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25 structure vs. the number generated internally) can be influenced by factors external to the

rgo

emission layers themselves.
A bottom emitting OLED may be thought of as consisting of a core containing
high index of refraction layers (organic layers for light generation, carrier transport ,
injection or blocking, and, typically, a transparent conductive oxide layer) and a low index
30 of refraction substrate material (typically glass, but could be a polymer film). Therefore
light that is generated within the core may encounter two high index to low index

interfaces where it might undergo internal reflection. Light unable to escape the core as a
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l0attenpts to disturb the core-to-substrate interface by introducing
scattering or diffractive elenents at this interface. Detail ed anal ysis has
shown t hawo=estd7es2ing or diffracting structures wll bePooatS2@bieess ve in
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A mul tifunctional opti or “enhancing |ight extraction, consistent
wi t h t he pr esdfibricatioantfidofect-froec DldiEsdevidds éx cdoitact swithsthisdight exrasting ttyar ed

| ayer, and_a backfill Jayer. 10The structured | ayer.  of extraction elenents
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region of a self-emssive |1ght source when the opti filmis located
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nanoparticles of diff izes. The backfill |ayer has a material havin
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extraction
the electrical operation of the device while disturbing this interface. Practical solutions to

25 balancing these conflicting issues have not yet been proposed.
Similar problems in external efficiency exist with inorganic light-emitting diodes
(LEDs), where the very high refractive indices of the active materials can severely limit
the extraction of internally generated light. In these cases, there have been some attempts
to utilize photonic crystal (PC) materials to improve the extraction efficiency (S.Fan,
30 Phys.Rev.Letters v.78, no.17, p.3294 (1997); H.Ichikawa, Appl.Phys.Letters V.84, p.457
(2004)). Similar reports on the use of PCs in connection with OLED efficiency

improvement have begun to appear (M.Fujita, Appl.Phys.Letters v.85, p.5769 (2004);
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el enents. A met hod of making a nultifunctional optical filmfor
enhancing |ight extraction, consistent wwth the present invention, includes
coati ng awbaywvo7ef21a material having a first index of reCraskéoncns o a
flexible substrate. Nanostructured features of different sizes are

20i nparted into the organic material to create a nanostructured surface.

The organi ¢ material having the nanostructured features is cured. A
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conprlses a naterra a se ex o i on fPerent fromthe
first indexorpbratied macttiting (BLEBFfBEtﬁdaﬁeh rocassefli n | ayer of nanoparticles nay

be distributed on 25the surface of the filmand then overcoated with an
essent | aI ly p|%ﬁf@fdl&glﬁga needexisid fopp PEPdYFt Whick gan pigase ligkerraghosdRnpT) ON OF
THE PRANOGED TReacharRARK e, 4 ANpR05. 306 LORAKBRORALEL Ryand.qensty Lute
part of t I'S speC|f|c i'on” and oge?her RN tion, expla

t he advantages and principles of the invention. In the dramnngs WO
2010/ 077521PCT/ US2009/ 066238 FIG 1 is a diagramof a bottomenitting
OLED di splay device mnth a light eQUMMABY film FIG 2 is a diagramof a

top emtting CLER 63 c'aPﬁlD duqtr*%PﬁadJ @&h‘??&&&%ho n dlsie{ﬂ Wik }h% 31s a

diagramillustrating spa a so I'ghting
el ement ; grédent bhvérition, dﬂch@éﬁﬂﬂ@ilbmu&tﬁﬁb haedtiugdit layst] dndvd ek All Ilayght
extraction film FIG 5is a d|a§a$n1lllustrat|n OLEDs. used as_an LCD

backd i ght Thertuctupaddayeref gxtsactionickgrontrshag @direitindy Qfasnasion. dyla sugptantial
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depictin pOSSIb e sur ace configurations o raction e
region of a self-emissive light source when the optical ﬁlrn is located against the self-

emissive light source. The extraction elements include nanoparticles of different sizes.
The backfill layer has a material having a second index of refraction different from the

15 first index of refraction, and the backfill layer forms a planarizing layer over the extraction
elements.

A method of making a multifunctional optical film for enhancing light extraction,
consistent with the present invention, includes coating a layer of a material having a first
index of refraction onto a flexible substrate. Nanostructured features of different sizes are

20 imparted into the organic material to create a nanostructured surface. The organic
material having the nanostructured features is cured. A backfill layer is then applied to the
nanostructured surface to form a planarizing layer on the nanostructured surface. The
backfill layer comprises a material having a second index of refraction different from the
first index of refraction. Alternatively, a thin layer of nanoparticles may be distributed on

25 the surface of the film and then overcoated with an essentially planarizing material of a

different index.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings are incorporated in and constitute a part of this
30 specification and, together with the description, explain the advantages and principles of

the invention. In the drawings,



DETAI LED DESCRI PTI ON 15Enbodi nents include nmethods to formlight-extracting
nanostructurcs, or other nanostructures, in a polyner replication process,
a di rect woeponvarr2m of nanoparticles, or other processe®CraSpeimce3si ght
extraction filmfor OLED devices. The nultifunctional film product can, in
addition to enhancing light extraction, serve additional functions such as
a substrate, encapsul ant, barrier |layer, filter, polarizer, or color
converter and FHy | bea doar olabptom paitipgOLER dplay devcamnbpdehbur e of an
OLED deVie?;‘?ractquleﬂ%i-l m construction is based upon photonic crystal
structures, or ot Ner nanostructures, for inproved efficiency of |ight
extraction fr TG hes dempresotytofediiftnk ML EDdisphiyekl e evilhel N@rRxfagionand | ow
i ndex layers within the device Elenents of the invention include the

provi si orfllBE structures of di mensions 25conparable to or less than the
wave} engt h of i . ntr , LSy I W th
contér asting i nﬂc}g}g3 (kjgfag@tg?%%c@ :ﬁ%t?]a?@g Sﬁ%t}alﬁginrl]&{ﬁﬁ%g%reég?sgﬁl} %%Odﬁdﬁlg%%ﬁ%@g
struct ur egeraid; al so to planarize the structure in order to present an
essentially snmooth surface to cone in contact with the OLED structure, and
the | ocation dflGt Aiisa Aisamr el PREP; bagklighk guit mitbraigy cxgesiondilohi n a snal |
enough di stan f . i -ght.=.em ti4d regqi fective in
extracting t hgqﬁ %ﬁs{g {llﬁgctah{mlglq%%%gykgelfﬁv&gss%&gggg? %gﬂaje)@a Clﬁﬁg{‘tﬁlglﬁ " region.

Li ght i nci dentFI{GSo6%aart dglaransdiyidiag @ossiblc gptial esnfigntiohactemtattiora | ower

i ndex nmediumw Il undergo total internal reflection (TIR) for all incidence
angl®s greéapers:@Adn WD 2010/ 077521PCT/ US2009/ 066238 the critical angle Cc,
defined by COc Fr%i My i j L ndi ces
of the hi gh- dngtt S0;t SRk Bk HORE AR D212E Bl Bht BELIEIOTT FFel o
associ at eflendritd) this light reflected by TIR extends into the | ower-index
region in an evanescent standi ng wave, but the strength of this field

di m ni shes exponentially with 5distance fromthe interface. Absorbing or
scattering entities |ocated %E@MLEH%%&N??%N zone, typically about
one wavel ength thick, can disrupt the and cause the light to pass

t hr bigh t he i rirebdduments TivdudefrostRodsi tb forsn pglefarabimg ddnattnichees)another uct ur ed

i ndex contrast |ayer be Iocateg wWithin the evanescent zgne if jt is to be
nost eff é@??ﬁ?’élcf%escé{h%l’?lléimé&fe&’ ERtjogPreest: Relifer OfIfIBR P HNOBAISSS A 1 egi on

by scatt E‘thlé}%rr(?cress%gft% ﬁﬁﬁgé %'ﬂ@ht é%'tr%@tidgwgiﬁlh}’ﬁ)'r bLEﬁﬁ’HQﬁcé@%@frﬁMﬁWSﬁ&aﬁ ndex

contrast |ay nee e in opti comuni cation with a t emtting
regi on offilbh@rodwdt taem sdditien ta ghbnsoghigle oxrectionhecropiddiddnal funetios duokat ed
agai nst the self-em ssive | jbght ourfﬁ. The term"” ?{)ti cal conmuni cati on”
means t hats 28USHER: CREARRYIaRy DEHRE X P PRtz gnotoleHfenyEtEAaY BRY St i cal

fiepgl Tromubeddi@ht dlﬁﬂ#éfd%%ﬂ:blsmﬁﬁ%ﬁhi% &fanr(ﬂaﬁﬁidg‘gcé.h?héﬁﬁﬁ E&lstgiakt i cl es

or nanostructure. 15Replication naster tools can be fabricat e(i w th regul ar
or randorbas¢d wsthyhesnaf criyftel steqturesedr athermgestpenired ifai imprdved cffigétcy of
extracti cipg’ht g}?‘[l(r)acgg'lq ?rrorgltt E%exgiggs) Byzr(r)lggi?yrpng al\é%ﬁterface between high and low index
layers within the device.
Elements of the invention include the provision of structures of dimensions
25 comparable to or less than the wavelength of the light to be controlled, the provision of a
material with contrasting index of refraction to fill in the areas surrounding the structures
and also to planarize the structure in order to present an essentially smooth surface to
come in contact with the OLED structure, and the location of this index-contrasting
nanostructured layer within a small enough distance from the light-emitting region to be
30 effective in extracting the light that would otherwise be trapped in that region.

Light incident from a high index material onto an interface with a lower index

medium will undergo total internal reflection (TIR) for all incidence angles greater than
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increasingly larger areas. Conbining this tooling capability with

m croreplication processes such as continuous cast and cure (3C) enable the
f or mat i orwof2o0tog72mot oni ¢ crystal structures, or other RamASRIWOLEZLS, ON
the surface of a filmsubstrate. Exanples of 20a 3C process are described
inthe follow ng patents, all of which are incorporated herein by reference
as if fully set forth: U S. Patent s. 4,374,077; 4,576,850; 5,175, 030;

5, 271, 968he gits@8amdo Oc.alefingd bP8; 6301 (n2/n1), wirkre ny @ndrs: am dlorsfracieteur e or

"nanostructures’ refers to structures having,at.)east one di ion (e.qg.,
e ght,  1GHGTTEY (i B toa e s es Y R SR e et o o

25pr ef er aRiotidt@pwith RS 1igNGMEEOHy TReBastdsUsfoUh&10wteiniRTegibhin A5 NnoOt
necessarily limted to, particles and engi neered features. The particles

and engi rvenesgerftgandingsvayanbut dheestrehgih of tlaispicks diminighys leaporgntialby wglil ar

shapg. Su articles are al referred to as nanoparticles,.The term
nanbot r doreRedo URapEH e’ et Gr al S e R GRRG NI R0 €T e
t er m " phobagitgpicslysidut Sid WetReh thikf edrSdit@pP@E MIRiagd Qhusdidsliges padi ¢
optical 30nanostructures interspersed with a material of sufficiently

di f f er entthjonglesheohterfaeq. aEhdrefare, Has pigfdrable thab the napestsictuied index eentpsoduce

gaps in the ctrumaof. all owed el ectr netic nodes..in.the.mterial. The
Perm 1 ndier PEald Y i D B eFupphE TR b ol R Rk S M Fet ors co

the mate rdx&hctﬁdﬂ@tﬂ@ﬁ?ﬁt&“ﬁbnﬁ He@ndsssdi teglonrts, scatedingfor difthat fi®l eAlkerhmeexy,f r om
the structure, to fill in voids in the structure and planarjze the

st r et ur éhe Baipstruented Tedexcaatrish layer eepdrindy b wraptisalicomumyni¢agioa ve light

an- angenent...of nan Clur 3 i i .acty r f-em ssive
T ant sourafie AAGREE ISR FORT s AR oRhUBR A, SR AB" T v

a vol ume tié sdif-tlhaibive ighBRlut@MTEiItéhd Tgticd] KB Sdatyn Denchrzah#QFigaifidant
illustrates a structure of botton1enittingbCLED devi ce 100 having a |ight
ext ract i o¥ sEhstantiahpesgon efihergcnernisd oot gkl frem thalighspwee isseapabie o ED devi ce

enitting1%&%§§y%gggggﬂgéggpaggg¥Bg&gﬁuggg!e 1 describes the exenpl ary

denents o € arrangenent of those elenents, as identified
by the ref er erntglicativrensst@rtosts dadbd fabhitdted Withka@har cyg&idoaf steleuireeoftB® can

be coated on or otherw se applied to the underlying 15l ayer.
required average periodicity for light extraction, 200 nanometers (nm)—2000nm, over
increasingly larger areas. Combining this tooling capability with microreplication
processes such as continuous cast and cure (3C) enable the formation of the photonic
crystal structures, or other nanostructures, on the surface of a film substrate. Examples of
20 a 3C process are described in the following patents, all of which are incorporated herein
by reference as if fully set forth: U.S. Patent Nos. 4,374,077; 4,576,850, 5,175,030;
5,271,968; 5,558,740; and 5,995,690.
The terms "nanostructure” or "nanostructures" refers to structures having at least
one dimension (e.g., height, length, width, or diameter) of less than 2 microns and more
25 preferably less than one micron. Nanostructure includes, but is not necessarily limited to,
particles and engineered features. The particles and engineered features can have, for
example, a regular or irregular shape. Such particles are also referred to as nanoparticles.
The term "nanostructured"” refers to a material or layer having nanostructures.
The term "photonic crystal structures” refers to periodic or quasi-periodic optical
30 nanostructures interspersed with a material of sufficiently different index of refraction that

will enable the structure to produce gaps in the spectrum of allowed electromagnetic

modes in the material.
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WO 2010/ 077521PCT/ US2009/ 066238 Table 1 - Bottom Em tting OLED Device with
Light Extraction Film Ref. No. Type of Elenent 102 el ectrode 1 104 organic
| ayers 10woebmatrrizde 2 108 high index structure 110 | owPCmAS200906626%8 ure 112
optional barrier layer 114 substrate 115 optional functional |ayers 116

The term "index" refers to index of refraction.

The term “backfill” refers to the material incorporated into a structure, and of a
different index from the structure, to fill in voids in the structure and planarize the
structure.

5 The term "extraction elements” refers to any type and arrangement of
nanostructures enhancing light extraction from self-emissive light sources. The extraction

elements are preferably not contained within a volume distribution.

Bottom Emitting OLED Display Device
10 FIG. 1 illustrates a structure of bottom emitting OLED device 100 having a light
extraction film. A bottom emitting OLED device is defined as an OLED device emitting
light through the substrate. Table 1 describes the exemplary elements of device 100 and
the arrangement of those elements, as identified by the reference numbers provided in
FIG. 1. Each layer of device 100 can be coated on or otherwise applied to the underlying
15 layer.



light extraction film The substrate 114 is conposed of a material,
substantially transparent (transm ssive) to the desired emtted

wavel engtwe,2otonars2pr ovi des suffici ent mechani cal
stability for the device.

5supporcTarsdooinesnsl
Substrate 114 preferably conprises a flexible

material. Exanples of substrate materials include the follow ng: gl ass;

fl exi bl e glass; polyethylene terephthalate (PET"); polyethyl ene naphthal ate
("PEN"); or other translucent or transparent naterials. Substrate 114 can
opti onaiyal o TRt T bR Emiting OFED BYL: Wi UK S

Opt| onal y—eoenta yef% Ot ﬁl .I ul €S—ahtu— H ude
pri smat i rﬁ@rﬁﬂrr |[' leme tr i

bl ocks drl%el ps n@lﬁﬁ?imd@ lnerneation of oxygen and water to the layers af the
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descri bgdioon U. S clB®atolet2 Applicati on Publication Nos. 2006/ 0063015
(descrilimg bor omhigkiiRx lsei@&t% W th 1 norganic barrier |ayers) and

2007/ 0020491 lb(dﬁ%ﬁhh&!&ﬂwﬂhénond I'TKe glass (Utb) and di anond-T1Ke cjar bon
(DLO)), bﬂiz'n of A L T PO ated tererm by lel erence as 11 ftutty| set
forth. The GoRp A HYE" L0 o6 Can be Hrpt-erented 'bl—t—h—f—e-r—
exan‘p| e, 14 t OHnd d CO sich ala an oxi de 1TO)
or netallsl!®ith th@PtmﬁlrﬁﬂﬁﬁEtiQﬂaleﬁk function tao rmkp Lnj ection af char ge
carrier g déch as| kglitexumtioalfibmi num gol d, or 20si | ver. The organijic

| ayers 104 can be inplenented mﬁth any organi c el ectrolum nescent materi al

such as a light-emtt

fl B8 bar
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The optional barrier layer 112 effectively blocks or helps prevent permeation of

oxygen and water to the layers of the device, particularly the organic layers. Examples of

barrier layers are described in U.S. Patent Application Publication Nos. 2006/0063015

(describing boron oxide layers with inorganic barrier layers) and 2007/0020451
(describing diamond-like glass (DLG) and diamond-like carbon (DLC)), both of which are

incorporated herein by reference as if fully set forth.

The electrodes 102 and 106 can be implemented with, for example, transparent

conductive

oxide (TCO) such as indium tin oxide (ITO) or metals with the appropriate

work function to make injection of charge carriers such as calcium, aluminum, gold, or

silver.

The organic layers 104 can be implemented with any organic electroluminescent

material su

ch as a light-emitting polymer, an example of which is described in U.S. Patent

No. 6,605,483, which is incorporated herein by reference as if fully set forth. Other

examples of suitable light emitting materials include evaporated small molecule materials,
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10dependi ng upon the type of material used. The backfill |ayer can
alternatively be inplenented with an optically clear adhesive, in which
case the wotzoat7r2m fil mcan be applied to top em tti ngPOLED2@ewWs@88 f or
exanple. A stabilization |ayer can optionally be coated on the device
before applying the backfill layer. The | ow index structure 110 has a
material with an index substantially matched to 15t he underlying |ayer,

typi cal | Qlahﬁémstubgﬂm&rmersrﬁ@olpwrﬂmé@@d@pkmrwéd light-¢itérghposed of a
nanost rucy u r%ghén%?cellxm' ch can have a periodic, quasi-periodic, or random
distri but| on or tern of optical nanostructures, including phot oni c
crystal structTiedfpht btraeabn final10den thisSahBdEmB@rio Q@tﬁpés@li e$subkligte 114,
nanoparticles can be co osed of organic materials or other materi al s, and

t hey can dpioBaldairigsdesicr &1 lawaptex SﬂrH@tuﬁ‘aH&pamd high gndeg sfugiiicel0fatlibgel y be
20i npl e”‘%ﬂ% £ Etji‘uc‘? L QS LR #ﬁ' SRhjun] Poeef‘?écﬁk%l&%%\ll@é‘a 8fan9f'f‘ﬂ8§ gg&%&es can
al so have varyirng pi ch 2% Gnd ure si a portio e

extract i ahe Rivefiist str@turdamosier twchblitcethe fipht gxtattonafiny sufficieaty plaharvibt h t he
flexible substrate and the extraction elenents }é%/a have voi ds beneath

them Thellowy@FEBfabrigsbipar The beskilldayassan phsrraseiehelpvaiothsr ARfeharticles in a
| 25
Ton & STtk AABMEC IR0, FURATRLALLABSPL PORERRL LR 2517 2

t o suspensiyp@isoqfrolide @Ebtrﬁa%nﬂﬁcﬁﬁmapéssﬁilﬁﬁl ddaitidncte/ hiavid@ basick paipurtes 110 can
significantly inprove the uniformty of the |arger nanopart| cles in

coat¥ ngs denerding BIPﬁntth%W%@ﬁé@r%usqﬂorTh@%ﬁlfﬁﬂélayFWnlaH@éW“ﬁ Y@8ture 110 can

| ude t; d
tr om s uspapIHdd PREYy BT Ruf MEls ShANANORE T GlafidniifaaRy 107 mde
| ar ge narmpphed fobpsmiteing Dd Euddacs farresatelt. o stabihizitiomatpd.cail bptldmﬂge)e

nanoparticles can conprises two or npre different sizes of |arge

nanopar t i OpEE onthipdevigeeiors sepiaig the backfilldryas 0/ 077521PCT/ US2009/ 066238

preferably ha nmto 1

T oron. o mor e STl 1 HAG G I BarPTLERARE, ndlendP

pret®er abltye hadeelyiligaapdretypichlly tHeesubstragie Dhic [Banintlex GAietare Tr@lsmanrppwdtofcal es

can conprise one ({ nor e of the follow png: netal. oxide p tlcly{hs organi c

pol ymer PRAPYIRICEECd ket Whighqap Apesa PEIOMG FHBEIPCHON S AT TaR Hen af

d| stance fromthe
or gani o 11y ey SRECATENFALGRS, ) M 1o Ay AT SRR e bR

nanost r uatisores narmpaﬁxﬂafsaﬂﬂuemanmﬁartadeh ctan@n&bmlpogﬂdtofforgnmct inetedelsioc etheiThi s

coupl i ng pref. rabl occurs when the || xtraction filmis adjacent to
t he Iightrg%tﬁlili‘ﬁlaﬁﬂ tﬁleéfgqaarhlam aipnesrede ag’ glrs%nqna&mlesscaara rnatyih Ot he
backd il | - hasy t he
10bg(2: Kf i II Iyeglgleélr pr@% rab rﬂglgg(aifkﬁ?lgiﬁﬁggéﬁ gﬂ%&s}t& gtﬁl'?clt%%?sine%%d;ﬁﬁeo t he

extract i onrghg pecites andNfanuire bige. bAc lchitld pdragreof thasxt@adtioglemedntsdex t han t he
t hen thhe backfill can. be thicker than the

structured | aye r
extract i SHOERHEHES F BuAltiabiiie Copietat e R R DI SRE S LA SUESEent vave.
I'n either.GAsRs mh n?ﬁavset \Fdi&st wn‘éghltﬁéﬁ@r TROG aa&ﬁahbﬁaélax@éanaaeqnm&ﬁ&mbl y in
sufficient proxinmty to the I1ght output surface in order to at |east
parti al | ywig hewopatticks Iibe xtonakly cpowithfa lhyghtving egelohetatoos b tganopdtieles, or
nanﬁ);t ructured .features in |layer 110 can be fabricated using any printing

n a multi-layer.

In some embodiments, the addition of small SiO; nanoparticles to suspensions of

larger SiO, nanoparticles for low index structure 110 can significantly improve the

uniformity of the larger nanoparticles in coatings made from the suspension. For example,

low index structure 110 can include the additional of Snm diameter SiO; nanoparticles in

30 coatings made from suspensions of 440nm diameter SiO, nanoparticles. These small and
large nanoparticles can be surface treated or non-treated. The large nanoparticles can

comprises two or more different sizes of large nanoparticles. The large nanoparticles
-8-



techni ques for replication of subm cron features such as the foll ow ng:

i nprinting; enbossing; nanoinprinting; thermal- or photo-nanoi nprint

| i t hogr apwg;20ionj7ex2tti on nol di ng; or nanotransfer printi n@CTNsRI06428€hni que

for fabricating the extraction 20elenents is described in Exanple 18 in

U S. Patent No. 6,217,984, which is incorporated herein by reference as if

fully set forth. The high index structure 108 is a high index

mat er i al Nyelstab vy cidivaesters dhtheagngerad 60p@ tadP aisrons. B 0Prad 1 maistest pluct ur ed

| ayer an f n

refracti glrll&rr%%\éérml?l%h’a@o? &etgﬁbgélﬁo?thrgg t}égﬁéq%g“éé?%ypﬁ%b%%ﬁ% (t%n t 8% medi um
108 at t hBe RIS 8 Biim W@ S@IENThE (Sophtictican E@@l i @R ofmorabflthe fell@angr val ue
of An generally provides better |ight extractlon The value of An is

pr ef er ablctareadepartilay opganigRlymeiagtides; matal pgrtslesgpr C?prr@osmpamﬁl@éx

st ch bet wasnd DS BHEC BELL AR SLETRRL nARCoRBEII L L TRALHM ho OV do
or Tight extractton;, however, a greater m snat rovi de greater

| i ght extthaciganit |@yeds ¢ reduliSinpoeplary @dhe E)@aeweﬁswme tSlﬂlhd mlo@mmﬁreg foal s for
30 backfill medium 108 include the follow ng gh i ndex inorganic

mat er i al SXtRetyR ofideiioppldiant Eomethe dedrs; This ﬁ%lﬁ&l@arpﬁf@lahlw qaersvhesItherer
t | ;
xt ZH :| i light L;gi?a%ﬂoﬂkﬂr{l ésggdj%c%ﬁj tégg ﬁ fld h}lﬁﬂg élt}%)@fﬁ{a sblgﬁégﬁssﬁ%{g%”' ¢
2010/ 077&8&R€T Maﬁaaﬁébﬂ&ﬁzaﬁydmhgm ldmmmltymhs sﬁ]mdummrmrtﬁerﬁﬂhe descri bed
in C Yan et al Chem Mat er (1995), and R Burz nskl, et al.

Pol irer Peckighlayenmgtrabinhass @lckba%Séﬁbstmwﬂa cgul tq e eXéHaFUQSlfe SRERR arc
i ncor por axkfﬁgrr ﬁlgfb%bﬁHPﬁlyéﬁ{aﬁr gﬂf‘el r Aiek fhafnthd xtréc%&re{i LD m%%ﬁ@’ﬂé@@gq;%eru S

pol ymers fi norgani c nmaterials”arc descri
Pat ent Naan be 376k Didan tﬁe whtrathion slehrasrpovidted chestdl imtdayctwathethence as i f
fully set forth. The backflll | ayer can be appljed to formthe plapari zi ng

| ayer usiSYGRCSERH V@Yﬁnﬁ} githeg ﬁ@eotrhe sHectisA o Ayl askhiydaver pregirgrabdatt ng;
vapor Coastu‘ﬁﬁkgent %9&@1?1’& te'l t ot uﬂ S%%E‘@ﬁll dfer to at leastggﬂﬁﬁl %ﬁ%&t‘t y can be

added to the comstruction depositing on It a transpare t conductor such
as 150 (rbxﬂraéh&dlf)llg\hltfrbml’th@thurfa&ex hi gh transparency and | ow sheet

10resistivity, to serve as the anode for the D devi ce. The. 110 can even
be tsed as t heBARRPITICUH ethesn et b gcan y %ﬁ catedl RN Hl Hintngt he

struct ur qgch?lﬂgleﬁ Ar al?l{’btaﬁo@ofsﬂﬁb%&oh qté’a%reé"@&cﬂ%?Rh%ygmg%ﬁﬁflf%,on the

optical or electric properties. Alternative ng and
snoot hi ngmlalsting; rrmhbilmg)rhleihgj thewnanat ;diogﬁmrmlmptymrlﬂha@ypﬂyeinjenmm ted to form

a transparent conductiv ver| ay on the backfil | g in the manner as
descri bednaiging: o mnofsa ?ﬁprw&f}& Agpinshcplibans f%ml%n %@W%@@aeg whi ch
I's p@cor panALRdishRIGId RYEX I?qu%?uﬁ Palent Mol ¥,238584 Qffith is incorporddd! t1 Onal

flexibility 1n the functionality of e extractor ‘pattern of the photon c
crystal slterambgalreefsreoce manffidtyrsecfauthes can be obtai ned t hrough the use of

phot oni ¢ quasi t. structure These icr st al structures are designed
using tiling rﬁﬁggh fnﬁ%sﬁ'ﬁfﬁ%{\?zo% ﬁl@bq@a 14 PEasling K coPERE ot i on
symretry (Qu Ech&Y@lo@v fhdée ha&%{m&gﬂeﬁ'lé%r %& Bro'vi%!%g af @ﬁgﬁlvﬁé rp@lﬁl%né‘aﬂﬂ)n%ﬂz& ntation

symetry, npl es of which arc described in the follow ng reference, which
i s i ncor pontatléd indaxaifmefbyctioe nesmeatck betsvech nfmdstryctsmd layortiho al] baikatlg et al .

"Ef fects of .the Artificial Ga-N, tride/Ar i odi c Nanostructures.on
G ont IR ERag e YT S dorreibiy S A5 RS SICUE yiist 35 2112858 61
(2005). ThaemRhp EH Vs B AMARINE E¥BlcBbn SThUGINE 88ARTS RErctdbey pRaRE Riahioty of a

pseudogap for a pr opagation
equal to 0. 3 0.4, 0.5, or 1.0. Any index mismatch between the extraction elements and

backfill medium will provide for light extraction; however, a greater mismatch tends to

provide greater light extraction and is thus preferred. Examples of suitable materials for
30 backfill medium 108 include the following: high index inorganic materials; high index

organic materials; a nanoparticle filled polymer material; silicon nitride; polymers filled

with high index inorganic materials; and high index conjugated polymers. Examples of
-9-



directions, and they exhibit unique |ight scattering behaviors. In
particul ar, these patterns of quasi photonic crystal structures can

el i m nat ewarviofegei2s resulting fromthe regularity of comgeniSz@abéphot oni c
crystal structures, and they can be used to tailor unique |ight em ssion
profiles and possibly can elimnate undesirable chromatic effects when

wor king 30 with broadband OLED em tters. Photonic crystal structures are

descri bedighindpe pelymesindgneroneais are dgsqribed imkicangaeteli fbempdatat ddlhér ei n by

referenc if f . forth U P, ; 4,
6, 778, 746; " 6,888, 994;°°6, /75, 448; “and” 6, , 127, - T0-
188 fnd BEL 6 LA PoryHos | Rauodfa 15 0.0 509 1
2010/ 077 o2 LH 452600882002 BErcBogdfdrenicss ¢l BitdbMB. ER@mplacof psly@atison of
the diffractive or scattering nanostructures into a film product which

coul d be Tdidrviduligh indesiepaene mafesialsaa Apicabed i B SpBeriNe BEA%HS: a pol ymer
filmor . I t i St.r: f i.cat | process
Fol 1 bvied HEARTRE BoraGaRTn bt KR RHARL B o, e bl taf B, Do oP0
i ncor por afpplitd® firh ilicasibhareingl laggaking! fon gxamaplopaictof thefdllbWwing hb@odd: | m

i ncl ude solution coating a dispersion of particles. This filmcan be

desi gned tayibeoatissdappy exating: Rewvdch eoxings o [gmeagiannwhi ch a bottom emitting

OLED is fabri 19 I QF Id. ny uses
in addition tgqéﬁ %ﬁ@?ﬁgﬁﬁ|g‘%Q§§f@§g@ﬁgﬁ%@ﬁﬁﬁ??%ﬁ%@kﬁﬁﬁ@?ﬁﬁﬁg%F y could
be i ncor pondaiect dudh as ITE (i + glet-2ey twrithciglo thdbx | High Opispaiteaty imd bardiicetg t he
extraction structures on an optional ultrabarrier film which provides

exctl | entreHEPERutesCRIfRs ARG e e the LELR dpdra i e ITQ sanaayar pe erodras|the
i nel ude gkkin Btehe Shco TR L R LuPKATR Gruchi¥e @A HER A3kbbANaPlr L 1O

i norganic ectric materials 'sequentially 1na nmul'titude ayers on a
gl ass or withuvai adweirdeadifoetsulibe optical ontleatit pagickting. |Adyeedasivelly, afitar gani ¢
materials and organic polyners, as described in U S Patent 15Nos.

5, 440, 44@ackiiliing angsmoothygsaltprenting metallic agd ofganicHavg MR £8 APRASHESH her ei n
by refer L I il ; .

ncor por 2005 *arpierl Eb¥qEfte o Qfaber (on the bARFAAEAn PRI mBL alfincribed | o1 ng
or tH filihérS. RadroApphicdtion RublipaicarNa 00400583319t whichnainkyrpositied lagcendgat i ngs

or structures, for eﬁanple functional layers 115, can be applied to the air
surface defersee ps gHDEdfhction filmin order to further increase the

functionality &&Hﬁ&@ ?liePiIbMir‘% ?Heﬂ&% fﬁ}{c_ti%ne}ﬂtg ﬁgtlﬁﬁpggtf)f %ﬁﬂ &f“ﬂhf\ §H§trﬁnéur face

coatings can have, for exa optical, c em ca
el ect ri calrydtalsotictores or Exarsphesrosfars bie bbtamad ithrgeghothe sike ofthotasc | ncl ude t hose
having the foll funq%ions or properties: antifog; antistatic;

ant i gl ar SEHRBPRHTBE PO AR RSt SLF Y U AP 86T SbiH RS TURY (Sudge:
P Ao P SOB R ABP Ly T LSE BRI ol o
long-range order and orientation symmetry, examples of which are described in the
following reference, which is incorporated herein by reference as if fully set forth: B.
Zhang et al., "Effects of the Artificial Ga-Nitride/Air Periodic Nanostructures on Current
Injected GaN-Based Light Emitters," Phys.Stat.Sol.(c) 2(7), 2858-61 (2005). The
25 photonic quasicrystal structures offer the possibility of a pseudogap for all propagation
directions, and they exhibit unique light scattering behaviors. In particular, these patterns
of quasiphotonic crystal structures can eliminate artifacts resulting from the regularity of
conventional photonic crystal structures, and they can be used to tailor unique light
emission profiles and possibly can eliminate undesirable chromatic effects when working
30 with broadband OLED emitters. Photonic crystal structures are described in the following
patents, all of which are incorporated herein by reference as if fully set forth: U.S. Patent
Nos. 6,640,034; 6,901,194; 6,778,746; 6,888,994 6,775,448; and 6,959,127.
-10-



color shifting; color nodification; polarization nodification (linear or
circular); light redirection; diffusion; or optical rotation. Qher

possi bl e wWayer7ti21be applied to the air surface includeCa/usarmwioes23s ayer or
a transparent electrically conductive material. 30Top Emtting OLED D spl ay
Devi ce FIG 2 illustrates a structure of top emtting OLED device 120
with a filmsubstrate having a light extraction film Table 2 describes the
exenpl ary el erfERbadiments gen faglvedheimgorpemtion piheah fragtzveonpativrivg2009/ 066238

on 1 SHSOABTFL ol ISHALATRE) 85 OGP E0-Bc IV SLEETSE .,

ot herw sex wplihehvigy 4 pelytdefinh ¥i Nigrabayier coalddefilandiibs@ate &d tonssshown in
FIGS. 1 and_ 2 arc provided for illustrative purposes only, and other

conf i gur aeplgsonprasetstietiowed b dengsiing of 8 pighindey bkl ydas phrgrmaisyi ces
oo 5 DOSSL Ao ARy TARCRILY AO8ShETRRNER: M D el 2ciien,
1 124 optsohimiah cbating £dispaayien ofi gatitloy Thid€kmshn be Uenigncll28 bbiugdll difvde as
structur ethe substrate on which a bottom emitting OLED is fabricated, enabling the production of a

film capable of many uses in addition to enhancing light extraction.

Additional functionality could be incorporated into the light extraction film

10 product by forming the extraction structures on an optional ultrabarrier film, which
provides excellent moisture and oxygen barrier properties. Ultrabarrier films include
multilayer films made, for example, by vacuum deposition of two inorganic dielectric
materials sequentially in a multitude of layers on a glass or other suitable substrate, or
alternating layers of inorganic materials and organic polymers, as described in U.S. Patent

15 Nos. 5,440,446, 5,877,895; and 6,010,751, all of which are incorporated herein by
reference as if fully set forth.

Materials may also be incorporated within the film to enhance light extraction
through scattering or to filter, color shift, or polarize the light. Finally, surface coatings or
structures, for example functional layers 115, can be applied to the air surface of the light

20 extraction film in order to further increase the functionality and possibly value of a light
extraction film. Such surface coatings can have, for example, optical, mechanical,
chemical, or electrical functions. Examples of such coatings or structures include those
having the following functions or properties: antifog; antistatic; antiglare; antireflection;
antiabrasion (scratch resistance); antismudge; hydrophobic; hydrophilic; adhesion

25 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.

30 Top Emitting OLED Display Device
FIG. 2 illustrates a structure of top emitting OLED device 120 with a film substrate

having a light extraction film. Table 2 describes the exemplary elements of the device 120
-11-



130 optical coupling |layer 132 electrode 1 134 optional thin film
encapsul ant |ayer 136 organic |layers 138 electrode 2 140 substrate 2 142
| i ght extwacbiogt7$2il m The light extraction fil m PE2/USROWIGER3S
enbodi ment i s conposed of substrate 122, optional barrier |ayer 124, |ow
I ndex structure 126, and high index structure 128. Low 10i ndex structure
126 and high index structure 128 can be inplenented wth the exenpl ary
mat eri al sangrﬂ@le wemnsemaetaf shese gloseantsh alidgnidiicsl by thy seferenogniypirr BEvidsd in

optional | | 1.1 i I r h. Sty .and 140,
optiona|‘ﬁ%??i§EH+%g%?ﬁﬁg%g%iﬁkﬁaPigggg%i§§%gﬂ%w%§§?g@ﬁﬁhéfgﬁﬁPééﬁﬁﬁgrs 136
can be i MpyenERt eehiWurdtionk sh@we MFI@Yy 1l erarép®vidde méd ifliarhtiabpugossubst rat e
140 can al so be optionally inplemented with an 150paque material such as a
net al f oiqnly, and othepppnfigysitiong phbatianyeitngaiy tenemiting CHFED display|dsHsat ed
with5 forr@?&ﬁﬁh§’ any suitable material for protecting the organic |ayers
from noi Stufe and oxygen. Exanpl es of encapsul ants for OLED devices are
described in U S. Patent No. 5,952,778 and U.S. Patent Application Serial
No. 11/4 —F j

re
Table 2 - Top Emitting OLED Device with Light Extraction Film
Ref. No. | Type of Element
121 optional functional layers
122 substrate 1
124 optional barrier layer
126 low index structure
128 high index structure
130 optical coupling layer
132 electrode 1
134 optional thin film encapsulant layer
136 organic layers
138 electrode 2
140 substrate 2
142 light extraction film

The light extraction film 142 in this embodiment is composed of substrate 122,
optional barrier layer 124, low index structure 126, and high index structure 128. Low
10 index structure 126 and high index structure 128 can be implemented with the exemplary
materials and constructions described above. Layers 128 and 130 can optionally be
implemented with a single layer. The substrates 122 and 140, optional barrier layer 124,
electrodes 132 and 138, and organic layers 136 can be implemented with the exemplary
materials identified above. Substrate 140 can also be optionally implemented with an
15 opaque material such as a metal foil.

Optional thin film encapsulant 134 can be implemented with, for example, any
suitable material for protecting the organic layers from moisture and oxygen. Examples of
encapsulants for OLED devices are described in U.S. Patent No. 5,952,778 and U.S.
Patent Application Serial No. 11/424997, filed June 19, 2006, both of which are

20 incorporated herein by reference as if fully set forth.
OLED devices, especially top emitting OLED devices as shown in FIG. 2, are

optionally completed by depositing a thin film encapsulant, typically on a semitransparent

-12-



20i ncorporated herein by reference as if fully set forth. OLED

devi ces, especially top emtting OLED devices as shown in FIG 2, are

opt i onal Iwocompl7ei2ed by depositing a thin film encapsul ar/ustgopioc@Bsy on a
sem transparent WO 2010/ 077521PCT/ US2009/ 066238 el ectrode. This
construction of an COLED device provides an advantage; in particular it
creates access to the critical high index device-air interface after the
conpl et i giecodeehis sonsmctiemef snOLERdsvicsgrevidesminreypopey inpatsulpoit t he
applicati f ' extraction fi.]lm. F h it Vj. ces,
enbodi rrenct?%t%)snacc [Eét]sg éé 'éh%P;&%lﬁ%ﬁ hé% }rnéig fi%)vr%ée?lhlf }%qérsfécgg ggﬂh‘% & 8&%5@855 £ ? %’rl&ebot tom

em tting febdRlatidRMinaBSng Alahehdtivhipredeys for g fpplivativarofiie: dgaicgfadiondilke t he
capping | ayer on a tog emtting OLED structure when conbined with a

sui t abl e Herdep ¢hidiéng QiRPsdoyices.enihodiaenisinehde g dightantracigfilm 39desgribedier t o
optigally I : i q.th j r ' I

enca%sul zfr?? %rigotrz)ro %tglﬁ e%a{;}:’qig@ ?FI? %g{?al(ra?/sté gléérb%gle}}ﬁt eexfﬁg%énatrﬁr gs(%x%%%t-rg:’b% whi ch

backf i | | sh¢ beppiraniagérionct top emittiag 0ArAD biectlie Giien @sinbartlivdth 4 @y@ble high OLED
Solid State Lighting or D splay. Elenent . Top em tting OLED device 120
or bot t ori€4% adhpHye OLEYCsvheepticablageinl 38118 erdse taeptisatly coyrde BeeMERdn OLED

solid st SN i I: i1k . g S
Taent i 11 aivisg S el M S dhnB 8% PTG osubdhe AR By K0l R SHORIEIRS )
st at e 15ldogtihdt AguteteN mbieh, backllitie Agndskr@xiubdseo fatrathe figh! extraatien descri bed in

the follow ng papers, all of which arc incorporated herein by reference as
i f *QJIIy set forth: D.U Jin et al., "5.6-inch Flexible Full Color Top

Em ssi on 1 . i Foil," SID 06 DI GEST, pp.

1855- 1857@%’0%‘1;’?f %‘ﬁﬁgﬁﬁﬁ%ﬁg‘ﬂ%@%@ﬁ@ﬁm | Color 100 dpi AMDLED Displ ays
on Fl exi bl e StBipdneisingSDEED doutes tie@beboettonSbRitdnte DILEESdevigpl 00185 81sda61
(2006). 20FIG. 3. is a di agEram illustrating a device 220 havi.ng s%gti ally

modul at ed'ses eompdgnend an QU ED s@l1q siatg bightingprgigpley glriehly Iaagdities o Bevi ce 220
i ncl udes t: i i : i 224,
ye. ‘ang D3AHAS AR e a0 S BRARMILDCH GBI AR ifjop ChiRn L O S0l a2
aboV® wi tlightiag deditest mchuatirtgofiexilsle hapal doild, bicndys @D iolitspoHywbeviapes, alEsfch of

t he CLED devi ces 223-226 can pe individually controlled 25as represented by
li nes 22@@%&@3@9%&?@%%g‘/fﬁfﬁﬁl@e&%? @& FRRIhC ShHe ki Fbils "S6-HRE. anodes

and cat hqgegy . #1816 Brisio -AIQ@‘ﬂlﬁfD%ﬁ;@ayccﬂf Shifflst R cARY MYITHEE of OLED
devi ces 22%5256 Wi t(tl gr%%t%l cafIi connecti ons, andt suébsst rat e 1225 can be
scal ed t DEISIMPPdELSS- 1858200 panidnAli Vhvdarg) et abyitfud| Cadér dwdpe AMQPBD226, vi a
connectiaons 228 and 230, can provjde for spatial | atjon of them such
that they 'sP'ays o W@@a&@ﬁ%ﬁ gfeﬁyé‘gﬁ%ﬁ’&s %ﬁﬁ&ﬁﬁ%@ﬁoﬁ% 2P pHtr é?oigéquence
or pgttern. D%ﬁ@?i@a?éﬁa?%ﬂl NGstHRRg al dayvR@bbH halif I%%ai{_ltjaﬂ moduRlicCSRAPI €, on a
rigid or flexible substrate 222. "WO 2010/ 07752 /' US2009/ 066238 OLED
Backl i ghtdetdiwiet for use in solid state lighting devices. Device 220 includes a substrate 222

supporting a plurality of OLED devices 223, 224, 225, and 226, each of which may

correspond with the structures described above with respect to bottom or top emitting

OLED display devices. Each of the OLED devices 223-226 can be individually controlled

25 as represented by lines 228 and 230, which would provide electrical connections to the

anodes and cathodes in devices 223-226. Device 220 can include any number of OLED

devices 223-226 with electrical connections, and substrate 222 can be scaled to

accommodate them. The individual control of devices 223-226, via connections 228 and

230, can provide for spatial modulation of them such that they are individually or in

30 groups lighted in a particular sequence or pattern. Device 220 can be used in solid state

light, for example, on a rigid or flexible substrate 222.
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FIG 4 is a diagramof a top emtting OLED backlight unit 180 with |ight
extraction film Table 3 describes the exenplary el enents of the backlight
uni t 180 woadotang7anr angenent of those el enents, as i denPCritsdodoped2be
reference nunbers provided in 5FIG 4. Each | ayer of backlight unit 180 can
be coated on or otherw se applied to the underlying |layer. Alternatively,
bottomemtting OLEDs can al so be used for backlight units. Table 3 - OLED
Backl i ghtOLEDt %ﬁktllght_Uyﬁt Extraction FilmRef. No. Type of Elenent 182

88 opttonal  dirt oot trBGE APPSR B0 B BEE R i 1 G "
i ndex st ratehetich I8¢ Table 3 describes the exemplary elements of the backlight unit 180 and
the arrangement of those elements, as identified by the reference numbers provided in
5 FIG. 4. Each layer of backlight unit 180 can be coated on or otherwise applied to the
underlying layer. Alternatively, bottom emitting OLEDs can also be used for backlight

units.

Table 3 — OLED Backlight Unit with Light Extraction Film
Ref. No. | Type of Element
182 polarizer
184 optional prism layer
186 optional asymmetric reflective film
188 optional diffuser
189 substrate 1
190 low index structure
192 high index structure
194 optical coupling layer
195 optional thin film encapsulant layer
197 electrode 1
200 organic layers
202 electrode 2
204 substrate 2
206 auxiliary optical films
208 light extraction film
10 The light extraction film 208 in this embodiment is composed of low index

structure 190 and high index structure 192. The light extraction film can optionally also
include prism layer 184 and diffuser 188. Low index structure 190 and high index
structure 192 can be implemented with the exemplary materials and constructions
described above. The other elements of this embodiment, as provided in Table 3, can be
15 implemented with the exemplary materials identified above. Layers 192 and 194 can
alternatively be implemented with a single layer.
FIG. 5 is a diagram illustrating OLED devices used as a liquid crystal display
(LCD) backlight unit 242 for an LCD panel 240. Backlight unit 242 may correspond with
the structure 180. The backlight unit 242 can alternatively be implemented with the
20 spatially modulated light panel shown in FIG. 3. LCD panel 240 typically includes the

-14-



optical coupling layer 195 optional thin filmencapsul ant | ayer 197

el ectrode 1 200 organic |layers 202 el ectrode 2 204 substrate 2 206

auxi | i ar ywopoiooabs2fii | ns 208 |ight extraction film 10ThecCriuskaoomsds@ct i on
film208 in this enbodi nent is conposed of |ow index structure 190 and high
I ndex structure 192. The light extraction filmcan optionally al so include
prismlayer 184 and diffiiser 188. Low index structure 190 and hi gh i ndex
st r uct ur enfigLeRrlelise icnesipé thsrheeldighit end dree deatraicer Joratanplel lCI3 pancl

constructy dascri , h thi di-mept, as
provided:yﬁq%%%ﬁg”ﬁggggﬂﬁg2&%@#%%ﬁ%%%3§£ggaﬁgﬁgiﬁggé%gﬂ%ﬁgﬁgkﬁhbgﬁﬁals
i dent i }‘ i &fﬂy@aﬂqmr, dotyreil@r L2r, polriliagd fimes, ahd pestidly y@bytypes dfiemented with
a Ssingle |ayer.
J OLED devices as a backlight may provide for a thin, low power backlight for LCDs. An
5 example of LCD panel components and a backlight unit are described in U.S. Patent No.

6,857,759, which is incorporated herein by reference as if fully set forth.

High Index/Low Index Regions and Surface Configurations
FIGS. 6-9 are diagrams depicting the possible spatial configurations of extraction
10 elements. FIG. 6 illustrates a low index structure 250, having a regular pattern of
nanostructures, with a high index structure 251 providing a planarizing layer over the
nanostructures. The structures 250 and 251 are located between a low index substrate 246
and an OLED device region 247. FIG. 7 illustrates a low index structure 252, having an
irregular pattern of nanostructures, with a high index structure 253 providing a planarizing
15 layer over the nanostructures. The structures 252 and 253 are located between a low index
substrate 248 and an OLED device region 249. In FIGS. 6 and 7, the low and high index
structures are located between a substrate and an OLED device (light emitting) region.
FIG. 8 illustrates high index extraction elements 255 within a low index backfill
region 254 with the low index region 254 providing the planarizing layer. The extraction
20 elements 255 and backfill 254 are located between a low index substrate 260 and an
OLED device region 259. FIG. 9 illustrates low index extraction elements 257 within a
high index backfill region 256 with the high index region 256 providing the planarizing
layer. The extraction elements 257 and backfill 256 are located between a low index
substrate 261 and an OLED device region 262. In the embodiments shown in FIGS. 8 and
25 9, the extraction elements are concentrated in the evanescent zone. The layers shown in
FIGS. 6-9 illustrate patterns and interfaces of the low index and high index structures
described above.
FIGS. 10-14 are top view diagrams depicting possible surface configurations of
extraction elements. FIGS. 10 and 11 illustrate regular periodic arrays of extraction
30 elements. FIG. 12 illustrates a random distribution of extraction elements. FIG. 13
illustrates patterned regions of extraction elements. In particular, FIG. 13 illustrates

portions of features, possibly in a regular pattern 264 or an irregular pattern 265,
-15-



FIG 5is a diagramillustrating OLED devices used as a liquid crystal

di splay (LCD) backlight unit 242 for an LCD panel 240. Backlight unit 242
may correspent/orri2m t he structure 180. The backli ght uniPCTA%2000866238
alternatively be inplenented with the 20spatially nodul ated |ight panel
shown in FIG 3. LCD panel 240 typically includes the -14- WO

2010/ 077521PCT/ US2009/ 066238 entire LCD device except the backlight and
drive el detersppised withoya éikfgrant distribapop ahEatway piteapgular aidiregidayy t he

backpl ane I ront. L at€es; . 14.qui rystal

| ayer, c&agg%??%g%d ?ééﬁgés,rpggg%}a?’r’ iafzoln%g\f& 1*@?? g@?&a{%ﬁ%&gﬁt%@%%héf P{t ypes of
films. Usevebelkddd) qesipeasdidsoraahdsik Hisgibutiohy offd@vttieh élemedst Bidh | ow power
backl i ght for LCDs. An 5exanple of LCD panel conponents and a backl i ght
uni t ar e ragieBy Pleadterns nuayde ysgfud fr opgenize cgrEtivn of pykrelAr Wavaleneshspdiighed
herei n by, f n I B - / i ons and
Sur face. oG ERATR.RT il vl gREpel GhiclpallifuiATR st AR R

spati al danfidt gieathe@REa@fon@¥givAstdinasdrtORInd A bs alifhdd thérdd, bresh raatdésuea | ow
i ndex structure 250, having a regular pattern of nanostructures, with a
hi gh i nd€%21eby ¢cRIRIFENDIECH PHY idwp%g dgvise.aandicpeh ergracigipreginpeganicaeh be

Cunst r ot rg7ire i Sy AR AR B S Bl PR, P e

st r uct ur dllesteshpusiogsan(tiled ggeta) opadtiaetion ekmealost ructures, with a high
i ndex structure 253 providing a planarizing 15l ayer over the.
nandst r uct ur esExampiesfftesbpiguesios srkingexpn et demprtapedlepatirddh UaS | ow i ndex

Pi g 1 ngear ARBeRion el (PSR, 01 X6 Demb (2B, AN ideqrpdlg o 2"
(11 ght erhctdin bg)cfegeoas if fully sct forB. FBGS| 1 (434 ilhtsastchpogdiblesadexceext r act i on

el ements 255 within a | ow index backfill region 254 with_ the | ow.i ndex
regi on 258nHEWgHieRs R theeangstatdwes profheigréiactiongemgats described spereavitn s 255

and back fﬂa&:fd‘ﬂ? g‘égﬁl@ﬁ’ﬂﬁg@%eﬁe %ﬁn\éﬁﬁﬂg ‘?a[ylep mérg%)e(%an%wﬁtgg e 260 and an OLED

devi ce reglon strate ow I n extraction el enents 257

w thin a high Addgonabackiiighés soabl molud®d Gsing titholztephiniog mterfidencerl el graphiz5 6
providing the planarizing | ayer. The extraction el enents 257 and backfill
D56 are MBEARE TBBREIEACHONOHY & HHAERSRBSORIBOTAIS ORI Odrd ff%ﬁrbe A8VIEE regi on

262. 1n thg, € Fér:@ﬁ?%éQﬁ%e&&%{rh&ﬁsteﬁs,ﬁ_ﬁgreﬁg‘y in% Bﬁﬁgﬁlﬁiﬁ% h?‘%gﬁ!fe”e”t S

are concentrate e evanesce zZone. er shown 1IN 6-9
i 11 ustr atweoypatieardenandanastrecthsdesrfofe. t Akcrhawelyndex nandtriétgtedi ndex
structur ep ogoesgr(lzsritiivbeepdolﬁnqgrvs%iface can serve as an etch mask for exposure of the surface in an
20 etching process. This etching technique would transfer the nanoscale pattern into the
surface of the underlying polymer web or into a layer of a harder material, such as a
silicon oxide, which had been deposited on the polymer web prior to the lithographic
steps. The nanoscale surface defined in any of these manners could then be backfilled
with an index contrasting medium to form the light scattering or diffracting layer.
25
Distributions of Nanoparticles for Light Extraction
This embodiment provides enhanced light extraction from an OLED using an
index-contrasting film with randomly distributed high index nanostructures created by
coating nanoparticles such as, for example, ITO, silicon nitride (SizNg, referred to here as
30 SiN), Ca0O, Sb,03, ATO, TiO,, ZrO,, Ta,0s, HfO,, Nb,0O3, MgO, ZnO, In,03, Sn,03, AIN,
GaN, TiN, or any other high index materials on a substrate used in OLED fabrication or

encapsulation, and then applying a low index coating, such as SiO,, Al,O3, DLG, DLC, or
-16-



FI GS. 10-14 arc top view diagrans depicting possible surface configurations

of extraction elenents. FIGS. 10 and 11 illustrate regqular periodic arrays
of extracwpamo@07elienents. FIG 12 illustrates a randompdiraiseedoosé2en of
extraction elements. FIG 13 illustrates patterned regions of extraction

el ements. In particular, FIG 13 illustrates portions of features, possibly

in a regular pattern 264 or an irregular pattern 265, -15- WO
2010/ 077321PCTiaUs2iguds 08gABg ninpertisiste s vida the ndex @pmtrast eepdedifast ri but i on

N e R P

peri odi c,nago@sictiRey daBdicGn cOitadtavictomt dilsstratchpiolxonse Bc wkitraAsidr@peal ement s.
Such regions of patterns may be useful to optim ze extraction of particular
wavel engtthgethdr in plghes. Sain anygardane epriieairatiopdresiams! the wEFERiEndY frnverse _
cor F?Spo%%h&%cwoh,goﬁ& fallgr ?%din?@ﬁiflipalr ‘éﬁ @i, dad CBH%S&%@ ‘%idoﬁlhe extraction
regrons can correspond a 8%6 a |gned ﬁe re&, green, an ab ue reglons

conpri si nfistiibxgdnsofdbwandtixsphayardevd eenanastehcaaedsueli tag 8104, porouefi®N can each
be optim zed to extractl(lagitg\gt fromthe corresponding red, green, and bl ue
&%

regi ons. Haresiligate (B} 2B &aF ckif's PG, QLG geetparetislessyclops whicr bt i on

descr i bed P ERER e E R . RRMIA) IR EOL O RTRAG \O\ erber
6, 2006, pulyradrs]@ anpodicpsvaingddx hewaialk With & ebrstioghigh indexffildr ynasetal f or t h.

FIGS, 10-14 illustrate, possible surface configurations of the. .
nand&t ni SR asvaper densitcdisNaet ¢ tHvelsawat sagelschiliulnelupeas adighindehackfi | |

medi um pr.yi.di.n i Z: e / .
T5addr t | Ao g B DR, S oY B bR AANRIE OS] e o ce
| i t hogr aphyistatic exdqpiag Lormaroibcadic proa@itionsoatinga phot osensi tive pol yner
deposited on a_flexible polyner web. After the_ exposure and devel opnent

steps, the rerfef3iNAGTIRBCHEENST R LYYBE I ARl dynesntigr yndgol-to-roll
nanostr U%Egﬁggmﬁy b AG&: foﬁhfsﬁfﬂﬁﬁﬁ%\’lfel ﬁﬁnoé&ﬁ"li?‘e@@rpﬁl%tsﬁﬁg&g 51?(9&1 ﬁﬂﬁfa??fd&@ést lve
rfa tch t a

pol ymer su e tan serve as an ma or exposure’ o e surface in an
20 &3 chi ngaypboused so cdehitis wickfiil/iptanheztion qaer Wwbhid dsctafandf echitieesshoddcal e
pattern into the surface of the underlying polymer web or_into a | ayer of a
har der ndESr 1€ Pregrsh SIARlG e@%l& %lﬁgg%ra@}u e ARdiRklr fQeps8iNeE98Nn t he

pol ymer web:prd 1O} 4 =Yelgl o So-rdI scal e surface defined
in any of thegé&g%nsnerﬁg&%éo%ﬁeggtg]hen %ee %Ialggf?lrgegm\r/emé%?an i ndex contrasting
medi um t o f or rMitchellito-gbll canmuber progess fatdichfisract light cktayosion fids Barsinciudet i ons

of Nanoparticles for Light traction . Thi s enbodi ment provides
enhanced %S?egmhhné@w&xegﬂr %“EXOTH? AL EPRINGS ﬁ&l%lqdﬁﬁ@%%ﬁtcieém%asﬂq m wi t h

rangipm y. s‘dFﬁ’éa‘%&, ot éb%éﬁhg@n bRGEat PPH@?E}M&%&&E&IP %%&&g@of(‘sﬂéﬁ h Rdl1-to-

nanoparti cl es such or exanpl e, O silicon nitride (SI3N4, referred
to here asllpaBicH)inclGde3 codba®Bare Ali@tionald2d siticd 2andfaiies ddf astNERBB) MO,

RN SN TN W WA T AR
l'ow i ndexriaabh Mex BAKRIARateHAE carlORainRh 6 1d2kfng Pbxy dBacrylate polymers
with high index nanoparticles such as ZrO; or TiO,. Additional high index materials are
25 described in U.S. Patent Application Serial No. 12/262393, filed October 31, 2008, which
is incorporated herein by reference as if fully set forth.
One particular manufacturing method involves applying nanoparticles having a
first index of refraction onto a flexible substrate and overcoating a backfill layer on the
nanoparticles to form a planarizing layer over them. The backfill layer comprises a
30 material having a second index of refraction different from the first index of refraction.
Preferably, a substantial portion of the nanoparticles are within an evanescent zone

adjacent to a light emitting region of a self-emissive light source when the optical film is
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WO 2010/ 077521PCT/ US2009/ 066238 pol ynmeric materials over the nanoparticles
to provide the index contrast needed for scattering or diffraction

ef fi ci encyoant/a7es2pl anari ze the surface. The random y diPstTrrishammes238
nanostrucTures can be in contact with the substrate, proximte the
substrate, grouped together in places, or in any random configuration
proxi mate the substrate. A converse 5construction, potentially providing

simlar dpfaied dapanbths sclégmivoredighs souicq. Afrderrmplst # Pihstansal rertionef thadex
el N ' \ ' ; e
P SR RTR SRS HE A5 B BAGRYR FURZobRg | Lot e

gol d par tdlthbesh inpohit(cioldithen®thbacbyd iabpor(iGiVYPhe nRedpue@d&ORake, PET, |ow

i ndex polynmers, or any other |ow index materials with a contrasting high
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ot ional Ty haveninud B ndbpfgptefhul AORSs RANThe plba IS U BeF B

coati ng; sotveatorad fiesflaxiblp kehvahicand atladvingghe solvent téoadporigc Pefoeesses such as
dip coating, knife coating, dye coating, and roll-to-roll coating may be
used for WcEepipgthe hgckfHblarem g ying theapapartie ok eans dgeinvelive applyingithe
process 1 fi . I i e lse of
Cloh t sch o Sun S H € Qo nd et Vet LR Bent Bl A LB lovplS Pl

manuf act witefi@tivarcths wictladdl iavdloes usiposuporat vdth ai ielehsd apept; aohwhics tisnuf act ur ed
via web line or roll-to-rol]l processes. The roll-to-roll continuous
protss RSl applir to p gubstigle Wit  rderse peent. thasubstiategwieh ds Partisigsny

nonol ayer, Qf: -ﬁgm-%l i i haANARAGE . plastic
20subst r at g{le(f{#e)d app yﬂ%ﬁéﬁ&g‘%r éﬁ[?él(e)‘ifl mogﬁgfm@ mat e%lzl gie%ﬁgﬁ&éilgrrpl e of
such a r atleaded-to trahdfertho pasisick ncthedesice eaisimag. [Gar garficiiatmethad inzetleshl | ca

nanoparti ¢cles on plastic (PET) substrates and then overcoating those
nanopar t i IS PIRCES @ coat dire subsfsate pakiwrpepartigese dpalt, cohibic ppeHill Wy Iyt ks i| |
mat eri al n ' : i,n tth high
dox. nandany {e R bR CIRheRiyh g S P e el bR R ATRLE I or el
ar el25degrodcdeth doat e Subsfateewith Appipatatdspdry e ahdividdoup th2/casa3A3m, fand ed

COct ober 31, 2008, which is incorparated herei reference as if fully set
forth. then & ES8NGBIACPLS P APV RO §Lfmﬁ0iahtﬁle r‘?é@l%eﬁlyam dmibagansngithg

nanopart ic%ee@letggsmtgg Fap{l rst index of refraction onto a flexible substrate
and overcoating a ckfill layer on the nanoparticles to forma planarizing
| ayer over them The backfill layer conprises a 30material having a second
i ndex of refraction ﬂi fferent fromthe first index of refraction.

Pr ef er ablBepligaton _"é Pdal porti on of the nanoparticles are within an
evapgscent z Oﬁéﬂ&ﬂlﬁf&%r fo?mﬁl%d ShdtcBbL ﬁdvﬂ% I{a%étﬂ%u%s AveRk! menkssf ve

| i ght source en the optical Tilmis -17- ocat ed agai nst the

sel f - em gsievferencghthogaphy.eRegdar exiadplfegtu@s ssibsilaat 1 @innpdFAnnopamle t he

quickly written using this method. An advantage involves being able to write these
patterns over larger areas, which can make the process more amenable to manufacturing.
Production of a master tool for replication of the pattern can involve the following.

25 A substrate is coated with an overlayer of photoresist and then illuminated with one or
more UV interference patterns to expose the resist in a regular pattern with the desired
feature sizes. Development of the resist then leaves an array of holes or posts. This
pattern can subsequently be transferred into the underlying substrate through an etching
process. If the substrate material is not suitable to be used as a replication tool, a metal

30 tool can be made using standard electroforming processes. This metal replica would then

become the master tool.
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nanoparticles can be in contact wwth the substrate to be within the
evanescent zone, although in sone enbodi nents the substantial portion of

t he nanopaiot2olgss2in t he evanescent zone need not be i nPCotSa@w/06428$ t he
substrate. 5Applying the nanoparticles can involve coating the
nanoparticles dispersed in a solvent onto the flexible substrate and

all owi ng the solvent to evaporate before overcoating the backfill |ayer.
Appl yi ng t he naifshampsthodmvelyas Brasg hnastoictoabivingrgndanelyrdistrigpigdf orm t o
the fl exihl a Vv h h | ayer.
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aggl omer dPP'dAT CNRRAGHLY rth %‘ioélﬁﬁrrPﬁéepshﬁé‘ﬁo%Hloﬁ?S?ons are general ly specific

to she parti CLtbﬁ’Je a@ﬂé&@&%{;&l‘ Hak %ée&ﬁo@@ceﬁ%?ﬂ@a&@ﬁ%f {REASERke RS %ﬁgm@w been
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t hen coat¥8s E?éhlfr ey C@&@@?er%ﬁyep%w sﬁ@gcfpn@avfalm@ﬁﬁ £hes5Pyent
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dye coating, coatlng. Pretreatnent of

Backfilling would then be performed downstream in, for example, a chermcal vapor

25 deposition (CVD) or sputtering process which can deposit a high index material, such as
SiN or ITO, which is capable of filling the structures and then leveling out into a smooth
layer. If SiN is used, this might then be followed by an ITO deposition process if a
conductive upper layer is required. Alternatively, the downstream backfilling may be

performed in a solvent coating process using suitable materials.

30
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10substrate using nethods such as plasma etching may be required in order
to assure uniformty of the solution coating. After solvent evaporation,

t he nanopaiotzolesszshoul d be distributed in a way that i #Criuscawooesgal |y
random but macroscopically uniform As was the case with the uniformtool
fabrication process described above, this pattern could then be transferred
to an underlying substrate material through an etching or enbossing

15pr ocesEXamplgs net al tool can be made using standard el ectrofornng
processes. In any of these cases, if a flat master tool has been
produced, it or its replicas may then be tiled together to forma | arger
tool, as ExasslehedINmm/si), Rah@nirtities with3Re 5 SiONan@iréicRg herei n by
reference as if fully set forth, or may be formed into a cylindrical tool
for conpdGommaraiveExample)ol | -to-rol| replication process. 200nce a master
t ool ; has been Jr. ecak f uct |: r can be
done5 usi ng oneﬂ%ﬁ&gg@%?fl {E? gljléoa? 91?%%??@&? %%ﬁesﬁ'lgh(ﬁogg Eelgl dl%@?‘ﬁ%‘?@gy Tﬁﬁe 3C
process. wde obtahfel faine tHeVisdahiCGheh@@ll ] T T WiestiRith ek, Bgit@830, pluytas Txheet i ng
conpatible with the chosen rePI ication process; it nmay_ be already coated

with the UO¢2-dbardi Ehe panoppeisley seces frepter whbwelyetytgaeioridedBE@AoWdd t hen be
per f or med;; 1d N, foRr d 1. Gal 1V, 2 asi:Liyon ( CVD)
b sput t eb R AT o e EYAGE N PR IR KA (R0 SEFRWANER 553l &
or 1 TO whi ch T regableaity offtidatddn@Otnhe SEI,rmaabparedeawith Pitenark av &liong. out

into a snooth layer. If SiNis used, this mght then be followed bg}pan | TO
depbdi ti off3rypesl Nissian MBrdde (1 Aeerapp of siligg)arasi addedin a reagfionaresicl algngvel v,

o1 ng_su b Safisot Al LN ASARIEY TS b oS E b BB PP e
Exanpl e IChehdalnnTiwEldztiNevapatddiel fos 1 evhbirs No8® (h T 92 tiamoiRairé ivab e¢sn

(Conmpar atj.ve Exanpl e) 5Di spersions of spherical siljica panoparticles with
noni nal  liaiERddP eV sted sEpRGieiher it ites. NihssahitioRarss dace np777

Vst hei ' : - I3 AeC wer e
{roated v Thono s Pra L RRe i A o ey T AR 355
silifa w HOMBEQheavaeed vandiadyzdfae h@bs 040 bodsntly Tlosvipg apesgerdet ai | s of
treated 190 nm_ Si 02 nanoparti-cjlétes wi th PEO arc as follows., 10363 grans of
Ni ssi an MP- 45401(e9dting papepyticlsisppneayiopaes deuted 11 b methaxyc repanpéisel  al ong
with 7.5 i830n i id F iy e

Per f or ma Cé@t@gﬁqugﬁ%ls. Tﬁglgﬁ%}gérlg%&/a@élggg%%sd& ? gern Pljglwhlggﬁggpsaltd%oc The
react i on mmapartiee walstivinens doatd/aed PED subsmavebangipuontge (cedtigd dppod and ot her

inpurities. The solution was pl .in a 2 Spectra/Por Dialysis nbr ane
hgei ng a MH{IPMN It wap ék}o%ﬁ’gﬁts%ﬁtlm@qs)tﬁgftgqg was a de-wetting %gsue resulting m

20 regions of the substrate having no particle coating.

Example 2: Improved Coating of 190 nm SiO, Nanoparticles Via Addition of S nm
SiO, Nanoparticles (Treated)
A 2wt% suspension of 190 nm Si0, nanoparticles was prepared as described in
25 Example 1, but with the addition of 1.1 wt% of 5 nm Si0, (treated by PEO: 147426-45-
01, 5 nm silica particles treated with Silquest A1230). The 190 nm SiO, nanoparticles
were coated on a PET substrate by a dip coating (coating speed of 65 mm/min as in
Example 1). Through comparison of SEM images from Example 1 and this sample, the
uniformity of the coating was shown to have been improved by adding the small
30 nanoparticles, although the de-wetting of the nanoparticles coating had not completely

disappeared.
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1514, 000. The material was dialyzed for 24 hours against constantly flow ng
tap water. The resulting nanoparticle suspension was diluted in | nethoxy 2
propanol WO 2proadu2e suspensi ons having 2 percent by wei ghtt/utseéoodss26ont ent .
The 190 nm Si 02 nanoparticle solution was coated on a PET substrate by a
dip coating (coating speed: 65ma/mn) It was shown from SEM i nages t hat
there was a de-wetting issue resulting in 20regions of the substrate having
no parti dixamplas: dgnprexetdbpatings af 9P ape §i@oNanepprsrles ¥ia Additiapof

Nanopart iGl A it HO Si 02 Nanoparticles (Treated) A 2wt %
suspensi Oﬁn@?dﬁ%@ sﬁl?ﬁgéﬁg?&%%%%éﬂﬁscl es was prepared as described in
25Exanmpl e 1, baR wws &f 190enmdddinadbpaticlts davwbpafed as d88cBbORay inrBahpit by PEQ
147426-45- 01, 5 nmsilica particles treated with Sil quest Al 230). The 190
nm Si 02 rhakdparthe addidonel el soutadd mna SEOAEIMediied sarall Soym §1Q4 panepiticley

(coating f ' N | T C ;i,son of SEM

i ma?és fr%;r%ﬁ 5%&@&%%?%?22@3@ gw? %«13, %.Ih)r?lwfn oijr?(%‘lgfté %%fﬁé’g%gt%%ati ng was
shown t o Unawslifixeiedtnal NFI0E wesbpayticdebah gigh i af i irhprd 0o eirap@t hatdpagicl@l t hough
the de-wetting of the nanoparticles coating had not conpletely di sappeared.
WO 2010/ PR WERUEY009/ 066238 Exanpl e 3: I nproved Coatings of 190 nm S102
Nanopartieles Via Addition of Unnodified 5 nm Si 02 Nanoparticles A2
wt % of 190 nm Si 02 nanoparticles was prepared as described as in Exanple 1,
but wi t h Exdenpiddt t1190Amo$iOb. Nanspe tidlesowitinsSi M difisd Sid; Ranepamticled nm

Si 02nanoparticl es 5from Nal co Conpany, Nalco 2326). It was clearly shown

f r ol SEM (Myehified withIspentyiiimethpxypilane agdoMetiylgppethpxysilanelan si gnificantly
i t he | j i i ) ) 4. i 02
Nanopar 1 01 es weih Lo RRkn SIG RRDEHOEh Rt Blehich us BAGHRE o LG B!

| sooet y! thuit mithhbxyddifi@nel B heltMatfHyrh SiOEidnopysicleane)ified with A 2wt % of 190

nm Si 02 nano?arti cles was prepared as described as in Exanple 1, but with
the addi tipstorimethoxysidgnsrangd methdiimsthoxrdlsast { hcesnmpananagielgpewder was

| sooctyl t LIMBLRRSH ﬁs%P@ggﬁtﬂ rt\S“?Io*Ei}’lEé édalﬁ%rfl%%%%ﬂg% é)(eﬂé'éﬁt @n\gg‘gﬁ?&ﬁﬁéfti cle

powder was first disso soprop to produce susp aving 10
pertent lypnwat)ghits walshden Hooogi 8BM) imadss, WascoabiognnifbratyghasSaldrowsdges, t he

coating uniformty was inproved, . , ,
g although the >éie-wet of ‘HB nanoparticles coating had not completely disappeared.

Example Sa: 440 nm SiO, Nanoparticles Coated by Roll-to-Roll Process without
Small Nanoparticles (Comparative Example for Example Sb)

20 Dispersions of spherical silica nanoparticles with nominal diameter of 440 nm
were obtained from the Nissan Chemical (Houston Office (Chemical Business), 10777
Westheimer, Suite 830, Houston, TX 77042, U.S.A.. The nanoparticle solution was
diluted in 1 methoxy 2 propanol to produce a suspension having 5 percent by weight
solids content. The 440 nm SiO; nanoparticles were coated on a corona-treated PET film

25 (6-8mil thickness) by roll-to roll-process using a 5 mil coating gap (web speed of 10 fpm,
ind. pump speed of 1.2 cc/min). The resulting coating was first dried in air at room

temperature, then subsequently further dried at 180°F.

Example Sb: 440nm SiO, Nanoparticles Coated by Roll-to-Roll Process with Small
30 Nanoparticles
2.5 wt% of 440 nm Si0O; nanoparticles were prepared as in Example 5a, but then 1

wt% of modified 5 nm SiO; nanoparticles, prepared as in the Example 2, was added. The
21-



al t hough the de-wet of the nanoparticles coating had not conpletely

di sappeared. Exanple 5a: 440 nm Si 02 Nanoparticles Coated by Roll-to-Roll
Process wohowro7&ml | Nanoparticl es (Conparative Exanpl eCras2tangbe 5b)
20D spersions of spherical silica nanoparticles with nom nal dianeter of
440 nm were obtained fromthe N ssan Chem cal (Houston Ofice (Chem ca
Busi ness), 10777 Westheinmer, Suite 830, Houston, TX 77042, U.S. A . The
nanopar t i440ens §iQutrappparaelceveigtceeated pnthgearpeacieatchPBp ko using the sdice a

suspensi Q V| : nt, by wei ght solids content. The 440 nm Si 02
nanopartf% gg%aggEﬁégﬁﬁéﬁa%h a corona-treated PET film 25(6-8m | thickness)

by roll-to roll-process using a 5 ml coating gap (web speed of 10 fpm
i nd. punp ;Fegd of 1.2 cc/mn). The resulting coating was first dried in
air at rd¥aterialptor dixamples qand dubsequent |y further dried at 180F.

Sral T Sonanopantirragsed MURPELIn G Sk SRchXadshich of o) @RS ™ 1"
pr epar ed dsmétdr dbtainpd fromahe Buicotcbaipady, wheaodecytidhdneshlfoniyRodium salt (DS-

Si 02nanoparti cl es, Brepared as in the Exanple 2, was added. The -21- WD
2010/ 077521 pefactisp 0bomsd dag Aldihn Hsgiheseanypasls péthekiffGispiecogtivg ed on t he

corona-tr T Ll | gLt i Sq:l E‘ﬁ‘ﬂ[ﬁ@l .
Mat eri al SC%? %&ggghoﬁ%gég%ﬂ%ﬁg%ﬁa@gﬁ%&g@%bgégpgﬁar%hdéé@anp eéaeyieﬁsgl uded
silica nanopbddchleesd.of 93 rim nom nal dianeter obtained fromthe Nal co

conpany, and dodecyl benzenesul fonic sodiumsalt (DS- 10) surfactant
obt Y ned from Al drich. Usi ng these materials with different coating

condi t i 0Ny %6 BPGKELITIABYSERIR!co RANGARLLH GnSP PESsuB OB R For

di sconti nuous I“ayers, cou I eve ayers o are silica
nanopart iktaespleoatad 7di rect |y on a PET substrate for Exanples 6 and 7 A
silica nanoparticle dispersion produced by diluting a 2 w % nanoparticles
di spersi on i n MIBICR BANOPREHHRBHPE Praduee stqiihmggfgzwa/gnéwaét&l% a

ﬁglr gga;t gﬁ%ﬁ%@gﬁ%ﬁ%‘ fs g‘gfé glﬁo?ﬂ%d%s}p}i\ﬁﬁﬂf BRSO whY odalltt §i0d LorbRifr@likd PEPCESS

15 film (6-8 mil thickness) by the roll-to-roll process using a 5 mil gap (web speed of 10 fpm,
dispersion delivery rate of 3 cc/min). The coating was dried in air at room temperature,
and then subsequently it was further dried at 180°F. It was shown through a SEM photo of
the resulting nanoparticle that a uniform and close-packed monolayer of silica
nanoparticles was produced.

20
Discontinuous layer of bare silica nanoparticles coated directly on PET substrate for
Examples 6 and 7

Silica nanoparticle dispersion as above was coated on corona-treated PET film (6-8

mil thickness) by the roll-to-roll process with a 5 mil gap and lower dispersion delivery

25 rate (web speed of 10 fpm, dispersion delivery rate of 1.5 cc/min). The resulting coating

was dried in air at room temperature, and subsequently further dried at 180°F on the web.

Example 6: Light-Extracting OLED Substrate with Silicon Nitride Overcoated
Nanoparticles

30 In order to quantitatively evaluate the OLED efficiency enhancement due to the
nanoparticle, 300 nm Si3Ny layer was applied over the silica nanoparticle coating using

plasma-enhanced chemical vapor deposition (PECVD, Model PlasmaLab System100
2.



di spersion delivery rate of 3 cc/mn). The coating was dried in air at room
tenperature, and then subsequently it was further dried at I180F. It was
shown t hrwogh1020788M phot o of the resulting nanoparti cl epPCiatS2@90md280r m and
cl ose- packed nonol ayer of silica nanoparticles was produced. 20

Di scontinuous |ayer of bare silica nanoparticles coated directly on PET
substrate for Exanples 6 and 7 Silica nanoparticle dispersion as
above wagveiddietprarOlordbhistrements.efatorr UKD fopditignyisedimtheldiddsdeppsitiohe
roll-to-r ro th a5 ml gap and | ower dispersion delivery 25rate
(web speegégl}olgV ﬁeﬁaﬁ)}le"%l spersion delivery rate of 1.5 cc/mn) The resulting

coating was dried in air at roomtenperature, and subsequently further
dried at—1_80F on the webh, FExamle 6: light-FExtracting QO FED Substrate with

Silicon |Nitride Over debledd Qendienstisel der Denonitine $3iN4 baygiant i tat i vel y
eval uat § Rdaeta@/Endifidn ci ency enhancenentValue to the nanoparticle, 300/ nm
Si 3N4 | dysiH, was applied over the silica4nageparti cle coating using
pl asma- gn|gnced cheni cal vapor deposi tijop s¢&ECVD, Mdel Plasmalab System
100 - 22-_W:) 2010/ 077521TPCT/ US20097 06623 Oggc%l abl e form Oxford

Instru Ip DS Yattom—UK—Condirtions—us 0! Jl:\ re—S3Nd—depositionm—are| shown
in Tabl =4 5bl o4 Conditioens—UJsedHo Epow. H-rg—S3H-NA—Layer
React ant /quﬂﬁn Value Sini 400 sccm IQPL%.C?O sccm N2
High frequency (HF) power 20 W
Low frequency (LF) power 20 W
5 The refractive index of the SizN, overcoating was measured using a Metricon Model 2010

Prism Coupler and was found to be 1.7. At the completion of the PECVD process, a low
index scattering center with high index backfilling film had been generated.
Next, 110 nm of ITO was deposited on the silicon nitride through a 5 mm x 5 mm
pixilated shadow mask to serve as the OLED anode. Subsequently, a simple green organic
10 emitting layer and cathode were deposited to complete the OLED. The OLEDs were
fabricated by standard thermal deposition in a bell-jar vacuum system. The OLED layers
were deposited through a 40 mm x 40 mm shadow mask covering the 5 mm x 5 mm ITO
pixels in the following order: TNATA:FeCl3 (3000A, 5%
FeCl3)/NPD(400A)/Alq:C545T(300A, 2%)/Alq(200A)/7ALiF/Al.
15 The 5 mm x 5 mm shadow mask was then realigned, and 250 nm of Al metal was
deposited to form the cathodes contacting the tops of the pixels. This process provided
OLED devices containing several independently addressable 5 mm x 5 mm pixels with 4
pixels disposed over nanoparticles.
Electroluminescence measurements showed enhanced OLED light extraction from
20 the nanoparticle coated pixels. An improvement of 50% at current densities between 2-20

mA/cm® was shown with this modification.
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600 sccm Pressure 650 niforr Tenperature 60C H gh frequency (HF) power 20 W
Low frequency (LF) power 20 W 5The refractive index of the Si 3N4

over coat iwgQ 20m07n2asur ed usi ng a Metricon Model 2010 PripswiuSeanloes23and was
found to be 1.7. At the conpletion of the PECVD process, a | ow i ndex
scattering center with high index backfilling film had been generated.

Next, 110 nm of | TO was deposited on the silicon nitride through a 5 nmx 5

mm pi xi | dexampla e dvigheBxiraelingOl £ Subsieatohpring NwpadigesQuentopted by si npl e

green or ' ] _£a e deposited to conplete the
OLED. Th%gﬂégygg}r)@w g%&rﬂ@%’eﬁeg @%?%ﬁ@g?%&t%ernal deposition in a
bel | -jar vacuwn-ysterf 10k ﬂcg[aahapfa@ﬁaey@éfeme@@ﬁiekwltghy Gughdigped@dmm x 40

mm shadow nask covering the 5 nm | TO pi xels in the follow ng order:
| NATA: FeCI:&BCI(Y@@@@AfOHB%qF@mPPWd@O@)GSAIqu@hB’W@@dAbtalned from Brant U.

zza(r)? /g\ISO ﬁlﬁq&ﬁ‘% M&I@hb FeﬂgF&aﬁ[g %p%‘s 9@@‘?%@0‘??%% caf“n1 ﬁ%ﬁm%% qudél?a%ngg? ﬁg

tops of t(hewwoyahdwadthca cpited 68& the patiopediclds pRviaxceatdwit RENbng relever al
i ndependent | addressable 5 nmx 5 mmpixels with 4 pixels dl\%gosed over
nanopar t iteirels process with a 5 npf ge Wﬂbm%%fcl&nf@@, &@ﬁ@rﬁw@@éhv@"ywé d-%enhanced

OLED lig r 1 ovenent
of 500 ot 4T ents b PELAEL P RATREEL. G GATLERR KR Spel, 1Tl
modi f i catfuBher dried at 180°F on the web. The target thickness of the high index polymer was 300
10 nm; SEM images indicated an actual thickness of about 300 nm in excellent agreement
with the target thickness. The surface of the roll-to-roll coating was shown to be very

smooth compared with Si3N4 deposited by plasma enhanced chemical vapor deposition.

Example 8: 93nm SiO2 nanoparticles coated by roll-to-roll process with 60nm SiN

15 overcoated on NPs as a stabilization layer

Preparation of nanopaticle coating by roll-to-roll process
Dispersions of 93nm silica nanoparticles were obtained from the Nalco company.
Polyvinyl alcohol (PVA, 98 mole % hydrolyzed, MW 78000) was obtained from
20 Polysciences, Inc., and was dissolved in water with 1wt % solid content for the related
experiments. Dodecylbenzenesulfonic sodium salt (DS-10) surfactant was obtained from
Alderich.
A silica nanoparticle (NP) dispersion solution (93nm, 1wt%, 0.1-1wt% DS-10)
was coated on PET film (6-8mil thickness) by a roll-to-roll process using a 5 mil gap (web
25 speed of 10 fpm, dispersion delivery rate of 3 cc/min). The coating was dried in air at

room temperature, and then subsequently it was further dried at 180°F.

Preparation of 60nm SiN stabilization layer by plasma-enhanced chemical vapor
deposition

30 The silica-nanoparticle-coated film was then over-coated with a 60nm thick layer
of silicon nitride by plasma-enhanced chemical vapor deposition (PECVD), for

stabilization of the NPs (PECVD, Model PlasmaLab' " System100 available form Oxford
24-
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Preparation of High-RI Coating Using 50 nm TiO; and ZrO; Nanoparticles
In a glass jar, 4.5 g of ZrO, HIHC prepared as above, 6.78 g of 50 nm TiO;

dispersion, 24.4 g of 2-butanone, 16.62 g of 1-methoxy-2-propanol were mixed together.

The mixture was stirred to form a homogenous white coating solution. The coating

solution was applied on above sample (60nm SiN on 93nm nanoparticles/PET) using spin-

coating at 4000 rpm for 40 seconds (Karl Suss spin coater, spin coater model CT62 fro

Suss MicroTec, Inc.), resulting in transparent high-index coatings. The coatings were

cured using a Fusion UV-Systems Inc. Light-

Hammer 6 UV (Gaithersburg, Maryland)

processor equipped with an H-bulb, operating under nitrogen atmosphere at 100% lamp

power at a line speed of 30 feet/min (2 pass).

The thickness of the high-index coating was

measured to be approximately 150-200 nm. The refractive index of the high index coating

is measured as 1.85 using Metricon Prism Coupler.

At the completion of the TiO,-polymer backfill coating, a light extraction layer

containing the low-index scattering nanostructure planarized with the high-index backfill

was produced.

25-
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Instrunents, Yatton, UK). The parameters used in the PECVD process are
described in Table 5. Table 5 - Conditions used for depositing SiN |ayer
React ant /wondioa7oszr Val ue: Sifl4 400 seem NH3 20 sccm NPCOHAB2800066288 essur e
650 mlorr Tenperature 100C Hi gh frequency (HF) power 20W Low frequency (LF)
power 20W 5The refractive index of the SiN core | ayer was neasured using a
Metricon Model 2010 Prism Coupl er, and was found to be 1.7.

Fabrication of OLED
Approximately 110nm-thick ITO was deposited onto the backfill-coated NPs
structures through a Smm x Smm pixilated shadow mask to define the anode geometry.

5 Subsequently, a simple green organic emitting layer and cathode were deposited to
complete the OLED. The OLEDs were fabricated by standard thermal deposition in a
vacuum system at base pressure of ca. 10 Torr. The following OLED construction was
deposited: HIL(300nm)/HTL(40nm)/EML(30nm,6%)/Alq(20nm)/ LiF(1nm)/Al(200nm).
After completion, the OLED was encapsulated with 3M encapsulation barrier film

10 employing SAES getter as a desiccant and oxygen scavenger in between the encapsulation
film and the OLED cathode.
The 5Smm x 5Smm shadow mask was then realigned, and 200nm of Al metal was
deposited to form the cathodes contacting the tops of the pixels. This process provided
OLED devices containing several independently addressable Smm x Smm pixels with 4
15 pixels disposed over nanoparticles.
Electroluminescence measurements showed enhanced OLED light extraction from
the nanoparticle coated pixels. An improvement of 50-100% was shown with this

modification.
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Preparation of H gh-Rl Coating Using 50 nm Ti @2 and Zr 02
Nanoparticles In a glass jar, 4.5 g of ZrQ2H HC prepared as above,
6.78 g of 50 nm Ti 2 10di spersion, 24.4 g of 2-butanone, 16.62 g of
1- net hoxy- 2- propanol were m xed together. The mi xture was stirred to
form a honobgenous white coating solution. The coating solution was
applied on above sanple (60nm Si N on 93nm nanoparticl es/ PET) using
spi n- coatpApm&t 4000 rpm for 40 seconds (Karl Suss spin coater, spin
coater nodel CT62 fro Suss McroTec, Inc.), resulting in transparent
hi gh-i ndex coatings. The coatings were 15cured using a Fusion

UV- Syst gns | i - Itk d) processor
equi ppe -\M-t?gﬂ?%ﬁ@%é%@%ﬁg&ﬁ%ﬁﬁ ?%’g&aﬁ@%%p%ere at 100%
| anp powelf-eatissivellighesampeduvini a30rfheahitroutpulAighg sempriding: t hi ckness of
t he hi gh-index, cqgating was ,neasured to.be approximtely 150-200 .nm,
The refract i GaISRIEHOUFALE RROSTRGFI RIS ISR S P R hEsP ampsigblight
usi ng Mab#idceon Prism Coupler. 20At the conpletion of the Ti02-polyner

backfill coati ng, a light extraction [ayer containing the |owindex
scat t er iarfgupirrddayer of eptemchomelampnte Having hiipshindpx ghrefraeion, backfil | was

pr oduced. 7 i.Catl f. OLED
Appr oxi mat ewl%%gﬁgteﬁﬁﬁgﬁggﬁgggg‘ggg‘%@ﬁ %ﬁ%lgg O%Eda&q‘ ill-coated
NPs st r sotfaredsyer nmanogtonahSmibsteatsramd phexdxitrattenh eddrachosform akaohglabef sunface of

t he anod eonetry. 5Subsequently, a sinple green organic emtting
| ayer aﬁﬁegﬁ’t"%‘ﬁ?{fp‘gmr@%deposi ted to conplete the OLED. The OLEDs were

fabricated bywigtsanthemadnddagidiedlcof@Resitst Rhopattidley RAAMEM Syst em at  base
pressure_of ca. 10-6 _Ton. The foll ow ng OLED constructi on was

deposi t sipmgtprs FRhonHArstTanes ashseporEviapeTitisevadded tothofr nanoparticles and
Li F(| f ' At g Mt
5M sncanafbatks B4 ShofiRL ok ool BUB AOTRIR A BN

and oxygen sedaddgklayénvomptivioga mateiabhcapsubabndindéx binciadionkif@fElrom
cat hode. . . The. 5 X 5 sh W was t hen realigned, an

00nm oftershisgey St mepoRTerad b a bR e rEs RaUBE R Patia R e he
tops of rahéapict&lon. thd brsSplahaGesscefaw stacniddihy 4l eaikias acont ai ni ng
several independently addressable 5mm x 5mm pi xels with 4 15pi xel s

di sposedlBgetirizanepaside of the bagifdlleysiopnesie shesieeratidenr enent s showed

enhanced OLER.fgh) SMIahﬁﬁwg%anf%E éxlﬁ%% t B8Rk :ﬁ-%; i g@ﬁ&ﬁ%lﬂhﬁéaﬁon

An i nprovenent of 50-100% was shown w 't I's nodi I on.
with the light output surface of the self-emissive light source when the planar surface of the

backf{ill layer is located against the light output surface of the self-emissive light source,
wherein the structured layer and back{ill layer are in sufficient proximity to the light
output surface of the self-emissive light source when the planar surface of the backfill layer is
located against the light output surface of the self-emissive light source in order to at least
partially enhance the extraction of light from the light output surface, and
wherein the first range of diameters is 60nm to 10 microns, and the second range of

diameters is 3nm to 40nm.

2. The multifunctional optical film of claim 1, wherein the extraction elements

comprise a multi-layer of the nanoparticles.
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CLAIM5 1. A multifunctional optical filmfor enhancing |ight
extraction froma self-em ssive |light source having a surface that
outputs light, conprising: a flexible substrate substantially
transm ssive to light emtted by the self-enm ssive |light source; a
structured | ayer of extraction elenents having a first index of
refraction, wherein the extraction el enents conprise nanoparticles

di sposed i n ahsWifl@RBcHAMESpHIRBINIR ofUlaiiNe wheR 4 férBien 8Mfle tR@iction
extraction el enents forma non-planar surface of the structured

| ayer, amepfeaeimconket wihesaifadeof g subsiyate and the substaniil ppaiioniof thes
havi ng qL AOBL G cfenfnt Ul pRx e b trn%PHlecog{L‘ét &fﬁ%’%%ﬂ?&%%‘%%t L. added
to the first nanopart|cPes and %aV|ng Iameters In a second rarge

| ess than and non-overl apping with the first range; and a

backfill, | ay co ising a materi havi a second index qf .
ot act ifon 31 E SRR SR ALE el NOMHEF SRPCEAR R carlingne
backf i I NajeRYRbtel 0h M Hark Sftddce i {12 DasaT 1a?é/r§whéﬂei% theHRRAl ddupli®SlaPst

t he non-pl anar surface of the structured layer, formng a planar

sur f ace compEssiagadpgsierEordiog o1 qpticalyerplogistiaes theléighh auippsurfaed efghe
wherein i rii f traction elenents are in

opti cal Sgig%}?%lg‘%g{g?ggnw\%&taﬁh;a%e%c}{%@faygli(lt put surface of the

sel f-em ssive |ight source when the planar surface of the backfil

| ayer is |ocated against the |ight output surface of the

sel f-em ssive |ight source, wherein the structured | ayer and
backfill layer are in sufficient proximty to the |ight output
surface of the self-em ssive |ight source when the planar surface of
the backfill layer is |ocated against the |ight output surface of the
self-em ssive light source in order to at least partially enhance the
extraction of light fromthe |ight output surface, and wherei n

the first range of dianmeters is 60nmto 10 microns, and the second
range of diameters is 3nin to 40nm 2. The nultifunctional optical
filmof claim1, wherein the extraction elenents conprise a

mul ti-layer of the nanoparticles. 3. The multifunctional optical
filmof claim1l, wherein a portion of the extraction elenments are in
contact with a surface of the substrate and the substantial portion
of the extraction elenents are proximate but not in contact with the
surface of the substrate. 4. The nultifunctional optical film of
claim1, further conprising an optical coupling |layer |ocated on the
pl anar surface of the backfill layer, wherein the optical coupling

| ayer conprises an adhesive providing for optical coupling between
the light output surface of the self-em ssive |ight source and the
backfill | ayer.
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