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LAMINATION TRANSFER FILMS FOR FORMING ARTICLES WITH ENGINEERED
VOIDS

BACKGROUND

Nanostructures and microstructures on glass substrates are used for a variety of applications in
display, lighting, architecture and photovoltaic devices. In display devices the structures can be
used for light extraction or light distribution. In lighting devices the structures can be used for
light extraction, light distribution, and decorative effects. In photovoltaic devices the structures
can be used for solar concentration and antireflection. Patterning or otherwise forming

nanostructures and microstructures on large glass substrates can be difficult and expensive.
SUMMARY

The present disclosure relates to lamination transfer films for forming articles with engineered
voids and methods of forming these lamination transfer films. The engineered voids in the final

articles are defined by a nanostructured layer and a bridge structure on the nanostructured layer.

In one aspect, a transfer film includes a sacrificial template layer having a first surface and a
second surface having a structured surface opposite the first surface and a thermally stable
backfill layer conforming to the structured surface of the sacrificial template layer. A portion of
the sacrificial template layer that is proximate the first surface has a greater concentration of a
thermally stable molecular species than a portion of the sacrificial template layer that is

proximate the second surface.

In another aspect, a method includes laminating the transfer film described above to a receptor
substrate and baking out the sacrificial template layer to form engineered voids defined by a
bridging layer and the structured surface of the thermally stable backfill layer. The bridging
layer is formed from the thermally stable molecular species within the sacrificial template layer

and the bridging layer is disposed on the structured surface.

In another aspect, a method of forming a transfer film includes applying a thermally stable
backfill layer to a structured surface of a sacrificial template layer, the thermally stable backfill
layer conforms to the structured surface of the sacrificial template layer and comprises thermally
stable molecular species; allowing a portion of the thermally stable molecular species to migrate

into the sacrificial template layer to form the transfer film.

As disclosed herein, a method of forming a transfer film includes forming a first layer having a

thermally stable molecular species and disposing a sacrificial template layer onto the first layer.
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The sacrificial template layer includes a first surface contacting the first layer and an opposing
second surface being a structured surface. The method further includes applying a thermally
stable backfill layer to a structured surface of a sacrificial template layer. The thermally stable
backfill layer conforms to the structured surface of the sacrificial template layer and the
thermally stable molecular species does not migrate from the thermally stable backfill layer. The

first layer is separated from the thermally stable backfill layer by the sacrificial template layer.

In a further aspect, a bottom emitting OLED includes a light transparent support layer and a
nanostructured layer on the support substrate. The nanostructured layer includes a structured
surface layer and a bridging layer on the structured surface layer defining a plurality of
engineered voids. An OLED structure is disposed on the bridging layer. The OLED structure

includes an OLED layer separating a top electrode and a bottom electrode.

In a still further aspect, a top emitting OLED includes a support layer and an OLED structure
disposed on the support layer. The OLED structure includes an OLED layer separating a top
electrode and a bottom electrode. A planarizing layer is disposed on the top electrode. A
nanostructured layer is on the OLED structure. The nanostructured layer includes a structured
surface layer and a bridging layer on the structured surface layer and defining a plurality of
engineered voids. The bridging layer is adjacent to the OLED structure. A light transparent layer

is disposed on the structured surface layer.

These and various other features and advantages will be apparent from a reading of the following

detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be more completely understood in consideration of the following detailed
description of various embodiments of the disclosure in connection with the accompanying

drawings, in which:

FIG. 1 is a schematic process flow diagram of an illustrative method of forming the transfer film

and final bridged nanostructure;

FIG. 2 is a schematic process flow diagram of an illustrative bake out method of forming the

final bridged nanostructure;

FIG. 3 illustrates six cross-sectional SEM micrographs of an illustrative bake out forming the

final bridged nanostructure;
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FIG. 4 is g schematic process HBow diagram of another illustrative method of forming the transfer

film and final bridged navostracture;

TG, 845 » schematic-cross-sectional diagram of an Hlustrative bottom emitting OLED article

including the bridged nanostructure described hervein;

FIG. & is a schematic cross-sestional dingram of an illustrative bottom emitting AMOLED

article including the bridged nanostructure deseribed herein;

FIG. 7 is a schematic cross-seetional diagrany of an ilustrative top endtting AMCLED article

including the bridged nanostructure described herein;

FIG, 8A and 8B illustrate cross-sectional SEM micrographs of an iHusteative baked out final

bridged nanostractare at a 15K {84 ) magnification and ata 50k magnification (BB);

FIGL ¢ s a graph of XPS stomic concentration as a-function of depth on the baked out final
gray d £

bridged nanostructurs confinming the presence of silicon,

FIG, 164180 illustrate SEM micrographs of asother lustrative baked out {inal bridged
panostructure where the top two photos (18R and - 188) are plan or top vicws and the bottom twe

photos (30C and 10D) are eross-sectional views ata 50k and a 15k magnifications;

FHG, 11A-1ID ilustrate SEM wmicrographs of another Hlustrative baked out final bridged
nanostructyre whete the bottom two photos (13C and 110 dre plan or'top views and the top two

photos {11A and 11B) are cross-seational views at 2 S0k and a 15k magnifications;

FIG, 12 Hlustrates a cross-sectional SEM micrograph of another illustrative baked out final

bridged nanostructure;

FIG. 134 and 138 iflustrate cross-sectional SEM micrpgraphs of another illustrative baked out

final bridged nanostructure ar a 15k magnification (13A) and at a 30k magnification {138B);

FIG. 14 is a graph of XPS atomic concentration as a function of fitm depth on an iflustrative

teansfer fitmy;

FIG. 15 i3 a graph of XPS atomic concentration as a furiction of film depth of an iHustrative
transfer filny fabeled 2900-601 showing silicon containing migratable species at the top suslace

of the saciificial resia layer;

FIG. 16 15 a eross-sectional SEM micrographs of an-ithustrative baked out fing] bridged

nanostructure of Exanmple 64 ot 8 50k magnification;
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FIG. 17 i3 a cross-sectional SEM micrographs of an jliustrative baked out final bridged

nanostructure of Example b at a 15k magnificaton;

FIG. 18 s a cross-sectional SEM micrographs of an iflustrative baked out final bridged

nanostractare of Bxample Ge; and

FIG. 19 is across-sectional SEM micrographs of an Hlustrative baked out final bridged

nanostructure of Example 6d.
DETAILED DESCRIFTION

fn the following detailed deseription, reference is made 1o the accompanying drawings that form
apart herpof, and in which are shows by way of Hlustration several specilic embodiments, Tt is
to be understood that-other embodiments are contemyplated and mway be ruade without departing
from the svope ur spitit of the present disclosure: The Tollowing detailed description, therefore,

is not to be taken in a figiting sense;

Aldscientific and technical terms used hetein have meanings commondy used in the art uniess
otherwise specified. The definitions provided herein ave to facllitate understanding of certain

terms used frequently hereln and are not meant to Himit the scope of the present diselosure.

Unless otherwise indicated, all numbers exprassing feature sizes, amounts, an ‘phyahai
properties used inthe specification and claims ars 1o be understood 5 being modified in all
instances by the term “about.” Accordingly, unless indicated to the contrary, the numerical
parameters sei forth in the foregoing specification and sttached claims ave approximations that
can vary depending upon the properties sought to be obiained by those skifled in the art milizing

the teachings disclosed herein.

The recitation of numerizal ranges by endpeints ncludes all numbers subsumed within that range

(eg 1 to 5 includes 1,1.5,2,2.75, 3, 3.80, 4, and 5) and any range within that range,

As used in this specifization and the appended claims, the stngular forms %a”, “an”, and “the”

encompass embodiments having plural reforents, onless the comtent clearly dictates otherwize,

As used in this specification and the appeuded claitig, the term “or” is generally employed in its

sense incduding “and/or” unless the content clearly dictates otheraise.

LI

As gsed hersin, “have”, “having™, “include

PRI

L inelnding”, “comprise”, “comprising” or the like

are used in their open ended sense, and generally mean “including, but aot limited to™ It will be
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understood that “consisting essentially of”; “consisting of™, and the like are subsumed in

“comprising,” and the like.
T this disclosure:

"backfill materials™ or "backfill layers” refers 1o layers of materials that fill in irvegular or

£

structused surfaces 1o produce a new sarface that may be used as a base to build additional

tayered elements and is thermally stable;

“bake-out" refers fo the process of substantially removing sacrificial material present in a laver
by pyrolysis, combustion, sublimation, or vaporization while:leaving thermally stable materials

substantially intact (hackfill, substrate);

10 “hake~out temperature” refers to the maximum temperatare reached during the process of
substantially removing sacrificial materials in a fayer by pyrolysis or combustion while leaving

thermally stable materials substantially tntact {backfili, substrate);

“comsbust” or "ecombustion” refers to & process of heating a layer that.comprises organic materrals
it an oxidizing atmosphere so-that organic materials undergo a chemical reaction with the

15 oxidant;

“snfvent” refers to organic-or-agueouns lquid that is capable of disseiving, dispersing ot
suspending the materials described berein, e.g., organosilicon compounds, nanepaiticles,

podvmers, sactificial materials, ete.

“nanostructures” refers 1o Teabires that range from about 1 nimto about 2000 new in their longest

20 dimension-and chides microstructures;

“pyrolyze" or “pyrolysis® refors to 4 process of heating a sacrificial layer i an inert afmosphere

50 that organiv materials i the article decompose;

“structured surface” refers to a surface that includes periodic, quasi-periodic or randon
shgineersd microstructures, nanostructurss, andfor hierarchical structures that can be in & repular

28 pattern or random across the surface;

~

"thermally stable” refers to nwterials that remain substantially atact during the removal of

sacrificial materials;

“polysiloxanes™ refers to highly branched oligomeric or polymeric organositicon compounds and
may inchide carbon-carbon and/or carbon-hydrogen bonds while still being considered as

30 organic compounds: and
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“migratable species” refers to @ molecular species that moves from the backfill layer to the
sacrificial laver. For example, 2 migratable species might include silanes, stioxanes,

polysiloxanes or other organostticon compounds,

The present disclosure relates to lamination tansfer films for forming articles with engineered

»

volds and method of forming these lamination transfer films. These transfer films can be
laminated to a destred substrate (tike glase} and “baked out” 1o reveal a.unique bridged.
nanostructure-defining “engineered voids™, The bridge element of these bridged nanostructures
can be formed, for example, by migration of a molecular species from a backfill fayer o a
sacrificial layer, Control over migration of the molecutar-species {e.g., low molecular weight
polysijoxanes) into the sacrificial resin-can be altered by changing the chemical and physical
properties of the sacrificial templite andfor the molecudar species {e.g.. polysiloxane
formulation), A high level of migeation of the migratable species into the sacrificial polymer
leads to the formation of the unigue “bridge” structure following “bake out™ of the transfer tape
on the desired substrate. Alternatively, the stgratable molecuolar species forniing the hridge
feature can be placed in the transfer film without the need for migration. The kineties of stloxane
curing and thermal decomposition of the microstructured sacrificial polymer both influence the
morphology of the bridge. The bridge forms independently of the inorganic nanostructire that is
defined by the sacrificial templale layer; as the organic golymer decomposes. The space in
hetween the bridgs and the engineered nannsiructure forms “ehginesred voids™ whoss shapes are
defined by the bounds of the engineered nanostructure mnd the bridge. In some embodiments, the
distribustion of the migrated species in the sacrificial potymer laver determines the morphology of
the final structure. Control of vartous aspécts of bridge formation has also been demotstrated
hetein. The articles and process-deseribed hersin may lead to numerous applications in the field

of engineared ceramics.. Forexample, some nanostrues:

red surfaces sufler from poor durability,
such-as, for exantple, anti-reflective surfaves, The durability of manostractured coatings can be-

improved by covering them with a thin inorgapic mechanieal barrier coating, such as.the bridge

structares deseribed herein. Adso, the refractive index of both the bridge and the nanostructured

coating may be independently changed, leading to applications in Hight management. The voids
cah be continuous or discontibuous across e enuite sample ares.  Whils the present-distlosure is
not go limited, ao appreciation of various aspeets-of the disclasure will be gained througha

distassion of te-exmaples provided below.

FIG. s a schematic process flow diageam of an illustrative method 188 of forming the transter
film 30 and final bridged panostructure 68, FIG. 2 s a-schematic process flow diagram of an

illustrative bake out method of forming the final bridged nanostructure 68, FIG. 3 illustrates six
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eross-sectional SEM micrographs (1-6) of an iltastrative bake out forming the final bridged

HanROosruciute,

This method 180 includes applving a thermally stable backfill coating solution 22 1o a structured

surface 14 of a sacrificial template laver 13 and allowing a migratable species (iHlustrated by the

[¥43

arrows) to migrate from the thermally stable backfil] layer 22 1o the saerificial template layer 12,
forming the transfer film 38, The thermally stabile back{ill layer 22 conforms to the structured

surface 14 of the sacrificial template laver 12,

The thermally stable-backfiil solution can be voated onte the structured surface 14 and any
solvent or portion of solvent removed and optionally cured to form the thermally stable backfill
10 fayer 22, Preferably, after removal of sobvent and curing, the thermally stable material
substantially planarizes the sacrificial template layer. Substantial planarization means that the
amount of planarization (P%), as defined by Bquation 1, s greater than 30%, or greater than

78%, or preferably greater than 90%.

PG ={l ~ (Llp* 160 (1)

where t; is the relief height.of a swlics fayer and hy is the feature height of festures covered by

ek,
142

the surface layer, as further disclosed in P. Chiniwalle, JEEE Trams. Adv. Packaging 24(1), 2001,

41,

The sacrificial template fayer 12 can be on a carrier faver 13 (e, liner) having a releasable
surface. In other embodiments, a carrier layer 11 §s not present. The loer or carrier layer 11 can
20 be- implemented with a thermally stable fexible filn providing mechanical support for the other
avers. The liner 11 has a releasable-surface, meaning the liner 11 aliows for release of & maerial
applied to the releasable surface, The carrier layer 13 should be thermally stable sbove 76 °C, or
alternatively above 120 °C, without adversely affecting either the sacrificial layer or the backfill

layer. One example of a cairier filny is polyethylene terephthalate (PET).

b
(9 )

The support substrate orearrier layer 11 (described herein) can be enibodied as a flexible fibm
providing mechasical support for the other tayers, One example of a carvier filro 11 is
polyethylene terephthalate (PET). Various polymeric filn substrates comprised of various
thermosetting or thesmoplastic polymers are suitable for use as the support substrate. The carrier
may be a single layver or mulii-laver film, THustrative examples of polymers that may be

30 employed as the carrier layer film include (1) Huotinated polymers such as
poty(chiorotriftuercethviene), poly(tetrafluoroethyleons-cohexaflvoropropylene},
poiy(ieirafluorogthylens-cosperfluoro{alkylyvinylether), poly{vinylidens fluovide-
cohexafhoropropyleney; (2) lonomeric ethylene copolvmers poly{ethylene-co-methacrylic acid)

with sodium or zine ions.such as SURLYN-8920 Rrand and SURLYN-9910 Brand availabie
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from E. 1 duPent Nemours, Wilmington, DS (3} kew density polyethyienes such as low density
polyvethviene; linear fow density _palyeti‘ul~“h and viry tow density polysthylene; plasticized
vinyt balide polymers such as plasticized poly{vinychloride) (4) polyethylene copolymers

including acid functional polvmers such as poly{etiylene-co- acrylic acid) "EAA",

5 poly{ethyviene-co-methacrylic acid) "EMA", poly{ethylene-co-maleic acid), and poly(ethylene-
co-fumaric acid); acrylic functional potymers s %dS§‘0[\(Ct;\\Jc‘]L—CO*ﬂk\ lacrylates) where the

alkyl group is methyl, ethyl, propyi, butyd, et ceters, or CH3 (CH)n- where n s 810 12, and
poly(ethylene-co-vinylacetate) "EVA"; and (53 {e.g.) aliphatic poiyerethanes, The cartier layet
can be an olelinic polymeric matevial, typically comprising at least 80 st % of an alkylene

10 having 2 10 8 carbos atoms wilh ethylene and propylene being ost commonly emploved. Other
carrier fayers include for example poly(ethylene naphthalate), polycarbonste, poly{meth)acrylate
{e.g., potymetiy) methacrvlate or "PMMA™), polvolefins {e.g., polypropylene or PP,
polyesters {e.g.. polyetbylene terephthalate or "PET™), polyamides, polyistides, phenclic resing,
cellulose discetate, celinfose triacetate (TAC), polystyrene, styrene-acrvionitrile copoiymers,

15 cyclic olefin copolymers, epoxies, and the lke. Tn some embodiments, the carvier layer can
include paper, release-coated papet, non-wovens, wovens (fabric), metal films, and metal foils.
in some embodiments, the carrier laver can include sacrificial materials that can remain oo the
transfer film during the bake out process. For example, the carrier film can include a PET layer

on a PMMA release layer where the release layer remains on the transfer film following release

20 from the PET layer. Sacrificial materials (sach as the PMMA relesse layer), can be pyrolyzed by
subieeting them to therma) conditions that can vaporize subsia;ﬁiaiiy all of the organic material
present in the sacrificial layers. These sacrificial layers can also be subjected to combustion to
burn out all of the organic material presesnt in she sacrificial layer. Typieally, a clear, high-purity

polyiner, such as poly(methy! methacrylate), polsiethy! acrylare-co-methyl nicthacrytate], can be

23 used as the sacrificial material, Usefulsacrificial materials leave very fow organic residhals (ash)

after pyrolysis.of combustion at the bake outtemperanive,

The' sacrificial template layer 12 tan be nanostructured by any useful method suchas &

conthnious cast and-cure process or embissed to produce the structured surface 14, [n miany

embodinents'a planar first surface 13 Gpposes the structured second surface 14, The releasable
30 swface of the carrier layer 11 van contact the planar first surface 13, The sacrificial template

layer 12 can be substantially planarized using the backtill layer 22,

f many embadiments, a portion 15 of the sacrificial wemplate layer 12 proximate the first surface
13 has a greater concentration of & thermaily stable molecudar species than & portion 16 of the

sacrificial template laver proximate the second surface T4, 1o many of these embodiments, the

)
sy

sacrifictal femplate layer 12 has a.gradient 25 of thermally stable molecular speciss and the
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gradient 25 is a concentration of thermally stable molecular species that changes as a function of
adistance (pormal 1o a major surface) away from the stuctured surface 14 along a thickness
direstion of the sacrificial template faver 12, In many of these embodiments, the concentration
of thermally stable mofecular species that migraied into the sacrificial template layer 12 increases
5 as a distange from the structured surface 14, Preferably the concentration of migrated thermally

stable molecular species within the sacrificial template layer 12 is greatest about or at the first

surfhce 13,

The: wansfer film 30 can be lamingted toa recoptor substrate 48 and exposed to a heating or
baking out process to remove the sacrificial tomplate Jayer 12 andto form engineered voids

10 defined by a bridging layer 65 and the structured surface 64 of the thermally stable backfill Jayer
62, In some smbodiments, an optional sacrificial adbesive laver {not shown) is applied to the

backfill layer 22 or to receptor substrate 40, prior o lamination.

Examples of receptor substrates 40 include glass such as display mother glass {e.g., backplane

mother glass), display cover glass, lighting mother glass, architectural glass, roll glass, and

st
¥4

flexible glags. An example of flexible roll glass is commercially available wider the trade
designation WILLOW glass from Corning Incorporated. Other examples of receptor stbstrates
inchude metals such as metal parrs, sheets and foils. Yet other examples of receptor substrates

clude sapphire, silicon, stbica, and silicon carbide:

Display backplane mother glass receptor substrates can optionally include a buffer luyer on a side
20 of the receptor-substrate to which a lamination transfer film s applied. Examples of buffar layers
are deseribed in U.S. Pat. No. 6,396,079, which is incosporated herein by refetence as if fally sut
forth, One type of buffer layer (s a thin layer of 8i0y, as deseribed jv K. Kondoh et al., 1. of Nop-
Crystatling Solids 178.(1094) 18998 and T-K. Kim et al., Mat. Res. Sue, Symp. Proc. Vol. 448

{1997) 419-23, both of which are incorporated herein by reference as i fully set forth.

g
y

7 5
L,

A particutar advantage of the transfer fitms and methods described berein fs'the ability to impant
struciure w receptor surfces with large surfaces, such as display mother glass orarchitectural
glass. Semiconductor patterning methods exist for creating nanopatterns that can be complex,

however these methods are generaliv slow, complicated, expeasive, and limited to the size of'#

single wafer {e.g., around 300 mm diameter}, Step and repeat stamping methods such as

30 nanoimprint li‘t"hcugs'aphy'has been used to produce nanopatients over larger areas thas
sewmiconductor pattesning wethods, however these methods are still generally slow, sxpensive,
and complicated, often requiring several conventional photolithographic process steps such ag

resist coating, veactive ton etching, and resist stripping.
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The transfer films and method described herein avercomes the'above mentinned size constrainis
and complexity by utilizing a combination of rolltoaoll processing and d oylindrical master
ternplate element. These methods also obyiate the need for photolithographic process steps. The
transfer {ilins described herein have large snough dimenstons tobe used W impart sanostructures
over, at least, entive lavge digital display substrates (2.g., & 35 weh diagonal AMOLED HDTV,

with dimensions of 52 inches wide by 314 inches wli), for example.

The bridging layver 63 ig formed front the thenmally stable molecalar spacies 23 within the
sacrifictal template layer 12 and the bridging layer 68 i disposed on the structured surface 64, In
many embodiments the bridging layer 68 is forined from the gradient of thermatly stable

molecular species 25 within the sacrificial template layer 12,

As described and illustrated in BIG. 2 and FIG, 3, the saceificial semplate layer 12 can be cleanly
baked out leaving a bridging laver 638 disposed on the structured surfacs 64 and defining
engineered voids. These figures iHustrate that the sacrificial template layer 32 iy capable of
being haksd cut while leaving sngliwered voids definest by a bridging layer 68 and the stiuctured
sutface 64 of the thermally stable backfilf iaver 62, The bridging layer 65 is formed from the.

e

thenmally stable molecular species 25 within the saerificial template layer §2 and the bridging

fayer 88 is disposed on the structured surface 4.

FIGL 3 itlustrates six cross-sectional SEM micrographs (A, B, €, I ¥, ) of an illustrative bake
out forming the final bridged vanostructure, These six photos A<F have been aligned so that the
surface of the receptor substrate s coplanar across the page. Rach photo-is taken at specified
temperature increasing across the page from left to right. For example, A ts taken at &
temperature of 300 degrees contigrade; B is taken at # temperature of 350 degrees ventigrade, C
is taken at a tomperature of 400 degrees centigrade, B s taken at a temperature of 456 degrees
centigrade, F-is taken at-atemperature of 300 degrees contigrade afler 20 minutes, and F is taken

at & temperature of 300 degrees contigrade after 40 mimides.

The bridge structure forms independently of the inerganic nanostructure that is defined by the
sacrificial termplate. laver, and graduaily seities on tap of the nanvstructure as-the seganic polymer
decomposes. The space i bobieen the bridge dod the engingered nanostructure forms
“sngineered voids™ whose shapes are definsd by the bounds of the engineered nanostructure and
the bridge. As ithusteated iy FIQ, 3, 8 large volume of sacrificial temglaie layer decompose

during the baks out process as compared to the volame of bridge remraining. In some
embodintents, the thickuess of the sacrificisl template fayer is at least 2 times or at least S times,

or at Jeast 10 simes the thickness of the resulting bridge strusture.
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FIG. 4 13 a schematic process flow diagram of another iilustrative method 208 of forming the
tranafer film 31 and final bridged nanostructure 68, The method 296 of forming a transfer film
31 includes forming a fivst layer 8 which may include sacrificial materisl and/or a thermally

stable molocular species and d.isp@sin.g a sacrificial teraplate layver 12 onte the first layer 8. The

LI

sacrificial femplate {ayer 12 has 4 first surface 13 contacting the first layer § and an opposing

second surface $4 being e stractured surface:

The fiest-faver § or the sacrificial template taver 12 carvbe orva carrier laver 11 (L, liner) having.
a veleasable surface. Tnother embodiments, a carrier laver 11 is not present. The saerificial
template layer 12 can be nanostroctered by any useful method such as g continuous cast and cure
10 process or emabossed to produce the strictured surface 14, In many embodiments a planar first
surface 13 opposes the smzcwr&d-s&mmﬁ surface 14, The sacrificial template fayer 12 can be

substantially planarized using a backfill layer 22,

The method includes applying the thermally stable backfill laver 22 to o structured surface 14 of

a sacrificial templaty laver 12 to planarize the stractured surface 14, as described above, The

]
10

thermally stable backfilf fayer 22 conforms 1o thesstructured serface 14 of the sacrificial template
fayer 12 and the thermally stable molecular species may not migrate from the thenmally stable
backfil} fayer 22 or from the sacrificial template layer 12. The fiest layer § can be separated from

the-thermally stable-backfill laver 22 by the sacrificial template layer 12.

In some embodiments the sactilicial template layer 12 includes the thermally stable molecular
20 species and/or inorganic materials such as, Tor example, inorganic nanomaterials and may or may
notinclude the first layer 8. The inorganic nanomaterials can be present jn a sacrificial layer 12
and the sacrificial material can be cleanly baked out leaving a densified Tayer of nanomaterials.
‘In some embodiments, the densified layer-of nanomaterials can completely or partiafly fuse into

a plass<like material. The densified faver of nanomaterials can have substantial void volume,

o]
sy

The densified layer of nanomaterials can be transparent and can have a high index of refraction
comparad to surrounding lavers of the disclosed transfer films. Inorganic nanoparticles can be
present in one.or more embedded layers, each layer having a different index of refraction

influenced by the type and conestration of nanoparticles present in the layer,

The transfer film 31 can be laminated 10 4 recoptor substrate 48 and exposed to & 3"s€atiﬁg ar

30 haking out process to remove the sacrificial template layer 12 and to-form engineered voids
defined by a bridging layer 65 and the structired surface 64 of the theemally stable backfill layer
62. In these embadiments, the bridging layer 63 is formed from the thermally stable molecular

species in laver § and the bridging fayer 65 is disposed on the stroctured surface §2.



R

WO 2015/108953 ‘ PCT/US2015/011375
- 12«
In many of these embodiments, the sacrificial lemplate laver 12 includes a thermally stable
mofecular species i laver § and the thermally stable molecular species iz separated frvm the

™

struclured surface 14 of the sacrificial template layer 12 by a layer of ssevificial matetigh In
many of these-embodiments, the laver of sacrificial material consists essentially of sacrificial
material, - For example the layer of sacrificial material is af feast 5% wi% sacrificial material, orat

least 99.5 wile sacrificial material, or at feast 99.9 wids saprificial material.

F1G, 8 fea schomatic cross-sectional diagram of an illustrative bottom smitting OLELD (ie.,
organic Hght emitting diode) avticle 388 including the bridged navwostructure 63 described herein,
This bottor emitting OLED article 366 treludes a Hght transparent supporn layer 374 and a
wasiostructuved layer 68 on the support sobsteate 374, In many embodiments the light transparent
support laver 374 15 glass. The nanostrustuved layer 69 can be placed iy the bottom emitting
QLED article 308 during fabrication of the bottom emitting OLED article 306 by using the

trahsfer films and neethodds describied bereirn.

The nanestructured layer §8 includes a stractured surface layer 62 and & bridging layer 65 on the
structured surface layer 62 and defining a plurality 'of engineered voids. An QLED structure 320
is disposed-on the bridging layer 65, the OLED structure 328 tncludes an OLED layer 322
separating 2 top electrode 324 and a boitom electrode 326, The OLED structure 328 can include
a pisel defining layer 328, The OLED structure 328 can include additiomal fayers not illustrated,
for example the QLED layer 322 may have two or move individiual OLED Jayers forming the
OLED layer 322.

The bridged nanostruchuee 60 can define s boundwry of high refractive index material and low
refractive index material .i’@rmi{:g the bottom emitting OLED article 388, In many embodiments,
the structured surface layer 62 (and Hght transparent support layer 374) bhas @ refractive index of
1.5 or festand the bridging laver &5 (and OLED lavers i contact with the bridging layer 68) has
a refractive index 6f 1.0 or greater. In OLED lighting displaysand elements, the position and
refractive index of each Hght transparent layer ds adiusted to optimize the performance of the

dovice

FIG. 6 is 2 schemalic eross-sectional diagram of an Hlustrative bottors emitting AMOLED (ie.,
active matrix OLED) article 480 including the bridged sanostiucture §& deseribed herein, This
bottom emitting AMOLED article 400 includes a light Gansparent support layer 474 and e
nanostractimed Tayer 69 on the suppost substrate 474, 1o magy embodiments the light transparent
support layer 47415 glass. The nanostruciored layer 8% -can be placed in the boltom emitting
AMOLED astiele 400 dering fabrication of the botiom emitting AMOLED article 400 by using

the transfer films and methods descried herann,
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The nanostructured layer 88 includes a structured surface layer 62 and a bridging laver 65 on the
structured sorface laver 62 and defining & plurality of engineered voids. An AMOLED siructure
428 is-disposed on the bridging layer:68, the OLED structure 428 includes an AMQLED layer
422 separating a top clectrode 424 and a bottom eleetrads 426, The ANMOLED structure 26 can
inclade a pixel defining layer 428, The bottom electrode 426 can be slectrically coupled to pixel
circuitry 428 through a via 427 in a planarization layer 428, The AMOLED structure 420 can
include additional fayers not iHustrated, for example the AMOLED laver 422 may have two or

more individual OLED layers forming the AMOLED layer 422.

The bridged nanostructure 68 can define a boundary of high refractive index materiaf and low
reffactive index material forming the botom emitiing AMOLED article 444, In-many
embodiments, the structured surlice layer §2 {and light transparent sapport layer 474) has a
refractive index of 1.5 or less and the bridging laver 68 {and AMOLED lavers in contact with the
bridging layer 63) bas a refractive index of 1.6 or greater. In AMOLED displays and clements,
the position and refractive index of sach light transparent layer is adjusied to optimize the

performance of the device,

FIG. 718 a schematie cross-sectional diagram of an illustrative top emitting AMOLED article
580 including the bridged nanostructuse 6 deseribed herein. The top emitting AMOLED 508
includes a support laver 875 and an AMOLED structure 520 disposed onthe bridging layer 65,
The AMOLED structive 528 includes an OLED layer 822 separating a top electrode 524 and a
bottom.electrode 526 and an optional optical coupling and planarizing layer 1% is disposed on
the topelectrode 524, The AMOLED structure 320 caninelude a pixel defining layeér 528, The
bottony electrode 826 can be elecirically coupled o pixel circuitry 528 through s via 527 ina
planarization faver §29. The AMOLED structure S2¢ can include additional tayers not itlustrated,
for exampie the AMOLED layer 522 may have two or more individual OLED layers forming the
AMOUED layer 322, The AMOLED steucture 820 and/or the light transparent layer S8 can

include additional lavers such as a color filter lyer.

Tn many embodiments the nanostructared layer 60 is optically coupled to the AMOLED structure
828 via the optical coupling wnd planarizing layer 515, This optically coupled structure provides
golor uniformity and Bght extraction. In some embodiments the nanostructured layer 68 is not
optically voupled to the AMOLED steucture 528 and is adjacent to the AMOLED structure 528,
This ancoupled structure can provide color yoiformity and tght distribstion without light
extraction. The nanostractered layer 60 includes a stroetured surface layer 62 and a bridging
layer 8% o the structored surface faver 62 and defining a plurality of engineered voids, The
bridging laver 68 can be fixed to the aptical coupling and planariziag layer SIS, A light

transpavent layer 534 is disposed on the structured surface layer 6%.
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The bridged nanostructure 68 can define a boundary of high refractive index material and fow
refractive index material forming the top enitting AMOLED article 568, 1o many embadiments,
the structured swrface layver 62 (and light transparent support fayer 3198) has a refractive fndex of

1.5 ot less and the bridging taver 68 (and she optizally coupling and plasarizing tayer 818) basa

wn

refractive index of 1.6 or greater. It AMOLED displays and elements, the position and refractive

.

index of each light transpavent laver is adjosted to oplimize the performance of the device,

Thevmally Stuble Materjal

A thermally stable material is utilized to forny the thermally stable backfill laver of the transfer

film. The thermally stable marerial includes thermally stable molecular species. I is understood
10 thatthe thermally stable material and the thermally stable moleeular species includes precursor

materialy that either are or transfornt into materiale that remain substantially intact during the

removal-of sacrifivial materials, such as durtog “bake owd™ or pyrelysis,

Materials that may be used for the backfill include polysiloxane resins, polysilazanes,
polyimides, silsesquinxanes of bridge or ladder-type, silicones, and sflicone hybrid materiats and
15 mariy-others, Exemplary polysiloxane resing are availsble under the trade designation
PERMANEW- 6000, available from Califiruia Hindeoating Company, Chula Vista, CA. These
molecules typically have an inorganic coriponent which leads to high dimensitnal stability,
mechanical stiength, and chemical resistance, and an organic component that helps with

solebility and reactivity.

20 In many embodiments the thermally stable molecular species includes silicon, hafnium,
strontiom, titanium or zirconium. In some ambadiments the thermally stalile molecular species
includes a metal, metal oxide or metal oxide precursor, Metal oxide precursors may beused in

order to get as an amorphous “Binder™ for inorgaric nanoparticles, of they migy be used glone,

in many embodiments, the materials useful i the vurréat invention belong o a class of the

25 highty branched organositicon oligomers and polymers of a general formula {as below) which
can be further reacted to form crosslinked networks by homo-condensation of 8+0OH groups,
hetern-condensation with-the remaining hydrotyzable groups {e.g. alkoxy), and/or by reactions of
the functional organic. groups {e.g. ethylenically unsafuratad), This class of matersals is derived

primarily from organosilanes of & general formuls
3 U R\S iZdu‘

wherein
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. R
R is selected from hydrogen, substitited or unsubstitured C1-Cap alkyl, substitated or
unsubstituted Co-Cip atkylene, substituted or unsubstituted Cr-Capalkenylene, Cr-Cratkynylene,
substituted or unsihstituted Ci-Ca eyeloalkyl, substituted or unsubstituted CoCap aryh,

substituted o unsubstituted Co-Cao arylens, a substituted or insubstituted T to Cor arylatkyl

5 grouy, a substituted or ansubstituted Ci to Cas heteroalkyl group, a substituted or unsubstituted

(210 e heterceycloatkyl group, andfor combinations of these.

Z-is 9 hydrolvzable group, such @ halogen (containing the elements F, Br, CLor &, Ci-Cxo

atkoxy, CsCas arvioxy, and/ or combinations of these.

The magority of the composition may consist of RO units thus the class of materials 1s often
10 called silsesquioxanes (or Teresing), however they may also contait monro-(R;$i-0j), di-

{Ra8in) and tetrafunctional groups {S+-0Oqa). Organicaliv-maodified disilangs of the foemula:
Lan Ry Si-Y-8i By Laon

are oftent used in the hydrolyzable compostions to farther modify the properties of the materials

{to fornt the so-catled bridged silsesquioxanes); the R and Z groups are defined above. The

15 materials can be further Tormulated and reacted with metal alkoxides (M{OR)y) to form metalio-
silsssquioxanes.
I many embodimenis the highlv branched organosilicon oligomers and polymers of a general
forptula:
nd S encees
% M’H b3 .
: . (9 & $
0 ; | |
RS E - -y E
: ] H I %
JOWNE S NPT 0 S »E Lo Gy - m% & Shwaver.
i Ak bk R R I, 3
H 1 I B b A g
PSS R PN SRS 1 T 4 TN AN qr DB e e B onevie,
E o b 3
20 Ry is selected from bydrogen, substiteted or unsubstituted C-Cro alkyl, substituted or
unsubstitgted C-Chp alkyleng, substituted or nnsubstituted Co-Chpalkenylene, Tr-Conaliynylene,
substituted or unsubstituted Ci-Cyp cveloalkyd, sabstituted or unsubstitated Ce-Croaryl,
substituted or unsubstituted Co-Crraryiong, o substituted or unsubstituted Cr e Gy arylalioyd
grotp, 3 substituted or unsubstituted Ci o Cho buteroalthyl group, a substituted or unsuhstitated
25 Ca 1o Cae heterocyeloalkyl group, apd/or combinations of these;
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R 15 selected from hydrogen, substituted ov unspbstituted Co-Coy allyl, substituted or
unsubstituted Cp-Cro atkylene, substituted oF unsubstituted C-Uhealkenyiene, Cr-Crratkynylene,
substituted o nnsubstituted C3-Coe oveloallyl, substituted or unsubstituied Co-Canaryl,
substituted or unsubstitited Ca-Cig arylene, a stbstituted or unsubstituted Cs to Coy snylaliy!
group, a substituted or unsubstituted ) o O beteroalkyt group, a substituted or unsubstituted

Ca to Cre heterogyeloalkyl group, andfor combinations of these;

Rz is selected from hydrogen, substituted or unsubstituied Ci-Con alkyl, substituted ov

unsubstituted Co-Croalkylene, substitated or vnsubstitoted Co-Cop alkenylene, Co-Cyy aliynylene,

substituted or unsubstitoted Ci-Can oveloalkyl, substituied or unsubstitited Co-Cog atyl,

substituted or unsubstituted Ce-Cyp arylene, a substituted orunsubstiteted Ty to Cop arylallyd

group, & substituted or wsubstiteted s to Cy beteroadky! group, # substituted or unsubstituted

Cy 1o Can heterocyelaatkyt group, and/or combinations of these;

R iz selected from bydroges, substitated orunsubstituted C-Ou alkyl, substitnuted or
unsubstituted Co-Cypatioylens, substituted or unsubstitsied Cr-Chp alkenylene, Ti-Crsalkynylene,
substituted or unsubstituted U-Cop excloatbyl, substituted O vitsubstituted Ce-Cap vy,
substituted or unsubstituted Us-Cap drylerie, a substituted or unsubstitutsd Cr 10-Coparyialkyvl
group, o substituted or unsubstituted Cf to Cos heteroaliyl group, a substituted or snsuhstituted

(2 to Cag heterocyeloalky] group, andéor combinations of these;

Rs is selected from hydrogen, substituted oy unsubstitited :Ci-Con alkyl, substituted or

unsubstituted Cr-C alkylene, subsitiuted or unsubsutated CuCypalkenylene, Cr-Capalkynylene,

substituied or unsubstituted Ca-Uys vyeloalkyl, substituted or undubstituted Co-Uag arvl,
subssituted or unsubstituted Ce-Caparviene, a substituted or unsubstituted £ to Caearvialkyl
group, u substituted or unsubstituted Oy to Ui hetevoalky! group, a sabstituted or unsubstituted

Cato O haterocyeloatiod groap, and/or combrnstions of these;

Z 18 a hydrolyzable group, such as halogen({cobtdining the elernents F,. By €L or 1), Ci-Ce

alloxy, C-Cao aryloxy, and/ or combinations of these.

e is an integer from O to 580

1 igan integer from | 1o 500;

p is an integer from 0 to 50,

g is.an integer from § to 100,
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As used hevein, the term "substituted” refers o one sabstituted with at 1&*}5? a substituent selected
from the group consisting of a halogen {containing the elements £, Be, €l ov 1), a hydroxy group,
an alkoxy group, a B0 roup, & CYARo group, an.amino group, sy azido group, an amidine

group, a hvdrazino group, a hydrazono group, a carbonyl group, a carbamy| group, a thiol group,

Ty

an ester group, a carbonyt group or & salt thereof, a sulfonic acid group.or a salt thereof, &
phospharic acid groupor a salt thereof, alkyl group, 8 G 1o Cx alkeny! group, & Cu to Uy
allynyt group, Co to Cae arvl group, a O to Cra arylalkyt group, 2 G 1o €, gyxyalkﬁ group, a
t0 Cas heteroatkyl group, a Cs 1o Cao heteroarylatky! group;.a Cito Csa eyeloalkyl group,a Cato
Ciseycloatkenyl group. & Coto Cis cyeloalkysyl group, a licteroeyeloalkyl group, and a

13 combination thereol, instead of hydrogen of a compound.

The resulting highly branched organosilicon polymer has a molecular weight i a range from 150

o 3(3{},_{§t){} D3a ot preferably in.a vange from 150 to 30,000 Da.

Preferably, the thermally stable backfill contains the reaction product of the hydrolysis and

cotidensation of a methyltriethoxysilane precursor i & polar sobvent. | Afler synthesis, the

F aed
L&

sulting pulymer prefecably has a molecular weight ofnorinaily less than 30,000 Da. The
lzitermai}y stable backfill solution also preferably includes less than fifty percent by weight silica

nanoparticles nominally of a size between 10-50 nanometers.

The thermally stable compositions desctibed herein preforably comprise inorganic nanoparticies,
These nanoparticies can be of varous sizes aud shapes. The nanoparticles can have an average
20 particle diameter less than about 1000 nm, less than-about 100 nim, less than about 3¢ nmy, or less
than about 35 nm. The nanoparticles can have an average particke diameter fromabout 3 mm to
about 50 nm, or from about 3 nm to-about 35 am, or from abost 5 am to about 23 o, Hithe
nanoparticles zre aggregated, the maxinuim crosy sectional digrension of the apgregated particie

can be within any of these ranges, and can also be greater than about 100 nww, "Fumed”

o
¥

nanoparticles, such as silica and slumina, with primary size less than about 30 mm, may also be
used, such as CAB-OSPERSE PG 002 fumed siticg, CAB-Q-SPERSE 20174 fomed silca, and
CAB-OSPERAE PG 003 fumed aluming, available from Cabot Co. Boston, MA. Their
misasurements-cas be based on trarsission glesiren niieroscopy (TEM). Nanoparticles can be
substantiaily fully condensed. Fully condensed nanoparticles, such as the collotdal silicas,
36 typically bave substantially no hydroxyls in their intertors. Nosesilica containing fully condensed
f:'azmparticles, typically have a degree of crystallinity (measured as isolated pasticles) greater than
%, preferably greater than 60%, and more preferably greater than 70%. For example, the
degree of erystallinity can range g to about 36%6 or greater, The degree of erystallinity can be

determined by Neray diffraction techniques; Condensed erystaliine (e.g. zitconia) nanaparticles

Aok

3 have & high refractive index whereas amotphous nanoparticles typicaily bave a lower refractive
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index. Yarious shapes of the vorgavic or organic nanoparticles may be used, such as sphere,

rod, sheet, tube, wire, culse, cone, tetrahiedron, and the ke

The size of the particles is generally chosen to avoid significant visible Hght scattering in the
final article. The nanomaterial selected can impart various optica] properties (Le refractive

) inddex, birefringence), elecirical properties (e.p conductivity§, mechanica! properties {e.g
foughness, pencil hardness, serateh resistance) ora combination of these properties. It may be
desirable to use a mix of organic and inorganic oxids particle types to optimize an optical or

material property and o lower fotal composition cost.

Examples of suitable inorganie nanoparticies include metal nanoparticies or their respective

10 oxtdes, melading the elements zirconiuin (o), tianium {19, hafndu (M, aluminuny (A, Hon
{(Fe), vanadivm {V), antinsony {8h); tin {80}, gold (Au), copper (Cu), galliom (Ga), indiug (In)
chrominm (Cr), manganese {Ma), cobalt (Co), mickel (Mi), 2ine (Zn), yitriem (Y, miobium (Nb),
molybdemsm (Mo}, techaetium (Te), nuthenia (Rao, rhodivm (R, palladiam (Pd}, sitver (Ag),

cadmium {Cd), lanthanum (La), taatatony (Ta), tongsten (W rhentum (Rh), osmium (O3),

Tty
1y

irichivem {Ir}, platimun (P, and any combinations thereof,

i & preferred embodiment, nanoparticles of zirceaium oxide (zirconia) are used, Zirconia
nanoparticles can have'a particle sixe from approximately 5 g to 5Gmm, or S nsito 15 oy or
19 ny. Zirconta nanoparticles can be prasent in the dumi}ia article or opticd] element in an
amounit from 10 to 70 wilh, or 30 to 50 with, Zirconias for use in materials of the nvention are

20 commercially available from Maleo Chemical Co. { (Naperville, HL) under the product designation
NALCO COSSO0E and from Buhler AG Uzwil, 20 Switzerland nnder the trade designation
"Buhler zirconia Z-WQ sof". Zirconia nanoparticle can alyo be prepared such as described in
U.8. Pat. No. 7,241,437 (Davidson et al.y and U. 8. Pat No. 6,376,590 (Kolb et al.). Titanta,

antimony oxides, alursing, tin oxides, and/or mixed mesl oxide navoparticles nan be prasent in

0
LA

the durable article or optical element in an amount from 15 to 70 wi%, o 30 to 50 wi%.
Densified ceramic oxide layers may be formed via & “sol-gel™ process, in which ceramic oxide
particles are incorporated into a gelled dispersion with a precursor of at least one modifving
compenent followed by dehydration and Fring, as described in U.S. pat. No. 5,453,104
{Schwabel). Mixed metal oxide for use in materiads of the invention ars commercially available
30 from Catalysts & Chemical Industries Corp., (Kawasakl, Japan) ufider the product designation
OPTOLAKE.

Other exampled of suitable inorganic nanopaiticles inclads elements and alloys known as
semiconductors and their respective oxides such as sificon (81), germanium {Ge), silicon carbide

(510}, silicon germanide ($iGe), atuminivm witride (AT, aluminiam pho sphide {AIPY, boron
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nitride (BN), barow carbide {B4C), gallivm antimonide (GaSb), indium phos.phide.{hﬁf},~gal§iu1n
arsenide nitride (GaAsW}, gallium arsenide phosphide {GaAsP), indium afuminum arsenide
nitride (InATASNY, zine oxide (Zn(3), zinc selenide (ZnSe), zine sulfide {ZnS), zine telluride

{Zn'Te), mercury zine selenide (HpZnSe), fead sulfide (Pb%), lead telluride (PhTe), tin salfide

LN

(SnS). load tin tefuride (PhSaTe), thallium tin telluside (Th&nTes), zine phosphide (Znsih), zine

arsenide (ZmAsy), zine antimonide (Zo:Shy), lead({1l) fodide (Pbly), copper(T) oxide (Cur).

Silicon dioxide {silica) nanoparticles can have a particle size from S nmto 73 anmor 16 nm to 30
any o 20 nm. Sillcd nanopanticles are typically n anamount from 10 to 80 wi-%. Typically the
amount of silica is less than 40 wt%. Suiteble silicas are commercially available from Nalco

¢ Chemical Co. {Naperville, IL) under the trade designation NALCO COLLOIDAL SJLICAS. For
example, silicas 10 include NALCO trade designations 1040, 1042, 1850, 1060, 2327 and 2326,
the organesilica under the product name IPASST-MS, IPA-ST-L, IPA-ST, IPA-ST-UP, MA-ST-
M, and MAST sols from Nissan Chemical America Co. Houstng, TX and the SNOWTEX 5140,
ST-50, 8T-20L, §T-C, §T-N, 8§70, §T-OL, §T-2L, ST-UP, and ST-OUY, slso from Nissan

15 Chemical Anerica Co. Houston, TX, Suitable fomed silicas include for example, products sold
under the tradename, AEROSIL series OX-50, <130, - 158, and -200 avallable from DeGuasa AG,
{Hanau, Germany), and CAB-O-SPERSE 2095, CAB-O-SPERSE A105, CAB-O-81L MS
available from Cabot Corp. {Tuscola, TIL), The weight ratio of polymerizable material {o
nanoparticles can range from sbout 30:70, 40:60, 50:50; 55:45, 60140, 70:30, §0:200r 90: 10 or

20 more. The preferred ranges of weight percent of nanoparticles range from about 18 wid4 to about

60%, by weight, and can depend on the density asd sizeof the nanoparticle used.

Within the class of semiconduciors inglude nanoparticles kaown as “guantum dots,” which have
interesting electronic and optical properties that can be used in a range of applications. Quantum

dois can be produced from binary alloys such as cadmivm selentde, cadmium sulfide, indivm

B
ia

arsenide, and indium phosphide, or frowy térnary dtloys such as cadmium selenide sulfide, and the
fike. Companies that sell quantam dots inchude Nanoco Technologies {Maachester, UK and

Nanosys (Pato Alto, CA)

Examples of suitable indrganic naneparticles inclede elements knows a8 rare ¢arth elements and
their axides, such as lanthamem {La), cerium (CeOy), praseodymium (PreQ1), neodymium

30 {205, samariom (Snaz(s), evropim (BEuaCGy), gadolinium (GdiOs), terbium (ThOy),
dysprostum (Dy203), holmium {Hoy0s), erbium (Fe:07), thutium (TenOs), viterbiom (Yi0:)
‘and latetivm (LuzO4), Additionally, phosphoresent materials known as "phospbors” may-be
ncluded in the thermally stable backfill maverial. These may tnchde caleium sulfide with

strontiem sulfide with bisrouth as an agtivator (CaxSnS: Bi, Zine suifide with copper “GS

LA
L

phosphor”, mixwures of zing sulfide and cadmium sulfide, strontivm aluminate activated by
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Europium (SrALOEa(lD): Dy, BaMgAluOmEa™ (BAM), YO By, doped ortho-silicates,
Yitrivm atuminiom gamet (YAG) and Lagetiumealuminium gamet (LoAG)Y containing materials,
any combinations thereof, and the fike. A commercial example a phosphor may include one of

the ISIPHOR™ inorganic phosphers {available from Megck KGaA, Darmstadt, Germany),

T

The nanoparticles are typically treated with 4 surfacetreatinent agent, Surfacg-treating the sanos
sized particles can provide a-stable dispersion inthe polymeric resin. Preferably, the surface
treatinent stabilizes the nanoparticles so that the particles will be well dispersed in a substantially
homogeneous composition. Furthermore, the paneparticles can be madified over at least a
portion of its surface with a surface trestment agent so that the stabilized particle can

i capolymertze or react with the parts of the composition diring curing. In general, a surface
treatment agent has a first end that will attach to the pacticle surface (covalently, ionteallyor
through strong phivsisorption) and a second end that impasts compatibility of the particle with the
composition and/or reacts with composition during curing. Exampies of surface tredtment agents

include alcohols, amines; carboxylic acids, sulforic acids, phospohonic acids, silanes and

[

titanates. The preferred type of treatment agent is deteridried, in part, by the chemical nature of
the metal oxide sorface. Silanes are preferved for sitica and other for siliceous (ilsrs. Silanes and
carboxylic acids are preferred for metal oxides such as wirconia. The surface modification can be
done either subsequent to mixing with the monomers or after mixing. It is preferred i the case of
silanes to react.the silanes with the particle or nanoparticle surface before ingorporation into the
20 composition, The required amount of surface modifier s dependent vpon several factors such
particle size, particle type, modifier molecular weight, and modifier type. In general it is
preferved that approximately a monolayer of modifier ts attached 1o the surfiuce-of the particle.
The attachment procedire or reaction conditions vequited alse-depend o the surface modifier
used. Forsilanes, it is preferred to surface beat at elovated temperatures under acidic or basic
2 conditions for front 1-24 hy aporoximately, Surface treatment agents such as-carboxylic acids

may pot require elevatéd temperatures or éxtended time.

Reprosentative embodiments of surface treatment agents suitable for the compositions include
compounds such as, for example, isooctyl trimethoxy-silang, N-(3- triethoxysilytoropyh)

miethoxyethoxyethoxyethyl carbamate (PEGTES), N3 -triathoxystlylpropyd)

o

methoxysthoxyethoxyethyl carbamate (PEG:TES i 3~ (methacryioviowypropylrimethoxysilane,

J-acryloxypropyhvimethoxysilang, 3-(methacryloylioxyipropyltsiethaxysilane, 3-
{methacryloylexy) propyimethyldimethexysilane, 3<(acrvlovioxypropylimethvldinmethoxysilane,
3+ me:t‘iiacfyioyiex;f}gr‘{:s;zsyid*i niethylethoxysilane, 3-{methacryloyloxy)

rwopyldimethylethoxysilane, vinyldimetlylethoxysilane, phenylirimethogysilane, n-
I A 3 3 £ 3 \ 3

L&y

octylirimethoxysilane, dodccyitrimet‘iztmy&i%eme, ovtadecylirnmethoxysilane,
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propylrimethoxysilane, hexylirimethoxysitane, vinyimethyldiacetoxysitane, .
vinylmethyldiethoxysilane; vinyltriscetoxysifane, vinyhiriethoxysilave, vinyltiisoproposysifane,

.

vinyltrimethoxysilane, visyliriphenoxysilaue, vinyhri-t-butoxysilane, vinyltris-isobutoxysitane,

)

vinyltriisopropenoxysilang; vinyitr{s(2-methoxyethoxyy silane, styrylethylirimethosysilane,

L

mercaptopropy Hrimethoxysilane, 3-3 glycidoxypropylirimethoxystlane, acrylie acid, methacrylic
acid, oléic acld, stearic acid, dodecanoiv seid, 2-[2-{Z-methoxyethoxy)ethoxylacetic acid
(MEEAA), beta-carboxyethylacrvlate, 2-(2~-methoxyethoxyjacetio acid, methoxyphenyl acetic
acid, and mixtores thereof. Further, a proprietary silane surface modifier, conmercially available

from OSI Speciaities, Crompton South Charleston, WV under the trade designation "Silguest

1@ A1230" has been found pasticularty suitable,

In some embodiments the thermally stable molecular species includes @ metal, metal oxide or
metal oxide precursor, Metal oxide precursors.may be used in order (o act-as anamorphous
“hinder" for inorganic nanoparticles, or they may be used alone. Sol-gel technigues may be used

to react these precursors in order to cure the material into a solid mass and are known to those

LFs

skilled Tnthe art. Suitable metal oxide proeursors inglude alkyl titanates such as titanium (1V)
butoside, n-propy] thanate, titaniam triethanolamine, titaium: phosphate glycol, 2-ethylhexyl
titanate, titaniwm (IV) éthoxide, titanivm {IV) isopropoxide, and the like. These are commercially
available under the "TYZOR" trade nanie gwied by Dorf-Ketal Ine. (Houston, TX). Also
suitable metal oxide presursors include zirconium chioride or zivconium(IV) atkoxides such as
20 zitconinm {1V) acrylate, zirconinm(IVY tetraisopropoxide, zivconium{IV) tetrasthoxide,
zirconium(IV) teteabiitoxide, and the like, sl available from Aldrich (St Louis, MO). Alse
sititable metal oxids précursors include hafnivm(IV) chloride or bafijum alkoxides such as
hafuiam(IV) carboxyethyl acrylate, hafnium V) teteaisopropaxide, hafnium(IV) rert-butoxide,

hafuiom(IV) n-butoxide, also available from Aldrich (St Louis, MQ). These materials can also

25 be used as inorganic nanomterials i the sacrificial template layer in order to form the bridging
fayer,
Baerificiad Materials
The sacrificial layer is a material ¢capable of being baked out or otherwise removed while feaving
the structured suface layer and the bridging fayer, substantially intaet, The sucrificial layer

30 inchsdes, for example, the sacrificial template layer and the optional sacrificial releasable layer,
depending upon a construction of the transfer film, The stuctured surface of the sacrifictal layer
can be formed through embossing, a replication process, extrusion, casting, or surface
structuring; for example. The structured surface can include nanostructures, microstrustures, or
hiierarchical siructures. Nanostructures comprise features having at least one dimension (e.g,,

38 hedght, width, or length) less than or equal fo two microns. Microstructures comprise featuves
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having at least ong dimension (e.g., height, width, or length} less than or equal to-one mitlimeter.

Hierarchical structares are combinations of natostructuses-and microstrugtiures,

Ao

The sacrificial layer (e.g., 12) can comprise any material as long as the desived properties are
obtained. Preferably, the sacrificial fayer i made from a polymerizable composition eomprising
polymers having number averape molecular weights of about 1,600 Da ar less {e:g., monomers
and oligomers) Particutarly suitable monomers or sfigomaers have mofecular weights of about
500 Da or less, and even more particularly suitable polymerizable molesules have molecular
weights of about 200 Da or less. Said polymerizable compositions arg typically cured using
actinic radiation, e.g., visible Hght, uliraviolet radiation, electron beam radiation; heat and
combinations thereel, or any of a variety of conventional anjonie, cationic, free radical or ather

polymerization techniques, which can be photochemically or thermally initiated,

Useful polymetizable compositions comprise curable finctional groups known in the art, such as
epoxide groups, allyloxy groups, (meth)acrylate groups, epoxide, vinyl, hydroxyl, acetaxy,
carboxylic acid, aming, phenolic, aldehyde, cinnamate, atkere, alkyne, ethyleaically unsaturated
groups, vinyl ether proups, and any derieatives and any chemically compatible combinations

thereof,

The polymerizable composition used o prepare the sserificial template laver may be
monofunctional of multifunctional (e, di- i~ dnd tetva-} I tsrms of radiation curable moisties.
Bxamiples of suttable saonofunctional polvmerizable precersors include styrene, glpha-
mothylstyreng, substitoted styrene, vinyl esters, vinyl ethers octyl (imeth)acrylate, nonylphenol
ethoxylate (meth)acryiate, isoborny] (nethncevlate, isanonyl {methacrylate, 2-(2-
ethoxyethosy)etbyl (methacrylate, Z-ethylthexyl {methiactylate; laury] {meth)acrylate, beta-
sarhoxyethy! (methacsylate, isobutyl (meth)actylats; eyeloa liphitic epoxide, alpha-epoxide, 2-
hvdroxyethyl (nathiacrylate, issdecyl (nsthaceylate, dodecyd {methacrylate, n-buty!
(meth)acrydate, methyl (meth)acrylate, hexyl (methacrylate, {meth)aceylic acid, N-
vinyleaprofactam, stearyl {mstiacrylate, hvdroxy! functional caprolactone ester {methacrviate,
isovctyl {methacrytate, hydroxyethy! (methjacrylate, hydroxypropy! (methacrylate,
hydroxyisopropyl (methjacrylate, hydroxybutyl (methactylate, hydroxyisobutyl {imgth)aerylate,

tetrahydrofury! {methlacryiate, and any combinations thereof,

ixamples of suitable multifunctional polymerizalide precursots inclade ethyt glycol
difmethyacrylate, hexanediol di{meth)acryiate, trizthyvlens glycol di(meth)aceylate, tetragthylene

glycol di{mathyacrylate, rimethyloipropang tri{meth)acrylate; rimethyiolpropanepropane

wri{metiacrylate, glycerol writmethaerylate; pentaerythritol ri{meth)acrylate, pentaerythritol

totral mc.th}actyiata, neopeniyl glyeol dilmethjacrylate, bisphenol A «;li(_mei‘]’l)acryiate, peilyi1d-
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butanedioly ditmeth)acrvlate, any substituted, cthoxylated or propoxyiated versions of the

mterials listed above, or any combinations thereel,

The polymerization reactions genevally lead to the formation of a theee-dinensional

“erosstinked” macromolecular network and are alse knowsyin the art as negative-tone

Ly

photoresists, as reviewed by Shaw et al., “Negative photoresists for opticat lithography,” 1BM
Journad of Research and Development (1997) 41, 81-94, The formation of the network may ocour
through cither covalent, ionic, or hydroges bonding, ot through physical crosstinking
mechanisms such as chain entanglement, The reactions can also be inittated through one or more
intermediate species, such as freessadical generating photoinitiators, photosensitizers, photoacid
10 generators, photobase generators, or thermal acid generators. The type of curing agent used
depends on the p,oiymeriza.b%a. precursor used and on the wavelength of the radiation used {0 cure
the polymerizable precursor. Examples-of suitable commercially available free-radical generating
photoinitistors inchide benzophenone, benzoin ether, and acyiphosphine photoinitiators, such as
those sold under the trade. designations “IRGACURE” and “DAROCUR™ from Ciba Specialty

et
A

Chgnticals, Tarrytown, NY, Other exemplary photoinitiators include 2,2-dimethoxy:2-
phenylacstophenons (DMPAP), 2,2-dimethoxyacetophenone (DMAFR), xanthons, and

thioxanthone,

Co-initiators and amine syunergists may also be included to improve curing rates, Suitable
concentrations of the curing agent in the crosstinking matrix range from about bwt, % to about 10
20 wi.%, with particadarly suitable concentrations.ranging from about T wt.% to about 5 wi.%;
based on the entire weight of the potvmerizable precursor, The polymerizable precursor may also
inclnde optivnal additives, siich as heat stabilizers, ultraviolet Hpht stabiizers, froevradical
scavengers, and combinations thereof, Examples of suitableé comssercially available uiraviolet

light stabilizers inchade benzophenone-type uliraviolet absorbers, which are available under the

25 prade desigaation “UVINOL 4007 from BASF Corp., Parsippany, NJ; under the trade designation
SOYASORB UV-11647 from Cytee Industries, West Patterson, NI;and under the reade
designations “TINUVIN 900, “TINUVIN 123" and *TINUVIN 1130 from Ciba Specialty
cheiieals, Tarrytown, NY. Examples of suitable conceutrations of ultraviolet Hght stabilizers in
the polymerizable precursor range ffom about 0.1 wt.% to about 10 wi.%, with pariieularly

30 suiteble total concentrations ranging Trom about | wi.%% to about 8 wit.%, relative to the entire

weight of the polymerizable precassor,

Examples of suitable free-radical scavengers include hindered amine light stabilizer (HALS)
compounds, hydroxylamines, sterically hindered phenots; and combivations thereof, Examplesof
anitable commercially available HALS compounds include the trade designated “TINUVIN 2927

35 tfrom Ciba Specialty Chemicals, Tagrytown, NY, and the trade designated "CYASORE UV-247
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from Cytec Industries, West Patterson, N, Examples of suitsble concentrations of free radical

scavengers in the polymerizable precurser range (Fom about .05 wt.% to.about 025 wii%.

Patterned structured template fayers can be formed by depositing & layer of a radintion curable
composition onto one surface of 4 radiation transmissive carrier to pravide a Taver having an
3 exposed surfave, contacting a raaster with a preformed surface bearing a patiern capable of
impagting a three-dimensional structure of precisely shaped and Iocated interactive functional
discontinuities including distal surface portions and adjacent depressed surface portions o the
exposed surface of the layer of radiation curable compasition on said carrer vnder sufficient
contact pressure to impart said pattesn inte said layer, exposiog satd curable coimposition to a
10 sufficient level of radiation through the carrler t6 cure said composition while the layer of
cadlintion curable composition s in gontagt-with (he pasterned surfuce of the master, This cast and
cure process can be-done in a continuous manuer using a rolf of carrvier, depositing a Jaysr of
curable materia) onte the carrier, lassinating the curable material against a master and euring the
surable material using actinic radintion. The resulting cold of carvier with 4 paitérmned; structured
15 temiplate disposed thereon can then be rolled up: This method is diselosed, for example, in U8,

Pat, No. 6,858,253 (Williams et al,).

Other msterials that may be used for the sacrificial fyer include, polyvinyl aleohol (PYA),
ethylestivlose, methyiceiiuiase, polynorbormenes, po‘iy-{ methiylnsethacrylate (PMMA),
poly(vinytbutyral}, peiy(eyclohexene carbonate), poly(eyelohexene propylene) carbonate,

20 poly(ethiviene carbonate), poly{propylene sarbonate) and other alipbatic polycarbonates, and any
copolynter or blends thereof, and other materials described in chapter 2, ssction 2.4 Binders” of
RE. Mistler, B.R, Twiname, Tape Casting: Theory and Practice, American Ceramic Society,
2000, There are many commertial sources for these materials. These materials are typically easy
t0 remove via dissolution or thermal deconiposition vie pyrolysis or combustion. Thermal

A3 heating is typicatly past of many manulcturing processes and thus removal of the sacrificial
niaterial may be accomplished during an existing heating step. For this reason, thermal

decomposition via pyrolysis of combustiog is a more prefersed method of removal.

There are several properties that are preferved in the saerificial materials, The material shouid be
capable of being couted onto a substrate via extrusion, knife coating, solvent coating, cast and

30 cure, or other typical coating metheds. 1t {s preferred that the material be a solid at room
temperatures For thermoplastis sserificial materials, ¥ is prefedidd that the gliss ansition
temperature (Tg) i3 Tow enough 1o aflow it to be embossed by & beated tool. Thus, it is preferred
that the saerificial material have & Tg above 23 °C, meve prefatred above 40 °C and minst

preferred above 80 °C.
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Another material property that is desired for the sacrificial material is that its decompasition
temperature be above the curing temperature of the backiill materials). Unce the backfill
material is cured, the structured layer is pesmanently formed and the sacrificial template layer
can be removed via any one of the methods Jisted above. Materials that thermally decompose
5 with Jovw ash ov Jow total residue arg prefervad over those that have liigher vesiduals. Restdue feft

behind on a substrate may adversely impact electrical andfor optical properties such ag the
conductivity; transparency orcolor of the final product, Since it is desirable to minimize any
changes Lo these properties in the final product, residual levels of Jess than 1000 ppry are
preferred. Residuals levels of less than 500 ppat ave more preferved and residual leve] below 50

10 ppi are most preferred.

The texm “cleanty baked out” means that the saerificial layer can be removed by pyrolysis or
combustion without leaving a substantial amount of residual material such as ash, Examples of
preferred residual levels e provided above, although different residual fevels can be used

depending upon a particular application,

o
2

In ¢certain embodiments, swelling occurs in the polymer in the presence of certain solvents. The
solvent laden pofymer can atlow for uptake of the thermally stable molecular species, but miy
also fuhibit uptake of the thermally stable molecular species depending on the materials nvolved,
The solvent may also change the distribution of the thermally stable molecular species in the

polymer; wiich will affect the final size, shape or morphology of the bridge.
200 Sacrificial Adhesive Layer

The sacrificial adhesive tayer can be tmplemented with any waterial enhancing adhesion of the
transfer film to the receptor substrate without substantially adversely affecting the performance
of the transfer film. This layer can also be described as an adbesion promoting laver. The
sacrificial adhesive layer appesrs to facilitate the final permanent bond between the receptor

substrate-and the baked-out thermally stable structure: The sacrificial adhesive layer is capable

bed
L%

of being cleanty baked out during the methods deseribed herein.

Objecis and advantages of this disclosure are further itlustrated by the following examples, but
the particulat materials and amouunts thieveof recited v these examples, as well as other

conditions and detaifs, should not be construed to unduly limit this disclosure.

30
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Examples

Al parts, percentages, ratios, ete. in the examples are by weight, unless noted otherwise.
Sobvents and other reagents used were obtainad from Sigma-Aldrich Corp., St. Louis, Missouri

unless specified differently.

Synthesis of Pelyhutangdiol 2900 Diacryviate

2

Actylate groups ang attached o a polvbutanediol oligomer with. Hvdeoxyhend functionality, The

synthetic scheme is shown below.
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AT MMA
A 1000 s three neck round bottom flask is equipped with a nitrogen sparge Hite, temperagure
probe, addition funinel, mechanical stivrer, heating reantle; and Vigerauy column witha
distiliation take-off hiead and round bottoms flask recéiver. A mixture of 420 grams poly
tetrahydrofuran diof {average molecular weight = 2000 g/mol ¥, 211 grams methyl acrylate, 0.5
grams titanium (1V) butoxide, (.12 grams Alupinum Nenitrosophenythydroxytamine, and 0.1
grams d-hydroxy TEMPO was added to the flask.. A mild and steady sparge of nitrogen gas was

Pt into the bulk of the reaction.

The reaction is heated to-a temperature of 1 §0°C, with good agitation of the reaction mixture.
The reaction is allowed to continue ustil aboui 208 milliliters of methanol and methyl. 30:%}*55&(—:»
are distilled thio the receiver. At this poing, an additional 420 grams of methyl acrylate s added
dropwise through the addition fiuunel, kesping the addition vate roughly equivalent to the rate of
distillation through the columb itito the recedver, This additton takes approximately 6 hours to
complete. The reaction pot temperature is adjusted as necessary (o keep a steady distitlation rate,

but does not esdeed 120°C. Afler completing the addition, the reaction is held at 110°C forabout
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12 hours, Next, the distillation veceiver is eraptied, and a vacuum is pulled on the reaction using
an aspirator, With a full aspivator vacuun, the reaction temperature is heldat 1 H°C for one hour
after no additional distillate is removed. Finally, the flask is cooled to about ~60°C and poured

into # jar. Analysis by NMR and LC show the product is >99% of the desired material,
5 Example { - Bridged Navostrucinred Avticke
Resin Formation

T order 1o ereate a. “bridged™ nanostiuctured surface, 60 wt. %6 the PRD-2900 resin deseribed
ahive is mixed with 40% SRE01 ethoxylated bispheno! diacrylate (Sartomer Co, Exton, PA) as

an additional ¢rosslinking monomer, The chemical stivcture of both resing s shown in below.

j rmanny ]
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The PBD-2000/SR601 resin is mixed with £.5% Darocur 1173 and 0,196 Lucirin TPO

15 phosoinitiators and rolled for 24 hours antil alf solids ave fully dissolved.
Microstructired film

Microstructured films ate prepared by molding and UV curing the resin os 2 mil unprimed PET
film coated with 8 micrometers of PMMA copolymer (75 wi.% polymethylmethacrylate, 2§ wt,
Yo polyethyl acrylate, PRI L0-AT, Altuglas Ine.} using a roll-to-roll web cuating process. The
24 resin is powred onto the moving web, at a web speed of about 10 /min (about 3 metersimin.);

and the coated web i pressed agalist & misrostructured telense-coated polymer tool using a nip
heated to 90 °F (43 °C) and a pressure of 30 psi, While in contact with the polymer tool, the
resin is then cured using two banks of FUSION high intensity UV Debulb lamps {obtained from
Fusion Systems, Rockville, MD), one set at 600 watt'2.§ em (100% power setting), and the other

25 sefat 360 watt/ 2.5 em (60% power setting). The cured, microstructured resin is separated from
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the polymer tool and wound into a roll. The resulting nrierostructured film has prisms of 340mm

height with a perlodicity of 600nm.

A sample of the cuved FBD-2900/SR60T resin fili (2 in'x 3 in—~ 30 mun x 75 o) is coated with
FERMANEW 6000 (Californin Hardeoating Company, Chula Vista, CA) by spin coating. A
solution is ereated by diluting PERMANEW 6000 to 13 wite by adding a 86/20 (whw) of
isopropanol/batane! selvent system filtered theough 3 1.0 pm PTFE filter, A plass microscope
slide is used to support the film during the spin costing process. The sample was mounted on the
vacuum chuck of a Model WS-6508-8/npp fite spin coater (Laurell Technologies Corporation,
MNorth Wales, PA USA). A vacuwm of 64 kPa (19 inches of Hg} is applied to hold the glass to
the chuck. The spin coater is progranymed for S00 KPM for 16 seconds {coating application
slep) then 2000 RPM for 10 sec {spin step), then 500 RPM for 10 seconds {dry step). The
sasaple is removed from the spin coater and placed ona hoiplate at BO°C for4 hours to remove

the solvent and curg the PERMANEW 0000 to a partiglly cured state.
Sacrificial Adhesive Laver Coating

Glass slides, $0 mm x 75 mun, are cleaned with [PA and a lint free elnth, The slide is mounted
ont the-vacuum chuck of a Model WS-6305-6/npp e spin coater (Laurell Technologies
Corporation, Nerth Wales, PA USAJL A vacuum of 64 k¥a {19 inches of Hg) ix applied o hold
the glass to the chuck. The spin coater is programmed for 500 RPM for 10 seconds (coating

application step) thew 1500 REM fixr 10.s¢e {spin step), then SO0 RPM for 18 seconds {dry step).

A solution of I0A/AA Optically Clear Adhesive {90% isooctylacrylate, 18% acrylic geid, us
described in 1.8, Reexam patent RE24,906 (Ulrich)) ts difuted to 5.4 wi% in ethyl
acetate/ieptane: Approximately 2-3 mb of the 1OAJAA solution is applied to the glass slide
dissing the coatling application portion of the spin cyele. The shide is then removed from the spin
coater and put on a hotplate at 100°C for 30 minuies and vovered with an aluminum tray. The

slide is then allowed to cool to room temperature.
Lapsinition

The partially cured film stack is Jaminated st 160°F {(71°9C) 1o the JOA/AA vouted glass shide:
usigg & thermal filin lzminator (GBC Catena 35, GRC Document Finishing, Lincolnshire, L),

The laminated sample i removed from the laminator and allowed cool to room teniperature.
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After lamination, the enprimed PET sapporting the film stack is separated from the PMMA
copolymer leaving the PMMA copolymer and all other layers adhered to the glass slide. The
sample is placed in a box fursace (Lindberg Blue M box fumace model BFS1732PC-1, Asheville
5 NG, USA} and brought from 25°C to 300°C at a rate of approximatety 10°C/min. The furvace is
field at 300°C for thirty minutes, then heated 10 500°C at a rate of approximately 10°C/min and

held for one hour. The furnace and sample are then allowed to.cool down o ambient

temperature.

For surface maging, specimens are mounted on an alumingsm stub. Cross sections ave prepared
10 by scoring with a scribe and fractering at ambient. These are mounted on an additional stub,

Al specimens are sputter coated with gold/paliadium and were examined using a Hitachi S-4500

Field Bmission Scanning Electron Mictoscope. Al images are the product of secondary

glectron imaging (SED, a technique ssed to image surface morphology of a sample. The resulting

brideed inorganic nanostructure is shown in FIG. 8A and 8B.

I8 The suefaces of these “bridged” samples are examined using Xeray Photoelectron Spectroscopy
{(XPS). This ’iecifmiqxzatypiml}yjprovid.es' an analysis-of the outermost 3 to 10 napometers {nm)
o the spaciman surface, but in this case an Argon jon gun is wsed to ablate the top layers of the
bridged sample, The photoglectron sprctra with ablation can provide information about the
distribution of elemental and chemical (oxidation state andfor functional group) congentrations

pit present through' the semple. 1t is sensitive to all elements n the periodic table except hydroger

and hetivm with-detestion limits formost species in the 0,1 1o 1 atomic. % eonceitration range.

The conditions during the XPS analysis-arg reported in Table | below,

Table 1. XPS analysis conditions for bridge compnsition experiment

Instrument Physical Electronics VersaProbe 50007
gnalysis areas = S580um x 1 S00um

photoelectron take off angle | 45° & 207 solid angle of acceptance

N-THY SOUIER Monochromatic Al Ko (1486.6aV) 85W
charge neutratization Low energy < and Ar™ flood sources
charge correction None

sputter ton gon conditions | 2 keVoAx', 2 mny by 2 mm raster, ~1fum/min, 5i0;

analysis chamber pressure. | ~3x107 Torr
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The results of this experiment are shown below in FIG. 9, confirming the presence of siticon
throughout the top 200nm of the: bridge layver. FEGL$ is XPS atomic concentration as a function

of sputter depth on bridged nanostructure confirming presence of silicon
Esnmple 2: Creation of bridged nanostructuved swrface with a Silecs backfil

Adl steps and materials described in Example 1 above ave used here, except a high refractive

(

index (n=1.85) polvsiloxang coating solution “SCE50™ {Siees Oy, Finland) is used in place of
the Perma-New 6000 hardeoat solusion. The SCE50 is baked at 106°C for four hours in order to
remove the methyvlisobutylketone solvens in this formufation. A collection of SEM micrographs
from the resulting microstruchure is shown i FIG. 184D, FIG: 10 ilfostrates (a,b) SEM with
varions magnificalions of sample in plan-view {e.d) SEM eross-sections of PRD-2900/601

sample backfilled with Siec 850 after bake-ound,
Example 3: Changing bridge morphelogy
Synthesis of MTES-Silica in Fthanal Procedure

A 1000m1 3-neck round bottom flask is charged with 2665 jramis of Naléo 1034A (35.0%
agueous siliea sot) (Naleo Corupary, Naperviile, 1L With the batch mixing, 372.5 grams
methyltriethoxysilane, MTES, (Alfa Aesar, Ward i), MA) and 25.5 grams glacial acetic acid
(EMIDY Chemicals {nc., Gibbstown, NI) are added to the batoh. The batch is heated to 60°C and
held for 1 hour After [ hour, the bateh is allowed tocool o room temperature. After
approximately 4 hours at room femperature, 1.03 grame formic acid, ACS, 88+% (Allx Aesar,
Ward Hill, MA) and 7.21 grams tetramethy lammonion hydroxide, 23% wiw in methanol (Alfa
Aesar, Ward Hill, MA) are added to the batch. The bhateh is heated to approximately 80°C and

held oversight (approsimately 16 hours), then allowed 1o cool to room temperature.

A dituted sample of MTES:silica in ethanol is made by adding a S0 gram aliquet of the reaction
ixture descrided above and 8.8 grams anhydrous alocho! (95/5 ¢y ethanol2-propancly §T
Baker, Phillipsburg, PA) to a 125 glass betile. The fnal dituted stmple is & low viscosity,

translucent dispersion and is measured o be 30.9 wt%e-salids.
Formulation

All process steps described in Example 1 above are usvd, except the cugtom synthesized MTES-

based polysiloxane coating solution in ethanot is used ia place of the Pernia-New 6008 hardcoat

solution. A collection of cross-secticn and plan-visw SEM miceopraphs from the resalting
miicrostracture is shown in ¥16G, 114D FIG 11 Hustrates 11A and 118 SEM cross-sections of
PBD-2900/SREDT transfer films backfilled with MTES-Siliea solution in ethanol, while 11€
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shows a plan-view SBM micrograph. The right side of this image shows an additional “skiy”
fayer that forms on top of the porous inorganic microstructure and 11D shows a close-up of the

same porons microstructure,
Example 41 Creation of uon-planar bridge structusre

Adbprocess steps described in Example [ above are used, except SRALS (highly ethoxylated
triznethylolpropané frigcrylate) is nsed instead of the PBD-2900/SR601T sacrificial resin system,
The same photoinitiator system (0.5 wi.% Darocur 173, 0.1% Lucirin TPOY is used in this resin,
A crossvsectional SEM microgeaph from the resaliing microstructure isshown in FiG. 12, ¥iG,
12 ilustrates &y SEM eross-section sicrograph of a microstructures SR415 sample backfilled

with Perma~-New 6000 after bake-otst

¥

Exawmple 5: Bi-layer Bridge using Zirconia Navoparticle Qopants
Svuthesis of A-174 functionalized Zirconia nanoparticles

A 3000 mi 3eneck rourid bottors flask is charged with 600.0 grams of a 45.4 wi % solids
disperstor of 10 tim zirconia particles (prepared as described in U.S, Patent No. 7,241,437 and
LS. Patent No. 6,376,590), Nexs, the flask is equipped with a stir bar, §tir plate, condenser,
heating mantle, thebmecoup e and temperdture contoller. With the batch mixing, 380.6 grams
deionized water and 1000.0 gramsg E~me£hoxy«27§§mpauoi (Alfs Aesar, Ward Hill, MA) ate
added 1o the batch. The batch is held for approximately 15 minutes at room temperature with
mixing, Duringthis {5 minute hold, 73.0 grams of 97% 3.
{MethatryloxypropyDirimethoxystlane (Alfa Aesar, Ward Hill, MA), 0.61 grams of 2 § wi%
Prostab 5198 {BASF, Flotham Park, NI} aqueous solution and 400g 1-methoxy-2-propane| are
addded to a 1000 ml poly beaker. The 3-(uethacryloxypropylirimethoxysilane/Frostabl 1+
msthoxy-2-propanol premix is added to the batch withvstiring. The premix beaket is rinsed with
atiguots of L-methoxy-2-prepanol totaling 70.0 grams. The rinses are added to the batch. Next
5.0 grams 28% ammonium hydroxide (EMD Chemical Ine, Gibbstown, NI} is added fo the
batch, The batch is hested to 80°C and held for approximately 16 hours with wmixing, After the 16
frour hold, the bateh is allowed to cool to room temperative. The water is removed from the batch
by alternate vacuasm distillation and addition of 1500 grams l-methoxy-2-propanel. The batch is
concentrated by vacuum distiflation to tesult i a véry fluid ranshicent dispersion with 62.3 wi%

solidls of A-174 functionalized Zirconia.

Al process stepsdeseribed s Example 1 above are used, except a sacrificial resin that s also
kunown to'show the bridging effect was doped with the zirconia nasopurticles deseribed above. A

10 wt% solution of Zr(-A 174 describied above is charged into SROD3R (highly ethoxylated
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BPA diacrylate, Sartomer Co.) refative to the weight of the SRO038 alongavith 0.5 wi. %
Daroeur 1173 and 0.1 W% TPO photolnitiators. The chemical strueture of SRO038 and SEM

cross-sectional micrographs of the resulting samples after bake-out i shown in FIG. 13A-8.
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5 Cheniical stractare of SROO3R resin
XPS spuster depth profiles ave obtained from this sampie. The spectra ave shown i FIG, 14
helow, and the analysis conditions for the experisient gre owtlined in Table 2, Three spots.are
profiled and all are found to have & surface laver vich fo G, 81 and € and free of Zr. Estimation
of the layer thickness from XPS was ~235-35mm, Reneath this layer, a thicker layer rich in O and
10 Zratong with lower levels of $1, C, Y and Na was found, Profiles were stopped within this
sécond layer, FIG. 14 Hustrates an example spuster depth profile, Three areas are examined
and all gave similar results. The surface layer (ap to ~10 minutes of sputtering} is rich in O, S
and €, When this layer is pevetrated. g layee rich in O and Zr with lower levels of 8i, C. Y.
Table 2. XPS analysis conditions
Instrument ' ' Pii}.fskai Blectronies Quantera 17
analysis areas 2 S00un % E'S(}Q;_m_z |
photoetectron take off angle | 45° % 20° solid angle of accepiance
XTRY SOUrce M(}gmhmmatic ALK (1486.6eV) 85W
chéarge neutralization | Low energy ¢ and Ar' flood sources
charge corvection N(m | |
sputter fon gun conditions T2 keV A", 3 mm by 3mm raster, -3 4onmin Si02
axia.l)"sis chaniber pressurg ‘ <310 Tayer »
15

Fxample &

Toitlustrate the ability to tadependently modify the refractive index of both the bridge and the

nanostructured fayer, four examples were created sccording to Table 3 below,
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S:_truc:,{:urf;d Layer Bridge Layer
TABLE3  Refractive Index Refiactive Index
Bxample 6a | Sirich, Birich
| Example 6b | $irich Zr rich
Example 6¢ | Zrrich 5§ rich
 Example 6d | Zrrich Zr fich

Exassple 8a: Silies loaded structuved dayéy, sitica londed bridge layer
Bridge layer coating

The substrate film was an unprimed 2 mil anprimed PET filnn coated with 4 micron thick PMMA

eopolymer (75 wt.% polymethylmethacrylate, 25wt % polyethy! acrylate, "PRDITG-AY,

(¥4

Altuglas Ing.) using a roll-to-roll web coating process. A bridge resin sotution was created by
mixing ethoxylated hisphenol A dimethacrylate (SR540, available from Sartomer Company,
Exton, PAY inclading a photvinitator package comprising 0.5% Darocur 1173 and 0.1 wt.%.TPO,
with PermaNew 6000 (available from California Hardeoating Company, Chula Vista, CA) in a
95:3 resin:Permaew ratio. Theresin mixtite wis coated betiveer the base film and 4 release
10 finer (Release Liner, 50 microns thick, commercially available frons CP Films, Fieldale, VA as
"T507) in a nip with a fixed gap of 0 mil, with a préssure of 80 PSL The laminate was cured with
radiation fromt a Fusion “D" lamp operating at 600 W/in was transmitted through the film to cure
the resit while in contact with the release liner, The release Hrier was then removed from the

sample, resulting ina thin fayer of cured bridge resin on a PMMA. copolymer coated PET fitm.
15 Swuctwred remplate

The substrate used was o primed 1,002 fxch €0.081 mm) thick PET. The replicating résin was a
75425 blend of SR 399 .and SR8 (both available from Sartomer USA, Exton, PAY with 4
photoinitator package comprising 1% Darocur 1173 {Available from Ciba, Tarrytown, NY), 1.9
wi % tricthanolamine (available from Sigma-Aldrich, St Louis, MO), and 0.5 wt% OMANGTI
200 (available from Gelest, Inc. Morrisville, PA), Repiication of the resin was conducied at 20 f¢/min
(6.1 m/ininy with the replication tool temperature at 137 deg F (38 deg €), Radiation from a
Fusion "D" lamp operating at 600 W/in was transmitted through the filn to cure the tesin while
in contact with the tool. The replication tool wag patterngd with & 600mm pitel finear sawtooth

groove.

25 The replicated template Gl was primed in'a plasma chambeér using argon gasat  fow rate of

250 standard co/min (SCCM), a pressure of 28 mTore and RE power of 1000 Watts for 30
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seconds. Subsequently, a release coated tool surfaee was prepared by subjetting thesamples to a
tetramiethylsitane (FMS) plasma at 8 TMS flow rate of 150 SCTM but no-added oxygen; which
corresponded 10 an atimic ratio of ogvgen to siicon of sbout 0. The pressure it .tixc pia‘sma
charber was 25 mTorr, and the RF gower of 1000 Watts was used for 10 seconds. This created

4 release coated strsetured tool filin,
Struchured layer Comting

The structured resin layer was then coated onthe eured bridge resin ost the PMMA copolymer
cogted PET film.. The stractored resin was sthoxylated bisphenol A dimethabrylate (SR540,
available from Sastomer Company, Exton, PA)} including a photoinitator package coniprising 0.5
wt.% Darocur 1173 and 01 wi% TPO. The resin was coated hatween the base filmand the
structived tool film in a nip with a fixed gap of & mil, with a pressute of 10 PSL The taminate
was cured with radiation from a Fusion "D linp operating at 500 W/in was transiitted through
the filin to cure the resin while in contact-with the structured too! fiim. The structured tool filin
was thet removed from the sam ple, resulting in a {ilm stack consisiting of a thin layer of cured

stractured vesing a thin Jayer of bridging resin, & PMMA copolymer layer, and PET.
Sa’c@ﬁs’i coating

A section of the film stack previously describied was atached toa 50 nun x 75 mm in ictoscope
stide with tape. A backtil] coating solution was crested with PermaNew 6000 (available from
California Hardeoating Company, Chula Vista, CA) was diluted to 1% w/w in IPAitanok
brought to room temperature, and {ltered through a L wm filter, The sample of the treated film
was coated with the PermiaNew solution, which was applied to the film s-a‘mpla by spin coating
on a Cee 200X Precision spin coater (Brewsr Sclence, Ine. Rolla, MO). The spin parametes

o

were 500 rprad3 see (solution applisation), and 2666¢ rpm/ 30 sex, then 300 rpa for 10 seconds.
Approximately § milliliters of the PermaNew solution was applied to the replicated film during
the solution application step of the spin eycle. The voated sample was placed in a oven at 80°C

for four hours o cure the PermaNew coating, they cooled to room temperatarg

Sacrificial Adbesive Layer Coating

#

Glass slides, 59 mm x 73 mm, were cleaned with IPA and a lint free clath, The slide was
mounted on the vacwwn chuck of 2 spin coater, The spin coater was programmed for 300 RPM
for § seconds (coating application step) then 1500 RPM for 10 sec {spin step, then S0GRPM for

60 seconds (dey step).
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A solution of IOA/AA Optically Clear Adhesive (90% isooctylactylate, 10% acryhic acid, as
dezeribed in U.S. Reexam patent RE24,906 (Urich)) was dituted to 5 wi%s in ethyl
acetate/heptane.. Approximately 1-2 mi, of the OA/AA solution was applied to the glass stide
during the coating application portion of the spin sycle. The stide was then removed from the

spin coater and allowed to dry,
Laminidion

The film was laminated at 71 degrees centigrade (180°F) to the IOA/AA coated glass stide using
a thermal film lantinator (GBC Catena 35, GRC Docurent Finishing, Lincolnskive, 1L). The

{aminated sample was removed froin the laminator and allowed eool t0 roor teraperature:
Bake-oyr

After lamination, the PET support was separated from the laminated layers, leaving the Perma-
New, SRS40, co-PMMA,; and I0A/A A layers adhered 1o the glass slide. The sanphe was pladed
it & box fursace (Lindberg Blue M by furnace model BFS1732PC-1, Asheville NC, USA) and
brought from 25%C to 300°C at v rate of approximately H°Chmin. The furmace was held at
300°C for thitty minutes, then heated to 500°C ata vate of approximately 10°C/min and held for
one hawr to decoiipose the IOATAA, PMMA copolymer and the SR340, The furnace and sample
were then to esol down 1o ambient temperature, A gross-ssetional SEM micrograph from the

resulting suicrostracture s shows in FIG. 16.
Example 6b: silica loaded structuved layer, ziveonis loaded bridge layer
Preparation gf Zv filled Bridge resin

3-(Méthacryloxypropy Divimethoxystlane -Zirconta particles were prepared as follows: A 3000
ml 3-peck round bottom flask was charged w ith 606.0 grams of"a 454 wi%e solids dispersion of
10nm zirconta particles (prepared ds described in U.S. Patent No. 7241437 and U.8, Patent No,
6,376,500). Next, the Hask was equipped with a stir bar, stir plate, condenser, heating mantle,
thermocouple and temperature controfler. With the bateh mixing, 380.6 grams detonized water
and 1000.0 graras 1-methoxy=2-propanc! (Alfa Aesar, Ward Hill, MA} were added fo the bach,
The baich was held for approximately 15 minutes at room temperature with mixing. During this
S minste hold, 73.0.grams of 97% 3-«(Methacevloxypropytrimethoxysilane (Alfa Aesar, Ward
Hill, MA)Y, 0,61 grams offa Swi% Prostab 5198 (BASF, Florbam Park, NJ) aguéous solution and
400g Lemethoxy-2-propanol were added 1o a 1008 mi poly beaker, The 3
{methacryloxypropyirimethoxysilané/Prostaly l-methoxy-2-propano premix was added to the

bateh Wwith stirring, The premix beaker was rinsed with aliquets of Tagethoxy-2-propanot totaling
g They ; y-2-prj g
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70.0 grams, The rinses were added to the bateh. Next 5.0 grasis 29% ammonium hydroxide
(EMD Chenuical Ing, Gibbstowa, NIY was added to the bateh. The batch heated to 80°C and held
for approximately 16 bours with mixing, After the 16 bour hold, the bateh was allowed to-cool to
room tenmperature; The water was removed from the baich by alternate vacwum distillation and
addition of 1500 grams L-methoxy-2-propanol. The batel was concentrated by vacuum

distitlation to resuit in 4 very fudd transfucent dispersion with 62.3 wi¥% solids.

A 250 ml one-neck round bottom {lask was charged with 20.82 grams of the 62.3wi% solids
dispersion of A174-Zirconia, To Uus dispersion, 100 gramg of T-methoxy-Zpropanol, 9.5 grains
of aremaniom bydroxide and Sartomer SRO038 (Warrington, PA) were added with mixing. The
flask was placed on-a Rotovapor and vacuum distilled to remove the solvent. The yield after
distillation was 102:3 grams. A towml of 96.5 grams of this translucent, blue/vellow dispersion
was teansferred to-a 120 ml amber bottle. To this bottle 0,097 grams Irgacure TPO (BASF,
Flogham Park, NIy and 0.484 grams Darocur 1173 {BASF, Florham Park, NJ) were added. The

dispersion was inixed to ensuie dissolution of the phototsitiators..

A bridgeeresin solation was erested by mixang the Zrfilled 9038 mixture described abeve with
PermaNew 6000 (available from California Mardeoating Campany, Chula Vista, CA) in a 9010

resin: PormaNew fatio.

All process steps described in Example 6a above dre used, exeeptthe Zr fitled SRI038 deseribed
above is used as the bridge resin. A cross-sectional SEM micrograph from the resulting

microstivetire using a silica filled back{¥i and a zirconia filled bridge is shown in FIG. 17,
Exainple Bo: piveonia structured layer, sitiva hridge layer

A bridge fesin solution was created by mixing 60 wiSs of the PBD-2900 resin described above,
mixed with 40 wt.% SR601 sthoxylated bisphenol diacryfate (Sartomsr Co, Exton, PAY, #nd
including a photoinitator package compiising 0.5% Darecwr 117%and 0.1% TPO. This resin
solution was mixed with PermalNew 6000 (available from California Hardeoating Cosspany,

Chula Vista, CAY in a 90: 10 resin:PermaNew ratio.

A backfill.coating solution was ereated ia the following manner: A 500 ml 3-neck round bottom
flask was charged with 175.0 grams of a 45.4 wi% solids dispersion of [Uom zirconia patticles
{prepared as deseribed in 1.8, Patent No, 7.24 1,437 and U.S. Patens No. 6,376,590), Next, the
flusk was equipped with a stirbar, stiy plaie, condenser, heating mantle, thermocoyple and
semperature contrelier. With the bateh mixing, 78.8 grams methyltriethoxysilane, MTES, (Alfa
Agsar; Ward Hill, MA) abd 86.0 grams andiydrous dleohol (95/5 wiv ethanol/2Z-propancl; Avasitor

Performanée Matérials Ine, Center Valley; PA) werk addeéd to the bateh. The batch was beld for |
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hour at voom temperature with mixing. After 1 hour, the batch heated to 70%C and held at 70°C
for 4 hours with mixing. After the 4 hour hold, the batch was allowed to cool to ronm
tempersture. This dispersion was fltered through a 1 micron 37 mun syvinge filter (Fall Life
Sciences, Ann Arbar, M) into a 32 ounce glass bottle. The final sample was a low viscosity,

slightly hazy, translucent dispersion and was measured o be 33,9 wt.% solids.

All process steps desoribed in Example 6a above are used, execept the PBD-2960/SR60T mixture
described above was used as the btidging resin, and the backfill coating solution was the Zr
solution deseribed above instead of the PermaNew solution. A crosssectional SEM micrograph
from the resulting microstructure using a zirconia filled backfitl and a sitica filled bridge is

shown in FIG. $8.
Example 6ds yireonis stractured Iaver, sircinia bridge buver

All process steps described in Example 6a above ave used, except the Zr / 9038 misture
deseribed in example 6b was used a4 the bridging resing and the backfill coating solution was the
Zy solution deseribed in example 6o instead of the PermaNew solution, A cross-sectional SEM
micrograph fiom the resulting microstructire zircoiia filled back{iil and a zirconia filled bridge

is showrt in FIGL. 19,
Exsmple 7

in vrder to qu’antif"_\,‘* the migration of molecular species into the sacrificial vesin during the
backfilling process, we prepared a flat film of the PBD-2900/601 sacrificial resin mixtare,
described in Bxample 1, then coating thi thermally stable back{ill material for slgmental analysis
by XPS. Flat films were conted using a notch bar on an unprimed PET substiate and cured with
ultraviclat radiation 1o'a non-tacky state. The film thickness was ~1.96um for the PB[-2900/601
sample as measuted by optical futerferometry. PerthaNew-6000 was spin coated per Example 6,
over these {Hms and eured st 80°C for four hours to maleh the traditfonal sample preparation
technique. I0A/AA Optically Clear Adhesive.of Example 6, was spin coaled and dried onto
these coatings and the film stack was laminated to a glass slide. The unprimed PEY was peeled
off the film stack 10 expose the bottom surface of the sesin samples. The samples were ot placed
in the oven for the final bake-out step, With the resin sample remaining intact, the sample was
analyzed using x-ray photoelectron spectroscopy to deterrine the elemental composition as a
fasction of depth through the film. Table 4 shows the experimental condittons for this XPS
analysis: A Ceo fon gun was used to ablate away layers of the resin in order to profile the
compogition at suceessive depths, all the way down to the cured Perma-New layer. The 9% of film

gtehed was deterniined using established etch rates of each of the sesing under the Ces fon gun,
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The etch rate were determined by taking the known thickness of each resin layer divided by the

spufter tHime i order {0 reach the bulk of the Perma-New coating {marked by 30% silicon signal)

in each of the film stacks, Then, the etch rate was used 1o convert steb thme into steh depth (v
napometers) for each resiy eoating. Finally, the steh depth of each coating was normalized to
tind % of filn etehed, The result is shown in FYG, 15, The higher atomic siticon concentration
bstween ¢ and 10 % in the sacrificial resin Jayer (PBD-I90W/SRGD1) speettuny corvesponds to 8
layer of rigrated polysifoxane chaing abont 100200 net thick that formed in the lower regions

of the coating during the spin coating and baking siep.

Table 4. KPS analysis conditions for resin depth profiling experinient

Insiroment | Phiysieal Electronios VersaProbe 5000™
analysis areay 500um 8 1500um

photoglectron take off angle 4 +20° solid angle of mu‘pmnm
X-ray SOlfEe Monoehromatio Al K7 (1486.66V) 85W
chary enmlmhmtmﬁ Law energy ¢ and Ar flood seurces
Ch%‘tléﬁ;‘ correction £-C,H 28488V

sputter fon gun conditions | 10keV Cea’ 3inim by RIUUL raster, — 120 tatpet current
“analysis chamber pressure | ~5x107 Torr

Thus, embodiments of LAMINATION TREANSFER FILMS FOR FORMING ARTICLES
WHTH ENGINEERED VOIDS are diséloted.

All references-and publications cited herein are expressly ncurporated herein by referénce in
their ertirety into this disclosare, except to the extert they may divectly contradi it this disclasire.
Although specific embiodiments have been Rlustrated and described hereln, it will be appreciated
by those of ofdinary skill in the art that a variety of altésnate- and/or equivalent implementations
ean be substituted for the specific embadinents shown and deseribed without dgparting froms the
scope of the present disclosure, This application is intended fo cover any adaptations or
variations of the specific embudinenis discussed horeis, “lfl";ereibre, it s intended that this
diselosure be limited only by the claims and the equivelentsthereof. The disclosed embodiments

are presented for purposes of ilustration and pot Husdtation.
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What is claimed is;

B A transfer film compsising:
asacrificial ieniplate layer havidg a first swrface and a second syrface having a structured

surface opposite the first surface;

&

a thermally stable backfill layer conforming 1o the structured surface of the sacrificiat
template layer;

whetein a portion of the saerificial template layer proximate the first surface has 8
greater concentration of a thermally stable molecular species than a portion of the sacriticial

template fayer proximate the second surface.

2. The transter film according {6 claim 1, /whergin the sacrificidl template layer comprises a
fayer of thermally stable molecular specigs and the layer of thermally stable molecular species is

separated from the structured surface of the sacrificial template taver by a layer of sacrificial

material,

ot
(%41

3 The ransfer film according to claiim 2, wherein the layer of sacrificial niaterial consists

gaseotially of sacrificial material.

4. The transfer film according 1o claim 1, wherein the sacrificial template layer comprises a
20 gradient of thenmally stable moleculsr species and the gradient comprises 2 concentration of
thermally stable molecular species that changes as a function of a distancs from the structured

surface along a thickness divection of the sacrificial template layer.

5. The transfer {ilm according to claim 4, wherein the concentration of thermally stable
3 X = 5 a2 ’ 3 5
25 melecular species increases as a distance from the structired surfice increases.
8. The transfer film according to claim 5, wherein the conceniration of thermally stable
molecular species is greatest about the first surface.
30 7. The transfer film according to.claim 1, wherein the thermally stable molecular species

comptises siicon, alupiinem, hathivm; bartem, strontiun, tilantum, or zirconium,

8. The trarsfer film according to elaim 1, wherein the thermally stable mofecular species

comprises a metal or metal oxide or metal oxide precursor.

L
Lty
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9. The transfer film according to claim 1, wherein the thermally stable molecular species

comprises an organosilicon polymer.

10. The transfer film according to claim 4, wherein the sacrificial template layer comprises a

(meth)acrylic polymer.

11. The transfer film according to claim 10, wherein the (meth)acrylic polymer comprises a

majority of polyether segments or a majority of ethoxylated segments.

12. The transfer film according to claim 1, wherein the thermally stable molecular species

migrates from the thermally stable backfill layer into the sacrificial template layer.

13. The transfer film according to claim 1, wherein the sacrificial template layer is capable of
being baked out while leaving engineered voids defined by a bridging layer and the structured surface
of the thermally stable backfill layer, wherein the bridging layer is formed from the thermally stable
molecular species within the sacrificial template layer and the bridging layer is disposed on the

structured surface.

14, The transfer film according to claim 1, further comprising a support substrate having a
releasable surface, the second surface of the sacrificial template layer disposed on the releasable

surface of the support substrate.

15. A method, comprising:

{aminating a transfer film according to claim 1 to a receptor substrate;

baking out the sacrificial template layer to form engineered voids defined by a bridging layer
and the structured surface of the thermally stable backfill layer, wherein the bridging layer is formed
from the thermally stable molecular species within the sacrificial template layer and the bridging layer

is disposed on the structured surface.

16. The method according to claim 15, wherein the receptor substrate comprises sapphire.



10

15

41

17. A method of forming a transfer film, comprising:

applying a thermally stable backfill layer to a structured surface of a sacrificial template layer,
the thermally stable backfill layer conforms to the structured surface of the sacrificial template layer
and comprises thermally stable molecular species; and

allowing a portion of the thermally stable molecular species to migrate into the sacrificial

template layer to form the transfer film.

18. The method according to claim 17, wherein the allowing step forms a gradient of thermally
stable molecular species within the sacrificial template layer and the gradient comprises a
concentration of thermally stable molecular species that increases as a function of a distance from the

structured surface.

19. The method according to claim 17, wherein the sacrificial template layer can be cleanly baked

out leaving a bridging layer disposed on the structured surface and defining engineered voids.
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20. A bottom emitting OLED comprising:

a light transparent support layer;

a nanostructured layer on the support substrate, the nanostructured layer comprising a
structured surface layer and a bridging layer on the structured surface layer and defining a plurality of
engineered voids; and

an OLED structure disposed on the bridging layer, the OLED structure comprising a OLED

layer separating a top electrode and a bottom electrode.

21. The bottom emitting OLED according to claim 20 wherein the structured surface layer has a

refractive index of 1.5 or less and the bridging layer has a refractive index of 1.6 or greater.

22. A top emitting OLED comprising:

a support layer;

an OLED structure disposed on the support layer, the OLED structure comprising a OLED
layer separating a top electrode and a bottom electrode;

a planarizing layer disposed on the top electrode;

a nanostructured layer on the OLED structure, the nanostructured layer comprising a
structured surface layer and a bridging layer on the structured surface layer and defining a plurality of
engineered voids, wherein the bridging layer is adjacent to the OLED structure; and

a light transparent layer disposed on the structured surface layer.

23. The top emitting OLED according to claim 22 wherein the structured surface layer has a

refractive index of 1.5 or less and the bridging layer has a refractive index of 1.6 or greater.

24. The top emitting OLED according to claim 22 wherein the nanostructured layer is optically

coupled to the OLED structure via an optical coupling and planarizing layer.

25. The top emitting OLED according to claim 22 wherein the nanostructured layer is not

optically coupled to the OLED structure.



