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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
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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 7b is a schematic side or cross-sectional view of a device that
results froman oprical extraction film as disclosed herein being applied
to the piwelat2d420p-emitting OLED. FIG 8a is an il | ustcatisenobens shows
how an arc of circle can be defined, and FTG Sb is an illustration that
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FIG. 4 is a schematic side or cross-sectional view of an optical extraction film that can be
25  used with a top-emitting OLED;
FIG. 5 is a schematic 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. 7a is 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



organic materials may have a refractive index in a range from1.6 to 1.8.
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is referred to aprANIEEATHSRGNPTIONOF {INLUPEIA PNVACEMBUDIOASESs t he
evanescent wave can be considered to be Present within only a very short

di stance of tHaGehlPidtyig ap exsrdmplified scheppticiazign anortioy of opLiRedinet &gihon of

llayer 112oep 14 @QioaeeNtoo! WEcERLY BSRRAN 1goALhREinSs o BEemPfing @GN 110 and
whose thickness may 20 be on the order of a wavel ength of V|5|bh§ | i ght,

for exanpgh@udeyp thimanigingageionr119 sppdpichpbeyecytwe e@gcaﬂ.‘/othlcme%é

gr eater llayetvsrmonmneglsérye fidYaiter lagi€ fo IRBSwiker RH6AGY | b)l%eh adeXadnhat 1S cl oser
to that of .the high refractive index_region the Iight 115 that
escapes t%ﬂl@%ﬁ@gtomgﬂ PRGPRSTPT bedayesdid 1 map s¢rve asgrmbsiratg aprswhiFlythg other

di rect i ongmphithis @€k @tLedmmetgaM fabﬁdsllf&isermin&e@rmqnémﬁﬁk cA¥bEmefts §lee OLED
110 by an%Ies t hat ar enough so that the light is refracted out of

the | ayerotihgshiclgigpgss nghlc“ w Hewagtte&tﬂréepﬂaﬁedewbﬁenﬁrhes Of e Theftting e

sur r oundir8gori 10 Edhdhbe(CRObenérB @énveMRnal@hdanicNBisUmopdd t& bkt 11th'35¥12{ d&sater to
any qne of standard atnospherjc air, or vacuum_or a suitable inert gas)

and eventtFieyeth wAERORE QHwplielordis cairen phsld. oreiapplicd clskisis faFRnt mpy tht rays
115a and gdmd 8 Ele@X%aRLIREY mebr {ubfa&es @8RG aBhAGe WitoMt outBayriddkb i dat 110kes t he
air interface at outer surface 112a at an angle 01, which anqle 30 is smal
enough sdhe HRifting Fegiqn; dyideaptong elegirods. or csafplpfihe ¢ns dispeser! meyifecs 140 nt o t he

sur r ounditR@spaicht. N |elé@&0d§@%dl>1%ﬁ1c%¥n’ithﬁ§l§yér@?ar@-|tylb1daﬂ'§ Ridcagmatttia@Whangl e 02,
which is greater than 01 and e tothe critical angle for |ayer 112 but

still sl itgRCHYe 18diggs a8 suptiaphielbp@eterthanaput d ng Far exaggls, %Wpafmelﬁfé@é%‘ct ed

| i ght3pexihsle onfn@iutané oSzEHer(HlU)@hi@reﬁhdﬁv@'ﬁﬁb#&ﬁa@&ut@ 8nﬁ@rty19(|:a@-ﬁglit@ﬁus§ﬂ'| e. I'f we
follow this progression to light ray 11 we see that sonme of the |ight

115 that B, ertaﬁénaéfrhafﬁtfm&aqt@@rlw lilfGal%gFéR‘?@l 150 954f}- difgidesi ¥Erons t hat
devi at e fre@RNEH REEMRNE ERcQkhcQ@Ritifd e isSal Rty fikdBy CorFhid 36 RymABIneke t hat
are WO 2012/ 054229PCT/ US2011/ 054704 too |l arge to he refracted out of the
| ayer 112rerRiBVaYCigHp of Wydlp Tkt aies Kie cxamplaps ihlerdeByamahadiigl e 03

that is ghieRlesontthaftddrdeasvhi 190G, asng @hidstke ok @MRNayddday KU (16AHSE BRtkhe ray
115c¢ to be totally internally reflected at the surface 112 and trapped

wi thide t HEdPLEDOY080 niealthoue eeupaniber thigiessesdioHe apped within the OLED
device 100 in one of two ways: in 5a wavegui di ng node associated with
emtting region 110, and by total internal reflection (TIR) at an air
interface 112a of the device. In both gases, the trapped light is typically
eventual |y absorbed, and results in reduced brightness, reduced efficiency,
and increased | osses for the OLED 100. W refer to | osses associated with
light trapped in the emtting region as wavegui de | osses,



and | osses associated with [ight trapped by TIR at the outer surface of the
OLED as substrate 10l osses. Further discussion of |oss nechanisns in OLEDs
can be fowoadoiznsiazdet al ., "Optim zation of external coeplriusgoianss7nd ght

em ssion in organic light-emtting devices: nodeling and experinent", 91 J.
Appl . Phys. (Jan. 15, 2002), pp. 595-604. 7Vanovoi ded Layers 15Exenpl ary
optical extraction films disclosed herein incorporate at |east one

nanovoi ded | ayBFONITHAC Ra RSB Breraeion Ay el 2i Hdiatrawt anlpprijeally tipkghat is,

i nt er connged @@kﬂe@geglmgfanﬁupge\a@f ha0f WHRIEISthAi SEBIIRE:, bit tReyRIshURFe. At | east
sone of the voids in the urality or network are connectéd to one anot her
vi a hol | defractivmiasigesghat H@Il‘fséwa{l ﬂ‘ﬁ?f‘e‘rf the quitting cgiogdd0. Frexapyly shedmesrsddanl y
occupy a Quhfal chiaptist Ylabedr@Rshid Wicdsé Ra@fve ifx ¥oh W@k of N8 Ay RLul, it are
|nd|V|duaIIy of a small enough size, so 20that the nanovoi ded | ayer behaves
opt i cal | yhipicpiting tegion i ] 0gan gpp ssmeofthslizheamited hnthe orapiismaterigl ingng epmare | ess
than 1. 35m9%g£&§§m5&§nmﬁmédg§u&my%nh@y@5sA§ngh&mgek&ﬁh&gﬁﬁwa@mageous for
use in an_optical extraction filmas denonstrated nore fiffly below In
sone case¥hendlfstricenpg isqapliqddy etergizehegrimg matgrial & the gmiting ngﬁ%ﬂekmr lighyisy ange

from 1. 15nti@dkn 3P dirfiods’ 80md oflihis thghtlreﬁnesefnf%ﬂ b§ KSRAYR 119, PEopRSRRYRlifeFodsay er
preferably has at |east one major surface that is m crostructured, that is,

25 del i bé?‘/%i@%“f“ythﬁéﬂgllltd? @&a%tdntﬁéh?éayar Harer dbwndisseape the pmitingregion Fdee wi t h

religp f e@{oweiaﬁorhmftwﬁu@thglha@ea&m&%pﬁbdr{m@h% rfhRtivd ifddx@&god NAN 1
mllimeter, and in sonme cases the at |east _one dinension rfy be in a range
from 50 rPAPRIEYIGRLNE hatgagomiing REREicavavegidingiRedsD reREAEHRdE g1 1d 6.1 B

m crons, M4 f1eQypidfy ﬁ@srhqmd Slcfigth alddidyGeQfbnedtRILE NUREIHoR Bf Whthlte FofaRhe 2 and
3, we descrlbe exennp %ﬁéﬂ met hods of fabricating a 30nanoy0|ded Iayer as
%

wel | as fbé?aft"@’r‘%%"ré‘ﬁéac clil @b.jtla detadls pithe despedrppagding o feigrs iehebihe . Fur t her

details regar lagex%ﬂfférai% SctRaRUOIERA 11 PYRIS RARMed: Btichll ﬂ:ﬂfla@&t HRercan be
found .in commonly assigned U. S. patent application (Attorney Docket
6601505004 % rtcfliet g pardgtlar v egridingsmeerhmpe g one tedas SPeieE: RBfract i ve

| ndex NanQy&cA@fly ladehs paith MBhOHdS 11\&kedeQt the régl&ﬁﬂﬂ(ﬂ‘reﬁﬁ@@m‘iﬁfa@ herew t h,
and incorporated herein by reference inits entirety.

2012/ 054 Z3YPESFMUSP o1 Iy mesirpetical cases, thergyapgspeit ppyepn becqnﬁ@re@o DRETSEE t here
an exenplatn fMPE s siaQiedncd Ortnd HfitgBagdaf110] B-xARAPRVIAIa BechdalyGEQSE sruct ur ed
article 250, and a correspondi ng systemfar nanufacturlyg>such articles.
The pr ocd®sT bBpr 1%?4;@@%“ @Hﬁ%oﬁ@nz"ao%%é?lif%@ okigeign L Yhand paogshisknesssipst r at e
216. 2phe puhstd@de oﬁal@adeﬁangth%feiglaialmgmafofr bexiphl, 6n fhk bidenBdaniefonRicP ol IYer

and/ or other suitable materj al 5f|In1haV|n9 a. t hi ckness, conposition,
and ot hert BRY &§f eogrewhrtgrepiqr éfrtb%?nﬂe%“.‘/ttwglf layieqibas 3 eTraghive gidpethpigs Clgscatofhaty

free- stanguggugqgﬁgﬁpeﬁﬂ&m&@5ncarrler fihn |n roII-to roll processing
systens such as icted in FIG, 2. Typ such a substrate or

carrier film ﬁth%%lélkﬁotbﬁ eacaeedﬁhﬁewtla&éﬂgl%léwow afhefilighs trrgeln plpygver
mat eri al |, dild@fn@thRtesiakatont Mk MIRA&S aQf ordptitL @Gt o OhOOREDNEN BB arlzfl @4t ar60

mcr neters? in order to have sufficient strength to be unwound, praocessed

in tHe romellepughpe thitdbfrle;%ﬂé@g?frfgteéyg&%fhe I%Yﬁﬂl%éﬁﬂl light i g ablg fo %SE?@F&?t ed to

one or NBEELS PFWViBotthd \GhrrORRK Rl AN SHER 188 the Fhiell REIGK oSHIGIVIMAY tdRG td £HyO
i ndi vi dual sheets or pieces) wthout excessive unjntended stretchlng

curling, Bf olwigndrdgtmospheric ajrypr yaguEmeeidsditibirangbens) Hy ceatysly Hichas nay be

appl i ed Upbdgr 3260618 1121 GptRUICRBncat. Ili@it r&9 M Band it 651 £ o @¥PHB) &thifhe coati ng
solurion 215 includes a polynerizable material and a solvent. Then 15t he

process X@PinadiElid&ay pbiaytikes hp Al inwBepiopiveTragmllda Aen@psla P which anglhe
coatizpg SOt SBu Og%%@ tHaBtht 'ﬂélﬁq e Bdie dut Ot (Re OLED QERRI dnd &ltd AR sﬁrﬁﬁhdlﬁé%rt o form
a mcrostructured | ayer Solvent is then renoved, for exanple by an
oven 235,mddiusim Rayel 1fb stribesttihaait lmeéf@PelaaVeangE:@@ whichfip gneater thearfbwod desg to the

m crostr I ! I a

pol ynor | o e BRkigfot Gy A Z6ikaai Ml MRl REFRS AR LR UEFRREHERESLEE 7
form a bdikfixith aep mammgndiwmm@hmtatrmluglwmmglel B w2golkgy thistpeognebigmrer i ¢
Tater} 2l @y IRe AR0L ol i ol P RAGSHENN A RB bRl @ for

exanpl e, er sul tabl e neans rirc mat
al t erdat |amg>dlrbélon$atmtrdatleté fropmtthe ﬂli@énqasamwmaél @ds ofi the QEEP 464 by @@leathtat ate 240
to formthe nanovoi ded m crostructured article 250.
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The mcroreplication tool 212 can be any useful mcroreplication tool. The
25m croreplication tool 212 is illustrated as a roll where the

m cr or eplwoavi2ns4zarface is on the exterior of the rol | PCriuszel1a5404
contenpl ated that the mcroreplication apparatus can include a snooth rol
where the mcroreplication tool is a structured surface of the substrate
216 that contacts the coating solution 215. The illustrated

ni cr or epltPEREEe dhbe isBpcteplppt ?fﬁ% larad 1% Hup ligh py ISt stikep the dinieerfaceayap ol | 222.
A curing aﬁgle@gﬁat%g atSRdh tﬁescrﬁicgaaﬂgl e ¥r lé;Mr 1'29'Jﬂﬁsscau§1§%t|hk ¥a'§slt1§catt)%gtd%§lybe| ng
30directed toward the substrate 21 coatin ion 215 while the
coat i ng setrweiloifletd 4t dhesyiace bt Zaand tr\ameﬁ within the &L@Péb‘h cation tool 212 to
forma m CrostybghLR ok AR EaiRGrapldd TP E ORI AL Foo ih D FUPSHEAL 6 216
can transmt the curing ITght to P e coating solution 215 to cure the

coat i Rg Forayegwdingmedeastpciad withismitipgrcsion d Ul vud bdtotabipernabfectipn (GRhetr

embodi Menh Sirtifleefcl i 174G RUEGE. A7 Dot Rads WA ROUILAR: RLaANEAGAL N9 sol ution
215 includes a thermal curing materi al Scuring source 225 can

di sposed abarbrdy andgesulty ingeduegduightnesy redyicpd Qfﬁ@elmvcandﬂ@maﬁqﬁd@smrfmttb@mﬁ@2 WO
2012/ 054248 PG USRI BIAE0MYORR EMGrafil D e SAHGESAGPas! Fu i RRAGSEL, W L hi n
the mcroreplication tool m croreplication can transmt
light to amﬁ@swaftspweckwmhgmﬁamsby b1Rcaythe quh?ésurﬁlaq ¢fribe QBER£s thst2dS and form
the njpcr gg&E %Hﬁ&qlsa@yl@ﬁ o8 mel i Bl GEGPES e kATid NPeARN D afon

m crostructured articles can include additional 5processing steps such as
post - cur eof gxtemplropping ged Nghe pnizgen igreraanis pight-qugiting deygshbemodaling e cases, a
post - curqm?&ﬁﬁm{sgpppbbpﬁmk 74 es RamVR! sedsni crostructured article

foll owi ng the solvent renoval step. I'n sone enbodi nents these processes can
i ncl ude additional processing equipnment conmon to the production of
web-based mat ey),8)sdeqsDfMdi ng, for exanple, idler rolls, tensioning rolls,
steering nechani snms, surface treaters such as corona or f1 ame treaters,

| ami dation r olixemplarcbptiee oxtoictidnefimg diselosed hergiparcormorieas lqgptone saexoiden
utilize difef efRHaWeRcP By BSnay QMderag,hﬁﬁﬁmlgeeﬁ%me%a YTBY dra3kh@bk GRBRE At us,
posi tioning of polynerlzatlon apparatus,” dryi ng ovens, conditioning

sect i ons,diseicd R bindrie Atigeet seppret e Vaidken é@d’thif@iﬁx orResErTk Bsgornapicdie oBpt | onal .

In SO CASHSHiPRfow MBI oPfolBl b ER palsadNeTRY x%%%?ef&aﬂy B&us@4 ri ed out as
a "roll-to-roll" process wherein at |east one rol substrate i s passed

t hr ough aufigisathalatgcdiarjonob Heivalypgof te byes butaﬁdn@wdgalkmf @ﬁn?ih%loh@rsmoﬂol or
15i s 790 n%ﬁa{tftlﬁqlal‘{dv%ld%@%%r'b@&veé &b@ibﬂ@vﬁk@g maﬁehhltéf'vagylov@feﬁtaaﬁve lidd&€ for

Turning now to 3, we see theré a schematic élevational view of a
portion waraplmd%%n déd Ohieeﬁrtb@t Ir3ictugh @éﬁyprawmamly adyanrpeenyh far wee inahovoi ded
m crostni df)ﬁ&hrl %ak%%lm%@gerhoﬁlsﬁét&djﬁ&re%l%ew'Iﬁ' Gorhd Qs RO MnoPHiRNayRH faces
330, 332, I's understood that at |east one of the outer surfaces 330, 332
is mcr ositl%’LFéh]lb}’f adcfraptivednder i fapge foom i roalcls, enfrdne & fifeek3.der capmples Sed

further Z0R86RID ayEPpeaRhA] Mas%[&géf%h@'ﬁ%o{@u%&%&lﬂs%i‘c!fo%juc'uﬁ‘é/ﬁtét 800 include a
plurality of |nterconnected voi ds or a network vol ds 320 dispersed in a

bi nde® 31libesgtely Edleted sphpse @)flOTtWO@b@fd@mﬂﬂt Sﬂlffécep‘flﬁlrfallqu foptugs thaehags eklezst e
connect eqyt Qm%ﬁo@ﬁ%m%s iy Bﬁlllﬂqélw IR &l Qs MR o QU bHNRRLAdidnkRayRRS SAgES.
The interconnected voids may be the remant of an interconnected rmass of
sol vent tihatang&frgin e dagegictergp SPhmicarmeiirn &1 from S6 arnegnetery tenl 0Gmigranhaar fighis
driven ouy Qfontdd&s foi1l Ry, t he oven or other neans after curing of the

pol ymeri zable material. The network of voids 320 can be regarded to include
i nt er connect ednyeingeioavithlGS: 2390 A wodreeribs cxtenipry methefixef fabricating avoi ds ar e
not  ngCesyacoldéd fa&&eas%ell%g lbcalllstaRd cIARRHALCR #af éu@lyia%rgﬁlay EibiStaRe, 1n
sone cases, a void may include one or nore snall ber-" or strlng-llke

obj ect s tdstils feaerilinasuitabls maroy aidp léyerﬁaarﬁuthmreﬁarﬁfwwfcag baforepircemeray.  Sone

di scl os edasﬁ?ﬁQYPS %@m%@{c%&nrm ‘('A@&néyamﬁzké 6'66‘1“5*(%@@5)%1#1&.:&1 l@bﬁnc%?ﬁlﬁn@f

i nterconnected voids or multiple networks of voids where voi ds in each

set or neVitbMicrayiactred bpydsracive dndexy Nargypidedbayess, anql Metads Themﬁort JleAdn i pl e
p'Ura"tkﬁén&ﬁe&ﬁ%ﬁmo&mhﬂ%ﬁ%ﬁ@ﬂﬂﬁﬁhﬁﬂn¥ﬁkﬂ&nnM@%nﬂé?OVO'ded m crostnuctured
| ayer may al so include a plurality of closed or unconnected voids, neaning
that the voids are not connected to other voids via tunnels. In cases where
a networ k of



35voids 320 fornms one or nore passages that extend froma first major
surface 330 to an opposed WO 2012/ 054229PCT/ US2011/ 054704 second mmj or
surface 380 :0f2zask2Inanovoi ded | ayer 300, the | ayer 300 may/useoidascns bed as
being a porous layer. Some of the voids can reside at or interrupt a
surface of the nanovoi ded m crostbctured | ayer and can be considered to be
surface voids. For exa in the exenplary nanovoi ded 5m crostructured

| ayer 300, vo@%m@@@tg%@@msqeé%qrﬁ@f‘éf@mgléefdwe?ﬁeazaPf@aﬁm&eéa@ﬁﬁe%f t he

nanovoi degn okl ®midrskatitthRd akidlk@50,aRd %&sﬂlﬁdﬁ@%f&ﬁfér AfnuFaifiAc 8uckoi ds 320D
and 320E, and voi ds 320F and 320G reside at frrst maj or surface 330 of the
nanovoi dedticisc TBspperet 210erpdsy disposing a@%ﬂﬁmgéolwgélaéﬁoa§ul§mtf ate V6i ds 320F

and 320G, 5049R 296 is p@&erﬂlﬁ%ﬁlﬂem@l@‘ﬁk}n Y ag] %mqth%z&ﬁabl@ﬁﬁteﬂmstﬁ@s ed
wthin the interior of the optical filman y fromthe exterlor sur f aces

of the 10UptREAE 2 fhigkngss a?ﬁﬂlp%%tﬁmt ﬂﬁé)ﬂ%r’%’galrca@ept%@ﬂ%ﬁklaémabﬁ‘r it jfabls fg20B and

320C eveﬁwéﬂﬁuﬂﬂsﬁﬁmhgﬁﬁ@mQEhN&kﬁnﬁﬁﬁh@%m@@ﬂﬂ@ﬂbﬁ%a%ﬁg@sﬁﬁh@ﬁdﬁﬂ&&@ce vi a
one or nore other Voi ds 320 have a size ¥ t hat can generally

be cont r giepiggd H&FI@h%OEYH*F@“%GP‘thaﬁﬂ“BSt@E?r?%@P?Pfﬂlﬁ‘: lémadﬁf with # eeppgignaldighth as

coating, thh¥thiGve RNEheE HadcNAl, K:RAPhsi@NRickhdds &%ﬂ%ﬁsﬁb;ooﬂlncﬁe@'@ab@@t sany desired
value in any desired range of values. For exanple, in sone cases, at |east

a rmj or i tyicHMetEs) {ipadsy i lpye suffieipnt seength tp Bawiwagndedsrcessedinghe 1gthovsedr 90% or
95% q t RRoQiESysthR%Ed YoSidaP dehialor duBjeb@d B HAE S 16M cHRARERg of@htioRY g[ﬁm £, 1N
sone cases, at least a mpjority of the voids, such as at |east 60% or 70%
or 80% orliBingrbyingybyngmte Vgl ghcetspapisces) withaut exepive enipigeded seeteldie. t han
about 10(ﬂhg,qgek§f or not greater than about 7, or 5, or 4, or 3, or 2,
or 1, or 0.7 .5 mcroneters. In sonme cases, a plurality of

i nt er connect ed? FIPULseSSIF WaENZSAIUER LEgRANASREP iSH UpjBg B dis 2IAsuch ata 99 cpatern ot

greater tdefrahaple. EFhETI:&ah 8108 219 e l0@ds a@oBafeB ablchAdlcrabPMita sb1vEh(C rrﬁéH?t ers,
or not greater t han about mcroneters or not reater han about

m cr ditet dReDTogsss Rrinchidenpalymerizing thapolmerizahiemeigial athile the C??é‘flg &lgwéllStShan

about 0. 7n BhfdcPRRA & hforor@flicR@In 1881281 & folnlAMi@RaHuBd Ry&i280.0581&F & then I'n
sone cases, saone of the voids can be suff|C|entIéisnaII so that their
y

primary dppeyedifopprmple by an pyen2ds frosn themicestrastpred &ypieddP 4o form @ npngyeided whi | e

some ot hahicNaur&Ritid CHAC @ héhBe Blot&E bioviBedRb afdﬁasl@aq)omh& BhtctiAl2B% on Whi | €
still sone other voids can be su f|C|entI§%pIké(Ljl so that their prinmar

optical &h¢e@pvoidedmycrggimietuged articlrpdl tq fora g b pygie] grigrestapiated article’

suf fi20i endsby TRORIIYymddR Iﬁa@enapms%ytbe @p[ﬁifea 86hd ¥V @e DOf JuBELd Aot @XMt hout
appreci ably scattering The nanagvoi ded m crostructured Iayer

300 nmy IFwEP a&yb}ag@mﬂt bgﬁ%%ﬁ%s@%nolmepﬁgawﬂﬁu%ﬁ B¢ altgseatiyel fe fpyingiedng) or

surface 33 BOhnSRAQAGI BRI tuPddraftREL248 32 Jorm kiE ARRYided BRI RO S@klae
nanovoi ded m crostructured |layer nmay have a thickness ti that is not |ess

t han abou%100 nm or not |ess than about 500 nm or not |ess than about

1,000 nm or Ine%&l@ﬁg&aﬁ@@t@mOnicﬁlpoelaeymeﬁnaﬁab@pl&au@hobm TAcrange from1l to
100 croneter sone cases, the nanovoided m crostructured

| aye nayms@mph?a@pzn ©RbAIgHs | lastfafﬁétas%Fpélﬂ%ot%in&éﬁenh%t%ﬂrf%fw@he | ayer can

r easonabl Hchave ttoRf f @Cldo\EntbBH1ERE thatiBe MRARY lichdhh apPitatleoan 2RKEAE 8SSed i n
terns of the |nd|ces of refraction of the voids and the binder, and the

voi d or pBieth reifyvbeq S arororplisertyn igoloy a yys Ry gurface of the substrate 216 that

contacts the coating solution 215. The illustrated microreplication 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
30  directed toward the substrate 216 and coating solution 215 while the coating solution 215 is in
contact with the microreplication tool 212 to form a microstructured 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.



volume fraction or porosity. In such cases, the thickness of the nanovoided
m crostructured layer is not |ess than about 500 nm or not |ess than about
1, 000 nmworoiznsa2wange from1l to 10 m croneters, or i nPaTrsage/0s4704n 500 nm
to 100 mcroneters, for exanple. When the voids in a disclosed
nanovoi ded m crostructured |layer are sufficiently small and 5t he nanovoi ded
m crostructured layer is sufficiently thick, the nanovoi ded m crostructured
| ayer hasVh BT qusiag pepecepd? i dippser pythinghe micppsgplisafion grol 21% e aiergreglication, . =
(f)s, + (tdol 242 ¢ 0fadImiVEH: B the YoaBthoRRioRL B thREre MRy WBhitdai sWiutib£H1 5Qhd t@ w0l ds
and the bi nder respectlvely, and is the volume fraction of the voids in

t he nanovbF@etcHieidgt ekt ured 1ayer. I1n such cases, the effective
10refractive Iml YocB8éd to RfrmitEnal R A GGk il fe@ SEic G b ifudcan@fiodn be
expressed as: 24/ (f)1712, + (1- f)aviii;(2) where n, and nb arc the
refracti \Péoqeﬁmgé@gs Beh PROSGAT G Taifier PHumEiZARY St dpfescpiilel [ SO cas6e cases,

such as Vﬁ&@tfbulre*'s@epdéi GELIAGIR Iﬁﬁ&%ﬁﬁﬂlmﬁéﬂ&m&ﬁﬂegQﬁwl@ffolfo% f’%ﬁé {iRnoEmbe Vvoi ds
and the binder is sufficiently small, the effective in t he nanovoi ded

ni cr ost r (EPufEPmeEpepdipgps, B@ngaﬁﬁt%ﬁt%tlw aﬁ9lth%PW6qSF1%FW§’n€%bW€§%qnon

neff T. ) thebrdddictioh of Web-badkd materials, idcud4Chir EAEHR, idldd &o18f E:RfhingQolisndex of
t he nanovoi ded m crostructured |ayer is the volume wei ghted avera%g of the

i ndi ces ofeCRg MELETIYRS, B fphigeals) Weh axfgranher fAnfdERiersFgminesiaislle andihe

nanovi dagke NGRS LAME testod B¥E Eantufidie dtﬁr&eﬁwégT&hy@batlagtetﬁ s,on of 50% and
a bi nder that has an 20i ndex of refractlon of 5has an effective index of
about 1. FBYASTiEHIOR AR B itegna et RAY B atog AP i BE O P qoa%%ntﬁ about

1. 27 as cadHd ahedle BYe, bl ofR LB thRERELSQIcRAYEL daBBe blonall T SRR QX B! ary
enbodi nents t he nanovoi dcd i crostruct ured %@% lna have an effectlve
oBP

ref ract i VEMPrfak SERS o theirgessicripbs cprrieg opips g UHipengsstvhersin ¢ lepstpne py ¢

val ues oubsbrRbitRRIEpdsFAIRSy A B uBtHBalfAhEIIRLAIEGss ahl @ndAaPAY AhSRS rdipyrer 300
of FTG 3 is also shown to include, in addition to the plurality of

25i ntlér c dhFrEreEd ViAghering rlaryiagting, Wittse, WEW%EWBZO di spersed in the binder 310,

an optional pltuﬁqah%]wv @fFIG@%@ééth@rE@%h@ﬁ@n&@l&zﬁ%&ﬁ@e\ﬁ UPSER Fhal Y
uniformy within the binder oparticles 340 have a size 42

that can Beoveld alécgwréﬁu%m@ 3|0H éH&’wv@E&1@%@VP]&%@WM%W&%@W@B? isexanpl e,

in sone GAgBSte@haiRAND pRndFRIURF blrbc@f336,382,R6E thdek®Dd tihbSNcalSondbf Iheaskr 60% or
70% or 80% or 90% or g@bof t he artlcles have a size that is in a desired

range. Forrfaessid 832 5 H“‘Z@%B?ﬁéreé&hf@gn refif qrexteactiop feafpish pydjscytsed Rghstar ti cl es,
such 28s aferdieast 60% or 70% or 80% or 90% or 95% of the particles, have a
size that is not greater than about 1 mcraoneter, or ngot greater than about
700, or 500, dxeppbry wpoveilsd nb%rO%@ctHréﬁ&a@tS éP‘ém"lPtiF %ﬂﬂ%lﬂézézg@éefcoelﬁ@te& urality

of nanODarotds@t £ietwé@ otraMdMWeilsgas@\tﬁaemaermotAplle@t S rlabids g Ot great er
t han about m crometer, or not greater than about 700, or 500 or 200, or

100, or Eftb‘lfﬂgﬁéh@t‘té‘t% are ‘cgyeoiad to/qys Anoslspirit ok panpehse Agllow tunnel-likg - 5o

cases, SqIBa@k. TheinRaRARRIH vEleSaE B thORmmb ok & ﬁfﬂrdoﬂne@féﬁ IlassSoT sé1badk thahey
prlngrlly af ect the effective refractive index, while sone other

nanopar t i e1nsd patkaf the pragipally geated e pridBativag ditved olt of dher ey thegiyen oxghare st |

some ot hahcaR@dtick GlrRE of A8 pIOmSIifable Grlaital. YThk AEQBLSIT vHRARB20L AAB bE reRAIEHRGY
optical effect is to scatter light. 5The nanoparticles 340 may or may not

be functHHH%?H%@H““?%Q%HWF‘Eﬁ@@%3m¥bﬁ@caﬁﬂ%W”“BFKééb§P%WP¢§F?V“alI of the

nanopar t ifetRsariBAfc oF WE hafks aR@BQRAIChIakl EF 3 40Bapl@fifsotRicadeliRGhbidana! ihdgd. 1 n
sonme cases, some, nost, or substantially al] of the nanogartlcles 340 are
functi on aﬂnp SHYOIS rsmg]tljf ?eécg string-like objects that'include, for example, a binder and/or

30  nanoparticles. Some disclosed nanovoided microstructured layers include multiple sets of
interconnected voids or multiple networks of voids where the voids in each set or network are
interconnected. In some cases, in addition to multiple pluralities or sets of interconnected voids,
the nanovoided microstructured layer may also include a plurality of closed or unconnected voids,
meaning that the voids are not connected to other voids via tunnels. In cases where a network of

35  voids 320 forms one or more passages that extend from a first major surface 330 to an opposed



treated so that they can be dispersed in a desired solvent or binder 310
with no, or very little, clunping In sone enbodi nents, nanoparticles 340
can be fuwOher2/dsuareti onalized to chemcally 10bond to biPodarsS2@10547p0r
exanpl e, nanoparticles such as nanoparticle 340A, can be surface nodified
or surface treated to have reactive functionalities or groups 360 to

chem cally bond to binder 310. Nanoparticles can _be functionalized with

nul ti pl e SE¥Bfetor putace 31 of gy Itaewmdr:ﬁ?] laggr3M0.chslaxer 308 mpypbesdescibed grhefig@ant
fraction pfoupanaparticles 340A are chenically bound to the binder. In some
eases, nanopartlcles 340 do not have reactive functionalities to chenlcally
bond to bi nderSoms@fthe vpids endpides eisinteu uiface of e nagwpoidedmigrostitsesdal | y

bound t o Rjcpgiercas ggconmdered to be QuiSREBoiGATRS exadPIBindhe éx@ﬁpﬂ%ﬂ@ﬁ@%ﬁde@ | es have
reactive groups and others do not have reactive groups ensenbl e of

nanopalr t i BPEsTHearcd IRt difle veidnd 20D pd SHE wpidey seqop E}ﬂ%ﬂ%ﬁ%ﬁthéact ive

particl e%an@v@die@lnﬁér&ﬁﬁ&ﬁre& %Qésan@f:arﬂf%rrégaﬁde@%s f(ufrf%e WIRMRIS an(§32|0ECz§1dar6Qs
zi rconi um oxi d %?&ﬁd Sone cases, t he nanopartl cl es my i ncl ude surface

treated si2PFend padadt Eregal opyTies 194 o Pa e pided Wswttr%taga dn¢ean

nanopar t igeh&arde@bORMa& Vol @B2EXAABLEG. ROhY SBAd (idsNARR R JidsGL 68 andi208,
combi nation of organic and inorgani c nanoparticles. Furthernore, the

nanopar t i%$ EopshyV I e T ﬁféPt prercadilmgag avey foat the exterior swdicesPsr t i ol es,

or cagbi NRtié Afin, L@ ERAfusHEY ARI8S aThtcBdH ORRBLOB ARMABO I FenNBRRR S Inkiloe'S
include siljca and met al oxide nanoparticles including zirconia, titania,

ceria, al'Qii H,bCicPBcE% fofenigiaErGca 2 AR O ROk YdE: tin oxide,

25al um na/ si | iads 208 M th00m Jhe5I8Ue coltfleMBPaRlitd &itBle can have an
average particle dianeter |ess than about 1000 nm or |ess than about 100
or 50 nm<MPeLnL0e faRFertinmypudierscppting rdiyipe 2nd oring Beitions-+ 18 sseFratfll @R bF r om
about 3 t@y3&ibdMal@in faﬁﬁd@s@&ﬂhﬁge%f (/Queg5F5&r@xarhﬁle LR SonftaA QR 2t ﬁdaﬁ'a@@aj of
aggre ated, the maxi num cross _sect di mensi on of .t he ate

partilel e tE“aYPl‘lfeS‘\ﬂP At rastif) g 7P hes éo%ah%% or %ﬂaofdaw%@slbwﬁésg? 2tizf a4 han

about 10Qiegired |r£hg§ Or® iRAd iR ascs,fab RA 2 nRARIANGRRY Loids] RiSh asSH Ehst@6%k | 1 ca
and alumna, with primary size | ess than about 50 nm are al so included,

such as CABE.@ 8@%@@@( 07 9BEobibe veidrbayesize At is caggrestestprabyut |G micromgtered’
silica, apdoCARR1RERIEK JPE BA30rf3u8EH ol Wi Neor Bvaickaklgs. f rom Cabot Co.

Bost on, NMA. The nanoparticles may ‘include surface groups selected
fromthe group™sURRIEE: HRjudt Yt?;‘?&t‘%iﬂ%tﬁteé vgids dpkhas gy aveashiv P Or Bretipsthatand
combizoat iions gtARF AGf abof § AIcRAE by not LhEeARRANRIRAS hicfdnRSerdIBYndt Bichidd e
surface groups derived froman agent selected fromthe g rougﬁeon5|st|ng WO

2012/ 0542 ISP 4Rt %ffsata thgn ahoy 2 nyeTgmRters. fdobercysidiatidbodse, and

conbi nat i RS cRE e RSt-grdaldr DaRSSoudTd ﬁﬂ’dr&ﬁélé@ Jor h{t&rAah MRAEBIUED. S hidriGétrde
or ganosi | yl surface groups derived from an agent selected fromthe group

consi sting of BPXYS @isaivaic ohthgveids sgiche suffficighthimalse thabthelr BEHHY ARtRbns

thereof . cFh& i @rEaucSHE blgayaRethdiive thanaRARSEInCItiRT véiaf @hSedube e PRIl Ll e t hat
i ncl ydes surface rougs Sattached to the surface of the particle, The

sur f ace g}P‘B’t’jﬁ% e fighty whileeyil peme epergpids prn G5 spfficienty lal‘EﬁéO that their prEaty j ¢l e

di anet er "opadll offRelstd Sher $iukie'Tn SoRfeRhsch thelvbids BRXMUBE! BRH w5 RGEdRA L
di mensi on of a particle. I'f the particle is present in the forntof an
aggregaté e?ﬁ@r@%?W§lmEaW@@@WépﬁF%ﬂ%t@Wﬁmaﬁégtpartlcle size" refer to thc

Maxi mum cr 0ss-19. GhiRbAbd MicPRISI@E] R cr30E mBPEVe dAl @cful MickARELICARES |
particles can be Iafge aspect ratio aggregates of nanoparticles, such as
&

fumed si |4igepepbgtyeedy %mamw@cgatﬂf aaééemtnwpwrfﬁ%erﬁ%ﬁhrlﬁ MR EMbpdifaendyr f ace

groupy t had naxedidey IﬁlJS}@stﬁl@’JuiﬁbQHayeiMaﬁME aati®hbss 1 Gt @i‘lottéa@thaamaaro‘olnﬁt es. The
surface groups are generally selected to render thc particle conpatlble

with t he €agtlFsigeaabayt pUHm.|onneS s bap sRavhb A0 nop, Wémsatrﬁtgéc,f@n”gt b can be

sel ect ed thigrodS&ACHAh & roe 8@Atto Wd RicAimete@ast one conponent of the coating
solution, to become a ¢ em cal ly bound part of the @»é ynerized nctlvork
K

15A vari ety of "A¥PHEERS & éalawﬂqddw@sw urgedaer iehge sk caqneh g keidh

nanopar t ifah&%ide flidiehirGurcll QO crXArdRi Babl R Helic 'ﬁﬂ cfectiVE feBe®@ivoRdEL ﬂ’lhtﬂﬁn pgent to

nano%artlcles for exanple, in the form of
expressed in terms of the indices of refraction of the V01ds and the binder, and the void or pore
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powder or a colloidal dispersion) and allow ng the surface nodifying agent
to react with thc nanoparticles. O her useful surface nodification

pr ocesseswanel2ssrpi bed hi, for exanple, U S. Patents 2p80AS:@3/08470€r) and
4,522,958 (Das et al.). 20The nanoparticics may bc provided in the form of
a col |l oidal dispersion. Exanples of useful commercially avail able

unnodi fied silica starting materials include nano-sized colloidal silicas
avai | abl eoligdractitner ppiseitic tin shist icprathedhisknes e rgagyoided sisrostrpgeyed bigas
2327, ands A328Qs hmah hdufdo nd, bt&o'ﬁlefsmmﬂahomo@amﬁalar ,frot}talpt@rwl e, 111;
t hc organ05|llca under the product nanme IPA-ST-NB, -ST-L, | PA-ST,

| PA- ST- UPRICIgRests. f) in 4 i e/Ros pOQ gmgo § (0gpicins st %ﬁwpéfal 25 Anerica Co.
Houst on, TX anghdohfe W@ & @kcIsibd dbhovsilicPRicrotfacdRbd 1a§Ta§,su§iIrehL1y safallQnd ST- OL,
ST-ZL, ST-UP, and ST-OUP, al so from N ssan Chemi cal  Anerica Co. Houston,
TX. THe Wibs Bmevoided imcratirusiyreg haves is awfieicnrlyrthick. dhe napovoiglse prgrestustaisd (ayer r ange
from abougss %Qef?e@ﬂvaﬁo@nﬁﬁwﬁ?geﬂ%tca‘i%e%@res@&ia@O 70:30, 80:20 or 90:10 or
nore. Thc prefcn-cd ranges of % of nanoparticics range from about 10% by
wei ght to about 60% by wei ght, apd (fas, dé€pefdk,on the density and si@e of

t he 30nanoparticles used. I n sone cases, the nanovoi ded

m cr ost r Wit @nd sytsrthamomitiytiss a0 e 2oilpypdsh hiader repesdvaliaprkl is fhe veluBR cases,
the opti cRltiAAehRfoids h?th@ﬁﬂ{a\/&ﬂéiﬁ%cf&&t{cﬂﬁédlﬂﬁ urn%qcﬂ @ye%rthér@fyect;@e no nore

t han about 5% or no greater than about 4, 3.5 2. 2, 1.5, or 1% For
| i ght!Onortaiactiye tnﬁfeqr@feﬁtthedﬁn%@tﬂoéatl%iﬂmﬁ%ﬂéaé/ﬁrrqaebo?@weéyér 300, "optical
haze" may (unless otherw se |nducat % fer 420 the 35ratio of the
transmtted |ight that devi at es f r o nof I direction by nore t%on 4

degrees tv%e}ehf" ancyp a?eo&%te@éé]tgfg %Eiggé Mﬁﬁ@f&é@aﬁé ﬁg%lﬁdgltlgg e#t{vggs ﬁﬂ go&r%@agek ght.

Index of refraction val ues di scl osed fil rs may b

measur ed sBgh agnwhen ﬂtetdef&lr@cww\moen tlfeondloﬁ% @ﬁtﬂfrectlowfthg V@tdmtdrthecb)nfiett/odel 2010
Prism COL&Ht‘ﬂ%{enﬂ}a%Wdlll @1@ leﬁecftl(ltgfﬁ'clﬂls\@&frtﬁe%ﬁoxggfe@ mcrg)s%ﬂahlrégﬁaggp cal}lﬂe Opti cal
transmittance , and haze values of the discloséd filnms and | ayers
can éﬁsoaBEDW@agﬁbédwﬁymHﬁy%@mﬁ#%@1e means, for exanple, using a 5Haze-Gard
Pl us haze neter, avail able frontBY er . Silver Springs, M. I n
some cases, the nanovoidcd micrG&tT Furgd-(%Yer 300 may have a hlg@)

opti cal haze Lgtrcﬁlo%és G e?i%cn\%h&ieygiztﬁe %no%]ﬁ"ed %Xtﬂlggj?gi 1@6?[;81?4 ur ed

| ayer 300 is at |east ‘about or at least a out
95% In g@@ﬁ@ﬂlaveragﬁeofm@nodlmméttfrmtmnoéthp ueitluamddhd taydsr. B@@xa@aﬁ\e have any

porosity n%ov‘éi?fe&' A Hﬂi%di &@ﬁﬁdt‘ﬂﬁk J%"f‘& J‘BX fPaFéuS'l?&sro@bi Q* @ﬂh;ﬁ@lﬁéi cation.

I n some cases, e Vo action of plura ity of vol

nanovdi donldemOéretﬁrsttm@f Lp digb dnzpffeetivg Blek Qf aput] Igass cabdaied tyOUpation (At andeast
about 20, r
i ncl ude aerft%glr}]g?ﬁeh? h gf)abo g”rrgflalggatgggsyi tggﬁ)ree pfer?lsgﬁqlglg&??caltﬁ |Js %ﬁg%r@%@iaml e,
bi nder 3XMmbedimehe thy nhiqyhideducadsirectvrad by éranaythet anfedieetty e sefipoliveriedex isuch as a
crosslinked. JF%HP! t’s”i%‘rl 35' J}ffbﬁ{‘FL b1 PbRdE s iR ks Ofin Xre%?éoxﬁﬁéﬁl@?@he
material, such as a merizabl e material that s ra ation-cura

some enbodi merhs nbmquléw B1@ 38%ef HIE- Aivylspehopmep inchide.an mt@muathe phipdity &fs a
pol ymer i |

nate??a %%? &g%ﬁ%ﬁghgﬁn%Qﬁ%mﬁ@;&@g%ﬁﬁhﬁé?%y@g?hﬁﬁg{3%%ﬁ1%EQLM %%rlzed by
var|ous_o@mx@ﬁmkoﬁﬁ]manmohmbﬁm@aﬂyomﬁ%mbtmé@rtauméaﬁlﬂor other

pol ymer i zat i onf,6GRAILULE ha%'sfz@ a8 i ZHBE ah i irANG L G d%ﬁlleh}lingé bermal Iy,
or by actinic radiation. Processes using actinic radiatron incltde, for
exanpl e, vluss. dos cxpmbla. intspre ceskeat Idaptghpajorey etthe patitdesasnch aﬂatéﬁast&ﬁ%mtd_()%

combi nat I RRERGHESE o2 ATARGHAEIE! LATERTSe wdheiTEls L bk POl RALZAL I Ons can
be carried out in incl ude, For exanpl e, vent po |zat|on ‘enmul si on
pol yR8r i zamp ees, Gthq@ém@moﬂtyméthemplzatsmccbms attdeﬁSk6QB/obly7r@&ér rAAYG BA0%aN 5% he

l'i ke. 25'%?ttﬂeg)gﬁlcfe$l%5@etd sq)z% tﬁ&ﬂ'isatp)} e'ﬂgltﬁe[n a@ Lﬁ llnlﬁ ohllgf%r %Pﬁ'& t%r thgtpg)o{ne .aCt ive
ol i goners, pol’'ymers of acrylates, methacrylates, urethanes, epoxies,
and the |70Reor SR&pr %Qﬁeﬂlt 40i ré0 @mm‘;@tee% T forarotaasi the plasitytaf omopurtielby #0gr oups
sui tabl e hfy ttabeealparv%%% | i sifelat R E0 ttelﬂl%a%ca'bﬁgwn%cﬂoﬂl% ey%ﬁn&%%ér fpups,
et hyl cni cal'l y unsatu d groups suc acryl ate groups inic
carboncamb@ﬁ7@@@b5@)bb%@smﬂéphyﬁonvwgmowps al pha- met hyl styrene groups,
| met h) acryl am de groups, cyanoester
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30groups, vinyl ether groups, conbinations of these, and the |like. Free
radi cal ly pol ynerizabl e groups arc preferred. In sone enbodi nents,
exenpl ar ywoebeviasad2s i ncl ude acryl ate and net hacryl at e f eagtisesalos4rononer s,
ol i gonmers, and polyners, and in particular, nultifunctional nononmers that
can forma crosslinked network upon polynerization can be used, as known in
the art. The polynerizable materials can include any m xture of nonomner s,

ol i goners, andpinssressssompef the nenapstickopebr eidigatlyesal oxthpighrmsimailye

mat er i al s,eshomd bR catfrdcRAShdRakhilcAbinY ofhe ddRbfrticlbs 3n dfRBShe ARGHRahagNt . I'n
some enbodi ments, the materials should be soluble in the solvent nononer

m xt ur e, and scatter lighty whilitillsarie plernicks cyehesutiisiently Bregso hasBFiPTBHY wi t h t he
desired ppliydrefriceah af&lighd al . The sol vent can be a polar or a non-pol ar
solvent, a high boiling point solvent or a |ow boiling 5point solvent, and
in sofe enbodi MSARRIPEHEICS MO RTOT MY Peiche SungtiphiakiTadr dn wMCsaYEsaNe.dBISy 8Nt s. The

sol vent C&ﬁbs%h'u&lgfhtll JriRetidhdpafiRMs B, %h%é?ﬁa%%a‘i@clé hAB, 1B soMukhiosdibc tinr ed
|l ayer 230 forned is at |east partially insoluble in the solvent (or at

| east ONESOBF ISR SURY Pt & spitantially alld theppaapaitisles 340prs BRelioapsdPsHRS, the

sol vent ekt EEth&@ReyREn Be Mipetsddl B aQcsifbd IOl ¥R BE biadsl 3£0 WRIDNS O V@ntitfor the
pol ymerizable material. In one particul ar enbodi nent, t he i nsol ubl e pol yner

Matrix caHIENgG 1 orpg webodineatsiasenerticlss Pdhean bederthes fupgtionalzedoicheraicalbhai n

l'i nkages dohdto MRV 3 e Foh&amplk EfinbHalRIS kQhak nfdopiBvOs40A, TheveRaiy@er chain

| i nkages can_prevent deformation of the microstructured layer 230 after
removal dpodififd o gyr{pentreated to have rqagtivedpetipnpdities or ggupeifl te gisnpelle§andty r enoved

from the wQleVemt NaadRRics aastlMabilied Ligvighlihs @henaﬁﬁesb% HEdedNeh suber
exanpl e, at tenperatures not exceeding the deconposifion tenperature of

15ei t her SPife 4 [faBpsiSPiEicHd fysHon ohanppagicdss dha assharicaydopndsto thepingse n

parti cul apmeaped hﬁ@ﬁ&mlem(ﬂd@ RBETRAE MERIVE anbt'itﬁlaﬁltiek’ 'td"cgleinﬁ:aif}QMndl@@llnﬁ(Wr
terrperature at the substrate is prone eOI’I’TB.tIOI’l f or exarrple a

var pilRg 3 ApBrsaehisasesohangpagicies 34 ??%.pbywl%%éﬁ%ltl{ﬁeém the substrat e.

Exenpl ary sol vigQdrse ¢! 466 okthra%aﬁopaﬂ%la@m@@Bacte«ra%uﬁ?s:iﬂd%tﬂaysdro%ﬂ{ab@ns
al cohol s, ketones, and ethers, including. for exa | ene gl yco

ethers sUEHSTESSTPRDRAROIETIVIMDIN b PaloptTticies 02@@109@6? %@rﬁyf Sléftsﬁé%"tw? @Wpr opy!

al cohol , RLAARE partiQby SREIFFEEN Y pe2SHhALRs (f8r KUhARONR aRidtbniamkRAEE In Met hyl
|sobutyl ket one, methyl ethyl ketone, cyclohexanone, acetone, aromatic

hydr ocar 56WE CasFs Sﬁwawﬁléwlewﬁsy%lw%%fﬁ@ tregfefailied Magoiartisiss done,
tetrapydrof i t raRna®ph@tss ﬁ%ﬁﬂ% 1ﬁ§rg$t§&ﬁaﬁ5®$ﬁcl@cﬁgﬁﬁcﬂ$@r cREANY, IBRBHE)Y CcOl
nmononet hyl et her acetate M acetate), diethylene g ycol ethyl et her
acet at e (BEPAtisteatosy cor@‘wmog ﬁEOfé‘i‘%ﬁd ipgap|c I@W@Fw tefuthemorthecet at e) |

di propyl apgofahiee lnaﬁ’@@@df@&s@ﬂhcf%@ aba¢we p2BdEPMIaGekiBlkE br cdnfradbicther&sFt €r s,
i sohexyl acetate, isoheptyl acetate I sooctyl acetate, isononyl acetate,

i sodecy| Eempls of sujtabliineraanjs nageeartgles ingludgsilicaradypetal oxide panoparticlesher

i s0- al kylin@sdi® SrcoM@ltRdnia, ELRDINARLL GRS oRilic, VARRIR, Aichohi Bxilid, K8 oxide, The
coating solutiagn 215 can al so i ncl'ude ot her |ngred|ents |nclud|29 for

exanpPe, HHIRYHESy @ cempinpipragieres, Theapreratielet endpsrae, averageaafistegliameter

crossl i Nk ehaa gedE $000tAE ki Ife!;sQﬁa‘inab&th@(‘) blcsozlﬁ{ Sr thd Qvei8 Snay DU AGh@tom fl ane
retardants, cougllng agent s, i mpact mmdifiers including

t her nopl 28p¥tS 0’t“ﬁe‘?*ﬁ?i9§’e*’t"°ﬁéﬁ9 @ Orfﬁowbebtrﬁtpéﬁ g dthgnanppasiigliigragent s,
fillers, agbasseand n&QinMﬂfﬁé’ros@‘sé‘Jn@ﬁﬂHﬁ&ﬁe%éio@@ﬁhéﬂ%fe@ﬂ@d %drﬁdl@é‘a,n bO BT BT L cles
|nclud|ng electrlcally conductive partic]es, ermal |y conductive

par ti cl e<f tiepeyangss. andhEansyseibe greaigbipsabosink0d gy dipanee embigiments. ‘dggs conver t er s

such 3@s Hﬁﬁ’%ﬁhﬁl’& sudiMs @ﬂ’l@@ﬁrﬂ%’lﬁmnzﬁﬁﬁkhtphﬁlaﬂy' skz@ less ‘Bﬁ@l about 50 nm, are also
2012/ 054229PCT/ US2011/ 054704 7p hotoi niti at or,

can be udBdUde syeh AduthP-SERSER] %O%fumaﬁll% 9{*@ %F%%ﬁ@ 2A7omed t he

NDNONEr S sRfce SR T ABIOIIPER SRR F@hd d1@hina, BRGlBIIBURCBht (NBLALKIMA at or can
vary dependlngqupon for exanple, the type of initiator, the nol ecul ar

wei ght of the ihgingroRpgFles prpintldeyiac s peestad STomuhe equp Foasisingoh g

m crost r ugtivprsbid Ak, hy@ﬂbﬁhlh@ﬁroﬁl%' WHIRGO B AL DB tHRFOE ESiEertiv ¢ ltdi ng, for
exanpl e, the tenperature of t rocess and the wavel ength of the actinic

radi avi orfapediclepaay ticlugs %@Ferﬁrwpatdswd 9By agent ﬁ%?cteém'ih% gropip eRIgisting
avai l abl e from Ci ba Specialty Chem cals under the | RGACURE" and DAROCUREmM
trade designations, including 1RGACUREThl 184 and | RGACURETm 819. The
mcrostructured |ayer 230 nay be crossgjinked to provide a nore rigid

pol ymer 10networ k. Cross-linking can be achieved with or without a cross-
| i nki ng agent by using high



energy radi ation such as gamma or el ectron beamradiation. In sone

enbodi nents, a cross-linking agent or a conbination of cross-|inking agents
can be adseadot2ssize m xture of pol ynmerizabl e nononers, @CIrgSa®ENSSLIN4

pol yners. The cross-1linking can occur during polynerization of the polyner
network using any of the actinic radiation sources described el sewhere.
15Useful radjation curing cross-linking agents include nultifunctional
acryl at ef ARt gricragidatTednic kage Andieonifisénsdhadeqfo bethar gmbpdgnentsy then t

4, 379, 20TnafdiatdcrmnRiuat O@L\n&gﬂyl‘é\ﬁ}fa%@gﬂoﬂﬁsl WGl &heagaﬁ%@lb&éd ok MRLRLpCryl ate,
trlnethylolpropane tri(meth)acrylate, 1,2-ethylene ycol dl(neth)acrylate
pent aer ytHRitige ot #lkyltilens a'(ﬁSH@temlhwyiaaf gnd ?W‘%‘taﬁ%lséﬁ%e i ycol di (net h)

acryl ate, ethopyhatmesurfaté- %&M@A m@efefslt& Mpirhdiamhdih@bRs s @h¥E&HRs
tri(nmeth)acryl ate, neopentyl ycol 20(*meth) acrylate, tetraethylene

gl ycoP dfaitAsbeh jodhe sprfageenf the pffélleoEé% %@Pe %}’Pur(swrfy Hhereharagtas of the paighier i zabl e
aromat i ¢ HRLORE "KAIRIARRES arﬁﬂ%ﬁlh@l@ st ba8Rr BitHRChHIBE kRsdheionzRdifBlsion
4,737,559 (Kellen et al,) and the |ike, and conbinations thereof The
coating sYPawTigh Y1 nesipleds grasqnweﬂltﬁoféﬂw%&gﬁ%%%ftws aljetiic digpterc haj n
transfer agentidssiRr fffghehk naluddr&ssisbetibhe IFRAGIREf 1B adotioie PIH Bfnet O

pol ymeri zation. Examples of suitable chain 25transfer agents include
triethyl C@iopdHBickneRhsIeapISaRs ratip Acgegses ehtrpenarisis ssuck apmcd filigidpiicles an

al so jgccur to tHRQu$RERIfed RABMEES RV SshBYe H6ips Bt Aolifehesd@direchani sm
The pol ynerizing step preferab %hlncludes using a radiatjion source in an
at nos pher8apHerstF ﬂ%f qaa%aaseiﬁge ccYHeEREUaS 116 §nerally §Eprtsddo kMEHiha o quench
free-r adigglclcRSMyAId wittl 1he Boatih €Sltioh Nth dnb eAlbdiMb B st eRbupRtatitr €. The
radi ation source used for achieving pol ymerizati on 30and/ or crossllnklng
may be acticHFEtoerriasRatptavithablsps PREeRaRNhef the coating sehigeh t brephea

ul travi ol @bmRhiyioshdpLt Jradi PR nRtizddRwamect run) , accel erated particles (for
exanpl_e, electron beam radi ation), thernal (for exaggwt heat ~or infrared
radi dfi on), or® VHisY giesthodparg 6%3%%610@&1?%%6 scepidaggparticles incjuding.
radlatl0nbp%mﬁﬁﬁQhﬁﬁghﬁgﬁﬁéhﬁm%?ﬁgayﬂﬁ6ﬁﬁﬁﬁmﬁa&ﬂﬂﬁ@ﬁﬁﬂﬂeBI@&RH@%f@XCEl|ent
control over the initiation and rate of nmerj zation and/ or crossllnklng
Addi t i ondiopger osaepligidal dispersign) apf aéml@é%f‘c%léfﬁf@ﬂ%&défalngagﬁtnf et withthge ysed for
curing atpah§asicicy €OMel R¥ul KNRES ASdifi@8on ProdcSsc@ ¥R iR riRIAA 361 REmME U S.

2012/ 054229PCT/ US2011/ 054704 or evaporatlng conponents that m ght be

sensi ti ve g seRa A& diepved §-5m-9if (Pevisablat ures that might be required to

i nitizate pol ynekinghph@blcAney & prévi@ish tdkbmGrafcolldigl 8REHEY. BraARlEoIr OUPS
when using thermal curin technlgues Sui t abl e sources of curing.energy

i ncl ude weefeﬁmglmewaékmm%@mgmoqh ebyilica srtig madsiialy dagiide nprorsizse yolfoitphs, ~xenon

| anps, cagiRaavaildbld @IBShe ﬂrbk!ﬂﬂﬁa naftiohmnt:ol 1@&@3305@@@8%2@%7 adnkioght ,
low intensity ultraviolet |ig bl ack and I n sonme

enbodi ner?PQOlgﬁlsﬁﬁ%fro%T@lcPﬁéFlﬂH@ OaN?ﬂFrﬂﬂF Hc FB%%II‘OS%? wdalttée Bijgguct name

pol yur et haaesT-NiRI P AbsderP A3 1eaRThep, M@kmum ls@@olpf@ﬂmssa@t:h@mcal
photgénltlator a nultifunctional acr yl a ur et hane o

The. CobiHAETRBooRowotl X PG DAl Sar i SF 0are B By S et Ao T gomer

can produgeze JTOUR, dysaklier, AR aYAINIRE: Th&ies Wikeitdt & Hdua¥e mx3 e w%a
pol yur et hane 100l i goner is ethylenically unsaturated. Tn some embodments,

t he pol yJrtét qf@ﬁbfm@?lzabkﬂwr@i Walﬁ%opavwljb??@rral}gg fromkpyta 0gP: 40e8e10:3l S Wf-h

acryl at essoai, 7e5p 9@@'0 o0 1) 0B FhoRC Mk @fe&nte@rahagescoamIoenm)parr@@&traﬂgg 0t h ot her
acrylates in the ¥Eer|zat|on reacti on described here I n one

i |1 ustratdod ! /&w%g ©aEPYBEG bYBiESt .ahdwéepezdoat@&rﬂtﬂ%wa@ Bthepar ed t hat
|nclg@eslﬁn@kﬁk@ghkm of nanoparticles (optlonal) and a pol yneri zabl e

mat eri al dissolved in a solvent, where the 15pol nerlzable mat erial can
incl ude, for &RAMRT @sesoiiengoveiddanicrosaictisgd i%’ﬁé &y haypa loyingisgl hpzeap) e

mat eri al JafeC BALBIHcORL Qe SptRblRbd Ak @H@lzo@deh %’érodt@c@féa lidy8i0miyObetdd@ndzoat l ng
whi | e t he, pol nerlzable material is % i zed, for exanple by apply

ng
heat or |tb@mb0utt5c§» PoOM8rEaicTithi8 gPes fe3- é» ﬁse?p L et EOHII%M@O@BF%WGMW some

cases, affaffvoldd@ mRIbY B ed Bl 130 Sofifbal KD BB MBIBYs FRWYiSS indiibatéd) edrerdethsome  of

t he lymerizabl e materj al although at a |lower concentration. Next, the
sol v % jratio of the transmitted light that deviates from the normal direction by more than 4 degrees to the
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20renoved by drying or evaporating the solution resulting in nanovoi ded

m crostructured | ayer 300 that includes a network or plurality of voids 320
di sper sedwpreopalsyazer bi nder 310. The nanovoi ded m cr ost Pagtuse@d/ osey9er 300
includes a plurality of nanoparticles 340 dispersed in the polyner binder.
The nanoparticles arc bound to the binder, where the bonding can be

physi cal or chem cal. The fabrication of the nanovoided m crostructured

| ayer 300°akHenmigedLight-yoder ddclmctionyadiss offhedislospdHimsend ey 8rnEe t he

pr ocessesn@estd hyad shibRinfbafd for ReanRE, LARTEMcirRo@Mo8IRE T BEMRECHBREE that is
conmpatible with the use of organic substances, resins, filns, an upports
In many ewbibaletion MetricpeCopaRensmgtoasy). (isaiapumitance. glrige prt trhieiiopgt an

optical thedisoed SinsahdRYerdtantais b@%%@d@@qnm&tm@ he B! fof 8AmbRY&fing300 and
m crostuctured article surface) is 200 d grees centigrade or |ess, or 150
1

degreds déme{igriddes sre m@tﬁrsawlabﬂeéola@&% BEntivgt tees™MP-ess. 30 In

general , nanovgk&dcaidsCih® sdrdoMGHA iidrobB)eRIired3NRr 9%&33%% 2hi2R Spticablage. p@ar osi ty
for any weight ratio of binder 310 to pluralit nanoparti cl es 340.

Accor di ngP§h capss. hebazr 4f the papaveidsdgieroptaictugeddayer %@ i§ ﬁve%ﬁf%t 40P T 4d67Sthe
de5|rabIQmmﬂ5@nmaﬂp@0qgt&qu,In sonme cases, the weight ratio of binder 310
to a plurality of nanoparticles 340 is at Ieast about 1:2.5, or at |east
about 1:2.3, dp ganeml, thgnanovpided microsgrugtured jaygr 300 cggp haye gayjporesity g wid or 3. 5: 1,
or 413, Qlludekractih 8RRy G A&Kablt HEanWBH1RBion! 3k §dnd Bsds Qh%rﬁ@ﬂ&%oﬁ som about
1:2.3 to about 4:1 5012/054229P / US2011/ 054704 ause to
consi der ,Plyrplitg eﬁ%@t%ﬁl i papomidsd migrostiyqiigddayer HMigat I%aS%ﬁWutshO r/°u elt% cgt
d|fferenQ@OQQ@wgﬁm)@@%oaﬂ)g@%yg@@ made by first form ng a nanovoi ded | ayer
with a nmicrostructured surface, and then backfilling that microstructured
surface with a5BdshdEhean B8Rt ingladsany artsiial thed aney e desirable in agpplisgtigtple a

convent i Q@ﬁhpl@%ﬂﬁ@?jlor&ﬁﬁ%d Rdhi c@fsle ﬁl@t):rlﬁ%a@-foﬁihé:llﬁolfﬁﬁéj{esu@Nasfd Jr@stshl{kgﬂ mng a
5nlcrostructure surface in a la yer of conventi ona mat eri al and t hen

backflPl | inelyichaln gﬁil%%ldél’t"i%%lc‘lﬁaéée Sy iaeriggblamaleriph suchg doalypstEblcal | ayer.
I'n both GASERI thhiSradRBEM-Eirile. AR kbR EnhAIAR vaRETIdRE) bdUgHbRGGsZbRAt 1S,
the mcrostructured surface, on one side of which is the nanovoi ded

mat eri al PGB sughds 8 Rolymerigblaratesialtbatdt thogmallyrewadle.he conventional nateria

layer. V& havepoiywnightihdbedd 31E@asbe @ &}Iﬁdﬂﬁﬁﬂlé’ﬁbteﬁ'dlft}fa%a%%%ol?ﬁ@n&@%w
between the two articles, 10and that structural difference relates to the

mechani s HREUSICRRERRIAkANoRic; eationisfroe wadical. of ether pglymeszadion (syhniqyee Pehiqhican | ay er

of cogvenkiifhatd Mkl khehSall SIRSLEMCTabhesh. Pedelses Rasltiilid fao@he
m crostructured surface with the nanovoi ded nmaterial, the nanovoi ded

mat eri al WReeaonBEmplEpYisibleppd Wirgyialedighh elsctroneerna jadiatign andgqipBiatifs al

materi al (RQEAUSRNE bakr haner THMRdGAht Yo ReSARbS @n BHRSHRNut Alihdude Ot d,
non- por ous barrler at each facet or portion of the m crostructured surface

beyond wWHFRPIEREVYY PANRETET e A8 PPRM R pd tUpeREr PAVBICTIFOR SHE T ast, the

article q%b@ﬁggmﬁaﬁmugwqmge in such a way that, at the tine the
convggtlonal material (or precursor to such naterlal f or exanple an
uncur’ed | i qui &%}cy%%tIOPéwwy njaterials Bicludemopogis apd RGNS PRROMGFetidsur f ace of

t he nanovpiyee drayehies trﬁeehatx?m&sur@thar@rew;@éasarfafthetlh@ dpsds @idiivb etauipRd ogur f ace
may contain surface voi ds or. exa in the formof pits, pockets, or
tunnel s, a°tieradiafieteurable oy svitablsrimhe piaetiseioh fhe pesenvililate inelpdafaPy on

20pr oper tdr&ips, AhyldiRa Bk AGGteN QlodSs sublk KRBk RS 140 bR, AeMEAtianMonat eri al |
and process condltlons such as resjdence time of the conventional material

in an unclap¥ebeidyradlyloyy gurs lphepnehHalyene groupsy Gﬁél?)ﬁqr@gm@ﬁamapﬁaewgeﬁer

condi3pi oNgeupk,Renye @tﬁ&%ﬁhﬂp@ RMbidBRoRE bathesk aME theMRY. Frod RHRS Bizdve
nanovoi ded Iayer as shown sc enatlcally in FIG 3a, Fl a shows in

schermt i PSS PEETEo M RMSSPPPHMERS- cxsnnlay aptesals Msludgaraty apd ¢ st

25 nanov0|Iﬂ&ﬂhc}yw&funa%aalmoﬁe@ Qﬁ@&qerh AN polPrhbls hd GAMRDLal, didlfuidabRN | al . The
i nterface port|0n for exa Ie, be a m Croscaopi c ortion of a

struct ur é@f@ﬁlﬁ%@éc@emeh%%rowlwéélﬁtwﬁ@lppwlm?&agon PREC WA Sheratinthfyer 372
i s shown FOTRANBnRriSAAd e Sdah akRud¥ ahytn Riurdl S G AN IZéMés, AT p¥ohtsas a
deeper surface void 374B. The surface void 374B is characteri zed by a first
transverse dinension Si that is closer to the interface than a second
transverse di nension S2, and the deeper dinmension 30S2 is greater than the
shal  ower dinension SI. W may characterize | ayer 370 as interpenetrating
the layer 372 if the layer 370 not only, conforms to the general shape of
the layer 372 (for exanple, depreSS|on‘%74A) but also if material from

| ayer 370 migrates into or substantially fills at | east sonme deep surface
voi ds such as void 374a, in which a transverse di nension of the void nearer
the |nterface |s snaller than a transverse di rension farther fromthe

Y oy



35can be achieved with nanovoi ded materials described herein. WO

2012/ 054229PCT/ US2011/ 054704 In a lust approach for characterizing
an i nt er pgoevr2asin dept h of the conventional |ayer w tRCrhiS20ma064704 ded

| ayer, one nmay determ ne the amount by which material of the conventional

| ayer has advanced beyond an interface average surface (along a direction
or neasurenent axis perpendicular to the average surface), and one nmay
char act erioyeve megnaé%lm oylghbe % fogef patiaknrolubl laﬁglf:@F OI@fsolaFPta%%oal@e si zed

voi d. | N hb3@aRAE, tAPREOASHEAN bE RAACHeRd Bivest ddiSmbnhREpRENEt rati on depth,
one may agai n neasure the anount by which the material of the conventlonal
| ayer has advaiwbédt Behomy Sf’ll’{éméhi’éfoél@%a wltionedth hfgsitenlyEICTEb PPkt this
anount i MHeQ519&t 8fn tetaddBabch ARLJofr Qflvedt, 8 hdM&Bilink PEinEYRERI R a 10W KdiRFEL €r'S or
nanoneters 10ln a third approach for characterizing the |nterpenetrat|on
dept h? or@inesveal anchinteme aﬁ'@derﬂ@t%hﬁﬂ%‘tenﬁpcIWaﬁn%tWé ofpsveipl sgfvepy. The
Convent|Qeﬁhnb@Mﬁ%mﬂﬁ&ﬂﬁgﬁﬁﬁ&ﬁQk@%&QﬂﬂmﬁﬂﬁnﬁﬁﬁﬁﬁﬁﬁmﬁMﬁﬁQgﬁﬁnﬁ&hsﬁh&ﬁt
characterize this anpunt in terns of the feature hei the structured

surface drrtialypeoluhleindheiphieatgr 2 fggdnpehibesolyenis iy MOéYeabrﬁ@f%h iHYept h nay
be for emhlﬁ}en%\‘tﬁé"soﬁ%ﬂﬁﬁlgtu}@cah & a fittek 0PRIRAECA alndnBolv@RELter om 1 to 10
aver age void dlaneters wth regard to the second 15approach, no nore than
1, 10, 100lymsFizabiomygral.obone partiepla sghedimens. thewselphly pRIWPGIBAETEanRe 2| east 5%
of the fagksigniab@poly@ér nddirid BT pdQ¥er HaindinkdRadht ROie B thede | €ast 95%

or at least 100% or no nore than g%; or no nore than 10%_ or no nore than
25% or ifmepsioasdemereik Bhanrglypsyghagt linkages camprayeat ¢e&irgation of fisse exenpl ary

ranges, hRMRVEIctur&NOKk 0300 3Her RE10CARSIE YOGS |im ting. The third approach of
characterizing the |ntergenetrat|on depth may be partlcularl¥VEU|table when

deal i ng 20wi t HYA98S G8%r Wwhicthircan beeashareagvedizm thg vlveniladenemyicegsiryctwplayer

feature ﬁBEQﬁDb@@ﬁmg%ﬁﬁ@&ﬁmﬂdEkw%@&Hw&ﬁ&néﬁﬁé é&xﬁﬁ@%ﬁkﬁt&h&ﬁhné§f'ess
than 1 mcro rther discussion re |nterg§netrat|on can be

found?in eetb?ﬁwﬁfpg?h&éfsnom mafrig or figshstratg S| Qfl‘? %ﬂ%‘&el@ dipehele Docket
66015USOQepealik liln@ith dring 15@%510%%6% ahuIMaG\KJlQ@K fhl GlbuRdis bee Ref racti ve

I ndex Nanovoi ded Layers_ and t hods erefor”, filed on even 25date
her ew t h,deformation, fppgrampleca waggjtenaerag e o PR demREFAtTR REYesPE&es t hat

have beerg@RsBRIVGH MOBVIUOE GiafF, BRI Al By dha AR QatlRHs, RRbIVIE ketbRE @Rl al s, and
how i ssues regardj ng shrinkage relate to the feature helqﬁ% of the

st ruct ur sdhesuinrlydiag qr@fang&%wéleneagmi cthgrg tugh aeD YA "G PIPYRESt  poi nt

and tie |MweBhetRRicier, @BplopA akbRdICikinSdiofihd, 8HfaccthBO-BINRES, bl dceraRf the
features of the structured surface 30(for exanple feature he%%?t di vi ded

by feat ureethil isohutyhiispe medhyf eihy ketope Kyslelipxanans. Aeterivpatic Jydreeathoss. spaci ng

bet ween H&%B&Sﬁe P&l BRbohe, ﬁ\ﬁﬁ%tﬁ&l@%dlﬂoﬁé@tﬁl{yrdﬂﬁ&rhﬁ Rfler§ wchamhatey Qbddardko! umre
fracti on of the nanovoi ded materi al é%ﬁ o fractional vol une
i%

the

nanovoi dedenyiie gyl W&%ﬁbﬁéﬁthﬁ&%ﬁtﬁ@ ( jto), dighhylgng glycel Fthﬂéibeb?ce‘taﬁéDE

nanovoi dedcthy, eihiighe glRRAb ARt /ELRIER fa@b‘iat@xcﬁ{?ﬂébﬁene lc@thoridne @yl Asthtcof t he
r

coating solution frecursor to the nanovoi ded ye or exanple, in order

to reégli dRPM asspig) drorallyl estess iso ey gcetateyisehepty] aiCoineasht resttco RORBY hul at i ons

of the caqatih® gsoﬂ@(iy‘ll hdeQifb, 1sb(![bd%%‘i3 adoBitd Bo@iticcyV¥ocRR b2 b4 ARTTLbISA0AS/ 054704
30- 4596sollds nPensatlon of the mcrostructure geonetry on the tool may
14

be used ﬂ@“‘E%%ﬁﬁ these 2pdthedikal shrinkage, so that the desired feature

shape can be sugeesmnk Wibtond6an aldan@RR kAR SRHARE Sfof&haplen desirabl e
relationships associated with a reduced amount of shrinkage or of other

di st ort i JRUHPTSt RENGPEPGSTFLRSEUTTRIrs st ecrossfinkipgersenit FPCk@Flétl?lﬁﬁti%lﬁ?rﬁ) t he
m cr g9t r ugtd E@thebs fRGR rétdrdants, coupling agents, pigments, impact modifiers including

thermoplastic or thermoset polymers, flow control agents, foaming agents, fillers, glass and

polymer microspheres and microparticles, other particles including electrically conductive
particles, thermally conductive particles, fibers, antistatic agents, antioxidants, optical down

converters such as phosphors, UV absorbers, and the like.
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5characterized by a structure height (for exanple, the difference between
di nension 41% and 419a in FIG 4) of at |east 15 mcrons and an aspect
rati o (stwocoiwwessizei ght di vided by structure pitch, seePpiTtushoiPdsi7n4 FI GS. 4
and 5) greater than 0.3, and: the nanovoi ded | ayer has a void vol une
fraction in a range from30%to 55% and/or the nanovoided |ayer has a
refractive index in a range from1.21 to 1.35, or 1.21 to 1.32; and/or the

coating sol ut iAhinpissrdigh aphotpiRiiates e ks Wedinaggweur sieckiva vipglitasl i ds in a
range fr quyAR¥edtRn §0He mdhorhdrOpReRA R CZME sReligd iR shbiRs oﬁllbl{bk'blﬁﬁat&&%ﬁe can

be advantageously applied to the present disclosure as wel tical

Extract i dfﬁrypiepffﬁélnéﬂaorﬁfqrﬁmm@%ﬁhegzﬁfrqf@%%ﬁhﬁalpleslﬁgr wght gf ‘é‘%}“&%ﬂ the

nanovoi daghRY apptickRdn oPhe AAVRAL AASQUS el mﬁé}r 2REL R hdbRicaptdcell fihns
15that can be conbined in sone fashion with OLEDs or other self-en ssive

| i ght sodRrdeling. faexamyilg dietgmretrswe sbtie pesest mkthaverclspgBrhthe actinggadigtiono

enhance |ljsghtueid 5M1ﬁleao@mldd@%lc&aﬁ@@ She 'a{PhllﬁMG hoﬁmapmelamh@heﬁméangs can

be d dtob t t
T ght - Souree UL T Hn PARDGEA Lt dsraryiom: RS BT CRE™ 114m FI G

4 is a schemetACuREdeg@r cross-sectional view of an optical extraction film
that can be 20used with a top-emtting OLED, for exanple, a pixelated
top-emitting GlEMCTaFUiEeddayer B0maydeicenss-nlediuprovifsrmaigaigidpohingki bl e
carrijer HkbﬁméL%o%ﬂﬂ&ﬁ@%mpMﬁmhﬁM%ﬁﬁﬂﬁﬁ&H&&QaQﬁméﬁﬁkm@é@ﬂ@%ﬁh f?mgwhed t o)
the film412. Anong these layers is a nanovoi ded |ayer 41 anot her

| ayer 416negetadidnn weh aﬁhgaa}maéﬁﬁl@a‘a@&eﬁrﬁE@W%elnfsemﬁﬁmbodén%% BEtosy Bkingur f ace
414a is fQEATBFa cobifnafoN OMQbsd BekihayRhts RELdaliadd  thasix@rd Fhbpmbiizglei ndex for
vi si bl e |ight mell bel ow t hat of conventional 25 polyneric nmaterials, for
exanpl e, BEBGs10lZsmes onpalymes. The caosp-lipljee angpsur dumneinglymegzaion ofthe o 1. 35,
for examjofmel R&wOkhSing bidySTithAbnib fadREiST SLRAB YesGbRPOS&FheRf a pol ymer

mat erial or other suitable materjial that is not nanovoi ded and that has a

refrdetive i ndésiugrdiption cwing gropnlikingreeieneladiavyiiyagiongyew ateraed di f f er ence

inrefr aqﬁétr{a@rylmegaclb@sttme 'Ells&lbﬁdh@M%r ﬁatéf{ké,swli@l ('H%ﬂ&i@rﬁi dt altal Yhitelstuivel y
| arge, for exanp or nore. The

di ff er encle®- P%a?eéfql élé@?%cwm E"é‘?thé(lolll?ﬂ)@n%t(ﬁ%th??lﬂ?& &Pe%h.‘/?a? gedd 414a to

functi on @ecallacPitt, GRhtadrthBiof @GerLRARBRLE 1R (R gl%ﬁ&ﬁlfr&ﬂl di(h&hf ackyi@gn an OLED
or other self-em ssive |1ght source, as descri sewhere herein.

The st r ucthorgatcd frrpeshydolpropese fr{ipethiactylits. gheiolt(meayaerdply. neeprntli el shape
that Jos efilRed h%f?la{enteﬁﬁ@t}fy@e@é lgl?@ol'dl(ﬂl%)aﬁ:fwa@ i he- dbaegmol &qulremcryqdﬁ@t l s

coupling "waste ht out the |light source_ so in
the int eﬁ@%ﬂ“&ﬁﬁ?‘?léé‘t"%ﬁc k%@t"%&mlni’lﬁ?fﬁ sych ag hpss %@a%n Pe% @?@ntt4o73|7 55% t hat
woul d 35Q§endn%pae)dnmelhta@ ahdaiﬂ{blrﬁqwsqger&ff otherwi se lost, for exanple,

emtted froman ed q he ght WO 2012/054229PCT/U82011/054704 sour ce
in directions {5&0atHg S%teonczdﬁfw Bls¢ iclude yehain fransfey qaghntn bs i trntfeediits pl ay

or other i pleRAMBELolub@hi ihB ehoRBREr niRiutGr tol 1y%ﬁﬁ%loar FxBIPRAGK SREBIS chalihe
structured surface is sha%ed to define individual |ight extractlon el enent s

415. “Phe ErEREsEYs wesdeigthelgols a9d mrcopter- %W@&@Bﬁ‘@ﬁ@é@% frasforggn

I epr esentaGUeMReh thé {bht; A6V SRBhRmaAhobbd Ayeffred Bhinidsh ar el ements arranged
in two 5orthogonal directions (for .exanple, directions that define a plane

al ong whi ch t hidecepmetitiretcrsipiFigbly H@éﬁléfr%?mgf radigtiongayree i ge aRephsietthaict i on

el enment s HIRY lowWoxg 8 AleniANE, @saygeﬁw tdbh & qlRalEMEhQUpollhéRAMH on, for
exanple, lenticular, prismatic, 1-dinmensional (linearly extendlng) or 2-

di mensi orf&ulting & dl@%afflf‘ﬁqi xtons AEFUEH oM ktdiaier PstecapehiRickicsing golymeidastiar r uct ur ed

surf aoe nEEdr AdkliAlihg lh@/& akhﬁc &@r@alﬁp@ efa(ﬁﬂdﬁl%wﬁ@ @-Q@Vd@lgﬂlhﬁ)ﬂlg RidabR)et SRy
have the sane size and/or shape if desired. In 10exenpl a enbodi nents, the

ext ract i oiRlf EgionRrEha feeclym). e%alﬁraeee@?liﬂﬁléﬂ(fwxgn@%rﬁeém lefa@é'f*&@wnb paci ng or

pitch Pl (R@hWEESR RAHE hat OLInERBOFBiatibil), GRS K WM lhBo@MRbAtaGHd Afeglsement s
are not unlforn1¥ distributed or sp aced from each other, the pitch Pl may

r epr esent?CiHe Bdisfioper asesiraied Ragiickst @Faugi)%b FRETYFDTP Fides Sxelet 99161191 Qicetent s.

initiation and rate of polymerization and/or crosslinking. Additionally, actinic radiation and

35  accelerated particles can be used for curing at relatively low temperatures. This avoids degrading
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The structured surface 414a and/ or extraction elenents 415 may al so be
characterized by a 15di stance or thickness froma surface of the extraction
filmthatwooedagi2ed to couple to the self- em ssive |i ght/usounoss7bn t he
case of extraction film410, this coupling surface is the outer major
surface 416a of |ayer 416. A release liner 418, which is shown covering the
| ayer 416, is preferably incorporated into the product so as to protect the
coupl i ng o5 GraPYREN BRI Atighy be trRpifive to e félﬁfﬂ‘feé}/cltlglbtﬁmf’?mtﬁ’ieﬁ thatgightber o be

applied t@qfid@td ihi@iht pSIQMESRtion WA/t PRLHEKIBE biSthd SnethyShAPE &foupd RhAQhsabel ed in
the figure. Distance 419a is the thickness of the continuous_|and portion

of the | dyamalrrgngieeiniss: tSrdaioipyraenef ceing derey Aadyle ANaLEP. Vsl iRy ed
surface 414a; ¢1ddnen band, m&c&rp%nﬂg%ﬂslﬁﬁmgﬁ cﬁﬂ@h & BfpPYurlehien SRMBAIAEpsSUr f ace,

and on the opp05|te si de by Egrallel to the coupllng
surface dhehlthes Sqnhghéﬂ%@t@s’ctwtr%‘tl?lafdt%m @Hw% apd the likehe point (s) of the
structured surif,a36fe &RMinhB{saFiRds B APBSIhdd: @ ntulEusARI b¥Pla® Uhd ﬁ(ﬁﬁlretﬂ_ahl@ ot her
characteristic distance, 419b, is the distance 25between the coug
surface 49ePingdsssl cap Bpereiragrizionpipduct ofi phefolifistosgupliihipetiopslpareleteaditd t hat

I Nt er sectSolyatetiihé bedotecL AT Wb hBES Alof b hﬁltﬁ@icﬂ&r(aﬂcrﬁﬁte hilea &ﬁdﬁﬁiéiﬁdﬁé ed surface
that is/are farthest away fromthe coupling surface. State ifferently,

the | and ABPRKFERRIOBICC G At urpgayade nHe O HRYId &’ o ThereHactEsms| | est

axi aljodi sfiighe& ibahnesay D akeil TGHnbnfd@8erl 6R paRtreife Stblaitagd surface
414a, and the distance 419b can be considered to be the |argest axial

di st ance BigemEdncaprRie goeastips Vilyacyptearecappeh vatdnery ek te Ge trRIE oS ur f ace
414a. reacting @1‘[1@@@@5101?"&%5% b ﬁol%&ﬂiz@ﬁ@ﬂ 1@51:‘[1511 hesedbkd hl:r%ln' ntended to enhance

| i ght extraction by reducing the ampunt of ht that is totally internally
reflected at dRoBUY BT Praqrry deeaibed ab@&smcfé?i > gpolptien ig piepargihatdiciudes # ght
source, VWaurhiay ef faasnsticids (S AN, ARy hRizARSn@Bridl RRs @VRE §d 1At Tinbinid10
such that the |and thickness 419a is relatively small. For exanple t he

| and !Phi dieh@sEzableynatera) caidngluksonsianale. Gty AHMOFGHRSS obmonass. tisn 25 ni crons,
or |ess tzd'égﬁheﬂigabﬂ@ BAONS is BhENOHGN sUbbRSCarnAl b8 % PPl 6l 1R @batin¥Rhile the

2012/ 054 CT/U82011/054704 be construed as |imting. In sone cases there
may be ndoPaKHzablemyeal pplmepzdetor F’f?élp?tbrylfét’l&imé&e%ah]éﬁ}’éﬁ‘él@a‘n%&isi’}k@% may
be non- cqlyn@tRusix id e sb1ddd hRbGKORSES affct AR PIBYncAlH0n BEp, RSSIvER ARy Atill

t hi ckness of the flexible substrate 412. The |and thi ckness 419a may . al so
be so t hilfclediapme pisht pfperipale materigy albayghathp vescopeqryraiions Neribifgolser por t
filmaon rghbveli By UBkidg PERHEREIG e SHHHRTEBURME h @SovoRdcd deRbELEHrcl hyETH00 2.

St at ed dlfferently, if the layer 416 coul d be separated fromall the other
porti ons tBt RdpsHCRetwtTk Pf e lAfy of voids %ﬁlﬂﬁﬁﬁedﬁa%lwglﬂfbﬂwda e Thajanoreifed

st rengt h @icrosiicREsd lﬁ%r ch iREu&y b!pﬁ@etl@}doftrﬁncfp@ﬁﬁﬁ§3w SipRakd 1|n>{heep’<b%&bm ered in
industrial roll-to-rol proce55|n%>syst ens W thout excessive tearing
']

war pi ng, e u%e.nﬁlgopalﬁle#es ug Bomyd do thyhindgrapbere e briklingscan hophypigy/ Oaﬁl“seanqa%
desired be choggmabrieatRE of Ak GncRBiAbORicRRItARE] By & BOGiRIMitRbnRREdd SR IRT t he
| i ght,_extraction elenents 415 is 10not di sposed within an evanescent zone

of tHe selerriBr lkasiysing hpprogssis desoribed hereinggn fapesfospedyn f diggrafiyre range that

advant aggotsmpadblaiwith kit SaSRSgdniMsBb@antderefihd, Mrdkl hd ssppork endeshyt 0 enhance
i ght extraction bg reducing TIR, to tailor the extraction features 415

such t hatembRéimenty;t a]PPmF%SS feapgiptuges (35 detgprpiacd fygpn ogticabibprmnometes aimef at han 1

m cron. Thendh6aideh enibtedt8biusod 14 geasom afid mid&udidhikg heibe uibRt e et distance 419b
and distance 419a, may also if desired be greater than 1 m cron. 15 The

feature HERRd opjoe. Prrléﬁée%rﬁ%elmgr?éﬁgi loror hel degreesipntigradetid®sy | arge, for

exanple, greatigigedch®adovoRled ﬂq%rosaﬁct&@d my@rrm@an ﬁabaﬁ ddshoid pursdidy aahy ty of
t he extraction ?eatures S r|n ally governed by principles of o tlcal

refracti ofFigbatatiact biRdg 31¢ oly I@“"Rﬁ‘ﬁt"ieé af0- ghgepidipely, Brgeneral, the weight ont j cal
extracti qiid dah Bt anﬁyhabﬁla; sé)adsmﬂee@l abl SppligatRdn MR méhdeg e vafightBatigloact ur i ng
techni ques, inclu W thout |imtation continuous techniques and batch

t echni qué¥nd exeéli’dobalﬁlf%ih&ymf&?walaak?%?ﬂ“d@@di?ét PAHUF 2t CUR 5t *’tb%‘EHr% 3el?s a
conti nuous 19ast1. ﬁﬂd)rgqr&Z(Sgp)orB@ldrStSOl' bRLT, RKACES Sonflalts Ake fBiakt r&lAWMA
schegatlcally in . Such a technique allows the filmto be made

cont i ﬁuod@?@ﬁlﬁmb%P%%k%ﬁFﬁﬁoﬁldh vol unes, and then converted (for exanple,
cut or slit) into large nunbers of piece parts or sheets whose sizes arc
tailored for the intended end-use application(s). In such cases, the
flexible carrier film412 may have physj cal characteristics, such as a
25conposition and thickness, that make it suitable as a free st andi ng
support filmsimlar to substrate 216 in FIG 2. In many cases, a film
conposed of a conventional |ight-transm ssive polyner such as polyethylene
terephthalate (PET) or polyethylene naphthalate (PEN) or copolyners

o o o o . o L, o



30l n some cases, the structured surface 414a nay be fabricated not with a
casting-and-curing technique but with any other suitable techni que capable
of producwogotds4ztesi red extraction features in the desiPCedSb@yms04 For
exanpl e, inprinting, enbossing, and injection nolding nmay al so be used to
formthe structured surface 414a in sone cases. However, if the extraction
film410 is made using a process sim/lar to that of FIG. 2, the |ayer 416
may constitut eVanyRBREs fojcopsidearin eanersion Witk Fiy. dagristhenthers s spstrecsiant i on of
t he nanovgirdee bawein (@leh «ah hiR bS ik W &R e Vb RIEE 129d4ath a MBostructured

2012/ 054229PCT/ US2011/ 054704 Consequently, depending on materials sel ection
and pr ocesdaceadithen backfilling ghat a%%ﬁu%re%yfapw@? b%@fﬁlﬁ?‘«é (RR2pRi9B§di ded

| ayer 414,A&iad 'f&(‘eséﬁﬁllﬁéla LohveRRRAGLIyAR: Whibhal F@(b)38 article made Wﬁrspf@hﬁm%a film
412, the nanovoi dcd | ayer 414, and the other |ayer 416 arc preferably al
highly t rralﬁ@mgv%wff@ew yhyerrof eRvenionplingtariak anef then bagkfilieg (¥ snml | to

noder at e FERictraf sume%@vﬂhra mARBided ﬁlraﬁnalqayeal Th b6th b€ slee ﬂe@wg:anmape
tol erabl e and/ or desirable in specific applications, | ayers preferably

transnit MicEheddedintariage. gt isrhe micgitridyed wefags f)%meowewé%ww thmpnovoideder t he

extracti Qhatdral Mydrand@bit A6 BAE SR drBichiAhE conOsHtiGRal ntchidingRe.f raction of 1ight
fromthe light source that traverses the coupling surface 416a will exit

t he extracri onVf hvafernd thigatdsnsiosr steucsuit difesies epaco bvardhe bietatidist e to

systq i ldny man@ﬁlbtqm difBRNGAE [he®lo thd hiBhdridn TBMteGRARLESE IREE artRENf c&epol yner s
10t hereof, glass (including flexible glass), or other suitable transparent

or trans|(bkahere tedaer of convertignabmpterial is micropfuspedheforabasklilbipsibei se a

mul ti | ayahicfolti®tedd sBthRAtthd/@nb@YRH nferibEhe nBfNoidaNHae:0 Aoy iBo sty pibareof .
The carrier filmpmay additionally conprise birefringence, fluorescence and

absor pt i dwglfaaeyétp(ﬂze)laxebO%Cr?abq@%ma%@&e@ﬁﬁ thag fayp tiRiga by pecs i hsujgantially

pol ar i zatgyRd ndMPord@MRAHRN Bt AcSaER 6F pRUNCR MERRiSTo Qe tufddBudRl bbRind fnlcmafl2 may
al so function as a barrier layer to prevent water 15vapor and oxygen from

r eacHPng MR Ojded ppteiy) srret l%ﬁ“fﬂé*}‘e IﬁéO%saﬁtr the eitigls of Fased ) & made dewelie Way t he

l'i ght sounge Eeéelmelt@erabnwnhs&bﬁwehﬁr(orfprécaﬁoﬂ 0 ShUGutdil, bdrleRd®le 4d dkdBreqrade,
acuum deposi tion_ of two inorganic dielectric materials

for exanple

sequent i diapid HOFVY“}?Y Feiint b eRidied gy the @Véqsgu%we%%faa%%f thgynageyeided dayps B facets

subst r at ey portio dr@fentlofehchAQhFaR imaly ROKGiA Birfac 8RS8, K leRandPd iIhO B G f

pol ymers, .as described in U S. Patents 5,440,446 (Shaw et al.), 5,877,895
(Shaw et PAfPPokeiner @@E@nfpgﬁhlq@h%wné%ntwl gyateyial mayemigeatrdrBidiig oPayer 414 may

conpnipse Wn{é@ oitth@sdrfagmoutsr@eﬁme% oF W8 chrBRIRAMIdRA B LA hratess dingitbased
herein. The other |ayer 416 may nprise. any suitable |ight-transnssive

mat er i al SUFrPSEREITRICAInE & ﬁ%@}%ﬁ?l@l mnpferigl i aungured §Hefg Wéthé‘ﬂ“aé’cﬁﬁ‘i%ﬂ“ir@ a

l'i ght-t F%ﬁ%ﬁh% hﬁ@pr&fe@s%‘éﬁd{ﬁorﬁet%b&nlvéﬁﬁloﬂéi %ﬁnﬁﬁa%’i may Hﬁérpéﬁbt%@ﬂa@' astic
mat eri al presentatlve vi sco-elastic nmaterials arc discussed in the
comonl y "38&lke HYel: & show ghematisally 8 4{G-0 (At torney Docket 66015115005)

referenced el seph®lBowdneRIMtic d58-seftiod ahbR0S PAIaRkrrad Besiemea gl | ayer 416
allogg the extraction filmto be attached directly. to an outer surface of
I

t he f -Tepgveited ke gh pndaisrend et #701S C?WF@W@H?%@%BT‘@HW%WCF BYEPRMAse  of

a Vi scoel gsdxhmpBielthidlosdoplc poANE bf AdRic@lddQWact RENRA bEden B wol thy®rs( ame 1 N
particul ar the coupling sur?ace 416a of the extraction film to flowto

sone ext éﬁfw@tﬂe%awro”&b@rﬁbe)w%%f@veaa %W%F%ﬁa%vwrtqeprﬁal@éﬁf%@é wsHagh OLED.

30The |'i gRtpeeXlrfadStdi®@s74Bl MK 4k Rc8Pd FF4BCIO UkaSR tehinkéd By derir@tiaglvels@dlefsib
addition to those depicted in FIG 4, and other features or characteristics

i n addit igrihaté desete ﬂ&HntEré"Hﬁ thip & sereadpansyssie dimeption §2. and theydeenes dipgysione

i ncor3por 8@261%&&&3}11@1 thmaﬂdwdimmnﬁampcwe lniag Bﬁarm@n&@ﬁwrgmo mh@ﬂﬁﬁetﬁﬁﬁg tering
or to filter, color or polarize the light. Surf ace coat i ngs

st ruct ur g8¢ 1y 37 &wﬁ%r %@rﬂ% prnegniqray &y the gf‘d‘é‘ﬁl thareyi e lavsr 86 &fq{éxamle

surface Qfeplefi@nl374RY, b@%alsh AChdt@hl frohMyle3 7@ Fatch htd s sbb@tARI MELERSS t he
functlonallt and possibly the value of the light extraction film Such

surface CO%f ﬁ#@évrf%@@awbswz@%ﬂéwlwgzheﬁf/t@g&v?mdleﬁﬂm%%he oyt neasenthp) e,

optical, inegham Galler tkih@M@lerse Amc@biBE fafth&dont MO MkdrRARS - SubK MBSt ra8bn SUCH
coatings or_ structures include those having the follow ng functions or

propert | €88 begphieresyvithapnpededimateriglydpsgiibgddieresing j r ef | ecti on: anti abr asi on
(scratch resistance); antisnudge; hydrophobic; hydrophilic; adhesion
pronotion; refractive elenents; color filtering; ultraviolet (UV)
filtering; 218 -



5spectral filtering; color shifting; color nodification; polarization

nodi fication (linear or circular); light redirection; diffusion; or optical
rot ati on.wQtzhevosparssi bl e | ayers to be applied to the ai PCIaSt@amsinel ude a
barrier layer or a transparent electrically conductive material. The

rel ease liner 418 may be omtted, and/or another release liner may be

provi ded on the other side of the extraction filmto protect the output
surface 412b. Mefreapmoash fishasiréerigayg ap Hisipngtrtian dept piche cooxsntigea fager fi | m
such as tied th@hanblSRicddayet dfc RSy @e@a%h@@heta%oamtb?mmIﬁattérmgof%&[an%nu@ﬁéper
suitabl e self-em ssive Iight source which is fabricated separately fromthe
ext ract i divef Masipdvageeddeyend ap inserfrc e 2 srnee AHERT GIPNE P HECHERP PEAS PRt PRI

devi ce. ActRRti@IRrkS ihBGvedeERurPtd), hif GA6 RiaG tRGacRiY thEGhRIRLA &ihd ¥ thor ease of
di scussion. The OLED includes at |east a substrate 512 and a thin, high
refracti VEAMSRIekan 3gREC- 8 Idg core or region 514. The 15substrate may
function as a 1RakEdoRS apPIMEK fob GnaPicRYISE (AR HeBRIN dBRH X WEE Bedlil ARsi@achi ng
the region 514 fromone side, and the substrate may al so have nechanica

and t her rff aQuAERY Whieh th {patedy of thggonyeptiogel layep kaStaévale%weﬁ@@tth%?gﬁf romthe
regi on 5kdefacthid SRS IR RpaLisiabuiliS Rt OiMiah&8d AniR 3¢ KibkAREHr Edipki dual

| ayers that make up the region 514 nay be deposited, formed, or applied in
a SU|tabﬂéw@éﬁﬁﬁﬁEém&Pﬁﬁﬁthe substrate 510. The high index region 514

typi qal Iy i nclijdesrdabplosdshr A0QREi2E 0B inferpcaMBltioh MR bRImbPagafiiealirght of a
desired wavel ength in response to an applied electric current or field, and
at | east thhaneupbhysplisicthe mateapltof %@ent@ﬁé%yema@ Rdvaased pexand éhejanerase YEYSr s can
al so be igaeihbdafraRritdBis bbiht M s JTAR X ed @I hQbht dthe sk nPd Rffa Wk fsake S14a
of the region 514 can be considered to be a Ilght emtting surface of the
OLED 510. In dP&EMABY FRRRABRN e IR aHEREGHIn darh pey PoRiaewoVithiesal D, the
optical aKdfid %Pl%ﬁchf il a2 4bth 1 ® I@Fapérhgdzoldhlinﬁh%er& 'vxgﬁltreg%m flheNGeonlr f ace 514a
of the OLED. Betore application, the approgflate rel ease liner or prenask
418 ils r enproad ne weredlnae 15 14 A9¢ o %@9;56@@11%1“@ iregerde thsshirdapproagupl [Fash> s ur f ace
416a. In o?mea@lﬁgﬁ§ghttd?%t RR% 1 ®3 or 6ORL 5039 o8 W IERCH IR for hih&s O 8 nodXdrE act i on
filmmy | aced directly ag ai nst the |ight emtting surface 514a of the
OLED. | f ﬂfl Y08t 8¢ mestthand ey 0rd$0 1e7e than 254 ctriibhrengq fiem S o2 r @S e feteensi ti ve

adhesi ve RIghPtRe Rbthiak rhekd B8t evkr, AR RSbYQNAARE S WRiting. MEncIREL r ect
cont act betmeen the opti cal coupllng surface of the optical extraction film

and t he |3PyREcheirharcigiziog fhedptermgetpinn dopthmayky P%Cué?ﬁyfsiuﬁ*ib%‘t’h@?&eﬁ%duce a
f i r mopondyibaheemuchheal §uWch§ mn@parﬁcdmrtyhmm fatusdifck G8Ndxample, i@ @Mich the

t her ebet ween her cases, a thin optical coupllng | ayer may be
prOV|ded1%%Wﬁééﬁmwﬁ@”@bﬁﬂ%%ﬂmﬁ66E@P%g surface of the oprical extraction

filmand the |dughtr doidioh P@a@u{gflﬁ@@e&mn%n Bmmg_lﬁ@omfﬁbﬁyemgn@@t} s
3500upllng | ayer may.serve several functiaons. unction_may

pl anar i z&2teRPelisatien KX dtrraeeDogkes 6@@@&9@@?}3@#@%@%5@@%&04 of the

OLED. | n MRRA¥trRie] BéeHetRRy ERISINMByY SlddDayerf ld M%RIR MBerclobefikubstiat e may
have surface features associated with plxer and sub- pi xel welI's. The

opt|@ | <BEderNghi ayer may be used to fill the wells or other surface
features so asrfapuRr &p‘{;ﬁh@i@io@alm ARRAEseS M TRGE ikt that RS GOMRbidMEdSHIh ace of the
optical extraction filmcan attach to with no air gaps or pockets. Another
funct i on BFFRECHBB AN IPIPIIChEIHY 2 A B Rt E?g%{fhcn&éll‘fmtk%’é relaiEit e
extract i GBatfirt hekiQf thd 8urédnEl subfde (RF Mo, akifl EASLS LI ELQPLRE AHIST

layer of the extraction fihn is not a pressure sensitive adhesive or other

sui t abl e st peint qniheHipstuped swdace) the a%Pﬁft ratig of ths fpatyrpgefithepctused syries uded
in the cqQRstkdagpid, %turéﬂ?nghhalVﬁie@ll)E}F Rhturcqfikih, \%eieﬁ@b@dfe FchGh)DR tﬁefbeﬁt&a&) of the
hi gh index region 514 of the CLED as possible so that wavegui di ng nodes

Wi t hin t HEMR GRCIFSRIEYCCR BgArshcigboy fﬁ@PfFS ndhgiugiiied seipsne st rlusp figctiopan pe

10ext e ndaﬁit&lrﬁﬁ@bldwmwaﬁalmbl ﬂhétmgalsuuruh@@eth@ﬁlaﬁok}@idwﬁlﬁt@@n b&ipikd bynhe The
optical coupling |ayer , for exanmp have a refracfive |ndex bet ween

that of t‘1‘? )nff‘élﬁ"thﬁd@?X PE Fawos%ﬁedd%ﬂ‘tahénq‘ fyraylatignd i cxympds Weight ace

cor r espongdgds} @fthé'l&)aﬁﬂ%ls%hdnﬂﬁl pRMirf AR ELthe hardoh@ dQNkyY et aF or @Xdnk A& il @8erftd tePlicate
SUIt% | e optical coupling | ayers conprise light-transm ssive nmaterial_ such

as high- |i"f&@f)%mar@ﬁé’é’f%ém&%H’“‘rfé’ﬁffﬁ‘g?tﬂnc,fP‘@mWPPsle thesogtipgsalutiay, in thipraascit i cal
coupling layers arc also typically as thin as possible 15while perform ng
their necessary functions) so as to mnimze the distance between the
coupling surface of the extraction filygand the light emtting surface of
the OLED. A typical optical coupling Iayer may, for exanple, have a
thickness in a range fromO0.5 to 20 mcrons, but other thicknesses may al so
be used. Whether or not an optical coupling layer is used, attachnent of

t he optical extractlon f|In120to the CLED results in enhanced operation of

e e~ 1 o



film whether by reduci ng wavegui di ng nodes, reducing total internal
reflection of light, or by other nechani sns, can provide increased useful
i1l um natworzp1285m29i mes al so referred to as increased ga&cm/uSed1iiobgoOLED
when used in a given optical system The increased illum nation or gain nmay
be characterized or neasured in terns of the total |um nance integrated
over the 25 hem sphere of possible output directions fromthe out put
surface of-4ShesoblEErrRIpIaEan ofghe wigyosHectyfe geiedy op fedeH ary Raysd surcrouns

i ncr easedof hhtbridl HatnkR, @ltﬂﬂ%e@eﬂﬁﬁtféaﬁiﬂé ﬁfapéjdaﬁ%glédc@é%sfgfly B4 e hpplitAfon
exanpl e, increased on-axis illumnation or gain along the direction

per pendi cHCHIPCT SR TR BRI pHPS §%§P‘f1%f€‘eW1ﬂBe &duesd amﬁeF ééémﬁbagﬁ Rechiphef ul

i1 um natdi@siod ofdrd ﬁlcﬂistr&cmﬁecgaﬁaedelvb&esuclﬁ%emsﬁlbyth@mc&&ahm&@@aﬁrfaeecf@I on
films al so have the advantage that they can provide a flat or Hgl anar outer

surface tohgrcteized B2 sciuprehegih ot example a‘E‘edlgFrelﬂ%@e@EEEﬂlmePSrﬁ“cﬂ PR8N,

Extracti QpFrfd. Imﬁl%n%%h&m aﬁ§ amswagan@ (Jth%reﬂiéfghﬁ&%déh]%bstm&ﬂlg itth, k& this
surface that put surface of OLED dévice after the

filmis a%tﬁlll p bal Flﬁﬁxf‘aﬁi‘@éé er@%fgq tban thandehe &%lpéoléqdﬂ%f fas@q oklyefugediagtjon

responsi b, g dn@¢ 18096 5 83SHE 0Pt RitlovGificd IR BAERcf{@le BYSTRL Gangs HbMCt Ur ed
surface 414a, is enbedded within the 35filmand within the deV| ce, being

safely priotideddd o dmhiabraendpr theaating selpgion pispyreor toyhgngokified lgyer has a
2012/1054 22964492 Pkt Qo 494 1080%! aRhAd00adents RYatibi@ipk kekiablngscCan bd er
layer 412. A fiat output surface can thus be seen to be beneficial in many
appl i cat iagrrntaggriplyjapplicd fipthe prsecst flisclepyir p@etiesi rabl e to enboss or ot herwi se
pattern the output surface of the OLED/fil mconbination (for exanple,
surface 412b) to provide an exposed structured surface that further

nodi fi es the |QRiKe rasiton b 6 Bt cea(eabdslese. S5Further information

on design as peﬂk%hs%se@%ﬁcﬁz@ide&%&ér@@a&ﬂb@defahlagf&)uw'iﬁc@q%bﬁteﬁ%o HisiRaVA I
pi xel ated OLEDs, i ncluding but not ted fo extraction filns having nore

t han Jdne thatsaseambined ysame fpshign w&b@LEQW%{Eﬁtruseﬁemiseﬁehahh%r%n serve as a
subst r at gafRuMN Gleh 86t B Sapixbisted abhi ©ahBMee B4 HAERARNE iR 1MBASE
extraction features have di nensions (for exanple, pitch of less than 1

m cron) sUEhorkEr TRETUTEDF Brvianed i borrrlied teserrisaet it praiingsedace of the

princi palilgh: @anerfth iDMad B BEdcpAr@sly HonORE bfidhl flinf f raction rather than
optical refraction, extraction filns whose extraction features have

di mensi ons ( f diCekimsrhematis HETPrGTosyPEAISt VIEH AhAMOPHEE FHFI YU TH 4R Bhe

f unctiponalsid witlof wop RMitaxd OBED] BexhRPlW B%clitsd ﬂapieﬁmus%ad)mn gauepmad by
principl est 0(1]‘t g{gtl cal refraction rather than optical diffraction,
Tgqtip

extracti o I 1 Qpsledes 2 flexibls cagres fHm 436 A1q eﬁowastwamed By Caxexemele on

denents la&a&k&fw&eqﬁlmmnmaﬁg BB MBS B nak ORI ayb A 4 lahIiotePMYGA1HMeNn t he
coupling surface is agai nst 15an enmitting surface of the |ight

source, aHVeEXhishen eﬁbeﬂﬂ?drfﬁteifwemrg astrgefest swifacatl43ds formi- dfhet he 1i ght

extracti apnslemdta§er phefetistp AsattRatkiSé HBexObr ALibIe BYRREEIIBRIOOMAN S EMNEntisRNE Of
the 1i ght source when the coupling surface is placed a]gal nst an_emtting

surf #ce JPDOKES MREHELS §W8@P166§W%b3§%dr§doﬁlﬁaéﬁ}$ﬁﬁrﬁw deil gred1teg.-35,

Appl i cat i iexdeifie. Thd @r 1553t 413G 7[|5Jr@féra51 yIcoBp§sell ofd GAME nlatc@iBl or BNt Juithtge Devi ces
(CLEDs)" (Attorney Docket 66957US0D02 filed on even date herewith and

i ncor por a“t“’é?i’laé@'ﬁ‘e‘? Betianyoided annddhyt fasi arfef“t"éw%]ﬁfl‘?xrgé%*\}“ thep shef ofttnaoprsiedevi ces
The di scliggedriRRtifiGace axtiaslé ﬁaeffuew@n e dayklslamt GhER eanbiynabienisagan be
practlced with a wide variety of fferent types of known OLEDs, including
non- pi xel &t Samek bS8t Nt bl OEQﬁy%lOé&rWr%J hﬁg}sf&rfinﬁe PirefFCT g ndipRs 2{1% i ons.
They 3are tH@mvﬁfed@ﬁrfaaamaqy R tidAtds ki bmlcmﬁterfab%wpametoheﬁazs gaigﬁdﬁéa}ﬁps t hat
may typi cal lI? e used to generate inages in an electronic display. FIG 6
is a schémdtl er qtlss sH-enisvre light spHices dpesiadslsehars B¥i810. The OLED 610 is

patterned to f"lere Rirgbnfrbd ethcd 4190 @ B3 falldB@toda ity @dmeur 06 P thelid effecBitd
non-emtti ng[ areas between the emtting areas I%ach of the emtting areas

i s pref erBBFRCRedisht derrheyish seets o anugl% ieated dighieout qiihe lighy pRurcsipt t i ng

30ar eas anf ithh BOGEd ini the Btch@RAQPHIcBGoD I 458X MightQn TRV 1B¥Ad FerO@ 1hM tBY wolMCh

t hat _any given | It%ht emttin
35 7 betrapped in the light source or otherwise lost, for example, emitted from an edge of the light
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area or set of areas within the array can be illum nated at any given tine
to provide a static or video i mge. I n a nonochrone display, the
areas 6l2xocorap4emit |ight of the same spectral contentCoruSeahnss704n this
case, each individual arca 612a, 612b, 612c may represent a single pixel
In a color 35display, the areas 612a-c may emt |light of different colors,
for exanple, areas 612a may emt red WD 2012/ 054229PCT/US2011/ 054704

| i ght, areyse @ﬁzsctwagﬂhétrﬁ%mb%@wuw|tﬁgmeﬁﬂ Hlyaingtienin teedglayey oBfs intepdede | ght .
Q her colighgnPliGabRl ERRLAALNYIZinRNE, B SRICREIASUPE is Bt O&AELED may
include nore or fewer than three different colored areas, as i s known in

the pi xellateduadiighicayacaen demang H§) She deapreadls; arc SRRV RS RS AUV ENEREY ar eas

are typi Galidym&/ epeRet uBB8LR&K plidnsl P ARy Iciticul cWhichth 26238 RAGH
i ndividual emtting area Swithin a given glxel may be referred to as a

subpi Xel .orhpeapldiggioas ({pres<amele; Etse@ms that deffapt Rlanaameaidh by styrsiay, and
where ar %ﬁrf&%%&e@dﬂyk&eﬁ&? blﬂ tﬁ@&xtra@t[o%%le%ﬁt@ ngh{ gen%ﬂ%ﬂe hilyGhtablAmehear ca 612c
emts blue Ilq the area in one enbodi ment be consjidered to be a
single piZtout pjtatian. fer eesqlmltlﬁé%nﬂﬁlﬂl&repﬂsaﬁyc Hedigpngioaal(Bpgashy grteAinga 1 us

t ransver sgmglisHBASToPBGmpleNBld thSoxtrii iR BB IMOAS o@?&éﬁ%@‘rﬁctﬁ@d fihRcdhRD 8ot QA t he
figure. In cases where the pixel has a nom na rect angul ar shape

rel evant Meoe @f idiesiZgHad/ pasansealthnesh theyghay hespia S%‘fe Sﬂ??é‘n‘{i/é'i*?@éﬁe 1§¢€d@34 élhd t he
wi dt ho( S RRBmAfry tehBo@Reftt, fe xirfl€ibn Ofmbh415864 ARBLRrizdM Y BREUQ N Bfler! EPr €SEN S
the width of pixel 614. Another relevant dinension nmay be the maxi num

t ransver S@3neEREFOH, Desuren nepsest prashbemglitrag Ve e agaiiian clsmens frédttangul ar

pi xel . Naf&optiskbud &ERpALE rSH ehélﬂdhé?ﬂﬁ@%’f&h PBnaly ik Pdsert UE By dddberR@al

i ndi vi dual area 612a, etc. was a pixel en that smaller pixel would have
the sanme FRAGPRinGfHhogsragsion cl e’é‘ﬁl"tts one-third the wi dth of 15pixel 614.

Al ternatively, THekir§dukbd KIBcd AN iR efct@eléﬁor( él@fﬁéh@sr 415 %Fl alsh be%rda@hgéahgral ng

emttlng areas to constitute a |xe |xe have t esarrelength
as pilxel dtapce prithickpeys firona suitsee mfet%e wrscttomﬁétg thahis adgpérdric efuplsitx BF seta.

FIGS. 7a eaﬁngmgﬂt@m@@tlha{e%agehﬁematﬁ&mﬂmo het Wein@ i fadlit kiRGulet Bhjor f rom a
pi xel ated top-emtting an ordinary structured surface film whose

struct ur &4 %C&Hi%%f 1?Y§f‘é‘>épo“sfékfa%edmaf4r182®1(1ﬁblﬁ shavequatrg thedmgr 816 isacti ng | i ght

fromthe p?@‘@iﬁblg hﬁe&lpalta%q it® Pre §PIdbdtis 0 8s ©lpFIRMhE BowdNn@iifadCd1i6® Frofnl dafagdhat
i ncorporates the disc|osed nanov0|ded I ayer and enbedded structured

surf ace. “Stiihesrtertgy fjm iysadydp be P@llﬁhﬁqd@ﬁ‘drg&éwuwaygwo sheRcEsmplilRtncs T Rct ur ed

surf age ahdeRiSn B Eigebt ! DEtMELH 98 WIthABRKARs HahdicsRADEHI RS &s&rlaﬁp t he
CLED than that of the other film This is because the nanovoi ded

al | ows t He O BKPFELDF ePHng sHifee 4tpapndzhy siyctyied pyrfage dlfan Jag lafl(éwéleqweurtded t hat

of FIG ZRbde si@dBytht aﬁ{phﬁg@rfa@r 5ild®n thd dpgbsn@@fae Bpa 1laﬁ‘e ﬂhﬁlﬁ@ﬁa@ﬂ@ﬁt@ ket ween the
OLED and the structured surface. |nstea structured surf ace

can be dicepIEeauhise trehatiNerswithq Sé‘?‘l"tf“iefi ﬁﬁlréaﬁaatttbﬁepoa@b)f thgruetHEed SEHRYE por t i on

of the exhdiagdé aaseﬁﬂt&mela&xpwﬁ%ghrfab@ 1(11@rm@plaﬁf&heﬁgtfclacsta%eedlgaﬂfsft@ec(ﬁstﬁﬂa t he
OLED can be made to have_a thickness (for exanp | ess t han 50, 25, or 10

mi crons) DePeen fhs catpbiag anfratloy avda%@alteﬁ% l%maatﬂeldp thﬁ cpyRhing syrfagepndith £ | m

Posi t i oniiR@rséddeihs §tfudftddlsBdacs Ui thas@ni) O5@E sth@mkéa%uﬁébe RiaX Blagd @dh LRy can have
significant advantages for redu0|]% | urring of pi xel s, particularly

for OLEDST fthﬁcmpg subfagte | Stadgddildereply, the iaﬁeﬂwkn%ﬁ@r ‘ﬂi?t%Fél??aFﬁnéﬁ se when the

structur ansswfefdas se OF st s@Xtal &SR metwe&ﬂmh@ @cﬂﬁ)ﬁhg%rfﬁ&féﬂﬁélﬁﬂd/tﬁe Stutteur es
t hat scatter in different directi An anal ogy can be drawn

bet ween ssuffweéé f“édr‘ih?\@l“ﬁ?ﬁi 49%%@5@@%6%5 tq)l?eda%@astwalaﬂﬂstwabmw thheet of

Waxe@opaaeﬁphnlgfsu@c@hﬁﬁtan@fhe\é@ef&demm&e 418a.p! aced dl rectly atop a page of
printed 35text, an observer till be able to discern the text through

the waxed papéP caspovRjeihe e¥t¥a<>tlfweﬁ1m\®0 Foniondsd Aot g satraction iy sduciex ed

paper is thd it dfilfzh@fat $Qotall@intdiib@ly fifREBN&Qn BEMRRIS AR dr 8Xind@Rdf thee
scattering waxed paper increases, the text quickly becones i]legible

because tSHECHEHHENE hté@lr%ﬁ we iy effesnd diadvagfagpqu fo %@BFP@ cxigrstiph fikn 49 sBsh t he

scatt eri ngatatdNhiGinectsnAINR QG RBRGaI. AkAFRbShd 1end ticRnesd h@aﬂﬁb@é d:@ﬂ
stru%tured surface of FIG 7b may produce little to no blurrjng th

e
pi xel3at edh ISR AF 53 thay Zétrwgog% Ph‘E%SGIPaé‘d 0 anjgpue althgpetipese V?laes Sﬁ%ul%n‘l‘tes ul t
of the much closer proximty of the former structured surface to the OLED
conpared to that of the latter structured surface. Thus, FIG 7a
depicts a portion of a device 710 that,results froman ordinary optical
extraction film 730 being applied to a pixelated top-emtting OLED 720, and
FIG 7b depicts a portion of a device 750 that results froman opti cal
extraction film 760, which incorporates a



10nanovoi ded | ayer and an enbedded structured surface, being applied to the
sane pixelated top- emtting OLED 720. In the figures, the | abel ed
conponentwoabh1dse22@ ED 720 i ncl ude: a driver/control | er P€2a1S2@ 1105474
emtting area (such as a pixel) 724; an organic |light generating |ayer 726;
a transparent conductor 728; and an optical coupling layer 729 that

pl anarizes the OLED to provide a flat light-emtting surface 729a. In FIG
7a, an exXecastrghesdimitngy Josomaping thers waygsdedents &t yeg ethercays dgstugdecd34a i s

appli ed tRndvaRlcPredares THE bEXb- &fﬁhg&ﬂs ftHeMiné3Rickddsd Md@ﬁmy RAsEB bdsQKanfal | M 732;
an adhesive layer 731 to attach the carrier filmto the OLED; and a coating

| ayer 734 1€1ﬁ§ﬁs Hals flssible Séh%@ééa Ble ladibickiieset 1Pd e alse Be rb0 ifigethg layer
struct ur ed ¢ sot a6@b1¢ 3dkfreeMndihe @@@pohemﬁ ReRedh-td H&kistg sl i@t sueixdsiact i on

el ements such as lenticular pris or lenses that are Iar%e enough to

f unct Pon dsaisEd in{Cp#-i %%fhéfgrea‘#ya ﬂféherlatftrf‘bfncoumdq?éewat%dnféom bihgpdgal | ayers

of eXtraq%hﬁﬁs&ﬂéﬁ%&@@ﬁﬁﬁ@HQQﬂ@gQMQMQ@Qﬂﬁ@M@ﬁ&mwM&H&QﬂI&ﬂﬁ&gﬁ§ﬂﬁmeXtraCt'On
film 760 have a construcrion sim/l ar descri bed in connection

with FI GsubJeCt?dotP fageaopligarilygreeymicse! ip H@gstflﬁé?lh@e@ﬂ PEPCESSIPE PIIP Wit H12: g
nanovoi dee‘ilcésﬁyeetrearﬁ%‘]waﬂﬂﬂlg QJ? crBYg, iit@f\é%axﬁl%lé effcagdd MifkdeRidAYa iy Asé AASGA r om
1.15 to 1. 35, or 15 to 3; a layer 716 of higher refractive index than
the nanosichesgn FOalvé%rgqmugh Joghqt ay@stmﬂépw@? %frt%ﬁolilg}lt peiesiipnglameaR 1T 5 and
havi ng amot mg&gémﬁnﬂ\aﬁéwaﬁéa&nﬂ@a@»msiﬁe@lfénﬁys%re Hehebudef i nes a structured
surface 2571 with extraction elements 715, which el enents 715 may be

lenticul ar pri¥ebasrisp &nedi adymtaceiue a3 gecossn stigh thedfilmM s IB‘ﬁn‘E?éé‘éd on
princi pl esngte igh bagbi@by réuABATR A6 tailONhO&k thfRn!fayREs 415 Qudnahavar plhie
structured surface 714a and the surface 716a may be less than 50 nlcrons
or |ess tHdhrehgively krgsnlor cpmplcegsateihin hipicine lmicaturdicigdBatipiie theLj ght from
the pi xel ftr@ehcOb&Rednididhc €3O 26 R 3B 1afI¥ 419£ thal, LA AR HABE LIXRSL thid 1 Akdne
V|emp0|nt of FIGS. 7a and 7b) surface of the _extraction film 30that is,

f r om!st r e dfae beightnrnd Ry arss mensigns pgy baﬂaﬁfflﬁlslmlﬁg%ﬁ%xwk greaterthon
FIG 7b. 1As, ©X&lBifednaaVae filnbons@pPint bitthcHin %B@re@%bﬁﬁ&&dll&@o%ﬁe@b 60 to
position the structured surface closer to the plxe at ed than t
extractldﬁmﬁpkﬁ?ﬁ@émﬁé%@ﬂﬁ@fﬁhﬂéﬁmaﬁv@ﬁ?@ﬁbqﬁﬁaﬁ@@@@@a blurring for the

extraction filmme? al Kbl AR Ue mhse AMRARMednHALAS afdty bi\Ranstckehyr ed
surface of film 760 provides advantage of robustness or resistance to

danmage f riefniqgBssalrding pvitheb timdatiogspitingpistteghnigucs 3pd byt teghpigcs & t he exposed

nat un® ofpaftlElady AdehdBeh Iﬁﬁma@@lﬁn@iecﬁﬂlciums@%mmu\é& cast and cure (3C) roll-to-roll
2012/ 054229PCT/ 1 TS2011/ 054704 Exa follomnn? exanpl es,
@

all part §’mcﬁ§r58‘é‘rﬁ5é1§fé§h°“’ﬂlé€1}68’§“ca@t/é“ FIQr% %‘iﬁh\ﬂé‘?"bﬁﬂue qhiare dhe fils feke Midser wi se.

Sol vent s c@ﬂﬂlu@aalgelh pbém%%hwmﬁlemwm@m@lvm éfof @mn'ﬁlegémoﬁélﬁﬁh@hargem cal
5Conpany, M | waukee, W sconsin unless specif differently. EX :

1:
50/ 60 BulMUEPErSRERERS PESE AR Ehosovizes §¥e\}@1°§z§chll they itenqlgdl opdpae 4pﬁh<@um<s> A

conmput er 16 iudalcadel, AR MRDIRQF{PFiTRgM 20hayaiay cMichitaddtiserbadeled, extracfion
| ayer, _using ray traC|n nmet hods and t he eling ackage LI GHTTOOLS
( commer ciAmpysiapzng %qkée% thahmpls pyehle %E,r%ea%twn&@g@eﬁ tgimilbhoshbsiate ca) .

The confixgygiaticon thadny\vass,sifMlcahpsicd 8t SRHAVRLHGRNBIR Y nASivOpEPmdeytice 520
in FIG5. The m crorcp Rlcated nanovoi ded material of Utra Low Index (ULI)

(see for aése%}wﬁhﬁéenelt%fswhalm%(l’ﬁﬁ) o1 nely ety lepgrap hthefar €ENsontanelgeratherph act i ve

i ndex of Woudd @0EtARYOa hﬁi@wkf{éa@g&ﬁérrt%tabyﬁ 2i e XooRf 50t Rroadlif bEr hi | M or
substrate (see for exa yer 412 in FIG 5) was selected to be 1.65 to

nodel a pv@ﬁwttwyfreéﬁéawgf W&f&ﬂ%@(lbﬁfugf&ﬁgrt%l%%pm‘n% 15 refractive i ndex

of the backfilih sérﬁé/@'ées{(tﬁ@ SnfcRircd@ AR 4842 hAYIRS falﬁﬂe@te@hotl%slq@a céétm%ﬁd@&h@c'i ed
to be 1.48 to npdel Soken 2032 pressure sensitive adhesive (commercially

avai | abl dS9hPigHs B RdH a%@Pﬁréalra% teshgidHeeprilgoiasoducing e dgsitsd fytractiofe substrate

was assunegdutOin h‘lfévcﬁs@edtl@eﬁk mESKaple LidBriftife, embossing, Iﬁlﬁinj@&ld’n@ﬂ‘dldh@@mﬁ;ﬁ ructure
(sce for exanple, the structured surface in FIG_b5) was an array

bul | et-s w&ﬁé’a ugsdite fouh ithsryrag i s R Isoss ATy Hekever: hféhf‘awragﬂoraéw ng a
hexagonal419iy ARLREBEE pREess 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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20extraction elenents in top or plan view The shape of each extraction

el enment is given by a surface of revolution generated by rotating a segnent
of a circwveatxmisz2an axi s, explained nore fully by refePemas2a10/0F47G6. 8a
and 8b. The curved segnent 812 used to define the bullet-shapes in Exanple
1 was the segnent of a circle 810 |ying between an angle 01 and an angle 02
as neasured froman axis 805 in the plane of the circle that passes through
t he cent drongauenile. depending onmptarigls seleqtion pndmeseayroadigensgthg fapeietl € mag1 was 50

degrees QH%p@%ﬁW%%magn&%gk@ﬁ@mﬂﬁh@s&ﬁﬂﬁﬁ@hﬂ%ﬁ&mﬁﬁ§wﬁh@m}BQtated about an
axis 815, the axis 815 Rg parallel to axis 805 but intersecting thc
h

endpoi nt of thee @Wﬁ%@n’s‘gé anoqideddayeplgetidithg dhear fayertld e refrapdllsur f ace

of revol WfiinrBRBissive to light IdHEth BEhGabred) 8lHQENBRER0 Bfoddrhde SmORE Gdhze in
extraction filmbonded onto the substrate side of an OLED was si nul ated and

the cél oronrfPRerFE §f thess layem arapribp sderahle ¥er dennbie in sapriiin Aplicypy The

30devi at i|@RdPreftisly Qal%nﬁtqyg@g-emMedey %e hélﬁ’ E&frce&rﬂﬁaqgw (dst §o Bhoardamd S
014-5/E: 2009). In terns hromatici ty coordi nates, the

col or devkHRdtigh ﬁlnélséft‘%ﬁé‘ﬁd usyhepltght/m%fdarze ﬁﬂct@nyéhg% {ipmyhegighbsourcgfist e (ut o,

viol are t&s& kBl ?IS&I'YEICG Adadlin ki€ the Ok trR i SEAIRT £ ARRpSAUE ERersuifitc Ui case
the axial | umnance of the OLED - to evaluate the angular color uniformty.

The i nt egPaFoRaRYe Ra¥stenyBip®ingieie d'hs safipefilml gryceurHe wel: FEY.icopdfmethe OLED

wi t h 1phe tﬁefwfagz&sg aiclhidihdMAMk 1R8), @L&&r%ﬁabgultangpbﬁnﬁ%%@mw%aﬁénhm The
par anet ers of OLED used in the sinmulation were based on experi ment al

nmeasur e et Blfm élzpqlﬁw pgonpicIraddact B ptalametass lever oIdRTPREN 98 Li ght i ng
U.S., Songpsghers Mddeof, Whe USEiE: fAXRBL daelﬁt%}?duwmn?@@ wireEn dEDrGhalcack emist i cs

in the nDdeI and 5optim zation. The OL st apertured down to
| ekl cm SOraREe lwéﬁ to givhlerpwncsoptical fungtions sish agpolirizetien adperFieneth si de wi t h

I ndex- matseRéte/cOhersidd. heeridr T 462 ATPLISS fultkion Agh barb@! 1dycl BPSoveiRSS
spherical surface was antireflection-coated. Because the refractlve i ndex

of tHE OLEPYrendhervest Bom reehing thedight penuce alisr broxtration fayis atfaghed to thy dight

reflecti QouedEdcabLACHIYArRL filnlan@itctiulIRS HilndtBadd Ubf aa/pR! By Wbk nat ed,
all ow ng accurate neasurenent of the OLED emi ssion into the substrate 10and

the OL ED depesttior of Bye iatrstediceqry BBty e iHbeP £ ALEIUASEELYET AP BPSS Fhe

angul ar - spes tfidble lswrﬁ@r@mte@mng ai,ér@sitlh &rﬁ(c ﬁﬁteﬁﬂ@n@eﬁgnm%@l&ﬂa&act eri zed
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25  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.

30 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

35  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;
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.

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
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
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
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
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

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
5  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
10 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
15 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
20  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
25 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
30  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

35 film and within the device, being safely protected from abrasion, dirt, dust, oils, and other
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detrimental agents by the flexible carrier layer 412. A flat output surface can thus be seen to be
beneficial in many applications, but in some cases it may be desirable to emboss or otherwise
pattern the output surface of the OLED/film combination (for example, surface 412b) to provide
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. Dimension 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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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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28.5 0.0089 0.0048
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These results are plotted in FIG. 9a, where curve 910 is the color deviation of the modeled
OLED/extraction film combination, and curve 912 is the color deviation of the OLED with no

extraction film.

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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maxi mum col or non-uni fornty was O. g and the | é grated gain was 1.34.
Al t hough the integrated g%ﬁ'n islo han that 0 anples 1 and 2, the
emtted |ight was substan 7l | y col Phated in th(?'%m%xarrpl e. TABLE 3

Aut v' Au' v'  Angl eOLED wi t ht¥] gi nal (%OggPees) Ext r atPdn Fi | mOLED 88.5 0. 008
0. 0242 85.5 0.0105 0. 02193 0.0058 0.0150

52.5 0.0048 0.0143
49.5 0.0065 0.0134
46.5 0.0058 0.0124
435 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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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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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 0.0088 34.5

0. 0085 WO 2012/054229 PCT/US2011/054704
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. 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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12¢) compared to a land thickness of 5 pm (FIG. 12b), but even with a land thickness of 5 pm, the
blurring of the pixel did not extend over the area of the adjacent pixel and would be acceptable for
most display applications. The amount of blurring in FIGS. 12b and 12¢ are both substantially
reduced compared to the blurring seed in FIG. 12a.

5 The perceived pixel lateral extent “L” in any dimension can be considered to be the extent
over which 90% of the optical energy is confined. This lateral extent is typically larger than the
physical pixel extent “D”. The pixel blur “B” can then be defined as the percentage difference
between these two values, that is, [(L-D)/D]%. The perceived pixel lateral extent “L” in any
dimension should be less than 2P, 1.5P, 1.0P, where “P” is the pixel pitch in that dimension.

10 Because the pixel blur is defined as a function of the perceived pixel lateral extent “L”, the
acceptable pixel blur can be expressed as: B<(2P-D)/D, or B<(1.5P-D)/D, or B<(1P-D)/D. The
point spread function is another measure of pixel blur. A broader point spread function is typically

associated with more significant pixel blur.

15 Example 7: Low haze ULI, Soken PSA backfill
Light extraction films 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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results are plotted in FTG 9c, where curve 930 is the col or deviation of
t he nodelw0 202EBsA2Rt racti on fil mconbi nati on, and curveP@3ASe@l10beyo€0l or
deviation of the CLED with no extraction film 5 Exanple 6: Pixel Blur
Anal ysis for Enbedded Light Extraction Film The pixel blurring
effect of the enbedded |ight extraction filmwas nodeled using the
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that in Exanple 1, but with t he Flovvrn 10di mensi ons: theé%utch size of
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extraction texture (structured surface) to the top of the OLED emtter) was

set to eiStH@e The¢lpnggicd payticleghpd afiipancts i a pgedirn ?’P@P‘Lﬁj@ﬂt%‘b%ﬁltéé’&’ea“dét ect or

whi ch Wasehinig @ dadgdUBsHoat @l @QQMRI@(hﬁn emteeptﬁ%s%taca@%rsmnsusfzm (bel ow
the extraction substrate to ana]gyze the |ateral |ight spreadin

15conpar att’r*véteétﬂ%?o%grﬁ@ﬁf) Sikggesh A5ty silang (ypiable Tin OF Atvinced Mategals X t“@Pﬂl or or

exposed stT)uak WiRM oS ﬁ@ﬁetﬁéﬁwrt@m&mms@mtmr sxhmaetion film
orientation of FIG 7a) ane bul |l et-shaped extraction features

but facing theThaﬁ%tgretV@S&rméfc%lr%Fprléherﬂf et ghrgrotunipe Ravd owad torgqpldown

embodipment rdobl@meérstiRN 6 xH/NeB gtatft@ P etsO R in ﬂa@&)r&toh%te%ﬁevesutmg@e to
the top of the CLED emtter% was set to 50 m crons. 20The $0| nt spread

functi on, ORI YRPOFRYrEeE A ¢ mater-brthregultiog inadh hyts A - HA-medticdicfomesfeds |

poi nt soqufégcgﬁrt(ﬁgbe@@ﬁsﬂ ngleﬂlbf}ogtgfa,p@moptl cal system was cal cul ated for
all three enbodi nents. The point spread function for the 50 mcron | and

conpar afi ve enbodi ment i s <oMp7e; P vEIndsx HorgulatigpUbdrsstn) spr ead function for

the 5 mcron Ing a@ehasid pdwad ddded Waedy &lhréfl%@t%%mﬁﬁhémtlﬂﬁea&kl@%al n FIG
and t he p}%:snt s read finction for the I mcron a#%gerrbedded

I
lstruééuréan%eu é%§ SHUBdiImEMICy-¢PLmatal Thithejasveqalzoa Lkt by which

the appeag.ange S¥ 44mn@UEDg of Sartomer CN 9893 (both available from Sartomer Company,

Exton, PA) as a 40% solution in ethyl acetate, 1.458 g of Irgacure 184, 0.48 g of Irgacure 819
(both available from Ciba Specialty Chemicals Company, High Point, NC), and 1.5 g of TEGO®
Rad 2250 (available from Evonik Tego Chemie GmbH, Essen, Germany). The contents of the

20  formulation were mixed thoroughly, giving a UV curable ULI resin with 50.5% solids by weight.

Ultra Low Index (ULI) structures
The bullet film from the above-mentioned continuous cast and cure process was taken and

treated for release. The release treatment consisted of first an oxygen plasma treatment of the film
500ccm O, at 200W for 20 seconds followed by a tetramethylsilane (TMS) plasma treatment,

25  200ccm TMS at 150W for 90 seconds. This film was then used as the replication master for a
continuous cast and cure process to micro-replicate ultra low index (ULI) structures. The ULI
resin was 50.5% solids by weight and was replicated on 3 mil thick primed PET film. The resin
was cured using an LED curing system running at 35.3V and 5.85 amps. The microreplicated ULI
films were postcured using a Fusion Lamp (H-Bulb). The refractive index of the microreplicated

30  ULI layer was measured using a Metricon Model 2010 Prism Coupler (available from Metricon
Corporation, Pennington, NJ) and was found to be about 1.25. FIG. 8c shows an optical
micrograph of the structured surface 830 of the ULI replica that was made, where individual

bullet-shaped extraction elements 832 are clearly visible.
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herein are incorporated by reference, to the extent they do not contradict the foregoing disclosure.
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extraction.filmwas eval uated by bonding the backfilled adhesive

| ayer of PHEBFFaction filmto the substrate side of a Philips

Lum bl ade OLED 10test vehicle (available fromPhilips Lighting U S.,
Sonmerset, NJ). The integral gain was neasured as the integrated power
rati o of $#héheleRDagtionhiilithel eleim d¢ twhereirf iHentemch dorttios @k BEDhiskhdse ks e 10
extraction.film The maxi num angul ar col or non-uniformty with the
enbedded FEPEEEon il m showed an i nprovenent relative to the OLED
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-38 -



15 Unl ess otherw se indicated, all nunbers expressing
guantities, neasurenent of properties, and so forth used in the
specification and clains are to be understood as being nodified by
the term"about". Accordingly, unless indicated to the contrary, the
nunerical paraneters set forth in the specification and clains are
approxi mations that can vary depending on the desired properties
20sought to I e
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| i ght of the nunber of reported significant digits and by applying
ordinary 4 ouRdiRQcAGCMM SUSim NS fRd gﬁﬂmﬁahﬁhﬂﬂ%ﬁth@ﬂ RS dafrfk: film.
ranges and parameters setting forth the broad scope of the invention
arc approxi mations, 25 to the extent any numerical values are set

forth in pee ific ex described herei t.hey e reparted as

br ect sel yFabhs eI St & ey Br G et R Ges 6s Bag >
wel |l contain errors associated with testing or neasurenent
limtations. . Various nodifications and alterations of this

i nvent i on9-wilhe epsacsiopdlene! dlam hoskereikithe estond, layaehasra refilactisuindex greater
departing}éﬁgqlthe spirit and scope of this invention, and it should
be unders 30that this invention is not limted to the
illustrarive enbodi nents set forth herein. For exanple, the reader
shoul d assune that features of one disclosed enbodi nent can al so be

appl i ed t -ailhe sttkstoy filip|od stedm dniydgraie areirasiy e flep diErgics between the first

i ndi cat ed,,, '&m%¥9%kﬂu§5§QmQ@ understood that all1J.S. patents, patent
appllcatlon publi cations 3 ot her patent and non-patent docunents

referred to herein are |ncorporated by reference, to the extent they
do not coptradict the foregoin cl os AIMS 1. An qptica

ext ract i ohi-f 1 IHFFBEIGHHEhEr ﬂ@m? ﬂgw el@%ttﬁf’a%ﬁw%cﬁwrmnédafhgﬁw@gwwe
pi xel at edpdji,gt source that has an outer surface, the extraction film
havi ng a nmaj or coupling surface adapted to attach to the outer
surface of the Ilght source t he extractlon filmconprising: a

flexible r a econd Ia er .carried

car 1 or o6 el e el h PhGeR G B PR G TP sk b s ve
enbedded {igdRIE@CRateR@dt forns a structured surface of |ight

extraction el enents; wherein the first layer is nanovoi ded and
conprises a polyner bi nder, the first layer al so being disposed

bet ween t h er el n t he con d
| ayer hashﬁ ?g rac f%gﬁﬁﬁ QEMEPga?@%“1ﬁomp?iég QgFﬁhﬂ §FQP§§€PVQ
and the fghesiajdrayeplingasriace efractl ve index less than 1.35. 2. The
extraction filmof claiml, wherein the mgjor coupling surface is a
surface of the second | ayer opposite the structured surface, and
wherein t C e

byt he oy o aan s o Do cen PSSR R SHAAS 180 2B FlPke
pl ane t hathan $ njaoal |l el to the coupling surface and that intersects
the structured surface at point(s) of the structured surface cl osest
to the major coupling surface. 3. The extraction filmof claim2,
wherein the hﬁ@@xﬂdﬁlbhqnmh@ﬁc@m{ hi 6 kREBMaliBR Svilthae séf% emlgsw@&&%d light
4. The extraction filmof claim3, wherein the |and portion 'has a

t hi cknes ssouessswhérain tﬂfshght @mampa fiém cogplesTth éhesel fraissivrpikélated Gghicbaicerto
4, wherein thel%ﬁpdtf Eas a thickness |l ess than 10 m croneters.
6. The extPAEER$% ﬁ?%? PR 2, wherein the Iand portion has a

t hi ckness in a range fron10.1 to 25 mcrometers. 7. The extraction
filmof claim2, wherein the |and portion is thinner than the carrier
film
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8. The extraction filmof claim1l, wherein the first |ayer has a
refractive index less than 1.3. 9. The extraction filmof claim]1,
wherein the second | ayer has a refractive index greater than 1.4.

10. The extraction filmof claim1l, wherein a refractive index

di fference between the first and second layers is at least 0.3. 11.
The extraction filmof claim1, wherein the second |ayer conprises a

I ght tr aﬁéni‘ &o\ﬁ?oh@a?ilo}{ WP Llaim %—% Jepeﬁn ﬂi&te&ﬂﬁ&loﬂ'}nﬁf Jﬁgél%fs toc{hglo ei]'gurface of
wherein the pol ymer conprises a‘7|g t transm ssive viscoelastic

mat er i al . thelight sbheeenithrractit gup thérkbatwéencl ai m 1, further conprising a
rel ease liner or premask_covering the major coupljing surface, 14.
The ext rabti i SOPHEGION Of SRR 15> WHErB LA #W@fur'ng%ff!a%(lﬁ Pereralshiren direnper
have a pi tahigf SaERE ByDATand THrESPRavingl 2 thil s €8 ﬁfd}l'ﬁnmﬁdr&ﬁét%fs, fHeakiR
1 in conbination with'the self-em ssive pixelated ['I ght source,

wher ei n t pertibi dieingelaunded ioororki ide by upt esajorocupding ehffacmiuss bvwended on an
pi xel ated |ight source to enhance |.ight extraction therefrom. 16.
The- cob: FRRPREH oBF 1ol &imtinecmaen e o BescbRslioe; Sators it A deasect ghe
the out ergifilkfr@C@rRte tHRirdtdsPOH the SHIcERedbdrRicOBofst toIRPmhRRLAREhYEE e,
17. The conbination of claim15, wherein the structured surface is
separated fromthe major coupling surface by a | and portion having a
t hi ckness,{ e t : i Gr ters, the.land portion being bound o,
one st de. by e SEPiAlelE RIS 3F Snetel e R W AT Gpdd i e

si de by ampréneetshat is parallel to the coupling surface and that
intersects the structured surface at point(s) of the structured
surface closest to the najor coupling surface. 18. The conbi nation

of claim iy, [ : rij . [ |.e:

i crometery, THgoRpRabaf of S 1A WHBRER fnd BOEERTES ' (RENGINGs Hn 10
portion hagramtthisckness | ess than 10 mcroneters. 20. The

conbi nati on of claim 15, wherein the self-em ssive pixelated |ight
source includes an optical coupling |ayer that planarizes the

pi xel at edd.i ghd cEAYhARN AMLINNG] YnBrehil e QMEEhiNE pRGE&S 1 SobrbOHetudes
source is an outer surface of the optical coupling layer.- 21. The
conbi nat i anogticat baiphn@ Gayenttert glanatites tbhppixchikedclaghplsbwmge,| anlewhdneis the outer
refractiveé}ndgi o? @; | east 1.4. %2. ;QE con?ina ion of claim15,
wher ei n t 15157 SePa gl sPrghts B LSSt S Q0 SRfRINE AV have at

| east one transverse dinension of less than 25 mcrons. 23. The

conmbi nation of claim15, wherein the |ight extraction el enents have a
pi t ch gredkefhe prmbinatigncaf@inim 204 whereirethh otitiedl cevilimgdiveg hasherdfiagiive index
out put oﬁﬁﬁFﬁsgffgnissive pi xel ated |ight source w thout

substantially ﬁurfing pi xel s of the light source, conprising:

provi ding a sel f-eni ssive pixelated |ight source having an outer
surface; roviding an optical extraction filmhaving a mgjor

coupl i ng %i)r the eompipgionafrcaim b vheren thearizelatad light sopegicomerisesmifedy that
film an £ : i .the carrier film the
first an E@%é%%%&Pg€gﬁgvggfgﬁﬁﬁéegﬁg$g e%%ggﬁgﬁﬁ&énbedded interface
that forns a structured surface of light extraction elenents; wherein

the first er i§.nanovaqi ded and, conprises a pol yner binder, the
first |lay a'ﬁh%%?ﬂﬁawwa o] claigp 13 c¥hefein the skt egudetioh slements ey pitehgreater
t han thatgef 1S osecond | ayer; and attaching the major coupling
surface of the extraction filmto the outer surface of the

sel f-em ssive pixelated |ight source.

24. A method of enhancing the light output of a self-emissive pixelated light source without
substantially blurring pixels of the light source, comprising:

providing a self-emissive pixelated light source having an outer surface;
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25. The nethod of claim 24, wherein the self-em ssive pixelated |ight
source includes an optical coupling |ayer that planarizes the

pi xel ated |ight source, and wherein the outer surface of the |ight
source is an outer surface of the optical coupling layer. 26. The
nmet hod of claim 24, wherein the attaching is carried out such that a
| and portion is defined between the structured surface of the optical

extraction fil %ng{ri}gngt dghg Hﬂfégieéxtﬁyﬁ aﬁl?n ﬁgvx{igg Iﬁdj%tlﬁﬁ’x%&?fac% he. Lap, gtmn

portion being one side b J or “coup surface an
bounded on an oppdsiitdudingle by a plane that is parallel to the
coupling surface and thﬁ; I nte secti the structured surface at
poi nt (s) of the st rafii?eqa st igEand| osest to the major coupling

surface. 27. The metiRoghdOf sebifd me%@mae@syﬁierbaﬁt&@ﬁlmﬁe BA% sﬁcp&cma&m
t hi ckness | ess than 50 m crons. . The met hod claim?2 wher ein

the |l and portion has deﬁmngkh@ds:tﬂ/@gsan hmbEQCEdmnmrﬁn@ thatz@:.ms'l' hestructured
met hod of claim 26, wherein h@g | an go tion has a thickness |ess
than 10 microns. 30. Theorgf Heh egyacap e(‘?\mf%,s’mherein the | and portion

i's thinner than theywkaEinites fiki lf@r is Azhovoided and comprises a polymer binder, the first
layer also having a refractive index less than 1.35 and less 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 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 light source, the land portion being bounded on one side by the major coupling surface
and bounded on an opposite side by a plane that is parallel to the coupling surface and that
intersects the structured surface at point(s) of the structured surface closest to the major

coupling surface.

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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