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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 
5 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. 

10 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 
15 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. 

20 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. 

25 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. 

30 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 

5 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 

10 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 

15 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 

20 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: 

25 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 

30 final bridged nanostructure; 
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FIG, 4 is a schematic process: io w .diagram of another Illustrative method of forming- the transfer 

film and final bridged nanostructure; 

i fe a schematic cross-sectional diagram of an illustrative bottom emitting OLED article 

including the bridged nanostructure described herein; 

5 FIG.,6 . is a schematic cross-s«ctio«ai diagram of an illustrative bottom emitting AMOLED 

article bckidmg the bridged itanQStructure described herein; 

FIG. 7 is a schematic cross^sectiosal diagram of an illustrative top emitting AMQLHD article 

mcludlag the brklged iianostructure described herein; 

FIG, 8A and SB illustrate cross-sectional SIM micrographs.of im illustrative baked out final 

10 bridged nanostTOCtere at a 15k (8A): magftillcation and at. a 50k mapjifieatioii (SB); 

MG.9 is a graph of XPS atomic concentration as aliineiiosrof depth on the baked out final 

bridged naisosiruGtOTs cohfiFroinglhe presetted of silicon;, 

FI.6, 18A-19I) illustrate SEM: micrographs: of another illustrative baked out fraal bridged 

ftanost ructure where the top two photos (JOB and 1 §B) «re pi an or top views: and- the bottom two 

15 photos;(!,©€ and I0!)}.are eross-seetiotial views at a 50k and a 15k magnifications: 

PIG. .11 A-l IB illustrate SEM micrographs of another illustrative baked out final bridged 

naaostrocture where the bottom two photos (IIC and US') iire..plan or lop views and the top two 

photos^ 1 !,A and 1 IB):are cross-sectional views at a 50k asd a 15k magnifications; 

FIG. 12 illustrates a cross-sectional SEM micrograph of another illustrative baked oat final 

20 bridged nanostftictisre; 

FIG, !3A and 15B illustrate eross-seetional SEM micrographs of another iliustrative baked oat 

final bridged nanostnictare at a 15k magnification (f3A) and at a 50k magnification (I3B).; 

FK*. .14 is. a graph of XPS atomic concentration as a ftmetio« of film depth on an illustrative 

tfassfer film; 

25. FIG.. IS is a graph of XPS atomic concentration as a function of film depth of an illustrative 
transfer film labeled 29,90-60] showing silicon containing migratable species at the top surface 

of the sacrificial resin layer; 

FIG. 16 is a eross-sectiortsl SEM micrographs of an illustrative. baked out final bridged 

nanostructure of Example 6a at. a. 50k magnification; 
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fICJ, I? is a cross^sectioTial SEM mierogrsphs of an .illustrative baked out final bridged 

nam>structure of Example 6b at a 15k magnification; 

FIG. 18 is a cross-sectional SEM-micrographsof art illustrative baked out-final bridged 

nariostractore o f Example 6c; and 

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

n anostrueture of Examp l e 6d. 

DETAILED DESCRIPTION 

In the following detailed description, reference.is made to the accompanying drawings that form, 

a-part-hereof, and in which are .shows by way of illustration several specific erabodiraeats, It is 

to be understood that other embodiments -are contemplated. and may: he- made without departing 

from the scope or spirit of the present disclosure, The, following detailed .description, • therefore, 
is not to be.taken in a ihfcitmg sense. 

All scientific- and technical terms used herein have meanings commonly used in the art unless 

otherwise specified, The definitions provided herein .are to facilItate' understanding- ofi&ri&ra-
terms used frequently herein and are .sot mea«t to lim i t the-scope of the present .disclosure. 

.Unless Otherwise indicated, all numbers expressing feature sizes,.amounts,, and- physical 

properties used: in the specification and claims are: to he 'understood as being modified in all 

instances by the. terra "about!' Accordingly, unless indicated to the contrary, the numerical 

parametersset forth in the foregoing specification and attached, claims are ..approximations that 

can vary depending; upon the properties sought to be-obtained by those skilled in.the art ..utilizing 
the teachings disclosed herein. 

The .recitatiofi of .numerical ranges by endpoints inclisdes alLnitni bers subsumed1 within that range 
(e.g. I to 5 includes {,1.5,2,2,75,3,3.80, 4, and $:} and-any range within thai range. 

As used in this specification aid the appended claims, the: singular forms "a", "aif\ and "the" 
encompass embodiments having plural referents, oni-ess the content clearly dictates otherwise, 

A a used in .this specification and the. appended claims, the term "or" is generally employed in its 
senseincludteg "and/or".unless the content clearly dictates otherwise:. 

As used herein, "have",'"hav'iKg"» "include", uinckiding,\ '-comprise'', "comprising5' or the like 
are used in their open ended sense, and generally mean "including, hot not:'limited to". It will be 
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understood that'Sfcojisfet-ing.::ess;en{lia1ty of* "cops-isting-ofVapd .the. .like are subsumed in 

"comprising," and the like,. 

in this disclosure: 

"backfill, materials'' or "backfill fevers" refers to layers.of materials that fill in irregular or 

5 structured .surfaces to .produce a new surface that may be used: as a base to build additional 

layered: elements and is thermally stable; 

"bake*o«t" refers to the process of substaiitially removing.sacrificial material present in a layer 

by: pyrolvsis, combustion, sublimation, or vaporization while leaving thermally stable materials 

substantial ly intact (backfi 11 .substrate); 

30 "bake-out temperature'' refers to the maximum temperature reached during the process of 

substantially removing sacrificial materials in a. layer by pyrolvsis or combustion while leaving 

thermally stable materials substantially intact, (backfill, snbsfrate); 

"combust" or "combustion" refers to a process of heating a layer that comprises organic: materials 

in an oxidizing atmosphere so that Organic materials undergo a ehernsea! reaction with the 

.! 5 oxidant; 

"solvent" refers to organic or aqueous liquid that is capableof dissolving, dispersing or 

suspending the materials described herein, e.g., organosilicon compounds. nanopatticfcs, 

polymers, sacrificial materials, etc, 

"naoostnsctnres" refers to features that range from about 1 intv to about 20OG; nm intheir longest 

20 dissension and includes •microstructures; 

"pyroiyze" or "pyrolysis" • refers to a process of heating.a sacrificial layer in an inert atmosphere 

so that organic materials in the article decompose; 

•"structured surface" refers to a surface that includes periodic, quasi-periodic or random 

engineered microstruetiifes, nanosttHctees, and/or hierarchical structures that can be in a regal ar 
25 pattern or random across the surface;: 

"thermally stable" refers to materials that remain substantially intact during the removal of 

sacrificial materials; 

"polystloxMes" refers te highly branched: oiigo.meric or polymeric organosliicoa compounds:and 

may include carbon-carbon and/Or carbon-hydrogen bonds while still being considered as 

3(5 inorganic -compoun ds; a rid 
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"migratable species" refers to a molecular specks that ntoves fern the backfill layer to the 

sacrificial layer. For example, a niigmtabie species might include si lanes, siloxanes, 

polyslloxaties or other argan.osili.con compounds. 

The present disclosure rejsites to''lamination transfer films for forming'articles with engineered 

5 voids and method of forming these lamination transfer films, These transfer films car, be 

laminated to a desired substrate (like glass) and ''baked out" to. reveal a. unique bridged 

nanostructure:defining "engineered voids", The bridge element of these, bridged nanostruciures 

can be formed, for example, by..migration of a molecular species from a,backfill layer to a 

sacrificial layer. Goittrol over migration, of the molecular species (e,g,:i. low molecular weight 

10 poiysiSoxarses) into the sacrificial res in: can be altered by changing the -chemical an4 physical 

properties of the sacrificial template, and/or the molecular species (e,g,., polysiloxane 

formulation), A high level of-migration of the rnigratabie species into the sacrificial polymer 

leads to tile formation of the .-unique "bridge" stecture following "hake: out* of the transfer tape 

on.the desired substrate. Alternatively, the rnigratabie molecular species forming the bridge 

15 feature can be placed in the transfer film without the need for migration. The kinetics of siloxane 

curing and themtai decomposition of the niierostruefureid sacrificial polymer both influence the 

morphology of the bridge. The bridge forms independently of the inorganic nanostructure:-that is 

defined by the-saerifieia! template layer, as fc. organic polymer decomposes. The space in 
between the bridge and the engineered, nanostrttcture forms "engineered voids" whose Shapes are 

20 defined foy tbe bounds of-the engineered mmostracture and the bridge- in some era bodimeats, the 

distribution of the: migrated species in the sacrificial polymer layer determines the morphology of 
the-final-structure. Control of various aspects of bridge formation has also been demonstrated 

herein. The articles and -process--described herein may lead to immeross applications in the field 

of engineered ceramics. For: example, some nanostructxired surfaces suffer from poor durability, 
25 such asf iw example, anti-reflective surfaces, The durability of nanostrudured:coatitigs can be 

improved by covering them with a thin inorganic nsechanica'l barrier coating, such as the bridge 
structures described herein. Also, the refractive index, of both the bridge and the nanostructured. 

coating: may he -'independently- changed, leading to applications in iightmanagemeot. The voids 
cats be continuous or discontiniioiis across the entire samplearea. While the present disclosure is. 

3 0 not so limited, an appreciation of various aspects of the disclosure will be gained through, a 

discussion of the examples provided below, 

FIG. i is a schematic process flow diagram, of an illustrative method 1(M> of forming the -transfer 

fiini 30 and final bridged tianostracture 68',. MG< 2 is 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-seetionai SEM micrographs (1-6) of an iliusirative bake out .forming the final bridged 

nanostructure. 

This method 19© iHclydes app.lyu'ig a thennally stable haekfitl coalhlg.solwtioij 22 to astrectwed 

surface 14 of a sacrificial template layer 12 and allowing a raigrat-able species, (illustrated by the 
5 arrows), t©-migrate from the thermally stable backfill layer 22 to the sacrificial template layer 12,. 

farming the,transfer film 30, The thermally stable backfill layer 22 eonfoms to; the structured 

surface 14 of the sacrificial template layer 12, 

The thermally stable backfill solution can be coated onto the structured surface• 14 and any 

solvent or portion of solvent removed and optionally cured to form the: thermallY stable backfill 

1.0 layer 22. '.Preferably, after removal, of solvent and curing, the thermally stablematerial 

substantially planarizes the sacrificial template layer. Substantial planarkation means that the 

amoum of pianarization (P%):. as defined by Equation i5. is greater than 50%, or greater than 

f$%t or preferabiy greater than. 90%, 

P% ::K ( i - =* 100 (if 

1S where ti is the relief height of a surfece layer and hi Is the feature height of features covered by 

the sttriaee layer, as further disclosed in P. Chwiwal'la,.IEEE-Frcpis. Adv. 'Packaging'2:4(\% 2001, 

41. 

The sacrificial template layer 12 can be on a carrier layer 11 (i.e., liner) having a reJeasable 

surface. In other embodiments, a carrier layer I! is not present. The liner or carrier layer 11 can 

20 be: implemented with a thermaily stable flexible, film providing mechanical support for the other 
layers. The lineril }ms a releasable surface, meaning the liner It allows fbr release of :a.material 

applied to the releasablesiufa.ee, The carrier layer 1:1 should be thermally stable above TO °C, or 

alternatively above 120 without ad versely affecting either the sacrificial layer or the backfill 

layer. One example of a carrier film is poiyethylenei terephthaiate (PET), 

25 The support substrate or earner layer 1£ (described herein) can be embodied as a flexible film 

providing mechanical support for the other layers, One example of a earner film, II is 
polyethylene terephthalale (PET), Various polymeric film substrates comprised of various 
thermosetting or thermoplastic polymers: are suitable for use as the support substrate. The carrier 

nmy be a single layer or mulii-layer film* Illustrative examples of polymers that may be 
30 employed asfhe earner layer film include (1) fluorinated polymers such as 

po{y(chiorotriflitoroethylene), poly^etrafluomethyiene^eohexafhioropropylene), 
poly(t.etrafluoro.ethylerie»eo-perll«o:ro(alkyl)v!nylether), poly(vinylidene fluoride-
oohexafluoropropylene); (2) ioiiomeric ethy lene copolyiTters |Jo!y(ethylene-eo-n]:efha.ciy'lie acid) 

with sodium or zinc ions-such as SUR.LYN:-8920 Brand and SURLYN-9910 Brand .available 
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from E,,l, duPont Nemours, Wilmington, PS;; (3) low ''density' polyetfjyi erics saeh as low density 

polyethylene; linear few'density polyethylene; and vary' low- density polySHivletie; pteifiized 

vifyl-'haHde polymers sadt as pissticixed p0iy(vmychl:oride); (4) polyethylene copolymers 
including aei.cS functional polymers such as pdly(ethyies?e-co- acrylic acid) "EAA";; 

poIyiethyiene-CG-meihaciylic acid) "EMA", poly(ethy!ene--co-mai.eie acid), and pd!y(ethylsne-

co-fumaric acid);: acrylic functional polymers such as poiy(etliylen;e-co-al:lvylacryktes) where the 

alkyi group is methyl, ethvi, propyl, butyl, etcetera, 6cCHS (CH2)n- where n is 0 to 12, and 

pGly(«thyiene-co-V!ny!acetaie) "EVA"; and (5) (e.g.) aliphatic poiyurethaaes, The/carrier layer 

can he aft :&lefimc polymeric materia!, typically comprising at least SO wt'5ro of att itlkyfene 

having 2 to 8 cartas MOMS with ethylene and propylene - being: most -eommorily employed. Other 

carrier layers include for example polyethylene Rsphthalate), polycaiitoiiate, poIy(meth)actylate 

{e.g., polymethyl metbaerylate or ''PMMA"), pcily olefins.{e,g-> polypropylene or "P'P"), 

polyesters {e.g., polyethylene ierephthalate or "PET"), polyamides, polyimides, phenolic resins, 

cellulose diaeetate, cellulose triacetate (TAG), polystyrene, B!yrerie-acryio.tiitrtle copolymers, 

cyclic olefin copolymers, epoxies, and (he like, to some embodiments, the carrier layer can 

Include paperv.release-eoated. paper,,:!K)n-wov:ens, wiH®n.s (fabric), metal films, and metal .foils, 

in some embodiments, the carrier layer can include- sacrificial materials that ean remain on the 

transfer film.during the bake out process. For example, the earner film can include a PET layer 
on a PMMA release layer where the-release layer remains on the transfer film following release 

from the PET layer, Sacrificial materials (saeh as the PMMA release layer), can be pyrolyzed by 

subjecting tliem to.thermal'.conditions.that can vaporize stibsi^ntialSy ail ofthe organic materia! 
present, in. the sacrificial layers. These sacrificial layers can also be subjected to combustion to 

burn out all of the organic materia! present in the sacrificial layer, Typically, a clear, high-purity 
polymer, such as po!y(methyi metbaerylate}, pdly(,ethy{ acrylate-co-methyS methacniate), can be 

used as the sacriiieial materiai Useful sacrificial materials leave very :k>w organic residuals (ash) 
after pyroiysis-or combustion at: the bake out temperature. 

The sacrificial template layer 12 can be nanostritctiired by any useful-method such its a 

continuous cast and cure process or embossed to produce file structured surface•.14.. in many 

embodiments a planar first surface 13: opposes the structured second surfece 14. The releasaSjie 

surface of the carrier layer 11 can contact the planar first surface 13, The, sacrificial template 
layer 12 can he "substantially plauarized using the backfill layer 22, 

In many embodiments., a portion 15 of the sacrificial template layer 12 proximate the first surfece 
13 has a greater concentration of a thermally sta ble molecular species than , a portion 16 of the 

sacrificial template layer proximate the second surface 14. In many of these embodiments, the 

sacrificial template layer 121ms: a.gradient. 25 of thermally stable; molecular species and the 
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gradient 25 is.a concentration of thermally stable molecular species-'that changes as a function of 

a distance- (normal to a major surface) away from the structured surface 14 along athickness 

direction of the sacrificial template layer 12. In many of these embodiments, the concmtrafion 

of thermally stable molecular species that migratedfeto the sacrificial template layer 12 increases 

as a distance from the structured surface 14. Preferably the concentration of migrated thermally 

stable molecular species; within the sacrificial template layer £2 is greatest about or at the first 

surface 13, 

The; transfer-film 30 can be laminated to a receptor substrate 40-and exposed to a heating or 

baking oat process to remove: the sacri fieiai template I aver 12 and to form engineered voids 

defined by a bridging layer 65 and the: structured surface 64 of the thermally stable backtlir teyer 

€1, In some embodiments, an optional sacrificial adhesive layer:(not shown) is applied to the 

baeklil! layer 23 or to receptor substrate 41, prior to lamination. 

Examples of receptor substrates 40 'ijiicTttde glass: such as display mother glass (e.g., backplane 

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

flexible glass. An example.of flexible roll glass is commercially availaWetmder the trade 

designation WILLOW glass from. Corning Incorporated. Other examples of receptor substrates 

include: metals sueh as metal parts, sheets and foils, Yet other examples, of receptor: substrates' 

include sapphire, silicon, silica, and silicon carbide. 

Display .'backplane mother glass receptor substrats-scan optionally include a buffer layer e« a side 

of the receptor substrate to which a lamination transfer film is applied,, Examples of buffer layers 

are described in U.S. Pat. No, 6,396,079, which is incorporated herein by reference as if felly set. 

forth, One type of buffer layer is a thin layer of Si(>2, as described In K. KoSdoh etaL J. of Non-

Crystalline: Solids 178 (1994) 189-98 and.T-K, Kim et ah, Mat, Res. Soc, Syrop. Proc. Vol. 448 

(1997) 419-23„ both of w'h ic-h are incorporated herein by -reference as if fts I ly set forth. 

A particular .advantage 0f the transfer films, and methods described herein is the ability to impart 

structure to receptor surfaces with large surfaces, such as display mother glass or architectural 

glass. Semiconductor patterning ..method's exist, for creating rtanopatierns that cafl be: complex, 
however these-methods are generally slow, complicated, expensive, and limited/to the size of a: 

single wafer (e.g.,-, around 30:0 mm diameter). Step ancl repeat stamping methods seeh as 
nanoimprint lithography has been used to: produce nanqpatierus .oyer larger areas than 
semiconductor patterning- methods, however these methods are still generally slow, e^ensh'e, 

and complicated, often requiring several conventional photql itbogmphie -process-steps, such as 

resist .coating, reacti ve ion etching, and resist stripping. 
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live transfer films and method described herein overcomes. tS?e above mentioned size ."constraints' 

and complexity by utilizing a combina tion of foll->to~roil processing a«d a cylindrical master 

template element These •methods also obviate thetieed for photolithographic process steps. The 

transfer films described herein.have large enough, dimensions tobe used to. impart MfiostmctBres 

5 over, arleast>: entire large digital display substrates (e.g., a 55 inch diagonal AMD LED HDTV* 

with dimensioas of 52 inches wide by 31.4 inches tali), for example. 

The bridging layer 65 is formed from the thermally stable •molecular species 25 within the 

saeriftcM template layer 12 and the bridging layer 6& is disposed on the..'structured surface 64, in 

many .embodiments the bridging layer 45 is formed from the gradient of thermally stable 
10 molecular species 25 within the sacrificial template layer 12. 

As described, and illustrated in I1G. 2 andJIG. 3S the sacrificial template layer 12 can be cleanly 

baked out leavinga bridging layer* 65 disposed .-on the structured surface 64 and defining 

engineered vokis. These %'«res illustrate th&l the sacrificial template layer 12 is capable of 

being baked out while leaving engineered voids defined by a bridging lay er. 65 and the structured 

1.5 surface.64 oftie thermally stable backfill layer 62. The bridging layer 65 is formed.from the. 

thermally stable molecular species 25 within the sacrificial template layer 12 and the bridging 
layer 6S is disposed on the structured surface 64. 

FK»v3 illustrates skemss-aeetionai SEM micrographs I>, E, F) of an illustrative bake 

out forming the final bridged. Ranostracmre, These six photos A-P have been, aligned so that the 

20 surface of the receptoi; substrate is coplanar across the page. Each photo is taken at; specified 
temperature increasing across the page from iefi to right. For example, .4 is taken at a 
temperature of 300 degrees centigrade, B: is taken: at a temperaaire of 350 degrees centigrade, € 

is takes at a temperature of 400 degi^es centigrade,. B is taken at a temperaiufe of 450 degrees 

centigrade, E is taken at a temperature of500' degrees centigrade aftet 20 minutes, and.F is taken 
25 at a temperature of 500 degrees centigrade after 40 minutes, 

The bridge .structure, forms independently of the.inorganic nanostructure' that is defined by the 

sacrificial temiplatedayer,-and gradually settles on top of the nanostructure as the organic polymer 
decomposes. The space in between the bridge and the engineered naftostrue-ture: forms 

"engineered voids" whose shapes are defined. by the bounds of the engineered nanostructure. and 
30 the bridge. As: illustrated in PIG. 3, a large volume of sacrificial template layer decomposes 

during the bake out process as compared to the volume of bridge.remaining. In some 

embodiments, the thickness of the: sacrificial template layer is at .least .2 times or at least 5 times, 
or at least 10 times the thickness of the .resulting, bridge structure. 
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FIG,.4 is a schematic process flow: diagram of another iiliistrative method 266 of forming-the 

transfer film 31 and Una! bridged. aanostructure 60.. The--method 200 a transfer Film 

31 includes forming: a .first layer S which may include sacrificial material and/or a thermally 

Stable molecular species arid disposing a sacrificial template, layer 12 onto the first layer 5. The 

5 sacrificial template layer 12 has a first surface 13 contacting the first layer 5 and an opposing: 

second.surface 1.4 being a structured surface. 

The first: layer S or (he sacrificial tempiate layer 12 can he on a carrier layer 11.(1.6., liner) having, 

a releasable surlaee. In other embodiments. a carrier layer II is notpresent lie sacrificial 

template layer 1.2 can be nanastrnetared by any useful method such as aeontinuous cast and euro 

10 process or embossed to produce the structured surface 14, In many embodiments a planar first 

surface 13 opposesths structured second; surface 14. The sacrificial template layer 12 can be 

substantially pianarked using a backfill layer 22, 

The met!) od includes applying the thermally stable backfill layer 22 to a structured snrface: 14 of 

a sacrificial template layer 12., to piananze the stractured surface 14, as described above. The 

15 thermally stable backfill layer 22 conforms to the-:structured surfaceof the sacri'fieia.1 template 

layer 12 and the thermally stable molecular species may not migrate from the thermally stable 

backfill layer.22: orfrom the sacrificial template: layer 12,. The first layer § can be. separated FrOto 

tbe thennal.ly stable backfill, layer 22. by the sacrificial template layer 12. 

in some embodiments the sacrificial tempi ate layer 12. includes-the-•••thermally stable molecular 

20 species and/or inorganic materials such as, lor example, inorganic mmomaterials and may or may 

not include the first layer 5. The: inorganic nanomatersals can. he present in a sacrificial, layer 12 

and the sacrificial, material can he cleanly baked oiif leaving a densiftedlayer of rsanomaterisls., 
In some embodiments, the densified layer of nanomaterials can .completely or partially fuse-into 

a.giasS'like . material. The den.sified; layer of nanomaterials can have substantial void volume-. 

25 The densified layer of nanomaterials can be transparent arid can have a high index of refraction 
compared to surrounding layers of the disclosed transfer films. Inorganic nanopatiicles can he 

present in one.or more embedded layers, each layer having a different index of refraction 
influenced by the type and concentration Of riSBoparticles present in the layer, 

The transfer film 31 can: be laminated to a receptor substrate 40 and exposed to a heating or 

3D baking out process to remove the sacrificial template layer 12 and to form engineered voids 
defined by a bridging layer .65 and the structured surface 64 of the: thermally stable backfill layer 

62. In these embodiments, the bridging layer 65 is formed from the thermally stable molecular 

species in layer S and the bridging layer 65 is: disposed on the structured surface 62. 
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In .many of these embodiments, fee saerifeiai template layer 12 includes a; thermally stable 

molecular: species p-layer5 an#the stabb moleciilar speciesis separated from tire 

structured surface 14 of the sacrificial template layer 1.3 fey a layer of sacrificial material. :}n 
many of these emhod mients, the layer of -sacrificial material-consists essentially of sacrificial 

material. Far example the layer of sacrificial material is at least 99-wt% sacrificial material, or at 

least 99.5 wt% sacrificial material, or at least 99.9 wt% sacrificial material 

FItS. S is a schmatie cross-sectional diagram of an illustrative bottom emiftmgQLEJPfi.e., 

organic light emitting diode) article 300 including the bridged nanostructure SO described herein. 
This bottom emitting OLED article 300 ieeludes a light transparent support layer 374 and a 

fiaitostrisctvired layer (>0 o.n the support substrate 374, in many embodiments the light transparent 

support layer 374 is glass. The nanostnietured: layer 60 cati he placed in the bottom emitting 
OLED article 388 during fabrication of the? bottom emitting OLED article 300 by using the 

transfer films:and methods described herein. 

The sumostruetured layer 60' includes a structured surface layer 62 and a bridging layer 65 on the 

structured .-surface: layer 62 and defining a plurality of engineered voids. An OLED structure 3.20 
is disposed oirthe bridging layer 65, the OLED structure 32® includes an OLED layer 322 

separating -a top electrode.324-and a-bottom electrode 326. The O LED structure 32© can include 
a pixel defining layer: 325; The OLED strnetore32Cican include additional layers not illustrated, 

for example the OLED layer 322 may have two or more: individual OLED-layers forming the 
OLED layer 322. 

The bridged rtahostruc'ture:60 cafe define a boundary of.high retractive index material and low 

refractive index material forming the bottom emitting OLED article '306, in many embodiments, 

the structured surface layer 62 (and light .'transparent support layer 374) has a refractive index -of 
1.5 or less and the bridging layer 65 (ai«l Ol-ED layers in contact with the bridging layer 65) has 
a refractive index of ] .6 or greater^ In OLED lighting displays and elenienls.lhe position and 
refractive: index of each light transparent layer is adjusted to optimize the performance of the 
device. 

FIG. 6 is a schematic cross-sectional diagram of an illustrative bottom emitting. AMOLED ( i,e... 
active matrix OLED) article 400 including the bridged a&nostmctee 68 described herein. This 
bottom: emitting AMGLED.article--.400. includes a light transparent,support layer 474 and a 

nanostructured layer 6# on the-: support-.substrate:-474., in many embodiments the light: transparent 
support layer 474 is glass. The iraoostructared layer .60 can be placed in the bottom emitting 

AMOLED'article 400 daring fabrication of" tlie bottom emitting AMOLED article 496 by using 
the- transfer films and methods: described herein. 
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The nanostmetured layer includes a structured surface layer 62 and a bridging: Layer 65 on the 

structured surface layer §2 and defining a plurality of engineered voids. An AMOLED structure-

420 is disposed on the bridging layer 65, the: OLED: structure 4M: includes an AMOLED layer 

422 'separating; a top electrode 424 and a bottom electrode 4M. The AMOLED structure 42® can 

-include a pixel defining layer 425, The bottom ..electrode 426 can be electrically coupled to pixel 

circuitry 428 through a via 427 in a.pianaristaiion layer 429. The AMOLED structure 420 can 

include additional layers not illustrated, for example the AMOLED layer 422 may have two or 

more individual OLED layersforming the AMOLED layer 422. 

The bridged: nanostructure W can define a boundary of high refractive index materia! and low 

refractive index material form ing the Bottom em itting AMOLED article 400. In many 

eiftfeodirasnts, -the -structured -surface layer 62 (and light transparent support l ayer 474} lias a 
refractive index of 1.5 or less and the; bridging layer 65 (and AMOLED layers in contact with the 

bridging layer 68} has a refractive. index of i .6 or greater. In AMOLED displays and elements, 

the position and refractive index of eaclv light transparent 'layer is adjusted, to optimize the 

performance: of the device, 

UIG. 7 is a schematic--cross-sectional diagram of an illustrative top emitting AMOLED article 

500 inchiding the bridged, nanostructure- ;6B described herein. The top emitting AMOLED SIMS 
includes a support layer 57S and an AMOLED structure 520 disposed on the bridging layer 65, 

The, AMOLED structure 520 includes an.OLED layer 522 separating a top electrode 524 and a 

bottom :eieetrode 526 and an optional optical coupling: ami planarizing layer SI S is .disposed on 
the: top electrode 524. The AMOLED structure 521) can. include a pixel defining layer 525* The 

bottom'electrode S2fs can be electrically coupled, to pixel circuitry 528 through a via 527 in a 

pianarization layer 529, The AMOLED structure 52§ can include additional layers riot illustrated,; 

for exaniptejhe AMOLED: layer §22 may .have two or more individual OLED layers forming the 

AMOLED layer 522, The AMOLED structure."-520 and/or the light transparent layer 510 can 

include additional layers such as a color niter layer. 

In many embodiments the nanostrueturecl layer 60 is optically coupled to the AMOLED structure 
520 via the optical coupling and pianarizing layer 515. This optically coupled structure provides 
color uniformity and light extraction. lit some embodimentsthe nanostructured layer 60 is not 
optically coupled to: the AMOLED structure 520 and is adjacent to tise: AMOLED structure 520. 

This uncoupled strueture can provide color uniformity and light distribution without light 

extraction. The nanostructured layer 60 includes a structured surface layer 62 and a bridging 

layer 63 on the structured surface layer 62 arid-defining a plurality of engineered voids. The 

bridging layer 65 can be fixetl to the optical coupling and piamsri/.ing layer 515, A light 

transparent layer510 is disposed on the structured surface layer 6%. 
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Ihe bridged nanostructure 6# can define a boundary of high refractive iadex. .material end low 

refractive index material forming the top emitting AMOLED article'-500.- ItrimaRy embodiments, 

the stiTictured siitfaci? layer 62 (arid light transparent support layer 510) has a refractive index of 
1,5 of less and the bridging layer 65 fand ifie optically coupling and planarizmg layer SIS) has a 

refractive index of i .6 or greater. In AMOLED displays and elements, the position-anil: refractive 

index of each ii ght transparent layer is adjusted to optimize the performance of the device. 

.Thermajlly Stable Msteriai 

A thermally stable material is utilized to form the thermally stable backfill; layer of the transfer 

film. The thermally'stable material includes'thermally stable molecular species, li is understood 

that the thermally stable material and the thermally stable molecular-species includes precursor 
materials that either are or transform into materials that remain substantially intact during the 

removalof sserifcial materials,, such as during "bake oaf" or pyrolysis. 

Materials that may .be used for the backfill include poly'siloxane resins, polysilazaiies, 
polyifflid.es, silsesquioxanes of bridge or ladder-type, silicones, and silicone hybrid materials and 
many others. Exemplary po.lysiioxane res'ms are available under the trade designation 

PEIIMANEW 6000, available from-California Bardcoatlog Company, Chiila Vista, CA. These 
molecules typically have an inorganic component: which leads to high dimensional stability, 

mechanical strength, and chemical resistance, and an organic, component that 'helps, with 
solubility and reactivity. 

In many embodiments the. thermally stable molecektr species irscledes silicon, 'hafnium,. 
strontium, titanium or zirconium, In some embodiments the thermally stable molecular species 

includes a metal, metal oxide-or metal oxide precursor. Metal oxide precursors may be used, in 

order to act as an amorphous "binder" for inorganic narsopartieles, or they may be used alone. 

in many- embodiments, the materials useful inthe carrent invention. belong to a class of the 
highly branched orgaaosiiieon oligomers: and polymers of a .genera! formula {as: below) which 

can be further reacted to form crossl inked networks by homo-condensation of Si-OHgroups, 
hetero-condensatioji with the remaining hydroiyzabie groups (e.g. afkoxy), andfor by reactions of 

the functional organic groups (e.g. ethylerdcaily unsaturated}. This class of materials is derived 

primarily from organosilanes of a general formula: 

wherein 
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R is .selected from hydrogen, substituted or unsmbstituted C j-Cso atkyk substituted ©r 

uftsabstituted Cs-CiijaSkylene, substituted or ^substituted Cj-Csoalkenyieue, CrCjoalkyoyfeue, 

substituted orunsubstituted Cj-C» cyeloslkyf substituted or unsubstituted Co-CW aryl. 

substituted orimsubstituted C6HG»'ary.lene,-a 'substituted or unsubstituted Grto C39 arylalkyl 

5 group, a substituted or unsubstituted € • to C2.0 heteroalky! group, a substituted or unsubstituted 

CB2 to C20 heterocyeloalkyi group, and/or combinations of these. 

Z: is a hydro ivzable group, such as halogen (containing tlie elements F, Biv 01, m 1), Ci -62a 

alkoxy. Cj~Qo aryioKy, and/ or combinations of these. 

The majority of the compos ilion amy con sist of RSidba units thus the class of materials is often 

10 called silsesquiosanes (or T-resins)^ however they may also contain roono-(Sl;;Si-0[;2}, di» 

(^SiOia) and tetrafunetiorial groups (Sl-O^). Organically-modified disiianes of the formula': 

Z3.„ R» Si-Y-St RE, Zj.f! 

15 

are often used in the hydrolyzabie compositions to further modify the properties of tire materials 

(to farm the so-called bridged si isesqiiioxartes), the R and Z groups are defined above. The 

materials can be further formulated and reacted with metal atkoxides (M(0:R),m) tofoim metalio-

slfsesquiaxaites. 

to many embodiments the highly branched organosilieon oligomers and .polymers of a general 

formula; 

\ p 
j- •w-wj.wwi'. 

T L 

t j 
0 OH 

I T f! r —,|i„„ 

1 
Ri R 'V 

I. 
S' 

i 

£ £ £ « £ £ 
wwfsw « —»R. -OH y "• "• " •>• 

> < 1 

20 Hi is selected from hydrogen, substituted or unsubstituted G1-G20 aikyl, substituted or 

tmsubstiMed CrCio alkylene, substituted or unsubstituted CVGjs alkenylene, C'2^020 alkynylene, 
substituted or unsubstituted Cj-Cjf) cycloalkyl.. substituted or unsubstituted C6-C30 aryl, 

substituted or unsubstituted C^Czo- aryiene, a substituted or unsubstituted C? toC® arylalkvl 
group, a substituted or imsubstrtutedOi to: Cio heteroatkyfgroup, a substituted or unsubstituted 

25 Cj to Cae heterqcycioalkyl group, and/or combinations of "these;. 
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Rs is selected from hydrogen, substituted or unsubstitiitsd Gs-Cjy alkyi, substituted or 

unsubstituted -CrCwalkyiene, substituted or unSubstitiited: Ci-Cscalkeiiyfene,^Cj-Cio-slkyiiylene, 

substituted or unsubstituted C3-E20 eyeloafkyi, substituted or uasubstituted Cs-C^atyl, 

substituted or unsubstituted Ci-C2<> aryiene, a substituted or unsubstituted Ct to C30 aryialky! 

5 gcoujp, a substituted or uasubstituied 'Ci to Cm beteroalkyl group, a. substituted or uasubstituted 

Ct to C20 beteroeyeioalkyi. group, and/or combinations of these; 

Rj is setected from hydrogen, substituted or uosubstiteted. C*-Ojo atkyl, substituted or 

unsubstituted Cj-Cto alkylene, substituted or ussubiitituted C2-C20 alkenyiene, 'C?Cp_aikytiylerte, 

substituted or unstibstiMsd C3-C20 eycloaikyk substituted or unsubstituted C^-Cao. aryl, 

10 substituted or unisubstituted C^CJO aryiene, B^^tjMed:-br:u.8^«bstlWed^ to Cay aryialkyi 

group, a substituted or unsubstituted Gs to-Gay beteroaikyl -group,-# Substituted or unsubstituted 

C? to C3fl hetefocycioaikyl group, and/or combinations o f these: 

R4 is selected From"hydrogen, substituted oruirsubstituted Gj-G® aikyi, substituted or 

unsubstituted C-2-Cioalkylene, substituted or iinsubstituied CrCjoalkeny iette, Gj-€:^-alk-ynylefte,; 
15 substituted or unsubstituted C3-G25 cycioalky!, substituted of ubsubstituted CrCzoaryl, 

substituted or unsabstituted C&-G20 aryiene, a substituted or unsubstituted G? to G20 aryialkyl 
group, a substituted or unsubstituted Ct to G» heteroaikyl grcsup, a substituted or unsubstituted 

Cj to Gafheterocyeioalkyl group, and/or combinations of these; 

Rj Is selected from hydrogen, substituted or imsubstituted Gs-Gja alkyl, substituted or 

20 unsubstituted Gj-Cto alkylene, substituted of unsubslituted G^Csfridkenylerte, G^-Ciaalkynylene, 

substituted or umubstiiuted Gs-Cao eycloaikyL substituted or u»substituted: Ch-C^ aryl, 

substituted or unsubstituted Cfr-Caaarylsne, a substituted or unsubstituted G? to €20 aryfalkvS. 

group. a substituted or unsubstituted Cj to G» heteroalkyl group, a substituted or nnsubstituied 

Gj to G2fl.beteroeycteaikyi gt^iip^a^d/or combinations of thess;; 

25 % ka hydrotyzabk: group, such as ha!pgen(oofttainmg..tb<?• dements. F, Br, Ct, or 1), Gi-Gai 

alkoxy, C-C20 ttryloxy, and/ or combinatioM of tbese. 

ns k an integer from. 0 to 500: 

« is an integer-from i to 500: 

p is. an integer frorii 0 to 500; 

30 q is ail integer from 0 to 100, 
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As used herein, the tenn "substituted" refers to one substituted with at testa substituent selected 

from the group consisting of a halogen (containing the elements I7, Br. Cj, or fj> a hydroxy group, 

an- alkoxy group, a nitre group, a eyano group, an. amino group, an azklo group, aft arnkfino 

group, a.hydrazito group, a hydrazono group, a earbony 1 group, a c«tsamyl..gr0iu|>j-a.tW:o|; group, 

5 an ester group, aearboxyl group or a salt thereof a sulfonic aei<J group or a salt thereof, a 

phosphoric acid group or a salt thereof, alkyi group,, a Cj to C%> alSceny! group, a Ci .to-Cje 

aikyny! group, C& to C® aryl group, a C? to Gw arylaikyi group, a Cj to C» oxyalkyl group, aCi 
to Gja heteraaikyf group, a Qs to Cso beieroarylalkyi group; a C> to C.» cycloalkyl group, a Q; to 

Cjy Cycloa!kenyigrot|p, a Cjto Gjj cycioalkyriyl group, a heteroeycloulkyl group, and a 

10 eombiuatkm thereof instead of hydroge n of a compound. 

The resulting highly '.branched- orgauosilieon polymer has a molecular weight in a range from I SO 
to'300,000 Da or preferably in s range from 1 SO to 10,000 Da. 

Preferably, tfethermaliy stable backfill contains the reaction product of the.hydrolysis and 

cofidetssation; of a metfiyltriethoxysilane precursor ia a polar solvent,. After synthesis, the 

1-5 resulting polymer preferably has.a molecular weight ofnoramafly less than 30,000 Da. The 

thermally stable backfill .solution also preferably includes less than fifty percent by weight silica 

itarioparticles KOt«i sally of a size between 10-50 nanometers. 

The thermally stable compositions: described herein preferably comprise inorganic nanopattides, 

These nanopsrticles can be of various sizes and shapes. The raanopartiefes can have m average 

SO particle: diameter less than about 1000 nm, less than about 100 nm, less than about 50 nm, or less 
than about 3.5 nm. The. nanopartiefes can have ars average particle diameter from about 3 nm to 

about SO am, or from about 3 nm to about -35 nm, or from .-about S am to about 25 out, IF the 
nanopartieSes are aggregated, the-maximum cross sectional distension of the aggregated. particle 
can be within .any of these ranges, andeaa also be greater than.about 100fun,. "Fumed" 

25 nanopartieles,- sueh. as silica and. alumina, with primary size less than about 50 nm, may also be 

used, such as CAB-OS PER S.E. PG 002 .fumed silica, GAB-O-SFERSE 2017A fumed silica, and 

CAB-QSl'ERSE PG- QQ3 fumed alumina, available from Gabot Co. Boston, N! A, Their 
measurements can be based on transmission ebetfoit-mieroscopiy (TEM.),. Nanopartieles.can b# 

substantially fully: condensed. Fully condensed nanopartieles, such: as the colloidal silicas, 
30 typically toe substantially no hydrops in their interiors. Non-silica containing fully condensed 

nanopartieles typically have a degree of crystal Unity (measured as isolated partieies} greater than 
55%, preferably greater than 60%, and more .-preferably greater than 70%. For example, tbe 

degree; of cmtailtnity can range up to about. 86% or greater. Tbe degree of erystaTlmity can be 
determined by X-ray diffraction tedhsiques, Condensed crystalline (e.g. ^ireonia) nanopartieles 

35 have a high refractive index whereas amorphous nanopartieles typically have a lower refractive 
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iiulex. Various shapes of the inorganic or organic nanopartkles may be used, such as sphere, 

rod, sheet, tube, wire, cube, cone, tetrahedron, and the like. 

The size of the particlesis generally chosen to avoid significant visible light scattering in the 

final article, The aasosaaterial selected can impart various optical properties (Le refractive 

•5: index, bis^fnngenpe}, electrical properties (e.g conductivity}., mechanical properties (e.g 

toughness, pencil liardriess, scratch resiataase) or a combination of these properties, ft may be 

desirable to use a mix of organic and inorganic oxide particle types to optimize an optical or 

material property and to lower total eomposition cost. 

Examples of suitable inorganic nanopartieies include metal .nanoparticies or their respective 

10 osides, Including the elements xireoftiuro (Zr)5 titanium. (TiJ, Imfhiam aluminum :(A1), iron 
(Fe). vanadium (V)j antimony (Sb), tin (Sn), gold (Ait), copper (€»), gallium (Ga), indium (In), 

chromium (Cr), manganese (Ma), ceba.lt (Co)., nickel (Mi), xine (Zn)5yttri«rh (Y), niobium (Nl>)f 

nioiybdeTium.(.Mo), technetium (Te), ruthenium (Ru)* rhodium (Rh), palladium (Pd)v sliver (Ag). 

cadmium -(Cd),; lanthanum (La), tantalum (Ts), lungster; (W),. rhenium (Rh), osmium (Os), 

15 iridium (It), platinum (Ft), and any combinations thereof. 

in a preferred embodiment, nanoparticies of zirconium oxide (zireoma) are «sed, Zireonia 

nanoparticies can have:a particle size from approximately 5 n.m to 50 nm, or 5: nm to 15 am, or 
1:0 nm, Zkcoflia nanoparticies' can bepreseni in-the dtirafcle ariicle or optical element: in art 

amoimtfrDm I D to 70 wt%, or 30 to 50 wtM, Zireomas for use in. materials of the invention are 

SO commercially available from Nale-o Chemical Go, (Napefvilie, 111.) under the product designation 

NALCO OQSSGO.8 and from Ruhler AG Uzwii, 20 Switzerland under the trade designation 

"Buhter xircoma. Z-WO sol". Zireonia nanopartiefc-ear, afso: be prepared s«c,h as described ia 

US. Pat. m, 7,241,437 (Davidson et &l.) and U. S. Fat No, 6376,5® (Kolb et al). Tkarua, 

antimony oxides, alumina, tin oxkless and/or mixed metal oxide nanoparticies can be present in 
25 the durable article or optical element .in..as amount froia .10 to 70wt%, or 30 

Densifled ceramic oxide .Sayere. may be formed via a "sol-gel** process, in which ceramicoxide 
particles are incorporated into a: gelled dispersion with a. precursor of at least one mod ifying 
competent followed by deliychaijon and firing, as described in U.S. pat. No. 5,453,104 

(Schwabel). Mixed metal oxide: for use In-materials of the invention are eommercialiy available 
30 from Catalysts & Chemical Industries Corp., (Kawasaki, Japan) under the product designation: 

QPTOL&RE; 

•Other examples of suitable inorganic nanopartisles Include elements and; alloys.known as 

semiconductors sad their respective oxides such as silicon (Sl)y germanium (Ge), silicon carbide 
(SIC), silicon gennffli^idefSiOe), aluminium nitrixle (AIM), aluminium phosphide (A1P), bcron 
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nitride (BN), boron carbide (B4C), gallium aMtinoaide CCiaSb), indium phosphide (hjF), gallium 

arsenide nitride (GaAsN), gallium arsenide phosphide (GaAsP), indium aluminom arsenide 

nitride (InA l AsS), zinc oxide (XnO), zinc selemde (ZnSe), zinc saifeie"<28S),.zinc-:t©|luride-

(ZnTe),.mercury xmcselenide (ISgZnSe), lead sulfide (PbS), lead telluride (PbTe), tin sulfide 

5 (SnS), lead tin teihsride: (PfeSnTe}. thallium tin telfuride {I'bSnTes}, zinc phosphide (Zmfc), 

arsenide (ZnjAsj), zinc anttmoriide (ZmSbj), lead(n) iodide (Pblj),. eopper{!) oxide (CijjO). 

Silicon dioxide (silica] nanopartieles can have a particie size from S. ran to 75 mn or 10 nm to JO 

nm or 20 nm. Sif tea: nanoparticl.es: are typically in an amount from 10 to 60 wt-%. Typically the 

amount of silica is less than 40 w:t%. Suitable silicas arecommercially available from Nalco 

10 Chemical Go. (NaperviHe, III) utider the trade designation NMCO COLLOIDAL SILICAS. For 

example,. silicas 10 racf ade NALCO trade designations 1040, 1042, 1050, j: 060. 232? and 2329:, 

the organosol iCft uoder the product name IPArST-MS, IPA-ST-t, IPA-ST, IPA-ST-UF, MA-ST~ 

M, and MAST sols from- Nissan Chemical America Co, Houston. IX and the SNOWTEX 8T--4Q, 

ST-:50, ST-2QL, ST-Cj. ST-N. ST-O, ST-OL,,ST-ZL, ST-UF, arid ST-QUP, also from Nissan 

15 Chemical America Co,Houston:, TX. Suitable fumed silicas include for example, products sold 

under the tradename, AEROSOL. series: 0X-5.Q, -DO, -150, and -200 available from DeGussa AO, 

.{Hanau, Germany), and CAB-O^S-PERSE 2095, CAB-O-SFERSB A105, CAB-OSILMS 
available front Cabot Corp. (Tuscola, I1L). The weight ratio of polymerizable material to 

naaopasticles ean range from shoal 30:7:0,40:69,50:50, 55:45, 60:40, 70:30, 80:20 or 9<k 10 or 

.20 more. The preferred ranges -of weight percent of nanoparticies range from about : 1.6 \vi% to about 

60% by weight, and can depend, on the density arid size of the rsanopsrticle used. 

Within the class of semiconductors include: nanoparticies known as "quantum dots," which have 

interesting electronic and optical properties that can. be used in a range of applications. Quantum 

dots can be produced from binary alloys; such as cadmium .seleaide, cadmium sulfide, indium 

25 arsenide, and indium phosphide, or from 'ternary alloys such as cadmium selenide Sulfide, and the 

like. Companies that sell quantum dots include Nanoco 'Technologies '(Manchester, UK) and 

Nassosys (Palo Alto, GA). 

Examples of suitable inorganic nanopartieles include elements knows as rare , earth elements and 

their oxides, such as lanthanum (Lai eermmTGeOa), praseodymium; (PreCs t), neodymitmi 
30 (Nd'jQ;,), samarium (BmiOt), europium (iEiijOs), gadolinium (GdjQj), terbium (ThtO?), 

dysprosium (DyaOj), hohnium .(I-JojQj}, erbium (SriOj), thalitim (TmjOj), ytterbium (YfeaOsJ 
and lutetiuni (Lu20;i), Additionally, phosphereeenl: materials known as "phosphors" may be 
included in the thermally stable backfill material. These may include calcium sulfide with 
strontium sulfide with bismuth as; an ae{iyator:(GaxSr3S: Bi, Zinc sulfide:with, copper "OS 

35 phosphor". mixtures ofzinc sulfide and cadmium sulfide, strontium aktminate activated by 
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EuropiuiTv(SrA!204*Exs(0);Dy{IIS:)). BaMgAisoOsT^Eir'" (BAM), YjC^ISo, doped ortho-silicaies. 

Yttrium akmiim'urs garnet (YAG) and X^uleiium aluminiuj'H garnet (LuAG) containing materials, 

any conlbisattons thereof and the like, A commercial example a phosphor may include one of 
the IS1FHOS™ inorganic phosphors (available from Merck ItGaA, Darmstadt, Germany), 

The nanapartieies are typically treated with a surface treatment agent, Surlace^reatmg the #an<> 

sized particles cars provide ast&bte dispersion in the.-polymeric resin. Preferably, the surface--

treatmesit stabilizes the naaoparticles -mthat the particles will be well dispersed i« a substantially 

homogeneous compositi on.. Furthermore, the «aiiopartie les can be modified over at least a 

portion of its surface with a sufftee treatment, agent so that the- stabilized particle: can 

copoiymerize or react with the parts:af the composition during .curing. In general, a surface 

treatment agent has a first ©rid that will attach to the particle surface (covaienily, ionieally or 

through strong' physisorption) and a second end that imparts compatibility of the particle. with the 

composition and/or reacts: with composition during curing. Examples:of surlace treatment agents 

mclude alcohols, amines, carboxylic acids, sulfonic acids,,phoapohonic acids, silaneS and 

titanates. The preferred ft-^pe of treatment agent is determined, in past, by the chemical nature of 

the metal oxide surface, Sllanes are preferred for silica and other for siliceous fillers. Silases and 

earboxylie acids are preferred for metal oxides such as sdrconia, The surface modification can be 

done either subsequent to mixing with the monomers or after mixing. It is preferred in the case of 

silanes to reactthe silanes-with--the particle: or ntmqpartiele surface before incon^otation into the 
composition, The required amoufvt of surface modifier is deperidenfapoft several factors such 

particle, size, particle typevmodiiier molecular- weight, and modifier type, lit general it is 

preferred that approximately a monolayer of modifier is attached, to the surface of the particle. 

The attachment procedure or reaction conditions required also depend on the surface modifier 

sssed. For --si limes, it is preferred to; surface treat at'elevated temperatures: under acidic or basic 

conditions for from 1-24 hr approsimately. Surface treatment agents such as earboxylie acids 
may no!: require elevated temperatures or extended time. 

Representative embodiments. of surface treatment agents suitable for the compositions include 

compounds such as, fer example, isooetyj trintathoxy-silane, N-p-triethoxysilylpropy}) 

mefhoxyethoxyethoxyethyl carbamate (PEGsTES), :N-<3 -triethoxysilylpropyt) 
metiioxyfithoxyethexyethy 1 carbamate (PEGjTES % 3 - (methaer yloyloxy)propy1trimethoxysilane, 
S-aei^loKypropyltrisiiethoxysliaiie, 3-(methacry{Gyloxy:)propylt!'ielh0xysila,rie, 3' 
(methaeryioyloxy) propyim2thySdirneth0xysiltee,.3KaCQ'loy!:oxyp:ropyi)methyldimet:hoxysiianes 

3-'(:me:timcryloyioxy)propyidimethylet!TOxysiiane, 3-(methacryloyloxy) 
propyldimethylethoxysilaBe, vinyldimethytethoxysiiane, phenyitrimethoxysiiaBe, n-
oetyltrimetlioxysiiane, dodecyitrimethoxysiSane, octadecyltrimethoxysiia»e!: 
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propy Strimethoxysl lane ,hexy Itrimeihoxysi lane, v iny Iraethy Idiacetoxysilaiie,. 

vinyifnethyidjethoxysifene^vinyltrSaeetoxysijane, \%yltriethaxysi|an.e,. ymylttaisopropoxysilane, 

vinyltrirnethoxysilane, vinyltriphendxysiianevViiwitri-t-butoxysilane, vinyitris-lsohutoxysiiaue, 
•vjnyJfKH'soprojjenosysiknes viay!tris(2*metlK>xyetlK)xy} slIane, styfylethytWrn^bojcysiIajJe, 
mercaptopropyItriraetlKMysilane, .3-5 giycidoxypropyllTim«tiK>xys:t1af!e:i acrylic acid, methacrylie 
acid, oleic add, stearic aeid, dodecanoie acid. 2-[2H2-meth!3xyetho:sy)ethoKyja.cetic acid 

(ME£AA)rbeta-carboxyethylacryl£!t.e, 2-{2~mefhox.yethQxy)aeetic:aeid} methoxyphenyl acetic 

acid, and mixtures-thereof* Further, a propriet8ry.$i)apie.surf$C:e-modtRer» commercially available 

from OS!..'Specialties, .Crompfon. South •Charleston, WV tinder the trade designation '"Silqaest 

A1230". has been found.particularly suitable. 

In. some embodiments-the thermally stable molecular species includes a metal, metal oxide or 
metal oxide:precursor. Metal oxide precursors: may be used in order to act as an amorphous 

"binder* for inorganic oaiiapartbies, or ihey may be used alone. Sol-gel techniques may be used 

to react these precursors in order to: cure the materia! into a solid mass and are known to. those 

skilled hrthe: art. Suitable metal oxide.precursors include alkyl titanat.es such as titanium (TV) 

butoxide, n-propyl fiianote* titanium triethanolamine, 'titanium phosphate glycol, 2-ethyltexyl 
fitanate, titanium (IV) ethoxide, titanium ((V) isopropoxide, and the like. These are commercially 

available under the "TYZOH.11 trade name owned by Dorf-KMal fee. (Houston, TX). Also 

suitable metal oxide precursors include zirconium chloride or zirconsum(tY) alkoxides such as 
zirconium (IV) ae^^laie, zifeonium(iV) tetraisopropoxide, ztFC0!iiuiT}(f¥) tetraethoxide, 
zircom«m(lV} tstrabuioxide, and the like,, all available from Aldrich (St.- Ecu is, MO). Also 
suitable, metal oxide precursors include hafmum(IV) chloride or hafnium alkoxides sudvas 
hafmum(IV) asrboxyethyl aerylate, hafmum(IV) tetraisopropoxsde, haituum(fV)7m'-butoxic!e! 

.haf«iuiu(l V) n-butoxide, also available from Aldrich (St. Louis, MO). These materials .can also 

be Used as inorganic nanomaterials in the sacrificial template' layer in order.1o form the bridging 

layer, 

SscfifiCij&l Material's 

The sacrifieial layer is a material capable of being- baked out or otherwise removed while leaving 

the structured surface layer and the bridging layer, substantially. intact, The sacrificial layer 
includes, for example, the sacrificial template layer andihe optional sacrificial releaxable layer, 
depending upon a construction of the transfer film. The structured surfaceof the sacrificial layer 

can'be formed through embossing, a replication process, extrusion, casting, .or surface 

structuring, for example. The structured surface can include nanostructures, microstructures., or 

hierarchical structures. Natiostruchtres comprise features having at least one dimension (e.g., 

height, width, or length) less than or equal to two microns; Microstructures comprise features 
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having at least one .dimension (e.g., height, width, or length) leas than or equal to one millimeter. 

Hierarchical stractares are combinations ef nanostructures- and mtcrcstruclares. 

The; sacrificial layer (e.g., 12) can comprise any materia! as loog as the desired properties are 
obtained. Preferably., the sacrificial layer is made from a polymeri-zable: composition comprising 

5 polysners hav ing nan iber average molecular weights of about 1,006 Da or less {e.g., monomers 

and oligomers). Farticidarly siiitable monomers or oligomers have tnoleeular weights of about 

500 Da or less, and even more particularly suitable pelymerizable.molecules have molecular 

weights of about 20D Da or less. Said pplymeraablecompositiorts are typically cured using 
actinic radiation, e.g., visible light, ultraviolet: radiation, electron beam: radiation, heat and 

10 combinations thereof, or any of a variety of.-eortventi.onal. anionic, cationic, free radical or other 
polymerization techniques, which can. be photfi)chemicaliy or thermally initiated. 

Useful polymerizabie compositions, comprise curable •functional groups known in the art, such as 

epoxide groups, allyloxy groups, (meth)aesyiate groups, epoxide, vinyl, hydroxy!, acetoxy, 
earboxylic acid, amino, phenoUc, aldehyde;, cjnnamaie, aikene, alkyite, ethylenicaily unsaturated 

1.5- groups, vinyl ether groups, and any derivatives and any chemicaliy-compatible combinations 

thereof. 

The poSymerizable composition used to prepare the sacrificial templatedayer may be 

ftmrrofunctional or multifunctional (e.g, di~, trk and tetra.-) in terms of radiation curable moieties. 

Examples of suitable Mono functional polymerizable precursors include styr&ie* alpha-
20 metbylstyrette, substituted styrene, vinyl esters, vinyl ethers.; octyl (methjaerylaie, nonylphetioi 

ethoxyiaie(meth)acry1afe, isol)oniyf(ir>eth)acndate,.lsofionyl,(metli)acryla{e, :2-(2~ 

ethoxyethMyJethyl (nMh)acrylate, 2-ethylhexyl (meth)actyiatss lauryl. (rneth)aery!ates be?a-

earhoxyethyl (meih)aerylate,: isobuty! (meth)aerylste, eyclo&lsphatic epoxide, alpha-epoxide, 2-

hydroxyethyl (m:eth)aeryljite, isodecyl ()netfi)acfyiate., siodecyl (meih}acryiate, n-bntyi 
25 (.met.h)aery)ate, methyl {methjacrylate, hexy! (meth}actylats, (nreih)aerylic acid, N-

viayieaprolactam, stearyl (msth)acrylate, hydroxy I functional caprolaetqne ester (me{h)acrylate, 

isooctyl :{meth)ae:ryiate, hydroxyethyi (meth)aeryiate, hydroxy-propyl (meth)acrylate, 

hj'drpxyisopropyl. (t«eth)aciykite, hydroxybutyl (meth)aciylate, hydrosyisobutyl(metli)a.Cfylate, 

tetrahydrofuiyl fmeth)aeryiatgs and any combinations thereof 

3 0 Exampi es of suitable m ult ifurtct! on a I po lymef i zabla precursors include eiby I glycol 
di(meth)acrylate, hexanediol di(meth)aetylate,.triethy!ene: glycol di:(rneth)acryigtef tetracthyiene 
glycol di(meth)acrylate, trimethyMpropane tri(meth)aerylatej trimethyfolpropaneprqpaBe 
£ri(meih)a:crylate, glycerol trifmethjaciylate, penSaerythritol trj(meih)a.cry|ate, pentaerythritol 
tetra{me.th)acry}ate, tieopentylgiyeol.diCmisthJacrjdate, bisphenoi A di(Meth)acry!ate,: poly(lf4-
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butanediol) di(meth}aery!ate, any substituted,, ethoxylated or propoxylaied versions of (he 

.materials listed above, or my combinations thereof* 

The polymerization reactions generally lead to the formation of a three-dimensiooal 

"cmssiisiked-' niacavmokcular network ami are also known in the art-as negative-tone 

5 photoresists, as reviewed by Shaw etak, "Negative photoresists for optical lithography,"IBM 
Journal of Research and Development {1997) 41, 81-94, The formation of the network may occur 

through either covalent, tonie, or hydrogen bonding, or through physical crossllnkmg 

mechanisms such as chain entanglement. The reactions ean also be initiated: through one or more 
intermediate species,, such as free-radiea! generating photoinltiatofs, phot.osensitizers, photoaeid 

10 generators, photobase generators, or thermal aeid generators, The type of curing agent used 

depends on the polymerizabie. precursor used and on the wave length of the radiation used to cure 
the polymerizable. precursor. Examples of suitable: eormneraially available free-radical generating 

photoimtiators include benxophenone,. benzoin ether, and .acylphosphine phofohiitiators, such as 

those sold under the tradedesignatibus "IRG ACURE" and "DAROCUR" from Ciba Specially 

IS Chemicals, Yarryfowo, NX Other exemplary photpiiiitiatQt'Si i.oelode2,2~dimethoxy»2-

phenyiaeetopbenoue{DM:PAP}, 2,2-dimethoxyacetophenene: (OMAP), xanthome, and 

thioxanthoue. 

Co-iiiitiators and amine synergists may also be makided to improve curing rates. Suitable 

concentrations of the curing agent in the crosslink ing matrix range from. a bout I wt,% to .about 10 

wt,%,. with particularly" suitable concerttrations .ranging from about 1 wtM to about 5 wt.%, 
based oh the entire weight of the •p.olymerisr.atjte preeursor, The polymerizable precursor may also 

irielttde optional additives, such as heat stabilizers, ultraviolet iightstabilteer^fee-radieal 

scavengers, and combinations thereof,-Examples of suitable commercially available ultraviolet 

light stabilizers include beiiKOpheuOiie-type ultraviolet absorbers, which are available under the 

trade desiguatioii "UVTNOL 400" from BASF Corp;, Parsippany, NJ; under the trade designation 

"CYASORB UV-! 164" from Cytee Industriest West Patterson, 'NJ; and under the trade 

designations "TINUVIN 960," "TIN UV IN 123" and "TINUVIN :! 130" from Ciba Specialty 

chemicals, Tarryto wn, N Y. Examples of suitable concentrations of ultraviolet: lightstabilizers in 
the polymerizable precursor range from-about 0.1 wt.% to about 10 wt,%, with particularly 
suitable total- .concentrations •migkigTrom about I wt.?4» to. about 5 wL%, relative, to the entire 

weigh t of the poly mer issab le pree ttrsor. 

Examples of suitable iree-radica! scavengers include hindered amine l ight, stabilizer (HALS) 

compounds, hydroxyiamines,;ste.rieally hindered phenols, and combinations thereof, Exainpl.es of 

suitable commercially available |-lAl„S.eompouf?ds inektde the trade designated."TINUVIN 292" 
35 from Ciba Specialty Chemicals, 'Tarrytown, MY, and the trade designated "CYASORB UV-24" 

20 

2> 

30 
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from Q-'tee Industries, VVest Patterson. Rl. Examples of suitable eoncentratioM of free radical 
scavengers in the poiymerizabie precursor range from about 0.05 wfe% to--about G.2S wlv%. 

Patterned .structured/template-; layers can be formed by depositing a layer of a radiation curable 
composition onto one surface of a radiation tnmsmiss.iv« carrier to provide a layer having as 

3 exposed surface, contacting a master with a preformed surface bearing a patteni capable of 

imparting a three-dimensional structure of precisely shaped '.and located Interactive--functional 

discontinuities including distal surface portions and adjacent depressed surface portions into the 

exposed surface of the layer of radiation curable, composition on said earner under sufficient: 

contact pressure to impart said pattern into said layer, exposing said curable coin position to a 

1.0 sufficient level of radiation through the carrier to cure said composition while the layer of 

radiation curable composition is in eontaet with the patterned sur&ee tif Ilie;master. This cast and 
cure process can be done in a continuous manner using a roll ofearrier, -depositing: a layer of 

curable materia! onto the carrier, laminating the cttrabte material against a master and earing the 

curable material using actinic radiation. The resulting roll of carrier with a patterned, structured 

15 template disposed thereon can then be roiled up. This method is disclosed, for example, in U. S. 

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

Other materials that may be used for the: sacrificial layer include, polyviny l alcohol (PVA), 

ethyleellulose, methyScel!ulose, polynorbomenes, poiyCmethyiniethaefy'late (PMMA), 
poly(viiiylbiityra!}, poiy(cyciohexene carbonate), poiyfeyclohexene: propylene) carbonate,. 

20 poly(ethylene .carbonate),,poly(propyleiie carbonatejand other aliphatic polycarbonates, arid any 

copolymer or blends thereof, and other materials described: in chapter 2, seetion 2.4 "Bindefs" of 

R,E, Mistier, £,R, Twitutme, Tape Casting: Theory and Practice, American Ceramic Society, 

2000, There are many commercial sources for these:materials-. Theses materials are typically easy 

to remove via dissolution or thermal decomposition via pyrolysis or combustion. Thermal 
25 heatiiig: is typically part of many manufacturing processes and thus remowd/of the saerifieial 

material may be. accomplished during an existing beating step. For this reason, thermal 
decomposition via pyrolvsis or combustion is a mors.-preferred method of removal. 

There are several properties that are-preferred in the sacrifTcial materials. The material should be; 

capable of being coated onto a substrate via extrusion, knife ee»tmgf solvent coating, east and 
30 cure, or other typical coating methods. It is preferred that the material be a solid at room 

temperature. For thermoplastic sacrificial materials, it k preferred that ihfe glass transition 

temperature (Tg) is low enough to allow it to be embossed by a heated tool. Thus, it is prefefted 
that the sacirifseial: inateriai have a Tg above 25 °€, tnore preferred above 40 °€ and most 
preferred above 90. °C. 
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Another material properly thatis: desired for the sacrificial materia! Is that its-decomposition 
tempemtufel^.afeQve-thecyrmg'{artpemtott!-oFthe:.back-fil) materials), Once ih© backfill 
material i$ cured, the structured layer Is permanently formed and the sacrificial template: layer 
ear? beremoved • via imy one of the methods listed above. Materials that thermally decompose 

5 with low asli or low total residue are preferred over those that have higher residuals. Residue left 
behind: on asnbstrate may; adversely impact electrical and/or optical properties such as the 
conductivity, transparency or color of the final product, Since it is desirable to minimize any 
changes to these properties in the final product, residual levels of less than IQj)ft ppm are 
preferred. Residuals levels of less than $00 ppm are more preferred and residual level below .50 

10 ppm are most preferred. 

Tlieterm "cleanly baited oyt" ineans. that the saerificial layer cap be removed by pyrolysis or 
combustion without leaving a substantial amount of residual material such as ash, Examp les of 
preferred residual levels are provided above, although different residual levels can be used 
depending upon a particular application. 

15- In certain embodiments, -swelling occurs in (he polymer in the presenceof certain solvents. The 
solvent laden polymer can allow for uptake of the thermally stable molecular species, bat may 
also inh ibi t tsptake ofttofc thermal ly stable molecular species depending; on the materials involved 
The sol vent may also change the distribution of the thermal ly stable molecular species in the 
polymer, which will affect the final size, shapeor morphology of the bridge, 

20 Sacrificial Adiheslve-.Lsiyer 

the sacrificial adhesive layer can be 'implemented with any material enhancing adhesion of the 
transfer film to the ?t^plorsubstrate-with9i|t''sabstanfjalIy adversely affecting the performance 
of the traiisfer film. This layer can also be described asaa adhesion, prompting- layer. The 
sacrificial adhesive layer appears to facilitate the fmafpermanent bond between the receptor. 

.2$ substrate and the baked-outthermaijy stable structure; The sacrificial adhesive layer is capable 
of being:cleanly- baked out during the methods described herein. 

Objects and ad vantages of this disclosure are further illustrated by the fol Sowing examples, but 
the: particularmaterials and amounts: thereof recited in these examples, as well as other 
conditions and. details, should not be construed to tifld«Sy limit-.this--disclosure-. 
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Exaiaples 

All parts, percentages, ratios, etc:, in theefiamples ars by weight, unless noted -otherwise. 

Solvents..and'other reagents used were obtained from Sbma-Aklnch Corp,, St. .Louis, Missouri 
unless specified differently. 

Syathesis.of Pfilyb.u&mediol 2900 Pracrylate 

Actylate..groups are attached to a polybotanediol 'oligomer with hydroxy! end -functionality, The 

synthetic scheme is shown below. 

n 
Terethane 2&Q0 mw 

R 

Terethane 2900'.$ ^eth}.aery'late 

,. MeQM | 
MA;" MM A 

A 1000: till three neck round bottom flask'is equipped with a nitrogen sparge ime, temperature 

probe, addition funnel, mechanical stirrer, heating.sftantls, aad Vigeraux column with a 
distillation take-off head and round .bottom flask receiver. A mixture of 420 grams posy 
tetrahydi-oferan diol (average-njotecuiar weight — 2900 g/mol )s 211 grams methyl aeiylaia* 0,5 

grams-titanium' (IV) butoxide, 6.12 grains Aiumiiruin Nmitrosophenylhydroxylamraej and 0.1 

grams 4-hydroxy TEMPO was- added to the flask.. A mi Id and st eady sparge of nitrogen gas was 

put into the bulk of the reaction. 

The reaction, is heated to a temperature of ••r-lG0',Cs with good agitation oFthe reaction mixture. 
The reaction, is allowed to conunue until aboui 200 mill iliters of methanol and methyl acrylate: 

are distilled into the recei ver. At this point, an additional 420 grains of methyl acrylate is added 
dropwise through: the addition funnsLkeeping the addition, rate roughly equivalent to the rate of 
distillation through the column into the receiver. 'Has additioji takes approximately 6 hours to 
complete. The reaction pot temperature is- adj usted as necessary to keep a steady distillation rate, 
but does not exceed 120BG. After completing the addition, the reaction is held at 110°C for about 
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12 hours, Next, the distillation receiver is emptied, and .-a..vacuum is pulled oti the reaction using 

an aspirator, With a full aspirator vacuum, the reaction temperature is held at I I0°C for one hour 

after no addifiosml distillate is removed. Finally, the flask is eoofed Co about ~60fl€ and poured 

into ajar. Analysis by RMR and LC show the product is >99% of the desired material 

5 Example 1 - Bridged Nanostruetured Article 

Msin Formation 

In order to Create a Sibridged,! iianostiiictured surface, 60 wt. % theFRD-2900 resin described 

above is mixed with 40% SR&OI ethoxykted bispfienol diacrylate (Sartomer Co, Extort, PA) as 

an additional erosslinMng monomer, Tile chemical structure of both resins is shown in below. 

PBD-2990 

SR6M 

The PBD-2900/SR60! resin is mixisd wish Q.S'M) Darocur 1173: and.0.1% Lucirin TPO 
15 photo initiators and rolled for 24 hoiirstin.tfl sill solids are fully dissolved, 

Mier&stmcliiredfilm 

Micr.ostrttctiited films fire prepared by molding, and DVcuring, the resin on ,2 mil unprimedi-ET 

film coaled with 8 micrometers of PMMA ..copolymer (75 wi.% polymetftylniethacrj'late, 25 wt, 
% polyethyi acrylate, 'T'RnS.HTA", AMiglas Inc.) using a roll-to-roll web coating process. The 

20 resin is poared. onto the moving web, at a web speed of about :i 0 IVmin (about 3 roeters/miri„J,.: 
and the coated web is pressed:, against a miorostnieftired release-coated polymer tool usiag a nip 
heated to 90 °F (43 °C) andapressure of 30 psi. While its contact with the polymer tool, the 

resin is then cured using two banks of FUSION high intensity' U V f.)-bulb lamps (obtained from 

Fusion Systems, Reekvilfe, MI)), one set at 600 watt/2.5 cm (106% power setting), and the other 

25 set at 360 watt/ 2,5 cm {'60% power settiftg). The cured »;mtef'ostfucttf red resin is separated from 
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the polymer toe! and wound into a roll. The resulting Krterostsijctured film has prisms of 540nm 

height with.a periodicity of 600rim. 

A sample of the cured .PBD-290G/SB.6O1 resin ftljft (2; in x 3 in - SOmm :x 75 mm) is coated vdth 

PERMANEW 6000 (California Bardcoatkg CompanyjChula Visias: CA) by spin coating. A 
solution is crested bydilutiug !?ERMAT^TiW 6000to IS \vt% by addinga.80/20(w/w)of 

isopropanol/batanol solvent system .filtered through a 1,6 ji.nl PT.FE filter, A glass microscope 

slide is used to support the film- during the spin costing process. The sample was •mounted on the 

vacuum ch uck of a. Model WS-650S-6/.ttpp iite spin coater (Laurell Technologies Corporation, 
North Wales, PA USA), A vacuum of 64 kPa (19 itsches of ilg) is applied to hold the glass to 

the chuck, The spin .coster is programmed for 500 RPM for 10 seconds (coating application 
step) then 2000 RPM for 10 see (spin step}, then 500 RPM fox 10 seconds (dry step). The 

sample is- removed frosn the spin coater and placed on a hotplate at :80eC lor 4 hours to.remove: 

the solvent and cure the PERMAHEW 6000 to a partially cured state. 

SaertficM Adhesive toyer Coating 

Glass slides, SO ram x 75 asi, are cleaned with 1PA and & lint free cloth. The slide is mounted 

on the vacuum chuck of a Model WS-650S-6/.npp Site spsn coatee (Laurell Technologies 
Corporation, North Wales, PA US A). A vacuum of 64 kPa (19 inches of Kg) is applied to hold, 

the glass to the chuck. The spin eoater is programmed for 500. RPM.for 10 seconds (coating 
application step) then 1500-RPM for 10 sec (spin, step), then 500 RPM far 10 seconds (dry step). 

A solution ofiOA/AA Optically Clear Adhesive (90% Isooctylacrylate,, 10% acrylic acid, as 

described in U,S. Reexam patent RB24,90S (Uktch)) is diluted to 5,4 wt%;.m ethyl 

acetate/heptane, Approximately 2-3 mL of the lOA/AA solution is applied to die glass slide 

during the coating application port ion of the spin cycle- The slide is then removed from the spin 

eoater and put on a hotplate at 100°C. for 30 minutes and covered with an akmiihum tray. The 

slide is then allowed to cool to room temperature. 

Lamination 

The partially cured film stack is, laminated at J 60°F (7 T->C):to i:he IDA/AA coated glass slide 
using a thermal film lamtnator (GjBC Catess 35, GBC Document Finishing, Lincolnshire, IT), 

The laminated- sample is removed from the laromator and allowed "cool to room temperature.. 
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After lammatiom the imprimeci PET supporting the film stack is separated from the PMMA 

copolymer leaving the PMMA copolymer and all. other layers adhered to the glass slide, -IJie 
sample is placed in a box furnace (.Li'ndberg Blue M boxfuroaee -model' BF5 i732PC-!, Ashevilje 
NO, USA) and brought from 25®€ to 3Q9°C at a rate, of approximately !0°C/min, The fiirnaeeis 

held at3O0°C for thirty minutes, then heated to •500<5C.at a rate of approximately 1Q°C/rhi.n and 
held for one hour. The; furnace and sample are then allowed to cool down to ambient 

temperature. 

For surface imaging, specimens are mounted on an aUmiinum stub. Cross sections: are prepared 

by scoring with a scribe a.»d fracturing at ambient. These are mounted on an additional stub. 

AH specimens are sputter coated with gold/palladium and were examined using a Hitachi S-4500 
Field Emission Scanning Electron Microscope. AH images are (he product of secondary 

efeetro.il imaging (SEI), a technique used to image surface morphology of a sample. The resulting, 

bridged inorganic nanostraeture is shown, in FlO. 8A and SB. 

The surfaces of these "bridged" samples are examined ushvg K*ray Photoelectron Spectroscopy 

(XPS). This teohrt itiiie iypjcal.ly :provi4es a?? analysis of the outermost 3 to 10 Hanometers (rim) 

oil the specimen surface, but in this case an Argon km gun is: used to ablate the top layers of the 

bridged sample, The photoelectron spectra with ablation can provide information about the 

(iistributioa of elemental; and chemical (oxidation state and/or functional group) concentrations: 
present through the saropie. it is sensitive to all elements in the"periodic table except hydrogen 

arid helium withdeteetion limits for most species in the 0,1 to 1. atomic;% concentration. range, 

The conditions during the ;XPS analysis are reported ia Table i below, 

Table 1., XPS analysis conditions for bridge composition experiment 

1 Instrument \ Physical Electronics VersaErobe; 5000™' 

1 analysts areas: 
,, 

s SOOum x I SOOpni 

j. pliotoelectron take off angle 45® ± 20" solid angle of acceptance 

| x-ray source Monochromatic A! Ka (1486-6eV) 85 W 

| charge- neutralization Low energy e" and Ar5' flood sources 

| charge correction j None 

| sputter ion gon conditions j 2 keV: A*'*, ,2 mm by 2 iiini raster., Oum/min SiOj 

| analysis clmmbev pressure: j ~Sx 10 s To.rr 
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The results of this, experiment are shown below in FI€> 9. confirming the presence of silicon 
throughout the top lOOmn of the bridge layer. FIG- j is XPS atomic .concentration as.a function 

of sputter depth on bridged aanostrueture confirming presence of silicon 

Exsirsple 2: Creation of ferltlged naiwstrttctared «Hrface'wi.tfe"a. Silecs fisekfiM 

All steps and materials described in Exampfe i above are used here, except 8 high refractive 
index 01=1,85) polvsiloxanecoating solution "SC850" (Silecs dy. Finland)'is used in place of 

the Perma-Mew 6tW tsardeoal solution. The SCSSO is baked at i 00oC for four hours in ordette 
remove t|ie metliyljgofoiiiylketone solyetn in this formulation, A collection of SEMmfemgraphs 

from the resulting microstrueture is shown in.FIG, |:8A-H. FIG. 10 illustrates (8,b) SEM with 

various magnifieatians of sample it? plan-view (c ,d) SBM eross^ sections of PBD-2900/601 
sample backfilled with Sjiec S50 after bake-out. 

Example 3; Ciiaaglng bridge morphology 

Smthesis qf MT.B$~SHiea w EthariolPfamdwe 

A fOOOrni 3-«eek round bottom flask is charged with 2(i6,5 grams of Naleo 1034A (3.5.0^4 

aqueous silica Company,.ftap^v-Ute, IT).. With the,batch mixing 372.5 grams 
Biethyltriethoxysilane, MTES, (Alfa Aesafv Ward .Hill, MA) and 25.5: grams glacial acetic acid 

(EMD Chemicals inc., Gibb.stown, IN'J) are added to the batch. The batch is heated to 60.°C and 

held for 1 hour. After 1 hour, the batch is ai to wed: to cool to mora temperature. After 

approximately 4 hours at room temperature, I. .03 grams formic acid. ACS, 88+% (Alfa Aesar, 

Ward HilLMA) and 7.21 grams tetmrnethylanimc^ium: hydroxide,: 25% vv/xv in .methanol (Alfa 

Aesar, Ward Hill, MA) are added:to the batch. The bateh is heated to approximately B0°C and 

held overnight (approximately 1.6 hours), then-allowed to cool to room temperature. 

A. diluted sample of MTES~sii;ea in etlmnol is made by adding a 5P gram aliquot of the reaction 
mixture described above and 8.8 grams anlwdrous alcohol (95/S v/v ethanol./2-propanol) (J"f 

Baker, PirilSipsburg, PA) to a 12-5 glass bottle. The final diluted sample is a low viscosity, 
translucent dispersion and is measured to be 30,9 wt% solids. 

Formulation 

All process steps described in Example 1 above are used, except the custom synthesized MTES-

based poly si loxane coating solution in ethanol is used in place of the Perraa-New 6000 hardeoat 
solution. A collection of cross'seetion and plan^view SBM micrographs fro«} the resulting: 

microstructure is shown in FIG* IL4~I>. FIG II illustrates lIAand UB SEM cross-sections of 

PBD-29OO/Sll.60rtrarisfer films backfilled with MTES-Sillca solution in ethanol, while IXC 
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shows a plan-view- SEM micrograph;.. The. right side of: this image shows an additional '"skin" 

layer that- Form s- on- top of the porous inorganic microstracture and 1"1D shows a: close-up of the 

same porous mierostrueture.-

Exsraspk 4: Creation ofaoa-piiaaar bridge structure. 

5 Ail process steps described m Example i above are used, except SR4IS (highly ethoxy lated 

trimethylolpropahe tnacrykte) is used instead of the FBD-2900/$R691 sacrificial resirt system. 

The same photoinitiator system (0,5 wt.% .Daroc-w 1173, 6.1% Lucirin IPG) is used in this resin. 

A cross-sectional. SEM micrograph from the resulting microstmcture isshown in F1CS.12 . FIG, 

12 illustrates: an SEM cross-section micrograph of a microstructures 811415 sample backfilled 

10 with Perma-Mew 6000 after bake-out 

Example 5; B!-!«y«r Bridge usbg Zircomss Sawparticle il«patite 

Synthesis 'ofA-f74ftmetfon<ti'ked ZircMia Mmpariides 

A 3000 ml 3-neek round bottom flask is. charged vvith (500,0 grams of a 45.4 wt% solids 

dispersion of 10 rim zireonia particles (prepared -as described in U.S.. Patent Ho, 7,24lj437 and 
IS U.S. Patent No. 6',376;590), Next,'the1'flask- Is,equipped with a stir bar, stir plate, condenser, 

heating rmmtle, thermocouple and temperature controller. With the batch mixing, 380.6 grams 

deionlzed water and J 000,0 grams 1 -methoxy~2-propanol (Alfa Aesar, Ward Hill, MA) are 

added to the batch. The batch is held tor approximately 15 minutes at .room .temperature with 

mixing, .DtH'ingthis 15: minute hold, 73,0 grams of 97% 3-
26 (Meth.acty-.loxypfopyi)tr!methosysiia«e (Alfa Aesar, Ward. Hill, MA), 0.61 grams of a $ wt.<% 

Prostab 5198 (BASf, f lorham Park, NJ) aqueous-solution and 4.00g 1 -methox.y~2-propanol am 
added to a 1000 ml poly beaker. The 3f4fttethacryk)xypropy!}trjm:et:hoxysi!aRe/Prostab/l-

niethoxy-S-propanol premix is added to the batch with stirring. The premix beaker is rinsed with 

aiiquots of f-metho:xy*-2:-pi"Opanol totaling 70-0 grams. The,rinses are added to the batch. Next 

25 5.Q grams 29% ammonium hydroxide (EMD Chemical Inc, Gibbstown, NJ) is added to the 

batch. The batch is heated to 80°Cand held for approximately 16'hours with mixing. After the 16 
hour Isold, the batch is- allowed to cool to room temperatwre, The water is removed from the batch 

by alternate vacuum distillation and addition of l. 500 ;granis l-n:iet:hoxy--2-f)ropanol. The batch is 

concentrated bv vacuum distillation to result in a very fluid'translucent dispersion with 62.3 wt% 
30 solids of A-174 fimetionaiized xirconia. 

AH process steps;described irs Example 1 above are used, except, a sacrificial. .resin that is also 

known to show the .bridging: effect was doped wstit the zireonia naftoparticles described above, A 

10 wi;% solution of ZrO-j-A 174 described, above is charged into SR9.03-8 (highly ethoxy lated 
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BPA diacrylate, Sartomer Co.,) relative tofhe weight of the SR9038 aiongwith 0,5 wt, % 
Darocur 1173 and 0J wi,% TPO photoinitiafors, "Flic-chemical structure of SR9038 and SEM 
cross-sectional micrographs of the residimg samples after bake-out is shown in FIG. 13A-B, 

4V 

If o 

.a 
-

1-°'---. --
\ If 

5 Chemical strueture"of S R9038 resit? 

XPS sputter depth profiles are 'Obtained from this sample. The. spctra are shown in FICi. 14 
below, sod the analysis conditions for the experiment nm outline^ in Table 2. Three spotsare 
profiled and all are found to have a surface layer rich in. 0, Si and C.and free of Zr. Estimation 
of the layer thickness from XfS was -25-JSnm,, Beneath this layer, a thicker layer rich isi O and 

.10; Zr along with, lower levels of St».C, Y'ansdt Na. was,found. Profiles were stopped within this 
second layer.. FIG* 14 illustrates an example sputter depth profile, Three areas arc,-examined 
and all gave similar results* The surface layer (up -to-1.0 minutes of spattering) is .rich in O,. Si 
and C, When this layer is penetrated, a layer-rich in Q and Zr with tower levels-of Si, C„ Y< 

Table 2. XPS analysts conditions 

Instrument Physsca! Electronies Quantera ]I:™ 
analysis areas « SOOuJi) x 1500|.un 

photoeleetrdh take off an gle •4S° +:. 20° solid angle of acceptance 

x-rfiy source Monochromatic A,1 KP (14'8$;.6sV) 85 W 
charge, n euUnlizaikm Low energy e" and Ar1 flood sources 
charge, correction None 
splitter kin gun conditions 2 kes V Ar\ 3 mm by 3.m.ra raster, -~3-,;4nni/min Si02 
analysis chamber pressure <3x10"* Ton-

15 

IwanspJe 6 

To illustrate the ability to mdependentiy modify the refractive index of both the bridge and the 
nanosiructiired teyer,.fotir examples were created according to Table 3 below. 
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Structured Layer Bridge Layer 
TABLE 3 Refractive index Retractive Index 

Example 6a Si rich 

Example 6b \ Si rich 

Si rich 

Zr rich 

Example 6c Zr rich Si rich 

. Example 6d j Zr rich Zr rich 

Example 6a: -Silka leaded siracteretl layer, silica loaded bridge layer 

Bridge layer coating 

The substrate: film, was an. imprimed 2 rail imprimed PET film coaled with 4 .micron thick PMMA 

copolymer (75: wt.% poiymetfiylmethaoiy late, 2-5 wt. % polyethyl aery Sate, "PROS 1:0-A'\ 

Altugias: Inc.) using a i-oll-to-ro!! web coating process. A bridge resin solution was created by 

mixing ethoxylated bisphenof A dimethacryiate (SR540, available from Sartomer Company, 

Extoii, FA);including a piidtoinitator package coinprising 0.5% Darocur 1173 a.«d 0,l wt%.TPO, 

with PermaNew 6000 (available from California:Hafdcoatiiig:Company, Chula Vista, GA) in a 

fSs-5rSsimPermsNew ratio, The resin mixture,was coated: between the base-film and a release 

liner (Release Liner, 58'niicrohs thick, commercially available from CP .Films, Fieldale, VA as 

"T50") in a nip with a fixed gap of 0 mil, with a pressure of 80 PSI. The laminate was cured with 

radiation from a Fusion "D" (amp operating at. 600 W/in was irahsmstted through tlie film to cure 
the resin while in costact with the release liner. The release liner was theft removed from the 

sample, resultinghta (Hits layer of cured bridge resin on a PMMA copolymer coated PliT liim. 

Structuredtemplate 

The substrate-used: was a printed 0.002 inch (0,051 ten) thick PET, The replicating itsip was a 

75/25 blend of SR 399 and SR238 (both available from Sartomer 'USA, Extoo, PA) with a 

photoinitaior package 'comprising.-1 % Darocur 1 I B (Avai lable from Ciba, 'larrytown,. NY),. .1,9. 

wt,% triethanofamme (available frotn Sigma-Aldrichf Si, Louis, MO), and 0.5 wU% OMAMOf\ 
(available from Cielest, Inc. Mormville.PA), Replication of the resin was conducted at 20 Tt/min 
(6.1 m/min) with the replication tool temperature at 137 deg F (St deg C), Radiation from: a 

Fusion "DK lamp operating at 600 W/in was-transmitted through the jRlm to cure the resin while 
in contact with the tool. The .replication tool was patterned with a 60.0rira pitch linear sawtooth 

groove. 

The replicated template film was primed in a plasma chamber using argon gas at a How rate of 

250 standard cc/miit (SCCM), a pressure of 25 mTorr and Rl7 power of 1000 Watts for 30 
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seeonds. Subsequently, a release coated tool surface was prepared, by subjecting the samples to a 

tetramethylsiia:rte.(TMS) plasma at a IMS flaw rate of ISO SC€M butnd added oxygen, whielt 
corresponded to ati atomic ratio of oxygen to silicon of about 0. lire pressure in the plasma 

chamber was 25 mTorr, aad the RF povver of 1000 Walts was used for 10 seconds. This created 

§ a release coated structured tool film. 

Structured layer c&ntmg 

The structured resin layer was then coated on the cured bridge ream oil the PMMA copolymer 

coated PET film., The structured resin was ethoxylated bisphenol Adimethaerylate (SR.540, 

available from Sartomer Company, Ex'ton, PA) jnekiding a photoiriitator package comprising 0,5 
10 wt.% Darocur 1173 and 0,1 wt.% TPG, Tits resin was coated between the base film and the 

structured tool film in a nip wsfti a fixed gap of 0 mil,-with a pressure of 10 PSI. 'The laminate 
was cured with radiation from a Fusion "D" lamp operating at 500 VV/in was transmitted through 

the'film to cure the resin while in: contact with the struclured tool film. The structured tool film: 

was then removed .from the;sample, resulting in a film stack consisting of a thin layer of cured 

I S structured resin* a thin layer of bridging resin, a PMMA copolymer layer, and PET, 

Backfill coating 

A section of the film stack previously described was attached to a 50 mm x 75 mm in microscope 
slide with tape, A backfill coating solution was created with PerojaNew 6000 (available, from. 

.California Hardcoating Comp&rty,.Chula Vista,-CA) was diluted to I S%w/w in IPA/butanolj 

20 brought to room temperature,, and: filtered through a 1.1) uni filter. T.h® sample of the treated film 

was. coated with the PerntaNew solutjon, which was applled to the film, sample by spin coating 

on a Cee 200X Precision spin eoater (Brewer Seiesice, ?ne,.R.o!la; MO), T'he spin parameters 

were 500 rpm/3 see (solution applieafioft), .and 2000 rpin/30 sec, then 500 rpm for 10 seconds. 
Approximately 5 milliliters;'ofithe Pe.rmaNew solution: was applied to the replicated film ..during 

25 the solution application step of the apin cycle, The coated sample was placed in. a oven at 80°C 

lor four hows to cure the PermaNew coating, then cooled to room temperature. 

Sacrificial Adhesive Layer Coating 

Glass slides, 50 mm x 73 mm, were cleaned with TPA and a lint free eleth, The slide was 

mounted on the vacuum ch uck of a spin coater. lite spi n coaler was programmed for 500 :RPM 

30 for 5 seconds.(coating application step) then 1500 RPM for 10 see (spin step), then 500 RPM for 
60 seconds (dry step). 
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A solution of lOA/AA Optically Clear Adhesive (90% feooetyiaeryiate, 10% acrylic acid, as 

described -in l).S. B.eexani patent RH24,S?0f> (Ulricah)> was diluted to 5 vvt% in. ethyl 

acetate/heptane; Approximately i -2 n.iL- of the lOA/AA solution v® applied to the glass slide 

during;: the coating,application portion of the spin cycle. The slide was then removed .from the 

5 spin eoater and allowed to dry. 

Itmimuim 

The film was laminated at 71 degrees centigrade (1SCPF) to the IOA/A.A coated glass slide using 

a thermal film iandhator (GSC Catena 35, GBC Document Finishing,- Lincolnshire, t'LjkThe 
laminated sample was removed froth the laminator and allowed cool to room temperature. 

10 Bake-out 

After lamination, the PET support was separated from the- laminated layers, leaving the Perma­
New, SR540, eo-PMMA, and 1QA/AA layers adhered to the glass slide, The sample was placed 

in a box ftirnace (Limlberg Blue M box furnace m6delBF51732PC«l, Aslieville HC, USA) arid 

brought from 25°€ to 30GoC at a fate of approximately lQ0C/mh}, The furnace was- held at 

15 3O0°C".fer thirty minutes,- then-heated to SOO^C at: a rate of approximately 10°C/msn and held for 

one hour to decompose the IOA/AA. PMMA copolymer and the SR340, The furnace and sample 

were then to cool down to ambient temperature, A cross-sectional SEM mierograjM^ftom the 

resisting microstructure is shown In FIG. 16, 

Example 6b; silica loads! strocWred layer, Mrcoitte loaded bridge kyer 

20 Preparation of Zr filled Bridge rmm 

3-(Methacr>do:xyj;jropyl}t!i!ttet!K>xysiia.t!e -Zireonia particles were prepared as follows: A 3000 

ml 3-neek round bottom flask was charged with 600,0 grams of a 45,4 wt%, solids dispersion of 

lOnin zireonia particles (prepared as described in U.S. Patent No, 7,24! j437 .ancl U.S. Patent Mo, 

6,376.590). Next, the flask was equipped with a stir bar, stir plate,; condenser, beating mantle, 
25 thermocouple and temperature controller. With the batch mixing. 380.6 grains deiooized. water 

and 1000,0 grams 1 -methoxy-2-propanol (Alfa Aesar, Ward Hill., MA) were added to the batch. 
The-batch was held for approximately I S minutes at room temperature with mixing. During this 
15 minute hold, 73.0 grams of 97% 3'(Metbacrylosypropyl)trimethoxysilane ( Alia Aesar, Ward 

Hill, MA), 0,61 grams ofa: 3wt% Prostab 5l9f:(BASF, Flprbam Park, M) aqueous solution and 
30 400g i 'lrietlioxy^^propano.lvvere added to & 1000 mi. poly beaker. The .3« 

(methEieryloxypropyi)iritnethox:ysiliUre/Frostab/i-metboxy-2--propanoJ preniix was added loth®: 

batch with stirring, The premix beaker was rinsed with aliquots of i-metboxy-2-propanol totaling 
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70,0 grams, The rinses were added to the batch, Next 5.0 grams 29% amfijonium hydroxide 

(EM.D Chemical Inc. {jibhstown, Ni) was.added to the batch- The batch heated to 80°C: and held 

for approximately 1.6 hours with mixing,. After the 16 hour hold, the batch was allowed to cool, to 
room temperature; The water was removed from the batch by alternate vacuum distillation and 

5 addition of 1 $00 grams i-ntethoxy^-propandl The batch was-concentrated by vacuum 
.distillation- to result in a very fluid tnnisiucent dispersion with 52.3 wt% solids. 

A 250 ml one-neck round bottom flask was charged vvidr 20.82; grams, of the 62.3wt%. solids 
dispersion of Al?4-Zireonia. To this dispersion, 100 grams of 1 -methoxy-Spropanoh 0.5 grains: 

of afnmo«i«m hydroxide and Sartomer 811903 & (Warrington, PA) were added; with mixing:. The 

10 flask -was placed on a Rotovapor and vacmirn distilled to remove the solvent. The yield after 

distillation was 102.3 grams. A total of96.9 granis of this transiucentJ:blue/y®llbw dispersion 
was transferred to a 120 ml amber bottle. To this bottle 0.097 grains irgaeare TPG {BASF, 

Plorham Park, NT) and 0.484 grains Daroeur 1 173. {BASF, Ftorham Park, NJ) were added. The 

dispersion was mixed to ensure dissoltition of the photoiriitiators.. 

I S A.bridge• resin solution was created by mixing lhe Zr filled 9038 mixture described above with 

PermaNevv 6000 (available from California .Hardsbating Company. Gfaaia Vista,. CA) in a 90:10 

r«sin:PermaMew ratio. 

All process steps described in Example 6a abave are used, except the Zr filled SR903 8 described 

above is used as the bridge resin. A cross-sectional SEM micrograph .from the resulting 

20 microsiroeture using a silica filled backfill md& xirconiaTilled bridge Is shown in FIG. 17. 

E&amfste 6es aircoRis §fra£hire<J l&yer, silica bridge layer 

A bridge resin solution was created by mixing 60 wt.% of the PBD-2900 resin described above, 
mixed with 40 wt.% SR601 ethoxylated bispiiend diacrylate: (Ssrte>mer Co, Extotv PA>j-aiid 
including a photoinitator package comprising 0.5% Darocur 1 i 73 and 0.1% TPO. This resin 

25 solution was, mixed with; PermaNew 6000 (available ftonvGalifornia Hardcoating Company, 

Clmla Vista,.CA) in a 90: l0resin:PermaNewratio. 

A backfill .coating solution was erested id ilie foliovvlng nianner: A 500 ml 3-neck round: bottom 
flask was charged with 1.75.0 grams of a 45.4 wt% solids dispersion of 1 Pnm zireonia .particles 

(prepared asdesertbed in U.S. Patent No. 7,211,43 7 and U.S. .Patent No. 6,3 76,590). Next, the 
30 flask was equipped with a stir bar,, stir plate, condenser, heating mantle, thermocouple and 

temperature controller. With the: batch mixing, 78.8 grams methyhrielho^ysilane, MTE|>, (Alfa 

Aesar, Ward Hill, :MA) and- 80.0 grains anhydrous alcohol {9.5/5''v/v ethanol/2-propaooI, Avantor 
Performance Materials Inc. Center Valley, PA.) were added tothe.batch. The batch Was held for I 
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hour at room temperature wilh nstxiog. After 1 hour, the batch heated to 78°C and held at ?0°C 

for- 4 hours-with m ixing. A fter the 4 hoar hold, the hatch was al lowed to cool to room 

temperatare. This dispersion was filtered through a i micron 3 ? mm syringe filter (Pall Life 

Sciences, Ann Arbor, Ml) iato a 32.ounce glass bottle. The final sample was a Sow viscosity, 

5 slightly hazy, translucent dispersion and was .measured to he 32.9: wt.% solids. 

Ail process steps described in Example 6a above are used, except the PBP-290O/SR6O ! mixture 

described above was: used as the hridglngresiu, and the backfill coa.tirs| Solution was the Zr 

solution described above instead of the PermaNew solution. A eross-seeSional SEM micrograph 

from the resalting mserostructtire using a zireonia filled backfill and a silica filled bridge is 

10 shown in FIG. lH, 

•,6dt strtxaute structured layer, dreoaisi bridge Jayer 

All process steps described tn.Example 6a above are used, except the Zr/ 9038 mixture 

described iii example 6b was used as thebridging resin* and the backfill coating solution wastlie 

Zr solution described in example 6c instead of the PennaNew solution, A cross-sectional SEM 

15. micrograph from the resulting mierosti'ucture zireonia filled backfill and a zireonia filled bridge 

is showi! in FIG, IS. 

in order to quantify the migration of molecular species into the sacrificial resin during the 

backfilling process, we prepared a flat film of the PBD-29Q0/6O1 sacrificial resin mixture, 
20 described hi Example l,.then coating the theninil'ly stable backfill material for eieinefttal analysis 

by XPS». Flat films were coated using: a notch bar on an unprimed PET substrate and cured with 
ultraviolet radiation to a non-tacky stats. The film thickness was -1,96pm for the P8D-2900/601 

sample as measured by optical, ioterferonietry. PertnaNew^OOtf w'as spin coated per Example 6, 

over these films and cured at 80%lfbrfbur hours to match the traditional sample, preparation 

25 technique. IOA/AA. Optically Clear Adhesive of Example §, was spin coated atiddried onto 

these coatings and the film stack was laminated to a;glass slide. The unpri.rned PET was peeled 
off the film slack to expose the bottom surface of the resin samples. The samples were not placed 

in. the oven ..for the final bake-out step, With the resin sample remaining intact, the sample was 
analyzed using x-ray photoCiectron spectroscopy to determine the elemental composition as a. 

30 function of depth through the fi lm. Table 4 shows die experinjetifal conditions for this XPS 
a??a!yst's. A CW ion gun was used to ablate away layers of the resin in order to proille the 

composition at successive depths, all the way down to the cured Perma-New layer,The % of film 
etched was deterndned using; established etch rates of each of the resins under the Csb ion gun. 
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T he etch rate were determined by taking the known thickness;of each resin layer d ivided by the 
sputter time in order to *eaeh. the bulk of the Penm-New coating (marked by 30% silicon signal) 

in each of the fihn stacks. Then, the etch rate was used toconvert eteh time into etch depth fin 

«»«ters) for each reshr eoatinf, Fhmiiy, the etch depth of each chatting was normaiiajd to 
find % of film etched, The result, is shown in FIG. 15, The higher atomic silicon concentration 

between 0 and 10 % in the sacrificial resin layer (FBD-2906/SR60i) spectrum corresponds to a: 

layer of migrated polysilosane chains about. 100-200 nm thick that formed in the lower regions 

of the coating during the spin coating and baking step. 

Tabic 4. XPS analysis conditions for rests depth prolllmg.experiment 

Instrument Physical Electronics VersaProbe 5()0O'ni 

analysis areas 500inii \ ;500um 
photoeketron take off angle 4S<,-A28®- solid angle of acceptance 
x-ray source Monoebmnmtie A.i K13 (:14l6.6eV) 85 W 
charge neutralization Low energy $ and Ar flood sources 
charge correction G-6,H 284.8eV 
sputter ion gun conditions 10ke¥ QM* 3rnm by 3 mm raster. ~4.2nA target current 
analysis chamber pressure ~5x IQ"S Torr . 

Thas, embodiments of LAMINATION TRANSFER FILMS FOR FORMING. ARTICLES 
WITH ENGINEERED VOIDS are disclosed. 

All references and publications cited hereare expressly 'incorporated herein by reference in 

their entirety into this disclosure, exceptto the extent they rnay directly contradict this disclosure. 

Although specific embodiments have been illustrated and described !iereins it will be.appreciated 

by those of ordinary skill in the art that a variety of alternate andfcr eqviiYaletit iniplemeii tatioils 

can be substituted: for the specific embodiments shown and described without departing from the 
scope of the present disclosure. This, application is intended to cover any adaptations or 

variations of the speeiflcembodhrmnts discussed herein. Therefore, it is intended that this 

disclosure be limited only by the claims and the equivalents thereof. The disclosedembodiments 
are presented for purposes-of illustration astd not limitation. 
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1. A transfer film comprising: 
asacri floitd template layen-haiylrig a first surface and a second, surface having a .'structured 

surface opposite ibe first surface; 
5 a thermally stable backfill layer.confofming to the struct ured surface of the sacrificial 

template layer; 
wherein a portion of the saenficiaf template layer proximate the first; surface has a 

greater concentration of a thermally stable molecular speciesihan a portion of the sacrificial 
template layer prosi.tnate: the second surface. 

H) 
2. The .transfer-film- according to claim I, wherein the sacrificial: template layer comprises a 
layer of thermally stable molecular species and the layer of thermally stable molecular species is 
Separated from the structured surface' of the sacri ficial template layer by a layer of sacrificial 
material. 

15 
1. l'h« transfer film according to claim 2,; wherein the layer of-sacrificial material consists 
essentially of sacrificial material 

4. The transfer film according to claim 1, wherein the sacrificial template layer comprises a 
20. gradient of thermally stable molecular species and the gradient comprises a concentration of 

thermally stable: molecular species that changes as a. function of a: distance from the-Structured 
surface'along a thickness direction, of the sacrificial template layer. 

5. The transfer film according to claim 4>: wherein the concentration of thermally stable 
25 molecular species increases as a distance from the structorecS surface increases. 

6. Thcirafisler film according to claim 5. wherein the concentration of thermally stable 
molecular species is greatestabout the first surface. 

30 7, The transfer film according to. claini lf wherein the thermally stable molecular species 
comprises silicon. aluminum, hafnium; barium, strontium, titanium, or zirconium. 

WO 2015/108953 

What is claimed is: 

35 

B. The transfer film, according to claim 1, wherein. lite therrnaHy stable molecular species 
comprises a.metal: or metal oxide or metal oxide precursor. 
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9. The transfer film according to claim 1, wherein the thermally stable molecular species 

comprises an organosilicon polymer. 

5 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. 

10 

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 

15 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. 

20 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: 

25 laminating 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. 

30 

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

5 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 

10 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 

15 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 

5 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 

10 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 

15 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 

20 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. 

25 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. 


