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WD 2005/ 026793 PCT/ US2004/ 029603 DURABLE OPTI CAL
ELEMENT Background 5 The present invention relates

wgensroaé1y to durabl e optical elements. Moire PCT/US2004/029603

particularly, the present invention relates to

m crostructured bearing articles such as, for

exanpl e, a brightness enhancenent film an optical
lighting filmor a reflective elenent. Mcrostructure

bearing articles, cing fil ns,
optical turning f.‘f‘ﬁ%‘%ﬁ‘e’?’&g@mimﬁn are rrade

in a variety of forns. One such form 10 i ncl udes a

series of alternating tips and grooves. One exanpl e of

such a formis brightness Baskgro¥dnent film which has

3 o0l a7 ERRaLAR B Skl Lo RUITE 80 b8 A0, More
paitiealaalydthg poaeatsinesntion @élat:esf tomicrostraktuasitbdaring whicta’ stiteas, for

si ze orlentatlon or distance between the tips and

FrBBlped brig tﬁ?fts BRCESAL Oie IPBHAGALRITEIE 1l $gheflective element.

bri ght nes |

filos. an t 18 &ﬁfl keEelSlJanfl hfgi{élet‘g‘{:sglc? IQ§ b?%btrﬂe%%hﬁ@ng #Bns, optical

tainorgoEitswe reflestine eleswsts gqre ntalde irt mvarmtjn afforak. Odamedeform
rexa le,.Light. scrapi with a fingernail .or.a . . .

ipclhar® Seehen shaiedating fnd Bidottas. Obg sxEiled pyolth ffmip righiness

eﬂhé‘rfc@ﬁl%ﬁtqﬂﬁp i dHOh AR raqe@wreﬁéaaﬁ% Bh€ern G0 Bhinb@R8] tips and grooves.

sufficient to break the tips of prior art

Qtherazemples inpleds patterns spwhichribeidpdaund; gﬁgowe amhot hmmetmgl and in

ht ness, .enhan
TSt PP TPy st s Qg Foqe" i f apitarp
conput er s.OndEawbackoFStufréit b RnbS S atdethelt ﬁlf@hndtd@ﬁcal lighting
reflective and refractive properties of the affected

Hasienddhelilke i ibadha fips effbe pHemsctyre grq sugerptibledp meachenical

;

ol H bt S ATOE RS LRS ANLLS g cize on

ceisetheipd of thé mierdstatctae ghitrealnor Bmtl&’e c tﬁeﬁdﬂtmnﬁ fidficient to break the
ht ness enhancenent filmare | ess bri

bri

tip gt RO BRI PR Lo AR g EReTigRced dyring H@rméﬁ glm&él\bélﬁhmess
P

5008, RPN 3 Wi s AR PSR i o

colmputersage on the display is no Ionger vi ewabl e, the

scrat ches ok substanti al br| hte
sur r oundi H?gﬁendm?é SR, X ﬁqcﬁvgar%reﬂactwe

igebitsiof (fe affddRdehlat £8 %ﬂu@é&an\dﬁtﬁé’ trasz.Eh&@d 11@&%@&%&! t@ ri}‘lrtually
a cosnetic standpoint, and brightness enhancenent fil

awforrwand) preelen Henga, \&h@ethy brighinessienancementt fdheis in g dlSPIay, and the

cce a .l | .
JARF PieR 3 Rkt Sl bbbl B oo bre
thah thd urpasitlingfuidiiadged Yrea 0f thRi im0 Hdweiet ehepaRe diBflay is viewed

articles has been neasured by formng a scratch in the
aan 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 standpoint, and brightness enhancement film with more
than a very few, minor scratches is unacceptable for use in a liquid crystal 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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WD 2005/ 026793 PCT/ US2004/ 029603 mi crostructure
surface and neasuring either the width or depth of the

ween@teérIsr the gain associated with the scraPcinag2004/029603

m crostructure surface. The prior durability tests
have not always provided a reliable quantification or

a realistic interpretation of how a scratch in the _
HCEsHYE TR Tutage ard maewriag sither shewidsh aredepth of the seratch or the gain

i ' : I resen
B8 9 St RSNy PR i 08 DESDR e v
dlonysoprovidedh yeliableapphii fi&ition 08 a kdatibtitintgpretbion @f 86 ad&cratch in
tﬁgt i.cal el enments such as, for exanple,

BHOPtFurEE FwdRgei aPRears a2 defeqt 1man ppiicaldisplayy s and
ot her devices containing the 10 mcrostructured fil ns.
I n one enbodi nent, a durable optical filmincludes a
pol ynmeri zed optical film Suuoary e havi ng a

O e S A S AL SO e
B osligtp ot %Ppﬁ‘icgﬁ’cﬁﬁ bhSudiRg,| B AExaldpdobfCd YREFent such as, for example,

pol ynmeri ze 15 optical Tilmstructure having a
micrastryetnedtilme gasswelf ascibe displayslaniptherplevicas cantaioing the

rounde rism apexes extending along a first surface
%ﬁﬁosgugtg'%gtfﬁwsbont rast ratio value in a range of 1.0

to 1.65. I1A ofe Embbdiafent HMReHbIEHticabfildtimdRides #BblyaRtized optical
filmincludes a polynerized optical filmstructure

e stivgtuge havings prerestprciged sirfase and pairaigh sgnisaspratioaiaiueyin a range
21 swirf pce 20 nodified colloidal nanoparticles of

sifica, zirconia, or mxtures thereof and a scratch
contrast rathahsedmigdiment, 4 dnglle obtidal Giltadnduées.a pdiEmerized
ahove, summary of the present invention is not intended

o ddrrsiyetiehaings BifredagEshBtane Meluhngy plugality of rounded

I tatd ' ' Fi
R i R e L
Iparti.cul arly exenplify 25 these enbodi nents. Brief

Descriptiqn qf the W ngs The inventiLon, be re .
conpl et el 3“6%%}1‘65? Sglin?'?ng@l@iraj’é‘? Qﬁtfcé‘th]g]? H%%es a polymerized
Qtd1 FinnGruet Shdvath SRRGHIRI | Lo

ogf .the invention i%_n conn_é.ct?lg{lﬂ%&{aﬁ@fnggﬂﬁﬁe RRAAPE Srface

neasdbedhentipidagnanopaitislps of siticatrireniaFir@ixturesthereg Simehataratch

cVitee\llgtPafi an ielil ustrati :ﬁ) rrilcgig- structured article of

PRES Qe T ATaCi %A -0 %8 LO%acki it Iiquid crystal

di spl ay; 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

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
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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2 WO 2005/026793 5 10 15 PCT/ US2004/ 029603 FIG 2 is a
perspective view of an illustrative polynerized

wennusmeeme bearing a mcro-structured surfacePCFEIUS2003/029603

IS a cross-sectional view of an illustrative
m cro-structured article which has prismelenments of
varying height; FIG 4 is a cross-sectional view of an
i |1 ust rat i ¥1&7- #i1g p §espectiv e yicstolantijlasteativopplymeniaed ginicture bearing
Sh8IE MRl SHAlNI heloht; FIG 5 1s a
cross-sectional view of an illustrative
M cr o- st r Ut Basla ardss-edotipnal Fidsr ofari BlustraveSsicELEHicaRad article
‘{\}/d?ﬁe]\év of an illustrative micro-structured article in

B Has Loy pleients of g N fitor  different hei ghts and
have thei rplppagsa bﬂ)sg-be;cfti@flﬁ%ﬁ@h?ﬁ?@%ﬁstgit@e fictesthctured article

cross-sectional view of an i ustrativ

wihigh bassprisuc elaments of varylng height;G. 8 is a cross-secti onal

vi ew of an, bl Lustrative,.m ro-sé@[ uc.&ur ed. article; .

FIG 9 is 400 dud st WANEG By Lot ve qaiprostuptired article;

m cro- st r WIGu6e¢a afokd-SdcBonal My ofldh iliSstPatRe !ﬂﬁ%}é Mir&Wrticle in
[

of an il|um nation device including a turning n
Wieh B¢ prismcelements are of different bisightsemdibematheiribavesdh different planes;

turning fi E 2. Fosss sectional wview of .
anot her t lﬁrI?ﬁ Z]éé %ﬁogmgsﬁeﬁ?fal %'lsp%?%faél @Eﬁgar%’? r“?;wf_ror%wcmfed article;
di agram i IHIGS8 4 trogs-satiost WRtCHE HONbstAHye hllbloOstikfEred article;

14 is a schematic diagramof an illustrative apparatus
to det er mie- 9 38p gepsateshonad riewaatanrifustentivowmitie-siietured article;
i nventiongd [ . i fications and. .
alternati \}j %é' ?(g}ras rfsrh?&hg%gétgﬁ %?‘Ez’é’ ?# ﬁ (lelgg]glp Etjﬁ%{lv{ieevbcéaelﬂc 3&18\%‘ turning
fi;m; way of exanple in the drawings and will be

descri bedFi{} ﬂet ail. It should be understood, however,

that the i 1te }}s&prp§-§qgg0qa VlleWrﬂfta tpang filient i on to

the part | qubars RIRAGIRM hal Sl dr AtknaRnkiiE AEANT a1y

the intention is to 25 cover all nodlﬁlca1| ns,

equi val ent3G. bhid aschenatat flove diagen illugtratintghine stiaech contrast ratio

rﬁe%gd;tanc?nd scope of the invention.

FIG. 14 is a schematic diagram of an illustrative apparatus to determine
scratch contrast ratio.

While the invention is amenable to various modifications and alternative
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
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
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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Det ai | ed Description The durable articles of the
present invention are believed to be applicable to 30

wea v@rneeny of applications needi ng durabl e PCT/US2004/029603
m cro-structured filmincluding, for exanple,
bri ght ness enhancing filnms, optical turning filnms as
wel | as the displays and other devices containing the
ppresitian of ¥agansagRactiefdhe ippentiontwidl herasined tthiongle adisewssion of the

' ki 4 , an 3 WD 2005/ 026793

%é%%?%@f%%@%%@%%ﬁg appreci ati on of various aspects of

t Re i nventHliﬁ)ghtn%sb bnl’(;ma@%if{]lmd gérhsrrﬂl.}géhhanh ¢H (ﬁﬁ%}b{% h@fing@ice (referred
the exanples praovi.de ow. Bright ness enhanci ng )
ferqimas éﬁﬁg’?%ﬂsf y o&hHaRkRe Grricsc i@ghgr}%@ﬂ@@_cmg &ifes pabe light
tRAER! SRS milbb@ s %%1%1? Ofhém} %Eﬁll'cﬁg%dtjt%éb Stfiphy can be a plurality of

Bri ght ness enhanci ng ne can
nrsmsoniths filsh eyrfavie snastheiutbe fitresicdn benmsed Theedirect light through

Lcrostructured tQpogra can .be a plurality o )
fEGERE b aeiheon) SR RRCE o6 Genca nikeTavisuch i thebund iselapton
JdBPRter Walihes &84, the @hrobthicaredoptic@l Bk bAPMcARALE brightness of an

refraction. When used in an opt’i cal display such as

opkeal displavdbyi limitimgtlight essepipa fronsthe displaiyds withirca pait hEplanes

' rUGL ur optical film.an increas ri ght pes
AL G PR BT Ehorytal T A R BE L SR, A5 o
redugt, Hitgphayvdudd wtit thie displagdiutsidf ofth@nswable AnsORSEHed back into
desired angles froma normal axis running through the

tepdisplay Wlpsm peftiomef i can esypeyclad” gnd ratwaed ek te thi t
e BL AR 2 AE1C ek U B SS9 biBpiay, T repyeting i
vsefn] bezalised tyaml rediiceqiosier ednsam@tiobacdded o prloeide a display with a
m.crostructured filmat an angle that allows it to
desiredevel o %’d‘glﬁéesdi splay. The recycling is useful
because it g@0 ' ( o
o ovi do N ONFLEHE BRC 08Ler By ERlah Wb RERHRG b Sgnitican
perceghpmebincidRatlight atatlageely heghf éntraBcamybrsabaydlasseof the rotational

RIS e 000 S R TSRS cucome

rétROATRE@RSTIR] cdniBclt@d Abb@NFrtioR fﬁp%ﬂ?thhﬁﬂg Qfsubdintially planar base
sheeting about an axis pérpendi cular"to iTs major

sulifpcegod a sgupltradauriace congrismg apllsdity oftccube commenelements opposite

i ncl b ti typi cal l ' )
ol sy Sty Rt Pl St B nele s gy esinatietty
petpehdiclaceptivnl Bcdkdha tPphivilBl inteyseof at QUD€ AT BAcRIBIEM dhex. The
opposite the base surface. Each cube corner elenent

baserpfithepubgeorer element asdy asyangppeergitongh yhich light is transmitted into
i td faces. i i L.
tlféfcruﬂg @gllngfél@{ne Pirh Gal 1 ggﬁﬁ?ldgﬁf&l é%éé %S%?I’h}efxcelbga}tstgé %tfegt%%ls

at a single referencé , O
reftdoeeden thedrase biafren bf tetsheain gatnaspiitédtheovigh tisagbpestiv€Bases of the

I CTMER T ORI e
pi{?@ﬁ‘diblﬂgr dube28ref 5}?%1 £fedtind Fbﬁﬁ@&t@'@t%& ﬁﬁqig‘gﬁ SJLH@EO s

eeting, transmtted through the respective bases
degegbed 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
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 el enents di sposed on the sheeting,

reflected fromeach of the three perpendicular cube
woaorsanepti cal faces, and redirected toward tReTiUSWY/029603

source, as described in U S Patent No., 5,898, 523,

which is incorporated by reference herein. For the

foll ow ng defined terns, these definitions shall be

coppIRatigns thereedas avellzg palymress, efigomersi o1 copelyniess diatean tierformed in

i r . ' ni Ifi .on. _The . .
A5 EAOTRB,18 SEURE Eok  S FB AD aion
B;iﬂfn lelmné ran(demg:opobnielque 'ﬁ’lcﬂlﬂfeﬂﬁlgﬂi@ {1/1?\89%%&0&[;(/)%3%;&1@57 . e
i fferent oners), .oli. rs.a _ _
PCT/ US20 oi&%&@%geg Bsiero el ed Beein sihaahiolue efractive
iﬂ&éﬂ&%rrﬁateﬁél'\ﬂﬁgﬁgﬁlgd%ﬁoﬁg RObY IR Eét}c;e m%% gpie{%d ke efegﬁ&ﬁggnetic

in a mscible bl y, for exanp rusion or
ra@giean inrfreeispadeutditimgspeediofths ratiationda thad materBht Thdtedaktive index
Canﬁ random copoj yner s @F’? I ncl uded, ~unl ess jndicated

Bt RE PSS 3RS KPR MPRPTe A 1 e SR ameibiomeayreigismgen Abbe
RufifaBlofhefes ifh e vidiBlelligh€reERhr active 5 index of a

material which is understood to be the ratio of the

speed of diheé¢trrvirelaidal’ds defiid deiedmto medn mretic paeintay particles

: rati ation.in that materi The

o 8 BRRR oot S ES P st 8 (EROR I et nods

and i s germee adriny AR EEdRShr i dT0s ABed Wi rE3REs 8 GLRNRARY of two
in the visible |i ght region. The term "colloidal™ is
O BYF UM AR Rer e lesdhafeamagmpgatad and/or peglowetateshr t i ¢l es

10 or assqe] G L ”» ' W th.a. di ameter _
ess than Spant 785 Raonr RSLHERS) ity F¥RhBhg assoctation
bptawetn plismty pesticisedhivk medyrberobbri@lly Goanditoiheiangthef. TGO

or re primary particles that are aggregated and/or
bg&ﬁ&(gmpgqg&ﬁgaﬁ &ntp é?’ﬁileréﬁ'ﬁticé"gsdﬁ Flkfﬁm%g@ a¢8eherein is
descri pti Ye Qrmd agLlbRRMBRS AT BH heR e Ty bl

particles \_/\fwi ch r?%%/ be clhgm%g%ﬁépl)}/lgﬁ%ﬁgfeto or‘{gOkweXk
assaoraten of prirearypaliickaskvdooinmey babgldeggrties biyrhargs mapblarity and can
bR icl.es i.st di fgi cubﬁ to achieve. The term

ag%‘ﬁ%f%%%ﬂ%ﬁma & YLEF herein is descriptive of a

weak  assQ&é AinOPritfarPpdriBIe izBalstdefh&Shibin )
hel d t oget her _byﬁghgpglg or plgl arsi tey and ca%gﬂg%éﬁ%ér)o ae%on
agjeciptel singlepgiicler entities. The term"primary particle
size" is jned. herein as,the size of .a non- 20. .
associ at egﬁéteﬁl Sapésr q%élie‘i .Ilerfﬁjeastae‘ﬁf‘ﬁe'r§%1? or Juspepison;pf golloidal
pdréicles im @kqued ghaseer si on or suspensi on of col | oi dal

particles Ln a ljiquid phase. ) )
The term “surface modified colloidal nanoparticles™ refers to nanoparticles,

each with a modified surface such that the nanoparticles provide a stable dispersion.

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
brightness of a display due to a brighfness 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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The term "surface nodified colloidal nanoparticl es”

refers to nanoparticles, each with a nodified surface
weuals/eéms t he nanoparticles provide a stabl e PCT/US2004/029603

di spersion. 25 The term "stabl e dispersion” is defined

herein as a dispersion in which the colloida

nanoparticles do not agglonerate after standing for a

gphatcing Bim beoguse igpEeved Lainapevidevan ¢ffgtEe ingrrass indhp peghtness of

1ﬁ$ﬂ£&£hﬂﬂﬁsha .g. roomtenperature (about 20-22 C.),

at nosp eri & ressure, and no extrene el ectromagnetic

forces. Thehetregititiogaf miméricatl ghigesisly dirlpeints idsluded @ bBuifileers
of the inmprovenent in 30 brightnes

f di spl d
SbsUEgrYIgHE Hid BangR Kakch Ry FiiAgs brleh: 35235&:3@&%@?%&%?5)-
the opticalg us@@ﬁr?ﬂﬁsaép];cipegdo%ﬂ and tﬁ’ef ?@éﬁd&l@ﬁﬁ{s{ Y XfnghlAf forms
I'm , the g

bri ght ness enhanci ng ypi ca View n
“ahdlar”, ded f‘tha’s eslale plirel mhirents mdesdbesonteht olegty daitates stherwise.

esired for a brightness 5 WO 2005/ 026793 vy -
/ioEsemie] f?sﬂggf%mwﬂm RPBERSE oqRgd e thefpena
RikBNE B8PS 1866 6RipYEndsN HARSE I MistPecilEdtnlan8 e Bfpended
the backlight displfay. The recitation of nunerical
clamgdbe teymeiodpisigaerallynehploped ialits senseineluding (hrdfondmless the
wi thin that. ran e.g. 1 to 5 includes 1, 1.5, 2,
Cﬁl.lt?g%, Cq?rﬂ"f.h%%s ﬁﬁleé?ﬁlags). 5 As used in this

speci fi catiifess afbriiRe irieest el nGhndbiRxplelen Sqnattiad of
forms "a", "an", and "the" include plural referents

ingrpdisats Resatsateahel pRaItiessugh 89 eeuEasigetie pd seforthyised in the
sggﬁﬁc%% Rh& cla[n?é ﬁ%?&‘ﬁg%ﬁ&{&o&&’&%@\%ﬁ@@ﬁﬁg p{eﬁi BisBdcesdy the

npoun I'ncludes a xture of
teranfabotids Acbsrditgtyl vintest idicasydes e @atrignthemanichieal parameters set
appended clains, the term"or" is generally enployed
forh iy tge drpeQing spacifigrion andrifaghed clpinsege upEodimations Batcan vary

d%%%@gﬂguepg)’hqgeﬁ%ﬁra%tbﬁéfﬁé SougHP BRSoHARG] W ose §killed in the art

S expreéssing quantities o
utihiging dhceteschingsed sher asent invéntjpmo perthe ey deast) and not as an attempt to

cantrast..ratio.and so. forth.used in,the specifi.catio
1hteapidttn Bt B8 eCpmat rardiersls bt e (i b
0. eﬁhﬂ%ﬁﬂi‘e@&_ sByulti RCleadt®eFondRRE in i'iﬁlﬁ%?g{edﬁﬁl%e‘x‘ of reported
unl ess’indicated to the contrary, the nuneri cal

sigaifznant digds anstbyl®plong prdinery tamflimgdembinitgies pietvithstaniing that the

and .at.t ached cl ains, are.a it i ons that.can var
Rl AT SRRl AR R b R obr Bt e o are
approRini@bnb\thé hasericakidlhedket forthiie td dpecifit ickhpleg ateli€ported as
teachings of the present invention. At the very |east,

paasipchins Pessiblg. Amyawpiericy valyephewees iphpenthagonéansofertaiyeetrors
. _ . by : ‘

OB ) B SR AR Bl el P

mdasireghiitsof t he nunber of reported 20 significant

ﬂllo? :Mt ts hgtn M¥m%ﬁﬁ%§%ﬁ{%ﬁg££ Ial'rt]i%{e)S/ s&c%uar;,d Il)rri]s%latti%co%[tlllcﬁ%ﬁrsﬁs, 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
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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nunmeri cal ranges and paraneters setting forth the
broad scope of the invention are approxi mtions, the

waunsreea val ues set forth in the specific exaapiuss004/029603

are reported as precisely as possible. Any nuneri cal

val ue, however, inherently contains certain errors

necessarily resulting fromthe standard deviations .

fopmsasurne PRemy “spratehaesiptorcet’ éan fletect Zifferanees betvensn different prism
& i L ' rismatic .

e B bl @BLE LA (ThLA P SHEH R P thbrssions. The

ibvertive aretldd andbyparafos pedsetad Aerd ptotidds ihditaed dbnsitivity, and its

reflection (TIR). from .the protruding prismatic

f§-‘i‘Fﬁ§&PHP~°é’§P& T'Jr?é%l@ 3 ﬁ’rel)/éftlgl:ﬁ@éc’fasﬁ@t § fRRBrldiahy Hagmmgesurement

H¥%ho& HPLBSR iqule'i i '

B RSBl 2L Wb SRV b BRI

in many cd3wsblephiavetucied artidis canpe fors ffanh mpblymerizable

tect t [ . f f d P ..
oo | BePobReHEsls Eihes R RE SHPHF B olpntafiee rdiation
REdbnbidafic AR &?\gilicgelédiﬁﬁosité.t ThSof¥hsie |p}ﬁa§eo?t"tﬁ@ﬁdé§pc§sﬂion may

be able to accura measure this quantity. T
qongist Afagesnsivh ddu@1t Wb R0B5/ 0 iigEnPTPL PSR @266y includes a

. I sm".scratch-resi.stance. can.detect
RPRRlia0R St SR SO P9 S TP AaRraciivE el epst; 650 for
Thst pERINGH dppYieatne e exttibib sipslificant ivabslkty @ theTor &l ORRS Lower
or conpressions. The inventive nmethod and apparatus
1pirecdive iRdexisempogions, hose last thend o, aemenerplly essierdpactiews based
C DOl1,4 Ol.- . .
B SOOI XDk BB B s ¥l fpag gesion
Lawadr ysfttivemdek egstnsittyelestulhés dn bahospptications théwe skilled in the art

Ex |l e section. Durable nicrostructured articles can
Vﬁfél?‘irg??ﬂ%z?- r'3HRDArapEINIfIABET PeiB? BiSIDALREE SPRGIF caprpdso be desired.
I@é&ll&”ﬁl’é'céﬁi b&tiGPHRAR s Uk i[Qlea iﬁ(‘ﬁ%ﬁ@%{c lv!z%le optimizing the
solvent-free radiation curable inorganic tille
desigraimpdicelqnpiosti¢seand Tthanwmjena Tg (¢lasdranbitivh éemperature) significantly

C osition r onsi st of a reactive djluent,
high GuoRER Lo R0l ShP TR SRS FENABP B DESEF AR TR s siias those
dscHbeR APUS. PtchRBI 5,63¢180(0r gani ¢ _conponent can have a

refractive index of at least 1.50 for nost product

appl i cat i dis pabunasizablicomppgindif ¢ansatio ehmtaadidorganic oxidhparticles

ured for Lower ..refractjve.index c osi tjons . .
WitsEezr Beopsmild ayoidsenificant isible et scatehne. The wetgaplseoxide
paakeskelddlda iMpat rafRleed indsk 6f scEdiRESianbd dcRYM brafdtie It may

materials in this refractive index region. Lower

be desizpableve Uphaianix pEBPrESNIE pXede poEiale Hessta eptisiipean optical or

' [ i 4l LD r .\ . .
B s, N —
osjaie qlarticiescanganic Swonoemetkemidradigometsdpafetaply hdiexr refractive index greater

conposition mnimzes the effect of any induced
ﬂgaélrla?%ﬁf_ %Fﬁ%‘thgt]hB‘btl éﬁi i{sﬁ _@E pREsanifesiidedllesrqlimers allows one to
P A R R B I
compghtioresgwubhinesicoppridupt wdpaties @l dunatalityphiigh visilnlh light

trtaﬂson%f%tance, optical clarity, high index of refraction, environmental stability, and photo

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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described in U S. Patent No. 5,626,800. 20 The

pol yneri zabl e conposition can al so contain inorganic
woxid@east i cl es whose size is chosen to avoi HCT/US2004/029603

significant visible light scattering. The inorganic

oxide particle selected can inpart refractive index

or scratch resistance increase or both. It my be _
addhe empasition is sebstaniplly gelvang &p@éinmpq*mm@ vtrtigle maylti-functional

R A e
fofm lofi the@aigire] sk bdeelpad the ekisting Brigandss cARRRBMES fihd available

ol i %orrers preferably has a refractive index greater
or greater than 1.56. Use of inorganic oxide

111 0. 0o o o e, aGHL 8 S AL iy o
suobposbdidied coliqidalithopartidieul fﬂlelmlﬁblaﬁljncw cad lbefan optical element or

ert of durabiljty, hi vi si bl
s st pkabiditayes 891 Mol ey g base layer and optica
1hRr Ca¢bé Rtm ¥4 Al
sfegbl lity mﬁ?%h{pglgsesgle{ngl%he%?}%% céﬁggz?et?&%’mmed
skrgqﬁurerlmmrg &plufahltsov\f srcosiotified shidiflal remaparticleyhas the advantage

é& ?$ .houl o% cha gg chem cally over tine,
rt 58158 1§ SQOEIE IS Y8y phase separate) and
are ener g)SlﬁféE@Hioﬁlﬂeﬂ cbn&aalsxfaﬁbgﬁuae&éﬁr&%ruselnﬁﬁﬁhé P&9merized
five mnutes, 7 WD 2005/026793 PCT/ US2004/029603 and
sthetugsoEB gimaushe festive psehamqeahe 9ur§b11memd/®1rr@&actlve index of the

h -hi
SRR e G R TR e i

opﬂhtwa:al egidipoNdairible hﬁnbtftélsr iRchididd®r exirgpleghan 1ere as

wel |l .as the existing bri ght ness enhancenent fi

cam@aiﬂ%}is%wﬂh FesHA SRiemesuctsthey the BpropaFticles| fegm stahle hagiogsiRns within

%

e TR b AL Ol I i P bRy R o Rt the

resim systena maliigi thatomepaite niore durablel propérlpsurthce inodified nanoparticles
tructed of a base Ia er and an OHII cal .l.ayer. The

aﬁﬁ {o|rE81R FYSIGTRS Bipide 3 °W|1‘§9%‘F OB &HCHE F%‘Flﬁ%tl?l"r BRFEHE A

cORMEaAbn BF §ifr8ics ﬁ{odﬁ%yww@&@ Ed ﬁbmpmﬁe e hﬂéﬂ‘féd #8feured

structure having a plurality of surface nodified

peepertoisdd Ithen@mmartloncAplsropla@ehyrserfa@e\mndﬁgé namlb}lai’taﬂeﬂ can improve

cnbefrr.re in a.s - te rface

oA AT BT BIoRaTtion Ah S APL L IO LA B piPG SERRP iy resin
nikRh¥iTeAlisEeshth Shinkaizy Rfﬁs.cbﬁ’g%ﬂaﬁg'@ lv&ﬂﬁle@ﬁér@é‘s‘iﬂg"@liﬁ@olume loading in

enhance the durabilit /or refractive index of the
the repig|sEstem a@émae@tmnap@n@lmﬂamsrwéulg incfreasmgrrobid Vpligne loadmg in the
r:c:/sgll% L}%&éﬂ? oPns%gqsoePe?lé%dfmg St§ E)S%ICP Ioﬂfgpt?e&s ﬁ%s(f?nas Havmg nanoparticle
lexiaipe |de$cribadl ap@f, h@\i’eewé&sm@ﬁfﬁﬁd tahgé frbdh Mot TO00@PE Bt 85 degrees
qf%(st ens such that the nanoparticles formstable

¥Persions within the resin systems, surface

nodi fi cat i

nanopar t (’:I;ﬁg %ﬁ%%ﬁ&iﬁ%ccﬁﬁ?@aﬁ héﬁllc}p\értﬁﬁes tBf 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
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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resin system maki ng the conposite nore durable,

properly surface nodified nanoparticles added to
woesism2ewst ens provide a | ow i npact on uncur edPCT/US2004/029603

conposition viscosity. A conbination of surface

nodi fiers can be used to mani pul ate the uncured and

cured 20 properties of the conposition. Appropri atel¥

surface nodli¢d ragopririelsaean kave s pedield mﬁ@% 5 topSimgapr 10 to 30 nm

o? 56 nﬁpyﬁhgg g&‘?@fets cgﬁc‘bé) regen‘tel dﬁl%m A i0E %tF 8?1&132 element in an

esin

amamnnfrm i t6 @ow%g o€ tna ttgmwwi’al ISélidai €reRs imifie $1Qitd>rﬂlls of the
volune loading jn the. resin %tem and maintain

ifsofien preqoarnergialii pyalabledran Nakg Ginpgaly: (hapqrolieilHg under the
p‘r(gﬁutcpges g3 ﬁ N@?ﬁﬁ@ CorbEuE Sﬁ; & rffcﬂt&am%le s111cas 1nclude

parti cular ventless sysie avi ng nan
N&‘SLC@épﬂodlg:B HESc 0420 H0F A 660 ,23?@31&1 2329c c&mﬂab]eiumad silicas include

TR{PRIELE. ABLe e eI PP A SIS ERSARR Do ST A Do Pl 150, and -

ZDQ%Qélﬁb%Sﬁ&ﬁ\Dé@lssaaA@a(HérﬁheGéﬂn% ?rané‘@%‘}:ﬁbaSFE'RSE 2095 CAB-
particle size of greater than 1 nm’and | ess than

hBPERREI A105nEddiOePid VIS apaitnbbelfromatobGorpr éﬁﬁsm]a,slilldn

el ectron rg.scrosco . TE The 30..nano Ie can

el ude net PR A S R PR R dror SRS or 5 to 15
ld, dr Q8 Infe Zircditad 1{@6% arti€l¥d E@oe fibdehE the HiireBRIadticle or optical
tltanla m xtures thereof, or m xed oxi des thereof.

eRwmhTean 3rpRHNt fiom Eolol B widh, a1 3AGp AP Mt darcosias fer use in materials

o333 B8 B LechbeisB POSBEGS G bl . e, )

uhdstehappdntt dekignstionaNALO® GOSSOU8. nm or 10 to 30 rim
or 20 m. Siljca nanoparticles, can be present in the
durabl e arkiiaBiaeansimeuytqxides. Av@ingntin Pﬁldasa an%{ﬁbm%edfm% oxide

niforafti % é%%/f’at ﬁﬁ pABcleQiAQr Wesktiatdll dafiftFe &i { frimS iolnjé)tblﬁg, or 5 to

materials o e lnvention are co rcia aval
16 nmmoNélD am. CI’ienmaE; ahtit@ony ¢:vgme alwinihag tinlolxide}, amlddne mikdérbmetal oxide

5 ct d nati.o O DAL I CAS. For
ng F 5 C@P é’ gseptip t %%ﬁ%‘%@&@ 8$§ mn %%Eount from 10
t&@@%t%,lgﬁﬁ) t@%%nﬁh}@éﬁ%ﬁewﬁ%ﬂ@@r %sé Hﬂﬁé’teﬁélk bPﬂI% invention are

I nclude for exanple, products sol d under
comamdtwea‘mﬂﬂﬂsmns @aﬂabsts@(O’a@mlcamﬂustn%Gorpar(Kawam Japan)

r (Hanau, Cernany), and
}&i l‘—i‘o%‘ég% S Roc bl A105, CAB-O-SIL M6
av ai l abl e Sﬁlfi@é@ ol thedfidho-siZodpatiodes dah providelfstable dispersion in

Zirconi a nanoparticles can have a particle size from5
thegpAymenigyresigy Prefergblys thersyyfaen-traaimeant stahilizss thenanoparticles so that

RERGE ] o BB R RN L o fgancay
hbmopénestidcordpdsitivnl Furtherindts,ghé farvpheicleslcan b@fnotiff&d over at least a
i nvention are comrercially available from Nalc

peytion;of af sedaceviliha purface &eatment ggent s ibat the éta]aﬂlaa@aemcle can
cgﬁﬁ&ﬂ&%é SR tm%nzable 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
lower viscosity. In some embodiments, the second surface modifier is different than a first

surface modifier.
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15 Titania, antinony oxides, alumna, tin oxides,
and/ or m xed netal oxide nanoparticles can have a

weanisioeém3si ze or associ ated particle size froRCHUS2005029603

ran, or 5to 15 mm, or 10 nm Titania, antinony
oxi des, alum na, tin oxides, and/or m xed netal oxide
nanopartlcles can be present in the durable article or

optical elBeanopasticles eprdigriteated oritmosurfase meatiens agsint. 3@ general
t%éé Wt aé%lqt %qir%t%ﬂl gl?at txfi’llrl aHé?c% tb Qheg&&&{lé gur%ac% (covalently,

I nvent1 on~are

163&bail}ymtthro&gﬁlbtemg;ﬂiys1b6@ﬂs anG.Sa @Odirm end(tKﬁ\Aﬂl@alKak compatibility of
r t he product eS| gnati on QOptol ake 3.

éa 618 WIF EFH iUt with e B HINe UEBE dAf e af gurface
tﬁ:a§1tle§ﬁ’ Egerﬁg ﬁ’l@ﬁEﬁ 'aQB 4 an] 1H§s 929{)%[9?{0 a‘aléirs iifdnic aﬁleds’ phospohonic

Prefera e sur ace- tment’ stabilizes
aq@lnoplangs mlldetgarzaoest Hae prdﬂemeqaapds oftrersmentl dgetiteis detetmined, in part,

A RO ARt SR G o

ot foamRRend fildes Shafes Bed 5@9&)){3}1@‘%&% &fe (RAbfet88$8r fetal ox1des such
portion of its surface with a“surface treatnment agent

aggiredrad. Thesusfoad mOdzﬂv;dtlgac'ctm h done aﬂhercsubt@lqym itd rmxmg with the

react wt rrerl abl.e resin curin
hGREectbtheh e B8 NIEPlsEOR i Bl s RGP i s with e
paR{dld @fnaﬁaﬁhrﬁﬂ@‘éhﬁ@elb%ﬁﬁé B@YrpoRdiohiif@ithOfesinl e redired amount
| ncrease _or decrease the viscosity) to allow for

ohgrse mediBrds derendant ynen srysrahiackore sobarspinieising ravicle type,

nllcgir{\? 2 Cr}éé)l@&giﬁjfxfft}é/ chli ongﬂﬁf’gﬁ ?ﬁj%c%l%&tl Tri i %) ?ée%%ﬁﬁdaggrommately a

nmdidyeesf mOdifer 2 005¢HIR 6’83 sBEAdIFIOFEArA206 TBe Atigchment procedure
nanoparticl es can.be freated with a _surface treatnent
Oh f@Aon eondiians required alsp depead onrthe sy modeliar useds For silanes it is

%éfér?é rbqrftag@ﬁ‘ea\fv'a {de Eédqulﬁ Eﬁt&%ﬁﬁg{ %décﬁg ®r Biid @SiRlitions for from

cova |on|ca or thro
12 ylei @prqxﬂmainl)y Sudface smtmamt agouts st asicapbmiyBe acids do not require

i bilit th article wwth the resin and/or
eé’ﬁr%g:%e ?f‘“yeé?f ﬁXtBfoepR’&“%url ng. Exanpl es of surface 5
treat ment R%Ei%@&1ﬁati%@n%@1rﬁ’é1ﬁ§@@u§fac@ﬂ%ﬁﬁ§m a%@ﬁt@ QAHABIE for the
aci ds, sulfonic acids, phospohonic acids, [ anes and0

dtltabmsﬂwn@mhléﬁ ecmp@ltmdy p@choets far ezamplet 1sagyeyittnnsthoxy-sﬂane

I e S s e S O HE N

Aangdo, N)I(b-ethefh@kysilylpréTIﬁﬂ)Jﬁetfhbkﬂleﬁlﬁ&(ye@bk?élEﬁ caffdmate (PEGZTES) 3-

car boxyl i ¢ acids are preferred for netal oxides such
(msthaqrytoyipramatrigtherysilansdd-prokpypropy Brimghogpyikane, 3-

(R Tl R B o B 0F Sl T anes
ptc@ytmahyldhilmh&ys?ﬂfw3-\MdrﬁloybﬂyplﬁpylbmeﬂthS%IdﬁIheth?xystﬂﬁne 3-
a e surface e._i ncorporation_into the
%@Pﬁ%a{o?' yynseRi digethy; Eﬁﬁ‘?ﬁyﬂl@ﬁ %ﬂgmﬁlégyiﬂyé‘?’?ﬁ)er is
p%@ﬁﬁﬁ@fﬂ&le&ﬁ)‘i{%ﬁaﬁ¥ e‘flﬁ’yldlfrﬁe@ﬁ 5tﬁof}%ﬁgrleoﬁﬁéﬂr?§ﬂnﬁle§k%&sﬂane n-

pafticle’type; fier I"'ecu
ochemetthgmhac,a;lodcqylmeﬁiroec&stalle,obdmhcylupmthmwﬂm y a

propyltrimethoxysilane, hexyltrimethoxysilane, vinylmethyldiacetoxysilane,

vinylmethyldiethoxysilane, vinyltriacetoxysilane, vinyltriethoxysilane,
vinyltriisopropoxysilane, vinyltrimethoxysilane, vinyltriphenoxysilane, vinyltri-t-

butoxysilane, vinyltris-isobutoxysilane, vinyltriisopropenoxysilane, vinyltris(2-
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nonol ayer of nodifier is attached to the surface of

the particle. The attachnent procedure 15 or reaction
woandioeé™as required al so depend on the surfaceCT/US2004/029603

nodi fier used. For silanes it is preferred to surface

treat at elevated tenperatures under acidic or basic

conditions for from 1-24 hr approxi mately. Surface
RFBG YRy Hifare, §tygyl@qhylélgm@@apsml,an¢,cn@t@apcﬂ@rd@ylhnnethoxysﬂane 3-

ded, t
SR AR R IR 0 B ARG, Nl epego st
&udetambiceactd) - [Qk(e—rﬁéihmyeﬂiokg) edmppseﬁd a:vits(MEEMgebeta-
examnp i sooc

ch :
W%%?tﬁ%y@% -me methqxwaé?%wélm@rh%mbw}ﬂ acetic acid, and
&ﬁmgkgpxyethoxyethyl car bamat e (PEG3TES), Sil quest

R
A1230, N-(3- triethoxysilyl propyl)
met hoxy et riﬂwysatfhmmedlﬁyhtmmfbmmecl(sma' ES)oidd-dispersion can be

&gﬁ?%% %?F]& 8{\6& %g«{)cgo nvg ves t%e mixture of an inorganic

ﬁmpwh@lﬂévéyﬁdzﬁ@mgé h&! OFARILL A6o-sol
3@”“ RGr VoY) O] ok Srony PR Ry G Aot hoXy i | ne.dod 2t this

Riftawel ﬂ%@r@)@l}jp]@pymﬂﬂmxbryz-momdimm@ol aseprorBmnol, ethylene glycol,

R A S T A A T ——
s\zslutbmtgzl bmtafsuﬂf@dehﬁw@nhga tsRReP dsithé R PR Ui RS artitles. The

octyl trimet hoxysil ane, dodecyl tri net hoxysil ane,
TR R PTG e Fentganie sl and spifansynadifying asnipds Sl‘éhsequently reacted

D00 BB 06 I TERIN B R6EL BUH 4RB5. BOminture

cum hy Fdaciedtzhaboys 85 degree C\fbinybolut 24 BOWs, apautiyl 1|nim@surface modified

| tripethoxysil ane, vinyltriphenoxysilane,
89 %aﬁnpthﬁr mgthod,xyhare Retal oyidey prersieaesmedified jhsi susfaes treatment of

[
B LS ORI B B3 DA Ty s g e pri
switfyaey The lsyifaae m@ilﬁcatml df firecheavy metal oxide preferably takes place at room
(e catﬁ%gpr opyl tri nmet hoxysi | ane, 3-
ypropyl tri met hoxysi | ane, acrylic aci d,

met hacr y! Mhe 86ritsbe n%cﬁﬁ&ltl%ﬁ' ¢ 7:6% GAhIS
dodecanoi c acid, 2-[2-(2- ngthgxyethéky et oxy]aamrl}g)hs'lwdunder

agidicccopfliiongyr, basistcandisions xipemhyhsedhy bikanes are heated under a01d
e G T,

agidof b@aionIoPbtheleasPRITHiShethot RIEWE réatvaPbBRE acid counter ion
di spersion can be _acconplished in a variety of ways.

fropethe 602 serfaceis Wells repstipn wiithithe gtananln aongpanthed the particles

B S S e N SR g
ex arrpl e, Themirfex ynodifisdapandes caﬁttl'ﬂe’iﬂﬁl incorp&atednafhe curable
10 N, N-di net hyl acet am de and

|
1651 tvﬁg}suszn%@i?%ﬁi fPRRSHEd apReetoosobvmny exshaegaprepadarris utilized
W‘h@ﬁ:lby ! feh hid a{dﬁe@fto {8 %léﬁ%{{ rﬁ& pﬁ@ﬁp dif %ilggffxﬁg? PliSo Rt of the water

as the surface nmo articles
and co-solvent (if used) via evaporation, thus leaving the particles dispersed in the

polyerizable resin. The evaporation step can be accomplished for example, via distillation,
rotary evaporation or oven drying. The surface modified particles can also be extracted

into a water immiscible solvent followed by solvent exchange, if so desired.
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m xture conprising the inorganic sol and surface
nodi fyi ng agents is subsequently reacted at room or
wanowslevased tenperature, with or w thout m Xxi RQT/USEN04/029603
one nethod, the m xture can be reacted at about 85
degree C for about 24 hours, resulting in the surface
nodi fied 15 sol. |n a anot her nmet hod, where netal
oxi des ar ALERfAEY. FBefhe] method for digorparating tasweace rosdified
I a t

"SORIRGRL 8} 08 FRR-REIELARL Ay NG 0! PERE SRR Plkicie nto
zspcrvﬁctec efotiveted by ﬂtel addltmh otf ﬁﬁ: rhdawaterdil &lto Sidhethe particles are

tenperature. The

r ef er, alﬂ% t akes
Stersstie éﬂﬁ%?ﬁﬁ P?fgC% Rerpogompkihed yigopentional means
RRSIERA tBY ?ﬂtéﬁﬁ‘ d8¢h a2 90130% hilbfe, G&Hﬁ g%? ﬁ}g‘ra?/ %gﬁf&%
der

conditions.” I n one case ne silanes’ a
ac:| d condid p@nbmfamn of swfatatvodifpeg agehtobant bensefilt wherein at least

3508 el it BB b b o HADLs e bR resin. For
dxbﬁ RC 1@ poBiidrBind QfBup E&088 dthemiE4lR lﬁiéﬁﬁlﬁe{%@d &Sa WRlib f@Rtion

reactlon with the silane. In a one nethod
syhiieet telring opgpiag pplqu@zatmred%n ctbmemqellxdmmawe@ polyndrizing group

r 25. The surf ce .. .
c%ﬁ@?,ff?}e %fj«m{é)rl?l n 2 e ate gﬂ% ga(te? » oK &ng SLoNR. m«amtfHJéctmnal
geoupadubfect foaﬁigrbpenm\ga}fouﬁn@zﬁﬁ@lh SéiRrallytodtaRisef led%érsgkom such as
aspect,. a solvent exchange procedure is utilized

W&% BuLfunos nftEageR, ang piefgeliv 3 trabstadiragcoRiRining e ygen such as
%#)omﬁé" | oned by renoval of the water and co-sol vent

? used) via evaporation, thus |eaving the particles

di sper Sed Tihe optieal filey or ntablseuctesi mayeil'bﬁl ey fopmed lofiNa wide

st.e an be acconpl i she r exa , via . ) )

V&’fl%‘g q% PebsHC maé%n}%rl SRSy n%@l &mwgd}f pebarerigrpatggal described

hERen. Sif 86er SRS ﬂoﬁﬁ%cf’EBﬁﬂ %}?ﬁd&?&‘i REIQidEm S8t 1@9}1199ding

into a water | mm sci ent | owe yso
neopohengsich a$ high indesi afeefraction \WOADEH/1 82 G@dmers, halogenated
PCT/ US200 t21296OEIAI t.er natfl §|‘¥ anot her net hg{(rzl1 f or
THINOBIER PAY PIHGT TR hLghvindeo b tipqtion dnonomfas &t 4 £ne¥n iy the art.

SebGopelaniRs, 1Z8P£. NS uls6RAYS) 4/¢§1 Are 4CHM039 afdilm 339, all
nodi fied particies into a powd foll
inceenarptedh by refeteace kasein. e éhwl@uess ¢ftthS\Mptle¢1 Otr macro structured layer

CREPE sChe Tl Br o8L3RB1S00 TEadixbng step in this

can acconplis Ventional means 5

suitabl e Softaﬁlhpo@rffehe MRsiriU Horabthe lopfic %8 ARk, su@d¥@ied layer
dryl or spray dr ng A conbi nati on of surface
eftgﬁ: hy- -a@émeglz ectyelercpylate\id/oe methaeryilata sronomees. A

sﬁ’&ab&é1 Fes ﬁ Sub ol?msﬂ%ﬁtlkgmlt ofl B%%lﬁ&%(ﬁ%ﬁlyﬁ%ﬁf)&%ﬁle& phenyl

enabl’ I'n exa
agtylayemmzﬂqargygtaa(le;g ctbmdtbeomds-lzyﬂeerbuqa bhehyl aaglas)as 8@tG1 styrene

func bject to ring op
é‘ﬁéﬁ%f%}n& e,RHX)é Ky ?,@aﬁ’l}epo apré(?aéqj and a hexa-functional
aﬁ%axl%&étﬁarﬁgmgnﬁe Bhé&n&aﬂs Bcrib i ‘U@g&{t@m 6335 Yisat €

or methacryl at'e, or vinyl group. unctionhal”’
icorporated herein by reference.

While most types of energy polymerizable telechelic monomers and
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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group subject to ring opening polynerization generally
contains a heteroatom such as oxygen, sulfur or

waioesogen3 and preferably a 3-nenbered ring coORC&iUS200¢/029603

oxygen such as an epoxi de. The optical |ayer or
m cro-structured | ayer can be forned froma w de 15
variety of polynmeric material including the partial

nmp@tsim@m@fgepmfsrm ¢bgained- eR¢aat1V®é1§mtskﬁe@l typicatlginmonoT hi éi-
RGP P RS 5R 50, Sk SRSt r Bl SR yBogys0s co-

o1¢f SR 2, BR-LBBIIR-283, whats&-mmme fildad O eMAreTh., Exton, PA.
nmonomers, and ot her such hi gh i ndex of refraction

Reasibreatilients wifhaefzagivg indexigiententhan 1.6adikerR-3%anp lee preferred.
Cg g?g‘fﬁg%%at&%ﬁﬁa Pé%l%ﬁlsdﬂgﬁose %Vl&léﬁ%ﬁﬁ Fe%rafzévegﬂlae)p 3 algcpﬁiseﬁll The

I'ncorporate y fererence ’her
oligemtii misteeiabcontritihéssbubipbiptival aral duraisde pr@%ftw@ tt@lﬂed:ured
| ayer.. can he in the range of  about, t. 0, about

caprgfien Brniea peefuligpmsts @4%@0}%@98 qnds clude Q}}Bﬂ?e AfN-104,
CN-11% Qfl@i%feﬁt FeeNL BRCTN- lf&'dikﬂ?mﬁ@o CN-972, CN-973A80, CN-

u.v.-pol ymeri zed products of acrylate an
ot aivalabld fatre SadomaeCs., EXtonski tiad Ebeargk16G08] 320008201, 3302, 3605,

O BT R SIPTmanS 0238 Bl RBbuBeR hotaet gvaifeble from

Stubfasb Spetiaficdi R, BAS ecddidnally PHRRM- fidefi¥hA bRkslirker can be used
nethyl styrene ~nonomer, a brom nated epox

telpehievypl aadusable, higteerossfisk iyisitisoyipasits maimic. dxamples of multi-

ARG e ST R oSSR MR s 3

av a0l Satomer €bNERWn| BAehe PETA-MNPEEIARSd TMHIES Nodvailable
ener gy polynerlzable tel echel i ¢ nonomers and 30
JmceSrapialtigs SIUMa§FAL he present inventi on,

acryl at es \pg }ﬁ RffctRd glftﬁ ﬂo‘z?gebF’ ELPSGel H&Eélfnkn{go%@nﬁs to increase

reactivity. The po ynerl e conp Gsition can

tiid ginmhitadsivios caspeirytuitervdthd oljaey thetfreslgh fidmathegiolymerizing of the
bubbl es do not _hecone entrapped in the conposition

d
pplyaierizpie pemposisond rgpass (ppvgan SEnCHsYeEAr 9@@@@1&3 by methods
1dIbwh S e Uet Uch of ?ﬂﬂ‘&feﬁﬂ at?ﬁﬁ%bﬁfgﬁa eﬁﬁg emgadlat@&lb%c or

are typically nono- or rs such

ESRaﬁBQMe@RnBﬁBAnSRsﬁ?Whe ﬁﬂyﬁ@ﬁc c@Rpddiion GR- ‘tﬁa(l:ﬁicssmiked

Qi EYidos Ao B BT S L BREGT RRAS C
refracti vesddodes c%ﬁ@élﬁénstcaﬁ‘ﬁa@e PReltineRineihad @bel&aﬁp&l’c 50°C

preferred. 5 Aigoneric materials, particularly those
Tive ntpngh ccvremsstmn cpa beradisid @rreora |t@;fopmt@fm | Morpraer compositions

c%b %‘ﬂegnﬁﬁ%per e?tg)%?t%éebrualg g 1%%&19 i %heth&ﬁdpl cal
usef ul ol iBgemPles offiiAbis GRRTe 6rgbh1erp@ﬁommj ardeofifolady,
CN-104, CN-115, CN-116, ON-117, CN-118, ON 119,

ngnga?gp"gg cm@Rpgpﬁg accz}\h@;dg;\gwdra@pes mercapto compounds pyrylium

compounds, imidazoles, chlorotriazines, benzoin, benzoin alkyl 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
1173, DAROCUR 4265, IRGACURE 651, IRGACURE 1800, IRGACURE 369,
IRGACURE 1700, and IRGACURE 907, IRGACURE 819. Phosphine oxide derivatives
include LUCIRIN TPO, which is 2.4,6-trimethylbenzoy diphenyl phosphine oxide,
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975 avail able from Sartonmer Co., Exton, PA and Ebecryl

1608, 3200, 3201, 3302, 3605, 10 3700, 3701, 608,
weRNsEeRY, 220, 9220, 4827, 4849, 6602, 6700- POT/US2004/029603

avai l able from Surface Specialties, Snyrna, GA

Additionally, a nulti-functional crosslinker can be

used to achieve a durable gh crosslink density

2atide from BabF Qhaféitﬁ{%l(ésA@hommtor qanrhstuisechat a concentration of

TPOTESS 10 Ref G f Bl 03 ol o,
Ext on, PA "ﬂrmboﬂ%&ifdhzléblel%ﬁﬂﬂpéslaﬁﬁis ddybedNepsiR ichillk@ cdirain one or

from,_Surface Speci alties, GA. Multi-functional
RYR SiEF Sselicopepaneala sk 36?’6%? iRPIRieFigted Gythasetod skill in the art, can

t r
KRR 5B SR8 H00 IRSIAL, B vt
qooipgbmapn zabinelude npcn ef morrsurfibtenty) @ gments Affidrs, ipohymerization

BBTSS Rolo SR A L S At AL POl ARGt e
Hhﬁit@@a%clﬁﬂec?ﬂ ADONRN 5o WRGH @Q lefrBdti 3/%”8 u f LiSnts llikfh as

t{)ol ymeric conposition can be crosslinke I cl ent
rqsitfesteets gagbainsludedimsthe polymeemd:dc atmpesitidrato reduce surface

reater than ns can hav
HEFE: Repode RetPiesand L IBER e DR bRt e AbRs her
c oerOSI t i ofheqRMynR&izableicBikiptsifibn E406D foBABRE B Bard resin. The term
mer conpositions can be polynerized by

b@ﬁ\r@m Has thatdle yegeliiag polysiey edrbissan Qifhﬂgﬁlph etlerealosf less than
56’8?'16'0?30 Qf 263k 14 8t 95&&1{1%%9%\/@118&%@ &cor&’mé ?%%h%%@ W15 s82-01

oun qul ni nes ro co

plrguédamo &S harderesia poiyne afzo ¢adl smbry éyéﬂsilﬂmo@ﬁlﬁp 00 Beater than 100
I m dazol @s, chlorotriazines, nzoi n, benzoin al

KpHOROR ] ok AR TUSD vl HRRG Msard b A A TN D-855151 procedure
Commer ci alg . g?ﬁ@illtlﬂgl‘ @arp&lﬁatcﬁg @i)ﬁth@cttﬂé ﬁas'elnéz}) Fglel? %chally aligned

not limte ose aval e commerc
tCillsdbaGelayyr, amtlem behef atsizzdshage 8i1(§th&'ﬁkin63’58all@ﬁzﬁ?i§?ﬂﬂ8 ogfical layer to

4205, | E 651, | RGACURE 1800,
1173 DARC%J %&é@m opgﬁe& lqwmegﬁucmred or micro-

s!n‘ﬂ%@d’@ﬁrfﬁcjegchat%aﬁ %@Jﬂé ﬁgv ez Iﬁ%é%f us%mmaﬁemg 9&&&&% d below and
LUCI RIN TPO, whi ch -trinmethyl benzoy di phen ?

shoiws phﬁhn EIGWRES, an@mmw dmemsrolmmmwt‘a@a 9&0’@6 a plurality

vai BASF rlott t itiat
oK@ o R SO el oo agphet gbuRIB o i These ridges

ceb@Rrmpe Foend pRkalRPeFridha dpdxes STHERE gﬁéxe@ @arpsél@harpw&mded or
pol ymeri zabl e conposi tions descri bed herein can al'so

ﬂ@%@ft@ém tiypeatet Thase inchidesegwigren iregdanpsismatic pattrans caade an

RP D& ﬂ.l X hps Fﬁe} SR
aigﬁLLe IS g% P'ial f rg,uag b% cotft? Stte% ﬁ J)theﬂgltétll r%nl’c)':_ogf;jll'uc‘cure. A
ueefa]mpioeostmbmrepm |a)tﬁ§ﬂar21ﬁﬁhﬁt16 pamﬁ itdt 0ih £ As b I&sthl%dﬁlt@ﬁﬁ

cH F rfactan% gments, fillers, polynerization
reflecting film for use as a nghtness 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
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, 1.e. a product designed to control the flow of light. Almost any material

14



10

15

20

25

30

i nhibitors, antioxidants, anti-static agents, and

ot her possible ingredients. Such conponents can be
wonaelswde™si n anounts known to be effective. SupCamiSamu9829603

such as fluorosurfactants can be included in the

polynerizable conposition to reduce surface 10

t ensi on nmprove wetting, allow snoother coating and

FBRRE NS%%M brge anstesial as lomgas fheIngatenial zatiitBcionspenticallp plear and is
20 TE LT B Ul o TR0 L B gt poduce

/& besegattedal cah bbckakn ¢fat hmﬂﬁcﬁeﬁt reéi@ar&re té-En@feratlreQind 4Qing that
or_ 10 or per cent when, eval uated accordi.ng to the

DREPRNEICS ﬂg‘flol’“ﬁi"ldlf%‘a’&? i not RRMPRIESIIYCh B yrer al so

can exhi bi §

kpsi (6.8 91; 1 p a?g acﬁ I?R\Atl:é e0 n%eo\g% oggtﬁ g glg%gs? (gf tﬁg 9%s]e§natena1 for
any e pASH Ipk ddhu8 B&mn3ibp prdometiia rejuireihieats of thequtlduéateiptlcai product that is

directl base Ia or be ptical

Hembaucial Het isaBarcagihe Bl iSEsrepetb bty idaperature

8RR cANF A bR BE TN SEh QW ik 6ﬂ%f%a1°19§ércﬁjnoﬁ fibrs! O

di rect or concentrate the fl ow of e opti cal

| ayer can Usgid basesmatedals isdudsy fommmples&tyram amrehbmtnle cellulose
er_.of

a%&r {eab f%aéeélgﬁog? Pk Bpitsn Bl e Sogther sufone,
Purcthife, PoBleStes ?bg@hﬂﬁbﬁﬁe ?M}f\ﬁﬁﬁ chffide,

pI ur aI [ ty par al | el | ongi nal
@J&S@ﬁm%golaptaﬁ nanmﬂgaﬂﬁe,@ppmrs @fblende bﬁseldmn nppbthalene
0 i S
(ﬁaéggt)%)e hc g)% gf gélggoq%igr% l%nﬁg%rp%lld %lusn S O&Rfonaﬁgf, the base material
chh a(bﬁtemedlxaﬂest crrwbﬁﬁirfaﬁons'l' bhescimatritde heginiodidfient, the base may
|rn§ﬁglar rismati c patterns can be an, annul ar
BIEChAPRY FRntain & dispersed plase geperded o dispatpedithpgontinuous
gaticular mcrostructure. A 25 useful mcrostructure
IS a regular prismatic pattern that can act as a
total |y i oesora¢ optical predudtsn guchids mitostrusered®adng products such as,

18 el HaefiRe rahaooept s PRI R b paferals nclude
pbRAthykae tég@;lghtﬁaﬁat@ (PETY Qi iy @fFonRg. ﬁE‘xlaﬁHbl%E oBLETRIVET Blms

use as ecting film Amother useful "m crostructure
mcéudﬁ @ot@ﬁelmlm}d@mﬁempI@thalawmlé MEBEBNEX™ BT iagailable from

opti cal display. Another useful
c£§g®P 8{ﬁp%ﬂpgo aIg‘rﬂlsmatic 30 pattern that can act
as an opt lS@ﬁie Hal;’elr nbfReakichib®bptedaBirative] &id skmeact Bs fdlarizing

optl cal iﬂ'ﬂg The base | ayer can be of a nature
PIof besasi alpe eeferend tesbéreillha%\fr'hhnsdﬁtsllbﬁtates are known in

ﬂ%][é}ﬁf’dﬁltﬁro&%? g? Be Qs%?lﬁtats g?ﬁg?ﬁ%%%%% %l%@% of 1% through a

ﬁBﬁTE.éiaJBa @ﬂﬂrﬁﬂ@ﬁé)ﬁ fora:BIal’ﬁpleuls}emeaﬁclasmasmm&bw podrizass in a film
is sufficiently optically clear

|
mgfathl Bt sq ?qﬁlg?fyfarélﬁcﬁbs E%SF’@HdlgEh oright Rdariration sgh¥sebe achieved by
1ﬂc‘1\§d?r1§fno%§°aﬁg: Mﬁt%ﬁélg siEthPRali gl%dh filca Qﬁli)b 19}1 Qrd%g&?ﬁnuouéb‘phase

base material can be chose I cl ent
dISB snsgt witbia a @ntisnpsfityswehas dr@dptn gf 1igtd tmodnéatihg igeitoeystals
d1sperse Wﬁﬁltnl acc%lntlgﬁo%%lfﬁrtn IASs ar;loa ternat e a 11%1egan \éeprreg allrggle from
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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5 The particul ar chem cal conposition and thickness of
the base material for any optical product can depend

wonodshesmdequi rements of the particul ar opti cal PoTAS®Y/ 029603

that is being constructed. That is, balancing the
needs for strength, clarity, tenperature resistance,
surface energy, adherence to the optical |ayer, anong

ot hers. Usramples-af@olmizang fHms ingluda fhese desprikoddngl.8, Pat. Nos.
SR o o S SRt AR S
thasle}midmer ﬁhhsfmmembnranbiy wethhytri ghtertebaerthyh@dngant film has been

ol | yest e ol ycar bonat ol yvi nyl
Sefontidn U8 o e S 96 DR p R iR Bareit 2.
copol ymer sa g&colh 8R 1@%? gdo ﬁg fggﬂ?ﬁﬂﬁé’&aﬁbe used L gs abase c are those

di car boxyl i c aci ds pol ycyc pol yi e
fiimaslescried i, IPW Noh6,88235934 moenctarporawdmemmbymference Films

res or ¢ ese terlals
St FemPer R A0 il ieder e said FBE Y8 Bide fsifhigion DBEF
(DAl Biightdesd m&r&ﬁ@nmﬁﬁﬁﬁ&ﬂwnq*ﬁguwof%apﬁﬁﬁﬁ er g oBrizing
continuous phase. For some optical products suc S

Qﬂtléﬁld?ﬂtnrm@thmgbﬁﬁwnhﬁ@ceme@ﬁ fibn bashach dessribed or Usk Rap No,
exanpl es of preferred

n
%gaisggzwr?h erl a s&ﬂﬁ%&g&w%ﬁqwgt hyl ene terephthal ate
(PET) and Thid ¥ af baveahferidiX Rmot escl@ivd)sed s wiEde i}iﬂréﬁfated by

i ncl ude phot ograde pol yet hyl ene t er epht hal at e ‘and
ﬁ@@l éS@LIJlIW ﬁ%ﬂrw er a%lagzmg and %%%hxlzmg l%ulms edn also be useful as the

pMéd 35k ﬁ&tog)@laalﬁgduc@dﬁh@ﬂﬁl L el l§as lsopak be ngémed with

active an act as polarizing rra S
ao nhabersqf omlhezr(ﬁhmeﬁmﬂudmg tfor dxampid) pelaritink f#meto form multllayer

ubstrate the optical product art to
SEECtiss ¢h Sta ﬁfﬂqu*p@ﬂ??éts artes) capémcémdeztaweomn@fdescnbed in
b4.8 !
L i s 0 PN 1 e

cfil klso dependionghe atoare-dessribed recquirgmatits of e gpaisaliprgdicit.ght .

Li ght pol arization can, al o be a ved b inc di ng

i nor gani c%ﬁﬁ?zbg? fné‘frgs@lfgﬁe SaTHg adﬁ@ ?ﬁ“ﬂ%f %W‘P mk?y"aélety of
fokinSsC R tidiMpOMSse R a ééh%@@f ﬁ%a\f\ﬂng tﬁbE‘ atl &%B{résa&%ent to produce

film such as droplets of |ight nodul ating Ii
adeigly mternalgelensing ddmyi Athexampleofsuch a dilis if & bnghmsssmhancmg film

VP 08k S bl RGP uRERR s TP TS Y ot
haed I&I’cﬂeﬁissin wihidh the tipearfd grobeamrdeot sﬁ\llnh&&ﬁﬁl | Bk&ingles of
pol ari zi n%60r| entation, for exanp y enpl oyi ng

ORI BeNingEaTticles wicEHi @ngw@e$s| emh@ncmoﬁlmwe described by U.S.

PG RO S A b ) e

poI ar i Z| n@cﬁmrldn‘g to rlodsel pletemh,(}smlcdmmbtulﬁ@‘dearmgirf&le Pat be prepared
543 and each of ~which are

57 120,
brf ﬁ&%fiﬂm Z@Gmﬁéh%%tﬁpw (S)eI?rél?aéW@é‘ pofyraerizeblegomposition; (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
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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these polarizer filnms in conmbination wth a brightness
enhancenent filmhas been described in U S. Pat. No.

w60 2005126086, i ncorporated by reference herein. BCAUS2004/029603

second exanple of a polarizing filmthat can be used

as a base are those filnms described in U S. Pat. No.
5,882,774, also incorporated herein by reference.

I prface\aaprextihat pepriibeledtaiempvalaf theeolymiprizddayaterisli froms the

G REBereles HBAR & ahe B iy Joposgpoty goved

hm%m chrplyedimplat ®rthe hdlding poceldesdriberl iU, PaicghNaes, 691 846 which
.enhancenent film has heen described in U S. Pat.
1§ gregrpgsaicdimprefyraacsHisEiat dhe mireisHUgyeratiele emdmgm the invention

éah b fQindAasisn g@%@fﬂ@@fo&s@ ot ﬁm@ésﬂéa A gthas[ﬁgh as f;gﬂeéryémple, 5, 10,

be appreciate
196) H)(]Ozmetgrsammcmem pol ari zi ng films can al so be usef ul
as the bage t he pt| r.oduct s .of the
i nventi on. kb%f%‘@ g??l dgin @pplig3toRyRRsmEluR#bl¢micro-

sBOYtuRudriIgY 1n9[fudf?1§ghfo? ekthpre, Br[];jt?lltriégé Sfhanfifh f8HE ”’Ph@struc/ta\ure of these

olarizing fil to form [ ayer 15 Structures
g bmgfgmessﬁnmamglﬁima cabms kiderratvdde mdricty afmioroistrdetured films

shO 86 R RN SATH 0. Sretip Lty S5 B 7S patent

MRS 19353M, BlSS PaRePe b, 280,0d3e a@pg\sem@:ﬁmbb@gsé 391, all incorporated
reqU|renents of the optlcal product. Durab

byirelfessice herei e- bearlng articles can be constructed in

o "2l t or nat PaskPigEa gL HER08 L UGRR AL 8 1 LT inctudes

aZﬂlgatrIeﬁﬁ @ihbiycentdne fifall 1 b€ tHegeédenigntédtivn thid cex Bﬂpbﬁtl&ﬁed between
ht ness enhanci ng fil m havi ng

ﬂfdg‘%meg ) Ifﬂlééné i}avﬁg?ggﬁtd@p}w&@n% Mnélihegb@akhtthqysd ‘e‘ibfﬁal display can
| t
at%%gﬂétllﬁ%g \;%k Sl sR1A6R fﬁﬁres&%ypapﬁggall.&ﬁ@lgﬁg ! ge\’gérglgbnsportmg

grooves are not synmme
lightcfoo sdffentdutosyalod thei lingidaerystall displaysenel 14 and nivghiteref&tor 20 for

rERa8 b indonaRbbe BG4 R A Rla B3t Wik CerEpea wtencement
fanai d%llﬁﬁaté@ﬁﬁ{t Qhfifed @én@l‘fé:ﬁ’% BRI 118 tﬁ&@@}%ﬂ@%ﬁﬁﬂ% the b:'hghtness

m crostructure-bearing article”can be preépar
oﬁﬂteﬂtmnd erytalddispjay p:mebizép"ghmlﬁlcl(eagedmr@mesmglahles a sharper image to

oBBroEN SERediatB B SRmdisatith! BB s e it g he tight source 16

toTbEfedEEddU6 kb Rde ABEIGEBEbrighihEBC The Bn%l&’tn@s@‘%ﬂﬁénc@ﬁh%ﬁﬂ ffim 11 in the
sufficient to fill the cavities of t mast er

bghlit ligyidiorestal dispilayiie ysqul irgqiipgent syehds edmpuier dlSPIays (laptop

d%ﬁ ?ﬁﬁd &ﬁgélg?r%g@%% ? ngg%ns\g?ﬁ%r%gﬁ 6] Of ngﬂe gﬁ?%mug}%tmn
dévipess hisridhgldtdeeiceo (ROl Iphoit, PDY), altsbbile & avdéhic instrument

allic, such as nickel, nickel-plated ¢ er_or
5pises, g B e, FRPTasoniEh BY RefioRss sherape & MBI shows an edge

AL S TR 0 AR v 1 s

as, for example, as used in transmissive LCD televisions.

The brightness enhancement film 11 includes an array of prisms typified by
prisms 22, 24, 26, and 28, as illustrated in FIG. 2. Each 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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has a surface energy that permts clean renoval of the
pol ynerized material fromthe nmaster. The particul ar
worbismde9sed to create the mcrostructure topogCapisgn04/029603
described herein can be simlar to the nolding
process described in U S. Patent No. 5,691,846 which
is incorporated by reference herein. The
oy achody porticat r thatdvas dirg sadfacsr 36 orgwhich tieeprisavseart fames and a

can ,be for nuo roc at ifed

SR eRrTRGT Gat s PsmRaT P ST pladgh At ot BG Gtan
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andu ehsgpf mpnufagiure xByrpight prwns@mtm@gwéhﬂi drrcaney angledsis
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771,328, U. S. Pat ent No. 5,917,664, U.S. Pat ent
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&neé dimen i
Fhereasey gl‘l g%“f ness enabl es a sharper inmage to

b e p r oduc @@fdping REFIG. githereCik Yifisathted iagOpragenpaive lcr()%ﬁl-@ectlon ofa
al | ows the govver of the |ight source 16 to bhe re

ed
PPEI08:9% @ue emhodigieatefan apticalialsraens or ek direrting Al SThe fifm 130
%{*@p SN i Mhrthdd MBolehalal ogp&é%g&m&dr d bk 438 bdihcludes a

s usef In e suc as conp

pilirsijtl @y suHstmpakbjohnﬂﬂymb(&yldmglmsmmi@mms 13@n}Eztohrrm)sm element 136
t el evi si.on o record ¢conmuni
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reSented nce character 21. _
stEifees 13&,H<3\‘&)sofairij wdgemsm dlerggrds é%ﬁ intersacttoufiode rdineady extending

t hat .t hti.n st em.caoul d ectl t.i t i
S o et PSR R e s P Ao g inedral
ah&P dbBhRMy5the @ﬁsmEB@x [V ] ﬁl@&sﬂ@s‘%f‘a ﬁﬁ&@@@@tdé deB)hbdvever it will
i ncl udes an array pri snms ﬁ i ed 30 prisns 22,
be appregated fapt Je exagt mq:asur@tqfélnee%t ¢dya e 12 thisga ofher empodiments
rst facet 30
a%&)eg)%g%onna C?ace eﬂ%@%ﬁ %&c%@%%teﬁ 26, and 28
can be fomiedtrdctured 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

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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WD 2005/ 026793 PCT/ US2004/ 029603 on a body portion 34
that has a first surface 36 on which the prisns are

wéanomdeand a second surface 38 that is subst aariuakdoy/029603

flat or planar and opposite the first surface. A
l'inear array of regular right prisms can provide both

optical performance and ease of manufacture. By right

1St grApVes of the stecived swaacer méwa@ébyah@eé lnei1895In the embodiment
I lsq.r

11"}1955%{5188)?' ﬁgg{I@[ %//, tggsl%o%figlgﬁﬂ efbiz I gtr% rﬂ&ggrre & ﬁrr%&rg?telygi& 1¥ncrons in

vihﬂt'h anf@ppximaelyddsahiraeda height, bﬁsamd&ﬂfrbﬁlaiash@ﬂﬁlet 138, while the
prlsrrs may be tilted with respect to each other.
ﬁﬂéﬁrtpﬁémrﬁé«?@ent% PEASUES AR QHERTCH HorieeRs OREdapEEsinely 26
ronts %Pélg%ﬂnﬁf%%ﬁﬁeo il 2 vﬁaclpﬂlcfuia@ 'tacﬂgf' pJf1§rf1%?etments can
crl I ca esirable to use nner
mgastrewetweedebbuteldminros and Hah&ronkh&ha m&gﬂm dfilad zdnbevhich includes
ets can f rn1mnth t he, surface 10 38 if the facets
5\% r%maenﬁ aeaaléaoteéwcwéean PRSARES ety pens2 O gicgons and 4000
RHnd. l&ﬁ&ﬁéf ,%19(%{3%96&19161?5&5 %emftsﬁ&té%f n"sﬁeelérﬁ&ﬁé c@bd AGeast as

angl e he apex. FIGS rate
widp ae@e mam piellentysdi elemerys. oft vallcberappnewateddury dngrof ardinary skill in

eIe ted that t
P R vt B 4R et U e s o5 oingended to imit
thd )& obé 3EHe grés@ﬁt ifivdntioh URSHe:eHipl A ¢ie heigiilof Wi(’lﬂd of the prism elements
exaggerate for illustrative purposes. 15

redyrist shaegadowition prasticde Hmats—-is Il%préﬁtcabbﬁo m?@hma @recise prisms in

r&%&p gxtends ?g %;D 8‘{ aboWP h%l%@ ::[% 2 ctut 5@? alcrgns (E)f gorllaély, the dihedral

anples glaly b etargzed @p t}eqﬁmhﬁdmymay boEReS &ﬁdchﬁﬂe @fdegired optical effect.
portion of one enbodi pent of an optical el ement or

| | ght dir &Fl"\‘iﬂg qfjths ﬁthéof!elclaﬂb?L%S thap abeigeldO4o BPP gricrons.
% g al $rewAille 8%? i aﬁ@mﬁﬁ E#écﬁag Rficai ﬁ@?ﬁmjg%%all variations

I ncl udes” a Ity of substanti
ih theéaﬂehgat}eoﬁlghdwhg:hmccwnn edgioresriess thdtabobb200 thOQ Microns in
t 136

o Wite i B idtn o ffisy <ol Bureghoeqis ens g apag gt 1o 300
Iﬁl@r(’ﬁ@fdnp gﬁ&ﬁ cB&Mhg v@l{lcﬁ"ﬂﬁ§ odé7 i9hid DsheRt h%e%cm the human

‘Thé otton1edges of side surfaces 138
6ael}llaifen0rrmllvs¢w19gem1u@8136 intersect to forma

linearly tending. .groove 144 betwee ismele S. .

n"the antoureine SERHRd e b FEGRATRT A varving

tZh gl o€ oflebi MEkk gatent ElemBYits 81Bh3 RS Xindet 2xRBRWIrEe alternating zones
approxi mately 90 degrees, however it wll be

vy iseiude pertionsef prien elgments hewisg peaksidispheeddit verieg heights above
aﬁﬂy%r&é&é?%% ot her enbodi ments nmay be varied in

ACcor dance W esired optical parameters. The
st ruct ur e#IGL4 flnsRatdShotticr binbodihdft oPfie bptice skhidaeenilr to FIG.

TRCE NI RICA S -
55 L N 5L B 41
16@nihwh dikt thexampidimeft dapicteriim R1G .6, ¢reetalter prisaneementtlheits the
pﬁ}lls?ga? proximity of a second sheet of film to structured surface 152, thereby reducing
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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whi ch contains first surface 132; another is the plane
defined by the bottomof the |ower 18 WO 2005/ 026793

wWOeCH5Wse2084/ 029603 nost grooves of the struct uPed/US2004/029603

surface, indicated by dashed line 139. In the
enbodi ment illustrated in FIG 3, the shorter prism
el ements neasure approximately 50 mcrons in wdth

‘s naigprissitlhaaiéicy theoptival perfermanchef tjmﬁlmnﬁ@émes thafyberndesirable
i3eReH cbinBfrddtire 1{2}1?%68h iegl;wglﬁé&lr Vﬁd{h&'}lﬁezgﬁgg? Eaﬁer prism

nmeasur e appr oxi na
cAaNeX EaTedspondiRdy Eedm:esrtﬁa sbility d¥ei ghian ebBeo wetdéthih®findsNe the film
zone V\:thh i ncludes the taller prismelenents can

e pydhe IR RIS IR BISTRENME. i cron and 300 microns. The
width of the EQQz?rep{:@ %Céé(ldg%%e oftaﬁgtﬁpa{%&[lm%ﬁf Sth ptlcal
tical

el ements i's not cr n nmeasures
abdngent ms whicll tHOOOm alienients sre dppradimagiyvihe sand side beidre tah‘@nged ina

G g B o p e he Bk 460 Brrdriehint 1S infesefinst

BHBELII22HnA Gn Y
st hateelt\Gh Zelnar 0. Cp@ﬂé’?e %Ifug?fégd ?ﬁfal)(::cla 364 ﬂclddﬂql_%'cp%%‘ﬁt?ﬁf substantially

limganmpisar slemants il §6.nBachi prisenelenentdiak pppdsing lh‘ered fapee 168, 168' which

P ROk S0 ARG 1SR cene by

oppédig Liedkhleadds 6B SH68I fnchsardala ?ﬁltob(ﬁﬁlﬁa? JOUBREE | Hletlns embodiment
ﬁge0|se pri sms |n ranges extendi rom about

kighest posapBay bo oensilessdontist m. adiacen prisme may be considered a

I or. .t he
sBRPp L o BAA 55 A Yoot R B bl 20 87308 nifbms
WI dth of 6. § iltstratzon ﬁlrthaflelhbodlﬁﬁﬁt dfharnpibaWlenddtd. The film 180
normal -vi ewm ng condi tions, the

1%.5??1 é{f‘%rélsw éénéjﬁlg o ipdiiptsyripess BAAnd gnopipsing struciuree merface 184,
I AR SSR L ALELAIORGL 1 BRSS9 e
ptibm eldngknits aintdiheprisnr elemeninef varyingdietdd The ftassurbd éxirface

B B it SELEA AL Mo
tROnRYS d8eeinS S RE sﬁ&‘fe?c‘é"o@ Qlecf?lﬁijéatubé?f'l?y thévﬁﬁﬁﬁcﬂ@ éﬁghe height of

hei ght Structured surface may al so be 'I npl enent
thegmipithelemenie. hei ght of one or nor e prlsn1elenents

along its r exte eate anes

St o | noFide s R B SR G eRH riaaG [ sadding o
sélk sROEEF1E! 7 ViSwa 18t dh@lcBfbshanbaN@t fiim CRMBARtCH %@ﬁé@@y% 240,
plane. 25 FIG 4 illustrates another enbodi ment of

agRorqiag fo W dventions | Biighiness enirncemens filsc24ftinelndes & sméstrate 242 and
4 t rface 152 which has a, .

a S%éﬁ%?gﬁgg%trﬁgg al§4§f g#l{):slélié[e?rjéllzzl?n 4 %erpg}'@%/ bf§4poqyes?er material

asegarcatredisirfaca nmal BMbaﬂﬁbe’@ ltrsvioigt-eurb@ béi§Tic Bf b®B? polymeric
el enFélscvtsl% Nuch |i ke the enbodi ment depicted in

Fil HispiRe b PYSHPTETEEmo! SuPRTale 24his ProfRgablscat, but
ccﬂﬂ@ ﬁh\l"@ §tﬁﬁcﬁﬂ'esaas%\?e@ gﬁ% e Htndr b BvS fbdeLdE &51d be used.

surface 152, there y re
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
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

20



10

15

20

25

30

30 the likelihood of a visible wet-out condition. It
has been determ ned that the human eye is sensitive

woaowshaemyes i n facet heights in |ight directi ngCriuSam®4/029603

and that relatively wide zones of taller prism

elements will appear as visible lines on the surface

of afilm Wile this 19 WO 2005/ 026793

Pemaydronsidaed 03haisdbe naleymasasiated With pfifne @46 ahé has a valley angle

ical. perforna of .the fil t he.lines .maybe
Y eBeabfld AT 2RF o £ SFndord] g Vo B G AR 3Gt prism 248 and
Haed &@ilé}gargl@o_ f1dtdeghbs, altBoOuh dhertvalde Eofld ibs Wsed | EARAY Sly,
correspondingly reduces the ability of a human eye to

byightness qnhangemeat filoy 2¢(icrqapes the anpseant by axig drighnessrof a backlight

' . ' ti le .
AL RSt EH ol Rl s ERUFRARL B AR o
Hrightopss chitedeaieRnfiln,due wath phoptiisted chiedtih eliaanngsdizeetiond. The

[e rraQ%ﬁg in a ,repeating stair_step or, ranp :
eg%chgrcﬁr.m © PRI 1560 1RfapAse 3@&14erpf theputeutilight cenes a
first surffac ' t 1 ;
16471 nct Uk g, ST GratE S SPRREh IOt B Ep I flnk 8 Founded
ppismsaperdse Mw tbsighBi6ss dehefreprentarticle 830 Mitatiras a dppibs, base layer 332

R el Rl TR Bt e

12RgB 82 dedirnedhYeat@RPLSINY okﬁfo%'iﬁingﬁ%ﬁﬁﬁifﬁﬁﬁlr%oé@iﬁénts 338. These
measures approximately 90 degrees. I n this enmbodi ment

elameents e be inghe Sorm ofdpuwps'oindhelsuréde mafle p§thesame neatetial as layer

20 i B3 R RS Ruad R BGnaspnas 4
iﬁtﬁ%raﬁﬁ fothiea arith bast (ayeF33d. | Theké péakS a dhitfakbReized by a chord width
enbodi nent of an optical elenment. The film 180 15 ) .
3P sepsssetionsl piteh, wilth 34, sarbies of ourvasire 346.faad soatgmeleridS in which
t ch%P@?ffdtﬂgs eth H%tag&?tdzto?#tf% %?ﬁlegﬁ&*s—se& glcﬁu'téhrafllﬁﬁ}/m%ﬁhe radius
characterized I n tha he ‘'second zone [ I'ncl udes

of elrahtuveis pqedl a6 higout 2p+50%6 0 fthe Bes-Scctiond] Pitol widths Mhe root angle
el ements of varying height. The structured surface
rgst Eewrbont H-E0 degress, 91HEo @heytidskl degkresvitlyEoog angles of about

N Lo L eii Li _ :
BUBBEANGRL DRSBTS
meximert ittendesired opteahpdrfinmande. 20 the prism el enents.

PO o onr P 5 PR Bin RO S S e o
dBEre£Hal BEHS FRIVAVEE eEAditidn| dPhi e e RIcSAdSEMeMad MbdARd colloidal

240, according to the invention. Brightness

napdparitedesenan offs¢tith@lost gate froniale rovadedpmsn ep4lightiekss enhancement
tructured surface material 244. Substrate 242 is can

aég%?rally be a pol yester material 25 and structured

surface NE{@ErI sovddhot@NeBodet dffad\opatA teidibbin® Having flat or
acrylic or other polyneric material discussed herein.

Plamar s ppexes. sTird Rreghitesss enlisgeqaans atticle 439 feptares palxble, base

: S l 1.
1P g £ LB EAMELIO Ry LSABAS e
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
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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Structured surface material 244 has a plurality of
prisnms such as prisns 246, 248, and 250, forned

wohers@aen93 Pri sns 246, 248, and 250 have peaks BERUS2H4/029603

and 30 256, respectively. Al of peaks 252, 254, and
256 have peak or prismangles of preferably 90

%Iﬁ rees, .al though i ncl uded an%:hes in the range 60
%Feg widsh #49 apd griosesectioeal witelh widih 4 hen avhéchaihe flztenedsvidth can

I . i . 250 is a valley
]g€%§MJ§¥P§§§E§%%E¢g%%§&%i%gﬁ%éé%%$3%§ 4/ 029603 258

may be consialkerancthed bdexerattig lighk ey aEgRcHAL @fbyMideldf frustrated
angl e of 70 degrees and

ism 246 and h alle
B} PR gefhigh L LR e Prc g of fusted TR the Siabiamicahas a wedge
. . . f S
44 B8t R B L o iy
rpfl¢agget undid scldening cetieal angle retatP40o ihectop asébotidia saffes enthe

on, axi s -hri ght ness pf backlight 5 by reflecting and

1 E%ﬁ- r?Sw %ﬂ@)'@%ﬂ@@? 1@@? rfa/ﬁg‘rer PR g¥iFacigl prore suceinctly
réRAR 0 Lhe lighGuRtel Ma @hicin ,ﬂg@f,r%ri}?@@ut? ELERS bl LB for
but with the prisns canted In alternating directions.

itipeinating display dewine.i thesetlight ay$ smwst then beturmek sxhstentidily parallel to
ot her

l.ze. of t utput..light. cqne. FEL.G .8 shows a "
oS 0aEh el e bt 818 Aee T pRB RS BriaLS «Crmmtihed
uaip@xeasminglendsd whtilesBn. enhancenent article 330
features a flexible, base |ayer 332 10 having a pair
of opposedlQtrlaedlugmic aipdkmipyion dsviopmnaleding e turning film. The
[ . | . . w.Surface 33 .
SRR cal i 0 el AR Bl nad (g duveble tuming
filine fetursing Bs off hesieg fimeymEedll ifelidderish éthrnfred indkd on an input

%gunps" gn.the sgéfac_ made of the same material as »
syri3rsy and8e inpgf syrzcg idisposedadincest the lighteaideo fTheilighhrays exiting
R i i r 40 . Nt I

PR BOERANS S0 RES 340 o UL G b,
codvamntee therprseustbigtiaress Helredight tiyk atGefid@ed by a $isstsedhdeasTahe prism

itch wdth 344, radius of curvafure 346, and root
stgv]cérﬁlrgs %%garle ﬁef;llﬁﬁeé‘lrpy 3 Wgo?({]%\r cw))[dtgﬁ pp.gméaygqurqs&u(gb@@{ they are
dR6ctdD89 e thrfeh LIRSS BIRLTH! tﬁ’é"@tlisiredl Hﬁ&ti@ngé.g._, Mtaﬁipgltl%garallel toa

radius of curvature is equal to about” 20-50% o
viengagageef thedisblayi t ch wi dth. The root angle ranges

from abou 0-11 es,..;or . f r.om abou 5- 95 .
degr ees, vkmefeﬁj?%%tﬂg gﬁ’eaél lg'ﬁmg’&gﬁ]? Sysg%n éé@ ngﬁdeﬁ aptigglly coupled
a fighf wurced12;ThRglRlsaeRERlecRE S1na RSB Y4 With ah BStput surface
array is selected to 20 maxi m ze the desired opti cal
S Ho rrigrlrsinéase SR andaR SRR B ead nicyh swrdas SBAharedlenton 524

SSRHELES AT U115 O ASHLEBER SO B g
52 doandaitput sarfageei30; & kesnd dphiatdiseting BReas 537 ahd akéMMive
T K L T
ki, SR puep SRR i 18 NGdd 1580 pR¥Vvide 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
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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pl anar prism apexes. The brightness enhancenent
article 430 features a flexible, base I|ayer 432

woaavisnge@aspai r of opposed surfaces 434, 436, beCusto04/029603

which are integrally formed wth base |ayer 432.

Surface 434 features a series of protruding
light-diffusing elenents 438. These el enents may be
Wiaps preundihelight squrest S Bufapsing iadamp eawty: fEeacfleder 1B tables the

lfag}%@yi/éegé 1%n élg% bpe?%%seﬁxﬁétvbﬁglé T?fﬁg{og’g%gdg ; gegﬁla%ﬁgg?a%pggular film

dreaksmbidifionntegral ly forned with base | ayer 432. These
peaks are characterized by 21 WO 2005/ 026793
PCT/ Us2004Vhs2dgegoupled hght drenasaipeframahe inpntisurface 521 toward the

i ) . A . _

PSR, AifneR bl IR Neif ext b6 dfeeyie 516 by

forststerseftthe @RI Aphy confired twithidthetitpdtguids Siednakases its angle of

.exéractin light fro | i ght gui de is by use of .

PGP 28t SRePIanG it PdPEeR Bl F4eHp the Ieggramgle, with

P ETOhoddclS Thid, @tk FdtReTdHpudily 9Bk 84 8& JF %Ecl?odfviﬁg Q@péthsurface 518
d hi ck edge of “the

shape, and light ray$s incident on a thi
aindl giiet ook darfaneds 20 beadusy itiinh@ fomgei gontaisdd lecTRd Thetlight refracting

R0 B et Fhebe ST s et s o detodf Bt reggpor 524

bAREtRvakd Sk lafg"'él/ﬁﬂ]%l%httﬁ‘@ﬁ%}ﬁéuﬁﬂégi@dl“héjﬁrsfrﬁ%}ﬁ redirecting element
succinctly refract fromtihe |ightguide, at a gl anc‘%ng

53A gﬂ aranged peredireqs the laght fays exiting theouipetfsutfaged18 along a direction
4 lumnatin di_spl ay,device.. these Jight rays nust. .
sediall?ifatto St Bl RV bR onhe ekt ot igeotion
iy Betioptibl toaké SutPiit subfacels m@b@ﬁ’wﬂﬁﬁb&&yﬁ)ﬂﬂlﬁbd MIsBMBANEIS to the
usual | ¥q acconplished wusing a turning |lens or turning
opfuppurfaceR18.10- 12 il lustrate an illunination device

i ncl udi ng Is il . i ng:fi N
el ude (A0 SPHUEHIPIC, 11olne i g EeaRil) G2 i o tigh
tfansmissivel uptidal Elrh whetenthe ofifplitgurBcé H3Misngbdtantiill9hlanar and the input

t yr ni dilmtypically includes prismstructures .
SR GhIReR M BB 39 4 BIISTER 05 A0 PR 642 dhersaaad light
R R e bR 118, K SR8 Brigpmess
chlezgsingHdm Bi0h de thesds Brightrkss Enhtapestment Filacgroduce fsoddi i BEFIIT)

th rismstruc s. Th ight ra are refrac . by

oy PR AT e A Mot RoPuenms G Min! The
réfRIcti @ HSIariRY 534 SRGMRANSHErEAGE plyrh&if, BRSS! HAlGRE BRReRI
such that they aré directed by the turning lens or
r¢flactive polatizer ge Siimed witelle filmns the. 39 DiffueReflectivg Pylarizer film

| 1 el 20 .vi ew xks..of the display.
oREREL Pl DRI E AP R ARG PblR-S) BBy Gota as DBER),
bbihcdfwdBch ﬁﬁtakf@iﬂibheyfr&ﬁllk@inﬁélsotaalvﬂiﬂiﬁ% indManhGRchtidp Gmpany.
l'ight source reflector 514; a |ightguide 516 wth an
out put surfighis array §36, gagippikens @ﬁ’&%&@ ag$ 642 gy bagermed with

dﬁ%ﬁ%%ﬁie%éle@ B¢ c&ﬁpaﬁ@@to‘c‘i’tﬁr Je%%@tié%?éi glﬁ)o? Shgrﬁgt Phat ?g, %rism 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
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

23



10

15

20

25

30

adj acent the back surface 520; a first |ight
redirecting elenent 526 with an i nput surface 25 528

wanaasanemsit put surface 530; a second |ight redPCeaiS2Ivg/ 029603

el ement 532; and a reflective polarizer 534. The
i ght gui de 516 nmay be a wedge or a nodification
thereof. As is well known, the purpose of the

pmsgtﬁt@mm@ hased @q@rcbfffsr@et ffrm attgle, dtrihpuidrhedippteciabad tharyirtually
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reflective filmthat WO 2005/ 026793
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ph@lfnlrﬁféh%hl@g‘ﬂs seﬁ%&lﬂ tb 98‘@1&1%6}@‘%& tﬂE gﬂtiélfl IQlﬁ% uéﬂ&g Likewise, the

|'i ght gui de 516. The first |ight _ recting el enment
cBR@rs man ha‘eer@@guhanclusdn pitebt ’Iﬂlh@rllsmgimtayrcaly be exiuictrigat #sshown in

tput surf.ace a{) a dlrectlon substantial ly
G DY brahe peoE SR P bR RaPRESH oot on. The
pr ef er r ed Whigy\hB drrel 596 EHoNh inFG. bphﬁsqrdzsﬁls Ha@mtgfaesynunemc
out put surface 518, but will nore typic e at “sone
almf@l@atm, £ array) of pripnsusuch@s paer S35 showg 1115?11)6(3M‘12|fﬁ1’nﬁd@1 light

%d]n‘ec{l elel!n[eﬁt 526‘ % be%g{f:]c{ el\%}fe%gﬁh I{T{‘éﬁIgﬁgg IH?I? gaé‘lé Iy%g prisms

ans SSlve ere

588, fonlbsimpit) laislangljalﬁaﬁlﬁéqlﬁhd) dnlgts B' mSlllhllaﬁjdfcfr@ﬁgm5 380'iand 542!,
formsd with an array 536 of prisns 8, 540 and 542. '
anglg G bapsauality prele f\eenqr aels la and @raé%E ig gge%aal/wam@sr Pfeangle A,

| S
LN eSS 01 BT a0
dieniandputihgdbol(fal pdecwrﬁlﬁi%ldlah)gle andamlhag the tboldior each cut producing
p%‘qug Sis %:ﬁ%m'\lﬂg B{‘lgrg aggl Ng s%r%%ﬁ? ' hggvevern}% ﬁ’be apprecl?lated that with

the use of a single cutting 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
used and arranged in clusters within the array 536, although as many prism sizes as
necessary to accomplish a modification of the output profile from the lightguide 516 may

be used. One purpose of the prism side angle variation is to spread and add variable
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reflective polarizer 534 may be an inorganic,
pol ynmeric, cholesteric liquid crystal reflective

woab@roeems or film A suitable filmis the 3M BCTfussm4/029603

Refl ective Polarizer film product (sold as DRPF) or
the Specul ar Reflective Polarizer filmproduct (sold
as DBEF), 25 both of which are available from )
apoyREsd atiel power minithvimsiflight wedireqiingshayaany 526.Whehiarying
> 36 [ 5 540 and_ 54. b or ned .
BBt RAS 5,200 400 202 280 E B8 "R Figh b6t sampiing
of gsniaptiti apertieiof itedighpui a)ySvhichhainim&es fon-anf&diticdMYhdBsht
formed with different side angles (angles C and D) )
xHagiehiPIhe BghteuidgPee Rhewrt resmjt is ameflentive migwpzation of the ripple
: , - . a prism
ROl Wb the B A 2P BT RAAS 2, Pe St
of the angdliéslAisarsdhdnatis fiow dialgyam Plussaingbote haked 600 to
prism angle equal to the sumof the angles C and D
dRisrnEe sFTalipco oSt patine nmﬁlﬁﬁgﬁ@réﬁé@aaives POVidRE Sum
A PN 0 R S Do R Y s ol e i 0620,
1RETINaS2D 4 50288068 optidat fiing 638 Y aheasesngrapladiliipofscratch contrast ratios
Kfferent . prismangle,. it should be appreciated that
Qb ey B g PR R FBHE thmy e Uged.
Prisnms 53&he pibrodinsttpdd alfRYe @R a9 niiefosBebtifet Artftle described

common prismangle but with a varied prism
heyeite Nttt areatiorped Gseandeiagcompplished By py ngmbeitodangans. Fin@eneral, to

' . 5 . T [ ' . d
A o5 B B S S R AT oo

td3Batealic ffatetd @NGIIRstrativielet cfapihict&d bt cedatd¥@E scratch includes
toward qr away fnon1the_|i%ht source as illustrated
thuss 194 AV aBgadiug probe Hpg The probe tipegp be dragapd acrpgsrthe

. 4o b o _
T e
fixedyidadof 5@ geat 0 fignpEhimesing greed;| prshetesighddr @bbewbipibwill create a

and ile the array 536 i 10. not shown to have | ke
Sﬁ?ﬁclg?r@ dfffrent Sidthiand g2 fliag ,usglrewala opls Agfaetian rgslisnyhus, the

- Wit 1) L&Y,
oy ReSy ARG I LB R g o

seratich catatipn tosevababe thg duabilion of s medvostsicprredanticle.

Coeh 28" oAhER R i PO g g e or
@ EEEREh ad, & d&ﬁin?[é\, a BIKioBU I'PHel 100kt BRI cEORANIS diffuse 1i %ht source

gradi ent manner fromthe first prismconfiguration to
pravidinga geardmaberting helfo ot figeqten sugh as, Abt exanwlle, wehnera dag capture

' . ' . - \W.Se nner, . simlar to
PR R S Sl TSy B s oo
serhidh teritrdséidtio talohghid RABhRAVE RratdH 640N THetdebctoManer k&atched

el ected to _be smaller than the spatial ripple )
fi f ‘techw ateq sychiha dhe dqtestords getagisswid thersaraechsd fidgin grder to

T egteney. i .
ofy higl\?tvhg Iérneafelgztf%ntr%—# ?%t?{ 't"ﬁ{éé‘ %Ellfrgs?fn ragt?)pdae{gf%%t eﬁé hGfpufted (e,

integnatsg,moemalized| or the like) to determine a maximum contrast ratio 650 for the
scratched film based the contrast ratio data provided by the detector.

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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20 While the array 536 shown in FIG 11 has prisns
having a symmetric configuration, an array of prisns,

weuals/ae9ar ray 536 shown in FIG 12 fornmed i nPCTQgisL004/029603

redirecting element 526", may be used. Referring then

to FIG 12, in the array 536', prisns 538, for

exanpl e, has angle A" unequal to angle B. Sinmlarly

rhensuemicnisghdd (¥ enangh Beige in thadeh sudd thatsnang givah line profile, the

angl e A .and angle D)., . and.angle E is unequal to :

1R R g By oo OB T e g P pnd fnggm noise

foatfres MENerbRr&H WY RAROES ALY t CFI?GOM@ kP8 o ndisBYbMiction scheme to

di anond cutti n%tool of a predetermn ned angl e, and ‘
P

the datp nidealz one Blat stemebareduessmojse duetd lgalized poing defects without

' ' I . ver, it . Wkl .
Rahisf 88 Biu koY EMES oy " Rhpub ity goine 2
dne@limensivhapavesapiangetodwi | | be the same, i.e.,

A+B=C+D=E+F. It is _contenplated that as few as two o
di f f er ent SHRGeARCERSHY s gong diraensional feptare, 3peragiag algmg the direction
AHAREE, ddds ﬁhﬂ%ﬁ&éﬁh@ﬁlﬁﬁhﬁl&@%ﬂ?& #¥ s §f&h #0%9919 l&u’éaﬁrocess
many prismsizes as necessary to acconplish a

efffioclii fell x aitdnomeofinyt Zvdimertsipmt] foatnfdsibecdusothelyhave oglytlanitedesxtent

e B P Scsige JAPAHRE Ol SPRhEaB e Sas e viey 6 spatally
%R PREHIR Rl T LSRRI RO RA s Hé‘\teﬁh@lfessgzg% ie&#jﬁ/ed%@éﬁ’?é'd by the

into the first light Tedirecting el ement
huprapiimgge-pronéssipgmagchamswf prisns 538, 540 and 542

serves to.proyvi de substanti al uni. f orm. Li.ng . of.

The i mput IABE 4T ShAetlgl vt Hing Yo miate ARl Akt Sgnportant

tRA M dVief 48 dite@foh Be tRGamk 8 the seratdha AhBEwWisPIRE k&8tch peak

l'i ghtgui de 516. The net result is an effective

lnmiangeza eiteatet byreing sppiad vBderaceess theduminpnbaptofileldp sample
. C f L.aht guj 16. FLG 13 is .

oG SPGBt Pant Fiocrk PR Pleh ol b Gpodilg'S ovain

ahQccullgtBravenged indhalte oilt vaied for @hdhoindiViiual s@itbiRdsing only one

generally invaolves providing a . mcrostructured .
axpragiag dugaton. {Iheraers, the axeraging algerithae cariey gutsnyliiple angy

yflsFhl Webhaind bl oie iBicAGREEAC AR B et Brofile for
cich. 6An thabighdse scraieh eomrast ragioaahmxalkeulatesldoatach scratch is recorded.
coptrast. ratio 650. The microstructured article can be
%ﬁi}mﬁ Leeisieel ey 41%%@@5;% diEretions 1ddPrerding: (e Rk
cGhER 108 82 ch 3% aRE, WE SRRLIrs&bL NN Weo?ﬂé@p@iluégﬁor gach scratch,

means. | n general, to evaluate the durability
regacdlesstaf ifs puegdtiar. t Thelse centsimaiis veluts thet aretalpulatedilydhs

d .t te.th h... i.L1 ust '
BloFgl Sranb R BBl fonelB PR S T
bhbl@rdtiR i9hoigy, dndRIZofihth Mmagidentifr PR s?ikfés off B@m?i Phfe HAR as
can be dragged across the mcrostructured surface in a

SerpicheR ¥R HBF peiadiob aRd oo ISp P Shicgeloiohcdh dior(@R vipas and the
: i xed d : f ' ad, .
cé@%ﬁs&teﬁg&gﬂg&tﬁ& %IJO?IPG g%; loggmg ﬁ?fhﬁ%&np@%{%e égéﬁfaé%’ Iorrllegca%pq%?t‘g easily

rprobe Wel
determine which calculated contrast ratios values are from real scratches, and which ones

are from other profile artifacts.

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
0of1.0to 1.15, 0r 1.0 to 1.12, or 1.0 to 1.10, or 1.0 to 1.05. The optical film can be formed
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scratch of different wdth and depth and thus alter
the optical detection results. Thus, the only

woeosieerent for scratch creation is to use a PCT/US2004/029603

consi stent set of paranmeters for each 20 scratch
creation to evaluate the durability of a
m crostructured article. The scratched optical film
feern ape of the umaterzal desosided hereimnyThewptieal fidi dai gintludesoplndisy of
of Qr ex e, a.hacklight.. The |ight source
R0 B8R p AT B A gRr Ce Ao g eSS Heidor, as
deearibel dugten. t TiRopticatilim SudeleahPmiGuaficaie dbRkibed herein. In one
exanpl e, a camera can capture an optical imge of the

iuytetive eabpdisent themicresrusiyes ineladesaiplvradify aéridges extending along a

. onir@ast. ratio ng, t he
BB AR AL FOMLAATSp LTS F09 oot
scrat ched Asidthenensiodigent of atedbkwpticdlfiin ihbladees gsly@erized
is off-axis wwith the scratched filmin_ order to _
WHeali i huchreBavdas 2 spgpstgciuredgyrfice Medndinge phisality af reynded
kg8 SRR B R S s L v o
lc@tat F.a5tor ddl fod .450 1f0oio 1t He Tieapataifdoh danlinclbdeseplutditty of surface

coptrast. rati o data. pravided.by the detector. 30 ce,
ST G DAL G Ao R P i oo caibed
Hefdin DEREHRRIL BB cAShAR 2By hiddro&fuchHBUBRRGEd UALHE S ofP lustrative
strai ghtforward way to cal culate the optical contrast
cpfbodivecr,the ma¢resiryosure incdudes apturalitly wirrid gescextdnding along a first

rof i l.e acr.oess each scratch. |Ln sone 25 2005/ 026793
Bk BB 58 B8 PR bR et s BEF B2 ob U drivmraster.
i Nt e afiéthér ifugthtive aibbdin®aya GinbIe dptibd Mmdhtlu@es 4 Pymerized
| um nance spi kes due to verg}éf aint scratches may be no

opHed)dHmesrapturg baninsmaaEosaicaecd Jakee nebidinghepleradite of surface
TSUEIESAT bt SR MG B ) At POHPL Ll
corttast esionaliren duengefl10r®l 1.¢Xdr POitotl.4)ef eoOtte 1vE0 hdesbribed

attenuating the | um nance spi ke of the scratches. This

hgen, tlee ARCBRRHIFIS Mard a8y ot sxangple: silisrecat hawR gipgrtgle size from 5 to 75
Shéeisngs J&ibP dThéﬂLPQﬁe 9?12&'1 ghﬁ Rl rcfhdl %&%a?@&éé KR hs, for
eature, averagi ng al ong e direction of the scratc

edamplenalica, émuc E0 toh® Withiofithe neicstrictafed tstufacee rEteadptical film can

However, this proces ef f.ectively attenuates. an

3 RGP A e et B LDy TG SBp g rhohi b

nf¥ioBiHictl@ IRLIRNG o f18raBMesBlisBPedbddRed A18Rs a FidtSuttYRe T0kse ridges

averaging increases sensitivity to Spatially extended

chizhe tavaded oo radivg i p range pf # dov7 eoerometars.but

neverthel ess are easily detected by the human

I mage- processi ng nmechanism 1In order for the

1- di mensi gn@l 146l sebémgid dagthil o ah Sdlstrdav@appatathss700 for

i mportant that the averaging direction be the sane as

detsEmienetcerich ebariipde TheapperaisciiOmsarralip incliyden adight source or
gkli%]h{ b i %Evr%g?n?e%ﬁezgg Pﬁﬂcarﬁ ggﬁm%ém%ﬁvﬁ%raﬁﬁrgs%cmﬁ surface and a

i

um-hancé

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
the optical film 720 and a computer 740 configured to manipulate the image data and

calculate a maximum contrast ratio for the scratched optical film 720.
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15

contai ns several scratches that are not at identica
angles, then it is not possible to obtain an

waceonsriaémBy averaged | um nance peak val ue for eaths2004/029603
i ndi vi dual scratch using only one averaging
direction. Therefore, the averaging algorithmcarries
out nmultiple one dlnen3|onal ayeragi ng passes al ong

di f f er ent Jéher et pree 7 Yeemibg |ar$§ffﬂ$¢@fﬁ3@%lambﬁglapr1@t gaarce such
h t tr.

0% el b, MASSL PR LEAN DAL gt Lot

ap@migmﬁg@lofrtha scmtmhéd mw&oﬁglcn@echdmfhge abd piopide the optical image as

recti ons a recordi ng the ontrast ratio for
C@!fc 'R aLOPRS %Ofai%&a 1 B‘ﬂlétﬂmf e4egtort 138 cap be gpaced away from
MR hI mRASRuSEE AN S Rce afyPHRAH |df's§aﬁlc?fsudhta§ for exanéple 5 to 40 cm,

orientation. These cont rast rati o val ues

adldéeléred by the algorithmare plotted along with a
le. If the 25

t ed fi
backor ound RPrHERSIh TRIB L SRS Erfirbepordian thermpeusiuctured
sEThdeRST the oftibAPHInh M20. hﬂl@@étébt(ﬁ& 30§§ E@aﬁﬁ%? c§;¥tﬁﬂm$1 fméé?:%éta off-

are not, and therefore it is useful to plot bot
agR WyzAny esglede Tneme eohpdisients, therseratohde mosbfisibie orBl;atectable from

D I e

ffono B3 te6l dSesa! ahesn 4an6 50ké 'gbesonm defdcfdr 780, analdR @ikht source 720
(@H file, artlfacts 30 One enbodi ment of durabl e

Pesqriafedinlatiorey Gaprotae pompne i ackieve g angle 6.f i | m
structure I :
scratch conty gl aHE R B oI AR, AR 8 g paricutar
efarfiples descib@l haveih, it rather shobldtbe ulhdél@tood tto dovdr bl adpeldfs.of the
The .opt i a& fllmcqlil be £§¥ﬂEd 26_WD 2005/ 026793
iR K150 BB fhgpiaghid Gaimsh & apgpepiogi waa@lasﬁ PEvplont
pﬁ%%%e@ as Wil a@,l?ﬁlhﬁﬁlus fsirhfpea®h Wﬁﬁhtﬂg@%@seﬁﬁ *ﬁ’ ca‘ﬁfbe applicable
surface nodified colloldal nanoparticles o
Wzll be oeadely apparenitio thoss of $kéll evthe aggo wihédhcthe pmdeﬂtemmnnon is
d. $ﬁ560a| filmcan eve]3.% m crostructure descri bed
HS FRY APOT 5 VISNE! 1y 5P PEPHE M odi nent, t he
m crostructure includes a plurality of rldges
extending along a 5 first surface. These ridges can be
rounded to a radius in a range of 4 to 7 mcroneters.

Anot her enbodi ment of a durable optical filmincludes
a polynerized optical filmstructure having a

m crostructured surface including a plurality of
rounded prism apexes extending along a first surface
and a scratch contrast ratio value in a range of 1.0
to 1.65, or 1.0to 1.4, or 1.0 to 1.10. The optica
filmcan include a plurality of surface 10 nodified
col |l oi dal nanoparticles of silica, zirconia, or

m xtures thereof, as described herein. The optical
filmcan have any mcrostructure described herein. In
one illustrative enbodinment, the mcrostructure
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 mcroneters.
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In another illustrative enbodi nent a durable optica

filmincludes a polynerized 15 optical filmstructure
waavisrnge@a3m crostructured surface includi ng a pCtumakiouy29603

of surface nodified colloidal nanoparticles of

silica, zirconia, or mxtures thereof and a scratch

contrast ratio value in a range of 1.0 to 1.65, or 1.0

to 1.4, or 1.0 to 1.10. AEXINMWPLHSd herein, the

nanoparticles such as, for exanple, silica, can have a

particle size fromb5 to 75 nanoneters, as desired.

PHREPARARION 0 THH OPTIOWEARLEMAENTe nanoparti cl es

such as, for 20 exanple, silica, from10 to 60 w % of

the rResRresitions nsadad ﬂmrﬁm@tlorrmf@xgmplaaaoptfqal elewants of the present

t r r
{fﬁ\ﬁu 0% d@sgr{b%ﬁbogfé el)ﬁu?xpfé? Egt f‘o}?ﬁ gelo% ? ch con&%ﬁ rata%s of the

ratlve e m Crost ure

optipdl u:mdmntsyareﬁesrcndgdaﬁl Bablenshtdertiabelog. The pfeqiaraﬁl@ﬁfoa@ﬁemplary

These_rid ¢an be rounded to a radius I .n a range of

pliG) SIeTRAE: AR PTISTIAI TiCrask U ires s FRRHAT e thysagesgrbed in
NETES 700

e T YRR R Py e Bhied O, Pl CABPlcation Seril

NadDi4a 637 Tfileil d B tMa02(08gami U.ShRetehi Alicatdidy Serial No. 10/662 085
rize cal, filmstructure_having a

e VS eber bl i i it e raite dhrethe

m cr Qﬁilééécdth’ér%?se &ﬁ@@ o ghaﬁ%e%%ufemaws Ko ga?t:x angle as

710, a detector 7 configured to acquire | nage d

defingd bhéhesdopxt @ﬁ;he‘shbs o€ tleecpmems7 ith lies mgam |dssftnmse Between adjacent

above .30 th ptical fil 740 . .

B e bt BRr e Toh @ Mo taterd A AP PEXS & i micgon redius
mum contrast ratio for the scratched optica

f|In1720 27 WD 2005/ 026793 PCT/ US2004/ 029603 The

| i ghtAlbprgperions shoganinies exagiplgsisepaeeni dardighivaless atherwise

éé&¥g source such as, for exanple, a Teflon |ight

0 dThe detector 730 can be any device able to
capture an optical imge of the scratched
m crostructured surface and]§¥§V|de the optical image
f

SERAFGHCONERASFRATIO14R) AIFSTHNHEITHORN pul ati on. The
Sgﬁhﬁﬁ batfor Can be spaced away from 5 the scratched

m cr .such:.
for g’?&ﬁasr &%ﬁ%&t@of&%&%&e@ a%@gcoe?iﬁ.r%otg{ ch%ﬁlﬁgn% us p(1)*1r')s Strulctures
Thid test IRorsaisredrn desirtctBredcstr Thofptioating Batetigls and equipment are
n1cro tructured surface of the optlcal film720. The
premoatosonyaercially axpitablecundess oSt Agteinage data of f -

axi s.by anyy (gthﬁh t

is nmost visible ofﬂﬁl%éégggﬁlﬁﬁﬁﬁﬁyﬁﬁﬂg %@%gﬁﬁé?Nﬁ%
angl e. Th\ﬁAath@Hcﬁn be from1 to 89 degrees, or from
20 to 70 ge r , or from35 to 60 degrees, or from
40 t6 50 QBY 0he detector 730, and/or |ight
souree 72@0 otath WRiggsoci ated platform can rotate or
nove to achieve the angle 0. The present invention
shourd nod.-XBeX ¢oRdim dvmdbaniphé (semipleccan aryparsiderul ar

. Scotch Magic Tape 810

. TX309 Wipes 9”7 X 9”

. Plexiglas sample holder 3” x 3” with black border and matte finish.
. Plexiglas alignment frame 6.5” x 4”

. Ethanol
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exanpl es descri bed herein, but rather should be
understood to cover all aspects of the 15 invention

wa0d5a2619y set out in the attached cl ai ns. Var POUAIS2004/029603

nodi fi cations, equival ent processes, as well as
numerous structures to which the present invention can
be applicable wll be readily apparent to those of
skill*in t@@mmmﬂsﬂdumhlch the present invention is

g 56057 RGBS bk P B e B £ Br@baRrER st

e prblbe GPWIICHE MR RMENToCHOSild pisn GHE @eipan&llaﬁlal to the prism
prepar.ation of exenplary optical el enents of
%P@éee(iﬁectlsn Pm‘é%?tl?%h an%er@é”g@ddw@pﬁﬁ@ grias @a«h@fm weedef 10 feet
ﬂé el ow. Scratch contrast ratios of the optica

ements are described in Table 1 set forth bel ow. The

pr epaltatprsm Hin sxnepip isplyced dpthedibxiglae sanmils holdeE, ahdkindsure that
structures was sinmlar to those

rismatic
B2 &PV et 51% Cfp%peqﬂgi%tto Ngsstylus moxemen diggefion apgzsegyed with

I
SRR e 5001805 RS e e

tagrpoiite atstagn f@esciagdh dklcntlomO/IBﬁﬂ {B8arob®hélidbre dAttizh the 50 gram weight

Sept 003

PRI a8 sEEwT S LR bR B Bl b P SegNORAD
IefelligehtA LS dbare] Systéin 808N ard @Q‘Je?ﬂﬁ%onﬁ'&fsﬁé’&ﬁ(1b3feétﬂﬁn) and scratch
sl ope of the sides of the prisns wt e mean

1@!1%1@ é(h%ialnl@bt) wikdey thj ARORAD sysitre o greitn @@iﬁmwcrzﬁ& Then wipe the

Th erti £XEeS
R B e Mg R KR AR B R RO S serote to e
ﬂefaepcgnmmbsmmﬁn@ ePResdd £bved @b Bh@ES RFHEH MWo%E1/8” from the
speC|f|ed SCRATCH CONTRAST RATI O (CR) TEST METHOD

fisptrsgraiqh toyferm p setatshedmample basingraewsmtelokingsi Bepeat these steps for
{1 ga‘ﬁﬂ}f L e for scratching various prismstructures.
IS test is considered a destructive test. The
Opﬁ&@ﬁmn@dnﬁkmmn&h&nand equi pnrent are comonly

ciall il abl e unl ess ot herwi se not ed.
| nt el hﬂsgtsml‘fyl%ﬁ?@dm?wp ogties| pRAsUIRBERlE Proge meéb/at erw)lates a

sMaﬁh@QHﬁ&Péﬂ ﬁsn@ﬁh@@ﬁ%ﬁs a’\éli"%',lé .OThe éﬁo@zf@%ﬁ@f@h&@ tind RqRpm&nt are

Prismfil'm Sanpl e e can vary in size)
commonly commercially available unless otherwise noted.

. Optical Table

. Incandescent Light Source (F iber—i,ite Model No. 180 Dolan-Jenner Inds.)
with Regulator Box (0.5 inch thick, 6 in x 6 in Teflon Cube Box Light
Source) - Power setting set to highest (10).

. ESP-300 Motion Controller (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.)

. Round Mirror

. Dot Pattern Scale Gauge

. Plexiglas Sample Holder
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Scotch Magi c Tape 810 TX309 Wpes 9" X 9" 30
Pl exi gl as sanple holder 3" x 3" with black border and

wortds®2§798i sh. Pl exi gl as alignnent frame 6.5PCX/U82004/029603

Et hanol 29 WD 2005/ 026793 PCT/ US2004/ 029603 Di anond
Stylus The process conditions are 0.002 m n radius
probe tip with 160 degree included angles. The probe

M«inplt Wq Teﬂ%l Crbadethe sesrassiertand seampitéo fheioptical tahrlﬁ The distance
e Ve g eg{o%rcg‘a? Ihg@:e 0 gmhfe%g%%}’ slg% (6 t/I”otrlblaé:e %]'be lglg)% glas

s@hplb@mic&e tprévipely &ésﬁﬁbc&i abbkre, data ﬁlm’lfeﬂbﬁbﬁ@d%}@ Aﬁach the round
pl aced in the Pl exiglas sa 1 e hol der, naklng sur

mifyg to th sarppleplielderand aptivaiethe fighbinaes dllage the Sigea 105 tom lens
P{é P&%@&g&%@ﬁe@' h8GL il f@tﬁg 10 ESHN ’?ﬁn"&ntﬁsPéﬁeé&fﬁﬁpocontroller

glic he sanpl e 'der is then pl ace
ahé ectalategfSRRAO0 fitildtysofiwdre. t hen onto a stage for scratch

L | hol d h
%?Sfﬁ%lfg%dh? %Yli??rémst%ge%? el tmeé?e%er% Legg d“éﬂﬁwg @Wlﬂémgmg
shitw e RAPBIAdRT, set THE Cunfia IS A YRFA ind &6}1? el 191%%5 ?%b $nirror.

Control System software enter the contr spee
Advenderthe X Qma asis ohthe tgomoaragﬁ:rhwﬂoRIZ%O isoitware, ¥ thatitht error is

cEHETSO gy DFeT 5% EROBt Rk s b v be prizrd fobe L o

2ORBhRLR Iaﬁge i 4ie§ 6F 9 G426bs33BP Bk, thhte thiSXd ad2BfiplisRA, remove
for scratch |n%xWProceed as above to form anot her

theemigtar Hroab eihe boxgandireplace Havithghe detqatteay sepleigatge. f Saleat & series

?%r Cth(? got Sp%ﬂ%? ogggﬂg gtu&ﬁ%ﬁl %ﬁ H:c#uhglg o?ﬁ? B8 camera lens so

théds tpa@emmre Thda aﬂcEﬂiarpTEDiBﬂﬁltldiEWﬂI proeisle alﬁboﬁsﬂsﬂeﬁﬁdlata Using the
neasurenents procedure_ that evaluates_a scratc
ESErsqfwyatsn Z‘ffP ioghall valpesdismiaveddn fhe controfier mélftlloaw%ow box. Select

PP EOPISEL LR, 8 SATTORLY SO LAkl v
tliengﬂmﬂﬁaetesnatgel.to gh tan§e of é@ dédredsarff iiit.eRifiladed thiidot PBt(ﬂem Scale

aﬁlgggll g}rl]qnsfegx%;pllqr;%i be ap@%gﬂ %j%gl }%EB%EDLGFB o hrbratlon tn ature in the
Radiant Imaging Software and hit auto calibrate. Calibration should be performed at the
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
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
converting the files as a Luminance type file and export the Luminance file for each image
for further data processing.

Scratch Contrast Ratio Determination
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Source) - Power setting set to highest (10). ESP-300
Motion Controller (Newport Inds.) ESP-300 Uility

waabtswaém3 ( Newport Inds.) Gonionetry Stage an#CTaiskm@®4/029603
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I magi ng~ software 8.0 turned on e carre

averegegmudleodand crop the inmage of the mirror. Advance

th f the goi nonet

sof t deeastafie Furp) reled o GRORRLST ittt S eudsotarch u the prism fim
on€ackifitofirde N Sufagthed bt b MsreSadaml 'yfb?péﬁ‘eht' atREr &ﬁ@hglé’sd Contrast
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Tefiqis dgBeasreny ﬂ@ﬁelgrrmce chide lughﬁ @nnﬁm&&@mﬁm $osateletd area compared
ro b '

& BB R D R sl DEPORE st e

hgfad egé. e’ﬁh&g%atﬁﬁﬂlb &ans of the&!éﬁfr@t IBatiol Hien@sieN e GEREL is to detect

techni que. Focus the canera lens so the dot patterns

Véﬁuél | Bl confastanée peluppa drngeors a/\fumtlcm fiesing angle, and thus, the

njl {ﬂxﬁ'cﬁhﬁﬁ% r&ﬂ)t\ﬂalue Hﬁg atl Iaﬁ%l 1%8 fag WR Bntrast H i df’& each

vaI ues di splayed int Fi&r position wn

shmpbe Select the jog feature i n the p03|t| on box

w ndow, and input a vaI ue. of 40.000. This w |

the SHISAGTER 1S£948 %enawn%f@%tar%ﬁvez{egla%alroag§heocil¥ectwn of the
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i.brate. .Cal.i brati houl.d be perfornmed at.the 20

Bl B At o AR R e aRE POt L O spataly

ekiRAdeata Rk MR R ofSRHERW 6olﬁﬁra§i HAPndRAhMES ar®BasH§ide@ic by the
program and crop the scratch |ines.
human image-processing mechanism.

m

In order for the 1-dimensional averaging to yield real data, it is important that the
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 out multiple one-
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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the contrast ratio for each sanple. Since a scratch

is a one dinensional feature, averaging along the
direction of the scratch does not reduce the

| um nance peak of the scratch. However, this process

20 effectively attenuates any 2-di nensional features
because they have only limted extent
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35 parts Sartomer CN 120 (by weight)
17 parts Sartomer SR 339 (by weight)
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step 5, a scratch is present. 20 7) Record the

contrast ratios fromstep 6 for each scratch. 33 WO
waQ05/00208393 PCT/ US2004/ 029603 LI ST OF MATERI ARSTWUSEID4/029603

I N THE EXAVPLES BELOW MATERI ALSOURCEDESCRI PTI ON

1- Met hoxy-2- ropanol Cormodi t ySol vent (Sil ane

Al174) Si gma- Al dri chAl drich catal og #44015-9

- M I waukee, W Si | ane surface nodifier
E(3 Ih‘%W?hoxysi |yl propyl)me thacrylate CN 120Sart omer

gr Egir ee%?;géo@l%%em aﬁ%%?ﬁ%’t%ﬁ% PAOl '%ﬁ”@gl 1-Methoxy-2-

plr@panorr(arssw @YyrBilahly ANGY €37. @B/ ﬁmlp@emaES (128309 vkl riigkd together
l'ica dISpeI‘SI on Naperville, IL SR 295Sart oner

aeé gt aéh%qlﬂpﬂabfhsw\?lpaaéﬂwsawgna}hé weRtepts b the fask spere poured
iféi%@%@ %g ¥ calcd i 4s. P@o@m 1{%%1)(/:?1@{} LY é@&%opp@ﬂ&ﬁg ?ﬁsg&ul’wd ina

arto propane triacr
ckeat, dony v%oﬁ@)ﬂiﬁob&i&iﬁﬁuﬂac@mzdmed pehailal smlmamanéﬂaﬁicles.

| d b 2, 6-di -
in%r Bﬁggﬁfgﬁﬁ 5‘{51 o ngﬁl 559 zéglﬂsi P(f?i?yg)pf&h@é?%‘%&qugg%Farbamate
TIRROSEharbd QsSfoﬁew@ 1,2 86h ha rmcﬁiohyédlﬂagﬁ %@ﬂgﬁé& WEh a magnetic stir

nitroxide i nhibitor Chemcal, Inc. Tarr
bar was charged with 35 g diethylene glycol methyl ether and 77 g methyl ethyl ketone

followed by rotary evaporation of a substantial portion of the solvent mix to remove water.
3- (Triethoxysilyl)propylisocyanate (68.60 g) was charged to the flask. Dibutyltin
dilaurate (approx. 3 mg) was added and the mixture stirred. The reaction proceeded with a
mild exotherm. The reaction was run for approximately 16 hr at which time infrared
spectroscopy showed no isocyanate. The remainder of the solvent and alcohol were
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
dispersion containing surface modified colloidal silica nanoparticles was thus obtained.
The resin dispersion contained approximately 38.5% SiO2 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

J/em®.

Example 2

Nalco 2327(224.17 Ib) was charged to a large kettle. 1-Methoxy-2-propanol
(252.19 Ib), Silane A174 (9.98 1b.), 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

silica.
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parts Sartonmer SR 295 (by weight) 35 parts Sartomer CN
120 (by weight) 17 parts Sartomer SR 339 (by weight)
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URBR eB R dé@ip%@aga&&e@maoalﬁméo.%aghawt@f@cample 2. This
e;;gtlh %Sg)g {Ogaged\ﬁttj}yé? g di et hyl ene gl ycol nethyl
ether and 77 g nethyl ethyl ketone 10 foll owed by
]fx%ﬁxgw 4evaporation of a substantial portion of the

ent mix to renobve water. 3-

( tho Ly lisoc anat e was
R AR R b SR Sorbaen Bt S HiFedEe. This
eﬁﬁﬁﬁ]évﬂqu)hb{aﬁcmd(ﬁtqrﬁcﬁ%l rred. The reaction proceeded

mld exotherm The reaction was run for

BaRifxsmately 16 hr at which tinme infrared
spectroscopy showed no isocyanate. The renai nder of

{ i .
R OO RV eT it BB o R A Bl F il 2. This
esanplatwals phuiosanedsati2 IA«:rdZ A 10 liter round-bottom flask

(1 arge neck) was charged with the contents of the
Exanfife ars (2638g), 743.00 g Optical Resin C, and 8. (g
Prostab 5128 at 2% in water. Water and al cohol were

Or YPMEIgin VITFRD L O 2 38 PR 84di Ofbmpdrieh€@an allla\ﬁbtvdf%@ﬁfpié/Z This
resin 20 di spersion contajning surface nodified
esahploivdapheiorqueed atdblemi.cl es was t hus obtai ned. The
resin di spersion contained approximtely 38.5% Si Q2
Exxdanpledr oxi mately 2 % 1- net hoxy- 2- propanol as

nmeasur ed by gas chronat ography. One percent by wei ght

0% Lucirin TPO-L was added per organic component to an aliquot of Example 2. This

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%
Lucirin TPO-L per organic component was added to this dilution. This example was

photo-cured at 2 J/em?.

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/cm?.
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Darocure 1173 was added to this resin dispersion. This
exanpl e was photo-cured at 2 J/cnR. 25 Exanple 2
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1- Met hoxy- 2- propanol (252.191b), Silane Al74 (9.98
' b.), Si | guest A1230 (8.62 Ib.), and Prostab 5198
é\m was prepared and added to the Nal co 2327
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Exanple 5 0.5% Lucirin TPO L was added per organic

conponent to an aliquot of Exanple 2. This exanple
was photo-cured at 2 J/cn?RES®IB&Npl e 6 0.5% Lucirin

TPO h\év%%a aR’%F gb&%&xée%%%g e\%g %@geo(g%ﬁaét&a {] a%cllelégnulg)etd a%fove in the
“Msﬂraa_s” Eootioh! ThdseQelie b,ltéqistddrinﬁaﬁ}eu yaswadded per
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exanpl e was photo-cured at ablg 13/ cnp. Exanpl e 8

txanp| e 3 uted—wtih—SR 339 —unt
content dr oppeg"%o 33 w. %/ 1% Contrastﬂa‘ﬁo

1 1.00

1.10

1.32

1.21

1.43

1.39

1.31

4.79

3
4
5
6
7
8 1.22
9
A
B

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

Comparative Example B shows poor scratch resistance.
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Lucirin TPO- L per organi c conponent was added to this
dilution. This exanple was photo-cured at 2 J/cnR. 25

warzensper9® 1% Lucirin TPO L was added to a 20/ 801/28208u/029603

% mx of SR3 3 9/RDX-51027/SR3 5 1. This exanple was
photo-cured at 2 J/cnR. 36 WD 2005/ 026793
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m croneters. The prism peaks 5 in Conparative Exanple

plurality oftsuripce raodibad aelioidal Braanstiecl® ofisiigat diftphiRpommigdures thereof.
Bri ght ness Enhancenent Film (RBEF) film sold by 3M
St Paul, M\, is a mcroreplicated prismatic

B r UCTHerdueabde b@itaNEBS acRHEAE R @i f,Wieréla idshlPmeRfddIPtical
angl e of 90 degree and a pitch of 50 microneters. The

fﬂm YicpERkas 3 Mixebhpeftidgey extendingolanp p &l suifece ounded
and have a peak radius of 8 mcrons. 15 RESULTS The
exanpl es above were tested for scratch contrast ratio
Js delerdupebie oimablilnnaddoedifigviet disids!, veteedin tie plitatiseof surface

results are listed. | n Table below. .Table 1
I@éﬁﬁﬁ %Q%@mea.l B@%OPRH’(C:‘% COMPEEESIAVING apprticie gige greatsy they 1 nm and
145439 b e 91.31 A4. 79

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 5 to 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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B3. 35 Exanples 1 through 9 illustrate articles that

posses scratch resistance properties. As described
wahes@26@3scrat ch having a contrast rati o val ueCofusin00029603

is not visible to a human eye. Conparative Exanple A

posses noderate scratch resistance while 20

Conpar ati ve Exanpl e B shows poor scratch resistance.

187 \WDhe 60sbB2GTI0d HOTCUSATRAL 0RIBAE Wherem e tiddsizmixed metal
fi.l m a polynerized optical film
°§$¥ 8%ﬁ} 1¥H§$ﬁgpgk%i£$%3tructured surface and a

plurality of surface nodified coll oidal nanoparti cles

of silica, zirconia, or mxtures thereof. 5 The
18ur aBhe dergblecopticalifilm ascerding ta glans 1o Wélﬁ%ﬁf&the\ﬁﬂ@ﬁépmpﬂ% 10to

68gh%ﬂ§ﬁhg gﬂﬁkﬁﬁ%imﬁﬁw913trUCt“re has a plurality of

ges ex ong a first surface. 3. The durable
opti cal f|In1accord|ng to claim1l1, wherein the

lurality of surfa 10 nDdlf ed colloid e )
lﬁanoaafs fiu@b@sop@sﬁﬁf OEE R G aandawélﬁwre%«sﬂ%@agp@aflé?s 10to

46'3@% &tﬂ%&g&@&m&&é@s&fh@@ 100 nm 4. The durable

tical m according to claim1, wherein the
nanopartlcles further conprise titania, antinony

xid al t n oxi des Xe taI xi des
1?her EE’F d“@ﬁp%?glo }}P’lﬁﬁggr notp clagm @Jﬁrzgﬁ?lga comprises 10 to
TORiYCH thé InidFo@aeaied fFLe. ¢l aim 1, Wner ein the silica
particle size is from5 to 75 nm 20 6. The durable

optlcal filmaccording to claiml, wherein the silica

1 Str It E@F %Ha*)f%o &18%1#@{11%590%%1%%0 CPallTnln WI%lZfem ﬁl%tzﬂ%rﬁg Icgmpmses 30 to

58 iftPstithe Pidrbétalcfirsd #igfdcs. from5 to 50 nm 25 8. The
durabl e optical filmaccording to claim1, wherein the
zirconia particle sizeis from5 to 15 nmu. 9. The

?ur akl,& 40RbleS d:%'tm%l' f}ﬂ:H %g&raﬁfg 5 oJREe) f%%f&rf’the"éﬁﬁﬁ?hlgkrédgﬁetal

tania m xe particle size is
okide 2Ompiites3IB tYVD0 mmm&m&mmw&zmmaz%os

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 colloidal nanoparticles.

19.  The brightness enhancing film according to claim 18, wherein the brightness

enhancing polymerized structure has a microstructured surface.
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10. The durable optical filmaccording to claim4,

wherein the titania m xed netal oxide particle size
wOo0ds5r026m95 to 15 nm 11. The durabl e optical fPCmMUS2004/029603

according to claim1, wherein the silica conprises 10

to 5 60 mM%of the mcrostructured surface. 12. The

dur abl e opti cal filn1accordiqg@to claim11, wherein the

28i | | dhebsighmicssesnhanringfilng acoprdmgio eltien b8, ovhesein tiea brighéness

) I i fil ccordi n
BGRB8 gl Gorace.
of the mcrostructured surface. 14. The durable ‘

optical filmaccording to claim1l1, wherein the )
2}i r codirg b@gh‘%pqsse@garg:@lg fylm aggorghing torclaipel 8, wherein the brightness

oI T LR SRR g PR AR BB T

netal oxide conprises 10 to 70 wt % of the

icrostructured surfac 16. The dyrable qgpti.cal film
e o?@lﬁ#&g 0% SHPARGIN {7 FREOHIRH 0 GIFAR -4V IFreiB dnerilysafity of
T a1 S o e B RN, BirREle size
gedagdrithan, 1 whendiless thee 190mbace nodified col | oi dal
nanoparticles surface is nodified with a surface

nodi fyi ng treatnent agent capable of polynerizing
284 t h ThB ®ripRin¥fRnh&RInORkn ctordihd 9 GhibdILs, WiRkreir thelfhnophrticles are
bri ghtness enhancing tilmconprising: a brightness
sishamsPRg, Plenianantineyy oxidegcalungahty prigesonxtars thyreof.
surface nodified colloidal nanoparticles. 30 19. The

bri ght ness enhancing filmaccording to claim 18,
24her dihe brigkmbssi ephiiviss(ilne Adtartih® disihy D Mitieedn the plurality of
structure has a mcrostructured surface. 39 WO
riglgessare PHYY FPEXSE/ US2004/ 029603 20. The bri ght ness
enhancing filmaccording to claim 18, wherein the

bri ght ness enhanci ng pol yneri zed structure has a

26! ur dhe byighthessi et asciexfilenaicogliad tondaim 24, mdieredn tegedm apexes are

21. &Ee bri ght ness enhancing filmaccording to claim

rqidegiher ei n the brightness 5 enhancing pol yneri zed
structure has a prismatic mcrostructured surface. 22.
The brightness enhancing filmaccording to claim18,

26her dha brigkinpdsienhiricing Biin according o alaii 24, echeraon theipdisin apexes are
gnoparticles conpri ses oxide particles having a

q% rticle size

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.

29. A device comprising:

(a) alighting device having a light-emitting surface; and
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greater than 1 nmand I ess than 100 nm 10 23. The

bri ght ness enhancing filmaccording to claim 18,
wohers@éros he nanoparticles are silica, zirconP@l/uS2004/029603

titania, antinony oxides, alum na, tin oxides or

m xtures thereof. 24. The brightness enhancing film

according to claim20, wherein the {)I urality of

ri@y ebﬂgh@lemar@mmﬂb@plagﬁ subbltentiallygtaralles to @ﬂmbﬁéﬁﬁgttmg

f|Ima cor di. i4n 24 erein. the prism.
b e oo s SR R helb R A AR EBture having
ac Copghigli %f@hmdalﬂ&dlﬁamﬁﬂmm hiwphartickdd) apexes are

flat. 27. The brightness enhanci ng f| | maccording to
claim 18, further conprising a base |ayer optically

3EOUDL@Q dbQcd Qﬁgﬁdg %g;e({lél % WHeHS S haﬁ angezg% back-lit display

ri ght'ness en m-accordi ng to
defies.ei n the base | ayer conprises
styrene-acrylonitrile, cellulose triacetate,

pol ynet hyl nethacryl ate, polyester, polycarbonate,

3Ol y?%l@ ¥b&pe a&%lﬂgﬁé‘ﬁ’} M 2o ARl e%g‘ﬁfm@ a&n&@ﬁla%@k-ht liquid

di ca oxy ICc ac m Xt ures ereof

costal dsplagrpricei ng: (a) a lighti ng devi ce haV| ng a
light-emtting surface; and 40 WO 2005/ 026793

PCT/ US2004/ 029603 (b) a brightness enhancing film

3pl acqfle gt Atbldhd 16 AARPEY, &thetedn SR dvick & haihbld Rdice.
surface, said brightness enhancing fil m conprising a

pol ymeri zed structure having a plurallty of surface

S0 S8y BEORRRES 0 % e e SBM1 Bier

a back-lit display device. 31. The deV|ce accordlng
to claim?29, wherein the lighting device is a back-lit
3#i quiThe devige pegording i GRS, eherein theglpvicyiea HayiHN.
according to claim?29, wherein the device is a
handhel d device. 33. The device according to claim
3329, whéureble optieal dexingdilinscompewingut er dlsplay

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.

36.  Anillumination device comprising:

(a) alighting source having a lightguide having a light-emitting surface; and
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15 34. The device according to claim 29, wherein the
device is a television. 35. A durable optical turning

woizbesvoeempri sing: a first surface; an array oPCPRIS3IU8/029603

formed in the first surface, wherein the array of

prisnms has: 20 a plurality of first prisnms, each of

the first prisms having a first prism angul ar ) ] )
or(bean epticahtumiing filre plased substaatinldy parhllel do s4ie lightgyide, said turning

Secontr ey ety g RN Priaff Bug ey Ve ptids formed on

or i efHedirkiQiriath, icatifitig film MshbiRd MWithsthe &R@ Winddice disposed in relation
orientation, with respect to the normal; and 25 a

secofuths lightaeraittingaitapg suchdhatlight rays exifiag theight-empmiting surface

said ray, of . pri ' I

oct P56 B igeP et e Ao o fbittha gl et Ed Bffrotracted by

ihl | utﬁeraaltaiy@mﬁﬁaw g&hﬁhmpmé BgHn ?gysﬁ&)t the fuirghg fihg vwihf e second
aving a |1 ghtgul de ving a. light-emtti.ng surface;

and ﬁ%f%%gé‘ﬁ?s@%?l%gp@'ﬁ @W&PS@Q‘%@CPB‘?’ an opti cal

t , . i al oLt .

B e A RS MRS Mol ks, BB the i

and alusaity nfipisund Fvengenbrstprism canyfigrfratipmj snvka $eopndplupality of

the first surface, the turning_.fil di osed, w t, h e .

1 r SPISHH FRESa i BoSut Y o B EBHop SRR thih i il prism

| i ghtefButdtionoths Wit 3eRmSisa R eliribn AADIRE sERYE pEi¥intdoRfgurati

t he F?Igﬁg”%%irﬁ’]ﬁ%gtt.i T e B o R T St gul de  coguration

encobeingsudhttbe Helhtagyodxifing thasecond sanfecercefrpsnond do agebstantially

refracted by .the.array.of prisns.s aat, the. i .
oy s Sen e ind o6 i v SRR e g Sy purming
subs fiaf tbbtiying b PR aldty ¢ SinifRe neotifidddolbidab airiopasticles.
wherein the array of prisnms includes a first plurality

of prisns, each of the first plurality of prisnms

zhavi %I i@?g-fféiﬁesctﬁxgﬁ%??él?#ﬁﬂgeig%ur ation, and a second

pl ur h having a second prism
conf b getrcatdfleativediol jreerenrt strheturetaeidgiarirafityi efvurface modified
configuration, the first prismconfiguration and the
calioidd mapenagtiflesonf i gur ati on  bei ng such the Iight rays
exiting the second surface correspond to a
substantially uniformsanpling of the |light rays
3&nt efhaettoreflectyetigon ateording te a&laimddt vbeteint the métragreflettive

conpr.i sjn urality of surface nodified coll oidal
prsepad Bl bt medstbut et e oot ve 11 m

conpri si ng:
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.

41.  The retro-reflective film according to claim 37, wherein the plurality of surface
modified colloidal nanoparticles comprises oxide particles having a particle size greater

than 1 nm and less than 100 nm.
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a retro-reflective polynerized structure having a
plurality of surface nodified colloida

waamspasscl es. 20 38. The retro-reflective fi PAU/US2004/029603

according to claim37, wherein the retro-reflective
pol yneri zed structure has a microstructured surface.
39. The retro-reflective filmaccording to claim 37,
wherein the retro-reflective poI ymeri zed structure

S I n first .
Dort am ity sl SRREE N 7 YR Db Bbrrgetes e
stliicai m®ma Viteaiag antithbuey dS)ﬁﬂ(fSQ&l[lﬁﬁﬂl@ ﬁhlo\xﬁies pOhytards Zigdeof.
structure has a prismatic mcrostructured surface. 30
41. The retro-reflective filmaccording to claim 37,
asher eryy rbh& e datidd Hiny aEE‘or(ﬁH% {AQ8im g@%ﬂeﬁr t}fégélhl%ﬁi%f ridges are
nanoparticles conprises oxide particdl'es having a
et dpskes. si ze greater than 1 run and Iess t han 100
nm 42 WD 2005/ 026793 PCT/ US2004/ 029603 42. The
retro-reflective filmaccording to claim37, wherein
q4he MERQBIBG-HTcBPe ARE accdidihg® clfikd DRI Rreih HeAMcRostructured
anti mony oxides, alumna, tTn oxides or m xtures
siiFaqeds A misroaguctmed comier-oubesitayct i ve filmaccording to
claim 39, wherein the plurality of ridges are prism
apexes. 44. The retro-reflective filmaccording to

461 ai M B@abletoptied] Rldnhut bhapshguct ured surface is a
n1crostructured corner-cube array. 10 45. A durable

opt i éhelanairsA rrieslemahgrucrg ba\y%mm@rﬂwﬂp@ surface and a
ﬁ}.r '?)Ef S %&Hlﬁe({]@o\ﬂoﬂ%l g%n{‘(;oggﬁfci gﬁ]]gg Fdb s ,??er an ngres thereof.

|ty o surface no ’nanopa
of silica, 2|rcon|a or m xtures thereof 15 46. The
to claima45, wherein

u cal ment. accQrdin
Biner aif Rl GeisEl TP eee B aine 6wlpeg@ntwheaﬂn the
n@RtpafiRIg fﬁﬁh&% sl itafh, adtl gm%
omﬁdes t her eof mg?lsm Xt ur es r{ﬂ%rg)?‘d ?e% % tng)&ﬂie%’lmlxed metal
Oﬁﬁb$ﬁﬁﬁméﬂémmﬁﬁwaﬁb@rdfng to clai m45, wherein the
surface nodified 20 colloidal nanoparticles surface
is nodified with a surface nodifying treatnent agent

4gapaltrhe defabRUpYOERIrdleh&d awotréﬁng "t‘tﬁclﬁh% XS"%{IH&&H ﬂ%&ﬁﬁ@é modified
el ement structure, 48. The durable optiical elenen

coldeidl aaneparticles sirfares medibedwith alver i) Iywaymgtteatment 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.

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

microstructured surface has flattened apexes.

51. A durable optical film comprising:
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optical element structure has a prismatic

m crostructured surface. 25 49. The durabl e optical
weheismé79accordi ng to clai m45, wherein the prPemASR@®4/029603

m crostructured surface has rounded apexes. 50. The

durabl e optical elenment according to claim49, wherein

the prismatic 30 mcrostructured surface has

f | at aeobuhaized epticabfilm Atrguivizhlavingptricedstriicturad surface and a scratch

BT phaRP S8l Sbe P ot RIHP S Fact ure having a

m crostructured surface and a scratch <contrast ratio
value in a range of 1.0 to 1.15. 52. A durabl e optical

52i | mAadwebldioncal dlmlaa¢arding to oaisn & rwhaveinglae petimicsieqd optical film
tical film.5 ; i
S8itre s« o Feh ot b B Bt 1 SR T ot el

filmaccording to claim51, wherein the polynerized

optical film structure has a scratch contrast ratio .

53al ué dusale paiigpd fibn ageqyding tq clapn 51 gvisrein Ahgpelymprzed optical film
R Has bist cﬁ%Sﬂﬁ%'t Pa@i]otv‘allféliﬁ'at of MEGS. 10t he

pol'ymeri zed optical film structute has a scratch

contrast ratio value in a range of 1.0 to 1.05. 55. A

durahbl e optical filmaccording.tg claimb51, erei .

Sthe. AotyAsF OBoLH GUE PECEIIE i SOt BHENGRH A Foeaza optical fim
sPhdth@lnab ¥ afatcg'cgﬂt?a?st RSN a3hRBra J fof 1585, Sur f ace.

15 56. A 5ura e optical filmaccording to claim51,

wherein the polynerized optical film structure

s omn A fif ol B iatestiing §0 RER ST drefitod Girt@led2ia optical film
st ebmpafesS/pluAlits il gRs eathdiag alohl MfREGarBdg t O

claim55; wherein the plurality of ridges extending
along a first surface are rounded. 58. A durable

5 ptiGa %‘t:ﬂlggon fs?gqi gl\irgiag&r&ﬁg % glia{& §T, Wﬂ@%ﬁ%ﬁ?pﬁpﬁxgﬂzfed optical film

oun a radiusTn @ range o
st EBipFiSes aiﬁluﬁ&ty #f sl edmedifiet icoldidili danvmetcedoflica,
to claim 56, erein the plurality of surface
ZifeRiia: o8 1EHresdheiset nanoparticl es are nodified by a
first surface nodifier and a second surface nodifier
different than the first surface nodifier. 30 60. A
5dur al éureldt opadal fild rcordipg its clagn 55, wherein the plurality of ridges

extending along a first surface are rounded.

58. A durable optical film according to claim 57, wherein the rounded ridges have a

radius in a range of 4 to 7 micrometers.
59. A durable optical film according to claim 56, wherein the plurality of surface
modified colloidal nanoparticles are modified by a first surface modifier and a second

surface modifier different than the first surface modifier.

60. A durable optical film comprising:
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44 WD 2005/ 026793 PCT/ US2004/ 029603 a pol yneri zed

optical filmstructure having a m crostructured
weundsaeerssonpri sing a plurality of rounded prPEmUS2004/029603

apexes extending along a first surface and a scratch

contrast ratio value in arange of 1.0 to 1.65. 5 61.

A durable optical filmaccording to claim 60, wherein

the poblymerizee dptmai fiba Istrtﬂqhhmrhasmg @anmmtrh@tgreé Sgtfa@t @rmprlsmg a

trast o.value in a
P PE s BT b ien BB liR g rge s hiil g B bontrast
rgtmamgmmﬁﬁgﬁqlqup@g, film structure has a scratch
contrast ratio value in a range of 1.0 to 1.10. 10 63.
A durable optical filmaccording to claim®60, wherein

o, PP 08 B SO SATRA 88 g i

st@rﬁctﬁﬂdha@ascraﬁ;hrcsﬁﬂﬂasaratlervaIﬁeXh dir@gzetoie rietof1.4. 15 64. A

durabl e optical filmaccording to claim60, wherein

the rounded prism apexes have a radius in a range of

t o A7 I

Gg cco F& dclilﬁgﬁté gmg{a? ¥m ggé)rfllﬁé 1o 1%9{1 ﬁ(()e Q{?lﬁéagg thd {)/Alﬁ?qenzed optical film
ssugtiredas ancrdtchrcedtrasofdtlolvdhte mamm@rdfrld] 1951 Hre nodified

by a first surface nodifier and a second 20 surface

nodi fier different than the first surface nodifier.

686. A AusRBbEtioR L AbcdrilinBts O8I 66, Wikbreid tROpIIBEHZRCbptical film
optical filmstructure having a mcrostructured
s‘summacempuma pliradityeof syrfaecampdificd tokeidlpeaopasasles elgilica,

col l.oi dal. nangparticles of silica, zirconia, or
zmg&lquoégn{&%qsgﬁ?r %5 and a scratch contrast ratio

value in a range of 1.0 to 1.65. 67. A durable optical
filmaccording to claim®66, wherein the polynerized

6bpt | dedurpble gpiienl filmapecsdingdo alaige PG+ eherein i Wyndedpmsm apexes

h%p %%g}&fuﬁlﬁm%g%fgfo%h% 1to?n 4. 30 68. A durable

cor |ng |m66 wherein the
pol yneri zed optical film structure has a scratch
contrast ratiQ value in_a range 1.10

65005038 74}8 OPiesRl LR G6HT BB 03B 63,%%5?1&511%1318{?{111%631“ Surace
n‘fdd Pti@dar{b‘flgfcﬂi Mho Qm e@ b0 5rﬁ§d1ﬁ giinst sBa Ihbcﬁﬁer and a second

e slze | anoneters
sﬂtﬁﬁmbﬁc&hﬁﬁtdﬁfadenf mhm}mctirstrsdrfa@ modifileni m 66, V\her ein
the silica conprises 10 to 60 5 w% of the mcro
structured surface.

66. A durable optical film comprising:
a polymerized optical film structure having a microstructured surface comprising a
plurality of surface modified colloidal nanoparticles of silica, zirconia, or mixtures thereof

and a scratch contrast ratio value in a range of 1.0 to 1.65.

67. A durable optical film according to claim 66, wherein the polymerized optical film

structure has a scratch contrast ratio value in a range of 1.0 to 1.4.

68. A durable optical film according to claim 66, wherein the polymerized optical film

structure has a scratch contrast ratio value in a range of 1.0 to 1.10.
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71. A durable optical filmaccording to claim 66,

wherein the polynerized optical film structure
woaoprieems a plurality of prism apexes extendi RGTAISLE029603

a first surface. 10 72. A durable optical film

according to claim71, wherein the polymerized optica

film structure conprises a plurality of rounded prism

69pex dsduazhle nplioad filth eeaprding ita elping 66.fveltesein gs silicapartlp size is
filmaccording to claim72, wherein the
SR HGEE HieBRf

£ exes have a radlus in arange of 4 to
7 nicroneters 15 74. A durable optical filmaccording
to claim66, wherein the Iurallté of surface

79md| # @tale bpiégadl §im Aedesdiag (e elries Oarehgeinithy @hoasprgprises 10 to 60
and a second surface nodifier
3 ng(f E‘Lf"%% ?ﬁ%l%n{&?%i J#?l?st surface nodifier. 20 46

71. A durable optical film according to claim 66, wherein the polymerized optical film

structure comprises a plurality of prism apexes extending along a first surface.

10 72. A durable optical film according to claim 71, wherein the polymerized optical film

structure comprises a plurality of rounded prism apexes extending along a first surface.

73. A durable optical film according to claim 72, wherein the rounded prism apexes

have a radius in a range of 4 to 7 micrometers.

15
74. A durable optical film according to claim 66, wherein the plurality of surface
modified colloidal nanoparticles are modified by a first surface modifier and a second
surface modifier different than the first surface modifier.

20
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