRhes car B ora ot il oP ot By, Charast® 1)
(Newport | petio i a nigasire ¢ tHellurbimgce cfittle light! etniftiNgviasan the sefiiched arddadimphied

| magi ng Canmera_(Pronetric CCD) _Radiant |nmaging Software 8.0 (Radient
| magi ng Cotg the background or non-scratched area. A contrast ratio of 1.00 is not visible to the

human eye. The greater the value of the conirast ratio, the easier the scratch is to detect
15 visually. The contrast ratio value can change as a function of viewing angle, and thus, the
maximum contrast ratio value across all angles is selected as the contrast ratio for each
sample.
Since a scratch is a one dimensional feature, averaging along the direction of the
scratch does not reduce the luminance peak of the scraich. However, this process
20 effectively attenuates any 2-dimensional features because they have only limited extent
along the averaging direction. This type of averaging increases sensitivity to spatially
extended features that are of very low contrast but nevertheless are easily detected by the )
human image-processing mechanism.
In order for the 1-dimensional averaging to vield real data, it is important that the
25 averaging direction be the same as the scratch. Otherwise the scratch peak luminance is
attenuated by being spread wider across the luminance profile. If a sample contains
several scratches that are not at identical angles, then it is not possible to obtain an
accurately averaged luminance peak value for each individual scratch using only one
averaging direction. Therefore, the averaging algorithm carries ouf multiple one-
30 dimensional averaging passes along different directions, recording the resulting profile for
each. Then the highest scratch contrast ratio value calculated for each scratch is recorded.
By doing 1-dimensional averaging along multiple directions and recording the peak
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30 Round Mrror Dot Pattern Scal e Gauge Pl exi gl as Sanpl e Hol der 30 WO
2005/ 026793 PCT/ 1J52004/ 029603 Mount the Teflon Cube to the goi noneter and
secure it WO2005026198i cal table. The distance between thBCHEFIEH0PEHe || ght
source to the canera lens, is 6 %". Place the Plexiglas sanple holder,
previ ously descri bed above, onto the Tefl on cube box. Attach the round
mrror to the sanples hol der and activate the light source. Place the Sigma
105 nm | en$ontrashratipdorpashsetaichs weargasarediapbigin theeorrectyalpe fop eachsratohyr n” on
ESP- 300 not | 0l | .and activate ESP-300 utility software. Align the
mrror on E[ éwtgg%%tf?tgﬁbg{%u ie canera lens. Wth the Radi ant | nagi ng

sof tware 8.0 t urAreskefriplarg algotitten éanelcalating tamtrist nuid droantheekpirtdd leminamge of
the mrror., Advance the X or Y axis of the goinonmeter with RI 8.0 software,
so that thdatgineladesithe fodlogdhered to the lens. This insures that the sanples

Wil | bse center e&%g#%géﬁﬂﬁn@édawﬁegﬂfggﬂ&%r angl e ranges of 35 degrees

to 55 degrees. i's acconp bve the mrror from cube box,

and replace it ) Clipthefikab epclidecdnytiispbeyogd tigeendSeff dtscrichddidess of-
graduat ed dot patterns, on scale by using the crop techni que. Focus the
camera | ens so 3t Retegwineshe engle at whish thesgratches asprranping iy the SHRPISWiHh | |

provi de inconsi st ;%%%qer%gﬁamey%ggﬁgeof]@e er%@ééﬁ@é%eﬁc%pro out all val ues

di spl ayed in the er “posrtion w hdow the jog feature in
the position box)Bimd@negralyithetpuinaficesailues i tvett 1id00f pikblspadle] torthwe  t he
goi noneter stage to an angle of_ 40 degqrees off axis. Replace the Dot Pattern

Scal el0 Gauge wit h scratches apd eecpwd the indiapyal aymberse dihesg@imaastionvaluesicar be i on
feature in the . i \ar - N i - &ald bration
shopl d be perfor %iaa?ﬁ%wg‘%%‘&glﬁ%o ﬁg@\ﬁ%@ﬁ%ﬁﬁ%@éﬁ?ﬁ%%@%%&ﬁ@ i ng
the Radi ant sof t wais@crafbbd.CFortdr€as@f ¢ flepthut e notiscditliodathe spimagtions #illl cr op

the scratch lines. Cagjture the inage by clicking on the take neasurenent
tab. The i mage wi |Tesbm mslagyely smallopmbessdi ant soft ware dat abase. After image

has been stored & lﬁﬂh?&m@’ i Q:g:‘émiﬁ j a
val ue of -1.000 is?ﬁ? e posi i@“‘éﬁgﬁtﬁﬁ?gﬁwg@hﬁ%ﬁ |%&“@g&%{r}ﬁtnue
rotatisg the goi ncasdrsich stigge until i mages at angl e ranges between 40
degrees to 50 d%?%ees are taken at one degree increpents. For addit.ional

sanpl es, repeat 0) For every line of pixels parallel to the scratches, calculate the ratio of the line's
integrated value (from step 4) to the average integrated value of the
surrounding lines. When this ratio is greater than the threshold determined in
step 5, a scratch is present.
20 7) Record the contrast ratios from step 6 for each scratch.
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t hese steps.
sof t war e dat abase by
export thewousesmewa file for each inage

Export the data files of each inage captured in the Radi ant
converting the files as a Lum nance type file and
30 for further POEUS2004/029%68%1 Ng.

Scratch Contrast Ratio Determ nation 31 WO 20051026793 PCT/ US2004/ 029603

Once the imge of the scratch sanple is acquired,

as an array of |um nance val ues.

the data can be expo

rted

One straightforward way to cal cul ate the

optical contrast oﬂ.;ISTi"eOFMATERIésLS EUSED MTB&EXAMBBES&BEEOWne profile
across eagh—sergten Seffe—reas ﬁk.““*s het-e H‘]}Fﬁt ' B Y:c Hr—the data
such t hat i | I e to very
faint scra ICMOM‘MWWII ar QmﬂQQJWLLom mt"n noi se features. Thergefore
it nay bé (SilamedSldy to appl yl Sigme-Aldrich of |dittich cadglog tH4dA1%8hene to the
data - idggdkly one that strongfilwanksty®ds ndilaee sirface mddiftal i zed poi nt

def ect s wil (i@sthatybigylprpiDaet he | um nance |spi ke of the scratches. Thiks can
be acconpl Lty Using a onge-di nensional | averagi ng nmethod. 10 Contrast
ratio (CR) ref'ers to a nmeasurle of VISIbI|Ity of the scratch on the prigsm
film on 3 ' . —hres—can—be-1one ; Ta € :

of f-axi s ix Contrast r K I ght
emtt|ng a hed.—a -—.ﬁn-- O EPH), ’ alllala ‘

non- scr at ( WC&F%QBA cont rastCybaﬁpeclaiiy 1 d(?hP@UHB%tO(/l si bl e to the hupan
eye. The greater the val ue of) €hemicanincast {rati o, the easier the scratgh is
to detect |15 visual ly. The confarggéwn,afYo \al ue can change as a functipn of
vi ewi ng antatco 282¢ t hus, the | ORddoNaLs OB I allotdal kilicy dispeisiaf’ 0ss al | angl es
id_s sel ected as the contrast riaRr$igé 1pach| sanple. Since a scratch isja on%
| Mensi ondig hre—th not
reduce the Fum nance peak of ﬂogdggtoch HOP\;\é/ieive dhll%{}%rc ceses %ﬂé?

ef f ecti velpt—attenrdates—anry—2— Ara—F Hr-es—because—t have—oen| v
linited e>§§;{39 al ong the aver%‘m‘g%r ect gnl"‘hepm;geﬂpglﬁgry&teﬁgp@ﬁ; ng

i ncreases [sensitivity to spatliBX0m PAytenddd features that are_of veryl | ow
contr ast trtStR?rﬁelvert hel ess ar e $artomicy Cdet ect|ddinhathylnlpropanetitacylsige- proclssi ng
mechani sm{ I n order for the 1-ExtomPAonal gveraging to yield real dataj it
i's i nport amDX3a027 he UCB Corp. 2-propenoic acid, (1-

Smyma, GA. methylethylidene)bis[(2,6-dibromo-
4,1-phenylene)oxy(2-hydroxy-3,1-
propanediyl)Jester monomer

Prostab 5128 Ciba Specialty Hindered amine nitroxide inhibitor

Chemical, Inc.

Tarrytown, NY

Silquest A1230 OSI Specialties — | Silane surface modifier
Crompton South
Charleston, WV
Lucirin TPO BASF Corp. Photoinitiator J
Mount Olive, NJ
Optical Resin C 48 parts Sartomer SR 295 (by weight)
35 parts Sartomer CN 120 (by weight)
17 parts Sartomer SR 339 (by weight)
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25 averaging direction be the sane as the scratch. O herw se the scratch
peak lum nance is attenuated by being spread wi der across the | um nance
profile. IWwoaoessanples contains several scratches that arecnus2my/ozedent i cal
angles, then it is not possible to obtain an accurately averaged | um nance
peak val ue for each individual scratch using only one averaging direction.
Therefore, the averaging algorithmcarries out nultiple one 30 di nensional
averagi ng passes along different directions, recording the resulting profile
for each. Expplefe hi ghest scratch contrast ratio value calculated for each

i r oot ons and G 2 DR OBk e shia o s Bh Snpe deat crMsbife - |

For each sdrofnpP13565 ) Silaat a174\(77.09 £) SRPIROATES (PSR whilmbl thibnet T 10,

](c:a: ?:ul ati ngpndcadﬁcdetsghafﬁﬂloliﬂal dispersion gﬂﬁhG?HF@ | Theicontents ofdiad ﬂasléwmwpmn'e?h?a
a5 1) L i : . ' el ;

o excl ude ine A3oHRspsA T doe as e hered 6 bELTHY T ek, ThiscenBedifa. ( he

angl e at whigh 15@%‘13%6&%&? siéh 6f Mﬁiﬂ# ?ﬁgiﬂ%g;cggoﬁﬁf@ﬁé‘a %B?ag}i&ltﬁﬁ.pe‘:t to the

x and y axes of the carreral/lum nance um (1 ntegra e | um nance
val ues in every "PEGRTHS" pifersitic No@rimethekydilylgropyl) fhethoxgethbvestiyh darbemated t he

i ndi vi dual nunbers. The su tion val uyes can be. relatjve|ly |arge nunbers
when t he sdwgpﬁewgﬁﬁowﬁ%%@@m&bwwﬁ %ﬁkﬁam) i e siTor
areas of t ' : pﬁ# bl in
relativel yl%rngv:a% 9%1% ev@ g%%g%é?ﬁgﬁ%%?@ﬁ%%t%ﬁfgéue Z?Bé%:%%%lg&ygﬁtﬁést
Rat)b 0l@ or dellewed by rdgaryieedpoeationrofacubstdfiiahpartion bf theesohvehsmixsip removewatey. | i ne
of pixels paral.lel t he scratches | cul ate the ratio.of the |ine's
ntbgr at ed Y4 iEbeRE] sapvanate (38.60 i was charapitig the 880k, HUTBOE ( he
surroundi ngy; i:ﬁ?é( ' 1 o Iﬁﬁ&lﬁgiﬁ{}&p : I ned
in step 591113' scr;;l‘1 I}({iﬂﬁ{%ﬁ%?ifsageﬁ?ﬁzdga# Record t he Tygﬁ?écggtﬁﬁf%%gioeg%rﬁ{)ﬂ step
6 for each mild etatherm. TBe reaction was run for approximately 16 hr at which time infrared

~ spectroscopy showed no isocyanate. The remainder of the solvent and alcohol were

15 removed via rotary evaporation at 90° C to yield 104.46 g PEG2TES as a somewhat

viscous fluid.
) A 10 liter round-bottom flask (large neck) was charged with the contents of the
three jars (2638g), 743.00 g Optical Resin C, and 8.0g Prostab 5128 at 2% in water.
- Water and alcohol were removed via rotary evaporation. A clear, low viscosity resin
20 dispersion containing surface modified colloidal silica nanoparticles was thus obtained.
- The resin dispersion contained approximately 38.5% Si02 and approximately 2 % 1-
methoxy-2-propanol as measured by gas chromatography. One percent by weight of
Darocure 1173 was added to this resin dispersion. This example was photo-cured at 2

T/em?.

25 Example 2
Nalco 2327(224.17 1b) was charged to a large kettle. 1-Methoxy-2-propanol
(252.19 Ib), Silane A174 (9.98 Ib.), Silquest A1230 (8.62 Ib.), and Prostab 5198 (1.81 g)
was prepared and added to the Nalco 2327 while stirring. The kettle was sealed and
heated to 90°C for 16 hours. This resulted in a clear, low viscosity dispersion of modified
30 silica,
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WO 2005/ 026793 PCT(US2004/ 02993 LI ST OF MATERI ALS USED | N THE EXAMPLES
BELOW MATERI AL SOURCE DESCRI PTION 1-Metho -2- r anol Commobdity Sol vent

(Si | ane AWa@Rousiogsmas Al drich Al drich catal og #44015-9 3- POTUGROGKBZIS0IN
Silane surface nodifier (trinmethoxysilylpropyl)ne thacrylate CN 120
Sartoner Co. Bi sphenol -A epoxy diacrylate Exton, PA oli onen Darocure 1173
Ci ba Specialty Photoinitiator Chemcal, Inc. Tarrytown, NY Nalco 2327
Ondeo- Nal co Co. 288ibsopfiwhtes and adlechtil syse thewremaved drom kéttle vialevaporath® Sar t oner

Co. Pent hrit,ol,,t . Ext PA 339 t Co.
2- Phonoxy etttk aaia ot et LB BRIty Jpropagol i e Kelle’ NER, 2
Tri met hyl olkeiRRARShhfzed With! 220760/26 %% ik oREK33IRIVK \ITEL SRBS51 A28/53AKN 01 C
acid, (1 Snyrna, GA nethylethylidene)bis[(2,6-dibrono-

4, 1- pheny| @éné PoosiabB198 2D g)y - Water andaloehtil weretemovad agaip viagveperations 1P8 G ba

ST quest” afoRuen Splaie i 8 Eop Rt boe TR Poame W ingrp bl 1340

Char | est on,_ W/
Example 3

1% Lucirin TPO-L was added per organic component to an aliquot of Example 2. This

example was photo-cured at 2 J/om®,
Example 4

10 0.5% Lucirin TPO-L was added per organic component to an aliquot of Example 2. This . )

example was photo-cured at 1 J/om?’.
Example 5

0.5% Lucirin TPO-L was added per organic component to an aliquot of Example 2. This
example was photo-cured at 2 J/cm’.

15 Example 6

0.5% Lucirin TPO-L was added per organic component to an aliquot of Example 2. This

example was photo-cured at 0.64 J/cm®.
Example 7

0.5% Lucirin TPO-L was added per organic component to an aliquot of Example 2. This
20 example was photo-cured at 1.28 J/cm?,

Example 8

Example 3 was diluted with SR 339 until the SiO2 content dropped to 33 wt. %. 1%
Lueirin TPO-L per organic component was added to this dilution. This example was
photo-cured at 2 J/em®.

25 Example 9

1% Lucirin TPO-L was added to a 20/60/20 wt. % mix of SR339/RDX-51027/SR351.
This example was photo-cured at 2 J/em?.
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Lucirin TPO BASF Corp. Photoinitiator Munt Oive, NJ Optical Resin C 48
parts Sartonmer SR 295 (by weight) 35 parts Sartoner CN 120 (by weight) 17
parts Sar tWe30058%7889 (by wei ght) 34 WD 2005/ 026793 PCTF 2868 3
Exanple 1 Nal co 2327(1200.00 g) was charged to a 2 liter Ehrlennmeyer fl ask.
1- Met hoxy-2- propanol (1350.3 g), Silane Al174 (57.09 g), and PEQTES (28. 19
g) were m xed together and added to the colloidal dispersion while
stirring. Trunp¥tiadExagmleAe 11 ask were poured 5 into three 320z seal ed
jars. The jars were heated at 80C for 16 _hours. This resulted in_a_ ¢lear,

| ow viscosity diGkBitid¥oBES: Lk G0f%k dilio dBEF e i).c 6010 bdaBMsi Bt ZauhaMbars il es.

"PEQTES" refe 3- L] L P te.
11 vas. proparialedel rriht St biothBRarethindich KT RARHES riin GRADGT.

magnet i ¢ stdirdegherandapirh {digascaetweshprisntipekbdfStemipromtetersmThb phismtpseks and
77 g nmethyl, ethyl ketone 10 followed by rotary evaporation of a substanti al

portioh of ipkemmerafivaExamplesd areshgPe water. 3-

(Tri et hoxysilyl)propylisocyanate (68.60 g) was charged to the fl ask.

D butyltin i Xx. 3 nmg) was added and the m xture stirred. The
reaction pr%@éé%é&ﬁmxﬁw rﬁn | d exotherm The reaction was run for

approxi mately 1Gz.Br: }%ﬂn 1 10 Bﬁﬁopﬁlhr ﬁ%gw

i socyanat e. Theevrr]gprlaﬁ?% er g@ﬁ%@?ﬁen% agl(]‘jl al co o; Werae renggg%\d’\/lsg
rotary evafauhMNnisa mBdor€plicated pristhatio 4trd€tucpdRirighfiiess ershaacament fihathavingscous
fluid. A 10 Jiter_ round-bottom fl ask ar ge neck) s charged, wiith the

Cont ent o oPHSRAREISPED) fekres LRI of DFPREPTHSIEN! (Lha PrEALTin GompHes
Prast gb 512}33(3%31'12 Ok NREST and NAGL & eﬁMdﬁﬂs%gbgﬁicﬁﬁﬁ.e renoved via rotary
evapor ati on. clear, T ow vi scosi t? resin I spersi on containing surface
nodi fied colloidal silica nanoparticles was thus obtained. The resin

di spersion contai ned approxi mately 38RERBIBLT® and approxi mately 2 % 1-

met hoxy- 2- propangl as measured by gas chronatography., One percent by wei ght
of Darocure 117dhegxempaledabovesverhitastaddor serafch penteasbiptio s descaihed:ghoyew the

phot o- cur edggly, S Yoilfon. These results are listed in Table 1 below.
15 Table 1
Example Contrast Ratio
7 1.00

3 1.10
2 132
5 121
; 143
Z 139
g

9

A

B

(2}

1.22
1.31
4.79
3.35

Examples 1 through 9 illustrate articles that posses scratch resistance properties.
As described above, a scratch having a contrast ratio value of 1.00 is not visible to a
human eye. Comparative Example A posses moderate scratch resistance while

20 Comparative Example B shows poor scratch resistance.
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25 Exanple 2 Nal co 2327(224.17 Ib) was charged to a |large kettle.

1- Met hoxy- 2- propanol (252.19 I b), Silane A174 (9.98 Ib.), Silqguest A1230
(8.62 Ib.), and Prostab 5198 (1.81 g) was prepared and added to the Nal co
2327 while stirring. The kettle was sealed and heated to 90C for 16 hours.
This resulted in a clear, low viscosity dispersion of nodified 30 silica.
35 WD 2005/ 026793 PCTI US2004/ 029603 230 | bs. of water and al cohol were then
renoved fromkettle via evaporation followed by the addition of 201.71 |bs
of 1-I\/bthgiy I%I propanol into the kettle. Next, the Kkettle was charged with
a 20160/ 2 86 m x of SR339/ RDX- 51027/ SR351( 126.53 I b.) and Prostab 5198
(23 g). Water and al cohol were renoved again via evaporation. The 5

formul ati on contained 38.9 W% Si O2 as neasured by TGA. Refractive index was
1.517. Ekarrplé@rab%fmll@ﬁlrﬁlmmmsas added per organic corrponent to an

al i quot of Exa Th| hoto le 4 10
0.5% Lucirin ngflm%e §8%}qﬁgln%3§t51mﬁl 6’%18 5&?%’3&3 zflel SPP(;? anpl e
2. This efaifatemodificd BN cid4l natspasticles of §itit®) zirborad ok ehiktufs Werdofci rin TPO L
was added per organic conponent to an aliquot of Exanple 2. This exanple

was photo-cured at 2 J/cnR. 15 Exanple 6 0.5% Lucirin TPO-L was added per

organic c npon 2 o- cur ed
at 0.64 J ?%%&ﬁg?lé%ﬁ%‘ g@%ﬁ’?ﬁ‘%&%@ﬂ ngggd%legéggﬂghg? nllcgt}g%lnponent
to an ali mmchaﬂﬂmﬂlwﬁndgasatem@lmﬁmmﬂsfaphoto cured at 1.28 J/cnR.

Exanple 8 Exanple 3 was diluted with SR 339 until the Si Q2 content dropped
to 33 w. % 1% Lucirin TPO-L per organic conponent was added to this

di [ ution. 3Thi STEXAFEMIE op@sal film according to claim 1, wherein the plurality of surface
modified colloidal nanoparticles comprises having a particle size greater than 1 nm and less
than 100 nm.

4, The durable optical film according to claim 1, wherein the nanoparticles further
comprise titania, antimony oxides, alumina, tin oxides, mixed metal oxides thereof, or

mixtures thereof.

5. The durable optical film according to claim 1, wherein the silica particle size is from
5to 75 nm.

6. The durable optical film according to claim 1, wherein the silica particle size is from
10 to 30 nm.

7. The durable optical film according to claim 1, wherein the zirconia particle size is
from 5 to 50 nm.

8. The durable optical film according to claim 1, wherein the zirconia particle size is

from 5 to 15 nm.

9. The durable optical film according to claim 4, wherein the titania mixed metal oxide

particle size is from 5 to 50 nm.
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photo-cured at 2 J/cn2. 25 Exanple 9 1% Lucirin TPO L was added to a

20/ 60/ 20 wt. % m x of SR339/RDX-51027/SR351. This exanple was phot o-cured
at 2 J/cm 2. 36 WO 2005/026793 PCT/ U82004/ 029603 Conparative Exanple A
Vikuiti TM BEF Il 90/50 film (BEF I1), sold by 3M St Paul, M\, is a

m croreplicated prismatic structured brightness enhancenent film having a
prismangle of 90 degree and a pitch (distance between prism peaks) of 50
m cronmeters. The prismpeaks 5 in Conparative Exanple A are sharp.

Conpar at i e .B Vi kuj j TK Roundel . Bright ness, Enhancenent Fi | m. ( RBEF)
1 ool Wy Bifduiybte papial bR accpalng ol S BhAER LB ASHIES Eeal PHEE wr o
bri ght nesg.g10 826 AR 5ftb I smBaving a prismangle of 90 degree and a pitch
of 50 mcronmeters. The prism peaks in Conparative 10 Exanple B are rounded

and have a peak radius of 8 mcrons. RESULTS The exanpl es above were tested

for scrat c r | i b ve.in.t h ! i on.
These resﬁ]‘t sogéee(ﬁﬁbsl géﬁc%lnﬁ ag‘fecéﬁﬁﬂ%@%(l)a\%gqig’h%gﬁ tggim%ém ei%}ﬁ]@r ast Ratio
1 1.00 3wi%léfthedmicradfructared. siffaced 1.43 7 1.39 8 1.22 9 1.31 A 4.79 B
3.35

12.  The durable optical film according to claim 1, wherein the silica comprises 10 to 40

wt % of the microstructured surface.

13.  The durable optical film according to claim 1, wherein the zirconia comprises 10 to

70 wt % of the microstructured surface.

14.  The durable optical film according to claim 1, wherein the zirconia comprises 30 to

50 wt % of the microstructured surface,

15.  The durable optical film according to claim 4, wherein the titania mixed metal oxide

comprises 10 to 70 wt % of the microstructured surface.

16.  The durable optical film according to claim 4, wherein the titania mixed metal oxide

comprises 30 to 50 wt % of the microstructured surface.
17.  The durable optical film according to claim 1, wherein the surface modified colloidal
nanoparticles surface is modified with a surface modifying treatment agent capable of

polymerizing with the polymerized optical film structure.

18. A brightness enhancing film comprising: a brightness enhancing polymerized
structure having a plurality of surface modified colioidal nanoparticles.

19.  The brightness enhancing film according to claim 18, wherein the brightness
enhancing polymerized structure has a microstructured surface.
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Exanples 1 through 9 illustrate articles that posses scratch resistance
properties. As described above, a scratch having a contrast ratio val ue of
1.00 is not visible to a human eye. Conparative Exanple A posses nobderate
scratch resistance while 20 Conparative Exanple B shows poor scratch
resistance. 37 CLAIMS 1. A durable optical filmconprising: a polynerized
optical filmstructure having a mcrostructured surface and a plurality of
surface nodified colloidal nanoparticles of silica, zirconia, or mxtures

thereof. 2, T urapl e optical . filmaccaordjn o_cl ai .wherein the

ol yreri 20 ol eeRRer et i e hAGEdo el 15 S SR B vrilBRES, anai ng

al ong a fdnhadiciriolafierized strddt@retids @ Plufaliepbf iddles bxtbidiRE S18AEh figst hafiebai m 1,
wherein the plurality of surface nodified colloidal nanoparticles conprises
having a particle size greater than | rimand less than 100 nm 4. The
durable optic fild ' l.Al henel i cles further
conpri seo'?i'taﬁﬂl'hg,blr1 nt i m%gigﬁd@% &ﬁﬁ“lﬂlmg#%fmiﬁ%&o‘gl?%@g m %g‘[etrsréet al oxides

t her eof , emhancingqialyraeriZet etredtire has a flismati¢crmaibtostraptied atrfdcel m according to
claim1l, wherein the silica particle sizeis from 5 to 75 run. 6. The
durable optical filmaccording to claim1, wherein the silica particle size
is from 70 tq&%gghﬁibss7enh£{bﬁagdﬁlf@&lc&ﬂﬂ%ttb ¢Rim 18] WhAGA WP AL OGhA D 1,
wherein the zirconia particle size is from5to50nm 8. The durable optical
fi | m accoredified ¢addloidabnanopartigles cermprisen exide patipleahgrdng ¢ particlisize grester thanmm 5 t o
15 nm 9., Th rahl ical filmaccording to claim4, wherein the titania
m xed neta %&%@gﬁlﬁgrﬁﬁ?c € sizeis from5 to 50 rim 38 10. The durable
optical filmaccording to claim4, wherein the titania m xed netal oxide

article size is from5 to 15 nm 11. The durahlLe optical filmaccording to
Elaim 1, Hner dihe brightnesy qﬂ@%pcg%%lm eQrding t9alaéeq& wherein the nanoparticles are

silica, zirconia, titania, antimony oxides, alumina, tin oxides or mixtures thereof.

24.  The brightness enhancing film according to claim 20, wherein the plurality of ridges

are prism apexes.

25.  The brightness enhancing film according to claim 24, wherein the prism apexes are
rounded.

26.  The brightness enhancing film according to claim 24, wherein the prism apexes are
flat.

27.  The brightness enhancing film according to claim 18, further comprising a base layer
optically coupled to the polymerized structure.

28.  The brightness enhancing film according to claim 27, wherein the base layer
comprises styrene-acrylonitrile, cellulose triacetate, polymethyl methacrylate, polyester,
polycarbonate, polyethylene naphthalate, copolymers of naphthalene dicarboxylic acids, or

mixtures thereof.
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w % of the mcrostructured surface. 12. The durable optical filmaccording
to claiml1, wherein the silica conprises 10 to 40 wt % of the

m crostructured surface. 13. The durable optical filmaccording to claim1,
wherein the zirconia conprises 10 to 70 w % of the mcrostructured
surface. 14. The durable optical filmaccording to claim11, wherein the
zirconia conprises 30 to 50 wt % of the mcrostructured surface. 15. The
durabl e optical filmaccording to claim4, wherein the titania mxed netal
oxide ¢ rlseg 10 to 70.wt % of the mcrostructured surface. 16. The

dur abl e ggplcéﬁ RTS8 ng to claim4, wherein the titania nixed netal

oxide conpri ggs 391&&nﬁ@d&ﬁuﬂ%@ﬁg%h@mﬂb dufaksilagd surface. 17. The
durabl e optical” filmaccording toclaiml erein the surface nodified

col | oi dal  narbpar talbsllgb%lesswﬁlmg f*slmm@neﬂuswtmtmﬂy pargllel foyanad highticmyiiting
t t t | fil
st ruct or e seif BSNGs BuhanBRe R chfbfnkh bhR OB ER i EDLERY T

enhanC|ngﬁ@mmwmﬂmdmwﬂcdﬂﬂaummmﬁmﬁaysng a plurality of surface modi fi ed
col | oi dal nanoparticles. 19. The brightness enhancing filmaccording to
claim 18, wherein the brightness enhancing polynerized structure has a

m crostr ur t A1 ding to
cIa|n118qg&he?gF§w¥1§§ PFﬁﬁ %ﬁggmﬁﬁ ﬁgﬁgﬁﬁg@g tﬁ%S??@% s%%hg%gggﬁgas a

pl ural it yesiceri dges extendlng along a first surface 21. The bright ness
enhancing filmaccording to claim18, wherein the brightness enhancing

pol yneri zed structure has a prismatic mcrostructured surface. 22. The

bri ght nesy. enimRdevige hdcorliREGUAM DD, WhereindhéNidifting\Weeice ish BaR-1Rliguial i ty of
surface nodified coll oidal nanopartlcles conpri ses oxide particles having a
particl e «yssa digplayideyice.han 1 rimand | ess than 100 nm 23. The bright ness
enhancing filmaccording to claim 18, wherein the nanoparticles are silica,
zirconia, titania, antinony oxides, alumna, tin oxides or mxtures thereof.
24. The B2 ghtThe slsvies Asordimgtofdldim 29¢ wherdinthe devied iah hnthelddesicel n t he
plurality of ridges are prismapexes. 25. The brightness enhancing film
according to claim24, wherein the prism apexes are

33.  The device according to claim 29, wherein the device is a computer display.

34.  The device according to claim 29, wherein the device is a television.

35. A durable optical tuming film comprising:
a first surface;
an array of prisms formed in the first surface, wherein the array of prisms has:

a plurality of first prisms, each of the first prisms having a first prism angular
orientation with respect to a normal to the first surface;

a plurality of second prisms, each of the second prisms having a second prism
angular orientation, different from the first angular orientation, with respect to the
normal; and
a second surface opposing the first surface, wherein said array of prisms having a

plurality of surface modified colloidal nanoparticles.
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rounded. 26. The brightness enhancing filmaccording to claim24, wherein
the prism apexes are flat. 27. The brightness enhancing fil maccording to
claim18, further conprising a base |ayer optically coupled to the

pol yneri zed structure. 28. The brightness enhancing filmaccording to claim
27, wherein the base |layer conprises styrene-acrylonitrile, cellul ose
triacetate, polynethyl nethacrylate, polyester, polycarbonate, polyethylene
napht hal at e, copol ynmers of naphthalene di carboxylic acids, or mxtures

t her eof device co r|S|n (a) a lighting device having a
li ght - emf%?l nd‘%ﬁ\%ﬁ n%)B?m?P & ght ness enhancing film pl aced

substantial | y (gpr algl 1%ht1h§s&ﬂ¢é11&vir@'&h ?u‘idd H&ngsaq{%l%ﬁxmﬁghﬁfa'@é jagft ness
enhanci ng fllmconpr|3|gpg nmerized structure havi ng pl urallty of
surface nodifi(BH c@niopt Iturﬁlalﬁ ﬂ@rﬂlﬂcéﬂé@ma@allyméalbem&? lightgvids, paidt o clai m

29, wh

dovi ce. acubidg el by Lnf GHHEE L RBREKirtabd ord SR of BthE Rrmdd op HB°
liquid cﬁxyssuaﬂacej mmphmyngiﬁlm dispose®with lile: fﬁeusudhcahqmseﬂ mgelatiorctoaheigf;

wherei n the devi 33. The de to claim

held d di
29, wher e‘f’ﬂﬂ:{nﬁél"%—gﬁ Si‘ﬁh Thé’t &E?Pﬁ&ﬁ’gﬁ\ﬁhgﬁeslﬁhéﬁm@l‘ﬁ g@@? ﬁor I Bgr ding to
cl i M 29, crghi@iite ki IPHSAS ahPard réfdor bl Whraci3B by ACUHANPrOS biehikak U i g

filmconprising: a first surface; an array of prisnms fornmed in the first
surface, thhbghtiraystdxd the mayn@ﬁlrpmasthtssehqsi susfapg mdaﬁub-'étgnt@llwalmsta desitedrrs, each
of the fi rStka:gcrl' sms having a first prismangular orientation with respect
to a norngpE" % rst surface; a plurality of second prisns, each of the

second prisms \blaemﬂgwamﬁ%@pﬂsrﬁﬁinsmueﬁmx&{plmaﬁtyﬁrﬁraﬁsmchdfﬂémnt fromthe
first angul ar or| entation, with respect to the nornal; and a second surface

opposi ng Rin@lity afprisms havipga figeh eriam sonfigueetion, and asrecond riwelityof prgmaeach
having a second prism configuration, different than the first prism configuration, the first

prism configuration and the second prism configuration being such the light rays exiting the
second surface correspond to a substantially uniform sampling of the light rays entering the
lightguide and said optical turning film comprising a plurality of surface modified colloidal

nanoparticles.

37.  Aretro-reflective film comprising: a retro-reflective polymerized structure having a
plurality of surface modified colloidal nanoparticles.

38.  The retro-reflective film according to claim 37, wherein the retro-reflective

polymerized structure has a microstructured surface.

39.  The retro-reflective film according to claim 37, wherein the retro-reflective

polymerized structure has a plurality of ridges extending along a first surface.

40.  The retro-reflective film according to claim 37, wherein the retro-reflective

polymerized structure has a prismatic microstructured surface.
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plurality of surface nodified colloidal nanoparticles. 41 36. An

illum nation device conprising: (a) a lighting source having a |ightguide
having a light-emtting surface; and (b) an optical turning film placed
substantially parallel to said |lightguide, said turning filmhaving a first
surface and a second surface and an array of prisns formed on the first
surface, the turning filmdisposed with the first surface disposed in
relation to the light- emtting surface such that |ight rays exiting the

l'i ght-em.ting,surface of the |ightquide. caunt.er, t he r f _prisnms and
are ref rzzét edg[}ﬁ&etl:oéfe?lﬁﬁtf‘@(fﬂwcf%gmgg? g&?“‘b? PriSHE ttéet???faﬁ{’(a‘)?%m??’?g li ght rays
exit the thetified@lloidaMhanopartibles sqfirids 6xité parficleqhvintbpaile izt YrealePihgn a
desired angular direction, wherein the array of prisns includes a first

pl ural i tyl & apd lesshan d0QPmof the first plurality of prisms having a first
prismconfiguration, and a second plurality of prisns each having a second
prismconfiguration, different than the first prismconfiguration, the first
pri sm cor2i gurlkiretro-sefldctivedilmecoording o shaint 3R fwigueia thearanbgrrtiglessare kilicdie | i ght
rays exiting .the .secaond surface correspond to a substanfially uniform

sampl i ng zé’icg‘E‘Ffélt‘FIfl@ﬁPt‘Vlﬁ%o’é‘ﬂ?seﬂ“Hﬁmfﬁ'@o"r&f’ﬁ?ﬁrﬂmﬁsé %said optical turning
filmconprising a plurality of surface nodified colloidal nanoparticles.
37. Aretro-reflective filmconprising: a retro-reflective polynerized

st r uct ur é43navilhg retro-peiflgetine; filtn agpordingite eleirprd i whesein thsi nlerabity of sidaespae t i cl es.
38. The r%tsﬁ,%- E;?ésl ective filmaccording to claim37, wherein the

retro-reff 6Ct Ve "pol ynerized structure has a mcrostructured surface. 39.
The retro-reflective filmaccording to claim37, wherein the

retro-ref]ectiye polymerized structure has_a plurality of ridges extending
along a f4% st Therrdsestioye Heaceerding 1o i s, r?lP?hﬁ%ffﬁFa?tHﬁgtswfwaﬁ m 37,

wher ei n tNRickRirhQuredichffeh-tite arR! Yeri zed structure has a prismtic
m crostructured surface. 42 41. "The retro-reflective filmaccording to claim

37, wherein the plurality of surface nodified colloidal nanoparticles
conpri ses, OXi ticle avi a particle size greater than 1 nmand | ess
than 100 Frm qﬁg a ﬁ&PL@F@WB?ﬁ%&PE&?& filmaccording to claim37, wherein

t he nanoparti GlR$ymnidrizesd bptidafelement structure having microstructured surface and a

plurality of surface modified colloidal nanoparticles of silica, zirconia, or mixtures thereof.

46.  The durable optical element according to claim 45, wherein wherein the nanoparticles
further comprise titania, antimony oxides, alumina, tin oxides, mixed metal oxides thereof, or

mixtures thereof.
47.  The durable optical element according to claim 45, wherein the surface modified
colloidal nanoparticles surface is modified with a surface modifying treatment agent capable

of polymerizing with the polymerized optical element structure.

48.  The durable optical element according to claim 45, wherein the polymerized optical

element structure has a prismatic microstructured surface.

49.  The durable optical element according to claim 45, wherein the prismatic

microstructured surface has rounded apexes.
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zirconia, titania, antinony oxides, alumna, tin oxides or mxtures thereof.
43. The retro-reflective filmaccording to claim39, wherein the plurality
of ridges are prismapexes. 44. The retro-reflective filmaccording to
claim 38, wherein the mcrostructured surface is a mcrostructured
corner-cube array. 45. A durable optical elenent conprising: a polynerized
optical elenent structure having mcrostructured surface and a plurality of
surface nodified colloidal nanoparticles of silica, zirconia, or mxtures
thereof. _46. The durabl e optical elenent according to claim45, wherein

wher ei n te ndhegurablepiigal elamentagcordingipickimdd; whersin thepiismpte oxi des,

al um na, 44 I ] Ldes thereof, or mxtures thereof. 47.
The durab ER%§§#§§§S%%%%§%?H%%@%?@%%ggto cl ai m 45, wherein the surface
nodi fied colloidal nanoparticles surface is nodified with a surface

modi fyi ng..t reat ment ent able of,.polynerizing wth the_polynerized

opti cal gﬁlerreﬁ{heég'fﬁﬁ’i‘gﬁﬁ’t _afg@me%%cca{ﬂl&doeargp?qec%gclm fo a(gc R o

cl ai m 45 suMhQrbdifiéd RanBPAiERS hré GbseidtihBv ullyRbRdEARdd, St ruct ure has a prismatic
m crostructured surface. 49. The durabl’e optical elenment according to claim
45, wherein the prismatic mcrostructured surface has rounded apexes. 43
50. The durable optical elenent according to claim49, wherein the prismatic
m crostructured surface has fl attened apexes. 51. The durable opti cal

el ement according to any one of clains 45 to 50, wherein the surface
nodi fi ed nanoparticles are substantially fully condensed. 44



