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 arc known. Sorre OLEDs, Cre erIred to as "bottomemtting"
OLEDS, emt |ight thrOEQR%QAN%EMT&MIHMW!@@(&LE\M@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
addr essabl e O 1ﬁ$@nfl&?1f Bites g @4 %ﬁl&?@oﬁtgal'ﬂﬁé %%f%%%lrh&m%sﬂa&%%kﬁloﬁeglt&t ure

el ements) or subpixels (one séveral nel g ing emtters of different
col ors t hravplatight gnafipdul statrgetitvarissivs lightjpis devicds it ingrease hedbrightdesaHiegeof, with

addr essah]. &) Reakbxelafred 3 ) [ gy l.ar 20f or
use in d&éﬁf& ﬁ%ﬁ Gl ﬁggv?cggkgg%ﬁléga?%g i ?fgﬂ%ﬁ gg%an n%&ﬁ?fir end
uses. In (@éﬁDs)a(sqmettmlepﬂlx@te&trredltoca.emnw(hgw@rmt@&mgdﬁ} elhdawicgtiradisopetteanse onl y
one @i ttpg, 1 s Ry gmall and narrow or large and extended
dependi ngt ont%{fg@cl er?g\%&%eél’ app fFlgarl on. One issue of concern to sone
OLED manufacturers and designers is the | ess-than-ideal efficiencies
exhibited by OLEDs due to pecul i agfdesr@uNgei I design. The externa
efficiency of an 250LED, or of any otlﬁér sé\{f em ssive light source, can be
cal cul ated as 4 Walepaugy oRPLEDY argravealSoma PLEDs opfered totag thoyymichndttiogvi ce

di vi ded Ly g {2l ght t}f"‘njo Gt d éﬂare%%{%&ra?eo&%ﬂiiﬁ{jthé)bﬁLEB% \g&?{daﬁ:ﬂ oflcRD_ext er nal
efficiency is a si cant eS|gn paraneter for many ferent OLED

appl iléat irefeged oanfomemitiong” Ok EPpl amif lrgcbmnphwmaiﬂedlr@ymhaysse@ifvayrfrom the

i gh- 1 es Qb A ArRAAOL L9 s 100HR A Y HEN EERE B ool GU0Qr SY ST ems,
si nce the external ficiency affects such eV|ce characteristics as
30power codisidedly iaddiesstin®PhiBIA crttegsnipfarief] ¢y indrsidudlymg mrels (Wfturg tet@umts}mive
denmonst r af, ey ke ??sﬁfera%&glmaahg EhikibS! 'o?mﬁxreh&oﬁ)&sqﬂat af a/togétﬂarta

optical losses wt ctive emtt

ng yers of Dstac |tself
(due to vixetbuiah ingvidedeadiissaila ﬁu@mlxe@ﬁqde(&ﬁﬂﬁ@rﬁ b?@@nménrgtsmmgly Byt and

| ndi u tig QX Gl WY &Vlcg%] Eﬁr%%% 1fe?a§1%§5ﬁd"s%nﬂd?g§<§<us%yQﬁ%ﬁ?a@tsto and

finally due to exciton ‘quen hode (ano netal's surface
pl asnon ptcitid@AEs, @theré?L@sED n%ieto bavgtonyag hmbﬁlltg@fftah@hlﬁlmmﬁhh?ﬁWSM bl e

i nternal gf b GGyl bdidkichdod dLQAAM ?'aﬁ Bl Rtbnded b ipRbAREY) . about 75- WO
2012/ 054165PCT/ 1J82611/ 052453 8 % 0 generated optical radiation is

di ssi pat ed i ntQuerish¢ 9f cdoger to sem@OhEBV@nn@ﬁme@r?@dl desesmsts g, the Issscthari-depli n a
correspo %@ﬁd’&cfega%%ﬂe%y bﬂEﬁé(Eh%r tH BlcubirticS| bﬁﬁ&b’des ih. @ﬁ’edéxﬁén%ﬁ'é‘ﬂﬁcfe{?éy' o‘%%'l

corrponents such as col or [ters or circul ar olarizers are iIncluded as
el engat s QFEDR, t@éota_nEDﬂ@wifce@lsssmé@ht@@lmn@rheya vlate poiieipevea dbilt pvipdl  opt i cal

| 0sses  ang;eaRmiRWeY t}?e%%ﬂéﬁ%d@& Iw tﬁ%}ﬁ)‘fb@ biSSricaP PR &Rhﬁl&%g thé hdPr.chave

al ready been proposed to enhance t extraction rom OLED devi ces.
Ref er enc QLD eti¢ral cliginnel is g sigpidieant desun$aramat6éfw mapy(liffergnt @FEIPaplicatiand, ons  US

/
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OLEDs used in 11ght1ng systems, since the external efficiency affects such device characteristics as
30  power consumption, luminance, and lifetime. A number of groups have demonstrated that OLED
external efficiency is significantly limited by optical losses within the active emitting layers of the
OLED stack itself (due to waveguiding modes within high refractive index organic layers and
indium tin oxide), within intermediate-refractive index substrates, and finally due to exciton
quenching at the cathode (anode) metal’s surface plasmon polaritons. In an OLED device that

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



10BRI EF SUMVARY W have devel oped a new famly of optical filns that
can be used in conbination with OLEDs and ot her self-em ssive |ight sources
to extracwolzoghs4fesom such devi ces so as to increase thecemsteiedsissgyht and
reduce | osses. The disclosed optical extracfion filns are particularly
effective in conbination with various types of OLEDs. Sone of the disclosed
extraction filns are designed 15to enhance |i ht extraction by reducing the
anount of30Pagtthq %gtrat%omglég%rtup apdisingeed int dg¢ tortheahexe-maeianghlosset ns  ar c
desi gned rEéﬁltﬁlQh@zU&ﬁreLﬂogﬁih RULERA il &RerRY fFERMG Phdifigna OPHAL codfpohdn@ht t hat
is totally internal %ected at an outernost surface or boundary of the
OLED. Sorfichos cehéﬁlé%tt rraeefrlarPOfarlr% arg pnsludedsisgifaent of Ba RAROLricgstchext r act i on

by reduci BgpHRhi oaf prttttes edaryatteﬁopqtal LRSS aAESRA WS Bitersd) ThRicdlisc! 0sed opti cal
films are useful for enhanci % ht extraction fromself-em ssive |ight
ge

sourc@s such a¥MsEPtichiEHibeys eeua@eqrfrq toicabpney ight extrppigondiont QEEPon i | ns

typi cal | ydevle&;I wderéhcd tnepﬁt %aa%rde% UfS t»rrr:marisghautﬂ PubllicAds @econd | ayer
carried e?(/90'[ e carrier

anovor deHOMIIG] Base bl MO BT Bt remdbistiar ol Be (rapaakes have a
refractivg)index less than 1.35 or 1.3. An enbedded structured surface of

| i ght extraction 25el enents is formed between the first and second | ayers.
The light extraction elenments nay be primarily diffractive el ements adapted
to bgopdi sposed within an evanescgRIErXiMMARYe OLED, or they may be
primarily refractive elenments, which nay be di sposed outside the evanescent

zone. The ext r'iehivsdevelqpad gy Gmily of %rcakfémath@marl e Py dt compingtion Wik ond

embedded SGHEMBICHYbAEr SHIHRGR c WBM sOficd & SRMBHMRANsUCR 8o tiddl Edlas i@¥BFca®nd the
first layer. 30The present application also discloses, inter alia, optical

ext racf i dhe Fmifteeslightand edvies losrss Bherdisslosdeotioal exteetian il asmartisuipily effectivey
second | gy esmisiAdtioh @6th R¥ridub & peRsHOI&DSf Kbt ofiiAedifdissed eﬁﬁ@tl(ﬁﬁﬁﬁmﬁlre logy&tce
define therebetween a first enbedded interface, which fornms a firs

st r udPur decgpgediht ragtiop 8y radpgjpg the enpuits of light ebtdawateguidmganodes: Somegfer has
a nanovoigedtaRioR MahOFY I&NMHeF RRRdnSEBs R e RAL HIFRYy r&iu@ﬁi% the alld@ntlok it tHapier

al so preferabl% having a refractive i ndex | ess than 35. The second

35| ayer Helbyinfeap latetﬂwed HaE exeiosrErccon Asrndaneof be OLER- Pemeefthgyer. WO
2012/054l§§&§ﬁﬁhﬁ@ﬂﬁé&@éﬁ&ﬁ@eﬂﬂn&ﬂﬂﬁt&@ﬁ&%nb&ﬂ%u&hé@&hbﬁﬂ&éq%&%ﬁh&%e a
refractive index less than 1.3. In sone cases, the second | ayer may have a
refract i VRCh#YR@3%- gr eat er than 1.4. In sone cases, a refractive index

di f f eence betmRRcbL{A obiidabtiinARe: REGPRHAMINESid BexdhetloB 2% Qi 3mi@heat | east
0.4, or at least 0.5. In sone cases, the first layer may be di sposed

bet ween tlig8t OHICE b 45 hofomsaittingorden-emitine I&Ds. Th exneicflustypsalhe fi r st
li ght extip@gdclaGlRxBloaBR} finRhid S8 Andearaugta craf@icd Behs eaARdihayee fifsbort hi N
enough, so that a substantial portion of he extraction elenents are

di sposed SEWALRCIARAYRRHR BraNRid eﬂdrfepft?togrﬁed way Pelr SRabveeT PigR 2xlgueEowhen

the extragtd @rafrtddvmﬂdex réggrrbanrteﬁ I1t3h Arhenbe@leli seibngsd svle‘adelcﬂhtghtsmcﬁen I n
sone cases, the first ght extraction elenents my nprise drffractrve

el emént s. elﬁtﬁf?ﬂ@&@ﬂ&%@%@t%frﬁt Pt sepqngigyesx  halight eﬁraetl@rré%eetsm Rave a

pi tch of Jrigmsilyt BifActy M ARBYBIcd td B EPITIGAHRSan etvgﬂz‘esc%gt Fohé Sttthd OOBD, or
extraction el enents nmay have a pitch of greater t ha m cronmeter. In sone
cases, t HBeYMPyde prlrr@ﬂty TefiacH cRl§esitse IV BifR iRy b m\jmé%t?ﬁtsrdeéhereértea@m Apge.

el enent s.THeRxSRAB AL IRNhQudetahBird lafétanh b fon®€XhbAEdd sROctBLEIRALSmARY have
associ at ed theremnth a land, and the 1and nay have a thickness of |ess than
50 i cr ork$ forpd befivecrthewiad layprangd i dirstiyEkness may be | ess than 25 nicrons.

I n ot3per CasesnwbhﬁaﬁdﬁﬁﬁmOthBdﬁ&&%@@h@Qﬂme&ﬁﬁﬁ@h%mHEYﬁMﬁVﬁnH@mh@@d I n
sone cases, the secon may l1l5conprise a light transm ssiv

vi scoel adiexble rutieiiia andjadire gpdsceenddayer eagredehy|the Grer filipt Mesriirstag sraendy

rel ease |hR@SdeBRY@ELE e n AR remswdt@ﬁerﬁée {vhigh &RHONdrst aNBlurARRPRLbLE t he
first structured surface. some cases, the extraction filmnpmay be
adapt ed fiopt ligppirecion glgmenss- + Fhe figg |19fyeretm°> a ganpEoifgdgperphelomyaad Gprrises &

fabri cat gdiysRpaindd-ehyfifst RPer bRE pRIFALACHVRB afrdthablivel iRdR WXB heR$ S, T 8cond
extractron filmmay be adapted as a substrate on which the self-em ssive

|i ght sod%@émﬁaﬁﬂﬁﬁuﬁaﬁ¢V§§?§dﬂmPHmsHH§3Zﬁdﬁsés the carrier filmmay have
physi cal characteristics making it suitable as a free-standi ng support film
inroll-to-roll processing. In some cases, neither the first |layer nor the
second | ayer may have physi cal characterrstrcs meking it suitable as a
free-standing support filmin roll-to-roll processing. In sone cases, the
extraction filmmay further include a third layer carried by the carrier
25film the first and third |layers defining therebetween a second enbedded
interface, and the second enbedded |nterface may fornra second structured

Y Y N e o - " 4 "



30 zone of the self-em ssive |ight source when the extraction filmis
conbined with the self-em ssive |ight source. In sone cases, the second

| i ght extwacbizs4wbenents nay have associ ated therew t hPaThesna,1/052383 t he

| and may have a thickness of |ess than 50 microns. In sone cases, the |and
t hi ckness may be |l ess than 25 microns. In sone cases, the the self-em ssive
| i ght source may conprise an OLED. I n sone cases, the extraction filmmay
be conbi ned wilpRoRheEssethe fishlexdinay hpycgHefracsy @dex lesptiian 1.3, Tn some cases, the

2012/ 054 16QRE Ty MRk OpAdadive tllet Beatkid thal 1. 84Nd sSBEORE, 4 RYGHR IR« be

di sposed betweén the flexible carrier filmand the self-enissive |ight

sour ce. differencppetypaighgfisiand seeopblpy el ot lat O3 rrtigest @A orEershtd: HoBst i cal

extracti Qasdithdmdtihye e bl Sisfdd&l Ykilh thERErePthCaAl 1R%EERE 1dyaN 1 {dnid ARY
include a flexible carrier filmand a first and second 5| ayer carrled by

t he car riths firpf lighi extragiopjcleaents arg swakt sioyelh d)bihe segend lAysid thinshaisbispdhaa first

enbedded gpkRrfifi1FeRioh B the fsﬁfa@ﬁorﬁelgnhdh%taresdliﬁéﬁ‘é&w&lﬂl a%%fl&%n@zfoné bfrtﬁet selfl ght
extraction el enents. The first |ayer have a nanovoi ded phol ogny and
conpri se SIS RRsOHPhYR theragtiel fikp wowa%d yith depsglEemipavy lﬂ%’é%urcés t han

1. 35. Theso&@@a%@éj tﬂe%\fﬁﬁl R trakisOe BAMEs @a c}f QR diMRcHRERMAE B Bhelthay t hat
of the first tgg 5 may be di sposed between the first |ayer and the
OLED. | n tBofst | gf‘é%ractéznf@megtﬁn}ﬁéf%@tﬁl%()ﬁ lerg dhan ] agjpomictes 1asabeiaatsedicwi t h

t he QED, firfth@ntux @b bkackts M8y hld e pitdedigRRtet Mheh VHidEn&t:. Tede QRS (R gani ¢

| i ght gener ating layer and at |east one transparent el ectrode Iayer and a
subst ant i fH#t ligBraxireson elemprss mpy camirigifragive plgments nin sparreipkadings. e fist sposed
Wit hi n an;BVanesos BleméRb faPhavk R oBL BN HER RS ldnd Sinll AIEMITRYIHAL a hidkKQYTE
cases, the at |east one transparent el ectrode Ia er may be part_of the
optical eXiwaten Fhmicranm Injsamg gres. thadwd th lfl‘f’i’éssfnilatyé)ﬁ lgsp thAR 22microget Ingsher

15el ementGsciBNe fildCl Uels th&foh 3hicMe nfd ﬁﬁf%%%n@nﬂl NAERadds, M edbn@fayr @At €r than
1 mcron. In _sone cases, the first ight extraction elenments nmay have
assodPat eamPHrdight Wﬂé}nwﬁww%ﬁastl@ Ftarigh dn peige essehafibhmay Riese Heﬁluqeés s than
50 M cr ongleask Mn&QRBRrivAS BRjor biltficd SMNBL FBHINBY LoD OliRIKNOSTu@lrcd §8fcd han 25

m crons. Rel ated nethods, systens, and articles are al so discussed., 20These
and ot her aspd@fenofsehBe priastmmiilBmyibeadargd fo appliggtionis thrsslemisiyplighie

det ai | ed (J@sewhidh isFbrRAEOWparkiRlyTRINEME Bl tracRAVVRME lIn sorlQded thd & trBRRYU @ilm

summari es be construed as FI mtations on the cliaimed subject matter, which
subj ect rEbtERdICdgefPHEHE B BIiGh By S¢lhemistiy eshetUEr SPHES abyicatgdy In5ema vended
during praseakd daaibr ik BRY Ec PRI BibleRbifdes PRANY NeEkable afh fec-darldiga
schenmatic side or cross-sectional view of general i zed OLED |ight source;
FIG 2 i sugposidiednialldodplbrypeasiied 18A0mg qapst l?egbffro@ fptdpiesrorde SF%ﬂnﬁ#%@r a
backfi Il agayna0OMIkLidALhFhErRESldndliedit@d 4sGl fRe-stah@ng Siphrt AinsRheIMRLLE si de
el evational view of a portion of a nanovoided m crostructured 30l ayer;

FIG 3a iRoSssé8hematic cross-sectional viel Al of a portion of an interface

between a firghsaROQVQI1 HEtkthBNAI filARShyFuSIRE HOMAE AWEH ,layéﬁﬁﬂﬁaw@{elcﬁlﬁer
|nterpenetrat|on of the second | ayer with the first |ayer

Fl
da- 4 ar d1@cthe figst nd thirglay sy de@i‘llﬁ‘géheéf‘éé‘f”eﬁh%ﬁ“%dé%’e%d %%rfaeaan%% p%etqd on

films t haetmb%@d'éd%@&cé’ﬁl@ﬂfoﬂita@eaoﬁcﬂ)stﬁmuwdsﬁﬂac@eE@%@nd 1M} extraction elements. In
2012/ 054165PCT/ US2011/ 052453 FIG 5a is a schematic side or

cr 0ss- secPmeAEFs tedipt HRhtertrasHohel e Byt 2 pghdess dianf érigat. aghthe segond

extracti Qinf dxkiEios 3RmeRs ARPhdved plten @ea{té}ﬂha%mrﬁi%ioﬂghgegl@cases a substaliép 5b is a
schematic side or cross-sectional view which shows how a particul ar optical

ext ract i dWrtioRohthe dist Heht gpiactienelepen mayheadniedithje dsnossd wihirpn aangseeny
scherpt i Gofd SlRhOLIfGHAS e ﬁgﬁkbﬁwheﬁlt@%xﬁﬁctﬁﬂ ﬁﬁmslc@ﬁbm&ﬁ«dﬂ@@le kOf-WhikGie a t op-
emtting OLED has been conhi ned a arrlcu ar optical extraction film

FI GS. 6a-lght re-shenaises, &‘Fd%coaﬁi 11%,111 e?gtgacg%bft qrRsis mayi havisessstared dheraditieact i on
filnms thatndcal tRelakSRsl MivE B thEQ BF BEH thdnl 30GniEekDSh 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,



FIG 7a is a schematic side or cross-sectional view which shows how any of
three different 10optical extraction filnms can be used as substrates on
whi ch a bwotorveswicst i ng OLED can be forned; FI G pEZh/tussoia/osmhemat i c
side or cross-sectional view of an optical device in which a

bottomem tting OLED has been forned on a particular optical extraction
film FIG 8 is a schematic top view of a representative pixelated OLED
devi ce; Pffhelirggnd secopddeysmeayibe dispensd b?twmg%ﬂ%ié%% sagra iy prelhotella devi ce
t hat resq%ﬁgnémgﬁhgmn@rdlnary optical extraction filmbeing applied to a
pi xel ated top-em tti 9b is a schematic side or

FI G
cross-secti onal® ?/lﬁ%wgqseée\a@\% thaeingldg an QIR pnd apoptisehextapianddm atsghediet i on

filmas dhsolesednd§hiciiRxpRIiNoARPRLY Budd AdIddak ek &l shd ORs@ml tdcbng OLED.
FIG 10a is an illustration that shows how an arc of circle can be defi ned,

and FPG laspeardedhyghe Garmey &itm.ghg Tt and sgeondlavess drbming HhgreheerscRadshr ¢ can be

used to dgfredRdidrhe@atbomRNShnRahcrbd Letacd éf“f‘@st%@l@tré%trééﬁsla&krﬁerﬁss T8 first
extraction elenent, and FIG 10c is a mcrograph showing a top view of a

fabri cat deyerie®pavaR npaaypide RORLFIOBt A SUMRIUF £ RLRMEDRIRIT sarl%glaahlS%Wsﬁ of such

extracti aprAaiERlS;less than 1.35F TR sebdid 14y%r Ra@iIdPRve D alraGRRRRIL SrehBeharhatal
neasured col or variation of a particul ar top-em ttls\ﬁgEO_ED with the

cal cul at & thedirg faygm pidipiydis dposed fpfresrete E@W&% apdhth R- dhsapstaaead 2
259Xt1'()aCtH1Qﬂefréclt1% inﬁexa@%l)ﬂ RBdsdoatedAtth %@E@—E@hlgh refractlvé: h&R redibd and 1lc
are graphs simlar to that of FIG |la but for nodel ed devices in which

di f f er entingpstingaleaghops egrtiphet gensiating Ly Fpd ?téfamt%le {respepEplectrode layer, 7 g 12

i's an SEMnhtREh@H? Poribovd thOfid: IRAF é@ﬁ@t{o&l‘éfem‘éht@\lﬂaﬂi)e disssE el & surface cut
into a copper substrate; 30FIG 13a is a graph that conpares the total gain

of an OLEBMessRensreldhe Righ refragive indeegiony nrsa@f: CHAS: therghlead opf GRFRIEBH herein
Wit h t hatel@frodii cPBEbe ]gftl-:e@tk@ Eh&@@xtra@tﬂﬁll film. I GmekaRs itk @sAlBPRXuhdiRh

conpares the on-axis gain at OLED device nmade with the optical

extraet i o‘alfnﬁnwrwaagnféndg é‘ffﬁ‘é‘é‘ﬁ eILFé‘}e&S An¢ Rave 2 pirel of gepptefrhemy | fricgen. dfl ¢t wo

ot her OLERdaN £€Slight &trth&tBnelcBlAE Sray hieRsdoEhRld BRESRith YR AN t1dasid e like
el ements. 35 WD 2012/ 054165PCT/ U82011/ 052453 DETAI LED DESCRI PTI ON

| LLUSTRATRVA ighesst NERer Shappgsmioronse bp some cpges.be lavdinay e p fliickness ehlstrekanc

fashi on asp@Ebhon of one enbodi nent of an CLED 100. The OLED 100, which nmay
be either a bottomem’ttin% or a top-emtting OLED, includes a thin

emitting regi diflatedonabadmiyesiad apkartidesirs e ‘Bfﬁtl?s%‘él ly thick |ayers 112, 114.

The Zbayers 1hesclahd ofiBYasSRINR t1RDrd&M: ﬁp[ﬂlléatloﬁ%ﬂ Se LPakRER VAL Qtai¥lAPOT and
oxygen away fromthe emtti n% regi on , and one of the Iagers 112, 114

may ser veleagiPEOhelnsy. rlana cyish vaeb ﬁhquﬂf’eth%%h?é? SuRPA S h RgoastBIed pHiEmigtiess 100

are gra khie dapesidbRes maer, hhRahied maltdt idddriged@IdVEy, @eRRdhdRMSs, ane of the
thick layers 112, 114 may be onitted or replaced with an inert gas or

vacuum W@W?qeﬁﬁu‘?%@rﬁﬁmﬂ?@ may include one or nore conventi onal
organic layers tailored to emt |light of a desired 10wavel ength in response

to an _applied electric current or field The applied electric current may
be sdpplied by el ectrodes W@E@%@PT&N%BW &Yincide with the outer

surfaces 110a,r1&1PR aQEnchife 88 drictddGsdecB@iaPRew B gdnB@bied NEEIBESduRAe, for
exanpl e, the one disposed at surface 110a, is transparent. The el ectrodes

and organi c_erfiltit? Kg stheperig Syerapaf %rylﬁv%ratwr?fﬁéﬁé)féﬁr%aé}aﬂai kdwhose
refracti andvadic8 BScrdiBcteiddalidnt i al |y p-eater than about 1.5. For exanple, a
transparent el ect r ode
FIG. 3 is a schematic side elevational view of a portion of a nanovoided microstructured
30 layer;
FIG. 3ais a schematic cross-sectional view of a portion of an interface between a first
nanovoided layer and a second layer, demonstrating interpenetration of the second layer with the
first layer;
FIGS. 4a-4c are schematic side or cross-sectional views of optical extraction films that can

35  be used with top-emitting OLEDs;



15made of indiumtin oxide (ITO has a refractive index of about 1.8, and
typical |ight-em ssive organic materials nay have a refractive index in a
range frowoRo®/ase16t. 8. Besi des having a rel atively hi ghPcefusaafliov®ss ndex,
the emtfing region is also typically very thin, for exanple, on the order
of a wavelength of visible |light or |less. For exanple, an I TO el ectrode

| ayer may have a thickness on the order of about 150 nm and an em ssive
organi ¢ | ayer FySaiagechgmitisisidenssiessoisctional vioyorbieh shops howaty afdrendiffesnt hough
of cour sepatdN8tirabfnCRE SME% apR¥dRSa P Lfhitting OLED; | N contrast to the emtting
region, the layers 112, 114 are not only optically thick, that is, have

t hi cknesses suUBSt %Pn‘?F‘é‘IhFVat&rSédétoéFmﬁsnséﬁtl%la\/tfé%w@ﬁbﬁh?wétww|a§?115‘F‘elaI] e, but
they al sqxhayien 6 EAWelapficl Al ©fSmithal OBES; | ess than those of the emtting
regron 110. For exanple, the |ayers 112, 114 may rise glass or plastic
Whose 3t of r act IVE: Kt BseIPRAE e B g ERIR Vievs0! SASPHE nP@f"é’t?leth’t“ﬁ]ea?Bt hi n

e”‘ttlngcﬁﬁﬁh@@LEﬁQm§&£nE&ﬁ@n&ﬂﬂ@nﬂ%ﬁkhﬁrhhﬂﬁ%x@ﬁhbﬁﬁﬂhby the organic
material in one or nore wavegu nodes, depi cted generallﬁ¥|n FIG 1 as

id
a wavegui di ng BPecertighean Cﬁlﬂeprorr%ieectlwréﬁleer eiticpl cxtraqtipp s thag cahs i ed
t o ener gig&y yieoMosaliging®rebsal in the emtting region 110, Iight i's
emtted in all directions. Sone of this light, represented @y g rays
115, propagat d3Gi ff igip pedemptisriidern giossatertial iy Whighthops hew ppyefithes, tferterte

I ayer 011%pakal ddkthc@RAiIRS 6ARR ukdis 8MFstdtbd\h IR LBLHSADMiBAADREDRAN PO ti on of
the emtted |ight becomes trapped in the high refractive index region 110,
propagafrﬂ@“ﬂlong that region as one or nore wavegui di ng nodes represented
by field 116. rierdis gkdhehd@R fdeRh 6L e vAevh bBinGpalal @R {/hidh 2 HafaY S
exponentially as _a function of distance fromthe Boundarres or surfaces
110a, 11@511tt1P&QLEchar begn fprmedhen yeastigyla) epicab*Haction fifct or s such as the
refractive indeg. gishiel-gRcE10peIWRRA rdfiRedi8BE plehibd OAED dhRe;ad] acent
optrcally t hi ck Iayer 112 or 35114, as well as the particul’ar wavegui di ng
mode °f more tiERY adﬁ%sqbﬁlaglclsgdeé)aﬁrﬁ@ﬁ-stegd)nalw ofygggevice that results from an

2012/ 0541H&R %%M@Zpe&aré&é%ﬁ@be@%ﬁmtbelptmattee@pyérﬁtem@@rﬂemn of the field

116 outside of _the region 110 is referred to as an evanescent wave. Tn nost
practical casddG- {risa sipgmaticidsior fraviescetipnalydeve o fsderis? at reiith Somraa oBigal wi t hi n

only a VekiachbdR¥ilm & GcRREERin b1 a?mletdttb 0 premeqmopl&ﬁmngmm anple, in a
boundary region of layer 112 or adj acent the corres ndrng}outer

surface of redifn! OfmanarH%rtr@rrr@stBattslrﬂ“ewﬁwe afpelf ctclpeandy de G.ofb i

vaveengt ilfstiionitkk holwis B that @FinBXA0PAEbe WO th AEIRIAREC-FimchsiHaCHARELIQS OF
| ess, or may be sonewhat greater if the optically thick |layer has a

refracti \ﬁéaneﬂaekletahet erfecterlekegrent it 1061is ¢ misragraph shasringtop visvi ddex

region. fabricate®ateNfl hhiighh sthubRirddnatface 69, ﬁ%éa'ﬂ%rr@ﬁbﬁsh&%trﬁ&%h QRmdd®, sone
of that light travels alaong directions that deviate fromthe t hi el mess axis

or optical axifdUotladtresreptep reppEss Bt mendrd srler e of 2 8HOEH '9b t hat
the li ghtemleln%eteeqtleldh@@tcuetedtcber {A¥86n drhFnodSle BevideGRvhich ak BtRalabl € 1O
escape the OLED 100 into the surrounding air nmedium (note that the "air"
medi ofexrgetion filmrsppplicrl &4 thetsamaOLERe of standard at nospheric air, or
vacuum or a sygbahbend rrrerate %@fﬁﬂ; e BVRAbLIAL! V1 tRa6hmdl QRREGLMEh whRR OF

ot her optrcal component , I{S 115a and 115b are exenplary of this
escaprng‘Pﬁﬁﬁ%omﬁﬁvﬂfngn§P?ﬁ%%@9 ipbtodhgOklier f ace at outer surface 112a at
an angle 01, whicip i@BgsEM bRotoSrast@blving APUEheci® Lifabt 4 MRctutcdRirdcs cdigfib act ed
out of the COLED device and into the surrounding air nedium Ray 115b
strikes tAfEPRE PUBSHYEr face at an angle 03, which is greater than 01 and

closgoto the %thﬁada@’ﬁ][gitﬁatfc@rh r@sytﬁétoaalgaubmanmﬂrj dide @t Witk BRbAtREl t han
the critical 9 such t hat tﬂe refracted t exits into the
1

surr oundrer’itja"élf’? e dt.]ﬁﬁloé?d hergipwih hetpfeypgth %rr@rfg) dqvice@ngd of | ow t hi s

progressi on t GG it 4 aphlh@Gombpd¥es BEEh-hHakaiS SRt OL EDNRvicE BBde vhilibtht hat
escapes the emtting region 110 travels 20a|ong directions that deviate

from t he ®H% Rﬁegeonoﬁlm&@érseareda%re (¢5¢ Fgr2orviEphaiod thsywa AgFeelER devicse t oo

large to be reafiRglarts ot rdredcd Buh@yie Heslchdic [KOMSmendtd. ght ray use strikes the
air interface at an angle 03 that is greater than the critical angle for

Iayeﬁsllz thus causing the ray 115c to be totally internally reflected at
the surface 112 and trapped within the OLED 100. W thus see that |ight can
be trapped within the OLED device 100 in one of two ways: in 25a
wavegui di ng node associated with emttic:ng region 110, and by total internal
reflection (TIR) at an air interface 112a of the device. In both cases, the
trapped light is typically eventually absorbed, and results in reduced

bri ght ness, reduced efficiency, and increased | osses for the OLED 100. W
refer to Iosses assocrated W th Irght trapped |n the entttrng regi on as

. ee—e g .



35 WD 2012/ 054165PCT/ US2011/ 052453 Nanovoi ci ed Layers Exenpl ary
optical extraction filns disclosed herein incorporate at | east one

nanovoi dewlol2aipas4165he nanovoi ded | ayer may i nclude a pl BCaltisee11082453

i nterconnected voids or a network of voids dispersed in a binder. At |east
sonic of the voids in the plurality or network are connected to one

5anot her via hollow tunnels or hollow tunnel -1ike assa es. The voi ds

preferably occup?F’oTA%IEHQﬁ%?glpg%llflr%]f%ﬁwﬁ ENESof the Iayer,

but are indivigdgal heplc%fm 8n SVRithp IERAYARMSiZBshiia §dM@n Jrbfe HaRdaMRhfsdn! ayer
behaves optically like a material of very |ow refractive index, for

exanmpl e, Q2140 he P@@ 190, Videhsmpwbgpithers bottpraigmitting e top-gmsine Qlkp-ar | y
advant agapigiet @ thit/§Sittind réforOR b s&RAI@Yd bAFEn Mo bptlc O,atﬁlcg%%@m af£drygor e
fuIIy belom1 In sone cases, the nanovoided |ayer 10may exhibit a refractive
i ndex Si n 1ayersdhdgel It msinserva a5 hagic lagegs todreey wajgs vepargng exsfe@aw.‘/offonés@anpl e. The
nanovoi degchikiay fioRned %ﬁ@-@ﬂe}bfﬂéﬂaﬂk 1|12813h nﬁ? §er9@zlschrsu§s‘ﬁﬁtfe%§&l W8t the Sther

m crostructured, that is eliberately tailored have a non-snooth or

non-f 1 at EPPIEEE Oxmhe @HE&ﬁ“@ﬁrergé%%ﬂ@?SWa?r lﬁa%te%tln|aé%f§%tw6ﬁ@b%ﬁnﬁﬁﬁ%ﬁﬂ@n t hat
is |ess tdraR dicikialdd ML €14 mBNKE dnlt@IVTBeptREERiE Lindt gds @RSdcu@RETHH FRABLON May
be in a range from50 nanonmeters to 503 m cronmeters, or from5Q nanoneters
to 100 mi'eEembLO vy inglestorsaumers aeveRtinal opganic lavepsrigilored to emit light,of ¢ dosiedt i on
Wit h 16l CSvavélediiflindespWsc ALHLIph R BXBRRLAEN oNBUNOBR aBplicdiRRE G 3bikddTmay be
nanovoi ded | ayer, as well|l as features and characteristics that such |ayers
may exhi BERPlcERY elRetodeathons waipbyalers Y Seintidbyéh tha Asioiutiags I HipeFWbohd t hei r
manuf act Up&erkiftfhg P&idnO Wi takidn€ OBTRAE YorS hPBARE dde ispHid SNbrfARAIALAL T ON XXX
(At torney Docket 6015U8005) entitled "Optical Filnms 20Wth M crostructured
Low Ref r dEfsngeent niche lentsniy sl geginic sipétiag larrasMie hpisallyrmadest graterials whe on even

date herQwﬁ&hv@ﬁ@w@Qﬁghﬁﬁ&ﬁﬁﬁﬂg9§&QMBaBMnﬁ%f@6@&@%pkﬂﬂh&&@%ﬁb%&&Me Turni ng
first to FTG see there an exenplary process 220 of formng

backfll | éEPdﬁﬁﬁ’é‘GWd@chfﬁeéer@ﬂl?iﬁ:&eﬁ?‘@de ey fjakow s §, angdiypigel E@Pﬁ@éﬁ%ﬁdl ng
syst em f QfrgaiRMi@flsUhdyNEy Stehadivh ln@l:;@ﬁlara}%@ fRHOCER. Qaﬁsm&q{auﬁgﬁ di sposi ng
a coating solution Zlgkonto a substrate 216. The 25 substrate 216 is

pr ef er abiT§latvedy high wfractive derihgenpifingregion jrabto tatiemly very tiHe foreppmple, g the

mat eri al ,orddder £ {hvildi g loNGisiBleti3hiCdf NB$ SFor MRS bk IT@Neledbe Ry &y MVESI cal
characterjstics that nake it suitable for use as a free- standlng SUF port
filmor chiFkneeyonith exleref pkout L0gmt: gpd angysbe orgapic dayst muphaye g Hickasss path

depi gped drdﬂ:rEfa@out21ooImpal%hgwofcwgém@er%u&slws@strﬁay% u§@l”| er film if made
wi th a conventional |ight-transm ssjve éner mat eri al , has a physical

t hi ckness of df cpuiggiito the gpBtingregay ﬂ(ealwml ol 14@ra nof eptspisicaly thick ghdlds o

have suf fa¢d @Rkncsick @lﬂﬂ{aﬂtlatl@ REtcHMUPLR el REAGE $SBR Hgﬁt Bll?tth'lesb h&@- roll
prOCGSSI ng. s stem and agal n or sub ect ed one

conver t i AgTsHET B ikat e@d%sﬁthag Pb@ﬁfi qfithe fanitgipg Eﬁgwadﬂ%t E%@Xfimﬁl% therlaierﬁuldam

sheet s or11%ﬁ9@§&lprwetgn@wr pRXEOSIRIsY RAUAIVE iRIBHR Gn S RAE B NG, ACHFkdehe OF
war pin In sone cases the coating solution 215 may be applied

usi ng?5a dhig epitingiggign L0 cgn &ippy pomef dhe lghbqn@tt?ddory ths g Ematetil iQgigOF Fgre

sol uti on Zl8euidifd MERS, c@ gé@fam;abm M8 £hbuiding cRetfa Fﬁéﬁ’k fieilingp. WO
2012/ 054165PCT/ 82011/0 2453 the process 220 1ncludes polynerizing the

pol ymer i Z8BinelsricarTent Ivanplicd o Ffeer%at%l? PrgerdoPRiesia i tkagnv@g.r?gl%ﬂtﬂalé& thith a

m cr or epldnfi@ddi i@ Al Hl@&hon%lgoﬁl@oiftﬁfs MR, Jé}é SRl bUGEMEBM 1h RYRIpaghdQ in SRINERL 1S
t hen renoved, for exanp an oven fromthe mcrostructured |ayer

230 to fdhwgowﬁéfal&tw&aw@? %tl%yﬁbpt}r"ééli“a ieaqage thy emittigdpgiohl0pr ocess 220

i ncl udes MicHRPSdrieh & IRAUNART 1ight H&&rﬁésltﬁgpe%‘}g)m@ mlgitrmcﬂ@enﬁ&e@lrgg% 110,
m crostructured article 240 to form a nanovoi ded. m crost ruct ured

articl e 2BgPagefing 2lons (PAEFFIEN Hefng P HPrewse gdéod&mﬂpreé@te&sbwﬁﬁldal 8i 8h244 such

as a sl otfikPAleypicile hﬁschrﬁe%(@l@étﬁthaﬂ(!{ec@é cQoneftiafy hd ARh@ioABANStancE MBmAR YTeri ¢
mat eri al 245 may alternatlvel% m nated onto the nanovoi ded

mi cr ost r ROrRdedes A pyrfacpsel 192,d 19 ﬂ?eoqefﬁﬂf plhhdasax dirartingAndrges pusk euthed articl e

250. 10Therd¥ticd @AGRIifGalck 0ftwb@he 1%%1311 & Pande@hAddYac &S Bhtithllyintek MyeiPl 1RGAt | on
tool .. _The m croreplication tool is illustrated as a roll where the

m cr oPepl ilda6H a%tli‘FP%}E@ﬂ?féVac‘f?ﬁuE% ededt e then opgmodgs pupppited; dhg| gq
contenplated that the mcroreplication apparatus can include a snooth rol
where the mcroreplication tool is a structured surface of the substrate

216 that contacts the coating solution 215. The illustrated
m croreplication tool 212 includes a nip roll 221 15and a take-away rol
222. A curing source 225, such as a bank of UV lights, is illustrated as

bei ng



directed toward the substrate 216 and coating solution 215 while the
coating solution 215 is in contact with the mcroreplication tool 212 to
form a mwoastyoietesr ed | ayer 230. In sone enbodi nents, Phe/usadsosase 216
can transmt the curing light to the coating solution 215 to cure the
coating solution 215 and formthe mcrostructured | ayer 230. in other
enbodi nents the curing 20source 225 is a_heat source and the coating

sol ut i on 2n&entdly deraxmg pere pehe Bl # Houradea thgiregiomb Oéyiefergd wosree 225 can
be di sposgshegichf\dveas thbsk gﬁ&tfcaltd%ﬁ%s Qhe Wiahdibdht WHR dah 66 QGRS A PResé®Ol 212,
When the curing source 225 is dj sposed within the mcroreplication tool
212, t he it ofeprie shortglistangs et thﬁl?m&%lﬁ regionnd i for expgple. ipa bP‘Fféia’c”Yd%l‘i’fh‘gf

sol uti on 12%51{20rq44 £dee tmwegfwncﬁfpg MitdrQArrR A 5 RBEN | AU dRdtWIBsdThiekiRSd hajct ur ed
| ayer 230. 25The processes to t he nanovoi ded m crostnjctured articles
can i Acl bgen&sdrdar shnraysieash o§yingledichin©r expamlcaen e stdetefrlanigionteist pHess,

pol ymer i ZaklaQBe SdnRRdhat dréicr @XANTYtially! ticle RPE HaASRFractRe RAST thef Slost BRNALS
applied to the nanovoi ded m crostructured article foll ow ng the sol vent
removal <t &) highjelastiee Bdeydesitent s, these processes can include additional

processing equiinEitht EBMRRsdaesteniftiad Heidnaio, @Bmw@ﬂhm%@tdmmg gbhal s,
including, for exanple, idler rolls, tensionin Osteering

mechani s rﬁ%rectsom thatdsvinfedionithe thigkaghs #6s FEPEA 261 Oﬁth%l%ElP Ad@pegngles F@fﬁrﬁ ation

rol 150 anghatlBRough kEthatlthe BOANR rSRSRE oud JTERSayRf PRE %ﬁaﬂlgaaﬁ thils bl ZfesBipt HiRr ent
web paths, coating techniques, polynerization apparatu posi ti oni ng of

pol ymer i ﬁt%hﬂﬂdst@élﬁeawgun rﬁl&dmﬁﬂgte thed i ¥ gRgdirgn SEHIET b b4y refgido #he

l'i ke, andns ofRardfrdlafosPIREE bRNE vARSA drReditdRA i e RPIIRN ualll ReaSiPsE Cases,
one, sone, Or aII steps of the process can be carried out as a

"rol | - t o-abgryer 12} ereslics onfisakcapmpongnt. |Ldght rays k5 apgh115b are exemplary of this

2012/ 054]6@(,541?% ’ﬁlgl§2 %}/1%%%5 O b i faSUR e AL BradeSI 1@§-§tsa%(An§IQ 0o 'vllg{&h @ngle
substanti al 'y conti nuous grocess and ends up on another roll or
convdpt eds ynal @h@mp gt the dehtasrefrprged o phithe AGED devigarrad it the surroundmg Fr ni ng
now to F.Ingédl lcf\Sﬁ gtﬁkéshﬁer 1%6%&%% dn e %41;1]1%1'19 %@&ter thﬁl\% Qhd (309%95 {h'eon of
a nanovoi de nl ostructure ayer tﬁ € nanovoi
nicrostrumﬁuﬂem¥¢&Wéwmsogbw§nEsM#ﬂsmndkedmmévpngmimmkpwahamt@mﬁéMMgbrfaces
330, 332, glh{ ex'1t§ 1nltj(ptﬂce ELﬁ'l%ongcqn%E Qﬁ&iecﬁ'&m lateaar§eglr %Q&m fan%l@ elf%tfglﬁoﬁfﬁ{ 51§1§ 0, 332
is nlcrostructured fo formtelier or extraction features as discussed
further Hehghtmy HRe sl sas thatramo vbihe Bght Al T thatsiseapest the @nllttingy@@ BO®avakc| ude a
plurality, in a
Bi naa? e O ERERRAETLE RO KA BlosortphiBLls B LES 1irl, HLEPRRERE o
connect edod brge mtebfamﬁmdmlrout/ofahdqlej/dr éw t Undight ray 115@ Istrisos th@mnmterﬂaqtd@ apass ag es.
The |nterc ted VOl an |nt erco d S
o vent - CRar O B S furt el PR RRIRROha0y uiit) B RS ASCREE HS
out of t heteffnalllymeﬂgctetdhetm‘mﬂface)illZO:inkleﬂapp’Eﬂa&mhmaﬁé @LERUAI.ng of the

pol ymeri zabl e twork .of. voi dg 320, .can pe regarded to.include
ot or connect ed s Btue gt [ 0B Bt he O Ee iRl e LSRR ol? il "5y ¢
not JZSne(aex&s/aguldhyg mbxmzasmkla&kilmmtmmng apoh d10, |aaxt bbyi total mtees: reHemloazKHRv)hte in
sonme cases, Yy el ude (0 er 110l st L ng- 1 i ke
obj ect s taﬁaa} r 1r|1t%rg ce (1:1{9a g%e dgwce IP BSth ca%?gll 3 p]geedd} hIlsP 1capy thellntg 11 s Some
d|sclosedmnmhﬁynﬁdeﬂhmmcab@ﬂﬂm@hMﬂenemmy@ﬂﬁmmnghmdammmkmﬂ@$®fmehsObED
sot “or  nafon P TorRs bR B PRS00 s YRLOR ADSE R S RS T o e
pI ur al i t iaa8 logses s@bGated w1thnh§1t cappaé by ER atdhcdsiter A0 faheo fitbnOVBD dedhbstrate

OB TSR AR B AL S A%, B PR ng €1 Q3P R gnnect ed
voi ds, neani e a5 "are ot "connect to ot het “Voi ad Via tunnel s.
I n cases(ﬂhﬁmmMaomﬂmgmn¢hgmemmmd3m3agnk¢@mﬁmﬁmmgdwnmmrmo¢amga@bs t hat
extend froma fi.r of, SuU pposed second mgj or surface
332 of thep%gﬁ%bb?legpklﬁgﬁ @ ?ggﬁé8]§& 0 may be described as being a
porous | ayer. 25Sone of the voi ds can re5|de at or interrupt a surface of
t he nanovoi ded m crostructured | ayer and can be considered to be surface
voi ds. For exanple, in the exenplary nanovoided m crostructured |ayer 300,
voi d$$5320D and 320E reside at second major surface 332 of the nanovoi ded

m crostructured | ayer and can be regarded as surface voids 320D and 320E,
and voids 320F and 320G reside at first major surface 330 of the nanovoi ded
m crostructured | ayer and can 30be reg grded as surface voids 320F and 320G
Sonme of the voids, such as voids 320B and 320C, are disposed within the
interior of the oprlcal filmand away fromthe exterior surfaces of the
optical film and can thus be regarded as interior voids 320B and 320C even
though an interior void may be connected to a major surface via one or nore

drlven



Voi ds 320 have a size dl that can generally be controlled by choosing

sui tabl e 35conposition and fabrication, such as coating, drying, and curing
condi ti ors0 2bre/igerséral , dl can be WO 2012/ 054165PCT/ USPOTAISOB2ASASRNY
desired value in any desired range of values. For exanple, in some cases,

at least a mapjority of the voids, such as at |east 60% or 70% or 80% or 90%
or 95% of the voids, have a size that is in a desired range. For exanple,
in sone cases, ‘@PWW%ﬁéﬂW%Snajorlty of the voids, such as at |east 60% or
700% or 80% orEx%prpa@ropaéa"{cemacﬁé}pﬁ%@ugaosehay@manc%@eaté Nadastl oBe RBTovEELAL T

t han about 10 microneters, 5or not greater than about 7, or 5, or 4, or 3,
or 2, or layergFheqanovoiied iy maydnchiispediugality of intercoprectedh Heidsor @ @gtwork ‘ﬁl"@]dél ity
of intercopBestiad biRbdA 320 RS ofMle PN BUR P BhIHy BF ncdPRSTR aBic8het Bdio dn§ NOt
greater than about 5 m croneters, or not greater than about 4 mcroneters,
or noP gridahervia helaw Alwel onholow tenek diedassagesnbhe yidspredralinaseumpdut 2

m cromet %ﬁimeﬁﬂy R HAERALE thelvDRMcAPMYlaydr, BhtGFORBL@hallyQF a B4 88t 84, dohan
about 0.7 microneters, or not greater than about 0.5 microneters. 10ln some
cases, sd]ﬁ@é thyfapqygidge jayer bewe%@ﬂsﬂbfflﬂ%ﬁéﬁfewl oy flovs e frgiiye indgeifer pri mary

opti cal ekfi8pt, 165 tHaf 136 QHER thdkel. BISREh 1y &r i€ firfi@tdrly\iBvant &9&5 foMaEd if aB ONE
ot her voids can reduce the effective index and scatter [ight, while stil

some ot hewticapeEciaipes demenseatehmnery fillyrbglovs dn somag casgiethe ngspyeidadyaspt i cal

ef feq i sndyxBibAh t@factiveGidex il DrafQMBor RISH 1.3 oVRIAS.18FL1. 5 Ub Tk sh@Bt Tie sal |
as to reduce the effective refractive jindex wthout appreciably scattering
li ght. 157AYOlsHEYEIPaderably 8sgé terti eraumaiar Jualpesrthal dromigteyirycived. B3 Susef ul

t hi cknesyetiberdtéll ReBfed @) Bl 0 G6n-BRIMESMoh b Slur R valh rSlt FaREes IR AR BReoNd
maj or surface 332). Tn many enbodi nents the nanovoi ded m ¢crostructured

| ayer mayPtRRSngoR ﬁ?fdkﬁé%ﬂgaﬂ milliggten, andp pormegases theph leat ook MOBiRHARYHE not

| ess t han, abewt 9880 RonRler 900 ARSorkdRAL 0AROH 50 harBRtcR T 100 mickornd Jr@dge from
0.1 to 10 micronmeters, or in a range from1l to 100 microneters. 20l n sone
cased? t e MABTRRIG @dd™iEo8r ost ruct ured | ayer may be thick enough so that the

nanovoi ded M qhe&inkch WiBFIGRYEd G AR IQARRRABMard MthoddbreiiREtg\we
refractive index that can he exp ressed in terns of the indices of

ref ract i dnQPidehBygorsae!lan fratures aBii phagcterigficy thehick, by grs Bipy pevtit Jyrthere

fraction &{aﬂpfégﬁaing ){ultabl@ nm&dgrﬁlﬁﬁ'&s arldIReit i e kbREScaR be Fdﬂﬁd ﬁ%@ﬁﬁféh ed
m crostructured |ayer is not | ess than about 500 nm or | ess t han about

1, 000 nmatisied UsS. Patﬁlaépwlrcaﬁ*ﬁnﬂ% %@0%@%6%9@@00%@%01 OptihEITmY om 500

nm t @0100wh SQ6RLENRd LERR B%¥ARB IiRlex NanovoidedWBRrstah@ Méo@STHeR M6 dHi&Ldnos ed
nanovoi ded m crostructured Iayer are sufficiently small and t he nanovoi ded

mi cr ost r REUIRhTRYBand Bieagpricl PRy TRTFPRIE M {H@YFShovoi ded ni crost ruct ur ed

| ayer has an efyf@gd i ﬁMtetolFﬁf}fB Wk adithete Qﬁéxlemblfa@tﬁ&iasmo%K%hﬁﬁ%@@aékﬁllecﬁqtr =
(f)81, (1) 30where c Ch are ermttivities of e. voids and the
bi nder r é@b%veﬂe@@womaﬁare@ a‘i“§let2ﬁ‘é a%? eﬁf@smné@g PBHFLIer MARRESITEE STk t he

nanovoi degiddsC MRS hrostsd 208kt 1hRY 8posind a Sbiilg SASERH 215 bio @kiiReht Vs, rekr act i ve
|nde§jneIT of the nanovaided mcrostructured | ayer can be expressed as: 2

nel f 22 (fsubsfrate 244 is pygfargifye ﬂv@@é@mémm&ww%ﬂ%sw&@%e mﬁfé% ¢, and ns

are the rfﬁ&ﬁﬁ@&%ﬂ@ndkﬂéﬂ;‘s 8 éﬁtldnhzﬁld\bﬂieﬂﬁhy@iaﬁ 18t BHsNEQ e hARPR MR | N
sone cases, such as when t e difference between the jndices of refraction

of the voPe® LiE-Stardingsupaett fijng ogarrier Bjnpinrpl tasiodprocesiig setqmscpshas thahdex of

t he nanovgpided 1HTFIGYQST§MII§J rsﬁéjl d swselratecoaeada@f fﬁﬁplrfgféum&micmeﬂufaﬁalﬁ ghtl ow ng
expression: Snett. (f+ ( cases, the effective

i ndex of t’faﬁ%mﬁ%Y?dX?WéHlaW%‘r]%'f‘étarpbl‘fﬂcﬁ]r@tikll‘eé%/%frat legstPfQQZ e fdowelght ed

aver age ahiclohRicksN e &S t@have Qfliacts@dh ﬂ’lfto B@@andﬁh&j %rcs%@sged inenddbneeroll For
exanpl e, a nanovoi ded m crostructure ger that has a void volune fraction

of 500% d¥iRfFesingisHier 3 yeuKy agpin Phwé;@cté O Q@E PHRPTC GANVGFing OBerpipds (Hch as
ef f ect i valiltd8xsiefulAROWho hdidRuAShéeRl s Pledds pdithyit 8QERHE Qfinteded s@AchiRN)

curling, or warping.
In some cases the coating solution 215 may be applied using a die 214 such as a slot coater

35  die for example. The coating solution 215 includes a polymerizable material and a solvent. Then



10 effective index of about 1.27 as calculated by the nore precise equation
(2). In sone exenplary enbodi nents the nanovoi ded m crostructured | ayer may
have an eWwbeeotzoseiésefractive index in a range from 1. 15PCoO/UB2@3/05153 f r om
1.15 to 1.3, but values outside these ranges are al so contenpl at ed.

The nanovoi dcd | ayer 300 of FIG 3 is also shown to include, in addition to
the plurality of interconnected voids or network of voids 320 dispersed in

t he bi ndehe Begss 2 gdeoplymggizinedhs RWIZ&%%%@%W}I%%@%%Sqiiltsoaéﬂé &d

subst ant ijakéfactRich @ bfdrdre cﬁt’ﬁinﬁo&lh@ R 1oes mRAtructured layerNBROPdnk £ligs 340
have a size d2 that can be any desired value in any desired range of

val ues. R&ROwdRprampichygp ﬁ’(fﬁn(:zé% dionyihe miggesrugiuied faypr 33 toform Hé‘aft?é(Plﬁ?‘kl es,

such as ahiclofRftur@OHQs 2400 %meH 8P QL Zﬁﬂrfélﬂ?des ARJ6sak atpBRRAE thelifiD4s bave a
size that is in_a desired range. For ng ., i n sone cases, at |east a
aste

maj or Pty tBF nppwiged ml?reqt@gtureéaewleééﬂ & fort% kfiHod ngpovaisgl srcrgtustyied gtishcor 95%
20 of thesparhd gdi@soric havSiaf243ings bk Agdlicl ﬁsnﬁ’g)zt di0 LLAIBHK adt AN cahQUc for

m croneter, or not %reater t han about 700, or, 500, or 200, or 100, or 50
nanonet ersample, as Byatersuitable meas. oThenglvimepic BricHal4 By piqraasivdy be kgytatedve an
aver age RAlthChfowid nhibdltrdcRirddQtticl 28t Sforh ARMaARBKEd hiddsGLQHRY SficleOr not
greater than about 700, or 500, or 200, or 100, or 50 nanoneters. In sone
cases, s of the nanoparticics can be sufficiently small so that they
primapi |y 25affigelicrbRpL@LESEEbIME chiffd A% hichd nlitdR)licabtl b6, 395"3 ot her
nanoparticles can affect the effective index and scatter ght, while stil
sone ot hePicpaptivaiPr oLt indlugistarioe s B YRPq tBF Geraercpinn Stﬂﬁ@? 5 rthrar v

optical ekfgbtofitif b@ §e&alidoRbntbh@Ried that the micrdrBRicRRMAPFHAthCaf hcRADa MY Or may
not be functlonallzed I.n sone cases, sone, nost, or substantially all of

t he nanoparptheplbyherg the migrerlicationneling susiuasdsutase ohihe systrate gtithitonal i zed.

I n 30S0MeoR@A&EHe cSHAR solRRL215. Wheﬁﬂ&%ﬁt@ﬂ‘hﬁ&&&pﬁwﬂﬁdn 1641 zﬁmcmamﬂﬁfr foligefs 340
arc functlonallzal or surface treated so that th di spersed in a

desi rled <81 ¢ &ke-28py BilAder A SUHAVERS #o; Sush ayebapk of {Wlhéhtsdﬁ uwbtrw@ as pging ope

enbodi Nenf;SeteNRNIRARE JubltRE ﬁéen@@amkgesow%ﬁ bey whilel tRcdob @Rbivasd215as mhem cal Iy
bond to binder 310. For exanp nanqgparti cics such as_nanoparticle 340A,

can be suPREHEviths Iflic@aepéﬂsat@w%@é tp F(é’%}taéwcw&r%aw lpenedd- Jasifctional iti es
Or  gr oupSndB@intehts Ghembaatd M 6 RaNEhnkQit ARRLALENhBLAhe MAMAPBItibELBS0 6@8 tHe
functionalized with multi ple chem stries, as desired. In such WO

2012/ 054 festw@fplwg%zﬂf/ae@@méhed%@étmcalreq laves 230, Ia Ptjlﬁli pbodinents thecuring, of
nanopar t isehies2340Anak SuelR Rl M3 kbatin® MIRDnL5 LR IR NH&Mmal dufinS ABBIAATRS |
nanoparticles 340 do not have reactive functignalities to chem cally bond

t 0 bi ndercuEagsourcs 223 ¢4 be dsresed ithapsdiivsiratrder vain e migeepigdandatZ2-pound to

bi nder 31®hen the &1 s&ﬁ&%s 1s&9§ﬂ5356@f\x11ﬂ1ﬁﬁhé1ﬁﬂﬁﬂ%ﬂi&tfbhe&l Bﬁl\/ﬁlelhﬁ%iebl\(&n&{ oups
and ot hers do_not have breactive groups. An ensenble nanopartlcles can

i ncl ude do9H2k? tandragymitiighb to th eogting Wém%&lﬁfﬁﬁ?réél%?tqo?rtélgﬁalr‘lfl?lb?lé§n fopry the
dIfferenhnﬁﬂﬁﬁﬁu@&uﬂﬁﬁh3m|es (for exanple, silica and zirconiumoxide). In
sone cases, the nanoparticles may include surface treated silica

nanopart i cl es.The processesmé)rwa%r&a?‘tw@fiégcrﬂ%vmﬁ@d Arisley s nclpderdfitienal ¢ es,

organi ¢ (fr&kss@sanp! fich ROUYNMIRE &)fuMRPPRFEAAT@Sstcp® Tortex@QPRT MAbineBased, a0Or gani ¢
and inorgani c nangparticles. Furthernore, the lgnano articles nay be porous
parti cl edOsHEra SR thanplisdio dhe naggyojdgd pagrestruptasd a%lFlecfQﬂ?B‘i“r%dP‘f %ﬂ%‘senftlﬁ@P%f

Exanpl es sQ’{p Wdo%Qhﬁod1ﬁ@ﬁtﬂ%s@pﬁ@é§%@@iﬂ1h&h&5adﬂlﬂ§ﬁam91%ce%k1hg Equiphist dRindln OXi de
nanopartlc es |nclud|ngb2|rcon|a titania, ceria umi na, iron oxide,

vanadi a, tafeiPFRsHgHion,ef web-baspdmaterigfe incliding f?ar@mpieeéﬂer 1. Esieningarisons

t her gof . sfRBnAOBRALH, Glr @5 GARrNAVICaArRY 6F AGR: tRAfets, Bindhatlb 2B @hd eSS than
about 1000 nm or |ess than about 100 or. 50 mm, or the average may be in a

range fr diF1BaRBECasss. thessossses g tiligsdikee]ivel Ppths. seatingfechiiays.om about 5 t o

25 nm |'f Joi@ncRaiR apfaklsesosiioRin 2O BG4t on afifar X I HANCER S &8GR N A
di mensi on of the ag 9re gated particle can be wthin any of these ranges, and

can al so SBgiogh aad &F liks anfl soBs 19{ the oeytiphs 4@??@%11@&%@?%% OMOCATFHEOHe,

nanopar t isghmeSor aB bek AshePhrdcbGRablathddBUNR 2 “WILD-rPIM Jiededs WHedh At@&St dnban
about 50 nmare al so included, such as CAB-0-SPERSE111 PG 002 funed silica,

CAB- 0- SPERSE*1 2017A finned 205|I|ca and CAB- 0- SPERSE(r) PG 003 funed
al um na, avail able from Cabot Co. Boston, MA.
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The nanoparticles may include surface groups selected fromthe group

consi sting of hydrophobic groups, hydrophilic groups, and conbi nati ons

t her eof . wWDtermaticsel y, the nanoparticles may include s@ecfaseoigossps
derived froman agent selected fromthe group consisting of a silane,
organi c acid, organic base, and conbinations thereof. In other enbodi nents,
t he 25nanopart|cles i ncl ude organosi | surface groups derived from an
agent sel’8tpeudiitsis paesddghirowsy aéah%'c}nélﬁli/.‘/r@n@woaq ¥ggesy qng sads uarowag?theé fedl or
aIkoxyS|h@gﬁwmﬁﬂqugggghgq&h@aﬁg ﬂ@ﬁ@qhﬂwlme The term "surface-nodified
nanoparticle” refers to a particle that includes surface groups attached to
the surface of TWiHge #aY OiFdP e’ Wries teie £ sdematicripyationsbyiey of heorétietfact er of the

parti cl e.nadfiBide&miBostmatlcll Gy&r 380 aKﬁB&{gh th’éﬁh@novﬁﬁé& Itk @urddtded 12581390 ist 0 the
maxi mum cr oss-sectional di nension 30 0 article. If the particle is

prese At iiustrpted haying typ PRAM QYT By 33? H’ézatl p Hiderstpaf that ptdeags Oélﬁﬁf bp outging

‘par ti cl euFh@e330] 83286 mi@osdt@uBYd M FEQS SxBPRAS RMBies 8 IROKEPRBE t he
aggregate. |n sone cases, particles can be | arge aspect ratio aggregates of
nanopartﬂ@ﬁ@é such as funed silica particles. The surface-nodified

nanoparticl es i@ ﬁla@q{aﬁ%ﬁieg hRURsuthRl 1yed i3y 1nE:1|ﬂ§e SHltdBiyloff ti¥erconnected
characteristics of the nangparticles. The surface groups are generally

sel ect ed Woils Pé%f‘éworkwévcs%’alﬁtdrsewéedd@ ABRdsTION S M ket somes of sy IS8 uti on. 1 n
one guboGjIRIRY or tifork WelcBERcOH RURS afditr PR holl¥d R8AA Q6P Redd WR2011/ 052453

selected to associate or react with at | east one conponent of the coating
sol ut i on,P2p532Pe ¢ BBteEroptrsist deids papbrihercpupt obin infsecopraciprurps A golian et k.

A vari et yio@fed et bpds o@g@au?\eaaté@ﬂahle afdhat MR ifiven Gt SR AMIHYAEEoveR or other
nanoparticles includin or exanpl e, adding a surface nodifying agent to
nanopar t i"BaB%saf{ef giring e P@lmrﬂﬁza?ﬁénaf%#akn%@ ngtwepkgfigrelds 330 can beicpyrieip

di sper si qpjludRnte@blneMbd ebidshe psif Saae320edk kydwidn 288Nt ThOvEigAGE nM th the
nanopartlcles Q her. useful surface nodification processes are descri bed
in, fior awsgsrily frog ofall paespdorpagiyylategsFqriganple isomesosss, 9581dmysneyds )

The nanopae bi BB SmAMYibR EorRIrR guﬁt@%bd‘ﬂs tﬁlﬂﬁncfllﬂfenﬂopéxa&pfeoi bigddlaha/shi sper si On
Exanpl es of useful comercia avai l.abl e unnodified silica starting

ot er | al SAPRTlse SRmRlo PR ST RiroCSTer s e PN GRdbr t he
product dgsicanRbt®RsdNae@iplOf@y o0& Qoidd ABlle 1R 3R inkcddll set 8NrwloskBeCol | oi dal
silica from Nal co Chem cal Co. hbperV|IIe [ll; the organosilica_ under the
product rBREOIEAeETINENC ¢asgx. ipdglition tomultiple plplides. ogets W@T"WF“%YPWA— ST
sol s 2or O%Maﬁme@ﬂﬁ%ﬁﬁkmﬁaﬁﬁeﬁﬁa so ikt ralﬁ$o{aasl;ea beunohtadied Vdids, ST- 40,
ST-50, ST-20L, ST-C, ST-N, ST-0, ST-QL, ST- UP, and ST-OUP, also from
Ni ssan CHBSHEE anie voidsareot CRREedR, Oﬂﬂexvm%\@a {epeihtin gsenvhese ppetwork of
pol ymer i 2apls 820 R8¢ bilor tdrd ARARA tRat @;lt@ﬁl fﬁﬁﬂa ﬁl@ﬂgﬂoﬂc dhﬁ'ﬁ@e@b@wan?{@pgsgd 40: 60,
50: 50, 55:45, 60:40, 70:30, 80:20. or : referred, ranges of
Wt % of narpameoE Fekes 3Rqd theranevaidsd, {aw?fét%' 5&1/6 k‘s\?éﬁiréwi mf%b ST B 2nei ght |
and can gppredyen the density and size of the nanoparticles used. In sone
cases, the nanov0|ded m crostructured | ayer 300 may have a | ow optical haze

20valde. In suomeadisyoids g regidejat a infgeyRS agprfacp af ﬁhaa%\?mlé@dmﬁwé%%%ct ur ed

| ayer maylaReaiitafBE &nkind8d AR UEfRYE0id). MPGhHRL Bfthd HampRBAMhovbided- 5, 3,
2.5, 2, 1.5, or 1% For I|ight nornalhﬁ%|n0|dent on nanovoi ded

M cr ost r UBETPERg el fayer %VOI Dir0Paf SHE weidgatyeconhmainsswiepetdgiod e ndi cat ed)

refer to dah®oldl hﬁ)cr@sftru&t&%d o anaitdd RAedat @0 bs {ubBlec WaNi3a®E end mm dlagofagr mal
direction by nore than 4 degrees to the total transmtted || | ndex of

refract i off0¥ard2IGsidans figt g‘&ﬂ"b%’é@"@f§3I0r?§thﬁﬁEPOIVa‘;(ﬂ%dr@10%9“%6‘%%}’%&%?2‘% by

any st aJé|r@gaf@ai[a]sssurfﬁu%rvoﬁfé 300H $d 3G6Gnlorﬁe M&Bé 'l'(ﬁd%nsd(ypﬁlﬁxl'md%@i@B Bkd 0rCoupl er,
avai l abl e from Metricon, Corp er m Opt i cal transnlttance

n
clarity, mdsnescevithi the integior fﬂifée %ﬂﬂ%ﬁ%@é&d ?Wa.‘/rﬁ@naﬁl?ae)fta%%r ®erPidicso be

nmeasur ed dpyicaRn, M LA bREARIcd fhtcBXAIRE 820B!81dBY0@ cHdRsRaMinRs haze
neter, avail able from BYKGardi ner, Silver Springs, MD. In sone
cases, t HOIHANRISPESHCH{OA BYPTYERdGVEPIe 89’@?’“3’@@ Ri$s have a high opti cal

haze. In 30suchig20 Rhavclahclaa g oy deh@alRanRQURIMedbtRbasd Juussisr ed | ayer 300
is a%sleast about 40%. or at |east about 50, 60, 70, 80, 90, or 95%

composition and fabrication, such as coating, drying, and curing conditions.’ In general, d1 can be

-10 -



In general, the nanovoi ded mcrostructured | ayer 300 can have any porosity
or void volune fraction that may be desirable in an application. In sone
cases, thwowvolunseiefracti on of plurality of voids 320 i nPChaSe@noymssed

m crostructured layer 300 is at | east about 10% or at |east 35about 20,

30, 40, 50, 60, 70, 80, or 90% Bi nder 310 can be or include any
material that may be desirable in _an ap Ellcatlon For exan? bi nder 310
can be a A gefired valueyn anyidesiasd rane R KU o F X 3MpI6| 1Ty PRIHC caggyc lea amagqris e | nked

pol ymer . théBRNKERbs at Riafi@8% o3 30GRB0RSr GUY 0Py HBRd ZAR! BavBRERE ihdl is insiCh as
a polynerjzable material that is radiation-curable. In some enbodi ments

bi nder 31sitcdrianse EHEXHHNG MbTIELBIce ableat @ Makrity efibavoids, el ay et io9%RIr e
mat erial Hohadr §0% dr 06, HRbY vEME ABLE have a size thaPRINVIBEH G A 8bIRY GHi@dmAd) can
be any pol ynerizable material that can be polynerized by various

convent i GYAP EFHE HI2R abMRT BRI & 4 ¢1ler 4 g8 1-@af-7 &0-FRKEMESY yer i zat i on

techni ques, Whigdn&@BesPepilAlifyl RiRIcRBRREIGRds ¥20 Kl @h FRYdg¥ woillor Poke ASE thiti C
radi ati on. Processes using actinic radiation include, for exanple, visible

and ul t r dyRYigeEseter thgmabouts] Bicrqmsierh Qapqt EEdicR R ORHHMCERSISIR LT BN &0t her eof |
anong ot hgin a%ﬁrzsmlcrm@tefgew@t gleﬁ&r t%laﬁbgﬁrﬂn%%ln%& Sradt Q@at&aﬁarnlaﬁanqut in

i ncl ude, for exanple, vent %nerlzatlon mui si on %nerlzatlon
suspensi dRCIBICIEROF P%a%fqatsﬁthalbehovet HOMAYRGIS ST B, gre&ﬁath@hébquf & MiGRPGEHS ¢

radi api on cur ahkendBEQ! dodleDf tHAGhMGan PR IOHEBE Sy A sb RAChEY Fridd, MRl S, and
pol ymers of acryl ates, nethacryl ates, urethanes, epoxies, and the |ike.
Repr esenteéﬁe?t\ﬁewé%ﬁepqhé§ff?9rlvep5§e<ttwmnée>i«a Adilasqnisrpticy V%}Bﬂ @n gidyeride effictivbl e i n
the practih&R ofd schi@ 11@ﬁte§ﬁ‘1ﬂ'ktst1ﬁ|s§rﬁé QEMBidk Bl %@@fﬁ%ﬁ%mage Q4as th&t frhgpi cal Iy
unsat ur at ed ?rou ps stch as (meth)acryl ate groups,. olefinic carboncarbon
doubl e bomaea! etiget {iteysegttelighipdn soxesases thstvRigh ar§t89fﬁ@ﬁ@ Yoptstlgg to reduce the

(met h) acreyﬁeame@&ragﬁ@u&&x“ﬁﬂﬁ@{n%@:&m}gkmg livhtny! ether groups,

conbi nati ons of these, and Free radically m£O| nerlzable gr oups

are pref er r ed. ThemarypideEsertirvrsed lay e 300 mpy haye gay wefuhthickness Fdacascr y I at e

and 20metHamey bl &nfiidl Glajo? BakacEBIOMB k& on®hbjSOIRHES 33810n P&h* BBbslim@Rd 1 n
particular, multifunctional nononmers that can forma crosslinlced network

upon pol yhﬁw‘aoeqeéﬂneraﬁms@mdé@ar mayhay aifickness thigatds pot lephdangiopiiingap)| e
mat eri al Syr&aeds Mah WblRt 800X haiN&s Han ARIAONBH(SHm, O nG08RISronMd (P@I YTEr S;
however the materials shoul'd be at | east partlally soluble in at | east one
sol vent . TROBSHE. enBedgeHPE | te A Histosiciest s shoul d be soluble in the

sol vet NoNoNBh sfh&dakkdsCihe AamoPdi¥@NhicofuchRBediyer 1@l BeMick thaish k@maBha sol ution
with the desired polynerizable material. The solvent can be a polar or a

non- pol art@agyoiss fm"r‘%ftfﬁ?t@lﬁd ke empapsrtly hagag efiectivg refaqtygindgs Hh?‘trf@n poi nt

sol vent, Rp@sstNinSOIR oM i dIB O 1 Sfrdcbn Shy®IMs ahﬂl e waRS:, Adthetdid & pfe sever al
solvents he sol vent or. solvent m xture may be sel ected so that the

m cr ost r dOftRedECtionEPorsly- ik gases t@tthlplggg%of phernepoypidgd m&%%rraﬁvréd [aert he

sol vent (i9hotddss the@SouOi® n@f of AR 1SOhMEMoSt 1,0003nS 8 MaRMnBIsIUIg)o | N sone
30en2§d|nents the solvent mxture can be a m xture oﬁ a solvent and a

non- <8l veREToRBiers P g Engripm 4% e tod{lapiciometers, i mple-t i cul ar  embodi ment |

the insol ubl e WRIMABVoid5BA b UKCIERA nBRVEdE MRS GIINREBIaRN @fe sRO Y sniBitanll X
havi ng pol ymer chain |inkages that provide the three dinensional franmework.

The pol yr%?naeﬂ‘év@?dmwfk%ﬁlé@reééwew pientlyehigl ke rapey oited figoset s {aveict ur ed
| ayer 23QGaahd &feciviPRMAkivR] ¢ Efmt@glbg@ggmssedvg@ 2012/ 054165PCT/ US2011/ 052453
In sone cases, solvent can be easi removed fromthe sol vent-I| aden
mcrostructured | ayer 130, 230 hW:ﬂéQﬁng(Pfﬁﬁaexanple at tenperat ules not
exceedi ng the deconposition tenperature of either the |nsoluble pol ymer
mat ri3¥ orvhekes §1Ef’o%ta¥eé’ﬂ%?eﬂ76““‘ll% opthe vy t1dcha birdes Frrsativrbhend tindeveper at ur e

during drigefiéh dfShd@Rls iP@E BMoRoiiQIRRFost iR Ahy MNinGhcH AAGes SHBSEdcale 1S prone
to 5deformation, for exanple, a warping tenperature or a glass-transition

t enper at UplgacHye lﬂlﬁ@Isfuﬁélﬁerlgp%vowesléﬁvap%wuge6|la\yérrﬁag be Breserd 2 near, branched,

and cyclic hydrocarbons, a|COhOQS d ethers, |nclud|ng f
exanpl e, propyl ene gl ycol ethersﬂsu %ﬁﬁ&ﬁCL m PM pr opyl ene gl@gol
met hyl ether, isopropyl alcohol, ethanol t ol uene, ethyl acetate,

2- but anone, butyl acetate,
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met hyl isobutyl ketone, nethyl ethyl ketone, cycl ohexanone, acetone,
aromati ¢ hydrocarbons, 10i sophorone, butyrol actone, N nethyl pyrrolidone,
t et rahydrwbunems4msst ers such as | actates, acetates, propgiraseoigloynss
nononet hyl ether acetate (PM acetate), diethylene glycol ethyl ether
acetate (DE acetate), ethylene glycol butyl ether acetate (EB acetate),
di propyl ene glycol nononethyl acetate (DPM acetate), iso-alkyl esters,

i sohexy! 'Wheermpnd njasgoheifipetivg indicss of the widsang fhe bindeizespectivelyn Fhipmegasst.at e,

i sodecyl @aelaiRn tHe IFHRFECYdtwanelcdh@ecsio? RlhtRACY the 36188 ﬁfd@hequd%t Rer
i so-al kyl esters, water; 15conbinations of these and the lik The

coating ssffisientnsmelsthe sHfective mdpxriithreneyorisd nt“‘r’i@%“@%ﬂl@ﬁﬂaé’eﬁ e P?Jd| ng, for
exanpl e, dypiokindte@b$ theaWlldvit d@R(LiSH: Cure accelerators, catalysts,
crosslinking agents, tackifiers, plasticizers, dyes, surfactants flame
retardants, coupling agents, pifgent/dnjtfac)mmodifiers including ()
thernDpIastlc or thernoset polyners, flow control agents, foamn agents
fillers, glasdn&wd cpup oot tivisidey ehhe pas vt miropBIsared layees thoy

particl eswél%'}ﬁ dauding: FHRGhAILS A LerraGRADHEE L¥i8s RAME KARS  FdrREMIPA Ly conductive
particles, bers, antistatic agents, antioxidants, optical down converters
such as pHBSIKH Blcresrughed fayertat haﬂr?de%@mm%acﬂswﬁﬁ@/q ndpdindesthtthagan g

phot oi ni tlh&mtreﬁﬁaftnlasl Y380l @Y o HTRK B b6l 188t ¥8cdifed BqlidthoB (S, and an
pol ymerization of the nononmers present in the coating solution. The anount

of pH8t oighiestivainsiex ebabontchay cleurtinmige wpsmrecte ﬁqL@se@thﬁ%P eln spRg tePpEnf

i ni tiat orembbiigei® ttf%%‘dﬁ@&d%‘@in&%str@étu&@I%yér%aty'tﬁlzeoa[n efleltfrc rdHaBMAaRicRRPL | cation
of the resulting mcrostructured pol ymeri zati on process

i ncl udi ng’an%tonb&bwﬁlléS o bhépf@rla?{ h‘i‘té(a]éiﬁs quﬁédeﬁteé%@a%esamlton@mnapﬂé%ngt h

of the aCt'n'Cnﬁéﬂﬁﬁbhgﬁmﬂ§gﬂﬂoﬁﬁéfysaBB@&Qhﬂbhkﬁh@ﬁ§mhﬂﬁh%ﬁ%e Eﬁ&qﬂﬁa”p|e
t hose available from G ba Sp eC|aIt¥ Chem cal s under the &E m and

DAROCURE! e tcpitgetedsdifisti asvesof vide %ﬂﬂltﬁ@rsgdq@&taﬁmmeﬁa”lﬂg@ cgtywaa% gluralenURETM
819. 1Fhe fh&aRRlct 94d MEReed amaﬁnt%ﬂpumnnemﬁﬁ@aabllnuals@ai to provide a nore
rigid polymer network. Cross-1inking can be achieved with or wthout a
cross- | i nki ngNageaticles34083vsg sitr g ﬂ@h@rﬂ@y apydepisad Vahve S dgsdred sngaotor

el ectron hraMm Fo@-@ia%{pﬂeoﬁl sotne c§s@§7§ 1QERQE; RN b Bthe ParGE1QS Sich hdiidag @%%tm%r a
conbi nation of cross-Iinking ents can be added to the m xture of

pol ymer i za@?éor%m?t%eﬁhq 1 1300 tirg hetia B depiFfdiaies, FolgBiers or

pol yners.gohh eas&{ Qtslgatsjt A fﬁlﬁbﬂ@ oF 83 pRiGiEleY, sElUhral BACRPEMIBI 102841300, Blodhe opal ymer
net wor k usi ng Y the actinic radiati on sources described el sewhere.

Usef #0 rad ﬂatpn@ﬁ % ttlﬁter?gSl@rtt% &-101 gRIteighagaeitd MigemGHe oriAtererghieet Heu

acryl at esyoangd sogtoha®y batodSor 58 WedbnR&rd R §(ﬁnedda§é§| @S Fiekralify JPnshopiatiedt4o
4,379,201 (Hell mann et al.), which include 51, 6-hexanedi ol

di (et h) depyiang & aVEREGRATIRN Breshas b%amégrﬁtt?r(th@tanyl&drrwra@éter Pr O GERFT AR gl ycol
di (et h) agpul7ad,@c 08Bt AR 100, dr 80 nddoinkleRt ra(meth) acryl ate, triethylene

gl ycol dl(neth) acrylate, ethoxylated trinethyl ol propane tri(nmeth)acrylate,
gl ycerol tri (BEHG@yISatome ofdisparpgiticlss spade sy lwattgosnaﬁ pe/thattthey Rrigarifict hyl ene
gl ycols dijr@tid) @ettileadtPuctive itdex IOHRGBAGLthEH nahSRkRIReAYARE@he SRBOIVARK] zabl e
aromatic ketone co-nononers such as those disclosed in U S  Patent

4, 737, 559194 K liskh watle gill spmg aer nqgiclss ken begntiicicathblarga s tastheineiasy

The coatn@gmﬁgﬁ&ﬁquygégh%ﬁy al so include a chain transfer agent. The chain
transfer agent_is prefera soluble in the mpnonmer mxture prior to

pol ymer i zat i ontheERERpTielss 0 wqrawéotdnetwltrraaﬁéf & SORSATSS SPHEIEE Ot r i et hyl
si | ane andoJdRbiSiRPHRThe nhAbpERITRs $400Akth ABAUNSparGdA340B! 58 RS EAcriGAM-& 39 occur
to the solvent; however this may not be a preferred mechani sm 15The

pol yrdr i ZPHE C¥Ee O 8RE %P@Btﬁnﬁﬁlly@éleoé thapppariclendtlars Brctivgnlizedon srtags

at nospherRafef &S that they can be dispersed in a desired solvent or binder 310 with no, or very little,
clumping. In some embodiments, nanoparticles 340 can be further functionalized to chemically
bond to binder 310. For example, nanoparticles such as nanoparticle 340A, can be surface
modified or surface treated to have reactive 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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has a | ow oxygen concentration. Oxygen is known to quench free-radical

pol yneri zation, resulting in dimnished extent of cure. The radiarion

sour ce uswO 20wosamhi evi ng pol yneri zation and/ or crossl i RKiCAg20mps1as3 acti ni c

(for exanple, radiation having a wavelength in the ultraviolet or visible

region of the spectrum, accelerated particles (for exanple, electron beam

radi ation), 20thermal (for exang heat or infrared radiarion), or the
PAP

like. |n cawmet Eﬁ%aaigﬁ*élﬁ% fraqtiqm oEPREPRAJHGIGS 3484 pigicBerpisgllydorshto e ba@ey Iar at ed

particl esombesad %ﬁmwﬁaesem 110 YiotHaO¥ 1cal8S c BMERILRNE (CaRhicatly B38%o Bifdr
initiation and rate of polynerization and/or crosslinking. Addi tionally,

actinic r48 Btﬁughcaé%dlaé%ﬂ‘#ﬁéﬂ%@nd’ﬁﬂY%an%b%ﬁ tpindsg d)-f or curing at

relatively | ovm&m)@a@@t RS thE Rbsop@Yidledisave RAERLIgRE: pind%m&%afot RYe
conponents that mg be sensitive to the relatlveF hi gh tenperatures that

m ght “be rz@t%g:mlﬂmeénteesemmeﬁ atneryBeigap ne ks 6H“’§W6P5?1zeé’rr6§’§l"? #Wi ng of the
ener gy Cub%ﬁkﬁwgbﬁﬁaésmﬂﬁﬂmﬁéhgﬁmi&ﬁhﬂﬁesQH¥é@ﬁkaQﬂﬁhﬂuﬁ&omﬁMb&@QiQn
sources of curing energy inclu V LEDs, visible LEDs, |asers, electron
beans, nePEEFIFY gﬁﬁ‘énopﬁlélﬁléﬁm%%@de wilresdfraise slipappeparticliigst en fil ament

| anps, flashi aﬂm%an()?)hiﬁlzl'e% by bd 1ﬁy¥géﬂ”@§dﬂglbafrﬁ/cléd|c§rgﬁl‘{d (@dr%&aﬂlﬂltglﬂblyﬁll@h@(:k l'ight),
and the like. In sone enb nents bi nder 310 1rncludes a nultifunctional
anyl at e dyeengeicleaoes ﬁ%‘énat@wﬁ?rgmm Hddporgeniy nangpapislen HBIheN S M8t i on pr oduct
of a 1photRhdPatticRE Ry b&pdFillstphfidRE tho BRVRharBQEsY Al PartitRd ofc RYidMbRURRAS.

ol igonmer. The conbination of a nmul tifunctional acrylate and a pol yuret hane
ol i goner feamplst eidutdlainprganic prrpRasticesahsls siligedndmed! 93ide BRePFEISS ayer 300.
The pol yUur&ihaBrcOhih, OB, cdrd, Sldinh,8idh Glak, WarABidinRh Oxidd fin 9QEE enbodnent s,
t he polyurethane or pol yurethane ol igoner is capable of reacting with
acryl at c<lwpinasiliggnang coppinption thﬁfﬂ"@lTéleé‘alﬁo@alﬁ@%%?ﬁé‘ﬁ‘f%“&f’“%@ﬁlﬂﬁ dirgnefirt h

ot her aCﬂM%ﬂhﬁ%b&ﬁl@ﬂ%mp@}Mﬂﬁﬁmﬁ@BMQOOBﬁﬁﬁﬁi@ﬂm@@&%@k%ﬁgbbﬁféﬁﬁgeﬂM%
2012/054165PCT/U82011/052453 i'Ilustrative process described
abovd>i n 33 1950 am s figpy EhAut3do 37 élﬁa?fé‘@n%mwﬁtﬁéﬁ B@e%f the bqnal?aémqlwreof
nanopartisg @gaté@&te IR créde@ioR? hmglblz@ft}h@agg&tg%d Mrtidld &30k wedinlay @

sol vent, ere the polynerizable material can include, for exanple, one or

mor e typed thepe fﬁ?ﬁ%r?ﬁ? gdn afggde gEspishilan sbapt W0 may dp pogpe mbodigiehiad fypid a

substrat Qlaﬂd]ﬂrtﬁleg Q@dh ds %111@=D£Hd| Bfniho wtith rif @3 tsiz8 GesMhbh Sooli ) &pq{eyalﬂ%r i zabl e
mat eri al ynmeri zed, for exa y applying heat or to forman
ol ubl dngiaRgur e - ERsRs oD e ReL AT ¢ Soeestneb A pred

pol ymer i Zatch Gitd SWePO-SPRRSEGIPGENE A hdrhihd, al kb $BmSOIFB: @. Bokien, MA.
polynerlzable material, although at a |ower concentration. Next, the

solvent is r er?B\?é‘él“%WlﬂlFilmﬁgmﬁlPdwgbﬁrgé?qpﬁt}flﬁt"FFé feom) the £GP $WSHIG%Rg i n

nanovoi d RdbRSdrbupS iy iREhilieY S hps3aHY oMBinatidhs ket MArdhetivay knor plurality
of v0|dsq§20 dlspefggéﬁ> gpolgneg bi nder. 310. The nanovo?ay

10m cr ostqawnw@anxaw@}udg%f%%fpwégﬂ%? lopy a2y seteted Sipapile gioup ennsisting

di sper sedfiaRildnBrRAMHIRI 01@!11{'@1%"5@ aldEMARAPRA thdrédref @S cRABSMdiQ tHehe bi nder,
mher& t he bondj ng. can be ‘E¥S|Cal or chemni cal The fabrication of

t he énO\}BPQPéHIC]r?ﬁ Eclyds prgriosid qurfagy groumsglsTigddran wyasentselesied B deerpes

descri bedohgdi@l 0f 418180 ind, Ia@lsnarQCﬁ§§§§1aqgsaﬁa tdemhaesahdegan be performed in a
t enperature range that is conpatible with the use of orqanlc subst ances,

resins, fihns, hSAMSsEREF @@dlﬁF%n%\aWwi AR AT Fiettide thetjaclydes pureoarayys

t enper at Wigshed AShQEBEIOrMRDaRY:12MhE Rlrfab@drol R JAP R Rhardi R thdharkibie.
nanovoi ded m crostructured | ayer 300 and mcrostructured article surface)

is 200 delgrdans guniclcfiagderopnd ‘gaicle sige"rsfsr @dbfmadmpn frosyicsdpnalimension or 100

degr 8es Qﬂﬁbhlﬁﬁl@dﬁtﬁypahQ&Sls resent in thd femg@mraggregd?@n@\f&m@epartﬁmé:dlﬁaﬁétéruct ured
| ayer 300 can have a desirable porosity for any %@ rati o of binder 310
f

to plural® yragfclardtiofras s br exiswm Cr%éecﬁlapﬂgwnm%o ersater Hesowgi ght 20

rati o canafg, [ﬁﬂﬁéleh’@dnl«lﬁ 14:B@dspEeRYatib Bz HEsick ablllaﬁolba'ﬂtl(ﬁdﬂ RPPAd fGRLd Qiba paRticRONME
cases, the weight ratio of Blnder %10 to a pIurallt of nanopartlcles 340

is at |east abdurfacompdifisd napopgrticleshaxpyyifacegroups thabwilfszthe lubility or 1.5:1,

or 2:1, Qhardetdristics FlheJiaropaficled. Phckurfle gfoups ar@erRially |sélee$&ﬂ3 a&8% the
melgq ratio is in_a range fromabout 1:2.3 to about 4;1. W now pause to

consisder ,PapficlecmAubI with B eesting wlution. o embedipentythe %@awow faickeur al
25di ff erence bet ween (a) an article made by first form ng a nanovoi ded

| ayer with a mcrostructured surface, and then backfilling that

m crostructured surface with a convent*pnal (non-nanovoi ded) material, for
exanpl e a conventional polynmer materia and (b) an article nmade by flrst
forming a mcrostructured surface in a | ayer of conventional material, and
t hen backfilling that m crostructmed surface with a nanovoi ded materi al

| ayer. In both cases, the resulting article has



30an enbedded interface, that is, the mcrostructured surface, on one side
of which is the nanovoided material |ayer and on the other side of which is
t he convewDi2oreals4reat eri al | ayer. W have found t Iratr/tusko1108%153 one
structural difference can occur between the two articles, and that
structural difference relates to the nmechanismof interpenetration. Tn the
article of case (b), where the |ayer of conventional material is

i cr ost r GEICHFEQ 2perigicar iragRiihaf lep ongremmsRantefdhe GoatrgPREOB (7 heseBEfi t h t he
nanovoi dedeHRAIS Bodthd pdr 8 t %th&iqle{m)tﬂ@ri al would not typically WO

2012/ 054165PCT/ U82011/ 0524 glr ate into the Ia¥er of conventi onal

materi al  becaus®richa! nefipdy arw Yilalle foy medideagths sutaseipisiensnartisies ynelidingd,

non- por oYygr &ﬁﬁlﬁl'eeefddﬁtga@@%e §i8in®dge M6 hirdPar@iles (AR KAnIQ ST ME Ehtiloed surface
beyond whi ch the nanovoi ded materjal cannot penetrate. In contrast, the
arti cPe dPVEeWE 2 caljoidasdigperdon) Andaliorying theayrfpgeapodifying prat tojrpast wilpthe

convent i Qﬁﬂépaﬂﬁie@r thkr UsOfal REBEURSRHicatith SHEDs IR AEdcAbad ih,5r K¥@PBR] @5, an
uncured 5!l i qui sin) is applied to the mcrostnictured surface of

t he nanoVéiged &Ogﬁg(ﬂet)ﬁéd 8 (Bfs Y8kt i ons of the nicrostructured surface
nmay contain SUFhfe%%pMMbl%ma}f B pr&V@dih the fhith 6f|a%oﬁc9&difﬂf§15er§%ﬂ SxaRpeket s, or
tunnel s, into which the conventignal materi al maeg grate depending on

pr oper t i escfgfcoprnsradilyryilebly yngedifieh Blisastartng ngferip é“%ﬁ\‘?@??tﬁ%ﬁﬁ?“% erial,

and ppocegiRaEARtivid RS tﬁe%rbd@%efs%ﬁdtﬂﬁmﬁmt)%wfl0§d1 @0gvOMmLeNt3oNAL 258t er | al
in an uncured state. Wth suitable materi al 10pro erti es and process

condi ti orfelloitHgilighlivmAtaics rapmisaler.iNgpendy il 9rgrlrﬂserwﬁiétth%ttﬁ@dt%éame

nanovoi dedalayer, iPassEhoma S IPﬁATEﬁ“lLQﬁMN SITIM Fdn@M@@T s&1k %m%ssﬁﬁetrémban
schemati ¢ cross-section a pOI‘tI on of an interface between a

nanovoi detmriey &©- BaptognkX andtbe S liea§ el -B78T6f: Hothle At ConaiN: §|Et%r§Ta(PL The

i nt er f acesTpAr tITONP,MBY STICUP, XA NissRECRenib £ NAREOPCS HRALHA, aX. OIfheavel ht
structured surface defined between the two | ayers. The 15nanovoi de

372 ils sH#heiPglyRstEble nateriaf @wawrﬁbecwr@e&om&@@rtéggpow 08720850, é%‘%r | as

a deeper ayuinf AL, ¥@2EorI04B.or R, TUE hRESBrY RinesDf 486 0B nmbpdrRdds@hideg @dmby a
first transverse dinension Si that Is closer to the interface than a second

t r ansver SBOWil ferhyivisighst abai @0terby Wrisgdhand efndeprar op thslensity gadsigeed thepan t he
shal | owernag(; RELeR4SI. W may characterize |ayer 370 as interpenetrating
the | ayer 3 if the layer 370 not. only conforns to the 9eneral shape of
the | ayer 372 Ippospe eﬁ%tn%réanom drélppiswostrishirestayey 300y haveplovfokigdldateal from

| ayen o370l gt@stlescalsétt ﬂae @LBt1c§Mﬁ§é @mtd whbidelt tﬂléo@ltlcthea%yeﬁﬁryeoede%@ urface
voi ds such as void 374 a transverse di mension of the void nearer

t he i nt erth3c@8oyts s A9 e?atftrﬁlaaﬁ aamt r‘éa%\?efrée? 4P nBALs dier tl%t%teﬂ@raﬂr msidentig

i nterfacaans¥ed mﬁ&&t@@ﬁ@& (L4 300, ‘Q)@t’ibab@z@%ﬁﬂﬁﬁl@ss‘@tﬂeﬂmﬁ@ﬁ&w&écg ederrtiRri al s
described herein. In a |l ust approach for characterizing an |nterpenetrat|on

depth of rt“tfe"fé]%ﬁﬂﬁé‘ﬂtlt“%‘h]éght fhy l%twrthﬁtwenﬂe@rrswaéawr%%ﬂ degfres 1ol

det er m naothNEndABENLEgHRY I GcFREAT Valles 6f th MSIS0NMRRLhO RS hayss has
advanced beyond an interface average surface (al ongféa direction or

meas enémaﬂa%%vaaérswtahtmntfar%tfor%mt% ugihe? %@EIC%W é910 ik Gielehay

char act eradvgigiblchios REBUOE Coip., PaMNIBIAI NS ReptidhianBinaitarRl, ARt YQS RGErHicg 86 Voi d.
In a second approach for characteri zi ng the i nt er penetration depth, one may

agai n nedbidirleset Blasspdlaners Ap alinibe mepwed by ray suipblp memforgRpRlst 16188 | ayer

has advanegddary@ithabd@eldy SV-a88c Sk B ar&Rd, sltteﬁspsmgph\mreport thi s anount
internms of standard units of di st ance, for exa@r:(g?l Cl%mcrorreters
A

or
nanomet ers.  Insome cases the ganopgidayl I%}ﬁra?tageﬁedﬂ@reré ay¢ p bighgpticpighaze. In

I nt enpeneatéatabnndrpt bf th@ Hzﬁqoﬂ&&ed&ﬂl@ioétnﬁﬁﬁ&ﬂﬁﬁr B#Eis anBM bYW bER 1dalte
material of conventional | ayer has advanced beyond the average surface,

35but t heRO¥RArWet® P28 ‘trr??é amount in terns of the feature height of the
structured surtfagRraktthd SH6k®ided microstructured layer 300 can have any porosity or void

volume fraction that may be desirable in an application. In some cases, the volume fraction of
plurality of 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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WD 2012/ 054165PCT/ US2011/ 052453 I n exenpl ary enbodi nents, the

i nterpenetration depth may be for exanple: with regard to the first

appr oach,wonor/msarege from 1 to 10 average voi d di amet er PCTRISLO1108383 d tO

t he second approach, no nore than 1, 10, 100, or 500 microns; with regard

to the third approach, at |east 5% of the feature height, or at |east 10%

or at least 500% or at l|least 95% or at |east 100% or no nore 5than 5%

or no nore t haﬁin%%ﬂ @ b oY ingrde A Fitepislhat gray bp depirplin enfaprlippson, Bor250,  of

the feat ukgmheitaier 310R8S 6 @K%W&h%lé/mﬁtéﬁzg%t fRAVEY Sy merShiel hch BQklikked

construed as Ilnltlnq The third approach of characterizing the

i nt er pendPPAT-oft ggesitnbindsy 3 Wecap be %I}qusemerlya dintterinlsuehs @ PaErRTIAglow t h

M cr ost r UgdtaHathaSHFLRGES A, 1HANEe BRSJdinsatsdild¥r SHRbA bd ﬁﬁtpury&eﬁia%ﬁs for

exanple, in which the feature-to-feature pitch is less t m cron.

10Fur Phermasriad sudias A pplapsriapls gnatsriebihsidnibeimally 6waklan be found in commonl y

aSSI gned U. S balAORAtbGA B | 8 XK ¥ny( AR R ek thab&d e YSORedizcamyi t | ed
"Optical Filns th Mcrostructured Low Refractjve |ndex Nanovoi ded Layers

and Met hovagowwew@fl%qml anfqnjceeptighic.dirsfrdipat ar oy @RlymsTizating tochyiqyes, ydinhicalyt i on

al so di sq4sS8ScPihenRERg %ehﬁzﬁH'E& tyhatnibAvaLse Q’i’oc@@@@ﬁsﬁ%@c%@ﬁdlatlon
15mi croreplicating nanovoi ded polymer materials, and how issues regarding

shri nkag énql%qea%)ée%aslp{ehw#ﬂ@atlwlga%lr:fdwﬂﬁ glectigndep m@ﬁlelﬁ &Yl compmades (f or
exanpbe, tBtédt! anthng bLABCHASt WRERedidBat PbIRESLatiPQ At baREkddNBt nGMBgle, 901 Nt on
the structured surface), the aspect ratio of the features of the structured
surface (FePPlesaketaolymestzatipn chElsigRPOHMETIgEeN. Byspension e msTizasian. biglker e
feature plolyaltribB¥nhadiReikeent er-tocenter spaci ng between nearest nei ghbor
features in the structured surface), void volume fraction 20of the

nanovoi ded nat/sitinigradigtion C?ﬁa‘alematﬁﬁélﬁ ing lyde enqyrery, Bed 1aaiye g9 Snader | al
OCCUpledIQKmk&Qﬁﬁgyﬂﬁﬁ1n&ﬁ£ﬁﬁﬁ£hﬁahhﬁﬂ%§m@£ 4nldQh AR OV ATV bRl pids of aNd
fornulation (for exanple weight %solids) of the coating sol ution precursor
to tHe nasbveradston %@#e grpg Setehlgn e prag lfawééxe pesent éﬁ@?%& igclpderegery

M Crost r ugdups, %%ylé%icﬁllgj hRMeRA ‘gﬁ)ﬂgi Ath @r(mfe%daﬂha%é £00%, Qtridid\@rsasddbing
solution, in the range of 30- 45% solids, conpensation of the

m cr ost r lOpRIF Orgié@%%lpmgr&*mt Heharrpghyl ﬁﬁgﬁnbéroulé%enﬁtﬂaa%@a@ﬁgr%% CYBAHLES i al
shri nkageyroup®, vilyatthdrieoude SbinBidatfofab tth&e SNARR 1ik&NFRSa8NARgRHtkikpidrade. The
application di scusses certain desirable relatlonshlgé associated with a
reduced FVWHECHFCIET] Hags capodimenys Kasmriry matetiply fpctyrle pardatsiet ost r uct ur ed
surf age. dithRRParSHERiOhS nnbABS NIRBom N &ndHOYASE rade tiffagtbum hfud@8ndtiSnal
characterized by a structure hei ght (for exanple the difference between

di mensi orMMPUFIE AR gangigrny ﬁcrmst%*eéélytwk upon pelyaerizptionqap pe Reed g oy Wdbsect
ratio (s tawcﬁwomﬁeﬁﬂm mﬁltbl\{dlzﬂ@q ukmd@ Bﬁ}l&ﬁ{xﬂfr@oﬂ}h&féﬁem 3(9@61%1% Qind E&@ﬁpﬂse

pitch Pt in FIG or P2 in greater than 0.3, and e nanovoi ded

| ayer hadoxevsihy %qaﬁéh@r%wt&ﬁstupﬁmaﬂx il IPPUFHSB@%SPW“BS%SO%W or the

nanovoi deghpodRhts tBSmactiRf haeit by Sonbld@Xhd Bvantmd@fel hRkfrd . 21 to 1.35, or
1.21 to 1.32; and/or the coating solution precursor to the nanovoided |ayer

has &wt % sol i & ePhFanbe %‘WdélVFfftél?ﬁtfP@%%%Ph?W ity ther degirrdpohgncizapisopaterial.

Rel at i onsiyeRSlv&H 6dh b’% Resen A ol&@s@%‘ﬁaﬁth@g%gﬂﬁ%ymﬁﬁﬁ Ive@@r b @w higlidfr esent

di scl osure_as wel | WD 2012/ 054165PCT/ US2011/ 052453 Optical Extraction
Fi | ms and©mt Pyt ged i msaa? rabadgney 1At fobysat includes a mpgfure gf %FrakS@HeWanB% ded

| ayers capivbg osshrant laaawﬁlhybé gare@tre@s?d ah@ark hRIRr@RIbECRYer 280 Bmédight 1I6AN be
conmbi ned in some fashion with CLEDs or other self-em ssive |ight sources so
as to enmariRly fgatle Bvhs %Wﬁﬁraérlrastwéaa@ée pobecatadn ¢ pleUtRIXEBRr Be¥me| n sonme

cases) t hebbiiiki¥hts GBI oRRNOARBI IR Be b titgre 3PPLJIRL! atnq a@0n-SNV &K tRkhe
| i ght- enlttlng surface of the |I? t source, which is nanufactured
ar

separ at el BYhPEATBateEY | Wamne prii Sphediwgpipth ﬂnﬁ%bl%wq%yra%anivb@a FA
connect i afreWMifnktn{ibifabpolertnaAddhad fizGolyhdr ah@nkeRS 88t préi th Ihie can be

designed to function as a substrate on which the |ight source can then be

fabri cat etfnensionyl fagieyork; Twowr et inkpesy Ciﬂhpr%ﬁh@éq%ﬁw fthe FI cs. 6a-c,

7a, and ThicrolBftnariags PREdtRr Rinotdef i sal@sed filns relate to the |oss
mechani smof the light source that the optical filmis primarily designed

to reduce. In sone cases, the filnms can be designed to primarily reduce
wavegui de | osses. Sone such films are described in connection with FIGS,
4b, 4c, 5a, Sc, 6b, 6c¢, 7a, and 7b. In sone cases, the filnms can be
de5|gned to prlnarlly reduce substrate:§osses a5500|ated with TIR Sone
such filns arc described in connectionwth FIGS. 4a, 155a, 5b, 6a, and 7a.
Not e that sonme of the optical extraction filns can be designed to reduce
bot h




wavegui de | osses and substrate | osses. FI GS. 4a-4c arc schematic
side or cross-sectional views of optical extraction filnms that can be used
wi th top-woi201203g16©LEDs. I n FI G 4a, an optical extractpom/uséimoduss
includes a flexible carrier film412 and various |ayers carried by (for
exanpl e, attached to) the film412. Anong 20t hese |ayers is a nanovoi ded
| ayer 414 and another layer 416, between whi ch an enbedded interface
formng a strUBsREEsSUIN SRR bogpsihsremersiEpm the eoleairbde misepsiragud layer
pref er abligo a9 b? dfyafol R blanid E‘tqgrﬁpefrﬁlﬁreé/ﬁo‘i 'e@e&iullgb @Hecﬁﬁbésﬂpﬁlt%efdﬂﬁ& NI

el

conventi onal nmeric nmateri a S, f or exag) ow 1.35 or 1.3, or in a
range frGihe, t11@5m%0&}1bie pphyger matfy o ghepubstyate 21 1apagwArcular pabestimey. hayer 416 is
pr ef er abl ymg Mo 965heQfryife RREMBBIowWBL B dralre 8f wRt@E ssbiidt@RlpRnf®S eri al that

i s not nanovoi ded_ and 25that has a refractive index greater than that of

t he nanovisfogaefiomafpesxampliea ypipig tEReRtyrs o iglpsydensitionitifepsiatye pibe ibstee | ayer s

414, 416 pemfRs/ sﬁﬁfl@ﬂltym'é@lh@-ﬁﬁe\he 'oﬁénéh’éﬂ 08d cf it hﬁﬁf&ﬁﬂ%ﬁs afét)hdlseﬁe‘-‘téneg a8d or 0.3,
or 0.4, or 0.5 or nore. difference in refractive indices allows the

st r uct ur sdhesuirlydias &)Méa%e Pt?ﬁ&lﬂleo%%wézée%%s Bi5k P%%PWAN%?“&% PEAPSH e of

extracti cboi ©bthylfefRMisdprofHERRS, DASI tofRhd 2 BIN R&th¥ ©2-biitfdhe, BN &BtatcdS
descri bed el sewhere herein. 30The structured surface 414a may be tailored

to have drsfhydénbsyikene siesybethyletons cuflgheranogse aGepngFoagichyé osartme. f r om t he

l'i ghtjgso Hﬁ(ﬁ)ﬁ@roﬁéq Blitylofactof® MPMEMGpyYRRIb R tetrhhy@furdY st sﬁch %s 1abtﬁt}é§ a&@MHECE SO
that it can be used in the intended application. Waste in this

regard rdFgwEne glyrql gropomethyl et)osmcataﬁél’ r&pHed dliefrli\ylmf‘eglmowhyl§&9¥ gegtats(DE

ot her wi secl@sy, ethflefe SYRMUA ctheicthRIES heMtd ndlﬁlégﬁe&fgmbﬁnéﬂoglaihys&%@e in
directions that do not contribute to useful | um narion in the dlsplay or
ot her i nt(@RYEcas). isgritkvheptean pohext csits. sehsriskachipicairochisHtnispray! ¢ he

struct ur edetsd rlgcﬂ&%l hé@ta®d) AP@AcdyP aceta®S 1sOBide M hcdRE2 ORALOSRGN/HSE 0d:ké 052453

i ndi vidual |ight extraction el'ements 415. The el ements 415 are shown as
havi g curipbiadqn phdes aphibe ikiray represent curved linear prisms or an array

of lenticul ar @lesRn Soldkdn218esh 419 1ﬁdMHeQ>EHehﬁh%1QH1@hts diclemt] Pns&ampRr exanpl e,
directions, that define a plane along which the structured surface generally

ext ends) ,NGHETSt WENSIFRR PR CLTRIfE it ivigycpysligjdtecrests. frslidic plasiigirerabl e
shape SW dyBQ Wrfaklaffs e QQarddd, cQPBAPARNts | B dnGlindact nRYdi fofBihéIGdin
| -di nensi onal (ljinearly extending) or 2- dinensional, for exa %e and the

ext r act i SherBpRiastiqEsthgmoset glymsss %e&nﬂf)@@e@mf?a&e%g Jeady fillses. %hi%s aphve t he

same 29i Zgofe Micr&PARE andhlidepsgitids NRer PRYicIBAMEudiREI&RRIIS tARuaRd/ or shape
if desired. |In exe Iar enbodlnents the extraction elenents 415 arc

char act erfeiislgs.gierga fiypastighis ehibeisp FHISHHC dgentyi Epridpisp G dAVRear est

nelgthFSme&%ﬁaﬁﬁ%sbﬂﬁﬁﬁnihﬁ/ﬁ%&ﬁ&@bh@%cﬁk@nﬁnts are not 10un|forn1y
di stributed or spaced from each ot her, the?fltc resent an

average cent erAl Biiafop iehas 3 RPIREaEF. chhke W&B@W@Wtéf sfacﬂltate The

structur qﬁly&whmﬁﬁ oftthd thoARRrOpre@it ih Aetco Ah e 8bIBHABH tThe %&myp@kmm& can
characteri zed a di stance or thickness Fron1a surface of the extraction

film hatVastdea%‘l’zQB%gé‘HO”c drestmle thegyrapd indgter. dameleryler weigh of e itiater. thgy  he

case of axibhRaebpRidatidnlomid 2 Qultihdinferé&aufhicd Gy SUEHIARE dlyindriR ioAYEREss 8] Or
15surface 416a of |ayer 416. A release liner 418, which is shown covering

the | ayerindu®ns. fos %arn@fl% therirperatirg PHBF Biosws Mikthe vhelepgth afibe adwicgadigtipngy ot ect
the couplysag &gfui mlﬁaﬁarsﬁﬂcm dar@afplenhisk aldiebIeXbmaghd Rcihiky Ohdngcaleady to

be applled to th ht source. Two c aracterisfic distances are | abeled in
the fi gurt@derphes] [Yand RARRE URK"E iadssdssighatippie ineyding ARGASURENG Yor t i on
of the |&M@ERGA@UbEﬁWﬂ©n the coupling surface 416a and t he structured
surface 414a. The land is thus_bounded 200n one sid y the coupling

surface, and ortetHeodppyedd @eg%%énweamﬁff Hipked fOri%{leii%a lﬁ%é1gldeﬂ"13fn%5’rt he

coupl i ng reH¥driacero@nchkindahn bdUcRISRIGHM dri@ihSlialedsiNRfing HEdhageusals Hidhe poi nt (s)
of the structured surface that is/are closest to the coupling surface. The

ot her cha&ngey Bydjalipn uch psgagacer cleqiggn heam pydintign.shngame G%Eq%% B FscHtg ng
surface 4L6@ odebnibimhiamef drétdllinkifig RRHAchitbe dd@ed B eheGANRId TGolShiEfAGR and that
intersects the structured surface at the point(s) of the structured surface
that is/are farthest away 25fromthe coupling surface. Stated differently,
the | and thickness or distance 419a can be considered to be the snall est
axi al distance between the coupling surface 416a and the structured surface
414a, and the distance 419b can be conﬁ;dered to be the largest axial

di stance between the coupling surface 416a and the structured surface 414a.
In cases where the extraction film410 is intended to enhance |ight
extraction by reducing



30t he amobunt of light that is totally internally reflected at an outernost
surface or boundary of the self-em ssive |light source, we have found it
advant agew00t2005¢88i gn t he extraction film 410 such thatrcrhs2éiang24shi ckness
419a is relatively small. For exanple, the land thickness 419a nay be | ess
than 50 mcrons, or less than 25 mcrons, or |less than 10 m crons, although
t hese val ues should not be construed as limting. In sonme cases there may
be no | arfBenomarsylisonenar Pelyeds theerest-fipkipg reagceys duingelasezaiene{thes may be
non- cont Ifggwﬁnetwmukﬁgénikdmwg%raﬂﬂaa& Rk cAISQiRE ch&aRrt han a WO

2012/ 054165PCT/ US2011/ 453 thickness of the flexible substrate 412. The

| and t hi ckness/ssbbgditHgn arigs ciges-laningreenty et damdtifuagiionalaglais apbt  sui tabl e

as a freenaﬁa@mutagsugym%s% dfsblbsBd i UISObdted: @;370b0 1 PleOBSSS: RO, WSk BEBdSUCh as
is depicted in Stated differently, if the |ayer 416 coul d be

separ at ed & P‘i%ﬁ*i‘eéloll dl{‘ﬁ%thlﬂﬁrbi@Fe pisethyinhorsnd Bipthiaeiylie. 1 2icthyleroglysdl may not
have suf fdi@icaicrphty, %ﬁ@émﬁﬁt@eﬁ%ﬁ(ﬁéth}a&fyﬁw triethytege Q?co‘i’ﬁf(‘lﬁbtﬁ%%dat@ o forces
ro

ordlnarlly encountered in industri al | -to-rol processing s stenB
wi t hout ektosylated Binegylqlprgnangi(prthiperydyte, 6UP?YPH§(I“@FIB?CY@?<‘5rPﬁP@mY‘r&]équand
t hi cknes Shﬁi‘rﬂeﬂﬁ a&wteaée&&tﬂyienelg@balaftm@ﬁ)aeﬂm@m 15 QofBad RS MNRHER, SO that a

substantial portion of the ITght extraction el ements 415 i s not di sposed
Wi t hin arfom}&ﬁ%rsze'éﬁfm%%k%qnwﬁéﬂ(@@mm aieh asthge disclpned 18 Jut FatentAg/3Rave al so

foundoi t RENA AJARY e 1iRYAhdcdnbifadSRIhper e the film 410 is intended to
10enhance |ight extraction bg redu0|n9 TM to tailor the extraction
features 415 siheroxtihasolutmi2ls gy glo peludea shafngfanifal agenta Techapgrangfeizgpite,
greater tifgRfedab SIBR-in aae%oil&ﬁéruﬁ&tuﬁeﬁrgh{omyq&%adoﬁ Eihg1diok fenaBERIbet ween
di stance 419b and di stance 419a, nmay also if desired be greater than 1

m cron. THEstEragents welnds Ryl sdpns and BISIRIAS e IRTomS FEPEHEICHE PR TaRHY £ ent | y

| arge, fQllsoR¥QR] Be sdVBBhEN VAR rday noi beldbrefeirelediufifn@ns, that the
functionality of the extracrion features is principally governed 2éﬁ
fe

15prilAci pl es” ofheappMeating S rieferabl HeldpersmeaAdiaton rowsign amospe

di ffractiffalow oxygenddfec@ithtion 2Dxoeh isAGh AR duchdh FebBadi@Y phgmérdhtidncat ed usi ng
a wde variety g manuf acturing technj ques, |nclud|§%»mﬁthout |initation

cont i nuoagsult@é wmhaleré%le%lﬁae%af - t%ﬁ%ﬁlﬁl@%gour%z useefor aciieying polymetimtietyeous

manuf act WhiyBBerbREAMOHS, BcSacni€ GO dxBMPI SraGi@h HaNHg 5%6@1&%@)m e lultrat/ Rtck &4 |
process such as that shown schematically in FTG 2. Such a technique allows

the fil mtivbipecsiongbthesreshimheseisraedipartiplet dersample cffcen Regmypdidionhng t hen

convent edndrhr (f@%¥AMPIE hedt YU inBlired kddfaliod) drehd 16 & RHHIRBHSIiREND HIRCBeRRALt S OF
sheets whose sizes are tailored for the intended end-use application(s). In

such case&tinig fdiatipnsgrapgederated particless hepgpsaoh prgjeyAQddes gystiens Fontrol over the

char act erihisihtidhSind AT pBSNRiLAOP &1/ dr lcRBs I ARE e ! RHEKNRES actili@fadidBdiBuntit Sui tabl e
as a free- standlng support filmsimlar to substrate 216.in FIG 2. In many

cases, a #Falsitebipidedanie wed bhcameebiskiively b)mteweéﬁgfﬁ% sHhivayopls dsgrufings uch
25as_pol YR btipbRRg: oRipBRittshadt atight 6PERitRT to PRI YBhRY e RpRtRatat QighfisN) . or

copol ymers thereof, would need to have a filmthickness greater than about
2 mils (dewiied sonifipte pelayrizaondir cosslipkag eisthe ey surable gEpups WhInH®Er engt h

to all ow thdrmhiulgs 4 etgléprsuahm@so@meymfaﬁﬁg erlefly SRR CASESDs, VRBISLEBICt ur ed
surface 414a may be fabricated not with a castlng'and curin technlque but

with any '&eﬁeffle%rapP%mSemﬁré@ﬁrlﬂ%@ee%rplaﬁ%caborparr% e-rigreeie liBesntaeps,

extracti ansEgh d&amngﬁ 1b® nxt&}@u ﬁlﬁrh\lﬁ@l@t ﬂgm/@ragk 1ifH0), alRBEOPlee, | nprinting,
enbossi ng, njectlon nol | so be used to formthe structured

surface 414a i 1A saphrmbodunsgts @B@%Mlﬂcweﬂaﬁéﬂ%fmla% PR PP Eethae rpde

usi ngoa plr}ﬁ%Qﬁ&ﬁtr $100ah 8¢ a f)&y&&&hn&ﬂc prEdu@t ofa ph@tbﬁltiaﬁ)y metBndRYal GOy Rt irdt € a
backfil | %ﬂr t hat was produced after the faormation of the nanovoi ded

| ayer 4149&9 rethpae gligopet ulhsgouhinptipaet amalﬁnea?f?é%ﬁﬁséﬁf Py 2 RAbBESTRANRG on

mat er i al $1igeh&Ghih HOIRBE nRFOGE DI HABEidd ANSrostiubRrddayeF 3001 GhePiyurethane
35|nterpenetrate t he nanovoi ded | ayer 414 as di scussed in connection with

FI G 3a. °liggnooyshdguceds pestiuiassl 1a josempgdments, thepglyuretiiapg polypiehame 2 t he

nanovoi deflighayal capdifle 0B8R iANRIOIAd &YippdGrias A aBiyeiab 8bLapadb br hi ghly
transni ssive to |I%ht fromthe |ight source, although small to noderate

amounts dFacHaZ with pfheyperylades dsthe B?IYlaFfrzaB?n repdien dgseihed fekidy be t ol erabl e
and/or desirable in specific applications. The |ayers preferably transmt
light emtted by the |ight source with low |l oss so that, after the
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Sextraction filmis attached to the |light source, a large fraction of |ight
fromthe light source that traverses the coupling surface 416a wll exit

t he extr awoizore/dfSilem at t he opposite outer surface 412b ana/useerisfast e to
systemillum nation. The carrier film412 may conprise PET, PEN, copolyners
t hereof, glass (including flexible glass), or other suitable transparent or
translucent materials. The carrier film412 may also conprise a nultilayer

filmof alteraPndusisjes pregesspiereribptabovaind 1900 aﬁ@}lwelﬁ prepFed byrinciules tarri er
filmmay Addid bopablatidR Miibes), Bd £fdymeeiiemat i A&ICRANE £ oA wABS APL | ON
| ayer (s) to enabl e advanced o tical funcrions such as polarlzatlon and
wavel engtieSETEdls BHeE P PLTSnior PHEPIa?TE B MO PRES 2 PoREYF™al 96 function as
a barri eryolydkababl OmBERY BRbatWRSRS a YdRRf e A4 (801 YOPPLdO MeceAmB Whde thBe |1 ght
source after the extraction filmis attached to the |jght source. Exenplary
ul t r aBar relmerizablesmateréql irdpalyimsriegds foy evample byPphire heat ot g dpiora an Biyolylle uum

15dep05lHbgﬂmgkmMWQnt@ﬂgﬁﬁrﬁsQM@Lﬁ&iEﬂ&tMﬁ%@hﬁﬁk&oﬁﬁ&&%ﬂ%b@&h%m.@u@
nul titude of layers on a glass or other suitable substrate, or alternating

| ayers ofing wt?rs@laﬁ P%th?rﬁ‘tlié‘?l‘?r&?@e Rt ¢ thangh abs Ioyreasccengatione Next, fedolvent iy, s,
Pat ent s ﬁelﬂé@d‘ﬁ#@ryﬁtéhﬁ‘éba%haﬁ dg the sotutfdf fesBfiag (AW oRled ﬂhcra)stru@tﬁféd @ay@rlﬁ075 1

(Shaw et al he nanovoi ded | ayer 414 nmay conprise any_of
li ght - t r dh& tﬁcwrsw%btyww@mﬁﬁwﬂﬁ B isgpracd lag@wnﬁétnéteh?’l%ﬁée B‘tnl‘?é‘?ldqdayer

416 By GRIBREHREIrIMYycS B8d iBhlLes b Gt 5@1@%151@16&’?4“@5&&&@1'11 thd fo1y2Rexenpl ary
enbodi ments the layer 416 may be or conprise a light-transm ssive

pr essur e-Xwis| theyatopamiels e bomda %Plﬂt}trswtﬁr%thaéttd@lgrﬁat Bt phypicalReplicadsht at i ve
vi sco- el asti ¢ TRRik@Aod o®he nblosGHSERRrdsituda}ed BRATBBNAN rsDitaRRkdrRIcsPat ent
application (Attorney Docket 66015US005) referenced el sewhere herein. Use
of a trarfSprabetiereipipung {enpesssep dgperbed herein qapfsperfoameddn A AOMICEHTE 208 1 be
attached jdidngftibly wit tRUsOM LEanBWibBmEesOfesih IS bl B c*E] MEndnyght source

W th no intervening material |ayers. 25Use of a viscoelastic material for

| ayerl 241 embpiligirats 1tk progest teawelﬁturwtsaiﬁtsﬂmﬁe%amOémaéﬂlewetfaalmeﬁ Yy
surface 4ﬂ@1@an@¢mdeﬁ%1@r¥§tfu@-ﬁ¥dd%ef 300hd R rdstQWMule@ aGiORBuEXE BN DO BRgRSs t O
conformto a non- g anar. emtting surface of an OLED. The '|i ght

ext r act i SRMHEIdOnIEE el drerewraisradn et lgter dYhdseropssratigadePrifati ti on to those

depi cted in Flipgefbal, @mo%@ﬁtcrés&a&we@&y&rsocbzamcé £0dsahtICSorddity dstdhi i on to
t hose al ready di'scussed. 30For_ exa , .materials may be i ncorporated

Wit hin t Heeighit ratip obbiadas AHL @ plyrg)iy OQ?P‘PP&EW%H‘“{ Msognele B geail f@e ¥righo

filtep, cr@ttcpcranﬁtthﬁytvah@rthamh@ﬁé ae@mtmtemlah gltﬂhcatﬁwt@s%ﬁle%%s ItKOSei @ radiblopCt ur es,
for exanple functional |ayers, can to the air surface of the

i ght exthinet 1o # plupalipre 6‘?%?@?“19165 %‘t?rlt ﬁé?asti %I?ewéa?s% of Hdeaptphertilgmaer . and

possi bly dha, Matlye Rb:1t fre 9:1,8h8:1ext3rac bt &M, JrishiMin YactasrthacBghealdinms can
have, for exa op tical, mechanical chenlcal or electrical functions.

Exanples*HPW§GEW1%BE%%ﬁ?H@@O%ﬂ'structures i ncl ude those having the

foll owi ng funowi aas pAke RIBREIL, 18 8ennadtibh @8 F1G.WE whether there is any structural
2012/054165PCT/U82011/052453 antistatic;. anti Iare antireflection;

ant i #8r asiidienes betypeaka@grticleprds)by %tqr@m&g@nomtﬂat Bytonihe mispetressred i c;
adhesi on (PFRRIDIN AKbn bEGFINRG ey Bi@dBIBRMES surfBd V1th § Edulv&ltioRd (ndaldah@videlet  ( )
filtering; spectral filtering; color shlftlng color nodification;

pol ar i zaf eI cKMaRlE p 6¥PVENIoRRAPLYBIer Riteral aad 1b) ap prile madg by fst fogping a

di ff usi onpicREnRAkICHadeqh Rlaky Q10F c&AvBRIonAOSSIrRAl, 8nd BYEFSkfilAndBarappl i €d to the
air bsurface include a barrier layer or. a transparent electrically

conduct i VBICToifusiyred surfagqavithey nanevgides! materialigy chglf bpd i ttteerasultalﬁaﬁtste W4hot her
rel eage lanRebedmY ink@fabd, Mt Hafe ﬁi&rds’ﬂﬁ’ct&tedlﬁ{rfa& 08 o sidelv@ whith isAhd hPBvdidddm t 0
protect the output surface 412b. FI G is a schenatlc si de or

cr oss- sechaigihlaysriaadonthe aiheryiderof eyﬂatcm%the ey edierd] gteripl gief-hat  can be used

with a top-emwthdg fEdabrlhat hNeakl dde sthiRuraifRRintE dn 0B baGkémRe fud AMA40
includes a 10fl exible carrier film442 and various |l ayers carried by (for

exanpl e, 4t {hatHiwgtutabyifiergacerplptss 4be moghpiyn 9%@@@611%%% Ip ghegrtielpigeicded

| ayer 444pa0dcnRURRF of BY@htidAmatBRl WasitroMicahdR (o PRAMEH; et er f ace
fornlng a structured surface 444a is forned (see inset). The nanovoi ded

| ayer pr drigrosBic) gy face pdthythcpangwided gieriply fhe pprov pided tl?tﬁltﬁl WreldnoHtEpigayt hat
of conventional polymeric materials, for exanple, below 1.35 or 1.3, or in
a range from1.15 to 1.3 or 1.15 to 1.35, for exanple. The other 15| ayer
446 is preferably conposed of a polyneﬁgnaterlal or other suitable materi al
that is not



nanovoi ded and that has a refractive index greater than that of the
nanovoi ded | ayer. The difference in refractive i ndex between the | ayers
444, 446 we uae#isembl y rel atively large, for exanple, atPpCeas0o10/0245npr 0. 3,
or 0.4, or 0.5 or nore. The difference in refractive indices allows the
structured surface 444a to function as an optical interface capable of
extracting light froman 200LED or other self-emssive light source
descri bedigradiiqéhicdayss piggonyentional materry beegpiye fhat tﬂyérdye&arllfva?éf‘éem&m%vbﬁﬁvla%
tail ored sbRd, ABY.ordfiibaG R hiQMEL et SHRREo T e nhiSroffeREdd sMBade Dol WtchinRg | i ght
fromthe light source, that is, coupling wasted |ight out of the |ight
source sd2pgraided matera cprnofR ATty eNtTaN WA ABIGlc RBEAST ATSiTRAde ssugh s¥Es sed
above. | nhexemelialehEshasti R Mnsteridl & p%c[tf‘é@tttU QU nSirfaB 68 ckampiapestut define
i ndividual |ight extraction el ements 445. The el ement's 445 25are shown as
havi ng r idiglymsr repipbie ppriisd (inhe michesyustepd Beiaeg offthegtangyoided fayer digdacetsr  an
array Of(9?&moﬁﬁﬁﬂ%%ngbahﬂﬁﬁm%ﬁﬁﬁ§n@&%&ﬂﬁﬁ@mﬁﬁeb&@;Qﬁ%ﬂ%&mﬂ%hhgkhﬁ%tlons
(for exanple, directions, that define a plane along which the structured
surface gahdrgtosyordyinelgiato whighthe tfevest@taéetareaﬁl %fr%lﬁtaée G¢8SPdi"¢ %gener al have
any sui t ghbRrth88e WrfalOtids! propdr@dsioPihe coRentfrAMRI&ial, hENPrb& @hditiBhisl SMat i C,
1- dinensional (linearly extendlngi or 2-di mensi onal’, for exanple, and the
ext ract i gHclesasnislsnes toe of thesgnyrationst meferiah inah weyedetaie.nWarl sysblegraerihve t he
same 19i Z6,réfRfe® indSHERE coRtitiRUBN c Mo iR YnaR@Y Blaydh §1a$ BiBpchb#Re AR/ or shape
if desired. In exenplary enbodi nents, the extraction el ements 445 are
characteﬂP%%@“B@héﬁb@ﬁﬁewl%%méﬁﬁﬂéﬂngﬁééﬁng or pitch P2 between nearest

nei ghbors. | n gasaShYREHhacHRHEAbIAELH001A pBHBRBMnSnBfif e Bevettt fi@f M y
di stributed or sgeced fromeach other, the pitch P2 may represent an
average cBREIdeE Byereiie and aisaeidreycpd 70 émefilttt"é%ltm*’éfﬂ“ael Hisdierdace pegipn may,

2012/ 054 W%ﬁl@%@%@&%ﬂéfﬁoﬁm ofd é’th!t@ﬁﬂckﬁ%ﬁlrfa%é' e bédda BN oQkycRXtThact i on
el ements 445 naé be characterized by di st ance or thlckness froma
surfdee dRNYRie W?ra?ail iSPROW T forhay hiathalley %E‘&m\@dﬂ pglepistiipna ¢4y ap gl as

sel f-em Stﬁbﬁé?sdrfagé"%lém'BC@he !;Lﬂfaké"eol@@m 9t ha@attehia&tt T}Qrﬁrgﬂttlaﬁﬂv%gdnﬂeﬁdl&
coupling surface is the outer major surface 446a o ger 446. A liner 448,
whi ch i s bk <seidp itegnterise t@péﬁe%ﬂ@raﬁ%ﬂw@?@saa|S§1 il thedlegnst SsePioht o t he

product s i@Srchibr t@arrgh@@huct\he dﬁﬂblﬂsﬁbﬂ 80 WohfapeRurdfibRe fal Q76 &NMBEH Htalihg t he
extraction fihn is rea plied to the |ight source, en the | ayer

446 conprihslarer g2 é&ﬁé%x%m rtOh%nlY théqmwsth? %enstabthéteaqflﬂv layer &7 24 e amiier |

When 2phe dept@ionB48A), SuRb iBRat@eN 85 VS er 3708nikiaRe intdtdSubBMm e, @ispr BERSK
designed to protect the surface grlor to use. Two characteristic distances

are | abelsate fgppispdace veids wich py widiivda. in pdighiadrapgysrse fimepiasy thervoidnearehthiei nuous

I and por tih@eacehis shidiBiehdnaVifins A4S dRRIWeE PirtheroaOMP InkddtlcS Wit Rperti&aiend t he
structured surface 444a. The land is thus bounded on one side by the
coupl i ng %ﬁP?%?@@VedaW&“&‘ﬁo‘f%dﬁﬁffé‘éts descabyddhetsin- o plane that is parallel to

the coupling sHhfRE e RO b dharkdiBIng @6 tferpddBirfioh UGHMb B Sl dndictul alyed he
point(s) of the structured surface that is/are closest to the coupling

surf ace. “HEhoRamaroidaddvat ras may deterping thepaountpyoyhighanaierial off the %&@ﬂﬁ@é ween

the couplihRgnSUiTACKR HHGR adMfertacPhRRRe tltate afonpaliabdigh of Gedfemequpli ng
surface and 15that intersects the structured surface at the point(s) of the
st r uct ur YRS do thp ayerass purfascl andigne gy ataa%ftwmmaﬁ@uedwrmw tqr f ace.
Stated didifiehi@0thyavetabesib@ndid hi ckness or distance 449a can be considered
to be the small est axial distance between the coupllng surface 446a and the
structured surlPaEeoRdapRroagher phpEcirizing fie dntrnglstradion deinCBA ERNAEREIMEBSe t he

| ar ggpt aﬁéﬁimﬁh@%ﬁmgﬁmgﬁk%ﬁﬁ%f%B%mﬁ@ﬂﬂhMﬂ%m§Hkhﬁ@ﬁméﬂﬁ?mﬂﬂﬂa&BﬁgétrUCtUFed
surface 444a. 20l n cases where the extraction film440 is intended to

enhance |SPEHe: @dtheasndnrepsrt thisnoppidn feras ofrindard witsiof disendenter exampley apped as
wavegui difigrofReE8Sor nfhomeltkgh refractive index light emtting region of the
sel f-em ssive |ight source we have found it advantageous to design the
extraction fi IlAi2Nt apropehipgharserizing e inFRaReEdien dopdh opsmPersyindhaaryre f or

exanpl e, t§é@hdun bh HOmbRAL 0B cSMBFIoAN Y3} had Qliah@A bBfontl AR ahbgkH sufixdel act i on
ele nts 445 is disposed within an evanescent. zone of 25 the self-em ssive

| i ght3s ot BehFRRCtcHe s apPim & simsrod ds foatge height of the strchped sHERceA SN t ti ng
surface of the light source. The extent to which the evanescent zone

ext ends beyond the coupling surface 446a into the |ayer 446 depends on a
nunber of factors, including the refragfive index of layer 446 and the
refi-active index of the portion of the |light source agai nst which coupling
surface 446a is placed. In nany cases, however, the |land thickness 449a may
be Il ess than 20 microns, or less than 3010 nicrons or less than 5 m crons,
aIthough these values shoul d not be construed as I|n1t|ng |n V|em10f the



WO 2012/ 054165PCT/ US2011/ 052453 Wth regard to the discussion
concerning the evanescent zone, the reader will|l understand that the
evanescenwoiRielid4wF any singl e wavegui di ng node associ area/us2aih/os2483 gh
refractive index light emtting region of the Iight source typically decays
exponentially as a function of distance fromthe boundary of the high index
region. Furthernore, to the extent nore than one 5wavegui di ng node 4for
exanpl e, tens 1BEXFHIAY gnRodiRenieHis dyterpeictttion drrtb apfe for examplHh Wlﬂpdésar @gi on,
each waveagdidi pprod@d e daYecTME! B 1dialéreantd BHRAIENMiInaldayd dea¥iog function,
and the decaying function is al so dependent on the refractive i ndex of the
| ayer 446ﬂpp110ﬁcm<zewr6fthapﬁe% 14 ﬁbfqod’élﬁoasn?lthé?ﬁéf%@eéﬁ%@@m?@ ddrBta
practi calofhiediur® Belgﬁbﬁ?qal%éfst 069,21 a EVANSRE, Rt 12RNSASr 1NesPRBYE bid hereasur ed
for exanple, in the di um of layer 446) beyond which a SU|ta6Iy desi gned
10st r dct Uhed s F P%@éredléﬂm@% elotpRYe S1an Apyper et asres e a it 268 of hghtwat  of

the hi gh HeR@eXrneQax&pla rmgeshMﬁaQﬁK@mﬁhﬁ@bé&MﬂﬂmﬂhsmﬁMﬁ@Pﬂﬁeﬁﬁﬁ again in
cases where the film440 i s intended to enhance ht extraction by

reduci ng PPigeth of ehasisecaizing thedviegencdrting dyphewy be aaqla}%rrlyrsutwrbée whandsglingon

f eat ur es ifomRHGRuchR@L suti@k fhaPlalv € Parfdildr§ skl Bdatu¥@dides SHBdxhmp b Oh whicBRR! €,
less than | micron, in order to couple Iight out of the wavegui di ng nodes.
The featd?%mﬁé?&ﬁW§Hﬂ¥h§ﬂ“F§mnﬂﬁémﬂ?fference bet ween 15di st ance 449b and

di st aqpce 449a, rub@dt d@kSBion 'ré(gal‘aﬁl%hﬁt@lgenet}@tldn%§§bé R38R A cHMMHAY assidAsd Ugat ur e
hei ghts and transverse_di nensi ons n%ﬁ} be sufficiently small that the

f unct i ondriepiapglicatipeXEXt(AtemppRoeAUFBE 00 ghtilsdc 0@5%1 jilgovetned by

princi pl egicRktr@pirtLBdw AbfdHAChl&NmMIT Q@Y Tah@Dand ELEK TNBE R, AR bE &len
refraction. The structured surface 444a may have a periodic,

quasi - peﬂP@dF@““Br random di stribution of extraction features, and the
extraction featfes. &fptcatidn BN Bs@RSEshriARagR kAR ARENAE beBf BEM A “ma@t oni ¢
crystal structure. In sone cases, the structured surface. 444a may conprise
mul tilpl e Iblpltomégatmg B%mé@eéﬁr?»momebm@ﬁﬂés fAbhey spuge ey Hing phrinkgge ralﬁfééwhe and

bl ue sub-piwkehsigitfor 88 sEhJRPPHuSRlAYor eldpl@Yxidll (BRanBELIMS & ke HighciP¥ R #nd
"chirped" or periodic structure to provide broadband extraction froma

br oadband f‘elﬁwftt apint oprihe yiyetueed suréaes) He esnset 179 dhthedertyrsy ofilee stragirice s47849° usi ng
nmany di f f(@s efdmpl@ pafRch Sk H'lgld@@t)}eﬁﬁkﬂfeg#@ﬁé méredémgﬁwdndyrbemrb@%ﬁoon wi th
FIG A4a. The flexible carrier film 44 na ave ph sical characteristics
that nakecpter sppqinghsteccy geasest peighbes fgpprch i t gied F‘ﬂflf%‘ﬁ’ JsYoH velpme BaddigBst r at e

216 i20 FldBtheanovoided mateRal $OEBaGREAS 0lufB 1 it ﬁqukfofvbna&ﬂnﬁé&ﬁaﬁ a&apiddamery be
fabricated not with a casting-and-curi techni que but with other suitable

t echni que®idhFdnrtaedndey pble eanﬁgmﬂq?énad%?? radfoanylatiga(fos framply Wrigh % 191idot he

desired kﬁnﬁkﬁmHégémﬁ&ﬂﬁ&h&or%QMﬁhﬁ&bﬂﬁdk@&bQ@ﬁb@ﬁmkaﬂ@nkﬂbﬁaﬂkﬂekﬁ@%dlng
may al so be used to formthe structured surface 444a in sone

However , TUETOPFRSIUESSUSIAG {qvpgpneqniptionfermudatioasyd thiqoptipegolytion: dxtée E?‘P%ﬁ ?fép to that

of FIG 259 hadd, sytffenddibn dBMe mRASIdE ?e@mh%hmelt&ol hﬁ%@é udch @ acd@mt pF oduced
after. the formation of the nanovai ded [ayer 444 and the structured surface

4443 25 CoreigtreHYngage e sl e g6 wee%hﬁ%ﬂcgn betusesstioly mals- Jhoewdisation

condi ti ongscudsbieechtay QEsirdAS rdi¥ndh egs@aaea WAk 8rdih@d3R0an oy dridrte bay®inf44 as
di scussed in connection with Fl WO 2012/ 054165PCT/ US2 11/052453

The car ri®tortipy Qﬁthmzlcr%wt%ﬁm%?edélaoneéy@}re@nwshlantae mReosgrerd pualpesis 446 are

pref er abl farddtbriAl GNh YirdchASHALS MR ahPlc) |thc9c|ﬂffe1feﬁdér5lsm3n thﬁﬁktion&ﬂ% 6/ 418h t hough
smal | to noderate anounts of haze in one of these Ia%ers may

be t ol er dBFES-ARLHTAE leppbdy mighins apchanaseset Hafl%(sgb%WF éalght&hvgdedﬁﬁém&grépléc

pr ef gpablsye fof asipld pikdh@tin B0 4h 60PM FidR elbLglgzhEr tﬁ@um endM th&ndn@wldleqsasjels 0
that, after the Sextraction filmis_ attac ht source, a |arge

i
fraction 185 ayeidpelupe Eﬁetwﬁénﬂaagﬂ %a%@%%(mamwréb%?@@%m@q@léayeb%P. ng surface

446a W | lre@attite k& i8% kdnae frban Aitd mator t hetopPoshd/ twﬂo@ﬁng%uruﬁ&c@e&ﬁ!s%b and
contribute to systemillum nation. The carrier film , _hanovai ded | ayer

444, and thh’?élF‘ana%‘F layior dasyit’a pqlidpiapgange oS tf@r?ﬁésprtfr%ém/aWM

char act ergetiofshipd SuchQl IHRSRANEE NYahROTN Hpatd bR PAEKIdREIfrd Ml FI G 4a.
For 2 anple, the carrier film442 may conprise PET, PEN, copolyners

t her 10gl ass (including flexible glass), or other sui tabl e transparent
or transl ucent materials, and it may
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al so function as a barrier |ayer to prevent water vapor and oxygen from
reaching the |ight source. Simlar to extraction filmof FIG 4a,

t he extr awoOi2ore/dfSiiom 440 may al so i nclude other |ayers i RCads$eellomn4sd t hose
depicted in FIG 4b, and other features or characteristics in addition to
t hose already di scussed. Refer for exanple, to the discussion above
regarding the filmof FIG 4a. The 1l5release |iner 448 may be omtted,

and/ or anot herOn‘stidagactondéps grd fifrehigdlSwesy GabFe6visded on the ot her side
of the extractiRRistiolcddnhvBidod BGdrs tAde Q&'\taﬁidéedﬁblfl i@@%oﬁfka Bhto optical filmEl G 4¢
is a schematic side or cross-sectional view of still another opfical

ext ract i dhptEM bacomined Brome faskien with ORERS popibanslf-ehisyvadighprovrass r@r B 4¢, an
opti cal %ﬁrna@tlgmextfahdldﬂ £hd BeduOCbHEES sdthfsb@¥dsP st Ichics thd fihit4h/iz and
varlous | ayers carried by (for exanple, attached to% the film 472. 20Among
t hese?l aféflgnqdéoaewah%\ﬁera@aerr%yért g stacs Rfibrdisht sopise. W is pet ween whi ch

an enbedc{@ﬂlufaeﬁl%fsaﬁateﬁpﬁ@mm Atisdl EHﬁ?t sheduSiihReR #ddBed B chHmA. wih second
enbedded interface formng a second structured surface 476a (see |n%Ft) is

formed bétliieetsqand 5ﬁ5nB\RS]ileﬂ 64y Hpdims s b depignsdionanction get subgte

nanovoi dag. lh%fby SurdRcef BEAR Motard assRd Judk tinkrd RE@Hbed BcoMhctilid wird Figkt wel |
bel ow t hat conventional polyneric materials, for exanple, below 1.35 or
1.3, or i%%’saMy® from1.15 to 1.3 250r 1.15 to 1.35, for exanple. The

ot herjol ayers 4jflsr a§f20ts 3 fe REHLRH &RhYre RRAD AL &6ls AbcHARKM I the TBEQLHBE SatOr Ot her
suitable material s that are not nanovoi ded and that have refractive indices
great er t'hatPiEHAdm sYPrinte birenig vt taEduscayriomeres dhg flapsptle derspedi? act i ve

i ndex betypgfRtHguck a«x&‘ergadéroéses 496 me aadﬁ%tamgbﬁbbamlc@me@oﬂ%ﬁn F1é804p, i S
desrrably relatively |ar or exanple, at |east 0.2, . 3, or 0.4, or

0.5 or mofcedd Théb (ficﬂae‘i‘@%@e@ﬁoﬁlercéﬁe? é&ﬁ%crqmrdeagneérqwaéaw e t he

structur %%s%@é%s%@%@s%m%&%th 470 as In@ 1EHGIs QAR RSeriBAd ﬁQBﬁrfé@tﬁonIM{h@"li}sQ%
ht froman OLED or other self-emssive |ight

capabl e of extractlng,l!\let %
sourde, 2% Webrndhid NeisBitene ohlic entigal extraction filpyear be desigpeddg resﬂa?@r'%? s 474a,

476a may RAcIRALA hekedrdi®lbaye any contour or shape that is effective in
extracting I| ht fromthe Iu%ht source, that is, coupling wasted |ight out
1

of the |ight SoUPde-4saraybamatip sidepr gressecdgnal pieyheat qpﬁfﬁéﬁ&@eﬂ%rbfp}ms(@af t¥n as

di scussedcabRMeith thitc@X@ITRDRETYs. 3PP adinR al ep&llaﬁloﬁtfﬂrﬁQiﬁlfn@ﬁide%lérffeﬁiﬁﬁs 474a,
476a are each _shaped to, define i ndj vi dua

2012/ omf@&%ﬁﬂﬁé@férmﬂ@zﬂé%%?&y (& e@%ﬁ%hwa thg fbn 4125 Saeqngyel y. The

el ement s A8 1866 isShHRANEY ok d B?M*ﬂ@aﬂ(ﬂin%@lgr 1a4: B o6 86wkl hichByeniRdg@sent curved
linear prisns or an array of lentjcular elements arranged in two orthogonal

di r ect i orf&terfgsgiorping asipstaiet syhoet Wdhioamaly Thengnoy oidyldmer icferphbehagay

sui t abl e shape Mﬂéxh@wlslme ﬂgﬁtaateﬂl%glow-[m o B R0EMD Sl ﬁ&;marcqnaémm fRSxdaad, N9
rectangular profi l 5represent flat |1 near 'ﬁﬁs or an array of
c

box- shapét! Omlo?timéﬁaﬂrcl@@rargrgﬁ@édﬁ o 1805 L-dy f%lo%j@ifpérexaarnlee cOHST lapiite he

extracti qfpRlfmBompdRa ool Her GRS Por oraavamam matihlakd @ hapevoMddhadt
l[imtation. The extraction elenments of a given structured surface 474a,

476a 2Reedh# §ts Hefragiyg wdprgeatcs thandhas af tawnarm%ﬂr@léaér Lhewigse irielecHesy have

the sane gk ®ec@R6H QF o ia‘awﬂr ufe dasditad relataergxag@rareya@m@%mm Sor 030é&r
extraction el enents 4/5 are characterized center-to-center 105pacrng
or pitch %t opéf gemerondhy dferepsiiyfrbartye indirgs ?lr?é"séliﬁsrfa@t‘ﬁe@)ﬂ“@F%ﬂéﬁﬁ% 482 are
char act erfi#@gn BYandpG&Msfat OcaffIN ScxERARE H%t @omRhiCHEDRE JaR! VBEMiReRr est
nelghbors In cases where the extraction elenents are not uniformy
dlstrlbut@E“ﬁPm%ﬁ%éﬁﬂ“?ﬁ@ﬁ*%%%%mﬁ?ﬁer the pitches Pl and/or P2 may

repreggent an aM@%ﬁﬁﬁn&ﬁﬂ&ﬁ&wﬁﬂaﬁﬁﬁb@kﬂ&@ﬁ%ﬂﬁ@:Q&c&h&n%@§ﬁﬁ§&hM§d§%ﬁ&ﬁCtlOn
el enents.. Each of structured surfaces 474a 6a_(and/ o heir respective

ext ract i IR HTaEHRgHight fom the Jightgoyreqnihat i) cogpliig “@ﬁ%?dadtgéwuz %%rhwghé%r@tsance or

t hi cknessndt i@ Be $Ud fnakEinRhdddRGpIR%tidraalisea likht iMhiBkard fad@dMzRCndt YogRUP! €
to the self-em ssive light source. In the case of extractjon film470, this

coupl i ng BdRpREgdn the hglﬁéow @ wotheryies log fior sramplegtmaittest fram gngdea ghthe fighte| ease

l'iner or sphefmskeditBs thiftioGldt ¢ BitrSHIRWuLAN BlubkikGitibNB thaYNay4BQihet istchdaf er ably
|ncor orated intQ the gkoduct so as . to protect the coupling surface 480a

f r om dardgRiRgPPcatinns- dkpreaplngEtelmantshe ST dsuwe ApBrmcad {5 he 1 ght
20source. Four characteristic distances are labeled in the figure, two for
each of the enbedded
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structured surfaces. Wth regard to structured surface 474a, distance 479a
is the axial distance fromthe coupling surface 480a to the nearest portion
of the stwoobwrosdiesur f ace 474a. Despite the fact that tiRrCI/USeeiiAmMIe3 does
not precisely correspond to the thickness of a continuous |and of |ayer 476
(due to the presence of layer 480 and structured surface 476a), it may
nevert hel ess be 25 considered to substantially correspond to the continuous
| and por tingrde light patracigpelements S E%rleraee 415 21560V #5 aKiae cerkeduESs | ayer
476. D sty ai@fma 8B edcit duhRd BXdaprithsr aNEayfIr QMiE NG cRBIR bitheSUfRGe 480a to
the farthest portion of the structured surface 474a. Wth regard to

st r uct ur edthegpnplaisctippsdor qrpaplgriiectipgy hat defipgigplen algngedichdhe ilefuent i nuous

I and por ts, e @bndd1§ ckdNAS, bBHe Qeltamerueaﬂaﬁts eegm{ sAGasiaE AgauidRashand the
structured surface 476a. The |and of er 480 is thus bounded on_one side
30by Phe BB inEptien fergeampla dentigyan Pre )éedﬂlmelssomeiéhwﬂ&%r )Pat s

paral l el difedsPBalCRHSabPR, SAhAGBa@RE cloh@hts bt 8V SeehSulbtd&rRed td-@néa)1 of the
structured surface closest to the coupling surface. The distance 489b is
the axi alhays ¢ samcsizeppiPy %h%pecduﬁrghﬁbeyem.‘/f%&%thaw ¥45 aflrirer Yanetihdasiedpdr ti on

of the stdug r%l%%ﬂlb&ﬁﬁl%ﬁQ ehekRation clements 415 are cHafaBkBABY Y celdtlfoR4h&ract i on
film470 conbi nes aspects of extraction filnms 410 and 440. For 35exanpl e,
the ext re@e%qnerprr)rtrlrﬁ14bmre@aﬁe%et peaghpeis e 1 s SRR ARSEXIRGIRE cleREMRRE NN fr om an
OLED 19r WRifet? (9518d6P 5GHALPEBLIAAPARS 3nOFiRE P 1 SR fepRithis 9h Y@ rdge OfersQUr CE
both by reducing the anmount of |ight that is totally internally reflected
at an outEhtFipeRciRg pfftheatragtiopslghadty of the sel f-enissive |ight source (via
structured surflagRudhédurfa@d 4R¥nd@EUEdcAGh S188erd MY Ray Afso bé tact-Radd vys
trapped as wavegui di ng nodes in a hrgh refractive index Irght emtting

regi on ofdistHec ghipkneps fsun ¢ anrfapqyefrthsoifpgtion film thats pdaptedrieervalirte heecls 476a) .

In this &%ﬁ@ﬁ@hﬁﬁs&ﬁ&?IB@%Q@%M%eﬁﬂ%ﬁ&ﬁﬁ@ﬁﬁﬂ&hk@mﬂﬁﬁgQﬂﬁ&&@ﬂﬁ%ﬁkﬁﬁ%b@n film
470 such that t substantial |and thickness 479a is relatively small, for

exanpPe, SPEES Homof lnor #h6c oisasedinen HEsvhishaly semmroxiiadhe lgier s t han 10
m crons, Adekablp lﬁcurpbﬁea udeareerbdweo Bgtbm&e%@ths veplihdatfabd vl 6h 406k dahib@l eSS

489a is smaller stil for exanp enough so that a substantia
portion omttthecytiagikm ﬁélsatlsfraely ty e @p@ﬁ%wtt%e 11@25°iu§’edif‘§%]§aé%fte\ﬂ§tﬂ"rﬁlﬁan§f¥ are
evanescenfibekanethefighBeDRiRhEc A0h KShy/BickhGNSs tBOShERIMNBIY d?emﬂ&@&u Blek Ng
surface 480a is placed against an emtting surface of t ght source. The

| and t hi é&!ﬁ@s@emr&cm@ng gfpcedhl dhiidehe syactiied surfasgdldag The @P%ﬁ hus gpunded st han

10 m2Qr ong,on@kidé BShe tAPBNInDsubfa&d erasmtmpbstue@wbpe @nStiRlid pdrdiRChin@n of the
substantial | and thickness 479a associated with the |arger structured

surface £?PAingppréce prdiRy duteracsts Alrortructyisd surfpgg bt iie) pidRSstuped surfase ckness

of the fligtidhecisdehss ﬂl@fc&lp‘ﬂlﬂg?surﬁw m%theﬂ&ﬁérab@nsiﬁ dsseaabd, 4191>als tRediftiRe of the
| ayers 476, 480 is suitab as a 15free-standi ng sup ort

roi | -to- rbarvre%rhsee@élrl&alr@%‘tléﬁen%@hneéeat isPaEpdlp) teflecrorn%merle'faceandrhaé

t hi cknessnré@a thetr@iusa shiffacd @sthé sIntd§ o £RO SRR K sBfade MPR/2RNRMEE: SRyt hat  a
subst anti al @prtron of the Iught extraction. elenents 475 is not drsposed

Wi t hiZd arff@V4ReepEng sufBtfe Sted diderentlys the fnd diickacs ppdittencs A1 2%an P have al so
found it RANRAIAGEOMS sﬁlﬁllefstadx la08isthi® betwes@&e b&@rlﬁgeelrfuéeaﬁﬁézrﬁr thdighciuhat their
20pitch Pl is relatjvely g for exanp greater than 1 mcron, while
al so t ai IR Imandtie ﬁlaferqeé 9k eanbg F%“s“d&@é t%‘?féhe lapgsst axipkfivtange petieqpzhg o

rel ati vel yusii@lshract #16a0%amelsRuctlrE€Ssraltan4d. mcron. The correSpondl ng
feature heights may if desired be simlarly sized, for exanple, the feature
hei ghts of st rlB&Hat rélerrsﬂrr pxfpastiopzinm 44 s ipendsd dogrdpnce fight ertrrﬁﬂer Bhreduging t he

f eat yoe hed ghdust &fli ﬁtttﬁu@turaﬂpm&waﬁ@@&le&z&a afrwtem)s{ RdcctBundaiflo€ten. The
feature hej ghts and transverse di nensions of the extraction_25features 475

may be suffFRTENE [I$h Pargee ror ferddpientagraaiedesiendis esirachpn ginetidsrch han 10,

or great ahatiRathddBiciHe& 498 )s rSGRIyishall. Foi@kimpiblNkd a@n@ickicYs 419a Rlal BEicRAl | Y
gover ned by:$r|ncr pl es of optical refraction rather than optica

di f f r act ite# SOipiFIons, Ph’éssfﬂé*’é‘tzé MRCRRS ghEss thagd O mpigraasy alihorshythens yalperpboyd not

extracti QR chRabelr R3infhB. MyonReased tHfcteGhBBelny 1Rl yett biatr ot tfeuftGdrisenal ity of
t he 5 xtraction features is principall overnedﬁﬁy principles of optical

di f f Pact iBACHHEAERVIRANRY SpPPTeantipert abi g thigknrret 8 e dre Riderdiiton il m
470 may be fabricated using nany drfferent manuf act uri ng techni ques as

di scussed in connection with FIGS. 4a and 4b. The flexible carrier film472
may have physical characteristics that,jyiake it suitable as a free-standing
support filmsimlar to substrate 216 Tn FIG 2. I n sone cases,
the structured surface 474a and/or the structured surface 476a nay be
35fabricated not with a casting-and-curing technique but w th other
surtable technrques capable of MD 2012/054165PCT/U52011/052453 producrng

. o o o o



10The carrier film 472, the nanovoi ded | ayer 476, and the other |ayers 474,
480 are preferably all highly transm ssive to light fromthe Iight source,
al t hough wombi2/aseisfoder at e amounts of haze in one, sonepcoUsadi/osf45s hese

| ayers may be tol erable and/or desirable in specific applications. The

| ayers preferably transmt light emtted by the light source with | ow | oss
so that, after the extraction filmis attached to the |ight source, a |arge
fracti on BEkiepgHtherfiegiriashistiricgh?. Thy laiihicknopstPa mayoles bew hindhat be BPhg

surface 480a Mk sita®X b a &&estinG 3G TpbR Bilrh id 131134- rauhﬁoc@tmfgssyttamos%t%s iurface
47Th and contribute to S%stentllluntnatlon he carrier fil 72,

nanovoi deliPictsy EyFle75 Statrdidisersatly. ifglelrger Atcoukddty sprajated fronh%tt/@e §thﬁli | ar
conmposi t i RRHNAMEXERFOAG IS E 5 Htinfe§ ndShaCOSTERSOR PRSI S%E@remlﬁteg}hy tdw carrier
films of FIGS. 4a and 4b._ For exanple, the carrier f 472 conpri se
PET, PEN,SURisiest 9 deipes ofdierisoencougiesedin eftdﬂtttlt}d?lhtj P} gseressiag @rsm)wh@w ot her

suitable é;te%ﬂsep@trﬁigt wipingd Ur E:@dﬂﬁé YSRRAm IR Bl lﬁ{dsthlcla{a(s”s 41'9a Ry aldd FQedirdct i on
as a barrier er to prevent water vapor and %% fromreachi ng the

li ght sodte@éosen 0 be largg ‘fﬁ"}l%{‘rs"tﬂbat éﬁthstaetﬁl Beftiey phike ght pytiagionglemeny 4hhis ¢ he
extracti oy dib ogémlgllmevallleﬁ&nt Ak UekBe QUNEKisshaYRhSolde.addi tion to t hose
depicted in FIG 4c, and other features or characteristics in addition to
those al ready Wi Bevgelse founfispdyanfagrous agatp Inecase avhersdhefilmA41 & igtnded dy e
regandi NGnhdiee figt BBrad@ANf byfibdaSing 48R a0 Rhildhhe J@ﬁctfoﬁlf@a@tﬁ% 4158 thal helFRMciPe

onmtted, and/or_another releasé liner or premask may be provi ded on the
ot her si dd ibrelatingy &xger REETHWISG BIeHeR tharpl Bicewy Tﬂlﬁéeatbltﬁfmgﬂms@?tﬂ%é@ 472b.

FIG 5a mcbewweaydlmnct beLoRl tERhceM Y4, A6k 2R iff dedif8 b0 brefkGRan ARictorcan be
applied to top-enitting OFED or other suitable self-enissive |ight source
which is ?@6@%@%&%@%@6&%@8%@%@ ey bs tHeentyderes. fonexapple graetst t%%duce
an enhanced, ol §o-reiBlohd, 'tHﬁch@Eﬁlbt%lah@%Y!hG xtrabidrOBarSl fs%hﬁ%aﬁ%@e@@w@%

depi cted only schematically for ease of discussion. i ncl udes at

| east! a gtﬁlﬁ%l?tﬁ%tt@psqaéreéﬁetw& retherihanpiogprametcr opticrliiffRgti9gax | i ght emitting core

or region 514.ThERBHGVESLERLGINBY0 hbEd faBitaRS u@n®AhideSbridtRYBharufc RFRY €Nt
wat er vapor and oxygen from reaching the region 514 fromone side, and the

subst r at deqhaifucs) %lelu Bg witheud H@H?ttoa|00%twe}01tsrt%c|hwavewa%%t<fhdﬁrétwgﬁ Auch as a

heat si nkpaftRudi@ Hﬂvﬂﬁ@éeoé’svtﬁ%ufaléﬂﬁh% Rendi@@iiO conddhous Bi6t S BGE (R @o1bbZomBYy al so
conprise a backpl ane. 35l ndi vi dua ¥Frs that make up the reglon 514 may

be deposil¥Fess e TR shopnaplisriaberly § ﬁl ot BB pdechiygye allows the film Yo be made
2012/)954 %%ﬂﬁ%@%ﬁéﬁ@ﬂ ?411%3 VOREHE RELhaE AvERa (Y Q)ﬁﬁﬂp&t 8ut 94 {it) ilfdQarhd

i ndex region 514 ty |calwé i ncl udes at |east one OF%?HIC | ayer tai ored to
emt | gHumgers gf la%‘é?lpﬁ“éfd" GFE veost Hee Arertalopdrfedthe gteadrdepppcctiriaten®) ¢

current ag sﬁdh%laéés ﬂaemtxagte daﬁ%hm@m hiyARSORyE0AI cﬁtrmédsa@esuc@mr hi gh
refractive index é%!s can al be included in the thin high index region

514. An &atn@?ﬂ%qmap% kB%&a{haéfna{‘Wé SHEblF ghe 1648@51%5@10?965%.%%@@ SpbStaE a

l'i ght emtibin@Gser frasghy@hset, taerlllge&l;)p&wefa conventloﬂamlgﬁ%ﬁsnﬁ@w@@@Mnglesu@mhanced
optical perforpance of the OLED, on he desired optical extraction

fil w§54ms palyeshylonrderrRIthgl (P& ?r@otm@ytepwh@ﬂftﬁ (Y- %ﬁfpp%tzréerstﬁ@otaf t he
OLED. Befyjufl @R®ld Hadd 4 B thickesaPRLtORAdnAbEutNEhRARR U §0NBIcroRl) iRbRIBBRISK (see
itens 418, 448, 478 in FIGS. 4a- c? is renoved fromthe filmto expose a

pri stine N9pERschy nesessasy filystepeth dealopsibie bepssddorsyg UGS, 480a). 10In sone
cases, the optihgahe GO8PhE RehchMd sBERcAl4d NS, RPhbrEdled 8XIWiRGLdaQMefahl BariRY be
placed dlrectly agai nst the |ight entttln surface 514a of the OLED. If the
out er nosticqhaigas by vithgay ethersyitabls ?thltq}l?ﬁ%p%b qoldredieing dedatiisr £xtAstiddhesi ve or

ot her308UIftaattle@mItnegiatlretin@@@w&%x\g{ﬁpl@dﬁ@ﬁhm; erhB¥8sifh, aﬁpltge@tmtrﬁ&amg)ﬁtyveen t he
optical coupling surface of the optical extraction filmand the |

em tting 90F4d toforpfhe S@}l@ﬁeﬁﬁvfaﬁ%“@aft toaeéﬁteStHOVﬁtvamfé%e e&‘“ﬁ‘iq"mﬁ%nd

bet ween t416 id WRic GARPL PRBE:S sivdilhito ARt HFIGAN It 1@;@9111@115;, @ﬁﬁnﬁt&"@l’)&bﬂﬂ ween.
In other cases, a thin optical couEllng Ia er ovi ded between the

optical cBtpR? prgducgd P%Feéhecffmtaﬁ%n o q%?VOé@@éﬂ?é{&t‘tldﬁnt thF ﬁﬁ“é?ﬁﬂe‘t Wefaqe 44 -

emtting (%ﬁﬁgqa&ﬁ‘ly@eﬂéldﬁf ontdeda 5 Relcctidf aPirb&edd cof@Upisl MY ly@yas nfiRY serve
several functions. unction may be to planarize t he emtting surface of

t he GPED.INFIeREYALy ﬂtﬁ%tvatdéelaf/%ﬂéﬁt diggugred ta_@:rgecturlbt“ﬂb&%t e, the substrate
may have 20 surface features associated with pixel and sub-pixel wells. The
oprical coupling layer nay be used to fill the wells or other surface
features so as to provide a planar sur%fpe that the coupling surface of the
optical extraction film (see for exanpl'e, 416a, 446a, 480a) can attach to
with no air gaps or pockets. Another funcrion of the optical coupling |ayer
may be to attach the optical extraction filmto the OLED, for exanple, in
cases mhere the outernDst Iayer of the extractlon fI|ﬁ1IS not a 25pressure

o o " o



included in the construction, may have a refractive index as close to that
of the high index region 514 of the OLED as possi ble so that wavegui di ng
nodes w tworotdms4tssgh i ndex region, or their associ at edPevarsesia®ni4szone,
can be extended closer to the coupling surface of the extraction fihn The
optical coupling |layer may, for exanple, have a refractive index between

t hat of the high 30i ndex reglon 514 and the | ayer whose outer surface
corresponds t o helTigifiip 41Aghe panperideddgyer Hid- gisithecather aver Heérredncteiabnall

Sui t abl e 1y GAkmEAUPlI1HRE: fRY BE HigkQBREd, §ﬁ10|ulf719§ﬁa‘lltt5 HIEhS Shn¥ErtdBHeSdigl  such
as hi gh- |ndex adhesi ves and nanoparticle-fi yners. Suitable optica
coupl i ng M&Pams o4 plhobihess laygisimax br plegeblg #ydrpr é@lrﬁlaggissf%ﬁwml@ﬂﬁ@r fI8% m ng

t hei r neqggsrdfehibl ?%ﬁs@ﬂt(lﬁg)lt SRitt&Bbyl e F3HLT&ESyithNBw Wss tmmearRetdeen the
coupling surface of the extraction filmand the Iéght emtting surface of

the WO Z0T3iosAgspttachessedhelighbpurss, adpepiragtiop gpligh frogshe lighf sodtsafaf ng | ayer
may, for Rxa8RIR colPMe s dcBuFdanea Sxik he 3xtFRAGEL IR £ MeGpposti®oRerdiRA$2b OF
fromO0.5 to 20 _m crons, but _ other thicknesses may al so _be used.

Whet her c#d pesttribue 18 systemillupisgpion- e carier fllmet1g gy coral?lfsaé?ﬁii%el’rﬁN SPPYRETDpt i cal
extracti QHerédf sk Qnélﬁn%qgmlé' 884], bSothdd sERBRAGAGRRES: AbAAR @ maktdi@ls €83l ti ng
OLED devi ce, e tic xtraction 5film whether by reducing maveQU|d|ng
nodes, r &atier Ay ‘!&I%ﬂy glsqrcemprae ampfitilayey ﬁ@hoaltew@wlayeb?f L. BENetdnechani sns,
can m)ov'cdﬁolylﬁ@rﬁ fReefl 1h8 ehbr ﬁllnlrﬂarpdaaﬁlbmy cSRPRE bIBSingnsQ eERESBdnli0 as

i ncreased galn of the OLED when used in_a given optical system The

i ncr easedDFAPLgRlAIEEhensPle gavaICTeaptiend fmptigng sych o plgrizgionaad 2iavdenstn t er ms of
t he t ot algeletinRaMeRidnNtIBIEALQdiHAUEE mbPSsORRLtRARES Barffr 1HRSRI P ventQUid Ut
directions fromthe output surface of the OLED device, or nay be 10neasured
in ot her “ABYendpegemion reekingba liphtsemsaadicr ba cdrastiny f&mﬁ%‘f‘ttaﬂ&ﬁlt%ﬂle deltect i on
of i nt er estirce. f MenBHA Rirfbarrich BMRARAEHANN@AN S ﬁlnlls| Iﬁmenﬁi é@ﬂlp@rtgg\a;b&hnal ong the
di rection perpendicular to the OLED output surf

i ncr dasi r§PYHIENGE BTUROTRING HEIRAHS BRedR!s ﬁawﬂ%}%y ip H@N@JL'EB ofEayFreen a gRepl ary

optical exid afableButsicht %al@én%ﬂn@ﬁyﬁs Bﬂﬁo@ﬂﬂ@rﬂﬁt@iﬁ}ﬁs atda@;gahia%myﬁ@ﬂ fArovide a
flat or planar outer surface that 15serves as the gut surface of the

OLED fi | ricesifg at $-ditenteadn.616 ke gel i 7t ?%(éh%’iet al yapd 64K 51 $Shghicfhn as

havi ng azﬂ?aﬂm&ﬁ&k@ﬂ&i&&@h@hﬁﬁyb&mfk@ﬁnwﬁ@mQ@ﬁﬁuﬁﬁﬁkﬁG@&mﬂ&%ﬁﬁnﬁﬁ%ﬁm 472b
respective gﬁ and it is this surface that may becone the output surface of

t he OLED dsipseddhessin ebherofhsr fyqr e gla.‘amwnﬂéaanma%w\et lightitpsmipsive patetid| ik at e

st r ughur edempbd 6B 0EMekiS & RS 46y Bt of &%ﬁ@@i BaS @ ansHids RY bre@furd f26sikeED,  f or

exanpl e, structured surfaces 414a, 444a, 474a, and 476a, are in 20each case
enbedded AMEHEAT PRE Fop-Rladivanaigriahi Reproetaing viseo-cladr Rty alegispysstddr fed fr om

abr asi on,cofhinfohly aligfed UM, hatentd m%JﬁQAuskﬁE}rDé@eﬁ@b1m0§)&eﬂa&n&éa%ls&lv@ﬁé bl e
carrier layer (labeled in Fl 472). A fl at output

surface d§fFit OB%“%I@%“’&Bdl”lﬁéw‘f)@ﬁ@wfé'llé?“‘i“ﬁ theawaawmfuhe&wecﬁ%c *hut in sone
cases it diRMye afl @it saFhR of the @abaﬁ1§51&er11gqa£ DarodgE nB did et hferViapyt. surface

of the OLED/fil m conbination {for exanp surfaces 412b, 442b, 472b) to
provi‘de drrcekpyiswdlegicrpriizt g agerr"rlée%ow%%ﬁra?twrltf%Kanﬁﬁlavﬁl%%arfl”ﬁe i ght

distri bUtC'Oanl g@watc@ g1 dasbftﬂa%x%ﬁb&ﬁlm) to flow to folnGextoft sd8NBREAHA 8% dohe
appllcatlon of one specific tical extraction filmto a top-emtting OLED.

Inltlallﬁ’mPh%n%ﬁgﬁﬁ'Ce%%?r [?on film410, described in detail el sewhere

herein, and thgecligh-RFadibh NGB HoERFourd iSQuBQBILE | la aditliamvhergosberein, arc
separatel manuf act ured and provi ded as startlng enents. The rel ease
1

li ner 418%pisted Enfglietp. prdohar fratueseror 81%?{4%??1‘“1“15 iaddBion jafhass absendy disgrseade |

coupl3ong revEfadp®, MhikAals %B;eb@pﬁwrg&atbmltﬁlh kD AR Qo athendeMenthfeitiod hraik t hen
pressed together tqQ formthe conb QLED devi ce 520 with enhanced output.

The ext r a6314cHRS #1jtp ﬁit?rsw&rék@r %ﬂi’l"lﬁ“ﬁ ﬁh?rilght bélﬁéa@acqaangsr?é steycferss. PoppxagRlenpl e
by use Ofﬁnﬂ:u@ﬁa@fa%&’é Qaf BOSplitd/@ tIRANGEHNR oPihe BhRMKkir&Mbl A B ARRRSMErt O f orm
| ayer 416, or use of a suitable light-transm ssive adhesive as an

optical dBRIgHT ﬁl@ fynggenality av@%@R&ﬁ@&%@ﬁ@?ﬂl@l@f@%ﬁ%ﬁ% uch surfacq gpatings

devi ce 524 hivRefoPRlainpR| opfti0dl Phbdhgni&MIchafiBaldkRRc Pl altthiR ikt ER&EhpI&NLIEidm and
t he I| ght emtting surface 514a of the OLED contact or coincide with each

ot her3? A§°%quéglmtlilctmteﬁgwhrfi%&ha%?é%n&%éoﬂwmfrl%%%%mopﬁl@fs MiPSt he mi ni num
and maxi mum axi al di stance fromthe structured surface 414a to the optical
coupling surface 416a, but also the m ni nrum and nmaxi mum axi al 5di st ance
(respectively) fromthe structured surface 414a to the light emtting
surface 514a of the OLED. Note that in alternatlve enbodi nents, a thin
optical coupling |layer as descri bed above may be incl uded bet ween surf ace
416a and surface 514a. In any case, light generated within the



hi gh index region 514 is refractively coupled out of the OLED device by the
extraction elenents of the enbedded structured surface, and eventually
exits thewdevi2s4620 t hr ough surface 412b, which 10nmay mowuseoiaossiser ed

t he out put surface of the device 520. FIG Sc is a schematic side or
cross-sectional viel Al of an OLED device 530 in which a top-emtting OLED,
such as OLED 510 described in connection with PICT 5a, has been conbi ned

wi th anot¥Bratspintighare: antielleetiqnapntpson (seratchregisanesy anyiynudgs by derhobis: £ | m 470
of FI G 4fdrophili®la@8doh BEnioRbs SN S AR, cdigilk L ar@vibleN@V)FilBrifkas been
renmoved fromthe extraction filmto expose the optical 15coupling surface
480a, whisesrtiabiltcsing cplor shifeipg: sples wmadifigaiianiotaripation mogiication (tineehgy ciitiitdice 514a
of the OLER Rdifctidd? difﬁglan%@b@f&ﬁdtaﬁb@vvatha%mﬂlé Eﬁé s %k bl @Nhehiement s 482
from structured surface 476a, and one of the t extraction elenments 475
from Phe Setfcgétclide  bamiet laves onupspae; clpgricly ﬁorsdact% naferigh Videfeass igter some
sense of ARzZRyY 8L Imil GhABSMmothef LRELMaESnd R VR B e @ct a&hiRt ween
refractive el ements and diffractive elenents in sonme enmbodi nents. The

enl ar ged e\’/‘?rW%ﬁlllFio(BYOtSEtl’f@wpg"ogu&fh@\ﬁéz'%orre addi tional detail regarding the
hi gh index regiig@nmil 4 schBastkQMcE drobsSscSMANN i@ o CADME HHilkd cafacli@Ad thdir ee
separate Iagers 515, 516, and 517. The |ayer 516 may be an organic |ight
gener at i rfg" Paysss With Adppomattiae Oh&PR ToF1G: é9@P§pMsext@Twnrﬁésv 4peingluiesgnspar ent

el ectjpoderckdyarrict 8fn maalimkzﬁ‘noueJ‘&Fa@&@féecpr (@orfeﬁaﬁlﬁb‘}@a{tﬁﬂéd SPREHR 4are Oxi de
(TCO such as indiumtin oxide In any case, all of the |ayers 515,

516, 517 “pEedbsspbEes isgmapgvgiled &yer ﬂmdeanpﬂ?arelﬁyqﬁé‘!(eb?%@ whigl angabedded| e, in
a range fir@emck £&mlin® alsti@etured surfacd udaherossad (6R i34, ThdRnOREd8 %‘yelcﬁ?éf@ﬂabl?
surface 480a of the extraction filmand the light emtting surface 514a of
t he OLED Mapmtcdastiveinden fonisthés ght welbbelay Batdconvagtiogalnelypmeric majegalyifer ances

489a, 48%kRRESIRM 1.5 1830bYin ke mfrmnnmlmt@m@ omm UM 2kdr @kanthlS LB GMef rOM
the structured surface 476a to tﬁe optical coupling surface 480a, but al so

the riPni it &Hds Rsirablinozersed oSparlseiescr e tuigRlp yrterialdpatasnot st r uct ur ed
surface 44R& otded hiltiethdtihghy re@RdtikE indek Srbkitrak tﬁalf}ﬁth@flanw@d@@?r Nete that in

alternative enbodi nents, a thin optical cou | ayer  as descrl bed above

may be i ritifgignReg lndéfr%@éwné%ea&f‘én&fé@e&ﬁd“ é‘d? f%f’@@ra@%malaﬂ‘feﬂy laige: fease, 1i ght

gener at echxihpIBianIchd0.206rNB, bPEEXor 08D HArd Irhe Ul Btd iBGd i@l MnhQURIIEH Rt  Of
t he OLED devi ce b{ the extraction el ements of the enbedded structured
4

surface, SHHgUsY nteeatddy telipstionphan eptigal dierrsp cappble alFrtragiing gl it whi ch
35mayonov e 6iRd: dar-aflisdingi f@ﬂ%ﬁ%&% aguésfcﬁ&% abtwhkdendayi ce 520. WO

2012/ 054165PCT/ US2011/ 05245 6a-6¢c are schematic side or

cr oss- sect i onalheyirgfEedptipeci4appy a%&aﬂ%d o heyrsany Kaitow oR shyae hatdgeRigetive

bot t om enh bt PeEDFom Manﬁghm)u&@ %aelseémﬁmrfg aIdd hglatoumshequht Jaa&@ s§ inheTs are
di rect count er par ts to corr esPon 1 ng el enents and featur es of

ext ract i dheanibp Hesd dbide itander apalicalpmescdiscaedpbore: Ppexsmpiayy gm qﬁape%&ﬁﬁm e, the

flexible sﬁﬁétﬁﬂe@ﬁurfabé ﬁﬁha@f:d ol defne 1§&vﬁuﬂﬂ§ht%bd@a&h@rﬂélbrﬁéﬂts\’44’éc@hé 88h&RU450 t he
flexible carrier filnms discussed in connection with FIGS. 4a-c. Lar ger

st r ucur ¥ YgPP Aty mgaegingdar e filpey Helemps spetsipilat Hgcan ridees R 41 1Y © ‘éﬁ*fd

snmal | er  shiges hronperaides haaRsd ﬁd@@hﬁlﬂ)gﬁﬁbﬂ dildckibhsa gl N uRdcking tRf dv@aagui di ng
nodes, and their constituent ght extraction elenments, are depicted in

FI GS. 6a-anc alons whigh dgarcaied wirfage geaempllsiimas )t it the extacHeTod neatsepasibt ur ed

surf aces WrgfmhRegyisfitadRANGE Wilbut\Widibidn, BPexii& lenhMRVRIstetk, hayers, and
other layers that interface with a 10nanogvoi ded Ia(%/ler at a structured

surface, pesyayilitcady pyiendingsor Zsdmensiofab) fargypmpl, andihe parepienciieas 9bhd t o

t he nanovwideaudnayeiusta@ePhdian h:!w’éy,l%rsﬁmg KiSE MRIRR Ghalp B, 2BRRRR SHely @AY WaveNhd™| GS.
4a-c. To avoid unnecessary .repetition, details of such comon el enents and

feat ur es SHPF PG/ op shape fdatineds Mewemplery cpppdimprs. Hierairagtigp glements s ag ng

equal Iy t@ahhiesRd syhedikn®ntster hﬁci‘ﬁgﬂ d;S@ﬁtPZ‘b@thQﬂleﬁﬁéEtrn@fgfﬂb&@ thichsapwadre FI GS.
4a-c, which arc, adapted to be ap to a self- 15em ssive |light source

that is fAppegioagleaspspgmneal lyan%mSH@u@stfﬂr spager ey sephgtheryihe R iayon
films of rEirésdnt BavGa@icBni@ddBRERE shx il ruediasioRclsMisd rate on which the

sel f-em ssive light source can be fabr| cated. In the fornmer cases, |ight
fromthe OLED is emtted out of the "top" of the structure, that is,

t hrough and out of the optical extraction film (acting as a "cover"), whi |l e
inthe latter cases, light fromthe OLED is emtted out of the "bottoni of
the structure, that is, again through and out



200f the optical extraction film (but now acting as a "substrate"). The
reader will understand that "top", "bottonm, "cover", "substrate", "carry",
and "at opvoshrulsdienot be construed for purposes of thisPpappiSe@atnsmnito
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®61l2 and vari ous

25| ayers car ri'gd styetyredurfasesdpn and/ogertmeHerelemynts 448 nfay pltp B3 Sharasieiirig itese
layers i Si@an0@faMRkedrd Y Qlrfabldr tRNEktanRh Bieh Hatd 8lap@liGe cRBLUEER svhi ch an
enbedded interface formng a structured surface 61£a is fornmed. The

nanovoi dediisiy élghtﬁp%rf:%rlamefawfé exfrac g x40 o his senpking wrfacs is thsjouter maige wel |

bel ow t hatrtf 46enyafct 2452l RRL YAL Whieh L& h &verind 1€ [a§X AR li€prefRRbYW 1. 35 or
1.3, or in a ra@?e from1.15 to 1.3 or 1.15 to 1.35, for exanple. The other

| ayer 261608tk Bl RodisiRIGs Eeprefect regoprling sufacradtaron dastagpimithes i t abl e

mat eri al &hakioh ﬁlnm@treaﬂﬁﬂpdé%ﬁl%@ & h llil%urli@swﬁenrtﬁef lw&MWé‘onhﬂi*Q@éXangr eater
than that of the nanovoid ayer. ference in refractijve index

bet ween taqesivayths incg 498 is elff‘éer?bév @@geﬁ%ed@rﬂy Wléqnébq e #44 ngien aflspiventbipl e, at

| east 0. ZincP448%ma3be @lprdhadie dQfznt 19 pRYccMAE SurfalOifrid kd §8r BRE Bhdridtdigfid acti ve
i ndices allows the structure§ surlpace 6l4a to function as an optical

i nt er f aceligapasrelabsicddr thedighion Qistangh 49 ioths dicketsepf e ctinees kad portinh ofsi ve
| i ght10s oUnCRyer 4D ANIANMRIALNRBC IS IPh 1@ AR 4B tured surfaddYa4st THCEM i€ chugur f ace

614a may be tailored to have any contour or shape that is effective in
extracti rb@wpqe@ /P one e by e qopRiing S%‘«ifﬁ@éd op HgtoPPasitc Y 4 Hepowks tsedrafielght  out

of the | itghdoupiRislsGlacs And MalinttsePlle RRICHSRDuIRLe bhBe pRh@NILHe aRRIkGaf i on. I'n
exenpl ary enbodinents, the structured surface is shaped to define

i ndi vi dusrridedit isek dosett o erueiinisags 9 he yiher ‘%‘Pré?f@i*ﬁttl% dgtpaecatPbskhdiin as

havi ng 5Qh'§téfﬁgb§wéeﬁlaﬁeec%uyﬁﬂg%ﬂrfa{€€¥4da%ﬁ @pRNE thalit p’ﬁﬁllell {oﬁﬁéiéouplﬁﬂg%ﬁﬁ‘ac@ran@n
array of lenticular elenents, but the extraction elenents nay in eneral

have lany tadiitterpcts taasipeiusil puiliae atithenomye) ofrthe stictused ysfags (hatdbpis drtherit s, t he

extracti oRagkeiai Supling saffz&:ecbﬁfe@@lﬁ-‘éfdnﬂ?dhéﬂn@thfél%ﬁgs%r d‘is@dll@tem9ﬁléa§&a0| ng or
pitch Pl between nearest neighbors. In cases where the extraction el enents

arc not lfﬁpsr“éﬂrerﬁt9bath§§m?llfa&aéal dptangs Retager the fRupHRGS IR0 pldhestugtyregy may
r epr esentsyditcau s, aQthe 8t R4 &AM 8onskORRALBNGe RgeltRLiIaPXIERE bitRBendh&mENt S.
Unlike the extracfion filnms of FIGS. 4a-c, the extraction filnms of FIGS.
6a-c ar e AMingsyface é‘!faa?‘éldﬂ’éﬂrﬁ‘fﬁ“%\d%uf”faﬁsﬂé?ent el ectrode | ayer as an

out enost | ayah c8s WRGe b d@radfiord NS 440 lidhicdQ 1§ EARSR AR RIEEbY RAQiIRY be
conposed of 1TO or other suitable light transm ssive electrically

conduct i VB geauat ofdieht tha is trepedas éVaﬁ?gu@kftgr%Q?F? B tgh redreptie wrlexdjehy era&mgt hi s

| ayer is rEgl@iﬂ@fn%s%ﬁ‘Ienﬁ@% ‘ﬁgﬁtrs@d&é‘e IW@YIWGMI‘[ zdllv&@ég%&@ tAHQRn Ry radibR. Such a
transparent el ectrod enbodi nents of FIGS. 6a-c is preferably

adapt ed 't Bmf“dﬂélt‘ihél“r?t% laﬁ ﬂ@@@&%ﬂf‘é%f*els Y WRrE Horgrampls, sl enayelyspihet el i ght

gener at i n@bdtAKBPoRRAA 0P iGktREcES @S 435 QVAigRsc Wiiheanl Rhdedehi M8e bndex
I i ght generatl ng ion or core of an OLED. Thus, the transparent eI ectrode

| ayerrdmayhs i t%ﬂtw% Bl sprR Y brartharoppingsuiiace d4¢¥is placedggtingt an caitinesexfacsn

film andsRfifeBlsofiQk. n"ﬂ{el eQi&thB whit@ t@-&&e@@eﬁ&oﬁ@@ct@ﬁ@%ﬁﬁ&ﬁlb @Jhpflhg%rfad%ay
| ater be considered to part of the h';go i ndex region or core of the
&l

resul ti ngH6e oty Gelpyeedo depends oppauabenf fagioay inslyfling dis rafia&avea}ﬁ%?ﬁ laysi448ct i on

el enent s Hd heF@acBlSOIRST MRPOAGH 6f the Beht Bdurét Mhislt AN cOlplhh k&iﬁe@maﬁg om a
surface of the extraction filmthat is adaBted to couple to th

sel f-em d¥6@ iRy capupercvel thetdyd thigaigss g gy 'af‘clﬁ%wn@iommreliseor legyjthan

coupl3ong 19Ut REE oY the me%ﬂ%rt&ﬁgﬂﬁfe& WBRied BuldBbOde c%hﬁhil@&é% 6 iaf | ayer
616 because it ad oins the outer surface of what will |ater becone the high

refracti W& ?fd@&mm.‘/gfmwr@éﬁbqaa@ffﬁ@ thesigp 6#%?@??@%&@9 Thilepdcdickpgss 4498 618a

of el ect rpfeuIdod¥ ®lss BdBa thiithds26LhOAEIL1E SubBiidie £02, ity vR Ko B thRAGED layldhO
characteristic distances are | abeled in the figure. D|stance 619a i s the

t hi cknes<M8fs ToRItaNAP hifiesodanding qunper i in T9H-te-Fall Nregwsingay Bopetglo® s t he

coupl i ng wpiclaaeri6lba and the structured surface 614a. The ot her
characteristic 30distance, 61% 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 fromthe coupling surface.

-26 -



In cases where the extraction film®610 is intended to enhance |ight
extraction by reducing the amount of light that is totally internally

ref | ect eawatzommsesser nost surface or boundary of the 35®elrfusemi®si«se | i ght
source, we have found it advantageous to design the extraction film 610
such WO 2012/ 054165PCT/ U52011/ 052453 that the land thickness 619a is
relatively smal|. For exanple, the |land thickness 619a may be |ess than 50
m crons, or Ié§§hﬁﬁﬁﬁu2@eﬁﬁ%ﬁ%ﬁt““%ﬁnm%§§ef%ﬁﬁf@GD%ﬁHﬁ&ﬁgm“ﬁuﬁﬁ%ﬂﬁﬁ»these
val ues shpyhi NesdB: feRNsttah ﬁﬂg1a®a¢égamtng Rbde dRN6cidt@nwhiat mlgm%aw@ }ex may

al so be |l ess than a thickness of the flexible substrate 612. The | and

t hi cknesdighianttingyesigngd thedighigopms picplht depaye cxnepetialy & 4 fanghigp okdistingpl e as a

Sfree- st angi ME bSHRRYLE tht hlgMiddex Feloh: ForHehdre A6 ALRESAMNLrSIES 6B such as is
deplcted in FIG 2. The land thickness 619a may also if desired be chosen

to bedl artpaegtidngmodsdfargxample. &y et humeiieds Ofﬁts)ﬂf:ﬁ)&rﬁ%ﬁor%éﬂhfﬂawﬁ idg¥raction

el ement's (Bdign, 'e&h%tvegdl'i(ﬁ@qﬁ&ﬁ iyt da (ﬁﬂ‘e@f{t%ﬁ&@ﬁmly a&aﬁngf‘unt:m sRlthe em ssive
| ight source, W have also found it advant ageous, i n cases where the

film 610 4e§ayr%tf@wa@awta§0 ﬂﬁé’ﬁ‘ilféh%th? reéﬁ%tWé%td%eﬁt%HYW‘W eBYEHY e, to
tailor thgmpkdakiest bRMndy@BbILE BSsefRdi prat&ibal tibdtor blGIdhry RE hifdVafcdnzdn® |a§3‘tthb vely

| arge, for exanple, greater than 1 micron. The feature heights, that is,

the diffdosHermsatiear areplsr degnaimeidaysr 416 hewné voish 2 mfpblydszncd desi red
be grieat afrudhhdd sukfabd &hﬁ&co@w&nfa@?&&a@e RabuahbStigansh bf@@ﬁl E'Irﬁl@x féléﬁEnSI ons may
be suff|0|entK% | arge, for exa reater than 1, 0 m crons,
that the funct %h@aeuaw foypd ftigdvas g?%fag%mé%&smhé@ ﬂilesﬁlﬁlr‘ﬂﬂéﬁlﬁfﬁmegt@overned

by 15pri %hﬁk@ﬁgl@f:xt&@ﬁdrﬁ@l reduRfnk Hight tRPpdddt Beveghiaa %de@sr TRl eRxtrRbA cal
di ffraction. he optical extraction film®6l10 may be fabricated using

a wide vafﬁat@fﬁwéfsu%hﬁﬂ&&pdﬁh hyyis rdehklygmed, for sremplgi 1y ﬂ%i“tl HREOn It 9P on

ContlnUOQ%qh@ﬁQﬁbﬁuﬁﬁw&ﬂﬁqﬁﬁﬁﬁhn&ﬁ§hﬂkﬁ&%&ehégﬁ@&&h%U%aﬁﬁ%nﬁaMﬁﬂkﬁﬂeous
manuf act uri ng techni gue IS continuous. cast and cure (3C) roll-to-rol

procdss stigHcedddbrad @%W“%% Hepatsp-dbdesied; be lessdhang migioRe Mg {fripighreights

manuf act Wil ienst @6 inBkes a&%@@@ﬁ&&mg QAR 1A RectiohWRYehe edtfactidie
extraction filme610 is nmade using process simlar to that of FIG t he

| ayer 616°HHys &anetnAleevEepiy erﬂilqlnleS| of yeticat ¢iftactpngatherdbrne B8 Cxpmpds ORt’r‘Pél

for mat i one@fctibhernana@tdaffatams nfid fadndetibific, ghdstpdridiRrorsaidbace 614a.
Consequent |y, depending gn materials sel ection and process conditjons, the

| ayer 616MRpPH 9@%5@%@? fegtuges 1d theLXBIGPR EQurca iy IBPnegascy P80 n

connegt i Gomv f)ﬁbtd%ﬁ(@r%s%ﬁsm%ﬁﬂ_@Qn@@tﬁé EREs, thi kidcRited subh® 4&%&@@%& ayer 614,
the layer 616, and e electrode | ayer 618 are preferably aHIg?l
t %&H&%ﬁ

transm sSPYEPIE BiahPy i crans e thegpriradion pEBd. drenrsd Ghve svhspire

anount s Qfisplgz @& iy A uSEIRO hide aa‘lclhrﬁéﬁ dripessiid axetufe 1P vIIe bidrndbl e
and/or desirable in specific applications. The |ayers preferably transmt
li ght emi®F&dOBYORRET AR cBYlfce with | ow loss so that, after the Iight

source is fabrigahed at@@ioh Bm axs haebd falihcfatehM1n$mh1@f,f(ﬁﬁ‘erﬁﬁtal€ahhﬁﬂu@ﬁ l'i ght
fromthe |ight 30source that traverses the coupling surface 616a wll exit

the extr éE‘%hPHHeSfaF Hisrustedimeongerhion with Py var The floxibleragies Hlmddt montavs bute to
systemi |ﬂhzmam a{akdéfénstlcs that mdi¥8t Jult@dM as@(ﬁere%ﬁahﬂlﬁgl stbJ)ﬂﬂﬁﬁéLQmHﬁyto fbs@AsIs /e
i ncl ude aqt | ayers in addition to those depicted in FTG 6a, and ot her
features BF@Raracteristics in addition to those al ready di scussed. For

exanmpl e, mat erfh abrse B, € sm{aa@erdrgeff@d‘ead4m£merraﬁrt&etea hbtRithQ RSHANGE chringht
extraction through 35scattering or to filter, color shift, or polarize the

i ght . SUPdhaIgEe BB RRST whtalle leEhqueeepatiee! Rigduipe ghe diyeyed extraction features in
201213054 ERCHASAA HoPSRABR, fnpeiloBabosliAY @hSin CAM HAIARRLY o bOwLN® ai T

surface of the |I9ht extraction filmin order to further i ncrease the
f unct i ondPit (e sfFrsusssyripieytthia somr cascofaveser if irexeaetipmilm 449 it ppdpusiggen

surface GQAbdeBGSmilam ﬂﬁa\bend QI the X @46 mal RérisElte, 2 FABGNAIR F Bt wasRsduead , Or
el ectrical functions. Ies of such coatings or structures include those

havi ng t HECHBE fosmptieg of H’ﬁ@f“i"c‘fﬂ‘ée‘b]f‘yeﬁ f%‘b@dttbf‘e%mctaﬁé pyrége 4hhan Coateqysntly.

anti gl ar Qiepéilﬂ{n'g o8 flaReih s 0ectidN il BRERS PRI SR! B¢ Bher486 insl am@qetraamab snhudge;
hydrgghoblc (%dro phi lic: adhesion pronotion; refractlve el ements; col or

filterind@Wot %VWEY@?ai@ﬂ%“*?PF@PWﬁﬁm1¥%%E¥% # filtering; color shifting;
col or nodification; polarization nodification (linear or circular); |ight
redirection; diffusion; or optical rotation. Qther possible |ayers to be
applied to the air surface include a barrier layer or a transparent
electrically conductive material. If desired, a 10rel ease |iner nay be
provi ded on the one side of the extraction filmto protect the output
surface 612b, and another release |iner nmay be provided on the opposite
S|de of the extractlon f|In1610 to protect the el ectrode | ayer 618 from
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FIG 6b is a schematic side or cross-sectional view of another optical
extraction filmthat can be used with a bottomemtting OLED. In FIG 6b,
an opti cavoextvmetsson fil m 640 i ncl udes a 15fl exi bl e carcirars2d¢1itlom4632 and
various |ayers carried by (for exanple, attached to) the film 642. Anong
these | ayers is a nanovoi ded | ayer 644 and another |ayer 646, between which
an enbedded interface formng a structured surface 644a is forned (see
inset). A trands&rastfile ‘@&ttP%PéwY%@férlayenWr Qddpsyhp iy Hedrargprabluglr 646.
The nanovgimecank@ite Rnghetrabiny hQﬁ%mﬁch afkioael iy b RN ait %owt§éfblh£e ihi ght
wel | bel ow that of conventi onal ynmeric materials, for exanp bel ow
1.35 or 1008 sompsy all af these dayga mawéﬁf%era%e /o1 degirghle in Swl%apmh@sonﬁ Eﬂle exanpl e.
The ot herjayea)REfe@Bi§ thasndf 18hesmRtYb,CRAS Shir@fwith IBO13IRS thivBdrRE i@l or ot her
suitable material that is not nanovoi ded and that has a refractive index

great €r tHHFIPREIM bRtided Rabrdist watred "‘a-‘?/ré? fractiqa ofilight Gpwkcdighhsopice thatt i ve

i ndex betyegtestiitecolne rs§rfa@é446a%ﬁ ek1$ th@ %}%tkarcﬁ&{ Mmr a%lt}f%tob]g\/(%ité/ odt&rsgﬁace uazp
exanpl e, at |east 0.2, ference in

ref ract i v8d poptiitugesto éyqtmvélumﬁ@ﬂ%% rﬂl&@ﬂ%l@roﬁlgﬂm? ABBOEAdA I%Y(?f 1‘11'151 %Ftdi Qe Byersan

optical i4k&fal ag8acaRaRk BorRfosBts A8 bhdddtdrik@itas ErRPoRBinEL RS of%&%fner
sel f-em ssi ve |I%ht source, as described el sewhere herein.

struct ur ddmfiFiade Busaamrls thsesatrier fils &8 may wapEsHHYT . BENt waplypers élwafﬁé t hat
i's eflbeCtglééﬁ(lthu(ﬁﬁgﬂ[e@ﬁ)tlé %]Q;sj bidtber kR8I AR phieSYr B QUICER matehiahs, dnd it eQUPI 1 NQ
wast ed Iuggt out of th ht source so that it can be used in the intended
appl i cat i%w fupstion @@d@gf@alaaﬁd%revqnh‘vétﬁ@prraﬁw OBYASH frieracking thedishioersict ur ed

surface i s shap@artt®c.dREhMNiIMN FMG dbahe dxa88fon SXh UEhbPNsEhOIRYtEer B &s The
el enents 645 are shown as haV|ng#rectanﬁular profiles which may represent

flat |indapdditiqage thogsdegistedin B &9, apdatharegsues ¢chiripaisisdraddifoninthetf in two

OrthOgOﬂa%eﬂbﬁﬁﬁﬁﬁamskaQﬁekﬁﬁﬂ@&im@@khﬁﬂmeh%ﬁgﬂgﬁdﬁgﬁwWﬁn%?ﬁﬁ?a£ have any
suitabl e shape without limtation. In exenp enbodi ments, the extraction
el ement s 1685 Hper 443 5 be eipitsd andigr %0@%%‘1@%86 ﬂlﬁeré’éPFte’é‘PSké’bad&erﬁ’éoVbqed priken P2
bet ween ng@s §a8d o IRN&IGQRRA MM kdp6RS ek f arfabeg@pt raction el enents are not
uni formy distributed or spaced from 2012/ 054165PCT/ US2011/ 052453 each
other, the pitidH P75 pehcmatriontrogmegiparlidey datt apothe optisat @tradipa fiimg of
the extr aghiabealaremt Stop-emitting ONED S td RIGT 4, @ﬁjolﬁiéﬁlfe@ﬁ'ﬁ:tl@éﬂﬁn Frdblides a
extraction elenments 645 may al so be characteri zed a di stance or

t hi cknes dleriblfrmics fiin %@néfvart%élaé%f paded lb’r{f"fﬁq‘arﬁftl%é ached tgHthp fil4 20 coupl e

to the selfiongRitt BSEV ] al daBRloide @WK 6476 hit atnh@lelcl@ﬁe@ 4, b&%érﬁﬁﬁlb% dnivedacd40,
this coupling surface is the major surface 646a of (%er 646 because it

adj oi ns tlﬁtérf%?ﬁtf‘gmllﬁ?rsfr&%t%reéfur\f/%ﬁ%‘f74\ﬂnlﬁ formeg é\rseﬁ%@@ﬂ’@eq ¢ intrigee forningat i ve

i ndex |i gbton@emehatd suag‘acreagw@e@mse&)h@fo%metMah 'tﬁé@la&ﬂfbfdé&ﬁ &488.a0f anihect r ode
| ayer 648, surface 646a is not an exterior surfac aracteristic

di st ancedasF 830 Jihe pangveided Inyer prefiigbly happ s¥figpiive I%dfgéorwg*ﬂil%ght WeReleg &apt ¢ he

cont i NUOUS cbRBstioRAolyaldri® malchfls, fayREmBId B ROt Med 11306r i6 QWi REmIUI5Tiace
1064 a and the structured surface 644a. The ot her characterlstlc di st ance,

649b,2%i s ¥Ad> & Etnsre sutiaebhs officelaxen A4 AR anprirdsagnowdaf Bo¥Pene that is

paral | el herddir 6@euititde ShteiiACBa@Rndt RaHovbitddang eft Bavt RerasitcWikchides ed sur face
at the point(s) of the structured surface that is/are farthest amay from

t he coupldrsieFT 1ap theeef thq ppnpvodded Iaypie e differass ingelfacys indocbriggen the laysit ended t o

enhance |47gf768xlbackéOn: R er§ 16168008 dbSitBE raament1agt, thi Ghhpit NRleadt$ 2t sapped
as mavegU|d|n§ﬁnDdes hi a h refractive index |jght enitting reglon of

the sel f-Ghios 7\Pé015loéﬁt°res6rl§‘? Hferapees imiplagtiyg ilicey al&mﬁ%%@%ﬁ@ctﬂﬁ desi gn the

extraoti cmrfideé 42868 uchindtdahbs s iibandertbé @J@@@@ §f &ASAink SegMoh Sr®LED for
exanpl e, small enough so that a substanti al portlon of tﬁe | i ght extraction

el ement s BABC] sIgmissiys dghtipires a8 dpcrbgdrlesdsisthesdne of the sel f-enissive

| i ght source WheRrtdaBeLRRE: A% aS W daass e@&ﬁﬁ thiforddi 15 PRSQHy ag@juP&tshadd (R i ng
20surface of the light source &for exanpl e, .against a surface of the

el ect r odés fifplye ig fétraafnegelﬂghf Fiem therhight ot o 3t s %lglﬂegfwsr?é lightpept ofdbedighben

fabri cat edudé @Pns icdan bayed iihShtenddd JyBINMtGAR AFscusbiiBabb AN dn blthplness 649a may
be Igss than 20 mcrons, or less than 10 microns, or less than 5 nlcrons

al t hddgh hediaeyts thedrehesd suraser 474 46har eirdabapsd fodsfing lﬁ@VlthHélgb

t hi ckness 649a nmay al so be
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| ess than a thickness of the flexible substrate 642, and nmay be so thin
that the layer 646 is not 25suitable as a free-standing support filmin
rol | -to-rwbl20pridewssi ng systens such as is depicted in PCEUS2011/052453 W
have al so found it advantageous to tailor the extraction features 645 such
that their pitch P2 is relatively small, for exanple, less than | mcron,
in order to couple light out of the maveQU|d|ng nobdes. The feature helghts
may al so Xfracies FIF’@EP%%SL HegepRghely- hreslgRontsTHE afcsdet & BoRs PyMet UEREs

t ransver sgnic BNt TR d MBead PidnksCr M hirkay oF MRliduldrRRInchd 8rrfndBEhit@pal i ty of
the extraction features is principally governed by principles of optical

di f f r act i BHogoRglfliectioRaRut thpextiagionsicacnis 47T way mrgémr%{élwecﬂay stsBleshapgct ur ed
surface GAfauiMBYitay eTiR RelchQdBE arc YbbAD as REFihO@EtEnguRF proARE Ml ri buti on of
extraction features, and the extraction features nmay in sone cases be

ar r anged TERFeFRir R Hnsaradeshpanary pldioxshapgé prigfuberanaggpranged in two orthogonal

2012/ 054 16pRfeht, fbhﬁtﬂ@éxyagﬁ)%%fé%lents 482 mIPR Rk hale R %&@%ls%ewnhmtmo may be
fabrlcated u3|n é@ ferent manufacturing tec ﬂues Tf the film 640
gEhe tongl

i s made UERifgory W?%?Oftacgl‘teﬁé‘fucweq:ﬁué?ce?”% &63 nggepotah havrdly
const i t ut@masibaglfd kllapé, AuBSugh BRY R RaRHRAUSE diz&fdd8): stpeitfaedirmt ion of the
nanovoi ded | ayer 644 and the structured surface 644a. Consequently,
dependi ng*&RPIHRiCEPPEMENS dietrrginn slfpepT sz cBreTHAdby Agonten eCFi§er 646 may
i nt erlpen%m{g%r#h& MReYRh deflest AYEIboRAMI AR Hir&FiyS SI8HertiuRARNGG bW t h

FIG 3a he carrier film 642, the nanovoi ded |ayer 644, the |ayer
646, and WHECHPHOICFHESPICHRESN PEAEPhelvash asaaisapighbars) Iitgagas peiebaifrdionve t o

i ght fr et ald @blni el Gsrititdd RO YA dSTTR tach BthBOHE HAlRs BRI $2 @fayhaze i n
one, some, or all of these layers may be tol erable and/ or deS|rabIe in

speci fi ¢ "GPP ARICSHACT-tpieENtehspIc af 1 TEDPTHVE LET2RIRR SMMSHSi ncl ude ot her

llayers in addigappr s&ﬁctﬁﬂ%@%fa@@épnﬁi Qblod @And7biheiBiRspeand cRdBEn SIEA 478, OF
characteristics in addifion to those already discussed. Release |iners may

be prléw 8 B %Wé)ecsharbféwe%bﬁd%w%#ce@h@w@%ﬁfre% surface of theptraciggn fila that

schemat i Gs §dafRd R cobpIO®SthS @M dnARRle 11h@WeE. Blikd dascTeL R oMk 478] thRXt ract i on
filmthat can be used with a bottomemtting OLED. In FIG 6c, an optical

ext ract i GRURLE sytéee isithrequird eior sutace #80a0f Lyer 48P Arcleas Fipss Popsmeskdasi ous

| ayers cayitad s%m(cﬁwnngn@rmlemoafstpe&é}my 1n@drpbrB@d fritd 1K Froduct SBNG plohese
| ayers i s a nanovoi ded er 676 and anot her | ayer 674, between mhlch an

enbedded thstouplingsarfacg A9 Iad@?argaétﬁe}rﬂé‘orsxgmupaéén 57904y it b appligsldo tha lightc ond

enmbedded s'oﬁ%@rff(ﬁﬁ&afa@feﬂltfé%s@an@@%%‘lﬂb&édﬁh‘ﬁfelﬁfgﬁl‘é SMIehrasn &llﬁaerﬁb%&&dl nset) is
formed between the nangvoi ded | ayer 6 and anot her | ayer 680

t r anspar eftCEre e ete Wlavé%aﬂbfmwcéwaql %’faff‘r Hondhtensge 61%1%1% ?Xlésﬂeftanfrfhe

nanovoi deghn?(k GM@[ngé’lﬁffa&f@bh Yo th@-ﬁea@esﬂ&ﬂ[@%ffth‘é@trdldﬁﬂ&i(suhﬁée Mgl b& it¢ ihght wel |
bel ow that of conventional polyneric materials, for exanple om11 35 or

1.3, or ifpctéhot ‘é‘ﬁg?é“%‘n%ﬁlﬁein‘lt@mé’tﬁeli carrespong tq theithickpesymfa F%ﬁnnw’é%ﬁaﬁ aflaygie ot her
layers 6746 (&BG At Breiined STIAR) ¥SICATROKARDHurRRI 4768 it FRY BEeAhdes®be Ot her
sui tabl e naterlals that arc not nanovoi ded and that have refractive indices

great’er tRENITHES SEpiaptdly faFroRBiidete cagfBpousTane parter et layre 476 1f tedpieat ve

i ndex betjy\ggéh thmﬁerltweﬁ@aﬁﬂna 0Yi6tanR RGO E HNRRTAI &hﬁnc@%aqm%@o gﬂ@suﬁ&@ is
desirably relatlvely ge, for exanple, at least 0.2, , or

0.5 or nutS8a totthefaghdst @ﬁé%@ééhq SH““r“éfF‘fi st Ay 4p. nwl@é%galéﬂ tp éwcéﬁﬁdrf%fﬁcet"ﬂéa

st ruct ur efktsé ﬁ@ﬁ@ﬁh@ﬂﬂﬁnes@ zﬁuﬁe &&tlfl&ﬂﬂl@la'n@ﬁoﬁ% AMhORYdra8d bdrianfaeqpiaapabl e
of extracting light from an D or other self-em ssive |ight source as

descri bedvE&S &g ﬂvfe#ré?tﬂredw%w%ﬁﬁac?m laed oflmrendddsis gy oun Rajdeach be

tai | gped dyand@v n@@ﬁrf&:@%@@ﬁ t}féropﬁd%ﬁ@ﬁdél%adplé’a{%ltﬁat i%fpfaﬁﬂéllté/ﬁle'c&qﬂiﬁg §uidatd Ng
light fromthe source, cougﬁ wast ed ght out of the

| i ght souﬁné@akﬁtefsﬁ%{f thFPOl@al?{smﬂt?ssgact?rﬁd PHRCq ﬁ@%ﬁa%@e a?ﬂ@ilp%%ﬁa%ﬁw The
di scussedhsm@wwﬂme aliflUBAEEfors UlcfcagRmg Sifde 460A0B I HBR peAcRoShaped to

defi ne i ndivi dual ht extraction elenents 675, 682 respectively. The
dement s é??“@?%“gﬁ' %3s havi ng curved surfaces which nmay represent curved
l'inear prisns méfemya&lé fra@fon! BN YT E LdndWinR L GIBBb Soxtrlddfon ties Atah@440. G0r

el ements 675 eneral 35have any suitable shape without |imtation.
The ePe weﬁﬁﬁrgplgg?z{e @Hé&m A7 can R farlgref! Erxgnhnge Hight exwwn from an OLED or

2012/054165PCT/U82011/052453 profiles which may represent fiat |inear
ridges or an array of box-shaped protuberances, but the extraction denents
682 may in general have any suitable §Qﬁpe wi thout limtation. The
extraction



el ements 675 may be characterized by a center-to-center spacing or pitch P1
bet ween nearest nei ghbors and the extraction el enments 682 nay be

char act erwgedig4®scent er-t o- cent er spaci ng or 5pitch PPChatsasensnashr est

nei ghbors. I n cases where the extraction dements are not uniformy

di stributed or spaced fromeach other, the pitches P1 and/or P2 may
represent an average center-tocenter spacing of the respective extraction
el ement s.other self-eniprdvedighiopige Beth Sy redagusthe ymepnt efgpht hetdy wially fesrpalespect i ve
extract i qp&Rled AR it siRfde frabulaBOo iR eRRMACH Eliki% Sshr&Y(v sfhictirance or
thickness froma surface of the extraction filmthat is 1lOadapted to couple
to the sePHaed4a;apd by rgHeing e preunt phlighhhatdy depped aseydveaidindmodssihg Bigo, this
coupling r§ﬁ'd’cfi@&i%déx5ﬁfgﬂ1h§niﬂﬁg NoichWr HRGE-68RayOfight 3Rk (BBArRacaUSHadet adj oi ns
the outer surface of what will |ater becone t%e hi gh refractive index |ight

gener at i ritjoPed His regerd viehaoe fynd dadygepeeqys fofleaisnthg sxtction ey 478 dech thaj e 678,

surface 63Okl 15Atthidhc Q478X 1sQ¢latBMIy BRA, foFQdmpR A0 inStrb ks, 6 I8dsARGes are
| abel ed in the figure, for each of the e ed structured surfaces.

. ig t wo , edded
Wth regardieigns sslerdbandParicrsty rye fgthandesign Sredive 7§98 thasthe frad digkagss
di st ance 4gbpMshber G B REMSH AL n R8PS thét alsHBMABALSHHon BOE 1igA cQfactible
structured surface 674a. Despite the fact that this distance does not
preci sel ylewspisd8puiirresd prbineRCEIoReeR “ae o heori Rz ighparsrheather 676
(due 1o tch@plﬁagemg 280afis p13a g BRP a8t kUeIH bLde Bat kRkQ. RO Bhd tHidkndBY
neverthel ess be considered to substantially correspond to the continuous
| and por t488hmaY. fprremple 6 lgst themed migyens. b’ than HUBHTAhi % it hEhaRITHs: | ayer
676. Di Stzal%8nag®C 4 UnhiS rhdiiSn 8xth@bubGtaslaBRELHIKAR 41V SRR Reh MNigge 680a to
the farthest portion of the structured surface 674a. Wth regard to

st ruct ur eugued sEReeyida, Thy bickprews d89at49a maycaghiedeenthen a grckpis ot At i nuous

I and por tARbIahibdheR 472%8H cL8hah 8t VMR nEitePbii Ryl §BCAIGSARROE 4 he
structured surface 676a. The distance 689b is the axial distance fromthe
coupllPng fegrteadiae swoart fiky Hell-fosiofl RESEssHE Y sBih % fiedepicied &t iled 05 f ace
676a. 25RhiekREAADY mal MG BNERBEHE Mdsdnith B3 AR RQUIRE RS LSRRGS RFtioRX%E IKACt | on
films 610 and 640. For exanple, the extraction film®670 can be tailored to
enhance |ligghtxtrastiop SEEryn 1Y RetalisPorctmitbin ag crdpscertzpncetitieseemissiyntis our ce
bot h by rgguei ng the anount of light that is totally internally reflected
at an outernost surface or boundary of the self-em ssive_|ight source (via

structured surVabweahafyund §advagipesasy iedpilg therratraghion fretuese 473 YRk thetheir j s
trapped gschayRFshHIcRdadBd8%xhipld dia@h b3l &fi6rae tive akO@f%idg B dxudfioht | Ng
region of the self-em ssive |I?_t sour ce ﬁyla structured surface 676a). In
this regdfduentsd spchibatthsifmdch P2 saclatheiguathdon crampls: Iy thand naigioradhs on film
670 such dbhadpohdne; BMRShalhd alay iraddrct BE GikiNeSssi249Rr &ampR| @b FRkdh Ide, for
exanple, less than 50 mcrons, or |ess than 25 nicrons, | ess than 10

| h
nmi crons, SHAHUEGSH{FE R BaShegEcath e il mHeretr gng the fratursiet hﬁgf PEyEPrehiuER fes s

689a is srBd @y bSlelslthan If BicroBX ARPIBureIIBhls 2RNRUBTLrEUithdiondo fSktddioh al
portiagn of the |ight extraction 35elenents 682 is disposed within an

evanescenteh Safayis suiligientlydpnee Sorramplgrgreat ifap s, Qfeaster fign 14aor greater

2012/ QS%%%’%&%&?%&MM&@ fgRHMaliRds Sitcfale&8RARd bepicpRaseshtr@ai nst an
emtting surface of the Jlgg; source. The | and thickness 689a may, for
exanpl e, 'BEectigi@thenthan ongictidifragiion, whilejthedfeatyrg hpichtpand trpgisese dgpensigdoft han 5
m crons, RRsktibA fARYes 382 Map FBlukididnas thaANthAfihd NctRHAR) 8iNhd BlraltRdNdeakliésakness
679a assocjated with the Jarﬁer structured surface 674a. 5We have al so
found it PEdGBHRQEGE Rydringpichef apten! difiracsiet fagir thaneniiceldclprsorsych t hat their

pi tchyoPl is refRbhN@l kita@lo@@ilm UPF mEXBORbRatcduiAs Abnyt BfEred nﬁﬂnﬁfa@tﬁnirgvm! le
also tailoring the extraction features 682 such that theLripltch 2 1is

rel at i vel'§chaiqags|as disgssedimerapestion with FiG da andfibe Thp flexhie cardgifind 7harYht s and
t ransver sgvepHyEoS ic PRt @fstidshkut 8%k RGitBIB of £AEINRING (HppaRYilReingME i ciently

| arge that their functionality is principally governed by principles of
optical rEMECEIGH Gt e the feature 10hei ghts and transverse di mensions
of extraction if gahdifa6s, B8 Sru¥ayedrgrrsid i Linantt I seitlrbd dubate 4768 mbypet i onal ity
of tgg extracrion features is principally governed by principles of optical
di f f Pact ifghicated not withpecagiipgiapdipuringgelpianedipt pith aiherAitehEs CgBimeP®R ¥d usi ng
many different manufacturing techniques. The flexible carrier film=672 my
have physical characteristics that nake it suitable as a free-standing
support filmsimlar to substrate 216 in FIG 2. 15In softie 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
t echni ques capabl e of producing the desired extraction features in the

desi red Iagerr/osHedever, if the extraction film 670 i s madaISe&li10§2483 pr ocess
simlar to that of FIG 2, the nanovoided |ayer 676 may constitute a
backfill |ayer that was produced after the formation of the |layer 674 and
the structured surface 20674a, and the |ayer 680 may constitute anot her

backfil | Hr%ftwerlgtlnétf:mfeégxtﬁrwtfeeereamtt@deﬁrr‘é lpystsndieT Bamel. HRHBNS ded | ayer
676 and shibtdGtdsl £ iSthAeRIBrbRay a@;@rb%%@éae@tdmhe@aaaﬂgu QEH004 THRLAY bths
sel ection and process conditions, the |ayer 680 interpenetrate the
nanovoi dé&urta%rur@W%g infogE sase HPHvEh ﬁléf‘cﬁtntrartwwf 7 4H) iEmadgusiRgH | e t he

nanovoi dggode@Yahild (HnarRY FIRD, ﬂh@haropaa@tlmt £7¢ 88 doaMRite B¥AkrRBIBang L i er
film 672, the nanovoi ded | ayer 676, the Ia%frs 474, 480, and transparent

el ect Podeé pdgestatigrtic rmatignof the dayetA 74 and fie gfiycpred swifass 4747.pad the layeiA$0 £ r om

the |lghhnéﬂﬂé@@ec&kﬁ@@%ﬁ&hé%&&hﬂﬁ@mﬂ@ﬂﬁﬁﬁbﬁﬂﬁ&ﬁHﬂ&&h@%mﬂﬁ%ﬁoh&n&ﬂﬁkdsonﬁ
or all of th ese aé%% %h be tol erable and/or desirable in specifi
W

appl i cat i1&¥5476m9d s fa%* 4762y arevartly- daperdingerndraiaiels salyeitos apd; addr tion
to those flepischidtid, the ycrG8e mdN tht@pdABikatd B hdHo S dQMayeh#TARIREESIdifS 1N
addition to those already 30discussed. A release |iner may be provrded on
one or baeResTiHEitHFIG: pra while the apnoweided Ipyer d7may not interpanesrate the dverdi4how any
of the opti Ca'Tlﬁ%ﬁﬁi&cﬁlmzfth@ﬁ%omldeﬁll% 476Qarkl tRAGh Caye DA, ABGlar0I T h a
bottomenitting OLED or other suitableé el f-eni ssi ve i ght source which is
f abri cat du° aﬁblt/ R highly trgatnrigivers fight ffee t%&h&hbwﬁrcao%eugéﬁmé% Hanedsente

1 ght - emighfoftg o PIREE £1ne, A6ME, G all 80thesb idybis Slay b Blferitle SHIQH &I SUGH iR
conbi nation nay be to provide a light extraction film 600, 35which nay be

any of t Herlsetionsc oy rrﬁ%ratawanﬁ%hg%?@ﬂt%%thr bkt sawer/witlplowjass satibns
t her eof . aftmh@Q&l%ét@ﬁ‘l‘ﬁﬁ%ﬁ%ﬂé@%ﬁ%@h%%&ﬁ& Itteg%quatﬁdrr@w?mnt Melipie on one
side thereof a transparent el ectrod Y ayer other high
ref r det i VEVFRdaNTav gy e q?ﬁlg}mséur&cerﬁ“hew Lexihthe aatr%amatln‘r BHSLOPRES BiFtefani ¢
l'i ght gengfralkisngh 4RAYBAriBRE A stOR ilihRdios CERNE R Bkt 420 b ANEI IVRE £1, MBY OF
may not be transparent These additjonal high refractive i ndex Iayers are
r epr esentad other lnyess 474 AR0anaypll havecsirailas cpmpqsiipat any phaactepjiticses pojrspaadingj

conbi nat i eston e Iaantmﬂ@ REFIERL 4£1nQabL T PslexhANE thd dafi® Hike42RhdyC@prise
extraction film may ma high refractive index light emtting region 714

that gendrdt BEN] qoarh/mer ﬂareeéglaﬁ%(&wwéwrﬂéh@mlasr% ‘rfé’éhﬁbﬂ’étéblt Haranaraﬁﬁr i ed

el ectypi CcalanQich@Rtes, hidal fay ANLR@BHh Aa tﬁnérmrepelptareﬁre\rata ttyonandfdi&gen
exanpl e, on the order of a wavel ength of Iight, | ess than or 2

nmi crons, Fot reashingdhelishhsqusugh ot her thrcknesses nay be used. 10Che or nore

other Iayers, saaﬂrreaanltaattmsnh@amesaatal Md UB, tter&trtdtﬁﬁ Eiﬁn Im hay8so ifdigde may be
formed or apﬁwled atop the i ndex _region | ayer 712 may fo

exanpl e g mardétﬁlﬁb@rttwsndrwt%la/Fé@ A% %lérorheefeatrlrer ﬁ*i"hf*‘ﬁc"éﬂs“é%’é‘rrpl ar y

enbodi rrerhtidmtntle tha@¥ erreaaf,lalsdméédcméf fo$ aaalnreutotﬂt@(h@ms% aBbJe%g%lctﬁ s filiose
descrlbed in U S Patents 5,440,446 (Shaw et al 877, 895 haw et al.),

and 6°010f7KIS: éehw et hg Felgase Iigjor a78§bac¥tlt€é’f“é‘él3dt %Wéqralarheareé%erﬂawr PRECR kS S

Al t er naf iyglBsprdvitRd 1315 bRYer fdo MRYexRE Rl Rr&Bd teaRlpacReal¥ 47Bp.an i nert
gas or vacuum_which may be maintained in a seal ed chanber between the OLED

and a suitabl eFI@otﬁe%POﬁfr %a%ﬁﬁﬂér)pﬂcal extractigi {ilmas efifdGyelpican yorppiied tg 2

bot t om erfh-brhitghg @D od drigh tuiGBIe 8¢I1RL Bk lighhi@ukte SMichRd@¥iaRAkQRArallArém avel s
t hrough the extraction film600 and exits the device through the "bottont

surface d8 edadion filfp seretoguedipewt gnhances light-gmittyng opfigpl d%‘ﬁ%%?nﬁ’r QP-cPHtERE sur f ace

612b,300r G 8ALis Bdided (91|Iy s‘éh@rﬁﬁ@ﬁly&@ﬁ%?&%f disBusSIBRETIRASIEED idch@esdekhga 720 may
be desrgned to emt |it ght emtted fromthe op505|te si de of
t

the devi cHbstpl Stheul ttﬂaslegh re&ﬁ%we §t51ﬁ°’ehglt5f~‘ma‘1“}g Bfc ¥ Freivordt TRuwhttraidiyonent s

of layer fidefiolBYa Beics WRetd pidvedt hitcPRRALE oXPocltRBN refAME SholrbBoeMI o 720 may
emt light fromboth sides, whereupon the conponents of |ayer 712 may al

be |ight -4F s A dp gubstrytpmay, plpo laaérgegch%élraed tlnewéew%latﬂg Seﬁlr 53 isgf Sf¥om

bot h si dag draivtheivaMbagl M thtSBibh 5140 T@a@ Rl rRX 512864y A bRptidr-Bacipnnbot h si des
of 2 the device. Turning nowto FIG 7b, we see there a schematic side or

cr osSosedpdisiual layps fhapmakepdhs iegian Sipncks deagitech RRIMPE KT 2pped PEtiEde t i ng
OLED has been formed on a particular optical extraction film nanely, the
extraction filme670 of FIG 6c. Atop the outernost |ayer (transparent

el ectrode | ayer 678) of the extractrongfrlnthas been fornmed or otherw se
added thin high refractive 30i ndex Iayers 716, 717, and one or nore ot her
| ayers depicted schematically (again) by layer 712. At |east one of the

| ayers 716, 717 conprise an organic light generating | ayer as descri bed
el sewhere herein and one of the Iayers 716, 717 may al so conpri se an.

T S — g — — P~



35light of a desired wavelength in response to an applied electrical
current or field. The refractive WD 2012/ 054165PCT/1132011/052453 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 rf@qqeaﬂgﬁétop?h%ubtttawp‘rlés &he highhindex ygipe 814 typletﬂyglt%@fseﬁtltaat g Otgamer
refracti vgek REexd than: idnese detlre'atvheelhtgehnlr&g&ase [Be] aggtlea%#ecne@erénhey are
typical ly nuch thicker. In the enlarged view 0O 7b, both |ight

extracti dif! deﬁ%aétﬁagt OB‘B‘iZaT’ISP?’(S?HtEIF?tEPéF uPBEr kg refedive Pdex laumucpslost the | ght
extracti Qfcl&le8WEME ibHidh b ARetibes il rauth 8H f5815 f4a G (10 f4don A S€eN so as
to give the reader sone sense of size and thickness differences that may be
real i 2ed WetdpERo bet Heltt emingeepeof e HERR W racti ve el ements in sone

enbodi nent s. hﬁbﬂkiQ%nﬂ%&%ﬁﬁm&&ﬂmu&ﬂEm@ﬂ&mﬁ@bf%@@mhbn&m&ﬂﬂkdﬁﬁmﬁ%ﬁﬁmpf t he
extraction film.is coincident wt ht emtting surface of the OLED,

si nce t hextetian figut8a44). 40 it apgligd t@FPe|lt$B'e%thP§Pttff3§h§ iohthe (& &iPo Beforg

correspo rhﬁﬁh&aﬁorﬁtﬁé%l%plﬁwlfe@% 1i8r dr PR SABSNRAL A1 8, Aheabs poackamey) i678. As a
result, e di stances 689a, 68%represent not only the m ni num and nmaxi mum

axi al di Seaned fopghs flinetoskpase? DFiAC eRficrlcorn e sarfach (seheptit dron 481 ng

surf age Gﬁ@@ne Qs @b §1ﬁ1ctheu1mnglsﬁmﬂdtb antle R ARKin®ha bes 1828 Qirectly
(respectively) fromthe structured surface 676a to the t emtting

surface egeast&te ligheengitinpsurgaal 4grf the OLE HE th@éﬁé‘i‘%@éb’%’f ?f‘“taﬁémtﬁh@h i ndex

region 7%g, Fesstlfee%eﬂ/e ldheViRY &S ttneb1emgesrat@tlsstda%hasegIt@endlreemnﬁay be
diffractively coupled out of the region 714 by |ight extraction elenents

682, and beherFpEr rRticahgayPng Sﬂetcte@éthwewl %‘Hﬁﬁt"ééﬂ%atd the lighi emtfisugfassiode by
|l9ht extth@OLED Ma§ b BEntisnt & Fodwed & Mirth b&it beBMRR tHé AN b Yorgpohédi @itk e devi ce 730
t hrough 20surface 672b, which nay now be considered the output surface of
t he dgV|éém#§@“mfgmﬂm@$%8€mthe device 730 is a bottomenitting OLED, |ight
generated hi tIH%thQi(QEES'M%pﬁWb&iﬂlﬂgl drinidy 8k ProbAEOBGNedn IR Xt dGpliRg i1 m

670 and exits the device through the "bottont surface as seen fromt
per spect Wtsfacefo the @pticahextipgiiop film and the Heht gmittressugfzee5 149 of t&%%ElaaEEf‘sopueHe

devi ce 72QupTRY 188r H85ic8R8E\ cta iRBHidns.| Dhd fuBctRh 9 bk tdiMnaBid the fitfnzQmriche
opp05|te S|de o the device. In those 25 cases, one, sone, oOr aF of the

const i t uehthe kb namaay prelpigg top-omisivieRLERs. lepsemalst t’hawb;%tf%i)eepuléavm n ot her
caseg(t hesuftﬁ:\élf@aenzs?a@soeméd th hidel Aatsul-piRENVRAL. NTIS GaSl cOMPEEEMRR thal, BE used
conponent s of ¥er 712 may all be light-transm ssive. In such cases, where
the devide ﬁiléheét‘ﬁ I o1 ﬁ@ertsvréw Fratures s9 epete providegplimer syEaqgdlat the cpepliggyiripee
extracti Qﬂrﬂtee)@tlé.tt e}ara@ttbntmtqhseelf&%a@gle Unea, Aokl ma) &(ﬁlattmlt@tvaﬂ nhiERPRY 1 Ces
The di scl osed optical extraction and filnm OLED conbi nati ons can be

pract i cedoffsh AofFHEnssigp obthy Ocha]oﬁ"flltlétgé%Yter t%‘éesto attack MhsvRtieal ertectiondiimydi ng

non- pi xeltgtROIGHERS ckiidile, wsésmefeahé YutdiRodt38@r dMhd dx@idtion GiRRRIL £at i ons,
and pixel ated OLEDS t hat may typically be used to generate inmages in_an

el ect?PonilEesghre pngijve gdhesivegr P@eréugth% Y t18PORs eFSothe apttctalpqoe%trngﬁt.‘/fet at ed

350LED 8Lfk1udthen - EAs@kdodh, %agf%\tee{ 0kl OinflOr ANk Stoithe b tht BiBh 1AM febioRY ar eas
812a, 812b 812c WO 2012/ 054165PCT/ US2011/ 052453 and non-em tting areas

bet ween tHa okt OLERGS apssible sothat aypeuiding modes witligythg highdndex regjoar eathay y

i ndi vi duakdo¥iaRl @edntRBitGakd YandddkBsRaBoSor toltiE cdup B sutBdddrkRExR4cBaS iR, €
arranged in a_ repeating pattern to forma | arge. array, such that any given

li ght - emtht:.%fgcabtoealﬂerlasseétnabfforaﬁxea@e MY rﬁfft%lée atd%tﬁt%%eﬁ oot the high nat ed at

any govennddx fﬂ@glénosm raﬁ’d/ihg ﬁty@r v$1{o§é blﬁer@ﬁrfééb Gmspdmg@ thdoliplehgTRARE BF ABE
di spl ay, the areas | ight of the sanme spectral content or

col or. | PPHifAl extragion ﬁleaéﬁlt%b#oﬁpwad ﬁ%HPh%% Ryergqomprisgighy: tralefzewwt%lpwesent a

si ngl e piax@lgh-ihdex adieiv@rand h%bﬁrﬁele Fingd gyl @Rss. Fuddsl€ o)l @ipling hdyeRtaretiso
di fferent colors for exanp areas 812a may emt red light, areas 812b

may et peady 2 fhis, poeﬁtlf %tl@&grfmt:g thefl esRIsEry HIngEon(Y ghes O erpigrZedd or s and
col or corgpitdié b@NE&naRoBHIRR sPORS b ext@BELn A1 otl FE 1iIFRYEniithES UARCITHR: OF

fewer than three different 10col ored areas, as is known in the pixel ated
display arts. In color displays, the dlfferent colored areas are typically
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_gj§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 .



25FI 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 OCLED with an extraction fihn
that i ncorporates the disclosed nanovoi ded | ayer and enbedded structured

surface. Stated SIHE , use of the nanovoided | ayer and enbedded structured
surface ddhsA ticasentigd corndine BoFUReatoe Sxa@Ple haye & pHaess e irngs e p-5te t he

OLED t hary hRffhs, @ fibh®.50b D8 MidrbdsMbut ShbSthicRnRRE Ay 81sd ReusB@novoi ded | ayer
allows the extraction filmof FIG 9b to be flipped over relative to that

of FIG 9a, sulhcthaiatngtpeortigphcouplingilayss inaed agehntat ofiheeinied syrasianiden t he
OLED and iR catEpietulk Bfenbbticb @GR ratibh 81 Batbsultifeo emggde the ?tfch‘l(%txﬁﬁcﬁlqnsur face
can be di sposed between the carrier filmand the OLED, and the | and portion
of the extarhsthss by radusipeviserding mogesnisdusingdyteitemat iglesgon o lighb & Bihd 35t he
OLED can Jaer mRéfnk@s RAYSrofidé Mt CkRE SRl iifimi SXOARbBetih &Ko tdi@d3Pas 25, or 10
mcrons) that is. WO 2012/ 054165PCTX32011/ 052453 substantially | ess than
that of d"¥§APLein ebihF PEEDPMICRSPBELT sivahinig? sremst Thededifaed! IBURingled &l oser
to the pixglatvad cRAFREaNNA%SrS] BNérk 6AME tord RNhABERtLRcdleeUEd Ng bl urring
of the plxels particularly for OLEDs with small pixel sizes. Blurring of
the pi xe|h§me§aher%1?ﬁ R9asiblp DY Eeaiopy £y e @uenpEiRss obthe O Dedey icadr MR bE i | m
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structured surface 914a and the surface 916a nay be | ess than 50 m crons,

or less than 25 35microns, or less than 10 m crons, for exanple. Light from
the pixelated CLED is in each case W0 2012/ 054165PCT/ US2011/ 052453 enitted
froman uppernost (fromthe viewpoint of FIGS. 9a and 9b) surface of the
extraction film that is, fromstructured surface 934a in FIG 9a, and from
pl anar surface 912b in FIG 9b. Further information on optical
extractlon fllns SU|tabIe for use mnth plxelated CLEDs can be found in
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opti cal perfornmance o this optical extraction I'm bonded onto the
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col or space (CIE St an d S 014 5/E: 2009). In terns of the (u', 1,)

chror‘?étl cﬁX?I?PIE’d’é?Eﬁnﬁ%lfr%‘g O'hé8col or deviation is given by Au' v''

'611-ul o(Vv-VvO A@wheyiee {30, Be ol\ltlcgl)coaﬁlﬁgtsﬂl%cg RSO O C rdc iR Antlhddah &5ghef @
reference source - in this case the axial |um nance of the OLED - to

eval uat e THENGHEEFSRTI4a6f be %ﬁPfC@PWWCOW@ With Bglt atherg 4 A ral hretiEgiiethed as

t he i nt egrgad agopRPREent At bRly @c hilB & nixtdhirh RealRikdndC bR thefsirhdiirand t he
OLED wi thout the extraction film The Baramsters of the COLED used in the

si mul at i oY AE01RLkePrEse! eRyphRS TrsfReAAS 0yt it dhemindmgn aad ppyimpRexigl ynj bl ade
OLED 30av aiidiabé GeshE @it iPhirdrh BS steh@hitd fieradd 456a 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

35  may now be considered the output surface of the device 520.
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| 5Sonerset, NJ). We used experinmentally neasured OLED characteristics in
the nodel and optim zation. The OLED was first apertured down to | enxlcm
surface aweaprzaidicshen optically coupled at the substraPeTAiSd@ 1051483

i ndex-matching oil to a 2.5-inch-diameter BK7 half ball |ens, whose
spherical surface was antiretlection-coated. Because the refractive index
of the OLED substrate closely matches the BK7 half-ball |ens, the
reflection andPeffeaericorhatate Hde piares-seiipa Visys ontyalfxiracsen Bines thatic Hat ed,
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the OLED reflection at the OLED/ substrate interface. Specifically, the
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col or SdevPruesen tghesfloxbiscerrish il el ipsoyiedtion With Fdbi4e-c1 LBeroW CWidr e

25t he ang@adeSada dﬂ9$§fa¥t&elc@ﬁblﬁ99f IR | _il‘grt]lalaﬁd §n@ahl€qt Jt¥iErutc@ s&r%e%ﬁﬂté‘&ﬁor axis or
surface normal of the podel ed devi ce. e maxi mum angul ar col or

non- uni f oiksRetyeRPYling plvateeHdng mpsrs. wrsdgaeptiseptlight ﬁiXHﬁC“PP clmGRs %F 0115 and

0.0242, rR5PRE I MEKYsa-cl BRI il £B& 2GR FreWohd 1ol thearIRAGUsQHu@NEd affatn fi1m
was 1.48. = WD 2012/ 054165PCT/ US2011/ 052453 TABLE 1 Au'v' Angl eOLED wi t hv'

( degr ees)EsgiPetinicorertiqnyih; [P Rale-coenewaled layersgad otheployess téy gerfaco et 20, 0219
82. 5 10. 0QRRHQided Q@er7a9a gtherQiESerQ)e,oalﬁg @ep?c%dﬁn eI ggc,Qm@ ilrﬁ? 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

EE 1Y 3% &C

“top”, “bottom”, “cover”, “substrate”,

2% <

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.

-35 -



73.5 0.0055 0.0182 70.5 0.0065 0.0178 67.5 0.0075 0.0174 64.5 0.0072 0.0171
61.5 0.0080 0.0166 58.5 0.0090 0.0158 55.5 0.0091 0.0150 52.5 0.0105 0.0143
49.5 0. 016 2012005845 PCT/US2011/052453

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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that the land thickness 619a is relatively small. For example, the land thickness 619a may be less
than 50 microns, or less than 25 microns, or less than 10 microns, although these values should not
be construed as limiting. The land thickness 619a may also be less than a thickness of the flexible
substrate 612. The land thickness 619a may also be so thin that the layer 616 is not suitable as a

5  free-standing support film in roll-to-roll processing systems such as is depicted in FIG. 2. The
land thickness 619a may also if desired be chosen to be large enough so that a substantial portion
of the light extraction elements 615 is not disposed within an evanescent zone of the self-emissive
light source.

We have also found it advantageous, again in cases where the film 610 is intended to

10 enhance light extraction by reducing TIR, to tailor the extraction features 615 such that their pitch
P1 is relatively large, for example, greater than 1 micron. The feature heights, that is, the
difference between distance 619b and distance 619a, may also if desired be greater than 1 micron.
The feature heights and transverse dimensions may be sufficiently large, for example, greater than
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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(LILT) layer. This was 10sinul ated é addi ng scattering centers to
si mul at edhBH6VIOT eretpicagpsical. iprdpmical rlemgisalt ‘tréFeFWﬁalcf‘éTWP@rSs Exgarleser serh i ght
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set 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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10 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

15 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

20  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

25  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

30  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-



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. 006 20120545 PCT/US2011/052453

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

5  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

10 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

15  aflexible 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

20 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

25  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

30 s 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

35  have any suitable shape without limitation. The elements 682 are shown as having rectangular
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profiles which may represent flat linear ridges or an array of box-shaped protuberances, but the
extraction elements 682 may in general have any suitable shape without limitation. The extraction
clements 675 may be characterized by a center-to-center spacing or pitch P1 between nearest
neighbors, and the extraction elements 682 may be characterized by a center-to-center spacing or
pitch P2 between nearest neighbors. In cases where the extraction elements are not uniformly
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
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
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
679b 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.

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
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

clements 682 is disposed within an evanescent zone of the self-emissive light source when the
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coupling surface 680a is disposed against an emitting surface of the light source. The land
thickness 689a may, for example, be less than 20 microns, or less than 10 microns, or less than 5
microns, and it may be a small fraction of the substantial land thickness 679a associated with the
larger structured surface 674a.

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
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.

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
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.

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
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,

which may be any of the extraction films 610, 640, 670 described above or variations thereof.
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0.008 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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and non-emitting areas between the emitting areas. Each of the emitting areas is preferably
individually electronically addressable. The light-emitting areas are arranged in a repeating
pattern to form a large array, such that any given light-emitting area or set of areas within the array
can be illuminated at any given time to provide a static or video image.

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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substantially less than that of a typical carrier film. Positioning the structured surface closer to the
pixelated OLED can have significant advantages for reducing blurring of the pixels, particularly
for OLEDs with small pixel sizes. Blurring of the pixels can arise when the structured surface of
the extraction film contains refractive structures that scatter light in different directions.

5 An analogy can be drawn between such scattering and the scattering produced by an
ordinary sheet of waxed paper. If a sheet of waxed paper is placed directly atop a page of printed
text, an observer may still be able to discern the text through the waxed paper. However, if the
waxed paper is slowly lifted so that the distance between the text and the scattering waxed paper
increases, the text quickly becomes illegible because the boundaries of the letters of text become

10 too blurred by the scattering action of the waxed paper. Analogous to this, the embedded
structured surface of FIG. 9b may produce little to no blurring of the pixelated OLED compared to
the structured surface of FIG. 9a, as a result of the much closer proximity of the former structured
surface to the OLED compared to that of the latter structured surface.

Thus, FIG. 9a depicts a portion of a device 910 that results from an ordinary optical

15 extraction film 930 being applied to a pixelated top-emitting OLED 920, and FIG. 9b depicts a
portion of a device 950 that results from an optical extraction film 960, which incorporates a
nanovoided layer and an embedded structured surface, being applied to the same pixelated top-
emitting OLED 920. In the figures, the labeled components of the OLED 920 include: a
driver/controller 922; a light emitting area (such as a pixel) 924; an organic light generating layer

20 926; a transparent conductor 928; and an optical coupling layer 929 that planarizes the OLED to
provide a flat light-emitting surface 929a. In FIG. 9a, an extraction film 930 having an exposed
structured surface 934a is applied to the OLED. The extraction film 930 includes: a carrier film
932; an adhesive layer 931 to attach the carrier film to the OLED; and a coating layer 934 that has
been embossed or otherwise formed to provide a structured surface 934a, which may be shaped to

25 define light extraction elements such as lenticular prisms or lenses that are large enough to
function based on principles of refraction. None of the individual layers of extraction film 930 are
nanovoided layers. In contrast, the extraction film 960 may have a construction similar to that
described in connection with FIG. 4a, for example. Film 960 thus includes: a carrier film 912; a
nanovoided layer 914, which may have a refractive index in a range from 1.15 to 1.35, or 1.15 to

30  1.3;alayer 916 of higher refractive index than the nanovoided layer 914, the layer 916 preferably
being a backfill and having an interface with the nanovoided layer that defines a structured surface
914a with extraction elements 915, which elements 915 may be lenticular prisms or lenses that are
large enough to function based on principles of refraction. A land portion of the 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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bull et features were arranged i n _a cl| osel packed hexagon @attern with 50

pm pitch and tMexghipdabore tireapbilitepf %@t@ﬁfwtf%t9ﬁ%rwﬂa§n e SEYCHBEd i n

Exanpl e LurtesCRRdr 1 haatplxua%d OLEPRHarAhE extld@ondih 9B@ s gn Mdﬁ/ﬁﬁ%e%?
revol ution was bounded by angles 01 = 25 degrees and 02 = 65 rees. The

copper r dpducghliuiing fpr ﬁ?éﬂ“%%“’%ﬁ%?ﬁﬂi Earthamorretss epbeddgd I%i‘t‘%‘t‘)?ﬁtherﬁﬁ‘@weé ast and

cur € 1pr OGaascc® Elﬁg%b%&ﬂ&efs laah@8d 8F rhBhsthOd iR GO MMnioP FrDEl abMsiciEabl e
acrylate resin with a conposition of 75% by wei ght PHOITOVER 6210 avail abl e

f r om Cogrilther defeimomalagents g R‘éfﬁé&}ec?P‘EﬁS%l?%ﬂfa?@h%%}&MuéﬁélSérf*FCF ahfilm W% ch
Chenical Co., and a photoinitiator, 1% by weight Darocur 1173 from Ci ba
Speci alty Chem cal s) The Accentrimresin was cast onto a PET support film
(DuPont 618 PI?F“’PPI@W 5 ml| thickness) and then cured agai nst a precision

cylindrical t ag khetfanda\gng%xhﬁ@es Ql1 Bhirtd pa&&nagésSAnélﬂémTarr@@t @Qg@ dﬂlé@sanoted
Nanoparticle liter three-neck fl equi pped

ondééseroﬂ%fﬁwsed St%@flﬁﬁ%?téffr reaggis @F%ﬁlgre@bmnps&f@v Sﬂﬂm*’o‘ﬁgﬁ?ﬂb@qml@é eI ongat ed

parti cl escdnivay, MiblRkde ARcDhsiSamsChRATERirtbRkly. Houston, TX), 19.2 grans of
dei oni zed water, and 350 grans of 1-nethoxy-2- propanol I|vere m xed under

rapid stirring. The elongated particles had a dianmeter in a range from
about 9 nm t o Bhgipie k55070 BMIRt-Bhaped Extractors, Adhesive Backfill, No Haze in ULI

A computer simulation was performed of an OLED with an embedded extraction layer

20  using ray tracing methods and the modeling package LIGHTTOOLS (commercially available from
Optical Research Associates, Pasadena, CA). The configuration that was simulated is shown
generally as OLED device 520 in FIG.5b. The microreplicated nanovoided material of Ultra Low
Index (ULI) (see for example, layer 414 in FIG. 5b) was modeled as having a refractive index of
1.2 and zero haze. The refractive index of the carrier film or substrate (see for example, layer 412

25  inFIG. 5b) was selected to be 1.65 to model a polyethylene terephthalate (PET) substrate. The
refractive index of the backfill layer (see for example, layer 416 of FIG. 5b) was selected to be
1.48 to model Soken 2032 pressure sensitive adhesive (commercially available from Soken
Chemical & Engineering Co., Ltd, Japan). The substrate was assumed to have a thickness of 100
pm.

30 The extraction structure (see for example, the structured surface in FIG. 5b) was an array
of bullet-shaped extraction elements with a 50um pitch, the array having a hexagonal arrangement
of extraction elements in top or plan view. The shape of each extraction element is given by a
surface of revolution generated by rotating a segment of a circle about an axis, explained more
fully by reference to FIGS. 10a and 10b. The curved segment 1012 used to define the bullet-

35  shapes in Example 1 was the segment of a circle 1010 lying between an angle 01 and an angle 02
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20l ength in a range of about 40 nmto about 100 nm The particles were
dispersed in a 15.2% w | PA Next, 22.8 grans of Silquest A-174 silanc
(avai | ablwof2nms@esAdvanced Materials, Wlton, CT) was adaas2e10/053383 f | ask.
The resulting m xture was stirred for 30 m nutes. The m xture was
kept at 81C for 16 hours. Next, the solution was allowed to cool down to
room tenperature. Next, about 950 grans of the solvent in the solution

NG e t erfovsauirdifing an 2xi51803iyhejaisof e sirelp Habrassys towehdicsenteaf e cielgyl ti ng
ina 41 ﬁn%%ﬁbt%ﬂﬁe@&@xﬁﬁlﬁg leéloxp'g%b%gg@és ah§ 8 GhERS deficsPerihs kQmeho12

1- met hoxy- 2- propanol . Low Low | ndex Fornulation (ULl resin) To an
anmber gl as theaprotoied a@umxwgnli thy agp 181 Meimpgarliohte atiyl (05 huigntemectipg ther eat ed
silica nacﬂ@;Rﬁr{tfoi‘ﬁlE ey Remdin 4 ab B ner ‘EE hf%ﬁbfet %E@E@Qﬁ‘f&@é of rdRIHiBE 162%r vias

al so added 64. 87 of 30Sartoner Sartomer CN 9893

(bot hlavai | ablﬂlefopmﬁ IRSiOtraRRee Ofcdalﬁpatml eXEﬁftt@h ﬁl@mnda@ orfo 4QByEhtg §1|d@)ﬁf 4nn

ethyl ac %Iﬂiﬁwaésu%élgte@ aﬂg th(% E(gﬁ'%lﬂff@mﬂ'@%vas Qeted'lﬁmgsdgg thle E&Man%&l% éoh? and 1.5 g

available fromC Speci a Chem cal s Conp H gh Pol nt,

ty
of TEC al«iematyonzzm QIB\} a7q labi eV *faolorsIReo iR Sw@@e@d @Qé‘i’rﬁ/@ A6RDH N Eg@%@f the
Cer many) ., T ch‘%&{?&ﬁ%ﬂ}éoo?cfmattégethé 515 Abdi s %‘I&{%W Xed thoroughly, giving a

WV curable resin wth 50.5% sol i ds b
2012/ 054165PCT/ US2011/ 052453 Mltvraggp dr%' 2| ) st ruct ures The
bullet filmfromthe above-nention |nuou cast and cure process was

t akenoandyietq@al, 89) 0 khelcBloBREELy cOBRinhRL SASEflheAlLIRE! inGRRedss tiRdxAf first an
oxygen plasma treatnent of the film500ccm 02 at 200W for 20 seconds

f ol I owed !pRyinance of ths PEER11Q P2kt therpmsylapfol paifermyt hsipteeBbgorvsh TMS at 150W

for 90 segRRfBed alhhSinfellafli PesertrRRNLrUSASL IS with the bRPcliGAti DM MRSGIEED f Or @
conti nuous cast and cure process to mcro-replicate ultra | ow index (TILT)

st r uct ur edithoyifpe gyrgctiop diim. Wﬁgﬂa@@e@%%&q%ﬂbwm thhtimylatonwae paspd 9t at ed on

3 m | thigKerRidnBRcREEmbAL MaﬁhlepsrL%ﬁhMadmm(a%law% ifdeh TMips ERnGH URY Ssystem
runni ng at 35.3V _and 5.85 anps. The nlcrorggllcated ULI filns were

post ddr ecﬁ°H§rSﬁngé) ﬁv‘d%vssﬁe{paﬂﬁef(@éysmawed PhED rharscieiticrdn thegedelgpd t he

m cr or epl §GalAGnl PhLALEBWGE iR AERS Uit Ush R EnRsuMald dr&OMIVREE)ic@I0 Prism
Coupl er (avallable from Metricon Corporation, Pennington, NJ) and was found
to be abcgwplad 3t she sphszate 3e With diwdsx-anatcbivg ot &t 2 Hembgiﬁaaﬁrﬁr BK7thaf balt lewet ur ed
surface 1030Q. QherddiBsubhde W& RhirEReclifiAl 0alaS BEBAG thWRBEGivE HEVIAEOL ED

bul | et - shaped extracti on el enents 1032 arc cl earl visible. Extraction Film
15The UL Bubstipticlgadly matskesithq Rig7 haltbplidericthe pefiggtiop pedksfipaion atihe eytersubstinesi ve

(conmr Cigfeht a?evﬁkdu@a@dealfow{g a%ﬁ@m%ﬁf&n%ﬁtl of @he%méﬁgél(ﬂﬁn@he subdtfdte Japan)

by Iam nation under pressure using a heated roller [amnator wth rollers
at 230 F.angtghe|OLRD refleggion pt th@LIEIALLsHete int¢iaceSpecifisialln thetapgpraspectigh s

confir mqu@%a&%ﬁ&éhedﬁkzﬁf OSHEOBYED TR dnblalLMRE afd §0d 1nQB@{1ﬁ1919§611€Wh\éh th a

| aser pointer and a simlar refraction pattern was observed as for the
bul | et ficombingdith peppuigaslesignsil pxeceen lpyes piofike. kR dera¢e cen ppwpdaleso| |

The opti calypayf @ﬁ%ﬂ%ﬁte@tolgm&la{lém% £t RAGE dn R if g&éﬁhﬂ‘@%l@}/%thMreby
bondi ng t he backfil adhesi ve er of the extraction filmto

subst2Pat dhaingls ipthe gbspryptignyagic ihiipleltiuc @tRyptied pxiy ahjuefhe noggaiof fé%m e fr om

Philips Lj@Richa8vidd Fhe mgglﬁﬁ %_lall\g))o-r ndiEnifoRhBO% b aBlithotiBfe IRAIYed as the
integrated power ratio of the with the extraction filmand the OLED

wi t hout toEacsiseiitn wes 0-Ok Sand p24Pniesneaticichu rhha igtgrad gaie giitbtherentlelsdi f or mity
wth the gphedded, exiraction filmshowed an inprovenment relative to the
OLED wi t hout the enbedded extraction film The integral gain with the
enbedded extraction filmwas 1.28.
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Exanple 7: OLED with ULI-based internal extraction film 30400nm 1D
Structures The mcroreplication tool used for this experinental
exanpl e Wweoas12asficsm replicate made by a cast and cure PCOAS3GI10FIRG a
metallic cylindrical tool pattern. The tool used for naking the "saw ooth"
1-di mensi onal structured filmtool (linearly extending prisns with a 400 nm
pitch) was a nodified dianond-turned netallic cylindrical tool pattern that
was cut into the copper surface of 35TABLEobl using a precision di anond
turni ng machi ne. The resulting coppgj.cylinder with precision WO

2012/ 054165PCT/ US2011/ 052493 sawt @@k (it featurgg,(an SEMimage of which
is shown in FIG 12) waggdbietdie! Blialebsh @i codtigfa\wiiep PA 11-4. The plating
and coating process of thgscopper ma®ker cylindejpis a comon practice used
to pronote release of curgd resin dugpkng the m cy@iepl i cati on process. The
filmreplicate was made ugisng an acgyk@te resin gppposition conpri sing
acryl ate nononers (75% by,gwei ght SRHQIOVER 6210 gyMed | abl e from Cognis and
25% by wei ght 1, 6- hexanedjal di andat g ayail able fypopy Al drich Chemical Co.)
and a photoinitiator (1% hy wei ght rocur 1173,0 a Specialty Chem cals)
that was cast onto a PET 1 pport fiﬁr%sfS m | thioc0 sses) and then cured
agai nst the precision cyljndrical to using ultr y olet light. The surface
of the resulting structur filmwas%dated withH4’%ilane rel ease agent
10(tetramet hyl sil ane) usi g a pl asnbeénhanced chefr cal vapor deposition
(PECVD) process. The rel e¥se treat Nt consi st ed 0 an oxygen pl asma
treatnent of the film w t¥500ccm 028 200w f or®B8 seconds fol | owed by a
tetramet hyl silane (TMS) pPasnma tredt¥WBht with 200Eén TMS at 150W for 90
seconds. The surface-treat’®d structiéd fil mwas"4fen used as a tool by

wr appi ng and securing a ptPece of thHe)?Im strudtlfed side out, to the
surface of a casting rol46:315Low Ha¥898 Low | ndex-Féft nul ati on A-174
treated | PA-ST-UP silica panoparticl@sswere prepanied as in Exanple 6. To an
anber glass jar was added;)31. 25 g ofjp@ 40Wm % sqJ 4y on of A- 174 treated
silica nanoparticles I PAST-UP in 1-nethoxcy-2-propanol. To the jar was al so
added 42 g of Sartomer SR’#44 and 1088 g of Sart CN 9893 (both

avail abl e from Sartoner Cdopany, BEXXGH PA), 0. 28728 g of |rgacure 20 184,
0.8 g of Trgacure 819 (botlk® avail abl®@0From C ba ®@ekci al ty Chemi cal s
Conpany, Hi gh Point, NC),,sl g of TEQ&sRad 2250 (@yad | abl e from Evoni k Tego
Chem e GrbH, Essen, Gernmegyys) and 25 &r9rans of efjayd acetate. The contents
of the formulation were myxed thoropghiy giving @V curable ULl resin with
50.5% solids by weight. 1[3dILlI (U{g3 Low I ndex),,sfructures 25The 400nm
pitch saw tooth fil m desc |'5bed abovg,nder "400nyy, 4P Structures” was taken
and treated for rel ease. %@g rel easg L[ eat ment (oXe sted of first an oxygen
pl asma treatnment of the fjIimwth ﬁjﬁﬁ m 02 at 2 ggfor 20 seconds fol |l owed
by a tetranmethylsilane (T pl asmereat ment with 200ccm TMS at 150W f or
90 seconds. The surface-tréated stri®fired fil m%WH% then used as a tool by
\\ Tappi ng and securing a pPece of th¥3ilm struUtt®lted side out, to the
surface of a 30casting rolp. 0.0008 i I m mi cr H¥PY i cati on apparat us was
enpl oyed to create m crostructured nanovoi ded structures on a conti nuous
film subsfipatesdhie pRRRALES! th el @108 B10di& iARE oFkE idggepu for
applying the coating solution;, a cylindrical mcroreplication tool; a
rubber niQEEYPytragiipm Hatcompimatinepnd cyrve df1 208 thgfcolondav ppomefths/ QLEP mathged ar ound
the syrfagg.@bnkhe mcroreplication tool; and a 35web handling systemto
supply, tension, and take up the continuous film The apparatus was
configured to control a nunber of coating paraneters nmanually incl udi ng
tool tenperat Y gmpiP! 50760t BlleRSnaptd R xBRESH, ALKRRE BBk FALd ittAdl pressure,
coating solution flow  rate, and UV-LED irradi ance. An exanple process is

il lustrated i MPPED withphepticabaxirpeiios fin tapHmpkited inthe vea)e Wass ﬁpl%amlf ko a 3
ml PET fe'x!:éi’)”t HRUERB ha B}k BR¥idEd thWhe nanovoided Ultra Low Index (ULD) 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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S5prinmed on both sides) adjacent to the nip formed between the tool and the
film The flowrate of the solution was adjusted to about 0.25 m/mn and

t he web sweedivmsieset to 1 rilmn so that a continuous, Pcoluseeig/obmnk of

sol ution was nai ntai ned at the nip. The UV-LED bank used 8 rows with
16 LEDs (Ni chia NCCU001, peak wavel ength = 385 nn) per row. The LEDs were
confi gured on 4 circuit boards that were positioned such that the 10face of
each ci r cti?{” K6y thesobabilitytiaie light @y tabfgisttcradst tepwd oaggrupagavsling thwugh

mi cr or eplth&aldr Qs @8 2009)! 'Wﬁﬂﬁiis bivg-ifthst anGenfbvdilkQ 14EPsr thOUdiaRe adj ust ed
to distance of between S and 1.5 inches. The LEDs were driven 16 parallel

strings GrTEtpEfEn.ithe aagylprgglor mumﬁvﬂnmﬁarﬁ!w%@ Od Preane thedpiegy! caidjist i ng
the devi GRpfNEIBNLs1. FOr the experinents described herein the current was
set taq apprOX| mately 5.6 anps at 35.4 V with a distance of the LEDs to the
m cr015epl ication tooling 15 being between 0.5 and 1.0 inches. The

i rradi ance wasg 4R 3: bio%mlnelbﬁaﬁée@&ha&oﬁsohmm&mﬂocmlrz@ﬂl wiih the

sol vent present as the filmand tool rotated past e banks of UV LEDs,
formng mcro- %%Flaéw@&n ABtifal Fordiga fikm W@%il@ﬂ@teém%wn@wwé BOREMRE ko t he

negat i ve QfepBhdi (IBRELAN IndbNYBASRInOVoide@ MR 8IXRANI W sth&1 tz@ghthéltﬁaﬁqtz;r e The
structured fp | m separated fromthe tool and was collected on a tak

roll . Thé‘nﬁﬁﬁéeﬁaﬂa‘é@tlp%totﬁFhééa%é{tmaﬁ‘@la]v@%e feugemele lasr Ao Wﬁé@ﬁbk)w&%@g%ﬁn
curing) hypdVes asth@rth@n 489 whidRisQ¥fedeh8iviReE D ah ¢alacGRALRK BLbIS Eésﬁﬁsu&f ast he
coating. The post- rocess curi ng1 was_acconpl ished using a Fusion Systens
Mbdel T30OR e ttaHLiY gumely aFy e éeinapich a%lﬁoaﬂrdsmlbed rReS- Gotepatiidr ® was
ni trogen-igiel &tad).t o approxi mately 50 ppm oxygen. OLED with ULl based
internal extraction film 25The nanor epI icated ULl | ayer on PET was
backfilled andhestlgrmap-ysifampiand integral gain werolsteHinehasdk Exagnds I-dthesi | i con

nitride R¥icRhRSRERIARGEM ﬁz@@fﬁ'ﬁ@ie 2VQIHQ&aﬂﬁﬂ&sdngﬁlﬁ}rbo(oPE&ﬁV&lfoh@l@ﬁ\kuth
Pl asnmalLabl m System 100 aval I abl e | nstruments, Yatton, UK). The

par antet erd@d yabeptihs opfig! P@@V@W@@@é@ 09$3ean§@t02%ﬁsaeqﬂﬁelyra”léheémagra SPRBLE 4
React ant /yGangs &in@fionYahwes 155.H4 400 scecm NH3 20 seem N2 600 sccm Pressure
650 niforr Tenperature 100C H gh frequency (HF) power

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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20W Low frequency (LF) power 20W WD 2012/ 054165PCT/ US2011/ 052453 The
refractive index of the silicon nitride |layer was neasured using a Metricon
Model 20IMWOPRnizsuGsupl er (avail able from Metricon Cor porariusag11®8Ins ngt on,
NJ) and was found to be 1.78. The refractive index contrast (difference in
refracrive indices) between the U-LI and silicon 5nitride backfill in the
nanostructured | ayer was about O0.5. OLED fabrication on the
pl anari zed substrate begampgsM th appsoessnately 1llfsmesthick TTO deposited
onto the silicon nitride packfill-coajued 1D strugdogs es through a shadow
mask to define the anode gepnetry wppddya 5x5nm aggbve area. Subsequently, a
green organic emtting stack and caghpde were deppssted to conplete the
OLED. The OLEDs were fabriécgat ed by @5@}ﬁldard t her gl 10deposi tion through a
set of shadow masks in a yacuum sysfgiat base pfggsure of ca. 10-6 Ton.
The follow ng CLED constr i on was osited 0

goffn gﬁuzonm/ 150 1 nm / AL(200nm) , where

HI L(300nm) / HTL(40nm) / EM( m 61) / 0

HL is a hole-injection |gyer, hol e-tr rt layer, EM.L is an
em ssive |layer, and ETL i an eI ectw&otransport ' er. 15After conpletion,
the OLED was encapsul ated by | am nating a barrier ‘encapsulation film as

described in U S. Patent 7,018,713 (Padiyath et al.) under inert atnosphere
usi ng SAHSesrntsittsiare prred miy@mbsemcewtgéengzgetthe&rok)r (ewaioh abihe nfodded SAES

Ge i h fil
CoL e L0 AR W BTSSP 111

conoscopex(rayvian fikbl e from Aut roni c- Mel chers GrbH, 20Karl sruhe, CGermany) to
measur.e | um nance and angularity. Table 5 shows the results of the
measurenent of several sanples. TABLE 5 Exanple Voltage at 10 m atienR

Axi al Lum (erﬁml)pldVBXSO/dﬂBnlle(-Smm)Ex&aemrsl,vHRIBaukﬁllsﬂtazd\mleuum I nt egr at ed

Intensity (I rﬂAﬁZ ())Lﬁﬁ atlh an optlcal( &%cq%)l ﬁTn(lj %v%é sinclalq‘fa{%d 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.

-51 -



On-axis Gain Exanple 7, Sanple A 7 6186 6486 8 104 14953 6186 1.56 1.44
Exanple 7, Sanple B 7.1 5866 6092 10 296 13938 5866 1.46 1.37 Exanple 7,

Sanmpl e CwoeLBAs6B3E3 13 245 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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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 Exanple 7,
Sanpl e F WOL0BAB4165 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.
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Ultra Low Index (ULI) structures

The bullet film from the above-mentioned continuous cast and cure process was taken and
treated for release. The release treatment consisted of first an oxygen plasma treatment of the film
500ccm O, at 200W for 20 seconds followed by a tetramethylsilane (TMS) plasma treatment,

5 200ccm TMS at 150W for 90 seconds. This film was then used as the replication master for a
continuous cast and cure process to micro-replicate ultra low index (ULI) structures. The ULI
resin was 50.5% solids by weight and was replicated on 3 mil thick primed PET film. The resin
was cured using an LED curing system running at 35.3V and 5.85 amps. The microreplicated ULI
films were postcured using a Fusion Lamp (H-Bulb). The refractive index of the microreplicated

10 ULI layer was measured using a Metricon Model 2010 Prism Coupler (available from Metricon
Corporation, Pennington, NJ) and was found to be about 1.25. FIG. 10c shows an optical
micrograph of the structured surface 1030 of the ULI replica that was made, where individual
bullet-shaped extraction elements 1032 are clearly visible.

Extraction Film

15 The ULI film was backfilled with Soken 2032 pressure sensitive adhesive (commercially
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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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

-56 -



(emnm2) Max. Lum (cminR) O at Max Lum O at Max Lum Integrated Intensity
(Imn2) Axial Lum (cnmnR) Total Gain On-axis Gain Conp. Ex. 1, Sanple A

10. 1 3721wWb268/054168310 12299 3721 1.29 0.87 Conp. Ex. 1, pEargsk@ 1852452 3973
6155 Il 71 13242 3973 1. 38

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
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,
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
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.
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13b, respectively, |abeled as "Resin A". 5Conparative Exanple 2: OLED on
d ass
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.
Sample A 10.1 3721 5763 11 110 12299 3721 1.29 0.87
Comp. Ex.
Sample B 7.2 3973 6155 11 71 13242 3973 1.38 0.93
Comp. Ex.
Sample C 8.5 4265 5921 10 296 12979 4265 1.36 0.99
Comp. Ex.
Sample D 6.9 4459 6155 10 296 13588 4459 1.42 1.04
Comp. Ex.
Sample E 10.3 4535 5927 14 316 13362 4535 1.4 1.06
Comp. Ex.
Sample F 7.1 3290 4264 12 288 9586 3290 1.17 0.9
Comp. Ex.
Sample G 6.6 3565 4503 12 276 10268 3565 1.25 0.97

are summarized in the middle columns of FIGS. 13a and 13b, respectively, labeled as “Resin A”.

The measured values of the total gain and the on-axis gain of these comparative examples

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.
Sample A 7.7 4236 4250 2 67 9458 4236 | 099 | 0.99
Comp. Ex.
Sample B 7.8 4311 4324 2 24 9671 4311 | 1.01 1
Comp. Ex.
Sample C 7.8 4309 4334 2 53 9560 4309 1 1
Comp. Ex.
Sample D 7.9 4315 4331 2 53 9570 4315 1| 101
Comp. Ex.
Sample E 7 3621 3637 0 271 8010 3621 | 098 | 0.99
Comp. Ex.
Sample F 7.2 3735 3755 2 53 8323 3735 1.02| 1.02
Comp. Ex.
Sample G 7.2 3690 3708 2 53 8283 3690 | 1.01 | 1.01
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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”™.

5 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.

10 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

15  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

20 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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CLAIMS

1. An optical extraction film for enhancing light extraction from a self-emissive light source,
comprising:
a flexible carrier film; and
a first and second layer carried by the carrier film, the first and second layers defining
therebetween a first embedded interface;
wherein the first embedded interface forms a first structured surface of first light
extraction elements;
wherein the first layer has a nanovoided morphology and comprises a polymer binder,
the first layer also having a refractive index less than 1.35;
wherein the second layer has a refractive index greater than that of the first layer; and

wherein the first layer is disposed between the carrier film and the second layer.

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

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 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.

6. The extraction film of claim 1, wherein the first light extraction elements comprise

diffractive elements.
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7. The extraction film of claim 1, wherein the first light extraction elements have a pitch of

less than 1 micrometer.

8. The extraction film of claim 1, wherein the first light extraction elements have a pitch of

greater than 1 micrometer.

9. The extraction film of claim 8, wherein the first light extraction elements comprise

refractive elements.

10. The extraction film of claim 8, wherein the first light extraction elements have associated

therewith a land, and the land has a thickness of less than 50 microns.

11. The extraction film of claim 10, wherein the land thickness is less than 25 microns.

12. The extraction film of claim 1, wherein the second layer comprises a light transmissive

viscoelastic material.

13. The extraction film of claim 12, further comprising a release liner covering a major

surface of the second layer opposite the first structured surface.

14. The extraction film of claim I, wherein the extraction film is adapted for application to

the self-emissive light source which is fabricated separately from the extraction film.

15. The extraction film of claim 1, wherein the extraction film is adapted as a substrate on

which the self-emissive light source can be fabricated.

16. The extraction film of claim 1, wherein the carrier film has physical characteristics

making it suitable as a free-standing support film in roll-to-roll processing.
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light extraction elements.

19. The extraction film of claim 18, wherein the first light extraction elements have a pitch
less than 1 micron and the second light extraction elements have a pitch greater than 1

micron.
20. The extraction film of claim 18, wherein a substantial portion of the first light extraction
elements are adapted to be disposed within an evanescent zone of the self-emissive light

source when the extraction film is combined with the self-emissive light source.

21. The extraction film of claim 18, wherein the second light extraction elements have

associated therewith a land, and the land has a thickness of less than 50 microns.
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nanovoi deg oy R0k AY A CARRY %réﬁ%lléﬁ{ﬁa&ucﬁh I8 lessifh 79 hRtbodsay er
al so having a refractive index l'ess t ereln the second

| ayer has a refractlve |ndex greater than that of the first |ayer;

and wher ej first, ed het nthe carrier film and
t he secong? I a@@’r eXtraf“OHI' ecift ﬂ?ﬁ‘tf i an %\gﬁgF‘Qisﬁﬁviilg&h%encwlses an
first layerrhas a refractive index less than 1.3. 3. The extraction

filmof claim1, wherein the second | ayer has a refractive index
greater than 1.4. 4. The extraction filmof claiml, wherein a

| aast 0. 3ot Pl TGS SRRy LifohSt AR RS AR i fefe

of cl ai m dherelhetheiflstt dna g‘etcmﬁtlayérg late @xﬁdsa@beme@km@e REQies M land the
enough and the second layer is thin enough so that a substanti al
portion ofelf-¢aisgive highispwee el enents are di sposed within an evanescent
zone of the self-em ssive |light source when the extraction filmis
conbined with the self-em ssive |ight source. 6. The extraction film
of cl ai m 15. AMienied, corhsidg: r st |1 ght extraction el enents conprise
diffractive elengnts. 7. The extraction filmof claim1l1, wherein
the first I|gh¥1%&Epa@@lon el enents have a pitch of less than 1

m cromnet er. (;gafgalee)grgaﬁ,tnlfg& aftt'ae}{éld%]tlﬁlﬁﬁﬁl wherein the first

| i ght extractlon el enents have a pitch of greater than | mcroneter.
9. The ext r act whereihi thenopficad leairaet®n flheinehnes hdldkitls tarkiegfitm exd raaitst emd

el enents conprise refractive. The xtra tion film
Claim e, whorel n SEHE RS CATIegEY Bt piien DR elMEriGnt & payenddene detns
therew th a | andmednideg ﬁ:@@' eﬁeedcedtlﬁtbﬁmecﬁa Rfmd 85fst J%@em%a surface of

m Crons. 11. The extraction filmof claim 10, wherein the | and
t hi ckness i s | esdirsthight exgagtiomredgmeents; 12. The extraction filmof claim

1, wherein the econ rises..a an

Vi scoel asti o mpas g by Bl FATR hHSRioR miehondsh 3PS BBRtars s poter hiager
conprising a rel gasfasi laytehls6 ByEhE BeeiRchivd RdeSldss Bael .9f; shhe second

| ayer opposite the first structured surface. 14. The ‘extraction film
of claiml, wheh&pia thheecend lexethasa refracive ndgy sisess thep thag ppitie dhstilayer e

the sel f-enissi ve &1&&;@%45& e%ethé!‘ﬁfs?ﬂ nﬁ?l?{bﬁ@ ed separately from

the extraction fil e extraction claim1, wherein the
extraction f|In1|s adapted as a substrate on which the self-em ssive
l'i ght sour be f rlcat 16. The extraction filmof clajm ],
wher ei n t%é E%&r GVise ‘f i ngw adrel Feffasiveeidet regionvsiassryiated with the

suitabl e asrp fﬁeqﬁgﬂeﬁwiveqncfes{@prﬁ%ﬁ c%ﬁﬁmgm Qs nte%r%aﬁ tdy dhf Q6RRR 'nggayel

17. The extraction filmof c ereln ne|t
nor the saciondeabtayertrahgmrqphylsctoak lokagnad tebeicst 2 abstanikil pgmoh of metfahllght

as a free-standing support,. filmin roll-to-roll ro sin
opt | cal  CRUPRRT BTEIRHTE GiePRTHIaNER G F eS8t FoRe e e FiBricgctve Thdex

self-en15§gﬁﬁ,light source, conprising: a flexible carrier film and

27. The device of claim 20, wherein the at least one transparent electrode layer is part of the

optical extraction film.
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a first and second |ayer carried by the carrier film the first and
second | ayers defining therebetween a first enbedded interface; a
third layer carried by the can-ier film the first and third | ayers
defining therebetween a second enbedded interface; wherein the first
enbedded interface forms a first structured surface of first |ight
extraction el enents; wherein the first |layer has a nanovoi ded

nor phol ogyg r R e

navi ng o racErTe o S SR ARHER R Chanyebacdoh Mon Ao pefractive
has a r ef elagtity end Indbex pirieaf gratbihtam t hadronf the first |ayer; and
wherein the second enbedded interface fornms a second structured
surface of second light extraction elenents. 19. The extraction film
of clai m A8, Thg&gidof BRidh 1985 bvHel @D ih S Xkt Afshl QR RYiBARMnen AN R Bashbdift il
less than 1 mcron and the second |ight extraction el enents have a

pi t ch gr etheewithhdandl and de dand hag @ thidknessenftlesa ttandh hictoms.of cl ai m 18,
wherein a substantial portion of the first |light extraction elenents
are adapted to be di sposed within an evanescent zone of the

sel f - eni s30.@eldb@bd oSQMACE, WReRIH 116 184 heaE tHidkRedsiof 18sé fhak 99 Riifr8AL. Wi t h
the self-em ssive light source. 21. The extraction filmof claim 18,
wherein the second |ight extraction elenents have associ ated
therewith a land, and the |land has a thickness of |ess than 50

m crons. 22. The extraction filmof claim2l, wherein the | and
thickness is less than 25 mcrons. 23. The extraction filmof claim
1, wherein the self-em ssive light source conprises an OLED 24. The
extraction filmof claiml in conbination with the self-em ssive

| i ght source, wherein the first and second | ayers are di sposed
between the flexible carrier filmand the self-em ssive |ight source.
25. A device, conprising: an OLED;, and an optical extraction film
attached to the OLED;, wherein the optical extraction filmincludes a
flexible carrier filmand a first and second | ayer carried by the
carrier film the first and second | ayers defining therebetween a
first enbedded interface that fornms a first structured surface of
first light extraction elenents; wherein the first |layer 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 refractive index greater than that of the first |ayer and
i s disposed between the first layer and the OLED. 26. The device of
claim 25, wherein a high refractive index region is associated with
the OLED, the high refractive index region conprising at |east one
organic |light generating |ayer and at |east one transparent el ectrode
| ayer, and wherein a substantial portion of the first |ight
extraction el enents are di sposed within an evanescent zone of the
high refractive index region. 27. The device of claim 26, wherein
the at | east one transparent electrode |layer is part of the optical
extraction film 28. The device of claim?25, wherein the first

i ght extraction elenments conprise refractive elenents and have a
pitch of greater than 1 mcron. 29. The device of claim 28, wherein
the first light extraction el enents have associated therewith a | and,
and the land has a thickness of |ess than 50 microns. 30. The device
of claim 28, wherein the | and has a thickness of |ess than 25

m crons.
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