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COMPOSITE WITH NANO-STRUCTURED LAYER

Cross Referenceto Related Applications

This application is a national stage filing underl3S.C. 371 of
PCT/US2011/026454, filed February 28, 2011, whiemts priority to U. S. Provisional
Application No. 61/310147, filed March 3, 2010, tfisclosure of which is incorporated

by reference in its/their entirety herein.

Background

[0001] When light travels from one medium to another, spaion of the light is
reflected from the interface between the two medhar example, typically about 4-5% of

the light shining on a clear plastic substrateefected at the top surface.

[0002] Different approaches have been employed to redwecestlection of polymeric
materials. One approach is to use antireflectoagings such as multilayer reflective
coatings consisting of transparent thin film stases with alternating layers of contrasting
refractive index to reduce reflection. It is howedifficult to achieve broadband

antireflection using the multilayer antireflectigeating technology.

[0003] Another approach involves using subwavelength saréructure (e.g.,
subwavelength scale surface gratings) for broadbaticeflection. The methods for
creating the subwavelength surface structure ssitly éithography tend to be

complicated and expensive. Additionally, it is iiéraging to obtain consistent low
reflection broadband antireflection (i.e., averegféection over visible range less than less
than 0.5 percent) from a roll-to-roll process watibwavelength scale surface gratings.
On the other hand, high performance, relatively teflection (i.e., average reflection over
visible range less than less than 0.5 percengtively low birefringence (i.e., having an
optical retardation value of less than 200 nm)refictive articles are desired for optical

film applications.
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Summary

[0004] In one aspect, the present disclosure providasgosite comprising:

a substrate having first and second, generally sggbonajor surfaces;

a first functional layer having first and secondngrally opposed major surfaces,
wherein the first major surface of the first fuocial layer is disposed on the first major
surface of the substrate, and wherein the firsictianal layer is at least one of a
transparent conductive layer or a gas barrier |aayeat

a first nano-structured layer disposed on the skaoajor surface of the first
functional layer, the first nano-structured layemprising a first matrix and a first nano-
scale dispersed phase, and having a first randoro-stauctured anisotropic surface. In
some embodiments, the composite further comprises:

a second functional layer having first and secogenerally opposed major
surfaces, wherein the first major surface of theosd functional layer is disposed on the
second major surface of the substrate, whereinséitend functional layer is one of a
transparent conductive layer or a gas barrier |aayeat

a second nano-structured layer disposed on thedeunajor surface of the second
functional layer, the second nano-structured lay@mprising a second matrix and a
second nano-scale dispersed phase, and having andseandom nano-structured
anisotropic surface. Alternatively, for exampla, some embodiments, the composite
further comprises:

a second nano-structured layer having first an@racgenerally opposed major
surfaces, wherein the first major surface of treed nano-structured layer is disposed on
the second major surface of the substrate, thendecano-structured layer comprising a
second matrix and a second nano-scale dispersexk,phad having a second random
nano-structured anisotropic surface at the secomagbrmsurface of the second nano-
structured layer; and

a second functional layer having first and secogenerally opposed major
surfaces, wherein the first major surface of theosd functional layer is disposed on the
second major surface of the second nano-structlager, and wherein the second

functional layer is at least one of a transparentactive layer or a gas barrier layer.

[0005] In another aspect, the present disclosure prodadesnposite comprising:

a substrate having first and second, generally sggbonajor surfaces;
-2-
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a first nano-structured layer having first and setogenerally opposed major
surfaces, wherein the first major surface of thst fnano-structured layer is disposed on
the first major surface of the substrate, the firaho-structured layer comprising a first
matrix and a first nano-scale dispersed phasehamohg a first random nano-structured
anisotropic surface at the second major surfatkeofirst nano-structured layer; and

a first functional layer having first and seconéngrally opposed major surfaces,
wherein the first major surface of the first fuocial layer is disposed on the second major
surface of the first nano-structured layer, and reimethe first functional layer is at least
one of a transparent conductive layer or a gaddndayer. In some embodiments, the
composite further comprises:

a second nano-structured layer having first an@recgenerally opposed major
surfaces, wherein the first major surface of trmaed nano-structured layer is disposed on
the second major surface of the substrate, thendecano-structured layer comprising a
second matrix and a second nano-scale dispersesk,phad having a second random
nano-structured anisotropic surface at the secoagbrnsurface of the second nano-
structured layer; and

a second functional layer having first and secogenerally opposed major
surfaces, wherein the first major surface of theosd functional layer is disposed on the
second major surface of the second nano-structlager, and wherein the second
functional layer is at least one of a transparentactive layer or a gas barrier layer.

[0006] In some embodiments, the transparent conductives leymprises transparent
conductive oxide (e.g., transparent conductikeninum doped zinc oxide (AZ@y
transparent conductiventdoped indium oxide (ITO)}Yransparent conductive metal,
and/or transparent conductive polymén some embodiments, ttransparent conductive
layer is a gas barrier layer. In some embodimehgstransparent conductive layer
includes conductive material in a pattern arranggmi some embodiments, the
transparent conductive layer includes conductiveena randomly arranged.

[0007] In some embodiments, the nano-structured layealtif§erence in refractive
index in all direction of less than 0.05. In soembodiments, between the nano-
structured layer and the functional layer thera @fference in refractive index of less
than 0.5 (in some embodiments, less than 0.25yar kess than 0.1). In some
embodiments, reflectance through the anisotropijonsarface is less than 4%, 3 %,
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2.5%, 2%, 1.5%, or even less than 1.25%. In samt#odiments, the nano-structured
anisotropic surface has a percent reflection &f tean 2%, (1.75%. 1.5%. 1.25%, 1%,
0.75%, 0.5%, or even less than 0.25%).

[0008] In this application:

[0009] “difference in refractive index in all directionf the nano-structured layer as used
herein refers to the refractive index in all direntof the bulk nano-structured layer;
[0010] “conductive” refers to having a surface resistivfyless than 1000 ohm/sq, and
can be measured using a multimeter available frukeFCorporation, Everett, WA under
the trade designation “FLUKE 175 TRUE RMS”;

[0011] “gas barrier” refers to having a permeability toterasapor of less than 0
g/mf/day, which can be measured using a ASTM E96-00theldisclosure of which is
incorporated herein by reference, available from@®@N, Inc., Minneapolis, MN under
the trade designation “PERMATRAN-W 3/31 MG”, and/imy a permeability to oxygen
of less than 2 g/ffiday, which can be measured using a ASTM D3983He5disclosure

of which is incorporated herein by reference, aldé from MOCON, Inc., under the
trade designation “OX-TRAN Model 2/21";

[0012] “nano-scale” means submicron (e.g., in a range tabom and about 500 nm);
[0013] “nano-structured” means having one dimension om#re-scale; and “anisotropic
surface” means a surface having structural aseefitaving a height to width (i.e., average
width) ratio of about 1.5:1 or greater (preferal@yi, or greater; more preferably, 5:1 or
greater);

[0014] “plasma” means a partially ionized gaseous or feiate of matter containing
electrons, ions, neutral molecules, and free régliead

[0015] “transparent” refers to having a transmittancetdéast 80 (in some embodiments,
at least 85, 90, 95, or even at least 99) percedetermined by Procedure 3 in the

Examples section, below.

Brief Description of the Drawings

[0016] FIG. 1 is a first fragmentary perspective view aioating apparatus useful in the
present disclosure;

[0017] FIG. 2 is a second fragmentary perspective viethefapparatus of FIG. 1 taken
from a different vantage point;
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[0018] FIG. 3 is a fragmentary perspective view of ano#mbodiment of the coating
apparatus removed from its gas containing chamber;

[0019] FIG. 4 is a second perspective view of the apparatIG. 3 taken from a
different vantage point; and

[0020] FIG. 5 is a schematic cross-sectional view of aldisusing an exemplary

antireflective layer described herein.

Detailed Description

[0021] Typically, nano-structured layers described heceimprise a microstructured
surface having the nano-structured anisotropiaserthereon.

[0022] Typically, nano-structured layer described her@mprise a matrix (i.e., the
continuous phase) and a nano-scale dispersed phideematrix. For the nano-scale
dispersed phase, the size refers to less than abOutm. The matrix can comprise, for
example, polymeric material, liquid resins, inorgamaterial, or alloys or solid solutions
(including miscible polymers). The matrix may camp, for example, cross-linked
material (e.g., cross-linked material was maderbgs:linking at least one of cross-
linkable materials multi(meth)acrylate, polyestgpxy, fluoropolymer, urethane, or
siloxane (which includes blends or copolymers tbBjer thermoplastic material (e.g., at
least one of the following polymers: polycarbongtaly(meth)acrylate, polyester, nylon,
siloxane, fluoropolymer, urethane, cyclic olefirpobymer, triacetate cellulose, or
diacrylate cellulose (which includes blends or dgmers thereof)). Other matrix
materials may include at least one of silicon oxadéungsten carbide.

[0023] Useful polymeric materials include thermoplastind ghermosetting resins.
Suitable thermoplastics include polyethylene tetieglate (PET), polystyrene,
acrylonitrile butadiene styrene, polyvinyl chlorjgmlyvinylidene chloride,
polycarbonate, polyacrylates, thermoplastic polthaees, polyvinyl acetate, polyamide,
polyimide, polypropylene, polyester, polyethylepely(methylmethacrylate),
polyethylene naphthalate, styrene acrylonitrilec@ine-polyoxamide polymers, triacetate
cellulose, fluoropolymers, cyclic olefin copolymeasid thermoplastic elastomers.
[0024] Suitable thermosetting resins include allyl resiel(ding (meth)acrylates,
polyester acrylates, urethane acrylates, epoxyates/and polyether acrylates), epoxies,
thermosetting polyurethanes, silicones or polysitees. These resins can be formed from
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the reaction product of polymerizable compositioosprising the corresponding
monomers and or oligomers.

[0025] In one embodiment, the polymerizable compositimctuides at least one
monomeric or oligomeric (meth)acrylate, preferablyrethane (meth)acrylate. Typically
the monomeric or oligomeric (meth)acrylate is n{aieth)acrylate. The term
“(meth)acrylate” is used to designate esters oflecand methacrylic acids, and
“multiimeth)acrylate” designates a molecule contagjrmore than one (meth)acrylate
group, as opposed to “poly(meth)acrylate” which ooonly designates (meth)acrylate
polymers. Most often, the multi(meth)acrylate di@neth)acrylate, but it is also
contemplated to employ tri(meth)acrylates, tetrdfhserylates and so on.

[0026] Suitable monomeric or oligomeric (meth)acrylatedude alkyl (meth)acrylates
such as methyl (meth)acrylate, ethyl (meth)acrylateropyl (meth)acrylate and t-butyl
(meth)acrylate. The acrylates may include (flualiojlester monomers of (meth)acrylic
acid, the monomers being partially and or fullyofimated (e.g., trifluoroethyl
(meth)acrylate).

[0027] Examples of commercially available multi(meth)aatglresins include those
available, for example from Mitsubishi Rayon Cadl.[.Tokyo, Japan, under the trade
designation “DIABEAM”; from Nagase & Company, LtdNew York, NY, under the
trade designation “DINACOL”; from Shin-Nakamura @meal Co., Ltd., Wakayama,
Japan,, under the trade designation “NK ESTER'mfidainippon Ink & Chemicals, Inc,
Tokyo, Japan, under the trade designation “UNIOIGN Toagosei Co., Ltd., Tokyo,
Japan, under the trade designation “ARONIX: fromANCorp., White Plains, NY, under
the trade designation “BLENMER”; from Nippon Kaya&wo., Ltd., Tokyo, Japan, under
the trade designation “KAYARAD?”, and from Kyoeisdemical Co., Ltd., Osaka,
Japan, under the trade designations “LIGHT ESTEHRI''&IGHT ACRYLATE".

[0028] Oligomeric urethane multiilmeth)acrylates are conuma#ly available, for
example, from Sartomer, Exton, PA, under the tagegnation “PHOTOMER 6000
Series” (e.g., “PHOTOMER 6010” and “PHOTOMER 602Gihd “CN 900 Series” (e.g.,
“CN966B85”, “CN964”, and “CN972"). Oligomeric utetne (meth)acrylates are also
available, for example from Cytec Industries IMIgodland Park, NJ 07424, under the
trade designations “EBECRYL 8402”, “EBECRYL 880MA“EBECRYL 4827".

Oligomeric urethane (meth)acrylates may also bpgyesl by the initial reaction of an
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alkylene or aromatic diisocyanate of the formulaNDR3-NCO with a polyol. Most

often, the polyol is a diol of the formula HO-®H where R is a C2-100 alkylene or an
arylene group and Rs a C2-100 alkylene group. The intermediate pobds then a
urethane diol diisocyanate, which subsequentlyuratergo reaction with a hydroxyalkyl
(meth)acrylate. Suitable diisocyanates included2tmethylhexylene diisocyanate and
toluene diisocyanate. Alkylene diisocyanates ameegally preferred. A particularly
preferred compound of this type may be prepared 2¢2,4-trimethylhexylene
diisocyanate, poly(caprolactone)diol and 2-hydrdlkyemethacrylate. In at least some
cases, the urethane (meth)acrylate is preferaiplyatic.

[0029] The polymerizable compositions can be mixturesasfos monomers and or
oligomers, having the same or differing reactivectional groups. Polymerizable
compositions comprising at least two different filmreal groups may be used, including
(meth)acrylate, epoxy, and urethane. The diffefimgtionality may be contained in
different monomeric and or oligomeric moietiesmthe same monomeric and or
oligomeric moiety. For example, a resin compogitiay comprise an acrylic or urethane
resin having an epoxy group and or a hydroxyl groupe side chain, a compound
having an amino group and, optionally, a silane poumd having an epoxy group or
amino group in the molecule.

[0030] The thermosetting resin compositions are polymbteasing conventional
techniques such as thermal cure, photocure (cueetnyic radiation) and or e-beam cure.
In one embodiment, the resin is photopolymerizeéxposing it to ultraviolet (UV) and
or visible light. Conventional curatives and otatgst may be used in the polymerizable
compositions and are selected based on the fuattpwaup(s) in the composition.
Multiple curatives and or catalysts may be requifedultiple cure functionality is being
used. Combining one or more cure techniques, as¢hermal cure, photocure and e-
beam cure, is within the scope of the present asck.

[0031] Furthermore, the polymerizable resins can be coitipes comprising at least one
other monomer and or oligomer (i.e., other thas¢hdescribed above, namely the
monomeric or oligomeric (meth)acrylate and theaingric urethane (meth)acrylate).
This other monomer may reduce viscosity and/or awethermomechanical properties

and/or increase refractive index. Monomers hatlwege properties include acrylic
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monomers (that is, acrylate and methacrylate esterglamides and methacrylamides),
styrene monomers and ethylenically unsaturatedgetr heterocycles.

[0032] Also included are (meth)acrylate esters havingrdiectionality. Compounds of
this type are illustrated by the 2-(N-butylcarbajathyl (meth)acrylates, 2,4-
dichlorophenyl acrylate, 2,4,6-tribromophenyl aatgl triboromophenoxylethyl acrylate, t-
butylphenyl acrylate, phenyl acrylate, phenyl tioiydate, phenylthioethyl acrylate,
alkoxylated phenyl acrylate, isobornyl acrylate ahénoxyethyl acrylate. The reaction
product of tetrabromobisphenol A diepoxide and {iyeatrylic acid is also suitable.
[0033] The other monomer may also be a monomeric N-subestitor N,N-disubstituted
(meth)acrylamide, especially an acrylamide. Theskide N-alkylacrylamides and
N,N-dialkylacrylamides, especially those contain@tr4 alkyl groups. Examples are
N-isopropylacrylamide, N-t-butylacrylamide, N,N-d#thylacrylamide and
N,N-diethylacrylamide.

[0034] The other monomer may further be a polyol multifm@trylate. Such compounds
are typically prepared from aliphatic diols, tricgdsd/or tetraols containing 2-10 carbon
atoms. Examples of suitable poly(meth)acrylatesetinylene glycol diacrylate,
1,6-hexanediol diacrylate, 2-ethyl-2-hydroxymethy8-propanediol triacylate
(trimethylolpropane triacrylate), di(trimethylolgrane) tetraacrylate, pentaerythritol
tetraacrylate, the corresponding methacrylateslam@mneth)acrylates of alkoxylated
(usually ethoxylated) derivatives of said polyoMonomers having two or more
(ethylenically unsaturated groups can serve assslinker.

[0035] Styrenic compounds suitable for use as the otheromer include styrene,
dichlorostyrene, 2,4,6-trichlorostyrene, 2,4,6+ilmostyrene, 4-methylstyrene and
4-phenoxystyrene. Ethylenically unsaturated ngrogeterocycles include
N-vinylpyrrolidone and vinylpyridine.

[0036] Constituent proportions in the radiation curabldgerials can vary. In general, the
organic component can comprise about 30-100% monoimed or oligomeric
(meth)acrylate or oligomeric urethane multi(metihy&te, with any balance being the
other monomer and or oligomer.

[0037] Surface leveling agents may be added to the matitre leveling agent is
preferably used for smoothing the matrix resinaimples include silicone-leveling
agents, acrylic-leveling agents and fluorine-camteg-leveling agents. In one
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embodiment, the silicone-leveling agent includgslydimethyl siloxane backbone to
which polyoxyalkylene groups are added.

[0038] Useful inorganic materials for the matrix includasges, metals, metal oxides, and
ceramics. Preferred inorganic materials inclutieasi oxide, zirconia, vanadium
pentoxide, and tungsten carbide.

[0039] The nano-scale dispersed phase is a discontind@ase pandomly dispersed
within the matrix. The nano-scale dispersed pltasecomprise nanoparticles (e.g.,
nanospheres, nanocubes, and the like), nanotudegsfilmers, caged molecules,
hyperbranched molecules, micelles, or reverse tegxelPreferably, the dispersed phase
comprises nanoparticles or caged molecules; mefenaibly, the dispersed phase
comprises nanoparticles. The nano-scale disp@fsase can be associated or
unassociated or both. The nano-scale dispersexk mlaam be well dispersed. Well
dispersed means little agglomeration.

[0040] Nanoparticles have a mean diameter in the range &fmout 1 nm to about 100
nm. In some embodiments, the nanoparticles haseage particle size of less than 100
nm (in some embodiments, in a range from 5 nm tord) The term “nanoparticle” can
be further defined herein to mean colloidal (priynparticles or associated particles) with
a diameter less than about 100 nm. The term “&tgdcparticles” as used herein refers to
a grouping of two or more primary particles tha aggregated and/or agglomerated. The
term “aggregated” as used herein is descriptive sifong association between primary
particles which may be chemically bound to one lagot The breakdown of aggregates
into smaller particles is difficult to achieve. &term “agglomerated” as used herein is
descriptive of a weak association of primary p&tiavhich may be held together by
charge or polarity and can be broken down into knahtities. The term “primary
particle size” is defined herein as the size oba-associated single particle. The
dimension or size of the nano-scale dispersed ptesbe determined by electronic
microscopy (i.e., such as transmission electronazoacopy (TEM)).

[0041] Nanoparticles for the dispersed phase can comgaidm®mn, metals, metal oxides
(e.g., SIQ, Zr0,, TiO,, ZnO, magnesium silicate, indium tin oxide, antiraony tin

oxide), carbides, nitrides, borides, halides, fhoarbon solids (e.g.,
poly(tetrafluoroethylene)), carbonates (e.g., cadccarbonate), and mixtures thereof. In
some embodiments, the nano-scale dispersed phageises at least one of SIO
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nanoparticles, Zr@nanoparticles, Ti@nanoparticles, ZnO nanoparticles,®@¢
nanoparticles, calcium carbonate nanoparticles nesigm silicate nanoparticles, indium
tin oxide nanoparticles, antimony tin oxide nandipbes, poly(tetrafluoroethylene)
nanoparticles, or carbon nanoparticles. Metal @xidnoparticles can be fully condensed.
Metal oxide nanoparticles can be crystalline.

[0042] Typically, the nanoparticles/nanodispersed phapeeisent in the matrix in an
amount in a range from about 1 percent by weiglabtmut 60 percent by weight
(preferably, in a range from about 10 percent bighteo about 40 percent by weight.
Typically, on a volume basis, the nanoparticlestabspersed phase is present in the
matrix in an amount in a range from about 0.5 parbg volume to about 40 percent by
volume (preferably, in a range from about 5 perdsntolume to about 25 percent by
volume, more preferably, in a range from about itg@ by volume to about 20 percent
by volume, and even more preferably in a range fabwut 2 percent by volume to about
10 percent by volume) although amounts outsidesthesges may also be useful.

[0043] Exemplary silicas are commercially available, feample, from Nalco Chemical
Co., Naperville, IL, under the trade designatiorAIXCO COLLOIDAL SILICA” such as
products 1040, 1042, 1050, 1060, 2327 and 232@mipiary fumed silicas include those
commercially available, for example, from Evonikgdea Co., Parsippany, NJ under the
trade designation, “AEROSIL series OX-50", as veallproduct numbers -130, -150, and -
200; and from Cabot Corp., Tuscola, IL., underdisignations “CAB-O-SPERSE 2095”,
“CAB-O-SPERSE A105”, and “CAB-O-SIL M5”. Other doidal silica can be also
obtained from Nissan Chemicals under the designatit®’A-ST”, “IPA-ST-L”, and
“IPA-ST-ML”. Exemplary zirconias are available rfexample, from Nalco Chemical Co.
under the trade designation “NALCO O0OSS008".

[0044] Optionally, the nanoparticles are surface modifiadoparticles. Preferably, the
surface-treatment stabilizes the nanoparticlebabothe particles will be well dispersed in
the polymerizable resin and result in a substdptrdmogeneous composition.
Furthermore, the nanoparticles can be modified avérast a portion of its surface with a
surface treatment agent so that the stabilizedcjestcan copolymerize or react with the
polymerizable resin during curing.

[0045] The nanoparticles are preferably treated with &asartreatment agent. In general,
a surface treatment agent has a first end thaattdch to the particle surface (covalently,
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ionically or through strong physisorption) and as®l end that imparts compatibility of
the particle with the resin and/or reacts withmesiring curing. Examples of surface
treatment agents include alcohols, amines, carboagids, sulfonic acids, phosphonic
acids, silanes and titanates. The preferred typeatment agent is determined, in part,
by the chemical nature of the metal oxide surfaganes are preferred for silica and
other for siliceous fillers. Silanes and carboxycids are preferred for metal oxides such
as zirconia. The surface modification can be datreer subsequent to mixing with the
monomers or after mixing. It is preferred in tlase of silanes to react the silanes with the
particles or nanoparticle surface before incorponainto the resins. The required amount
of surface modifier is dependant on several factach as particle size, particle type,
molecular weight of the modifier, and modifier type

[0046] Representative embodiments of surface treatmemt&gelude compounds such
as isooctyl tri-methoxy-silane, N-(3-triethoxyspybpyl)methoxyethoxy-ethoxyethyl
carbamate (PEG3TES), N-(3-triethoxysilylpropyl)netirethoxyethoxyethyl carbamate
(PEG2TES), 3-(methacryloyloxy)propyltrimethoxysian
3-acryloxypropyltrimethoxysilane, 3-(methacryloylggropyltriethoxysilane,
3-(methacryloyloxy)propylmethyldimethoxysilane,
3-(acryloyloxypropyl)methyldimethoxysilane,
3-(methacryloyloxy)propyldimethylethoxysilane, vidynethylethoxysilane,
pheyltrimethaoxysilane, n-octyltrimethoxysilaneddoyltrimethoxysilane,
octadecyltrimethoxysilane, propyltrimethoxysilahexyltrimethoxysilane,
vinylmethyldiactoxysilane, vinylmethyldiethoxysilanvinyltriacetoxysilane,
vinyltriethoxysilane, vinyltriisopropoxysilane, wtirimethoxysilane,
vinyltriphenoxysilane, vinyltri-t-butoxysilane, witris-isobutoxysilane,
vinyltriisopropenoxysilane, vinyltris(2-methoxyethgsilane, styrylethyltrimethoxysilane,
mercaptopropyltrimethoxysilane, 3-glycidoxypropiyttethoxysilane, acrylic acid,
methacrylic acid, oleic acid, stearic acid, dodecaacid,
2-(2-(2-methoxyethoxy)ethoxy)acetic acid (MEEAAgta-carboxyethylacrylate,
2-(2-methoxyethoxy)acetic acid, methoxyphenyl acatid, and mixtures thereof. A
specific exemplary silane surface modifier, is cagnerally available, for example, from
OSI Specialties, Crompton South Charleston, WV eurtlde trade designation
“SILQUEST A1230".
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[0047] The surface modification of the particles in théaidal dispersion can be
accomplished in a variety of ways. The processlires the mixture of an inorganic
dispersion with surface modifying agents. Optitnal co-solvent can be added at this
point, such as 1-methoxy-2-propanol, ethanol, ispanol, ethylene glycol,
N,N-dimethylacetamide and 1-methyl-2-pyrrolidinornEhe co-solvent can enhance the
solubility of the surface modifying agents as veslthe surface modified particles. The
mixture comprising the inorganic sol and surfacalifying agents is subsequently reacted
at room or an elevated temperature, with or withoixing. In one method, the mixture
can be reacted at about 85°C for about 24 howssltireg in the surface modified sol. In
another method, where metal oxides are surfacefraddhe surface treatment of the
metal oxide can preferably involve the adsorptibaadic molecules to the particle
surface. The surface modification of the heavyainetide preferably takes place at room
temperature.

[0048] The surface modification of ZeQvith silanes can be accomplished under acidic
conditions or basic conditions. In one example,ditanes are heated under acid
conditions for a suitable period of time. At whime the dispersion is combined with
agueous ammonia (or other base). This method sltemoval of the acid counter ion
from the ZrQ surface as well as reaction with the silane. notlaer method the particles
are precipitated from the dispersion and sepaffabed the liquid phase.

[0049] A combination of surface modifying agents can befulsfor example, wherein at
least one of the agents has a functional groupotyerizable with a hardenable resin.
For example, the polymerizing group can be ethgkdhi unsaturated or a cyclic function
subject to ring opening polymerization. An ethybatly unsaturated polymerizing group
can be, for example, an acrylate or methacrylateinyl group. A cyclic functional
group subject to ring opening polymerization gelgr@ntains a heteroatom such as
oxygen, sulfur or nitrogen, and preferably a 3-meral ring containing oxygen such as
an epoxide.

[0050] Useful caged molecules for the nanodispersed phakele polyhedral oligomeric
silsesquioxane molecules, which are cage-like kiytmolecules of silicone and oxygen.
Polyhedral oligomeric silsesquioxane (POSS) moksate derived from a continually
evolving class of compounds closely related ta@asiles through both composition and a
shared system of nomenclature. POSS moleculestivavenique features (1) the
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chemical composition is a hybrid, intermediate @S) between that of silica (Sgpand
silicone (RSIO), and (2) the molecules are physically largiwespect to polymer
dimensions and nearly equivalent in size to moktrper segments and coils.
Consequently, POSS molecules can be thought tieasnballest particles (about 1-1.5
nm) of silica possible. However unlike silica oodified clays, each POSS molecule
contains covalently bonded reactive functionalifagable for polymerization or grafting
POSS monomers to polymer chains. In addition, P&$yate and methacrylate
monomers are suitable for ultraviolet (UV) curingigh functionality POSS acrylates and
methacrylates (e.g., available, for example, utigetrade designations “MA0735” and
“MAO0736” from Hybrid Plastics, Inc., Hattiesburg,3)f are miscible with most of the
UV-curable acrylic and urethane acrylic monomerelmgomers to form mechanically
durable hardcoat in which POSS molecules form rnarases uniformly dispersed in the
organic coating matrix.

[0051] Carbon can also be used in the nanodispersed pheseform of graphite, carbon
nanotubes, buckyy balls, or carbon black suchpsrted in U.S. Pat. No. 7,368,161
(McGurran et al.).

[0052] Additional materials that can be used in the naspatised phase include those
available, for example, from Ciba Corporation, Vaown, NY under the trade designation
“IRGASTAT P18” and from Ampacet Corporation, Taown, NY under the trade
designation “AMPACET LR-92967".

[0053] The nano-structured anisotropic surface typicatijprises nanofeatures having a
height to width ratio of at least 2:1 (in some entibtents, at least 5:1, 10:1, 25:1, 50:1,
75:1, 100:1, 150:1, or even at least 200:1). Examgmanofeatures of the nano-structured
anisotropic surface include nano-pillars or nanhHoms, or continuous nano-walls
comprising nano-pillars, nano-columns, anistro@natholes, or anisotropic nano-pares
Preferably, the nanofeatures have steep side thalisre roughly perpendicular to the
functional layer-coated substrate. In some embedis) the majority of the nano features
are capped with dispersed phase material. In snidiments, the concentration of the
nanodispersed phase is higher at the surface thlmwhe matrix. For example, the
volume fraction of nanodispersed phase at surfanée 2 times or more higher than in
the bulk.
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[0054] In some embodiments, the matrix may comprise nadsefor static dissipation in
order to minimize attraction of dirt and particeland thus maintain surface quality.
Exemplary materials for static dissipation includese available, for example, polymers
from Lubrizol, Wickliffe, OH, under the trade desagion “STAT-RITE” such as X-5091,
M-809, S-5530, S-400, S-403, and S-680; 3,4-poiyettedioxythiophene-
polystyrenesulfonate (PEDOT/PSS) from H.C. Sta@ikgcinnati, OH; antistatic additives
from Tomen America Inc., New York, NY, under thade designations “PELESTAT
NC6321” and “PELESTAT NC7530"); and antistatic cayslions containing at least one
ionic salt consisting of a nonpolymeric nitrogenuon cation and a weakly coordinating
fluororganic anion as reported in U.S. Pat. No78,829 (Lamanna et al.) and in U.S.
Patent Application Publication No. 2007/0141329(X4ang et al.).

[0055] The nano-structured surface can be formed by anctlly etching the matrix.
The matrix comprising the nano-scale dispersedgbas be provided, for example, as a
coating on a transparent conductive layer (on atsatie), gas barrier layer (on a substrate)
or substrate. The substrate can be, for examplelyaneric substrate, a glass, crystalline
ceramic, or glass-ceramic substrate or window, fonation device such as an organic

light emitting diode, a display, or a photovoltdevice.

[0056] Suitable polarizers are known in the art, and idelteflective and absorptive
polarizers. A variety of polarizers flms may b&ed as the substrate for the nano-
structured layers described herein. The polafites may be multilayer optical films
composed of some combination of all birefringertiag layers, some birefringent optical
layers, or all isotropic optical layers. They ¢ave ten or less layers, hundreds, or even
thousands of layers. Exemplary multilayer polarfdens include those used in a wide
variety of applications such as liquid crystal ¢hspdevices to enhance brightness and/or
reduce glare at the display panel. The polarir@rhay also be a polarizer, including
those used in sunglasses to reduce light inteasitiyglare. The polarizer film may
comprise a polarizer film, a reflective polarizéimf an absorptive polarizer film, a
diffuser film, a brightness enhancing film, a tumgifilm, a mirror film, or a combination
thereof. Exemplary reflective polarizer films inde those reported in U.S. Pat. Nos.
5,825,543 (Ouderkirk et al.), 5,867,316 (Carlsoalgt 5,882,774 (Jonza et al.), 6,352,761
B1 (Hebrink et al.), 6,368,699 B1 (Gilbert et aaipd 6,927,900 B2 (Liu et al.); U.S. Pat.
Appl. Pub. Nos. 2006/0084780 Al (Hebrink et al.j @001/0013668 Al (Neavin et al.);
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and PCT Pub. Nos. WO 95/17303 (Ouderkirk et al(p ®/17691 (Ouderkirk et al),
WQ095/17692 (Ouderkirk et al), WO 95/17699 (Oudédslet al.), WO 96/19347 (Jonza et
al.), WO 97/01440 (Gilbert et al.), WO 99/36248 &\im et al.), and W0O99/36262
(Hebrink et al.), the disclosures of which are mpavated herein by reference. Exemplary
reflective polarizer films also include commergyadivailable optical films marketed by
3M Company. St. Paul, MN, under the trade designatiVIKUITI DUAL

BRIGHTNESS ENHANCED FILM (DBEF)”, “VIKUITI BRIGHTNESS ENHANCED
FILM (BEF)”, “VIKUITI DIFFUSE REFLECTIVE POLARIZERFILM (DRPF)”,
“VIKUITI ENHANCED SPECULAR REFLECTOR (ESR)”, and “BVANCED
POLARIZER FILM (APF)”. Exemplary absortive polaezfiims are commercially
available, for example, from Sanritz Corp., Tokyapan, under the trade designation of
“LLC2-5518SF".

[0057] The optical film may have one or more non-optiegklrs (i.e., layers that do not
significantly participate in the determination b&toptical properties of the optical film).
The non-optical layers may be used, for exampleangart or improve mechanical,

chemical, optical, any number of additional projsras described in any of the above

references; tear or puncture resistance, weatligyabnd/or solvent resistance.

[0058] The matrix comprising the dispersed phase can aedmn the transparent
conductive layer, gas barrier layer, or substratt@ired using methods known in the art
(e.g., casting cure by casting drum, die coatiloyy toating, or dip coating). The coating
can be prepared in any desired thickness greaarabout 1 micrometer (preferably
greater than about 4 micrometers). In additioa,abating can be cured by UV, electron
beam, or heat. Alternatively, the matrix compumsihe dispersed phase may be the layer
itself.

[0059] For composites described herein comprising, inm@eubstrate, functional layer,
and a nano-structured layer, the composite candskerior example, by a method

comprising:

providing a substrate having first and second gdlyelopposed major
surfaces and the functional layer having opposirsg) &ind second major surfaces, wherein
the first major surface of the functional layedisposed on the first major surface of the

substrate;
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coating a coatable composition comprising a matre¢erial and a nano-
scale dispersed phase in the matrix material orfittiemajor surface of the functional
layer and optionally drying the coating (and opéliyicuring the dried coating) to provide
a layer comprising a matrix and a nano-scale dsguephase in the matrix;
exposing the second major surface of the layeretxtive ion etching,
wherein the ion etching comprises:
placing the layer on a cylindrical electrode ine@wum vessel;
introducing etchant gas to the vacuum vessel atedepermined
pressure (e.g., in arange from 1 milliTorr to 2dlifrorr);
generating plasma (e.g., an oxygen plasma) betiteeaylindrical
electrode and a counter-electrode;
rotating the cylindrical electrode to translate sstrate; and
anisotropically etching the coating to provide tlamdom nano-
structured anisotropic surface.
For composites further comprising in order relativehe substrate, a second functional
layer, and a second nano-structured layer, sailadatan be conducted, for example, by
providing the substrate with the functional layehich may be the same of different) on
each major surface of the substrate, and applyiagsécond nano-structured layer on the
functional layer as described above in the methéd.some embodiments, the second
nano-structured layer is applied simultaneoushhwtite first nano-structured layer. In
some embodiments, the second functional layerasiged after the first nano-structured
layer applied, while in others, for example, duritige application of the first nano-

structured layer.

[0060] For composites described herein comprising, inm@substrate, a nano-
structured layer, and a functional layer, the cositeacan be made, for example, by a

method comprising:

providing a substrate having first and second gdlyeopposed major
surfaces;

coating a coatable composition comprising a matre¢erial and a nano-
scale dispersed phase in the first matrix matenathe first major surface of the substrate
and optionally drying the coating (and optionallyring the dried coating) to provide a

layer comprising a matrix and a nano-scale displegpbase in the matrix;
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exposing a major surface of the layer to reactore etching, wherein the
ion etching comprises:
placing the layer on a cylindrical electrode ine@wum vessel;
introducing etchant gas to the vacuum vessel atedepermined
pressure (e.g., in arange from 1 milliTorr to 2dlifrorr);
generating plasma (e.g., an oxygen plasma) betiteeaylindrical
electrode and a counter-electrode;
rotating the cylindrical electrode to translate sdstrate; and
anisotropically etching the coating to provide fingt random nano-
structured anisotropic surface; and
disposing a functional layer on the random nanoestired anisotropic
surface.
For composites further comprising in order relatieethe substrate, a second nano-
structured layer, and a second functional layerd saethod can be conducted, for
example, by applying the second nano-structureer lag the functional layer as described
above in the method, and then disposing a fundti@myar (which may be the same or
different) on a major surface of the second nanaciired layer. In some embodiments,
the second nano-structured layer is applied simetiasly with the first nano-structured
layer. In some embodiments, the second functitayar is provided after the first nano-
structured layer applied, while in others, for epéen during the application of the first

nano-structured layer.

[0061] There are several deposition techniques used o tjr® transparent conductive
films, including chemical vapor deposition (CVD)agnetron sputtering, evaporation, and
spray pyrolysis. Glass substrates have been wigsg for the making organic light
emitting diodes. Glass substrates, however, tef tundesirable for certain applications
(e.g., electronic maps and portable computers)ef@/fiexibility is desired glass is brittle
and hence undesirable. Also, for some applicafjertg, large area displays) glass is too
heavy. Plastic substrates are an alternativeassgubstrates. The growth of transparent
conductive films on plastic substrates by low terapge (25C-125C) sputtering is
reported, for example, by Gilbert et al."™4&nnual Society of Vacuum Coaters Technical
Conference Proceedings (1993), T. Minami et alin Bolid Film, Vol. 270, page 37
(1995), and J. Ma, Thin Solid Films, vol. 307, p2@ (1997). Another deposition
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technique, pulsed laser deposition, is reportadetample, in U.S. Pat. No. 6,645,843
(Kim et al.), wherein a smooth, low electrical ssiity ITO coating is formed on
polyethylene terephthalate (PET) substrate. Téetrtally-conductive layer can include
a conductive elemental metal, a conductive melay ah conductive metal oxide, a
conductive metal nitride, a conductive metal cagbalconductive metal boride, and
combinations thereof. Preferred conductive metedside elemental silver, copper,
aluminum, gold, palladium, platinum, nickel, rhodlipruthenium, aluminum, and zinc.
Alloys of these metals such as silver-gold, silpalladium, silver-gold-palladium, or
dispersions containing these metals in admixtutk ame another or with other metals
also can be used. Transparent conductive oxid®§B0ch as indium-tin-oxide (ITO),
indium-zinc-oxide (1Z0), zinc oxide, with or withgudopants such as aluminum, gallium
and boron, other TCOs, and combinations thereofsmbe used as an electrically-
conductive layer. Preferably, the physical thidsef an electrically-conductive metallic
layer is in a range from about 3 nm to about 50 mare preferably from about 5 nm to
about 20 nm, whereas the physical thickness o$pament conductive oxide layers are
preferably in a range from about 10 nm to about®®) more preferably from about 20
nm to about 300 nm. The resulted electrically-amigte layer can typically provide a
sheet resistance of less than 300 ohms/sq, les2€@taohms/sq, or even less than 100
ohms/sqg. For functional layers applied to a naneetured surface, the layer may follow
the surface contour of the nano-structured layehabthe antireflection function is
created at the interface between the nano-struttayer and the deposited layer, and at
the second surface of the functional coating lapatacting air or the surface of another

substrate.

[0062] Transparent conductive films can be made, for exanfiwm transparent
conductive polymers. Conductive polymers includeatives of polyacetylene,
polyaniline, polypyrrole, PETOT/PSS (poly(3,4-
ethylenedioxythiophene)/polystyrenesulfonic acat)polythiophenes (see, e.g., Skotheim
et al., Handbook of Conducting Polymers, 1998)théligh not wanting to be bound by
theory, it is believed that these polymers havgugated double bonds which allow for
conduction. Further, although not wanting to barzbby theory, it is believed that by
manipulating the band structure, polythiopheneslmen modified to achieve a HUMO-
LUMO separation that is transparent to visible ighn a polymer, the band structure is
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determined by the molecular orbitals. The effextvandgap is the separation between the
highest occupied molecular orbital (HOMO) and loiwesoccupied molecular orbital
(LUMO).

[0063] The transparent conductive layer can comprisegxample, anisotropic nano-
scale materials which can be solid or hollow. &alisotropic nano-scale materials
include nanofibers and nanoplatelets. Hollow anignc nano-scale materials include
nanotubes. Typically, the nanotube has an aspgot(fength:diameter) greater than 10,
preferably greater than 50, and more preferablgtgrehan 100. The nanotubes are
typically more than 500 nm (in some embodiments;entiban 1 micrometer, or even more
than 10 micrometers) in length. These anisotropito-scale materials can be made from
any conductive material. Most typically, the coatie material is metallic. The metallic
material can be an elemental metal (e.g., tramsiietals) or a metal compound (e.g.,
metal oxide). The metallic material can also Imeedal alloy or a bimetallic material,
which comprises two or more types of metal. Silgtahetals include silver, gold, copper,
nickel, gold-plated silver, platinum, and palladiufhhe conductive material can also be
non-metallic, such as carbon or graphite (an alp®rof carbon).

[0064] Gas (e.g., water vapor and oxygen) barrier filnpsciglly comprise a relatively
thin (e.g., about 100 nm to about 300 nm) layea ofetal oxide such as aluminum oxide,
magnesium oxide, or silicon oxide on a film surfa€ther exemplary layers on films to
provide a gas barrier film include ceramics suchkilison oxide, silicon nitride, aluminum
oxide nitride, magnesium oxide, zinc oxide, indiaride, tin oxide, tin-doped indium
oxide, and aluminum-dope zinc oxide. Gas bariigrsfcan be a single barrier layer or
multiple barrier layers construction. The bartggrer may also comprise multifunctional
properties such as conductive functionality.

[0065] In some embodiments, the surface of the matrix ¢cwimg the nano-scale
dispersed phase may be microstructured. For exampiansparent conductive oxide-
coated substrate, with a v-groove microstructutethse can be coated with
polymerizable matrix materials comprising a nanpeliised phase and treated by plasma
etching to form nanostructures on v-groove micragtired surface. Other examples
include a fine micro-structured surface resultirapt controlling the solvent evaporation

process from multi-solvent coating solutions, répdm@s in U.S. Pat. No. 7,378,136
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(Pokorny et al.); or the structured surface fromnficro-replication method reported in
U.S. Pat. No. 7,604,381 (Hebrink et al.); or arfyeotstructured surface induced, for

example, by electrical and magnetic field.

[0066] The matrix can be anisotropically etched using dbalty reactive plasma. The
RIE process, for example, involves generating piaander vacuum by an
electromagnetic field. High energy ions from th&sma attack or etch away the matrix

material.

[0067] A typical RIE system consists of a vacuum chambdr two parallel electrodes,
the “powered electrode” (or “sample carrier eled&®) and the counter-electrode, which
creates an electric field that accelerates ionsutdw The powered electrode is situated in
the bottom portion of the chamber and is electiyaablated from the rest of the chamber.
The layer or sample to be nano-structured is placetthe powered electrode. Reactive
gas species can be added to the chamber, for exathpdugh small inlets in the top of
the chamber and can exit to the vacuum pump syatéhe bottom of the chamber.
Plasma is formed in the system by applying a REtelmagnetic field to the powered
electrode. The field is typically produced usingy3a56 MHz oscillator, although other RF
sources and frequency ranges may be used. Thedaasules are broken and can
become ionized in the plasma and accelerated tothhardowered electrode to etch the
sample. The large voltage difference causes tetmbe directed toward the powered
electrode where they collide with the sample tetohed. Due to the mostly vertical
delivery of the ions, the etch profile of the saensl substantially anisotropic. Preferably,
the powered electrode is smaller than the counéetrede creating a large voltage
potential across the ion sheath adjacent the pahedestrode. Preferably, the etching is
to a depth greater than about 100 nm.

[0068] The process pressure is typically maintained aivio@bout 20 mTorr (preferably,
below about 10 mTorr) but greater than about 1 mTdhis pressure range is very
conducive for generation of the anisotropic nanmstire in a cost effective manner. When
the pressure is above about 20 mTorr, the etchiogegs becomes more isotropic because
of the collisional quenching of the ion energy. Banhy, when the pressure goes below
about 1 mTorr, the etching rate becomes very logabge of the decrease in number

density of the reactive species. Also, the gasgpngirequirements become very high.
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[0069] The power density of the RF power of the etchineepss is preferably in the
range of about 0.1 watts/érto about 1.0 watts/chipreferably, about 0.2 watts/cro
about 0.3 watts/ci).

[0070] The type and amount of gas utilized will dependrufiee matrix material to be
etched. The reactive gas species need to selgotitat the matrix material rather than

the dispersed phase. Additional gases may befasedhancing the etching rate of
hydrocarbons or for the etching of non-hydrocarbaterials. For example, fluorine
containing gases such as perfluoromethane, peofitioane, perfluoropropane,
sulfurhexafluoride, and nitrogen trifluoride candmted to oxygen or introduced by
themselves to etch materials such as,Sithgsten carbide, silicon nitride, and amorphous
silicon. Chlorine-containing gases can likewiseatdded for the etching of materials such
as aluminum, sulfur, boron carbide, and semicoratadtom the Group II-VI (including
cadmium, magnesium, zinc, sulfur, selenium, talliomi and combinations thereof and
from the Group IlI-V (including aluminum, galliunmdium, arsenic, phosphorous,
nitrogen, antimony, or combinations thereof. Hy@dndon gases such as methane can be
used for the etching of materials such as gallivserade, gallium, and indium. Inert
gases, particularly heavy gases such as argonecadded to enhance the anisotropic

etching process.

[0071] The method of the invention can also be carriedusirtg a continuous roll-to-roll
process. For example, the method of the inverdambe carried out using “cylindrical”
RIE. Cylindrical RIE utilizes a rotating cylindatelectrode to provide anisotropically

etched nanostructures on the surface of the lajdlre invention.

[0072] In general, cylindrical RIE for making the nanoustured layers of the invention
can be described as follows. A rotatable cylinalredectrode (“drum electrode”) powered
by radio-frequency (RF) and a grounded countertelde are provided inside a vacuum
vessel. The counter-electrode can comprise thewawessel itself. Gas comprising an
etchant is fed into the vacuum vessel, and plasngnited and sustained between the
drum electrode and the grounded counter-electrdthe. conditions are selected so that
sufficient ion bombardment is directed perpendictdahe circumference of the drum. A
continuous layer comprising the matrix containing hanodispersed phase can then be

wrapped around the circumference of the drum aedirtatrix can be etched in the
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direction normal to the plane of the layer. Thdrmaan be in the form of a coating on
an article (e.g., on a film or web, or the mat@nde the layer itself). The exposure time
of the layer can be controlled to obtain a precdeteed etch depth of the resulting
nanostructure. The process can be carried out @perating pressure of approximately
10 mTorr.

[0073] FIGS. 1 and 2 illustrate a cylindrical RIE appasatiuat is useful for the methods
of the invention. A common element for plasma tiogeand ion acceleration is generally
indicated as 10. This RIE apparatus 10 includagpport structure 12, a housing 14
including a front panel 16 of one or more doorssi@ walls 20 and a back plate 22
defining an inner chamber 24 therein divided ime or more compartments, a drum 26
rotatably affixed within the chamber, a pluralifyreel mechanisms rotatably affixed
within the chamber and referred to generally asd?i8e assembly 37 for rotatably driving
drum 26, idler rollers 32 rotatably affixed withime chamber, and vacuum pump 34

fluidly connected to the chamber.

[0074] Support structure 12 is any means known in thébadupporting housing 14 in a
desired configuration, a vertically upright manirethe present case. As shown in FIGS.
1 and 2, housing 14 can be a two-part housing sxitbed below in more detail. In this
embodiment, support structure 12 includes crospaigp40 attached to each side of the
two-part housing for supporting apparatus 10. Bigatly, cross supports 40 include both
wheels 42 and adjustable feet 44 for moving angeding, respectively, apparatus 10.

In the embodiment shown in FIGS. 1 and 2, crospaup 40 are attached to each side of
housing 14 through attachment supports 46. Spadifi cross supports 40 are connected
to one of side wails 20, namely the bottom sidd,w& attachment supports 46, while
cross supports 40 on the other side of housingd4a@nected to back plate 22 by
attachment supports 46. An additional crossbas 4upplied between cross supports 40
on the right-hand side of apparatus 10 as shov#iGn 1. This can provide additional

structural reinforcement.

[0075] Housing 14 can be any means of providing a comttiaéinvironment that is
capable of evacuation, containment of gas introdladter evacuation, plasma creation
from the gas, ion acceleration, and etching. éndmbodiment shown in FIGS. 1 and 2,

housing 14 has outer walls that include front pdmelfour side walls 20, and a back plate
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22. The outer walls define a box with a hollowerr, denoted as chamber 24. Side
walls 20 and back plate 22 are fastened togeth@ny manner known in the art, to rigidly
secure side walls 20 and back plate 22 to one anotta manner sufficient to allow for
evacuation of chamber 24, containment of a flurdolasma creation, plasma creation, ion
acceleration, and etching. Front panel 16 is inetfy secured so as to provide access to
chamber 24 to load and unload substrate matenalscaperform maintenance. Front
panel 16 is divided into two plates connected vw@és 50 (or an equivalent connection
means) to one of side walls 20 to define a padaafrs 18. These doors seal to the edge of
side walls 20, preferably through the use of a vatseal (for example, an O-ring).
Locking mechanisms 52 selectively secure door® Kéde walls 20 and can be any
mechanism capable of securing doors 18 to walis 20manner allowing for evacuation
of chamber 24, storage of a fluid for plasma coegtplasma creation, ion acceleration,

and etching.

[0076] In one embodiment, chamber 24 is divided by a éwmigall 54 into two
compartments 56 and 58. A passage or hole 60 lirbwagrovides for passage of fluids or
substrate between compartments. Alternativelychi@nber can be only one
compartment or three or more compartments. Pigfgrdne chamber is only one

compartment.

[0077] Housing 14 includes a plurality of view ports 62twhigh pressure, clear
polymeric plates 64 sealably covering ports 62ltmnafor viewing of the etching process
occurring therein. Housing 14 also includes agity of sensor ports 66 in which various
sensors (e.g., temperature, pressure, etc.) caadoeed. Housing 14 further includes
inlet ports 68 providing for conduit connectiondabgh which fluid can be introduced into
chamber 24 as needed. Housing 14 also includeg ponts 70 and 72 that allow gases

and liquids to be pumped or otherwise evacuatad ftbamber 24.

[0078] Pump 34 is shown suspended from one of sides 2€erpbly the bottom (as
shown in FIG. 2). Pump 34 can be, for exampleylao-molecular pump fluidly
connected to the controlled environment within egd.4. Other pumps, such as
diffusion pumps or cryopumps, can be used to evadower compartment 58 and to
maintain operating pressure therein. The processspre during the etching step is

preferably chosen to be in a range from about 1imfbcabout 20 mTorr to provide
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anisotropic etching. Sliding valve 73 is positidradong this fluid connection and can
selectively intersect or block fluid communicatioetween pump 34 and the interior of
housing 14. Sliding valve 73 is movable over pyop 62 so that pump port 62 can be
fully open, partially open, or closed with respctluid communication with pump 34.

[0079] Drum 26 preferably is a cylindrical electrode 8@hnan annular surface 82 and
two planar end surfaces 84. The electrode canduerof any electrically conductive
material and preferably is a metal (e.g., alumincopper, steel, stainless steel, silver,
chromium or an alloy thereof. Preferably, the &tmbe is aluminum, because of the ease

of fabrication, low sputter yield, and low costs.

[0080] Drum 26 is further constructed to include non-cdat®nductive regions that
allow an electric field to permeate outward as \@slhon-conductive, insulative regions
for preventing electric field permeation and thaislimiting film coating to the non-
insulated or conductive portions of the electrodbe electrically non-conductive material
typically is an insulator, such as a polymer (epglytetrafluoroethylene). Various
embodiments that fulfill this electrically non-caradive purpose so as to provide only a
small channel, typically the width of the transpareonductive oxide substrate to be

coated, as a conductive area can be envisioneddypfoordinary skill in the art.

[0081] FIG. 1 shows an embodiment of drum 26 where anrsuidace 82 and end
surfaces 84 of drum 26 are coated with an eledlyinan-conductive or insulative
material, except for annular channel 90 in annsilface 82 which remains uncoated and
thus electrically conductive. In addition, a pafidark space shields 86 and 88 cover the
insulative material on annular surface 82, ancdme embodiments cover end surfaces
84. The insulative material limits the surfacesanéthe electrode along which plasma
creation and negative biasing may occur. Howesiace the insulative materials
sometimes can become fouled by the ion bombardrdark,space shields 86 and 88 can
cover part or all of the insulated material. Theagk space shields may be made from a
metal such as aluminum but do not act as conduatieats because they are separated
from the electrode by means of an insulating malténiot shown). This allows

confinement of the plasma to the electrode area.

[0082] Another embodiment of drum 26 is shown in FIGSn8 4 where drum 26
includes a pair of insulative rings 85 and 87 &ftixo annular surface 82 of drum 26. In
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some embodiments, insulative ring 87 is a cap whath to also cover end surface 84.
Bolts 92 secure support means 94, embodied as @ldla or strap, to back plate 22.
Bolts 92 and support 94 can assist in supportiegrétious parts of drum 26. The pair of
insulative rings 85 and 87, once affixed to annslaface 82, defines an exposed

electrode portion embodied as channel 90.

[0083] Electrode 80 is covered in some manner by an itigalenaterial in all areas
except where the transparent conductive oxide gatbstontacts the electrode (i.e.,
touching or within the plasma dark space limitleé electrode (e.g., about 3 mm)). This
defines an exposed electrode portion that can b#imate contact with the transparent
conductive oxide substrate. The remainder of lbetrde is covered by an insulative
material. When the electrode is powered and thetrelde becomes negatively biased
with respect to the resultant plasma, this reltitleick insulative material prevents
etching on the surfaces it covers. As a resudhieg is limited to the uncovered area (i.e.,
that which is not covered with insulative matercannel 90), which preferably is

covered by relatively thin transparent conductixgle substrate.

[0084] Referring to FIGS. 1 and 2, drum 26 is rotatabfixatl to back plate 22 through a
ferrofluidic feedthrough and rotary union 38 (orexjuivalent mechanism) affixed within
a hole in back plate 22. The ferrofluidic feedtigb and rotary union provide separate
fluid and electrical connection from a standardlanbfluid conduit and electrical wire to
hollow coolant passages and the conductive eleetredpectively, of rotatable drum 26
during rotation while retaining a vacuum seal. Toiry union also supplies the
necessary force to rotate the drum, which forsplied from any drive means such as a
brushless DC servo motor. However, connectionr@ind26 to back plate 22 and the
conduit and wire may be performed by any meanshtapd supplying such a connection
and is not limited to a ferrofluidic feedthroughdaa rotary union. One example of such a
ferrofluidic feedthrough and rotary union is a timgh (about 5 cm) inner diameter hollow

shaft feedthrough made by Ferrofluidics Co., Nashikh

[0085] Drum 26 is rotatably driven by drive assembly 3%jcla can be any mechanical
and/or electrical system capable of translatingtromal motion to drum 26. In the
embodiment shown in FIG. 2, drive assembly 37 idetumotor 33 with a drive shaft

terminating in drive pulley 31 that is mechanicalbnnected to a driven pulley 39 rigidly
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connected to drum 26. Belt 35 (or equivalent stm&) translates rotational motion from

drive pulley 31 to driven pulley 39.

[0086] The plurality of reel mechanisms 28 are rotatalffixed to back plate 22. The
plurality of reel mechanisms 28 includes a substra¢l mechanism with a pair of
substrate spools 28A and 28B, and, in some embadénalso can include a spacing web
reel mechanism with a pair of spacing web spoos &8d 28D, and masking web reel
mechanism with a pair of masking web spools 28E28%] where each pair includes one
delivery and one take-up spool. As is apparemhfFdG. 2, at least each take-up reel 28B,
28D, and 28F includes a drive mechanism 27 mechbyiconnected thereto such as a
standard motor as described below for supplyingf@ional force that selectively rotates
the reel as needed during etching. In additiochekelivery reel 28A, 28C, and 28E in
select embodiments includes a tensioner for supgltautness to the webs and/or a drive

mechanism 29.

[0087] Each reel mechanism includes a delivery and a tkgpool which may be in the
same or a different compartment from each otheighvim turn may or may not be the
same compartment the electrode is in. Each spaila standard construction with an
axial rod and a rim radially extending from each eefining a groove in which an
elongated member, in this case a substrate orig/@lyapped or wound. Each spool is
securably affixed to a rotatable stem sealablyrektey through back plate 22. In the case
of spools to be driven, the stem is mechanicallyheated to a motor 27 (e.g., a brushless
DC servo motor). In the case of non-driven spabis,spool is merely coupled in a
rotatable manner through a drive mechanism 29 ¢k pkate 22 and may include a

tension mechanism to prevent slack.

[0088] RIE apparatus 10 also includes idler rollers 3atadily affixed within the chamber
and pump 34 fluidly connected to the chamber. i@lleF rollers guide the substrate from
the substrate spool 28A to channel 90 on drum 2d&ram channel 90 to take-up
substrate spool 28B. In addition, where spacinigsnaad masking webs are used, idler
rollers 32 guide these webs and the substrate $tdyatrate spool 28A and masking web
spool 28E to channel 90 and from channel 90 to-tgksubstrate spool 28B and take-up

masking web spool 28F, respectively.
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[0089] RIE apparatus 10 further includes a temperaturé&alosystem for supplying
temperature controlling fluid to electrode 80 \earbfluidic feedthrough 38. The
temperature control system may be provided on apyps4.0 or alternatively may be
provided from a separate system and pumped to ajmsatO via conduits so long as the
temperature control fluid is in fluid connectiontivpassages within electrode 80. The
temperature control system may heat or cool eldetB® as is needed to supply an
electrode of the proper temperature for etchinga preferred embodiment, the
temperature control system is a coolant systengusicoolant (e.g., water, ethylene
glycol, chloro fluorocarbons, hydrofluoroethersddiguefied gases (e.g., liquid

nitrogen)).

[0090] RIE apparatus 10 also includes an evacuation plurgyf connected to
evacuation port(s) 70. This pump may be any vacpump, such as a Roots blower, a
turbo molecular pump, a diffusion pump, or a cryopy capable of evacuating the
chamber. In addition, this pump may be assistdzthoked up by a mechanical pump.
The evacuation pump may be provided on apparatws alernatively may be provided
as a separate system and fluidly connected tohtaamber.

[0091] RIE apparatus 10 also includes a fluid feeder,gpaddly in the form of a mass flow
controller that regulates the fluid used to crelagethin film, the fluid being pumped into
the chamber after evacuation thereof. The feedgrime provided on apparatus 10 or
alternatively may be provided as a separate syatehfluidly connected to the chamber.
The feeder supplies fluid in the proper volumetaite or mass flow rate to the chamber
during etching. The etching gases can include exygrgon, chlorine, fluorine, carbon
tetrafluoride, carbontetrachloride, perfluoromethgmerfluoroethane, perfluoropropane,
nitrogen trifluoride, sulfur hexafluoride, and matie. Mixtures of gases may be used

advantageously to enhance the etching process.

[0092] RIE apparatus 10 also includes a power sourcerielgty connected to electrode
80 via electrical terminal 30. The power source i@ provided on apparatus 10 or
alternatively may be provided on a separate sysigarelectrically connected to the
electrode via electrical terminal (as shown in R2E. In any case, the power source is any
power generation or transmission system capaldemblying sufficient power. (See

discussion infra.).

-27-



10

15

20

25

30

[0093] Although a variety of power sources are possiblepBwer is preferred. This is
because the frequency is high enough to form ebsdfon an appropriately configured
powered electrode but not high enough to createlstg waves in the resulting plasma.
RF power is scalable for high output (wide websustrates, rapid web speed). When
RF power is used, the negative bias on the elegti®d negative self bias, that is, no
separate power source need be used to induce ghéveebias on the electrode. Because

RF power is preferred, the remainder of this dismmswill focus exclusively thereon.

[0094] The RF power source powers electrode 80 with aigegy in the range of 0.01
MHz to 50 MHz preferably 13.56MHz or any whole nwenke.g., 1, 2, or 3) multiple
thereof. This RF power as supplied to electroderg8@tes a plasma from the gas within
the chamber. The RF power source can be an RFaensuch as a 13.56 MHz oscillator
connected to the electrode via a network thattaatsatch the impedance of the power
supply with that of the transmission line (whictugually 50 ohms resistive) so as to

effectively transmit RF power through a coaxiahsmission line.

[0095] Upon application of RF power to the electrode,fdlesma is established. Ina 15
RF plasma the powered electrode becomes negahbissdgd relative to the plasma. This
bias is generally in the range of 500 volts to 140l@s. This biasing causes ions within
the plasma to accelerate toward electrode 80. |&@teng ions etch the layer in contact

with electrode 80 as is described in more detddvbe

[0096] In operation, a full spool of substrate upon whetthing is desired is inserted over
the stem as spool 28A. Access to these spoolewded through lower door 18 since, in
FIGS. 1 and 2, the spools are located in lower @inpent 58 while etching occurs in
upper compartment 56. In addition, an empty spofastened opposite the substrate
holding spool as spool 28B so as to function asdke-up spool after etching has

occurred.

[0097] If a spacer web is desired to cushion the substiwtieg winding or unwinding,
spacer web delivery and/or take-up spool can beged as spools 28C and 28D
(although the location of the spools in the patéiciocations shown in the figures is not
critical). Similarly, if etching is desired in afern or otherwise partial manner, a
masking web can be positioned on an input spospasl 28E and an empty spool is

positioned as a take-up spool as spool 28F.
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[0098] After all of the spools with and without substratesvebs are positioned, the
substrate on which etching is to occur (and anykingswveb to travel therewith around

the electrode) are woven or otherwise pulled thinailhg system to the take-up reels.
Spacer webs generally are not woven through thtersiyand instead separate from the
substrate just before this step and/or are provjusdafter this step. The substrate is
specifically wrapped around electrode 80 in cha®leihereby covering the exposed
electrode portion. The substrate is sufficiendlyttto remain in contact with the electrode
and to move with the electrode as the electroddestso a length of substrate is always in
contact with the electrode for etching. This akoilve substrate to be etched in a
continuous process from one end of a roll to tieiot The substrate is in position for

etching and lower door 18 is sealed closed.

[0099] Chamber 24 is evacuated to remove all air and atguarities. Once an etchant
gas mixture is pumped into the evacuated chamherpparatus is ready to begin the
process of etching. The RF power source is aelived provide an RF electric field to
electrode 80. This RF electric field causes tretgdbecome ionized, resulting in the
formation of a plasma with ions therein. Thispedfically produced using a 13.56 MHz

oscillator, although other RF sources and frequeanges may be used.

[00100] Once the plasma has been created, a negative B@ditage is created on
electrode 80 by continuing to power the electrodd RF power. This bias causes ions to
accelerate toward channel (non-insulated electpodion) 90 of electrode 80 (the
remainder of the electrode is either insulatechaglded). The ions selectively etch the
matrix material (versus the dispersed phase) itethigth of substrate in contact with
channel 90 of electrode 80 causing anisotropiciegcdf the matrix material of on that
length of substrate.

[00101] For continuous etching, the take-up spools areedrso as to pull the
substrate and any masking webs through the uppepadment 56 and over electrode 80
so that etching of the matrix occurs on any unmasksstrate portions in contact with
annular channel 90. The substrate is thus putiexigh the upper compartment
continuously while a continuous RF field is placedthe electrode and sufficient reactive
gas is present within the chamber. The resultisreinuous etching on an elongated

substrate, and substantially only on the substratehing does not occur on the insulated
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portions of the electrode nor does etching occaevehhere in the chamber. To prevent the
active power fed to the plasma from being dissigbatehe end plates of the cylindrical
electrode, grounded dark space shields 86 andr8Becased. Dark space shields 86 and
88 can be of any shape, size, and material tleinducive to the reduction of potential
fouling. In the embodiment shown in FIGS. 1 and&k space shields 86 and 88 are
metal rings that fit over drum 26 and the insulatioereon. Dark space shields 86 and 88
do not bias due to the insulative material thatecs\drum 26 in the areas where dark
space shields 86 and 88 contact drum 26. Thegtmée shields in this ring-like
embodiment further include tabs on each end theneteinding away from drum 26 in a

non-annular manner. These tabs can assist inmdjgine substrate within channel 90.

[00102] Preferably, the temperature control system pumpd through electrode

80 throughout the process to keep the electrodedasired temperature. Typically, this
involves cooling the electrode with a coolant ascdibed above, although heating in some
cases may be desirable. In addition, since thstsaib is in direct contact with the
electrode, heat transfer from the plasma to thetsatie is managed through this cooling
system, thereby allowing the coating of temperasergsitive films such as

polyethyleneterephthalate, and polyethylene najbdtiha

[00103] After completion of the etching process, the speals be removed from
shafts supporting them on the wall. The substratte the nano-structured layer thereon is
on spool 28B and is ready for use.

[00104] In some embodiments, nano-structured layers desthbrein, the nano-
structured layer comprise additional layers. Ba@maple, the layer may comprise an
additional fluorochemical layer to give the layempiroved water and/or oil repellency
properties. The nano-structured surface may agoolst treated (e.g., with an additional
plasma treatment). Plasma post treatments maydedurface modification to change the
chemical functional groups that might be presenthenanostructure or for the deposition
of thin films that enhance the performance of theastructure. Surface modification can
include the attachment of methyl, fluoride, hydrgxarbonyl, carboxyl, silanol, amine, or
other functional groups. The deposited thin filwas include fluorocarbons, glass-like,
diamond-like, oxide, carbide, nitride, or other eré&ls. When the surface modification

treatment is applied, the density of the surfacetional groups is high due to the large
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surface area of the anisotropically etched nangetired surface. When amine
functionality is used, biological agents such asbaxies, proteins, and enzymes can be
easily grafted to the amine functional groups. Whianol functionality is used, silane
chemistries can be easily applied to the nano4stred surface due to the high density of
silanol groups. Antimicrobial, easy-clean, and-&miling surface treatments that are
based on silane chemistry are commercially avalaBintimicrobial treatments may
include quaternary ammonium compounds with silarteggoup. Easy-clean compounds
may include fluorocarbon treatments such as pedpayether silane, and
hexafluoropropyleneoxide (HFPO) silane. Anti-foiglitreatments may include
polyethyleneglycol silane. When thin films are disinese thin films may provide
additional durability to the nanostructure or po®/unique optical effects depending upon
the refractive index of the thin film. Specifiqis of thin flms may include diamond-like
carbon (DLC), diamond-like glass (DLG), amorphollisa@n, silicon nitride, plasma

polymerized silicone oil, aluminum, and copper.

[00105] Nano-structured layers described herein can exbit@tor more desirable
properties such as antireflective properties, lgjtgorbing properties, antifogging

properties, improved adhesion and durability.

[00106] For example, in some embodiments, the surfacectafiy of the nano-
structured anisotropic surface is about 50% ortless the surface reflectivity of an
untreated surface. As used herein with respembngparison of surface properties, the
term “untreated surface” means the surface of erlagmprising the same matrix material
and the same nanodispersed phase (as the nanmxgdusurface of the invention to

which it is being compared) but without a nano-siited anisotropic surface.

[00107] Some embodiments further comprise a layer or coammprising, for
example, ink, encapsulant, adhesive, or metallathto the nano-structured anisotropic
surface. The layer or coating can have improvéduksion to the nano-structured

anisotropic surface of the invention than to ameated surface.

[00108] Composites described herein are useful for numeappbcations
including electromagnetic shielding, transpareattical circuit/antenna, touch panel,
transparent conducting electrodes in optoelectrdewices such as solar cells and flat

panel displays, surface heaters for automobile sl low emissivity window, electro-
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chromic window, camera lenses, mirrors, and sthfisipation, as well as transparent heat

reflecting window materials for buildings, lampsgdasolar collectors.

[00109] FIG. 5 shows a schematic cross sectional view @xa@amplary display

100, such as a LCD, using an antireflective lagediaclosed herein. In one embodiment,
a composite 102 includes transparent conductivéesgoated substrate 104 having
opposing first and second surfaces with an angicéfte layer 106 disposed on the first
surface of the substrate and an optically cleaesige 108 disposed on the second
surface of the substrate. Optionally a releas linot shown) can be used to protect the
optically clear adhesive and a premask (also nmivalh can be used to protect the
antireflective coating during processing and steraghe composite 102 is then laminated
to a glass substrate 110 such that the opticadigr@ddhesive is in direct contact with the
glass substrate which is then assembled to a liqy&tal module 112, typically, with an

air gap 114 disposed between the antireflectivéimgand the liquid crystal module.

[00110] The optically clear adhesives that may be uselerptesent disclosure
preferably are those that exhibit an optical trassin of at least about 90%, or even
higher, and a haze value of below about 5% or éwear, as measured on a 25
micrometer thick sample in the matter describedweh the Example section under the
Haze and Transmission Testing for optically cledtresive. Suitable optically clear
adhesives may have antistatic properties, may bmpatbble with corrosion sensitive
layers, and may be able to be released from th&trstib by stretching the adhesive.
lllustrative optically clear adhesives include thakescribed in lllustrative optically clear
adhesives include those described in PCT Pub. N©.2008/128073 (Everaerts et al.)
relating to antistatic optically clear pressuressiare adhesive; U.S. Pat. Application
Publication No. US 2009/0229732A1 (Determan etralgting to stretch releasing
optically clear adhesive; U.S. Pat. Application Ration No. US 2009/0087629
(Everaerts et al.) relating to indium tin oxide qmatible optically clear adhesive; U.S.
Patent Application having Serial No. 12/181,667€Eaerts et al.) relating to antistatic
optical constructions having optically transmissiihesive; U.S. Patent Application
having Serial No. 12/538,948 (Everaerts et algtied) to adhesives compatible with
corrosion sensitive layers; U.S. Provisional Paggnlication No. 61/036,501 (Hamerski

et al.) relating to optically clear stretch releas@esive tape; and U.S. Provisional Patent
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Application N0.61/141,767 (Hamerski et al.) stretelease adhesive tape. In one

embodiment, the optically clear adhesive has &tieiss of about 5 micrometer or less.

[00111] In some embodiments, nano-structured layers desthbrein further
comprise a hardcoat comprising at least one of 8&dopatrticles or Zronanoparticles
dispersed in a crosslinkable matrix comprisingeast one of multiimeth)acrylate,
polyester, epoxy, fluoropolymer, urethane, or sloe(which includes blends or
copolymers thereof).Commercially available liquesin based materials (typically
referred to as “hardcoats”) may be used as thexr@atas a component of the matrix.
Such materials include that available from Califaridardcoating Co., San Diego, CA,
under the trade designation “PERMANEW?”; and fromriventive Performance Materials,
Albany, NY under the trade designation “UVHC”. Atdnally, commercially available
nanoparticle filled matrix may be used, such asd¢hmvailable from Nanoresins AG,
Geesthacht Germany, under the trade designatioABIOCRYL” and “NANOPOX”.

[00112] Additionally, nanoparticulate containing hardcalh$, such as those
available from Toray Advanced Films Co., Ltd., Tokyapan, under the trade designation
“THS”; from Lintec Corp., Tokyo, Japan, under tihade designation “OPTERIA
HARDCOATED FILMS FOR FPD”; from Sony Chemical & Diee Corp., Tokyo, Japan,
under the trade designation “SONY OPTICAL FILM"pfn SKC Haas, Seoul, Korea,
under the trade designation “HARDCOATED FILM”; aftrdm Tekra Corp., Milwaukee,
WI, under the trade designation “TERRAPPIN G FILMiay be used as the matrix or a

component of the matrix.

[00113] In one exemplary process the hardcoat, providéidumd form, is coated

on to a first surface of the transparent conduatixide (TCO)-coated substrate.
Depending on the chemistry of the hardcoat, thadigs cured or dried to form a dry AR
layer on the substrate. The hardcoated transpeoaniuctive oxide (TCO)-coated
substrate is then processed through the reactivetahing (RIE) process described above
using, in one exemplary method, the apparatus idbescin FIG. 1. In addition to
exhibiting desirable properties including antireflee properties and antifogging
properties described above, the RIE process alsomizies the undesirable phenomenon
of iridescence (also referred to as “interferemoeges”). The difference between the

refractive index of the functional layer and thedw@at layer can cause the phenomenon
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of iridescence, which occurs when external liglstdent on the hardcoat layer is reflected
to produce rainbow-like colors. The iridescenckighly undesirable in a display

application as it will obstruct the image on thspiay.

[00114] While some skilled in the art have tried to additbssiridescence by
matching the refractive index between the functidenger and coating formulations, it is
very challenging to provide a balanced performareteveen antireflection and
iridescence with quarter wavelength multilayer cagg. In some embodiments of this
disclosure, the RIE process can reduce the rafleétom the air-front surface interface of
the surface layer of the transparent conductivde{T CO)-coated substrate coated with
nanoparticle filled hardcoat, which in turn reduties iridescence to achieve a layer
exhibiting excellent antireflective properties anthimal iridescence. In other
embodiments of this disclosure, nanoparticles (. nanoparticles) can be used to
tune the refractive index of coating matrix of ttegdcoat to substantially match that of
the functional layer. The resulted coated laytrahe RIE process disclosed herein

exhibit excellent antireflective properties and imal iridescence.

[00115] In another embodiment, the nanodispersed phaskecatthed away using
plasma to form a nano-structured (or nano-porougase. This method can be carried
out using planar RIE or cylindrical RIE essentiab/described above, but using etching
selectivity to favor etching the nanodispersed phagher than the matrix (i.e., by
selecting gases that etch dispersed phase matghal than the matrix material).

-Exemplary Embodiments

1. A composite comprising:

a substrate having first and second, generally sggbonajor surfaces;

a first functional layer having first and seconengrally opposed major
surfaces, wherein the first major surface of th& functional layer is disposed on the first
major surface of the substrate, and wherein tig¢ finctional layer is at least one of a
transparent conductive layer or a gas barrier |aayeat

a first nano-structured layer disposed on the s®cvoajor surface of the
first functional layer, the first nano-structuread/ér comprising a first matrix and a first

nano-scale dispersed phase, and having a firsonaméno-structured anisotropic surface.
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2. The composite of embodiment 1, wherein the firattional layer is a gas barrier

layer.

3. The composite of either embodiment 1 or 2, wihetfee first functional layer is a

first transparent conductive layer.

4. The composite of embodiment 3, wherein the firahsparent conductive layer

includes conductive material in a pattern arranggroeis randomly arranged.

5. The composite of any preceding embodiment, whetbe first transparent
conductive layer comprises first transparent cothdecoxide (e.g., comprising one of

aluminum doped zinc oxide or tin doped indium oXide

6. The composite of any preceding embodiment, whetbe first transparent
conductive layer comprises first transparent cotideienetal.

7. The composite of any preceding embodiment, whetbe first transparent

conductive layer comprises first transparent cohdeg@olymer.

8. The composite of any preceding embodiment, whetbe first transparent

conductive layer is a gas barrier layer.

9. The composite of any preceding embodiment, whetfee first nano-structured
layer comprises in a range from 0.5 to 41 (in semé&odiments, 1 to 20, or even 2 to 20)
percent by volume of the first nano-scale dispegeke, based on the total volume of the

first nano-structured layer.
10. The composite of any preceding embodiment, &hethe first nano-scale

dispersed phase comprises at least one of B#Doparticles, Zr@nanoparticles, Ti®

nanoparticles, ZnO nanoparticles,,@4 nanoparticles, calcium carbonate nanoparticles,
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magnesium silicate nanoparticles, indium tin oxitBnoparticles, antimony tin oxide

nanoparticles, poly(tetrafluoroethylene) nanopbasicor carbon nanoparticles.

11.  The composite of embodiment 10, wherein thepariicles of the first nano-scale

dispersed phase are surface modified.

12. The composite of any preceding embodiment, @hehe first matrix comprises
cross-linked material (e.g., material made by ctodsng at least one of the following
cross-linkable materials multi(meth)acrylate, pstge, epoxy, fluoropolymer, urethane, or

siloxane).

13.  The composite of any preceding embodiment, &hehe first matrix comprises
thermoplastic material (e.g., comprising at leaste cof the following polymers:
polycarbonate, poly(meth)acrylate, polyester, nylsihoxane, fluoropolymer, urethane,

cyclic olefin copolymer, triacetate cellulose, taaylate cellulose).

14.  The composite of any preceding embodiment, @hethe first nano-structured
layer comprises a first microstructured surfaceif@the first nano-structured anisotropic

surface thereon.

15.  The composite of any preceding embodiment, &hehe first matrix comprises

an alloy or a solid solution.

16. The composite of any preceding embodiment, ehethe first nano-structured

layer has a difference in refractive index in aledtion of less than 0.05.
17. The composite of any preceding embodiment, &hebpetween the first nano-

structured layer and the first functional layerréhis a difference in refractive index of less

than 0.5 (in some embodiments, less than 0.25yar kess than 0.1).
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18. The composite of any preceding embodiment, @hethe first nano-structured
anisotropic surface has a percent reflection of tean 2% (in some embodiments, less
than 1.5%, 1.25%, 1%, 0.75%, 0.5%, or even legs @25%).

19.  The composite of any preceding embodiment, &haeflectance through the first
anisotropic major surface is less than 4% (in semdodiments, 3%, 2%, or even less
than 1.25%).

20.  The composite of any preceding embodiment, csmng a hardcoat comprising at
least one of Si@nanoparticles or ZrPnanoparticles dispersed in a crosslinkable matrix
comprising at least one of multi(meth)acrylate,ypster, epoxy, fluoropolymer, urethane,

or siloxane.

21.  The composite of any preceding embodiment, @heubstrate is a polarizer (e.g.,

a reflective polarizer or an absorptive polarizer.

22.  The composite of any preceding embodimenthéurcomprising a pre-mask film

disposed on the first random nano-structured amipimt major surface.

23.  The composite of any of embodiments 1 to 2&hér comprising an optically
clear adhesive disposed on the second surface @lutbstrate, the optically clear adhesive

having at least 90% transmission in visible lighd dess than 5%.

24. The composite of embodiment 23, further conmuyisa major surface of a glass

substrate, polarizer substrate, or touch sensachat to the optically clear adhesive.

25. The composite of embodiment 23, further connpyi| release liner disposed on
the second major surface of the optically cleareadfe.

26.  The composite of any of embodiments 1 to 22héw comprising:
a second functional layer having first and sec@esherally opposed major
surfaces, wherein the first major surface of theosd functional layer is disposed on the
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second major surface of the substrate, whereinséitend functional layer is one of a
transparent conductive layer or a gas barrier |aayeat

a second nano-structured layer disposed on thendeunajor surface of the
second functional layer, the second nano-structlangel comprising a second matrix and
a second nano-scale dispersed phase, and haviregamds random nano-structured

anisotropic surface.

27. The composite of embodiment 26, wherein thersdunctional layer is a gas

barrier layer.

28. The composite of either embodiment 26 or 27%&rein the second functional layer
is a second transparent conductive layer.

29.  The composite of embodiment 28, wherein thersgtransparent conductive layer

includes conductive material in a pattern arrangeraeis randomly arranged.
30. The composite of any of embodiments 26 to 2%rein the second transparent
conductive layer comprises second transparent abiwvéuoxide (e.g., comprising one of

aluminum doped zinc oxide or tin doped indium oXide

31. The composite of any of embodiments 26 to 3terein the second transparent

conductive layer comprises first transparent cotideenetal.

32. The composite of any of embodiments 26 to 3ierein the second transparent

conductive layer comprises second transparent atineéypolymer.

33. The composite of any of embodiments 26 to 32erein the second transparent
conductive layer is a gas barrier layer.

34. The composite of any of embodiments 26 to 3Berein the second nano-

structured layer comprises in a range from 0.51did some embodiments, 1 to 20, or
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even 2 to 10) percent by volume of the second s&ate dispersed phase, based on the

total volume of the second nano-structured layer.

35.  The composite of any of embodiments 26 to 3derein the second nano-scale
dispersed phase comprises at least one of B#Doparticles, Zr@nanoparticles, Ti®

nanoparticles, ZnO nanoparticles,,®@4 nanoparticles, calcium carbonate nanoparticles,
magnesium silicate nanoparticles, indium tin oxitBnoparticles, antimony tin oxide

nanoparticles, poly(tetrafluoroethylene) nanopbasicor carbon nanoparticles.

36. The composite of embodiment 35, wherein theoparticles of the second nano-

scale dispersed phase are surface modified.

37. The composite of any of embodiments 26 to 3Berein the second matrix
comprises cross-linked material (e.g., material enlag cross-linking at least one of the
following cross-linkable materials multilmeth)aatg, polyester, epoxy, fluoropolymer,

urethane, or siloxane).

38. The composite of any of embodiments 26 to 3ferein the second matrix
comprises thermoplastic material (e.g., comprisingast one of the following polymers:
polycarbonate, poly(meth)acrylate, polyester, nylsitoxane, fluoropolymer, urethane,

cyclic olefin copolymer, triacetate cellulose, taatylate cellulose).
39. The composite of any of embodiments 26 to 3Berein the second nano-
structured layer comprises a first microstructudface having the second nano-

structured anisotropic surface thereon.

40. The composite of any of embodiments 26 to 3Berein the second matrix

comprises an alloy or a solid solution.

41. The composite of any of embodiments 26 to 48erein the second nano-

structured layer has a difference in refractiveemah all direction of less than 0.05.
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42.  The composite of any of embodiments 26 to 4frein between the second nano-
structured layer and second functional layer thegedifference in refractive index of less

than 0.5 (in some embodiments, less than 0.25/er kess than 0.1.

43.  The composite of any of embodiments 26 to 4%&rein the first nano-structured
anisotropic surface has a percent reflection of tean 2% (in some embodiments, less
than 1.5%, 1.25%, 1%, 0.75%, 0.5%, or even legs @25%).

44.  The composite of any of embodiments 26 to 48%rein reflectance through the
second anisotropic major surface is less than #%dme embodiments, 3%, 2%, or even
less than 1.25%).

45.  The composite of any of embodiments 26 to dMprising a hardcoat comprising
at least one of Sinanopatrticles or Zrnanoparticles dispersed in a crosslinkable matrix
comprising at least one of multi(meth)acrylate,ypster, epoxy, fluoropolymer, urethane,

or siloxane.

46. The composite of any of embodiments 26 to 4&hér comprising a pre-mask

film disposed on the first random nano-structuned@ropic major surface.

47.  The composite of any of embodiments 1 to 22héw comprising:

a second nano-structured layer having first andrstcgenerally opposed
major surfaces, wherein the first major surfacethe second nano-structured layer is
disposed on the second major surface of the stbsttee second nano-structured layer
comprising a second matrix and a second nano-disgersed phase, and having a second
random nano-structured anisotropic surface at #dw®rsl major surface of the second
nano-structured layer; and

a second functional layer having first and sec@esherally opposed major
surfaces, wherein the first major surface of theosd functional layer is disposed on the
second major surface of the second nano-structlager, and wherein the second

functional layer is at least one of a transparentactive layer or a gas barrier layer.
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48.  The composite of embodiment 47, wherein th@rsdunctional layer is a gas

barrier layer.

49. The composite of either embodiment 47 or 4&rein the second functional layer

is a second transparent conductive layer.

50.  The composite of embodiment 49, wherein thersgtransparent conductive layer

includes conductive material in a pattern arrangeraeis randomly arranged.

51.  The composite of any of embodiments 47 to S@erein the second transparent
conductive layer comprises second transparent abiwvduoxide (e.g., comprising one of
aluminum doped zinc oxide or tin doped indium oXide

52.  The composite of any of embodiments 47 to Sierein the second transparent

conductive layer comprises first transparent cotideienetal.

53.  The composite of any of embodiments 47 to S2erein the second transparent

conductive layer comprises second transparent atineéypolymer.

54. The composite of any of embodiments 47 to 3%rein the second transparent

conductive layer is a gas barrier layer.

55.  The composite of any of embodiments 47 to 5herein the second nano-
structured layer comprises in a range from 0.51did some embodiments, 1 to 20, or
even 2 to 10) percent by volume of the second rs&ate dispersed phase, based on the

total volume of the second nano-structured layer.

56. The composite of any of embodiments 47 to Saerein the second nano-scale
dispersed phase comprises at least one of B#Doparticles, Zr@nanoparticles, Ti®
nanoparticles, ZnO nanoparticles,,®@4 nanoparticles, calcium carbonate nanoparticles,
magnesium silicate nanoparticles, indium tin oxitBnoparticles, antimony tin oxide

nanoparticles, poly(tetrafluoroethylene) nanopbasicor carbon nanoparticles.
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57.  The composite of embodiment 56, wherein theoparticles of the second nano-

scale dispersed phase are surface modified.

58. The composite of any of embodiments 47 to 5hAerein the second matrix
comprises cross-linked material (e.g., material enlag cross-linking at least one of the
following cross-linkable materials multiilmeth)aaig, polyester, epoxy, fluoropolymer,

urethane, or siloxane).

59. The composite of any of embodiments 47 to 5Berein the second matrix
comprises thermoplastic material (e.g., comprisinpast one of the following polymers:
polycarbonate, poly(meth)acrylate, polyester, nylsitoxane, fluoropolymer, urethane,
cyclic olefin copolymer, triacetate cellulose, taatylate cellulose.

60. The composite of any of embodiments 47 to 58erein the second nano-
structured layer comprises a first microstructudface having the second nano-

structured anisotropic surface thereon.

61. The composite of any of embodiments 47 to 6Berein the second matrix

comprises an alloy or a solid solution.

62. The composite of any of embodiments 47 to 6herein the second nano-

structured layer has a difference in refractiveeiah all direction of less than 0.05.

63.  The composite of any of embodiments 47 to 6&rein between the second nano-
structured layer and second functional layer tiegedifference in refractive index of less

than 0.5 (in some embodiments, less than 0.25yar kess than 0.1).
64. The composite of any of embodiments 47 to 68reih the first nano-structured

anisotropic surface has a percent reflection of tean 2% (in some embodiments, less
than 1.5%, 1.25%, 1%, 0.75%, 0.5%, or even legs @h25%).
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65. The composite of any of embodiments 47 to Gderein reflectance through the
second anisotropic major surface is less than #%dme embodiments, 3%, 2%, or even
less than 1.25%).

66. A composite comprising:

a substrate having first and second, generally sggbanajor surfaces;

a first nano-structured layer having first and seogenerally opposed
major surfaces, wherein the first major surfacetlod first nano-structured layer is
disposed on the first major surface of the subestr#tte first nano-structured layer
comprising a first matrix and a first nano-scalgpéirsed phase, and having a first random
nano-structured anisotropic surface at the secaadrrsurface of the first nano-structured
layer; and

a first functional layer having first and seconengrally opposed major
surfaces, wherein the first major surface of thst fiunctional layer is disposed on the
second major surface of the first nano-structussetr, and wherein the first functional

layer is at least one of a transparent conducéiyerlor a gas barrier layer.

67. The composite of embodiment 66, wherein the functional layer is a gas barrier

layer.

68.  The composite of either embodiment 66 or 67reim the first functional layer is

a first transparent conductive layer.

69. The composite of embodiment 68, wherein th& firansparent conductive layer

includes conductive material in a pattern arranggroeis randomly arranged.

70. The composite of any of embodiments 66 to 6Berein the first transparent
conductive layer comprises first transparent cothdecoxide (e.g., comprising one of

aluminum doped zinc oxide or tin doped indium oXide

71. The composite of any of embodiments 66 to 7Berein the first transparent

conductive layer comprises first transparent cotideienetal.
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72.  The composite of any of embodiments 66 to 7herein the first transparent

conductive layer comprises first transparent cotide@olymer.

73. The composite of any of embodiments 66 to 7Berein the first transparent

conductive layer is a gas barrier layer.

74.  The composite of any of embodiments 66 to #&rein the first nano-structured
layer comprises in a range from 0.5 to 41 (in semé&odiments, 1 to 20, or even 2 to 20)
percent by volume of the first nano-scale dispegeke, based on the total volume of the

first nano-structured layer.

75.  The composite of any of embodiments 66 to 7Herein the first nano-scale
dispersed phase comprises at least one of B#Doparticles, Zr@nanoparticles, Ti®
nanoparticles, ZnO nanoparticles,,®@4 nanoparticles, calcium carbonate nanoparticles,
magnesium silicate nanoparticles, indium tin oxitBnoparticles, antimony tin oxide

nanopatrticles, poly(tetrafluoroethylene) nanopbasicor carbon nanoparticles.

76.  The composite of embodiment 75, wherein theparticles of the first nano-scale

dispersed phase are surface modified.

77.  The composite of any of embodiments 66 to #&rein the first matrix comprises
cross-linked material (e.g., material made by ctodsng at least one of the following
cross-linkable materials multi(meth)acrylate, pstge, epoxy, fluoropolymer, urethane, or

siloxane).

78.  The composite of any of embodiments 66 to H&rein the first matrix comprises
thermoplastic material (e.g., comprising at leaste cof the following polymers:
polycarbonate, poly(meth)acrylate, polyester, nylsitoxane, fluoropolymer, urethane,

cyclic olefin copolymer, triacetate cellulose, taatylate cellulose).
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79.  The composite of any of embodiments 66 to #&rein the first nano-structured
layer comprises a first microstructured surfaceif@the first nano-structured anisotropic

surface thereon.

80.  The composite of any of embodiments 66 to #&rein the first matrix comprises

an alloy or a solid solution.

81.  The composite of any of embodiments 66 to 8@rein the first nano-structured

layer has a difference in refractive index in aledtion of less than 0.05.

82. The composite of any of embodiments 66 to 8igrein between the first nano-
structured layer and first functional layer theseai difference in refractive index of less

than 0.5 (in some embodiments, less than 0.25yar kess than 0.1).

83. The composite of any of embodiments 66 to 8&rein the first nano-structured
anisotropic surface has a percent reflection of tean 2% (in some embodiments, less
than 1.5%, 1.25%, 1%, 0.75%, 0.5%, or even legs @h25%).

84. The composite of any of embodiments 66 to 88rein reflectance through the
first anisotropic major surface is less than 4%9@me embodiments, 3%, 2%, or even
less than 1.25%).

85.  The composite of any of embodiments 66 to 8prising a hardcoat comprising
at least one of Sifnanoparticles or Zronanoparticles dispersed in a crosslinkable matrix
comprising at least one of multi(meth)acrylate ypster, epoxy, fluoropolymer, urethane,

or siloxane).

86. The composite of any of embodiments 66 to 8%erein substrate is a polarizer

(e.g., areflective polarizer or an absorptive poéa.
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87.  The composite of any of embodiments 66 to 8&hér comprising an optically
clear adhesive disposed on the second surface @lutbstrate, the optically clear adhesive

having at least 90% transmission in visible lighd dess than 5%.

88.  The composite of embodiment 87 further compgish major surface of a glass

substrate, polarizer substrate, or touch sensachat to the optically clear adhesive.

89. The composite of embodiment 87, further connpyi| release liner disposed on

the second major surface of the optically clearadte.

90. The composite of any of embodiments 66 to &&hér comprising:

a second nano-structured layer having first andragcgenerally opposed
major surfaces, wherein the first major surfaceth&f second nano-structured layer is
disposed on the second major surface of the swbstiee second nano-structured layer
comprising a second matrix and a second nano-disersed phase, and having a second
random nano-structured anisotropic surface at dworgl major surface of the second
nano-structured layer; and

a second functional layer having first and secaherally opposed major
surfaces, wherein the first major surface of theosd functional layer is disposed on the
second major surface of the second nano-structlager, and wherein the second

functional layer is at least one of a transparentactive layer or a gas barrier layer.

91. The composite of embodiment 90, wherein thersdunctional layer is a gas
barrier layer.

92.  The composite of either embodiment 90 or 9lreim the second functional layer

is a second transparent conductive layer.

93.  The composite of embodiment 92, wherein thersgtransparent conductive layer

includes conductive material in a pattern arranggroeis randomly arranged.
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94. The composite of any of embodiments 92 or 93rein the second transparent
conductive layer comprises second transparent abiwvduoxide (e.g., comprising one of

aluminum doped zinc oxide or tin doped indium oXide

95.  The composite of any of embodiments 90 to Yerein the second transparent

conductive layer comprises second transparent abindunetal.

96. The composite of any of embodiments 90 to Y%erein the second transparent

conductive layer comprises second transparent atineéypolymer.

97. The composite of any of embodiments 90 to Yferein the second transparent
conductive layer is a gas barrier layer.

98. The composite of any of embodiments 90 to 9Ferein the second nano-
structured layer comprises in a range from 0.51did some embodiments, 1 to 20, or
even 2 to 20) percent by volume of the second rsaate dispersed phase, based on the

total volume of the second nano-structured layer.

99. The composite of any of embodiments 90 to 9&rein the second nano-scale
dispersed phase comprises at least one of Ba&Doparticles, Zr@nanopatrticles, Ti®
nanoparticles, ZnO nanoparticles,,®@4 nanoparticles, calcium carbonate nanoparticles,
magnesium silicate nanoparticles, indium tin oxitBnoparticles, antimony tin oxide

nanoparticles, poly(tetrafluoroethylene) nanopbasicor carbon nanoparticles.

100. The composite of embodiment 99, wherein theoparticles of the second nano-

scale dispersed phase are surface modified.

101. The composite of any of embodiments 90 to Mif@erein the second matrix
comprises cross-linked material (e.g., material enlag cross-linking at least one of the
following cross-linkable materials multiimeth)aaig, polyester, epoxy, fluoropolymer,

urethane, or siloxane).
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102. The composite of any of embodiments 90 to MMerein the second matrix
comprises thermoplastic material (e.g., comprisinpast one of the following polymers:
polycarbonate, poly(meth)acrylate, polyester, nylsitoxane, fluoropolymer, urethane,
cyclic olefin copolymer, triacetate cellulose, taaylate cellulose).

103. The composite of any of embodiments 90 to Mierein the second nano-
structured layer comprises a first microstructudface having the second nano-

structured anisotropic surface thereon.

104. The composite of any of embodiments 90 to Mi3erein the second matrix

comprises an alloy or a solid solution.

105. The composite of any of embodiments 90 to MMerein the second nano-

structured layer has a difference in refractiveeiah all direction of less than 0.05.

106. The composite of any of embodiments 90 to 1@erein between the second
nano-structured layer and second functional lalyeret is a difference in refractive index

of less than 0.5 (in some embodiments, less tH2 Or even less than 0.1).

107. The composite of any of embodiments 90 to #d&rein the first nano-structured
anisotropic surface has a percent reflection of tean 2% (in some embodiments, less
than 1.5%, 1.25%, 1%, 0.75%, 0.5%, or even legs @h25%).

108. The composite of any of embodiments 90 to Wié&rein reflectance through the
second anisotropic major surface is less than #%dme embodiments, 3%, 2%, or even
less than 1.25%).

109. The composite of any of embodiments 90 to &068)prising a hardcoat
comprising at least one of Si@anoparticles or Zrnanoparticles dispersed in a
crosslinkable matrix comprising at least one oftifmleth)acrylate, polyester, epoxy,

fluoropolymer, urethane, or siloxane.
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[00116] Advantages and embodiments of this invention anédu illustrated by the
following examples, but the particular materialsl @amounts thereof recited in these
examples, as well as other conditions and detdilsuld not be construed to unduly limit
this invention. All parts and percentages are bigit unless otherwise indicated.

Examples

Procedure 1 - Plasma Treatment of Roll-to-Roll Sasp

[00117] In the examples below, references to Proceduresdrithe the following

operations. Polymeric film to be treated placethmcylindrical RIE apparatus depicted
in FIG. 1. More specifically, the width of the anwelectrode was 14.5 inches (36.8 cm)
and the pumping was carried out by means of a tarblecular pump. Persons with skill
in the art will perceive that this means that thpaatus was operating at a much lower

operating pressure than is conventionally done pldlsma processing.

[00118] Rolls of the polymeric film were mounted within thieamber, the film
wrapped around the drum electrode and securecktiakie up roll on the opposite side of
the drum. The unwind and take-up tensions werataiaied at 3 pounds (13.3 N). The
chamber door was closed and the chamber pumped oavhase pressure of 5510

Torr. Oxygen was then introduced into the chamfdédre operating pressure was
nominally 10 mTorr. Plasma was generated by apglgi power of 2000 watts of radio
frequency energy to the drum. The drum was rotstetthat the film was transported at a

desired speed as stated in the specific example.

Procedure 2 - Measurement of Average % Reflection

[00119] In the examples below, references to Proceduresite the following
operations. The result of the procedure is a nreasfithe average % reflection (%R) of a
plasma treated surface of a film. One sample ofitmewas prepared by applying a black
vinyl tape (obtained from Yamato International Gagdgion, Woodhaven, Ml, under the
trade designation “200-38") to the backside ofgshmple. The black tape was applied
using a roller to ensure there were no air bubipéggped between the black tape and the
sample. The same black vinyl tape was similarlyliad to a clear glass slide of which
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reflection from both sides were predetermined gteoto have a control sample to
establish the % reflection from the black vinylddp isolation. When this procedure was
used to measure a composite layer comprising digticear adhesives, the composite
layer was first pre-laminated to a clear glasseslahd then further laminated with the

black tape to the glass surface.

[00120] The non-taped side of first the taped sample aed the control was then
placed against the aperture of BYK Gardiner colodg sphere (obtained from BYK-
Gardiner of Columbia, MD, under the trade desigmatSPECTRO-GUIDE”) to measure
the front surface total % reflection (specular diftlise). The % reflection was then
measured at a 10° incident angle for the waveleragte of 400-700nm, and average %

reflection was calculated by subtracting out thee#lection of the control.

Procedure 3 - Refractive Index (RI) Measurement

[00121] In the examples below, references to Proceduresdrite the following
operations. The refractive indices of a sampleaweeasured using a prism coupler
(obtained from Metricon Corporation, Pennington, dddder the trade designation
“2010/M”) using a wavelength of 632.8 nm. Threfaetive indices were taken for each
sample, in the machine direction as the film wasgen@D), the cross-web or transverse
direction as the web was made (TD), and in thectior normal to the film surface (TM).
The refractive indices of MD, TD and TM are labebedn, ny, and n respectively in the

Examples below.

Example 1

[00122] A 5 mil (125 micrometer) polyethylene terephatra@®ET) film coated
with indium-tin oxide (ITO) was prepared by the hud described in the working
Example in US2009/0316060A1 (Nirmal et al.), thectbsure of which is incorporated
herein by reference. The surface resistance diftBecoated PET was about 100
ohms/sg. The average reflectance of the ITO-coaigdce, as measured by Procedure 2,
was 6.44%.
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[00123] A coating material was then prepared. 400 gm afi@Gsilica particles
(obtained from Nalco Chemical Co., Naperville, linder the trade designation “NALCO
2326") was charged to a 1 gt (0.95 liter) jar. Houndred fifty grams of 1-methoxy-2-
propanol, 27.82 grams of 3-(Methacryloyloxy)propyitethoxy silane, and 0.23 gram of
hindered amine nitroxide inhibitor (obtained frorb& Specialty Chemical, Inc.,
Tarrytown, NY, under the trade designation “PROSTHE8") in water at 5 wt%
inhibitor were mixed together and added to thenjaite stirring. The jar was sealed and
heated to 80°C for 16 hours to form a surface-medlisilica dispersion. 1166 grams of
the surface modified silica dispersion was furtimed with 70 grams of pentaerythritol
triacrylate (obtained from Sartomer, Exton, PA, emtthe trade designation “SR444”) and
0.58 gram of hindered amine nitroxide inhibitor RBSTAB 5128”) in water at 5 wt%
inhibitor. The water and 1-methoxy-2-propanol wemeoved from the mixture via rotary
evaporation to form a solution of 37.6 percent leyghit 20 nm Si@ 56.43 wt%
pentaerythritol triacrylate, and 5.97 percent byghel-methoxy-2-propanol. Coating
solutions were then prepared by diluting the siieao-particle solution with
pentaerythritol triacrylate (“SR444”) to yield 9@rcent by weight 20 nm Si@4.6

volume percent). The diluted concentrate coatiag then further diluted with
isopropanol to 50 wt% solid coating solution. THewt% photo-initiator (obtained from
BASF, Florham Park, NJ, under the trade designdtidtfCIRIN TPO-L"), (ratio to the
pentaerythritol triacrylate (“SR444”)) was addetbithe solutions and mixed well by

hand shaking for at least 5 minutes.

[00124] The resulting coating solution was applied on ®IfHO-coated PET using
a conventional Meyer rod (#4 bar). The coated tsateswas dried at room temperature
inside a ventilated hood for 15 minutes, and theed using a UV processor equipped
with a H-Bulb under a nitrogen atmosphere at 50 (pf12 meters per minute). The
refractive indices of the post-cured coating wesgdd according to the method of
Procedure 3. The refractive indicgs m, and n were found 1.515, 1.515, and 1.514
respectively. The difference in refractive indexhe three directions is less than 0.01,
demonstrating that the coating is essentially ggotr. The coated material was plasma

etched according to Procedure 1 for 60 seconds.

[00125] The average reflectance of the coated and etch&tesuwas measured by

Procedure 2, and found to have fallen to 1.27%.
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Example 2

[00126] A 5 mil (125 micrometer) polyethylene terephatha@®ET) film coated
with indium-tin oxide (ITO) was prepared by the hd described in the working
Example in US2009/0316060A1 (Nirmal et al.), thectbsure of which is incorporated
herein by reference. The surface resistance diftBecoated PET was about 100

ohms/sq.

[00127] The average reflectance of the ITO-coated surizcejeasured by
Procedure 2, was 6.44%.

[00128] A trimethylolpropantriacrylate (TMPTA) compositimomprising 50 wt%
silica nano-particles (obtained from Hanse Chen8&lnc. of Hilton Head Island, SC,
under the trade designation “NANOCRYL C150") walsiid with
trimethylolpropantriacrylate (obtained from Sartomender the trade designation
“*SR351") to form 10 wt% silica nano-particle coatisolution. The 10 wt% silica hano-
particle coating concentrate was further dilutethusopropanol to obtain a 50 wt% solids
coating solution. Photoinitiator (obtained from B8R Specialty Chemicals under the trade
designation “IRGACURE 184”) was added into the soluat 1 wt%, based on the solid
content of the coating solution. The coating sotutvas then mixed well by hand

shaking for at least 5 minutes.

[00129] The resulting coating solution was applied on ®IffO-coated PET using
a conventional Meyer rod (#4 bar). The coated tsateswas dried at room temperature
inside a ventilated hood for 15 minutes, and theed using a UV processor equipped
with a H-Bulb under a nitrogen atmosphere at 50 (pf12 meters per minute). The

coated material was plasma etched according teeBuwe 1 for 60 seconds.

[00130] The average reflectance of the coated and etchi&atsuvas measured by

Procedure 2, and found to have fallen to 1.33%.

Example 3

[00131] An ITO-coated 2 mil (50 micrometers) PET was (o from Oike &

Co., Ltd. of Kyoto, Japan, under the trade nam&ef300N03-50-U3L-PT"). A

trimethylolpropantriacrylate composition comprisisig wt% silica nano-particles
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(“NANOCRYL C150”) was diluted with trimethylolpropdriacrylate (“SR351”) to form
10 wt% silica nano-particle coating solution. Tlewt% silica nano-particle coating
concentrate was further diluted with isopropandd@wt% solids coating solution.
Photoinitiator (“IRGACURE 184”) was added into thalution at 1 wt%, based on the
solid content of the coating solution. The coasotution was then mixed well by hand

shaking for at least 5 minutes.

[00132] This coating solution was applied on to the ITOtedaPET using a
conventional Meyer rod (#4 bar). The coated sabstvas dried at room temperature
inside a ventilated hood for 15 minutes, and theed using a UV processor equipped
with a H-Bulb under a nitrogen atmosphere at 50 (pf12 meters per minute). The

coated material was plasma etched according teeBure 1 for 60 seconds.

[00133] The average reflectance of the coated and etchi&atsuvas measured by
Procedure 2, and found to be 1.06%.

[00134] Foreseeable modifications and alterations of ttaslasure will be

apparent to those skilled in the art without depgrtrom the scope and spirit of this

invention. This invention should not be restrictedhe embodiments that are set forth in

this application for illustrative purposes.
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What is claimed is:

1. A composite comprising:

a substrate having first and second, generally sggbanajor surfaces;

a first functional layer having first and secondngrally opposed major surfaces, wherein the
first major surface of the first functional layerdisposed on the first major surface of the satestr
and wherein the first functional layer is at leasé of a transparent conductive layer or a gaseoarr
layer; and

a first nano-structured layer disposed on the stoagor surface of the first functional layer,
the first nano-structured layer comprising a firgtrix and a first nano-scale dispersed phase, and
having a first random nano-structured anisotropidage, wherein the nano-structured anisotropic

surface comprises nanofeatures having a heighidit watio of at least 5:1.

2. The composite of claim 1, wherein the first fimgal layer is a gas barrier layer.

3. The composite of either claim 1 or 2, whereia finst functional layer is a first transparent

conductive layer.

4, The composite of any preceding claim, whereia flist transparent conductive layer

comprises first transparent conductive oxide.

5. The composite of any preceding claim, whereia flist transparent conductive layer

comprises first transparent conductive metal.

6. The composite of any preceding claim, whereia fhist transparent conductive layer

comprises first transparent conductive polymer.

7. The composite of any preceding claim, whereafitst transparent conductive layer is a gas

barrier layer.
8. The composite of any preceding claim, whereefitst nano-structured layer comprises in a
range from 0.5 to 41 percent by volume of the firaho-scale dispersed phase, based on the total

volume of the first nano-structured layer.

9. The composite of any preceding claim, whereia flist nano-structured layer has a

difference in refractive index in all direction leks than 0.05.
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10. The composite of any preceding claim, wheratwben the first nano-structured layer and

the first functional layer there is a differenceé@fractive index of less than 0.5.

11. The composite of any preceding claim, wherb@ first nano-structured anisotropic surface

has a percent reflection of less than 2.

12. The composite of any preceding claim, whereflectance through the first anisotropic major

surface is less than 4.

13. The composite of any preceding claim, whereibsgate is a reflective polarizer or an

absorptive polarizer.

14. The composite of any of claims 1 to 13, furtt@mprising:

a second functional layer having first and secgaerally opposed major surfaces, wherein
the first major surface of the second functiongkrlais disposed on the second major surface of the
substrate, wherein the second functional layen&s af a transparent conductive layer or a gasdrarri
layer; and

a second nano-structured layer disposed on thexdenajor surface of the second functional
layer, the second nano-structured layer comprigiegcond matrix and a second nano-scale dispersed

phase, and having a second random nano-structoigatr@pic surface.

15. The composite of any of claims 1 to 14, furtt@mprising:

a second nano-structured layer having first andrs®cgenerally opposed major surfaces,
wherein the first major surface of the second nstnactured layer is disposed on the second major
surface of the substrate, the second nano-stractayer comprising a second matrix and a second
nano-scale dispersed phase, and having a secoddmmamano-structured anisotropic surface at the
second major surface of the second nano-structayed, and

a second functional layer having first and secgederally opposed major surfaces, wherein
the first major surface of the second functiongklais disposed on the second major surface of the
second nano-structured layer, and wherein the seitmictional layer is at least one of a transparent

conductive layer or a gas barrier layer.

16. A composite comprising:

a substrate having first and second, generally sggbanajor surfaces;

a first nano-structured layer having first and se;ogenerally opposed major surfaces,
wherein the first major surface of the first namastured layer is disposed on the first major acef

of the substrate, the first nano-structured layemgrising a first matrix and a first nano-scale
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dispersed phase, and having a first random naootsted anisotropic surface at the second major
surface of the first nano-structured layer, whetbim nano-structured anisotropic surface comprises
nanofeatures having a height to width ratio okast 5:1; and

a first functional layer having first and secondngrally opposed major surfaces, wherein the
first major surface of the first functional layex disposed on the second major surface of the first
nano-structured layer, and wherein the first florai layer is at least one of a transparent conduct

layer or a gas barrier layer.

17. The composite of claim 16, wherein the firstdional layer is a gas barrier layer.

18. The composite of either claim 16 or 17, whethafirst functional layer is a first transparent

conductive layer.

19. The composite of any of claims 16 to 18, whertkie first transparent conductive layer

comprises first transparent conductive oxide.

20. The composite of any of claims 16 to 19, whertkie first transparent conductive layer

comprises first transparent conductive metal.

21. The composite of any of claims 16 to 20, whertkie first transparent conductive layer

comprises first transparent conductive polymer.

22. The composite of any of claims 16 to 21, whethe first transparent conductive layer is a

gas barrier layer.

23. The composite of any of claims 16 to 22, whethe first nano-structured article comprises
in a range from 0.5 to 41 percent by volume offitet nano-scale dispersed phase, based on tHe tota

volume of the first nano-structured layer.

24. The composite of any of claims 16 to 23, whrerttie first nano-structured layer has a

difference in refractive index in all direction less than 0.05.

25. The composite of any of claims 16 to 24, wheleitween the first nano-structured layer and

first functional layer there is a difference inreadtive index of less than 0.5.

26. The composite of any of claims 16 to 25, whetke first nano-structured anisotropic surface

has a percent reflection of less than 2%.
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27. The composite of any of claims 16 to 26, whereiflectance through the first anisotropic

major surface is less than 4%.

28. The composite any of claims 16 to 27, whereibhsgate is a reflective polarizer or an

absorptive polarizer.

29. The composite of any of claims 16 to 28, furtt@mprising:

a second nano-structured layer having first anarstcgenerally opposed major surfaces,
wherein the first major surface of the second nstnactured layer is disposed on the second major
surface of the substrate, the second nano-stractayer comprising a second matrix and a second
nano-scale dispersed phase, and having a secoddmmamano-structured anisotropic surface at the
second major surface of the second nano-structayed, and

a second functional layer having first and secgamerally opposed major surfaces, wherein
the first major surface of the second functiongkrlais disposed on the second major surface of the
second nano-structured layer, and wherein the seftmttional layer is at least one of a transparent

conductive layer or a gas barrier layer.

-57 -



