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COATI NGS BACKGROUND Organic Light Emtting D odes (OLEDs) are the basis for
a new di swbayinas2sl i ghti ng technol ogy, providing a goo@Cmatsesnofes23hi gh
resol ution or high pixel count high definition display applications, and
for efficient, broad area, flexible Iighting applications. OLED devices
include a thin filmof electrolum nescent organic materi al sandw ched

bet ween a catHobld EXd RAGhEAN FMiMhWdddl SNA DEIPART ek & @AekiNG8es bei ng
a transparent conductor. Wen a voltage is applied across the device,

el ectrons and holes are injected 10fromtheir respective el ectrodes and
reconbine in the el ectrol um nesc i terial through the

intermedi ate formati on of em ssi \G/)ggecg%(lgg?r@ﬂa I n OLED devi ces, over
70% of the gen@rgahied.ightdmiittirg Dipdec@IBDY)asd thd basit Gorprmeoedisgsy wd hi n t he
device structure. The trapping of light at. the interfaces between the

hi gher i rlEddingfsshnelegamioviding grioed magsh fae highreyolutioper ighpixelirountdiieh i ndex
substr at oy he: maj.Qr . i oqrL.. .ext 1 ] 1 clency.
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edge of tUsEVerddE Ghoge apd ap prrflewivithione phBotg&f theee algetredee REME RIANMRIHY | ost
to absorpt, ity [ : [ RES rts
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phot®ns denetlatiedspetivetieatadon andifeectbohy 10 the@ldeBeunyinoramorgaidhimaterial

modi fying, the charge injection or transport. | ayers, using fluorescent dyes
or phospﬁgﬁoégléél}?tln%éfl‘%&?t&lf%@a&onﬁeﬁ‘éﬁsﬁ’ﬁ XIS ayer structures (see, for

exanpl e, K. Meqphql @y d@qusgg{)&tm%% -bg&%eré(te&ﬂiéhtqg)ty ic(;ﬂri}]g?%sé ﬁég%]ﬁr))cesgé-sght

extraction efficiency ( er o ot ons energi ng fr structure vs.
t he nunbewitlge ther ditvexd strattaranalHeytjapparg didightdtlthemeerthcbybdtectroths hehcer nal t o
the em ssion | ayers %herrsel ve

iy A bot t mtting ED may be thought
of as cor8fStIEFIHAIG KR T&b@?ﬁ%@i@m@ lﬁY‘ﬁﬁ??‘ﬁg‘]éio‘ﬁ?r IP%%%EO&%%YSW s
(or gani ¢ haifick bl JrliAl hodRARLAIARFCIEALY! |Gy LIrBARPAY tmall Gk AnOT

bl ocki ng, and, typically, a transparent tive ox ayer) and a | ow
i ndex 30admitted liglttenenges ubstiglathe traasgreraleloctrygd adhusgfull lags., Theimapony df be a

polymer fjilm. Therefore |i t.hat i s .generated within e core na
ot erthe Th e afria Hiselip R io I aft BdBbereated RRRE SHfh oo

internal efil8cd b QPppkd Aithitablact sheseaRaNY B@ing%s@t@a%sé tioR SHitin Bk
encounter at the first interface is confined to wavegwla)e node, while

li ght pagkivivg afthr melghg répeteid passes.ace but unabl e to escape fromthe

substrate as esult of reflection at  the sybstrate-to-air interface is
condned toa EBEEE BosmRel  GmPraf et ToeBCTHOEGY @ulbEL!

i nt er f ac&shotdhs lORe Tl bEi A&tfdaERRcte @M HOEDs E?h&éﬁh§ﬁ§h*&§i&i’o_dﬁ?§1@ tRs oposed to
affect light reaching the substrate-to-air interface by disturbing that

i nt er f aceh@egnjectiincordtepnzetlagerswighduedscsuirdyas esphosphdrescsnirasterialataroduced
scatteri elenents into the substrate or into.a hesi ve (see Published
PCT Appl IOACT TR D505 B0 AL Cutuy 1o MeRploSor TearnUBERRS “tHe
substrat g0 ges1 {ofi §dirhgf texirh@don!diBhEnQUhuRbel SFPhIRYL SR erglilefiémhaye even
been sone prelimnary l1lO0attenpts to disfurb the core-to-substrate interface
by 2nt r odtrortuee @g&tetre]mhqtg goreraed fnteroaliy)ean be influenced by factors external to the

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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elenments at this interface. Detail ed anal ysis has shown that scattering or
diffracting structures will be nost effective in extraction |ight when

| ocat ed awothig77smierface (M Fujita, et al.; Jpn.J. Appl PEmJES200946428%) ,

pp. 3669-77 (2005)). Scattering efficiency is maxi mzed when the index
contrast between the scattering or diffractive elenents and the 15 backfill
material is |arge and when the length scale of the index contrast

vari at i orssulisofcaapravet ehetfgstinteriaes vlconadd tofa wavegpidgmodeswhbile iight exanpl e,
F.J.P.Sc t.al. . ‘ 1 - 14 Y-

Fabri cat H% gglgﬂlg%l%%ct P gtfﬁrlt’gléé%_%ﬁ)%ﬁg\g}?goesél 1% %cc))rﬁllt[g ge %%\%\}r%ﬁ :2% %%%%ﬁl%ht

extracti ngfléaiparat welshbdt@giio&r tit&TRe ifcdpifiabdto Ssubkase moe. Siardptiyalof t he
top surface of a light extraction 20filmis inportant. There has been,
however , @@%OWFQH%W iglsrhacrydn tenereiéngePEEPsode structure |n or der to
coupl e Ilght I (6A),
op. 3660- 77 (2%% %@g"gggﬁf’ %{M"w%gtt@%%&tl bl ?@“%S Wletoldle {00

devi ce arigteefpely @@tutmn@&meuﬁ@ﬁeb €¢.pouscrefchastos ro@e@écﬁﬁ&fa@@beOmwi be
taken to not adversely affect the electrjcal operation of the device while

di st ur bi f§ve H}t@dil?ﬁdeﬁcﬁté‘%?élg gbpraents wie thespbitiatner iple pshrdrisayPelsied
fl | i
conflicti A @?H&%H% v?@&odﬁﬁ‘w%ﬁ @ ﬁi ﬁ']fdﬁebg 1nt?1;[ru1§in@dth95 bg{r%?E?)sn;;, n

ext er nal ency exis I nor gani 1'"ng | odes
wher e t heanyds Yo hidgbctrtitriabt buefitinddcs. dfhetdl&vaewnlleeembme ipedlBniaaty severely

limt the extractjion of internally generated Ii In these cases, there

hav&) beerftisBwes tadissupihe %t}seﬂﬁ -Subsiatednistiacs by I@Fryg Yoing sosttyringeediftEckve o
o 5o0n( (Gt fifiapted IR ANEb R B oG R Bt O 101 21

reports atruttnecsusié hafmmsfﬂ:cmve@m Bﬂﬁetcltlﬁﬂ hghﬁ\hhéa_lEEhted fltl thisemegfacenpr ovenent
have begun to. appear (M Fujita, Appl Letter 69.(2004); WO

2010/ 077524 Paitp s 2bobmglespr dhys L“ée(6AAptm 3ﬁﬁﬁy7§ @QQi)ér §C?\Pt6182$ 6%303671?9 12003) ),
but pr ev'ﬂgﬁmﬁzgﬁ%ﬂghﬁg{’uﬁﬁgé UAI&%S%Y\?G&WKQ Eé’a?tgrlﬁé BB SRNINI LG ARG PR | yD

procedur es end thensel ves 1 ncorporation into existing CL
f abtd cat itankfpl mammbs; large and when the 1é&ogtoschlnof the imlcreettraxvaisiohois a product

whi ch can enhan ght xtrac n. from50LED devices in a formwhich is
conpat i bISOTRR G g L? WAYS ?ﬂgﬂbp @@é@@%@% Ot ag o v S ST ARY: - A

mul ti fU”%d&@@bS@@éﬂl‘i)”‘ f1'4|1”ﬂ4f3‘7(F u%gyanm ng |ight extraction, consistent

with the present |nven i nc s a flexible substrate, astructured
| ayer, and a Habkitatidn dfalgéoct-fritODhEDsdevuas i echtiayeth tbis et excictiog lagbenment s

has a first index of fractio and_ a subst ntlal or on of the
extracti o"ﬁﬁléF@H%ﬁrﬁ %neﬁtﬁ [aﬁ%ﬁﬂfﬁe%so Gt Q;fé? 3 light £x1836108 ng

eghen Offilth 8 Fhbofih SThUE bl Blth, OGS sm%%ria%n%ﬁh%ﬁ nglthd Bblifodcocat ed

agai nst the self-emssive |ight’ source. The extracti | enents 1 ncl ude
nanopar t istluetsreoin aidrfte ceutle §pktamit oflthe Az { M. Hujitay:eal ;Has JaApphPhysd. 4 havi ng

a second jinde dlfferet fromt i.rst index of

refractid ASj R Bkt fesyléant £ ?%0%%%%&9 Ié?lﬂgna %93?“8%@ t he
extracti Qikneli&MRMaSe deleterioueMREN A GbatRK IﬂGSt%e%ﬁeh't(f) HBCIdveRaly 2Rt cal
filmfor enhanm ng Iight extraction, consistent wth the present invention,
i ncl udes tboalectnigaloopiceayion otﬁtheadem@vhﬂaldlslm\bmg}ha ihfierfg¢e. i Rrd@icabdolutefms &zt i on

ont i(l bl e ubstr Nanostructured features of different sizes are
20i ﬁ%arté&%nﬁ‘cn@ ?‘?808?@5H?%15W YGPoLySt BRIV RPU hanost ruct ured surf ace.

The organic  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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mat eri al having the nanostructured features is cured. A backfill layer is
then applied to the nanostructured surface to forma planarizing | ayer on
t he nanoswouetun7extisurface. The backfill | ayer conpri se®Ca/usatoes@Bs havi ng
a second index of refraction different fromthe first index of refraction.
Alternatively, a thin layer of nanoparticles may be distributed on 25t he
surface of the filmand then overcoated with an essentially planarizing

mat eri al bilce APl Payehettdrnyd. p-BRIFRODEHSERE PrvaNspremedoRE e The
acconpanyi.n N e | r.por J Q i rt of this
30speci fidé\é ?J%{n@éﬁ%g,g&stu%gg h@cfg%ﬁ?ﬁ?%cﬁguﬂgggglﬁﬂp@i ﬂéﬁ?énéi)"(ﬁ%eﬁ%sl%}?%? he advant ages
and pri nah@rpsrafién i@ cxintMRNOLBD. fabricatibe peicawengs, WO

2010/ 077521PCT/ US2009/ 066238 FIG 1 is a diagramof a bottomenitting
OLED di spl ay db&goskinglyt hneed|cxiskt foe & progeet which cpmenhapes lighticstractigndegam of a

o agf am 10T SREFDEF LUK A SRolphh2y b b BB e 261 g

elenent; FIG 4 is a diagramof an COLED backlight unit with a |ight
extraction film FIG5 is a diagram.illustrating OLEDs used as an LCD
backlight unit; FIGS. 6-9 are di agrdfdMRBYcting possibl e spati al

confi gurati onsy ult%hétfo%i Qﬁicﬁfﬁfn?%%hﬁéncﬂ%igeh extrac'f&ﬁf%on%ﬁ@feﬁt‘l\x/ﬂﬁ ﬂB‘é" agrarns

depi cting possi ble surtace configurations >t<tract| on el enents. TAI LED
DESCRI PTlt¢chbimmrbraibiniiznislics adkxidkR siibithune s stractuesdiuydrgdid-£bdck fill layeg
nanostructures, or other nanostructures, in a polynmer replication praocess,

a dif ect hepbarureahag of spsisaioniclansats hes adirpdpdsy Gaedagdions dpmiudstantiglgnt

extract | %rﬁ&dﬁ?tﬁ%xtﬁnﬁ?n gfeﬁ{eﬁﬁsﬂefﬁ (O éoinTIHlﬂﬁ%d Bﬂ%tﬂe}h REAAHEL can, in

addi tion ‘to enhancing ght extracti on, serve additiona uncti ofis such as
a subst r atgipn efie agumasive light souvese Whgnethe optidal Eitm iplokated agtinst dic setfl or
converter and may be 20enpl oyed .either during or after manufacture of an
OLED deviSoassilaght isq)lﬁap%o{[irgq sXjeactigclements 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,



based upon photonic crystal structures, or other nanostructures, for

i nproved efficiency of light extraction fromthe devices by nodifying the

i nt er f acewbepbwaans2hi gh and | ow i ndex | ayers within the ®#eviusecoombeaent s of
the invention include the provision of structures of dinensions
25conparable to or less than the wavel ength of the light to be controlled,
the provision of a material with contrasting index of refraction to fill in
the areas sur rldbndiingdieaanset abatipneemyieg QF—%@ displpy devaed wehetightt ructure in
order to t essentially snooth surface to cone in contact with the
OLED strueggrggtgo?lfgﬁg the location of this index-contrasting nanostructured
layer within &lemlid a elagrghoti ShantieingCIED d&pldyghtcemithtd gt ke@icidnt 0 be
30effective in extracting the light that would otherw se be trapped in that
region. filmi [jght incident froma high index naterial onto an interface

wthsa | oner i - [ ' ! ' td - for
al | hsl nci dence ng}g?g? %l‘raég{n \éﬁlh%t a%%%@&%%%&?é@ﬁ Lﬁéﬁ%@ﬁo%%%&%ﬁ%
critical gl Oc, defined by Oc = sin-1 (n2/ni), where nl and n2 are the
refractive indices of the high- and | ow index regions, respectively. The
el ect r omagnet iFAGt féy @d@g%wg% LEPthacklpghs upit gath & light sxtrasgiopyilmy R ext ends
into the | owergn eqi i 4 ' -but the
strength of t hP;IE} ?li?e% %gga%qugﬁa@gggﬁ%ﬁiﬁ%pgf %i\?\ﬂ lﬁ&gﬁ%ﬁrg}{ée fromthe
interface. AbSUGS 69 ¢ dagrinisaldpivging pbssible spdtat edrgitumitions of éttasti@yvanescent
zone, typically about one wavel ength thick, can disrupt the TIR and cause
thel@i ghtelepensteddt hr ough the interface. Therefore, it is preferable that
t he nanostruct dqg - - Sl cent
I T R .
t he em ssilanentegi on by scattering or diffraction. Alternatively, 10the
nanostructured i ndex contrast |ayer need only be in optical comunication
with a light emtting region of the self-em ssive |ight source when the
optical filmis |ocated agai n§kThhEEPSHESERIPTIGR |1 ght source. The term
"optical comunication"” neans tﬁat a significant or substantial portion of
t helgener at ed Kpbidimbnth ieddicfmahodshte fbinghghtsotmcting mnostpaires, of otheachi ng

the scattering particles or napostructure. 5Reé)l ication master tools can
be fabri CREGHUTUHUF ey DPHMCHICPHEHIPGRE Y AtdcesIPPsifinR of BYPPREEICAVET age

peri odi ci erfp‘li’écekgegtfﬁ makd 5ﬁ%%ti &ﬂact?(gloﬁlﬁfﬁfb? @E]Eﬁj JerkilY) T%Q?Qtﬁﬁﬁngt;f al

i ncreasingly 'l arger areas. nmbining this tooling capability w

m cr or eplfilogtrodurct pamae sédtoms tocdnhasciog hhtroyoagionasdrvaadtiterae fnd@nsesuabl e t he
formati on of #)he f?hotonic C%ﬂs‘itéal structures, or other nanostructyres, on
the surf €& SYPSIEG CRCAPSRRY ?aﬁ%ﬁﬁ%gt’l@m%@% IFeRYELs aad @aydecr i bed

in she f %ﬁ&@zé&%iﬁ@ﬁ ﬁ[?{r%or%hbr RhnyhiGER ALE OINE9UPAEAt Bek HRK EdddtINidnek er ence
as if fully set forth: U S. Patent Nos. 4,374,077; 4,576,850; 5,175, 030;
5, 271, 96&as&l &d, phd@inicaergstdl, SREtuBSQor other nandtauctigesydor impnost reffodienrogof or

"nanostryctures" refers.tq structures .havin | east one, di nensjagn (e.g.,
hei ght,  1EREERTCHPRERM BF daTitempaibring thedeftaee 50 it nd Pres
25pr ef er ghl oy Ly@Rs thbadviene mcron. Nanostructure includes, but is not

. WHi &

necessarily limted
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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particles and engi neered features. The particles and engi neered features
can have, for exanple, a regular or irregular shape. Such particles are

al so ref ewpediotog7s2¢ nanoparticles. The term "nanostruct RCEAS2008/066238t 0 a
material or |ayer having nanostructures. The term "photonic crystal
structures” refers to periodic or quasi-periodic optical 30nanostructures
interspersed with a material of sufficiently different index of refraction
t hat wi | Ithepaiitabangle Ostdelioedibe0¢ o spr ddv/e o, waprs mi and hears peectefraetivet  al | owed

el ectr omagnpet i es in the terial. The term "i,ndex" refe to i ndex of
Fer ract | GRCHT PepiE kR e Papdhrens R rbet PRSI bRt ed | nto o
struct ur essRiteditR tils fikRrrendctedBleXIH EaBAdshBtoThe ekciRiextrOgibh id ad N voi ds in
the structure and planarize the structure. 5The term "extraction el enents”

refers tovamgscenistanding veave ang dieeitenpth af e Sicldutmimishes enpenesiiaily witght
extractiop from sel.f-.em ssive |li.ght sour.ces. The extract.j.on,.,el enents are

o et ar s iR e RERE Rocor @RS of bR ol A EATHLRT oy SRS & oo
Di spl ay Deweagpidllly fboulond Wik dmptietick, S4d #iStupt @e afiR bal tonse emd Igﬂtl‘ﬂ&ngsED _
devi ce 100 having a |light extraction film A bottomemtting ED device is

defi ned dbroash thepntcsfacs. cEhasefors, itrgpreifeyphle that iggranosiaiciupdindgx eontabl e 1

descri bes th xempl ary. el enents of devi.ce . 100 and 4+ he arrangement of those
oF eent o Toyd e JAG R Bl TRBL PR @ BR R d Ber B s F Bl FROETE 1% e

| ayer of geditm dAfk Gait flgn gRaheskiereglonWynhtdrig orRpifiaetbr. 0Akdigaturdgr | yi ng
15l ayer. WO 2010/ 077521PCT/ US2009/ 066238 Table 1 - Bottqn1EniLting OLED
Devi€e withtnanoghinctesed drdexicontrast layeRaged audy berpwtion! qomunmgneatiogvid) ebghtode 1

emitting region of the self-emissive light source when the optical film is located against
the self-emissive light source. The term "optical communication" means that a significant
or substantial portion of the generated optical field from the light source is capable of
reaching the scattering particles or nanostructure.

15 Replication master tools can be fabricated with regular or random structures of the
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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104 organic layers 106 el ectrode 2 108 high index structure 110 | ow i ndex
structure 112 optional barrier |ayer 114 substrate 115 optional functi onal
| ayers 1Molzoght77&2xtraction film The substrate 114 i s eorpss@d/ 066238
material, substantially transparent (transm ssive) to the desired emtted
wavel engt hs, that provides sufficient nechanical 5support and thernal
stability for the device. Substrate 114 preferably conprises a flexible
materi al . ExanBicdempfindemygeiest te indaxafirgfiactionc| ude the fol | owi ng: gl ass;

fl exible gl ass; e 5 repht t " ") I hyl
napht hal at e (§¥%ﬁﬁ§?'%?Xﬁﬁhgﬁ&gﬁ%ﬁgfﬁgéﬁ?%%%ﬂgggﬁ%B%?gﬁﬁﬁﬁﬁ%%gﬁgﬁiﬁ
Subst r at efiffddncCiatc:ofbmana@bthycnat so fLinGhiddnn 8& drubaikd iRy plhiayet thoAl SO,

substrate 114 can optionally contain dyes or particles, and it can be
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.



10tentered or include prismatic structures. The optional barrier

| ayer 112 effectively bl ocks or hel ps prevent perneation of oxygen and

wat er to wbeoloayess of the device, particularly the orgaaTaska@aynse3s

Exanpl es of barrier |layers are described in U S. Patent Application

Publ i cati on Nos. 2006/ 0063015 (descri bing boron oxide |ayers with inorganic
barrier layers) and 2007/ 0020451 15(descri bi ng di anond-1ike glass (DLG and
di anond-1i ke carbon (DLC)) both of which are incorporat ed herein by

.ref er enqe—as TLblg)f ﬁ:oltt nUEml{tlngQLED lb'ejﬁ ee' ?h ngﬂﬂ?xtractlogdﬁlyr}i_ee} bd“I e
| rrpl emrm, ot 7 Hpr—e—tt auspai’ ERt—€ohtt ) as

i ndi um tli gm make
i nj ecti qnl98f charejecteoderli ers such as calcium aluminum gold, or 20siller.

The or ggnlidd | ayef ergaid layars be i npl emented with any organic
el ect r ol juibnescengledtaider2i al such as a light-emtting pol yner, an exanp| e of
which i g @gscri begigh mddx Htrudtaieent No. 6, 605,483, which is incorporated
her ei n bylllbe'r EreNER, @aed SrdctlrtY St forth.—Orher exanples of suitable | i ght

S0 07 e e e e e
pol ymersﬂ&nd_l_l_ = - } .

ext ract i|dd>f i | m 1amional fupctionahlgsers ment | s (‘orrpoqed of substrate 114,
optional| Barri er| hightextract®@p fllmw i ndex structure 110, and hi gh i ndex

structure 108. The 5hi gh index structure uses a backfill mediumto
effectively provide a planarizin over the |l ow index structure in

order to make tHEeSUPHEHR l&wa@ppgﬁﬁi qf%lfﬂﬁ‘t%ﬁlf substaptially trnspdient o al | ow OLED
fabri cat I al
proper 1 dansgiadv Iy o dekirp el A lchBhO R oMo AR BechBhAAT, o/ 14
noi sfure sappbromycgmarrml sfabdity e thé é@ma (Siibstn:aladmptetﬁasrablpcasmphlsgs d fiexaleldi t i on

to having barrler properties, 10dep ndl up t he ty terlal used.
The backfnaterialaFeampley of pybsiratsimajen ﬂli% f‘et%élﬂ‘fvé’tﬂ! v&%sﬁo GEIpEIEE 1y cl ear
adhesi ve, nBRtF " top emtting
OLED dewpcolle%tmér&g?g?r@?aﬂa&,g g??igaﬁlggtﬁ’ Fayer 1R %Pgﬁgﬁ%y be coated on
t he devi aeanbletarer apmppgrangniateeialzaSkibsttdte lh@/mop'ﬁbeallwa/lso fudetiorsdgaict ure 110
has a material with an index bstantq%lly ed to 15t he ilimderl

| ayer, tﬁrréeal%gﬁrtﬁéwsﬂ%trﬁfat Chantosly FRnCn et iecles gni & cab osed of
a ngiost rté'r‘r‘t%fég%glﬂcﬁ)/a% 15}9{%{18@&&&1?%9“9 a periodic, quasi-periodic, or
random di stribution o pattern opti cal nanostructures, including

phot oni ¢ cr ystHie gtiondtbarres laylet 1thaffeamwblydﬁomhswhelpeprwzamtgmrhéaﬁoe&f The

nanoparticles c be copposed anic materials or . ofher terjals, and
they can Hygen aﬁ)WﬁaHOit Eﬁygﬁ«%ggéhe ECnBATBOHRHY RS PRSP GRP) be

20i npl emaptgd lw&i‘a@%&%e@ﬁ{ U'SC Ip§Rnt K{?ﬁldﬁh% Phﬂ?btahQﬁ'NBE ThRBRPkIGIGE Ur es can

al so have varyi'ng pitches and feature size. | east a portion of the
extracti c(desehbmgr’aosommmdmhgsnsmdtmoganlamerrmréd}erﬁlaheyzi)@]7/&(lﬂ0ﬁébt with the

ekt T rapBi g mEEks E S DL OaR Bl T At (ML) TRHODr EFE RS i n

monol ayermcd%&lgtea hlelaeyl%y;f@yﬂeﬂ& @ggm%gafohgns of nanoparticles, or 25in a
mul ti-Ilayer.

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

20 silver.

The organic layers 104 can be implemented with any organic electroluminescent
material such 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,

-7-



In sonme enbodi nents, the addition of small Si02 nanoparticles to
suspensions of larger Si 02 nanop articles for | owindex structure 110 can
si gni fi camol2g10/atps2ove the uniformty of the |arger nanopamrtiseéonse6d2ns
coatings made fromthe suspension. For exanple, |ow index structure 110 can
i nclude the additional of 5nmdianmeter Si 02 nanoparticles in 30coatings
made from suspensi ons of 440nm di aneter Si 02 nanoparticles. These snmall and
| ar ge narlghaemitting derdiindss meleduardy donsdietyners. 9oe lighlegmiding The | ar ge
nanoparti . CO ises two or nore different sizes of |arge
nanopartieg%CgI?.Cﬁ 18&|c§ﬁ£g.e nanoparticles WD 2010/ 077521PCT/ US2009/ 066238
preferably havehedighfrett@icsion filthheo idihgeerdbo @B it GorkPosdll OF Qutsirater 1400nmto 1
m cron, or nore preferably 100nmto 500nm_ The smal| nanoparticl es

pr ef er ablQptiRBYdaGTEmBicE! 52.ilow tnexsgngarok] O3 high splemstrrsiaranioddict i cl es
can gompry; in%”?ﬁ?&et&?@ﬁ,gesoib tci?ﬁp‘}r?é_dhﬂm&gffec%&?' r@&i&eg& {&%Eﬁéi@%@ er fgant ¢
pol ymer pa |cFes, et a paf¥|c es; or conposl & par i RIes ng a

di st ance th¢ ldvhidBan@sdtird 6 Orfdes tooakd e diphedx trattidrih@lnesdricisatyplanave fromt he
organic layers can result in coupling of the evanescent wave to the

nanost r uctigFeQLEBfaliyqatige The begkfitldayaricamalterpatyety havsothmerdedi ce. This
coupling b [ : tJ £ I jacent to
Che 11 antoree 2o JAFURAINER hafrlh Sl (RHL PR LB R SR P
backfil | dxgger oth@svide kleeical sothdyctidnapodsivey Bt ddditicurtedhaliay asrick beypeities,
10backfil| layer preferably has a thickness substantially equal to the

/e Y.
ext Hhct i &?p@r%%wwhw of Featgsipd keGd | Thedpekfilhhyercaniafriatiydnds t han t he
structur ' ; i -
oxt 1 act | arigtilicd Lt b RITIRLE ddney B ih iRh DRe Y GREEGAN e
wave. | n aplitibto topsmittih OLHD deticy, &ak dxamele. anstabidieiktidn lhydraye bptisrally be

preferably in sufficient proximty to the |ight output surface in order to
at | east 9afedion thg defigedafore garlyBigdhs Beadigdaw 1i ght fromthat surface. The
nanostructure i -he. i | inting

t echni ques fo?rﬁreggfvwé(g% %I[rﬂlw%l gﬁobﬂn%%rtgﬁg?%gx{l&?%{sfngg’gﬁﬂ)ast{ééﬁtlﬂg’ @?ﬁé F%\{N{long:

i nptd nti e uveddlyasy lager, typivallymre sabstrag. Tlelowaihdexostrughot 01 haronmppsdddf a

| i t hography; injectjon | di ng; or nanofransfer .printing, Another. technique
for fabr illf‘&?fitﬂ’@l‘ rﬁﬁ%‘& gvg‘t‘& SR hovret BeFES W%Slﬂ’é‘éle@l%%fdaﬂ?ﬂl‘zalé UEOR 8T | 1y

U S. Pat : 1Ch g}% ' ce as if
fully seﬁQngﬁﬁp%U&ﬁ%ag$ﬁgcﬁ¢%hnyh§é st?ﬁ§§ﬂ$§g5%§kﬁ§&aq¥f% B?%'gx

mat eri al disonate damgpartivdkex Tho mbngsirtidles danhdecadinposdtoflooganicdeterinamosthetict ur ed

| ayer and provi des an effective planarizatjon layer to it, The index of
refracti dﬂﬁﬁ%@w@ﬁh%ﬂwﬁe Wnlﬁ?é*tl‘_‘ralﬁé iFed BYRPATIRES A CBeERF4lY bS5 Medi um
108@t _{ N RASHAODMBYBLEEHIBGS) TheakeREHERHr Afodditos ithid, ggater val ue
of An generally provides tter Iight extraction. The value of An is

pr ef er ablvargngatteres thdfeature eigeralAt teastG @yrtién df the ebtraction EleBhenfyr i ndex

m smat ch between the extracti.on el enent nd. backfil | iumw .| provide
for 11 ghtMaBSY RABIF OIS DHSHAUA Caigt safiythe HeStE %}!ﬁst{aéﬁcfglﬁ?%e PRSI great er
li ght  extdiagditOMma@ishd woidduScRheRER T e [aEXB8MaRspRficlelédnall i rpﬁ@ﬂéi’téda' s for
30 backfill medium 108 include the follow ng: hi'gh index inorganic

mat er i al syithngiopamidkex oa geonb ey emtvethiadhgsr havingngglanteratioes df hdnedanpioley,ner
material;. silicqgn nitride; polyners filled wth high index inorganic
mat €1 i al 4" 2AWYIARYY | ndex conj ugat ed pol ymers. Exanmpl es of WO

2010/ 077521 PCTif, Y520 08{,8688%38, HicIaditRE®F shall ¥ SardpatitRe Wﬁfsﬁ@tﬁfc%s descri bed
in C Yang, et al., Chem Mater. 7, 1276 (1995), and R Burzynski, et al.,

Pol yner 3Jarge63i0D,nkoqeytidexdiouldy indax emuctive.110,c805igaBicanthyl impbvahicch ar e
i ncor porated herej ref eren as if fully set forth. Exanpl es of
ol yrrer s FHPTBEY 6 P HiEg P nas e POk ST e ARSHTaIE S bt o e ey s
Pat ent  NQowGnd&St@efire 110 can include the additional of 5nm 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-



5 which is incorporated herein by reference as if fully set forth. The

backfill |ayer can be applied to formthe planarizing |ayer using, for
exanpl e, woeonfo7rize fol |l owi ng net hods: |iquid coating;, PaparS2@oat6288);
powder coating; or |amnation. Functionality can be added to the

construction by depositing on it a transparent conductor such as ITO (n z
1.9-2.1) with high index, high transparency and | ow sheet 10resistivity, to
serve as Nreférakholiecfdirmaters TOhEmRE\A é@nnrltﬁé0|nn90@é?rpré\9@wnt§@1m@1é@nagr t he
backfil | I 4 t t form
o a sbgERrEyEl HRbHS sobty. ABe B faafhuidos b BRpRL AP R, 2
properti ahe raflgt 6f Bidthity 80nm. Tht ﬁand@aﬁicidslchn Bempiist (ﬁmfrﬂtlrélgfth@fblﬁfvﬂlagi ng
nmetallic and organic |ayers nmay be deposited to forma transparent

conduct i \I@etél\fé‘r*‘l? GRAsticles Qreanic PRAXRES Particlay @potaliparticles; piagomenoska pyEskesi bed

15i n; U. S. Pat 4,

i ncgsr por at ed ﬁggnég‘ga Sl[a%gé ?Pt;ﬁgr?g%sg@ah e%?) I}Fe 01%(8? 4&9%}%%%&%%5 J(;%é)l?ll onal
flexibil |th@/otglanfrcheyefrymtmﬁﬂtalhlcbyplﬁfg dfhike @@hé@eﬁmambtﬂ&rﬂmnoﬁtradmﬁephﬂt oni ¢
crystal structures or nanostructures can be obtained through the use of
phot oni ¢ %tragirsfedditionallight froathe dpdee Hriasowripgrasfcwblyrecyiseheathe

desi gned nor
translatHgﬁﬁggﬁ%gbr9QBJ¥&ﬁ%§gﬁgqg%ﬁgﬁ%%ggﬁgééggﬁO%ﬂﬁ%ﬁﬁ%%%%g%g#%% order and
ori ent at isoarcsy Wmlrthe backditiihys had a Wt indek @hahetbe sirtx@cret haylehehdrotht owi ng
reference, which is |ncorgorated herein by reference as if fully set forth:

B. Mhang Reekiall layer prefesahiy hagya thigknagsesubstantially equalite Hecrafragtionpdements-c

B eGP oL LSRRI G ERMRESLAION L A1 Bt e
structura$n®EMQﬂ«ﬂManhssmhmhbhybﬁknaIpSﬁddbgam1ﬁdhn&khﬁpnﬁpﬁgation

directions, and they exhibit uniq | i ght scattering behaviors.

parti cul £V anGSARY &vayst {egiher s%seqf@aﬁrb%&eérk%@r nd/ackfi ﬂéwea ef%r@%r%;hm

el i m nat %uﬁﬁ&éﬁtis%ﬁm{tﬁ%’{htﬁ'l tSﬁthg@ JuPGed BUhE ) tab’leQJt %Rﬁl’l?%%ﬂeﬂ%é photoni ¢
crystal structures, and they can be used to tail |que em ssi on
prots | es candctpomsfilighy fromrthetlsurfactat e undesi r abl e chronatlc effects when

wor ki ng 30 wi th broadband ED emitter Phot o stal structures are
described in t mapfrtwqﬁ OE 0 JavaT 1 QFant @h %ﬁ%@nﬁ&%@a herein by

r6€f7 (73 r8 e gzge&ﬁ‘u uggﬁc %}Mléﬁﬁ% b éf’%ﬁ)gmc geatlﬁgé S&%}Z %I‘Hﬁ: ff 0@4%0%&1119%9,0 1,194

2010/077EﬁmﬁﬁﬁhySﬁﬁOQMQBﬁﬁgﬂhEmhmdmnﬂmmsnmmmnpnmmhMngH@’hﬁammporation of
the diffractive or scatterin tru r.es nt a filmproduct which

coul d be BYAMENAIRAPTARYIARG AgP Kt igie o8 Faprigating heexiasiong a pol yner
Filsgor Qﬁ&ﬁéﬁéﬁﬁkﬁﬁﬂﬁgﬁiEQmﬁ?%ﬁB ﬁ%&ﬁnﬁﬁd?b?7§8§§Mﬁapilﬁ H9tc@ OCESS
foll owed by deposition of ex backfill" medium Alternate 5ways to
|ncorpordmﬁnnhgrdhﬁmc@mmfﬁﬁbumtﬁm&tterlng nanoparticles into the film

i ncl ude

The high index structure 108 is a high index material providing index contrast to
the adjacent low index nanostructured layer and provides an effective planarization layer
to it. The index of refraction mismatch between nanostructured layer 110 and backfill

25 medium 108 at the emission wavelength(s) is referred to as An, and a greater value of An
generally provides better light extraction. The value of An is preferably greater than or
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-



solution coating a dispersion of particles. This filmcan be designed to be
used directly as the substrate on which a bottomemtting OLED is

fabri cat el 2ervaoli2mg t he production of a fil m capabl e ofPCFAISRIIBER3S N
addition to enhancing light extraction. Additional functionality could be
incorporated into the Iight extraction film 10product by form ng the
extraction structures on an optional ultrabarrier film_ which provides

excel | enthighindex pelymeep memw peslesibep ér e, eal.r Gbemnlaer. f7; 134
| ud & aves gl
i ncl ude rwbé E)i (ﬁglf%llr q?kef 2. S {IleF)J; 5;?19&)?2 a}{g rﬁa?e%?%'% ﬁ?l?’; o

inorganic d guen |aI ude of’"T'ayers on a

gl ass or cmvhﬁéh aunﬁ@b;bcﬁatwb%ﬁﬁlﬁ}enef@énoala& efrfﬁlaylsétgfohayﬁmnplbs bNEs1giABEsC
mat eri al s_and organlc ynmers, as_described 1n U S Patent 15Nos.
5, 440, 44dilleg vatiyt lgbaldeéﬂ@prsamqmav@slﬁls ap dessFibgghind. SaP@temrM@rép%a?&&S@d her ei n

by refer S
|ncofporgyggharPhﬁﬂ&#kgx?ﬁﬁéP{%g%%ﬂ%ﬁ?éfﬁpgﬁ%ggyﬁrzggﬁ%d&pﬁﬁx anébcatterlng
or to fildpplicd @dban tisdplhdarizilg Ip@drakingefol bearhplgdne dfltllflaaﬂoﬂlywn%uhétaﬁﬁ coati ngs

or structures, for exanple functjonal |ayers 115, can be applied to the air
surface dfquﬂ%@arfmgah\tap%@@ttquwrWa}tmg»Wlémmtwtlo further increase the

functi onal i ty 2t BAssl Blhe@Ue e BobhiDhoPB! RARARY hid M g Ur 200

coatings can have exanpl e, optrica fem ca
el ect ri calonfwuiet suohss TTEX &irpl1es-2df) withdtigle oalek, Mggh @ansparreuc;t atdelowi shedtude t hose
havi ng the follow ng functions or properties: antifog; antistatic;

ant 1Q1 ar @sisfhtityy rscaesrasdhe anadeifenshe HLED dedecat e IT@S‘P?’élteé(ﬁ% by usedrsithsrudge:
hydr oph f |
ydrop 0bdask@{i‘?dg\f}g?ééwck‘%wﬁ{éﬁﬁeQ@a@ﬁﬂﬁﬁmﬁdcﬁﬂ s 4@ b af idey %sﬁﬁo i Q;Zﬁi fCP or

filtering; ering; spectra I'l'tering; ting;
col or nodiithouatdwanse qf&lcardnzthé b}ﬁﬁbahmdélédtﬁeetlipm])e(rt[elsn%ferlmltlvelly[ a:ﬁtdrar) | i ght
redi rection; diffusion; ical rotation. O her possible Iayers to be
appl i ed ttyckfllingpepd §ra?9ta@é, iﬂ%@w@ BEtHHE A Praaavéayeéfr mgy bp daRIsHpG iRt

el ect 1 eabhy aSARGURL Y6ndTRHEC by ST Akl L D sl 2y, BRvkpey

FIG 2 illustrat a structure o emtting evi ce 1 E afilm
sub$i r at aniasi Regera ApptibdtioaxubiicitionrNG.i2004/0033H68, thdahsscrnlcb@srdtdmbh@me gl ary
el enent s o% t he deVI e 1 0 -11- WO 2010/ 077521PCT/ US2009/ 066238 and t he

ar r angeneh T%FeﬁﬁééBl ‘s, as identified by the reference nunbers

provided in F'zgadn?jer Fﬂ%ﬁb lfl%/l i fo%c%nﬂﬁy lof fhcGRftalbr gﬁt%h?gf 0 BﬁéGgﬁfcher W se

applied to the un yi ng e configurations 1 and 2
are provumﬁmdﬁunmnkkushmamﬁuaunﬂmmmbeebmm&&ﬂnamglﬂmhmﬁoﬁpmmmgurat|ons of

bottomemttin nd top enmitting di spl ay d vices 5are possible. Table
2 - Top EH‘PPPWY% SLUEH PRy | R ﬁp%sm%tgﬁfm@%qué& SHenefl MRRREINE yCs Higye of

El es@nt  2le neither true periodicity nor translation symmetry but have a quasi-periodicity with
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-



opti onal
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el ectrodew® 2087e321i onal thin filmencapsul ant | ayer 13@Corusanomcd2agers 138
el ectrode 2 140 substrate 2 142

10

15

20

25

30

Embodiments can involve the incorporation of the diffractive or scattering
nanostructures into a film product which could be continuously produced, for example, on
a web line having a polymer film or ultrabarrier coated film substrate fed to a 3C
replication process followed by deposition of a high index backfill medium. Alternate
ways to incorporate the diffractive or scattering nanoparticles into the film include
solution coating a dispersion of particles. This film can be designed to be used directly as
the 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
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
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
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
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.

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-



i ght extraction film The light extraction film2142 in this

enbodi nent is conposed of substrate 122, optional barrier |ayer 124, |ow

i ndex st rwotore®7126, and hi gh i ndex structure 128. Low POIrrusec0sste2sgt ur e
126 and high index structure 128 can be inplenented with the exenplary
materials and constructions descri bed above. Layers 128 and 130 can
optionally be inplenented with a single |ayer. The substrates 122 and 140,
opt i onal @drthq aFangament of Ppscelcmraniso deisienticddhithe afcreapeinepbrinPOVIdRfar s 136
e e TIPSR B DG IR T LR BhSolidenbi Lk og uRRRY Ry pEST 2t @

140 can al's6"be o

met al f oilkyer. The coﬁigdrélﬂﬂlls sl&d’tlltﬂmfIFIlGS enaapsid pidkidtd4orGianstReive prtpesent ed
with, for exanple, any suitable material for protecting the organic |ayers

from noi SO @néﬁ&lebw@“@m&tw@&ﬁf)b@@%ﬁmém&m%qoaﬁfrgttmg lmlsa@md@é@e%r e
descglbeglgg gﬁ? Patent No. 5,952,778 and U.S. Patent Application Seri al
11/ 474 ?; i'led June 19, 2006, both of which are 20i ncorporated herein
by reference as if fuIIy set forth OLED devi ces, espeC|aIIy top
emttin
deposi tlgna a th| nTﬂblp% &ﬂpaﬁmmusgq@LEﬂxlaﬁ:‘@@ﬁ WiﬁhéﬁngﬁfﬁﬁtqﬂﬁlH@ar ent
2010/ 0775KPgT/ USPABNfIH6288 el ectrode. This construction of an OLED device
provi deg i@n advaném@aal functiaiat lagersar it creates access to the critical| high
i ndex dgvjxoe- al r| ¢upk@stEace after the conpletion of device fabrication,
enabling@4|amna&hﬂﬁap&l 1§38ydrOF The application of The TTght extraction

film Fgriztop—en T la o tuew ces, enpodiments inctude a tTght—extraction
f. | rJ]‘r\ v hna 0 P\ | @X kU r@\n'l- tam om tt o~ Y EMN Ay Ao Al +t arnat i vy

I m as \Y ] CT T OUCT UV T | Ut T UTIT TTirT t I.l ||U UL UCT VT UCT S, I LA LLIZ\ LAY y,
the fil mgin be §J§HE§STW“W3 the PappLng_LayeL_gn_a_Lgp_enLLLLng_CLED

structur . .
optical [llager 130dEMthder to optlcallv couple the OLED deV|ce to the
| i ght - eXti3dct i ng| braioanl thith@lneaeapsildnidyerat eri al may itself serve as the
i ndex cdnf3kast neg@hhidllaysky ch backfills the nanostructures to formthe
| i ght exTRgCT1 on| [jajR]de 210 OLED Sol'rd State Lighting or Display Element
Top em tjt 1419 u.n:DS EVI uz' 120or—bottomenttting SCED device 100 camaljso be
used to .u Ferrent—ahOEED—Sol+-d——state I:ght:ng or—th-Sptay—etenent
additio t he sligl extracion; i eX3 efu
intop enlttlng OLED solid state 15li ghti ng eV|ces |nclud|ng erX|bIe

tal foil t
rotal ol u RGO LA RS o Bl e,
"5.6-inc fbpﬁbﬁadlﬂal‘rﬁ:rﬂyeir 1Z0llow iddeR skttasd 10, &MJu@Dn[aesmtraMumlzst diont ess
Steel Foil," SID 06 DI GEST, pp. 1855-1857 (2006 and A. Chwang et al.
"Ful®  colibdexihochs 1 Xvmdeneininslsk aljactuns IPB&rn be gn@?@iemeég\gthstl@éxemplary
Subst r at " 8
' st racegra s Rorklriih daRrnc bt b 138 hg £ Hagtgh@iug 7O, ""L“se

in solid iglpbdngenkddghith BgingdRMages ThE)eubs&etezzaz bAd I 40) @ptidnad binsicr Rilyer P22
supportin? a plurality of OLED devices 223, 224, 225, and 226, each of

whi ch maylesdrdes bpmndiidSnandreanie et 86 capbe implemenisdvathihe promaplpact t o

bot t D
g P ILIE O L ST 51 S5 AR R

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
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25as represented by lines 228 and 230, which would provide el ectrical
connections to the anodes and cat hodes in devices 223-226. Device 220 can

i ncl ude aw9 2nuwbies21of OLED devi ces 223-226 with el ectri eall/usermoet2zons, and
substrate 222 can be scaled to accommbdate them The individual control of
devi ces 223-226, via connections 228 and 230, can provide for spatial

nodul ati on of them such that they are individually or in 30groups |ighted
in a par tdlesgiode. Ehiggerdeichen phan @LRD dowigepso g apadviages upytHeWal itd st at e

2030 07y s BRaPiS i B Rubydich B LARINRAE iHPRL AL & Simplolifh ofdovier -

of a top febidatibAgEn@blty Drekhit@htprodiss fol St MplibatidndIfttheNltagtrh@onffilhm  Tabl e
3 describes the exenplary el enents of the backl|ght unit 180 and the

ar r angeneift’ tof cfiaeOb EBrdavicss, carbodiasits mckde pyighhextiagtieh ‘éh\%és fiesaHibeds

provi ded I C on or
bt et i scloRuofar By ofifhe G oBlioBR e horleliBie ARERI RSFARER T ng

OLEDs canhatgpilpelaysen o top chatikp IOJIED tfidtsre vﬂ[&bkem&ned@lﬂﬂt Bﬂﬁklel lggt  Uni t
with Light Extraction Film Ref. No. Type of Elenent 182 pol arizer 184
opti onal 1pfesdhpsyeio SEBE 455G etichl lawn%%)tm order & prttcelly eoynle the@sEBpt i onal

di fTUser gevice to the light-extracting layer. The encapsulant material may itself serve as the index
contrast material which backfills the nanostructures to form the light extraction layer.
10
OLED Solid State Lighting or Display Element
Top emitting OLED device 120 or bottom emitting OLED device 100 can also be
used to implement an OLED solid state lighting or display element. In addition to the
substrates identified above, examples of substrates useful in top emitting OLED solid state
15 lighting devices, including flexible metal foils, are described in the following papers, all of
which are incorporated herein by reference as if fully set forth: D.U. Jin et al., "5.6-inch
Flexible Full Color Top Emission AMOLED Display on Stainless Steel Foil," SID 06
DIGEST, pp. 1855-1857 (2006); and A. Chwang et al., "Full Color 100 dpi AMOLED
Displays on Flexible Stainless Steel Substrates,” SID 06 DIGEST, pp. 1858-1861 (2006).
20 FIG. 3 is a diagram illustrating a device 220 having spatially modulated OLED
devices 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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189 substrate 1 190 | ow i ndex structure 192 high index structure 194

opti cal

coupling layer 195 optional thin filmencapsul ant | ayer 197

el ectr odew@ 2807a82gani ¢ | ayers 202 el ectrode 2 204 subsPCRS2@9DOR38
auxiliary optical filns 208 light extraction film

10

15

20

OLED Backlight Unit

FIG. 4 is a diagram of a top emitting OLED backlight unit 180 with light
extraction film. 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
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

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
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
spatially modulated light panel shown in FIG. 3. LCD panel 240 typically includes the

-14-




10The light extraction film208 in this enbodinment is conposed of |ow index
structure 190 and high index structure 192. The light extraction filmcan
opt i onal Iwoabma77szel ude prism |l ayer 184 and diffuser 18BCTISR009/M06E38
structure 190 and hi gh index structure 192 can be inplenented with the
exenplary materials and constructions descri bed above. The other elenents
of this enbodi nent, as provided in Table 3, can be 15inplenented with the
exenpl ar yenfig k¢ Paiesicr gaeant ficdycilighyand dayeslsctiogiesahigr eompled-@P pardlat i vel y

b I I OLED
0 1oL STl RS SR  cBhe, SBP AL g ot OLF
LCD panelcrysdl. laﬁ@c‘d@ldrgmer Lyt pBAZZINR il ey, aﬁp@@mw\bﬁl& fiypes StTle! Wse o 80.
The backlight unit 242 can alternatively be I nplenmented with the

20spat i al PYERslgticat & backhghtpaayarrosidedipr 4 thin-law pewen lepklighidor XS t 4pi cal | y

the ackiTARPATH Y Pu Db R WRRR R B R LS DRGSO
i ncl udes 6,$67,1539¢ kiblchrie ifcotpopita®hereinastcgany as firfomy searf@kﬂback plates, liquid

crystal layer, color filter layer, polarizing filters, and possibly other
types of filnms. Use of OLED devices as a backlight may provide for a thin,

| ow power nel conponents and a
backl i ght/ e b Pbn Bt ReBiont 1 S5RHRE gﬁ?hﬁg@%’?‘&?, 759, which is

i ncor por at ed HAGS! 6-%c dabenandeictiag itlic faskible spetial feonfifuratbglofkrdgxiohow
Index Regi ons and Surface Configurations FIGS. 6-9 are diagrans, depicting

t helGossiggraeniy akiCa o 1@%%@&1%16% Hrucsg FAb OPYAS 2oeWsrRien ofl G 6
11 ustrates, a. ) Qued m&hﬁgﬁﬂ}(&tﬁg Lfud ’25@3% ) glgga %‘Ahg@%%le} 8((& RE

nanostructures, wth a ex s uct rovi g "a planarizing
| ayer ov aranbfiecnano SHcuattiues.25Thad 85t uretlumed 2ZHRecandlodbihdax eullstretat’dd
between a | ow i ndex substrate 246 and. an ED devjce region 247. FIG 7

i |1 ust rat®®d 28 QIRP dadexregiqredt/utdGos ﬂluSHa\?ﬁ AP HIGEX ﬁ%ﬁP@rzsﬁah%VéI%albf
nanostr U%’éé&lt aWeH‘of%aIlbﬁﬂlchﬂQse%wﬁ gﬁ Hdex %ééct%%\ﬁg%&g%g g rpgﬁﬁgglglgeg

151 ayer ove e nanostructures ructures
bet Ween daywwvemntlexamshattuas e TR4 Stradtarea D5 Thikd® Beare dx&aredgiebveeﬁégowlim& GS. 6

and 7, the | ow dhlghlnde structures are | ocat vveena trate
and an OSEPSt {jﬂéﬁz,f{lﬁéalﬂ a}ng(]% Q,ﬁéyppﬁ@loq égq om FIGS. (? 7, tEe ow and h1g dS

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,
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FIG 8 illustrates high index extraction elenents 255 within a | ow i ndex
backfill region 254 with the |ow index region 254 providing the planari zing
| ayer. ThwoexrtweEeszion 20el enents 255 and backfill 254 areTiusc@wmes2Bet ween a
| ow i ndex substrate 260 and an OLED device region 259. FIG 9 illustrates

| ow i ndex extraction elements 257 wthin a high index backfill region 256
with the high index region 256 providing the planarizing | ayer. The

ext r act i opteesperyedhwathpsydigfisernb diskibiutipn QQ%a&F@Sf t3c dthedewdangsercgnlarow | ndex
substrate t own in
FIGS. 8 apnﬁ%légegfq ﬁ@zée%zt% %g ft}’ve [0%%3“9?1 t%gr%ieffeééo}%éie& qt%%?ﬁ%‘at heea%gvanescent
zone. Thehavayerisdish@uwsi-pefiofic @r. rafiddin dlstrittikioas @fe{i@ﬂabt@cﬁﬂ&e@@ﬂsl pugr f aces of
the I ow i ndex and high index structures described above. FIGS. 10-14
are top \rreewlw%@rtaw T%Pé’ﬂ?edtsief\’é ther{EniBe exteagtipn OE PEE ARG YA ¥lenethy afflight

xt ract | o 1€ B, ol e N s Lo BUATAE G SRRl =
extracti dn tiedten®ntis.exfrhé@onk3giohd eisit doategsondaint &t algnadeade exils gbn extbat i on

elenments. In particular, FIG 13 illustrates portiaons of features possi bly
in a reguRFEPNpEARRITNDEAC P aﬁlSpW@@ﬁrca’ranééﬁrlbrwa%@ regiogL capgach

of Teat ur e 3Ry R JRCAEm L SRRRRER Ml Bt ng Eﬁe%%%e?ﬁ saputo

respect i vithgtratal quagcmstah(tildepaictis¢ oLetradiisi elebihison 263 may each have
periodi c, quasi-periodic, or randomdistributi ons of extraction eI enent s.
such) regi ons dFxapmtser iechpgpcnior making cxtigctinn §lamsnds aserdeaertiedin bk S-par ti cul ar
wavel engt f S YRVE

correspon |erlrlgA h%Rr elg’j%hafrlggnﬁ/gﬁhgﬁﬂgd F\%ﬁﬁ& I:S?wit cg{sa{eg%& Oratffir action
regi ons darcic by rebipacdasifitulyescatarthn FIGShe0-1 ¢ djusgaegossiblodutfhace regi ons

conpri si ng Elxels of a display device, and each extraction region can each
be opt i miPBHSYBlIRG RS nerrrogwctr%ﬁr other SHRFERLRRAFHY dessebedpkays Withal bl ue
regi ons. [ ) of extraction
el enent s ﬂé& I %%S uclg'{sb%)? t egeﬁn?gﬁg%slﬁ??%% ‘?érlrgtﬂleglgatnrp’g%%ﬂﬂ%§el enents are
dest¥i bed i n W\&litidiad exhnidpgd dombd moludSasmgIhth‘d(graphgzIOBBﬁérf&endel liteabriydwenber

6, 2006, which is incorparated herein by reference as if uIIy set forth.
FI GS. 10-124XPOSF (aRastle rpsary B aheipserpiiaye uﬂfa?rleﬁen&r FpRIC polymer

nanostru r backfill
rodi um prour deng Phe erus A ??%%,&f‘s%é?@?%?e% AR B GRS Lpbhint
15Addi t i onalld tl@ordleﬁquesammtrhctuferd(shtfde: usltergativietsh tlgs aptogtrocturedt er f er ence
lithography to expo nanoscal e re ions in a %ﬂot osensi ti g& pol yner

deposi t e MBS Gy TRCTYF FRFANASTS SARR SIChTH dUpTPArEC JhHheFEVRTOBENt
stepp, { NEcHiRioRLA0 TRAQY LAY RO ERS Rtk dah AERC JGhE RGNS the
nanostructured surface. Alternatively, this nanostructu phot osensitive
pol ynmer surfhace tbanndelyue mdyraer etledr intsklajarofexpokumeitafal tsoeh sua f ace i n an

20 etchin roce Thi tchr n techn que woul d. transfer the nanoscal e

pat tern HGNARES Sitbiched e s siiach Y RV YRR RER B HIREETRN ayer of a
har der nBsTtﬁ;' ghe nmbae%u@ac%ldleﬁﬁmn%w@the@@hﬁﬁné@e'o&r@%ndﬁ%%mm on the
pol ymer web prior to the |ithographic steps. The nanoscal e surface defined

i n any ofwithasmdeanoerasticpuediuthterfoine thed it sdattedngwt diffaavtingdeeer.cont r ast i ng
rred‘jr?\ﬁmto formthe light scattering or diffracting |ayer. 25 Distributions
noparticles for Light Extraction Thi s enbodi ment provi des

enhanced Ib;sgmutﬁ;gﬁroggahgﬁmfﬂcwfapL fIHER¢sicignan i ndex-contrasting filmwth
random y distributed I ndex nanostructures created by coating

nanoparticl es Hustm‘a@dlmremtrpremdnmtmame'ﬂchghs extraction friotr and@LEBI B4, anr ef er r ed
0 Qhelr ﬁﬁ%}&@%@%@iﬁﬁm SRR Udoml Histrtded HbOFiden agbetrudidE creapady
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
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GaN, Ti N, or any other high index materials on a substrate used in OLED
fabrication or encapsul ation, and then applying a | ow i ndex coating, such
as 5i 02, wb20B8/ 07026, DLC, or -16- WD 2010/ 077521PCT/ US200%/u36@28862p®| yneri c
materials over the nanoparticles to provide the index contrast needed for
scattering or diffraction efficiency and to planarize the surface. The
random y di stributed nanostructures can be in contact wth the substrate,
proxi mat eofyieeriipaterials @yerghe nprpartisipsttperovide the fdex cowfrast needad farandom
conf i gur aﬁ%ﬁt?e@in ro??ﬁf{f%&?ont i cih %I{dat%)%'lan'g‘ri%eo &%%ﬁ&&é%@%&ﬁ&&%l' Altributed
potentialTy providing simlar effectiveness, can conprise a f andom

di stri butraast@ictur@yann@ex coranapatt the kelsstrate, PRROBAE Ul subasats Yeduped Si 02,
porous Si 02, Borosilicate (BK), Al 203, MyF2, CaF, LiF, DLG DLC, netal
parti cl edostiber 1aglases, pem a8y rgedom pRIHigUEItes PTEMaTerae FHSITAISt HaeyPRE o)
(PMA), p . . . Id ,Qr - r, ] ow i ndex
nn'ltvel\grq i al SC%\t/lm%ﬁ% Elgg’g@%ﬁlgsgﬁﬁog l(ﬁ%&\% hﬁﬁ%&g&%ﬂ%{sﬁégg, Cﬁ@%{tcgkﬁ}%éfgﬁ 21618%' as vapor

deposi t edisiiBiNbrasf lawsadcxanhomeadledonanbstalcantd duckds iy petoudBiGr, hi gh i ndex
pol ymer. The substrate can optional I% have one or nore of the follow ng
R

coat i ngs:Bansiligate €311 iAd2Qp dYIRFy Cabr Likin Dadh &ionmplanpiglessuelbas sikigr or

Coat i ng i i i i Kng, and

ol | -1 o- MR FESERs HeR IRy ERuaeRI O BN ofBbdifte. PHE BOAAT. 00 ¢ ne
surface, pinésSirdiny athepiode frisx hfarmialdeithus eohttastiag®Aightidex filler material
backfill/planarization |ayer. The use of such techniques shoul.d render the

protlss stApreYaNeRErNoyitatalldor biolharnspaed nriily; filadoddymersiadhighyndex
| NCOT POT holler! Hisl SR RICAN T B RRHIRE LHE S8l MO o LLoakifthd: ~di0~ 701

processes. -to-ro continuous process tabricati | i ght
ext r act i amtiktaticrsoatiag; ol adilesias pomltiongoamgol ayer or sub- nonol ayer coati ngs
of |l ow index nanoparticles on a plastic 20Q0substrate, the applying an
overcoat of higtingREscerss srahas dipepadingniiils conting; dye goatigr) andgollyteirpll pr ocess
i ncl udes ' f j ' b ' - jG.( PET)
Subst  at SoRa ey, B0 S P BB R AR AL R P RBle? Pl
backii | | matlerusat to dbue thu lglokfilvgexatiaciohildler.nBhenscal fsucarcihequdstsaouidd by

| oadi ng epoxy or acryl at i

pol.ymers with high index nanoparticles such as
Zr02 or TrEEET ﬂ)ﬁ?dHP?ﬁiS%ﬁlg}P??\ie@ﬁ % %?alésiw%p@mf%%ﬂ% én%%@g@#bgﬁomra&og.

Pat ent lcd i | ] i 31, 2008, which is
AQR Hé&ﬂagbcﬁﬂts S @herhiRd V%@(@@&}rofﬁtéﬁg&ﬁg‘?g .

i ncor porate rein by reference as i u One
parti cul ar maritifeaotl do-roldycorginnodk provesk Vasicatiml §f Inght natnaapian ffilmb e inakidag a

first index of . refraction onto a flexible sybstrate and overcoating. a
backfi | | aszf@é%hngﬁnwiaYﬁaﬂb%@rmPl&qlwfeatmgﬁﬂ? Eowo} R PROAPAEClesPaR 18@33#0 t hem

Theypackigblrdayg! ﬂ@%ﬁ’ h$ Gverfoat OFRIh ARk MAUIANY B SEEPRAL AEEX r(ﬁlf-to-

refraction differe mthe first Tndex of refraction. Preferably, a
subst ant irall ppmress iopludés ddagng bavo pandtionhlesd arlea watdyarticdes eevdatscBRT) zone
adj acent i

o et L S g BB R AT SR E o SR, e
For exanphiR. high fdBS badkklBhattQAls taNbObbthiA€d by loading epoxy or acrylate 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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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

al l owi ng the solvent to evaporate before overcoating the backfill |ayer.
Appl yi ng leersedrasaphtheiselfwaissae leahééourﬁﬁ/oﬁqréxa@pleya staneph postien 9f ther m t o
the fl exihl L& N t kiill layer.
An alter nlgl S%a%ag afqil lggﬁn%asxr]f\t/lg\ﬁ\%eggﬁrtsaliezt%b Vg[pll r{e b efesﬁ'l”ol?&r Ié% ease agent,
i n whi ch difheudilinpafiel c@dtRdinddris ﬁm@rghbmwappcansmbﬁﬂlrealhﬁop@arﬁdle@nrﬂeé ease agent,
the substrate with the particles is applied to a device substrate with the
parti cl eSSVARCSEPH ZaRe negdinet pe m%&mtw@ﬁﬂ@wbg%@trate is released to

tra fer the p C t d

i nvo ves a si n@l}e&lglk glzeeﬁsagm{)%ﬁg%g&l} \églg ggé{tﬁgﬁhe %hoﬁ%nlgkeglga ticl e nha9 dry it,
coat the doaekf ortb tHeafJible Qiitstrate angallowingtbe bdlemt eble@pbiuee beftdl t ng film
Yet another particular method invalves a first 15process to coat the

subst r at ©@VRIORtinEhthe pasklilblaper. Amnjyipg thegraopgrielctipan s Byelve ﬁ@plmnlgrﬂlerand
then a s 4 Ary it
agai n, qﬁaﬂﬂfeoﬁﬁ@g?% fg%x(?blrggﬁg%) R nagﬁfdlcl &eﬁ%gﬁ%%{%%ﬁo\gﬁm akﬂilg & sol uti on

for for M aligrmatina et the nictiald 1h6MWéHJJsﬂ£g’Hmbttra1€Wﬂh@SreleBw}ig‘éﬁ§ it Whichslee of
interference |ithography %ul ar periodic features as small as. 100nm 150nm
canlbe quiegtiqlss ke ml@ﬁ t@:@ﬁh‘@f TRk witha feerse agentale aprsige Wit Biewedidssithg abl e
to wite ] n, S nore
amenabl e 1 ﬁ%@r?tﬁ%ﬁf&? Rég%%’a‘? Wtﬁucﬁagﬁé lg%aﬁacoﬁggf\glrtﬁ?t 00 gl} 1£Hrﬂégsﬁ)l I cagflﬁon of
the patt etlragdno trangdtive pineiclesltd theidagice 2aAtrateb St @dreicul s methb@dwwlvtekl aan

overl ayer .of photoresist and then . illum nated with one or

i nt er f er S PRCEBIASOR SreeBgsHc Prd naBeRasticlrn dyy ttergal tie bﬁ%{?ﬁlb]raﬁervwhfyﬁt t he
desi r ed f%%uﬁr?d e Etve FEMSUARET. Yot ARG GaHRAIL RRAERGTANGARE T Y Of

hol es or posts. This pattern can subsequently transferred into

undés | yi ngosusbsi doat thetshissotaghw aln natophitivtespdryde asd wikd mmmesuhmgﬁlm amht eri al
is not sujtable to be used as a replication to tal 30to can be
made usi e $HFERT ATOSFdP PBWMﬁgP%f@eé@eéeckfﬁLkager Eyaf agaérmapgéh%m d then
become the, gtrgs lt['r%qjﬂm WO 2010/ 077521PCT/ US2009/ 066238 Anot her

nmet hod | nvo ng a master tool having random y-distributed

nanost r uct ures A solution is prepared conprising nanoparticles of the
appropriate size and with the appropriate surface nodifications to prevent
aggl oner j%‘?ﬂi’r?a“% Bgdf or preparing such solutions are generally specific
to e particubarsJhaRoRsF %drﬁh%sa ﬁlgstpretoégﬁa%g%glﬁﬁgstr&ﬁﬁgsr Aloite! fiadse bave been
descri bed el sewhere, 1ncludin S. Patent and Mol ecul ar
Crystal s 1a1mfete|nq¢111ﬁh0@aphy angulﬂ%r@ﬂﬂﬁBa)tu@é s 25648 abtilmnol 50um cin @ e

i ncorporate hereln by refer e as fuIJ et f.ort he. solution is
then coat®BkBhEItan ppiag thiy @egl‘fg dlé(a%fég% Bryes B?m%a@am ¥ BFSSsol vent

coating taabRk %U&%rg'ef‘&ﬂehkd 'vﬂlchhfrﬁal&Qﬁé bx%eess%&e ﬁfﬁ%ﬁé‘tﬁ&to Iﬁ%lﬁyctﬁlg?%l ng,
dye coating, or roll™-to-roll coating. Pretreatnment of the 10substrate using

met hods such d?sroth@usmf emﬂaten gborlr&;r rbgicagqubf thd pattcrorcde mvbb/eabs fallewing.

uni rm-t f the solu coat fter saolvent evaporatjon, the

o rtart 14 pdisuafids Repesbn AR of PRt kof Hobrsly b aten HARMERISSLPRETT y ¢ andom
but macr Qa&RRAINE &t ferdil el RtBIns AS c VR e IRGGRIE a%élﬂartﬂaﬁeﬁm/‘nfﬂpfh@dkﬁ%d
fabrication process described above, this pattern coul

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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be transferred to an underlying substrate material through an etching or
enbossi ng 15process, or a netal tool can be nmade using standard

el ect r of ovpi2ny/Pracesses. ~I'n any of these cases, PCTaSRé0aw6IBST er

tool has been produced, it or its replicas nmay then be tiled together to
forma larger tool, as described in US. Patent No. 6,322,652, incorporated
herein by reference as if fully set forth, or may be fornmed into a
cylindrical toWothametbegamyphyes forping 3 mager top)] havengepdomlypdistehetcdn process.
200nce a r.1ool - . F [ I : re into a
pol yrer - JURouEeabRe 4 SRR RD-BHRS Rl SR & mf B PhAHE L

i ncl udi ngintReth3ihe RpBOPESe sUifeccThdtificaions topretdnt Sgglepliatiahl Metlialfgr be any
pol ymer sheeting conpatible with the chosen replication process; it may be
al ready duaitas@ewiehsalyionsare ggngratly spedifi ip the pydiselar paepaBisies o Backfil | i ng
woul d t he erf r L0L.1.5Or l. : 1 or
25dégpsifﬁ%%%f@V%?B%EE%8%@?@?%%%%%?8%%@%8ﬁﬁ?ﬁ cﬁﬁdag%lgﬁg?%ﬂ%vg ‘1 ndex

mat eri al ,6,%36G100amdMdlcoulad TstaWundiLisid Capalblk e14af(2004)I124AQ 56 hisoth bf waidhr es
and then leveling out into a snooth |ayer. If SiNis used, this mght then
be fol | oviRlinsgrrartgdryraia g Ficrase gy Bdaibysqt forgh. cBhrawiitiones thspepatragaio i s
requir ed.o fLAEAAE! Nin (18 HQUNRLE SR RAGKLN RENTREPRARAILITRY 11 2
sol vent coat'ing process using suitable materials:

2010/ 077 U /dySad0as Mp e b ating rigt esatingasiplodi-td:roll @6ating Irfizcablatropdric cl es
with No 5 nm Si 02 Nanogparticles (Conparative Exanple) 5D spersions of

sph&? i calsubstrate usiphmsihads suohas PlaSI CHEMSTARY b Esetred Ingdrdarg apswGer e
obt ai ned f ¢ i j cal i ' - on, TX
o0t oo (DS M SSAN FRETL 82 and AT RSB AR T SHORG B0 o7,
and di al yiedbuttd 207 kaPthad js rhREosoopisally raadowh bht REGocoprakd uaifcindi At waed,
33.6% sol jds). The process details of treated 190 nm 5i 02 nanoparticles

wi t h PEO thf e2sgavithdhe yidorm 9ok HbgFatiag rypcorp descahedvbors4bis prtierngoxidsthes
silica) wRs AdAAd] t@aPufRAG TP URRS Bhatchih Oyl ofchPgdsidiBhoRlind! 230

pol yet hy\llt%nlé g%lﬁgg (g?]?%n(% ?r g%ﬂk%rreiﬁ vee Pe??ug?rrar?cce é((gam ca0 gsn.lélThe m xture
was1j¥ eactpodccdkgror Aendiduos cah b8ddEde Tikiag sadird @iectroformirg pasestdsen di al yzed to

renove any unreacted silane and_other i rities. The solution was place in
a 2 Spectra/ PJPapY ] %ﬁ%ca%%%xﬁﬁaaﬂ@m@mrﬂgﬁa RERBICER U S NAEPISHS TRt - O £ )
of 12- 1 i-al Il £.0¥ h ' nstantly
o ng e e S o S O L S L B ea in 1
met hoxy Zngrp@atedlhetain py cdferercesass panlyi sonforthae may Be foemeé ntto byylaedrglat sol i ds

content. The. 190 nm 5i 02 .nanoparti ¢l e sol.uti on was coated on a PET
subst r at dOBOLCUMPRILEYY With 4 P AL rePicadon B8R i n). 1t was shown from SEM

I mages that thefe MA@ 5 e bEdd ol &R reh ESMoh 0P the sructure into a polymer
can be done using one of a variety of replication processes, including the 3C process. The
substrate for this replication could be any polymer sheeting compatible with the chosen
replication process; it may be already coated with the ultrabarrier film as described above.
Backfilling would then be performed downstream in, for example, a chemical 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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20regi ons of the substrate having no particle coating. Exanple 2: |nproved
Coating of 190 nm Si 02 Nanoparticles Via Addition of 5 nm Si 02
Nanopar t iwDes10(oTr2at ed) A 2wt % suspensi on of 190 nm 5i OPChAIsAEA06G268 es was
prepared as described in 25Exanple 1, but with the addition of 1.1 wt% of 5
nm 5i 02 (treated by PEO 147426-45- 01, 5 nmsilica particles treated with
Si | quest Al 230). The 190 nm 5i 02 nanoparticles were coated on a PET

substr at eEWnﬁeﬁl p coating (coating speed of 65 nmmn as in Exanple 1).
Through conpari son of SEMinmages from Exanple 1 and this sanple, the
uniformty of the coating was shown to have been inproved by adding the
smal | 30r@nepaetlt A99SHm IO NR@spdriicled SitheNs 5ign SI01 NansjmirapREt | cl es coati ng
had not conpletely disap Pear ed. WD 2010/ 077521PCT/ US2009/ 066238 Exanpl e 3:
| mpr oved (@mHMQBV%EX&@D @m Si 02 Nanoparticles Via Addition of Unrmdl fied 5

nm S 02 Nanop S

pre?ar ed as dgétéf?&%lgﬁf OfSpherléxglh\é\% I{&% %%?es\%ﬂ%@o?ﬁe g(g%??m%é]fco 1 wt % of
5 nm Si 03vdruabadictifenn sraliksah Gm&@mmam@’w@mehmb@smé 30N HYak©a, Dxlrrpany,
Nal co 2326 It was clearly shown from SEM i mages that unnodified snall

Si 02 nandpaftidSed Eb%nmogﬁﬁtncleéw¢ greqt%bw&b@omﬂlweélﬁ@élcﬁéﬁggaﬁnﬂu cl e coating

uni formt n d Si02

Nanopar t IR OB A N R, SRR ORY ShEl i dihend 53 ARAILS

Met hyl tri nmet hoKysirb@nedetails of troﬁteZV@O%mﬂldg%nﬂpﬁrﬁﬂ@s?wnﬁlFMrb ia€ FBHwaas

pre ared as described as in Exag(‘g)qIAg 1, but with the addition of 1.1 wt % of
g

Si 030 arepart Nessed MBI s o s\ aradded oxipastiomnessghalong
et hyr| rw&m?%yggadléaﬁm IPARAAORAL kPR ﬁermﬁhcéﬂl ssol ved in
i sopr opano roduce su Si on avi ng per cent sol i
15cont ent()henASalyvaEhesﬂmmmrethemltecﬁEM6 hege at 84°de Ma%m@nmmfwes W ;hewas

i nproved, .al though the de-wet of the nanoparticles coating had not
conpl et eldjalyresp 5@3?%60@@9@5%@ sijane yuipthsh IPEYLNa IS 2P TULON §6S PHEE 842 by

Rol | -t o- R le for
Exanpl e %%ﬁefgﬁﬁ@ggg?% cl)gn%gth%msi g%glr”fllé\l% %wé c(,lgllogeg%%par t?@@st\(% F(ﬁa ggm nal
di an®t er ldtoomcrhlannammﬂ vabtdéEiywed fér Dhhduneaddisss amsGndmfloaling tdpusttan O fi ce
(Chemi cal Business 10777 West heiner, Suite 830, Houston, TX 7%042
U S.A. The n am lting %an@awﬂeéﬁsmgwamaétdéatefihn iﬂ%ﬁé@%&p@p Banol to
pr oduce The 440 nm
5 02 mangrer el T lap Atk TREHRED s B Lo SR LS PRSI0,

nanoparticle solution was coated on a PET substrate by a dip coating (coating speed:

65mm/min). It was shown from SEM images that there was a de-wetting issue resulting in

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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25(6-8m | thickness) by roll-to roll-process using a 5 ml| coating gap (web
speed of 10 fpm ind. punp speed of 1.2 cc/mn). The resulting coating was
first driwo20m/@rsziat roomtenperature, then subsequent IPgTfuseao®s62d8 i ed at
180F. Exanpl e 5b: 440nm Si 02 Nanoparticles Coated by Roll-to-Roll
Process with Smal |l 30Nanoparticl es 2.5 wt% of 440 nm Si 02
nanoparticles were prepared as in Exanple 5a, but then 1 wt% of nodified 5

nm Si 02 riaxiemle 8i dnuyovest Epatings ofd 90 mm KO ENangnastioles Wiz Addifian ofThe - 21-
WO 2010/ %J%g&%@%%@/ &gggéﬁtl il(g nm Si 02 nanoparticles were coated on
Fim %

t he corona-treate using the same conditions as in Exanple 5a.

Material s for ARanpl €51M @ngiQ, RiMbp&titial satipRPaied ab escHsa @ i@ Exanplditied
silica nanoparticles of 93 nm nom nal dianeter_ obtained fromthe Nal co
conpany, t@hWiddeedditiemolehb sl minm Sy wrmedifted small S1on Siyr namepatieles
obt a ned fi&f?ﬁqa{’éodé&g@? LRhLRg 2[%5 5%%% 8ELA ShoWnt o ISEME [rfilles GRRT ' NI
conditions, close-p ed nonarayers’ of - na opartlc?es, or arse

di scont i nimewislificlysial SiOe uhtbpactdaivas ¥aifichBt Mangrol aperisrgehaigagicd | | ca
nanoparticles coated directly on a PET substrate for Exanples 6 and 7 A
silica n#eapg WIERI; spersi on produced by diluting a 2 wt % nanoparticles

di spersion in H20 to 1 wt% nanoparticles with DS-10 was coated on a
corona-treated PET 15film (6-8 m | thickness) by the roll-to-roll process
using a SExwnhplgdp 190fM Siosehnepat@cléowith dimpaiedifiod S&bDj Nenyparéicks of 3
cc/mn). The coating was dried in air at roomtenperature, and then
subs®querMadified W&@g[ﬁQﬁqtﬂérr‘mﬁﬂl%Slbﬁnewethylme@ﬁwaﬂ?br ough a SEM phot o
of the resulti t t n| - er of
silica nanopar@?gﬁlgggpv\%) ﬂﬁlﬁ §§Eﬁc%%?’p%8a%% g@%ﬁ%@%‘ég%ﬁﬁs&?g?&%ﬁqlﬁg {eh%léla ‘i ca
nanopar t itult esthabatdtitieh sfeict Wt SRt SsoHxsinobpireicle® mokdiaaplies 6 and 7

Silica nanoparticle dispersion as above was coated on corona-treated PET

fi | m (6- gsafchyIemmehoresidanempd mpghytgmethogyyilgpe. phscerrs ngpamartzelspeidergay and
| over i SRS ALBATh is}éﬁfo\f)agoﬁrtﬁfodw\@&sﬁgﬁg&ls(ﬁfavi?lg 1bRBechl GiPREBhORILE! T very

rate of 1. c/mn). e resulting coa
15 content). As was shown through SEM images, the coating uniformity was improved,

although the de-wet of the 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-



was dried in air at roomtenperature, and subsequently further dried at
180F on the web. Exanple 6: Light-Extracting OLED Substrate with Silicon

Ni tri de (werowat7estiNanoparticles 30l n order to quantitaPCcraisgooemed2sat e t he
OLED efficiency enhancenent due to the nanoparticle, 300 nm Si 3N4 | ayer was
applied over the silica nanoparticle coating using plasnma-enhanced chem cal
vapor deposition (PECVD, Model PlasmaLab Systenil00 -22- WO

2010/ 07752PoTSUB2B00pBEERB R Icd 9N dhe enrpmaciieaie P ER Slmusingtthe sayag t on,

UK). Condj t] ed, he, Si 3N4 deposition are shown in Table 4. Table 4
- Cbnditgghgﬁﬁg%%aggka%@%ﬁthing S3i M Layer Reactant/Condition Value Si H4

400 sccm NH3 20 sccm N2 600 sccm Pressure 650 mlorr Tenperature 60C High

frequency (HF) power
Materials for Examples 6 and 7

5 Materials used in the Examples included silica nanoparticles of 93 nm nominal

diameter obtained from the Nalco company, and dodecylbenzenesulfonic sodium salt (DS-
10) surfactant obtained from Aldrich. Using these materials with different coating
conditions, close-packed monolayers of nanoparticles, or sparse discontinuous layers,
could be achieved.

10
Mono-layers of bare silica nanoparticles coated directly on a PET substrate for
Examples 6 and 7

A silica nanoparticle dispersion produced by diluting a 2 wt% nanoparticles

dispersion in H,O to 1 wt% nanoparticles with DS-10 was coated on a corona-treated PET

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.



20 WLow frequency (LF) power 20 W 5The refractive index of the Si3N4
overcoating was neasured using a Metricon Mddel 2010 Prism Coupl er and was
found to We 2010077721 t he conpl etion of the PECVD process PCa/USea9ioneas
scattering center with high index backfilling filmhad been generated.

Next, 110 nm of |ITO was deposited on the silicon nitride through a 5 mmx 5
nm pi xi | ated shadow mask to serve as the OLED anode. Subsequently, a sinple
green or gaailabla e @xfordyInsymentandation; HEde Caedisiogepsdiit & 1o\ w@ml@% t he
OLED. The eOsﬂ%%nl %lef@brl cated by standard thermal deposition in a

bel |l -j ar Vadtum sy em’ The OLED | ayers were deposited through a 40 nm x 40

nm shadow mask covering the 5 nMmx 5 mm | TO pixels in the follow ng order:
TNATA: FeC13 (3000A, 5% FeC13)/ NPD(400A) / Al g: C545T( 300A,

299 / Al q(|200A) / 7AL| F/ Aeble f5ThenditionnUscd forPefloaiting STk Lokes t hen real i ghed,
and 250 |Rwacfn#Comdbtion was deposited t ¢ Valwem t he cat hodes contacting t he
tops of |[tdiH,pi xel s. This process provi ddd)&tdo devi ces contai ni ng several
i ndependeqfil y addressable 5 mm x 5 mm piygtenW th 4 pixels di sposed oyer
nanopart i}gzi €s. Elfectrof um nes %ggg CEasUr ement’s showed enhanhced
OLED I i iﬁr extractionfrom20tthe nmanopa LS Tt coated pixets—AT T nproyenent
of 50% Ft—ctFrent—densiti-es—between—2 "6 EH2 was—showr—wi-t-h—his—

nmodi fi catieWeraty® 2010/ 077521 PCT/ US2004 ﬁﬁ%@i?’%R Exanple 7: light Extragting
OLED Suhdiightfesqnenely tFNaewsgar ticl es OveR80Mted by Hi gh | ndex Pol yner
Appl i ed |iovRetqudnoy Rof) poreocess. 20-V80 wt % of 10 nm Zr 02
nanoparticles (refractive index of 1.85) were dispersed in acrylate to form
a high refractive index (1 backfill pol ymarwéobt ai ned fromBrant U.
5Kolb, 14B@4efractivegmiex Oﬂﬁli%sl GPVrPRAERE BB YIPBSUIPRAYSIRG & MrtugarMederdOiBxy 2

I I
Coat e or er Ba PR BToP Sk A A EorbleR AP ARG TRBREREHISET 1o

fpm di spedesd @bttealg ceatey withthietoinddx BackEilliigfim Hdiebsee gohdrite@ coating was
dried in air at roomtenperature; subsequently, it was further dried at
180F on t heNash!16hm afdTGevastdspesiivd s the sipen hifrigle thiswek adonyne? Mas 300 10

nmSEM | TRAES SIS A RRELURL islngRe SBD.ARAHY, ST BGRId e

agr eenent ness e sur ace (0]

coath ng veasittiiauyer tafd bﬁh&@\yer‘émepééite@wmﬁlﬂétewhé OLBD3 Nhed®pBBE vtk by pl asma
enhanced chem cal vapor deposition. anple 8: 93nm Si 02

nanopar t i febracateddt dendgyd thermpal depgsifiqn lsrad@éggr victpmeyramsi e Jdid favstt ed on
NPs as a éér@%%ﬂdsﬁé‘& '[h%'uéhaa)'ﬁf mm X 40 mm shadow mask covering the 5 mm x 5 mm ITO

pixels in the following order: TNATA:FeClI3 (3000A, 5%
FeClI3)/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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Preparati on of nanopaticle coating by roll-to-roll process D spersions of
93nm silica nanoparticles were obtained fromthe Nal co conpany. Pol yvi nyl
al cohol (WoAp10887520] € % hydrol yzed, MN 78000) was obt ai mea/uSe@n9i066238
20Pol ysci ences, Inc., and was dissolved in water with Iw % solid content
for the related experinents. Dodecyl benzenesul fonic sodiumsalt (DS-10)
surfactant was obtained from Al derich. A silica nano&art icle (NP

di sper si dixaseplat’s drishbBrrpcting OLED Subsiraie baving)Naneparideles@veicoped i | m
6-8m | thi sing a5 ml gap (web 25speed
E)f 10 f nI%i] h@gg’?%’f"&%‘e ‘dhl’odvheepl IRI{QHOE @i’%‘/srs#n) gThe coati %gpwgs dri edpl n

air at room teﬂW&t%b@lO@ﬂﬂZﬂd}&ﬁn ;?d@ﬁaw@aﬁrdcywbﬁnd@%fﬂ 85Y here dspee@dat
180F. Preparation of 60nm Si N stabilization | ayer (gl asma- enhanced

cheni cal ipapolteiposneihieh ey sindecd-taagdit pdyacrehtaasdiffammBigns U hen

cherd ool RS040 2Py PhREIBNE B L Rl M ol RS, >
Model Pl gsowmitad) iM Syis tiRALOScavadd tadhsobartidleDptstislistyZdbated\¥R PET by a roll-

2010/ 077521PCT/ US2009/ 066238 I nstruments, Yatton, UK). The paraneters used
in the PEEVD prasessuitar & nabewr (rbapps afald) fprms dlsnr%w@ dslivergspfgiof i éns used

f 02 deposichhig PhiNAVAE SEAGLAN AN bt aPRom BhifEranzh Hibé QR REL M 20
further 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-



N2 600 sccm Pressure 650 mlorr Tenperature 100C H gh frequency (HF) power
20W Low frequency (LF) power 20W 5The refractive index of the SiN core

| ayer waswoeasun7estiusi ng a Metricon Mddel 2010 Prism Cowmpiramisoooe2ems f ound
to be 1.7. Preparation of Hi gh-R Coating Using 50 nm Ti Q2 and Zr 02
Nanoparticles In a glass jar, 4.5 g of ZrQ2H HC prepared as above, 6.78 g
of 50 nm Ti Q2 10di spersion, 24.4 g of 2-butanone, 16.62 g of

1- met hoxyinstryspasyaVattondd k). nTheprremgietstised imhe PROMI pocasra deseribefl ino f orm a
hormgeno an te coating solution. The coating solution was applied on
above sarrpal e %'GOnm Si N on 93nm nanoparticl es/ PET) using spin-coating at
4000 rpm for 40 seconds (Karl Suss spin coater, spin coater nodel CT62 fro
Suss M croTec, lnc.) resulting in transparent high-index coatings. The

coat i ngd Tabled 1§@u¢1§qnwﬁéoraiepg%tl@gwsws9rsterrs Inc. Li ght - Harmer 6 UY
(Gaither By and)—processor—equi et W th—anm—+Hbutb;—operating| under
nitrogenbfge[aﬁ%%qg?céh% 100% | anp power "'{J"a% | ine speed of 30 feet/mn|(2

pass). Thgdthi ckness of the high-index |agakédg was neasured to be
approximately 150-200 nm The refractive index of the high index coating is

measur ed M4 1. 85 u_si ng I\/Et_ri con Pri sm L@Qpb@n 20At t he corrpl etion of | the

oIy

I
Factt+on I(J._yCI bUIILaIIIIIIy LII

Ti 02 p0| backi+1+HH—coatd g —a 11 gllL
| OW i ndeﬁ\f?scatterl ng nanostructure pl an;ppf%ctﬁnvm th the high-index backfill
vas prodUEed, MO 20107 U7752TPCIT USZ0097 056 238

Temperature 100°C
High frequency (HF) power 20W
Low frequency (LF) power 20W
5 The refractive index of the SiN core layer was measured using a Metricon Model 2010

Prism Coupler, and was found to be 1.7.

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;

10 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

15 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.

20 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.
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Fabrication of OLED Approxi mately 110nmthick | TO was deposited onto the
backfill-coated NPs structures through a 5mm x 5mm pi xi | at ed shadow mask to
defi ne t Wwoanwdg7zeonetry. 5Subsequently, a sinple greerCousa0O6@astti ng

| ayer and cat hode were deposited to conplete the OLED. The OLEDs were
fabricated by standard thermal deposition in a vacuum system at base
pressure of ca. 10-6 Ton. The follow ng OLED construction was deposited:

H L(300nm) / HTL(40nm / EM_(30nm 6% / Al g(20nm)/ Li F(I nm/A1(200nm) . After

conpl et i encapsul ated with 3M encapsul ation barrier film
loenployﬁﬂéwkﬁﬁgg%egkggﬁas a desiccant and oxygen scavenger in between the

encapsul at i eppfoxirataRd 10he-BLEDTO Mt osited onto Tha®adidit-¥odsamBhadow mask
was then rea |gned and 200nm of Al netal was deposited to formthe

cat hodes %ﬁ@%tthﬁ@ggl@ hér%pénm pixilatedishedosy mys © dsfipe dwangdegeanedryo ED
devi ges g&g s‘?ﬁ{ le een%qgé???%ﬁgéﬁglé?g'd{ %ﬁl&dﬁg%ﬁ@%%o?%tg' xels wth

4 15pi xel's anop e nmeasurenents

showed erﬂ@aﬁmdﬂﬁ@mm gihb DR D6 e Fibridaesah byhtandaricpaital degosaivatied pi xel s.
An i nprovenent of 50-100% was shown with this nodification. WO
2010/ 077520POTAYEI000PDE G3surceAraE 0 Lo e follewimet@loRRIcobytuctan Wes | m f or

enhancin L sing:

5a erxi%%gb gsﬁ (?6&£hﬁﬁTi as ruc#gg@ﬁ??ﬁbXﬁKb@ﬁ%&}ﬁﬂEﬁﬁ@@d@@ L

havi ng a Aft¢rsloniphdion, the OTEHD aab earapsvibed eiith 3M subphalatiorabarpior filnon of t he
extraction elenments are in optical communication with a light emttjing
regi®n ofemmMeyisg SAESHCEST dpet dosiprantead PEBICRHEAY MBY 1B HETasn ﬂﬁ erplatiorat ed
agai nst tiﬁhéhlﬁiﬁﬂkﬁféﬂﬁ(f'ght source, and wherein the extraction el enents
conprise first %nanopartlcles of first size and second nanoparticles of a
second size diTHeednemntx Snimrshidvey masisivasihze reatigted, and 20@nnbat Kt mletal hayer
conpri3|(%pa-naterial havi ng a second i ndex of refractlon dlfferent from

the firstdcppried @forpehe sahpdis copleting e tons abhaaixelp. iThy drogesy previded
pl anari zi (ﬂlgEb%%s{ceéjyoefﬁaiﬁigg s%trél%&épgﬂde%h? TBASsabtSmm 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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2. The multifunctional optical filmof claiml1, further conprising a
coating having at |east one of the follow ng functions: color filtering;
col or shiwoizagyo7p2hiari zati on nodification; antireflecti @oI/uS2@n66238
redirection; diffusion; or optical rotation. 203. The nultifunctional
optical filmof claim1l, further conprising a coating applied to the
substrate and having at |east one of the follow ng functions: antiabrasion;
ant i snuddebARYSr ophobi city; or hydrophilicity. 4. The nultifunctional
optical filmof claim1, wherein the backfill layer material 25conprises
one of the follow ng: an inorganic material; an organic nmaterial; or a
nanopartiicl e fA hhwefupeionaesptivat £ &r.enhdncinpigshiukdidchign elononsdif-emissieal il m
of claim1, wherein the elenents conprise one of the following: a periodic
or quasi -8 POHFG cCAMPHESINGT features; a random di stribution of 30f eat ures;
or pgrtions of 4.0d) .quasi-periodic array of features interspersed
mﬁth?n a diffé%@%%ﬁgggﬁwgeﬂtion of features. WO

2010/ 077521 PCH 200 R6E&ELTExtractiva dathdnitd hevéid Ofik indpk bf Adfratiidnywaieraih ai m 1,
wherein the substrate conprises one of the following: a polyner film a
subst ant idafubgtagfinl iperionyofithaerdirrden demants erqg igloptigpl campumiGagipn wathey light

57. The mul b [dnehbRARIneABirlcGlsifd it Qfurcl Aheh e SENTHIA L RRaBHASARG € has
one or nmore of the tollow ng coatithgs: an antistatic coating; ofF an

adhesi on th¢ eaIbEmBRive dighi dogrce, andBwhdrbi@ thaibittdction tleairals copiprisatirsti | m of cl ai m
1, wherein the first_size of the first nanoparticles is a dianeter in the
randfe of "goPRATtiglesof frstyighand sspend vBoRBEEIRHOLE Keopd siph diffeerns fgpthe first
nanopartigles is a dianeter in the range of 3nmto 50nm 9. The

mul tifunctional optical filmof claiml, wherein the extraction el ements
conpri se nanopabdckfill &s/cc onspidingg materahkavinig mescendindehef tadtaction differonet al

oxi de particles; organic olynmer particles; netal particles; or conposite
parti cl edrom gherfgyst inderpefystrastion. whgicHyths Ragdtl @4t PPimys poParEriraREFIRYSr i ght
extractigﬂeeﬁﬁﬂggégkﬂghmpoating a layer of an organic material having a
first index of refraction onto a flexible substrate; inparting
nandstructured features into the organic material to create a 20

nanostructured surface, wherein the napostryctured features conprise first
nanost r uck ur ecMeaB s ighal antisl SHmf £ 31 g NG FRIMFHNESE FOPEMBIEdht ur es

of a secq t Sh&8r b Eglmﬂ%ﬁfnrcﬁgﬁst. hel riffll%#in ;i Gfor S?'ﬁﬁlr‘{r%; 6{)olﬁrizgﬁ?(m y! ng a
backfill layer to the nanostructured surface to for pl anari zing | ayer on
t he nanostedifitatioadagireflation; 28whetiectiorn; kléfisaak br bptidabyeatiomonpri ses a
mat eri al having a second index of refraction
20 3. The multifunctional optical film of claim 1, further comprising a coating applied
to the substrate and having at least one of the following functions: antiabrasion;

antismudge; hydrophobicity; or hydrophilicity.

4. The multifunctional optical film of claim 1, wherein the backfill layer material
25 comprises one of the following: an inorganic material; an organic material; or a

nanoparticle filled polymer material.

5. The multifunctional optical film of claim 1, wherein the elements comprise one of
the following: a periodic or quasi-periodic array of features; a random distribution of
30 features; or portions of periodic or quasi-periodic array of features interspersed within a

different distribution of features.
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different fromthe first index of refraction, and wherein a
substantial portion of the nanostructured features are in optical

comuni cawpaniowva7rizia | i ght emtting region of a self-enPE3ivseoMiogd?B8 sour ce
when the optical filmis |ocated against the self-em ssive |ight source. 30
WO 2010/ 077521PCT/ US2009/ 066238 11. The net hod of claim 10, wherein the
nanostructured features conprise nanoparticles consisting of one or nore of
the fol | dw ng Th@éﬁlalrlﬁmtla@lpamql@rlle@f coigdnivbeissl t@ﬁéubsﬁatetqompéees oSt

parti cl €She Ai10GS Oﬁ?b&?m%faf, 0.4 S%%Staﬁt}a%té/-r ?10 t@a@n%mq%&\% Igétg%éog E#&Pﬁer

conpri sing coat i Ion re a

| ayer. Igaterfdle net hod of cl ai m 10, further conprising curing the organic
mat eri al having the nanostructured features. 10 14. The nethod of claim
10, wherein the inparting step conprises: pr oviding a master tool having

nano trucfur e?l;] e%lﬂﬁ&%tlo@(agtlcal Iﬁhp of ¢ aﬂﬁq Xr:hgr%mt tllﬂlg s%ﬂs? 51§ oﬁygts{no?et e wth

the ayer "of e organi c nat e to ganic nma

appl i ed agahafllovitg; doachgd: quni aipiatatic t;chaemgamtardueilm pﬁ)mdm‘bﬁ cbingl 50r gani ¢
material. 15. The nethod of claim 14, wherein the providing the nmaster
tool step conprises coating nanoparticles onto a surface of the master tool

| n order £ o Crﬂ?etrﬁulﬁﬁhl%%%ﬁﬁl%p&@altfhﬁ o?‘dfaft h%_%m A8 Yg%s %?tﬂ%%s t claim

10, furthéer conprising using one o omnng et o apply the
backfil| daaygartitles ts@rdmhéter inlthnihpe bfrgoﬂnaweto miidrois, andhatset@id siapdithe
coating; powder coating; or lamnpation. 2517. The nethod of claim 10,
whet®in tsﬁ%OI’ldrI}aéleaéTl‘ilés 5o dipractey inghe Waﬁeaéﬁtméq’ edMs a diameter in the
range of 60nmto 10 m crons, and the second size of the second
nanoparticles is a diameter in the range of 3nmto 50nm WO

2010/ 0775R 1 PCTYHdSROIOANREG623 Bptical filmayiplayin igwharopte tkicheion rbonangs a fir st
index of refraction onto a flexibhle substrate wherein a substanti] al
portion JCPMPHES AaBREICISs coBYStHIZfioRe gpmosapt the faingt Mot awids particles;

organic polymer particles; metal particles; or composite particles.
15
10. A method for making an optical film for enhancing light extraction, comprising:
coating a layer of an organic material having a first index of refraction onto a
flexible substrate;
imparting nanostructured features into the organic material to create a
20 nanostructured surface, wherein the nanostructured features comprise first nanostructured
features of a first size and second nanostructured features of a second size different from
the first size; and
applying a backfill layer to the nanostructured surface to form a planarizing layer
on the nanostructured surface,
25 wherein the backfill layer comprises a material having a second index of refraction
different from the first index of refraction, and
wherein a substantial portion of the nanostructured features are in optical
communication with a light emitting region of a self-emissive light source when the

optical film is located against the self-emissive light source.

30
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light emtting region of a self-em ssive |ight source when the optical film
is |located against the self-em ssive |ight source, and wherein the

nanopart iwbes1oaonji se first 5Snanoparticles of first siPeTasdow®6EE
nanoparticles of a second size different fromthe first size; and
overcoating a backfill layer on the nanoparticles to forma planarizing

| ayer over the nanogarticles, wherein the backfill |ayer conprises a
mat eri al Havi nkheanetaedabclpiny 8 vdfereie thegmnpgriciired Bebrigs domwisehe first i ndex

f f ion. .- o l-al - I, b [
compri soar e AR Fe RERR, fre OF Bl il Bl Sl GaRRe bR °F

flexible Iﬁﬂbbﬁérﬁﬁhﬁiles@ﬂﬁta&:phl@Mle@Qortd@ﬁlpﬁ@ﬂté/@iﬁiclEQ evaporate before
overcoating the backfill [ayer. 1521. The nethod of claim 19, wherein the
appl ying step conprises applying the nanoparticles in dry formto the

fl exi bl e substyat prﬁ f.clai. . wher al. ] } step
incl%des ﬁ%rn{ﬁgrﬁﬁg&%gﬁggar I'C %%ggg gﬁ#%%égggggi%ﬁ&ﬁﬁggﬁﬂg%Fg%gﬁg
subst r at exppRng A3 badifitl lapéhod of claim 19, wherein the substantial portion

of the nanoparticles are in contact with the flexible substrate. 24. The
met hod of claim19, wherein the first size of the first nanoparticles is a

25di t i . 1..C: . . | th
second nanopar tieaneB0PSr Qg8 Ruber bdmBHER L PR R HEERS BIAGAL | 0¢
met hod ofnaabaiuttit® featvessei n the nethod is performed in a roll-to-rol

process. 3026. The nethod of claim 19, further conprising coating a
cont®rmal stabilization | ayer over the nanoparticles.

14. The method of claim 10, wherein the imparting step comprises:

providing a master tool having nanostructured features; and

applying the flexible substrate with the layer of the organic material to the tool
with the organic material applied against the tool to impart the nanostructures into the

15 organic material.

15.  The method of claim 14, wherein the providing the master tool step comprises
coating nanoparticles onto a surface of the master tool in order to create a texture on the
surface.

20
16.  The method of claim 10, further comprising using one of the following methods to
apply the backfill layer to form the planarizing layer: liquid coating; vapor coating;

powder coating; or lamination.

25 17.  The method of claim 10, wherein the first size of the first nanoparticles is a
diameter in the range of 60nm to 10 microns, and the second size of the second

nanoparticles is a diameter in the range of 3nm to 50nm.

18.  The method of claim 10, wherein the method is performed in a roll-to-roll process.
30

19. A method for making an optical film for enhancing light extraction, comprising:

9.
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applying nanoparticles having a first index of refraction onto a flexible substrate,
wherein a substantial portion of the nanoparticles are in optical communication with a
light emitting region of a self-emissive light source when the optical film is located
against the self-emissive light source, and wherein the nanoparticles comprise first
nanoparticles of first size and second nanoparticles of a second size different from the first
size; and

overcoating a backfill layer on the nanoparticles to form a planarizing layer over
the nanoparticles, wherein the backfill layer comprises a material having a second index of

refraction different from the first index of refraction.

20. The method of claim 19, wherein the applying step comprises:
coating the nanoparticles dispersed in a solvent onto the flexible substrate; and

allowing the solvent to evaporate before overcoating the backfill layer.

21.  The method of claim 19, wherein the applying step comprises applying the

nanoparticles in dry form to the flexible substrate.

22.  The method of claim 19, wherein the applying step includes forming the

nanoparticles as a monolayer on the flexible substrate.

23.  The method of claim 19, wherein the substantial portion of the nanoparticles are in

contact with the flexible substrate.

24.  The method of claim 19, wherein the first size of the first nanoparticles is a
diameter in the range of 60nm to 10 microns, and the second size of the second
nanoparticles is a diameter in the range of 3nm to 50nm.

25. The method of claim 19, wherein the method is performed in a roll-to-roll process.

26.  The method of claim 19, further comprising coating a conformal stabilization layer

over the nanoparticles.
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