WD 2012/ 054165PCT/ US2011/ 052453 LI GHT EXTRACTI ON FI LM5 FOR ORGANI C LI GHT
EM TTI NG DEVI CES (OLEDs) 5FI ELD OF THE | NVENTI ON This invention

rel at es gwoenwmldsyiéso optical filnms having structured suPCaasg0tAsI4es ed to
couple light out of solid state self-em ssive lighting devices to increase
the brightness thereof, with particular application to self-em ssive

| i ghti ng devices known as organic light emtting devices (OLEDs) (sonetines
also referred to as organic light emtting diodes). The invention also
pertains 10to related articlesy  §¥St&Rcr ﬁx{jg; pREhods. BACKGROUND A wide
variety of OLEDs are known. Sorre OLEDs, Cre erIred to as "bottomemtting"
OLEDS, emt |ight thrOEQR(EQAN%EWT&MIEMW!@@(%E\Mﬁi\ch the OLED is
fabricated. Others, 15referred to as "top emtting" OLEDs, emt light in

t he opposite dlrectlon that is, y fromthe substrate on which the OLED
is fabricated. Some OLEDs ar eFEeItH @Fﬂ"eféEilﬁVEHﬂﬁ)Hn array of individually
addressabl e OgR gl Seh R S odeiRall ARAL My SHdRrhofurBPsupfodR kafiohd it t UT €

el ements) or su pllﬁxef‘s' oheg%g]% sgve?pté ar?;[?gl\r% %I ng uer?hé%tgrs of egltf ferent
col ors t lravplatight gnafipdul statrgetitvarissivs lightjpis devicds it ingrease thedbrightdesaHiegeof, with

addr essah]. &) Reakbxelafred 3 ) [ gy l.ar 20f or
use in dllﬂaﬁtcg ls‘g)? Gl %cfgv?cggvgggﬁl %ge‘?&g i ?als‘gﬂ%fl] gst%an né;?elr%‘lkleir end
uses. In (@éﬁDs)a(sqmettmlepﬂlx@te&trredltoca.emnw(hgw@rmt@&mgdﬁ} elhdawicgtiradisopetteanse onl y
one @i ttpg, les MU GRS NBRY gmal | and narrow or large and extended
depengI ngt ont?{{cg&l er?:f,\ééjsﬁeél’ app {l%gatl on. One issue of concern to sone
OLED nenuf acturers and designers is the |ess-than-ideal efficiencies

exhi bited by OLEDs due to peculiagdd@er8iynNgrei r design. The external
efficiency of an 250LED, or of any otlﬁér sé\{f em ssive |ight source, can be
cal cul ated as 4 Walepaugy oRPLEDY argravealSoma PLEDs opfered totag thoyymichndttiogvi ce

di vi ded by grhe fQtigh L 5@l AOWBLir GORSHIB DY LEDSs £5iak8: offlED exter nal
ef ficiency E|§s a s g tt?njoc‘é(}llnt aglgﬂsafgn patfaamater for manyS ‘g&?{faerent OLED

appl iléat irefesed panomemitione” k&R anif lighmnghoapetite dir@itieDghay seevayrfrom the

hi gh-r es%hﬁ&ﬂa@%n%hﬁmltﬁt‘y@Lﬁ@ls'*%hcgﬂea(eé(ﬁﬁe%%% ?Hl%l%gd {orblltﬁzglgnlapgf syst ens,
si nce the external ficiency affects such eV|ce characteristics as 30
power corsdivigedllyaddrpssehln@hield emgiees, refarest tanadividua Ly eml@{m@}m@ @bglehté)\ﬁé

denmonst r af, ey ke ??sﬁfera%&glmaahg EhikibS! 'o?mﬁxreh&oﬁ)&sqﬂat af a/togétﬂarta

optical losses wt ctive emtting yers of the Dstac |tself
(due to vixetbuiah ingvidedeadiissaila ﬁu@mlxe@ﬁqde(&ﬁﬂﬁ@rﬁ b?@@nménrgtsmmgly Byt and

i ndi wg g QXA WY &Vic%s%m%%ﬁmre?img Eﬁd/s%nfld?g{%?us%y bR b AESe  and

finally due to exciton ‘quenc at hode (‘ano netal's surface

pl asmon  ptcitidQASs, ptherdH-HDSRD deigheio hivgtonyBeg hmbﬁlltg@fqah@hlﬁhmﬂhh?ﬁWSQ bl e
I nternal gof Béri:dwﬁ&qé{r § iRk tchGod d‘]:]g)eq%)nlg Bh ﬁ{erﬁﬁéndgﬁ Qﬂp‘ﬁbaﬁﬂaﬁy) about 75- WO
2012/ 054165PCT/ USZO 1/ 052453 80% enerated optical radiation is

di ssi pat ed i ntQuerish¢ 9f cdoger to sem@OhEBV@n sivicoriad d¢seangie gs, the lesthar-Hepli n a
corr esDO’%@ﬁd’&cie?%%ﬂe&’B‘y bﬂE%Ehf‘er tH BlcubirticS| bﬁﬁ&b’des ih. @H’edéxﬁén%ﬁ‘@#ﬁcfé{?éy' o‘%@a'l
conponents such as col or I'ters or circular go arizers are included as

el engat s QFEDR, t@éota_nEDﬂ@wifce@lsssmé@ht@@lmn@rheya vlate poiieipevea dbilt pvipdl  opt i cal
| osses angdyguaRuiRusy t}?e%%ﬂcﬁ%d@& l?;ﬂ tﬁi%ﬁ& LiE&rica? pAVE cOREMERLy dhi hiTR.chave

al ready been proposed to enhance t extraction fr om OLED devi ces.

Ref er enc QLD eti¢ral cliginnel is g sigpidieant desun$aramat6éfw mapy(liffergnt @FEIPaplicatiand, ons  US
2009/ 001 S

2010/ 0110647 Ponameft Rkt O FEA RERARh Syl phu bR ped o
new f am |<9/L%?s wit lunélahtlrfgu siyiems, biage thagktdieal aisgngyrpiicetprivich deviearhoiaetbrisGLEDs  and
ot herypsel joug ﬁ&in&b%oh'l&&ha&@%&ﬁ%ﬁh@ ?Mufn@&lof fogpsthafvé 961?1 F&J@eﬂﬁé{'di%ﬁ) SO as
to increase the emtted reduce | osses. di scl osed opti cal

ext ract i owtefial ghfcigncy lqo%gmfﬁ@uﬂbalnmhyedé)tvfoemai lpescs witkin mlm e CONttng takiery e thous

types of (ﬂ%acé@é‘f?(dﬂg totvt)ﬁ/egh(ﬁﬁé Bﬁ&g Wﬁtﬁhlrlﬁ‘@*}ﬂeﬁ)&tlt/é nt& (ﬁ'éa‘:ﬁlcqgfe'r%gd

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

35  exhibits the maximum possible internal efficiency (that is, 100% internal efficiency), about 75-



15t o0 enhance |ight extraction by reducing the amount of light lost to
wavegui di ng nodes. Sone of the extraction filns are designed to enhance

| i ght extwacbizos4tsy reduci ng the anmount of |ight that i ®cratsadiipsissternally
reflected at an outernost surface or boundary of the OLED. Sone of the
extraction filnms are designed to enhance |ight extraction by reducing both
of these t ypes of 1 oss nechani sns. 20The discl osed optical filns are useful

for enhan®yarf the ggnerated entigakirpdipfion ighissguier inssrnallyidyeto thephovesmgntiosed ltheh as

bot t om entdultind%n HEorfe@Rn&lE tdihd¥n SA-&ERSnal IiGicRNt rna&itnu@ﬁlal Bbttcrapcow)@h&@sl l'y
include a flexible carrier film and a first and second ﬁer carried by

t he car rise¢h wicplet filfggorGiipwpr nolarigat yg dncludydds epmpniy ol te § i58-dadh

mor phol O%m?astnﬁ%yn %r@@dcb' iR VOB Tos QL BElESven ARG BBYnALBRIAANE a r ef ractive
index less than 1 or 1.3. An enbedded structured surface of g
The

extraction 25ejoBwentic! filgnsthgysaligadydicqrapespbiofenhagee laataee@eeﬂtcfr%%

l'i ght extdea@ésl @@feeén@aant@regan 1mad@rtttmpttym§kp Jaaat de‘ﬁczﬁioﬁﬁ@@t s adapted to
be dlsposed an evanescent zone y be primarily

refracti &0 %/P%‘r%‘h?t @O“WPUhUﬁﬁW%@lé?SgﬁB%t@&t %Jt)t%lidélié QtOtlt%/Ob]\Péﬁe@é’é‘ﬁltS kygne. The
extractigmfilmmy also include a third layer, and a second enbedded
structured surface nmay be forned between the third | ayer and the first

| ayer. 30The present application also discloses, inter alia, optical
extragtion filns that includes apgRigkRivpmary er film and a first and

second |l ayer carried by the carrier film_The first and second | ayers
defi ne t her ebeVeb®n davetaped ¢ nevadiyedontistldtna that caplp Bred irpgambdingtien wih

structur Qi@gratlagaepsfaffehﬁsﬁtve hibigRburX k& aatattqahmamah QevickB€o 4sith fkrch@yer has
a nanovoi ded nor phol ogy an rises a pol %ner bi nder, the first |ayer

al so pr eft®y amiftgd ey prigodios l@ﬁ%g‘) e\ﬂéSCIOﬁtfe%ﬂF g¥ractoIiims ass parfigglabeefspve

35l ayer Nhagombihdibh 36th v¥ifoul RPEX0 DTSR ohbBthe Mol clthetidnl 1SS ak AYEEned VO
2012/ 054165PCT/ US2011/ 0524 In some cases, the first |ayer may have a

ref r det i vie ciiasligheadagtion fy 1edacing the agpgt e%lyé%losttt% waegrigivg nodsersomsyt have a
refracti uge xnd@ion Fil:8o4E lestdhddobnancd Mok SMRCEALS TeduBink atera%tm\behgm dfXis
difference between the first and second layers is at |east O. or at | east
0.4, or detaibeitmally sflegted of gpauterposisurfageer peyndary phiie PLERY Spwe gf f%lﬁos ed

bet ween tRBa&igh findfard ddsi¥hand eﬁﬂﬁc&%@%a&tﬁﬁ%& redlEnS QIR o CASE Bypeottible first

|l ight extraction elenents are small enough, and the second layer is thin
enough, dBeCh#HEIMSa substantial portion of the extraction el enents are

di spgged W t hiThe ARBYANEEGERmsZENR AT fol Aa®ld 1iBNx38é08 flohaRir cHRYREE When
the extraction filmis conbined with the self-en ssive I%qht source. In
sone case¥h PHECTIIFRES BofigfRreméieg efden-oniBedtdiitss Thageeirsrse vaicriy act i ve

el ement s.indlfc2ARibLASER: fill)8nd 4 fiSt anllls@i3hd BY¥drlc@dGicd BYthe LANEBTIS. fmé/ﬁﬂ%te a
pitch of less than 1 microneter. In some cases, the 10 first Ii

ext ract i oRCBf MYEiTRYY hesge Pageridedanqrpliolosy apd way ePlu@%aathtn%b&tdaw@tdé?ay 4R sone

cases, th@ydd feshetive gtatx RsithaCtisan 18] mmb%ddtaxmmmguﬁf@cer&tl RGkiratBon
elenents In sone enbodi nents, the first h&ht extraction elenents may have

assocat etemenisiipre bytyesm the sy and sseond yarsmale Hight extection (lqprasanaype| ess t han

S0 m cr ongimakily cﬁf?ﬁ@tn@%&ﬁﬁtnts Taéﬂa%te'd%"ﬁ% dilfosdinads MY aReoch€Rfe sMRNORBD GrCTr ONS.
In other cases, the first ght extraction el ements may have no land. In

some casdbey pHdePERH fFféﬁ?EYe Feyentsowbigh pry ke %tSHOF@WSt%l?W%qGWOHG

Vi scoel asteGxhRtis filgd ma;J A0S RNRIGARRSlay drhd hisd dohd@b it shBEtured GlrAEEmaYy

rel ease |iner coverlng maj or surface of the second |ayer opposite the
first strigdetmedietygsythedird layer and fhe fugfycases, the extraction filmmay be

adaptzed for apﬂkbﬁﬁ&h@ﬁﬂ&ﬁu&ﬁ@oaﬁ&5m§ﬂh§&HMeqﬁkﬂQku§ﬁyﬁﬁ@mW@hﬁBmﬁ&a
fabricated separatel fromthe extraction film In sonme cases,

extracti difxplp P%ﬁ”l?refs}mbed&cfaﬁtae%isea%nddass%b%’tltdalt‘/éh%%% filpy, Theclrgtand Seéﬁtdssu ve

i ght sousk® dae th@feﬁe@nbéeh%@ﬁﬁGmbéd’clecﬁiﬂfé?fac?eo@ﬁﬁﬁ$orm§ harsearciuld shidcamay have
physical characteristics mak |n%,|t suitable as a free- st andi ng, support film
I T

in rol | - tigstdight exppctien slemprys- The e fayerchs a ganongifledraerrhqiegyrand ¢mITiseed  nor t he
second | %%@Eneﬁﬁﬁﬂdé?atﬂ@ﬁﬁm%r QR p&mwaeanatréf%mréakdeageSt tha$ Ui} abheBc@md
free-standin ort filminroll-to-ro processing. In sone cases, the
extraetid ]%}S ﬁ"gﬁftltﬂpti%&reaf%&aﬁﬁ’ét%fﬂt%ii‘lrﬁtdaﬁeayer carried by the carrier
25fi 1 m the first and third | ayers defining therebetween a second enbedded
interface, and the second enbedded interface may forma second structured
surface of second light extraction elegents. In sone cases, the first |ight
extraction el ements nmay have a pitch [&ss than 1 micron, and the second

| ight extraction elenents nay have a pitch greater than 1 micron. In sone
cases, a substantial portion of the first |light extraction elenents may be
adapted to be dlsposed mnthln an evanescent 30 zone of the sel f - en155|ve
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and the first and second | ayers nmay be di sposed between the flexible
carrier filmand the self-em ssive |ight source. We al so discl ose
devi ces tweatoiznshiwde an OLED and an optical extraction PCrmsaimiasiiesl to the
OLED. The optical extraction filmmay include a flexible carrier filmand a
first and second 5l ayer carried by the carrier film the first and second

| ayers deflnlng t herebetween a first enbedded interface that forns a first
structured surlf&aBe @post hp §ist faygmay drtareliacaic Bileneyitin IPhdn popessdher may
have a nagQve ﬂa@%am{apb'@}e%&w@ et %@Béﬂ théh 124, PRkYBEasfi NGhetivBRicBY al so
have a refractive index_|ess than 35. The second | ayer nmy al so have a
ref r act i vBIfGrege Retypaithelist and secopdiley @ isphlsast P-Pser at lg3pe -4, ddtletrh-ShE WiM§posed
bet ween thgsfthd Skt hRY gy 88 8isfob& ki tHeRaBiRfBinCAd %se@na%emn §fdacti ve
index region is associated with the OLED, the high refractive index region
i ncl udi nghalirst lightextiaction legantp areispghh enayeh apd the ﬁ‘&"?"eﬁ?@* isthig cagushesdhat dne
transpar %ﬁssta%hﬁ%ftféﬁ%flh@}éﬁfacu&m'en@enﬁs%besdlﬁia&dda,%thlﬁparntelv%s&flt Zoli€offthe &tr- | 1 ght
extraction el enents may be di sposed within an evanescent zone of the high
refract i V&ISHE élﬁhtﬁ@w%whenl the soReion 5%% copfipedyith thaselt-gmissivs Aphs pparenin

el ect r odgoha¥Rks, MYird GgRkfrac@bn {1B8er®hiyC@impei¥d difffat iR 1dlchi) 1d Ams @ARs, cases,
the first |ight extracfion 15el enents nay include refractive el enents and
have a pittelSuishhpaastion clemans mappeeamich f les than d auesmerhdn Fompeases; Gat

extr agt i afstGieRMRAAGioNB¥mBRY Ba PRS0 6 AL tARE 8 | hidoh@fd In gt g hand may
have a thijckness of |ess than 50 mcrons. In some cases, the |and may have
a t hi cknedty light qxisaciop plgmessmay eqniise refatixe elaments- Hedeme ekadingts, WadTSart i cl es
are al so 1ghs&UsGRE cleARINBEE hARAsOL e (RRRAE h $an@fantl AR 1811686 HavAPBRIck &AL | ON
will be ap?arent fromthe detail ed description below, In no event, however,
shoul d t Hé leabBeSGuitrar i Bsone cseh thedipddhigessimayibadespihan Shmicks ¢ nthesd

subj ect mald aho firdhlighexed@o8 Clem@BE bRy hing nd@fnlnafkofRle@&leY, tRYsedIAg 18kt ed
clainms, as may be anended during prosecution. 25BRI EF DESCRI PTI ON

DRAWIRIGS COMDRHeG HiEh T missesrBHRE e STodfeabrln agrissses abe fiBHapY GFibgyiguds a

gener al i z@dasED chi Bl a R GRFacEdiGhe Redrd 18/cSGIPBIR LS sBOH @B Qfrfadd)
illustrative process of formng a backfilled nanovoided m crostructured
article; FIG 3s¢eegpsesche R s b b gt ion 2PUHcalip P (o spiéemissiye Bght g
nanovoi dedyiot hies fsthtehtb @ pRBleBYRIM the extractidil fiin. 3@sdnf @sc§GheO@hétlon film
cross-sectional view of a portion of an interface between a first

nanovoi deBy Myt aaubbs%% H%IWP]ﬁ]E/%he selfiermistie bt savereican ke igluirated aliseme of t he
second | ayes, tMé dakidr men foay SdvelpBYstal characteristics makifid PSuitaBid wd & fréd Rardigigenat i ¢
side or cross-sectional views of optical extraction filnms that can 35be
used wi t FUPRoH-fEm i follfg redl prpgessingadn mezvaeﬂgmee%@éwfw@émw%wg@nd layer ) g
S5a is a skEIRS piysied] dRarVierRHQS Sk R G duRIHA as\al IR WRAIEHsPPOVBInDRAMbIRRY0Rf t hree
different optical extraction filns can be applied to a top-enmtting OLED,
FIG 5b iB°§8®hematic side or cross-sectional view which shows how a

particul ar opti Q&he &¥ds! @€ bAtRBdn AL e TulRr ARRbE £ohirdi q)ayar dafted 8y kHetchitigr OLED;
5FIG_5c is a schematic side or cross-sectional view of an optical device

i n whirch M Gpfistidthirhigy ey gehnngdhomdety cebntseondemirddid igkre @%1115?606% cal

extracti Qbbddedlinterface may fofda s&InO GrRfudSGARIBE {0l 138t Kira@loASRMSASt Inonal
views optical extraction filns that can be used with bottomemtting OLEDs;

FIG 7a i%m§c¥ehdivdryt dsicygeacyen elppays machavepaitchisss hapd imisrog gadihe ﬁw%ny of

three di flfgﬁf&ﬁacum@@ﬁlleﬁtglnaﬁnwe%hupg}eaftérltm 1craqemhemmfé c@®s, auhstanaties on
which a bottomemtting OLED can be forne 7b is a schematic

side or dHYEo5EfirshHgh ewaéwbﬁfleraﬁﬁmdmy b@élrianﬂf‘&vp é%dlﬁn?smwéﬂn g cvanescent

bot t gt endohd éﬂlﬁk QERiRAS hglﬁ@&lr&eoxleﬁﬁdhe%itr@ctiﬁﬁﬁlﬂl GUbAbInEPHItE Bk s@KEhRGId on

film FIG 8 is a schematic top view of a representative pixel ated OLED

devi ce: light source. In some cases, the second light extraction elements may have associated therewith a
land, and the land may have a thickness of less than 50 microns. In some cases, the land thickness
may be less than 25 microns. In some cases, the the self-emissive light source may comprise an

OLED. In some cases, the extraction film may be combined with the self-emissive light source,



15FIG 9a is a schematic side or cross-sectional view of a device that
results froman ordinary optical extraction film being applied to a

pi xel at edwoapr2ansitesi ng OLED; FIG 9b is a schenatiPCT4iSd@® 1062453
cross-sectional view of a device that results froman optical extraction
filmas disclosed herein being applied to the pixelated top-emtting OLED.
FIG 10a is an illustration that shows how an arc of circle can be defined,
and FI G ard@eifisst pedsseond lgstsmanyibsisperad bEmesmehhidiyitiherric &t artthardt- can be
used to dgfilshe lighdsbieg- di nensi onal bullet-1ike shape useable as an
extraction elenment, and FIG 10c is a mcrograph show ng a top view of a

fabricated nmat'%f plag diseere dgyices g1t ielpds IR ?%@ca@ opBirbeefting fm aa?qhafywof such

extracti afe 6LENEMhSsptical extracFJ)ﬁahﬂ &y hSlude DA dafad AR IRAT @5 dhltSecsd ual
measured col or variation of a particular top-emtting OLED with the

cal cuPat d#yeEeardgd Byhg ey ﬁl%ftheaﬁrﬁ‘t?&éF%W%W%@fmwgv%‘?f@ﬁt“&fﬁn 8pfst cal

25ext r actdnRddel irtase ARPLINRG A& strh@bred MR e ARt light extrackibfemdntd. bri@mgst 11 ¢
are graphs simlar to that of FIG |la but for nobdel ed devices in which
di f f er ent!XpERE e @peraeipoRoPhelngy B €OBpF P ealy g tRkrepgmay also haveg g 12

i s an SEN:pRatOaianis HaW3Bg TR RESRINGCE in%(yealyd 18V Rfcfidetle el Bleger M hace cut
into a copper_substrate; 30FIG 13a is a h that conpares the total gain

ap
of an OLEDIEUs & ehvarbmy berlispased Setvean th%f@tsrf lé%ftr@%thf? PLEPadn inscRssed her ei n

Wi t h 1phathi0f ref ¥y OIS re SbER afl8 Vi & Hith HRDLED, HleGighkdBactiSe RIQ8Rby t hat
conpares the on-axis gain of that OLED devi ce made with the opti cal

ext ract i diclpdingrt feasteng eugeieichh gnerating u apy @ leagtpne fippsparel glecigdeddysr. t wo

ot her OLER) deWsaesal }i(l)rﬂoﬂ b@nd il GUIBSextabtloR elcBlRE %agr%e Eﬁg@é@dvﬁhnd%l gnate like
el enents. 35 WO 2012/ 054165PCT/US2011/ 052453 DETAI LED DESCRI PTI ON OF

| LLUSTRATIVYESENMBORT NEtherideirettactive dpy teaion; i sqpe 6306t demplepst Petrieiemht i ¢

f ashi on aeld@%del 18R Rby %ﬁ%rﬁﬂ‘ﬂ@d)‘pﬁ&méxtﬁf:tuﬁmhg— BER ok RQaseI e @a&@hﬂ&@wml ch may

be elther a bottomenitting or a top-emtti OLED, i ncludes a thi
eni t ti°ng ql%‘@iﬁ“@rﬁ‘”ﬂ@@éﬁ%f%%ﬁé’&?“ﬁé@%ﬁ*ﬁ@ wtﬁmf.geeaer (has hmigeon)- gy sprac 112 114.

The 5l ayehses kilfirstliiht SBUCRE AT mtaﬁhweeagsolnaﬁé@fh%rewh KOLR, ANAHIRMand a@a;r and
oxygen away fromthe emtting . region 110, and one of t he |l ayers 11 114

may servélaaf‘sa %}w&ﬁ@%@@l%éhaaéeﬁnwwn%% cdehdhe laphmpniae & thigk n%Sﬁ@ f legsgthyn1 00
are grownyps gepesited, or lamnated. In alternative enbodi nents one of the
thick layers 112, 114 may be omitted or replaced with an inert gas or
vacuum The erﬁql%t?dd&ﬂi“@@l%ﬁe‘&%ﬁndrwl?sﬁéq Yirelishecdr nore conventi onal

organioc | ayer sried dn@0@ek dsFoc®iBr thelpk@bit a@j‘hc@u&l%n b&shpduavsh @Bdthildgn response
to an applled el ectric current or fjel The applied electric current may

be suppl i9SeTB{oTIedEY: g de §vaRhdewevshruldthe ?@&%@%l%m peptensd o fmitatings out er

surf aces chiRtavlaihd@ubRtt hiiRr, SHidhtshb)8:t hRBraNdefifibd JoRASHy RORtBhRACIiRHes for
exanpl e, the one disposed at surface 110a, is transparent. The el ect rodes

and or gaﬁp%’l@ﬁnﬂl‘?eﬁﬁm%ﬁéi’s(e%“oﬁre typically nade of materials whose
refractive indices are substantially greater than about 1.5. For exanple, a
transparent el ectrode 15made of indiumtin oxide (I TO has a refractive

i ndex”of about 1.8, and t BRIEEPESGHETEINLQE DBAYY c materials may have a

refractive indeg. | R alcHeaRBEsidd @Frobs- gbcﬁ&laﬂ-‘«lgw oBesbdrRdmavDbhasduRkat i vel y
hi gh refractive index, the emtting ion is alsqg typical Ify very thin, for

exanpl e, on t HaGo? Harschsmatc %&f@v@ﬁ@vﬁu “‘(ﬁ@?‘lﬁﬁsé’flf‘?rﬁ]ﬁ%g adackiy For

exanpl e, @RRovoidel Bli@sihaded haygl may have a thickness on the order of about
150 nm and an_em ssive organic | ayer may have a thickness on the 200rder

of about 100 rfif" %18%61&@1%“%%101%%@%@215@%Pf 3 PAréyRi @ a0 vadgd micrqstragured In
cont3ast 1hRrthe emtting region, the layers 112, 114 are not only optically
thick, that is, have thi cknesses substantial | greater than a wayvel engt h of
visibl e Iight FI§uta it peshempticoropsyestiond yigrof @/em?' ipfpfeadnterfage befreen adist t han

those of dah&oRRI alérgd b S@bRMaylet embMtrafrcdiiRtRnctialieh dfahekcond 1 er Wiliftheay
conpri se Iass or plastic whose refractive index is on the order of 1.5. As

a resul t ,fteyer
FIGS. 4a-4c are schematic side or cross-sectional views of optical extraction films that can

35  be used with top-emitting OLEDs;



25thin emtting region 110 can trap sone of the light emtted by the
organic material in one or nore wavegui di ng nodes, depicted generally in
FIG 1 aswa2evsgissdi ng el ectronmagnetic field 116. WhenPeraseoiiosmasrent is

applied to energize the organic material in the emtting region 110, |ight
is emtted in all directions. Sonme of this light, represented by |ight rays
115, propagates in directions that allow the light to refract into the

|l ayer 112 or 19 g ebempic sidseor eRptiertingalrdgy Bhwhafwws sonant Hehrepdfiercsn of
the enit tedcd bahbilhEnnues dpprac s Bplhiii ohepef ract i ve index region 110,
propagating al ong that region as one or nore wavequi di ng nodes represented
by field 116. Ffﬁébrlﬁéﬁ@emt@ sidepoi ereps-Spetiraal viev waichs @éﬂwrﬁamﬁ%lﬁr ey s
exponent i @lrdioR&InRcdbReppIRA tf tofllemitanc@LEHOM t he boundaries or surfaces
110a, 110b, the details of the decay depending on factors such as the
refradtive i nda%- iif f eshemptic silsORIOR-SCHIONRIAT O 21 Poticshdrvicrdn WHIPk Bt
0pt|Ca||%nﬁﬁh§bLE@%ﬁ§m%ﬁ30@&n§§%&ﬂnmﬂ&uﬁ@#hwﬂ%xﬁﬁﬁo@ﬁhi|CU'ar wavegui di ng
node if nore than one node is supported

2012/ 054165 PC‘@@%Z@@PW?W“%%%%‘?SP -Apatignay siewy Philgalrsiagtion fis theeagbeg| d
116 out sid&i @fh bd8mi QiR oLEDsi s referred to as an evanescent wave. |n nost
practical cases, the evanescent wave can be considered to be present within
only a very sHoft 7adf 3 phpBaticofderon grognicetiqnplyisveyhighshore hoy apy ehibippdifferenty o
boundary Jpagil efraefion BME Eanlobdis@f as bl e FGANEN 4 moﬁ%ﬁlﬁﬁﬁ ondbngn gyt er
surface OP region 110 and whose thickness may 5 be on the order of a
mavelengtﬁm%ﬁ»V|S|ble light, for exanple, on the order of 1 mcroneter or
less, or may bEeGSHEWAREmSEERDT clos-JebonQRlidv 8¢ dndoptidl §&/ide3Y RhicR@BotBm-
refractlve index that is closer to that of the high refractive index

regi on. cmitting 8L EPthas beep frrmed en 4 pagticulas epfisakex{IR@ioB Bt i ng regi on 110, sone
of that ||9htIﬁG&Wﬁb%d@hﬁﬂ@m?w&%&%hQaﬁu&hﬁke9&%h@ﬁ@nﬁiﬂﬂ%k@e t hi ckness axis
or optical axis of the OLED | es that are 10small enough so that
the Pght is rfdfr¥dt %éph@mtwéfde@h@Ofsw@ronillvzew GuckvEs ghEeIuEs tristabl e to
escape thﬁdlﬁlfﬁDptﬂeQthrﬁﬁti@nffihﬁbéhg £@umba?1@1atedmﬂmngmm that the ' a| re

medi um of FI G refer to any one of standard atnospheric air,

vacuum or a stﬁt %Pdﬁ & ssheeptic sidey C@ﬁ%fe%t\lf’é‘ﬁlt%%i’f pha @éaﬁwafarﬁm@bﬁrém\?épptiozb or

ot her optdkfalkiof AIPANER-osed et bdidyppilckas tRkehiakopssitsemipary of this
escaping light. Hy 115a strikes the air interface at outer surface 112a at
an angle 01, fcH2dr idusgrtiqnahal sagwys hewsngr S sirelhean ereinef gt FiG 10Rfs act ed
out b tha iRlsERiH e SRwa Mew it @orinBEars Vi LRUBEH 10 deficra tRBEHM¥siFAY bulibBhke
strikes the air interface at an angle 02, which is greater than Q1 and

cl ose to Sh#ps ussablejas & exiiagion efegient apddilGa s i inicgqgraph Skqvieght 1o Vel Per t han
the crit |f§lﬁf1cat@ﬂ‘ﬁl'a@nal$1ﬂﬁﬁg h E’tﬁfctu‘iréal%uffﬁ‘fe cashRehgl dnghby @P%h@tﬁex'tr@@tfén‘éféﬁlents
surroundlng air nmedium at a near-glancin we follow th

progressi on t d'Pi Yids ar%rg’fphﬂwom%ess%%acmgwe%ﬁ%CQJf)f ‘taﬁéthnl"éﬁ?arili‘ﬁartt%t
escapes telﬁﬂtuﬁgbLEDnﬁthrtﬁcgéa%laﬂeﬁQofof ARlich Z0ahdIBLd diviRGh WaRE ab Bfcaldevi at e
fronlthe t hi ckness. or optical axis of the OLED 100 by angles that are too
Iarg@ to‘BEW?@?ﬁg%ﬁéﬂﬂﬁdﬁ’@ﬁsﬁﬁ%onger 112. Thus, light ray 115c strikes
the air interflags @b add RNY Bafh3 stk toltat BF 8L efa BuhAP mbii@eLdeh fobGakvhangl e
for layer 112, thus causing the ray 115c to be totally internally reflected
at the suliffegens ontieal exffactiop & GWPﬂlFﬁWﬂ?q@L@ED 100. We thus see that |ight
can be trappedqwi 1 Bn SiG p%@a%@hb@ﬁlg hQCrspdR iR bf 4 WRCNRY Surfdcl cid Io
wavegui di ng nnde associated wth emtting region 110, and by total internal
reflecti oifOPR RIPSE®an air interface 112a of the device. In both cases, the

trapped |ight Fis. tMM @%bﬂtﬁ/thﬁ‘é@ﬁbd#@thé/toﬁb@ﬁﬁ@%O@Tﬁdcfvi%%kﬂah§wltﬂa1{ ged
bri ght ness, reduced i cienc i ncreased | osses for the OLED 100. W

refer to FBadies lg%%soddﬁ"éﬂ“‘eddle\‘iﬁ“i Fith gt vy eippdd-fhdeies:@ff tting region as

wavegui de | oss8g, 138n¢a o%%ﬁ% c@ﬁq 64 188 8dad fdtn biBAOLEDARPREMRY: WikiRnhat t he
outer surface of the as su strate 30l osses. Further discussion of |oss

mechani s rfgiFah oefapien fmps disclpssd Rereingsee TG Vajyith thatgfitherivo At AL devidesr nal
coupling and Ith@htfig@rek 3%kt efferbite ALESHL edidngRlik€Bbhtitdg devi ces: nodel i ng and
experlnent 91 J. Appl. Phys. (Jan. 15, 2002), pp. 595-604. 35 WO
2012/é54165PCT/U82011/052453 Nanovoi ded Layers Exenpl ary opti cal
extraction filns disclosed herein incorporate at | east one nanovoi ded

| ayer. The nanovoi ded | ayer may include a plurality of interconnected voids
or a network of voids dispersed in a bgnder At | east sone of the voids in
the plurality or network are connected™to one



5anot her via hollow tunnels or hollow tunnel -1i ke passages. The voids
preferably occupy a sufficiently large fraction of the volune of the |ayer,
but are iwoOizoixhsadeby of a small enough size, so that thecCmarsemaiosrds | ayer
behaves optically like a material of very low refractive index, for
exanple, less than 1.35 or less than 1.3. Such a layer is particularly
advant ageous for use in an ctptl cal extraction film as denonstrated nore

fully below. |n S5FEERNESGRIETIANQIBHIS TR EYWVE BNBORMENT? a refracti ve

index in a range. f 1@Wtslin AL odcBsidhplFRd séembfiCMbonldpdr@onlof 3ne fifodRXcANIHa8. The
nanovoi ded | ayer Tpref erably has at |east one major surface that is

m crost r JetER &Y hﬁé’tLEPsl00d‘éllllF}b’é?‘Ba‘?eeﬁI“\}‘ertaéoFtB‘PéHm%g Praver-g e Qrfddt h or

non- f | at ﬁ&ﬁ&e@@ﬁnﬂwrﬁlhlnrg@ég&fllhgﬁidwﬁ&@d bdd@denhRY Eptbily BRR layeR @1 HiENEicON t hat
is less than 1 mllinmeter, and in sone cases the at |east one di nension may

be inva ria¥fge1Pr s S?i’éi‘?\%ﬂ"@? Lyery tagsen rieT BRIt §Xv8sR AV IS He nanonet er s
to 100 m&i@Asreefh 116,001 &Wtﬁédﬁl@ﬁﬁh@ﬁ% '&rﬁy derld £Q0bstrate upon WicIEAB Bﬁ@ﬁ ion
with FIGS. 2 an§ we descri be exenpl a nmet hods of fabricating

nanovoi deqmpPeRFats | of the Qk@ﬁ 104 greresay ﬂ%@%@dordﬁa%ﬁe@ enjaligrpatiye Fﬁa?dl@%hoqeayer s
may exhi Rjfthe thiblf fafk@8 1961 A thsy Y@K 9 GepBldd R & RANEN QF dRGuh.2YRY SniRfAd t heir
manuf acture can be found in comonly assigned U.S. patent application XXX

( At t or neyegiit Kdmaygerludsone eyore fenventiogaloggspicdayerstaijopss! to oyt ight of a desired
Mcrasgtr %bﬂl&ﬁgih i Rak kagt dpyied e NaRRYPHidE dTHeAYHIR oRBEic Nﬁﬁréﬁ@ﬁﬁy be

Ther ef or filed on even date herewith and mcorPor ated herein ref erence

inits ertPilist Py cligifodfsigioss majpr yusfages ay oingide wiglpthe H@Fre%ugﬁpeéi%plﬁéw forocess
220 of f apddmiding r&aak At hdadnbaBaNaE ci&dsxaﬂqsaé Qsd drldGitspssedadiirhei€02R0, and a
correspondi ng system for nanuf acturing such articles. The process 220

i ncl udes EPEREER ide sleatides HY csBPGEMFHIDRETETE aicalipipdepf gatetials whpse 25
subst r at gefabfvd ﬁdleés%ieesfuﬁé%rhﬁa@y érl:aﬁé&hi@aln%b&dt'l M FeHG&aRhlcda RALMIERE cleRduOr ot her
suitable materij al m_havi n i ckness, conposi tion, and other

physildal easehidishy tgﬂthe@ GTPAthaWallsgathe ad ofisbeityl §r angdwiced lightepissvet andi ng

support  fjrkaMcQhat&Rlsthhatd 4 R¥hdtive Aldbx Q- Eﬂgle IfroRl 10C RSISH. NEbsRYSHaQMB aSUCh as
that depicted in FIG 2. Typically, such substrate or carrier fil m if

made wi t HeAEhHRighelaxe lqd?@ﬁte i IeRiee Fvésorsm%lﬁ Veryatin fprramplgonghe

physi cal dlr 6kO@S%1AENLAE vikiBRIhQrRR2 ForehapId abord eléﬁroa@m&mmh@r@ in
order to have sufficient strength to be upnwound, processed in th

rol | - t o- rtBiFknepyths gt aput mma AR AAFHE VS T RIS 4y SRS hiEF %H’E‘é‘Hesﬁ 82 8ke or

nor e 200NViRddr bNghoRPBD Al AMSuLHSHEBuraSotdr iiiékinBGesOhayXe@dd ati ng into indivi dual
sheets or pieces) wt hout excessive uni ntended stret chi ng, curlin

war pi ng. In contrastjte,the gppitingregion. hdayegakl? nk 426 ot PYn Owsﬂsht&g?kﬁé%am i ed

using a diae RkAnEUs %@ﬁnt@all? |g%te££h@ﬁ @Gvav?e@(ﬂlgﬁ oﬁ%&b@i@ﬁpbﬁ the'l}fmo GoRt i ng
solution 215 includes a polynerizable material and a solvent. Then

2012/ 054 FeiBgstiyg indioes that a5 Iops Sap fhesepf shcgauttivg rejond i gle eb%ll‘%}?rél}e I%Xeﬁgu?’he

pol yner i zahhfy @6h st @lassiiplaStid iRs€ RALERE ikt loh @k o2deP of B5.1 As £RABGIAGe W th a
m cr%lsepl i catl on tool 212 to forma mcrostructured | ayer  230. Sol vent is

t hen “Pendli8dmiting regiRahfl @n P ol it IsbEemifieddm hhersticheetd (etretroray er

230 to fardegidirnQyeRk dRFicil cERMIY UOkId! €ds @M\}eglhlam%é@cmmgﬁhtfk keldAnecess 220
i ncludes djsposing a polyneric materjal 245 on e nanovoi ded

m cr ost r Ul PSTreRg iRt & azal@%dtt% eneEiFh the (ERRe Mpteidd ihe g igingdesion Hi0olsh ict ur ed

article 28{iedihel BRlHERI ssméramfslhgm %géseﬁm{ bPBgRPRIs 188 phisph Hies dn BiRiigf4 such
as a slot coater die for exa ot her suitable neans. The polyneric

mat eri al thgllowipe Yightde W&ﬁ?tolép 9166@61 Hr%%é{‘bﬂldtﬁ?ﬁ%e thagmitinegedrHLd-

m cr a9t I ucdokieeporBéd df@lheeen%aéa 1@t lfe@dirﬂésttﬁ@pdaaﬂﬂl\é Qi gHesk v ingdk rbesir@d article
250. 10The m croreplication tool 212 can be any useful nicroreplication

tool . The™REHBEalsPe thategAn gBiF opmoreiweavequiding pedes eppecsensed by ficld fday Ehg he

m crorepl ﬂeﬁﬁil%@ﬁblé’a‘ﬁ% B@scaeﬁdlcﬁsn‘éﬂ%tﬁ hat &a}@ lekheifally e fufdtlon of disthifee FofQhe
contenpl ated that the mcroreplication apparatus c¢an include a snooth roll

wher e t hPPHRRFBY & pyrfacsy § 187 ltl%ﬁhq details ok the,decpy degrendingrondaetess swehes Yeibst r at e

216 that 6RREACHSextdMBer&RAbERNGenS bioR M ek -theldafictdt bpthN @dhRM layer 112 or
m cr repllcatlon tool 212 includes a n|£ roll 221 15and a take-away roll
m

222. 3& cufiy velar the pargeplargypupeuitingmeyle it mepe thay opg gRe sypgortqdt Jl¢ r at ed as
being directed toward the substrate 216 and coating solution 215 while the
coating solution 215 is in contact with the mcroreplication tool 212 to
forma mcrostructured |ayer 230. In sQnme enbodi nents, the substrate 216
can transmt the curing light to the coating solution 215 to cure the
coating solution 215 and formthe microstructured |ayer 230. In other
enbodi nents the curing 20source 225 is a heat source and the coating
solutlon 215 |ncludes a thernal curing naterial The curlng source 225 can

S e T 1 . NA PN



to the production of web-based materials, including, for exanple, idler
rolls, tensioning rolls, 30steering nechani sns, surface treaters such as
corona orwblar@ssregat ers, lamnation rolls, and the |ikeCTIus26lome246Rses,

t hese processes can utilize different web paths, coating techniques,

pol ymeri zati on apparatus, positioning of polynerization apparatus, drying
ovens, conditioning sections, and the |ike, and sone of the sections
descri be*BARNEEY dpfeyiBaarTion pf thphigd dhseusidegh ghe regipne! 104y referpd V%P8 of the

process CRmhel@nCalvel B bra@faPrasds thd cvafest@k lvavdaR €8s MbIed RILR pRkedt€ast one
WO 2012/ 054165PCT/ US2011/ 052453 rol | of substrate is passed thr ough a
subst ant i "5 ot eRslinse elsae apting Aaondd O dRr anwp el aberdagyregign of

convertedy é)ék £125019€4 hdisbent! (RIGoRBpoR@ing SltdrtstiitR of REioh M drldk@ose thicknesshiHiNT NG
now to Fl 3, we see there a schematic el evational view of a portion of a

nanovdi det oritsrasdsr plrviickazth afErbsdight. far erEWR o e oriahefgnigrneter or less,

M Crost r ugiddy 86 sdnd@hat FOr iSthdbprbMBLthiek RderMayd Readie idab2ahadis Oblcelo B! f aces
330, 332, it is understood that at | east one of the outer surfaces 330, 332

i s mcr o< fhsdighralrctive ndesiesieli ef or extraction features as di scussed

further herei nofRXGIRPY B9 Mat RAAME ARG il SdoRR 1T HIGHME 6ﬂh£taﬁﬁﬁtﬁvéﬁ9£’loh§0| ude a
plurality of interconnected voids or a network of voids 320 dispersed in a

bi nder 31drectigns thatfeyiatedpm the thigkpesy aigier apcal Res qﬁbff QLEPﬂwbﬁo?ngkétt%?rR are

connget ednfaf cRRGh FNBLNRY hgm ﬁ réRlcle@VutotaRelys: P2, Ratd M & WiReble kd k&ppagsages.
The i nterconnected voids be the remmant of an interconnected nmass of

sol vent t¢P iQilrlﬁ@dhep%wm@fngtaﬁéneér%ﬁnﬁfa|ﬂra§/the Ht gaediym ph Flgn men feri@@vydr i ven

out of thgebtdtdRay aloRRpIRYie Bir Vr vALDA! ormesaﬁa%lﬁhére%as%eleogu&hy tdaéh an
pol ymerizabl e material. The networ k of voids 320 can be regarded to include

i nt er conrbesred 13betepshes potisakceaipansnia Laghy cava 41 e d A1 TarerrempBIY of {lis v oi ds ar e
not 15necgsshk 'llkbltdf[{%&@lﬂfstrﬁéeid thEB: el faBO 0Bfer sl%@fiéc}e' 1]9%[1) Qtta%%nglggltr, wﬁ?&ﬁ'%ﬂl?élf in
sone cases, a void may include one or nbre sna i ber- or string- e

obj edfs tinamall grevahide thaf the hébéamfr@teda)ubi)ﬁm@@%la draee and Hop e sirequading gpre

o connaaag oAy SRR s PRIy IR S A S0 SePhe e
set or nefrifioal kngde ®r lapered 2 bumekl sleghtly bmallbothen tha satcal ingleagidh thatthe tebragred t i pl e
pluraliti

n1crostrd@?ﬂ%@%ﬁﬁgiggﬁthL %gﬁ?ﬁ&f@%g&%ﬂ%? 1%%5?@ of c %%gﬁﬁé? rﬁgg%nected
voi ds, m;ahghtgayt Héc, werpee kh@tl sdwie af the hght 1tothatestapeh th@ermrtthlgrregmi d4 tevds t unnel s.
In c mErd‘Fr &oﬂsetiamﬁ%a@ffm}ﬁ%éjtﬁlcg%@ <§r oﬁo%al %HEOHBe OPES 19@§>$§1%Fe§ thtabﬁ%

exten fro Fi'Pst 'major surface osed second ‘ngj or sur

332 of t Heo hmadvi Idéabtddagae«vf tB0lyer i i T@yé@h@@ﬂltﬁaytrihes tescinidbled: asn bei ng a
Porous | Sk, ARTOIRELnkf: ARl FR, PN ERL S, Al ALAIAERL YR Byshidce of
voi ds. Fonmemmm@ﬂenaMmﬂmhmﬁmxempmamym@ammMmMME@LEDdﬂmstructured | ayer 300,
voi ds 320D and,,3 ecaon a, of t nanovoi ded
o ostr uct ar e iy e T i ip BIRPEY TRGhe SLERH RS04 bnd U5 ERARIo0E.
and 261 dsa Wﬁla@madk(ﬁqce&dd\ethamlmng egloml](b andhby tbatmteB8B0refiéctivh €TTRaAmMOV oI ded
O UG A OB 0800 J0R5 SRR Y] LOGRaCLIRTE, 2, 3206
interior abiorbddeamipemhﬂln rédubenh lmgﬂtnessgayddcEcbeffﬁclbteymnﬂerrcrctasedsmssésa‘mehe Of.EDhe
?Eglu;ﬁl a];] IOIb g}Vee?fIQfg 1% t((:)v(psseé als“ls%mgtgd qu? Igg t %pé: 1r|1 trﬁg grqﬁtt?n:%rr\c/%qg)rg Ss ai’lgaglg %il aer](gsrsléegszgs %?2
ot her voudékmabaHSmaaﬂwhmhgnamgmdbymnimMEmumamugeﬂeﬁai®yEmesmmnmmolIed by
;230?8:_]? nlé U!%:Sz)n Brtl?er%%guosgrpr? gil lgés%]ecﬁa%gsa{s?‘rp btﬁgt I a%{kf)f Suhd r1‘|n 7 et(%lpa'IdptlgﬁzaF| o ing,
2012/054165ﬁaﬁﬂusmﬂmghﬂ5m45anmmmlMeamnedQMamuemgdmamy oeddilingand ange of

val ues. Fgr exa, 42 majority of the voids, such
as at Iezfé?er%lﬁa}c{)m 16]76‘? hy§0(01/a ?5389}5)1(}? S%S} of the voids, have a size that
is in a desired range. For exanple, in sonme cases, at | east a majority of
the voids, such as at |east 60% or 70% or 80% or 90% or 95% of the VOi ds,

have a size that is not greater than about 10 m croneters, 5or not greater
t han3about 7, or 5, or 4, or 3, or 2, or 1, or 0.7, or 0.5 mcroneters.




In sonme cases, a plurality of interconnected voids 320 has an average void
or pore size that is not greater than about 5 mcroneters, or not greater

t han abouwo4oriiseret ers, or not greater than about 3 nmPCTAIsee18/08245Hr not
greater than about 2 mcroneters, or not greater than about 1 m croneter,
or not greater than about 0.7 mcroneters, or not greater than about 0.5

m cronmeters. 10l n sonme cases, sone of the voids can be sufficiently snal

so t hat thelrzﬁWPﬁﬁﬁy 6b$¥cal effect is to reduce the effective refractive
i ndex, while sqrBpRENDRiCA @kt%tl&?{'ﬂmrs aHuegdhbeinghdoffotdiv A 1dadBX naRdhiggat t er
light, while StI|F sonme ot her voids can, be suff|0|entl | arge so that their
primary dptt-chic nerpaded faerimpydecatdeamlyrslighef infersornspied ¥aised 2R oot aidar e

suf fi ci enfidp¥rs&Blalbirdsr. 1A 1daQAURE of A€V AT 18 Gel pYBalft@ b RV N BreichEiRX e Mot dAOUL
appreC|any scattering |ight. 15The nanovoi ded microstructured |ayer 300
may have 2appergagialipwimek ﬁé‘é%lowm(nrﬂi likegpssagest Acwibersieatly PscreY 2 naj or
surface 33ficaRudy RRL FRAGkiIFRIS Qfe V§k!lfnfe %@%e ?a%@r) but'afb iNBOMuLRROE kAR N DudNEze, so
nanovoi ded m crostructured have t hickness ti _that is not |ess

t han aboubat fisgaparpidgd laﬁfatbelpae@%opﬁlﬁaéw l%amatesle@f NP LY Teffgetive é¥lexffefan about

1, 000 NMex@hpleNesd tHaRM13€ of feQThdd 113 Rl Q 1VEGE PIFBLEHS ad@intasbud fIrdRGR ahrom 1 to
100 m cronmeters. 20ln some cases, the nanovoided m crostructured |ayer may
be t hi ck WHeAlgHragon fHaas demonstaped wpiaddl yrhickmodp paies @resdth gperoiddidceasonabl y
have 1gn qﬁafyee%ﬂbﬂargf@t:ﬁ@qﬁdey% A RAEXRIRN R S ERAMPEr SR 8S KL, ikt KEhME. P t he

i ndi ces of refraction of the voids and the binder, and the void or pore

vol urme f raBYvesRd syerpsieably os o ray genmeiaswaiace iy hicERiNs&Echthat ke nanovoi ded
M crost r ygliskéy kA¥RH td v hod-88o it §30n-ARAMHRAAtHBNef WatuRQlhat 883 af AR about
1,000 nm or in _arange from1l to 10 25mi croneters, or in_a range from 500
nmto 100PMATEMEHER GRS lepgharphmiflypeter, and in sonjgrapes et {ast qae dipensionragy| bssed
nanovoi daga Mngé 8550 ahldhREd BY6F mAF@ncd#, b £bBRD hihos¥Rt 1o a0Fmtchis NAMeMOI ded
nlcrostructured | a er is sufficiently thick, the nanovoided microstructured
Iayer Shas VARt to \BICSBr mi ttivity ceff that can be expressed as: geff =

(f) + (1- f)ghnCdonedRnReMeIEY. zaaﬂasEbe @it R I dctHodd Sfitasicaingtahe voi ds
and t he bi nder respectivel is the volune fraction of the voids in

t he nanovgPgeiediayrodtrlicas @aéﬂeﬂaa%raracwﬁst% Hyt gl fexers Ry ot dupthea
refracti V@tan@féga&dlaggduaglfe nhfF oMY Q! HRAhdH BIrRSLfkChH B@ﬂ)uh@-hﬁ%ﬁm%ﬂlybe

expressed as WO 2012/ 054165PCT/ US2011/ 052453 wh nv_and nb are
the refrdetignd U %@?te@§pﬂfca%%€<%|<@§0raw@q0h@ opf Halép()%ég%ét PvféqayFﬂ% sone

case9) sughh AScridh@buicd € ofRhBHRB ERIDRENRBRd D& cisndl SR & THeRSAGHER Of the
voi ds and the binder is suff|C|entI% small, the effective i ndex of the
Yy

nanovoi dedehiass isspyithapd inserpprated herginhy peicranesini $EESd by t he fol | owi ng

expression: 5 nﬁlfrﬁlng figt o FI®.2, we @é%‘thefré Mexefoglhry process 2]20 oS HEhing @%@(ﬁ(ﬁll&he
effective index of the nanovoijd m crostructured layer is the vol une

wei ght ed Ilawpy@%m&mselﬁ@uﬁeﬁaﬁﬂe@éswnﬁi REEERINGHE @fStePh@r Paifctaia sidhe bi nder .

For exanmk@iles2 TREOMNONQ! EhddndXh el &%Jsmgwsa@ﬁg ki@ 21 Bahto Basbsiaty 21 6] Th@| ume
fraction of 50% and a bi nder that has an I ndex of refraction of 5 has an

ef f ed®i veupsTarR16 ParigeRly ¢ floxblg &ilp mrads plamelymsy s gilicbipitely matgrigd, ta?m

10ef f ect i@ Haid@X thdfkn @D Qenpdsitioh, 811 oBR} FiksRAIRHarNerish& (HRHRKPT 8GiabR f&quUat i on
(2). In some exenpl ary enbodi nents_the nanovoi ded m crostructured | ayer may
have an ePf & fispestanding supppsy 8lm prgrawicr Hinyinrgllgnsrofl pEngesping systanspuddeps thyt £ rom
1.15 to ldePictel Ui FIvad, ue%ndau& Shda @b@ﬁ% &@&H@f&ilﬁ“@nﬁhe’s&tl@@mn@émﬂoﬁél% ht-

The nanovol ded .| ayer of FIG IS nclude in addition to
the pl ur dfepinyissye HOH‘E‘@FE‘BWH%W@& P%@ilcakthwkn%?fm}e&steﬂ%w% (@bowf i spersed in
the QUndQﬁw§$Qwﬁ@ﬁu9&§MQﬁ&£mﬁh&&ﬁkﬁ&%&@gbééﬂﬂﬂﬁ@%ﬁkh%&ﬁﬁtﬁﬂ@ﬂﬂiﬁﬂersed
substantial ly, unlforn1é hin the binder 310. Nanoparticl es 340 have
a size dPRHSSHHCHED Wy‘?m&‘é@l agaip oyspbigeted! 1 Ry @%@.CP%V&W&H@%MWS (PafhAss. For
exanpl e, lifling OFEn&BS8S ind) inlli®RAAI sRecliRr /Qfebets)’wﬁ’ﬁouﬁ BRBRE Lhifileffed sB@nAs at

| east 60% qr 70% or 80% or 90% or 95% of the particles, have a size that is
in a desiVEWSrANG®IN&or exanple, in some cases, at |east a majority of the

particles, sudhsase @besltRavhtifA¥uasn fﬁ%ﬁ@rbe% 0c@KsiROYe 21 PR 20a 96t cbhie:
part| | es, have a_ size that is nqQt_ greater an about 1 mcroneter, or not

greater tdair sEBRle 7Hpcoaspe syion 3fS ?@Bdesarpomﬂza@k nerRb et Py, Thed sone
cases, the plurality of nanoparticles 340 may have an average particle size
t hat is not greater than about 1 mcrometer, or not greater than about 700,
or 500, or 200, or 100, or 50 nanonetegs. |In sonme cases, sone of the
nanoparticles can be sufficiently small” so that they primarily



25affect the effective refractive index, while sone other nanoparticles can

affect the effective index and scatter light, while still sonme other
particl eswoani2s4safficiently |arge so that their prinmaPgTapstiieas24esfect is
to scatter light. The nanoparticles 340 may or may not be

functionalized. In sonme cases, sone, nost, or substantially all of the
nanoparticles 340, such as nanopartlcle 34OB are not functionalized, In
30some cdBeoces iRl inghsies polyperizngdheiolynagrivablampteri whijeths sorsinareltin@dS 540 ar e
functi onah t&Rdt Qith 8 HidraeRlichiAb Q2150 Hhdd midEWuGRRd ROrB36 PSSIF@isitina
desired solvent or binder 310 with no, or very little, clunping. In sone
embodi merfEoveddfibpanpicdy as owad3sdronpbe piresiarstorg e Sl 4 forma newvesehi cal | y

bond to kipRekucRkQ: arfc®d 240X R Be pﬂaeéagmlhélﬁde@alsﬁd@ﬁl@ adS1yRRNORBILiAIC4E 034 0A,
can be surface nodified or surface treated to have reactive functionalities

or gr SupshaBooYdded EFFPERFUEdEHIfE 218 taihEn ﬁa%crkﬁ@q 1anpuils Ali¢rpiveyred ariclkse
functi onalspzeg: W gﬁﬁ’bm@‘kﬁa‘%dnm B5GEHe %ﬁﬂlie@ Ssin@Sdil 84 JuBKlas d ot SHEH diME

2012/ 054165PCT/ US2011/ 052453 cases, | east a significant fraction of
nanopar t i ErBRIC: 24 BNCHFTSuEdblineans-| ?lew@b’m?ﬂ% gateral 24P Age plterpaiivelp hela

nanopar t i gtfie BHBARIMAErofRVRIdIRRTAd 240 (§ R4 HcIRANolde @ RidQ b hERH %l:l'ey bond
to binder 310. In such cases, nanoparticles 340 can be physically bound to
bi nder 323% I n sone cases, some of the nanoparticles have reactive groups
and aphers dO’ﬂ@%n&@%ﬁmﬁﬁ&ﬁﬁbmﬂgcﬂ{&M@§umﬁﬂnﬁ&ﬁ@ﬁ@hﬁmﬂ%oWQHQDaft'C|eS can
include a mxture of sizes, reactive and nonreactive particles, and

di f f er entmigipr@licagipn jpak 442y Wastratedres aolhmices the micreuepligatipnspifacs i Wrihoxi de) . | n
SOMe CaseSKeribM\& RAODY. IOR Iist Al cBStehiBitcl Ml MORiSMHES RGO ntlap Rkt 8L af iclueda

nanoparti cl es. he nanoparticles may be |nor9an|c naanartlcles

or gani ¢ (SF@PthéSkléwb‘ff%the puFrgirRkiGatn telioparuciueqdeyrfacs of the suhitsata 2k6 B3 of or gani c
and i nor gapi&s fh@@@d@lﬁg tdiedoB215. Fordihevamed ﬁncr&relﬂm&@dmaamz Inbeli&s dipdo1ker por ous
particles, hollow particles, solid particles, or conbinations thereof.
ExanpPes 3 2 @kpeupy @l Z%r@aﬁmtg SRR AR Uk Prasbank of Hifdichtsyip elé}staa#‘dl %BEIE$ oxi de
nanopar t i &k&8d foReldurt Q8stete 206 Bhdeoatind RkiBa 2 BBL KR, thédl ok gNBlutibd 2% 9%l de,
vanadi a, antinony oxjde, tin oxide, alumna/silica, and_conbinations

t her eof . CPHECtARAReAPICToEIPaEation fpoh2L2do WW%@%WW é%ﬁawe%r | ess than

about 10Q&hHRAmeRt, thees%st;a&am@s}pwnséﬁ%e%m'ig%gmo tﬁHcoﬁt}ﬂ% BNELRTB tFBYc AR 1N a
range from 15about to 50 nm or from about nm_or fromabout 5 to

25 rim |<>Patm$éolﬁa?fbﬂéraflii forra dhegpigrogiggriaghliveg - 230( Hé 0%%@1%9%@@&? ¥ERg i onal

di mengi ono@te 143 269k &galadd &ae&duﬁg Sol Gt 208 indiulidyi th@mY1 @find ﬁl@t%ﬁalr aﬁ'eges and
can al so be greater_than about 100 nm In some enbodi ments,

nanopar t i ¥rigsoutss ks ¢pd bedispessd gifhgr agilysfratad onyithin the mﬁ?fyplscwz@ tP@ééz t han
about 50 WA tA Quridk SGurdePRb dBGoscAWathindhe SRR ErieRERRID 2 PG chrprdtisd | i ca,
CAB- 0- SPERSEO 2017A funed 20silica, and CAB-0-SPERSEO PG 003 funed al um na,
avai | abl do¢!2bhsandramiticht yhe %tma\mluﬂon 215 toppis theqpigrspirtiend Sipag farmdhaude

surface ghiekRsucaRiEEfced3d.rom the group consisting of hydr ophob| c groups,
hydrgphlllc groups, and conbj nations thereof. Alternatively,

nanoparti cl es %WW%é@r@dhef%%VO&FS%@O%@PW&&W%H@&WI é‘ﬁ@ltlg@ll ect ed

from t he [G5QimeGRPSIRh bihsOfur@orFhkiRN FolyREGRMCstRE, 16k cx@O B NG oM S s, aNd
conbi nations thereof. In other enbodinents, the 25nangparticles i ncl ude

or ganosi IBPF- WifrsteRdzenlies ig dhequpevoisiad pricontrar g artiele dljoudngelhe $HNSH EMavayr oup

consi sti ngpofn @)hlé)éhl%bdhﬁl@ﬁs twsybrsbdsﬁe@@an B K@ ikibiD Broc ABHg &gmeaaédngm
t her eof . he term ' surface nodified nanopart) cle” ers to a

particle Hﬂatprqdﬁet}oa@égve‘é h%%@éteg%lwf@ e Q8 Ff@&lp{eoldieﬁé"”éﬁ?l’fséi’éélgé?ﬂst he

part l3@l e.stebhf: SEUhhAGS;, gﬁfa@@@eamuth/astdaﬁmg braﬂealcett&rategf 1a£nlﬂﬁu&aqrons Ghethe The
terns partlcedlaneter and ' artlce5|ze refer tOt e maxi num

cross- se&t@oﬁlaﬁomaﬁ%ﬁéh&ewr%wf caéz ybikiee digferent wep pethe cppiipng fehayes present in

the for mpfynRA-zA88 bREAS, p&%nlﬁ@B%lﬁM&ﬁtioﬁlaﬁpﬂt@s’@%ﬁl@ ovéionasdine! € si ze"
refer to the maxi mum cross-sectional di mension of gregate. I n sone

cases, parttioasaad thghkypand somget the peedpnsdgrrigediisg e geitosal & S‘%‘Té‘c‘r%%i’éfr"ﬂli?cl es,

such as fyrehr il btbsddfRRMPhdceds@8n blhAgicdWwif AGerdmdirbi-ghodeanaRait dttdgonbave
surface groups that nodify the solubility characteristics of the

nanoparticles. The surface groups are generally selected to render the
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35particle conpatible with the coating solution. In one enbodi nent, the
surface groups can be WD 2012/054165PCT/ US2011/ 052453 selected to

associ at evororeseteswi t h at | east one conponent of the ceaTiusgoizmbasss on, to
become a chem cally bound part of the polynerized network. A variety of

met hods are avail able for nodifying the surface of nanoparticles including,
for exanple, adding a surface nodi fying agent to nanoparticles (for

exanpl e, PHOfwbstREsIpasted shigpedacrabstasially copfinugpRipecs WP &pdsivpron 2atiber a2l gwi ng
the surf aggnyBehiafvy sRektiag asthinkithe! Gk, Wikdrikche nanoparticles. O her useful
surface nodification processes are described in, for exanple, U S Patents
2,801, 185 (1| ehynigpwios39, Hiug sphge apchgmatyc clevational vigys ofpapestiirafiecl es may be

provi ded gafloviolid firsBun0étuRd 69 300 dalthlizh RRMSARDide ENRIRLESURE 1Y ks
commercially avail able unnodified silica starting materi als include

nano- Si zalusgaed Bving tve olagir oten g ReesiSP &SP e iLintdersiaed st ederstongabihg AEES ons
NALCO 104Q5£ackO35d, 33206 BhicrésBdGured 826rm IleF &%z@acﬁéﬂ feldabs &ichisedfbkthgm Nal co
Chemical Co., Naperville, IIl; the organosilica under the product nane

| PA- ST- I\/élereFIPA- ST-L, I PA-ST, IPA-ST-UP, MA-ST-M and MA-ST sols from N ssan
Chem cal Aner i gg@mbRry ddRsAARA mickestdtrcti NS croBOMEENG: a]lnd Ry oPikitce@nnéeled20L,
ST-C, ST-N, ST-0, S?/O_ ST-Z7ZL, ST- UP and ST-QUP, also from N ssan

Cheni cal YAHEPT aeteerk ofpstidy 3 dispstsedpa bindegitd. Atleast saca thsaloidt the abl e

mat erjipal Oﬁhﬁalﬁ?—@%&k 6le@8nife8Bd {00 Bndtke® MaABMMH tuBSIY @ hoft@y Rnel2Re 50, 55: 45,
60: 40, 70:30, 80:20 or 90:10 or nore. The preferred ranges of wt % of
nanopar t iR#Fsagesy AhgBterOBRRCE §oits mavbue wamgHP! phinteheutecsd mep ol iy grthat and

can depengmQ phit 6f €€ 0Sdihally RBMeSHIRL aRf thdthGs BRRARES drite S y3R-Dveh Br SIRAE
cases, the nanovoided mcrostructured |ayer 300 may have a | ow optical haze

20val ue. M§Insifichcwigebthe pplxmgiiaple Matasigl eThg metigek Qfaﬁlé%%ﬂor@ab?ﬁeé?régéttpuct ur ed
|ayer mMn@@deﬁﬁeMr@ctEJ‘%?ds&@@M%s%ﬁOCrh@ siiv@ah €1G.Bhame dh@uire fot 3.5, 3,

2. 1.5, or 1% For light normally incident on nanovoi ded

i cr dét r Uessasl fresypdall mpter an%rtnaeg}ﬂa??az@f RRPLY it sat-RePifi ey ingleiecat ed)

refer to dnBer hekisPalPfibdrhg shin@nkBbbjb@hiiiMdet DAtxafBll AbiSer bR t he nor nal
direction by nore than 4 degrees to the total transmtted Ilght | ndex of

refracti GRIQPATHGES Fme deldpbranswitsd miprhyrgherdlagei g yube! oSir@hsur ed by

any suit ahkRoiRaBSvoillsUr nﬁ%tﬁil@ﬂeﬁworkbsdf'@gld@wﬁ@& FeGRMs WMol s Ol ek s Coupl er,
avai l able from Metricon Corp,, Pennington, .. .Optical transmttance,

clarity, BRgomssted \/Ialsef@%ca@$s tnwédlap%fewa%nie leaH%eSézﬁéth fyprsonngrichydds, pe

nmeaswped thynaabyoidd intigbliRiciiRANS cr hay alﬁyqamde&, pmamtga of @oé‘@éﬁm@@rﬁﬁctg’d uﬁdsh aze
nmeter, avail able from BYKGardiner, Silver Sprin

cases, t HB2RWEJbihaxeidnire pSPIgeed ioeher éi%léer@B‘Gn%Jn KageVherny gfﬁweﬁsﬁf cal

haze. | n 3Q8BENFEASER or WIR ﬂ%@s&ﬁes@ﬁat Eﬁ@ad%ﬂpa\/ﬂﬂsdﬁéjomuﬁﬁ&%ﬂ uﬁatntlfpﬁ@!;e&l ayer 300
is at | east about 40% or at | eas or 95%

In gener aFSont REIM&HEGO et thﬁl@?%tdﬁh @mﬁ% til%lﬁ@r 3%@%‘&6}#6%@@ BRFIN8Gr osi ty
or void vpidemyéds action that may be desirable in an application. In sone
cases, the volune fractjon of%(fl urality of voids 320 in the nanovoi ded

M cr dst r uct ur e¥Mey de vaidyeange ait%ralg&err%a&tlrfafe% theypangy oifledpaicrostiepisek 20,

30, 40, Ifer B cad Be cBider®d t0H ¥brface voids. FoBbDERIe, ke &aMpRR rﬁﬁodo'ﬂﬁhUde any
material that may be desirable in an Eg]fel i cation. For exgqr:r'}) bi nder 310
£2¢ 33f

can be a MFyHFUchiFdp e 3tat ey 320D Pige 3 Sprond maior sty fecr ossl i nked

pol ymer . dafovdeee hitdrostrBétdE Nay&1dAd A belREsaRRY aP QI HEBI i BRHIS alBI20E] AldvoRiHICh as
a polynerizable material that is radiation-curable. In sone enbodi ment s

bi nder 313K apfl BAGARYAGH6 figphrpior sblees Bt & P%HOVO]Q%WC%%C“HEFI LDrRErRSEB| e

mat ersipal Heh@éardﬂaslﬁ%é'éﬁjoi(ﬁﬂw aﬂi@l'ﬁ()G Some offRd Vdmréu%ﬁbsl WideBhew bl 328¢0 can be
any polynerizable material that can be polynerized by various convent i onal

ani oni c, %adisrgpdovithin e interigr efthe onsicald¥mapd dvyiinst the stteim sprderfiffites, whi ch

can be i njplitAtieel 16NN (RAlbk YogatdB@is MR volk 3008 ARIt320¢ GvdnaRduah b@MieridF 0Cesses
using actinic radiation include, for exanple, visi bI e and ul travi ol et

i ght, el'QitPaPesaniceriod i aPePuEpg Vidoms ohmpiegther voids.

Voids 320 have a size d1 that can generally be controlled by choosing suitable

35  composition and fabrication, such as coating, drying, and curing conditions. In general, d1 can be
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10t hereof, anong ot her neans. The nedia that polynerizations can be carried
out in include, for exanple, solvent polynerization, enulsion

pol yrer i 280i2012/05816Spensi on pol yneri zati on, bul k pol yrmer iPgattiseo,1/0523d3 t he
like. Actinic radiation curable materials include nononers, and reactive

ol i goners, and polyners of acrylates, nethacrylates, urethanes, epoxies,
and the |ike. Representative exanples of 15actinic radiation curable r oups
sui t abl e 3 desifed pluecp pisedesired rge 9f valesat Fefi SRMRIS R eomef@pay i Icap 3 A wr%

et hyl eni Gad JNdsUQRRE M #aQ GG RIPH o5 BBN 0RS0% Hiestsh% SGhYY AdsChaIE QYPS thaab ffd Ni €

car boncar bon doubl e bonds, al Iyl oxy groups pha- net hyl styrene roups,

( met h) acrdppisdirange: gF%ﬁb@nPI%V%W@@%Q?F’ agkaiﬁﬁ@am@h@ﬂthee‘t%rsugb B ieast 6U0% or

combi nat i 0nsor@hod 1 ©6%.or 8% of A€ vhiliK BavelalseR tﬁaaglnetagrkayermhw&ﬁ 1@ AR EmAEQUPS
are preferred. In some enbodi ments, exe mat erjal s i nclude acrylate
and 20metdaetgrair dap abryf 7-h Al O ptonei % Of |0r ﬁﬁnﬁﬂé migioelEt yners, and in

particul ar, nuh%&ﬁ@&@&ﬂ@%ﬁ&hﬁnﬁﬁ%@%&m&ﬁﬂkmﬁﬁﬁzﬁQﬁﬁh@wﬁ%@$&hbﬂﬁﬂgm&ﬂ%m0rk
upon pol ynerization can be used known in the art | yneri zabl e

mat er i al 95 BASTSRIGE thapeboshY MieTRrsiiTS OB ROt GEAGHERBAbOR 4 RisFAzeLers, ah%Pt gtPigher s;
however the MBS HhigdotheRROM ft BBat@tthdn@BSt 2RAL b ndlelsy orSRt HBlt& thdh aBbutli€ast one
solvent. In some enbodi nents, the materials should be soluble in the

sol vent rRIRGMSIT. oF Retgreater higisahoyhT nicaeimesers. o Jotenaies ten phoxt 0-F grgRMEets ol ut i on
wi t h 1phe desi rgdomolayd¥ioheafp iR voRl el R lsuffidi llaﬁlyssqa{ammhafsﬁar @%ﬂ'ﬁy BRMcar or a
non- pol ar _solvent, a high boiling point solvent or a |ow |1 n oi nt

sol vent , cAl§ef 1§19 r%lﬁ%thé Y TasHRgive H@% Shierrme gher yejdscay refuse the effstivsever al
sol vent s.indh@n® QhNE MahtOWhikQki 86the Hhdtvdide cAB sBEicRAfERie do S thoiAbriche

m crostructured |layer 230 forned is at least partially insoluble in the
sol vent (Wfcaheffgcbizdq scatra light {npomegpsee thegoidp arg seffrigathy smallee t9rreduce the sone
30enbodi remtc réffh@tw%%dé%%thmt)é tQabtPRafRSing liktXt ure of a solvent and a
non- solvent for the pol ynerizabl e naterlal n one particul ar enbodi nment,
the ilRsol ubl e HSmyraxpidedmicrastructyredlayss 3phmanhaye aner bhRickpess Pndircarmt r i x

havi ng paliydmes b&h@nTirdt kR 9@%ct B anRkQ¥hdIRabhRirhiy 132). dh MRAY baRRimdniamewor k.
The polyner chai.n linkages can prevent deformation of the m crostructured

| ayer 230heangyoided migzastiugiurediaycegpy ave a thigkprss ol hptgsmot dsspiey WepoPmg52453

In SOMe CA%ESess Hdh VB SR, REn&A&E tiin HIPY.86h fnf, @M nthen&Honem!t 1J mden
m crostructured | ayer 130 '230 b%}dryln for exanple at tenperatures not

exceedlndn¥W€mH§t8HB6§¥%Fgﬁnﬂéﬁﬁ BICEISY ei ther the insol uble pol yner

matripg or the gyksd é’a@ésethgﬂﬁlovélﬂled(}ﬁ'iﬁro@tﬁfcwr&ﬂbﬁf mBBOMicRASueh kBt BPEr at ur e
during drying is kept below a tenperature at which the substrate is prone

to 5def orEPKlGd micgestragatseh faxer can feaionpbly hive pp eifeetiys Birafiveg indradiater Bhsi t i on

tenperatQk@e@&dﬁh@nﬁ%bﬁkhﬂ&ﬁso#%ﬁﬂﬁb@éﬂh&@hﬁ%ﬂa&m%ﬁﬁ&UQﬁhhéﬂﬁ&&qmﬁ{anChed
and cyclic hydrocarbons, alcohols, ketones, and ethers |nclud|nglfor

exanpl e, PrEE/ IR GIPYRFLy- dp ﬁ@hgasgmlﬁ‘ thigkrsey RAKRSTFRA VRIdE S FiRES ARG e d fayero |

met hyl  etifigdt lest SRPEBIRYI003NE 0N les€hiadmRbs 1,600I4E 0Ein a84l¥Y roRCIEbAD €,
2- but anone, butyl acetate, nethyl isobutyl ket one, net hyl et hyl ket one,

cycl dRexdMERECCE, g7 1B Adanes framal) By Hilgpistoptsiess: or o¥a&®ihor one, but yr ol act one,

N- et hyl pyrr olwe@ngs thlﬁ ahﬁg@mﬁ WERR0id BRI Strf el Bfer hRAGLALR Sty ACMlaal €S,
propyl ene gl ycol  nononet ether acetate (PM acetate), .diethylene choI

et hyl et HBynagewded gigrpitrug %@ﬁé%.‘/él) is S@ﬁﬁﬂ%@% |t%tﬂpovwm69 rmfémwmraé é@tyart e (EB
acet at e) , haflh¢rRpi GRANIBIVS 8l tIPORMB LIpHssarht ate (DPM acetate), iso-al kyl
esters, isohexyl acetate, isoheptyl acetate, isooctyl acetate, isononyl
acetate, isodecyl acetate, isodagecyieatétar¥,.isotridecyl acetate @ ot her
i so- aIkyI esters, water; 15conbinations of these and the |ike. The

coat g stct - avl 2 215 thepprmitiatics o fhg yeidpinddhe bindsr esapcstively. prekd ipie nglume or
exanpl e, fiidd FIRRids GtHhE REhoRUBR BicroSticRir@CIGR enALAH SsesCit S ETeS,
crossllnklng agents, tackifiers, plasticizers, dyes, surfactants flame

r et ar dant'§TaCERUBAG Iy fgireaovoiied miripsructuied Ryer GHBAF Fivaseediahic| udi ng
thernDpIastlc or thernoset polygmrs Li !I zgprol agents, foam ng qunts
fillers, glass and 20pol yner m c¢fos Re?e and®m croparticles, other
partlcles including electrically conductive particles, thermally conductive
particles, fibers, antistatic agents, antioxidants, optical down converters
such as phosphors, WV absorbers, and the |iKke.
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An initiator, such as a photoinitiator, can be used in an anount effective
to facilitate polynerization of the nononers present in the coating

sol ut i on.wOhe12205ment of photoinitiator can 25vary depen@CmgSeq@ans245®r
exanple, the type of initiator, the nolecular weight of the initiator, the
i ntended application of the resulting mcrostructured |ayer, and the

pol yneri zati on process including, for exanple, the tenperature of the

process anrahendwnas BatpRctHr ll‘tdeés afcths vids and dickindgirepeeityely udisyome cases,

phot oi ni tghat Rrveheh MHeldtoncd Bitw kAT hBees bPREGRY A IhaRbis ddame hRaisSpeci al ty
Chem cal s under the | RGACURETM and DAROCURETM trade designations, including
| RGACURETMTiEBatl gty the pfestire mepghegnanayoidedmicrosdustyiet ipveiFanr Byer 230 may be
cross- | i nikpdxifiteRbO YicdBllAviiDEPrekdigh: d pol ymer network. Cross-1inking can be
achieved wth or without a cross- |inkin ent by using high energy

radi abi on such as ganmma or elecmﬁddjﬁeaﬁ%ragﬁatlon In some enbodi nBhts, a

cross-1inking agent or a conbination of cross-linking agents can be added
to the mxt urénéwchﬁéﬂequf%@!me@dew the naopgderignipeTtrugspailayeo 5253 uisnoner s,

ol i goner Swé?ghtédchlvé’ﬁ%'o?fthe-m(ﬁce%roﬁ%%aédoﬂléfﬁg 6 arRARin KT ERGxAYYTET | Zati on of
t he pol yner netwo using any of the actinic radiation sources described

el sewher €anQYQEre; mwrr%ﬁ@vqtnieé yerthat b ovoibelymaiiaction efg@rit andiakéndersbat has an

mul tif unqaa&@@{eﬁa&foxlo@ﬁ $ %N HBLRAGEY bAlbES: 1. BUS taalaﬁats umoﬁ@)oaﬁﬁqnl n
U.S. Patent 4,379,201 (Heilmann et al.), which include 6- hexanedi ol

di (mefh) sdiestivatnsex Pfrqbﬁ@ttlm as Eedpahly the meredreeps eauption @) 12 someeyeyERe gl ycol
di (et h) agioyligletes tli%%ﬁﬁ@%fdh’& ﬂfc'rds%ctﬁr%& {al ?&tn'ia%(hﬁ?et M RCENL RRctivelih®k v ene

gl ycol di(neth) acrylate, ethoxylated trinethylol propane tri(neth)acrylate,
gl ycer ol Teige fiopy h)Sate AyPetrdronyb b%f@ dt%butgﬁlyesmutseﬁe(thﬁé% W)lgeé@rewlsatcentemplated
tetraet hyl ene @ewelvoldbd BELBIRSIDIGAE B alsd sHAmdOHRRADGH adilﬁtloﬁ@ih@

copol yneri zabl e aromati c ketone co-nononers such as those disc ose |n U S.
Pat ent 4,irgrpomsged prigeedr ey ot of ypidy 32hispersed jthebindsh 3l O tyhantinaal plrditt Her eof .
The qagat ifgopaficlst Baﬂﬂd@ﬂel’%ed‘?cﬂﬁstéﬂtﬁﬂ%hrﬂﬁ)'n&dge{mﬁn&h@blﬂdérBN‘Sf er agent. The chain
transfer agent is preferabl | uble in"the nonomer mxture prior to

pol ymer i zat i orNanEREisS40 B?Veé‘dlzﬁ 4 thet R &E At deairrsiafue Ayaptdssited &angeief ¢ ri et hyl
si | ane angiBRIeRBLaAT, inls0mS @A ATRGH HBES of GOBdrHcIts AR hest 1GRB0S) &@o%ccur
to the solvent; however this may not be a preferred mechanism 15T

pol yrer i 2T 8§79 &) gF %%P%ib? periighest baye a sigs thalgs i & desirodrangs: efusxemplp.in an
atnDSpheﬁﬁn&Bﬁ&sBﬂ&m@ahQMh@%XQ@@m%@E§%ﬁ%k@hﬁ&ﬂt&ﬁ%&@ﬁ@a&%0%ﬂ9©@%&99ﬂ%en0h
free-radical Ynerlzatlon resultlng1|n di m ni shed extent of cure. The
radi 20i orPf %@P@é ch R F e thit i oV ERY P BAN AR | | AMETOBRtCh REPS £t dat 319K ng may
be act i nigo(dr800,8x20RbEL00! 3D AhdoARtdraVh BinPcVBVIEE FNBLR dfﬂaﬂo gitikd J4avi ol et
or visible region of the spectrum, accelerated particles (for exanpl e,

el ect r on TBRYARYT AAVEREORY ticloerbat gt g thanakptd MINERIEeR T ofEFeaicedan

radi at i ongheutao,toR§0d, bKBo, i 06 VB0 BIRALIRENt S, the energy is actinic

radi ation or accelerated particies, because such energy provides excellent
control over tREOMGFassatomse! disaanonpisclss can b yisiptisma sathay they MWBES i nki ng.
Addi tisonalefest thBGlel flicGeffRM AhIQNwRRAAE 6Mketaal ReticRALI] McBShCachR iHggd for
curing at relatively |ow tenperatures. This avoi ds degradlng or evaporating
conponenta&d s43ger lighghilpeillsens ptpnperticlss eaeberseiiisientieloige ip gt DERYERUY ur es t hat
m ght be Facdl etk fs@8sch@riliBhd | at e pol yneri zation and/or crosslinking of the
energy curabl e groups when using thermal curing techniques. Suitable

sour ces of curlihigaanaiigys 349cnayds may nptgduncijpngiipnde I fomis Cajepsame, mest, &kt r on
beans, NMREHNYallyHIRT theX@RArtc RIBAD, sucBhdRMofticld IBSare hotTERESMIEdd ament
Ianps flashl anps, sunlight, low intensity ultraviolet Iight éblack light),
and tfe [SPRE CasPn sERsrEOEnoHPSAEHEIY, allf Hdélﬁ‘n%’mlqehé‘!“tﬁd“egm%fwﬁﬁlz? PUMERGCoNal
acryl at e 12p(d ROMYURSIARPEispRRINnS RbiRAR6IvEH:8r Giadtr BEY RitPR), ¥FRE @b on
product of a photoinitiator, a multifunctional acrylate, and a pol yurethane
ol i gorrer .clupping JapiiegmRbodimsnts ghapenagticies 364 Faarbs furdist %}/‘P%toéﬂgﬁ(at%hﬁwgl r et hane
ol i gonmer waltoiREER. FohRhfpkUaallaficnaRe¥aek dadpdias ofia, vatseedad-ayer 300.
The pol yurethane oligoner is ethylenjcally unsaturated. I n_some enbodnents,
t he pol ylﬁl(éjtli]‘lf‘gr?é S%Pc%gqaﬁgﬁ%pwﬁ fgctive functionalities or groups 360 to chemically bond to

35  binder 310. Nanoparticles can be functionalized with multiple chemistries, as desired. In such
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oligoner is capable of reacting with acrylates or "capped”" with an acrylate
to be capable of 35reacting with other acrylates in the polynerization
reacti on we=erzdsewsherein. WD 2012/ 054165PCT/ US2011/ 052¢$81S2011/052455 one
illustrative process described above in FIG 2, a solution is prepared that
includes a plurality of nanoparticles (optional), and a polynerizable

mat eri al dissolved in a salvent, where the polynerizable material can

i ncl ude, PP %learisgnifisis fiagtiopsf eanpRasises A0 Aaissherisallyhivandys therindesr JB| e
materi al shie 6284, 8shoPiHiQesB49UBSbI Iﬁb@re@dﬁje aunb@Rhlitics (AdRhicely tRdkdendeat i ng
while the 5polynerizable material is g yneri zed, for exanple by applying
heat or [131§hin suehcapcsy ianapprtichs St sand ey YW@)“’%@F‘] §indey3the solvent. In some
cases, after thgomodaydiBIoh%aft e Rashpeficled RS e KALMUR REoufPIdSiHets doidChavde some of
t he polynerrzable nateri al althovgh at a | ower ‘concentration. hbxt t he
sol veRt ~ i"cHERE0EY BY cereyiblsg! Brnoptrigeycar inslyde paidwF of g FREYS #1dng i n
nanovo'dqgnﬁhﬁﬁ@ﬁ&ﬁ&&iMﬁﬁﬂﬁ&@ﬂ%ﬁm@&ﬁmﬂﬁﬁﬁgbﬂ@k%ﬁ@%ﬂ%a@ﬁlMR%&uﬁRkaPﬁﬁ"ty
of voids 320 di spersed I bi nder € nanovo

10mi cr ostSPtzrefthSetahe|nawﬁﬂlsb®mrherlu%%ﬂfaceﬁreateéPtlt%/naa?paﬁactrépart i cles 340

di spersed in Ph@nﬂﬂb%@@%s@kﬁ&ﬁhmf%h&mﬁ@@@@ﬁ{t&g&ﬁﬁﬁﬁ%ﬁmﬂ&yﬁgwh@néhe bi nder,
wher e the bondi ng can be phy srcaﬁ or chentcai abrrcatron of the
nanovoi dedNeARRicls&toF ae%‘rl%lorl aj e danasaHcirBYRFiglcs. utlettlelerorr ees descri bed
her eip UShﬂgmHﬁ%sHﬁﬁﬁ@ﬁ§&ﬁ;ﬁﬁ§ﬁ£mbﬁﬂwbﬁﬁﬁ&ﬁyﬁ@@m@@k@%f&%ﬂﬁ%ﬂmﬁﬂh@%M?
tenperature ran et is compati bl e mnth the use of organi c substances,
resins, fiXemgles afrraltaétfplﬁ%ﬁgtlgc n%rnﬁp%ﬁw indudethiar sl oxide "PeBRtidetocess

t enper at uﬁaedlﬁgaﬁrc&et QiR &ia DMurRina, Gk b&Rt, vhRRAIRIRIAY odidIRE odille,t he

nanovoi ded microstructured |ayer 300 and microstructured article surface)
is 200 defrepdsiientdsembiatipns thereef. T namparyelss @adaveaay grgeaurtisle diamcéeror 100
degrees qeRtHagLBAR 1000 ntrealsless than abodtno@em)nﬁt or MABRY:R 4R bELLCS @de it ur ed

| ayer. 300 can have a desirab Eorosrt or any weight ratio of binder 310
to plldraldeyf 36¢ Shamapdion a@P@é tg @nmA&é%rftﬂbﬁ@WO 25 Rmg &ifhe sanopartidesigs ght 20
rati o cangbRgAQY thé@akRudnl@bss TBYioRE dHRHE6ASH the zig@re?ﬁle@ﬁmldl&@ahlb@ Rsithinng ONE
cases, the weight ratio of binder 310 to a plurality o nanopartucles 340
is at | eddthespyguges pngcan alygbe greaepthan abopiohi) olp. 3n someggmbpdimentg, “fymed” o 1. 5: 1,

or 2:1, Qiancpaniclks, sQ¢h a3 sikica £1d aRmtihal Wltﬁ'bnﬂtal%nsm@ ﬂes@th&n aﬂoﬂt @Qﬁ&? afeaa‘is%s t he
weight ratio is in a range from about = 1: ause to

consi der ,nglpded sHefeastGATHOp RER SEREC 4% quﬁ‘etlh@r Cﬁﬁe‘? §PE]§S%@%90 Yty %}@F ral

25di fper enke, e CWBEO-SPERSBR P& 603 Ghifie BN Yo filabi$ trofQl b, Bofta Q¥LQI ded
layer with a mcrostructured surface, and 't hen backfilling t hat

i crostructur @eélatorér@elewehmgtu@fowrfé%&rwarelfrcrrértmﬁath%%r@wéalylstﬂ@&% rial, for

exanpl e anyGRPN®RE drepa! hyRRbMNe Erolft erdlc@tnbmams (Hateoarmeeﬁtahcél@ m@de by first
forming a mcro structured surface in a yer of conventional material, and

then bacKPpRitisls m@mtnctwd%%@fergrewﬂeavegérprna?@égwt siccted feonpihe BOBRCORIFEE Al

Iayer |Qﬁh@ﬂﬁmQﬁ@ﬁ@mth&g&ﬁ@Mkéhﬂ&mﬁﬂ%ﬁﬁ&%tﬂﬁ&ﬁ3ﬁﬂﬂmﬁaﬁs&ﬂﬁgndﬂkerface
that i s, the mcrostructured surface, on one side of which is the

nanovsi dednepattisies Heludg grgpnosi syfece graupsidseyeddiopansieciitiplegied fsom the group

convent i QRadisti E’[?Bﬁ{lkﬁéﬂah@-&{@l[sﬂane alkoxy%n@%H@cdcnﬂhh’ihﬁoﬁshﬁére(ﬁt | east one
structural difference can occur between the two articles, and that
structural di ffhetamcerrfes-moedidied propprsticle dpfsRit HpBtcls tlrﬁfépﬁ%éerr%fr FAUPS| n t he
article oka@@s® thddurfaBHR fahiRId a¥€turfbe %r@ﬁbé%{ﬁdlf? ARlchdTBL& o Bl phisicle.

m crostructured before backfilling the 3 crostructured surface with the
nanovoi deldeiEmeriagicle disreeteiapsl 8rHela siratreler RIthaBenigum stost 3epiiena] digrensign
2012/3054 142 B&tit WSl @R RAS BrefinGih ok b QuntaB@rebAY &lc 1@hs CRRENdibRA!

mat eri al because that |ayer typically presents a substantially solid,

non- por of&d pRgFtileyizey fefeé%ﬂre Fﬁ‘é@tu“b“rmﬁﬁd?‘t“r"% dppensippoitheisgeaeritceRa surf ace

beyond wWhh&h, ﬂahﬁte@aaméqarg@@tpémta% |aﬁéreg?a%§ 0PhanPRARLds Auéh asl ﬂim@@ﬁﬁdaq)aﬂwret he
article of case (a) is nade in such a way that, at the tine the

conventi onal nEFéyTsP-MOgH o pEAEYFs haye erut%rr grpuns thagmodifythe solubiy e

uncur ed SdnhastbchtipfYREIandRRIcRY. T AR Bshpt fre bhRrMy; GEIQSI Y Ednlé@RL SUT f ace of
the anovoi ded | ayer, the facets or portions of the m crostructured surface

ant anaﬁw&fpmae@lev%tﬂa@e cqape &tlawtar I onp gmbegimeny, the yrfacs graups sytheet s, or
tunnels into which the conventional material may m grate dependi ng on
properties of the surface voids, properties of the conventional material,
and process conditions such as resrden time of the conventional materi al
in an uncured state. Wth suitable naterial 10properties and process
conditions, the conventional material |ayer may interpenetrate the



nanovoi ded | ayer, as shown schematically in FIG 3a. FIG 3a shows in
schematic cross-section a portion of an interface between a first

nanovoi dewlol2a1240543F2 and a second | ayer 370 of conventi ecalusewtiesi4ad . The
interface portion may, for exanple, be a mcroscopic portion of a
structured surface defined between the two | ayers. The 15nanovoi ded | ayer
372 is shown to have a shallow surface void or depression 374A, as well as
a deeper SSKFtPROESPERI OBMEAR Withsleath pregoampgisntofahumating sohpmie kscpped by a
first transMRiIBShIRRSIEOR palynicRadd defvopk.0Ser to the interface than a second
transverse di nension S2, and the deeper dinmension S2 is greater than the
shal | ower di meh&TisH afimethags sg gvadpbls &ép@mfszlég thg yafacayimnagepatigics sBHREr at i ng

t he Iayerfo&&aml(ﬂé ddiRg h avekce &B ang@ﬁ'ﬂté(n&{é a&gs(far@xaﬁme Aemerah ofhape of
the | ayer 372 (for _exanple, epreSS| on 374 but also if material from
| ayer 2370oHiIgioae ¢/lqi¢H @Swm%b@%%lfqt\’r%twuﬁmq%odafvmgé&@f todeprbWille®p surface

voi ds SUQﬁn(ﬁﬁm‘éQk dOtfﬁZAi%eﬁﬂ éﬁrfé&lrﬁ&lh@cahérﬁﬂ@éé@sfé@re‘ébé&ﬁﬁkﬁhﬁ%@xaﬁq g, el d nearer
the interface i a transverse dinension farther fromthe

i nt erfacé?ateSﬁ@ﬁoll ﬁ?%@‘ﬁ@ﬁé‘ﬁ‘éﬁ% (PayftBl): achi eved with nanovoi ded material s

descri bed her eja naddpadicitd M} bARBQRIGR tHe WrnCdTal88di@N URpAGorRExamples of
i nterpenetration depth of the conventional |ayer 25with the nanovoi ded

| ayer, ortectHespinsta brianalaplsanmadifiet siling staffing matraipls ickide grnorsred eglidsht i onal

| ayerjphasiravangae &am&dpradmct MehfREENAY.EOA080, 3050, 366, £ B0 andbsect i on
or neasurenent axis endi cul ar to the average surface and one may
char act erseYeidyl jlisa %{%%cmcﬁewalr%o Ofepemitle il athe preanasticapndstibs Bigeus paRy voi d.

In a secapgd-APPKORALST- Qrmtw @@Agrrttzp mtshmldﬂamgm%m abNssdePhdmicAne My
agai n neasure 30t he anoun e material of the conventional |ayer

has advan%‘é‘él’lcbgyﬁWSPHeT%ﬁﬂté@@Wﬁf@ég ~40aPE S P2 W ﬁﬁcy SEpol tOtHirQ-anount

in terns squﬁtsaﬂ@@raqcl gmld@» Qlfso ﬂbﬁt}ﬂﬂﬁﬁChefngéal BIRAB €o. Hals:tslorm;t e["h% wRlght
nanonet er rd approach for characterizing t

i nt erléenerﬁ%(tfupewna@fﬁbw maéwl Was?m&@lams FREG e droprbow B At 40 Woe Ao the

mat eri al gfa0cmmers: a0 1|O%Y§1|breh A% pRARE RHHRY ¥ of R oFMEN AT 8 Wofnace,
35but then characterize this anount in terns of the feature height of the

st r uct ur égoydPtedeaveight 'I"saéi?i‘é 60%\Re) weighd poboepalsimat Puds deritp 8hszs of ficexenpl ary
enbodi menfafopaftidRs LEr penetration depth may be for exanple: with regard to
the first approach, in a range from1l to 10 average void dianeters; with
regard to the I serpserseapthe BaneHoldgdgniptanciregayer 30kmayigge a ko aptieal fzer ons :

Wi t honeganfict th dubiect&i e o@{wlrna%:&r thélanb @@kl Yo @fuctiRe 1Jy@ﬁh%r& Rehght, or at
| east 100?1 or at |east 50 or at | east QSO%éor at |l ea 0% or no nore

5t han 5%h#rebpgy Sr{«e%ﬂqgﬁ%ﬁﬁeri@@)@abw oS rot-e % rPrég%Fonglitﬁ"‘&la}léﬁ’ﬁ@eli‘tr"ém 5to
25% of thgoherl Hﬁ&osnaetgﬂaa 1ayérﬂ’m e‘ogﬁr&nmzaway (@ng@%thehﬂgﬁ‘ﬁ&l’:atecﬁ RatigiHaot be
construed as limti appr oach har acteri zi ng

i nt er pendttiot .tleﬁﬁaa@}a'?tﬁd %wﬂ%dew%eﬁ ifremt%f‘rlwg;m%wrfﬁwpéy W‘Réﬁwth%i’e‘b@qgﬁ@s Rithn

M Crost r ugh MM s figt emdbhdtefaNeh Wit bahé dkdidsed TMsland & 2&@&@;,5& zes, for
exanple, in which the feature-to-feature pitch is less t m cron.

10Furfherm@reed Rsing AUifklsapeans §r icramai b ateg # Merrisen Medel 381 ¢ isACuRIE o rmonl y
assi gned dhifibleRRAEMktridRE b APdamgtON [ AbjtesIn@MsnkRLIE (1660 hnifabOwlucsbt | t1 ed

"Optical Films Wth Mcrostructured Low Refractive |ndex Nanov0| ded Layers

and Met hobsdisglpspdfilgysand faygraepnslso &g araypddy pay Biphlnmeamaler eampleginiigiacat i on

al so di squssesrdhid H&E@ﬁ@teﬂ R[S ﬁ&a@ﬂmﬁdlh&em@bwng@mmen
15m croreplicati ng nanovoi ded pol ynmer material s i ssues regardi ng

shrinkage rel dft &mBgcaptiethe @%mléedﬁwrgﬁfucwdﬂw %Qﬂr%t lt?ff%ahlgh PPtisakhagg. op

exangloe, saxi @Eesdtl@Ba’%@@?th@ﬁiﬂé@@@edtrﬂﬁroﬁhﬁhﬁ@tlaﬁ@Bm1s anehst dRul MVESE atRRALINt  ON
the structured surf acegl)O t he aspect ratio of the features of the structured

surface (P SBxX8mf &0 Pedit’dt® hei ght divided by feature pitch, where

feature pitch ewmehe thhencRME hnlOGRLEAN 1585306 REL WRERBR6ERTd nei ghbor
features in the structured surface), void volunme fraction 200f the

nanovoi de@umretiEetion thetmg be desirplle n 2ppficaien. dp SeperarpariBy MleRGTHEeReS ol
occupi ed gwralktP8f voids 320 in the nanovoided microstructured layer 300 is at least about 10%, or at least

35  about 20, 30, 40, 50, 60, 70, 80, or 90%.
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voi ds), refractive index of the nanovoided material, and formnulation (for
exanpl e wei ght % solids) of the coating solution precursor to the

nanovoi dewlol2alpans41650r exanple, in order to replicate | aPgeEUSAIIGO6BIES UCt Ur s
using |l ow concentration fornmulations of the coating solution, in the range
of 30- 45% solids, conpensation of the mcrostructure geonetry on the tool
may be used to _account for 25material shrinkage, so that the desired

f eat ure shape Riagsr B wibe esigslpdq apy mgtraial ﬂmélaagﬁritseatl? BringprlcaddeEorcer t ai n
desi r abl exsghiatiRIRsIREn BSSRG alrffle Mhihal dhat RAUCLHbIANRUNEN &fa Shklikds@ge or  of
other distortion of the mcrostructured surface. In one such relationship,
the nicr d@tym&tt}rgéwr@dtltdé&élq @n b apyebsictizble pyeriplstehas pepmserglt (f or
exanpl e, hfQiadinhfier-aR66n-O856NE AR ssthdBRsIIRRent bHAAND 4l Bdank Do hiGizhR) of at

| east 15 m crons and an aspect ratio (structure helght di vi ded by structure
pi tch? 308Bgiaf spchay applymeriggble apptqpal thyf lthtl@maHécw P2 in FIG 4b) greater
than 0.3, and:pi@ridMovataedd aner atsgp%tﬁnéfﬁme Motk Bhat EAGE OPmERza by ange
from30%to 55% and/or _ the nanovoid | ayer has a refractive index 1n a
range fr offfiquspenyegtiopabanionisy cafioni, fycg radicah of %ihﬁ/p@tynteﬂ@ﬂe%%twe@ ovhighicam

pr ecur sorpctiftitbecHRARANP idafallyay ey ab@sc AMINR TRbdHSs dsthgdcfifdBRiafisom 45% t 0
70% or from50%to 70% Relationships such as these can be advantageously
appl i ed tlgchttdﬁefob?;@gj@m vigible @apdyalirpdolgidigh plectropdheanprgdiation and combinations

2012/1054 18 Tdntdn2 Bthdy AR SPhe ARGt pEY kAL R afrbd FBricANAt flihdMde] fght  Sour ce
Combi nati ons The di scl osed nanovoi ded | ayers can be advantageously

i ncor por &EEBPIERelye PRy BIgTZafiph. gRUlSRE PO RRTIBER SHBF g PPhymstrAson. S8tk on with
OLEDs or pihefizarhfmeMc3ktve |ight sources so as to enhance |ight
extraction and reduce | osses in such sources. In some cases, the filns can
be Sdesi gned tAf!iBis ragigsion sprable mafsrials insfuide monquagst. Aehiceqtivaglisomiersatd of t he

l'i ght  sOWoserdMTia&ilaies, ey Reds Wir8Har € RAG:Asednd thd 1) R dpeos@itdtive 8kanfpids Y Sone
such fllns are described in connection with FIGS. 4a-c and 5a-c. |n other
cased? t HEUHF Fagietiongirabls gayp grsbledythe arietiqes thy oresens 615%19%&160164? SRAYCh t he

i ght sous&®s, Ceﬂﬁzlehi%@lty @@atﬁlaiéﬂ gﬁ)@bses@ch z%Qﬁi%th?déflebté bR, Abmidesthidgm 1 n
connection W th 6a-c, 7a, and 0Ot her aspects of the disclosed
filnms reldgplle P@ldﬁ ﬁélytozsss&mt*@c%tﬁr@ﬁtﬁéﬁtym%gtOP@Shfm%IBEﬁr@émtdﬁétout’%aéyaaﬂtSteé al
filmis Fg'rd)dﬁﬁrvhﬂyyetﬁ@%‘r&@@@o&@inﬁtﬂﬂygﬁhesb Ming HIBIKE ASESradichI FolyntBBiz4bdn be
designed to prinaril educe wavegui de | gsses. Sonme such filns are

descr i bec P EFETtof wnteﬁmh?t%emﬂﬁxe%ary ggterigls inclge agdatesad and 7b. In
SOIMe 202s &fothdcRBatd fuh&PnSldRnBRH FicBNEE ah®pHY BB anll Y JaBAUGE nSutSidioh# | 0SSes
associated wth TIR Sone such filns are described in connection with FIGS.
4a, 155a,mawmegsihat gpforpya cirgsiipked pgivodgipan Belymerizatipn 8 BF uwedt s X8RV bR the | s

can be de§ﬂQMﬂ%b&&x&ﬁﬂ&ﬁﬂm&ﬁhﬁn“ﬁMﬂgumﬂﬁmh9§&ﬁ&n@ﬂ@m&ﬂ%ﬁ&&@hﬁdb&§&%§
FI GS. 4a-4c are schematic sjide or cross-sectional views of optical

ext ract i JWVFYS S matestelsshopldle 4 deayf pptiely oblednptleashenpecplept. In SHmFI G 4a, an

optical exibbdsichONhd nhiBliAlPonlGh Wgte A thd BKeRlBoneMEr hRkurd i | M 412 and
variqus | ayers carri ed by (for exanple, attached to) the film412. Anong

20t hese | ayer SOPEniLap QﬁW&PH@H thaatﬂétrls 30ution oV ith s dﬁélfedmatréter%t@ maigriaheen

whi ch an erRedde danl 1atagolan6ea foRlyFlah &1vens b kb pSiHl hREK of d AR bedlidgOr rred
The nanovoi ded | ayer preferably has a refractive index for visible | i ght
vel | bel dwint Ppottenbfan%ﬁ%ﬁtmwe%m%‘femdn% cap imartare of gveralsehysnte, Thtel ow
1.35 or ]sol'-%ent@F sdl%nﬁmfxﬁﬁ'@ﬁa}t b¥edied So thex tho BicRstrdendk& faer 23BRrmEDE aBXANP! €.
The ot her ﬁer 416 i s referablﬁaconposed of a_polymer material or other
suitabl e mﬁta ¥ ingeluble Hrth solygat (ora drgvtong @Hh%twezétﬂhato YRSME YR fhMCve i ndex

gr eat3er telafbedltdaatts R solRer MirRev@h ded mluame lof a JIMRnPnlifa@ORBGGenk for iR ract i ve
i ndex between the | ay ers 414, 416 is desirably relatlvely | arge, for

exanpl e, Palynicezble Ieat?"la o e partigylar gmpodigentfhe ngelubig plymeringatiiy Gap df 8nce i n
refracti Mgrek- aﬁteﬁﬁsnaabdl bk &&rntg%p}ﬁl@ﬂctﬁmfnﬁgg@s thidaoti theimedi on as an
optical interface capable of extracting light froman OLED or other

sel f - emi <ipeasiopyl g°ﬁfne%t!frt§léepoagneaélga&t%é&Sé?%@m@t@f%@?@wft@ome structured
surface 4&&@yﬁﬁyu&ﬁaﬁ§gypﬂ@gﬁﬁgvm@y%c@@ya@ontour or shape that is effective
in extracting light fromthe light source, that is, coupling "wasted" |ight
out of the light source so that it can be used in the i ntended application.

Wasted light in this regard refers to light that would be trapped in the

|l ight source or otherw se |ost, for exanple, emtted froman edge of the

| i ght source in directions that do not,contribute to useful illumnation in
the display or other intended 35I|ght|ng applications. In exenplary

enbodi ments, the structured surface is shaped to define




WO 2012/ 054165PCT/ US2011/ 052453 i ndi vidual |ight extraction el enents 415.
The el enments 415 are shown as having curved surfaces which nay represent
curved | iweanizpsisss or an array of |enticul ar el ement sPaTfsaged53483 t wo
ort hogonal directions (for exanple, directions that define a plane al ong
whi ch the structured surface generally extends), but the extraction

el ements may in general have any suitable shaPe 5without limtation, for
exanpl e, | ent i1 89T casgy jobisakqep be qasiy reR¥sdean the polwailadgn micrastentwg] lagw 2-

di mensi ongl, 23984 d8%AMR: BxanPlt attBifp Bl asd: h&@ecﬁﬁﬁﬁ@@&@mﬁésnﬁm%ﬂ&fkt&& prict ur ed
surface need not all have the sane size and/or shape, although they may

have t he cihsghesipodblenebaier 8RGjFT e susapte &4P- IPﬁn%R@étr‘FﬁliaaF?b%%ﬁh%nt s, the
extract i QfmsdrRi AlunAfPin@ s &esthaloAGitehpFRGke BYWRCE @D L @EndtO GRAL RS spaci ng or
pitch Pl between nearest neighbors. In cases where the extraction el enents
are not SRRy CRmEter § BEDBE IIRPCETHE P §lPseRRsion tgrnsEiture phide BibERE P1 may

represenﬁbéﬁpﬁﬁﬂ%ﬁgﬁsﬁ@ﬁ@@ﬁm%ﬁbmﬁ@ﬁ&%&d&ﬁﬁGhﬂﬁmﬁﬁmhbﬁk§%ﬂ§ﬁ&&b@ﬁm@'e”EntS
The structured surface 414a and/or extraction el enments may al so be

char act erdFEdnBYdiag &ir sxanmle PepYiers gxiobelers r%MSaD@WArI\é@eTMdrM PHBYIESE ract i on
filmthatgyesi Iﬁgﬁﬁteﬁhgr ﬁs@pl‘égﬂmc@h(ﬂ Qa8 BRlche, B ISRENS, J-bidHons B CRetaleN t he
case of extraction hi's coupling surface is the outer major
15sur f ac én%h%asoertylrkat)@era meil] ethylkgtonn s¥elqlicrasiong sggtongrepatic Sy dReERPMBover i ng

t he layerisgph&ond, §ut§1rofat:f%ﬁ@-m Me&ﬂﬁ%@ﬂﬁ&t Refallyd Burhh) @stBE QUG 1a8@te@ cdtResPr OF eCt
the coupling surface 416a from ana%e until the extraction filmis ready t

be appl i étaortyrfnﬁ lvcqlimpremetby cther acyijts (RMaedutle ficdylcee gy %thﬂé&learcétareélaér ed i n
the fi guraeeta&) amaceeglfclaﬁanmth%haeraral(ek rame)%p&pﬁe&%cbma%ﬁqe{haﬂ&eeert i on

of the Iaé 6 between the coupling surface 416a and the structured

surface 4 acrtﬁ@) isqridft ?tqfhu?h%h%@éﬁ YA brelals eochy A BerY ng

surface, &gk ahdtRRaRRROBLIRS AR 1aRY isBiriBb@NRclaldk oihSr iIRALIRY1lc8brstWatdrhe
coupling surface and that intersects the structured surface at the point(s)

of tHe steubigiuyokliprapdthelist is/are closest to the coupling surface. The

ot her char act efHeSbdtfag JIShARAS carfel@nclid® otRLingdicaleAl GRIVBRL WBLEkakpR, coupl i ng
surface 416a and a Fane that is parallel to the coup I|n% surface and that
s

i nt er sectiBitiptpe, %r‘lrl&é%eaeefdlresqrrﬁfl%rétéma%ataﬂsﬁe oishiking asgits. tackitists, RIBYIGFEY sur f ace

that i s/ afygys, fafas rameadardfid, E0plineadeMRidntehisS @GR difRtahadifd f ferent |y,
the Iand thickness or distance 419a can be considered to be the small est

axi al di shamedlagisriderosti@olyman flovgcapkagens dagrngasgnts Halest glere 2t ed sur f ace

414a,0angolyer th&@sﬁﬁl&@ £4d YhcrGRRIRE, ARAphHaEEdcb@nbacdial asagstve axi al
di stance between the coupl.ing surface 416a .and t he structured surface 414a.

I n cases Bfiske thas@alsqondictiyoertgles phiberp atistafinpgspigedtioddaamnepticd doyvght

extracti Qaan&byters@ﬁhmwgos@%@mm&m ahdihb@k¢. that is totally internally
reflected at an outernost surface or boundary of the self-em ssive |ight

source, we havel RBiIE sPeh s avheipaiansan be ‘&e‘érng“ﬁ apgent gifeqting o faglitpte) m 410

such t hatpolyaRribARA of tht GloRGSEs PrdRat ih el cBhtdisyIBlioh. SR mourref AR cak e
| and thlckness 419a may be less than 50 mcrons, or |ess t%an 25 m crons,

or |éss tvr%a/rriemdrﬁgepehéor xRS (gHyRoRS dntiajor the@olerden eig ot he nitbistthied as

i m ti ng.intbilicd QpRicHRBDS the RELBNEIRYCcrRBuAtBred ANEL, addihy Ry R&lonpRRER t he
structured 35nanovoi ded features nmay be non-contiguous. The | and thickness

419a nay Bfledng, eyl thejemperajyte oty 9?1@5%1eee@rwee?eatrpéega@ewtrﬁrl@raaess of

the flexipte SURSpRAIBi4IR incTiag, fb@admgleltﬁ&eesﬁlaﬂa%mr@% SHe&iRltPEhcBcalNi N
that the layer 416 is not suitable as a free- standrﬂﬁ @grt filmin
"e

rol | -t o- reffr e BEECdRg™ epd PARD LRI fadq desigpgsipps, &9 CYREE; bed

di f f gpentdny iIRGACURE™ Siper 416 could be separated fromall the other
portions of extraction fil not have sufficient physical
strength or .rﬁhe@“rlrregrﬂ%reééaysgm%tbéar%hrlﬁr‘éOeeori%ﬁ naeitisld RohEstint ered i n

i ndust ri aetwddk.| clo&=IiRing cBk RERER| AUGyify WWeiBut WctRQUIKBX 6@HBbVRide@@dhi NG,
war pi ng, or curling, for exanple. The | and thickness 419a may also if

desi red BACEKHIEHY gichas gaayer slepiryrhoam radipion aNSaBE PAPRARItS: B FoFOHIE t he

l'i ght  extdasbl SEon)i@mBRbSerdkd Pinkifig Adhts dhsRALIOE tWiHehiRuALIPYRResHeRt zone of
the self-em ssive |light source. We have al so found it advantageous, again
in cases where the film410 is intended to 10enhance |ight extraction by

reducing TIR, to tailor the extraction features 415 such that their pitch

- 16 -



Pl is relatively large, for exanple, greater than 1 mcron. The feature

hei ghts, that is, the difference between di stance 419b and di stance 419a,
may al so Wb 2de#isued be greater than 1 mcron. The feat uPeThSeghtos24and
transverse dinmensions may be sufficiently large, for exanple, greater than
1, 5, 10, or 20 mcrons, that the functionality of the extraction features
is principally governed by 15principles of optical refraction rather than,
for exanph¥omgistgligamerior plypers-obhe cross-linkinggan gty dyinggebyimgeirdtish of the m 410 may
be fabri gRlyag: Hive® BinWhtlEo VIR deBliY radfatifRIMiRC iR L &ARAL ques, Incl udi ng
wi thout I'imtation continuous techni ques and batch techni ques.

particul arly d&ﬁ%ﬁFﬁ@é@ﬂ@“ﬁ&ﬁ@ﬁ%@%ﬂ%@ﬁﬁﬁ%@@Hﬁ?ﬁﬁémmguﬁﬂéﬁﬁﬁﬁﬁﬂﬁhs cast and

cure (3C)mdtRictyid@; Ju@lll hs tH&s@%%@l%seﬁlﬁ@U saBattal7s hovwnegahermbicahibyintdd! G 2.
Such a techni que al | ows e filmto be made Z0continuously in potentially

hi gh vol urfsiexangdip! é%l@ﬁh%w@r triggthyiadproRapg Hismeth)agtytatcp 2§r11.‘/¥e)16 ghitd 1 arge

nunbers  QfinRtiB&eyIRANkHa hﬁ@ﬁﬁh&nM@Qﬁﬁm%h&ﬁﬁwﬁ@%nég&&@ﬁﬁﬂmhﬂknﬂﬁ@ i nt ended
end- use appllcatlon such cases, the flexible carrier film412 may

have physihexylaigs .‘/iqlwrgmne gi(mtheagrylpde. slye%ﬂlde@iletth)%ylatﬁd@wﬂ&lé%@ t hat
nmake it Weabla@[y@@ @tri&l@%ﬁ@?@%'dﬁﬂleﬁ%@%é RDARLEIN hﬁﬁleﬁl?acanu@@t rate 216
in FIG In nané cases I m conposed of a conventio

l'i ght - tréﬁg%%%riza c poMptieketag e H@B&@erwcbéﬁ thoteetislopehia bt Ratestde’ 3T PEY) or
pol yaphyl gegnnapht.h@inatige, RENmbiRfio&eResMEr s thereof, woul d need to have a
filmthickness greater t han about 2 nils (about 50 mcrons) in order to
possess the né@’é%”éﬁn? selptign 24§ mengbninclydap Flaw transfeippgpy- Gé%%}lafndfangfarc%el&

pur pose. il PreRfIbE SRR tht ARnShérUskMiaRioS W foBaRidtAR BRYNPRE of abicafta®d not
with a casting-and-curing technique but with any ot her suitable technique
capabl e drngpi@eRs W@u@%@e%wﬂl?@&néwwa@ﬁ%ﬁl DorEHbOdipgntp.¢heip gansfs raned

| ayers. FR®o o8XAMPhEsolV Ik hbRdvicPlis S&lartgefe@élﬂnécﬂlhrﬁﬁﬁl on nol ding may al so
be used to formthe structured surface 414a in sone cases. However, if the

extraetion fi|heaelymeszingiep RsFRply dnchidsrising agpdintionsoyres ingaptmoppheredhats  t he

| ayer 416 fmowCaXysdn doldeBratioaOkfdeh lis knd¥Bko fuRAdh MRSad¥PFMIGRE Afder t he
formation of the nanovoi ded | ayer 414 and the structured surface 414a.

Cons equereffing indimifdibad cxignt ﬁ%(t%er i e gadigtiop squresrisehigr shiswias 8oy BAtiPbns, t he
| ayer 41Qnm@ycras§11m1@@@mtaeﬁh@6 NN AhEHRhaliAY £adbldho@Sn B SR N

connection with FIG 3a 12/ 054165PCT/ US2011/ 052453 The carrier
film 412, ViyHercgionsl e segtrym)y ageclamipd patgles Ger cypnle: clegien beamgadiptionhy ef er ably

al | QUghltHerﬁlﬁlétﬁﬁ@kaﬁlﬁilé/ﬁea{t Or infr@0d ralifa060)! d1end 1ikghin AWM EBodiRbA) AT to
noder at e anmpunts .of haze in one, sone, or all of these |ayers may

t ol er abl ECHHErgftioRe;aearaied Rricls dierguse sish PreEsY TS exméleqt 8W§°V6F@Fer abl y

transmt ihikigkthn aﬁma&é@@o%ehmoﬁ hi@idr cﬁﬁgﬁqﬁﬁgma@umn«y |a@t$rﬁc B0iatifiadnd after the
S5extraction filmis attached to the %@t sour ce, e fraction_ of I|ight

fromthe W?eé%ﬁ%te%%tﬂ% Cf‘fh'é%usﬁ‘i@\f/%‘%@és"tﬁe vdnlopl tFIﬁ@ef%tWF% a WPl degradingexi ¢

the extragti®Brafihd BnPpbndnl@hARHRAS bé Ot EH ﬂ&%f&%@ 2 t@mgé}ﬁitufe@ﬂkfﬁﬂgﬁi& to
syst n1|IIun1nat|on The carrier filmA412 nag nprise PET, PEN, copol yners

t her &of , TgIUES toipifete pelymgrifefienqngyos cigpsiialing ofghe mgércu@hhetgawp%wmnaﬁ@gar ent or
transl ucqménnmhﬁﬁg REiquiNSuaAMIE dodFcef bﬂcﬁnlﬂgl&leg,@yn&l@ Q\CORDY, hEBIALEDY ti | ayer
film of alternatlve | ayer of PET, PEN, and copol yners thereof. The
carrier fIRSeH FeaFOR BERMS BEFAMY RISmSPPS MBS farben %@@H’é’é furgptgl Alewerifeers. and

absor pti anshiaye! {sightdo® MadlsRy AebranNeakbho@labc Ashif h&mhé ps such as
pol ari zation and wavel engt h sel ecti on/conversjion. carrier film41l2 may

al so functi on 'B8ome gahodingnts) bigdey 31‘!)“115‘]’1‘?\5ér‘i"tmt\‘ﬁélfcé‘?m@%%blﬁteéﬂ%lp%a%lef rom

reachiong thevihdegBio o‘éﬁ’ Hé Qﬁolﬁﬁ&r&ﬁﬂ@ﬂ]ﬁo&%{ Jf@(f)hbt@iﬂltfatdr rﬁlﬂuﬁuﬁh&ﬁﬁh%aﬂaﬁ hrdye
| i ght source. Exenp ultrabarrier filns include nultil %% | s nade,

f or exarrﬁ‘lFé’lyu@ha%}%]&ﬁj’me%%ﬁﬁ@?wt&‘? ohp HWHHHCH apylgte gids ‘fﬂ(’;anFrat erials

sequent i ajlibymértaprdtihce b b8 d@dbld BV 3R 'ihl@lfoﬁfu@ﬁ&d%yepj J0e1Th8 o1 @bthhe
substrate, or alternating |layers of inorganic materials and organic

pol ymer s, oligemerdsethylguclly Hnsefu@edpé% W%@O%@lt%% Pelshigifapt orgplyyietgng 77, gos
(Shaw et @igomher @ét'hﬁalﬁe OBachiRdlwiiSayaed ordtapped e MAABQKQI 86 cdpapiebr 414 may

conprlse an e light-transm ssive nanovoi ded materials disclosed
her ei’n. Tﬁ@IH$WE?OmﬁyﬁwkﬁﬁﬂlWﬁ?dwﬁﬁﬁ?ngf%ﬁVnQWPF§BW@3P1ght transnmi ssi ve
material. In 20exenpl ary enbodi nents the | ayer 416 may be or conprise a

i ght-transm ssive pressure-sensitive adhesive or other visco-elastic
material . Representative visco-elasticiymterials are discussed in the
commonly assigned U. S. patent application (Attorney Docket 66015US005)

ref erenced el sewhere herein. Use of a transparent adhesive for |ayer 416
allows the extraction filmto be attached directly to an outer surface of
t he self en155|ve Ilght source mnth no |nterven|ng naterlal Iayers. 25Use

Y o o o, e A A~ o o "



30For exanple, materials nmay be incorporated within the filmto enhance

|l i ght extraction through scattering or to filter, color shift, or polarize
t he |i ghtwoSoardemwscoati ngs or structures, for exanpl e fPomatSeanab24sanyers,
can be applied to the air surface of the light extraction filmin order to
further increase the functionality and possibly the val ue of the |ight
extraction film Such surface coatings can have, for exanp optica
nmechani cal , cHBARICHpstragye epeétqeﬁe’%?rsdr ME Wi F3Fis2. 2 Elgtien 1@@%@6%%@@@5%%% ngs
or str UCtﬂ-Mr@lﬁy b %&é@g@ S)v 9401 OWhBSal HIEUH ddGRS s N enD ARl €S:
antifog; WD 2012/ 054165 2011/ 2453 antistatic; antiglare;

ant i ref | debmsHzab éﬁffl?t & 1pgiw s@rataaw Cr QA 08 {IRFFCHENCS OAMPRURRIH glehe hydr ophobi c;
hydr ophi Ipocym %%sha&a@rsemtd 66 a EBEFACIIA\Ro S lisCIFBIMdS tHe @bdling hinlié @k 1 NG;

ul travi ol et filtering; spectral filtering; color shlftlng, col or

nodi f Pc atﬂob’ﬁ’erlﬁ"t?llea‘?l?t%%*’tl iSRSzt PaeTaEIey aﬁe‘éﬂng dpat g1 highty|teyfoym ap ngpfpble

redirect i RRimet nhirbish M8 sol%nt qatsblﬁatasésot@etr kRPolycNtioR O8S it s8Ik ARk Stifl 0 be
applied to the air 5surface | ude a barrier layer or a transparent

el ect ri canglydeseme s %Yfﬁ%ttze‘?IF atateﬂq*heth%ah@és bover rfélren&rt@OWXb depivett éd,
and/ or anghfel by alyaRSe eldpbRlind BY sdfioRrQuitde th RBotoRd HidtsdtrusiuRe 19E: Jobe

extraction filmto protect the output surface 412b. FIG 4b is a schematic

si de or dh¥dsludeca ieorak ovplepfitgof a@téﬂ?@rdlseﬁﬁqddapolésatfrba@ﬂ%w fliog pneKRifedcan be
used 1¥i t higrobRRBI thyck BEb iGlERs a bRurdtk ﬁ@le@ﬁﬂﬂ (ﬁ@)lsrs&l(ﬁlrtl?e(ﬁo'lﬁfbrf i1 m 440
includes a 10flexible carrier film 4 an vari ous ayers carried by (for
exanpl e, batderncHedaragyrticigeare ppypdAqthe bindgnyharhdg Bondifigepa b ‘?%hyalcﬂa’h@%”tl‘aed

| ayer 444 and BREURAtiohdY BE ndfhQeidREh RSy R B0EIIEAER -t QI fRER
formng a structured surface 444a is fornped gsee i nset). The nanovoi ded

| ayer pr ekwrihel Berginusing theprpegsics describrddgremagan bs pyrfarmaed ip grgmnggatyre FEGHAY hat
of conveny éd?x'ﬁi%hbl@%tﬁ'fﬁ%rds@oﬂ'@éa%fc's@ll)s%nccfsolresﬁsxﬁm &nd AERNY Fhnddmyor 1.3, or in
a range from1.15 to 3 or 15 to or exanple. The other 15| ayer

446 ils preapedigisny. t%tﬁﬁ%gr@aesatenaerﬁwey r@érdet?ﬁtlerq ¥ anc?@ﬂ?% thermagieter aB1ed 2hat er i al

that is ngd ndﬂ@ﬂﬁ’dé@'nq@fgstﬁl@ﬁirehm%% r $RSnAnfi@bstaGhicY it RA@FacOy i dBdegtcBan t hat of
t he nanovoi ded | ayer. The difference in refractive index between the |ayers
444, 446 TGRSO Kby gr 1O8|dsgtpspernfisrade glelessiop  Obdegrept entigipdqasdest: 0.2, or 0. 3,

or 0.4, or 0.3n@knch®manovbliBd Mickds@LEMEE laly & 308 4Rl E ¥ Gesiriile FRSI@R |fér%’i§ t he
structured surface 444a to function as an qgptical interface capabl e of

ext ract i ISt ge of bigdar 400 padirety sinagensgicles d#¢: -gepuiishe iy gepritl %16 WFigkt  as

descniobeda®) G860 ekyevaiR Rk May be desirabld i@ af bphehtioh e th SHilace iAdIITRYio e
tailored to have an%rcontour or shaﬁf that is effective in extracting |ight

from t he Hitdghtl0de aphislitg ¢fapngparticlen it is Mdeairdewd 3§ ghtt [ostebeyt liZne of {:ght
source sayrthadr 115 1 Qm 168 2Usedr 8.0, &R 1, BF £ndRd: 12 PR dnaki@Nh &S cidhtSabSS Bd
above. In exenplary odi ments, the structured surface is shaped to define
|ndrvrduéP“%FéhPlﬁ&?%%%%Fﬁﬁmgﬁéwents 445. The el enents 445 25are shown as

havi ng rect anguk asw p&uRé iol Basiddiif BonfBioh GRE EEE ML, Willcdler IhbReAdny kircl@@s or an
array _of hox- shaped rotuberances arranged in two orthaogonal directjons

(f or Zexarfpifaency Prt&retni @r?él aftpele megle by fisst &rerlaﬁélaaqvart@d et erharaicostysiirsst ed

surface ggARkanldYheBph&Mtm) thablicrdshBei@Xl Edfatd Rfh £LERNBASal (RM-HaRovdRREY al have
any suitable shape wi thout Iimtation, for exanple, lenticular, prismatic,

1- " di mendnassiigl ‘(rlei’“f‘fé%lrF‘?]"Iléfiltt@ﬁﬂrpﬁ]g)nebma@mﬂa%h@raBﬁ’alPle nyage btéfaah%r%mg and t he

extract i aficRbRRRMSsulhcedn S gér\beeorstﬁtwﬁtluraealasulrmaebaeereﬁngmtt all have the
sane size and/or shape al t hough they may have the sane size and/aor shape

i f desi r deCToptFIcERharTate I bREEReoised glatetlﬂéaytﬁktlraetlucars dhegrilfing antiels has o

char aot erdnze@ediid ﬁlte@ﬁéﬁ @lat 1 Qh&ﬁﬁ?&fm&ﬁé&éﬁﬁceo bn PhelsEd? OPAhRBIWBERNDRAIAST
nei ghbors. In cases where the extraction el ements are not uni formy

di stri but®derst laxgapden e gibersiderpt ahich s the spaventiopah mpterigldeyer.epr esent an

aver age cent erwt 826 85ingkhad Ra&kNGhe Hruchha 18 dndEEdnQBc1e be et tBe twilrticles,

2012/ 054165PCT/ US2011/ 052453 The structured surface 444a and/ or extraction
el enent s 24 iapypctras diffgrenceglptat todhs mesdaniym of infegreagiebon in thsjagicfed a5 om a

surface qb), iere et RESA ORvehiibiN hitaiial issmidAaRicRled RIGOMRKEIhOtht he
sel f - gntsslve light source. In the case of extractron fi.lm440, this

couplPPng BiEFEeETI U %@tt@n%rwdwtmak@e&moet naferaal weuld nontypicallyr 448,
which is shown covering the |ayer 446, is preferably 5incorporated into the
product so as to protect the coupling surface 446a from damage until the
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extraction filmis ready to be applied to the |light source. Wen the |ayer
446 conprises an adhesive, the liner 448 is preferably a rel ease |iner.
When t he wayer2/t4485i s not an adhesive, the |iner 448 mapChasa0iprnssask
designed to protect the surface prior to use. Two characteristic distances
are labeled in the figure. D stance 449a is the thickness of the continuous
| and portion of 10the |ayer 446 between the coupling surface 446a and the
st r uct ur evigeifrintqclhs laven of compratipugh matedal bprysegb fyedyoifrl mEesgitoresubstantigly

coupl i ng sk, fB& BoroA BN att A€ ARP OSP drEonUFER rVro@rRhddiBuittdtoeyohd Ralckieel to
the coupling surface and that intersects the structured surface at the

poi nt (s) MRovoled BptetiplicaetPeagFFaca comHeet the pricls of Fa5 B is madle ihwel URY i ng
surface. lhe tehigle kNRBLAGIEal Shichal QbrPrR0&6s to ¢t B Mmatdrial, thexhpid, aRGRuR@t ween

t he couplln%ksurface 446a and a plane that is parallel to the coupling
surface didTSiSt repint s prrdied & thpmicsesprugyigd @Jelfagwffﬂéf‘ct@n@tmqeﬁéaywhﬁtf?(cgtf of the

structuregd &%Bﬁﬁﬁﬂw%ﬁébmh&h%m%uﬁﬁkhﬁ§%&nﬁW@MﬁkEQﬁﬂihﬁ %&ﬁ&!hﬂﬂe%ﬁ&%@ce
St at ed dlfFerentI , the | and thi ckness or distance 449a can be consi dered

to be theit rP&PlfeéSst)r tagicly) m@.%ltl%ﬁé%w@é%%% mafegaldprygpisl &osdEgen446a and t he

st ruct ur gflopehich 8CBe 44fse vARIprbRS o813 0GR AHAR EARaD enF ROk HRhEHots0 be the
| argest axi al distance between the coupling surface 446a and the structured

surface 449s rogicpocdimced thitrapentional material & ngeyipd sitg 41 ith suifahleardraidl t o
enhange |jrgfattic® ¥td REdelsUdndMords SHYEInREhtoRE nRARRHNhy P hal iBipenthad kS trapped as
wavegui ding nodes in a high refractive index |ight emtting region of the
sel f - eni S¥PQH@Ide ier SolpweschapatisaPenfdind it advant ageous to design the
extraction filpGAdQnswei stiladatid H6sslseiidn b pbiibnessm ifdQacibewel ¥risnal |, for
exanpl e, small enough so that a substanti al portlon of the Iight, extractlon
el enent s ™A%0jded Gy epig al aiceaidravand Mhed Ay eionalrpiaiapf Thednteriace Beirien BAY-ssi ve
l'ight so %ﬁ&af«ﬂﬁl@ rbetahﬁicﬁﬁuépiclpeﬂwﬁ r § arBrudABacfics d@t’in’é@ séhwagahdlo 1dReMint t i Ng
surface of the ht sour he extent to which the evanescent zone

ext ends b@wﬁdie@ Héeréaa B Slh?l‘@n @d}a’rf‘a%%laﬁ%%“fa?ﬁ Y?l(i Wedepragﬁ&n 3146 WeshaYs on a
nunber of e iRe tRfSe vdidSHBAITAG sirbiSe T A8 BAM ik VRrdcRES 13fa AirdRhs 446 daRdsithe
refractive index of the partion of the |ight source_against which coupling
surface fMahatisclospiie dy. thrﬁaCﬁﬁﬁp aé%@%%traqﬁmm\ﬂépenwﬁ e24 a&ﬁ thetdrsnekfige®iooa may

be | ess tdangiledthal tRNshall@er iBSRsibNSN WO My OhLAcRRSe 1a0&r 3I7@§ssm{eﬂ;aﬂetéuﬁg crons,
al t hough t hese val ues should not be construed as limting in view of the

many f actty8yer izt if hedevst $ Dot e caforms gy the &f‘éle@b%bﬁ%esq,fél?ﬂla% A& (forggampind

t hi clones SefdQan YA beQ1s0 e thas Sl trBaNaydr 370 EikARS :t®dr shbi@antihigXdIRlaElcswbst r at e
442, and may be so thin that the layer 446 Is not suitable as a

free-st aﬁﬂinﬁdee@dbf&?? poids gueh F‘Woﬂ‘bﬂ“at% whighya tigpgyeas dimepsienfttheeidirarr 48 s
depi ct ed ihi@rfick @ sn’%ller\@@n?a(lﬂa%é\@ﬁ@ URRRGIA HRRQ KbhDREthadface. Such MidknétR@an d t o

t he di scussion concerning the evanescent zone, the reader w |l understand
that the @Y bnacdiexrwith rangyided grerials gcEbsAET Ui di ng node associated with a

hi gh refracti vg aififd 8prédcB RS cRIAddrizNg af @@rfhe@ftioh D& th bR conPsHiicl typi cal |y
decays exponentially as a function of distance fromthe boundary of the

hi gh Z°nd Xty ByREAYoifsd e PRoPEY dafegming dhegyioaplbymgtieh materiy! efifle %%@%ﬁ di ng
node (f orja@xAd¥RlGincdd@RFordlan MIQHES%rRE suRES&Ionk 8 dFEUBPR b BehsBi¥mbdiaxibi gh

i ndex region, each wavegui ding node may have a different exponentlally
decayi ng HerpRRdisul to the avarags S%ré%)y?fhigmf 0% chamstrige isagogrtp isganef thin t he
refracti vganhddd@KadfvetaBesib@W@id. 446. I n view of these conplications, one may
choose to select a practical limt or boundary of an evanescent zone as the
posi tion (nmeasfé&torbIPPEREHISK éharacwrl%lﬁ%ﬂwa?ra?ﬁemtwaiﬁlah A2 BYY BEVOHEPSWRI ch a
sui t apl y Resh@nes!, Hast ﬂhy&mﬁﬁd)faiércf)@@ﬁmanmt h@%ﬁ&ﬂn@edﬂﬁy&i@lﬁﬁ@&kﬁ@é e anount
of light out of the hi i ndex reg ve also found It

advant agedifece. ad dhch siny ?wg%twgmt%@% ?fﬁfan%d P@tsloﬁfhé‘ﬁ%FédfOf gemikance

i ght exthigehicRi PYadogdied Ng | i ght trapped as maveQU|d|ng nodes, to tailor
the extraction features 445 such that their pitch P2 is relatlvely snal

for exanple, |'B&EMHHAAOICHPIGBRHCCTAGPHBIRGCEHAP PN PEHP GRERINGIcat Hie
wavegui ditRgariREes, wilitieht sateHiie r Bivehiosal lztygﬁl;as lhvanddd®cinfl liRr006€ DAheen
15d|§tance 449h and di st ance 449a, nmmy al if desired, be |ess. than 1

micron. THbthrehateisriFdhiy ﬁ?ﬂgu%ﬁatew%&vé?@ge h‘i’lﬁlﬁﬁéihﬁ ﬁ‘gu%?ﬂ Wea 3 FiEi ent | y
small that the functionality of the extraction features is principally
governed by principles of optical diffraction rather than, for exanple,
optical refraction. The structured surf ce 444a may have a periodic,
quasi - periodic, or randomdistribution of extraction features, and the
extraction features may in sonme cases be arranged to 20form a photonic
crystal structure. In sone cases, the structured surface 444a nmay conprise
mul tiple pitches for exanple to tune the extractlon of red gr een, and

o ~n r~r~ I o o Y e 1 o o



25t echni ques as di scussed in connection with FIG 4a. The flexible carrier
film442 may have physical characteristics that make it suitable as a
free-stamipregizspeort filmsimlar to substrate 216 in PCEUS2011/052453 | n
sone cases, the structured surface 444a may be fabricated not with a
casting-and-curing technique but wth other suitable techniques capabl e of
produci ng the desired extraction features in 30the desired |ayers. For
exanpl e, i npr iITAEKGRYIars pBRRNGiYs, the iterpaiction JpothrBrUPHET FENPYT Sthyesadied t o
f0r”1thetﬁéﬁﬁﬁﬁyhaﬁlﬁMﬁ%ﬁ&%ﬁﬂﬂﬂ%lbQvéaﬁﬁmﬁﬁﬁﬁﬁﬂmeM%waﬁmibﬁmﬁﬁ&m§XtraCt'0“
film440 is e usin Process simlar to that of FIG 2, the |ayer 446
may constPPigedy %Plﬁ%l%l?ainllb (. 490 or §00picipas withaegrkla therthiad approacty. afrleast 3% n of

t he nanovgitdaghibra¥@sntAd4t RE 1§90 8 1EAE L5095, 8 aSbllsf BOE oftdddhst 1000S BAERSE Y,
dependi ng on material s sel ecti on and process conditions, the [ayer 446 may
i nt er pendbdiay’e of RRMSEABATJVEH B Moty dan 4504, ofdn fe8eq{E¥R A 1q %§°e<9mhéé%af%% with
FIG 3a. nelf 262/ Q5AHBSRETLUSAAMY, ORAABR1 be constrabEs ki Efnclikm 442, the
nanovoi ded 1| ayer 444, and the other |ayer 446 are preferably al| hlghly
transm ssPy@achf chasateriving theripferppiegRiiondlspth away baparAeily seitabl Wheg dealigr at e
anount s afiNagR stk nROLurBQ T that e Barlicu®rlylsHBE GahRY S S, f0BKamflelifWalcaMee
and/or desirable in specific applications. The |ayers preferably transmt
li ght enifetegt{Fatureich gHess 880 &ECit h | ow | oss so that, after the

Sextrigetion fidyphérSlis@idkRs Redrdtd lﬁta@eﬂekrgtmn CHOBY ©6nd i@ cl)lﬁﬁigﬁyfa§s taor. of |ight
fromthe |ight source that traverses the coupling surface 446a will exit

t he ext r d@tehARPRgarion %%Q%<ﬁ§0@@plaquﬁb668wé%00@lﬁnﬂ%e O@H%Félﬁﬂwd@ntrl bute to

syst em i INffs@bir@ M ow REfrd& AV Tn&x NdnbBiddd ayerdAROMQLAR A hbBNET, fiftddn eddd Ot her
| ayer 446 may all have simlar conpositions and characteristfics as

cor resporffiei§e@i®®nent s of the carrier filmof FIG 4a. For exanple, the
carrier film 4d2: UBYapRERRLA 8160 BlclsseEENnk£LL RN MRE Bavt BEMBEorvel QRS S
(|nclud|ng flexible glass), or other suitable transparent or translucent
mat er'Pal gmcrémh?atﬂngra%}w&ql%i pelyiet matrials aad hoyy ispuss reg%lrg@g shrinkpgeaglatstto that er

vapor andeHxy 888hifor MNsiRAGE fueradc®or bk Bkle, SAMI ERance betweenThdRigiREt poit and
extraction filmaof FIG 4a, the extraction film 440 may_ al so i ncl ude ot her

layers i ihaQUFY POA ghe Hehred spifacple theipspest ratio of phe fa'«mr%«efﬁ%frstlv@alteé pakcyy

char act erkgtkd$ld, RarSdhdidn@Bivided bR &EreqlitIe MY redart! f@dnayRR R cchior e Xanpl e,
to the discussion above regarding the filmof FIG 4a. %he 15re|ease I i ner
448 may BEMEPRGIREbetGA PEArCShpaghhaY festarepindhe gtiuptaied syriase e vRid KolwaS fiiféiopr ovi ded
on the otdref n‘éhdiﬁld@él mﬁﬂaﬁal%g FaGiohsl n]oﬁﬁdemh@ niMoRbig&d mithinl Ottupd bptwe f ace

442b. 4c is a_schematic side or cross-sectional view of stil

anot her oVﬁMS)e éﬂffa%t%ieﬁ%d@i‘ Phife panoxeidqlpaterioh apdlograwatian; (fom cxpripdiovdght s saigs) oL ED.
In FIG 48 the@DBat@RbIGAIN @é&lfsaptbltmawomeﬁa%ﬂ m@} &Qﬁ@leamfoh@mot}k@lc@t@[a& gr film
472 and various layers carried for exanple, attached to) the film472.

20AoNg  tHEOETYCRYGSUSINg éo“acqa%w&ncf@awwwfawoa% sgiyiethay the wpes of49,,

bet ween WBMQBh&ﬁc&ﬂ&ﬁQﬂ@ﬂoﬁﬂéﬁk&ﬁﬁ&mﬁ@g&hﬁﬂy@nﬂkﬁ&ﬁhﬁ&@Qu@ﬂ&fﬁﬁ&mﬁﬂﬂa i's
forn%P A second, enbedded interface formng a second structured surface

476a %s eénfltﬁ?é%%“nl(%%efS@rﬂ??éﬁleGé%“i%Eﬁﬁmferﬁé‘aﬁ?efﬁ’é%$‘ﬂ%f‘65flﬂé>y@?de4%e aplicatiapt her

| ayer 48Qjiscdfigs RANAVIHRE rdlAY%Rh fprgmﬁaatamvuh Ratu@daRbhR et invigkdgp deXr Jiurk
visible light well below that of conventional polyneric materials, for

exanpl e, daeHoR of tymmigrostuetiredhjurfage. dn puggyeh IFPB?ﬁShlpa%e pigroptractgrgdsurkpcelis t o

1.35, forchexatilgby 4 MeucRidRight BYEIxEmAIéAhe A8BeAlcBeNl 8hdRlioh AIFRRBAYa Of
polymer materials or other suitable materials that are not nanovojded and

t hat have® FEf-Fakefiptlsast hymicens gpdairaspect 1tp (fracipre beightlevided dyvsicderitchy er . The

di f f gpencee fop efaﬁ{p[eaﬁﬁdh\m ih AE%a BEt MR ENG. tm?eglleﬁmnasl oA/ 4nd: 4K@man§¢7ﬂi|de@%y’é@en t he
| ayers 476, 480, deS|rany relatively exanmpl e, at |east 0.2,

or 0.3, drspvad V@Pme BCtigh Ihpiaage ﬁrw%%for%r/@ﬁ%gr tb%n%n@wdo?étlfry\%h%Sﬁd. ces allow

each of tB@achild WedxUh @n30 b 120 @S 145481 24P, @nd/&mcetdo@tﬁhgassma&a urgodl
i nterface capabl e of extractlng Ilght frogman OLED or other self-em ssive

li ght sodf&e na%O@é%@W@ésm 7o el ing raRgediop 45% to 70%yppfram pQie et sur f aces
474a, 476&1&%{@&1@@@&@@%@ daﬂb@ﬁhvﬁﬁaé&@ﬁ(&y %Me@t@'ﬂ{e%selﬁrdls&tl@eﬂ@ast\b@t is
effeétlve in extracting light fromthe light source, that is, coupling

wast light out of the light source so that it can be used in the intended
application as discussed above. In exenplary 35enbodi nents, the structured
surfaces 474a, 476a are each shaped to define individual |ight

-20 -



WO 2012/ 054165PCT/ US2011/ 052453 extraction el ements 475, 482 respectively.
The el enents 475 are shown as having curved surfaces which nmay represent
curved | iweanizpsisss or an array of |enticul ar el ement sPaTfsaged53483 t wo
orthogonal directions, but the extraction elenents 475 may in general have
any suitable shape without Iimtation. The el enents 482 are shown as havi ng

rectangul ar profiles which may 5represent flat linear ridges or an array of
box- shaped prd@ﬁ%@ﬂ%ﬁ@@?”éﬂ@éﬁ@éﬁmﬂﬁ%ﬁhﬁmﬂﬁﬁﬁﬂéﬁﬁﬁwwd|rectlons but the

extraction el emératsaoéea%aﬁwldwuag@@%%le atiw@g@)wy febipahted ithaRRaMibout
Ilnltatlon The extraction el enents of gi ven structured surface 474a,
476a needh#sin by qompingéinspae Sshign mtEQLgt?an?thegﬁ%tB@nw%wet Fgbtitprrcehiyas iy have

the sane Sh#ge AAMEAFacBIARE rddiccdBSbd i@ DuchsBurBe M oale)a R BRMINE Birsbe t he
extraction elements 475 are characterized by a center-to-center 10spacing

or pi Pch ISt NRAPP kP a8 exteriy &alttc?rrgmn&ﬂﬁfa%@ thedighbroricenitheent s 482 are

CharaCteHh%ﬁﬂmh%dﬁqﬁﬂmﬂﬁﬁmh@mﬁ@ﬁ&@Eh§pﬁﬁkﬂﬁd@ﬁmﬁ%kﬁﬁy%%apﬁ%w&ﬁauﬁ%ﬁmest
nei ghbors. |n cases where the extraction el ements are not uniform

di stri butidgSdl-cqpddus Fyalhar s3sen thseithay cantoR despanee Hefgngpien amwétﬂat@zomfﬂvch

r epr esenthafshaYRFRIE HENbEHbiArE EHSRY susPBmis Rbcribb@in’ @RREGH Wigh BXKr act i on
el ements. Each of structured surfaces 474a, 476a (and/or their respective

ext ract i df-Cel%ftshibs 475, 15482) may al so be characterized by a di stance or
thi ckpess fromyderayfclb@eLtnOfistibRd eXhd @etcit@ e fidst MelRAtmios R UgRtEE S @aCoupl €
to the self-emssive |ight source. In the case of extraction film470, this
coupl i ng BUPRIGEiIm & rtfﬁ@ﬂbtfteélgnqﬁiet? Hiduesy fp spmpe cagodhofins ggipbe degignedsor e ease
liner or RHARRSKAAS Favabllide Dsics. SEHRNRACIE AMERTakd @sdribed Ind¥ et Ovitd GBI &, er abl y
incorporated into the product so as toiprotect t he coupling surface 480a

f r om damdijed@urtt PP 6chis: @s@ﬂba& 30815 cpsep- il fdmp gapdp dedignse tapsprardaredieset he 1 ght

2050UfC€suﬁﬂﬂkh%&%%§ﬁ&&k&%hh¢ﬂﬂl§kﬁﬂﬁ&§ﬁﬁﬁ%mhﬁgﬁ%&ﬂmbﬂmkbﬁn$MﬂMﬁésszD for
each of the enbedded structured surfaces. regard to structured sur f ace

474a,13di seathe 6 arb % iNotg thet sar of th%i?@%lﬁé@%t%ﬁ%ﬂtsr?én bodrpiensio syireckoth 480a to
the near agdveRRILIbRA Ml stRRarSlokddst ured surface 474a. Despite the fact that
this distance does not precisely correspond to the thickness of a

conti nuous | afdOgf4ardgypesschepgtic ald%ort%owﬁ%cﬂﬁtaég@w&éf Wicyl gyteactionsigms thyt can

st ruct ur afd y§aindiatsp-fhRdg OLEDITBY FITE & ah REH@E S 1R&i0d Fil6 QG indRIRH ffeRible
substantial |y correspon§ to the contlnuous | and gortlon of |ayer 476 if the

| ayer 48021t fimehl 2t watiams fapeincarpied hyAdas exapmpde, attgcagdinttbe Alrohl2 Smqig axi al

di st ance thdse Myl e CRBRLIRY lassrf1ace] 4308r 1t1§aert4he bEeseBEh fnibe@rdof the
structured surface 474a. Wth regard to structured surface 476a, distance
489a i s tINETRifeRYREAsTgstueh surfashFh A inigamada Tde patoy oidw laer pisferabhilias 2480

bet ween t:BRacGAURHXTEr \SMBIE eﬁglﬁ vl Qa0 RN Rkt bh&mséntluﬁat Hél?ﬂer%ﬂﬁzfté&% éo? Gampld)e | and
of layer 480 is thus bounded on one si coupl |gﬁﬁsur ace, and on

the oppostelo®d ki1 Iy o giraise Rt i tglaézféﬂml%fqrﬁéa%% erfiesyr48e and
that i nt a§ s@fetablyt ddgpPRH b PPdIPherMatdrRPorSitck Gifitb18 thateHAIlRE & ol RHEEIiddd@nd he
coupling surface, e. distance 489b is the aX|aI di stance fromthe coupling

&
surf dce ABBAAyotmEve mderaeter fpihapaf the nanpeidadilayet (Ths dlifésmee paeizrg e

Pref er ablijdex B cXthE BGEL fm f1i 4 14TQ1G BIIHRIVEIE FardS RA Chsim M, abldst @SLdromn, bd | N5
410 and 440. For 35exanple, the extraction fi m 470 can be tailored to

enhance 144Kt V-&L%E Mefet .Tb%dlffﬁrst*ﬁeaweéeme drdioggplbgs shegbuarespeurfesshidt 19 052453

ot her selfin@oh &5dn \(?uédl gitdr aSOUp e IRk Radidg @A WenRE LD @ieniclRfmildght that
is totally internally refl|lected at an outernost surface or boundary of the
sel f - em d@hiReuIck.ghflessidhrd clsevigrahegtif-uct ured surface 474a), and by reduci ng

the agount of ThHeghbctlrbBdurase 4142RREH: ﬁﬁorwtéeﬁw aalllyragmame&ap@that lttef&tatwe
refracti ve i ndex | I?%t emitti ng reglon f-em ssive |i g ht source

(via strdeexffsinighfiien ths lightggyree, |ﬂ“r'f1t tShtogplﬂI@g“aVraﬁe%élghfaﬁﬂéOttat;h%iﬁ paurce so

advant agapi$ chPbd@sd finhd MR n@xtapAcchi N Vst giiOn aﬁgcliegatrdn@tert fgightthataold al
| and thickness 479a is relatively small, for exanp | ess than 50 m crons,

or |ess tH9disPred indhe fighfsoures orjogheevipa g ffbe&%tneteo%ﬂeda%n gedeg Pt heligesi gn t he

film 470 suehintdddttiochdBal Rt édﬂtr%lﬁié@&iseﬁﬁﬁﬁnﬂu&t@ﬁ@'th@chsp‘Hyl drlothef i@fendganpl e,
smal | enou h so that a substantial portion of the |ight extraction elenents

482 38 dilighirerligatieisn Iheremp BRerbedimensrfle Hructurrd SgréfrcF Ishprsd i define ght  sour ce
when the 10coupling surface 480a is placed against an emtting surface of
the light source. The land thickness 489a may, for exanple, be |ess than 20
mcrons, or less than 10 mcrons, or lgss than 5 mcrons, and it may be a
smal |l fraction of the substantial |an hi ckness 479a associated with the

| arger structured surface 474a. The thicknesses 479a, 489a nmay each be | ess
than a thickness of the flexible substrate 472, and each may be so smal

that nelther of the Iayers 476 480 |s SU|tabIe as a 15free standlng

o, o o o . o o 1 o~



20pitch Pl is relatively large, for exanple, greater than 1 mcron, while
also tailoring the extraction features 482 such that their pitch P2 is

rel ati velwomeldsgi66or exanple, less than 1 micron. The ®OTIISI@oI4NE)
feature heights may if desired be simlarly sized, for exanple, the feature
hei ghts of structured surface 474a may be greater than 1 mcron, and the
feature heights of structured surface 476a may be less than 1 mcron. The

f eat ure HefigHYA ligfgxiracenss/apad Ui nhsilonditsat! Serehext psdeying purpskuEiqsr es 475
may be S%Hlélﬁh@ﬁ%%ﬁéseh@eru%d Q% pBARRR bR arr B BnBEuldrRBMeRts aRdng8d BAWET than 10,
or greater than 20 mcrons) such that their functionality is pr|n0|pally
gover ned BYroganpliicssioas (fo exetﬁtlwatectroet thaicdefipha Plater?é?ngtw%l thpttiugtyred

di ffract iQfaceWBhdrflyleR@nds§ BhhEc Bl EhAtefenRR nlal) %ﬂ%e\ﬁ%%v@bﬂ%ﬁﬁdb%a&f
extraction features 482 may be sufficiently that the functionality of
the extr adthostintitetion rfesexwepleHtﬁt&tlﬁapmsylagwedrﬂﬁe&lw (Brsere pPpedinger Hpt i cal

di ffracti@iedsRhiefor E:RaR10R tRAdxtrh@foh ARk AR of SAVHE r0RELE AlrfaBXide@ftla@n fi 1M
470 may be fabricated using nmany different nmanufacturing techniques as

i scussedatTile SHCEEFBHoRIENS. HINEEEh they Y THE FICGR B Wt 45 Bsd. 17 | m 472
may have RBYSLGRbENALAS R dx§hdies clohdits M dHarastelitADY @ caficraoLbRG- st andi ng
support filmsimlar to substrate 216 in FIG 2. I n sone cases,
the st rucPRgEPT SUIFFRIkstwern Acasgstincghbeie Insqapss pthgicdl SX{TRHIQR SlemyBRaRAY be

35f ahpi camaemPhistbliBd & s%@e%ﬁ OB ARtk thditch ©¢ Iﬂﬁyg%@eswtan Weldbe QM8 L0-
suitabl e techni ques capabl e of WD 2012/ 054165PCT/ US2011/ 052453 pr oduci ng

t he desi r‘fé%fe’esi?t“il%&:‘tflﬂéfﬁxfr%%ltoﬁF]é%‘eltth the desired | ayers. For exanpl e,

inprinting, enmMpsshdiged Adcd AAULEITRRxERISH HEMIRY418h%9 aRE bélaRchctAzdadyH t he
structured surface 474a and/or the structured surface 476a in sonme cases.

However , difencher tBikkneaciqmn swfarheighoexractonddm et hglwigroewss Qibitlar to that

of FIG Zmidheli 1?&@@&?% deehel vt eﬂ?a@tldmﬁ/lmmnsthis EotpBn@sRRei kcloulcAigior t hat
was 5produced after formation of the |ayer 474 and the structured

surf dee 4vde 4&%&@@&%&%&8@ lwevlﬁmeleeteéhoc\er@ttrtnat@ layep#Wets backfill

I ayer t hgkewasly Mcogueed iab iehHhrddi@ sb w@tdt&nth@tomﬂgmaeﬂeeaah YR dathi& and
structured sur?ace 476a. Conseq uenhﬁ¥ dependi ng on materials _selection and

process cBbthe postionttie iy tggdyrto hgeppligd/tojthp ltahbwﬁtc@r Ave chapeterisitol BTG s ayer

476 as dilggeuasehe ifiBut ODRAGE] A0a W thdxhickSass Sane whiihBus BR mmvama@yet ayer 476
may not |nter penetrate the | ayer 474. 10The carrier film 472,

th
nanovoi detl®] %Ivfé?n theepuplineputtprs 46%@4 thesyjptyred yurface &ktag The bfl(éeétteeplyldaql |
hi ghy t ransetiashy@e teuplihdhtfald 8 otnhﬁ'e dﬁpgme sﬁl@w & BlanddhithopgdlcBidahd to

noder at e anpbunts of haze in one, so of these |ayers nmay be

t ol er abl €o8e éﬂrfaae%tdrtawlleefﬁ%wé'&e%tuftped 515810? %té]t"i ROHY(S) qffe qﬂey‘eteé S‘Hifaé? erabl y

transm t thdt@re 803cktt&the téyuptlhgsdrfagéttTreeufepaaa%tehsdcqmatl@es alﬁplsttttadlstarett er the
extraction filmis attached to th source, a | arge fraction of l'i ght

from t he Bt the soupbing s at%ﬂ@atatdaw?@éeatﬂwm@edﬁ theﬁ@upshag pygbase angdhatng | | exit

the extr aghkiseuns the ttmcetedts&eaceam@pche(s@uttﬁé sttt RAGE4bE 2t ANREL BaRkrdwayt e to
systemillumnatign. The carrjer fil ., hanovoi ded Iaﬁfr 476, and ot her

| ayers 4770m Wgeouplpe sirfca, sateddiferengly. @6%6&11%@%@ diierce AL92@p BF i stics as

cor r espondhdidr& 6 BB Mt Smfest Rl @@tﬁﬁde%ém}febﬂ 1B ¢ %zmt:g GFaccla 6@51&11 tAstrub@fed
exanple, the carrier film472 nprise PE PEN, co&gﬁ yners thereof,

gl ass (i rierfygithip prdtee Blﬁfén‘ijl4é%‘§§an beﬁoetdﬁ@fi toskf theylresstexiakdivianes pgtwegn the

20trans|ug@@bg@aﬁﬁguﬂhemda@qnﬁ&mﬂ@anﬁ&§g4§unct|on as a barrier layer to
prevent water vapor and oxygen rontreachln% t he |I?ht source,
1

Simlar to ext!P&&es whers the ﬁ’é“aﬁ‘i““’l:ﬂl@s‘mlﬁdmémf Apenhpncs Tightextipefipp by elyeinga70 may

al so 3pnc Ith@ﬁn&tlh&fhgh@m hsStotally meehalil; QiTlctied 4tha %@teﬁlﬁi@i éiﬁrf%ir dr Bodﬁhﬁy ofthe and
other features or characteristics in addition to those already di scussed.

Ref er f orscligmippivelisht sourgre W have daud dpduanigeods &ydesign Hy ettﬁ?éﬂ?t ﬁt%‘ﬂ;?eath FI GS.

4a and 4hpat fiRQaddehiCiaR 410014781y ERM 11 DBorQRhhH1€ dhe AR RENAIUIIR &lay bElcBAS e
i ner or grenask may be provi ded on the other side of the extractlon film

to proted Itﬁ@émeefliaet less thangfe dnigropyy or less than 19 nricroes, althepelstheng welgensheld pofe

optical extcbmehédR lidifidks 1@fontd s tiftfr hayCRhoRedaRPY ot 6flel@scl tHeQRu@ivkd t i NG
OLED gr other suitabl e self-enm ssive Ilqht source which is fabricated

separat elPiesi fRBra Rty Se poosrifigyas- S e thigksiatide eenasebanded @
light-emtting optical device. A top-emtting 300LED 510 is depicted only
schematically for ease of discussion. The OLED i ncludes at |east a
substrate 512 and a thin, high refractiye index |ight emtting core or
region 514. The substrate may function as a barrier layer to prevent water
vapor and oxygen from reaching the region 514 fromone side, and the
substrate may al so have nechani cal and thermal functionality, such as a
heat S|nk to draM/heat _away frontthe reglon 514 The substrate 512 _may also

o o o o o "



sequence atop the substrate 510. The high index region 514 typically

i ncludes at | east one organic layer tailored to emt light of a desired
wavel engtwoi2nizessponse to an applied electric current oPCTiusSkel1/052363 at

| east one transparent electrode. Other high refractive index |ayers can

al so be included in the thin high index region 514. An outer surface 514a
of the reglon 514 can_be 5considered to be a |ight enlttlng surface of the

OLED 510.thickness ofthe fk?f‘@@r“‘?%fatﬁr“é%n Hie ladbisknser ‘HB% MERpispRe FodhirdiE deper he

OLED, oney1gfs don§uidsis by £lecORinkif g ﬁéﬁﬁ“ﬁﬁﬁﬂ ©R-td-tiRoddbhg s¢dlns HdDasiis appl i ed
to the I;%ht emtting surface of the OLED. Before applrcatron t he

appr opr i df@iciednddSie? | Paied diderepive ieliday s 46 saukine sarpgtcdsiangn alhthg other FI Gs,

4a-c) i s gorrmayeck«i@ith ihe4io, hmawoarap@aﬁﬁaerwf)mfcmee@% brGRber@PHel N
surface (see itens 416a, 446a, 480a). 10I.n sone cases, the optical coupling

surface oPbipwed taferpeordipacily encpyngsreckin indpsiy) reflstopol pegcsaing astenty vihaitnst t he

l'ight em etxéésﬂ% eMideatfpmdAR c@ing, & hdgide. Tife hi@hiOkEY 4198 nal AYEIT d&fired he
extractiaon Imis a pressure sensitive adhesive or other suitable |ight

transm sshexreosalaf?ésrlvee enoeh ithad 8 eubsBRtaA eertipbe ibekeht Rergincteaent dlpisi ng
surface qfot §iRsQRbikERhn &¥hdkaat 10 of th foIARdsshREighi Bfike.em tting surface of
the OLED may be sufficient to produce a firm bond between the two

conponent s wi t'We Atye2ie fgyafl fliadumtasenur agap in dres aeteweepim 410 is intepged &g her
casesp a dnhinbe BB baALHGUIREIRBS TAY 85 taBYhO& REDifiRHenAE WS hRirpREH cal
coupling surface of the optrcaF extraction filmand the |ight emtting
surface Fi4arbfiveinErey opexarmmes, gistiFcn LBispn Age featerhorp. Télétrlrféhes ever al
functi onsyifrERRe batedn RRardBY19D8nl QisRh@MAYA, 28y aRE iRRTitel b Gredtdf hAL EmRbort he
OLED. In many pixel ated top-em ssive OLEDs, for exanple, the substrate may
have 20 siFfétuc hdgiianddranysiseiigerdonimay bﬁr%@rlelalﬁdargfu@rﬁra&%nle wEpies tharrpe
optical coyplol §Pol@mYeHhs, rlﬁvthpﬁmu%admwffhb bktrabfiéh f0BhieSis Prin@pdNg Govicliage
features so as to provid pl anar surface that the coupling surface of the
optical exipFige mlrﬂral rqfrartgeéatheﬁhaex@ﬁﬁraep1649161&'&1 dAfﬁre%fwMBOa) can attach to
wWith no air gaps officaPOeK&los filAAPs KeY bd MAGdaic@sifl a WhR veidd Gﬁharﬁﬂr'éﬂhh%WQ I ayer
may be to attach the optical extraction filmto the OLED, for exanple

cases whefENidHe. Beipdipgyihout fpaptiogronthgousteahnigngs 3ad patehpshaianes Ay 25pr essur e
sensi ti vgaaldhesy ¥ afthgcdb\BinuSdivtiadlcBhnfil @S d()ﬂtlndoﬁs aa%a c@s @ﬁs) rSihe-ept i cal
coupling layer, if included in the construction have refractrve

i ndex as REEESUshpsipsshoyp seleamatisadn in Hiex: %@raérrheﬂurs dew e 1@ 8 50ssi bl e

so that V@@l RPoRREES hhtvBiumet, REd magrbnlvawaxfor 8ahRR, cRbr $idghi 12880Ci at ed
evanescent zone, can be extended closer to the cou pling surface of the

ext ract i WP /f Piggsariiirisheets vehonptizes greitailpesd fate mfeariedeaaérrﬁﬂ WPHREIUS)a

refracti vg shdhdess, et e s dahat ﬁﬁﬂi 4iﬂlﬁaﬂa@@pl@@kﬁl@ﬁé&a&&%&ns&ﬂés and the |ayer
whose out er surface corresggn s to the coupling. surface of the optica

ext 1 act | GAMPPYHAN 368 INCkBFe: (B PIoKaY SEBRISET hCY HPBIG SRR g aimilar to stbstate

l'i ght -t r 2ng§ ¥ SI8i. Y eI RS chadl, aFihe RodBosBd M doRE@KoRAdRESi@&$iARE polymer such
nanogartlcle filled po ners Sui tabl e optical coupling |layers are_ al so

typi &al | yS aglyehrlrrleésreqfts‘?éﬁt%@@mHoee%f%raﬁfﬁhg}ate ). Wé@@‘&%laff§/thf3{§’ﬂ%tr on(s)
SO as t o Wil Mbed ® Halkea HinSThRRERs BeIWRRMA dbH& 2GAWRhELS(SHIciASEN Bfdet Be
extraction filmand the |ight enlttrng surface of the WD

2012/ 054 1e5PEHUssEriaty HbpstashtEplowat Ppsiuscdifosyeh RHTPSGUpl i ng | ayer nay,

for exanple, hav@ndcddl GKNARErddVuFad ANGEMEY R Micatcl ﬁotfwlm aCJaaﬂlg,analr;uﬁrrgom 0.5
to 20 nmicrons, but other thicknesses may al so be used Whet her or not
an opt i cdfehrigipPYt pth Ry etherjsuitaledephnigug %@P’hf%?iftpf?ﬁ“cfl&@e&ﬁflfeé §Fra8891Y act i on
film3po thguslEkhd RSidlSelsn F@M&ﬁﬁl@dm@ﬁﬁﬁr@t émsmg, Bﬁlﬁnje@tﬂiﬁ'rﬁdldﬁﬂgga D

device. The optical extraction 5film whet by reduci ng wavegui
nodes, r HAOF Myl foan thermfractgs syrieey ‘é'é‘f‘r“bf?“t?fcafeﬁ gﬂrwevar ity %rfﬁewn#eEhan. SIE,

can provigleid Msdeeanesl plosE silnilhd b Wikt HRUGON theIRTRH IS RhsiRuté RbRKTiRGyE0 as
i ncreased qaln of the OLED when used in. a %iven optical system Tﬁ
1

i ncr easedhdtMeapofuces after die fermagoneffhgreneypided &y erflééadwsw&giﬂ%lﬁareﬁlﬂem of

t he t ot al kbR Cep bR Ma8slia R KBlEctioh end 1R Bic5RBA0RS (hD RSl 46 Baput put
drre%trons fromthe output surface of the OLED device, or may be 10Oneasured

in otﬁer1W€V§“§H@ﬂﬁa§mrﬁck%EgguuﬁPf@ﬁWﬁﬁ?FﬁWnﬁFBﬁbw%PE%ﬁéfcuIar di rection
of interest, for exanple, increased on-axis illumnation or gain along the
di rection perpendicular to the OLED output surface. Besi des

i ncreasing the useful illumnation or in of the OLED device, exenplary
optical extraction films also have the advantage that they can provide a
flat or planar outer surface that 15serves as the output surface of the
OLED/ fi |l m conbi nati on. Each of extraction filnms 410, 440, 470 is shown as
havrng a fIat surface (Iabeled |n FI GS. 4a cC as surfaces 412b 442b 472b

Y b1 S " Y



together to formthe conbi ned OLED devi ce 520 with enhanced out put. The
extraction filmis preferably firmy bonded to the OLED, for exanple, by
use of a Wwoeswunselesensitive adhesive or other suitabl e adhascma/ o553 orm

| ayer 416, or by use of a suitable |ight-transm ssive adhesive as an
optical coupling layer. WO 2012/ 054165PCT/ US2011/ 052453 In the device

520, the optical coupI|‘H surface 416a of the extraction filmand the |ight
enmitting surf ade cutigfilprlgfhe wnayeideditvaet dornddhs etbsr dpyevdlopreaefrablygBr . As a

resul t, thedirstiaRGeStodikRerontHh DkQBEES SMtouRAOImAND YnolifiSte BB EP AR MBXI Mum
axi al distance fromthe structured surface 414a to the opt i cal coupllng

surface £DeaoMpY 2hpsihese fayetyingy B tRlarie FAeiar Aerip Rk napeafin appigadigns. The
(respect Iwﬁlrsyaref‘&ra&mﬁmlﬁtgthu&ﬁl%@@ BUIRCRIrd L 16W 1808 thitOdHer 881 t i Ng

surface 514a of the OLE Note that in alterpative enbodi nents, a thin

optical cstiptiphEn ay&%chs%wdléesleﬁhr watse gage agipn BEligh fpadiedighbtonise fhas ur f ace

416a and @aVESRGR Blfidg stiffacd BV6aGAR @xit 1he @RttacBEENAL @R opbdshé butbRErtite g2y ndex
region 514 is refractively coupled out of the OLED device by the extraction

el enent s Wt CQm%bUéentBéwérélaﬂ@mmaE?ru rlog caitipr et 12 gy cepise §ET REN ¢prdymeie

devi ce 53t M9 In@MMih gﬂﬁlb‘ielépss) WhitER shBRYraRQW RO r GaRRIcER MRtk TRYUL put
surface of the device FIG 5c is a schenatic side or

cr oss- secRIhAIM {i2aupvatsogampiisep ngrdiiipyes fibmof gltgrgiivedty chok igy- BENt#ing OLED,
such 13s QbFdNmd0 1ERSE ITH it MfimARAeQtH Ok Wcbhipit Gireffifgenbd SlubleRPnce ORI ned
with another optical extraction film in this case, the extraction film 470
of FIG A8Somptipnavseuide ﬁ&bkeﬁﬂ%aneféir%r%f%wns $4¢8 25 pelarization gnd avdegtthas been
removed feRPdhREnRKIInAThE Oridri YT PmBY PRSRIndtRE 20Pbdrfid! laytPPRLAtRGgUr f ace
480a, which surface is then pressed against the light emtting surface 514a
of the OLBEPIERHOXYEH from §ea@1ml%ﬁh@éaht@?léw afispthp extraghinn ds afteehedio be dgkint s 482
from strughi exckemiplab2ARaAARA filnANAIQREN Ml Bk Bfe, BXEaRGle] ma@mﬁent s 475
fron1the structured surface 474a, can be seen so as toéglve t he reader sone
sensd>of dpoEionRvoHNRHECHeIE, G @?télﬁ%%eq%qaafﬂ.vrm myditydeoff faygrg op & lEse

refracti vgne ktﬁﬁﬁl@tsl%sﬁlﬁéi odhﬁeﬁﬁa@iﬁé la &s 6t 1@6’@51%1&@@1@1% oBIRR YL R isSas The
enl arged view of FIG 5cC onal det all gardlng t he

hi gh i ndelesqriggd ig- %f&tenfﬁééﬁ%“%@haw &t aéhévw §%5 @Bﬁw‘iaé aed G149, 7éé Phapifitee

separ at e i fyBicShancvdRled b 418286y 8dntprisd B dranealshbdbsARYIvORanBLIRIGHXHaLs| 1 ght
generating | ayer, and one or both of |ayers 517 may be a transparent

15
el ect rod chhﬂ%r%ﬁﬁﬁbﬁaw &6%&%@%? any Stl}t%bilfsltgérf%msm&élﬁaﬁle&em)e Ihxi de
( TCOR0S UCRcrSlaty ReibHAM AL the XdySes 16 mEPbe of Sonidie £AER radhlissRE piiRird-RUEH & 515
516, 517 are. conposed of high refractive index materials, for 25exanp in
a range faIBHvE opothg Viscgelastic materja, Ropeeseiiafive sisepagfastic mategiplh prediscysstsgn Fhﬁg

surface 43Rmoaly ddigne@xts. @&Eﬁt@ﬁplfchtﬁdﬂ(ﬁﬂ&némodkhﬁm)lﬁ!‘EOtﬁ)'rBﬁreﬁédeel%@@he%Aa of
t he OLED contact or coincide each ot her he di st ances

489a, 489Kk dissgbhtransparery ﬁqﬂy‘ﬂm@r Wﬁl%ﬁ%l‘&ﬁdh%“d‘%??mﬁqﬁé& ’watre dpdednce from

the str uccﬁﬂédstgdo shbltaGaribéBatnt @elf-aﬁlsﬁwng%aéouﬁ;@whlnam&u&nﬁ@qﬁat&&% erfBut al so
t he génlnun1an maxi mum axi al 30dji stance (respectively) fromthe structured

surf ace 47P6&TT yistosksticimmieriabler tayeridd 6 allrdbeerdadtion im (3l opEss et hat i n
al t er nat i¥gpIRERAEBIYaSf (1R ckidcRo®Bint) G0 QLRIN: RBGkehiY 81 to@SnfI@S Rl dogd above
may be included between surface 416a and surface 514a. In any case, |ight
gener at e3Pt FHiHing petase gheniQfddX regi on 514 is refractively coupl ed out of

the OLED devi caeltghtReacidh fiReiianayalresmitisel@de dike .08 addesios o gt ur ed
surface, and eventually exits the device 520 through surface 412b, which

35may noviehisted Sha O ad qthes Featqsor charactesisties iy addpion futpse @lrepsly discupgsd.
20 12/3©54%5E’&leés&%ﬁél%aﬂﬁ&morporateﬂv{aﬁn tlﬁ@i’h@% ahenS CRBIRErAGioS ’ch%gﬁ’r

cross-sectional views opti cal extractign | s that can be used

bot t om erfatteripgoree Blter, colpyliftosr p@}?@zee‘lh%%lm §ur§ﬁﬁacqa@a$8mréf§m&rre% Wé@@miq ns are

direct CouRRADBHES, hRbEQPIiESH AMhingriRlc @MBB i h@mach@@ﬁm Ror®E tot fifher
extraction filns descrlbeg in connection wt 4a-c. For exanP t he
‘E%ﬁ t

f1 exi bl e BEFas Bp fynetiopelityrangpeagblydhe valugey th &Blétteém‘i“%‘ film. sugh pusfposnd he

flexi bl e GRhiveSor EahfR, 65ticAUS&BEhiEN CBEROACAricRBtr 141 tincibIsS ExAfpl6s of bdhger
structured surfaces adapted for refractjve coupling of TIR Ilggt and

smal Per  <OPRSE o WYCHg? fna@é%thaﬁéﬁwé%thf6911°af11¥gffr1%1911w PEBERSEY: AGtiB8: wavegui di ng
nodes, and their constituent |ight extraction elenents, are depicted in

FI GS. 6a-c, and may substantially correspond to the analogous structured
surfaces described in connection with £ GS. 4a-c. Nanovoided layers, and
other layers that interface with a



10nanovoi ded | ayer at a structured surface, are depicted in FIGS. 6a-c, and
may substantially correspond to the nanovoi ded | ayers and ot her | ayers

di scussedwproasnst i on with FIGS. 4a-c. To avoi d unnec@STAISOIMAPRLSti on
details of such common elenents and features will not be repeated here but
wi |l be understood as applying equally to these enbodinments. In contrast to
the extraction filnms of FIGS. 4a-c, which are adapted to be applied to a

sel f- 15eiiaicyatielagnentiselsriéen: phigbrarian (emich aisiapres spiymades: Py dpiivpiche
extracti afdfophiie; aﬁﬁﬁloﬁﬁﬁoﬁlﬁ)ﬁbﬁ Q¥Frdetid o Benfnts F 123 filB AL ufh GoRA@PY) Elike iy, be used
as a substrate on he self-em ssive |ight source can be fabricated.
In the foPesp! fglicsiag color yfting:caler mpdifieation Holglﬂé'«}ﬁoml@élfﬁeﬂonéhn@@h@ ey of the
structur qlghﬁlaaﬂech& AHEREIORAN o ?\[&dl QatioRfoh&oQifid Bdrs @%bk hffel @thé 4t m (acti ng
as a "cover'), e in the latter cases, light fromthe OLEDis enitted
out of tH#r aosmcé%iﬁ? barict [nger gt § HRIBRATA elﬁﬁaﬁaﬂwonda@tafe iefmial R rdsiee st 200f
the OptlQﬁbnﬁ&%é@ﬁh&@%n&blﬂbﬂ@#&kaﬁmmanbﬁﬂp&%uﬁdoﬁﬁ@%ﬁkﬁ&&nﬁﬂ&The reader
mnll under st and _t "top m', "cover "substrate” carry", and
"at op” sH%EW@OﬁgknE@“@ﬁﬁgﬁﬂH@H“WSWmﬁH?boses of this application to require
any particul arprar 4564 8dheRRicNideldr ERSPRERonhOViGY dnbifier dpRLR SOk SHEHIN (BR
clearly indicated to the contrary. In FIG 6a, an optical extraction film
610 i ncl debe gsed itk p Mpeeniiting OEEDs i fiGs £9, aar?aﬂ%?ﬁtraﬁsonz’%mé%mglue%ﬁrar ied by

(for 1examkic @trleaahesota) Vﬁrhﬁs fabrérﬁﬂ:e@ﬁgd byARR REnt e %@ach@yt@y e Fifin 420nanovoi ded
| ayer 614 and anot her |ayer 6 bet ween whi ch an enbedded |nterface

forming a‘@enedbase fasers sS@rrPa%V@ldeql?aeM& figh apather layre 44 hefvssioskich apysabedded

pr ef er ablijeftas f@ma@farsaﬁ&thfé@sarfa@@mfa% foﬁhesil (Be@ndet) Ote MBEVoil2E |129W fréetbof
conventignal polyneric nmater for nple, below 1.35 or 1.3, or in a

range fr dif arefigetivg H{i@sf%m@%hﬁ Belhbei%sv thﬁtﬁf ceRgRtnal poiwmﬁﬂem@rlalﬁ d9%er 616 is
pr ef er abl Ka6QBMRRA . Bf ord 330NALYIRE rORtIENSI@h 3QF 1,95 her3sS wirbaklpt. Mmakemeal that
i s not. nanovoi ded and thaf has a refractive index greater. than that of the

nanovisi detyer 43fdp prefemblyionpatcd o€ & pelimeranaterial pragher pra@kle ptefidldptisiot | ayer s

614, 616 dafovdeRil hbthyt nhed RErhaiQb Yrdb:2k88er tﬁasarthe@zsaﬂﬁphﬁm@aedl ®astTiR. 2, or 0.3,
or 0.4, or 0.5 or nore. The difference in refractive indices alloms t he

st ruct ur etiffeenes é{’créff‘?filﬁ%lmﬁ% ‘Fﬂ’i‘F@fl thsravgss 44 43p s desireblyielavivehclasedpabl e of
extract i ngahpight 1chdt 0N & o, 08toR 8loreS alht dBIIRE! M Sefab @ttin EQY hl&ys MO
2012/054165PCT/U82011/052453, The structured surface 614a may be

t ai | or ed Stroctisd &riees A48 i Bostioges anepsiealierface gapable abydirgeing figkhfiomydt j ng 1 ght

f romaphe (bmmr&w@&Ieemigéaaethghssouﬁ;@w@hes@ﬁbe\a@ﬁsre\eﬁlsré h@h, out of the Iight
source so that_it can be used in the intended application. In exenPIar

embodi ment's, tHE s&yqied wrfac 4ddp may ke tadoredtodiaye 4y carseyroa shapgiihyt igefiactivys ght

extractiaqp eﬁ{a@f@mgat BB the Tiaht sehleéﬁem ﬁ, QLR easR N avR oaﬁofme\digﬁgsoéfébl G/ sk
surfaces wh may rep resent curved I near prisns or an array of lenticular

el enent s, it %‘atbe pid inthe F%‘@FWPB‘F"‘@%?&%SCH%TW ffbﬁwg dR&rarlay gabedifendutheapl e

shape w tshﬁéiﬁreﬁ buifat & ksiped doRicBXERRMY LM 1LIENRREATBNSISmertSEThE A6héiu4gl enent s
615 are characterjzed by a center-to-center spacing or, pitch P1 betmeen

near ést & YREBAshaving rectpagalar jrefiles WiHeh mgy lieare%ﬁinbﬂﬁtém@ﬁﬁﬁ&eé OLIATRBOL R for m y

di stri butsgshe@proupeefsts hirHFERGRHo SiRbnal U iBAst(ER cRmplBYiré BPEaRR At fiRR
average center-to-center I0spacing of the extraction el enents. Unl i ke

the ext r 46a0F aleng Mhigh thsptrmstene! sustaccegengrply exfanes) iyt e cxtraction demapisay iBa- ¢ are

al | depi clepbaldsvdiayisiigibR shafp@%tﬂi&it%ﬂﬁta@érﬁﬁir"e%@lé &Mﬁ&ulﬁspr@ﬂlaﬁmer nost | ayer
on one side of the film The transparent el ectrode may be conposed of |TO
or ot her dmyfisignpldlincpgnextendingsen dimgpsioipl f Fxaaple, ?fndc%ﬁﬁii@fti‘\?éﬂ%fﬂér"f 4. In

the gase Lfen8Xtdnaed f!u@fﬁcef ﬂel:d'ﬁ‘l(ﬁ iﬁ) h&fe 11 s@me 6ide add/r Shap@YaRhough tHey 3AF RAERY
15el ectrode | ayer 618, disposed atop |ayer 616. Such a transparent

el ect r ode?N& &y aqdwr ehege ddpoad nirrremppry P{négdlmelas dhej etriyitian glemplty 45 ¢5Ht ed t o

fUﬂCtlOn(ﬁﬁa@au%hﬁﬁ£E&ﬂﬁ«pamwbm%&ngeﬁmﬁhPﬂB&@e&hﬁ@@th&M&RiIE@M@i@h&@g
| ayer can be fornmed so as to provide gh refractive |ndex |

gener at i it PEGiA ClMeRGAE not unéfﬁm@z é@mbtr'ﬁ@. 8r sppged fiopehefpanthe @rc@%@ §de | ayer
may i nitighrbyntdB (CORNEI GREEH-cbiReldBadpdl df tiRfextri@oRPEMER!. extraction film and,
after formation of the OLED atop the 20extraction film may |ater be
considered to be part of the high index region or core of the resulting
OLED device. The structured surface 614a and/or extraction el enents 615 may
al so be characterized by a distance or thickness froma surface of the
extraction filmthat is adapted to couple to the self-enissive |ight

source. In the case of extraction film®610, this coupling surface may be
consi dered 25to be the najor surface 616a of |ayer 616 because it adjoins
the outer surface of what will |ater



becone the high refractive index |ight generating region of the CLED.

Unli ke surface 618a of electrode | ayer 618, surface 616a is not an exterior
surface. wWaaohsimst eri stic di stances are | abel ed i n thecfiuserie/05383t ance
619a is the thickness of the continuous |and portion of the |ayer 616

bet ween the coupling surface 616a and the structured surface 614a. The

ot her characteristic 30di stance, 619b, is the distance between the coupling
surface 616a andsausHrethwringeAd4n andireatracion glemenkredds sy alsp e daFeistiesddnd t hat

i nt er sect stdnb@orsthic kel Uk ffla SHab ehAxtthdiRn Bidth Rfaf ﬁ)adéf)tedtt@&)u‘éferté'ﬁlk ysied surface
that is/are farthest away fromthe coupling surface. In cases where
t he ext r &S5 lightsayrea dniths cpysrod ﬁH@aﬂ%fp Bk lrfbis crunlng sualees iadheiontsr B9IOF educi ng
the amountrmfe 406t aylehde. 14S1idePu4H, Witich Mts86 Wb dvirikahé BG&rade, al prafragit er nost
surface or boundary of the 35self-em ssive |ight source, we have found it
advanPagdBiPe e BSithirredyist s9,2p foptres thercopnting 3y fage Afpafom damage until the

2012/ 054 14BRET HEZALAIORMTAp NS i ignsand t\hh&lktﬂteﬁferaw&)nhtﬁlsés%hat i vely

smal | . For exa | and t hi ckness 619a ess than 50 m crons, or

| ess t harfdbssivait ng? tsrr%“%ts preéeaably higheasedings thmlgEe layqr ALy Rotadkesiyglties shoul d

not be capst44geschyds a}ptematu NMGignd N8 plaReint RirfkOHSs (P2 THBY¥hdc&Risfre | ess than
a thickness of the flexible substrate 612. The | and thickness 619a nmay al so

be so t hidistansestare ReelqdAy dhe figuts. Distanst 449aiis thp fhickness af the penginuqua kad AYtietpor t
filmion rpd lagdr A36 BveBHREREN B GurENs Uand UeRirdGurb s BRI 48 AThdNakd iGhud. The
| and t hi ckness 619a may also if desired be chosen to be |arge enou%h SO
that a suwerdsAengre %rltw%‘woatlﬂtgﬁ@rfaciegﬁﬁé Oéstteroawwdeetryaﬂﬁteéh%watag Adt

di sposed W ddapithgd0rfR¥ AREMEERNErsEXBe FfuctufR sSEAE 2B SShS of h@Rtuchdr ce. Ve
have al so found 1t advantageous, again in cases where the film®610 is

i nt ended SPEROEORM BAFAOSFS! ¢hibe eoplingyriase. Hire pberrhpmrgiertirdispce; 4%l thehe

extracti Qf‘stefrﬁéit)éﬂ\'ir&‘ﬁ tRIRuSIHE tauﬂfattamam%u b pRhé Mb lEgaranset fth@édu}dl%lg)éu}f%egﬁd for
exanpl e, greater than 1 m cron. feature he

di f f dPendBat figrissts ﬁheoﬁtrgt%é By ﬂ%f»‘rmﬂttﬁ%tfétfc%m@t@é Sur??ﬁ%‘/thé‘l %re ftrths%s. red be

greater tRaprdmthedod mg'EhﬁacfeegktéH@lff&@dnﬂiﬂttﬁe lalﬁ'ﬂjthfckﬁé@§é’&ﬁs$a%céj4mfa§d |ns nay be
sufficiently large, for ex greater than or 20 ntcrons that

the fu nctqoa%%qrtht9 b the ﬁll%“eé%"}aé@?t?]éfﬁ betwgenthe §°UiP§n%ﬁ“Ffﬁ%f’i 4862 pygl thoyetyed

15princi phEgcali4n Bﬁd tﬁ@-hlst%ﬁ%fema% e badshiBred kdWinhe Ifaggestﬁ%ﬁfﬂiitﬁme 9@&1'3&1&116 _

di ffraction. he optical extraction film 610 may be fabricated using
a wde véPW@PﬁSﬁﬁmﬁéﬁﬁﬁﬁéﬂﬁﬁ?ﬁﬁmt%%ﬁ%?ﬁﬁé , including without |initation

cont izguous t eqhBhsdRBerdig chalkfdh AIBCADIGHRSdcdA BRhlde %gt@&tr%n&dy}aﬁawgo us
manuf act uri ng techn@ﬂue is a continuous cast and cure (3C) roll-to-rol

process dhcHnoygt ¢flight thy dyiFrrBedAs e seuigdingymedss oy aélghzfeff‘tﬁtlﬁ%tnd?i}t&hét}m&mg

manuf act Lngl&gofttﬁ‘é:sJéH‘leﬂH@ﬁ/e eﬁgﬁ S&Q@é $@ heQTH @ Ak Bl gcHIRWSN & zn ﬂtefextrttelon
extraction film g?a process simlar to that of FIG 2, the

| ayer 61610 é‘tfhéltaf‘ thatlaéldétnﬁ%a@r“ 3 1s very amall, dofrexgarie. sPat crough s el t he

for mat i onuBantiNgoNRANOY M AEKt ck@deBEn fdifferd s tih@spdbdduatni SckvantkdeaCRnHIAa.
Cbnsgguently dependi ng on naterial s sel ection and process condltlons t he

| ayer?2616 fhﬁlf ei“ﬂ%SEfF ﬂ}étféf%@c whanihe Goypligspdeg 4f‘%ﬂéPla%§‘11&g%t§St a7 SBifesrtycs

connect i Qi Mifoht s'(:)tnGe B exRBO W hictihd RhincbdechiRoRd duterldBeyBANMY @édﬁﬁﬁ’g élﬁﬁé&r 614,
the layer 616, and the el ectrode |ayer 618 are preferably all g%é
fervtdt e

transm sid0pintathe [ayerdd6 denendsioa amuglhtr of fagtogse inclyrding &?g’ﬁfr@ﬁﬁ 1pde[xd)f t‘rtsf

anount s ahd ARZ&rdcliveaR@x of HIBortidh ofthb 1i@ft 5§ a1h§)5@1[0§ cOBNinPsurtad ffealdl e
and/ or deS|rabIe in specific applications. yers pre erably transmt

li ght eniRldced IwnatlhéaSFﬁ bwevgr.meé@d\ttnfttetséxﬂﬁa lagsébeslsSStﬂt?atZO THFTPRY O IR tanght

sour g | siofnablohg af 8¢ tl@etn@ﬂnfbfbﬂs ,axhduge ¥Hewl/afdei moula nbﬂfeg:@nsfn{l@&ztsllfﬂﬁtn(gf inl 1 ght
fromthe |ight 30source that traverses the coupling surface 616a wll exit

the extradey %frt § iy fagtorp H@t GppHest the s ekthe %Wtsa% zge2 hglipd tigkpsss dthre to

system i IthiyMiiddak ii@8han a thickncbB 6f thé HEibIE XIbkRAd 442Narldi haP HB 10 thitBiatQhc 1GRMT S€
include other layers in addition to those depicted in FIG 6a, and other

feat ures 4P lsc%%tetlé ry afrgeestanding seppptt iR gl igredlereners g gystemsuEsddd.  For
exanpl e, JptRAILAHE. PRY be incorporated within the filmto enhance Iight
extraction through 35scattering or to filter, color shift, or polarize the
light. Surface coatings or structures, for exanple WO

2012/ 054165PCT/ US2011/ 052453 funct i onal | ayers, can be applied to the air
surface of the light extraction filmin order to further increase the
functionality and possibly the value of the light extraction film Such
surface coatings can have, for exanple, optical, mechanical, chemcal, or
el ectrical functions. Exanples of such coatings or structures include those
having the followi ng functions or properties: antifog; b5antistatic;
antiglare; antireflection; antlabra5|on (scratch re5|stance) antlsnudge

. e



light redirection; diffusion; or optical rotation. Qther possible |ayers to
be applied to the air surface include a barrier |ayer or a transparent

el ectri cavbyporosdssti ve material. If desired, a 10rel ea®eTiusn@En/ onmy3 be
provi ded on the one side of the extraction filmto protect the output
surface 612b, and another release |liner may be provided on the opposite
side of the extraction film610 to protect the electrode |ayer 618 from
damage unti | W tlbicgard & thp discustip mecrniag e sypagscent zone, thepeadergfll padegstand hemat i ¢
side or GhANR-cSRRIdRATRI WHaf)%i ea@@gmern %he eRbcif¥d Wes higRrdhbdive i@t can be
used with a bottomemtting OLED. In Flé b, anotrcal extraction film
640 i ncl JiBsentting fqeion of (s lighirspyrss typicplhi %ws arReneripitots fragjiep of EditcPed by

(for examnBihe %are&b%eltht:qa)ghtnhex fdglom GdrtherONG tHeRRSAR thady BhSodeS @ nanovoi ded
| ayer 644 and anot her |ayer 646, between whi ch_an enbedded interface

form Ag avaesuitingmeds (& eraayde. s ar huadiedy ofarpdesd dsupppsted by thahigh duspar ent

el ect rOdQeél@d/ erch%egu%nag A&l a el Bt o ek?dﬁ@ﬁtlaﬁﬁ@ecagr H%fdﬂétﬁlﬁvﬁiddﬁed | ayer
preferabld%/i has a refractive index for visib bel ow t hat of

convent i olieayingsdrarten is@lspdenspdear an the esfragliva dgiewof tb%lab%% 3 Vi af these 200r in a
range fr Q@mptidkBotsOork- &ay‘?:ﬁoé]se Iselebt alpratical flifit 0@5@1{5@5@ of IN& aRLOQF zdnd¥Ethe 646 1S
preferably co osed of polymer material or other suitable material that

i s not ndieitien degsuasidor %amplﬁae the medfypedlpvre 44 aeong raish apuitthlyletiense of the
nanovoi dequétaﬁé@gurfazf@enﬂdtfcB@ﬂeeﬁca@pﬂeaamearﬁaﬁﬁ bMEhi OABKHE ﬁltgmee; ;egenl ayers

644, 646 is desirab ig relatively large, for exanple, | east , or 0.3,
or 0.4, or 0.5Vepavieglse fourh¥ adyapfagrasncgaip iy Gagsp r“é‘é‘ierﬂ%ﬁ‘eﬁlmrfﬁp égtenderléns t he
structur Eé(ﬁha%b'é fidf exthddish tyQedudg tibBNrapFed 29 FBv@Blding ModbNiAbiAGR kARADN € Of
extractin ght froman O.ED or other self-em ssive |ight source, as

descri be eme%érd@ tht theirpiteh P2is relatyglysmalbfpi axamplg ey shed |guigrgn.ingidgigto

tailored cb@pl@ﬁgdﬁ‘ oatrb)mfé%tv@gﬁrdu&g m@d@@pﬁhetf%&re 'h§1g1@c§ ftl%@lsl e diffrefXd YeBifdeh ng l'i ght
fromthe |ight source, that is, | i ng wast ed ht out of the |ig

sour dé sdlitage 449 apddisace g4 may alSﬁéf rlqar%iﬂb%la%ém |Iﬁlﬁ{°ino ﬁh%%eatare%wg@ ed

above. | ran@mmér%drm@ﬂmglma%é SuffidiiiRly 3881 huchdfusdioamty acBe bSra&aped to
define i ndivi dual f:*fﬂht extraction e?,ements 645. The el enents 645 are shown

as havi ngdq@es s AERAIRATLY gevsrier 8% pripdiRles abaiticabdiHegion rathprdhan; for gxample, ejisal or an

array of pgxrshanRdiri@tdRehauls nal haRag@ribdic, (MRi-firiaraaRAldofli r ecti ons,
but the extraction elements may in general have any suitabl e shape vvrthout

li mitati obstriguorieprdiey feéh‘ﬁ‘éoqnﬁé‘“rﬂ%‘“aetﬁﬁ’é featorss gy iihipme| casee At %rraeaﬂsi Qre

char aot erfgespyon® GRMI SfuchiPe. CIBREBE caSRaMht BeLcRiredVubitdl 4422 REJ YRGshear est
35nei ghbors. ]I)n cases where the extracfion el enents are not uniforni

di st ri butiiRle Pikshare & oxamgls oy skpix/asian ebideresaznd bl sgusisclyeian Ut the

pitch P2 fi@mw r%%ﬁi&be&l@efﬁl\whﬁ@% “CRCET orlpRrisBNtREuRRa ploRBic Bfoadtagd
extraction elements. The structured surface 644a and/ or extraction el enents

645 may &KEHtigRTeRabaRadeand switehy a di stance or thi ckness froma surface of

the extracti onrrkioptidal Bdbiction ke apd Bdy bOfBRRH Bsih®@mbiiedifgbhtmaagftesig/e | i ght
source In the case of extraction film 640, this coupl.i n&surface Is the

maj or? surt?cgé’éu@&éﬁlsﬂ’fssqdé%/%"rm@ﬂ@n pakElfs 42 Theaﬂﬁxﬁﬁler%‘“felﬁg‘l% 2Payshive ace of
what W | 1pnlada@EnaPREAIRs tREmM AN ultefid AGL 4G tan e ¥up b@htm gRN&Tatibi@ats £@ on of
t he O_ED nl i ke surface 648a of el ectrode |ayer surface 646a i s not
an exteri®BFI&drface. Two characteristic distances are | abel ed in the

figure. D stangghdfges! e LRk GHALAF4:0hay RREraiRBlcl AHOUM d ANHeRAd by Of
the | ayer 646 between the coupling surface 10646a and .the structured

surface @ochaiquerprt Wil qher wiahle eehmiquet ¢apatis finseriging girglpsired extragiondfedyisnive

bet waen tth@de@@éanweﬂ;g F%Hé;&caﬁ@% BBt emsosph@nRed fnftatiod Iﬁomg #lal 8lso bOuskh®
coupling surface and that intersects the structured surface at the point(s)

of the stiPTRPEFBYEHrHE b spp gses FipNEst haRaiactirbitin HE B witg

surface. dploe@ds@nilaMiehs dof RRS. @Xihe AGEd 438 nfaly hms%fé d sackmiignd ad: ko pahsace
| i ght extraction by reducing 15t he ampuni  of ght that is trapped as

wavegui didh§t %ﬁ’é‘é‘atioﬁ of thy P@WVP]@?‘} laygr ﬁ%al}dﬁhee&mﬂflﬁﬁtsu@‘ﬁ #442n &W%@‘r‘eﬁﬂy’of t he

sel f - em sepan@inkiof MatcHidld kA& tioNEndAY@ss BHNBLrs the Y@l esa e HerpReERsingn t he
ext rrg%tr on film640 such that the |and thickness 649a is very small, for

exanpPe, "@pgolded yerghd apdipgsied i copprstiomyithiGodtti on of the |ight extraction
el enents 645 is disposed within an evanescent zone of
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the self-em ssive |light source when the coupling surface 646a is di sposed
agai nst an emtting 20surface of the Iight source (for exanple, against a
surface ovothe/shkwsstrode | ayer 618 after the rennining pPoTitisees/osf453 he OLED
have been fabricated atop such |ayer 618). In nany cases, the |and

t hi ckness 649a may be |less than 20 mcrons, or less than 10 m crons, or

| ess than 5 mcrons, although these values should not be construed as

liniting. The Thasermienilewddese mmorridedavar 444, pd theseterfaygiadg aprefkblaeliof ¢ he

f1exi bl e 13aslddhRsiCAR 1igBNEbnIRY 1iPR sS@cd Bmuglhﬁﬁauttbﬁmh@fyt%méﬁ@s dfhaRtQh
25suitabl e as a free-standi ng support Imin roll-to-roll processing

systens sWeHoRe or all giethese fayars inigy le @ler@le %VOH deriable wopeclifrpriisatianty 4Rt ageous
to tail orlaﬁ&epr&&ras ?%ﬁs@ﬂt ﬁgﬁ@&hﬁ&&ﬁbﬁﬂ@h@iﬂ%ﬂehﬁ% 160 @ds§ sdMhdCTePrhel S

relatlvely smal | or exanple, less than 1 mcron, in order to couple I|ight
out of t H&tragioR H.aﬁ?gch%@é%e lighhrourcgt lpfige fration RE Uehirfigmahedlight fourediat ed be

| ess t har{ralrerﬁ'@sQﬁe@@upﬁ[l@@ulffa%@he‘“aewﬁgﬁ@{hg @it%ac%}ﬁﬁlh{a@ﬂ&\b%&sﬁe sismpgiengyay be
sufficiently small that the functionality of the extraction features is

pri nci paldny iRt aayssm Prmierign elhe sprighilmed? . mrnpreideinshitatietther KR, f or

exanpl e, Qptdagal hﬁv%fsfnﬁfatf EMposifiDR ahll ChkedciriSils AUESrRGDONONE Bl BMs SaNEcaRier
periodic, quasi-periodic, or randomdistribution of extraction features,

and the WMRAEG-da Fasrups theespricnliipi2 mayceanEe BT BRYe@pelmeis fhercaf.
phot i ¢ sy §hbdist ﬂ[és!ﬁ)tlélglﬁss) VREE %@(agfé‘lrliﬁs%ﬁ)lgﬁl d#ﬁglgsil\ﬂeérg 5‘21‘9651315 and it mayne

optical extraction film®640 may be fabricated using K di fferent
manuf act WSCAgCtie i RgUiss laverrto pigrent WRtR] GRer 4nd oR¢ege fre%lur??g 182 P dghisgures i | ar

to that of Fl Gimdar t§ BErab@mEImOEEIATAY, tRORShd ol tiin 34PRAGKEIL thell@YRer that Was
produced after the formation of the nanovoided | ayer 644 and the structured

surface 6RAlticdngwefiientcley in Hepdh &P%@thﬁrfeaﬁ‘ﬁ?séﬁcéﬂf%"@&“édlﬂ rsfoadRitheicocess
Scondi t i QiiSadytdiBuds@Y Hef@4§ KBy, lé X ﬁe RRARLIEPIRVE ReariRR MTiLEREFIRYLI TIRAS as

di scussed in connection with The carrier film®642, the
nanovai desletsajiag 448 may pgemitted, éPd/ M@mh%male%ﬁ @n@%erte%%fénq.‘/éwfow&é on fhs

prefer abloYheal;lheBﬂtgéﬂémaétfoamﬁm&@beéatﬁeooukpughﬁfa&rmt he I'ight source, although
smal | to noderate anounts of haze in one, sone, or all of these |ayers may
be tol erabl e dif/¥ris yedpmaiissideioncroperestional vioy efsill prother gpfical exffactiopfilmct i on
film 640 (hRYarbeSRed Wi Q-cRihes OLENeI§FIG”4@Q1‘ijbﬁticﬁlr&x¥r£bt1b1hﬁﬁ@4‘ﬂﬂ@élﬁd€@§i in
FIG 6b, and other features or characteristics in additjion tgo those already
di scussedlexikiq q@uisafilng fi2raad yappup Lyes earriesehy (61 cxmploptiashedioshe B 4R t he fil m

640. 20  AmdHgGhesbfybi§ isth RENAMRY la‘jer%ﬁ'@n@d’noﬁléﬂﬁy‘l‘e’r AL bR wMEIeW @fbeddct! |
anot her optical extraction filmthat can be used with a bottomenitting

OLED. | n ippicedormingp spetpred purlge 4 4ads I9Fmed: 1Anseeond cmbeddgd ddertpspformiagppl e

carrier fsdoxy @E%nﬁ&ﬁuﬂadelmaﬁ(skeﬂi}i%ﬁs foRhéd &GN&M ﬂ{efnaﬁov@?@@m&@ 47@51{(19&1%& to)
the film672. Anong these |ayers i s a nanovoid and anot her

| ayer 674ayeh#flydlda N eie Ay < prsEabbehas ﬁf@fafsfé‘@én#ees rf‘i"ﬁVll?@bl%lh@lt Pakbelpwdekur f ace

674a is f@comRdntiofalpREaREC prRASIHEE dxRhSE RS .39 1Y odin 8 @62 domtir14Gs used
surface 676a gsee inset) is fornmed between the nanovoi ded | ayer 676 and

anot ier 1%y dr 1686 f%%?%%p@}ﬁeﬂ#%ﬂf Byge #1440 frrapréferaé’%wf%w%?ﬁ@&p%%% ded atop

l'ayer 68Qnatdia® od3imeVitaRdm 2R AY @At SR & 8BLRDbiNeAS 1At KL FARbhwandiddex for
visible light well below that of conventional polyneric naterlals for

exanpl e, BerB ey thatofdhe qangvmw Igygr. o be JHifsEenes Brvimct 'y indpx petyegp thy layers o 1 35,
for exanpi7e,476h@d BtdeEn h@kes 4767480, BGERsIALE rRa@fBr 1AL Yo tRRPIS adl 1adt 0RObY Mer
materials or other suitable naterials that are not nanovoi ded and that have
refracti Vi3 PhEtc88-Sg¥ 8t rThe Hfraneradn tsfragtive idiganyordaeh efdbeitructygd

di ff gpenGarthdds 42! A@h ko/Rndtidd @%arh%m %ﬁerfah@cdp@tyl@ bSex@dding Bk frodnsh digtyeen the
25l ayers 676, 680, .is desirably relatively large, for exanple, at |east

0.2, or OHSﬂm6$HGHW“W6P9@SQHH¥a%%?%*”*ﬂ%”@?ﬁﬂ@ﬁéhces in refractive indices

allom/each Of’Mﬁ@w&hﬁ&ﬁ&ﬁ%&ﬂ4$ﬂiﬁﬁﬁ@&wﬁiﬁﬂmtﬁ%@@ibﬁm&%ﬂﬁ&hﬂﬁr&%b@&t&@tlCa'
i nterface capable of extractln%WH ht froman OLED or other se|f-emn ssive
<

li ght souf eféﬁctl‘afslnaé%aew&)%%n fipra ESopsp-dhngh 1s, qealing wastef ligkeueefithdisds 674a,

676a may sg@ehsdBattiah 8¢ &dd t&h@ﬁ%ﬂd@wpmﬂ&mmlg@lﬁsg&mm tthatemping ef fective
ine tractln l'ight fromthe |ight source, coupl ing wasted |ight

out t bRt dbypeued S’t“lf?ﬁfs {7ga.41p e e?fé‘éBaPFWth‘?@n‘i lﬁﬂléﬁa@&lg%fpm i cation
as di scussed above. The structured surfaces 674a, 676a may be each shaped
to define individual |ight extraction elements 675, 682 respectively. The
el ements 675 are shown as having curv surfaces which may represent curved
linear prisms or an array of lenticular elenents, but the extraction

el enents 675 may in general 35have any suitable shape wi thout limtation.
The el enments 682 are shown as having rectangul ar



WD 2012/ 054165PCT/ US2011/ 052453 profiles which may represent flat |inear
ridges or an array of box-shaped protuberances, but the extraction el enents
682 may iwogemnarsaléshave any suitabl e shape without |inm PraTiusa011/hb=53
extraction elements 675 may be characterized by a center-to-center spacing
or pitch P1 between nearest neighbors, and the extraction el enents 682 may
be characterized by a center-to-center spaci or 5pitch P2 between nearest
nei ghbor sXriqioe glementydisy BB Rwediel adts grmer ﬁfessh&%a%vma R et e fyees

di stri butyacHhaySRReRH JuhREBRE PridishR bn artRQ FRIntiGNE S 1cREn@ B HREI R4wbBY
represent an average center-tocenter spacing of the respective extraction
el ement s.orthogonal diegtions. byctheiprdigetionefeacals 467aay ingreal dayy 4y stikkieshapespect i ve
extracti opRlhenknisn. 67R.c18R3ts ABY ard kR g hm@@t&g]ulazsﬂﬁi@ywﬁmﬂhﬁ&ance or

t hi ckness froma surface of the extraction film is l10adapted to couple
to the sdpireshfis|inear idegher @atrE el boxshiprériotberapmes axameykip fshothopsab70, this

COUD"ng(ﬁM&Rﬁ§%uhﬁe&&%mﬁﬁkﬁ%mﬁﬁﬂﬁﬁﬁﬁy@@Qﬁnﬂﬁm&ﬁ%?%m@ﬁ@sﬁ%@%@ﬁ&nlt adj oi ns
the outer surface of what will |ater becone the refractive index |ight

gener at i rifREgH offesrrcHen deppts Adigivea SW‘F%@C%‘T%CF&?‘&?W”@! need py @l hpgys 678,
surface G8QasizSadaRk sidpe, %ﬁ ?h Hey %M{r}ﬁﬁ%@he SERE iz E RATRGRBE i3kdicddinst ances are
| abel ed in the f%gure or each of the enbedded structured surfaces.
W th regdremplyry easedipetty ﬁ@&xgwwaélémemﬂéﬁ % deEpcE7ed PYa CPECTHRECEY al

di st apce hiHy dr BRHLIOURN RE nsidsf AGMbEBOAIUR LR DS AFBSts M2ratd PRraBridche
structured surface 674a. Despite the fact that this distance does not
preci sel PYRSFRIESHERYCT BT PHECiReecen peasest pighbaf o liscapes mdhersthq giastion 76
(due to tdnendhfsARane niftmly@ibuRdQr §ackdtdntichkn baek, fhiarep by P2 infay MRy
nevert hel ess be consideréed to substantially correspond to the contlnuous

| and por tIFRIFSCRifanassrage cemter-to feenteiePIcieen! tEaePPRIVRERRCHM SRSt han the | ayer
676. D stance RERdRuitsrell ReRaX Ala dved RRECE: tﬁélﬂ@we&eve%whbmelﬁmsf@se 680a
to the farthest portion of the structured surface 674a, Wth regard to

st r udPur 250 ddeahaacterird bundisamg 9hthickngsp @0%S&%%é@étheﬁxtfaﬁ%oncfamth%uous
l'and por tii fRpef tddepIk aVRE sPBMhiRRLWBRNLDE BARLING ctiicligt@nbB9anand t he
structured surface 676a. The distance 689b is the axial distance fromthe
coupl i ng Suping swfasgdhg Qe meior syrfaredi0and lay a0 ofr relpase Bvgr GeRtamay 448 f ace

676a. 25Rpgdes akhwicoldiig @?étliy%ﬂsooﬁ phdrdriBI P HRorp QR ﬂ@@thagmﬁdt So &fto prtcact i on
films 610 and 640. For exanple, the extraction film 670 can be tailored to

enhance Ithgfpupingspeioei8fn ﬁr% Femage erthortrattion (1l i ready iq kegppléed tp gistisklour ce

bot h 2y reauE F@r &Ha&c@ﬂmwﬁst@teslakeglhlseletdhﬁthelfguﬁeqmlf&yea&mfeﬁer@me&deaef | ect ed
at an outernost surface or boundary of the self-em ssive |ight source (via

st ruct ur e§UELeS stEice7 YEsh re%ﬁﬁ@jwlfwt@fa%w%e e désﬁ%’ﬁ?\im&fls the gpHel distpgee j s

trapped aﬁm%@ﬂ&ﬁ@hﬁgﬁﬁ&&ﬂdﬁ&uﬂﬁeﬁmﬂkﬁ%nﬁgkﬁﬁk@ﬁ&mﬂ&ih@ﬂ&%ﬂhhgb&pﬁﬁmétlng
region of the self-em ssive ht source (via structured surface 676a). In

this regdfdhiethisglisenrodnsy n?ttpreéz&ela APEGRAL the THEEPyRT ¢t HtiBYG et PERYFi | m 670
such t hat47k @i $6Hns bRt &S 1hyRnesot Al GhRass] AR 478a)f R hay hmetielsesd |, for

exa Ie | ess than 50 mi.crons, or |less than 25 mcrons, or | ess than 10
m cr s, SARde tp sybstaially serespondrithe coningons land eprtiop at laygi 476 K g 19T #ness

689a | s SERbéEhinSdr than, thd 19Yer 8% MMk 8ace 3N s 1RNQAAOMs18R c bRl thEcobpiRStsanideal
portion of the |I%ht extraction 35el enments 682 is disposed wthin an

evanescerft803 torike BitheshrRortdq of thepfracprgdsyriagti74a oWr”(l,“éeg'f}Hjetﬁ siryegred gpyface 476a,
2012/ 054 1faked . 43952%&&&'&3&531‘ GOLRihiGs Sl h&a6n HERAaYS 480 SROSAGhABAHIRSE an

emtting surface of the ght source. The |l and thickness 689a nmay,. for

exanpl e, BEIcHEE 4 S@Bctﬁlieéﬁlaﬁ*ge 47p- Thslend pfdpyer 680 W@h@mdf@rowggdf han 5

m cr gps, B%H%ddmﬂm@%mﬁﬁe&maﬂﬁhkcﬁﬁﬁﬁém&ﬂnQilﬁﬁemﬁﬁQﬁkﬁahbﬁkc&ﬁmﬂgaﬂﬁ&kness
679a associ ated wi | ar ger structur eJqur face 674a. 5We have al so

found it aaéh}ﬂahlﬁl&&é%@ewﬂﬁw iherfiuctigd 1EEs diverdaiaraliny St e hat ¢ hei r
pitch Pl di®ank&hsdbiiy@t Yxihidhi@Rce fr&th t1R%8 ming surfic€ 2808 rto the &Rthdst PbiEibABS thwhi | e

al so tallorlng the extraction features 682 such that their pitch P2 is

rel ati velSudwas purfapgd76ax anpl e, 1 ess than 1 micron. The feature heights and
transverse di NBEEiBRShOExtafi@ondiih 426 Ednitinds @bt BEcx@4Giol®YmNA 09Hd Adecirent | y

| arg g that their functignality is principally ghverned by principles of
opti cal rtrRletthoryiraciion film ¢ FkCan bs taifpred iowmbrngh ight suigectipniiay at OEER %ensi ons
of extraction features 682 nay be sufficiently small that the functionality
of the extraction features is principally governed by principles of optical
di ffraction. The optical extractipn film670 may be fabricated using
many different manufacturing techniques. The flexible carrier film®672 may
have physical characteristics that nake it suitable as a free-standing
support filmsimlar to substrate 216 in FIG 2.



15l n sone cases, the structured surface 674a and/or the structured surface
676a may be fabricated not with a casting-and-curing technique but with

ot her suiweahkbe/asewhini ques capabl e of produci ng the desi PeU/US2IMAEI45DN
features in the desired |l ayers. However, if the extraction film 670 is nade
using a process simlar to that of FIG 2, the nanovoi ded | ayer 676 may
constitute a backfill |ayer that was produced after the formation of the

| ayer 672theReeleraissiterlight opise beth by sducingigy agouns pldighhbat intowily saaniiyy
COHStItUh@ﬂ%ﬂﬁ%ﬁﬁhmh%ﬁ&ihhhwé&Mﬁﬁmﬁﬂ@kﬂ%ﬁéwﬁﬁﬁﬁwgﬁ%%a&ﬁ&ﬂykbﬁm%ﬁ&ﬂat'0“ of
nanovoi ded Iayer 676 and structured surface 676a nsequent | endlng
on mat er isdrfecedadadcand by redueingthe awewnt eblighf thrtghdappeghes W%(?@Fdl%@o%@ﬁ}n

i nt er penatfatife k& méan&mng @%ﬂn@fﬁfe sOfBmASVEIiEE U@ Avih BinkRNARGEHHQN W th
FIG 3a, while the nanovoi | ayer 676 may_ not |nterPenetrate t he | ayer

674. 25THIOVal? thisregard v bave fouﬂlﬁéaﬁ‘aaﬁli‘@%ﬂua@dieﬁlé?/@ﬁ cgirastion fifm 474yeshshat e 480,

and transpeyifnkl 1@1d&1ﬁt:1&fé§!;&7b§ié%lat§%§z sBaf, fo&fal% Féblleéé tl?dn'SOH&h&Bﬁsy ot IERMSA SSive
to light fromthe source, althoug derate anounts of haze

in one, SOMECTOBY O%ﬂleffsq’&n 10pegrany, AP @Wbﬁyd%@n ffmf“%mém gich fut B lagd digkagFe in

speci fi c RpPlsismatidr QM -for CREMMAK tsh@E bhdRBh §d N4 d8kHBN poRfoh Be@e AL Kk irdcANEr S 1N
addition to those depicted in FIG 6¢, and other features or

char act erdlatenisd87 is diserce thines cymesentapiced die ssbamissitis ighd souscervdica e | i ner
may he Proviimeduic 2 iPplal@ it Q@énﬁfng%ﬂ@ac@ﬁﬁﬂa@-ﬁ%ﬂt Qdurdd M Bh@thickness FI G
7a shows how any of the optical extraction filns of FIGS. 6a-c can be

conbi ned 4/P? Hay TSRBRF-Silest thag2merynror dshidan K micsasp.«r &t thaphinigonie | i ght

sour ce Whing R nha§ bk @BMLIC BL&En BFkhE OB s@xtal ﬁﬁ& 1hﬂ;n1na‘ss k19 25QciBRd Wath RIcQslige an
enhanced light-emtting oEtlcaI devi ce 7 first step in produci ng such

a conbi naftPewretffapedi4a. Fhothickresses I“?%‘h‘ﬂ”éﬂ%/éé‘thilﬁﬁesﬁ fhanp godnesssilf ch may be

any of thexeidtBGhican2 fand BRh &k be G nallG nSRREEA (REEYRDPN6E450Ns Mihi1ahd ONS

thereof WO 2012/ 054165PCT/ US2011/ 052453 These filns each include on one

si de 1PherfEsrtaading spaerafshin rell-Beiol gersessing aystomastih a iy &picky 8t FI6t Befhi gh

refracti vgickdesiessoh ayehiso ﬁ‘aysnla@bm@ydnd@ge latgdGhdtdh BOthata duB@SkialGRAiALYARI C

| i ght generatlag Iaéer and an optional second el ectrode |ayer which may or
par

may not Oiht Pents ﬁ?eléé"té’é?@i’%efiéYHQP ahicyhercetzara gtk seligmissivaligits are
representggghcé.n the figure by a schematic |ayer 714a. Those |l ayers, 5in
conbination with the transparent electrode |ayer. fromthe optica

extraction fil¥fhasy SP&“ﬁﬂ&aﬁYa@ﬁg?oé‘f fodifqr {he ciiigeaion fepiyree 47e$ﬁuelﬂhﬁbthff1ég| on 714

t hat 2gengyiah 9slslré1gme1yq£rg@ releshmme g‘f@‘@é@hﬁﬂghhcrbﬁl wWhils RROBR0ATR Ry exah@lohed
electrical current or freld. The region is typically very thin, for

exanpl e, B%WF%@ZéPﬁ’éPat&?Wé’l%%Fé‘ﬂ@‘tVﬁlydfnalLl f@l}ﬂxamblﬁ lFsééléantl Haifroy. ghe 2

m crons, (%ﬁﬁWS%ﬁ@P%ﬁme%kﬁﬂﬁﬁﬁbﬂﬂkhﬁﬂbEBhﬂ&ﬁ@ﬁﬁﬁSﬁﬂB&m@%<m§§QnuéQ£ﬂ@<ﬁr nor e
ot her Iayers represente schematically int | ayer 712, may be

f or med orstraﬁwleii ayfast g2ty brisgrier Haek nieghgad tm&ea? T hésyoé raefuyed fagen

exanpl e cO§PhiayBe RssIhAPOhferoh |THé AR Qeights RAI frirR¥erdel dillnsioRs FMhEX@ARIoAT Y
enbogﬁnent the layer 712 may ﬁprlse an ultrabarrier filmsuch as those
2%°

descrPbed<dtie #78, mwﬁé#ﬁgle@lmlar@e xpigplgygreater ghany, orcgraatey thag 40, osgregict ) | ) |
and 6, 01Qnaf>b fiSRAW s&dh tBdt their fMctiGhaBRUS ﬁl@ffcﬁﬂllyl ¥ 8fnc®by ‘Iqh@fﬂlk@@f!) piicg gl ass.
Alternatively, the 15layer 712 may he onmitted and re ced with an |nert
gas or vdl %‘f Whebﬁamlcsaélfﬁ%qtmawfﬁ@ahq fﬁaﬂgeégalptwddﬁaﬁﬁ@? pensiewseft he OLED
and a suidkahhien GRS 491 ﬁ&ﬁbmmeernﬂy small thatPhdWeBetloRBitfeMhES rddnifSndes is
bOttOﬁ}EHIttln? CLED, generated in the high index region 714 travels
t hrough th@cigy Yrg@&%rp%ﬁbymfmﬁp Do orfier! difiracsion FEhehBYh eRUCRIHETAGHIN t he " bot t ont

surfage as s eeﬂlefofé @ &BactRATHRAgH in‘dﬁb@ifabl%a@d u%ﬁg mfaﬁ%,f dlﬁ”&&Maﬁufaétﬁﬁ@ surface
612b, or surface 642b, or surface 2 es, .the device 720 may

be desi grigdiniaBesanfiscystedip %ona?ctlﬁle)wrtb EHS é?'r?lfdt‘@d The Gaile ergP 08It meY de of
the devi afive pHysit4 QBR2EARES th® Rfdke i AiEble & a Abd-stAllinkREpeRMSh kidignb conmponent s
of layer 712 ﬁ¥ be substantlally opaque. In other cases the device 720 may
emt |ightbYrEHeBH st -des, whereupon the conponents of |ayer 712 may al

be |ight-transgkssd sses, B sEIERIGRERS 47N IH G el Erbd 4T hﬁ%ﬂ@ from
both sides, it woul.d be useful to a ply extraction features on hoth sides

of 25Phe fafiFrted notHith AY eGP e S mﬁw bufyerith gther J4itabde tgchaignesgpadle &j de or
cross-sectional view of an optical device 730 in which a bottomemtting
OLED has been fornmed on a particular optical extraction film nanely, the
extraction filme670 of FIG 6c. Atop t out ernost | ayer (transparent

el ectrode | ayer 678) of the extraction film has been forned or otherw se
added thin high refractive 30i ndex |layers 716, 717, and one or nore ot her
| ayers depicted schenatically (again) by layer 712. At |east one of the
Iayers 716 717 conprlse an organlc | i ght generatlng Iayer as descrlbed

o o Y " o o e — .~ — g — o o o o



35light of a desired wavelength in response to an applied electrical
current or field. The refractive WD 2012/ 054165PCT/US2011/ 052453 i ndi ces
of the cowmetntumsmtes| ayers of region 714 may for exanpl epalriust@hlos2ass hin a
range from1l.6 to 1.8. The region 714 is also typically very thin, for
exanpl e, on the order of a wavelength of light, or less than 1 or 2

m crons, for exanple, although other thicknesses may be used. The | ayer(s)
conpri si rodueips heplgred pxtragtiorstsgyres iythe teyigrddancrsy Fex cxayplst NG v | ower
refracti Ve%lbbﬁﬂ%)(antdhﬁj&tﬁ)ﬂ AR mat @ tRiuG th RIS RAERRA {dthee #74d ahdEYMAT €
typically much t hi cker . In the enlarged view of FIG 7b, both |ight
ext ract i GHUEMEHEHtase €82 i Yogincates UdPWTveH lfsﬂEFr PHaiop iR 47hindegnesing? t he | i ght

extracti gRoRLsaNEitk %o BADf FIRM hb Bardl il L4765y RERINAY 4 Back AR PyBELS QBN SO as
to give the reader sone sense of size and thickness differences that nmay be

real i 2ed Weuggdeitcr e forpptiopef edagnt™d and the giyqpretbyvr e e mahths lavar ¥8me

enbodi rrenﬁasj hké@isacamufé%tﬁ@ bAckBill 1atylafath9tmats %%du&@uﬂéﬂtﬁegfoﬁwﬁmeenaémeaf t he
extraction Imis coincident with t enlttlnq surface of the OLED,
4'¢

si nce théaﬁﬁaﬂ'éﬁranséiﬁ%&g?%ﬁuzsfﬁcet%a h@@ﬁGQU%Bxdqu@%g% rialgeledipngpd 714

cor r esponflseelsQofdifi®s the B8 ﬂlaﬁ fntdrh@etdiaMms RSNl hRE ITPRLRiskRY&In 678. As a
result, the distances 689a, 689b represent_not only the m ni mum and maxi num

axi al di SOBKEEFYIINIONE. shilethe m@a<>1§%ﬁ1ﬁfé€éé7®v®anqt giterpracEpt the faverdidpl i ng

surf aee 680a, THdtadbs@ni4re, (hd ﬁunmme@n@emmﬁdmtﬁeﬂ@kmdwuam%
(respectlvelyékfron1the structured surface 676a to the I|g1t emtting
¥V

surface @8derbly 2l highlptrmpmishicgo Beht fqe the light sayesserthowgd st M HOdeRE hi gh i ndex

regi on 7 ghousts bf BRORGDE,RoMB\R gl bth &8 1479d %fayfb@tolérmé aldRY 1 QRab1@ R p SRy be
diffractively cougled out of the regjon 714 ght extraction el enents

682, and PHERdPt &he kg peferbbrtgaimi %gwe%fﬁﬁbﬁéale&a@t SerCq Hih s detree by

i ght extHeché MraiRAMRAtSatadRd t&tﬂ@ hgﬁtlséﬁ}ée @lﬁ@g&tﬂh@hérﬁ/of%httﬂdﬂgthte hgatdeVl ce 730
through 20surface 672b, which now be con3|dered he out put  surface of

the devi ceurygthat traverses thg q@&@lﬂ@ﬁ@%@%%ﬂﬂ@@lt the exragHen @maéﬁhetwpwae HED, | ght
gener at edyiibcUith SHaGbnttibEle® &aah Amdddioh " MQaiict NIMOMRNIndnBeoigtlEREITI6ON Tilm
670 and exits the device through the "bottont surface as seen fromthe
per spect iatd oBer lpycey 47480 mppy all; hgve SR QP PHioRs B sharaqtgisics e cosading e

devi ce 728N ophedasitamned ofmgrmat anllidb! E& REmME, thd (ﬁmer ﬁm hizaﬂayfcro@ml@ehe
opposite side of the device In those 25 cases, one or all of the

const i t udmt!: RENpoReHImes greraok glass (wéldw&;ﬂebléle%@t %{r?fl”leéwltﬁb%ﬂ%}tiﬂ?éem Ph ot her
caseg(t harad@¥dehemaAhI M iEfhy alld Rttioh bOMRG: Maysi € PSovehiRIL VRN add Ry gen
conponents of | ayer 712 may all be light-transm ssive. In such cases, where
the devi d&™ $a@inghs WGt $998fh bot h sides, it would be useful to apply

extraction feadimiaSo &rabRntTilSb Gﬁaaguatdﬂ@ 451% é%ﬁactl%g ik 8y edh&dal{diEudevi ces
The di scl osed optical. extractiaon OLED conbi natj ons can be

practi ced I%rlamerélwddléw%?rth%%@39‘%?te%rlfﬂfFﬁ%r@n%ndwﬁégeawes RhGRIHCEssn i ncl udi ng

non- pi xel At Q—tﬁ@&aﬁé’&@:{r diRRYsetly Rl:félaif& anh@leuﬁeﬁje dlzﬂzuisi(ﬁrhbb\fégeg%[&ﬁﬂg B@kiin@Ans,
and pi xel ated OLEDS that nmay typi be .used generate | nmages in_ an

el ectonid FHi% gp ayd 4bF|Té3€ reéeaﬁf‘slﬂgr %@H%WWE“‘F&&W(%W@T“ aelwpli%w Bk at ed
350LED 81fhy bEheovidelbh b QtHessiad iRy RBELtLR Al foProte& tielpul Jueiide bt ti ng areas
812a, 812b, 812c, WD 2012/054165PCT/US2011/ 052453 and non-em tting areas
bet ween t he erfiltt Jangous hoxsanyph i optica} srdragtiendiiinhef FE S £a-q can By aiplipdigray

i ndi vi duabp-ymehRCSIEb:Cher YuiRBId k@8 &I lighh@ulck SMMich@Mabridalg s@aRidy AR
arranged in a repeating pattern to forma |large array, .such that any given

| i ght - enitht PHgctiopdimop ag preﬁm%ﬁlb%‘ﬂgawq Fghtrompingpfica) devdse- Petopemififihat ed at

any gioverotume: ¢ io dé{ﬁ&éﬂ diley s%hesﬁaaqulr_s; f@Jeayd SRR chsHBE ETh D INER i IROQGR [cT8
di spl ay, the areas t of the same spectral content or

col or. | rubyire 5&%%@ atél&clﬁgh ?%?W& H@FX g%amétﬁgéoreg{%mﬂéc Theayotiglsiedent a

singl e pifg@htion hdb BursR 196r td hRePbd Watet i oALRBRy Bk ZAmCreiMdhg @ b glJ)ﬂ bt froaf
different colors, for exanple, areas 812a naﬁlenlt red |ight, areas. 812b
(v

may enit %F&dn apd tjlﬁﬁubs'a'ﬁama alsehayg srechagigalan thepna) dmetiopality. seethasr hegsiks and

col or COW@UﬁﬁftHeﬁkrh&aﬁﬁ@malllei@ngQSﬂl hihg subditdle §T2em AL RS dORYridcHPabiGanBDr € Or
fewer, _than three different 10colored areas, as is known in the pixel ated

di splPdy apdigiduglfpyers gt malespr g seion Ak vy fogfengsited Hrpd o appdadingsaitablei cal |y
grouped together to formpixels, in which case each individual emtting
area within a given pixel may be referred to as a subpixel. In the case
where OLED 810 is adapted for a color_gﬂ§play, and where area 8l12a emts
red light, area 812b emts green |ight, and area 812c emts blue light, the
area 814 may in one enbodi ment be considered to be a single pixel. The size
15 of that pixel may be characterized by various transverse dinensions,

t hat is dlnen5|ons neasured |n the plane of the flgure In cases where the

ey .



25F1I GS. 9a and 9b denonstrate the difference between extracting light from

a pixelated top- emtting OLED with an ordinary structured surface film

whose st rwotordd4marf ace i s exposed to air (non-enbeddedCT/Uspa 18455 Ct i ng

light fromthe same pixelated top-emtting CLED with an extraction film

that i ncorporates the disclosed nanovoi ded | ayer and enbedded structured

surface. Stated sinp “i; use of the nanovoi ded | ayer and enbedded structured
i

surface aFIWHE Amehstpytuted Thokigh deecgion Hi tal?lgaélag@é}ldﬁwﬁeaéq B efgaiy t he
OLED t hanayehatioRd totdadt 1ihhera deg&era\wambrsgtﬂ % rOpERY fFantabFliARNCNR ARGt by er

all ows the extractlonfllmo FI G to be flipped over relative to that
of FIG JKld apska It ope P gy F]ie@FOdﬁ P%m@weﬁ&twwd?wwwﬁﬁoB@t ween t he
OLED and ihdigied tf M6t 196h B B&6n 5140 AR sirbee §ameddedonshinuaiwy ed surface
can be di sposed between the carrier filmand the OLED, and the | and portion
of the exepadasddnbs ¢ light seitireefosof theiddidd®) structured surface and 35t he
OLED can be magerdePropdific@nhdib&kipasas péfRhay 3Mt ©LEDESS JriRNieafdd og&al or 10
mcrons) that is WD 2012/ 054165PCT/ US2011/ 052453 subst ant Icglgp?/ ess than
that of &tgpeaimsctdPri4r470iiy applisde theilighi sRy tipa e ries tldp of Bg R oser

to the p'aﬁﬁlhd%ﬁ&ﬁth@aﬁ@o;]ﬁﬁ& BRYR 1IN bichadNtc-al¥RR1 5988 4791 FedWmld)& bl urring
of the pixels articu for OLEDs with small pixel sizes. Blurring of

the pi xelTgmeved fféﬂmi tg“eﬁ%‘@ﬁxﬁ"rﬁ%a giiftie pRiicalpour] g sedce fseg tansehl 2. 4403 430 | m

cont aions 1k §dhAGkdsVe ShicHICloHFIfS shifb oSHabHtRAl dxirfthibn Fifn fhbf bepIfRY afédigct i ons.
5An anal ogy can be drawn between such scattering and the scatterin

pr oduced 3B§iny thedichi srittipe sykee Stip ofve &8-EPagbthe optermostlpvce of B¢ cxtrastiar fPaper i s
pl aced dijf £pfedsMredtQRiIvE aRGSe & ot LiltabE hgmltansnmn@taaﬁ‘e@% rthd'@clohdabt be able
to discern the text through the waxed. pap However, if the waxed paper is
sl owl y | ibetegn g optrat cwalélgcwgffosﬁé@e B@tﬂ‘iﬂ)e‘f‘éiﬁa‘f%é filra g the Heht RRitdRERTE Hg
waxed papgs 0LP6hRAg$eSuffitiBR td S¥ducaH ek bynRERIE thcitkd EGhlhenderasse t he
boundaries of the letters of text becone 10too blurred by the scattering
acti da ofSIEHE ek €A Bsi5estWesAinal ogous to this, the embedded structured

surface of Fl Gy ofibr (3B, PhRdpE&l bddplihEla e@nﬁ? b@bﬂé‘/fdbd‘&t@éentﬂﬁ%pﬁbéf6&@11@@ QLED
conpared to the structured surface o as a result of the much

cl oser prigsfigsiof e gptihextpgiopdim gledrfaellaﬁéalt@a&%fé@ Sép ofthe OLED Ebhwpiicdd to

that of tddgpinaldyer mst deHe Vel imbtidnaCOne ildtfn nfal Ge toéﬁarﬂﬁﬂ! t6¢ Smidin@Qhddcen of a
devi ce 910 that results from an ordi na%&o pti cal extraction film 930

bei ng applfedltfd>- dngrapepaelagd tagrminive QLS AREDAYRlS; ha s aragkivepi cts a
portizon Qfirfdcdavir&as@efct Rt phebiidtksv-hik AN DRIpE cRpliidiaddr ddy b Ly 960,
whi ch |ncorﬁor ates a hanovoi ged | ayer and, an enbedded structured surface,
bei ng appf fdherwrlls Reothermarfyse ifé}uéﬂSéaa%te,Bmérﬁetatpﬂw serfsp typ e copplipgairfrgur es,
t he | abel g¢hcGpiRPBEAL TG IS erEJ;aq@@ an Qh(Shd@SOa?cdﬂraltté(&rté GRRLS Ok bk 0P22; a
light emtting area (such as a pi xel ; an organic |light generating

| ayer 20 PO9Ets- nothgifdipetion theal?ftfakqoal?h@é@er Brabef 2sh itheppticdb ErpTerting flmy er

929 that plRMAIED & ckdihlOhlsdsOviRicaMd SlRermoftliffer dfitBdxueMoh il G dus f ace 929a.
In FIG 9a, an extraction film930 having an exposed structured surface

934a Xs dppriresentigve albesieppothygitabie 3dkesiyeo rlnﬁ?rrlwg%sothF Afeatreupling laysr. iy of

film 932,m@lﬁuea@mﬂ@bdlﬁtrdcﬁb!@ﬁna?%&vet&eﬁ&&ua&iﬂdém ol itk of thb Mich ihd&hl% i@aED and
a coatin Ia er 934 that has been enbossed or ot herw se forned to provi de a

st r uct ur ed4 8tithe QEEDFs passiblgio it wayeepiding modegvithin ths dighiingex rqg@ﬁtoréls@err action

el enent s a5446Htcd SvdnBIRtbitGbhedbani¥e ic2tMic@ Elob@ RSBS cdupBhig RFRcd AHIFRx@RAVYNIN. O
function based on principles of refraction. None of the individual | ayers

of extracticontis ¢%1plg§da>§f map dorsrendedayed efractive pdepbatyesathat phiae bigh r act i on

fi1m3960 ifdy rédHE51 afPihS Loy biGHHoANouRdr RhifRE c&rﬁbs‘ISJiﬁi todRS@upRRAuitRe pMBeECt i on
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nodel ed devi ce. The maxi mum angul ar color non-uniformty with and w thout

t he enbedded extraction filmwas 0.0115 and 0.0242, respectively. The

i nt egral weaiznisttsst he nodel ed extraction fil mwas 1.48PCTNS2011/052453

2012/ 054165PCT/ US2011/ 052453 TABLE 1 Au' v' Angl eOLED wi t hAu' v’
(degrees)Extraction FilnmOiginal 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. lpiheglevice 520, the optical coupling surface 416a of the extraction film and the light

emitting surface 514a of the OLED contact or coincide with each other. As a result, the distances
419a, 419b represent not only the minimum and maximum axial distance from the structured
surface 414a to the optical coupling surface 416a, but also the minimum and maximum axial

5  distance (respectively) from the structured surface 414a to the light emitting surface 514a of the
OLED. Note that in alternative embodiments, a thin optical coupling layer as described above
may be included between surface 416a and surface 514a. In any case, light generated within the
high index region 514 is refractively coupled out of the OLED device by the extraction elements of
the embedded structured surface, and eventually exits the device 520 through surface 412b, which

10 may now be considered the output surface of the device 520.

FIG. 5c is a schematic side or cross-sectional view of an OLED device 530 in which a top-
emitting OLED, such as OLED 510 described in connection with FIG. 5a, has been combined with
another optical extraction film, in this case, the extraction film 470 of FIG. 4c. In producing this
combination, the release liner 478 has been removed from the extraction film to expose the optical

15 coupling surface 480a, which surface is then pressed against the light emitting surface 514a of the
OLED 510. In this enlarged view, both light extraction elements 482 from structured surface
476a, and one of the light extraction elements 475 from the structured surface 474a, can be seen so
as to give the reader some sense of size and thickness differences that may be realized between
refractive elements and diffractive elements in some embodiments. The enlarged view of FIG. 5¢

20  also shows some additional detail regarding the high index region 514. Region 514 is shown as
comprising at least three separate layers, 515, 516, and 517. The layer 516 may be an organic light
generating layer, and one or both of layers 515, 517 may be a transparent electrode layer, for
example, composed of a transparent conductive oxide (TCO) such as indium tin oxide (ITO). In
any case, all of the layers 515, 516, 517 are composed of high refractive index materials, for

25  example, in a range from 1.6 to 1.8.

In the device 530, the optical coupling surface 480a of the extraction film and the light
emitting surface 514a of the OLED contact or coincide with each other. As a result, the distances
489a, 489b represent not only the minimum and maximum axial distance from the structured
surface 476a to the optical coupling surface 480a, but also the minimum and maximum axial

30  distance (respectively) from the structured surface 476a to the light emitting surface S14a of the
OLED. Note that in alternative embodiments, a thin optical coupling layer as described above
may be included between surface 416a and surface 514a. In any case, light generated within the
high index region 514 is refractively coupled out of the OLED device by the extraction elements of
the embedded structured surface, and eventually exits the device 520 through surface 412b, which

35  may now be considered the output surface of the device 520.
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FIGS. 6a-6¢ are schematic side or cross-sectional views optical extraction films that can be
used with bottom-emitting OLEDs. Many of the elements and features of these films are direct
counterparts to corresponding elements and features of the extraction films described in connection
with FIGS. 4a-c. For example, the flexible carrier films of FIGS. 6a-c may substantially

5 correspond to the flexible carrier films discussed in connection with FIGS. 4a-c. Larger structured
surfaces adapted for refractive coupling of TIR light, and smaller structured surfaces adapted for
diffractive coupling of waveguiding modes, and their constituent light extraction elements, are
depicted in FIGS. 6a-c, and may substantially correspond to the analogous structured surfaces
described in connection with FIGS. 4a-c. Nanovoided layers, and other layers that interface with a

10 nanovoided layer at a structured surface, are depicted in FIGS. 6a-c, and may substantially
correspond to the nanovoided layers and other layers discussed in connection with FIGS. 4a-c. To
avoid unnecessary repetition, details of such common elements and features will not be repeated
here but will be understood as applying equally to these embodiments.

In contrast to the extraction films of FIGS. 4a-c, which are adapted to be applied to a self-

15  emissive light source that is fabricated separately from the extraction film, the extraction films of
FIGS. 6a-c are adapted to be used as a substrate on which the self-emissive light source can be
fabricated. In the former cases, light from the OLED is emitted out of the “top” of the structure,
that is, through and out of the optical extraction film (acting as a “cover”), while in the latter cases,
light from the OLED is emitted out of the “bottom™ of the structure, that is, again through and out

20  of the optical extraction film (but now acting as a “substrate”). The reader will understand that
“top”, “bottom”, “cover”, “substrate”, “carry”, and “atop” should not be construed for purposes of
this application to require any particular orientation with respect to gravity, unless otherwise
clearly indicated to the contrary.

In FIG. 6a, an optical extraction film 610 includes a flexible carrier film 612 and various

25  layers carried by (for example, attached to) the film 612. Among these layers is a nanovoided
layer 614 and another layer 616, between which an embedded interface forming a structured
surface 614a is formed. The nanovoided layer preferably has a refractive index for visible light
well below that of conventional polymeric materials, for example, below 1.35 or 1.3, or in a range
from 1.15 to 1.3 or 1.15 to 1.35, for example. The other layer 616 is preferably composed of a

30  polymer material or other suitable material that is not nanovoided and that has a refractive index
greater than that of the nanovoided layer. The difference in refractive index between the layers
614, 616 is desirably relatively large, for example, at least 0.2, or 0.3, or 0.4, or 0.5 or more. The
difference in refractive indices allows the structured surface 614a to function as an optical

interface capable of extracting light from an OLED or other self-emissive light source.
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The structured surface 614a may be tailored to have any contour or shape that is effective
in extracting light from the light source, that is, coupling wasted light out of the light source so that
it can be used in the intended application. In exemplary embodiments, the structured surface is
shaped to define individual light extraction elements 615. The elements 615 are shown as having

5 curved surfaces which may represent curved linear prisms or an array of lenticular elements, but
the extraction elements may in general have any suitable shape without limitation. In exemplary
embodiments, the extraction elements 615 are characterized by a center-to-center spacing or pitch
P1 between nearest neighbors. In cases where the extraction elements are not uniformly
distributed or spaced from each other, the pitch P1 may represent an average center-to-center

10 spacing of the extraction elements.

Unlike the extraction films of FIGS. 4a-c, the extraction films of FIGS. 6a-c are all
depicted as having a transparent electrode layer as an outermost layer on one side of the film. The
transparent electrode may be composed of ITO or other suitable light transmissive electrically
conductive material. In the case of extraction film 610 of FIG. 6a, this layer is transparent

15  clectrode layer 618, disposed atop layer 616. Such a transparent electrode layer in the
embodiments of FIGS. 6a-c is preferably adapted to function as an electrode on which one or more
organic light generating layer can be formed so as to provide a high refractive index light
generating region or core of an OLED. Thus, the transparent electrode layer may initially be
considered to be part of the optical extraction film, and, after formation of the OLED atop the

20  extraction film, may later be considered to be part of the high index region or core of the resulting
OLED device.

The structured surface 614a and/or extraction elements 615 may also be characterized by a
distance or thickness from a surface of the extraction film that is adapted to couple to the self-
emissive light source. In the case of extraction film 610, this coupling surface may be considered

25  to be the major surface 616a of layer 616 because it adjoins the outer surface of what will later
become the high refractive index light generating region of the OLED. Unlike surface 618a of
electrode layer 618, surface 616a is not an exterior surface. Two characteristic distances are
labeled in the figure. Distance 619a is the thickness of the continuous land portion of the layer
616 between the coupling surface 616a and the structured surface 614a. The other characteristic

30  distance, 619D, is the distance between the coupling surface 616a and a plane that is parallel to the
coupling surface and that intersects the structured surface at the point(s) of the structured surface
that is/are farthest away from the coupling surface.

In cases where the extraction film 610 is intended to enhance light extraction by reducing
the amount of light that is totally internally reflected at an outermost surface or boundary of the

35  self-emissive light source, we have found it advantageous to design the extraction film 610 such
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with 1, 5, 10, or 20 microns, that the functionality of the extraction features is principally governed by

15 principles of optical refraction rather than, for example, optical diffraction.

The optical extraction film 610 may be fabricated using a wide variety of manufacturing
techniques, including without limitation continuous techniques and batch techniques. A
particularly advantageous manufacturing technique is a continuous cast and cure (3C) roll-to-roll
process such as that shown schematically in FIG. 2. Other suitable manufacturing techniques are

20  also contemplated. However, if the extraction film 610 is made using a process similar to that of
FIG. 2, the layer 616 may constitute a backfill layer that was produced after the formation of the
nanovoided layer 614 and the structured surface 614a. Consequently, depending on materials
selection and process conditions, the layer 616 may interpenetrate the nanovoided layer 614 as
discussed in connection with FIG. 3a.

25 The carrier film 612, the nanovoided layer 614, the layer 616, and the electrode layer 618
are preferably all highly transmissive to light from the light source, although small to moderate
amounts of haze in one, some, or all of these layers may be tolerable and/or desirable in specific
applications. The layers preferably transmit light emitted by the light source with low loss so that,
after the light source is fabricated atop the extraction film, a large fraction of light from the light

30  source that traverses the coupling surface 616a will exit the extraction film at the opposite outer
surface 612b and contribute to system illumination.

The light extraction film 610 may of course include other layers in addition to those
depicted in FIG. 6a, 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

35  scattering or to filter, color shift, or polarize the light. Surface coatings or structures, for example
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functional layers, can be applied to the air surface of the light extraction film in order to further
increase the functionality and possibly the value of the light extraction film. Such surface coatings
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;

5  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. If desired, a

10 release liner may be provided on the one side of the extraction film to protect the output surface
612b, and another release liner may be provided on the opposite side of the extraction film 610 to
protect the electrode layer 618 from damage until access to that surface is needed.

FIG. 6b is a schematic side or cross-sectional view of another optical extraction film that
can be used with a bottom-emitting OLED. In FIG. 6b, an optical extraction film 640 includes a

15  flexible carrier film 642 and various layers carried by (for example, attached to) the film 642.
Among these layers is a nanovoided layer 644 and another layer 646, between which an embedded
interface forming a structured surface 644a is formed (see inset). A transparent electrode layer
648 is also provided atop layer 646. The nanovoided layer preferably has a refractive index for
visible light well below that of conventional polymeric materials, for example, below 1.35 or 1.3,

20  orinarange from 1.15to 1.3 or 1.15 to 1.35, for example. The other layer 646 is preferably
composed of a polymer material or other suitable material that is not nanovoided and that has a
refractive index greater than that of the nanovoided layer. The difference in refractive index
between the layers 644, 646 is desirably relatively large, for example, at least 0.2, or 0.3, or 0.4, or
0.5 or more. The difference in refractive indices allows the structured surface 644a to function as

25  an optical interface capable of extracting light from an OLED or other self-emissive light source,
as described elsewhere herein.

The structured surface 644a may be tailored to have any contour or shape that is effective
in extracting light from the light source, that is, coupling wasted light out of the light source so that
it can be used in the intended application as discussed above. In exemplary embodiments, the

30  structured surface is shaped to define individual light extraction elements 645. The clements 645
are shown as having rectangular profiles which may represent flat linear ridges or an array of box-
shaped protuberances arranged in two orthogonal directions, but the extraction elements may in
general have any suitable shape without limitation. In exemplary embodiments, the extraction
clements 645 are characterized by a center-to-center spacing or pitch P2 between nearest

35  neighbors. In cases where the extraction elements are not uniformly distributed or spaced from
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cach other, the pitch P2 may represent an average center-to-center spacing of the extraction
clements.

The structured surface 644a and/or extraction elements 645 may also be characterized by a
distance or thickness from a surface of the extraction film that is adapted to couple to the self-
emissive light source. In the case of extraction film 640, this coupling surface is the major surface
646a of layer 646 because it adjoins the outer surface of what will later become the high refractive
index light generating region of the OLED. Unlike surface 648a of clectrode layer 648, surface
6464 is not an exterior surface. Two characteristic distances are labeled in the figure. Distance
649a is the thickness of the continuous land portion of the layer 646 between the coupling surface
646a and the structured surface 644a. The other characteristic distance, 649b, is the distance
between the coupling surface 646a and a plane that is parallel to the coupling surface and that
intersects the structured surface at the point(s) of the structured surface that is/are farthest away
from the coupling surface.

In cases where the extraction film 640 is intended to enhance light extraction by reducing
the amount of light that is trapped as waveguiding modes in a high refractive index light emitting
region of the self-emissive light source, we have found it advantageous to design the extraction
film 640 such that the land thickness 649a is very small, for example, small enough so that a
substantial portion of the light extraction elements 645 is disposed within an evanescent zone of
the self-emissive light source when the coupling surface 646a is disposed against an emitting
surface of the light source (for example, against a surface of the electrode layer 618 after the
remaining portions of the OLED have been fabricated atop such layer 618). In many cases, the
land thickness 649a may be less than 20 microns, or less than 10 microns, or less than 5 microns,
although these values should not be construed as limiting. The land thickness 649a may also be
less than a thickness of the flexible substrate 642, and may be so thin that the layer 646 is not
suitable as a free-standing support film in roll-to-roll processing systems such as is depicted in
FIG. 2.

We have also found it advantageous to tailor the extraction features 645 such that their
pitch P2 is relatively small, for example, less than 1 micron, in order to couple light out of the
waveguiding modes. The feature heights may also if desired be less than 1 micron. The feature
heights and transverse dimensions may be sufficiently small that the functionality of the extraction
features is principally governed by principles of optical diffraction rather than, for example, optical
refraction. The structured surface 644a may have a periodic, quasi-periodic, or random
distribution of extraction features, and the extraction features may in some cases be arranged to

form a photonic crystal structure.

-39-

5



0. 0115 40.5 0.0062 0.0102 37.5 0.0067 0.0088 34.5 0.0068 0.0073 31.5 0.0070
0.0061 WD 2012/054165 PCT/US2011/052453 28.5 0. 0055 0.0048 25.5 0. 0040
0. 0036 22Wb 2012038i650. 0027 19.5 0. 0020 PCT/US2011/052453

10

15

20

25

30

35

The optical extraction film 640 may be fabricated using many different manufacturing
techniques. Ifthe film 640 is made using a process similar to that of FIG. 2, the layer 646 may
constitute a backfill layer that was produced after the formation of the nanovoided layer 644 and
the structured surface 644a. Consequently, depending on materials selection and process
conditions, the layer 646 may interpenetrate the nanovoided layer 644 as discussed in connection
with FIG. 3a.

The carrier film 642, the nanovoided layer 644, the layer 646, and the electrode layer 648
are preferably all highly transmissive to light from the light source, although small to moderate
amounts of haze in one, some, or all of these layers may be tolerable and/or desirable in specific
applications. The extraction film 640 may also include other layers in addition to those depicted in
FIG. 6b, and other features or characteristics in addition to those already discussed. Release liners
may be provided on one or both sides of the film 640.

FIG. 6¢ is a schematic side or cross-sectional view of still another optical extraction film
that can be used with a bottom-emitting OLED. In FIG. 6¢, an optical extraction film 670 includes
a flexible carrier film 672 and various layers carried by (for example, attached to) the film 672.
Among these layers is a nanovoided layer 676 and another layer 674, between which an embedded
interface forming a structured surface 674a is formed. A second embedded interface forming a
second structured surface 676a (see inset) is formed between the nanovoided layer 676 and another
layer 680. A transparent electrode layer 678 is also provided atop layer 680. The nanovoided
layer preferably has a refractive index for visible light well below that of conventional polymeric
materials, for example, below 1.35 or 1.3, or in a range from 1.15 to 1.3 or 1.15 to 1.35, for
example. The other layers 674, 680 are preferably composed of polymer materials or other
suitable materials that are not nanovoided and that have refractive indices greater than that of the
nanovoided layer. The difference in refractive index between the layers 674, 676, and between the
layers 676, 680, is desirably relatively large, for example, at least 0.2, or 0.3, or 0.4, or 0.5 or
more. The differences in refractive indices allow each of the structured surfaces 674a, 676a to
function as an optical interface capable of extracting light from an OLED or other self-emissive
light source, as described elsewhere herein.

The structured surfaces 674a, 676a may ecach be tailored to have any contour or shape that
is effective in extracting light from the light source, that is, coupling wasted light out of the light
source so that it can be used in the intended application as discussed above. The structured
surfaces 674a, 676a may be cach shaped to define individual light extraction elements 675, 682
respectively. The elements 675 are shown as having curved surfaces which may represent curved
linear prisms or an array of lenticular elements, but the extraction elements 675 may in general

have any suitable shape without limitation. The elements 682 are shown as having rectangular
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distributed or spaced from each other, the pitches P1 and/or P2 may represent an average center-to-
center spacing of the respective extraction elements.

The structured surfaces 674a, 676a and/or their respective extraction elements 675, 682
may also be characterized by a distance or thickness from a surface of the extraction film that is

10 adapted to couple to the self-emissive light source. In the case of extraction film 670, this
coupling surface is the major surface 680a of layer 680 because it adjoins the outer surface of what
will later become the high refractive index light generating region of the OLED. Unlike surface
678a of clectrode layer 678, surface 680a is not an exterior surface. Four characteristic distances
are labeled in the figure, two for each of the embedded structured surfaces. With regard to

15 structured surface 674a, distance 679a is the axial distance from the coupling surface 680a to the
nearest portion of the structured surface 674a. Despite the fact that this distance does not precisely
correspond to the thickness of a continuous land of layer 676 (due to the presence of layer 680 and
structured surface 676a), it may nevertheless be considered to substantially correspond to the
continuous land portion of layer 676 if the layer 680 is much thinner than the layer 676. Distance

20 679D is the axial distance from the coupling surface 680a to the farthest portion of the structured
surface 674a. With regard to structured surface 676a, distance 689a is the thickness of the
continuous land portion of the layer 680 between the coupling surface 680a and the structured
surface 676a. The distance 689b is the axial distance from the coupling surface 680a to the
farthest portion of the structured surface 676a.

25 Preferably, the extraction film 670 combines aspects of extraction films 610 and 640. For
example, the extraction film 670 can be tailored to enhance light extraction from an OLED or
other self-emissive light source both by reducing the amount of light that is totally internally
reflected at an outermost surface or boundary of the self-emissive light source (via structured
surface 674a), and by reducing the amount of light that is trapped as waveguiding modes in a high

30  refractive index light emitting region of the self-emissive light source (via structured surface
676a). In this regard we have found it advantageous to design the extraction film 670 such that the
substantial land thickness 679a is relatively small, for example, less than 50 microns, or less than
25 microns, or less than 10 microns, and to further design the film 670 such that the land thickness
689a is smaller still, for example, small enough so that a substantial portion of the light extraction

35  eclements 682 is disposed within an evanescent zone of the self-emissive light source when the
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We have also found it advantageous to tailor the extraction features 675 such that their
pitch P1 is relatively large, for example, greater than 1 micron, while also tailoring the extraction
features 682 such that their pitch P2 is relatively small, for example, less than 1 micron. The
feature heights and transverse dimensions of the extraction features 675 may be sufficiently large
that their functionality is principally governed by principles of optical refraction, while the feature

10 heights and transverse dimensions of extraction features 682 may be sufficiently small that the
functionality of the extraction features is principally governed by principles of optical diffraction.

The optical extraction film 670 may be fabricated using many different manufacturing
techniques. The flexible carrier film 672 may have physical characteristics that make it suitable as
a free-standing support film similar to substrate 216 in FIG. 2.

15 In some cases, the structured surface 674a and/or the structured surface 676a may be
fabricated not with a casting-and-curing technique but with other suitable techniques capable of
producing the desired extraction features in the desired layers. However, if the extraction film 670
is made using a process similar to that of FIG. 2, the nanovoided layer 676 may constitute a
backfill layer that was produced after the formation of the layer 674 and the structured surface

20  674a, and the layer 680 may constitute another backfill layer that was produced after the formation
of nanovoided layer 676 and structured surface 676a. Consequently, depending on materials
selection and process conditions, the layer 680 may interpenetrate the nanovoided layer 676 as
discussed in connection with FIG. 3a, while the nanovoided layer 676 may not interpenetrate the
layer 674.

25 The carrier film 672, the nanovoided layer 676, the layers 474, 480, and transparent
electrode layer 678 are preferably all highly transmissive to light from the light source, although
small to moderate amounts of haze in one, some, or all of these layers may be tolerable and/or
desirable in specific applications. The extraction film 470 may include other layers in addition to
those depicted in FIG. 6¢, and other features or characteristics in addition to those already

30  discussed. A release liner may be provided on one or both sides of the extraction film 670.

FIG. 7a shows how any of the optical extraction films of FIGS. 6a-c can be combined with
a bottom-emitting OLED or other suitable self-emissive light source which is fabricated on the
extraction film, so as to produce an enhanced light-emitting optical device 720.
A first step in producing such a combination may be to provide a light extraction film 600,

35  which may be any of the extraction films 610, 640, 670 described above or variations thereof.
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These films each include on one side thereof a transparent electrode layer. Atop this layer other
high refractive index layers may be provided, including at least one organic light generating layer
and an optional second electrode layer which may or may not be transparent. These additional
high refractive index layers are represented in the figure by a schematic layer 714a. Those layers,

5  in combination with the transparent electrode layer from the optical extraction film, may form a
high refractive index light emitting region 714 that generates light of a desired wavelength in
response to an applied electrical current or field. The region is typically very thin, for example, on
the order of a wavelength of light, or less than 1 or 2 microns, for example, although other
thicknesses may be used.

10 One or more other layers, represented schematically in the figure by layer 712, may be
formed or applied atop the high index region 714. The layer 712 may for example comprise a
support film and/or a barrier film. In an exemplary embodiment, the layer 712 may comprise an
ultrabarrier film such as those described in U.S. Patents 5,440,446 (Shaw et al.), 5,877,895 (Shaw
et al.), and 6,010,751 (Shaw et al.), or a sputtered layer of diamond-like glass. Alternatively, the

15  layer 712 may be omitted and replaced with an inert gas or vacuum, which may be maintained in a
sealed chamber between the OLED and a suitable cover glass member.

Since the device 720 is a bottom-emitting OLED, light generated in the high index region
714 travels through the extraction film 600 and exits the device through the “bottom” surface as
seen from the perspective of FIG. 7a, for example, from surface 612b, or surface 642b, or surface

20  672b. Insome cases, the device 720 may be designed to emit little or no light emitted from the
opposite side of the device. In those cases, one, some, or all of the constituent components of layer
712 may be substantially opaque. In other cases the device 720 may emit light from both sides,
whereupon the components of layer 712 may all be light-transmissive. In such cases, where the
device is emitting from both sides, it would be useful to apply extraction features on both sides of

25  the device.

Turning now to FIG. 7b, we see there a schematic side or cross-sectional view of an
optical device 730 in which a bottom-emitting OLED has been formed on a particular optical
extraction film, namely, the extraction film 670 of FIG. 6¢. Atop the outermost layer (transparent
electrode layer 678) of the extraction film has been formed or otherwise added thin high refractive

30  index layers 716, 717, and one or more other layers depicted schematically (again) by layer 712.
At least one of the layers 716, 717 comprise an organic light generating layer as described
elsewhere herein, and one of the layers 716, 717 may also comprise an electrode which may or
may not be transparent. The layers 717, 718, in combination with the transparent electrode layer
678 of the extraction film, form a high refractive index light emitting region 714 that generates

35  light of a desired wavelength in response to an applied electrical current or field. The refractive
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indices of the constituent layers of region 714 may for example all fall within a range from 1.6 to

1.8. The region 714 is also typically very thin, for example, on the order of a wavelength of light,

or less than 1 or 2 microns, for example, although other thicknesses may be used. The layer(s)

comprising layer 712, if present, are typically of substantially lower refractive index than those of
5  the high index region 714, and they are typically much thicker.

In the enlarged view of FIG. 7b, both light extraction elements 682 from structured surface
676a, and one of the light extraction elements 675 from the structured surface 674a, can be seen so
as to give the reader some sense of size and thickness differences that may be realized between
refractive elements and diffractive elements in some embodiments.

10 In the device 730, the optical coupling surface 680a of the extraction film is coincident
with the light emitting surface of the OLED, since the outer boundary of the high index light
emitting region 714 corresponds to a major surface of the transparent electrode layer 678. As a
result, the distances 689a, 689b represent not only the minimum and maximum axial distance from
the structured surface 676a to the optical coupling surface 680a, but also the minimum and

15  maximum axial distance (respectively) from the structured surface 676a to the light emitting
surface 680a of the OLED. Some of the light generated within the high index region 714 is
trapped in waveguiding modes for that region, and may be diffractively coupled out of the region
714 by light extraction elements 682, and thereafter may be refractively coupled out of the OLED
device by light extraction elements 675, such light eventually exiting the device 730 through

20  surface 672b, which may now be considered the output surface of the device 730.

Since the device 730 is a bottom-emitting OLED, light generated in the high index region
714 travels through the extraction film 670 and exits the device through the “bottom” surface as
seen from the perspective of FIG. 7b, that is, from surface 672b. In some cases, the device 720
may be designed to emit little or no light emitted from the opposite side of the device. In those

25 cases, one, some, or all of the constituent components of layer 712 may be substantially opaque.

In other cases the device 720 may emit light from both sides, whereupon the components of layer
712 may all be light-transmissive. In such cases, where the device is emitting from both sides, it

would be useful to apply extraction features on both sides of the device.

30 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
typically be used in lighting applications, and pixelated OLEDS that may typically be used to
generate images in an electronic display. FIG. 8 is a schematic top view of a typical pixelated

35 OLED 810. The OLED 810 is patterned to form distinct light-emitting arcas 812a, 812b, 812c,
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5 In a monochrome display, the areas 812a-c¢ may emit light of the same spectral content or
color. In this case, each individual arca 812a, 812b, 812¢ may represent a single pixel. In a color
display, the arcas 812a-c¢ may emit light of different colors, for example, arcas 812a may emit red
light, areas 812b may emit green light, and areas 812¢ may emit blue light. Other colors and color
combinations are also possible, and the OLED may include more or fewer than three different

10 colored areas, as is known in the pixelated display arts. In color displays, the different colored
areas are typically grouped together to form pixels, in which case each individual emitting area
within a given pixel may be referred to as a subpixel. In the case where OLED 810 is adapted for
a color display, and where arca 812a emits red light, area 812b emits green light, and area 812¢
emits blue light, the areca 814 may in one embodiment be considered to be a single pixel. The size

15  of that pixel may be characterized by various transverse dimensions, that is, dimensions measured
in the plane of the figure. In cases where the pixel has a nominally rectangular shape, two relevant
dimensions may be the length (span of the longer side) and the width (span of the shorter side) of
the rectangle. Dimension 820 represents the width of pixel 814. Another relevant dimension may
be the maximum transverse dimension, such as the length of the diagonal of a rectangular pixel.

20  Note that if OLED 810 emitted monochrome light such that each individual arca 812a, ctc. was a
pixel, then that smaller pixel would have the same length as pixel 814, but one-third the width of
pixel 814. Alternatively, if OLED 810 required four (rather than three) neighboring emitting areas
to constitute a pixel, that pixel would have the same length as pixel 814, but a width that was 4/3
times the width of pixel 814.

25 FIGS. 9a and 9b 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
(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

30  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. 9b to be flipped over relative to that of FIG.
9a, 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

35  the OLED can be made to have a thickness (for example, less than 50, 25, or 10 microns) that is
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cont i nuodEnevRKied Kiers.cicantisio ths xtracgonikar 40maay v congfrueion Simiiaritnthak (uULI )

st ruct ur @gscribinUbhncb@sniithias, HO10? Raapid. dSinbo60Wes Gltluded th aker figphizcat ed on
3 ml thick prined PET film The resin was cured using an LED curlng system

runni ng denagidgdlayerdlé, varchypgyshaverpeetiggtie dndepiny %falegécfrom ¥ 1011 ol I 10

post gor ed 1silyer & 6E>lﬂﬁigﬁé} r&eawve(lhh&wﬂlamhe nhR& oi Rl 1361914 &hé B?@»l@fyrefe%l
nlcrorepllcated 10ULlI | ayer was neasured u5|ngba Met ri con del 2010 Prism

Coupl er  (%5iRgieIbagid apd Bwrre@flﬁmeféaﬁe eih Bismarqveled lersiihah geiss @ NPptusd dusiges f ound

to be abayha Witk Sxtrablida clchRatsHNOWehi b1 RhisORb mﬁ} B¢ REEARN pfmstod @nsdks knacir ed
surface 1030 of the ULI rep lica that was nmade, where individu

al
bul | et - sHageERoMsk W&%Cfl@hbaé%ﬂ»emtnglp% gbrefipction| @ &ndporfios phihe | layer 916 between

the structured surface 914a and the surface 916a may be less than 50 microns, or less than 25

35  microns, or less than 10 microns, for example. Light from the pixelated OLED is in each case
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Extraction Film 15The ULl fil mwas backfilled with Soken 2032 pressure
sensitive adhesive (commercially available from Soken Chem cal &
Engi neer iwQ 2@/054166d, Japan) by | am nati on under pressulPETSRIg/02488at ed
roller lamnator with rollers at 230 F. Full filling of the PSA into the
ULl bullet tenplate was confirmed by optical mcroscopy. The filmwas al so
interrogated with a | aser Pm nter and a simlar refraction pattern_was

T

obser ved <guttgddiont Herppefmogt (e tha igygioint REFIGRa%e 4nd §b) ke ef thesiracHen film,

200r i gi Nahat GORPAtrb@Rtd surface 9344 BEFIOPY, &R frRE ph RS KRACE 9N it RIS obi ght
extraction filmwas eval uated by bondi ng t he backfill ed adhesi ve |ayer of

the extracti orfUfthets 9@%@%%%@%@&@“@? sapitablephy yse path pixslatst SHEDSCED t est
vehicl e (b@f@\lnh%b&&mﬁd&;%s?@hédltp§ Aﬁpﬂlmtioﬂm &lghmétﬁﬁtmmwar Incl&€ink Nt egr al

gain was neasured as the |nte3Hrated power ratio of the OLED with the

ext ract i dh<Fated Rl OPTH’Bt WitkRedicehBlut ™ Aoy Beekeb@i02 His007), ﬁiedmévmienum

angul ar Offélre%th@ﬁ’d‘mbﬁ]bér@t@dﬂhéréﬁn“%?e@er@ﬂ&@1&&%@1‘3@0 extraction filmshowed an
i nprovenent relative to the OLED without the enbedded extraction film The

integral gain AW AliRGatone dirdaprbdity pHbt FdRetan fHnRAg toposion the stgstuscd7:  OLED

wi th ULl -hasedicstembd dlxc @il 0AED 04 the L:MadRAGRA BB FRsudls i &t 4k Sifage of The
mcroreplication togl used for this experinmental exanple 7 was a film

repl i cat dednserkblpying fos ghorextsprgion {949 Suehkameiedfs embrdded napuge efyhs siyeteedl t ool

patt gpn. shAReLealm SEHidk a%hia@@oftrﬂﬂwm&@wﬁ Rokhncelo GinBE BLANBIasiSE buct ur ed
filmtool (linearly extending prisns with a 400 nmpitch) was a nodified

di amond- tqﬁl%eﬁéﬁn%tt%hag%s relyPYﬁﬁa Fhec,eaPOSﬁ%turﬁaEtil%%tﬂlcwréhsum otfim 3t o the
copper surface of 35the tool using a precision dianmond turning machi ne. The
resul ting copper cylinder with precision WO 2012/ 054165PCT/ US2011/ 052453
sawt oot h cut fi@dtpres (an SEMimage of which is shown in FIG 12) was

ni ckel plated apgd fglﬂﬁ\tlﬁgjex\élnbfés Pﬁ‘pﬂ-r@s ﬂerce]iﬁgespfaﬁl)é 8. 2@@5&/ waakt ksPrAgess of
t he copper master cylinder 1s a practice used pronote rel ease of

cur ed>r eIhFrHiSs: %Vepﬁ én‘?ﬁth?fé?aéﬁw %85@ Wérﬁ Ob%ﬂe%&gm Stegyen- Hdrlﬁh s at e was
nmade usi rtgmgja Hd;?%wa@k& WeRbiCAIROSILiaNdiSeRYy. si ng acryl ate nononers (75%
by weight 5 OMER 6210 avail able from Cognis and 25% by wei ght

1, 6- hexanedi ol di acryl ate avail able from Al drich Chem cal Co.) and a

phot oi ni ti at orexakiiIdl 0260 inePoh AU Exirhdidrs, Mihaivemackml, N He oel s) t hat

was cast onto a PET support film (5 m |l thicknesses) and then_cured agai nst
the precision %me&rﬁwaﬂ%wsmowdmfﬁlﬁ AEBIeth aflneaﬂﬁﬁddedrﬁéragfmnf ¥k of the

resulypi ngys E&@qﬁawng %efﬁohmnwa& B QRS kdeB 1 8G18TTGOES (BnBREMIRASkbIe from
10(tetramet hyl sil ane) usin | asma- enhanced chem cal vapor deposition

(PECVD) prrsedlfisscanheisposatess S% a{enthcontsettion thf warsipylyigeis sprs na

treat ”entgeﬂcfrallyrb‘@ dUEjUﬂe\Och 52(55@@@@@1) Oihe@hlc%%wgt@rna&gloﬁiﬁ@ Rgsaf @RSy by a
t et r amet hyI si | ane sma treatnent wt ccm TMS at 150W for 90

seconds. [ (%Thlr)f(%é"rtef‘aé%ﬂl“eéw?t Hddp E#%ébkwasrw%@d prheNing & ggfragévedndey of  py

wr appi ng 1am1dsz%qmd1§rhard@ia@tﬁ@ 11Qfexbhﬁe EdrbiEnfils o uﬁ)gtbm&@eesﬂopl@aﬁyte; lajy® 41he
surfgce of a casting w Haze, Low | ndex Formul atio A-174

t r eat’ed |11»£\1Cs15bhwssﬂe?tedat°ﬁaﬁéééq ppdgl égolm%%enﬁﬁ%ﬁ&m@&t%&Eﬂf@%p|Téle6 To an

anber gl 3sgacki®d ind@S rardackilid e2éeegfopéxaalpfkom&wwbmt;%b) Qfas fickied 1§ heat ed
silica nanopart| cles | PAST-U - et hoxc%/C -propanol . Tg the jar was al so

added 42 lgttdp msgf! tS@h%IrZOéhor&mreéﬁl&ltwe adhegive 0@5&6{6&#@@%@@9@9@ ket h

avai | abl ecem@ua 5%%@9@1&1 CRMRaN YapaiX rasubfiile wik-addad & ke 4 (HHRGLE 6f 1Y 184,
0.8 g of Irgacure 819 (both available from C ba Specialty Chem cal s
Conmpany, Hit-gh Point, NC), 1 g of TEG)r) Rad 2250 (avail able from Evoni k
Tego 3ghem e %ext@%ﬁ%tmgﬁfemﬁk& &ﬁgplgﬁhéstﬂﬁtﬁfgﬁ sﬁi‘ac‘,e{nh:ﬁt} ﬁﬁ%@&@arra he
contents of the fornulation were m xed thoroughly giving a UV curable ULI
resin w td bﬁltlrtﬁl%pgbfmtra@wbylemmg with a pPurypitcly, tietarray hayiwgladdzagpnad pirangemend s
25The 40QnmRIckSNISRNREHN: b BodeTRE IRAALRRAVE HAEend QO ARy o
Structures” was ta en an ated for release e rel ease tTeat

consi st edudicefof rogplutagn g@x«;rgte%bﬁpIOMHaa sagewniméarcirgdé ahduearfaXiSmwanmdmfﬁccm 02 at
200W f or treat ment
wth 2000%% %%%9 éel%%%? lsogctcr)ﬁ%jgs trslg‘%léeé{r if(ggglset(d}gg%ﬁeglﬂ%?) ggcbtt ured film
was then shqedindiycampkdodfaslﬂgp svagraqmppfrvgcnahd%@bfuglbn‘gvean pi gl Odfand rearfzle| O2)
structured side out, to the surface of a
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30casting roll. A filmmcroreplication apparatus was enployed to
create mcrostructured nanovoi ded structures on a continuous film

substr at evOThe/@pwar at us i ncl uded: a needl e di e and syr POGAISPUNPST463
applying the coating solution; a cylindrical mcroreplication tool; a
rubber nip roll against the tool; a series of UV-LED arrays arranged around

the surface of the mcrore Ilcatlon tool; and a 35web handling systemto
supply, temsporrd Eortrnaied Opinthrerlensrof GBels thet masses treuch Hsarniernd thigacle.

confi gur af .3ulQRhdpe! o@x%ﬁi@@rel%as%@%gr% aﬁééﬁ{%%t @r &gﬂ’é@sﬂ %E LaenichClowsli ng

tool tenperature, tool rotation, web eed, rub rol | /tool pressure,
coating SBis dhen sefated ghaut aptasis 19K thg\?lXLE 3 beﬁf@dla@ﬁ@léo aP%\ﬁ WR drnersprtivgdss | s
i|lustr ate%&'pdnﬁ oFthGeurded s-EEﬁerﬁ Qs%k {6 eﬁé?&tk’iﬁe%ﬂlle(t %ﬁﬁe@ﬁf?ﬁé@e) oMeRLABR AR to a 3
m | PET film (DuPont | Thex primed on both sides) adjacent to the
nip férmed betThé@nthah@rﬁomncaﬁfdhls hetwﬁl dxirpetip &l beywjed ente thgfsubishiate side ofdnon was
adj ust ed ¢q:3kg é’%lmglatgéaﬂﬁ hELdlororhfis WS BerSRERA R ni&hmdPanbulaf i SO tQﬁt

a conti nuous, solution was nmai ntalned at the nip.

UV- LED baiskiatienda g GIB\A@MM lh* vi'groloEpracq (GLE FraadagtB0b6 1/E: 3962k Invipred et h = 385
nm per @) HiGnddeRSMRSGORE LA RAQ i¢efbi gui L boards that vere

posi tioned such that” t he 10f ace of eac Cl rcw board was nounted at a
tangent to the surface of the glex g %)e vog }200| roll and the distance
of the LEDs could be adjusted to di'stance étveen 0.5 and 1.5 inches.

The LBDs wRtQuINI,y S8 t&@h@afaa&dy%oratnuemsa @fereﬁcé—s%ﬁ&elﬁ‘ltﬁﬁl’:ds@ﬁ}e alide UV- LED
bank was controll ed adj usting the device current. For the experinents
descri bediRgpwe Rt thﬁ@%@r g Ayalypesthe angulapcokys ypbormyts Shejintseigl gpieasat 35 4 v

with a di &{eﬁﬂﬁ&i é%fthet Rzl PP ok & rﬁdaﬁ)fme@mmmm 8k @R PHkd g tHom¥ad Ng
bet ween 0.5 1.0 inches. The irradi ance was uncal i brated. The coating

sol ution %t@ufdm adragtion i nEheparasises 9b he QD wed infhe simplagiopwere Based o1t at ed

past the Raasendf mbiulemBs of mmpnuﬁmidw@m (aCalaBld MAANDIIPRT QUEnSUISUCE Ur e
arrays corresponding to the neI%atl ve or 3-di nensional .inverse or conpl enent

of tHe tovmesth Nk MY eused meeumpiielbupwerted @h?@ébﬂé%%&f@emfm bAoA 2pdol  and was

col | ect ed,,QRiAtidP R UPED Yal first PRroMAMN Qw29 bW fbHuec LR hﬂ@lghé%%uéal}!&t her
cured (post process curing) by UV radiation to inprove ani cal

char act ersogplgda ﬂ@fsulrsmteé@awlthgldexrﬁ@wbmg pﬂm@%és@h@meﬁg Bﬁaélaléé@lbm i shed
usi ng a RURLkOhSYEf &PBccNPEahtirb RRAR- (Rt B@Jaﬁé%l{ﬁégremtw@ 1ntdE>!351‘ d dhg@n H bul b.

The UV chanber was nitrogen-inerted to approxi nmatel )ﬁlr ppm oxygen. OLED
with ULl sHbsgal ciomhemq@hesébaBlé’cbalfabﬂﬂflmswgsrﬁh‘éwnawbﬁe pitio at theloutkr|subsgigter on

PET was Qﬁf\f%cfe a%el e%%n@a'&q JIB%@ %c&ét@ﬂl@&sh?eﬁféntmf R @E@%S@éﬂl Q'tﬁ’é%ui)ﬁﬁé%r of
silicon mt”ﬁtEégﬁ asma- enhanced chem cal vapor deposition (PECVD, Model

Pl asmaLabingths cilgion gtthe @bEl/sphstate apdrsedl Spevshicelivmsliptaggulyppecsial UK) . The

par amet ergn,thsed awrehk&vi?#&\{ﬁ% BLPOSRR AhciSled LT §Bd it &Q{lﬁu&l whifBLE 4
React ant/ Condi tion: Val ue: SiH4 400 seem NH3 20 seem N2 seem
combined with computer-designed extraction layer profiles, the OLED deV1ce can be modeled

accurately. The computed color deviation as a function of angle is given in Table 1 below, where
25  the angle is the observation angle in air relative to the optical axis or surface normal of the

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.
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Pressure 650 mlorr Tenperature 100C H gh frequency (HF) power 20W Low
frequency (LF) power 20W WO 2012/ 054165PCT/ US2011/ 052453 The refractive

i ndex of wbeorvdsuwon nitride |ayer was neasured usi ng aPiEtUSe@onsMsziel 2010
Prism Coupl er (available from Metricon Corporation, Pennington, NJ) and was
found to be 1.78. The refractive index contrast (difference in refractive

i ndi ces) between the ULI and silicon 5nitride backfill in the
nanostructured | ayer was about 0.5. TABLEIQ ED fabrication on the

pl anari zed substrate began with appipxi mately 110nmthick |1 TO deposited
onto the silicon nitride fackfill peatad 1D strugjyres through a shadow
mask to define the anodeggQeyet r ¥xiclidh BInPX5NBYi@RdIOLEDAr €a. Subsequently, a
green organic emtting stgok and cajtgsle were deppsited to conplete the
OLED. The OLEDs were fabrgsgated by ggandard thergmhy 10deposi ti on through a
set of shadow masks in a gacuum sysd@gg at base pygessure of ca. 10-6 Ton.
The follow ng OLED constrcti on was, gigposit ed:

HI L(300nm) / HTL(40nm) / EI\/L(%(gnm 699 / E0 Onn)/ Li Izg(dlgg“r)/Al(ZOOnn) where HI L
is a hole-injection Iayer7 HTL is a e- transpoort1 ayer, EML is an

em ssive layer, and ETL i San el ect transportoglé er. 15After conpletion,
the OLED was encapsul at ed 1y | am na % a barrier capsul ation film as
described in U S. Patent zﬁOlS 713 under inert atnosphere

usi ng SAES npi sture and oxygen scave ng getters vai |l abl e from SAES
Getters USA, Inc., Color a‘?)lo5 Spri ngs00 ) in bet the encapsulation film
and the OLED cat hode. >8.5 sanpi ¥ wer e t est®H3%n an Autronic conoscope
(avail abl e from Autroni c-Nel chers Gty 20Kar| srfH&® Gerrmany) to neasure

| umi nance and angul arity.5>Pable 5 sHI#& the resUlt!& of the neasurenent of

several sanples. TABLE 5 ®¥anpl e Voq(iléﬁe at 10 Mdléhe Axial Lum (em nR)

%I yat h et anlg

Max. Lum (em nR) 0 at Mxé-Lum 0.0 0.0124
435 0.0115 0.0115
40.5 0.0108 0.0102
37.5 0.0108 0.0088
345 0.0098 0.0073
31.5 0.0105 0.0061
285 0.0089 0.0048
255 0.0072 0.0036
225 0.0055 0.0027
19.5 0.0059 0.0015
16.5 0.0049 0.0010
13.5 0.0051 0.0005
10.5 0.0042 0.0005
7.5 0.0018 0.0003
45 0.0032 0.0006
1.5 0.0000 0.0000

These results are plotted in FIG. 11a, where curve 1110 is the color deviation of the modeled
OLED/extraction film combination, and curve 1112 is the color deviation of the OLED with no

5 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
10 simulated by adding scattering centers to the simulated nanovoided layer, where the scattering

centers scattered light primarily in the forward 45° cone angle, and with a scattering probability set
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40 at Max Lum Integrated Intensity (1mnR) Axial Lum (em nR) Total Gain
On-axis Gain Exanple 7, Sanple A 7 6186 6486 8 104 14953 6186 1.56 1.44
Exanpl e AWOSarpise16B 7. 1 5866 6092 10 296 13938 5866 1.4@CI/BZ01E050¥ps e 7,
Sample C 7 6156

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.

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. 5b) was chosen
10 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
15  and without the optical extraction film was 0.0083 and 0.0242, respectively. The integral gain

with the extraction film was 1.55.

TABLE 2
Au'v'
Angle OLED with Au'y'
(degrees) Extraction Film Original OLED
88.5 0.0022 0.0242
85.5 0.0030 0.0219
82.5 0.0053 0.0202
79.5 0.0083 0.0193
76.5 0.0072 0.0189
73.5 0.0072 0.0182
70.5 0.0072 0.0178
67.5 0.0060 0.0174
64.5 0.0059 0.0171
61.5 0.0054 0.0166
58.5 0.0060 0.0158
55.5 0.0058 0.0150
52.5 0.0048 0.0143
49.5 0.0065 0.0134
46.5 0.0058 0.0124
43.5 0.0075 0.0115
40.5 0.0062 0.0102
37.5 0.0067 0.0088
34.5 0.0068 0.0073
31.5 0.0070 0.0061
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6313 13 245 14797 6156 1.55 1.43 Exanple 7, Sanple D 7 5943 6214 9 251
14815 5943 1.55 1.38 Exanple 7, Sanple E 7 5693 5845 9 290 13801 5693 1. 44

1. 33 Exampbeoi/os8xspl e F PCT/US2011/052453
28.5 0.0055 0.0048
25.5 0.0040 0.0036
225 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. 11b, where curve 1120 is the color deviation of the modeled
OLED/extraction film combination, and curve 1122 is the color deviation of the OLED with no

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
as described in Example 2. The color non-uniformity and integral gain were determined as in
10 Example 1. The angular color non-uniformity was reduced to 0.007, and the integral gain was

improved to 1.57.

Example 5: Bullet-Shaped Extractors plus 1-D prism array
15 An OLED with an extraction film was simulated in the same way as in Example 1, except
that a 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. 5b), 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
20  parameters were the same as those in Example 1.
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.
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7.1 5624 6049 10 285 14293 5624 1.49 1.31 Exanple 7, Sanple G 7.6 5404 5673
14 291 13601 5404 1.66 1.47 WO 2012/ 054165PCT/ US2011/ 052453 Exanple 7,

Sanpl e HwWO020B158165321 5 69 12455 PCT/US2011/052453
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
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. 11¢, where curve 1130 is the color deviation of the modeled
OLED/extraction film combination, and curve 1132 is the color deviation of the OLED with no

5 extraction film.

Example 6: 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
10 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
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5153 1.52 1.41 Exanple 7, Sanple | 7 5088 5291 11 271 12748 5088 1.56 1.39
Exanple 7, Sanple J 6.9 5283 5451 4 28 12621 5283 1.54 1.44 Exanple 7,
Sanpl e K WOR0BARH165347 2 PCT/US2011/052453

elsewhere herein.
Bullet-Shaped Microreplication Tooling
Bullet-shaped microreplication tooling was made for this Example 6 using an excimer
laser machining process as described in U.S. Patent 6,285,001 (Fleming et al.). The resulting
5  pattern was translated into a copper roll having an inverted bullet shape where the bullet features
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
10 urethane containing UV curable acrylate resin with a composition of 75% by weight PHOTOMER
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.
15 A-174 Treated Silica Nanoparticles
In a 2 liter three-neck flask, equipped with a condenser and a thermometer, 960 grams of
IPA-ST-UP organosilica elongated particles (available from Nissan Chemical Inc., Houston, TX),
19.2 grams of deionized water, and 350 grams of 1-methoxy-2-propanol were mixed under rapid
stirring. The elongated particles had a diameter in a range from about 9 nm to about 15 nm and a
20 length in a range of about 40 nm to about 100 nm. The particles were dispersed in a 15.2% wt
IPA. Next, 22.8 grams of Silquest A-174 silane (available from GE Advanced Materials, Wilton,
CT) was added to the flask. The resulting mixture was stirred for 30 minutes.
The mixture was kept at 81°C for 16 hours. Next, the solution was allowed to cool down
to room temperature. Next, about 950 grams of the solvent in the solution were removed using a
25  rotary evaporator under a 40 °C water-bath, resulting in a 41.7 wt% A-174-modified elongated
silica clear dispersion in 1-methoxy-2-propanol.
Low Haze, Low Index Formulation (ULI resin)
To an amber glass jar was added 194.1 g of a 41.78 wt% solution of A-174 treated silica
nanoparticles IPA-ST-UP in 1-methoxcy-2-propanol. To the jar was also added 64.87 g of
30  Sartomer SR 444 and 40.5 g 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
formulation were mixed thoroughly, giving a UV curable ULI resin with 50.5% solids by weight.

-53 -



53 12387 5225 1.51 1.42 The measured val ues of the total gain and
the on-axis gain are sunmarized in the rightnost colums of FIGS. 13a and
13b, respwotznizalsyi6sl abel ed as "Resin B'". The di anond- shapedSa®nksags in t he
figure represent statistical nmeasures of the group of data. 5 Conparative
Exanple 1: OLED with Accentri mbased internal extraction film A
nanoreplicated fil mwas nade as described in Exanple 7, except that a

non- nanovoi ded Accentrln1re5|nU@Qﬁ”WﬂéWHéHéDéBWF%F%lng W curable acryl ate

resin with a corpesd il Roffthe/DU DML 8N oI MERNE 240 pRvat hablaRenlh@m
Cogni s and 25% 1, 6- hexanedi ol di acryl ate avai |l abl e 10fron1AIdr|ch Chem cal

Co. and d'BR&IBTTIEs abhsreleaposreymepsrepsistepat Bistan or1ges Maspatrestment shibe filn ¢ v

Chemi cal SSX)OMO%Q@OWH&I&%%OQBS fm&;vdaaﬁta\fwad@dlywhdnemgmadma tcB@hel)0 NM
pitch _sawt ooth structured surface was forned in the Accentrimresin, which

was t Ren 298¢kt TYIP ad! SaMator 8eissreass, pThal?nQ]r“i‘ %ﬂhw yspd 3 thygplicafion P forPayer of

silicon nichfidud® dayt akd &ﬁ@?xb@é@@@ﬁﬁ@l@ SHRAk Gffa lé’\ﬁﬁﬁéx danpsivtiues TREGMD, Mdel
Pl asmaLabTM Systen1100 avai |l able form Oxford Instrunments, Yatton, 15UK).

The par arfBtePes WsWeisqlids pweipteuhvpy isplicatsd gp & milthigh Bume el fikp. Bhapssie 7. The

refracti weasichd@¥sift ant D &irlnk §RRnMubAihg e I53Wednd WRS aRBATHE BELrétShIRGedUMRL I'i CON
Model 2010 Prism Coupler (available from Metri con Corporatiaon, Penni ngton,

NJ), and fias WFWH%}CLF%? ysinep Fpgion fppap (FsPplbet Tli?éeﬁr%a&m%éfx of i migieEsAlisafedh r esi n

was alouturdi4Br wihBek@bd asild a%eth&ﬂﬂ%o@e@ﬁ'@l’()%’%m@hﬂ@ﬁ(ﬂvdﬂhﬁe Aemendidon based
nanostructure and_ silicon nitride backf in the nanostructured | ayer

20was abduPqyatpn, Penningtop N b&@mﬁé@mﬂé\%‘?q 9(?8?te1d25 h 16 HEC phoskep PriEal subst rat e

and encapsgidloataflomvhd SruduRALLHKRE 1030 m&mﬂ%@u Bedwdsida amelAndivideanpl es
were tested on an Autronic conoscope (avai] abl e from Autroni c- Mel chers

GnbH, Karivdstihered egiacionslengts@3syr slethinitidfce and angularity. Table 6
shows the neasurenent results of sewpadios@impl es. 25 WO

ES ]r'nZ/l gfﬁlggf C-I:ltheJ%ZL? %%141 (\)VEISZ l?a?:l%ﬁl-lr'?i\%l'it Sfcs)keltznx 2a nB lp%ss\égel s%r?élt%eaazihegl(\)/e I(cr(])ﬁ‘l/meeg:*[izalfA‘><I al

available from Soken Chemical & Engineering Co., Ltd, Japan) by lamination under pressure

using a heated roller laminator with rollers at 230 °F. Full filling of the PSA into the ULI bullet

template was confirmed by optical microscopy. The film was also interrogated with a laser pointer

and a similar refraction pattern was observed as for the bullet film tool that was replicated from the
20  original copper tool.

The optical performance of this light extraction film was evaluated by bonding the
backfilled adhesive layer of the extraction film to the substrate side of a Philips Lumiblade OLED
test vehicle (available from Philips Lighting U.S., Somerset, NJ). The integral gain was measured
as the integrated power ratio of the OLED with the extraction film and the OLED without the

25 extraction film. The maximum angular color non-uniformity with the embedded extraction film
showed an improvement relative to the OLED without the embedded extraction film. The integral

gain with the embedded extraction film was 1.28.

Example 7: OLED with ULI-based internal extraction film
30 400nm 1D Structures
The microreplication tool used for this experimental example 7 was a film replicate made
by a cast and cure process from a metallic cylindrical tool pattern. The tool used for making the
“sawtooth” 1-dimensional structured film tool (linearly extending prisms with a 400 nm pitch) was
a modified diamond-turned metallic cylindrical tool pattern that was cut into the copper surface of

35  the tool using a precision diamond turning machine. The resulting copper cylinder with precision
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sawtooth cut features (an SEM image of which is shown in FIG. 12) was nickel plated and coated
with PA11-4. The plating and coating process of the copper master cylinder is a common practice
used to promote release of cured resin during the microreplication process. The film replicate was
made using an acrylate resin composition comprising acrylate monomers (75% by weight
PHOTOMER 6210 available from Cognis and 25% by weight 1,6-hexanedioldiacrylate available
from Aldrich Chemical Co.) and a photoinitiator (1% by weight Darocur 1173, Ciba Specialty
Chemicals) that was cast onto a PET support film (5 mil thicknesses) and then cured against the
precision cylindrical tool using ultraviolet light.

The surface of the resulting structured film was coated with a silane release agent
(tetramethylsilane) using a plasma-enhanced chemical vapor deposition (PECVD) process. The
release treatment consisted of an oxygen plasma treatment of the film with 500ccm O, at 200W for
20 seconds followed by a tetramethylsilane (TMS) plasma treatment with 200ccm TMS at 150W
for 90 seconds. The surface-treated structured film was then used as a tool by wrapping and
securing a piece of the film, structured side out, to the surface of a casting roll.

Low Haze, Low Index Formulation

A-174 treated IPA-ST-UP silica nanoparticles were prepared as in Example 6. To an
amber glass jar was added 131.25 g of a 40wt% solution of A-174 treated silica nanoparticles IPA-
ST-UP in 1-methoxcy-2-propanol. To the jar was also added 42 g of Sartomer SR 444 and 10.5 g
of Sartomer CN 9893 (both available from Sartomer Company, Exton, PA), 0.2875 g of Irgacure
184, 0.8 g of Irgacure 819 (both available from Ciba Specialty Chemicals Company, High Point,
NC), 1 g of TEGO® Rad 2250 (available from Evonik Tego Chemie GmbH, Essen, Germany) and
25.5 grams of ethyl acetate. The contents of the formulation were mixed thoroughly giving a UV
curable ULI resin with 50.5% solids by weight.

1D-ULI (Ultra Low Index) structures

The 400nm pitch saw tooth film described above under “400nm 1D Structures” was taken
and treated for release. The release treatment consisted of first an oxygen plasma treatment of the
film with 500cem O, at 200W for 20 seconds followed by a tetramethylsilane (TMS) plasma
treatment with 200ccm TMS at 150W for 90 seconds. The surface-treated structured film was then
used as a tool by wrapping and securing a piece of the film, structured side out, to the surface of a
casting roll.

A film microreplication apparatus was employed to create microstructured nanovoided
structures on a continuous film substrate. The apparatus included: a needle die and syringe pump
for applying the coating solution; a cylindrical microreplication tool; a rubber nip roll against the
tool; a series of UV-LED arrays arranged around the surface of the microreplication tool; and a

web handling system to supply, tension, and take up the continuous film. The apparatus was
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configured to control a number of coating parameters manually including tool temperature, tool
rotation, web speed, rubber nip roll/tool pressure, coating solution flow rate, and UV-LED
irradiance. An example process is illustrated in FIG. 2.
The coating solution (see above) was applied to a 3 mil PET film (DuPont Melinex film
5  primed on both sides) adjacent to the nip formed between the tool and the film. The flow rate of
the solution was adjusted to about 0.25 ml/min and the web speed was set to 1 ft/min so that a
continuous, rolling bank of solution was maintained at the nip.
The UV-LED bank used 8 rows with 16 LEDs (Nichia NCCU001, peak wavelength = 385
nm) per row. The LEDs were configured on 4 circuit boards that were positioned such that the
10 face of each circuit board was mounted at a tangent to the surface of the microreplication tool roll
and the distance of the LEDs could be adjusted to distance of between 0.5 and 1.5 inches. The
LEDs were driven 16 parallel strings of 8 LEDs in series. The UV-LED bank was controlled by
adjusting the device current. For the experiments described herein the current was set to
approximately 5.6 amps at 35.4 V with a distance of the LEDs to the microreplication tooling
15  being between 0.5 and 1.0 inches. The irradiance was uncalibrated. The coating solution was
cured with the solvent present as the film and tool rotated past the banks of UV LEDs, forming
micro-replicated nano-porous structure arrays corresponding to the negative or 3-dimensional
inverse or complement of the tool structure.
The structured film separated from the tool and was collected on a take-up roll. The nano-
20 structured coating was further cured (post-process curing) by UV radiation to improve the
mechanical characteristics of the coating. The post-process curing was accomplished using a
Fusion Systems Model 1300P (Gaithersburg MD) fitted with an H-bulb. The UV chamber was
nitrogen-inerted to approximately 50 ppm oxygen.
OLED with ULI based internal extraction film
25 The nanoreplicated ULI layer on PET was backfilled and roughly planarized with a 1000
nm thick layer of silicon nitride by plasma-enhanced chemical vapor deposition (PECVD, Model
PlasmaLab™ System100 available form Oxford Instruments, Yatton, UK). The parameters used

in the PECVD process are set forth in Table 4.

30 TABLE 4
Reactant/Condition: Value:
SiH4 400 sccm
NH3 20 sccm
N2 600 sccm
Pressure 650 mTorr
Temperature 100°C
High frequency (HF) power 20W
Low frequency (LF) power 20W
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The refractive index of the silicon nitride layer was measured using a Metricon Model
2010 Prism Coupler (available from Metricon Corporation, Pennington, NJ) and was found to be
1.78. The refractive index contrast (difference in refractive indices) between the ULI and silicon

5 nitride backfill in the nanostructured layer was about 0.5.

OLED fabrication on the planarized substrate began with approximately 110nm-thick ITO
deposited onto the silicon nitride backfill-coated 1D structures through a shadow mask to define
the anode geometry with a 5x5mm active area. Subsequently, a green organic emitting stack and
cathode were deposited to complete the OLED. The OLEDs were fabricated by standard thermal

10 deposition through a set of shadow masks in a vacuum system at base pressure of ca. 10 Torr.

The following OLED construction was deposited:

HIL(300nm)/HTL(40nm)/EML(30nm,6%)/ETL(20nm)/ LiF(1nm)/Al(200nm), where HIL
is a hole-injection layer, HTL is a hole-transport layer, EML is an emissive layer, and ETL is an
electron transport layer.

15 After completion, the OLED was encapsulated by laminating a barrier encapsulation film
as described in U.S. Patent 7,018,713 (Padiyath et al.) under inert atmosphere using SAES
moisture and oxygen scavenging getters (available from SAES Getters USA, Inc., Colorado
Springs, CO) in between the encapsulation film and the OLED cathode.

Samples were tested on an Autronic conoscope (available from Autronic-Melchers GmbH,

20  Karlsruhe, Germany) to measure luminance and angularity. Table 5 shows the results of the

measurement of several samples.

TABLE 5

Voltage | Axial Max. 0 at @ at Integrated | Axial On-

at 10 Lum. Lum. Max Max Intensity Lum. Total axis
Example mA/em’ | (cm/m®) | (em/m?) | Lum. | Lum. | (Im/m?) (em/m® | Gain | Gain
Example 7,
Sample A 7 6186 6486 8 104 14953 6186 1.56 1.44
Example 7,
Sample B 7.1 5866 6092 10 296 13938 5866 1.46 1.37
Example 7,
Sample C 7 6156 6313 13 245 14797 6156 1.55 1.43
Example 7,
Sample D 7 5943 6214 9 251 14815 5943 1.55 1.38
Example 7,
Sample E 7 5693 5845 9 290 13801 5693 1.44 1.33
Example 7,
Sample F 7.1 5624 6049 10 285 14293 5624 1.49 1.31
Example 7,
Sample G 7.6 5404 5673 14 291 13601 5404 1.66 1.47
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The measured values of the total gain and the on-axis gain are summarized in the right-
most columns of FIGS. 13a and 13b, respectively, labeled as “Resin B”. The diamond-shaped

markings in the figure represent statistical measures of the group of data.

Comparative Example 1: OLED with Accentrim-based internal extraction film

A nanoreplicated film was made as described in Example 7, except that a non-nanovoided
Accentrim resin (an urethane containing UV curable acrylate resin with a composition of 75% by
weight PHOTOMER 6210 available from Cognis and 25% 1,6-hexanedioldiacrylate available

10 from Aldrich Chemical Co. and a photoinitiator, 1% by weight Darocur 1173 from Ciba Specialty
Chemicals) was used instead of the nanovoided ULI material. The 400 nm pitch sawtooth
structured surface was formed in the Accentrim resin, which was then backfilled and roughly
planarized with a 1000 nm thick layer of silicon nitride by plasma-enhanced chemical vapor
deposition (PECVD, Model PlasmaLab™ System100 available form Oxford Instruments, Yatton,

15  UK). The parameters used in the PECVD process are as described in Example 7.

The refractive index of the silicon nitride layer was measured using a Metricon Model
2010 Prism Coupler (available from Metricon Corporation, Pennington, NJ), and was found to be
1.78. The refractive index of the Accentrim resin was about 1.48. The refractive index contrast
between the Accentrim-based nanostructure and silicon nitride backfill in the nanostructured layer

20  was about 0.2.

An OLED was fabricated on the backfilled substrate and encapsulated with a barrier film
as described in Example 7. Samples were tested on an Autronic conoscope (available from
Autronic-Melchers GmbH, Karlsruhe, Germany) to measure luminance and angularity. Table 6
shows the measurement results of several samples.

25
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TABLE 6

Voltage | Axial Max. 0 at D at Integrated | Axial On-

at 10 Lum. Lum. Max Max Intensity Lum. Total axis
Example mA/cm® | (em/m?) | (em/m® | Lum. | Lum. | (Im/m?) (em/m*) | Gain | Gain
Comp. Ex. 1,
Sample A 10.1 3721 5763 11 110 12299 3721 1.29 0.87
Comp. Ex. 1,
Sample B 7.2 3973 6155 11 71 13242 3973 1.38 0.93
Comp. Ex. 1,
Sample C 8.5 4265 5921 10 296 12979 4265 1.36 0.99
Comp. Ex. 1,
Sample D 6.9 4459 6155 10 296 13588 4459 1.42 1.04
Comp. Ex. 1,
Sample E 10.3 4535 5927 14 316 13362 4535 1.4 1.06
Comp. Ex. 1,
Sample F 7.1 3290 4264 12 288 9586 3290 1.17 0.9
Comp. Ex. 1,
Sample G 6.6 3565 4503 12 276 10268 3565 1.25 0.97

The measured values of the total gain and the on-axis gain of these comparative examples

are summarized in the middle columns of FIGS. 13a and 13b, respectively, labeled as “Resin A”.

5 Comparative Example 2: OLED on Glass
A control sample OLED was fabricated on glass for comparison with the 1-D
nanostructure samples. The fabrication and encapsulation was as described in Example 7, except
that no optical extraction film was used. Samples were tested on an Autronic conoscope (available
from Autronic-Melchers GmbH, Karlsruhe, Germany) to measure luminance and angularity.

10 Table 7 shows the results of the measurement results of several samples.

TABLE 7
Integrate

Voltage Axial Max. 0 at dat | d Axial On-

at 10 Lum. Lum. Max | Max | Intensity | Lum. Total | axis
Example mA/cm’ (em/m? | (em/m®) | Lum. | Lum. | Im/m? | (em/m? | Gain | Gain
Comp. Ex. 2,
Sample A 7.7 4236 4250 2 67 9458 4236 | 099 | 0.99
Comp. Ex. 2,
Sample B 7.8 4311 4324 2 24 9671 4311 1.01 1
Comp. Ex. 2,
Sample C 7.8 4309 4334 2 53 9560 4309 1 1
Comp. Ex. 2,
Sample D 7.9 4315 4331 2 53 9570 4315 1 1.01
Comp. Ex. 2,
Sample E 7 3621 3637 0 271 8010 3621 | 098 0.99
Comp. Ex. 2,
Sample F 7.2 3735 3755 2 53 8323 3735 1.02| 1.02
Comp. Ex. 2,
Sample G 7.2 3690 3708 2 53 8283 3690 | 1.01 1.01
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Comp. Ex. 2,
Sample H 7.1 3622 3634 0 271 8115 3622 | 0.99| 0.99
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The measured values of the total gain and the on-axis gain of these comparative examples

are summarized in the left-most columns of FIGS. 13a and 13b, respectively, labeled as “glass”™.

Unless otherwise indicated, all numbers expressing quantities, measurement of properties,
and so forth used in the specification and claims are to be understood as being modified by the
term “about”. Accordingly, unless indicated to the contrary, the numerical parameters set forth in
the specification and claims are approximations that can vary depending on the desired properties
sought to be obtained by those skilled in the art utilizing the teachings of the present application.
Not as an attempt to limit the application of the doctrine of equivalents to the scope of the claims,
each numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques. Notwithstanding that the
numerical ranges and parameters setting forth the broad scope of the invention are approximations,
to the extent any numerical values are set forth in specific examples described herein, they are
reported as precisely as reasonably possible. Any numerical value, however, may well contain
errors associated with testing or measurement limitations.

Various modifications and alterations of this invention will be apparent to those skilled in
the art without departing from the spirit and scope of this invention, and it should be understood
that this invention is not limited to the illustrative embodiments set forth herein. For example, the
reader should assume that features of one disclosed embodiment can also be applied to all other
disclosed embodiments unless otherwise indicated. It should also be understood that all U.S.
patents, patent application publications, and other patent and non-patent documents referred to

herein are incorporated by reference, to the extent they do not contradict the foregoing disclosure.
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wherein the first layer has a nanovoided morphology and comprises a polymer binder, the
first layer also having a refractive index less than 1.35; and

wherein the second layer has a refractive index greater than that of the first layer.
15 2. The extraction film of claim 1, wherein the first layer has a refractive index less than 1.3.
3. The extraction film of claim 1, wherein the second layer has a refractive index greater than 1.4.

4. The extraction film of claim 1, wherein a refractive index difference between the first and

20  second layers is at least 0.3, or at least 0.4, or at least 0.5.

5. The extraction film of claim 1, wherein the first layer is disposed between the carrier film and

the second layer.

25 6. The extraction film of claim 5, wherein the first light extraction elements are small enough and
the second layer is thin enough so that a substantial portion of the extraction elements are disposed
within an evanescent zone of the self-emissive light source when the extraction film is combined

with the self-emissive light source.

30 7. The extraction film of claim 5, wherein the first light extraction elements comprise diffractive

elements.
8. The extraction film of claim 5, wherein the first light extraction elements have a pitch of less

than 1 micrometer.

35
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35 W 2012/054165PCT/U82011/052453 9. The extraction filmof claimb5,

wherein the first ht extraction elements have a pitch of greater than 1
m cr onet ef: The extractlon ilm of claim 1, wherein the extraction film is adapted as a substrate on which

the self-emissive light source can be fabricated.

17. The extraction film of claim 1, wherein the carrier film has physical characteristics making it

25  suitable as a free-standing support film in roll-to-roll processing.

18. The extraction film of claim 1, wherein neither the first layer nor the second layer has physical

characteristics making it suitable as a free-standing support film in roll-to-roll processing.

30  19. The extraction film of claim 1, further comprising:
a third layer carried by the carrier film, the first and third layers defining therebetween a
second embedded interface;
wherein the second embedded interface forms a second structured surface of second light

extraction elements.
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10. The extraction filmof claim9, wherein the first |ight extraction

el ements conprise refractive 5elenents. 11. The extraction filmof claim
9, wher eiwotzhe/dsirest |i ght extraction el enments have assecrasSediwbmsewith a
| and, and the |and has a thickness of |less than 50 m crons. 1012. The
extraction filmof claim11l, wherein the land thickness is |ess than 25

m crons. 13. The extraction filmof claimb, wherein the second | ayer

conpr i se20a The grctanghaef glaimy . yherendhefast lightextragtion plemensy have giicheletsr act i on
filmof Ghalihitn ahdifnk RQRLNERIRELBLMG BenfcBlsBBwEa Pilch SfcatPMBT | MEbréh. MB) OF
surface of the second | ayer opposite the first structured surface. 15. The
extraction filmof claiml1l, wherein the extraction filmis adapted for

appl i cat ian ThedtReichal o8BSy @ hb BRsuSs RSP oMidh 6Piht Sirst AL bGRLES _
separately fromthe extraction film 20 16. The extraction film of claim
1, wherej eXFHt@ﬁ@ agsadpnged to §p dipeseq Vhia gy praaercens zope of e srlheraistyr Naht YMCEhe

sel f - em s@icH enel k@thios ALK &RomFRcPRit BOEIICHHhiQG e light sourbd. The extraction film
of claim1, wherein the carrier film has physical characteristics making it
25sui table as a free-standi ng support filmin roll-to-roll processing. 18.
The extr aot mafeftfabiBnAfim Gl il b, w\n@@ﬁﬁhe_rgeaﬁlutngﬁrexﬁmoﬁ ElESibntd RYEhssO@dted he
second | ayer has physical characteristics making it suitable as a

f r ee- st arfbirabithsippb red e [apdd has atlipimesspf fet thapf QREEEFng. 3019, The extraction
filmef claiml1, further conprising: a third |ayer carried by the carrier
film the first and third | ayers defini ng therebetween a second enbedded

i nt er f ace??- hereRAiwmHEMObelai e Hberaidr it Bicknessis {5t Hah 2 BEWhd struct ured
surface of second |ight extraction el enents. 35 20. The extraction film
of claim19, wherein the first light extraction elenents have a pitch |ess
than 1 m%r ke ar@ciRdIaof giaen |.ivgwsicmghe seicamissive digkirevesconprisesgn QEDh gr eat er
than 1 mcron. 21. The extraction filmof claim19, wherein a substanti al
portigon of the first light extraction 5elenents are adapted to be di sposed
wi t il arfSevinedpeinn Hypéclgm { peombinpiqnyidthe el quytivedighfsewcqmdareiniae
extract i afstfahd §ochifi 16U O@ShoME RividR the BlekibR¥LSiSH Mg dnbtl B¥tscBOMIsGiQe light2. The
extraction filmof claim19, wherein the second |ight extraction el enents
have assco€V&t-ed therewith a land, and the | and has a thickness of |ess than
50 microns. 10 23. The extraction filmof claim22, wherein the | and
thickness is |ess than 25 mcrons. 24. The extraction filmof claim1,
wher ei n t3%e Astvice.¢ABE & | | ght source conprises an OLED. 1525. The
extraotion filmpefiey.ahan 1 in conbination with the self-em ssive |ight
source, wherein the first and second | ayers are di sposed between the
f1exible carrF@PPWPFW?@ﬁﬂmﬁﬂ@agﬁﬁPi@ﬁh%gﬁﬁﬁ§ light source. 26. A device,

conprising: 20aR:GAEPoptRAtxaitoR il flelugta & iblaret im aldoahedd tQotdhe OLED,
layer carried by the carrier film, the first and second layers defining therebetween a
first embedded interface that forms a first structured surface of first light extraction
25 elements;
wherein the first layer has a nanovoided morphology and comprises a polymer binder, the
first layer also having a refractive index less than 1.35; and
wherein the second layer has a refractive index greater than that of the first layer and is

disposed between the first layer and the OLED.

30
27. The device of claim 26, wherein a high refractive index region is associated with the OLED,
the high refractive index region comprising at least one organic light generating layer and at least
one transparent electrode layer, and wherein a substantial portion of the first light extraction
elements are disposed within an evanescent zone of the high refractive index region.
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wherein the optical extraction filmincludes a flexible carrier filmand a
first and second | ayer carried by the carrier film the first and second

| ayers dewonorxgpsstser ebet ween a first enbedded interfacePChalS261008858 fir st

structured surface of first light extraction 25el enents; wherein the first

| ayer has a nanovoi ded nor phol ogy and conprises a polyner binder, the first
| ayer al so having a refractive index |less than 1.35; and wherein the second
| ayer has?®a Theflevierof ¢lain Howkergindhgas feagt RARITARRATCIG Flogtipde fayprds PartRféic and i s

di sposed Jpataeanpchdieihi rst |ayer and the OLED. 30 27. The device of claim
26, wherein a high refractive index region is associated wth the OLED, the
hi gh refractive index region conprising at |east one organic |ight

generati ng ayesviddcidin €38k ANR AiaRERAEEMon SkREl QS rkaXahetivand wher ei n
a substantial portion of the first light extraction elenments are di sposed

withi R arfle@vaneadbave 2 pErecfreatechdani gicteaf racti ve i ndex region. 35 28. The
device of claim27, wherein the at |east one transparent electrode |ayer is
part of the optical extraction film 29. The devi ce of claim 26,

wher ei n t¥e The favgceiof glaim Zxprhereinitherirg lighestraction flsmryehave pisagttrd desujteaent s
and have 1gdPhddGhe Bhd 195 8 MiGhedsRARsslthdl B RiBrons. 30. The device of claim 29,
wherein the first light extraction el enments have associated therewith a

| and, and the |and has a thickness of Iess than 50 m crons. 1031. The

devi q@ 0f31CIAE @vaR.of WhGT B, AhébR thaARd B8 tAckhbk 6KRAIRNDs nhigSRs. t han 25
mi crons.
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