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OLEDs used in lighting systems, since the external efficiency affects such device characteristics as
30  power consumption, luminance, and lifetime. A number of groups have demonstrated that OLED
external efficiency is significantly limited by optical losses within the active emitting layers of the
OLED stack itself (due to waveguiding modes within high refractive index organic layers and
indium tin oxide), within intermediate-refractive index substrates, and finally due to exciton

quenching at the cathode (anode) metal’s surface plasmon polaritons. In an OLED device that



BRI EF SUMVARY W have devel oped a new famly of optical filns that
can be used in conbination with OLEDs and ot her self-em ssive |ight sources
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appl i ed tsQude Rithiik aibGehtla0P bR iRE OERehttbérce. FhcinftRdSmPEHBlIE Si de or
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extraction film having a major coupling surface, and attaching the major coupling surface of the
extraction film to the outer surface of the self-emissive pixelated light source. The optical

30  extraction film of such methods may include a flexible carrier film, and a first and second layer
carried by the carrier film, the first and second layers defining therebetween an embedded interface
that forms a structured surface of light extraction elements. The first layer may have a nanovoided
morphology and comprise a polymer binder, and may also have a refractive index less than 1.35

and less than that of the second layer.



FIG 8ais an illustration that shows how an arc of circle can be defined,
and FIG 8b is an illustration that shows how that defined arc can be used
t o defi newea 20twiose22di mensi onal bullet-1ike WD 2012/ 05422ePTR2USA0M04 054704
shape useable as an extraction elenent, and FIG 8c is a m crograph show ng
a top view of a fabricated material having a structured surface conprising
an array of such extraction elenents; FIG 9a is a graph that conpares the
actual neasur a8 SUB Gesyile peAk SR iR latdrlishisgrigs mew HClugde i atieg) COMPBPE wi t h t he
cal cul at gglcs hhOflanAsds Afel PR 183 12hBERE, 884 B8 VhteLsutfBc MR kiR oS Rbe an
Sextraction filmis applied to that same OLED, FIGS. 9b and 9c are
graphs si 9 st fagqokthegptist] cpynding Gaerh fit somsrcaiepdby aachieg s eaded oyt st dit @
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top or. front view of an exenplary O_ED pi xel ; . FIGS, 1la, 1 Ib,
and 1%c areagsiobths light spyraitin sppeeaest in ks Bersot ks adiitlngzstless hap 0P mEC™oMvi ng

10l and t hi 6kACSSESthO fan® PorlibiE MmN Bave B (HIRKAERMSs th@N ek thickinS. BomE eSBEeciMRl V;

and FIGS. 12a, 12b, and 12c are plots of the OLED pi xel appearance
after it DOEiompyhave ahickness leseithandingeronse dp snesscagss. Bplendgrtignayaetthighers i | ms
havi ng | apg thhiekhegsses of 50 mcrons, 5 mcrons, and 1 mcron,
respectively. In the figures, |ike reference nunerals designate |ike

el ements. 15 Octagdepthqdesg s peherdres arq AoTRaTs#E EMBODI MENTS FIG. 1
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of an OLED 100. The OLED 100, which nmay be either a bottomemtting or a
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two opti Galthdcldilb&KibjcavithtRr, Which sithdot mhi& i2QmYES kIl 2he dikdhdRbigEhYE as
barrier layers to keep water vapor and oxygen away fromthe emtting region
110, and Wyde@mepdrd dprgedirescqution. 114 may serve as a substrate upon which the
ot her conponents of the OLED 100 are grown, deposited, or lamnated. In
alternative enbodi ments one of the thick layers 112, 114 rmay be omtted or

repldéed with an inert gaBRIEFPEGHPTION RAWINGSgi on 110 may i ncl ude
one or nore can@eNkiaQiRnaf ddNdrCrds@y@fisnal At Of @dchiRzc@IED ighhlouRk; 2 desired
25wavel ength in response to an applied electric current or field. The
appl i ed el ect i€ slirseirimetiadiagam sippillregtivipreqescl fymde afgdtlednj or surfaces
may COoi NGlafl§ oWl hidibi@u@ic@brtisd! f aces 110a, 110b of the emitting region. At

| east one el ectrode, for exanple, the one disposed at surface 110a, is
transparent. THE diséctheagissidadeatiahyiew ahs pariioiplpdgeaveilyd micgosirygiied) | y
made 20f nRferials whose refractive indices are substantially greater than
about 1.5. For_exanple, a transparent electrode 30made of indiumtin oxide
(1TO has a réflfatais yehpmgiecress-seehotn viewat a gergon fsmdneriace Brvedm sl ve

or gani ¢ Mmph&loided fyoayd A 8xendlay@f dedGhdtdnd ER¥ndtRtich dfand8cdnd ¢edwkh the 1. 8.
Besi des having a relatively high refractive index, the emtting region is
al so typilEd§tvery thin, for exanple, on the order of a wavel ength of
visible ight M6 4 BSSchch@fic f¥AIRIBs-sRAodal R b 4T JpAeE ckiB¥Bon MBYhHINELA
thic%pess on the order. of about 150 nm and an em ssive organic |ayer may
have 4@ t Hisekyigsstoprmities 95BPder of about 100 nm al t hough of course ot her

t hi cknesses mayGbeisUs8Rmatic side or cross-sectional view which shows how a particular optical

extraction film can be applied to a top-emitting OLED;

FIG. 6 is a schematic top view of a representative pixelated OLED device;
FIG. 7ais a schematic side or cross-sectional view of a device that results from an
30  ordinary optical extraction film being applied to a pixelated top-emitting OLED;
FIG. 7b is a schematic side or cross-sectional view of a device that results from an optical
extraction film as disclosed herein being applied to the pixelated top-emitting OLED.
FIG. 8a is an illustration that shows how an arc of circle can be defined, and FIG. 8b is an

illustration that shows how that defined arc can be used to define a three-dimensional bullet-like
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escape t H& @ﬁsﬁbthila@mmgée&lwélgaﬁd&ﬁha# brgvesntworaRicaly iskfavers Al 1{gelhey;

medi pm OfjayekGi12 111myrsaiv@£s Ha&e@-ﬁ}ﬁer@ﬂﬂ(e@ﬁ witk 2 ?@Ja‘ﬁd atyes agrfkdin Akl , Or
vacuum or a suitable inert and event ual reach an observer 120 or

ot her optSHARNS E8iHdALARd o) %ﬁe 13ystpd 13,1144 mgy aerm@@ sgpsiratepapfpl el the ptheth s

escapi ng doingmems Béthe BLED M0l kBSwH, fa@po@itdd m&%&e& emnalterfMhvBbmbstihageontl2a at
an angle 01, which angle 30 is snall enough so that the light is refracted

out of t & therEek Wess éwdn?whe&n%l%f‘éi ‘%W#aﬁ%\d’iﬂh@l iggrt g%%@amwm R“élg,e omitige

strikes trbﬁorﬁllrﬂ iRl RGBe 8t m&H8 cANThtBNHZrgadhi 1S RrstSi 08I bR htglhma@éslr@@d
close to e critical angle for |ayer 112 but still S|I?ht| snaller t han
v

the critivaFleasiyingesPeie o tRplidhféecisrragy auleld ghte 2Rl STerive sugapemay be

sur r oundigggpiRil Bﬁ/ BI&Qio!déEl vAfos@mBieAdur 8¢ ed Rl DEnANGN Bh tht butdsufRlel @Vdat 1B of
progression to 115¢, we see that sone of the light 115 that
escapes tthf‘eené‘ﬁinﬁtr?gﬂﬂj‘ r%éﬁaﬁﬂnaalectwé%uf@eémg@atwe dispeed pioHdace 2. evi at e
fromthe tﬁah%m«eﬁfe%e@recmg £l or@¥ic S m@find llaﬁ‘erﬁ;- )%Q:Qll}bﬁﬁa&ﬂﬂhﬁ&nﬁlb%os%r e WO
2012/ 054229PCT/ US2011/ 054704 _too | arge e racted out of the |ayer
112. Thugdetgctighindipeppresphstandiplly $Zf€"§ertﬂl*?é‘ alpyt 1 5ntF§? Frapplegt trapspazgigFlectvde t hat i s

great3or tham ot iﬁalu&rﬁntdxmlam Bhea feRhictivaREx (Jflagﬁ)uttl @U%dqgiié‘dl Réhtlch@skay 115¢ to
be totally internally reflected at the surface 112 and trapped within the

OLED 100.9t$Rpicippi@ialsaaythayg @ 1efragive index B reneg isaidl- ot k- Peedes kv devi ce 100

in one ofremwm%@refrhd@wé&d&»@ﬂ@%&h@@ﬁﬁ%@&%ﬂ@b@@l i, b REMBIE JAGhd €T ON
110, and X total internal_reflection (TIR) at an air interface 112a of the
H%H

)
devi ce. 8t hweglsagth of yeiblelighta dpss- gk £x4mple, gis [ Tu¢lpgirods arr apgy Ihgvedbs or bed,
and res U|th1§kﬂe§\s dnQRIG R oP BN I08SE and BAMGRH c@fdahieilQBCMay [AREa IHKh&ASLthe| OSSES
for the OLED 100. W refer to | osses associated with |ight trapped in the
eni t tPng ¥y Pfﬁ?"a‘sl Ofaretthopeh ¢fgewessothes fickngsesdrayhedisid ated with | ght
trapped by TIR at the outer surface of the OLED as substrate 10l osses.
Furt her discussion of |oss nmechanisns in OLEDs can be found in Lu et al.,
"Optimzation of external coupling angsLight em ssion in organic
light-emtting devices: nodeling and experinment”, 91 J. Appl. Phys. (Jan.
15, 2002), pp. 595-604. Nanovoi ded Layers 15Exenplary optical extraction
films disclosed herein incorporate at | east one nanovoi ded



| ayer. The nanovoi ded | ayer may include a plurality of interconnected voids
or a network of voids dispersed in a binder. At |east sone of the voids in
t he pl ur avotzg120054220t wor k are connected to one anot her vipaThiskéiows47onnel s or
hol | ow tunnel -1i ke passages. The voids preferably occupy a sufficiently

| arge fraction of the volume of the layer, but are individually of a smal
enough size, so 20that the nanovoided |ayer behaves optically like a
material of vePyoNBHte b caiEtipaseiphdisdayerobl 2eldd s ot Orrléglstw@%a%wk tha ipr | ess

than 1. 3.haRUGRkfesdcdY@stahi$allp @fdaicE thids wve@éﬁgmmg@gq%h{ Bt thtQIsb Mav@n Opti cal
extraction filmas denonstrated nore fully below. In sonme cases, the

nanovoi de8fiaciyeindigerihasisiless than thogs of dharquijeing Frgion Tild Borexgepde. hedwiens 143, ¢ o
1.35, or 1f15@my borkfrisk Qlads o3 plab@ wiXerRb&ive T¥ex RN g dr 1 YRS 2 REGT @fcabl y has
at | east one major surface that is mcrostructured, that is, 25

del i ber attBipymiting tsgiap 1 Hean soe somerpd thedighorpttesk byribnoreqnig matesil pencqr pRrer el i ef
feat ures WRatuidiAVBodk, depiBRl cORANGINBAST @ Jvmguluﬁ bR&ontabadic Fehbi met er,
and in some cases the at |east one di mension %e in a range from 50
nanonet er¥henslestiy cHret drfgpligddo ewg@rtbf‘r&rswwlaﬁ fethe epigfingopgion H0okight isor
from 50 naneBh 8l dirdcBonk. RbGE Bthis hlght%ﬁﬂaﬁe%u@ 1i¥httedys T $5Propdea@dGh @irecbhs
descri be exenp Iarﬁénethods of fabricatin OnRanovoi ded | ayer, as well as
f eat ur es thH dllenhe dghtde redpstdao thedgyesigr it *éﬁdsesq{i‘ﬁ?théilﬁlﬂb‘}gtregl%}]tﬂher details
regangdi noArskict phtigh Jfalﬁb@ﬁﬁitéiﬁ%hl RYEIS RPFkdtif Bl hi foaediHIR r&a6h 119, found in
comonl y a55|%ned U S. patent application XXX (Attorney Docket 660 15U5005)
entitl ed Prapedtivgrlops Fhﬁﬁsfewlf P QUF OF Beter Ry eayiding meslps F?@?eﬁeé’éetdlb\Yéieldﬂdéx

Nanovoi de}iéchﬁxeypscaﬁpqasl\éeﬁelrmﬁn&ﬂﬁ{afeae@ays exfionb@E1PE @Mﬁ'&mﬂ@f 8sthee eviithe and
i ncorporated herein by reference in_its entirety

2012/ 054229kt sseriaerog45,dA 0D, the detaity phhgdecpy ﬁie@ﬁn% Py fegtorpsuclhas Yge there an

exenpl ar YreRicAcERSex2RBerfce baWEIMNSE: RgRATKS ddliIRbIRRARYRIEHRHhK tyestnst ur ed
article 250, and a correspondlng system for manufacturing such articles.

The grocddd: 2 sillenthe pdeulaivapemidieg modedbinpisdhaa Spempds surBogisk dhe substrat e
216. The gphshtiall At bsrtibk SRS B Y1 Pouldi @0 tlcedidd MonBERRd s BRI yMer

and/ or other suitable nmaterial, the 5filmhaving a thickness, conposition,
and ot herevmpfc%avechlam%t’ré?twgkqaaeé P RRNGHEGIE WRYE @t PE capideredio bgpEsed o

f r ee- st angigodHPRAY hokd didhnlE oGRS &hifingrddidh 110, foP¢dambR; 1h(a|bbuﬂ21'é@qé‘gi§d&g
systens such as that depicted in FIG 2. Ty |caII . such a supstrate or
carrier fipyepllsqr l%ﬂbac\ﬁﬁ“tﬂhe WIEPRYERS ‘i’%‘i‘ié}‘rﬁ}cF @h&egw AHsd sdosrghiskneyy gy

mat enipal ,beashcdr@PYsd Galcldhbh CKASIBR 112ht, Bk cla@RR 000 BRIct STaNERrohRROU 1eR0

m cronmeters) in order to have sufficjent strength to. be unwound, processed
in the radr Fnatfée paspawhaggsragse dlsthg epgicallydhigkdayveyhas %\Bﬂﬁ‘d”ﬁﬁld%’g’é‘?ﬁs gpsesiadPact ed to

one or nnﬁqwqggM@ﬁ&hagn&gae th.ons (such as sllttlng or singulating into
i ndi vi dual sheets or Wi t hout, excessi ve uni ntended stretching,

curling, or wdrighslight Pis iha eﬁqap%l?ﬁeenefé.@%gegmélwaw Algthat dighittrayels 31982 nay be

appl i ed Ufdett@nthdi Rvidd4roaiGh h@knds 8tiObr @a@en @fls 6 e OREDXQBPAIcs faar0at i ng
sol utjon 215 i ncludes a polynerizable material and a solvent. Then 15t he

process 298l epueh sbatihg %&%W%fr%d o B2, Surhelighhis dhus able fgrespape hie
coating solm IOVind kR dufioldirGARtR@tun\inb R et e €5iPT BRIE 8t F10N] in@wef&l@aﬁyo form
a mcrostructured | ayer 230, Solvent is then renoved, for _ exanp by an
oven 235,°0f phigndprd apRqspResie A yrHM) %fféﬁlta@mn%g%%%eée%%%%@u

M crost r upbldN@d2@6t ot 8ptR4QompbieAt. tihgnt éf@QﬁSﬁSanQZQSH DE&NHBRrAISROSI Ng a
polyneric material 245 on the nanovoided mcrostructured article 240 to
form a baesepingllight Randlagisgies he el 8svfoctt epetsuaiped dP2t2028ge Omndichargierer i ¢
”Hte@ba|13ﬁ§ﬂﬂ§Mu Qo ARPIhL & t%@kﬂgxéhﬂ“@HgééLEEgQw&§mﬁn§$@ks&ﬂﬁ&@&ggke for
exanpl e, by ot'her suitabl e neans. olyneric material 245 may

al t er nat m@illtyn bRayl 1d fib preikesdhaonit iptetfhrs ahmglede’dmrh ig grgaferrthan Qi eediclesett¢ ke 240
to formt . h tion

t ool 212(%§ﬁpg&8any gs UP&:ﬁﬁg%%@g]?%E?P%%ﬁﬁgg%gp?ﬁe %ﬁﬁ?@ﬁ%&gﬁ%#%gtlon

t ool 212 light ¢xiith intt thasusrpuadingair wediumhter weat glencirigengle e fivedalldvotispuegicisien i s on
t he exter; PN l'ication
appar at s’ B A HRE YS! datsb: 1 &) AEIRPRRIRALEH: bt HBNRLEP | o7

st r uébur edbnguirtciions thit detiate Satnghe thicknegd & aptieal a@bvﬁtm:@éED H80 kxowgienthatat ut i on
215. The illustrated mcroreplication tool 212 includes a nip roll 221 and
a take-away roll 222. A curing source 225, such as a bank of UV lights, is
illustrated as being 30directed toward.the substrate 216 and coating

sol ution 215 while the coating solution 215 is in contact with the

m croreplication tool 212 to forma mcrostructured |ayer 230. In sone
enbodi nents, the substrate 216 can transmt the curing light to the coating
solutlon 215 to cure t he coating solutlon 215 and forn1the nlcrostructured

o PN . N Y L " o ~Nr—- " o,



WO 2012/ 054229PCT/ US2011/ 054704 When the curing source 225 is disposed
within the mcroreplication tool 212, the mcroreplication tool 212 can
transm t wOght2/tse22phe coating solution 215 to cure the ecatuseg1o64704i on 215
and formthe mcrostructured | ayer 230. The processes to formthe

nanovoi ded m crostructured articles can i ncl ude additional 5processing
steps such as post-cure or furtheébf ynmerization steps, for exanple. In

sone casdeo largedle rehited oyt @fighg layey |EHS tight R 1158 sbires Hed et fuct ur ed
article faglglle@Wthgs EIQﬁeIStRAn\&ﬁé‘émfc%réﬁg’l@kor%&y%ionz' ﬂﬂuss&ﬁﬁnfﬂﬂ@%'lmk%e tdidl§S e
processes can i ncl tional processing commn to the
product i Gﬁw@ﬁﬂwﬂewﬁﬁlem@éﬁ 1 and tramerlmtihmqhe® Dd@&mpl e, idler rolls,
tensi oni ng 1 0lW§ ySLLeak Rht @E%%bﬁéﬁﬁmth%%@ éﬁEDtdresa@é A0S SHAJF RS waRL Gna. or
flame treaters, lamnation rolls, and the 10like. In sone cases, these

pr ocedses wanguiding mpds asiorfated avith cwiibingtegios lle ed Prigtat intehm wllesion (TIR) at _

pol yIer | 2Li:GleARORIAlH e 8RS, h 80k U8k0 i RRYR he Rt RAIARRALARUS, drying
ovens, conditioning sections, , sone of e sections

descri becﬁbwbﬁdb@d@wlt@nawuchrbngbwScra@@sd cffpiency sapghancragpeddossesgprths OBEDL he
process cRyj. Qg rgigft()'lc%gesggstom@t%d @ith [1%11 ltraﬁ%d EPdhk emﬂt‘ir%(:rggcio':‘n mgéLﬁHeE}5sséseaSt one
roll of substrate i1s passed throu a substanti al I'y Tonti nuous process and
ends up ond e Respcigt ltla)hghigﬁmoeé NV EY atdp opfea susfreeef thyOLER g4 yvhstatey,

sli tigng, o QLs, tFﬁﬁhér'dl%@usswn of loss%cﬂelnﬁgls ROWLEBs EnBe fdmd WELSGGL. t‘%‘ﬁﬁuz%tlon
schematic elevational view of a portion of a nanovoi ded ni crostructured

| ayer 300f exipmplsagning ed hehh ervissiereid opgapic dightrquaitting devidesympdegingands j | | ustrat ed
havi ng tviQ,fl.anar o OHGH1 Biysf gﬁp§5§§@51§3§5<kh i's understood that at |east
one of the out er surfaces % IS mcrostructured to formrelief or
extraction features as dlscussed further 20herei n. Exenpl ary nanovoi ded

m crostructured,l,ayens.390 include a plurality of interconnected voids or a
network of voids 320 dispersed in a binder 310. At |east sone of the voids
in tHé pl ural ifympleryretioed exragtien Hen diselpwed hergindnrernarrit Hdastonander9igsd t unnel s
or ol OW LRl ahd IR AT SHAS nci KRG phHIRY GOBRRGARMY OliflSor KRV Sl emant
of an interconnected masS of "sol vent that 25forned part of the originally
coat ed fidispersethiel abhnder. e deagtspipe af tb%ut/méﬁrlnm@hfriﬂltﬁpwtwqﬁbawelime@tfsd ®taer neans
after cury,b@eqQfha fdMGwRAYITBE hARR BRI dﬁa@sbges The Al ] oQhPs 320 can be
regarded to 1 nclude interconnected voids ores 320A-320C as shown in

FI G 3. ThHicigsilylresfactpmof Hisvekgg of thy lafyﬁrebut@fe igdliyidpadlyrogp sagibignepgh size, so

par tixul 8L 8$he n%f?dvoﬁ%@ﬁ{?ér%ehdv& PRIy dfRke QﬁqateﬁalVd?'eryn@r)’re'ﬁQ&M%ePQ@r or nore
smal | fiber- or strlng objects that include, for exanple, a binder
and/ or 30WaRARIpdes ihendss Osbffﬁéh@u It | Bk al [ayarionasticidly wilvanigequs & yrcdd a ayer s

i ncl ude mlitdl PR cSEIAMAE dERSRESANNEEHAR DeRdSn WmdWbds] AL RanBES RIS, Of voi ds
where the voids in each set or network ‘are interconnected. In sone cases,

i n addi t iy bibitarefiaptie ipdey ing Tangefsonp . 15 tx 535 pr frem &4 & enhd deredanlp-dhe t he

nanovoi d%{én&loﬁi"e@%&tb%f%l% hésaa)( fehst %Hé’méjblss%rﬂa&Cth&ﬂ%e[nl%roQﬁﬁéhﬁ%d it @f closed or
unconnected voids, neaning that the voids are not connected to other voids

vi a tZanneleBberately @d@@é tq/\lwé? 2 nep-yiegoftperionflagifaedgthaglipf fogums thahbave et lnwst e
passages J,DaimcRxbemek if [ Qthéh lfllnfll%{letémﬁﬂarm Sihd @GS 1R301hQ oﬁdlg%%qga Hio
2012/ 054229PCT/ US2011/ 054704 second maj or surface 332 of the nanov0|ded

| ayer 300nagayec frap P ngpoetpio He0 psendidyn @r Biam 58 ppymgtepdp dUmicagparor figene of
t he voi ds;oGaRest da kgl i nterrupt a surface of the nanovoi ded

m crostructured | ayer and can be considered to be surface voids. For

exanpl e, in tHecewssionanih FAahAai dede dusidessemiay mededy effdyicapga voi ds 320D

and %@0E1&&§%Qﬁdﬁ&m5£9&ﬂ¢s%§h9&zﬁ&&&@ﬁ%n%ﬁ@ﬂﬁfm&FEWQQHnghﬂﬁﬂFune

m crostructured | ayer and can be regarded as surface voids 320D and 320E,
and voi dsleBilorenine sdpbe maxveidedlpyds ngithaipamiasiyrercae e Byud Brcommenbianovoi ded
”1CrOStrQ&&gﬁ@@rﬁ%m%haﬁ&ﬂdﬁﬁkﬁﬁ Aﬁ@ﬁ&QQﬁké%6§Hﬁﬁ©@§eMqusoﬁﬁgfﬁﬁﬁg 320G

Sonme of the voids, such as voids 320B and 32
With Microstructured Low Refractive Index Nanovoided Layers and Methods Therefor”, filed on

even date herewith, and incorporated herein by reference in its entirety.



are disposed within the interior of the optical filmand away fromthe
exterior surfaces of the 10optical film and can thus be regarded as
interior woide/@22B and 320C even though an interior voirdTrmsgothesgoennect ed
to a maj or surface via one or nore other voids. Voi ds 320 have a size
dl that can generally be controlled by choosing suitable conposition and
fabrication, such as coating, drying, and curing conditions. neral

can be any desiuupe il 167 wayeedhass seemaligerescss P gbtormpg béskéﬂfﬂ

SOME Cas&mnovdlded 8RSSstrictiRl Aible 5@ fand ®cdrR€pon@ing %st&%hm%fﬁ:&uﬂng agh 60 % 0 r
70% or 80% or 90% or 95% of the voids , have a size that is in a desired

range. Fo¥idRanpt @ocenopudcadisrosingp codiag tolulionelpnte y sgptrihél & oifds, such
as at | eagbsufR%11s pfAAY 2 BCABIRFIY FUAOSf aPoUMRE addB oMo} @iSablbAYRria, B Z€ t hat

IS not greater than about 10 microneters, or not greater than about 7, or
5, or 54, ffm hgvingp thickngss, compeyitiqy, and offfer physicalichyrasigtstssghat prke b puiteblgders ' 4

pl ur al i t y,s@fs d fmees%@la@ecp%sﬁ MR bidRirrd A AT o R M-RUPFREGinY &) tnRlsufds@nasi € t hat
20 is not greater than out m cronmeters, or not greater than about 4

ni cr omet gleBictegin gt 2.gFwigally, St“ﬂ‘e?rf“é%‘@l?tor sarﬁfrcfrlenléeeﬂf‘swmbffl coppentigpad digkr t han
about 2 mMaGlRERegofmePhmafdfhl, B 8hRical MRRNADPAUL ledst 11002 RIRL @dboup NOt great er
than about. 0.7 mcroneters, or not greater than about 0.5 m croneters.

In sone cHEWECteE)HROTHT ¢ hae guifigient samehido Buppynémqegssediaithe elte- 1okt t hei r

primapy qRddessdls s¢dtéGhd 'w%uﬁ(ﬂlpra%ﬁiﬁ SLsubRBe&df 6 b ¥BrecBiveAtl b¥@atdAd B¥eh athi | €
sone ot her. voids can reduce the effective 25i ndex and scatter light, while

still sorfHttigeREFNPLTAS mé%ﬁdlhs@uaol@hqefseir Biseasy withpupexcessive Haihtepded .Sﬁretﬁwa%mr y
optical elfiggloriwardify. Scatter light. In some cases the voids are
sufficiently small as to reduce the effective refractjve index without
appr eci abl y sdBFRS farg thy Ating solution 2 ypayhssariisr geine wilie 2bbiuchat arl¥gortety er

300 may haver adnpks ahlbodtilé SR 214 incl(lhésa%rw&h%enﬁﬁerﬁeﬁmesew%mr %ernaj or
surface 330 and second nmmjor surface 332). I'n many i ments 30t he

nanovei debe RPecroritididss ey neizage ﬂ?ﬁeaplme@eabée MRFEg Wé‘§%th{3 PO%tlﬁ&ﬁolwsonr%% IS ess

t han abouf ¢dddMt Biih a ﬁﬁcrd)’l@;%hcht@(ﬁﬁoélhﬁlto%@ﬁu{u mROL MR re®lay&2B0.| SQFent RAEnabout
1000nn10r|n a ran romoO to 10 mcroneters, or in a range froml to

100 mi cr gRBeeAgor examp ¢ by ap gvengds frogyibe migrssrusiuice Ay Pl tqﬁoepaeﬁrroefe@iﬂr ed

layer maymibRstdehedd LNAIBI. T0ed faprobRE20BAQNRE dRELs T GHRBIHE InbicASl 24gyer can
reasonably have an effective refractive index that can be 35expressed in

terms of thenpypigded gucrgstruptared eticie?0 &t fopm a byckfited ngrey oided nigratiwetured ggiclen e
voi d 20r p3beThdMIIARER hQRdid PAIRGTY WS2klibl QGAs Ddic Y8 Wik d AGlbAG dS foPOr osi ty.

In such cases, the thickness of the npanovoided m crostructured |ayer is not
| ess t harf&BRJitor Bootheispitahle mesns.| BiedobmgHe aBtste! 245 oo aliwatizely bp laginatsdge from
1 to 10 rgnfS ROBNEY dedMhiclofntubAneRld 74013 RBA tHMah® oD mibr&HAdEk & hidiclef OF
exanpl e. When the voids in a disclosed nanovoi ded mi crostructured

| ayer arésguff|C|entIy smal | and 5t he nanovoi ded m crostructured | ayer is

sufficiently tme%@rofeb&aammmmlH@a@w&wmﬁérwe@%ah@mm has an effective
pernltt|V|ty Eeff. that_ can_be expressed as + (1- f)Eb, (1)

wher €°Ev I&lﬁ@r@ebca&%t%@za%#lﬁﬁaﬁdw f follgvhsre t%l%@l%u‘:ra@a%z&u&f%e iyfndbrer

respect i leyior @ik 1H1Li B istdh@ c¥RbMPEBred faché AR:@Eplichn\ippsiud dan ildRdpanovoi ded
m crostructured |l ayer. In such cases, the effective 10refractive index neff

of the néﬁ’(%’é‘ﬁ%ﬂé‘dh?’f? the gugrpigRkGarientopldy astrucwredisarace of the sbgtraie 216bat neff =

(f)n, + (cbntadt) B cdatind &neloa\mgrrﬂhenbus%ed hﬁ@or@ﬁfcﬁ@(ﬁ[tbd{@u ﬁhdluﬁéis?a i roliRer voi ds
and the bi nder respectively. . In songe _cases, such _as when the difference

bet ween tHg? fFAGREBETOHR2E-of CHERS SOHCOF2% HEh 9ot brak 2Rl Vil gp Higelpaigdgs being
SUf 1301 enfilcte $1¥RAId,thd sl 86 bhd/@alifidBKii0h 2151ehiRARAGRIIEAGIIbELBSE MUCT ur ed
| ayer can be 15approxi mated by the fallow ng expression
contact with the microreplication tool 212 to form a micfostructured layer 230. In some
embodiments, the substrate 216 can transmit the curing light to the coating solution 215 to cure the
coating solution 215 and form the microstructured layer 230. In other embodiments the curing
source 225 is a heat source and the coating solution 215 includes a thermal curing material. The

35 curing source 225 can be disposed cither as illustrated or within the microreplication tool 212.



neff ,"z (f)n, + (1- f)nb ,(3) I n such cases, the effective index of
t he nanovoi ded m crostructured |ayer is the volunme wei ghted average of the
i ndi ces oWVonefwm@er2non of the voids and the binder. For exargsk@,1/054704

nanovoi ded m crostructured |ayer that has a void volune fraction of 50% and
a binder that has an 20i ndex of refraction of 1.5 has an effective index of
about 1.25 as calculated by equation (3), and an effective index of about
1.27 as cHMOUhagUERS pRprecHas W@Oi?ﬁ@eﬁh@éhwwatr?pélﬁat(oz)tool P1e. g micraseabigstion v
enbodi men§ 2§ NeanNARQYPliER S (hE Efafsd JoULA B B0l @e TRIhgRBN 80P 5R0A BEhitve
refractive index in a range from1l.15 to 1.35, or from1.15 to 1.3, but

val ues od?ﬁmﬂémﬂﬁﬁé@mféﬂbes are al so contenpl ated. The nanovoi ded | ayer 300
of FIG 3 is amsrcebeio fmitRClaHSDidell hi@bdiutiuRA aftRich DM iRdibtcakiliitivnapf

25i nt erconnect ed voids or network of voids 320 dispersed in the binder 310,
an opti orPAPeepingsiPs ugh ¥ PasstErither RYymerratinser JeicExapst Hsemarasgs. a

uni form yhout dubd sieptiighphb N ee rddGroided microhiaR@RALLLE ERwIhO@RnBredbvg d2
that can be any desired value in any desired range of val ues. For exanpl e,

in some cHPedn mejcphedimantpdhcst PYP%S%?F cwaclb%?ra@fh@f)@éproswﬁg SAIPRICN] QHRONG 004 oF
70% or  8Q%41RMHrefAcATof FeYbAEI hiberiR @it kiR Sfor BaWS idRk z&mttmzonin% rbI3, @ desired
range. For exanple, in 30sone cases, at [ east a majority of t articles,
such as afCCTREEEChBTNHH UV SHCrBYSh Breotngpbilanysumatsss. laWénab%Pr ioflp pagthe haye a
si ze 1phat]ike STNOMe i@ HREe frh@eabAUkilide IHGEQANRD Bhiths, @batii@lecBli@R,Er than about
700, or 500, or 200, or 100, or 50 nanoneters. In sonme cases, the plurality
of nanopdlbimerigaionagparasiy. ppaifieniag obrabREgEat oA PRI, diy g opFpstcopditionieg gr eat er

t han aboUtctibndlafd @RBLEhnd eROthe YcBatslesdiBaNcadBOUhtiohR0 In Qﬁn&@&s o% 200, or
100, or 50 nanopeters. WD 2012/ 054229PCT/ US2011/ 054704 sone

cases, soRECOr 2l HepsPiHspatcess Crple @ipdut asaf Falloipap Wocsewher%attl%gtonﬁ hey
primaril »folaf)ifs%;traiehse a@iefdel%lhgm sﬁssftéfnamy ééﬁtlﬂdad@ﬁﬁ'oce\é‘f'dnh%n(fﬁ?’%n@ﬁ&ﬁér rollor
nanopartlc es can_ af ?ect the effective index and scatter while stil
some 18t hdt cqsedeiasgectiag lyaingines sigmgnentye ksr ge so that their primry

optical effectTunsind Rt e, ﬂe's&hhere 5I&€mﬂmﬁ6ﬂap\l’1@ﬁ oBAfbridYor@r May not
be functionalized. In sone cases or substantially all of the

nanopartﬂ@P@@“@ﬁGm“§UEﬁu@§kﬁ@ﬁ@ﬂaﬁﬁh%@bﬂ@&@BWOQP%mHHFUF%WE@PﬁﬁéPP?ed I n

SOME CasqfystraRiBavifa®h plair cbkPSil-ARs1380,1392.31 ik ufersidod (RANARBY dnk 6F @S 0R40 are
functionalized or surface treated so that they can be di spersed in a

desi red sYITREnE30332%5 pirsestraqiprediq farm epliciyr eytgacijon fepttepas dicysspd Rgher n sone

enbodipmrendeiein. Nanoparti cl es 340 can be further functionalized to chemcally
10bond to binder 310. For exanp nanoparticles such as nanoparticle 340A,
can be surf acexeBakp egowgided H}“fr%t%‘@"tt“?eélﬁyérd 3G inplyden plarglityiof Miqreprascicnal i ti es

or grOUD&oﬁﬁQrﬁﬁet@mwc@hd Mofaos @tsetdqnbbﬁd@rslmﬂt 1e£\.iam&aff&ne%ﬁ1§ ic@h be
functionalized with multiple em stries, desired. | n such cases,

| east a JNYAY P@aehwk ﬁra@ﬁmt?ﬁ%fo RS AR ﬂa&lplé@v Bpeds of el BrpclAike bound to

the bi ndgfassagdd. TROMBteFRERRted RHAORAY bd hé RTnAQf SOiInRAINNANE nfaQAFEbIVE that
functionalities to chemcally bond to binder 15310. In such cases,

nanopar t ifemesd pauof e prigeally ﬁ%?dc%lm gddBRiRGS (v eBionLRE theg ey by the oven prpthgs e

cases, Sop®nPifict RRINBINMB P61 in6liABIc AV Rial €S hbtvv@ﬂ&ff%m 38N4n 08 hgirdete not
have reactive groups. An ensenbl e of nanopartlc es can include a m xture of

si zes, raadydejaiersepneriethyaidsor peres F29Ar320Ces shoymdn §IG- Pe lbptoifygierotof particles

(for examl®sarihy hdeGR a®Rdttlah@ S Yaktu@¥kb. A€ exdnipl& AR neRERS 2 VolEnRARARRAT L1 Cl es
may include surface treated silica nanoparticles. 20The naanartlcles may

be |norgéﬁF@rW%ﬁéﬁ%ny%1%§“m8 ﬁ%ﬁ@%”i@ﬁﬂm%%ﬁn%¥@mmﬁ5i?Wﬁ¢?é§ Yanoparticl es,

or a 300MHaRdfattRles. OéonQer GaNs6d RAGkdidea hﬁ@fﬂdtﬁctﬂ&ﬂ%@fstm&dd@ sultfpid eR@FNOr e, the
nanoparti.cl es may be porous partlcles | ow particles, solid particles,

or conbi datfﬁcaw@ctﬁ%w%w MuEpARST ekt V§l‘i§ WQHF ghe Vﬁbi? Y Schor ek 18| es

i ncl ude Shicicoheatd MBbAE cRX, RQIMANORARMIIHHE @ﬁrahﬂ@lowghtmlgtb&&%u@d vdidst ani a,
ceri a, al um na, i ron oxi de vanadi a, anti rTan}'/hHOXI e, tin oxid

25al uni ndhsianpoided aHerovRlI A B rORY Hitdpeede a Pruality ghelossd py %C%GE%V%%/e an

aver age Radahing kit Bt A8 8E nbt@SSnctB@RDd ARPUSIdLIPDRNAR. 1RkaskLFBeré Dadiwaleut 100
or 5 or the average may be in a raqge fromabout 3 to 50 nm or from

abou'?3'53 Y9198 32 fprmppncror Bereiaeagessha gxtend fronpg fifst mypsuHag g% fa anappsedr e
aggregat ed, the nmaxi mum cross sectional dinmension of the aggregated
particle can be within any
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of these ranges, and can al so be greater than about 100 nm In sone
enbodi nents, "funmed" 30nanoparticles, such as silica and alumna, with
primary swoeoizss229han about 50 nm are al so included, ®0TUSa®11/054704

CAB- 0- SPERSED PG 002 funed silica, CAB-0-SPERSED 2017A fumed silica, and
CAB- 0- SPERSED PG 003 funed al um na, avail able from Cabot Co. Boston, MA
The nanoparticles may include surface groups selected fromthe group
consi st i rf§eoBf MAPg P%&ﬁ%%ﬁ%of dreaupyoided By AP theclaysr d0hway baeseBrbITPENESNS

t hereof . pldugrpati vely, the 35nanoparticles may include surface groups
derived froman agent selected fromthe group consisti ng

2012/ 054229PC15/°E9'5‘52’(§‘_“PEI"9‘§@1?@46%46 a4 olgipieE PR 2 spifags Af e AEoyol ?ﬂrrglar?rtelcsa%de and

conbi nat i19Rs add@h 80onsilite @R kur@l¥P Ostdrent §xanfprkemriﬂé"é?<@ﬁf)fa aB8Svoifagl ude
organgsi | yl surface grgﬂgs derived from an agent selected fromthe group

consi St i AgcEstrugiusd layer dbfb voidy JA0D; ang AZ0E rérl%wsqorl%raréwr HdccHt Hat i ons

t her eof . pIh& ol Micr&dtéace 1yRdinf tathcranaRakd éu@ﬂa& volic@f3261$ aﬁ@Z@EPﬁlﬁt vofels € t hat
i ncl udes surface roups S5attached to the surface of article.

surface Tt respdahErst maarriare B of e npravpided lelcmrffectltref lpger: aﬁ(braer cle

di anet er befi‘@gﬂrde@@sf Jukfadc8oftls BE0F 4RF320G T Qohder thBXJi MR hORBds 3268 hiiloC,
di mension of a particle, If the particle is present in the formof an

aggr egat €r¢ ditesqdgyitn thf)ar@trw&r@hu?rélﬁetferl anhypy fipat the exterig pyrécesdhsr to the
naxi NeM pAss fife Ghd &Mdhusbe RERARILOR iBkris 1R RIWELALIR0C bnSRNBH 6RH8Sior
particles can be large aspect ratio_aggregates of nanoparticles, such as
fumed si lerkmyierepricsisd fopymier ifpeailnreBmpicofch tidpar ti cl es have surface
groups that nogiifys20ReycSQiAdki ik YanCRAGAGLRICLSEIIES bPEnob i Nampar ticl es. The
surface groups_ are ?ener ally selected to render the particle conpatible

Wit h t he SOBaPItiRY 2ad Fabtisadian. speh as sertidausbyingand curing sondiffons cle sgicsrlgd «@ahe be

sel ected a'fn? d@s%%&@alh?etlﬁ aﬁ’;f de%i@&ﬁhng\éﬂofbalﬁés F@rae%m BQn m%%le@& atnliorkPatt | ng
sol uti_on, art pol ymeri zed network. 15A

vari ety dfle Y%@Sh%u% awéﬁaa\ﬁgrq %Bpé Or%Q% % 91 %fg{ rfﬁee Wigst bave 2 gire thato P ti cl es

i ncl udi nqremfetarra@é aF@'eS%amIﬁQ% QfhcRafehlat RER a MRy Mg RABNuck & ameeag B&Y,tok Cl es
(for exa owder or a colloidal dispersi on) and

al | owi ng%F{OeO@Q?/oroa@%%r%af%yffhsvag%hrvetaélaeéla&snm&rrrtftrﬁlenﬁ PHOPAFHGENEES, Ot her
usef ul  syrhaCeat@diah bbat 7,00 5SrACESS 652, Bf € 088 CorioBdicidhetdOr example, U S
Patents 2,801,185 (ller) and 4,522 958 (Das et al.). 20The nanoparticles
may be provi d B SPPE gapss. # RJpaliyrof gltf‘é‘afnrl%redarrndaﬁ%‘blas 8P BYPrasEXGihIr BYC FC fidef ul

comeici ab hot ghval ihabhRut R @d oShdtigfieShak 1do00s MREM kA, Sr hdlglude
nano-si zed col l gidal silicas avail able under the product desi gnat i ons NALCO

1040, 105bpn 2peyd miorgpistersparpt graxer %2@0168@16%151%?11QO&aert?rdfﬁnmar% Cheni cal
Co. Nap@ﬁﬂﬁolmle%r ok hdtierdaREthak SRNOST hﬁ&&n&aﬁleﬁ nbt¥ecalRk Qﬁﬂ%ouﬂ@mldr&ﬁetél' M5,

I PA- ST-L, | PA- ST | PA-ST-UP, MA-ST-M and MA- ST sols from Ni ssan. Cheni cal
25 Anmerica Co.!n FIDGE8HH; SOmR 04 Vf’ﬁec@rf)é\ﬁﬂf@ﬁ’em mpd so tht eyt prppary gpticalsT.
ST-N, ST'e@ﬁect%Tto%duceSﬂ;e Zﬂfecﬁ&ﬁe%tw@-ﬁﬂe@%h%me&hl&@ vbiaOdmm N desame Sremcal

Anmeri ca Co. Houston, ght ratio of pol yneri zable material to
nanopar t |1E‘feé§‘n‘c%fﬁ“erralﬁb‘ewfl eorrfl é%whewﬂ@candc Sefflmeféy Iagge sethatheir gypmagy

70: 30, 8Qypalhl effecP t@-@a@err IR €n sohRQaRk elb11E the k@ABIB K1y maMaeoatdamepar ti cl es
range from about 10% ght to _ about 60% by wei ght, and can depend on

t he densreﬂcﬁf/“’ta’ﬁ(‘]ef?ﬂi‘@ W%XNH‘QO%@H@%%WP@“@% lighteq. In sone cases, the

nanovoi ded N CrReLANGCIM AR rdsBN@ircBRPer FBY mBANS ¢ an) QMROBIkEaAL tih@z&rval ue. In
such cases, the optical haze of the nanovolided mcrostructured | ayer nay be

no more t%%%ca%ufens"%t mgjor sgtage &3 awd sgoquhmaigbiyfiace 333). gn many embpdimeénts) 5~ gp

1% Bor Ithcgﬁhflomdemh&r}rstm%rede@ter Ry mawﬁdkelag tﬂhﬁtﬁ@fi&tﬂdd@{hbiﬁ f5dul A&, 300,
"optical haze" (unlLess otherwi se indicated) refer to the 35ratio of the

t ransni tt"é&"tfli:s@ﬂ%anta‘?%‘f S &f BY 1935 Ban ploat ]nBQOn‘ﬁ‘I‘ o ivagggedionby ! totle than 4
degrees tficlohRters\\6? id Q ko0 BIRIIPEI Whorfdikedeh 054704 total transm tted I i ght.

| ndex of refraction val ues of the disclosed filns and | ayers
measur ed by arf}) S€U6 25351 Be prrgrdedgiproghiusysiddayer arap g féwfr/eflwgééwhﬂm%r 2010

Prism Coqﬁh&irmde@-i%ﬁdr(l)s@’m:t@reﬁ 1960 ¥R tdadaly Eﬁfrelan cffRADOIAFHRB indDW that@at beal
transnittance, clarit and haze val ues of the discl osed films and | ayers

can aPso BECHEAEIFEY 036916 drNres of retiasrien pfghgeidsragg the pindey, and thgygigorpore

-10 -



S5Haze- Gard Plus haze neter, avail able from BYKGardi ner, Silver Springs, MD.
In sone cases, the nanovoided mcrostructured |ayer 300 may have a hi gh
optical mha@esidosszach cases, the haze of the nanovoi dedPgirarsestosdur ed

| ayer 300 is at |east about 40% or at |east about 50, 60, 70, 80, 90, or
95% In general, the nanovoided m crostructured |ayer 300 can have any
porosity or v0|d 10vol une fraction that may be desirable in an agﬁélcatlon

In some cR4EY fraction of opignly- fIp sitchicss. dfe tblplme@ﬁqfﬁlgﬁ ngrovpisled| micspgugtyre

nanovoi degndi&s Mt ssat s00esh, bANR les3@bh dbduet 0008@S br @R HOH1 Brnoat | east
about 20, 30, 40, 50, 60, 70, 80, or 90% Bi nder 310 can be or

i ncl ude APiGTORSICEY PR a¢ange im0 am de 40 misrometers. &5 SXAHWIS: cat i on. For exanpl e,

bi nder 310 canyhé& tRe {di@hh a Q18R BarBREBED BHordsB@iurb PEYE aR sRECHABY smaBlbpld as a
crosslinked 15polyner. In general, binder 310 can be any pol ymerizable

mat er Pal ! %W@HV%%@danﬁefft%@fqdiwléswfﬁfl@?tl.‘/éhwlf gt napgyvojdgd F‘é‘tfi’%rﬁ"t&'iifi fe. In
sone eangg BTSRRIV 0. GRNCARABe 3preiQ a¢Ter i zabl e material, such as a
pol ymeri zabl e material that is thermally-curable. Pol yneri zabl e
material 310 can be any pol ynerézabl/@cmallerfad,.t hat can be pol ynerided by
vari ous conventional anionic, cationic, free radical, or other

pol ymer i Zgicregn ahdsp R thuRssmitiitics 19f thanoidomd thahindeatcsreetyrdnrdl s e velBemal | y,
or by actfiign Jrack @tds Mehe Eﬁ&@&§§ﬁﬁlcf6§t‘nﬁgnéﬂﬁ§e?l  sh@tliagdsi @Pefroglude, for
exarrpl e, visible and ultraviolet light, electron beamradiation and
conbilfat ireirstiyhisfedrs ofAbigowidsd migredmeturet fycr e bacrareds! yrer | zatl ons can

be carried out in include, for exa nt pol ynerizati on, ion
pol ymeri zati on, suspension pol yrffiér @’a)lfl‘i oﬁo {\gﬁrfbk pol ymeri zati on, d(l ?

| i ke. 25AgHtdY Gnd 1@%@&1& fé@ra&%%llc%s B@L%dlés' and kﬂé%ﬁddgrereéﬁ@& r ?nso%{%@asre?a‘:t Ive

ol i gomers, and pol yrrers of acrylates, nethacrylates, urethanes, epoxies,
and the Isheas Whep the sliffereace beéwméhppn@ges(@f refegtionjoé the aieidnarddhe kindeab| e gr oups
sul tabl & ity BAACE EheRle MG AURSARL oS Hl(ﬁ?%&ufeﬁ%%n POXY groups,
et hyl eni cal I'y unsat Urated groups such as | at & groups, olefinic
car bdﬁcaralﬁbfﬁxlémtﬂdlbétf@dﬁwln&¢>qp§ﬂlswy gr oups al pha- net hyl styrene groups,
(met h) acryl am de groups, cyanoester gjr@u_pg vinyl ether groups,
conbi nati ons of these, and the Ifi9‘ke = H%Cal l'y polynerizable g(tsz)ups
are preferred.p, 's&fh%%? t&'@?f%&’ﬁv%‘?{&& oftﬁ%(ﬁefIBL&Héﬁ oSk '&Jréjl b Yy f&gﬁey late
and net hacryl ate funct’ional nononers oners, and mers,
part i cul arcightadlayverhgadtiicondiées wbrebasios of thatvmdﬁawdfthﬁrhm@r cE(@Slsdmnlﬁ(ed net wor k
upon pol yaRL.zRb |11I(PJ?0 GAGuRE 12 #éﬁﬂat h&>, %'Ith\M‘mh&r&c'a&r & 0% G bﬂfagrytﬁﬁrhhgﬁlbl €

materials can I nclude any nrxture of nonomers I goners, pol yners;
20122054 208RCT 1etS201 f 054204 cffovtiw érdet pabmuitledsisakdcutioliycabeiont3)l @dsn

partially I a ;
mat eri al seﬂg aﬁl (?%i()gflasbo tulb gﬁmp‘?‘ﬁ (ﬁ@t}{‘%@hl{e plrrr%nsgg &{r@?%g&gg é(emtpﬁg'ol vent
can be arpnbsdimgatnthetnhevofded misrestraainad Jager muiythave &m@f@@yp rtpctvg| ipdesii z abl e
material . egr%?roﬁlof VRt 3Gad} 1 F)ﬁ‘l ﬁ150t(3|1%r bANa es%ﬁld%%egé raﬁgés\éteerhtls’ongntgﬁh%e e@O' l'ing

p0|nt SO|V t or a OM/bOI 0|nt SO vent sone nts the
sol vent i ncl udiés nanmplﬂciﬂna@eréﬂﬂ QfeRI@r s alsobhoenmtte inciide isadditnto e phwilipesft

m xt Yise %xrcpnﬁleét_@(!l 9&?5%8 n&%ohﬂﬁtvo%dp (ﬁdl efg§ 1&1%3‘&?&93&33%% tl%%aq L (f* is at
| east partia I NSO in the so or ‘at |east ong Phe Sol vent s
i n a sol vepapariicies &4‘19(}i8petsnd %W@H’b@@fmmvgthﬂtﬂl‘leb@@ﬁr@éﬁt m xture can be a
m xture of a s@, ; N 00 R€ir Q) ; al. In
one. par 1 cul ar obod P Ba B2 UFillap bt SRR 4 AR TRLELS

10t hr ee- dialwendion wallmpb-’oussn@p capas #tiloastrandiorgy pothy pasticlesharich ag 9t idastip@% arfgto
provi de thgodf 66, NS A0AlOLARRL L. mINC IRl RN 02 dhifeges can

prevent ormati on of crostructure ayer of the
sol vefit . some cased, At lsyhemeiasef thy phiieks, sechres bideast@1% gr T&ne\PEY droBmor A&

sol vent - lo@%%amcfég P5id dés%eLfﬁaQ ﬁs Ao@%cgter]tﬁgr ab&ﬁq nlﬁé(roglre%f 3Pnot gfé%te?‘?ﬁ@tmoﬁt at

t enper at ures not excee onposi tion tenperatu e
700, or 500, or 200, or 100 or 50 nanometers. In some cases, the plurality of nanoparticles 340

may have an average particle size that is not greater than about 1 micrometer, or not greater than

about 700, or 500, or 200, or 100, or 50 nanometers.
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15either the insoluble polynmer matrix or the substrate 216. In one
particul ar enbodi nent, the tenperature during drying is kept below a

t enper at LWe 2at2/082¢h t he substrate is prone to def or nat iPomUSk@an/oexanpl e, a
war pi ng tenperature or a glass-transition tenperature of the substrate.
Exempl ary sol vents include |linear, branched, and cyclic hydr ocar bons,

al cohol s, ketones, and ethers |ncIud|ng for exa pr opyl ene, gl ycol
ethers such ashBRO¥ARESTINRN BF@EW%@GQ@@Ibﬁé‘gﬁCI%HE’ﬁWaIIéQ thatrthey; yl

al cohol , a@ﬁe&@lﬁb@ffecﬁx@lr&?ﬁ@ﬁve 13&613% hiRG8habAcr dnbPaHRNS 0fh arRbt N cFRERIah®x et hyl
|sobutyl ket one, et hyl ketone, cycl ohexanone, acetone, aromatic
hydr ocar F8f @attﬁrécbh EYPB‘h%lH SB@F §the neeticlsn éan b skl hge s faher primary

t et r ahydrpfiet affect 838 QhferSivgh as |l actates, acetates, propylene glyco
nononet hyl ether acetate (PM acetate), dlethylene egcoI et hyl et her

acet abe (DE acdeapmopartiglensAddpay oy 8t bsdynptionsfiredy Ingastespsss.ceRe.4past 8% e) |

di propy| egsstBitiYisodl JTRRAERS AN IR SAL dlch as’-%%’%&&ﬁﬂ%t £} notl fﬁ&‘tl&hdﬁyéd gsters,

i sohexyl acetate, isoheptyl acetate, isooctyl acetate, isonon acet at e,

i sodecyl SAREEHERSOME w&a@éylpst@e@{.‘/aﬁﬂeof thegﬂa%qpﬁlalé@$40a?é%ﬁlaft@na}rze%Wéfface

i so-al kyliyc8gl 8 Hat tH%tc@ﬁ be GYPHRENARLA RERIQbIvENSSEn@&Rd16 VEh hd, kBvery Little, The
coating solution 215 can also include other ingredients including, for
exanmpl e, GHiRiRgtBpane Erhoingnisgrenenrarticlss 340 caads fEthst @P@lon@&@%wé@@caﬂy

cr ossbi NkjoR@toa@eRt $10. FaLkhibR! fnoRhRES kGdhze hshopadlcld yak, csibfsagiant s, flame
retardants, coupllng agents, pigments, inpact nodifiers including

t her nopl detdificdor syrfgs figssito frye yaretie fuictignpliie i Geupseifdiie ¢ enfl@éimowgi ‘agent s,
fillers, w@hRss02RdnfRIENE talBeHRIBREL&SwiRNHuIN)IE ERRAIHidCAeR sirc@l REJucipar ti cl es
|nclud|ng electrically conductive particles, thermally conductive

particl e<asesalsps a sigaticay Fpgtion afpamprarticls3i bk prgsheraicalydoprdip thediidce dhver t er s
such as RBRASBRGY, SanopMtiABSIIRE Mss ha@@l‘éacttlh@ ﬁlnbtlf&laht‘lé@to chemically bond to binder
2012/054229PCT/U820 1/ 054704 iator, such as a photoinitiator,
can de usHd wu%}hcaé%wepa@foﬂeéét‘ﬁ’ v bte@ha'%f@lly peual & biedey Ak i zati on of the
noNnoner s pr €s QHtsorh@catsé%esoﬁ@a)tftHaﬁiaﬁi@bﬂt{El'e@lﬂbve TagiaERIpE afotiRRQoQlonidyt at or  can
vary dependi.ng upon, for exanple, the type of initiator, the nnlecular

wei ght offaCHE® $pgns; Apgpsempbleeof papopsiticles cap icludat moriu of 1i%rs. Tpacdiyg $1dng

M cr oSt r UphrE@He hAUQEs, artNBFFIBR tPed YiPRFcEatHhOXaRpRCERE and FiRGhiusliRGle). fIRT
exanple, the tenmperature of the process and the wavel ength of the act|n|c
radi at i orfowe&¥cs: (s @prApatiniss @?shmfl.ugft BiFacs tirgtet gidica ﬁaa?paéts@éﬁ%m e, those

avai Ixgbl e fronpeinbapSaeed @hy b i i ml&adn ARUAR! orbdiRe @GAB%%H&@ Bfc) DAROCCURETM
trade deS|gnat|ons i ncl udi ng CURE 184’ and I CURETM 8109. The

ni cr ost r JRREURRY ewyéw@@@awyf %a%‘r yddnqrgapicagnengrtisleyyudemaphe i gi d

pol ynmer Jrﬁﬁkﬁfaﬂ@fek ma%@ﬁo%odslplakicl%g heBdw Pﬁtl@&héﬁﬁ%ﬁlnl\é\lei Br @mbiMatiBRUher@fCr 0SS-
| i nki ng agent by usi ng enetgx%ra iati on such %anna or el ectron beam
t(l

radi ati orFXemp G%Bfr?é“@ulPo‘BEfE%Wt‘@"P ?Sd%féuqeﬁ%lﬁﬂ@%@éﬁ BPRPUYHE nat i on of

cross-li rlkdhﬁtgngaaﬁaﬁ@ timih, Bfia 2R, i n bkidle, Naddial ShtidfonP OkideTBR bZiah)l € mononers,
ol i goners or yImers. The cross- Ilnklng can occur during polynerlzatlon of

the pol yr?él}mlﬂaéillmf d semhigatigny thsreof. pkheaapqpatieles cagihayq a@ﬁvwﬁp@% lebirnpstsrped

el sewher gess Iibagsdhodoag, 8t le@Nh&WHbiRd 06 6:09Smi, il Bekra8 &R e iClabiterom
mul tifuncti onal acrylates and net hacryl| ates, such as those disclosed in

U S. Pat éfput 1379t fiopabppein 3 e fmegt, f50m RRICHO 27 &y dth @_’Ln%l"l??é%%é‘ﬁq ol

di (et h) aa%gliélfwﬁé(ﬁthefrﬂakﬂiﬁﬁlh&l)@|s&ft1@9a’ilﬂﬁ‘nefn§1b1( vEbdd@ftdbSiicldcad b8 WAKInGAE gl ycol
di (meth)acrylate, pentaerythritol tri/tetra(nmeth)acrylate, triethylene

gl ycol  di%f tHsEHyngse el gangalsode gEsgigT féﬁ%ﬂwﬂﬂoﬁé‘fw s Shedieepts; ‘Eaidh) acryl at e,

gl ycapol ﬂaﬁép(aﬂﬁtea)saafax |sﬁ%z€andrhﬂﬁlﬁﬁﬁ tth pﬁhﬁﬁ?’@ize 2Q6linbBo) 50368, xé{eaatls%
tetraet hyl ene gl ycol th acr | at e ecanaol acryl ate,

SOV N LR AT RO SR ok gL, ORI aC Y ate,
Pat ent 4,i34,:289AB6!dPeRSER Pai 00)3 fanel d1k8ind, iak¥Blab B M maQUEhi MaBLass MAer eof .

The coati ng sol ution 215 may. al so i nclude a chain transfer ag ent. The chain
transfer agentThieélalwpélflé%lﬁwn@a@wrfécq gHouph éel%ﬂéwmthﬁgwm?@swgcﬂf to

pol ymer i 2gtiopRobidataiie] 1§ arophilis biotyRbAR coRBinbtichS tHeR0S f AlferR@eNY,9hd Ncl ude
trlethyl silane and nercaptans. In sonme enbodi nents, chain transfer can

al so 8¢ cUrEnengrticlse may gl suriaesEows deryed gy g ent prdecied Sfoat e EoBD FRISKENG sm
The polynerizing step preferably includes using a radiation source in an
at nosphere that has a | ow oxygen concentration. Oxygen is known to quench
free-radical polymerization, resulting4n dimnished extent of cure. The
radi ati on source used for achieving po‘ynerization 30and/ or crosslinking
may be actinic (for exanple, radiation having a wavelength in the
ultraviolet or



visible region of the spectrum, accelerated particles (for exanple,

el ectron beamradi ation), thermal (for exanple, heat or infrared

radi at i orwp 20r2/asi291 i ke. I n sone enbodi nents, the ener gpCraSaeiiosdi’os

radi ati on or accelerated particles, because such energy provides excellent
control over the initiation and rate of polynerization and/or crosslinking.
Addltlonally actinic radiation and 35accel erated particles can be used for
curing atof pelage; jganie ackwpreaitiplasa eid ennbinptipis thejentat oiesg eabpdigentynthe

2012/ 054245t leSaR bl 91%4170%1 @lﬁrfa‘%é’ BR0psel iR FRRIRORERES el onHg REoupe
sensitive to the rel ativel eratures that mght be required to
|nltlate‘@6$$ﬁﬁPf%%ﬂ$Bwfa ﬁ¢6ﬁa@k%@gﬁmﬁRP%@m@WmPW@t@ﬁ@#gy cur abl e groups

when usi ng t heraadmC W08 mb8ieBNhAYSSiclSUE AR £pFOME HESnQhdes bi[rfa@@g@ﬁt%r ay
|nclude UV LEDs, visible LEDs, lasers, electron beanms, mercury |anps, xenon

| anps,? cafBoRd torthe yufaercof the pagistee A he pyrippsrpuns appdily thsreharagiyohids, pa%lalm i ght,

I ow i nt engie tidfmy I'fabt@¥d Qdrdter hi@hbarkibk 36k Licohtilo maiduh Gﬁ‘)ssi ickfonal dlmen510|nn sone
embodi ments, binder 310 includes a nultifunctional acrylate and

pol yur et AA@artigki & ths nagiske ignigscatin thrgforn pfgnpgergasathedsimp r Roatird digipetey”

phot oi ni tdatiticlsizubdedrfdihe taRifin @64k Yb@bRal dftdsitn mhé’égg?etg% Ng Bk gomner .
The conbi nation of a multifunctional acrylate and pol yuret hane ol i goner

can pr odeEsPaftisice cahedYBeashgsh Bie parsesates of 1&?@999&&1% weh psfympd glig.partigles.

pol yupet hane Iiglin@REBRlodirRd ﬁ&dw&rﬁaes%lvé MirfdBSabips MaeRlodifthe M IRFDOdMENt S,

t he polyurethane or_pol yurethane oligoner is capable of reacting with

acryl at eshgpcterstigirddhe ngpqnartiglss-gEhau Cégprb@feé%rﬁ%r/éelwedrté&@fi?rﬁlg with ot her
acryl at eattictBRp ROV the BatiBesIIRRA! Hfhe @ﬁggdim&ﬁc{h@ﬁﬁﬁ&ergmups canbel N one
illustrative process descrihed above in FIG a solution is prepared that
i ncl udes s&l eﬁF(ﬁ ORPIOE e OF reAg At lepse Plé‘sw(n@ﬁlfqnbﬁébf)coaférrﬁdoam%m/%?m%m e
naterla|(ﬂ&ﬁﬁghMﬁgnd@nﬁﬁgQ&Mgﬂknm%hﬁﬁﬁmﬁhe 15po|yner|zable mat eri al can
|nclude for exanpl e, ¥ pes of nononers. olynerlzable

mat erlPal is cd%ﬁ%tyoq{ﬂlﬁt@d%ﬂbé‘falﬂ%lﬂ% % A didyinghe SwréaC%m%aP%ﬂtC%ﬁs fskidpgat i ng

while t h@op&hﬁamerddaagla@ur%& %a@m% zsgemb HARPdra&Eh (fdr @kan§APhE fd oRP! Yi Ng
heat or lig to forman insol ub ymer matrix in the solvent. In sone

cases, afm&ﬁert%éCﬂ&IMﬁw%%qu%wﬁig tbﬂrﬁéf%f&%ﬁfymﬁﬁgen&%rmﬁ Videthede some of

the pol Y ¥Rh iﬁﬁi@ € Oﬁl%ﬁlsbﬁl surfddd MOtIRALG procck RUBE I6RABANS,fat dx@Rplc g8t , the
solvent is 20renoved X or _evaporating the solution resulting in
nanov0|déﬁ“ﬁﬁ@ﬁ@éﬂ?%@kﬂ@é@ ﬁ%g (Bertelat i ncl udes a network or plurality
of vaipds 320 dirsReKcpeecledmPObYITEFidddi iR 8 FordldTa cTMBdaN 3PN A6 Ekamples of

m crostructured | ayer 300 includes a plurality of nanopartlcles 340

di sper sed¢fH! @W@eﬁéalgw%ﬂabkeH&@Pdlﬁqdn%h%éﬁawgmte&alééncaﬂénﬁ&ﬁﬁ?& £loike bi nder,

wher e t hejRayhildiGddedIRe ROKRL &‘e@ign&fonéilhﬁl‘rtgaﬂmo The, igdor pat 1300, Ak 281
nanovoi ded m crostructured | ayer 300 and m crostructured articles

25descr i peHOHEPEFHToR Nalo Chemseidced e iies!ty ihp ergatnsiliet prdgaic BEdEPToT ned i n

a tenper apNIE-MBNPA-$Hat [PASST m&trltbfi stl“h\/[talﬂ@ MJ@@T@&S %ﬂ@ﬂksﬁn @u@ﬁ&ﬁnces
re5|2)15 films, and supports roce
at

tenp BRI £8- deststonnd X arfl tB?SWTGb®|ScTa4IO %é? rﬁTn%OcleﬁT& ﬁ%&P at-@; r$éf OL,

nanOVOlde?ﬂLQﬁ0§P&M@SmKﬁﬁ>h@yﬁ&n3ﬁgm@0&mﬂhﬁ%ﬂﬁhﬁ#@&mkﬁgm@ﬁk!QMQw%%mface)
is 200 degrees centigrade or less, or 150 de%ﬁees centigrade or | ess or 100

degrees dalift f@plmsrigPle raaierial waangpasislsesan rangs diomnAbpeiel: T 1 0s iUk fufed | ayer

300 can hpawe, B:3iesi: Q@a&l% 1I©Q>E %fet Srhé plrefewa&ra\ﬁgésgﬁM%@th@ogim@ésnﬂ%e 340 to
plurality of nanopartlc Accordingly, in general, the weight ratio

can be arﬂyov&P@&Yt%htMO%éo%é%wm and Wnéiﬁpeésﬁwheéifﬂasaﬁanq YrebHE cases,

t he weoi ghtanépatticRs @fedbi nder 310 to a pIurallty of nanopartlcles 340 is at

| east about 1:2.5, or at |east about 1: -1, or 1.5:1, or
2:1, or 2.5:1,ngpmecages, the napoxeided I@Froam%ftur%ﬂrlaﬁr i‘"’ IP‘h‘/ %ﬁ%locva@@gal hp%e wei ght
ratio is damle?’ﬁ?suli}ﬁé'hg& the epacalasd oflheznaaoxfo‘iﬂealﬁﬁéfbsnﬁet@lred 1339@ may be no more
2012/054229PCT/U82011/054 04 use to consider, in connection
wi th FI Gthangboyfiqes pito greadsrdhanabo g, %i r3u%:§ Jf &b Jilfs dioaligy n@@%%éﬁldelg)onan

article maa&oRKd hiidissruétRleM )6 390 NBPEYEOhHE OndyANiless\WiHeRvige ml@a&&ﬁ Trerféiﬁb teed
surfg% and t hen backfllllngjthat m crostructured surface wt
ti

conv aptf ofthiormprated bty &) devistes fipw the gognaldirgiiop &y aw@oth%%qg@ﬁ%io ol ymer

material, and (b) an article made by first formng a
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5mcro structured surface in a layer of conventional material, and then
backfilling that mcrostructured surface with a nanovoi ded material |ayer.
I n both caiees12/5keIresul ting article has an enbedded i nPerfised,1/064784 i s,
the mcrostructured surface, on one side of which is the nanovoi ded
material |ayer and on the other side of which is the conventional material
| ayer. W have found that at |east one structural difference can occur

bet ween t'Ha! trapemided light eWdexiafapftpctionataluse piibs dibdescdifimpepdhzes Pe¥ Bt es to the

nmechani smh@burbyenh 8Mebleatdaf) for kXant e udhd 4 MeRicof Meag o {PrismbRpHRt he | ayer
of conventional material is mcrostructured before backfilling t he

m cr ost r GeRigPdroaMetEisen (R nPeHEIRAMY dPntisy tiptraitings. clapife arr?a*ﬁéwhtfé af

material oMl dbsB®tiintsYRl Bl YanHis@hahRadufld®y aBesuiaMe mestfs, HPHMA Pkl Qila
mat eri al because that |ayer typicall resents a subpstantially solid,

non- pér oU&ze&iard Rps hepe wefen avaifakle froin BydyGardiperofilveneprivge M3t r uct ur ed sur f ace

beyond whi ch tm§orﬁe5ca@@n@yﬁarﬂeadémﬁ@{omaict&@rlm; 3«1&9@%@& @hlgh eptfc@ma&@sm t he
article of case % is made in such a way t

t he
convent i oHel CaRit 187 M of GF nperdtidBiropg caid asf?ﬁ?@rlﬁ é‘l lean%aoufé‘Qa{qarﬁWéleéﬁ
uncured lihguise, @ory/ BB &ise) 1s applied to the mcrostructured surface of
t he nanovoi ded | ayer, the facets or portions of the microstructured surface
may contain supesicel \ﬂaﬁ g0 vordsH misratyrtared flaycr 18 cripbayr 81y RTesEY opeket s, or

tunnalps, ok MiGhhdchey &0 aMaaliE mlapmta@aﬂ ah sdRYcalls Ah&t QuileRRR6H O on
20properties of the surface voids, properties of the conventional material,

and pr ocedwliyARYAISIRG mstb?;P\ana‘éOlﬁieéé’i“ﬂr@?fﬁJéquﬂ%Yeb?00t1P1ét leastaberit i0gmean 2t tdtter i al

in an uncysRdoStoak® 50, \80t v, Selict ke material properties and process
conditions, the conventional material i nterpenetrate the

nanovoi ded | ayRifder 30 R bGAr iselhderrgy m@aerlﬁv?{%tﬁmmbadesgablemaaap@éfa%%lo@%r in

schemat i Gx dﬁl@  HiRBLI10Q8n Be PRIk blﬁﬁbl@lfnat@ﬁallﬂm %Bs’i&ﬁolﬁﬁérvﬁelﬁ ash ersfsﬁﬁked
25nanov0|de | ayer 372 and_a second | ayer. 370 of _conventional material. The

i nt erlPacdopsdicti Brecway), bﬂf(@ﬁ’é&@éﬁb? gy p@éﬂ@ﬂﬁ%b&frra%t%usechpa@@tppldﬁwmab&

st ruct ur aftsisl faGe radptibnadaNEt e S dintts baier 10 cihse di@ﬁ@l%‘ieﬁ'ﬁl@le' ayer 372
is showmn to have a shallow surface void or depression 374 as well as a
deeper sd??%ﬁ%SW@@6a3718mI?H@n?JWPHEQIW@PHm§WﬁBmP% characterized by a first
transverse di MRRsiPRabR mhtBddl 31 BeatlbOaB) pdyindiRfhlé Mhlrid Akecdnhe PoRmSeLand
transverse di nension S2, and the deeper dinension 30S2 is greater than the
shal | owervaHPHeARYCRtpnaY aniops. catignie, rféﬁeé%ﬂecg} oy eherpplymenzagion techipquss, Seditdicant i ng

t he 1@yerpe3digatbd ch%m@ailﬁmmﬁﬂyoomtac@ﬁ& ﬁédﬁ@cm‘ qw&ssépustﬂg%cﬂﬁ@ﬁaﬁhors hape of
the | ayer, 372 %for exanp pression 374A), but also if material from

| ayer 370" &t BEPIs 88113%6 ag%‘érﬁ\a?ﬂfﬂi light, yle?trqn|b§arafadra@a%end§ewéma@élﬁ surface

voids s UQHer@oT MQnd o{ﬁZAIﬁeang NTAM &R tBat b RSN KSR dh PEASIQADUPH ifd\RlcVel d near er
the interface is smaller than a transverse di nension farther fromthe

i nt er f ac&XARYeHOlvER @PYRREAFIAR CHHISIB palmpRzageth S EPEIORIP i MSHFG0H PHEd
naterlalmeQﬁﬁgmﬁﬁdmhqke&g WO 2012/ 054229PCT/ US2011/ 054704 In a
first _approach for characterizing an |nterpenetrat|on depth of the
convent i onal I4681 Tegidten cHablp Atsial dstpds myrgmery, pd Wwﬂélfé’é’imﬁfsn@ t he amount

by whi ch gtk dhaciQfatch, HEctIRAERRL irethles, lcpXkess, AThANY AVGRL RN O BLhnPlts of
interface average surface along a dlrectlon or measurenent axis
per pendi cilf ralttioharaleegras seiiPedr By prasiitg 06 HE PRSI EREPAET BYIPFEPPH s amount

in terms QfuphenyReicanBlBiu@fed gfbugélﬁewthmfdﬂa{@wupsl HefhiSQEIAChRPPT 0ach
for characterjzing the interpenetration dept one may again nmeasure the

amount  byloWplF Bends.rdyleny epingt alpfe-metlyl é'afrﬁv%ﬁw%met@%?m}?agroam SYfRadtheyond

t he @%er%ﬁ&m§uh£@&&ng&%@s%&ﬁﬁn&kﬂprh&@QﬁﬂﬂwHMéSE@@HH@MbM%h&&h&%ka
standard units of distance, m cronmeters or nanoneters. 10ln a

third ap&“&?&éPlreﬂ’&ferﬁeﬁaplaﬁ?f“érem??‘ﬂﬁel%é’“f“?ﬁlﬁ"}’B”@F?é‘f‘lﬁ cludnagdpeand one may again

nmeasur e th@hRRHNHunEon I EBmER S 1HFBH&E,Iadll pAFmEONME H fafRtalar, hAYEtndAadsl advanced
beyond the average surface, but then characterize this amunt in terns of

the feat d?‘é“’ﬁ‘élisé]l‘f’t‘ caprfompporestipled pea@rkeiper Belmeizatiensisa be pspd et dppyinfhe
enbodi MeniSThd fisynhdil N PAMEHA] Adah HEIIE By In{XRYe HandromeRXAIFBMEYs, st bBlyhegard to
the first approach, in a range from1l1l to 10 average void di aneters; wth
regard to the second l1l5approach, no nore than 1, 10, 100, or 500 m crons;
with regard to the third approach, at |east 5% of the feature height, or at
| east 10% or at |east 50% or at |least 95% or at |east 100% or no nore
than 5% or no nore than 10% or no noje than 25% or in a range from5 to
25% of the feature height. These exenplary ranges, however, should not be
construed as limting. The third approach of characterizing the

i nterpenetration depth may be particularly suitable when dealing 20with
nlcrostructured surfaces that have particularly small feature sizes, for



feature-to-feature pitch is less than 1 m cron. Furt her discussion
regardi ng interpenetration can be found in conmmonly assigned U S. patent
appl i cat iwo 26005220t or ney Docket 66015US005) entitl ed "@pmiusad11Bsd7ns Wt h
M cr ostructur ed Low Refractive I ndex Nanovoi ded Layers and Met hods
Therefor", filed on even 25date herew th. That U.S. application also
di scusses shri nkage issues that have been observed when m croreplicating

nanovoi deWV YT iveratertsapeud e at ittt PRER/Y wiibksin pElgaat encrtglvetr IMikBGe rel ate to
the feat WhdoliglcBlthOhatbigs SbiHGE Wigde RUkd REentH RomexaRmk€, axial distance

bet ween the hi ghest point and the | owest point on the structured surface),

the aspect ratJobrefeap heapyesghveitdit rms holytop yéthiheadssisdmpyawrizdlererterdkanyl e,

feature hgleghledltati Kd&GoRY of Lo Rﬂ&e%hahYg‘H%Bﬁm%E@thsbﬁ/eﬂ'oEQibwn%\ﬂn%e t he

center-to- center spacing between nearest nei or features in the
st r uctur e9in gryexe ayd m\ﬁamaefvbﬂduﬁ@tﬁthwﬂ‘ieaﬁn@\ad% REUHER OV verabPofrsRter T2 (t he

fractionabwglow mve@i m{xhﬁe RaNRVRILRM sdmh@nd ﬁicrcﬁ@&‘dﬂﬁb@l@y&mﬁ Remoik didast
refractive index of the nanovoided nmaterial, and formulation (for exanple,

wei ght  %elepiaflyipolplle fnihe wobispt (Rt daptons aﬁfh?ﬁ%tea%w st HBHAN R BMGed | ayer .

For exami@oditRn@Q RS oeRt higRkd @AbEa ARUAE 8L sdN Al Mdlambh L &S fodieng | ow
concentration formulati ons of the coating solution, in the range of WO

2012/ 054 P2YPETzabisIpAeahsu g paticulas samberimeny, the irgleispalyras nsrix (38 be a

M cr a9t r UkebliBncdQOMBHSYm@Mmdiend 82 po FBYr MBinUHRsbet MafREAWhe filc Mat eri al
shrinkage, so that the desired feature shape can be successfully made. The

appl i cat |CE‘HGIH}°§@J§‘§’€‘§O%W%OH“%§W%W%é?‘thF‘f?ﬁ‘s‘Fﬁf%@aM@}eat ed with a

reduced appRStucRircdSiyer DKRIRr Rmo@dl 0PIBSSIvak St ortion of the mcrostructured
surface. In one such relationship, the mcrostructured surface is

5char act er i zed?BYm&Ccastsy iwbienra@n heragivt repenid fseathp pevent-fdennicrasiresieed Bedween

di mensi on3¢.13p b?'ﬂ@nﬂ;lﬁﬁeia@lpﬁ G2 terfiperiredbot leﬁ%&hngltﬁe HQCG&E&ﬂloﬂ@Qn&fht@§ pect
ratlo(structureh ght divided by structure pitch, see EItC P1|n FIGS. 4

and 5 gre#herdhe 19%9&}?16000@111%%“1&%éleﬁalﬁ%%.zbfednwawﬂw&ée PRt b

fraction tbrﬁpe@atﬁr@lagﬁagf driiig @Q%t%@lo@@%mﬁéﬂéﬂl@%t Wiién ﬂﬁ@ﬁlﬁ%‘s’@dt@'ﬁ%rdn@i/&r has a
refractive index in a range from1.21 to 35, or 1.21 to 1.32; and/or the

coating sbfounptipg. 19¢ @@H‘PE@? WRIBING KRINSEIHEY B dcleps fraAsionfigapezaturp o 96 8% i n a

range fr aemhplieyt QIvéRYancRitic fikc@MbRAGRl And B9@ic RelrédattRnsS Blc@l’i‘blsslé&&le@%n&l hese can
be advant ageous] plied to t he resent di scl osure as wel t| cal

Ext ract i GHcrs 1%151&& PrEXIAlE: P@ﬁvle@oﬁy@éetb&sﬁwh at PQWSAN%TMCP% 8108%1@&?

nanovi degydoBMahy cfRF) iddfropH WROEAISAUSI ¥IueRE ethPiakah® D -buMeng Bty Cabtafel | N5
15t hat can be conbi ned iﬁr some fashion with d?EDs or ot her set?,f eni ssi ve

li ght souRedd sopuiyliketons aetly! bl ketopt Frddickangne. agedong; skumatic dydrogagbogs t o

enhance | 1!;(%H(Broﬁex bﬁt?q%labféﬁe ANflethPPHEAIdbRS &ﬁ&hyldfbﬁ%hhc fast&@ LUchas lact'ﬂa@ aédtdtéEB can
be desi gne plied to an exterio g surface of the

i ght sowwenaﬁliye% n1°§01ﬁﬁh5df33’61t Wrial (%Mﬁa%tﬁ)efhﬁthf/#ewlm cthyethergcerie|(RE FI G,

4 1s a sGRemy bibylshadBy@l biFyIQHSr a&@t@{el(EEaéetdf Qpylaf g%&bl fdonR¥l T R6kicon film
t hat can be 20used e(vj\i“'%t,h a top-emttin I%e(w?or exa pi xel at ed

t op- eni t tPRY! 2FRt) isarplkgpestan sobsy et olﬁO}F‘qu}ﬁcatf@ F?P@”Eaer&ateaww% bl e
carrier fabieAddec@Nabehdd, isOURlcdyR NS, GofiibEHadetic(dr OtheOXAMRY 1®sted WaGhed t o)
the film 412 Armnig these |l ayers is a nanovoi ded | ayer 414 and anot her

| ayer 416°mB@petee Al hpeend e ishedded interface forming a structured surface

414a is for medrhe ThRinB 300N 24§ dar AQhcIRISHRT ABloMichcRdef foAGhmyR, | ndex for
vi si bl e llgght wel | bel ow that of conventional 25 polyneric materjals, for

exanpl e, BEpEG cpriggagsatscuss acgglerptgrsgeaalisisecrpss ipking agsntf dpckifigrsgplasficizegs.y o 1. 35,
for eganiyss, s&fh@taﬁ’t’% TRmelr@¥@hintd @(ﬁlphﬁg %leﬁtfs Hligidns, RHARaSRERS indudiRd ymer

material or other suitable materj al i's not nanovoi ded and that has a
ref r act i VBermARfastic g bigimosetpplymeisniigw epntrplagenis dpmingregnts.dfers: elanandii £ f er ence

in refraghlys@r mm@éh@&taﬂ@ﬁfhrbﬂhﬁlche@y&lﬁeﬁ pé’(ﬂléles 1ﬂél§d1h§elé’(%$daﬂﬁ@drﬁdué’tﬁ'ls atively
| arge, for exarrg%ﬂ?1 least 0.2, or 0.3, or 0.4, or 0.5 or. nore. The
thrmalbt qoe}

di f f er endw@rticlss, @Cflﬁwaéf&%ﬁ hegnantisptinageats rntexidaats Qicsldewn414a t o

function o@ﬁve@t@rs@&ilﬂa@@hosialﬂir@'[ﬁ&%orﬁ&@%b&ﬁleq}f(e.ex'[ racting light froman OLED
or other self-em ssive |light source, as described el sewhere herein.
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The structured surface 414a may be tailored to have any contour or shape
that is effective in extracting light fromthe |ight source, that is,

coupl i ng woast2adi22bi ght out of the I|ight source so that PCi/usasiloss7osed in
the intended application. Wasted light in this regard refers to |ight that
woul d 35be trapped in the |ight source or otherw se |ost, for exanple,
emtted froman edge of the |[ight. WD 2012/ 054229PCT/ US2011/ 054704 source
in directions AhatWe spdies @ phetPiniigtor cenbyused ianpmpyiicHeative e frelittte di spl ay
or other JoRhRRGR™n bf ﬁ@tﬂoﬂ&népﬂ%éeﬁﬁhh&%atl @olﬁﬁmﬁﬁﬂloﬁﬁ@f)ﬁiomﬁﬂﬁﬁ@r e
structured surface i s shaped to define individual ght extraction el enments

415. The ‘@netaedacapen, é?réxagmweatgp%wwgorcfar V’@tfc‘élﬁfr"l’eé%bég i ingitoree

I epr esentin@iticd 8bH-AMBRN e hdsSiBe Mlicrdfu@lie@ay8f adde@md JobihdizatRh §FRALS ar ranged
in tmo 5art hogonal directions zfor exanmpl e, directions that define a plane
al ong \A/nrlE‘Hu‘t“Ff-’e fog exannle thederansrarue of e propess iyl thscyavslsagth ofthe agtinie radigtionct i on

el enment s yyay Us@ﬁﬂﬁﬂﬁ&ﬁhatb@‘(&hﬁ@&foﬁé%h&ﬁl@|tﬁos% B@d?l@blw%lﬂ@iﬁa iﬁe&hﬁﬁ@lﬁe@ﬁealsf or
exanpl e, lentjcular ri sma di rensional (linear]y extend |q9§y$r 2-

di mensi ort&fer thgR TMan%ﬁﬁRf%%H%&¥P%%%k@ﬁmﬁpﬁhﬁﬁwgméﬁ @AGHURER uct ur ed
surface nggl@RtURE™ Sigve the same size and/or shape, although they nmay
have the sane size and/or shape if desired. In 10exenpl ary enbodi nents, the
extraction el ermtigosirsturgddayehi0paydicicsylinpd 2 Reviter MpisrigiskRobmes paci ng or
pi t choPl RetieetroRakas calbd SRSVt & WiRSAS crttasanﬁktlgege%mﬁtglm el enent s
are not uniformly distributed or spaced from each ot the pitch P1 may

r epr esentCggY Rdistiayaich angaara o5 clopir @y beap srdigtign. o spre crahedingents. & ﬁmé% ithingt s,

The st r uclii8fla dhiiRein JAeks HAHhOhocaX LAt 4108 18 HRMRRuE: A DolyHeNza8l.S0 be
characterized by a 15di stance or t%rckness froma surface of the extraction
film t hatmgnemgitaplisanrcr o pdupite Ths cftselisldng can@pqus dynng nopygistizaignpedc 1n the
case of 8&ﬁ£h&@&&hﬁh§h@&Qﬂxﬁﬁhﬁcﬁ@ﬁﬁ&iﬂﬂuﬁy&%@ﬁﬁdb§mﬂﬁﬂzOUter maj or
surface | ayer 41 rel ease liner 418, which is shown covering the
| ayerl2416, is (prdf Brafrycwing siopoikingderit igelpdsanydtiyacionalegryipes epd pr ot ect t he

coupl i ng Iﬁérrafc@%@es%@aasftﬁ&mdgamen URL Phtedt B8 7€X5 1T @l dt bil)Mvhish IneREy to be
applied to the l%ﬁét source. Two characterjstic distances are 20l abeled in

the fi gurledhgspagdiphdibmathgerylate. trimethyiplrerivas Eilpethapylate heicHylsas elvehd porti on
of the | ay@fetdfy1REpaRasRythie] ﬁlﬂum(mag)a&wateaﬁﬁﬂﬁttﬁ@glgm dinensdchyat, ur ed

surface 414a. The land is thus bounded on one sid t he cou Irnq sur f ace,
and on t HFEospREe fringethyllropape aﬂﬁrféﬁérﬂ%%glyr%mlﬁa@éﬂth)@wlﬁt& epEnyb et ng

surf age afighctyatrylaft t%fr&@@‘le‘ﬁe LR €01 S (mbthiaefyBk, $UD f1BERaRl dit(h@thBHéfy'Mt&,S) of t he
structured surface that .is/are closest to the couglrng sur t her

char act erseBelyReriplle aiqpatic kefas cofmonpiers gck pahess dssiostdia &S tthénté‘JéarS?%g

surface étﬁ;@@en@m@t)an@thame bh@tonibaRadsahdr&f. t 0 the COUDI ing surface and that
intersects the structured surface at the point( of the structured surface

that is/are farereaingsolayenidsmey glso E’ﬁ’r}iﬂtt‘ﬁ&“’sttﬁnf slcasents it eyindransigaghit| v,
the | and if flefeldBSS 1Bl ilihs hdnsBerddiRdrGRidr RGoBARSL AR EHxdnpIRRf fuliaIs Bl est

axi al__di stance between the coupling surface 416a and the structured surface
414a 2SandPHer igryt Bplude byl Sé%rrr 3l AP e fptpmesmbadipgpss, chyip dagsfes gany)

di stance NGluaRMH hSIAE AKPNHisSHHy REE: AkbRrandechigsnt ruct ured surface
414a. I n cases where the extraction filma410 is intended to enhance
li ght ext ract i 0K PRY™FEeR T oRP e RO HtsiHes wina arghetionratres 18 ap aeerpyrathiter nal | y
reflectedaat 1m;<?génaroﬁ&aﬁatﬁ>ur DRERN Y kB Y AARICNcHAfccldiBeaS fIIma DS ve | ght
source, we have found it advantageous to design the extraction film 410
such t hateHe ingdipinithed griend of Wi@gn”te§3419éll"%€9‘\1)‘i§|‘VedsfﬁﬁtclhleV’FﬂéP"lé%%ﬁﬁP‘é“ t he

| and 30hi GhaBs&odkdand By &thlnﬁ@ ordRhAA, ré&latmn%a awWelénQ&Sn the@nrazi%remlcr ons,
or less than 10 m crons, although these val ues s not

2012/ o542/2@9@%:%19326%/5@5&1?@4a%‘@le@tfﬁ@tlrlaléuf%sexrmlhlrtﬁrl%tjon lreﬁmgmwebs es there

may be NnahdrAaK for 'eﬂarr}l’p% hdt BEih fra8 Riatid, Gliukk U Ldmdameyneiad tﬁe%ﬂ&ﬂg‘{r gs may
be non-cont i guous he | and thickness 419a may al so be | ess than
t hi cknes §Ct5lrlc fadistien napqslcgated inssticless Recapgosuch perdyAiey ida cxefiey §°Iﬂrf§%1"eh’é§ al so

be so thijgitikthatand Ree dfPYBMmeAdBioh BndRtresitinkdb! Rd@BomIlf, e@riSladtd@adSuppor t

filmin roll-to-roll processing systens such as is
5 accelerated particles can be used fof curing at relatively low temperatures. This avoids degrading
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S5depicted in FIG 2. Stated differently, if the layer 416 could be
separated fromall the other portions of extraction film410, it may not
have suf fwoizerospizgsi cal strength or integrity to be sulpCeaSed1t0847hor ces
ordinarily encountered in industrial roll-to-roll processing systens

W t hout excessive tearing, warping, or curling, for exanple. The |and

t hi ckness 419a may also if desired be chosen to be | arge enougg so that a

subst ant i %EV3peRIPDIPIIPIeEEh gt besanpitvs P dis relpdirbntigh f&&leerﬁtgrei oihighi bsposed
Wit hin anef¥NRSk#Rk psioReriAfiot /o Blolstiglihs st (HEedel GRtrabRUFRBs when usingV have
al so found it advant ageous ain in cases where the film410 is intended
to enhanééeqnﬁlgq’ﬁln%wﬁlg&lﬁﬁ o‘—’hﬂte}ﬁe fouErGE Phrryring @aer&vénqhaiie Lot LE% Visibls LS on

feat ures 14lR, Q4&dn bhals, hbei la{?ﬁﬁs%ng)rﬂ-lainﬁ cab&t dry Blnps,lndHe98n fifaREnt@XAIP! €,

greater than 1 mcron. The feature hegg that is, the difference between
d|staéce1@@@Hmﬁnﬂm59§ﬂaﬁ@éﬂﬁigaﬁmﬁﬁﬁj %@k¥¥1@%%PW%%eH@ greater than 1
mcron. 15 ThQn%&ﬁiaﬂﬂmhﬁhﬂh&ﬁmﬁﬁﬂ)&aa&ﬁﬁ%ﬁmﬁmQMHﬁﬂﬁh?BQaﬂﬁ(ﬂﬁﬁahmm
sufficiently |ar for exanple, greater than or. 20 mcrons, that
t he functihdyhindet 35310&‘0m P%@p@W%WWO%%&%@@%W@%aﬁ%wl%%mtvn%ja%}aﬁe@dby
princi pl es)oBfurdhé %gnfeﬁfflﬁQBm&ﬂatfoﬁ%?@Blultﬁ@ﬁtloﬁapﬁcrﬁi&@-m £polRPdthma!
diffraction. e optical extraction film410 may be fabricated using
a wide valBeny ca prﬁﬁ%ﬁa@m@ﬂ&‘ TageYided gagostivereddmst W thepyyFthincat i on
cont i 1QUOUighRGHNLRHEScaBP HndRtAd. 1L EAN SHSEmerts, AR pRB ULk @pbiuRehANt ageous
manuf acturi ng technique is a contlnuou§ cast and cure (3C) roll-to-rol
process sUigpmeds ¢apahic efierrtingwitlorrayptenn ganped myith anpcrylatrctn bgcapaklp Af que al | ows
the fil miRihewiReBerGOMatddUoms by aaaa@ﬁeﬂaadnah hciic@merépl uMes, and then
converted (for exanple cut or s into Ia;ge nunbers of piece parts or
sheets whose slpi’%%lllaﬁ*‘@“‘(ea?ff’“c??se@sqf@? these indilend @golativi ipBeragphitdaglydshi s) . In
such casgguraltP6r ﬁah&aﬁlrtliéhe% (@p%'bﬁdl)e hnd d o riliZatiB¥iaB8M QisRINRIi€ &bolvent, where the
characteristics, such as a onposi tion and thi ckness, that make it

suitabl e p&l:ynaﬂnbéfén@f%e&nri@d%d&pﬁsbﬁanwier PRSI FOFeY PSS Of BgRsat /€216 in FI G

2. In rrarpbly@@a%le Iaat&ﬁdl 0 c6ARPARES subbtrate aﬁ@\f@dﬂsi DPRId tb u«gmaﬁlg%amh%m ve

pol ymer such as pol yet hyl ene terephthal ate (PET) or

napht hal &MEpEag)e mﬁ?ﬂaé 55’(9}%?% REerawlc byapely e ﬁ%aéar ltlf%lt ﬁafP@nan quPlﬁl?le

t hi cknes spog,&&aaefnxtllhae s@RAMt InZomE baed ARQWe polnf¥tigdtion Stkp, itk sBIVIRMmal QrilPOSSEss

t he necessan% filmstrength to allow it to be used for such a purpose. 30In
sone casédgcludesame pithepelyaeizable macaalaaithquahey 2 faver easesniationd Nest tlwwlﬁeféls

cast i209- aBdowed by 8/ides Blipaidandit soMitfol rélNin@ i Rhowiticl atiesul@tRDIFBEI00apabl e
of prodUC|ng the desired extraction features in the desired |ayers. For

exanpl e, harpiciudes anstvasksbRlarliyy of xeids 320jdiseersashin pely e RindeedilaTée naseveidedd t o

f0r”1the1§&hMﬁkHﬁ&ﬂaﬁﬂB&ﬁ@@u&%é@hﬁﬂmﬁ&ﬂﬁn&ﬁﬁﬁﬁs3Mhﬂ§%@édmh&n%h%m£XtraCtlOn
film410 i s nmade us process simlar to that of FIG 2, the |ayer 416

may consthitdgt ethy nb‘a’é’k 1F1F$ arF Bonad tathe haéerm@rﬁ%aﬂ@@tz cap bephypinal of eficrita-on of

t he nanovoi dedrie@yRicattbh bt A8 dadoRSidsd hidfsthic@eSly dr 36®arfidfhidrostrdd@red articles

2012/ 054229PCT/ US2011/ 054704 Consequently, depending on materials sel ection
and proceeribehedin Bieg the pracesysy desci eéhﬁrﬁyl ‘ia]nP“e?eﬁ@ﬁé?drlataéenﬁﬂ‘?@“ﬁ%l%%‘ihﬁed

| ayer 414 asmpdlisie Wsh e ds&loCREMNRGHbRMcM felind kifhs, 8% supports. Inkh@ycarrier film
412, the nanovoi ded | ayer 414, and the other Ia er J%G are preferably al

hi ghly t rebefimeats.fbe pegk progtse tefniPBTﬁ%ufqﬁéaSIdieﬁﬂ’Em%do‘Uraéé’Pt@ll thRRAGHteE Aiger at o

noder at e tﬁéwm&de@ﬁmmsmcﬂu&d%/@feso0Saaﬂraacr@srfmahﬂed afticlR@SRC) QYR &eftBY be

tol erabl e and/or desirable in specific applications. The |ayers preferably
transm t FRigEde Qpicrs: el Bylegrrrs CFlrt@mde blgss8 10§ dogrepninigade ¢St hat . after the

extraotion flhﬁghﬁnﬁhkﬁﬁhﬁgdh&m&ﬂ&ﬁ&k&ﬁ&mﬁ%ﬂ&ﬁﬂmv@ah@ﬁﬂﬂe&ﬁ&ﬁ&mﬁmnff l'i ght
fromthe light source that traverses the Coﬂf ing surface 416a w ]l exit
f

the extr atd$bripiof Wrd Stthie poppts ptengiistes st ragcardirghh naftaereloht Prislit e to

system i |h&dan8t bi@valubhigi 8y bé @kirdold 1ﬂ1aﬂr&1?ph@§eibnc AHPle 2B cElk wdiENrati @pOl yer s
10t her eof , Iass including flexible g tlzﬁ%@ or. ot her suitable transparent
1S ?. (F

or trans|URER0a e aluradifysof nepppargigles $40; 99t I7ays Ontdesiabalise

nul til ayes 1fii b of, crbliesad: i, ve3h ayers: Rbr PETr SREM sanida&opnd wa‘gmtsattohgzrneof
The carrier filmna add|t|onaIIy conpri se blrefrlngence fl uorescence, and
abso%ﬁtl6H“W§§EWK§?“&%@%H§@P@ 4ddvanced optical functions such as

pol ari zati on and wavel ength sel ecti on/ conversion. The carrier film412 may
al so function as a barrier |ayer to prevent water 15vapor and oxygen from
reaching the light source after the ex,factlon filmis attached to the

| i ght source. Exenplary ultrabarrier filnms include nultilayer filns nade,
for exanple, by vacuum deposition of two inorganic dielectric materials
sequentially in a multitude of |ayers on a glass or other suitable
substrate, or aIternatlng Iayers of |norgan|c naterlals and organlc

™~ 2 2 = = g ey o g g



25herein. Use of a transparent adhesive for |ayer 416 allows the extraction
filmto be attached directly to an outer surface of the self-em ssive |ight
sour ce wwb 2ore/asma2er veni ng material | ayers. Use of a vi ecoalSasitioss7odt eri al
for layer 416 allows the extraction film (and in particular the coupling
surface 416a of the extraction filn) to flow to sone extent so as to
conformto a non-planar emtting surface of an OLED. 30The |ight extraction
film 410 may oV ¢ BovPAES forentidse ipetnasctioayéh §1G Faauksther Bareivrny hoed depi ct ed
in FIG 4ifradde 088 (E%tamc@esmme b5 Mt BrhnBielaSah & Dided 1296V ith :ORickoSricRP&E

al ready di scussed. For exanp materials may be incorporated within the
filmto eHHagcand |ﬂae§|’eﬁcké@<1tn|gé}@ﬁ mefﬁOSErH%rﬁ@ PPY%‘(%%W%? P%}ge%&on%lénornrqawplde%| or
shift, ormf@laditbrzRah€a bé@BitionalpolyREmEORIL MMATH) A afileWeddt! b Brst foRthing¥anpl e
functlonal layers, can be appliedto the air surface of the l'i ght

ext r adt i OWCTORTYEfrGd syFfersyin ¢ Bymf £HeFntiogil grataiak and then bagkfiltingthall i ty and

possi bl y hibRstvirbid& QffadeRBthlal BRSvoRKY hatihIaR cf. 'Ih'Ebth%h's‘éB tl%:%sfu@tﬁl% aﬁ{éi%tﬂag]gs WO
2012/ 054229PCT/ US2011/ 054704 can have, for_ exanp nmechani cal ,
cheni cal ,2nspbgdded ffriagy, thetischs lawgostrﬁzlgﬁi%@ce@fm gﬁ?@#ﬁ@@é@{@whgﬂsﬁhwngwﬁét ures

i ncl ude trﬁ‘a@&ﬁll RaMtiaR@orkt e ofn®l Wt Rich WIBE ERR&Bhal RIaRPEINEYeceS: anti fog;
antistatic; anti gl are; antireflection; antiabrasion (scratch resistance);

anti snudge; hy¥¢ "Hﬁé‘l?ﬂné thapygt deasif e Biryctura AHESINEHCanO8FHH PFYRS thefodidlse

el emgt s;and HaPlirubiutal GiffeRBoe rbihies AMAOh&haliddYdf ihielfefdtiafigh. TRARGEINAIS chdel t €ri ng;
col or shi ft| ng; color podification; polarization nodification (linear or

ci r cul ar )®). MhefRthedagr eleepycationabmpterial ilsdﬁlcmétf“c%%q befgre baskllipgpthe Ot her

possi bl e dhigdektk & HEaRRRIN B didRa ndtdial e hAGR oldBEhbieigal dobRMO ©picdigyer or
a transparent electrically conductive material. The release |Iiner 418 may

be omit t igraiEiadhe layesphronvengprekmaterial hegausedlat fyersyRical b PEesets & wastthlY si de

of the G&Bﬁ&%ﬁ E&oﬁs‘ Haffick ot daétpifa@e@ br pR@onUF R Ui RBR stk beylflr Wisich Phes hows
one way in an optical extraction film_ such as that of FIG 4, can be

appl iled tfan%vOtdsﬁn@W%ltCPmtm@wt%rlnﬁwﬁ@ﬁt @aa@a&swéca%(a? isgpAde &) \eh # Mght sour ce

which is habiieahRdhSRRANALRN MakFiAMA@uBL b d¢dhinierfal, FdPex&dh 1@ dreuRy oduce
an enhanced |ight - emtt| ng. optical device. A top -emtti n ED 510 is

depi ct ed lHIdpPoFEIsETR) I8 4P0 qg@ddePe wigsstragturgd %@g%?féli&f: nappoidefl et the fagales at

| east a Sdﬂg§&16ﬁst&'tlélni’icl%ﬁkﬂlcalretdf’shﬂaceMagfaoﬁtﬁi‘hrs@&d*cb V&dd, R XanhIg M the€rkitofng core
or region 514. The 15substrate may function as a barri er | ayer to prevent

wat er vapgitt PRpkFSo X BERISt ntonthiddhhramyentigeal F@&Pélﬂn%’lfﬁlgfafeodrﬁ’?iﬁélgé’iﬂde and the

substwat g réRiicabsle HaMe: VIRENAOpE@R;s ofihg cbRekiTRAI hdkal fa tkYoondiM6R as a
heat sink to draw heat away fromthe reql on 514. The substrate 512 may al so

conpri se SHChRRdRleasrdime %&ie\ﬁo‘éﬁj’&@qab‘?@? freRunpRestp Wih svighledmniasieh nay be

deposi te%roﬂeﬁfeﬁ'ﬁdipr&fess&ﬁﬁdhh&ﬁ thé‘ccﬁw@dﬂoﬁzﬁlﬂ{a%nﬁﬁ e g irkrRetkdiehsubst rat e
510. The high, jndex reglon Plcally i ncl udes at | east 20one organic

| ayer talqaﬁ‘l‘f"@}jieﬂ?y@n?sts W@T’?Pelﬁgfﬁcél Yd8&1¢-e8 wavel ength in response to an

appl i ed el ect raG. Tauhbedh sa{emfah@érsss s8fidn @lpoti8RSE anQRBriick BBSRET £kt el ect rode.
O her,_high refractive_index |ayers can also be included . in the thin high

i ndexX r edlRBIYOBled Ay 372 ARt Se%‘f]}dfl%Y@@@l"iﬁmHFm’toﬁ%l mpatggiabnl s 1feéagh PHEORBA%I der ed

to be a |fi@hmpR] Betal MiBrosopledeRioRbf § HRICEEEBLEL defindd BEEEE ORI Ehe
enhanced optical performance of the OLED, the optjical extraction film 25410

is appli é@nqveld%@.‘/?ﬁ%ms SBER R toj e atha Hoyr Biriqevpidier deprassignpitA gsfih as a

appl i cat i Reper kMRcARI PIIB. Ahe sirfbEASE3T4BNE EhaldetcBl NB K irdkBndversé 8RUESHh f rom
the filmto expose a pristine optical coupling surface 416a. In sone cases,

the opti cdith %&F&SF%@ the jntpriacs thep a prandnscaie dReneion S2.gwd the|dgsnshyimsesion aced

di regol y s29abmsbr thahﬂhé 8w mrﬁe&m&gss wt a6 cRideriol 1l 8e70ERemkhiettahe;
out er nost | ayer of the extraction Imis a pressure sensi tive adhesi ve or

ot her sui ]f“’a]BYeé 377 Gt penhdmos soéonémééﬂ thegenerrbshaprgpfthedpyes 8k G Hetleen

the opti cRpreGRIARTEAY bSWIsh #CRat@fal 1rh@ 180F 37ahigRel (RS sabstdntihily ARG khe | i ght
emtting surface of the OLED n(?if}/ be sufficient to produce a firm bond

bet ween  tSHEC 15 SEEp pehtush o Y Fdadin grichiedigptvenss fimgagion Héheatpist Rfashthe

In ot her iRBFRS is FnallbH tRanQRtdnGRkse aAbibNGrth@Rm MBIhtdPRcP IV heshhatieen t he
optlc3 coupling surface of the optical_ extraction filmand the |ight

em t 5Png Q1P A Ve vith ypoyaided magerals figssribadiheres. 35coupling layer may serve
several functions. One function may be to planarize the emtting surface
WD 2012/ 054229PCT/ US2011/ 054704
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of the OLED. In many pixel ated top-em ssive OLEDs, for exanple, the
substrate nmay have surface features associated with pixel and sub-pixe

wel |'s. Thwoaptaosad29coupl i ng | ayer may be used to fill tIireTWSRO12/064700t her
surface features so as to provide a planar surface that the coupling
surface of the optical extraction filmcan attach to with no air gaps or
pockets. Another function of the 5optical coupling g may be to attach
the optical extraEtpRorh farchactgigingre eterlrf‘efstmé%ﬁﬁﬂﬂeo thgrcoax@dignahffgse t he
out er NostyiliA%SHan8¥0iddagay@X bhdGhy @fernire Mel snolRtby A HRHESS B0 SBOSIn} dnviBnaddhesi ve
or ot her SU|tabIe adhesive. .In_sone cases, the optical coupling layer, if
i ncl uded Ipysr bedwarskieyendiag interigy a vesge suifap@elong ¢ idijeetiph GRCAWCREBEES t o t hat
of the highechdEas (§ BgbM cfé%fﬂrféaé), ifionOufaPcRSacReSSihR o8 ih Raths ¥¥aNEgUI di ng
nodes within the high index region, or their associated evanescent zone,
can be 10%%@%%@@61%F@§%Wﬂﬂdmﬁhe coupling surface of the extraction film

The optical calRplkéddsd A@y&ﬁh fmyharafc%zﬁg ﬁﬁ%t@peﬂ%&%ﬁ)n@eﬁtﬁfdhéﬁ{ay Y&l MERYre
between that of the high index region 514 and the | ayer whose outer surface

cor r esporfbisanynt tevhighhe magrielef fhaeenvevﬂqnﬁléaﬁbh%émane%he&mdut%wveiagfm

Sui t abl e (apfdeCal tEAURIINEpbrodRaobRMP et Eof staliMrd tnfiRRS BkGRcVRr BREPLl @l such
as hi gh-i ndex adhesi ves and nanoparticle-filled polymers. Suitable optical
coupl i ng MSWEICETS 8angnstst ypi cal |y as thin as possibl e 15while perforning

t hei ripnecessary aftlﬁﬂcabh RRLSdr HOra@sridifl M ma@ezaeratube d&ps bANeS, Retweart he
coupling surface of the extraction fi1lm and %%ht emtting surface of

t he OLED.'haemqypi ayhighths egierield mqvmjwp%weﬁr 9dvafl beyoafpieaverpgn sarface,

t hi cknes syt fhedcHaPB@8zd thR FnBur? it @rndQficFERS heiltbof B Blct bl GlmRSSRSMBY al so
be used. Wiether or not an_ optical coupling Iayer i s used, attachment of
the optical exfFEEAEYCARIGMIG: tedneParckeionderih mey bfos Framise dvityesad ioon of
the resulihd Mgt Dclﬂi%vd 8fse fORL1 RPDIaChgcRN IS BEhdiQY vxflih|r€§ard/\€8$ﬁe%éonby reduci ng
mavegU|d|ng no red u0|ﬂg total internal reflection of q} or by ot her
mechani sr?@proe%nw%ﬂ&e 1% seefOurierps: withregsda thedhird %PBW@? Aeashi% o
referred drgheaSankrb aEiLASH A Bk N6%.Qr af BAt §IoELr WhERt 35984y hiNeadt WOYLE: RRhdrcal
system The increased illumnation or gain may be characteri zed or neasured
in terns B Yher ponare thainvrapicte mefe 8GR At ‘edPr G fanghizom § thair. b the featuss

possi bl e RighPUthegd e&eﬁﬂh@@sﬁqgw Q50 $RE sIidist bSdnARE aPimikile ek fevi ce or
may be neasured in other ways such as increased illum nation al ong

par t i cul dPPErhed chagtiaing meéme@fmet%qn deRth sy &c p?rﬁe#ebzs%éaab&qwlg%.deahng

i1 1 uponaty it mRfos @@inReBufi@s et pAGLHILR spaN RAR Gitk 3br dx@mpiBan Gl 1Qut put
surface. Besides increasing the useful illunmination or gain of the OLED
devi ce, dxawpitaufegtusgrithislessdiend migteRon fil ns al so have the advantage t hat

they can prOVU@ﬂh@m&kﬁ%mﬁhg&hﬁ@&&m@&kﬁ&uﬁ%ﬁﬁ@&ﬁu&hﬁ%mﬁ%ﬁM?ﬁ%ﬁﬁmlb% out put
surface of the OLED/fil m conbi m 410 i s shown as

havi ng a PRicat apg%ﬁafl%%xﬂéﬁomehlaoqkﬁt ﬁ6§1%%0§5>§arlﬂ%‘é>ml??éﬁlllﬁw“ﬁecorre t he

out put swifagRu@fred N8y RbERAeMiGENAbT BlcdtiRgerf iddWiEtBo@BAMLLRE:, filed on even

Advag ageously, .the delicate structured surface(s) responS|bIe for the

i ncr ésedhﬁdFﬁMW of the OLED, for exanple, structured surface 414a, is
enbedded wi t hiThat 18. pfitaioh ABHdiWutdE thrihkee Cieyds @R heibha obafr@ldyvheh ot ect ed
fromabrasjon, dirt, dust, oils, and other WO 2012/ 054229PCT/ US2011/ 054704
det ri mentHiFrosplichtiag B%)lov%edmog@a}ebméteeﬁf rpghov iggusy regarding hrinkage relgiefuthe sur f ace

can thus Beus 88BhilPtHRErRANES Jubthd (fdr BxdMINY, aARRIidt6E b@RSn tRMighch psRFBLICASES
it may be desirable to enboss or otherw se pattern the output surface of

t he OLED/'hS IoWFY 8BS 4idhs Biciured surdaeshhe éspe%td?tf%éhezfiazvays ?féhep%ﬂawr&é “gffcexposed

St rugour gebr SkHinfAE Eeatuidficidhb it figd bymRekufel yash, Wh@re'féa&ﬂé pifibhsﬁa{yle Wit RRYeel t t ed by
t he devi ce. 5Further i nformation on desjgn aspects qf optical extraction

filns suiSCHB!@aqing defpeeen RFargst prishepaicaprerinehsss rup e Sfase: wid velbne firdicted to

extract i ot tifel B oliey mB@ridTMhe fthiRRal QORNR TP BE ARy SiHEGA thHi R e ctpied BEBe
extraction filns that can serve as a substrate on which an OLED can be

f abri cat e@idskiafiagidiciindex pf theRangrejded raatgriah epd E?f‘im‘f‘lé%f’cndf"ééx%‘% waighEfisi ons (for

exanpl e, sPiids§ b 18 cdaB8SsollidR precldz kiR nsldGhdddNafter.t IR ckdmiid, inDsradritd depRfatdt he
extr gtlon features is principally governed by 10principles of optical

di f f Pact i FECTREREFICHR S BB tvencqniptiondeimyptiopsqf thecopting splpfipns infhgpease of
extraction features have di nensions (for exanple, pitch of greater than 1
m cron) such that the functionality of the extraction features is

princi pally governed by principles of tical refraction rather than
optical diffraction, extraction filnms 1’'n which a substantial portion of the
| i ght extraction el enents is di sposed within an evanescent zone of the

| i ght source when the coupling surface is placed against 15an emtting
surface of the |l i ght source, and extraction filnms in which a substanti al

Y b1



light extraction elenents is disposed outside of or beyond an evanescent
zone of the light source when the coupling surface is placed against an
emtting wonrheos42p t he |ight source, can be found i n cecwarskerrassngned

U S. Application XXX, "Light Extraction Filnms for Oganic Light Emtting
Devi ces (OLEDs)" (Attorney Docket 66957US002), filed on even date herew th
and i ncorporated 20herein by reference inits entirety. Pixelated OLED
Devi ces ﬁ%e“cﬁ solifl §uBPeaipR aff thesicrosugTgR Seanieiy OA RS 199! My OF EI9 (0BPHAL i ons

can be prgchieed siMnkibedsothd ehe\Riitc@ 40 RE sHlhd fagbe ﬂkcésyfﬁﬁ§mgée m@\é\ﬁbhg{fags
i ncl udi ng non- pi xel ated OLEDS that may ZSt% pi cal be used in htlng
f

appl i cat i BHESCTREYN dpwrabipiearapshir aiﬁa‘f'li‘t%mt rqé?qeﬂuawmﬁnéﬂlﬂa%@a watqﬁh

pi xel at ediidd:E D ARahicFBYudR] Gifthdey hbenetgaeﬂretaaorgelﬁetheﬁqerésme«%d §udfaddlis
el ectronic dlsplggy FIG 6 is a schematic top view of a typical plxelated
®

OLED 610.chymgeree tierefuge hraght dprreamels thodifFaresdreen ‘ihfnﬁﬁ%“’“e‘ﬁ?’? et %ar eas

612a, 612hri®LL6rat @AM 18 %ﬁa@ﬁE‘ dnll i Gk padt 8RS (RRENRARIchD@VIBED Byt sltr'a&ul% H8&s secEach
of the emtting areas is preferably individually electronijcall

addr essaliieh PrRdIEp ghandgppictterige ra%‘ésth%ﬂ’%‘oé‘flﬁkéin@‘/éﬂh%sﬁ Valdrvebaegtffaﬁfgonp attern
to form anh&ngerdh 8% to §5%untiRfthe BMOVEINERYdr heH e 81GHlS ind&k iRk @MgPFomet of
areas within the array can be illum.nated at any ven tinme to provide a
static orl %Ateéé%%é&é to 1.32; and/or thg,cogtipgiobitinp eﬁelrmrgﬁ) fhejanoy ¢ideddpenkas@1 2a- ¢
may e t Jib@lidoh athigc $8MB SR G0%adr AN eMo 7086. GRIBbashIpR stdiia§ the@<8n b&ach

i ndi vi dual area 612a, 612b, 612c may represent a single pixel. In a color
35di spl ay* V%%e%@égplﬁﬂ%thépmt drslesurciagiellof different colors, for
exanpl e, areas 612a may enmt red WO 2012/ 054229PCT/ US2011/ 054704 | i ght,
areas 612b may emt green light, and areas 612c may emt blue light. O her
col ors and col &tic HA i dwe aad BilmiLigh! SuescsiGomdinasey t he OLED may i ncl ude
nmore or fewer tHRARCHYISENHLIERRLERE cdﬁ%k‘@ﬂ@%a@é’o%ﬁ§ inc@Polafed kROWRichITikbe
plxelated display arts, In color displa the different colored areas are
typi dal | y %Uﬁéem?e@%tnweme faéh%wrﬂl QP §r Othfﬁ S%F‘Eﬁ“&“a}é@t HERSi ndi vi dual
emtting [ﬁﬂﬁﬁlaﬁﬂ&ﬂh&r@s giaveaplszemea s0BY 10 REhaES BIhE esﬂra&tnmead féd§déb&4sé%% I n
the case where OLED 610 is_ad d for a color disp d where area 612a
enits redUf gHices: dhe&lngon beﬁﬁgee(bﬁoé)eﬁpnheeman eénaordrgél bz swiiee 6 BF e
light, thghafeRetlifciBhahfTa@itel Rphady TRAM thbspe@tamdered to be a single

pi xel . The size of that pixel may be characterized by various transverse
di nensi ons, tHAE- 182 sehicpeiiciidn CFPé%tgfﬁP%l Yigw oha gptigg) sxtetignfdmithggamsbe |
case9owhakel e np%&hmﬁ@@m[) nfemxraﬁbieya pieaian@pleAiiishapen. hwgptial evant 10
di mensi ons may he the | engt t he | onger side) and tﬂe wi dth (span
of the erESF't“ean &gy &0 lacrlu(%eﬁe ﬂF’élélF angeeﬁlmtﬁlF@%Yaeﬁusewr%feﬁ‘reé@éﬁﬁogewelew dt h

of pixel JBidhed AP alcBRh 412 &M@r[};tth@le rr@erg hsoarhaﬂwndéa 1dyBe4108%d mémef. LPRAIEr se
di mensi on, such_ as the Ieﬁg»@ of the diagonal of a rectangular pixel. Note
A

that if GeEsesYhichqn ppkedd e dprning agWPcthe Rurfasat4adeirnsddi e dual area
612a et GanNfled laPtriRdferablHBR, £ BRdctiSOREEOr VBB oMokl RIMRat bhgnSa®nd engt h
pixel 614, but one-third the width of 15p |xeF 614. Alternatlvelﬁ if
o_EDZélo nobgisri dterigigr oy amplerbelonahsy firleeyr lﬁéﬂ@%&mnrﬂgl Sl £F hg” &t 3%t
consti t utr &aRpieirhe §ihatayei 2@lis meféiaﬁlynafﬁgostehlef aslaﬂrgenéren%bl @%tuaf A@hb1614, but
a wdth that was 4/3 tines the w dth of pixel 614. GS. 7a_and 7b
denonst r deactishbaids petappagygidedandikas haSé’%f:ﬁr%félm HECY greptr thep et ef the Baspwrded
t op-em ttjh JQQ THeFR M B A8 1L MaEYbeBldol alcUdyRA ﬁmrmeeeieilfabgnrelm@qarge
structured surface is exposed to air 20(non-enbedded extractlng l'i ght
from t he T&fampiesd (4t dd- tidp? eRP 19T Hg OIS wile Hlfaefﬁne&eﬁef&ctwn@?qsm PHat

i nconpor aeh@ssmhhed%refék aeRdo ﬂﬁlBﬁBﬁCHs d@dpdcameterf@a@a@mg%@eaﬁcﬁ{grl { fs@h
surface. Stated sinply,. use of the nanovoi ded | ayer and enbedded structured

surface dVHINEr qhes SAEFIOisY Y ight sourep ¢ descrb ﬂéé‘ SﬁW%ﬁS%%“é%}nnuch closer to the

OLED t han t hatTeftridifeDdub@ée F14h My ﬂ"iaﬁorb@tobﬁ@@di@%oﬁt&ﬁ o aﬁpé/thhtd%kfécﬁxyeer
allows the extraction filmof FIG 7b to be flipped over_ relative to that

of FIG 2By¥ractingdlight fom theflightsgyres. dhat is; qOH?lﬁee“évaﬁ light quipihplighd spuEsheen t he

OLED and thQi@ cah beigbdmare HtehdAGBplichis aRshtcdli ge it endegaedrerslonidst it eduriur f ace
can %3 di sposed between the carrier filmand the OLED, and the | and portion

of t e%ler“&BquélnthF Highhsprae s ofhervrse lexniBearamale: Qriferciom avedgs pfheigkng t he
OLED can be made to have a thickness (for exanple, |ess than 50, 25, or 10
mcrons) that is substantially less than that of a typical carrier film
Positioning the structured surface cl r to the 30 pixel ated OLED can have
signi ficant advantages for reducing bl'Urring of the pixels, particularly
for OLEDs with small pixel sizes. Blurring of the pixels can arise when the
structured surface of the extraction filmcontains refractive structures

t hat scatter Ilght |n dlfferent d|rect|ons An analogy can be dr awn

.. . Y 1 . Y



WD 2012/ 054229PCT/ US2011/ 054704 waxed paper is slowy lifted so that the

di stance between the text and the scattering waxed paper increases, the

t ext qui cwDyotzaseares il | egi bl e because the boundari es ofPCrhis201eosens of
text becone too blurred by the scattering action of the waxed paper.

Anal ogous to this, the enbedded structured surface of FIG 7b may produce
little to no qurrlng of the pixelated OLED conpared to 5the structured
surface oPUFf i dirpgiongthatdonatepniribyte t¢ wsfuhilbminatios rthgdegayvfr offenintepdsd f or ner
structur Q%hﬁﬁgdcp? L&A, ﬁlh@;eﬁ?pﬁ &%Hﬁ{eﬁg th@sthb@tedQfiricB & shieli&F ettt Uct ur ed
surface. 7a icts a portion of a device 710 that results
from an drdvidea! yglaﬁﬁraéaqm dsnen lﬁoﬁhﬁf ¢lemsisstd S Bsi shevappdirvieg cyrsedsugises| at ed

t op- em t tyiich fedyEehrél Bl cuRd 1ifdaCprishly o 8P hSdySof nR@idricRheRE aRar@8¥inGRo 750 t hat
results froman optical_ extraction fl|ﬁ1¥60 whi ch incorporates a

10nandv oi Yeaemalbiectiony (farrxanpledtrseriost thaidefipealargalongavhithdhsiugiisti ed to the
same pi X%hﬁﬁc%%eﬁe@ﬂ%_e%ﬂ%hds§ ibROth QbR oA Qe ndcts 1@ irf dbthBfve uitmh@pé

conponents of the ED 720 include: a driver/controller a |If

em tting et maitaipn. da cxamppls. denyicuiargprispatie, | limensionpld lipeage ﬁ@%&r}gh@r ayer 726;
a tranSp&ﬁﬁ&kuﬁﬁﬂ@ﬂ&&ﬁ®k7%ﬁ¢m§&@wﬁﬁn@Eh&ﬁ@bfééﬂ%ﬂsh&9m£@M§ﬁcJ&§dh&%h

pl anarizes the OLED to provide a flat ht-emtting surface 729a. In FIG
7a, an eXverabs s Sf%e|aﬁ4/m§@ama%)thﬁ©€héhe.‘/é& éﬁthiwer&?@tamvétﬁhénﬁlf ¢feedrdma s
appl ijed t&e&;%]@rygﬂ"gghlmyﬂ@ Xk r@Gioh ORmEidd m57a3QcHathﬂeH£¥%$) a@cR@Ublc&terf 1 1 M 732;
an adhesive layer 731 to attach the carrier filmto t%e OLED; and a coating
| ayer 73¢p%%&0rﬁ5§1 IHehshvesnperssterighbost Mg sderdhsrstagtign plepgtyare got

st ruct ur eplifsiMly as@ibdddse sp¥all GOmNBYh der ShanRd Pl thadl@dphdint bhh Htrag8 ¥edt@Gsi on

el enents such as Ientlch prisnms or |lenses that are |arge enough to
functlon‘B@?é@méﬁﬂﬁFWﬁﬁFﬁﬁ@ée@mﬂﬂ%fractlon None of the individual |ayers

of extraction ffyelsinct3 ﬁEﬁc&ﬁﬂ@M&leMtl&@M&ﬁéﬁtS 418 nfa?@fsf) B@éhardc{éﬁze%%raac'i I on
film760 may have a construction simlar to descri b i n connection

withlRlG dlS&ﬁﬂC? errthigkngipiram a pirfags ofgle eacion didp J&é@ adapteddp ?que}e tpthesslr12; a

nanovoi deghidsa¥ @agm%&ﬁ’fce VYﬁltIQcQasVEFb)f R BorXilnef10 aﬁfs 'cé!@hhg"gﬁfécd B R cuRP@Gjof r oM
1.15 to 1.35, or 15 to - a |ayer 716 of gher refractive index than

t he nanoxﬁaif%fédlﬁaa«gfé%yeﬂl& Atqﬁ%aqeély@rr‘ﬂffa VshlfhléﬁWyﬁrwém?daY§r%ﬁc;@fl Il and

having a ;bréf&ﬁl%l fiR6PoMick fntb R pRANAYObHGGrdi@Y B cblpBhg dRfabd¥I%a &omtdamair ed
surface 25714a with extraction elenments 715, which elenents 715 may be

| enti cul aitiphs etictin flmisisadyitn he anplied oheighbsoyisgh Tve clrwmfefrﬁlwgwr%n

princiopl agefl if &F Gt DRtands 4190 ROk RS &fthet mtlﬁ@»{@l@n@&n&mfmgye& he
structured surface 714a and the surface 71 than 50 m crons,

or |ess tﬂéhetysenrﬂl%?%lﬁgng Yfaqeed 6 ndfhe Sil@cqﬁeéﬁwf?ge 4#4ar Té%&ﬁi)wéhusppwdf rom

t he pi xelatoaelsi@d-BRnhk §0dpﬁn?e@§f@cecﬁﬁﬁ)neﬁga 8ke k110 BY ApPlakPBANIRSdl( Hrim t he
vi ewpoi nt of  Fl 7a an ur f I% t he extraction ?@?nl 30t hat is,

from st r fOPRIng Auréige P%taat?@@raethwwufﬁé surfqe|atithoppini(s hefhe Syetpucd aurfepop

FIG 7b. thsigxptiadcnesabenting iifcs anabidel draokriddQis@xtd, apdy, @nhd didticd 60 to
position the structured surface closer to the |xelated OLED t han t he

extr et i SRMYEN He raplipg aifapesH1iog anga %}Wémtéﬁ@raélfl tp &g seuding pufees My thdr t he

extract i Qikefsbdtdthd GRictufdIsLERE ADHE poik§ o LD QAR R dRBLAN ShaPls/atBriskt dal Ur ed
surface of film 760 provi des advant age of robustness or resistance to

damage f rienw %F%@F%S%ﬁacw&tw&ff%ﬁ%%Hpérh%%%ﬁpgdlft@caﬁi%aﬂaet he exposed

nat ure ofcohdir&itts Y& Eﬁﬂl&ﬂh&fa@@@taﬁ;e bEt'v&Jeéﬂ the @ouph urface 416a and the structured
2012/ 054229PCT/ US2011/ 054704 Exanp fol| owi ng exanpl es, al

parts, pePestitieand thydisgace 4é?ltcanézfﬂ é‘“lﬂﬁi%é%l?ﬂthe mﬂe%@él%fﬁ@ae Bitwerviise.

Sol vent s Rnslingkieice 4 FAGRN S H&ﬁﬂed"@ﬂiﬁc&hﬁﬁl ned from Si gna- Al dri ch Chem cal
5Conpany, | waukee, W sconsin unless specified differently. Exa 1

50/ 60 Bul | et - SA&HETVESEE tha extErdon TlplQiis daterded iq ?qhﬁnceNghtrqétz@ﬂ%bwﬂucmg

the amount of light that is totally internally reflected at an outermost surface or boundary of the
self-emissive light source, we have found it advantageous to design the extraction film 410 such
that the land thickness 419a is relatively small. For example, the land thickness 419a may be less

35  than 50 microns, or less than 25 microns, or less than 10 microns, although these values should not

-21 -



A conputer simulation was perforned of an OLED with an enbedded extraction
| ayer using ray tracing nethods and the nodeling package LI GHTTOOLS
(comrer civabI2g122058320abl e from 100pti cal Research Associ ares/usPasasona, CA).
The configuration that was sinulated is shown generally as OLED devi ce 520
in FIG5. The mcroreplicated nanovoi ded material of Utra Low I ndex (ULI)
(see for exanple, |ayer 414 in FIG 5) was nodel ed as having a refractive
i ndex of bPconsiel 3 dibtinga S somprascs diereBay hraoilHgde k0 ¥t ofpe 2t HcisBYCYRY m or

subst r at §af$RR1cd RhatufX P b6 nod-8Euchd 2TieNarfdl thickRds 188 maghiIBEbEBkstimne 1. 65 to
nodel a olﬁleth yl ene terephthal ate (PET). substrate. The 15 refractive index

of the bdbiklfresyofthgflexiblesy Hﬁ@f‘léx“éb?dﬁrélt rhiper 4143 grap pisEhage iy thghte dePect ed

to be 1.48¢64hotqsighle 20KB&R- 5229131% Bﬁé%éﬁ‘f'i‘hﬁuﬁ%ﬂ% Ivdll\ﬁ%ocﬁsih%?syéf&ns(s%@mﬁ%c' ally
avai l abl e from Soken Chem ca §L gl neerin Japan The substrate

was assurfspicted mEGe? oSt éllifﬁﬁé%y it eﬂen?fj‘i?ﬁould be’ Sepaﬁﬁ“éi fé@?ﬂ plhte PR struct ure

(see for RxaAAPbLxtrhdien Silnk YA th%l ngma%aﬁﬁﬁdléht FihyScalBreM@Sordfte @ity YbeOf
bul | et -shaped extractiogn elenments with a 50l mpitch, the array having a

hexagonalSUBiFFiethig deresrtordinariBoagpynirasd ig prdustesaelt to- rPH PYOSESSIBE SYsfcam Withew, The

shape of gaghvexidRChipig S BN, fhrexShMENTIMari (BikdcRCA 99 hay BNOIrUdieN
generated by rotating a segnent of a circle about an axis, explained nore

fully by besheseriods large 1110@ sodhat 3 pepsgptial mergon efrheliehs egietinn opren db3ist o
defing t hRt Mosat wiheRES ahddodmX AP behd sdiBsniliR 1RGOREL. of a circle 810 lying
bet ween an angle 01 and an_angle 02 as neasured froman axis 805 in the

pl ane of the cVF b6 alspitung fedwatagenuy dghn iHese shersthedfim 48 idpiepded o | n t he
bul | et 23ghaRese Extas@miyaeducin® TS ta30: HEHHBE RN I AU 198G hGkLt dREHAES. The
segnent 812 was then rotated about an axis 815, the axis 815 bei ng par al | el
to axis g05s riptiveinlasges B example Beateipol Micrwr ThefauirhrightssBgiietic, so as to

gener at e difi@cRbbéifbenshianees pinrhaaRade 419Y alaytalso it BARd be greater (hA1E1 ARdCa
perfornance of this optical extraction film baonded onto the substrate side

of ar 0L B s hsighteind dransverss famepstng may HF fuhsiently Hias fgsrans gegtendiar he

maxi mum anguloasr 20Ghilons3 @HEME aint@halit) OHE@ e)@agtléhgfzgﬁuﬂes is Yrindpall§ @bRncaace (CE
Standard S 014-5/E: 2009) In terns of f) chromatlmty

coor di nathEgciplepef QPBF%fef@@eﬂnd%thﬁﬁhﬁnsfogWé&ﬁl%gpts&ﬂ'ﬂl vractiony (¢t .y o )2 +

(Vvi-v't, )2, 1epscal kira@ion\ihR W1 ®hey bO@LERIANRLE £ ids vaﬁ&{]mrﬂaam@mgﬁg
r ef erence source - in this case the axial |um nance of e OLED - to

eval uat e 'eqhBiIagGglRFlEfing Hithgut BWPWWP&PW?MO"FH%WPIH?“@Q‘P‘é\)at‘&éF?’i‘nW%* et erni ned as

t he Dot eghalcgdripawakaddld rﬁarfatacmﬁg &ﬂauwlst deohiifiotXdakamll | b@felg a)lron-andiit he
COLED wi t hout the extraction fi paranmeters of th D used in the

si mul at i dﬁﬁocxﬁ%r%choaéél@aS@ﬂmé%&atl%@ﬁflalflGn%a%t?Péﬁ@h?lgueoafﬂoas Biflp fsba mifienl ade
OLED (av aaohﬁﬁb@sl; 151(%)mel?t|iullly|h%% Volu@iat, iaR@thbh Snverl@TRE &@tnplel\k,l&t or; HReslgc

experlmenta Yy measur ed C aracterlstlcs in the nod
Sopt i m zdVPBHS ofieccopitpnsacts whosy sigg atettiloayd fa@\l;\mmfeadeﬂcqw %Sq aPEIr‘ﬁagiiﬁ(?)ace

area, andntfrRaRplhCiixlbye déﬁiéphﬁﬁM@Imzﬁyhﬁv@{smf%l@hﬁa&ér@ﬁcsﬂdcﬂadaﬂdex mat chi ng
oil ta a 2.5-inch-dianeter BK7 half ball ens, whose spherijcal surface was

ant i ref | sePPeMiqusad tirkness byt aake ¥ ghitable psp freqdandimngsupnort f"thﬁémtdEEB sabiater at e

cl osel y magahes:. bhe B Bl fatihdlcbmpRBSof 4 D8vdnBbdaehdn-aansandive pbiyact e at
the outer substrate surface are el m nat ed, all ow%% accurat e neasur ement

of the oEPPlgshdeicdrephtialis RET s el ke mhhidelrs & TDED copelyaets fhsioht t he

OLEDS subsfdudd @cll RERLE 2GR thRRREE Ek@d! thah, abbilie Iﬁﬁgwoafsm%g)ah oldeiipnance and
reflectivity of the OLED were characterized and used in the sinulation.

When contiopnse thi toRessahplin dfeng@dq gloadt wbe pefelpionch 2RMPOspr of i | es, the OLED

devi gg can be usiel @desahe b&h}%ﬁu@édysurfﬁaalmmlﬁeeﬂbrfcﬁde@ﬁotdﬁthl AdadtMB-28& cding
function of angle is |ven in Table 1 below, where the angle 1s the

obser vat i tBHNIGHGPEH vith a%;r ptherspisableechpigus ggatleet nreducing the dggired G¥tragien nor mal of

t he 15nDdeliges lend deired TAYRrsMEYH dXbhith @ NG HAngCahtEs iR Andijc tmMhdldingvnb and
w t hout the enbedded extraction filmwas (% 0115 and 0. 0242, respectively.

The i nt egisaibe gsadrio i pherskuctinse ertage hep inzomesasc i Fipqvss ifihgextractionfilm) £ 17 Ay
v’ Angl e 410 is made using a process similar to that of FIG. 2, the layer 416 may constitute a backfill layer

35  that was produced after the formation of the nanovoided layer 414 and the structured surface 414a.
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(degrees) OLED with Extraction FilmAu' v Oiginal OLED 88.5 0.0060 0.0242
85.5 0.0053 0.0219 82.5 0.0058 0.0202 79.5 0.0057 0.0193 76.5 0.0072 0.0189
73.5 0. 0086 201206582970. 5 0. 0065 0.0178 PCT/US2011/054704
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Consequently, depending on materials selection and process conditions, the layer 416 may
interpenetrate the nanovoided layer 414 as discussed in connection with FIG. 3a.

The carrier film 412, the nanovoided layer 414, and the other layer 416 are preferably all
highly transmissive to light from the light source, although small to moderate amounts of haze in
one, some, or all of these layers may be tolerable and/or desirable in specific applications. The
layers preferably transmit light emitted by the light source with low loss so that, after the
extraction film is attached to the light source, a large fraction of light from the light source that
traverses the coupling surface 416a will exit the extraction film at the opposite outer surface 412b
and contribute to system illumination. The carrier film 412 may comprise PET, PEN, copolymers
thereof, glass (including flexible glass), or other suitable transparent or translucent materials. The
carrier film 412 may also comprise a multilayer film of alternative layer of PET, PEN, and
copolymers thereof. The carrier film may additionally comprise birefringence, fluorescence, and
absorption layer(s) to enable advanced optical functions such as polarization and wavelength
selection/conversion. The carrier film 412 may also function as a barrier layer to prevent water
vapor and oxygen from reaching the light source after the extraction film is attached to the light
source. Exemplary ultrabarrier films include multilayer films made, for example, by vacuum
deposition of two inorganic dielectric materials sequentially in a multitude of layers on a glass or
other suitable substrate, or alternating layers of inorganic materials and organic polymers, as
described in U.S. Patents 5,440,446 (Shaw et al.), 5,877,895 (Shaw et al.), and 6,010,751 (Shaw et
al.). The nanovoided layer 414 may comprise any of the light-transmissive nanovoided materials
disclosed herein. The other layer 416 may comprise any suitable light-transmissive material. In
exemplary embodiments the layer 416 may be or comprise a light-transmissive pressure-sensitive
adhesive or other visco-elastic material. Representative visco-elastic materials are discussed in the
commonly assigned U.S. patent application (Attorney Docket 66015US005) referenced elsewhere
herein. Use of a transparent adhesive for layer 416 allows the extraction film to be attached
directly to an outer surface of the self-emissive light source with no intervening material layers.
Use of a viscoelastic material for layer 416 allows the extraction film (and in particular the
coupling surface 416a of the extraction film) to flow to some extent so as to conform to a non-
planar emitting surface of an OLED.

The light extraction film 410 may of course include other layers in addition to those
depicted in FIG. 4, and other features or characteristics in addition to those already discussed. For
example, materials may be incorporated within the film to enhance light extraction through
scattering or to filter, color shift, or polarize the light. Surface coatings or structures, for example
functional layers, can be applied to the air surface of the light extraction film in order to further

increase the functionality and possibly the value of the light extraction film. Such surface coatings
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can have, for example, optical, mechanical, chemical, or electrical functions. Examples of such
coatings or structures include those having the following functions or properties: antifog;
antistatic; antiglare; antireflection; antiabrasion (scratch resistance); antismudge; hydrophobic;
hydrophilic; adhesion promotion; refractive elements; color filtering; ultraviolet (UV) filtering;

5 spectral filtering; color shifting; color modification; polarization modification (linear or circular);
light redirection; diffusion; or optical rotation. Other possible layers to be applied to the air
surface include a barrier layer or a transparent electrically conductive material. The release liner
418 may be omitted, and/or another release liner may be provided on the other side of the
extraction film to protect the output surface 412b.

10 FIG. 5 shows one way in which an optical extraction film, such as that of FIG. 4, can be
applied to a top-emitting OLED or other suitable self-emissive light source which is fabricated
separately from the extraction film, so as to produce an enhanced light-emitting optical device. A
top-emitting OLED 510 is depicted only schematically for ease of discussion. The OLED includes
at least a substrate 512 and a thin, high refractive index light emitting core or region 514. The

15  substrate may function as a barrier layer to prevent water vapor and oxygen from reaching the
region 514 from one side, and the substrate may also have mechanical and thermal functionality,
such as a heat sink to draw heat away from the region 514. The substrate 512 may also comprise a
backplane. Individual layers that make up the region 514 may be deposited, formed, or applied in
a suitable sequence atop the substrate 510. The high index region 514 typically includes at least

20  one organic layer tailored to emit light of a desired wavelength in response to an applied electric
current or field, and at least one transparent electrode. Other high refractive index layers can also
be included in the thin high index region 514. An outer surface 514a of the region 514 can be
considered to be a light emitting surface of the OLED 510.

In order to provide enhanced optical performance of the OLED, the optical extraction film

25 410 is applied to the light emitting surface 514a of the OLED. Before application, the appropriate
release liner or premask 418 is removed from the film to expose a pristine optical coupling surface
416a. In some cases, the optical coupling surface of the optical extraction film may be placed
directly against the light emitting surface 514a of the OLED. If the outermost layer of the
extraction film is a pressure sensitive adhesive or other suitable light transmissive adhesive, the

30  direct contact between the optical coupling surface of the optical extraction film and the light
emitting surface of the OLED may be sufficient to produce a firm bond between the two
components with no significant air gap therebetween.

In other cases, a thin optical coupling layer may be provided between the optical coupling
surface of the optical extraction film and the light emitting surface 514a of the OLED. The optical

35  coupling layer may serve several functions. One function may be to planarize the emitting surface
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of the OLED. In many pixelated top-emissive OLEDs, for example, the substrate may have
surface features associated with pixel and sub-pixel wells. The optical coupling layer may be used
to fill the wells or other surface features so as to provide a planar surface that the coupling surface
of the optical extraction film can attach to with no air gaps or pockets. Another function of the
optical coupling layer may be to attach the optical extraction film to the OLED, for example, in
cases where the outermost layer of the extraction film is not a pressure sensitive adhesive or other
suitable adhesive. In some cases, the optical coupling layer, if included in the construction, may
have a refractive index as close to that of the high index region 514 of the OLED as possible so
that waveguiding modes within the high index region, or their associated evanescent zone, can be
extended closer to the coupling surface of the extraction film. The optical coupling layer may, for
example, have a refractive index between that of the high index region 514 and the layer whose
outer surface corresponds to the coupling surface of the optical extraction film. Suitable optical
coupling layers comprise light-transmissive material such as high-index adhesives and
nanoparticle-filled polymers. Suitable optical coupling layers are also typically as thin as possible
while performing their necessary function(s) so as to minimize the distance between the coupling
surface of the extraction film and the light emitting surface of the OLED. A typical optical
coupling layer may, for example, have a thickness in a range from 0.5 to 20 microns, but other
thicknesses may also be used.

Whether or not an optical coupling layer is used, attachment of the optical extraction film
to the OLED results in enhanced operation of the resulting OLED device. The optical extraction
film, whether by reducing waveguiding modes, reducing total internal reflection of light, or by
other mechanisms, can provide increased useful illumination, sometimes also referred to as
increased gain, of the OLED when used in a given optical system. The increased illumination or
gain may be characterized or measured in terms of the total luminance integrated over the
hemisphere of possible output directions from the output surface of the OLED device, or may be
measured in other ways such as increased illumination along a particular direction of interest, for
example, increased on-axis illumination or gain along the direction perpendicular to the OLED
output surface.

Besides increasing the useful illumination or gain of the OLED device, exemplary optical
extraction films also have the advantage that they can provide a flat or planar outer surface that
serves as the output surface of the OLED/film combination. Extraction film 410 is shown as
having a flat surface 412b, and it is this surface that may become the output surface of the OLED
device after the film is applied. Advantageously, the delicate structured surface(s) responsible for
the increased output of the OLED, for example, structured surface 414a, is embedded within the

film and within the device, being safely protected from abrasion, dirt, dust, oils, and other
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an exposed structured surface that further modifies the light distribution emitted by the device.

5 Further information on design aspects of optical extraction films suitable for use with
pixelated OLEDs, including but not limited to extraction films having more than one embedded
structured surface, extraction films that can serve as a substrate on which an OLED can be
fabricated, extraction films whose extraction features have dimensions (for example, pitch of less
than 1 micron) such that the functionality of the extraction features is principally governed by

10 principles of optical diffraction rather than optical refraction, extraction films whose extraction
features have dimensions (for example, pitch of greater than 1 micron) such that the functionality
of the extraction features is principally governed by principles of optical refraction rather than
optical diffraction, extraction films in which a substantial portion of the light extraction elements is
disposed within an evanescent zone of the light source when the coupling surface is placed against

15 an emitting surface of the light source, and extraction films in which a substantial portion of the
light extraction elements is disposed outside of or beyond an evanescent zone of the light source
when the coupling surface is placed against an emitting surface of the light source, can be found in
commonly assigned U.S. Application XXX, “Light Extraction Films for Organic Light Emitting
Devices (OLEDs)” (Attorney Docket 66957US002), filed on even date herewith and incorporated

20 herein by reference in its entirety.

Pixelated OLED Devices
The disclosed optical extraction films and film/OLED combinations can be practiced with
a wide variety of different types of known OLEDs, including non-pixelated OLEDS that may
25  typically be used in lighting applications. They are however of particular utility when used with
pixelated OLEDS that may typically be used to generate images in an electronic display. FIG. 6 is
a schematic top view of a typical pixelated OLED 610. The OLED 610 is patterned to form
distinct light-emitting areas 612a, 612b, 612¢, and non-emitting areas between the emitting areas.
Each of the emitting areas is preferably individually electronically addressable. The light-emitting
30  areas are arranged in a repeating pattern to form a large array, such that any given light-emitting
arca or set of arecas within the array can be illuminated at any given time to provide a static or
video image.
In a monochrome display, the areas 612a-c may emit light of the same spectral content or
color. In this case, each individual area 612a, 612b, 612c may represent a single pixel. In a color

35  display, the areas 612a-c may emit light of different colors, for example, arcas 612a may emit red
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the rectangle Dlmenswn 620 represents the width of pixel 614. Another relevant dimension may
be the maximum transverse dimension, such as the length of the diagonal of a rectangular pixel.
Note that if OLED 610 emitted monochrome light such that each individual area 612a, ctc. was a
pixel, then that smaller pixel would have the same length as pixel 614, but one-third the width of
15  pixel 614. Alternatively, if OLED 610 required four (rather than three) neighboring emitting arcas
to constitute a pixel, that pixel would have the same length as pixel 614, but a width that was 4/3
times the width of pixel 614.
FIGS. 7a and 7b demonstrate the difference between extracting light from a pixelated top-
emitting OLED with an ordinary structured surface film, whose structured surface is exposed to air
20  (non-embedded), and extracting light from the same pixelated top-emitting OLED with an
extraction film that incorporates the disclosed nanovoided layer and embedded structured surface.
Stated simply, use of the nanovoided layer and embedded structured surface allows the structured
surface to be disposed much closer to the OLED than that of the other film. This is because the
nanovoided layer allows the extraction film of FIG. 7b to be flipped over relative to that of FIG.
25 7a, such that the carrier film need not be interposed between the OLED and the structured surface.
Instead, the (embedded) structured surface can be disposed between the carrier film and the
OLED, and the land portion of the extraction film between the (embedded) structured surface and
the OLED can be made to have a thickness (for example, less than 50, 25, or 10 microns) that is
substantially less than that of a typical carrier film. Positioning the structured surface closer to the
30  pixelated OLED can have significant advantages for reducing blurring of the pixels, particularly
for OLEDs with small pixel sizes. Blurring of the pixels can arise when the structured surface of
the extraction film contains refractive structures that scatter light in different directions.
An analogy can be drawn between such scattering and the scattering produced by an
ordinary sheet of waxed paper. If a sheet of waxed paper is placed directly atop a page of printed

35  text, an observer may still be able to discern the text through the waxed paper. However, if the
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waxed paper is slowly lifted so that the distance between the text and the scattering waxed paper
increases, the text quickly becomes illegible because the boundaries of the letters of text become
too blurred by the scattering action of the waxed paper. Analogous to this, the embedded
structured surface of FIG. 7b may produce little to no blurring of the pixelated OLED compared to

5 the structured surface of FIG. 7a, as a result of the much closer proximity of the former structured
surface to the OLED compared to that of the latter structured surface.

Thus, FIG. 7a depicts a portion of a device 710 that results from an ordinary optical
extraction film 730 being applied to a pixelated top-emitting OLED 720, and FIG. 7b depicts a
portion of a device 750 that results from an optical extraction film 760, which incorporates a

10 nanovoided layer and an embedded structured surface, being applied to the same pixelated top-
emitting OLED 720. In the figures, the labeled components of the OLED 720 include: a
driver/controller 722; a light emitting area (such as a pixel) 724; an organic light generating layer
726; a transparent conductor 728; and an optical coupling layer 729 that planarizes the OLED to
provide a flat light-emitting surface 729a. In FIG. 7a, an extraction film 730 having an exposed

15  structured surface 734a is applied to the OLED. The extraction film 730 includes: a carrier film
732; an adhesive layer 731 to attach the carrier film to the OLED; and a coating layer 734 that has
been embossed or otherwise formed to provide a structured surface 734a, which may be shaped to
define light extraction elements such as lenticular prisms or lenses that are large enough to
function based on principles of refraction. None of the individual layers of extraction film 730 are

20  nanovoided layers. In contrast, the extraction film 760 may have a construction similar to that
described in connection with FIG. 4, for example. Film 760 thus includes: a carrier film 712; a
nanovoided layer 714, which may have a refractive index in a range from 1.15 to 1.35, or 1.15 to
1.3; alayer 716 of higher refractive index than the nanovoided layer 714, the layer 716 preferably
being a backfill and having an interface with the nanovoided layer that defines a structured surface

25  714a with extraction elements 715, which elements 715 may be lenticular prisms or lenses that are
large enough to function based on principles of refraction. A land portion of the layer 716 between
the structured surface 714a and the surface 716a may be less than 50 microns, or less than 25
microns, or less than 10 microns, for example. Light from the pixelated OLED is in each case
emitted from an uppermost (from the viewpoint of FIGS. 7a and 7b) surface of the extraction film,

30  thatis, from structured surface 734a in FIG. 7a, and from planar surface 712b in FIG. 7b.

As explained above, the capability of the extraction film 760 to position the structured
surface closer to the pixelated OLED than the extraction film 730 results in an advantage of
reduced blurring for the extraction film 760. Furthermore, the embedded nature of the structured
surface of film 760 provides advantage of robustness or resistance to damage from abrasion or

35  other detrimental agents relative to the exposed nature of the structured surface of film 730.
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Examples
In the following examples, all parts, percentages, ratios, etc. are by weight, unless noted
otherwise. Solvents and other reagents used were obtained from Sigma-Aldrich Chemical

5  Company, Milwaukee, Wisconsin unless specified differently.

Example 1: 50/60 Bullet-Shaped Extractors, Adhesive Backfill, No Haze in ULI
A computer simulation was performed of an OLED with an embedded extraction layer
using ray tracing methods and the modeling package LIGHTTOOLS (commercially available from
10 Optical Research Associates, Pasadena, CA). The configuration that was simulated is shown
generally as OLED device 520 in FIG.5. The microreplicated nanovoided material of Ultra Low
Index (ULI) (see for example, layer 414 in FIG. 5) was modeled as having a refractive index of 1.2
and zero haze. The refractive index of the carrier film or substrate (see for example, layer 412 in
FIG. 5) was selected to be 1.65 to model a polyethylene terephthalate (PET) substrate. The
15  refractive index of the backfill layer (see for example, layer 416 of FIG. 5) was selected to be 1.48
to model Soken 2032 pressure sensitive adhesive (commercially available from Soken Chemical &
Engineering Co., Ltd, Japan). The substrate was assumed to have a thickness of 100 um.
The extraction structure (see for example, the structured surface in FIG. 5) was an array of
bullet-shaped extraction elements with a S50pm pitch, the array having a hexagonal arrangement of
20 extraction elements in top or plan view. The shape of each extraction element is given by a
surface of revolution generated by rotating a segment of a circle about an axis, explained more
fully by reference to FIGS. 8a and 8b. The curved segment 812 used to define the bullet-shapes in
Example 1 was the segment of a circle 810 lying between an angle 61 and an angle 62 as measured
from an axis 805 in the plane of the circle that passes through the center of the circle. In the bullet
25  shapes of Example 1, 61 was 50 degrees and 62 was 60 degrees. The segment 812 was then
rotated about an axis 815, the axis 815 being parallel to axis 805 but intersecting the endpoint of
the curved segment, so as to generate the bullet-shaped surface of revolution 820.
The optical performance of this optical extraction film bonded onto the substrate side of an
OLED was simulated and the color uniformity was determined as the maximum angular color
30  deviation in the CIE 1976 L* u* v* color space (CIE Standard S 014-5/E:2009). In terms of the

(u', v') chromaticity coordinates, the color deviation is given by

vl )+ =)

where (u'y, v'p) are the chromaticity coordinates of a reference source - in this case the axial

luminance of the OLED - to evaluate the angular color uniformity. The integral gain was
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determined as the integrated power ratio of the OLED with the extraction film and the OLED
without the extraction film. The parameters of the OLED used in the simulation were based on
experimental measurements of a Philips Lumiblade OLED (available from Philips Lighting U.S.,
Somerset, NJ). We used experimentally measured OLED characteristics in the model and
5  optimization. The OLED was first apertured down to lcmxlcm surface area, and then optically

coupled at the substrate side with index-matching oil to a 2.5-inch-diameter BK7 half ball lens,
whose spherical surface was antireflection-coated. Because the refractive index of the OLED
substrate closely matches the BK7 half-ball lens, the reflection and refraction at the outer substrate
surface are eliminated, allowing accurate measurement of the OLED emission into the substrate

10 and the OLED reflection at the OLED/substrate interface. Specifically, the angular-spectral
luminance and reflectivity of the OLED were characterized and used in the simulation. When
combined with computer-designed extraction layer profiles, the OLED device can be modeled
accurately. The computed color deviation as a function of angle is given in Table 1 below, where
the angle is the observation angle in air relative to the optical axis or surface normal of the

15  modeled device. The maximum angular color non-uniformity with and without the embedded
extraction film was 0.0115 and 0.0242, respectively. The integral gain with the modeled

extraction film was 1.48.

TABLE 1
Au'v'
Angle OLED with Au'v'
(degrees) Extraction Film Original OLED
88.5 0.0060 0.0242
85.5 0.0053 0.0219
82.5 0.0058 0.0202
79.5 0.0057 0.0193
76.5 0.0072 0.0189
73.5 0.0055 0.0182
70.5 0.0065 0.0178
67.5 0.0075 0.0174
64.5 0.0072 0.0171
61.5 0.0080 0.0166
58.5 0.0090 0.0158
55.5 0.0091 0.0150
52.5 0.0105 0.0143
49.5 0.0115 0.0134
46.5 0.0108 0.0124
43.5 0.0115 0.0115
40.5 0.0108 0.0102
37.5 0.0108 0.0088
34.5 0.0098 0.0073
31.5 0.0105 0.0061
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5
Example 2: 50/60 Bullet-Shaped Extractors, Adhesive Backfill, Haze in ULI
An OLED with an optical extraction film was simulated in the same way as in Example 1,
except that some haze was included in the nanovoided Ultra Low Index (ULI) layer. This was
simulated by adding scattering centers to the simulated nanovoided layer, where the scattering
10 centers scattered light primarily in the forward 45° cone angle, and with a scattering probability set
at 20% (that is, the probability for a light ray to be scattered at least once upon traveling through
the layer was set to 20%). With this built-in haze in the nanovoided layer of the simulated
extraction film, the angular color non-uniformity was reduced to 0.010, and the integral gain was
improved to 1.51.
15
Example 3: 50/60 Bullet-Shaped Extractors, HRI Backfill, No Haze in ULI
An OLED with an optical extraction film was simulated in the same way as in Example 1,
except that the refractive index of the nanovoided ULI material was set to 1.26 (rather than 1.2),
and the refractive index of the backfill material (see for example, layer 416 in FIG. 5) was chosen
20 to be 1.65 (rather than 1.48) which is representative of a high refractive index curable resin such as
a nanozirconia-filled UV curable acrylate resin, such as those described in U.S. Patent 7,547,476
(Jones et al.).
The color non-uniformity and integral gain were determined as in Example 1. The
calculated color deviation is given in Table 2. The maximum angular color non-uniformity with
25  and without the optical extraction film was 0.0083 and 0.0242, respectively. The integral gain

with the extraction film was 1.55.
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0.0242 85.5 0.0105 0.0219 82.5 0.0074 0.0202 79.5 0.0066 0.0193 76.5 0.005
0.0189 73.5 0.0079 0.0182 70.5 0.0067 0.0178 67.5 0.0084 0.0174 64.5 0.01

0. 0171 61W0 2012/054229 PCT/US2011/054704
TABLE 2
Au'v'
Angle OLED with Au'v'
(degrees) Extraction Film Original OLED

88.5 0.0022 0.0242
85.5 0.0030 0.0219
82.5 0.0053 0.0202
79.5 0.0083 0.0193
76.5 0.0072 0.0189
73.5 0.0072 0.0182
70.5 0.0072 0.0178
67.5 0.0060 0.0174
64.5 0.0059 0.0171
61.5 0.0054 0.0166
58.5 0.0060 0.0158
55.5 0.0058 0.0150
52.5 0.0048 0.0143
49.5 0.0065 0.0134
46.5 0.0058 0.0124
43.5 0.0075 0.0115
40.5 0.0062 0.0102
37.5 0.0067 0.0088
345 0.0068 0.0073
31.5 0.0070 0.0061
28.5 0.0055 0.0048
25.5 0.0040 0.0036
22.5 0.0037 0.0027
19.5 0.0020 0.0015
16.5 0.0014 0.0010
13.5 0.0013 0.0005
10.5 0.0008 0.0005
7.5 0.0002 0.0003
4.5 0.0010 0.0006
1.5 0.0000 0.0000

These results are plotted in FIG. 9b, where curve 920 is the color deviation of the modeled
OLED/extraction film combination, and curve 922 is the color deviation of the OLED with no

5 extraction film.

Example 4: 50/60 Bullet-Shaped Extractors, HRI Backfill, Haze in ULI
An OLED with an optical extraction film was simulated in the same way as in Example 3,
except that some haze was included in the nanovoided Ultra Low Index (ULI) layer, the same haze
10 as described in Example 2. The color non-uniformity and integral gain were determined as in
Example 1. The angular color non-uniformity was reduced to 0.007, and the integral gain was

improved to 1.57.
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0.0126 0.0166 58.5 0.0118 0.0158 55.5 0.0122 0.0150 52.5 0.0119 0.0143 49.5
0.0098 0.0134 46.5 0.0111 0.0124 43.5 0.011 0.0115 40.5 0.01 0.0102 37.5
0. 009 0. OWB62012/054229 PCT/US2011/054704

Example 5: Bullet-Shaped Extractors plus 1-D prism array
An OLED with an extraction film was simulated in the same way as in Example 1, except
5  thata 1-dimensional (that is, linearly extending) prism film was added to the substrate on the side
opposite the OLED layer (see for example, surface 412b in FIG. 5), with the peaks of the prisms
facing away from the OLED layer. The pitch of the prism array was 50 pm. The refractive index
of the prism material was chosen to be the same as the substrate (n=1.65) and all other device
parameters were the same as those in Example 1.
10 The calculated color deviation is given in Table 3. The maximum color non-uniformity
was 0.0126 and the integrated gain was 1.34. Although the integrated gain is lower than that of

Examples 1 and 2, the emitted light was substantially collimated in this example.

TABLE 3
Au'y' Au'v'
Angle OLED with Original

(degrees) Extraction Film OLED
88.5 0.008 0.0242
85.5 0.0105 0.0219
82.5 0.0074 0.0202
79.5 0.0066 0.0193
76.5 0.005 0.0189
73.5 0.0079 0.0182
70.5 0.0067 0.0178
67.5 0.0084 0.0174
64.5 0.01 0.0171
61.5 0.0126 0.0166
58.5 0.0118 0.0158
55.5 0.0122 0.0150
525 0.0119 0.0143
49.5 0.0098 0.0134
46.5 0.0111 0.0124
43.5 0.011 0.0115
40.5 0.01 0.0102
37.5 0.009 0.0088
345 0.0085 0.0073
31.5 0.0062 0.0061
28.5 0.0048 0.0048
25.5 0.0035 0.0036
22.5 0.0036 0.0027
19.5 0.0029 0.0015
16.5 0.0024 0.0010
13.5 0.0029 0.0005
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34.5 0.0085 0.0073 31.5 0.0062 0.0061 28.5 0.0048 0.0048 25.5 0. 0035 0. 0036
22.5 0.0036 0.0027 19.5 0.0029 0.0015 16.5 0.0024 0.0010 13.5 0.0029 0.0005

WO 2012/ O80282RGT1200S2011/ 054704 PCT/US2011/054704
10.5 0.0023 0.0005
75 0.0018 0.0003
45 0.0002 0.0006
1.5 0.0000 0.0000

These results are plotted in FIG. 9¢, where curve 930 is the color deviation of the modeled
OLED/extraction film combination, and curve 932 is the color deviation of the OLED with no

extraction film.

Example 6: Pixel Blur Analysis for Embedded Light Extraction Film
The pixel blurring effect of the embedded light extraction film was modeled using the

LIGHTTOOLS ray tracing software (commercially available from Optical Research Associates,
Pasadena, CA). The stack construction was the same as that in Example 1, but with the following

10 dimensions: the pitch size of the extraction layer was 5 um, the total thickness of the extraction
layer was 10 pm, and the land thickness (the distance between the bottom of the extraction texture
(structured surface) to the top of the OLED emitter) was set to either 1 pm orto 5 um. The
simulation included a surface detector which was placed immediately above the embedded
extraction surface (below the extraction substrate) to analyze the lateral light spreading. A

15  comparative embodiment was also simulated, which utilized an exterior or exposed structured
surface (see for example, the extraction film orientation of FIG. 7a), having the same bullet-shaped
extraction features but facing the opposite direction, and the land thickness of this embodiment
(the distance between the bottom of the structured surface to the top of the OLED emitter) was set
to 50 microns.

20 The point spread function, which represents the lateral spreading of an infinitely small
point source after passing through an optical system, was calculated for all three embodiments.
The point spread function for the 50 micron land comparative embodiment is shown in FIG. 11a,
the point spread function for the 5 micron land (embedded structured surface) embodiment is
shown in FIG. 11b, and the point spread function for the 1 micron land (embedded structured

25  surface) embodiment is shown in FIG. 11¢. The amount by which the appearance of an OLED
pixel becomes blurred can be determined by the mathematical convolution of the point spread
function and the original OLED pixel shape. This was calculated for a rectangular-shaped OLED
pixel as shown in the top or front view of FIG. 10, where the width was set to 20 microns and the
width was set to 60 microns. The resulting appearance can be seen in FIG. 12a for the 50 micron

30  land comparative embodiment, and in FIG. 12b for the 5 micron land (embedded structured
surface) embodiment, and in FIG. 12¢ for the 1 micron land (embedded structured surface)

embodiment. The pixel blurring was significantly reduced with a land thickness of 1 pm (FIG.
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10.5 0.0023 0.0005 7.5 0.0018 0.0003 4.5 0.0002 0.0006 1.5 0.0000 0.0000
These results are plotted in FIG 9c, where curve 930 is the color

devi at i orwof2otds42redel ed OLED/ extraction fil m conbi nati eoT/iseal1os470€ 932 i s
the color deviation of the OLED with no extraction film 5 Exanple 6: Pixel
Bl ur Analysis for Enbedded Light Extraction Film The pixel blurring
effect of the enbedded |ight extraction filmwas nodel ed using the

L1 GHTTOOUScregipppied ¢ gndstbickngay & S titer Bbabrievan with alsné thickaess opt it@athe
Resear ch yiS§R %Ibﬁheeﬁxel HReRISAG o%)the J&%f%e%gjﬁc&l%ﬁ%l H&%&la bw@&eﬁtmﬁe RAME as

that in Exa t wth the follow ng di mensi ons: Eltch si ze of
t he extr aeest diﬁplthaapéhca%@@ Hhg pqunt h@)hﬂfﬁﬂ&m HG clthe@,Chl?@farethvélsel teriedly on | ayer

was 10 Jigyucan@ulphq kAdolRingkRaSSFId g, di stance between the bottom of the
extraction texture (structured surface) to the top of the OLED emtter) was

set t& either Theppiringd nixel Bietgl gxtempye” &) avy dimangian ¢andl gestlcerd subdf the extehét ect or
whi ch was,,Bl aGafodorpral ag;{t%énenagw%oﬁmﬁeﬁmgggﬁﬂeﬁg& ik 15 fﬂ?aﬁ%hAe( bel ow

t he extracti on substrat to anal yze t [ at er al a» Sprea |ng
15conpar athyvesl pirpleadicnte vy \T/hgplaqﬂé)blféfB’r’rﬁﬂnah@élcbe deyfivied las the percadage didfeespe@er i or or

exposed Sote{v&é%ﬁ Hic é’eOlw§ %lﬁé&cﬁﬁat(é GE@L f)ﬁb %X?ﬁ“%e?oew%&‘ﬁxéﬁt&él%{eﬁﬂ‘ﬁ lid My

orientation of sane | et - shape extractlon f eat ures
but faci rﬂgm@rﬁ@n@bp@ﬂsbetl@ss éharléBxh Thl Oan\ﬁhemé’”llsathelpvﬁmetkh]@é%at gimepgipry

e”boqloﬁerﬁecédsgﬁl O@iﬁfﬁ%?d&ﬁ%&%ﬁéﬁ%&%&@ Nedpiiel 1%1%&'118&&4&@19 i face to

the top of ED emtter) was set to 50 m crons. poi nt spread
f unct i on,acegnfable pixepblacan be exprrssddas:eBARPIhAb aBRg - SBfD)éIh qrﬁﬁlrlfrli))éfl)y karal |

poi nt 5Ol{foﬁf?sﬁ@atd%nc%%'aﬂahérMe%ﬁ%‘of%&e?t%ﬂ %tro%é?%cﬁms Wasruadlonw @piegdiyf or
all three enbodi nents. The point spread function P 50 mcron | and

conpar at iay@cieiet odh meone signifieghiowrel Pl-FI G 11a, the point spread function for
the 5 micron |and (embedded structured surface) enbodinment is shown in FIG
11b, and the point read function for the 1 mcron | and (enbedded

strudfured 25dinampe f’eﬂbb@ﬁeﬂfﬂr{tsﬁ@ﬂ?ﬁé\mcﬁﬁl FIG 1lc. The ampunt by which

the appearanc %1@{‘[ c@MhcEfms were made with microreplicated nanovoided material (also referred

to as Ultra Low Index or ULI material) as described below. Detailed information about
microreplicated ULI and the process for making microreplicated ULI structures can be found in
the commonly assigned U.S. patent application (Attorney Docket 66015US005) referenced

20  elsewhere herein.

Bullet-Shaped Microreplication Tooling
Bullet-shaped microreplication tooling was made for this Example 7 using an excimer

laser machining process as described in U.S. Patent 6,285,001 (Fleming et al.). The resulting
pattern was translated into a copper roll having an inverted bullet shape where the bullet features

25  were arranged in a closely packed hexagon pattern with 50 pm pitch and the shape of the bullet
was substantially as described in Example 1, except that the curved arc that defines the surface of
revolution was bounded by angles 61 =25 degrees and 02 = 65 degrees. The copper roll was then
used as a replication master for a continuous cast and cure process using Accentrim resin (a
urethane containing UV curable acrylate resin with a composition of 75% by weight PHOTOMER

30 6210 available from Cognis and 25% 1,6-hexanedioldiacrylate available from Aldrich Chemical
Co., and a photoinitiator, 1% by weight Darocur 1173 from Ciba Specialty Chemicals). The
Accentrim resin was cast onto a PET support film (DuPont 618 PET Film, 5 mil thickness) and

then cured against a precision cylindrical tool using ultraviolet light.
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rotary evaporator under a 40 C water-bath, resulting in a 41.7 wt%
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25 to the extent any nunerical values are set forth in specific exanples
descri bed herein, they are reported as precisely as reasonably possible.
Any nunerwoabizvashaze, however, nay well contain errors agsoaisatieas4mws h
testing or neasurenent limtations. Various nodifications and
alterations of this invention will be apparent to those skilled in the art
W t hout departing fromthe spirit and scope of this invention, and it
shoul d be understood 30that this invention is not limted to the

i Il ustratdnvangybodi ments set forth herein. For exanple, the reader should
assune that features of one disclosed enbodi nent can al so be applied to al
ot her di scl osed enbodi nents unl ess otherwi se indicated. It should al so be
under st 00d Ahéicatlektrdhich filRAfoLEHhencilRateBNx rahih et oM cRibVE pREIbEMEghtand

ot her patent and non-patent docunents referred to herein are incorporated
by refer efdEe theidhap prousst seifce tthiegxtiagion Sim dyitg et corpingrifg afapgpd to

di scl osurg@acMOHRQLRS M%&M&%&%@&&/ tBS& QiR Minpristng: AN opti cal
extraction filmfor enhancing light extraction froma self-em ssive

pi xel ated |i ghtflsbirerer fileitdas an outer surface, the extraction film

having a maj ory GQURL iREnEIWE efBcAdaRt &eridrfilAthaght 400 s¢fd Rl ace of
the light source, the extraction filmconprisin | exi bl e carrier film

caf
and a first Hs@beeedia epigdded Eléﬁrf%@attf9mt8ﬁé9re%wﬁql girfagg offight ptaqtipR st and
secong | ayers detjnidfg therebetween an enbedded interface that forns a
structured surface of |light extraction 10el enents; wherein the first |ayer
has a nanovoi da¥s¥bihp Bt Bys hanynaeeyridad sesphelagy pyhempppsideplymepkindaryths | ayer

al so bei ng di spoggRHaPetaws 88nt MSposarRAfkch aXEcoa Bytad aRkAkier filhi i and
wherein the second | ayer has a refractive index greater than that of the

first |ayer, arfraihgepoepidlayeses migactize indexgeatqrianithebihs Bigklaymgnd thezs 15

2. The extracti ofrstlaldPhef a RE&ti hde RGN BRI . 3she maj or coupling surface is a
surface of the second | ayer opposite the structured surface, and wherein

t he decond | ayer includes a | and portion between the structured surface and

the naj ory cilpkitddGorSthf FCRim 20ZhercllBe 8% ok 8silplifNsubfadd T P furfab@bMhscciMaer ei n
the land portion has a thickness |less than 50 m croneters. 4. The

ext ract i gRYf PIRPitsFhcTtptHicd surfgse et whetria thesrepnd dves igrudrag laad patiek hetween| ess

than 25 mh&dRBRieakSfaceand the mijdLcRplidaeth@n filmof claim4, wherein the
| and portion has a thickness | ess than 10 m croneters. 6. The

extraction filmof claim2, wherein the I and portion has a thickness in a

r angeof r onhe dxitRtiORm JTcRiR IBLRESN the fand POBoRKdsaBEIRE 18k kxhgh cl ai m 2,
wherein the |and portion is thinner than the carrier film 8. The

extract i JWCPMCK%f claim 1, wherein the first layer has a refractive index
|l ess than 1.3. 35

4. The extraction film of claim 3, wherein the land portion has a thickness less than 25
micrometers.

25
5. The extraction film of claim 4, wherein the land portion has a thickness less than 10

micrometers.

6. The extraction film of claim 2, wherein the land portion has a thickness in a range from 0.1 to

30 25 micrometers.
7. The extraction film of claim 2, wherein the land portion is thinner than the carrier film.

8. The extraction film of claim 1, wherein the first layer has a refractive index less than 1.3.

35
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9. The extraction filmof claim1, wherein the second |ayer has a
refractive index greater than 1.4. 10. The extraction filmof claiml1,
wher ei n awoebrzassizoe | ndex difference between the first pamdssaaondod ayers
is at least 0.3, or at least 0.4, or at least 0.5. 5 11. The extraction
filmof claim1, wherein the second | ayer conprises a light transm ssive
pol ynmer. 12. The extraction filmof claim1l1l, wherein the pol yner
conpri ses A hEe¥rction Hastficken Levheerit be sreradiey s hasg refrachive indeagreatgidhagyltd act i on
filmof claim1, further conprising a release liner or premask covering the
maj or coupling surface. 1514. The extraction filmof claiml, wherein the
li ght extiPadtf erireeioafimos claimy b whepinarirgitisaindex diffeance bavese firstanils  The
extracti QBednil layeQfs # leaitmslod 2 10Q0 Hak i ow th the sel f-em ssive pixelated

| ight source, wherein the light extraction filmcouples to the

sel f - eni ssi ve pi xel ated |ight source to enhance 20light extraction

t her ef romy. ThSexthB@onaRRF Biakd PRvIRfcirtthedctdnkTay VOB RIs& o108t @xbmRGtd on film
attaches to the outer surface of the light source with no air gap

t her ebet i@B#C1-2517. The conbination of claim 15, wherein the structured
surface is separated fromthe major coupling surface by a | and portion
havi ng a thickness |ess than 50 mcroneters. 18, The conbination of claim
17, wher é€i2n Thhextragtita e of Flain haghereinficioh@ics comaises hiight bgsmissivomet ers. 30
19. The cobiinat arnaf claim 18, wherein the |Iand portion has a thickness

| ess than 10 microneters. 20. The conbi nation of claim 15, wherein the

sel f-em ssive pixelated |light source includes an optical coupling |ayer
that pl angr iraeskttab@nHRQ)F ah@dl1, firefdt conPHEBE a rd&Ge NRE6SIrtndsReoRHheMmesUr f ace
of the light source is an outer surface of the optical coupling |ayer. 521.
The conbi™aeticorlee sefese-m 20, wherein the optical coupling |ayer has a
refractive index of at least 1.4. 22. The conbination of claim15, wherein
the pixelated Iight source conprises pixels that have at |east one

t ransver sié- dhaERri fon of gaia b idsreoghadight grgctionlensets bayeer RitshsicAst theh of
claim15,i wagmei n the light extraction elenments have a pitch greater than 1
m cron. 24. A method of enhancing the Iight output of a self-em ssive
pi xel ated |ight source wi thout 15substantially blurring pixels of the |ight
source, C@NMAhE SitRGonRNAVF HbRg] & Sbfna@H it MEsPLorBlstletkelate@Mhisomeg&e havi ng
an outer surface; providing an optical extraction film having a major

coupl i ng “eisFainte light gatrastien Blay Gogpics to|the sekvemirgivhpixelated [ight seyires 18 shapesy £ | m
and 20 light extraction therefrom.

16. The combination of claim 15, wherein the extraction film attaches to the outer surface of the

light source with no air gap therebetween.

25 17. The combination of claim 15, wherein the structured surface is separated from the major

coupling surface by a land portion having a thickness less than 50 micrometers.

18. The combination of claim 17, wherein the land portion has a thickness less than 25
micrometers.

30
19. The combination of claim 18, wherein the land portion has a thickness less than 10

micrometers.
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20a first and second |ayer carried by the carrier film the first and
second | ayers defining therebetween an enbedded interface that forns a

st ruct ur edoorfmer9of |ight extraction el enents; Paimarsedn/os4ve4 f i r st

| ayer has a nanovoi ded nor phol ogy and conprises a polyner binder, the first
| ayer al so having a refractive index |less than 1.35 and | ess 25than that of
the second | ayer; and attaching the major coupling surface of the

extracti of- flih¢ FAnptnatipRofgilaiar! S srrde Be of! f-erissiecanirelaied light spurcpiineBidat @ | i ght
source.  gpticad SeupiRElaP@ tRPHlaRliz& 1R Mk Adled WMRESRIR, MmbSheRInfnEs&SintRe B Xel at ed
| i ght source includes an optical 30coupling |ayer that planarizes the

pi xel at edhq fighhtovesiy Beoutea pafagnelths epticHsoglinely&ur f ace of the 1ight source
is an outer surface of the optical coupling |ayer. 26. The net hod of
claim_24, wherein the attaching is carried out such that a _land paortion is
defindd bdt iBespribition pirdaig28avisirin e aptim! qmplingdeyes bas adsiace ipdst of 1 m and
t he out eregurface of the 35light source. 27. The nethod of claim 26,
wherein the |l and portion has a thickness | ess than 50 mcrons. 28. The

met hod of claim 27, wherein the |l and portion has a thickness | ess than 25

m crons. 2291hd BnyiRkbR 6f @fimQlk Al B &R the WX MightRBurt S PP tHiRR R 8a\R at
t hi ckness | ess than 10 mcrons. 30. The nethod of claim26, wherein the

| and por tlfasheredrapsypishdimepirfigie tham st micFongi | m
10

23. The combination of claim 15, wherein the light extraction elements have a pitch greater than 1

micron.

24. A method of enhancing the light output of a self-emissive pixelated light source without
15 substantially blurring pixels of the light source, comprising:
providing a self-emissive pixelated light source having an outer surface;
providing an optical extraction film having a major coupling surface, the extraction film
including:
a flexible carrier film; and
20 a first and second layer carried by the carrier film, the first and second layers
defining therebetween an embedded interface that forms a structured surface
of light extraction elements;
wherein the first layer has a nanovoided morphology and comprises a polymer
binder, the first layer also having a refractive index less than 1.35 and less
25 than that of the second layer; and
attaching the major coupling surface of the extraction film to the outer surface of the self-

emissive pixelated light source.

25. The method of claim 24, wherein the self-emissive pixelated light source includes an optical
30  coupling layer that planarizes the pixelated light source, and wherein the outer surface of the light

source is an outer surface of the optical coupling layer.
26. The method of claim 24, wherein the attaching is carried out such that a land portion is

defined between the structured surface of the optical extraction film and the outer surface of the

35  light source.
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27. The method of claim 26, wherein the land portion has a thickness less than 50 microns.

28. The method of claim 27, wherein the land portion has a thickness less than 25 microns.

29. The method of claim 26, wherein the land portion has a thickness less than 10 microns.

30. The method of claim 26, wherein the land portion is thinner than the carrier film.
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