WO 2011/ 109284PCT/ US2011/ 026454 COVPCSI TE MULTI LAYERED STRUCTURE W TH
NANOSTRUCTURED SURFACE Background [0001] When light travels from one nedi um
to anot hewpenowme9psarti on of the light is 5reflected fromrctrhms2emnessace
between the two nedia. For exanple, typically about 4-5% of the |ight
shining on a clear plastic substrate is reflected at the top surface.

[ 0002] Di COMROSITAHMAGAIhaYEREESBREATORY B EH NANOSHRUE TRURED SUREACEON of
polymeric materials. One approach is to use antireflective coatings such as
multilayer reflective coatings consisting of transparent thin film
structures with alternating |layers of contrasting 10refractive index to
reduce reflection. It is however difficult to achi eve broadband

antiref| édckgroundi ng the nultilayer antireflective coating technol ogy.

[ 0003] Anot her approach invol ves using subwavel ength surface structure

(e. 9., sybveMelaaglitht3Latie fowm dbRC@cdua tbagsthet, S6mbpoadhaneheanht isef | ection.
The methods for creating the subwavel ength surface structure such as b

| i t hdgr apRfeatehiiomshpmicriee hﬁqweéaﬂ@dwarmedé& peersixg@pleagimicaily ghoutyt-5%otof| Z
chal I engipgy; Bsﬂgﬁ’%&} £ Oz Eé?{atsuté%%ilté Rhlgetd Oa@tﬁ%f 8@%@%‘3 antireflection

(i.e., avera Ion er vi sible range ess ss than 0.5

h.
P T |DEIR et fint abades nfeTRER Bmbloh g R E PR ST PR P E S on

(i.e., avpitagdsr oht egiroadh 1@V(9ﬁse\éinﬁteme@t1\‘eadwﬁnésﬁ§1§h bhanitigrs réhaivd. 5
percent), relatively low birefringence (i.e havi ng an 20opti cal

r et ar dat | ARG ceBsiging afdenspraent o Mmstrasureseviffediarasingdaycey @lscoatrestiagsi r ed

fory C(?)pt | Gt Jh e d;geg% 'reca%Eé Péhse{:né{“' W?srl}/ovs{egglo(ﬁ];%éunt Tt 18 Q@l%l%etoﬁrg% dbahlje present

di scl osure provi e conprisin aving first and
second, mnﬁifabﬂlg’n ﬁm@g)ﬁle (ilmﬂ’ﬁ]agér atirdfRCES: coating technology.

[0003] Another approach involves using subwavelength surface structure (e.g.,
subwavelength scale surface gratings) for broadband antireflection. The methods for
creating the subwavelength surface structure such as by lithography tend to be
15 complicated and expensive. Additionally, it is challenging to obtain consistent low
reflection broadband antireflection (i.c., average reflection over visible range less than less
than 0.5 percent) from a roll-to-roll process with subwavelength scale surface gratings.
On the other hand, high performance, relatively low reflection (i.e., average reflection over
visible range less than less than 0.5 percent), relatively low birefringence (i.e., having an
20 optical retardation value of less than 200 nm) antireflective articles are desired for optical

film applications.

Summa

[0004] In one aspect, the present disclosure provides a composite comprising:

25 a substrate having first and second, generally opposed major surfaces;
a first functional layer having first and second, generally opposed major surfaces,
wherein the first major surface of the first functional layer is disposed on the first major
surface of the substrate, and wherein the first functional layer is at least one of a

transparent conductive layer or a gas barrier layer; and
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a first functional |ayer having first and second, generally opposed major
surfaces, wherein the first major surface of the first functional |ayer is
di sposed wo 20hie10pisnst maj or surface of the substrate, amdTisesigiopedshe fir st
functional layer is at |east one of a transparent conductive |ayer or a gas
barrier layer; and WD 2011/109284PCT/US2011/ 026454 a first
nano-structured article disposed on the second major surface of the first
functional | ayefirst geo-pirpaurch ydcls (dispepest ey thy seeond reyah pisacs Piathe st

matrix arfﬁn&iofn%f lggernﬁl%%r&%lng-s SRFASEc1P Q@rﬁﬁms&ﬁ%g .ﬁ}??[\ﬂ.laﬂﬁx t%ﬁ(fl iarfﬁgt nraﬁ@-do m

nano- structure iSotropic surface. I'n sonme e iments, e conposite
further ocoaprdigesecd phaseanhtafingatfirstuahddémayanohavttmgd fanisstropin dusfeconbh,

general |y opposed. maj or. surfaces, wherein the first major surface of the
second fL?HH’FieHﬁPQ_alm%JS}%th %On&ﬁoé‘é%ggﬁl_ebwr{lﬂ’féseé‘ecopd maj or surface of the
subs{rate, whey %éd?)nhhﬁn%&&%'l‘%{zé%“ﬁ%diﬁ@%ﬁrsﬂ %ﬁd{&rseb&ld?"g?n&fau? 6@@@%@%&‘

conductive |l ayer or a gas barrier layer; and a second nano-structur
articl e dusposedhorin the fegtoomdr smfage of thef swecendbfunchenal taysewohspasehon itlenal

| ayer, the second nano-structured article conprisj second .matrix and a
second naneoEare" dape ob Beonbsie Sanhomt, i ootk bbshord s, > one o d
nano- st r ugdnpReht2Bh&RAKO Riyer S fAMRricNI4yRFNAkI vel y, for exanple, in sone
enbodi nents, the conposite further conprises: a second nano-structured

article havi ng p¢aosd nang-syeeiored, aigielsediapesgd app dice seoang onajes suiddeagke she
wherein the fi .maj Qr_surface of th ecqnd. nang- st ruct ur rticle is
ai shsea trth bRl ents e Manb Wy FRE Y DERRAPAIHED Bl Bt

nano- st r uctseodd &inolsehe €RPALKddSiphghed andClvthdrat kéosnéndndort eemBctiaiesdscal e
di spersed phase, and havi ng a. second random nano-structured ani sotropic
surface a@NIOHEPSeRBIAC nelgimaiehader srample HesdRel cHEDREIBIN Y DEICADANS ¢l e

and 20a P%E .onal layer having first and second, generally opposed
maj or suﬁﬁggggP g%%in the first nmajor surface of the second functional

| ayer is di spasedomhnirtvestareanedaniajcoiavig fiatendiccohd geacralig oppesed shajerct ur ed
article, anfd wherein the. second f¥ncti onal |ayer is at Ie(?asi one,. of

t r ahs par eHteesnidete, Be|fyidpaigy sytags O g sqcapd pappsptructured articieniy gypop

anot her a$NRRE kecohll Ehair@Saate SHBCLARHAR, RE Qo8 Safo-SOIRASH taﬁic@@éﬂ?ﬁﬂr?siir{g@ 25a
substrate having and second, generally opposed najor surfaces; a

first nanossondiotatmedndrtscodrel maiseglefdisrstscd mhhase eod davigerescabhd radpos ed

maj or surface wherei.n the first major surface of the first

nano st r (ERREbe R STt uiBsel bR 1REn e e WLiRasson ey
substr at eyrytfaeedfdrfiglt; mano-structured article conprising a first matrix and
a first nano-scal e di spersed phase, and having a first random ,

nandl st r uct ur ed sg@ad| Swetiopil daxwr hades dirst hed seewndd geapoHy septoatk ngiot he

1% TGRS 1 Wl oo S AhsLONEALBIAL LNl B 1S,

surface atcddienfajorssurfad@aifl badecdb@y @tnd-straitseo setclon ahd evisesgonte n@rerd WO

2011/ 109284PCT/ US2011/ 026454 ) i
functional layer is at least one of a transparent conductive layer or a gas barrier layer.

[0005] In another aspect, the present disclosure provides a composite comprising:
25 a substrate having and second, generally opposed major surfaces;

a first nano-structured article having first and second, generally opposed major
surfaces, wherein the first major surface of the first nano-structured article is disposed on
the first major surface of the substrate, the first nano-structured article comprising a first
matrix and a first nano-scale dispersed phase, and having a first random nano-structured

30 anisotropic surface at the second major surface of the first nano-structured article; and
a first functional layer having first and second, generally opposed major surfaces,

wherein the first major surface of the first functional layer is disposed on the second major
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surface of the first nano-structured article, and wherein the first
functional |ayer is at |east one of a transparent conductive |ayer or a gas
barrier Iasgepiviopssone enbodi nents, the conposite furth@CTASAQNIZAS4 a
second nano-structured article having first and second, generally opposed
maj or 5 surfaces, wherein the first major surface of the second
nano-structured article is disposed on the second major surface of the

subst r at urfeereoisiBe Sy naBersUaivIGe ifide aaf tiheredn dsnipist Bimadonel Swebivat Mt i x
and a SeCo%@dof”aa{}a’ﬁ&ja&%hﬁc&{dﬁ&%esggexp&aé E%%gﬂgiep?a 191, s GHfi€ @ o&i%ﬂﬁfr;ﬂhee

nano-structured anfrsotropic surface at e seco maj or surface o
second naoeypsbituttitheecbnaprisec] e; and 10a second functional |ayer having

first and second, neral | y opposed major_surfaces, wherejn the first major
surface of t he SERHhBATORHEE AR S B esfig) %Iﬁﬁ%f‘éan%rgepﬁéhg QEBMEd g

surface Qfhig FREQROHRING RALH I B §kbfid nARAMRENEN BrifcReis %ﬁ‘sﬁa@ﬁ%ﬂi
f yer or a gas

functional layer iIs at | east 'one of a transparent conductive |la

barrier lanytbe sedodd@Bjorisnrfsane therbddiratenths sedohd nen@sspaured artebnatueirisueg | ayer
conprises transparent 15conductive ide (e.q., transparent conductive

al uni numtanT 2 gy Adct a%fscolﬁacﬁ%&ﬁgﬁ@aﬁ%ﬁaﬁ VP8 4 15RO FREOM | di um
oxi de (I Tzhd-strhétaRaPai ftfophOREksdel MethdBicdbnd MGbOEurFdce@NSPalcefcof®@NAHEL | Ve
polymer, In sone enbodi nents, the transparent conductive |layer is a gas

barri er |séyeturedaitidommdenbodi ments, the transparent conductive | ayer

i ncludes conducti v terial in a . pattern arfangenent. |l n sone. e di nent s,
t hei@Ot rans paraeﬁ?coggﬁgg{l?@g : %egelrlg‘?%%ﬁ%ategmiosﬁ unc%fE i%/eélerr?g ethPRPeT andom y

ar r anged.suH8R 7/ whtmirsOBEirahgdi SRMHcs of thiescoambfimttiowel et isaditpost®oh e a
difference in refractive index in all direction of |less than 0.05. In sone
embodi merf€&NdhERIREeHIrtaRe Halhs- oot nanerugtiied | Atigad aptevhesse t thensronday er

there i s Puclidhl BEE09€a! Bud 8L 804 LR AN BAR L Bufisae

enbodi nent's, Tess’than eveh | ess than sone

o e 5 ARG CE AMR EOBL 5 TP LGBl 2 her

4% 3 % of éven iments, the

nanos st r ughdiictthe aRide @¢ EQ Plafispatbnt asRlubase dupeneefdpededlasidomald) dress t han
2% (1.75% 1.5% 1.25% 1% 0.75% 0.5% or even |less than 0.25%. [0008]
In this dpprpaaiticonductye toeoped dirFepdned ) fapynaet gendustesmpidlal |

0 oL g G AOE MG LS AR TSR
2011/ 10928¢P@Td LisXatdérQ264 5 some embodiments, the transparent conductive layer
includes conductive material in a pattern arrangement. In some embodiments, the
20 transparent conductive layer includes conductive material randomly arranged.
[0007] In some embodiments, the nano-structured article has a difference in refractive
index in all direction of less than 0.05. In some embodiments, between the nano-
structured article and the functional layer there is a difference in refractive index of less
than 0.5 (in some embodiments, less than 0.25, or even less than 0.1). In some
25 embodiments, reflectance through the anisotropic major surface is less than 4%, 3 %,
2.5%, 2%, 1.5%, or even less than 1.25%. In some embodiments, the nano-structured
anisotropic surface has a percent reflection of less than 2%, (1.75%. 1.5%. 1.25%, 1%,
0.75%, 0.5%, or even less than 0.25%).
[0008] In this application:
30 [0009] “difference in refractive index in all direction” of the nano-structured article as

used herein refers to the refractive index in all direction of the bulk nano-structured article;
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[ 0010] "conductive" refers to having a surface resistivity of |ess than
1000 ohm sq, and can be neasured using a nmultinmeter available from Fl uke
Cor por at ivw0,208vi®pst , WA under the trade designati on "FPOKESIN3/0IRVE RVE";
[0011] "gas barrier"” refers to having a perneability to water vapor of |ess
than 10-3 5g/ nR2/day, which can be neasured using a ASTM E96-001 el, the

di scl osure of which is incorporated herein by reference, available from

MOCON, | HEO10INcandiglbe | igferaiQ hipvéngra sustace r%&vwﬁegf Igpathpn AOCO-EFMVATRARE W 3/ 31
MG', and h
be roasural o e S LIRER il pbolsBo MNORTH FLESTOHRch, B BRUCRAL Wil 27, €O

her ei n bythe &ﬁ&f@ﬁ(gaanm%ﬁmaﬂéEdﬁﬂwmmm, Inc under the 10trade

desi gnatl N \bd 2/ 21"; [0012] ."nano scal e ans subni cron
(e.g., RITAE: lr]a %{fﬁ%tref?ﬁr%haﬁ@g&w&ﬁm yawatefdéaog]oﬁ%aﬂﬁnﬁ ruct ur ed”

means han/ﬁ@dW%vlﬁ&H@ﬂﬁde%eééﬂreHhﬁl gaa“&sfmt% 0GRg, ¢ @'&is%RJsﬁI%Q}valﬁéH lgace"

rreans a surface having structural asperities havi ng a height to wd
(i.e., avecapeateddeten batdfercnde, aolablelfrdn MOCOYY, dat. dvlm(npalm‘herN uyndeﬁ 1 or

et ol |y AT B e e AR mbd Bt Rl Brs e ons,

ions, newfmak timl &M’ .Ry, Whidh taEBe meskusd HingdNASTIPDHIDS5-05 3RS BREIBAIre ref ers
to havi ng a transmttance of at |east 80 (in some enbodi nents,

| east 85,0fghiclos ingprpasgied hatein barsferomye, @\@nl@@ntfroarsw@Nnimdmdsf the ocedure 4
in 61e ZQrad"é‘ngs@?at]fo%CU)?% %M‘ﬁel?‘iﬁ’ef Description of the Drawi ngs [0016]

FI 1is ragnen ry perspéct’i ve view of a coating appar at us

useful iM001H ‘PaeseRilc dhsdbk gsbihRionlR[)0a drafdeGbodt 1 Bmandabond0d magnent ary
perspective view of the gpparatus of FIG 1 taken froma different vantage
poi nt; [ dO4B}] ‘peg-stgugtured mﬁwr%ﬁt%wleﬁéﬁ@wwqwewwwﬁe 4Rdt Hayotropic

nmbod st t
erbodt ol ey S95H08 PRS0 STRNRE, AL | hgh38 AR AR ot us
of FIG 3viddlentid sfcaboat BOdidrfgecatamt(preéemildge: poi gtcateamibort @EFORbll Sl dv is a

sch tic cross-sectional view of a display using an exenplary
ant gmelf | &P | ayer described herein.

[0014] “plasma” means a partially ionized gaseous or fluid state of matter containing
clectrons, ions, neutral molecules, and free radicals; and

[0015] “transparent” refers to having a transmittance of at least 80 (in some embodiments,
at least 85, 90, 95, or even at least 99) percent as determined by Procedure 4 in the

20 Examples section, below.

Brief Description of the Drawings

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

25 [0017] FIG. 2 is a second fragmentary perspective view of the apparatus of FIG. 1 taken
from a different vantage point;
[0018] FIG. 3 is a fragmentary perspective view of another embodiment of the coating
apparatus removed from its gas containing chamber;
[0019] FIG. 4 is a second perspective view of the apparatus of FIG. 3 taken from a

30 different vantage point; and
[0020] FIG. 5 is a schematic cross-sectional view of a display using an exemplary

antireflective layer described herein.



Det ai |l ed Description [0021] Typically, nano-structured articles described
herein conprise a mcrostructured surface having the nano-structured

ani sot r opwo 28uvfogase t her eon. 5[ 0022] Typical ly, nano- st Pagiuse@d/ 02454 cl e
descri bed herein conprise a matrix (i.e., the continuous phase) and a
nano-scal e di spersed phase in the matrix. For the nano-scal e di spersed
phase, the size refers to |l ess than about 100 nm The matrix can conpri se,
for exanple, polyneric material, liquid resins, inorganic material, or

al I oys quiQh&gDaghpé&Pns (|nclud|ng m sci bl e polyners) The matrix may

conpri ross-linked 10material (e.g., cross-linked materi al
was nmade [b92lqrhqmaﬂlynmemgstrabtukeelaeaﬁcleméesoﬁbe:drhBan cbmph&bd midrattarchatd

mul ti (meth)acryl ate, polyester flu ol ur et hane, or sil oxane
(whi ch iﬁ%wfkﬁﬁéwmgéhaea “86ﬁ8??ﬁ§> I%%@Eg??918¥mthernnplastlc mat eri al
(e.gs, atjpheast ﬁﬁy%an%%&ﬁkéwlag dg&lrl}.’)%ﬁ&em%hﬁagﬁé Q‘i&%t& i.c., the

poly(neth)acryl pol yester, nylon | oxane r opol yne ‘ur et hane,
cyclic olhiimaepbhseirend anatnoaweteah@ewﬂlpha&@se the(mathdiFacthpIIanesw | ul ose
(whi ch inglude C matrix materd als may

el ude dETFEREPRBTe TS T RO O 8 P QL RO P efin BB ket ul

pol ymer i exBRbRY hallyfetib elaudfil tlﬂﬁ[dﬁé&h@ﬁh&%ﬁm@ AchtdrR@rITRH6Yd dr@1if 88lufisns
Sui t abl e thernDpIastlcs i ncl'ude polyeth ene terephthalate (PET),

pol yst yr disluding lyllsefnlq polymctshit Bl maeixsmyy @T@Pﬂ%§of0y\¢Kmﬂ>1€c¢ip$§rlﬂld@d
pol Yy Pyl a(lj[grléel (8 gl, rosg?llhk cPI% te{ e ell)sOrPlg&eeby dxggssyl? Xgngt(}gast o%ei S cngysl astic

polyurethanes ace propylene

pol yest erhnkpl@lbyﬁtwlﬁmaln(ﬂe{hyz(dﬂﬁmybmédﬂapépdxgx ﬁl)oropcqymelt Iayétlme or
napht hal ate, styrene acrylonitrile, S|I|conef§olyoxan1de pol%ners
e

tri acet atsdoxue (Whishdnclpgesdilenss oy aenalymesy dhgreo |sTthemeplgst gal (grge at

th I
a1yl rearn Creei e fEving bR, PL LGyl SIS Rt B er Mbhione
cryIate$ﬂoepmxﬂu@opmyakesnﬁhﬁuyemymkhﬂhua@bwhateﬁﬁmnapo&hm&m mhernnsettlng

pol yur et hanes, i cones .or. poly oxanes These res an be formed from
thel? eact %ﬁwlﬁ%a losg W%Wﬁ@fi Bl A SRpoYMErdhereg hth [ Mgthe

cor r esponginGal FRAG 1 Sd AN dealf o dﬂﬁ%ﬁ%mdk%@%ﬁﬂ stell c@EIcenbodi ment, the
pol yneri zabl e conpositions includes at |east one 30nmononeric or ollgonerlc

( met h) acr[90zt]d/seulgbbmadylcymateuzle itvhnie tieretop)aatesydnd tthermipygsiic@tdsins.
Suitable thermoplastics include polyethylene terephthalate (PET), polystyrene,
acrylonitrile butadiene styrene, polyvinyl chloride, polyvinylidene chloride,

20 polycarbonate, polyacrylates, thermoplastic polyurethanes, polyvinyl acetate, polyamide,
polyimide, polypropylene, polyester, polyethylene, poly(methylmethacrylate),
polyethylene naphthalate, styrene acrylonitrile, silicone-polyoxamide polymers, triacetate
cellulose, fluoropolymers, cyclic olefin copolymers, and thermoplastic elastomers.

[0024] Suitable thermosetting resins include allyl resin (including (meth)acrylates,

25 polyester acrylates, urethane acrylates, epoxy acrylates and polyether acrylates), epoxies,
thermosetting polyurethanes, silicones or polysiloxanes. These resins can be formed from
the reaction product of polymerizable compositions comprising the corresponding
monomers and or oligomers.

[0025] In one embodiment, the polymerizable compositions includes at least one

30 monomeric or oligomeric (meth)acrylate, preferably a urethane (meth)acrylate. Typically

the monomeric or oligomeric (meth)acrylate is multi(meth)acrylate. The term

“(meth)acrylate” is used to designate esters of acrylic and methacrylic acids, and
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the nononeric or oligoneric (meth)acrylate is multi(neth)acrylate. The term
"(meth)acrylate" is used to designate esters of acrylic and nethacrylic

aci ds, amdo2oul/mpIsaet h) acryl at e” desi gnates a nol ecul e ®OMUSBR0MLOZ45Dr € t han
one (neth)acrylate group, as opposed to "pol y(nmeth)acrylate” which conmonly
designates (neth)acrylate polymers. Mst often, the multi (rret h)acrylate is
a di(nmeth)acrylate, but it is also contenpl ated to enplo

tri( net DE SRR tacrylase y designptey A@10)¢aH eEONENNE §105h thag [Oeeérewhmml@rm e
b | h
e ot hy 100Rs By PERIEH L MR Bl YR Sl A6 Gl PP BRLHIE P2 & and
t - butyl (pmﬁrhéracmsa:bﬁaen THeamalci(iytthjaesylaays a mmmac(jlhmmm)tah thb ester
f th)acryl th b tiall d full
T lor | natcQatetiied Gamlpg srawthg iy RYAEI AT esa10097  Exanpl es of
COMET Ci a[bb%]asmfat@%&mm@r&'oe %ﬁ%&}l@&é Mﬁ@zﬁﬁcfymsnﬁcma@alk%(nﬁéfng?aa?ﬁv@ | abl e,

for exanple from M t subi shi o, Japan, the trade

desi gnat isoph HDmAl&ElAMch)acKylfﬂtN&@aé ém&hmnxianyl pmpdl (mdte)actybatk and\¥butuinder t he
trade d t Ch
Vikay arme, "SR ClincHl ShAE? RS THBLIeG AT OO R aisher P 815t B 3 Bpon 1 nk

& Chem calcsd, tHonokack®Kyiflg pdidiRBR and! BRIy thBrihited €. Qeﬁifﬁlﬂéﬂdt@m "UNIDIC; from
Toagosei Co., Ltd. Tokyo, Japan, under the trade desi gnatl on "ARONI X: from

NOF Cor p. (mGW)aQrélan)m ns, NY, under the trade designation "BLENVER'; from

N OB S s A B PR SR

yoe| S em ca under the

trade desivgingilé, Qhﬁexahipﬁ-ﬂoﬂﬁﬂﬁﬁb@mﬂaydd G LWEHapaﬁi%ﬂ&&B& trélld gomeri c
ur et hane rrul ti(meth) %at es are commerci al li aval | abl e for exarrpl e, from
Sar t oner ,degigngipn ‘BHA r> o Nagasreddcunppa Hd Ber | es

(e g o I—Kg,@\@g1 S
GVQGGBS%M%gﬁgﬁ DI@’%@@ ﬁg%(r%g)rulr%égérhelltc ?ﬁé?& 18%ry at es are
8|72 0 avai Jlapd:d,,tamdégugte mgﬂﬁésegrfanomt Wit ESXTERY lfﬂinIlL ngépzpm Ink W)(ci:thé;mmaﬂng?Ek SLJ
r e ra nati ons an
E%RYL YorJapg, |"§S?Féﬁ? trafﬁ Fegalon Mﬁﬁ%ﬁ?}gﬂ% %gq%%ef%ﬁst& 'EF@EW .epared by
t he i ni tighad, %ﬁ&ér'tf?@tr&{e &&'%LM ‘S(YEORTX 3 B DE (D, S%yt@ml@s &fy,fuAgedf Or mul a
OCN- R3-NCO wi'th a pol st often, the polyol is a diol of the fornula

HO- R4- OH thhaade d?:slgnstum ‘G2LENBIER’ kfﬂoanﬁlpppn KayaryCenbtdyr akyoahgaRainds a
C2-100 al e r ou medl od ct.Js t 0 .ur et hane di ol
di i socyantg%/tr &Aﬁ'ﬁ% @%%xm caélﬂ e%l&e[nin&ﬂe@a ’?Lht% Cﬁ?@ﬂ”oxyal kyl
(et h) acrypat andBuhd @kl cdighs@iyandGEY Esuqiwdﬁldz LAGHT ACRBIYIHIEexyl ene

di i socyanate and tol uene diisocyanate. Al kylene diisocyanates are generally

preflrr edOO%S]dalngqrmmca}f PtPaWQ@imP@MEQWWSEMGIﬁ@%ﬂwab}eefoér red
comound SlablL EpYaSTRY EERIERUR LI Sidabtl TAORARSNE . .
| east sorRrieds@L., tPIHOT(DMEmm i gri:til hPHcmOMER 6080 eﬁcE‘r(am 1990 Sbn@he(é.igg :
“CN966B85”, “CN964”, and “CN972”). Oligomeric urethane (meth)acrylates are also
available, for example from Cytec Industries Inc., Woodland Park, NJ 07424, under the
25 trade designations “EBECRYL 84027, “EBECRYL 8807 and “EBECRYL 4827”.
Oligomeric urethane (meth)acrylates may also be prepared by the initial reaction of an
alkylene or aromatic diisocyanate of the formula OCN-R;-NCO with a polyol. Most
often, the polyol is a diol of the formula HO-R4-OH where R3 is a C2-100 alkylene or an
arylene group and Ry is a C2-100 alkylene group. The intermediate product is then a
30 urcthane diol diisocyanate, which subsequently can undergo reaction with a hydroxyalkyl
(meth)acrylate. Suitable diisocyanates include 2,2,4-trimethylhexylene diisocyanate and

toluene diisocyanate. Alkylene diisocyanates are generally preferred. A particularly
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[ 0029] The pol yneri zabl e conpositions can be m xtures of various nononers
and or 5oligoners, having the sane or differing reactive functional groups.
Pol yner i 28ibl2e11¢ci0msesi t i ons conprising at | east two diff@ceais2émioedssonal
groups may be used, including (meth)acryl ate, epoxy, and urethane. The
differing functionality may be contained in different nononmeric and or
oligoneric noieties or in the sane nononeric and or oligoneric noiety. For

exanmpl e, rictersd porpornd<Ifthis fynsayaychsniepaed Eamap? strimctylhgxgleAane 10r esin
o . ; ; . oo g
aving arhlﬁg%}{atg,:: %oﬂ%(c%ﬁl,agfon@)dw %%ﬂygﬁ{sxg}a@xl I'ﬁeﬁlggwolga:%édj elﬁ%l? fHall sofheCOMPOUN

havi ng an am’no opt1ona e conp avi ng an epoxy
group or casasnthe grahgmei (meth)acrpiateas pteferaplg@Bphatiche t her nosetting resin

conposi ti e | ymer j zabl e using cqnventional techni ques such as
t her mal dﬁ&i‘%]a@wcﬁ%%eﬁ?rga%wp@psyﬂae% Tt TPiHIret PloRyiodnEIOBYMESBRART cur .
151 ns one #BREIRIing iHi&amE D} Hiffe'%i_ngﬁléﬁcﬁ%’h}ﬁ'&ﬁéﬁaé %‘EBJBX. PIRARLALHIEL O
ul travi ol et (UV) andgor visible I1ght. Conventional curatives and or
cat al yst aempokidionsennprisingvd 1got twreditfze! Bincooned giduipe ney dadset, encdeliest ed

based on the functional grpup(s) in t conposi.tion. Miltiple. curatives and
o cat al YD s Py U BlEhen P s REREEHOrR Barr RS T ng veed.

CO”blnlnQﬁﬂa%nﬁ®pﬂ&ﬁ&ﬂﬁﬂﬁﬂn%ﬁgbﬁbﬁ@ﬁ@kﬁ@yﬁhm&ﬁe§£ﬁ6ﬂ@hmﬁéﬁ@muﬂhOtOCUFe and
e- 20beamcure, is within the scope of the present disclosure. [0031]

Fur t her moigometie measty nEpil grabipée, pagiin sompesitinn waypaspiiseonacediomr ustthancat
228, 50 SCATSRSRBIPPS o 1 {BABM e A D RO S e

above, narte ol i acryla e oligoneric

ur et hane Hatighiha@difd atodp .and dpsiofdlneg b siTBMOSBRApONAY hiday 6 cyd$a@sis or and/ or
i nprove thernmonechani cal properties 25and/ or increase refractive index.
Monomer s AWH)P BEPUPHR & BRISPEEt i es i ncl ude acrylic mononmers (that is,

gt e R E e, S
i ncl uded testmiquer sithams itydraboestphosochevicag tytdeenicfradietiory pad ot y-beorpaunds  of
S bl oot P 2 EaTH o L CNRERY = o=
Lt i br omoRReAGHYIighDorREAHAAI Gurafiyes BHY ¥t BASHImBCEARY RSN horGEN at e,
phenyl thioacrylate, phenylthioethyl acrylate,
compositions and are selected based on the functional group(s) in the composition.
Multiple curatives and or catalysts may be required if multiple cure functionality is being
used. Combining one or more cure techniques, such as thermal cure, photocure and e-
20 beam cure, is within the scope of the present disclosure.
[0031] Furthermore, the polymerizable resins can be compositions comprising at least one
other monomer and or oligomer (i.e., other than those described above, namely the
monomeric or oligomeric (meth)acrylate and the oligomeric urethane (meth)acrylate).
This other monomer may reduce viscosity and/or improve thermomechanical properties
25 and/or increase refractive index. Monomers having these properties include acrylic
monomers (that is, acrylate and methacrylate esters, acrylamides and methacrylamides),
styrene monomers and ethylenically unsaturated nitrogen heterocycles.
[0032] Also included are (meth)acrylate esters having other functionality. Compounds of
this type are illustrated by the 2-(N-butylcarbamyl)ethyl (meth)acrylates, 2,4-
30 dichlorophenyl acrylate, 2,4,6-tribromophenyl acrylate, tribromophenoxylethyl acrylate, t-
butylphenyl acrylate, phenyl acrylate, phenyl thioacrylate, phenylthioethyl acrylate,



WO 2011/ 109284PCT/ US2011/ 026454 al koxyl ated phenyl acryl ate, isobornyl

acryl ate and phenoxyethyl acrylate. The reaction product of

t et r abr orsbizepipas A di epoxi de and (meth)acrylic acid iPSTAISS@18i454b] .

[ 0033] The other nononmer may al so be a nmononeric N-substituted or

N, N-di substituted (meth)acryl am de, especially an acryl am de. These include
N-al kyl acryl am des and 5N, N-di al kyl acryl am des, ecially those containing

Cl- 4 al kﬁlk(lj‘b’%ﬁﬂ%ispheﬁ(laar?@ﬂ% igplornyli a§6ﬁ@t6 Byd a@wa ﬂ@cr&rlﬁtts Bhe Y9286y | ani de,
N N-di et ?BF 1!6@%1%19%10%%&?%% '%\I'ég(% %&Y&e rdydn%m%%%%hé 2934 als}hs%lt%lger Monomer

may furt acrylate npounds are typically
pr epar ed [003)311 "Eilel phatnanothiod nsay allgol tml asmomrdérmNtsabsrtmntleé oc NI disubstgu2d 10

ce Do O AT BRIl TR MBI B AR e
2- etay! - A RUERANRN L RS Oggﬁgs@'c%taiﬂmga@yI4a&1§y1(gtr5d >Rk pleprgpane

triacrylate), di(trinethyl tetraacryl ate taerythritol
t etraacr Wasoeronymrﬁmrdesﬁdﬁnnyigcmbnhém N:Natissthytrgritlieidermsi h) acryl at es of

al koxyl a\t@g{){lu%f Ir% et hoxyl ated) derivatives of said polyols. Mnoners
havi ng t hyI enically unsaturated groups can serve as a

crossli nl{eos4][ﬂml}ler%&aﬁo@wr (ﬁla?}(mﬂﬁ)étﬂﬂsa Pl @Mlﬁ(rﬁé@lﬁ)abk?/ﬁltéﬁs&dh%oﬁ{pbﬁﬁds

monomner include styrene, dichlorostyrene, 6-trichlorostyrene
2,4, 6-tride tryrmtlyméap@redzfrqretahgha@p@ﬁéﬁén@lﬁwndlq@ﬁ@mWW@n@ IthaWOélm cally

\ljlnrsly u;?ltg‘?nglﬁ)?ﬁ‘?@ﬁss %%tﬁgi%{yg pro%gsr 1rfeoen dlagry ?gg curabl e

nat eri al s|,6asxanadipl dlhfryga@@eteahyl 23- hﬁdr@xgaahpl n@qmmaadlop@acyl@ﬂéprl se about
30- 100% nononeri ¢ and or. oligoneric é?msth acr | ate or oli OITEI‘I C uret hane
mul ti ( met(@)Bethylolrepangitiiacryate).whitame Ylﬁ)émﬁ@aqe etigegslated

ol i goner. x The
| evel i ng tg%%%fﬂite %é%@%&g (}éﬁ%h{&glgglq’?ﬂ&s%n%%? ﬁﬁngﬁ? ﬁﬁlat r| X )&?agdn

Exanpl es (ummllly@&m&ylatad@deml’aeivad ofigidgaydls, Maaoykisthalgeong ragent s and
qu me@g}\y ai nj.ng-1ev ents. In one e odlrrent, t he

si |l ftone- 14 yg@@ﬂ{ra@ﬁ(g?qy@gga%seﬁmw%% Isi | oxane backbone to which

pol YOXYa|[bdiﬁ@yﬂh&%&p%ﬁﬁd@s@ﬁ@ﬂe for use BOARBhdP3EIribnek ﬂ&'[&ﬁ%’tﬁeﬂ@it erials for
the matrix include glasses, netals, nmetal oxides, and 30ceram cs. Preferred

i nor gani cdlddolesuyadns, 2 ﬁl,@FMdblomstyrmwn2d>é dé);romostymm: d-mythybtirera gndnt oxi de,
and t ungséf el?en%%ys yrene g\gylzegljé%ﬁ% gr?sza urelﬁca_mgrso%gg& étgrzo%%_ies include
N-vinylpyrrolidone and vinylpyridine.

20 [0036] Constituent proportions in the radiation curable materials can vary. In general, the
organic component can comprise about 30-100% monomeric and or oligomeric
(meth)acrylate or oligomeric urethane multi(meth)acrylate, with any balance being the
other monomer and or oligomer.

[0037] Surface leveling agents may be added to the matrix. The leveling agent is

25 preferably used for smoothing the matrix resin. Examples include silicone-leveling
agents, acrylic-leveling agents and fluorine-containing-leveling agents. In one
embodiment, the silicone-leveling agent includes a polydimethyl siloxane backbone to
which polyoxyalkylene groups are added.

[0038] Useful inorganic materials for the matrix include glasses, metals, metal oxides, and

30 ceramics. Preferred inorganic materials include silicon oxide, zirconia, vanadium

pentoxide, and tungsten carbide.



[ 0039] The nano-scal e di spersed phase is a discontinuous phase randomy

di spersed within the matri x. The nano-scal e di spersed phase can conpri se
nanopart iwDes11{®w92g4, nanospheres, nanocubes, and the |i PEX/USAENOLMBES,
nanof i bers, caged nol ecul es, hyperbranched nol ecul es, mcelles, or reverse
mcelles. Preferably, the dispersed phase 5conprises nanoparticles or caged
nol ecul es; nore preferably, the di spersed phase conprises nanoparticles.
The nano-[8831elhyinepersede dishersed phese e discopEnuus dphase rapdenlydiswesed or bot h.

The ”ano'ﬁll?tﬁll%e%ﬁt?&.r Sl?ig Sggcf‘éﬁéeﬁ@ig%ér?%dﬁﬁgése %ian\slogﬁ{£§f§9nan Lhicf’eisgggf sed means

littl e aggl onerati on. mean di anet ’n the
range fr anmadpbutes,Inanotibes,anddiic 1161, ibdntbed, nasafiterse vdiyedinadadudes, t he

nanoparticl es have, average particle size of |es han 100 nm (i n _sone
erbod mereSTorHChed B SO ahice i gty migellesy e%%&#ﬁ("‘%%%b%éetdﬂ&a%@ can be

further Q%Eﬂ;}ﬁ% Igh%gﬁérﬂclrego & ﬁ?ﬁécﬁieg%ofepﬂ'r-b%b)’y,%&iis &3 fPhs@ssoci at ed

particles) aneter |es an about 100 nm’ The term "associ at ed
parti cl esomgsiseswdopaticics Thf pano-scalcaligpesag phape ohn bovassociatgdioe pri mary

particles that. are regat ed and/ qr a%Jgpmsrat d. The. 15te "aggr egat ed”
Pe" Lsed: nsbanhiaR QiBa FRirGao 3rils Ap Rl MRS Bt vol Fiseost Vg s o
particl esdiyeich mBaMs RelcGBeBhAtloy. bound to one another. The breakdown of
aggregates into smaller particles is difficult to achieve. The term

"aggl omerl804H Napopuisiels haves meps digestar ipthievengstirem weet 1aws tcdbaut o) of
PrIRTY R Lo SN TRY. BEp P Bb g RIRLNPL Paee SARIEAE Lo BRI Yod can

be broken downinto smaller en rm artircle size" is
defined heh @hRo@s ciidedidhches, @f a AnBEfroBSS AMItAUOGNDI MYk ecrpdiah6patticlPhean
di mrension or size of the nano-scal e di spersed phase can_be determ ned by

el ect r onit® fHitbersislined hqrpindo meap epllojdali(prmar regtiges @ assaciased rarfisley)asiEbpy
(TEM). [0 1 I 8 € i bon,
recal &, vt apeisk REERAR Abal SBung, HhRedh SRRAGRC PSR TR IR PR L

i ndi um t iangroxpidg pf ewdorambicpimyary iparti2 ke xhad @), aggarghicdaad/onagglodemtedbdihedes,
hal | des, flugrocarbop solids (e.qg,, poly(tetrafluoraqethylene)), . carbonates
(e.&p, cdfEF _Lﬁﬁg&%%at?&ﬂaf aae,dq@%niﬁ%ﬂfme%#éﬁwg oG B RRERLE, the
nano- scal gl §Pekiek thap BRBRRAMY beGRI Blonk 8AStheO M YreaRidO¥n %@Q%@éa&ésc' es,

Zr 02 nanoparticles, TiOQ2 nanoparticles, ZnO nanoparticles, Al 203

nanopar t iislossjalleaparticny salifionlteadancpdibtitaohe'agglvanesd Uan usicd heatngs
nanoparti cl es

oS LB EEAS  P BEPR Uht
nanopar t i hh€%-or Welafity i @8 b dRGRAdoWa! i8S serlcbéntitidh | YheRAdepsady Met al
oxt g(? nanp%?t?glé Isi(z:é”eiz dgf?gedbheergiil %S thaeI slizlenoef'a non-associated single particle. The
dimension or size of the nano-scale dispersed phase can be determined by electronic
microscopy (i.e., such as transmission electronic microscopy (TEM)).
[0041] Nanoparticles for the dispersed phase can comprise carbon, metals, metal oxides
(e.g., Si0Oy, Zr0;,, TiO,, ZnO, magnesium silicate, indium tin oxide, and antimony tin
25 oxide), carbides, nitrides, borides, halides, fluorocarbon solids (e.g.,
poly(tetrafluoroethylene)), carbonates (e.g., calcium carbonate), and mixtures thereof. In
some embodiments, the nano-scale dispersed phase comprises at least one of Si0,
nanoparticles, ZrO, nanoparticles, TiO, nanoparticles, ZnO nanoparticles, Al,O3
nanoparticles, calcium carbonate nanoparticles, magnesium silicate nanoparticles, indium
30 tin oxide nanoparticles, antimony tin oxide nanoparticles, poly(tetrafluoroethylene)

nanoparticles, or carbon nanoparticles. Metal oxide nanoparticles can be fully condensed.

Metal oxide nanoparticles can be crystalline.

9.



WO 2011/ 109284PCT/ US2011/ 026454 [ 0042] Typically, the

nanoparti cl es/ nanodi spersed phase is present in the matrix in an anount in
a range fwornabiogs4l percent by wei ght to about 60 per c@oT/USPorMBREMNE
(preferably, in a range from about 10 percent by weight to about 40 percent
by weight. Typically, on a volune basis, the nanoparticles/nanodi spersed
phase isﬁgresent inthe bmatrix in an anount in a range from about 0.5

per cent H904d Tirpically, the sanopagiciesmagpdisprysoddihgseels ppasettap A Watrixan an r ange
from ab%tmo?mpﬁ{afiﬁﬂg F}X?lra%' érQe@%g%elé%% cﬁf? %f) BQ%eXtGJ {Tor €

preferably, Tn ara erc ne to aboét 20 percent
by vol um{preﬁasrdblgvmm mgaafrmnezbeuta]m)l p/:memtbym@etoferb@m 4bperten? bpeveigint by

vol une t t 10 perceg}(9 by vol umaé hou TTB ts .out si de t hese ranges
may al so 81“2}}“@8“1@ %]t EREpe Wlaﬁ SAape %Ps?“& RIS rivrRICSSTH I Qleaval | abl e,
gor §Xam£@m§ ik 91%%!1199 PG m Qb'but oNaReLMk bl Solubdeto UNSIRMOLREhE BAE
esignation "NALCO COLLO DAL SI LI CA" such as products 1040, 1042, 1050,

1060, ZSZIZ)IIHn@I(m@&@lbI}EHEanE frOfruathmt §ipbiccatsyi vtimd e dlioos25 ponre byi al | y
avai | abl e for exa from Evonj

P d th
Y e qeaioutRe e TRrGaphs P o kOraae T B oy RO b BRI ST ¢ a0,

- 150, - anthy volrdlind 20éh bRMrERPMy (H0 ﬁn% ¢ fromcadbas 2 Bé—rcent BRABIund® about
desi gnat i ons " CAB- O- SPERSE 2095",” " CAB- O- SPERSE Al , and "CAB-O-SIL M"

O her colH%WtbyWlelalebalrfh%lghan@gnf@@mmébesﬁrrmemnwa&soch@em@él s under the

desjgnati "I PA-ST-L" ias are
avali(?abl e[%%grﬁxem Slhcf‘ tom em avaﬂa@ égor exanépélgxff?%ll\f egal1 gnati on

" NALCO C@ASOIQ&)erleQ[IQQéAder @lﬁtira(li&aﬂehlgnattdﬁe NHL@@&ICDLE@HBAE&LEIA’P aeh as
nodi fi ed nanoparticles. éz e surface-treatnent stabilizes the

nanopart Pt 400 K942 Wopd%(? @ﬁ awl %%e‘iwnlarmf%rﬁ@% glepsiipclpggethose
pol ymer i Zc%m&%rﬁgﬁ%gvﬁﬁgler ?o?%kamfél% flof mhﬁ#&? e%lsé boh%%ﬁmg% 7 GRIPAR! tion.

Furt her nor anoparficles over at t a portion of
its surf atmde\dieﬁgnaloau‘mERQSIIr miemm( 59getﬂt\xfe$lcastpl’miuct henisirablido Zed, pair-t i cl es

[ 0] PTG GaEPECORr 8 il a bR PEA G P ET: GG} PRESEr D55 et

agent. | nogRey. §PER§E§¥1r()fSaC£1dt‘@?3J@ﬁ9fL RBENORMEZ0Roillhlr SlicaCRd bbb Wl |
attach to the particle surface (covalently, Tonically or through strong

physi sor ptbtamndd faerd I\hsge@dlndn@rhﬂuttdhatheldwgnatmnsbIﬁf&STBJ TMPAYWBAL tdvel particle
with the resi d/ reacts.wth resin r.ng curin sof urface
50 ¢ oat riin SR s Srebibitie Zibebmon e Sl BT ibls om AT GESm G G ¢
aci ds, phegIph@pinad@géstisatish i‘mctss@od)stgd@mat es. The preferred type of
treatment agent is determned, in part y the chem cal nature of the netal

oxi ¥& surlP OISIQHQHEsIh%ﬁ@OpW’élfCl@ﬁ raéfdsulr%pe morhf@é ngpepartiglys. Preferably, the

gg}&%i??%@ ace-tr g %1%%%‘%??% dﬁa@%ﬁa&&t ?d ha&%@?ﬁmcieﬁ 1% walll cﬁﬁa%?se 1g

as zirconia.

surface mhepdlysetizdblc R3Mm akme. relsmﬂtan aistibginthlb semdgaicotiOcamhpdsitihpnd t h t he
nmononmers or after m xing referred I1n the case of silanes to react

the sil arfdsthgimerctthe nmﬂp@ﬂ&l%a@ ¢ MadHrshavice Pfele%%aﬂ)a@@nwéﬂfé pefagecBihdr at i on
N S R U R L A D R A Bl A
t he2fodi frodymeramatienedn Hlineng tyrpe.
[0045] The nanoparticles are preferably treated with a surface treatment agent. In general,
a surface treatment agent has a first end that will attach to the particle surface (covalently,
ionically or through strong physisorption) and a second end that imparts compatibility of
the particle with the resin and/or reacts with resin during curing. Examples of surface
30 treatment agents include alcohols, amines, carboxylic acids, sulfonic acids, phosphonic

acids, silanes and titanates. The preferred type of treatment agent is determined, in part,

by the chemical nature of the metal oxide surface. Silanes are preferred for silica and
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[ 0046] Representative enbodi ments of surface treatnment agents include
conpounds such as isooctyl tri-methoxy-silane,

N (3-tri ewbarisiobasdpr opyl ) net hoxyet hoxy- et hoxyet hyl car Ipa@FAIS@011PEGEITES) ,
N-(3-triethoxysilyl propyl)net hoxyet hoxyet hoxyet hyl carbamate 10( PERTES),
3- (et hacryl oyl oxy) propyl tri net hoxysi |l ane,

3-acryl oxypropyl trinmethoxysilane, 3-(nethacryl oyl ox ropyl tri et hoxysil ane,
3-( me%/ h a(,qty]gqr(fgl%/ %&gﬁpﬁﬁ ggwsxﬁﬂﬁt}qsap%@rﬁqgwgq ch%él,rey prefgl]‘ze% forp r¥1etal oxides su%h

3-(acryl gyl o] i - i o L -
3 (ot haarT STy IR DRI AL PRSP Mifcither aibrequanttomixing it e, | e,
15pheyl t momeinhaoxysidr aneingndtos pydfén¢dintthozass of sitaes hadaa yhd silanet hok i | ane,

oct adecyl tri net hoxysi | ane, propyltrinmet hoxysi.l ane, hexyltrinet hoxysil ane,
vi nyl et W}‘Qﬁ%&%&lé@ﬁ%ﬂgm Cﬁg)p#é? WP@P&t%Bk%iﬂPeaW@PS' 1I"fle requlrec? aount

Vinyd tri agel gxsshdAne: is\d:b%eﬁdhﬁti G ROXY BabBREsucl iaglgérﬁﬂieis% é?ﬁ&éi(}iﬁel ane,
vihylt Vi

vi nyl tri met hoxysi | ane, ri phenoxysi | ane, yltri-t-butoxysilane,

vi nyl t ri snolsaobat wxgkt dfdinemogdidie, apd trddifsapympenoxysi | ane,

inyltri = h t i t | et hyl tri h il
rer vapt op PEHI T orETHER S pos et o SR BT LR B susor y1 § c
aci d, metRagowtyl ﬁi-ﬁféﬂﬂ)xgr%il@ﬁé; Ni(?j-ﬁ‘ietlﬁix?ﬁ[ﬂl%g@%ﬁeth@%&ﬁ@%ﬁo;@@ih%

2- (2-(2- met hoxyet hoxy) et hoxy) acetic acid

bet a- car bosBpetats/ (PEEr %t)eN-(g-t(thh%tsrim cxgethprydledxycthireedioanyaiteny |
aceflc aci i e reof A.25specif.j.c exenplary silane surface
nnd§¢ier%bg92?§§%g$§$%#%%wéggffﬁgﬂgynggrc%%%k%?@, fromOSlI Specialties,

Cr onpt on 3Sadtldx @hapyiesheRox8iland) Bd@ictiabs/1dyadop@desitttiastyehancSl LQUEST
Al 230". [0047] The surface nodification _of the particles in the coll oi dal

di sper si oh(eghagsdoxloxpippenydmedyidimethosrsilats of ways. The process invol ves
the m xtuy I gﬁgg i sian W th surface nodi fying agents.
Cptionalﬁi?wghgﬂggﬁﬁggn é%%é%%#%ﬁﬁ%@&%t this point, such as

1- met hoxy3-@aghapgoploxy prdphdmethysoiprxypdanel vingldinéteylethgpkycdahe,

N, N- di met hyl acet am de. and 1-nethyl -2-pyrrolidi none. The. co-solvent can
enhkhce tn%l@yltr\l/@et%wﬂmawﬁ%%ﬁeé‘éwﬁl&ﬂe4@esﬂrraﬁ?tb?wﬂm@t he surface
modi fyi ,n%c@a%sgtlﬁirﬁah&g!sha&,sFfowltﬁl%ﬂ‘hagﬁsﬂayaIhfekﬁﬁirﬁahaiﬁh%, The mixture
conprising the inorganic sol ahd surface nodifying agéents is subsequently

react ed atinyloethybhadoxys!levateylmehydregdtonys]angi tihyloraceioxjrolane,mi xi ng. I n one

thod, the i xt be r.eact ed bout  85C. for .about 24 h ,
esul 1 ng TG PEC U R Ber AE Bt Bk Rou, “wher e et a

oxi des argngtHphesekydacf Viadittiiusdkkiiame, HihPaidmobutetysiihe, met al  oxi de can
preferably 1nvolve the adsorption of acidic nolecules to the particle

surf@ce. vmdtrgsaprepsaorsdpng, vamiltsn(Concthpsy dlaxyysilene. atyrpigibylrimedoayalsng, t akes
place at I{lé)l’ggBt&l?Ing}%ErﬁB&[ngysﬂane, 3-glycidoxypropyltrimethoxysilane, acrylic acid,

methacrylic acid, oleic acid, stearic acid, dodecanoic acid,
2-(2-(2-methoxyethoxy)ethoxy)acetic acid (MEEAA), beta-carboxyethylacrylate,
2-(2-methoxyethoxy)acetic acid, methoxyphenyl acetic acid, and mixtures therecof. A

25 specific exemplary silane surface modifier, is commercially available, for example, from
OSI Specialties, Crompton South Charleston, WV, under the trade designation
“SILQUEST A1230”.
[0047] The surface modification of the particles in the colloidal dispersion can be
accomplished in a variety of ways. The process involves the mixture of an inorganic

30 dispersion with surface modifying agents. Optionally, a co-solvent can be added at this
point, such as 1-methoxy-2-propanol, ethanol, isopropanol, ethylene glycol,

N,N-dimethylacetamide and 1-methyl-2-pyrrolidinone. The co-solvent can enhance the
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[ 0048] The surface nodification of Zr02 with silanes can be acconpli shed
under acidic 10conditions or basic conditions. In one exanple, the silanes
are heat edournden9zsdi d conditions for a suitable period ®CTiUSA®L1/02¢450hi ch
time the dispersion is conmbined with aqueous ammoni a (or other base). This
met hod al |l ows renoval of the acid counter ion fromthe Zr02 surface as well
as reaction with the silane. In another nethod the particles are

preci pi t aeBiility eftherierfacespedisying agais depalh tt ba syifksmmekficd ppitidepnble.
15[ 0049 f.
[ ] xﬁﬂg@brﬂ . élﬁ%th% 1n§’%é1fuggglteﬁg%hlff&er}go ggﬂ%ggegl?]sgg Q@os‘éﬁ@e&n'}ig ’6%Jc9erd

exanpl e, erern ast a ents I ona
co- pol yneit iraomip bEanM:lE'lfat@d teapdennab) weith eswnho&cnlmx'm)garm bae nicthed pihk ywieture i ng

group can be ethyl eni cal |y unsa ed or cllcfuntlon uhj ect to ring
openi ng 8N YRETEC i 8hput A5 @?qmﬁa a?cahquys eivaligin fhec F@W@#&B 8- dfoup can

be, {or exgiil fetidA, @«ﬁ&% 38 RMdTBINAEARYE AbGific@thdubtibe BEAHRNt dF tﬁé’ clic

functional 20group subject to ring opening polynerization generally
cont ai ns methletmdmmmfsww asolox ylpeatlsorptibh uf acdic mdleadgsrio thermirielef er ably a

R e S R R o

si | sesquitexpaatu®| ecul es, which are cage-like hybrid nol ecul es of silicone

and oxygen. 25Pol yhedral oligoneric sil sesqui oxane (PGCSS) nol ecul es are
derived flPemlalheontfeemiapdijicatian ofi Zf@z@\rlﬁselams Q@@rbp@gmltﬁ @i;emcy:r peldigt ed to

si|jgones I hioy Qrt?% chco%8fif88§'1“o%%e§5‘d 2 03 es%esﬁe%{“d Jaoencl ature.
hillg Bl By 3

POSS’ ol ecu two U que ety corrp05|t| onis a

hybri d, ld@helmﬁdfoataeu{tm ﬁéncﬁi)ofbﬁh@veﬁﬂwhi@a&mm‘ths disp@raloﬁ& Cohnbiaddiwsthl | cone
(R2Si 0), and (2) the nolecules are physically large with respect to pol yner
30di mensidgHOUSRNMRIHR (QF oflifiiibose) e Ahisimetaed dlaws rﬁegvalwé Renasid cupiREAs and

coi | s. quo?jgbout f5§}trfgcgsd§ v@é?# a?s%%c%%n%ﬂl ﬂ@gﬁ%@?ﬁ%n&ﬂeﬁﬁetﬁ@{th%% RR

partlcles I Ca poOssI wever I Ca Or
modi fi ed aré pyesipited firoRCHS dmplefsmnl @d SRr0d HohDN28iGPUTHHES2011/ 026454

cont ai ns | ently. bonde t f t it t bI f
pol ' -z[ﬁﬁ%'ﬁrr\a?m inaten UE%%% 'Vﬁwﬂg%e&tg&gﬁ}f’yﬁgf cfﬁéﬁ%@p?ﬁ%aepﬁ on,
PCSS acr ykat snabethSBLhach¥l iRt %1%{1 cbSlysidit Ak ithof halidn i &diet (W)

curing. H gh functionality POSS acryl ates and nethacryl ates (e.g.,
avai | abl &orfeaampixathpipelymeniding grivep ¢anduteetijdsiicpllytiinsatgratddi@ a3 tliafivhction

subject to ring opening polymerization. An ethylenically unsaturated polymerizing group
can be, for example, an acrylate or methacrylate, or vinyl group. A cyclic functional

20 group subject to ring opening polymerization generally contains a heteroatom such as
oxygen, sulfur or nitrogen, and preferably a 3-membered ring containing oxygen such as
an epoxide.
[0050] Useful caged molecules for the nanodispersed phase include polyhedral oligomeric
silsesquioxane molecules, which are cage-like hybrid molecules of silicone and oxygen.

25 Polyhedral oligomeric silsesquioxane (POSS) molecules are derived from a continually
evolving class of compounds closely related to silicones through both composition and a
shared system of nomenclature. POSS molecules have two unique features (1) the
chemical composition is a hybrid, intermediate (RSiO; s5) between that of silica (SiO;) and
silicone (R,Si0), and (2) the molecules are physically large with respect to polymer

30 dimensions and nearly equivalent in size to most polymer segments and coils.
Consequently, POSS molecules can be thought of as the smallest particles (about 1-1.5

nm) of silica possible. However unlike silica or modified clays, each POSS molecule
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5"MAO736" fromHybrid Plastics, Inc., Hattiesburg, M5) are mscible with
nost of the UV-curable acrylic and urethane acrylic nononmers or oligoners
to form neEohranviegdsty dur abl e hardcoat in which POSS nol @Cultusgotfioeenss

nano- phases uniformy dispersed in the organic coating matri x. [ 0051]
Carbon can al so be used in the nanodi spersed phase in the formof graphite,
carbon 10nanot ubes, bul ky balls, or carbon black such as reported in U S

Pat. No. cPnzgs wsqle@qkm@ndﬁéﬁeaétlveﬁlnytlor[a@usmum&hlmf@i o EnezatioposefiMat can
be used igy C%é‘&oﬁ&ﬂ%'ﬁi}@gﬁ%?cmq 81# @ﬁ@ﬁﬁrﬁa d@édéiarg&ﬁac Rfc exanpl e,

from G ba rporation, I'gnation "I RGASTAT
P18" and rﬁmmmﬁmwu&ﬁbl%rpﬂﬂmﬁmleﬂUWmtgoMgh AMctiochéiry POBS tiergtiges and

15d ti MPACET L 967" 005 Th t t t
sur face aypPar b ot aBien i s uBRlaraen o tHG° doReT b MRS T o of
at I§ast QAotie fﬁﬁﬂﬁy@ﬂg@@dsﬂ%ﬁﬁ Pﬂttlés%ﬁ &, lg]a’re #%cible 4RthmospBF ‘Ehe 75: 1,

100: 1, 150:1, or even-at |east ry nanofeatures of the
nano- st r Ugy tqueilbleamrslm arolpirethgne etcay:lm mnmdmde on almg!}fmri% toafosmonemamoalbo | ums,

ani <tr opi i BEGaLE Bt HREDp BT ARG Birb &S p PRy SN e

nanof eat Wremibayeingherix si de wal | s that are roughly perpendicular to the
functional | ayer-coated substrate. In sonme enbodi nents, the majority of the

nano f eatldPd (éarbommpﬁé@ byl uskd i %@eﬂe@hsn@rﬁ@dehmle theaform jof geaphrise, carbon
f ' manta%ot est, Rﬁ@n%ﬁfﬁ Erjl allr%Qn B{‘_a suc asr %J% }%P%\%e '3%8%' gher at the
sur or e, he VO

ace tHan\u unme frattlon of
nanodlqum&ﬁﬁnﬁhaﬁeyat surface can be 2 tines or nore higher than in the
bul k. [0054% n ments, the nmatrix may conprise materjals for

static dil89 ?da‘wcbﬁonahnefed@%s thef oo be Hpockinghe nanodispersed Phse inchirdg theset i cul at e
d th A |
orsat pa SALEI T SRS R St L Rt

pol ymers fro rizol,
c KIiff e;[RGlzél,STusﬂldEIS tdnd fromadenthest Qoradiacon, 'EWOVRi T usderhhasadé 5091

%ol yég’g%g@ Aﬁ%yﬁi%ppﬁ%r?gg& ?s'?g(r)enesul fonate (PEDOT/PSS) fromH. C

St ar ck, 083 MRtano gﬁ’uctﬁ%'aﬁs@{rbﬁlc e del tYSi8ally¥mprises nanofeatures having a
2011/109 84PCT/ US2011/ 026454
height to width ratio of at least 2:1 (in some embodiments, at least 5:1, 10:1, 25:1, 50:1,
75:1,100:1, 150:1, or even at least 200:1). Exemplary nanofeatures of the nano-structured
anisotropic surface include nano-pillars or nano-columns, or continuous nano-walls
20 comprising nano-pillars, nano-columns, anistropic nano-holes, or anisotropic nano-pores.
Preferably, the nanofeatures have steep side walls that are roughly perpendicular to the
functional layer-coated substrate. In some embodiments, the majority of the nano features
are capped with dispersed phase material. In some embodiments, the concentration of the
nanodispersed phase is higher at the surface than within the matrix. For example, the
25 volume fraction of nanodispersed phase at surface can be 2 times or more higher than in
the bulk.
[0054] In some embodiments, the matrix may comprise materials for static dissipation in
order to minimize attraction of dirt and particulate and thus maintain surface quality.
Exemplary materials for static dissipation include those available, for example, polymers
30 from Lubrizol, Wickliffe, OH, under the trade designation “STAT-RITE” such as X-5091,
M-809, S-5530, S-400, S-403, and S-680; 3,4-polyethylenedioxythiophene-
polystyrenesulfonate (PEDOT/PSS) from H.C. Starck, Cincinnati, OH; antistatic additives
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from Tomen America Inc., New York, NY, under the trade designations
"PELESTAT NC6321" and "PELESTAT NC7530"); and antistatic conpositions
cont ai ni yoan1/west one i onic salt consisting of a nonp®CYEseé1a/0p6454 ogen
onium cation and a weakly coordi nating fluororganic anion as reported in
U S Pat. No. 6,372,829 (Lanmanna et al.) and in U S. 5Patent Application
Publ i cation No. 2007/0141329 Al_(Yang et al.). [0055] The nano-structured
surface dErmgencsaerigynanNewtYaki 18%& yydes therfradg desisnations | RELEREARat r i x

compr | 81 nect 8NP BERLPAYNEErBer SRR ARNAAGREEN Aot f RraTRLS, as

a coating on a transparent c uctt’'ve yer (on'a su gas barrier
| ayer (oriomicsalbsdsatiey oba nenfadymatenitrépen snibistaatdeambnwbakly tosrdewengl e, a

pol ymeric, substrate, a glass,.crystallin ic, or glass-c m c
subst r at d SFORRHEANON & Q@Oﬁaﬁ%&ﬁﬁ_ﬁ’% % KRt @%%Fbgdiaeaw ! emitting
di odg, 2 gh&RlplicRlonPubkRKA 2067 88¥1309:4 [ A0R0lr . tabl e polarizers are

known in the art, d include reflective and rpti've pol arizers. A
vari ety df0pdl Breinmeostrictured smeycchmnibsdamasl iyrmmistriopicrly etchiog thdwmatrix.

nano-strugtured articl.es described herein., The larizer filns y be

Tl 1 1 ay ol egBETTs SPpFAS R OEOe ar S OHE S ALY BREPT SPIE PSP | ngent
optical |RyeiSen &aaBspichEdid0e@Rt apRY(bF BkubsBURY,Syas BhrrRl laybS@hlaRb&raedt | cal

| ayers. They can have ten or |ess layers, hundreds, or even thousands of

| ayers. Bxenpitaty Thelsubstejeeandst fricxemplei ¢ nelymesk sesteivos elass etysiatline wi de
vary ety chera%%g,l dr& %sls-o DR guhbsﬁ’gtelolr gvl'l]lllcgo C,r0¥ ?tfffillllctl{gln%]&lii%t\l{_ lgc%vals Gfi%r ta%icen.hanc(:"
bri ght ness an 1B e duce gihare at the di’splfay panel. Ae polarizer filmmay

al so be dighotaittidediode,ncdisiday)@r 2Qhboseltdis éehicd) sungl asses to reduce |ight
intensity and glare. The polarizer filmmay conprise a polarizer film a

refl ecti veoss! ifitaBRMoldrizBls adk@aPikthé %@, RaliRdlhdskeflbitlvdland aBidrptirer film a
bri ghtness enhancing film a turning film a mrror film or a conbination
t her eof Bedarpicesr VA varidteef palerizest imiszeay bé hyed as e whstrathéxéharegported in U. S.
Pat. Nos._ 5,825 54 derkirk .et al.), .5 867 316 .(Carl.son et.a

o552, 774 BB e LR AL R i phe TR RS Gisklihyy g

(G 1dert @ipabedof san@ BmDdati8ABf B2 birtfringeit oplical laydrsSsorabireppént oPtibal Nos.
2006/ 0084780 Al (Hebrink et al.) and 2001/0013668 Al (Neavin et al.); and
PCT Pub. InNgss. opgll otropisepticahlapeiyi Fheyern drve ten pplags jayorsohundesda eonavek et

) ESUAISER (MR 5l b R M ULl e ',
et al.), vandtyWragpR&26ds S0 ke higiidicrgtal aisp)ay dehzesliosahesasrtezhafesydridédr ar e
el ude. GBRRSETaM GOUPITAHID: 9 PERIZF, TSR Kb DEd PO COMSUPG. St
Paudg  MN,th4RAREd INRinka8d8 tPRaLEANAIH ASnsitYlaliblble. Bl psidder film may
comprise a polarizer film, a reflective polarizer film, an absorptive polarizer film, a
diffuser film, a brightness enhancing film, a turning film, a mirror film, or a combination
thereof. Exemplary reflective polarizer films include those reported in U.S. Pat. Nos.
5,825,543 (Ouderkirk et al.), 5,867,316 (Carlson et al.), 5,882,774 (Jonza et al.), 6,352,761
25 B1 (Hebrink et al.), 6,368,699 B1 (Gilbert et al.), and 6,927,900 B2 (Liu et al.); U.S. Pat.
Appl. Pub. Nos. 2006/0084780 A1 (Hebrink et al.) and 2001/0013668 A1 (Neavin et al.);
and PCT Pub. Nos. WO 95/17303 (Ouderkirk et al.), WO 95/17691 (Ouderkirk et al),
WQ095/17692 (Ouderkirk et al), WO 95/17699 (Ouderkirk et al.), WO 96/19347 (Jonza et
al.), WO 97/01440 (Gilbert et al.), WO 99/36248 (Neavin et al.), and W099/36262
30 (Hebrink et al.), the disclosures of which are incorporated herein by reference. Exemplary
reflective polarizer films also include commercially available optical films marketed by

3M Company. St. Paul, MN, under the trade designations “VIKUITI DUAL
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WO 2011/ 109284PCT/ US2011/ 026454 BRI GHTNESS ENHANCED FI LM (DBEF) ", "VI KU TI
BRI GHTNESS ENHANCED FI LM (BEF) ", "VIKU TI DI FFUSE REFLECTI VE POLARI ZER FI LM
(DRPF) ", WORKUTI928ENHANCED SPECULAR REFLECTOR (ESR) ", amdT/UARMANGHBY

POLARI ZER FI LM (APF)". Exenplary absortive polarizer filns are comrercially
S5avail abl e, for exanple, from Sanritz Corp., Tokyo, Japan, under the trade
designation of "LLC2-5518SF". [0057] The optical film ma§§have one or nore

non- opt | FHRIGHTNESS ENRANCER B (RREF o “NH UL IRRIGIEENERS ENHANEE Rt ¢ i n
the det ?rﬂﬂfgﬁﬁfy’,@fw ﬁﬂl#ﬁ@ég%@éﬂ% @(?Lkﬁ?zﬁ’ﬁtp‘lfﬁf gﬂﬂﬂ . The
non-opti ca yers’ may be used, for exanple, to iInpart or inprove

mechani calVIKLathENHaNCEDBRREI. ARREFIUEGEORAGESRYYahd OABIVANNOBBrti es as

descri bed i of the ye_references; tegr .or puncture resjstance,
weat her a%éﬁ@ﬁy%hﬂoﬁ @%& en@xqf%lg?ré’t ?REJBYGP 8B8T rHe ArretOP1CEdnpr i si ng the
di sper sed,\piAie 158k afH)| € PRRESarliz ttagad,t%@ﬁgﬁ@e%tunamﬁ& GhaY Gest ﬁﬁén ofdas

barrier layer, or substrate and cur t'hods known 1 n e art (e.g.,
casting cll€2bp§518a8ti ng drum die coating, flow coating, or dip coating).
The coating 15can be prepared in any desired thickness greater than about 1
m cr omet §00{ArBfearpaibhyfilor may kavetdnar atoerhortopticl tiyetséi.s) lay¢m tladdo hoon, t he
coating can pe cured. by WV, electron beam or heat. Alternativel t he
matrix coMpHiEnHy pﬁﬂl@lﬂﬂfﬁ‘slaéh%%ﬁeraﬁa%tm%h%%pt%%prap%rﬁle& of the epigal film) [ 0059]
For conpog|a-GeRelrhRed g HE b £ PR%kLApRI1o il I $hprode MERRALI L

functi onal y aye&?| ZOa%Ed% a 2ano-st’ruct urgggaor#r&gl e, tﬁ%o (e:orrposilt e can be
made) f orchemamrplopticdlyary nupitivo df edshtporias progertics as described inpnpof tcragoee

substrate having first and second generall.y o sed,mpj or. surfaces and the
inot i ondeReoB i or Ry ls ST e O S SRB R oy B RSP oS e i
the first mpjor surface of the functiagnal layer is disposed on the first
maj or sur[f)%@ e nHEx seupHENg &%ﬁspersed phase cah e&a%tm%an thedgaspasey

conpositi Sl At 1l i nNo- i hase
T The. mebTEATRILRE A Bl L DR o B O R Kb B e
opt i onal I(y.gdrcysting cutrebycoatingdrupandit aptingrfidw yoatingj erglip heatohg). etheamtingg) t o

30provide an article conpri.si a matri nd no- scal e di spersed phase
" Lhe. maeh P PrOReS0 S Be A PR ORoe peb B shott 1 Thictorecr (prIBEH

greater than about 4 micrometers). In addition, the coating can be cured by UV, electron

beam, or heat. Alternatively, the matrix comprising the dispersed phase may be the article

itself.

[0059] For composites described herein comprising, in order, a substrate, functional layer,
20 and a nano-structured article, the composite can be made, for example, by a method

comprising:

providing a substrate having first and second generally opposed major
surfaces and the functional layer having opposing first and second major surfaces, wherein
the first major surface of the functional layer is disposed on the first major surface of the

25 substrate;

coating a coatable composition comprising a matrix material and a nano-
scale dispersed phase in the matrix material on the first major surface of the functional
layer;

optionally drying the coating (and optionally curing the dried coating) to

30 provide an article comprising a matrix and a nano-scale dispersed phase in the matrix;
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exposi ng the second maj or surface of the article to reactive ion etching,
wherein the ion etching conprises: pl acing the article on a
cyl i ndri cab 2el1¢19928¢de i n a vacuum vessel ; introduci ng ePCHAISROIGA6450 t he
vacuum vessel at a predeterm ned 5Spressure (e.g., in arange froml
mlliTorr to 20 mlliTorr); generating plasma (e.g., an oxygen
pl asma) between the cylindrical electrode and a counter-el ectrode; .
rotating the cyli nd¥pears éhiesacppdianaiey sykngs|odtthe aHcls tihsgachyiongpfghing,

anisotrog&&g&hx?i%ng%%¥£%%ﬁgga£ing to provi de the random nano- 10struct ured

ani sotropi c sur osi'tes further conprising in order relative to
t he substrate, a second fflavigg thonsaicld ey ecylimhdakelsewdod aamaust vasedlur ed

article, said method can be, conducfed, for exanple, b rovidi t he
substrate with the functlfl%%qcn}ga%flan(tva%éﬂ & _'Jﬁw pevssh b 4 gredteTEReht ) on
eachs maj or Suggéﬁﬁmﬂﬁﬁ£@§a§%ﬁé¥&%§?nﬁﬁﬁ%n@ﬁ@dﬂﬂ%ﬁ&ﬁf second

nano- structur article on e 15 functional layer as descri bed above in
the method. In sonme enbathesnos plasine (secendxpgmoplstma)dictwesd the tyloideicils
applied sinmultaneoysly with the first nano-structured article. In sone
enbodi nent s, fﬁﬁggg%g%ﬁa?ﬂﬁﬁ?T §F4i0%ayer is provided after the first

nano-structured articl e gRphb @ cytiiificl cRc@éNEOIsant Rl tBXAIMRIrSe; 44dri ng the
application of the first nano-structured article. 20[0060] For conposites

descri bed herein conpri ginkgtropigaldy gohingathsugeatingtte, pravidanise rgndame tnaped

arti | e, and %m%&%%%k%ﬂ%hnlﬁ%ﬁﬁha§he conposite can be made, for exanple, by
a net hod conprisrng: prOV|8|ng a Substrate having first and second

gener al | YFo@pioapesitdiehaherStdi@Ban; inZfhdeatdige ao caatiisirete CO IR tfudional
conprising a matrix material and a nano- scal e dispersed phase in the first
mat ri x maei ad orecombnanorsiuciigdorticlgr pitwchpd cpe be caygiuetgd for example, by

0Pt | onal o il LIReSRA NG (ARCORE 1OANCIEHE] BY Gtk besineablgo) o

provi de arti'cl e conprising a matri x and a nano-sca hase in
t he mat ricach exajposurfecceofithg aubssatef acieappfyingtheattand rand-Gtrugactiaviécle on the

et chi ng, erein the 30i on, etching. conprises: placing the article on
cyl Phar _ctﬁ?ctané (6 RCROGhatRR Foleaneo 2B som: PAPETH SIS PEF U6 454
| ntr oduCTido REGATAY RS, i0atfiRd (AFHHTLYRRS Rlihdhe ArPhERRLAIHIEEdRISSHHT @

(e.g., inarange froml mlliTorr to 20 mlliTorr);
some embodiments, the second functional layer is provided after the first nano-structured

article applied, while in others, for example, during the application of the first nano-

structured article.

20 [0060] For composites described herein comprising, in order, a substrate, a nano-
structured article, and a functional layer, the composite can be made, for example, by a

method comprising:

providing a substrate having first and second generally opposed major
surfaces;
25 coating a coatable composition comprising a matrix material and a nano-
scale dispersed phase in the first matrix material on the first major surface of the substrate;
optionally drying the coating (and optionally curing the dried coating) to
provide an article comprising a matrix and a nano-scale dispersed phase in the matrix;
exposing a major surface of the article to reactive ion etching, wherein the
30 ion etching comprises:

placing the article on a cylindrical electrode in a vacuum vessel;
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generating plasma (e.g., an oxygen plasm) between the cylindrical

el ectrode and a counter-electrode; 5rotating the cylindrical electrode to
t ransl at ewOnielisobzsr at e; and ani sot r opi cal | pCetushomy2d4se
coating to provide the first random nano-structured ani sotropic surface;
and di sposing a functional |ayer on the random nano-structured ani sotropic
surface. 10For conposites further conprising in order relative to the
substrate, a second nandbtreducing efcbantesite|the vasuim veeebat afuipdatsranEgd

| ayer, said . IR .applying the second
nano-structu?gﬁgggfﬁg%é%gﬁﬁﬁﬁgq%&ﬁgpPgﬁ%Fg?ayerﬁgg éscri bed above in the
met hod, and then di sposigegeratifigipksineiak., hapeygdnwiase)taywdea thdeyldainealor
different) on maj.or surface of tge second nano-structured article. In
sone 15 embodiShEHOde ag %C@%@ﬁﬁ%“WQ & structured article is applied

simi taneously wth the blisk RAYEAHCH Elblratt @lilshobe nd LupSORE. sabodi ment s,
the second functional layer T's provided after the first nano-structured
article applied, while iaisotrhpicsl]ly ¢tohing xtenglagng tupromgle tiefiappindematiaon of
the first nano-structure? ar 061] There are several deposition

ticle.
t echni ques uséﬁ”ftr%ﬁ%RWOIHBNFP§%§b3$ nt conductive 20films, including

chem cal vapor depQfidokiaB 4 GyitdtionABEGREE LANLE RUAISH InaAde-sBYARRHA i &opand
spray pyrolysis. dass substrates have been w dely used for the making

organi c |sugfpec.em tting di odes. G ass substrates, however, tend to be

undpgtabl EnoGRE AR RBFRL kOBl Pl B OGRS, S0 BTuha ©

conput ers) 117 esired glass 1s bri ence

undesi r abt@ctuAdds asticleQrandoarBeapl fiwatiorandayed, gaid hathge canese dosdctys fogl ass
is too 25heavy. Plastic substrates are an alterpnative to_glass substrates.
The gr owtFa@Ple; rbanapRly gt theoprsaed i npaosirugirednaicles on cths ubdetionab daysy dow

tenper at ye . fieaGndeo th%%c%th%ia'ﬂg th%ogltﬁgc%iﬁﬁée’ %JcﬁBnéﬁ)ﬁ%r)@l(gfhiéﬂym | Lberd et

al ., 47th Annual Society o cuum ni ca nf'erence “Proceedi ngs
(1993), Tsambl sradiffeeint)abn a mhjon sSthé¢edofFitHengechnd na@a-Strugpage asficl¢.198omeand J.

Ma, Thin Salid Filng, | .. 307, 200 (1997). Anot d Iti
301 bhni GREOIHE AN _agfgpdd@%@vﬁ& R %_rgclé éi)apﬁ@&,srﬁ?% aenré*fszaﬁ%fv)@'th iR s,
Pat. No. &n@éﬁu&ﬁéd(éﬂi@[&?tlnféon}e eB&difleRts2tRResA flMosl e é%'i§%%o|:§fli£c_ire)d

resistivity I TO coating is formed on pol yethyl ene terephthalate (

subst r at exfteThlee ks atanp sthétyredoartivlet ippdcd.aybilc camthons | fodexarhfle, Whing the
2011/ 109284PCT/ US2011/ 026454 a conductive el enental netal, a conductive
net al alﬁ@Vﬁggmgéﬁgﬁ%$? DRSHPUES 4iHCle s “conduct i ve netal nitride, a

conducti v tal carbi de, conductive nmetal boride, and conbinatjons
t her eof . @?gﬁ éf‘darééﬁ%?ﬁ%ltqaei?%“‘ﬁ%’c teplnigyfs usefbtoaT Rt ’é‘l‘nSEi‘rle(}te“rOPgE‘B‘dﬁer,

glngmz In ﬁ? fi19R! AcluBfle! AU vAoRHEFIMonTCEHS) mabRQ@nUBltt&rtHoN e dMtiof! 4 NumM

spray pyrolysis. Glass substrates have been widely used for the making organic light
emitting diodes. Glass substrates, however, tend to be undesirable for certain applications
(e.g., electronic maps and portable computers). Where flexibility is desired glass is brittle
and hence undesirable. Also, for some applications (e.g., large area displays) glass is too

25 heavy. Plastic substrates are an alternative to glass substrates. The growth of transparent
conductive films on plastic substrates by low temperature (25°C-125°C) sputtering is
reported, for example, by Gilbert et al., 47" Annual Society of Vacuum Coaters Technical
Conference Proceedings (1993), T. Minami et al., Thin Solid Film, Vol. 270, page 37
(1995), and J. Ma, Thin Solid Films, vol. 307, page 200 (1997). Another deposition

30 technique, pulsed laser deposition, is reported, for example, in U.S. Pat. No. 6,645,843
(Kim et al.), wherein a smooth, low electrical resistivity ITO coating is formed on

polyethylene terephthalate (PET) substrate. The electrically-conductive layer can include
-17-



5Al | oys of these netals such as silver-gold, silver-palladium

silver-gol d-palladium or dispersions containing these netals in adm xture
wi th one wioabhien9zss with ot her netal s al so can be used. PTTAISS@a02654
conductive oxide (TCO such as indiumtin-oxide (1 TO, indiumzinc-oxide
(120, zinc oxide, with or without, dopants such as alum num gallium and
boron, other TCOs, and conbi nations thereof can al so be used as an

el ect ri cal gopductpeshamntal vectslay eenduptive metaballoy. @ kendiiiss mafal pridekness of an

electric - i t al L, G: I, Sp: ) t nmto
about SOaér?tthucrqug]rg g&g&rlé]},tgg g’%\ ‘“f/dn P%lrh}eg%%%ltdagﬂril{]hatac co){lagoute ﬁj&egamr?%naé\éﬁggeas t he
physi cal dohibikatiessthefeof.r Bresqrardesonhdwoivd uctdly evchxic d&enhanye sdvar e@ppeef erably in

a range from about 10 to about 500 nm nore preferaply from about 20 nm
to about “EBHHRY gﬁﬁepi@?mrwiatmugbmﬁielam%ﬂl%rm SR aﬁlé@/le medK! #Ypi cal |y
provi de s fslag@cst AL QRAGs Svd oo %Mﬁﬁ&&%ﬂﬁ%&da@@ﬁm&ﬁﬁﬂ of00

I 100 oh For f | a

ohns/sqg, or "even |less than 10 /'sq. unctiona ers applied to a
nano- st r ubspersechssonfaaueg thekeembtalsan admyxtinelwitdvwortcremothgr baweh otet owtalof t he

nano-structured artjcle so that fhe antir ction function i ted at
the 1 nt ersgcenbediisbnr ehworan gt dhith el s e Rl TGS Tayer,
and at thﬁdiﬁﬁpﬁﬁ@oﬁidéf(ml%, 2ihc bRRIef Wik bi ARBbutC@HahRGutRYLIusHILAGhIIRe ai r or
the surface of another 20substrate. [0062] Transparent conductive filnms can

be made, #@ndboruanthiceTCOsomdtqoarsprdioanthetoon ducalbae pisdyren slecosaldivct i ve

I i nel ude . deri ' f | 2ty I i | .0l e,
ety paso PR E AR ERIGHER B vt Gt an el lccBinyclR HRHIAG,) © o,

pol yt hi ogbgeésin(s@tge Rol.abofikPiidmesd Abaih 60 nad, moréipreddrabll fafm Glosid §ain fog
Pol ymers, 1998). Al though not wanting to be bound by theory, it is believed
that t hes®opoldnfar¥hegrrdhe physicphthackngesnsitenprivens copducHvapxigalaysys are

conduct i r i e i4n 1S

bel i eved%ﬁ%ﬁ%%ﬁﬁaﬁPg&uﬁ%ﬁﬁgumn%%@? ?{)Jég?lﬁf g??éé%ﬁ{/e?%l%%&g{]%souk%%e been
nodi f i ed rino tceatioiue ¥@&) am HUEddWBe & elpatriaillyotoridnetivel 18y dricam sypadaiintprévadeva si bl e
light. In a polynmer, the band structure [s 30determ ned by th ecul ar
or b1 al s Shpige e of if‘és H&ﬁﬁ‘ggﬁ%&ﬂﬂe%ﬁ%ﬁﬁ PRt OheEH 1?%é§%ﬂ”§d&est _
occupi ed JiplLGUIrRE fﬁfcﬁbﬁaﬁ'la;&ﬁ%ie@ﬂﬁh hRAEItucHIRQLSHRLE dhd R &GHA R8GO t al
(LUMD) . WD 2011/ 109284PCT/ US2011/ 026454 [ 0063] The transpafent ‘conductive

| ayer carthesurface sentofioef thx aarplerucamédaticlopb chat droengicefl estiom fiaactiah 5 whi ch can
be solid or hollow  Splid anisqtropic, ngno-scal e erjals include

manof i berSeaketieifiisii ek PePEe BB S US REH E oG Coiatet rbATa s

i ncl ude nROICHRE Surfaby PIF Rl flidstiochBEcoABAGayBEchRtial aRDP @ftsuFf@éd & another
(length: diameter) greater than 10, 5preferably greater than 50, and nore

pr e2@r ablspbgjraéat er t han 100. The nanotubes are typically nore than 500 nm
(in some enbodi ments, nore than 1 microneter, or even nore than 10
mi cr onet €0862]i Trahpagnhconfnese fanissen bopiadefanoxaedé . dromtrenspatesit can be nade

fromany conductive material. Mst typi.cal t he conductive material is
et al o O e ey Bhied)© BmbR i dq b b G el ©f r ansi £ on
et al s)  QolgnMBieapol RN TELGT/BSS ?Ft,zal oxide). The netallic material
can also be a netal "alloy or a binetallic material, which conprises two or

nor e t ypeshyd¢ncgxathiombgne)glystyrencspbonipecidier gplythaephegen (dee. egppdkothernckel |

ool 151 1Bho F SN A0RBR S R TIR STVURDVFLTIO ), C2n
theory, it is believed that these polymers have conjugated double bonds which allow for
conduction. Further, although not wanting to be bound by theory, it is believed that by
manipulating the band structure, polythiophenes have been modified to achieve a HUMO-
LUMO separation that is transparent to visible light. In a polymer, the band structure is

30 determined by the molecular orbitals. The effective bandgap is the separation between the

highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital

(LUMO).
-18-



[0064] Gas (e.g., water vapor and oxygen) barrier filns typically conprise
a relatively 15thin (e.g., about 100 nmto about 300 nm |ayer of a netal
oxi de sucNOasiialogsinum oxi de, magnesi um oxi de, or sili ceaTaxede/msa fil m
surface. O her exenplary layers on filns to provide a gas barrier film

i ncl ude ceram cs such as silicon oxide, silicon nitride, alum num oxide
nitride, magnesi um oxi de, zinc oxide, indiumoxide, tin oxide, tin-doped

i ndi um oX{PB&3] BhedranspareH sRPASHEC MyRtCanGoaBrisGHer geiiile anBpIroRic 8a-be a
single bagpi &l AYEHnRh C%QP%’chﬂdOAr%oﬁ%r 's%iid'aﬁéé§t"r§p188£&$oh§c‘é&tﬂ19t@ jal{ e barrier
| ayer may arso conprise nmultitunctional properti€es such as conducti ve

f unct i onah¢ltiye n§rdBi6&E ahd nsamptate oty o dohtent iisotrbpicsand-acee ofatcriab inetidd x

conprising the napo-scal e di spersed phase may be m crostructured. For
exanpl e, &P fio paPHIY (R t}lt?ﬁehaéﬁfl&él?e&%ﬁ‘t“@d%é‘% FFREED) ERFAe G an\/ﬁbrooye
mcrostr #géﬁéfa%ﬁz %r’gétfela&ﬁn 9@,%&&1%&9??&&%2;%?%%&9&5& 6. | BRI QoBES A Materials

conpri si a ndnodi spersed phase and tr by plasma etching to form
nanost r ugypicgdy warevthgr 5¢0/em (incyoostaniwidimeds, suwort doe. 1 Bidienctex anpyarsmomrc| ude

a fine megro-structured.surface_resulting.fromcontraolli,ng the solvent

o vapor at B LT BEGGEERY it e STARR Bnbodthis - CORbREIA Sl Bom G |
U.S. Pat.anhQonducB¢8 mh&fial OIS thyicelly, @ho dond@étivichBatsilidl UE inktafltk. SKHf rAGeIlitr om
the mcro-replication nmethod reported in 30U.S. Pat. No. 7,604, 381 (Hebrink

et al.); rodcmgyapbpen clomental metid (Sgr frarsetiandeielsdior 4 metabgempound (byg.,

el e ri Carllet nodxigé%g %E irﬁ:etglf-iel %te VP a%o }slolbleoagr%glalfgﬂ Usrza ]ir]fl/egl%lescllr?lgte 0066] The
matrix can be anisotropical IV etched Using SHe cal 1y’ Teacti ve plasma. The

RI E proceglsich tenps fPpd 6r morvgbyest riehie ralitablg npdtals titludadédiery geld Usoppyr, an
el ectromagnetic field. Hi gh energy ions fromthe plasma attack or etch away
t he nat rinckehteotd-platedsflggppiptipumyHidagilagpm. shhercopdecsivg inptaiahfargalyybeium

chanber wj 1.l - P, I 3 " DO | ectrode” (or "sanple
carrier eorélg?%%\@lg" Cgr%(gjgérﬁgﬁ §§%1%§@fes(gflgg F?}%ed,ﬁ\%\ﬁ)i 8 creates an electric
field th |l erates.ions toward., The powered electrode is situated in
Lhe Dot 1 Jho@ATEITE R, Ry ARt MRS gord MR MRS RoBiafF S R Bt e
restsof tih (@%@@b@ﬁt.loﬂih@ & dboat F000dm PRNEH o atrcthlieoxidd ek s biiiiga okilcpl aced

on the powered el ectrode, Reactive 10gas species can be added to the
chanber, MIFCENBRNLES, of fitieRmyPrideran p filmsutface (Pthpeexeaiplasy laygs eHiRdde and

can exit . R gg}ﬁ%i . r ma is
formed i rPtr ?ﬁgggy%{lg%ﬂgpyﬂappc%\d% a SQP@%%@%@%%@?%@P@PW% a%uhngh%%wer ed
el ect r odexxidehetrideemdgncsiuiny pxidaline gxidd iekan wsidegti@odide Gt -ddedosdiiiml at or ,

al t hough ot her RF sources and fr,equ?}nc% r.angiss rra% be . u egl. The gas
mol ecul eL*fa @R@ﬁn%-&ogeaﬁnc oxide. Gas barrier films can’be a single barrier layér or

20 multiple barrier layers construction. The barrier layer may also comprise multifunctional

properties such as conductive functionality.

[0065] In some embodiments, the surface of the matrix comprising the nano-scale
dispersed phase may be microstructured. For example, a transparent conductive oxide-
coated substrate, with a v-groove microstructured surface can be coated with

25 polymerizable matrix materials comprising a nanodispersed phase and treated by plasma
etching to form nanostructures on v-groove microstructured surface. Other examples
include a fine micro-structured surface resulting from controlling the solvent evaporation
process from multi-solvent coating solutions, reported as in U.S. Pat. No. 7,378,136
(Pokorny et al.); or the structured surface from the micro-replication method reported in

30 U.S. Pat. No. 7,604,381 (Hebrink et al.); or any other structured surface induced, for

example, by electrical and magnetic field.
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15becone ionized in the plasma and accel erated toward the powered el ectrode
to etch the sanple. The |l arge voltage difference causes the ions to be

di r ect ed wowaridiopise power ed el ectrode where they col | i deCriuskoiiozs4sanpl e to
be etched. Due to the nostly vertical delivery of the ions, the etch
profile of the sanple is substantially anisotropic. Preferably, the powered
el ectrode is snmaller than the counter-electrode creating a | arge voltage

20pot ent i[AP6GcFhsgBatrinsan by aripeieapicatlyjctabedh usipg shgpigalbersaglivegilsssare The

Pref er ablyg ngsgtfgp%ﬁ%ﬂ.l%lilﬁ\&lﬁ%%ﬁﬁ&ﬁﬁ%ﬁ@%ﬁ%g{l&?@afg}gﬁ}yﬁ\é%IQO nm [0068] The

process pressure’is typic tal net a ow about mror r

( pr ef er aldlgctrobabosticafixddit High enéoryripndftdmgheplaena bitehk oabhtawhyniiomatrixThi S
pressure ran q is very conducive for generation of the anisotropic
nanost r ucPf@di n a cost effective manner. \Wen 25the pressure i s above
about 20 mlorr, the etching process beconmes nore isotropic because of the

col 17 si odAPO YA harsah§ b sysiera cppmstents weuus dhirmker yith (e Rareel oliciieder e goes
bel ow ab “ »et chi r S I t he

decr eage T TR bty 8 Mffhc'cBfer BREQUES) MFYL e L QM ASRBRONERT
requi r emengscshmcdecerie/ Bely thatgbcelerates [0 G8)ardh@hp puwercdelsirdde Oiitidied RF power

o AR i o Bl SR S S S ™ ™
wat t s/ cnByy. arm? lgp%aéﬁ 6%332@641%%/ H%gﬁilet]d/ 9264d0h %ﬁ)%%vg? lééﬁgﬁe.aﬁgadﬁlg@unt of

gas utilized w upon fshe ma I’Ié materi a e etched. T
reatd i ve gaspepschebe nddd to thesahagbtr, Vel oxamipth throveghnenali imletsainehd wip afat her

t han the dispersed phase., Additional gases, may b ed r enhanci ng the
et oni ng. it SRGT0 gof DAL GRS OHRER Rl S Highoro irghehParBEERBon

mat er i al ladned is €A 18 thd dyvRi BieapptARt 8IRM ANEtDRESHHUEEd &Sthe powered

per fl uor onet hane, perfl uoroet hane, perfl uoropropane, sulfurhexafl uoride,

and ni t r cdgotrote.i Thabelddetypmallp eradydetusing o%3.geikdz osoiaterdaltwaghpthenBisel ves

to etch materi al s.such as Si 02 ungst carbide,, sili.con nitride, and
anor phous 81T %%d?\f.re"é?fl‘c’?/r RN éﬁ’ %ﬁ%ﬁﬁ’éﬁ%ssme%ﬁﬂhe.s ﬁreevaré)keenbaéldéﬁ%ed for the

et chd ng decomt edniAldSn Shechladmsa Alduitlemedsowhtdrthe pOK€0d eREROAIEO cBdhdhe
sem conductors fraomthe GOUP [1-VI (including 10cadnmi um nagnesium zinc,
sul fur, sempl ukhe lpge vaktegeditfaisaceepisthe a0 bhdirectd tarard the ReVeEdGr oup

-V (i "é‘féc‘d%h@%h%le‘{ﬁw‘wﬁig%ghh 'tl’fé”%gg{ o0 Bled € Hu 1o %Q‘?ﬁé’s'&?#ﬁ%#ﬁgl nitrogen,

anti nony, or conbil nati‘ons reo rocarbon gases such as ne can be
used for dehiecrgtofihaigngithawtlepiodilsofsie banad ¢ gedubstant Alysaniodepicg ®rdfenably, and
i ndium | pert gases, rti cu’ arLX heavy gases such as argon can be added to
enhance ttRePaN rg@ﬁ@%g% is smaller than the counter-electrode creating a large voltage

20 potential across the ion sheath adjacent the powered electrode. Preferably, the etching is

to a depth greater than about 100 nm.

[0068] The process pressure is typically maintained at below about 20 mTorr (preferably,
below about 10 mTorr) but greater than about 1 mTorr. This pressure range is very
conducive for generation of the anisotropic nanostructure in a cost effective manner. When
25 the pressure is above about 20 mTorr, the etching process becomes more isotropic because
of the collisional quenching of the ion energy. Similarly, when the pressure goes below
about 1 mTorr, the etching rate becomes very low because of the decrease in number

density of the reactive species. Also, the gas pumping requirements become very high.

[0069] The power density of the RF power of the etching process is preferably in the
30 range of about 0.1 watts/cm’ to about 1.0 watts/cm’ (preferably, about 0.2 watts/cm’ to

about 0.3 watts/cm’).
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15et chi ng process. [0071] The nethod of the invention can also be carried
out using a continuous roll-to-roll process. For exanple, the nethod of the
i nvent i orwoanl1®9zsarri ed out using "cylindrical” R E CpCrageeicake4sd E
utilizes a rotating cylindrical electrode to provide anisotropically etched
nanostructures on the surface of the articles of the invention. 20[0072] In
general, cylindrical R E for making the nano-structured articles of the

i nvent i olOBEH B tiexs#nd aveqpnaef gas|utidiged wal depcad apetheynatiymagaial ta ket r ode

(* dr um el 16 09fc FeRRVEEEdpBe Al 85 LA SRS BE bRt B PHARE than
counter-electrode are provided inside a vacuum vessel. e

count er - ehedispaskel gase. cAdgiribse ghies nvadhsused s saharcietht eGhmgaawfi si ng an

etchant is fed into fhe vacyum vessel, and pl as is ignited and sustained
bet ween tha/ér%ﬂwaﬁ%f%&h%%l@%ﬂ%ﬂ%%vd@?%n?ma% st Epr Syl SHeNnahe

condd ti ongnAifnS BARELRY 3 %effﬂl%}orﬁé{flér%eﬁ:%ﬁghoﬂogﬂllaﬁ’@ 'Héﬁf&?ﬁﬁ&%dné directed

perpendi cul ar to"the circunference o drum A cont ous article
conpri si nylfuthexafhtoride, admiaegenigfludredonanddiad et vedypiragantaducctibn be

wr apped ound the circunference af .the drum and t.he matrj x can be, et ched
P e s antn s hurts® ik B Sl Betibl S PRt oo Rb e P B Sse s
t he f or mg@fcoa. @%?driﬂégqoﬁfhitﬁﬁ?@as%ﬁ taCligwiS 8 added f& thé bk o\ﬁ/ﬁﬁterﬁﬁs dube

matrix can be the article itself). The exposure tinme of the article can be

cont r ol | ed atumigbmasuifue, horeniedrbidg anddcmicondaeptsiras theferopp slaVi (ingjugioe

20114 109284PCT/ US2011./ 026454 nostructure.. Th rocess,..can, b arried out
at B opardriny TraetPop BB Ryl FRERRSR el B LG 2

i |1 ust r atfeora tigyGiong MircalinBulingppahiatios gilliat, indiuss efdehid phosphérougt hods of
the invention. A conmon elenent for plasma creation and ion acceleration is
gener al | Y085 dxtneenyaqr aqmbimjons gharcofp phidscgbon@apgscreesmathanggisre

structur 1l LN e . J b . (o]5 re doors
o, 'oi de it Tertyp RehPEr P A At AR RRIEAAE B R IndE P el
di vi ded igabes, parecdarlyrbeayaspantimenirgon eardsaadd2é ta athahabthy asikdtroped Wi t hi n
t he chanber, a plurality of reel nechanisns rotatably affixed within the
chamber aﬁ‘i‘i’.ﬁmﬂgePl}éP?séd to generally as 28, drive assenbly 37 for rotatably

driving 10drum 26, idler rollers 32 rotatably affixed wi thin the chanber,
and vaculfYpunheancthod pithy invgAHeE saplsnbe Grariedheimeng aotagousiglér-toll

structur ?g%%s&%&’h&aﬁﬁ?e”ﬁle‘&ﬂ%m&' ht A cRfidn LA bSURRRY dul ﬂ&n%?ééin’aﬁcéi“ in o

desired guration, a vertically upright manner 1n the ent case.
shown i n HEGE ylihdaind RAE unibiusd axptatthgagiindiécah clevwwodeao prdvadisanigt@picddgcr i bed

e 8 S e S SRT R PR oot 12 Tl ces

20 [0072] In general, cylindrical RIE for making the nano-structured articles of the invention
can be described as follows. A rotatable cylindrical electrode (“drum electrode”) powered
by radio-frequency (RF) and a grounded counter-clectrode are provided inside a vacuum
vessel. The counter-electrode can comprise the vacuum vessel itself. Gas comprising an
etchant is fed into the vacuum vessel, and plasma is ignited and sustained between the

25 drum electrode and the grounded counter-electrode. The conditions are selected so that
sufficient ion bombardment is directed perpendicular to the circumference of the drum. A
continuous article comprising the matrix containing the nanodispersed phase can then be
wrapped around the circumference of the drum and the matrix can be etched in the
direction normal to the plane of the article. The matrix can be in the form of a coating on

30 an article (e.g., on a film or web, or the matrix can be the article itself). The exposure time

of the article can be controlled to obtain a predetermined etch depth of the resulting
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two-part housing for supporting apparatus 10. Specifically, cross supports
40 include both wheels 42 and adjustable feet 44 for noving and supporti ng,
respect i WebDyeo1iapessat us 10. I n the enbodi ment shown i n PCGRS2@1142@&5L, Cr oSS
supports 40 are attached to each side of housing 14 through attachnent
supports 46. Specifically, cross supports 40 are connected 20to one of side
wails 20, nanely the bottomside wall, via attachnment supports 46, while
Cross suplBPYBICHEC.oRhe Pracess s be FAECH PUlfb 8B PAGATNS RICESUED @dmeighback
plate 22 By, fht-achnment supports 46. An additional crossbar 47 is supplied
bet ween cross supports 40 on the right-hand side of apparatus 10 as shown
in FIG i a ddi nal ructural relnf 0075]
Housi ng 120%; PSIB}§ [Pagé 9 111 %raf’i o trh(r)l lr%IEa arattuP l}alt d,ng Ii(f: r%:f mﬂhoa%] is
capabl e off tlea/@watdnom c&ﬁmbﬁlefbﬁ’@ﬂt fRlpla@as ckditibedhid R a%&él@ffatl&\/ acteabiai,

pl asma creation fromthe ion acceleration, and etching. In the
enbodi nerfdisgedas 14 Fric8l fp%@ﬂl?lo Hislisicn g suppoasTus i F 2 idiousingHat i ncl ude

front parn ﬁélu&aﬁ ff%grf R%}e??6%&%es012tgore engﬂtgbgﬁ%w%hﬁﬁ%ﬁc?aB%é_l&g?tgtﬁr val |I's

define a ow | nteri or as ¢ e 30walls 20
and backcmﬁamgzﬂﬂmﬁﬂeh&abﬁéﬂaﬁm%mgﬂmheduumnmammnmamnemakﬁmmm adrunh2o art, to

rigidly secur de wal | s 20 and back plate 22 tqQ one ano nanner
suf fici eﬁptafa&%aﬁﬁéw Peipin apchamberppy obnache e%%ata@ggﬂfﬁf?ﬁ n

chanmber  2di,if MY HaPFe dndtferel !ty ?éhefrzﬁlfg & 2%5 BBvEL8ahbI9n7 1B ﬁﬁa{f%& rdﬁ@fn' 0 n,

ion acceleration, and etching anel 16 1s not "fixedly setured so as
to HPOV|dbmdeEsﬁmnOH@héﬁbﬁamﬁ@wﬁﬁxabudmammadmhdadaadbs@nmupwnnﬁérlals and
to perfogﬂmqginteng ce.. Fron anel 16 is divided into two plates connected
vi a hing eores fadhf SAMDRE: connection 5neans) to one of side walls 20

to define air of doors 18. These doors seal t he edge of S|de wal | s
20, pref 4P§B‘ﬁyswpﬁ%l§t5ﬁcwel2u§ anppean Waﬁpéfé‘a% t%ﬁéva%ﬁowsme% N 4008 ng) .

Locki ng ra%ﬁ?@@m m%%o \gegﬁea\rg J%bn%ﬁﬁgérﬁle?ﬂp{ ;l@%eﬁtoca% d&s Wisin49Ggnd can

be any nechani sm apab 00rs 18 20 1 n a manner
al | owi ng ¥ ord Zhacusg 14 parote a;tvembm hm;ngsaieagﬁ)edfoeh)vw llnundefdetallp lagna

cre |on snma creation 0 eration d et.chin 7 I n one
o s o crppt et aa RS o Shanar® Al g h sy o tnd

corrpart MBRoSpaPthoABiE g F&: suPpHARS aFkarus Q! Sp&PridaNyWabds safipdHs idemdé 86th

passage of fluids or subs rate et ween conpartnents. ernatively, the

chanber oahﬁebémdwdm@btﬁoﬁwa% eemoving anﬁrsemoomhnmme@mbalapmﬁus 10.
Preferabl , anbe 0 art Housi.n

el ooos W dFadiaERGhob R AP s A S RER ST o abcped BRI I T o1 ¢
pl ates 641051@1@1%abltmoagwmacﬁ@le@wuppm@sma SprbifRWIY,@osy is@ypond 40fard fshneétedi ng
process occurring therein. Housing 14 also includes a plurality of sensor

por2& 66 ARl BAc vals dhdagshebe bov@nglde wahyerafchnacnt spRRest§ s, while | ) can
be secur gdyg Hﬁf)’ﬁdr@gm]o% theblReEiqd Qf:lllé{gﬁ% 14 are connected to back plate 22 by

attachment supports 46. An additional crossbar 47 is supplied between cross supports 40
on the right-hand side of apparatus 10 as shown in FIG. 1. This can provide additional

structural reinforcement.

25 [0075] Housing 14 can be any means of providing a controlled environment that is
capable of evacuation, containment of gas introduced after evacuation, plasma creation
from the gas, ion acceleration, and etching. In the embodiment shown in FIGS. 1 and 2,
housing 14 has outer walls that include front panel 16, four side walls 20, and a back plate
22. The outer walls define a box with a hollow interior, denoted as chamber 24. Side

30 walls 20 and back plate 22 are fastened together, in any manner known in the art, to rigidly

secure side walls 20 and back plate 22 to one another in a manner sufficient to allow for
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20i nl et ports 68 providing for conduit connection through which fluid can
be introduced into chanber 24 as needed. Housing 14 al so i ncludes punp
ports 70 wOaoin2pisat al | ow gases and |iquids to be punpedTarS2@tiioesss se
evacuated from chanber 24. [0078] Punp 34 is shown suspended from one of
sides 20, preferably the bottom (as shown in FIG 2). Punp 34 can be, for
exanpl e, a turbo-nolecular punp fluidly 25connected to the controlled

envi r onneEVECURtOR PACERST Ad, contaimapend of B diwrkfor plasma gecagipi. flasscrpatiopsiosr
Ccryopunps, : I ] Lotain
operatin?“%?@%%%ﬁéﬂgﬁg?%%h3¥$ﬁgﬁ%§J€§§§5%@%@5&%%&59%?ﬁg“ﬁﬁgv%§8 |gg&%tep IS
pr ef er ablchambesEntotleadend unl@adrsabgentd materiabaut td perfonr mhiatcabottst F26ntmlorr to

provi de ani sofropi ¢, et.ching. Sliding valve 73 i ositioned along.this
f1uid porﬂﬁ‘_@%lt]iédﬁ diigeddng t@%@é%wwg?tﬁ v e@%ﬁéé?( AN ERIaR orgection
conmaini cahiR0) BehWSetidP YRS 3¢ t@&giﬁerhepdiﬂﬁfgobﬁrl@ﬁhe}lpdoors seal to the ed%e of

2011/ 109284PCT/ US2011/ 026454 housi ng 14. iding valve 73 I's novable over
punp por tsi2walts 20natefpably tivongh 62 uwsanf eaduui sealbfpersxapatd, paO-yngpen, or

| osed wi th t to fluid i caf i i th 4. [0079] Drum 26
o of or abibpekWEREGniks 5 AP R oE ek SR 0 G S Pk 65 and two
pl anar enflechhikACAPaliié of sofrifd 86drs P8R walls RRinMBEenRE aBeWinglfectvatalohY

conductive Smaterial and preferably is a nmetal (e.g., alumnum copper,

st eel , stadichtmabey Xt stefage of b flard fog néémia graaben, ariasala aeationelog gfcayratien, abl y,

t he éal ectr 8%?chiins al um num because of the ease of fabrication, |ow sputter
yi e}d, and 1°0W cost s. [0080] Drum 26 is further constructed to include

non- coat nductiye. regions that .allo n electric field to perneate
outwer d- 40071 5€ Cinbe oGl Bamba 2 S urti e EEEbRE J0FEP WP event | ng
el ectric dohflaftnRefsFEant 38. anshstdpPeorhere o ifividlIno: d@rblzi'&wf& hfggd 6 Ahgs Hon-
i nsul ated or conductive portions of the electrode. The electrically

non- conduabstiaée batweer edmpayipianid. | Altdraatavglyi, Heudhamber caghstondsore pol yner (e. g.,
pol ytetrafl uor.oet hyl.ene). Various enhodi ts.that fulfill this

bl entr1 carry BRREBEE b bt LG RET R OO it b b 1 channel
typigal | yeohdpartieeit. h of the transparent conductive oxide substrate to be
15coated, as a conductive area can be envisioned by one of ordinary skill

in the arho77] Housing 14 includes a plurality of view ports 62 with high pressure, clear
polymeric plates 64 sealably covering ports 62 to allow for viewing of the etching process
occurring therein. Housing 14 also includes a plurality of sensor ports 66 in which various
sensors (e.g., temperature, pressure, etc.) can be secured. Housing 14 further includes
20 inlet ports 68 providing for conduit connection through which fluid can be introduced into
chamber 24 as needed. Housing 14 also includes pump ports 70 and 72 that allow gases

and liquids to be pumped or otherwise evacuated from chamber 24.

[0078] Pump 34 is shown suspended from one of sides 20, preferably the bottom (as
shown in FIG. 2). Pump 34 can be, for example, a turbo-molecular pump fluidly

25 connected to the controlled environment within housing 14. Other pumps, such as
diffusion pumps or cryopumps, can be used to evacuate lower compartment 58 and to
maintain operating pressure therein. The process pressure during the etching step is
preferably chosen to be in a range from about 1 mTorr to about 20 mTorr to provide
anisotropic etching. Sliding valve 73 is positioned along this fluid connection and can

30 selectively intersect or block fluid communication between pump 34 and the interior of

D3-



[0081] FIG 1 shows an enbodi nent of drum 26 where annul ar surface 82 and
end surfaces 84 of drum 26 are coated with an electrically non-conductive
or insul avovelvmeasdi al , except for annul ar channel 90 i RCaASR0IA026164 f ace 82
whi ch remai ns uncoated and thus electrically conductive. In addition, a
pair of dark space shields 86 and 88 cover the 20insul ative material on
annul ar surface 82, and in some enbodi nents cover end surfaces 84. The

i nsul at i voupiagdii alidmgriebvs TBremoyrbla excaE Rt Gheo BRreRUmR B 87 s#ydahi ch

noul at o hanay PaaNE 8k B AR e B g R R o SR e

dark spa Ids 88 can of the IR te

mater o (4Rda R R R B SpE R b Fhspolpieatipial

al um numtbzutplmr&ms@ﬁbem cnmhl@dtﬂoue cagbdinadbeCatystedi@ylyabedrapar at ed

fromthe electrodefgy means of an insulating material (not shown). This
T

al | ows cORtPd e praderablyas pmesiie-g o 2 RFENEN <OPPOe slogly HaNlOEI8H] SINsBL her
nbodi A
ot ot s o\ Sn bl bl e cle AR £ MRGnE HUEDOEBE LINED 1

26. | n 30ddawicatibodowspiitser yiddduhdtioweodts.ng 87 is a cap which acts to al so
cover end surface 84. Bolts 92 secure support neans 94, enbodied as a flat

plate or [808EMrubD2dRGKrtrabAstARted tMﬂﬁ&bﬂoﬁ%&&éP@Hdh@%lr%l@M% Bolts 92
and support 94 can assist in supporting the various parts of drum 26. The

pair of iahew ardlewdrie fiplgdo germasep Wa@r?ééNeélfafslnl@écFOtl@UCéWﬁupwlatS‘@rf?%}@@S 82,
def | i(?es it ﬁl)ég&ﬁl% Rl ﬁ&ﬁge&?@fahbf?gn&{@?%ﬁﬂnﬁﬁ %ﬁg%% rét% thd QA8
% one nanner y an |ns§I atli ve

El ect rode iS covere teria |n al
ar eas 5exaapitedbiecondtitresctpoatiapaf @it clcdrodec Thy eleoiicaley wbsdﬂdatmmaﬂea@lt s the
el ectrode (.. 5} t ouchi ng or mnthln t he pl asnma gark ce limt of the

el ect r oddypigally is aabwat% PHE)S a PRI &¢- gn@@Yéﬁﬁra Fch‘i"rHH’é por ti on
t hat h d
at can b ikt | {h!a? it agé a%&mw]aﬁ t&rnoﬁnhﬁgﬂggﬁé@% ﬁgmgﬁlwso ide

substrate. The renaln el ul a |ve
mat er i al .smAhlerhatied, tgpleﬂ:lly thdevidth of ohwetredpanct dohduaive @krd@d;ebmwﬂmﬁs

[P Bk | mebPaes o SRR 1o a0 eV BEBR RGobr ot HEman, MLBS M elcover s, As’ a
result, e[E)(%E?ll] P% '5 sLév(Jns ;[me gm%oodlﬁlggt ol%%(%l?r}/l%%e\)ghe?er gl%luﬁe{r surface 82 and end
surfaces 84 of drum 26 are coated with an electrically non-conductive or insulative
material, except for annular channel 90 in annular surface 82 which remains uncoated and
thus electrically conductive. In addition, a pair of dark space shields 86 and 88 cover the
20 insulative material on annular surface 82, and in some embodiments cover end surfaces
84. The insulative material limits the surface area of the electrode along which plasma
creation and negative biasing may occur. However, since the insulative materials
sometimes can become fouled by the ion bombardment, dark space shields 86 and 88 can
cover part or all of the insulated material. These dark space shields may be made from a
25 metal such as aluminum but do not act as conductive agents because they are separated

from the electrode by means of an insulating material (not shown). This allows

confinement of the plasma to the electrode area.

[0082] Another embodiment of drum 26 is shown in FIGS. 3 and 4 where drum 26
includes a pair of insulative rings 85 and 87 affixed to annular surface 82 of drum 26. In
30 some embodiments, insulative ring 87 is a cap which acts to also cover end surface 84.

Bolts 92 secure support means 94, embodied as a flat plate or strap, to back plate 22.
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that which is not covered with insulative material, channel 90), which
preferably is covered by relatively thin transparent conductive oxide
subst r at evO20084WP28Ref erring to FIGS. 1 and 2, drum 26 i $Cratsaeialoessaffi xed
to back plate 22 through a 15ferrofluidic feedthrough and rotary uni on 38
(or an equival ent nechanism affixed within a hole in back plate 22. The
ferrofluidic feedthrough and rotary union provide separate fluid and

el ect ri cdbolsRredsIpRPTE POeANRSEHAGHPRPTERDINSYRIIPRSitats 6 AEim £O.ahbe Briget ri cal

Wre to Hﬁ%&é&%&%%%?én&’%i IS R «§ \?\ﬁ}uﬁﬂ‘%ﬁﬁgéé Y2 4ehSSLL Ao scliespect i vel y,

S
of rotata uring rotation e retainrng a vacuum seal . The
rotary urdl@trodt portisupplbodsdabhehi@nedrssary force to rotate the drum which
force is supplied fromany drive nmeans such as a brushl ess DC servo notor

However, [008B1e0itéteilcBD ilEairatbintsomb agdanpl Bt & iddulaivet hixerigididUiateagnd Wi re
may be perforned by any neans capabl e of supplying such a connection and is
not 1i m teEgertavhers Be tehsnarat eondusdyhe oty prbatiete sontaeta e deitiwde (iche exanpl e

f h . i di : ' i - | about 5
of ) Such AofLALL Wil 6nd SEGHIMBLIRANG B ALKUBLANG'S RoblerbEbriabol
Nashua, NWdfinfQ48&pokydiieZdde pornohabalehy belin mamatyycottacveith sisamdisyardm, whi ch
can be any chani cal and/or_electrical Eystenugapable of transl ating

r ot at i ondlPPAHEIVERXIA SHPURH 2 61 N TAME HECAIBaPTEiftdcd hBRKFTihPyRTEns Bt  ve
assenbl y 3f.ifC hWikesh fe_@t‘iocﬁ?‘is PovBred aflfl ineGel SRR Eb@&ﬁi@s&?%&e‘cﬂgl Bafli ve

pulley 31 that is nechanically connected to a driven p y 39 rigidly
30cbthnectwith tespatt tonh2 GesuBadttpl3bua( this wtptiivelyl thick isutatict uragdriat pansitat es

rotational .notiop fr drjve pulley 31 to dri.ven.pull 39. .

2011/ 100 SRR RS SHTG SASTPoOGSe e B ey VR0 e REEAT g 28 are
rot at abl whatihixies lofchaedd RitRiBukbve ARl Yhalde!l ¥0)0WhiBPrefBRGRARI ST 28

i ncludes a substrate reel nmechanismwith a pair of substrate spools 28A and

28B, and,coivercd bprecleisd thim fregspargnseondagiivernyidsdaibsiraipaci ng web reel
mechanismw th a pair of spacing web spools 28C and 28D, and maski ng web
reel 5nmedh6dd]Refewiring ta FE&$.r1 ofd 2rdsiom 86 1svebntapp offsced 8Ebankep 282 thnheglea each

pair_includes .qne. deliver nd one. take-up spool. As |s.a ent fromFIG
D SR e bloel Ybib g Briogas (oL Bami s s T AR OL b Bani om
27 ”EChaUJ&ﬁéth&Q@ﬂﬁ@k?dTﬁ&ﬂh%Hﬁkﬁ@ﬁ%d@ﬁn%h%h@Rﬂ%@qnﬂaiﬂﬁvﬁ@sﬂ&§&éibed
bel ow for supplying a rotational force that selectively rotates the reel as

needed dutiihgndelettiing.connectidnlifitonom staedaeth codintbnd conglgit apd alecz@d waath 28E in

hollow coolant passages and the conductive electrode, respectively, of rotatable drum 26
during rotation while retaining a vacuum seal. The rotary union also supplies the

20 necessary force to rotate the drum, which force is supplied from any drive means such as a
brushless DC servo motor. However, connection of drum 26 to back plate 22 and the
conduit and wire may be performed by any means capable of supplying such a connection
and is not limited to a ferrofluidic feedthrough and a rotary union. One example of such a
ferrofluidic feedthrough and rotary union is a two-inch (about 5 cm) inner diameter hollow

25 shaft feedthrough made by Ferrofluidics Co., Nashua, NH.

[0085] Drum 26 is rotatably driven by drive assembly 37, which can be any mechanical
and/or electrical system capable of translating rotational motion to drum 26. In the
embodiment shown in FIG. 2, drive assembly 37 includes motor 33 with a drive shaft
terminating in drive pulley 31 that is mechanically connected to a driven pulley 39 rigidly
30 connected to drum 26. Belt 35 (or equivalent structure) translates rotational motion from

drive pulley 31 to driven pulley 39.
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10sel ect enbodi nents includes a tensioner for supplying tautness to the
webs and/or a drive mechanism 29. [0087] Each reel nechanismincludes a
del i very WOQR0H/10938¢- up spool which rmay be in the sanme oPCa/UsRdifioeant
conpartment from each other, which in turn may or may not be the sane
conpartment the electrode is in. Each spool is of a standard construction
with an 15axial rod and a rinlradiallg extendi ng from each end defining a

groove i lO0#flckheatualimfaed anqebapans 29 arcyrpfatabbagféixad toask plate2dr Theb, i's
d . i ffi : t
soat abl y T o FRRILBAAR, 24 IAREHE Skt ik LRA 8 EhAPLE, 01 BT

driven, tsabstsitespoos IechaitiBylahy, iaeome etnbddi@nss, ated oan Aélufe agpacig welushl ess
DC servo nmotor). In the case.of non-driven ool t he, spool is nerely
coupl ed iTAClANFAPYPRIEE EPHEANBECHS rv&f?gﬁﬁogls aRC 98¢ AP BRkoRE Ve BSLK pl at e
22 aqd eyl iR hERST RATRERBOLIDIS SYPRRYSIH, wHLACkch hOPRRIAR\ Bne

I dler rollers 32 rotatab

apparatus 10 al so i1 ncludes I ly affixed wthin the
chanber aletivpyrmpd 34e fakaiuglspoalosas tghrend ftoneFh2nbeleast Theh takid-ap racdP8Byr s

guide th bs e fromthe substrate_spopl .28A to ch el . 90 on drum 26
a1 r omeihane o felRE s g PSRk 7 PR Gl oSGy esaaeR Bt e o
spaci ng vehaindotdRakddisriveitsel W %r%ﬁﬁiﬂyingdﬂ 18fatioRA1lfBce 118 s@bdtiRLl esq webs
and the substrate from substrate spool  28A and nasklngémeb spool 28E to

channel gbe eebas rasaeddermeettclone.t by addidenugach dokveraree] 2pdo?8Q8Bd g8 i ake- up
maski ng ol .. 28F .res Lvely, 0] g R E ar S,, 10 further
Mholbiaes “SeERpRibis HeRRF MR Potior oo L8 By FBE SLBL Ry G
control | ihghbhisind@% 0 el ectrode 80 via ferrofluidic feedthrough 38. The
tenperature control system may be provided on apparatus 10 or alternatively

may be  MGOZHIHdch OS2 SRR WS 2RI 02 0 hderP aRy b dad-p s?%ﬁwﬁi@l@ﬂfa@t& syt em and
punped to apparatus 10 via conduits so long as the tenperaturé control
fluid is semecforaiddfaorrestprsmeni rom sagsetfes whidhhin furaineast aratky 180 be The

tenper at U, g conty oh SRL S IBK. Dsatr o £oaLs o et pde. 80884 s egded to
supply an er &t PEae ot ¢ h prop r‘tenpgpgfur%z?or éfcﬁlﬁg. I preferred
enbosli menixial tdrarkl £fPatdibly exteadihg Gonsyssh efd HSfirfn€ 9 gtoaRt iByaicammuUsi ng a

coolant (e.g., water, ethylene ) )
clongated member, in this case a substrate or web, is wrapped or wound. Each spool is
securably affixed to a rotatable stem sealably extending through back plate 22. In the case
of spools to be driven, the stem is mechanically connected to a motor 27 (e.g., a brushless
DC servo motor). In the case of non-driven spools, the spool is merely coupled in a
20 rotatable manner through a drive mechanism 29 to back plate 22 and may include a

tension mechanism to prevent slack.

[0088] RIE apparatus 10 also includes idler rollers 32 rotatably affixed within the chamber
and pump 34 fluidly connected to the chamber. The idler rollers guide the substrate from
the substrate spool 28A to channel 90 on drum 26 and from channel 90 to take-up

25 substrate spool 28B. In addition, where spacing webs and masking webs are used, idler
rollers 32 guide these webs and the substrate from substrate spool 28 A and masking web
spool 28E to channel 90 and from channel 90 to take-up substrate spool 28B and take-up

masking web spool 28F, respectively.

[0089] RIE apparatus 10 further includes a temperature control system for supplying
30 temperature controlling fluid to electrode 80 via ferrofluidic feedthrough 38. The

temperature control system may be provided on apparatus 10 or alternatively may be
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gl ycol, chloro fluorocarbons, hydrofluoroethers, and |iquefied gases (e.qg.,
liquid nitrogen)). [0090] RIE apparatus 10 al so i ncludes an evacuati on punp
fluidy csonettwesto evacuati on port(s) 70. This punp nmRETRS2@ENP22648€UUM
punp, such as a Roots blower, a 10turbo nol ecul ar punp, a diffusion punp,
or a cryopunp, capable of evacuating the chanmber. In addition, this punp
may be assisted or backed up by a nechani cal punP.‘The evacuati on punp nmay
be” provi deavided Eppar wpuatesyster admarpad te anmpratey | baa spedrigea lepg a thepar at e
system a i i t ahed,. . u 0 al so

i ncl udesn[gm?%ﬂﬁulugé %(Oéle@g?:ﬁfaﬁgg} g‘%éiﬁpgn?%ﬁ the{hfpgr%ggﬁgﬁ%é%%%\%s '1?1(1:%nt roller
t hat r egut@peasturdheortiolisybtans edytheatareadlecltdi@dt 80D as fs degtled tosupplyiad bei ng

punped into the chanber after evacuati.on thereqf The feeder y be provided
on appar aeﬁfi%m%ogﬁhe@rqpér FRRRC{RLYRS %?}Ckﬁég-pilbﬁ‘/l’@ e&sﬁﬂaboggb%égg system and

f1 ui gl . i @S, fuldid i
ui gdl'y Q%P&ﬁ{u@c&ﬁ’ro‘l B &H?s@@dolanwfsttéhngﬁ%ﬁ% ﬁﬁg@agﬂu@%., waibd ﬁﬂhglgﬁ@ $ hgr oper

volunetric rate or nmss ftlowrateto I'ng etchi

et chi ng gag@d, abémo iflucfagaidoox yyermfluarogthers, eid bauatied ghiesde.gnéguidar bon

20t etrafl uori de, carbontetrachl oride, perfluoronethane, perfluoroethane,
per f1 uor SPYYFANe, nitrogen trifluoride, sul fur hexafluoride, and methane.

M xt ures ases may be used advant ageously to ephance the etching
process. [ﬁé%@é}l%pea Bﬁalpij%?sm‘l Iy aearierioh euma THORECoRSSIAdo ol ectri cal | y

connect _e%vta&a%ﬁgglg@ 20.89ni¥ ip@m‘folzrgé;g{ I{Sé vak&ﬁrﬁ‘;ﬂﬁ}igyﬁgh alaqa&%swéw ce may

be provided on a atus 10 or ernativel e provi on a

sepHl at e tsxpstrestieania peingy & iffesidnypoom e etcedpuopt bepableed tvomieting theel ectri cal
termnal (as,shqwn i.n Fl 2). In any case, .t he power soyrce jsS any power
goner a1 HABPeE Ml neton Gis hin ay BEbra et Briymetr el SHEP pover
(See di scugSivafuatibh hamp may §0R83kHefbh BpMIRuA1 (Y 8F AR YatREIyRANEBe Srovidegs are

possi bl e, RF power is preferred. This is 30because the fredquency is high
enough t gsfageparatesestemiging Slusty senrepisd epthcaheiyerconf i gur ed power ed el ectr ode
but not high enough to create standing waves in the resulting plasma. WO
2011/ 109784PCTRIESDPArbt 326450 iRElupowefluid Sesier lpaditrmblyan the fphmedit mess (loivde

webs_or substrates, rapid . spe , n RF I.S..ysed, the negative
ool on ere SebR sl TRIERRTE e Ty B RERTEe hEid Bl iRaraS ower
source n Gt_ﬁéi cRenBes 8t KabiRgids %hetr&ff . 86 @ééd&ﬁmbjr 8s p%ideﬁ%n%&aﬁ&ﬂaﬁl@ de.orBecause
RF power is preferred, the remainder of this discussion wll focus

excl usi velligrahieelg omy B{100043d FhescREraposysicnsagr fbadiyonenestes tedhe 80 with a
fr equencyl"ﬂerfeé({%? s&paprlll § ﬂgfd ilol Tl(l)elproper volumetric rate or mass flow rate to the chamber
during etching. The etching gases can include oxygen, argon, chlorine, fluorine, carbon
20 tetrafluoride, carbontetrachloride, perfluoromethane, perfluoroethane, perfluoropropane,
nitrogen trifluoride, sulfur hexafluoride, and methane. Mixtures of gases may be used

advantageously to enhance the etching process.

[0092] RIE apparatus 10 also includes a power source electrically connected to electrode
80 via electrical terminal 30. The power source may be provided on apparatus 10 or

25 alternatively may be provided on a separate system and electrically connected to the
electrode via electrical terminal (as shown in FIG. 2). In any case, the power source is any
power generation or transmission system capable of supplying sufficient power. (See

discussion infra.).

[0093] Although a variety of power sources are possible, RF power is preferred. This is
30 because the frequency is high enough to form a self bias on an appropriately configured

powered electrode but not high enough to create standing waves in the resulting plasma.
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MHz to 50 MHz preferably 13. 56MHz or any whol e nunber (e.g., 1, 2, or 3)
mul tiple thereof This RF power as supplied to electrode 80 creates a plasm
fromthe Wyax01wthisa t he chanber. The RF power source camCihasaci1@Ee4gener at or
such as a 13.56 MHz oscillator connected to the el ectrode via a network
that acts to match the inpedance of the power 10supply with that of the
transm ssion line (which is usually 50 ohns resistive) so as to effectively

. Y. .
transm t BIFPYWGEP sqabbc o highcuput A iderveghs o sehsgatesi rapld yabopsgd)uyphen
applicati el I ' t ished. In a
TP ol A2 pSsrh uRAHe o Ui HAHE cErrod 18 A BRITR LB RIS,
t he pl asmepardiippwhtr ssurcsnaggdienatd t induckhlee nauagec biks 6 thewdddtrodt.oBdebdfe vol t s.
Thi s bi asi causes .ions within 15the plasma to. accelerate toward el ectrode
80. Accef'%é]g?wrds PEHETEh HWTF%IHQ?E‘?{}‘%@ skt itk gy S@@Br 88980 as is
described in nore detail below [0096] In operation, a full spool of
subst r at d0OPHNTRAHRIE RowerRIieg Pow ctiediqtioge 88 Withselreagney/idrthe rage pEdDAs spool

Frs. 1 a0 ShNEREpRRReE 1y SERRY LR U CHARNCROE it B EIF e et chi ng
occur s i nh&owdpefis REppact aeippbéd toldiccadde B0 oreatcan phaspiayrapdal gas svithast ened

opposite the substrate hol ding spool as_spool 28B so as _to functi as the
t ake- up stb%ehlaf%tfer-e?heel%%awa YHEC S8R E? AR RE gepergter Sygh ag %&%M%Cﬁ@mesi red

to cushi %nﬁ&@e(ﬁﬂdtf&f LR o ddWid GetWoRdingBa ! o4t RHNEipe $RRAE BF theBwdE! | Very
and/ or take-up spool can be provided as spools 28C aﬁd 28D 25(al t hough the

| ocHd i on sopplyhvatisthaiodfshé transhesspar inecwhach is ose@tliydisohsisawsistive) shes foi gures i s
not critical). Simlarly, if etching is.desired.in.a pattern or otherw se
port1al  farrely Btk Rhgonies FeSoee Sl ERuB ShiEn  nput spool ae. Spool
28E and an enpty spool |s positioned as. a take-up spool as spaool 28F.

[ 0098] Af[P%f?S]Mono%ppﬁﬁaél% Kspawarfio %twcfl%trpa%dbe Rlapas }Sa&S@Bhwﬁdmé%% lare

Pos 11 onagh pllif ARTIAREALS: R WL MG, bifisddFeRREUTL thaBhsARY THRSKI Ng
web to travg{a {her ew t% ar Ol}ﬁyget he esecgr o\%gs are woven or gt her wi se pul | ed
t hr ough tthas is getceallit io thhmnpakeSUpvolsed 3400 28ts. This biasing causes ions within

15 the plasma to accelerate toward electrode 80. Accelerating ions etch the article in contact

with electrode 80 as 1s described in more detail below.

[0096] In operation, a full spool of substrate upon which etching is desired is inserted over
the stem as spool 28A. Access to these spools is provided through lower door 18 since, in
FIGS. 1 and 2, the spools are located in lower compartment 58 while etching occurs in

20 upper compartment 56. In addition, an empty spool is fastened opposite the substrate
holding spool as spool 28B so as to function as the take-up spool after etching has

occurred.

[0097] If a spacer web is desired to cushion the substrate during winding or unwinding,
spacer web delivery and/or take-up spool can be provided as spools 28C and 28D

25 (although the location of the spools in the particular locations shown in the figures is not
critical). Similarly, if etching is desired in a pattern or otherwise partial manner, a
masking web can be positioned on an input spool as spool 28E and an empty spool is

positioned as a take-up spool as spool 28F.

[0098] After all of the spools with and without substrates or webs are positioned, the
30 substrate on which etching is to occur (and any masking web to travel therewith around

the electrode) are woven or otherwise pulled through the system to the take-up reels.
8-



WO 2011/ 109284PCT/ US2011/ 026454 Spacer webs general ly are not woven through
the system and instead separate fromthe substrate just before this step
and/ or arwoppuovioghsd j ust after this step. The substrat e PCI/UspEaiotd4sal | y

wr apped around el ectrode 80 in channel 90 thereby covering the exposed

el ectrode portion. The substrate is sufficiently taut to remain in contact
wth the electrode 5and to nove with the el ectrode as the el ectrode rotates
so a | engimcgiwabsgererallwaicogppagnsthroneddhe sstenppdingtaed wpaete o thor

et chi ng. i I : I i ocess
from one %ﬁ%&ﬁuﬂ% I{eqfﬁgﬁtéﬁéh%/tgﬁgﬁe%g%ﬁge@%t}sht?%gtﬂgs ???ﬁﬁép%%?#%ggg for

et chi ng apdciticalbrwapped driBundscls@alded0dh osanhe] DOMDSEDy Coanrberth@dxposedkvacuat ed

to renove all air and other inpurities. Once an etchant 10gas m xture is
punped i rﬁlwrm%?%lgeu58%alﬁ@ﬁa%wf%lflﬁeﬂﬁéﬁﬁa%rﬁwm g CPB’&&S/W‘?@’S&&CHOQ%
process ofy4q6 GidvBWith tHE cREHBRUR thSQUERRIckStaRS b Y Areth §uBLRYE A R8ysRE
electric field to electrode 80. This RF electric field causes the gas to
becone i aehetdwith dsuditdtiode ifor atdhend. oFtmatllowms e sebsplatestodewichhd inoms t her ei n.

This is specificall oduced usin . 5 oscillator, al.thpugh other
R sour caonhips pestebEg 05 et ShafhiBe Tk dfier Toreou iyt Sisch beRiob o ma has
been cr eai@fng ahd18get d8 18Gs Badsl d&cliage is created on el ectrode 80 by

continuing to power the electrode with RF power. This bias causes ions to

accel er atjgodqafthicpan 'fseévaléﬁh‘?&r fol}eMb @t 8flaif hﬁ&&(h@%ﬁ%&&.oﬁhﬁ&% Qéngt ectrode

80 (the remai'nder of the electrode 1s either 1nsulated or shielded). The
i on¥0 sel exs nirtuye istpomped ertortiteravrcunttdechiamibey|, Wier appsratuses diadp ér Isezth thikase) i n

the length of s trate ip.contact with 20channel .90 of el ectr 80

s ng_ dPSot ShFtng: £ RE FO e fursiel Ap R e, Brayidor BR QS FURg b of
subst r at &ledn@dd 8] R RIOAEHAL BRI ALSRItRgasit BedddfCoHR e RO EnAin8hdr i ven so
as to pull the substrate and any maski ng webs through the upper conpartnment

56 and oviermatjcactfagdesn8oviglviont dtereinc Khivgs erfectfivellymradugedoesing & 150 dHyz

unmasked SUBRE AP hONRE L CQNEAG (LD RA0RULAL Shgnnel 90, The
subst rat €°r's s Ut &dt r(%ugﬁ t uﬂﬁ%r ycorgpgrn% Fent > eont i nuousl y while a

cont i nuo field.is placed on the el ectrode .an fficlient reactive gas
"ot acarBolfarn ' sk aReRBSR Bt o § BOG2RMC Rin LS R b RECORY an
el ongat ed|subat R@bLE coﬁﬂﬁi%ﬁé%@? til disctent WitR it fS@N&U %ty BhEecaubdsabhd® does

not occur on the insul ated portions of the el ectrode nor does etching occur
el sewher eci¢lemtedowhuindbennc] Taonpmewletet cldstrodDpartipw)ed afedectodel 89 Gthe he pl asma

from being_di Ssi ed i.n the end.plates of. cyl indrical. el ectrode,
ar ounded S3PIEKITRE Bef Bl BN A B TR histucrd BB k8B B Y 66
and matrix material (versus the dispersed phase) in the length of substrate in contact with

20 channel 90 of electrode 80 causing anisotropic etching of the matrix material of on that

length of substrate.

[00101] For continuous etching, the take-up spools are driven so as to pull the
substrate and any masking webs through the upper compartment 56 and over electrode 80
so that etching of the matrix occurs on any unmasked substrate portions in contact with
25 annular channel 90. The substrate is thus pulled through the upper compartment
continuously while a continuous RF field is placed on the electrode and sufficient reactive
gas is present within the chamber. The result is a continuous etching on an elongated
substrate, and substantially only on the substrate. Etching does not occur on the insulated
portions of the electrode nor does etching occur elsewhere in the chamber. To prevent the
30 active power fed to the plasma from being dissipated in the end plates of the cylindrical

electrode, grounded dark space shields 86 and 88 can be used. Dark space shields 86 and

9.



WD 2011/ 109284PCT/ US2011/ 026454 88 can be of any shape, size, and materi al
that is conducive to the reduction of potential fouling. In the enbodi nent
shown i n WOGBII/T928ad 2, dark space shields 86 and 88 ar @Cwaisad11/0263§$ t hat
fit over drum 26 and the insulation thereon. Dark space shields 86 and 88
do not bias due to the insulative material that covers drum 26 in the areas
where dark 5space shields 86 and 88 contact drum 26. The dark space shiel ds

in this ri8rgnibeed aenssarmise andmeteapl tihﬁfclﬁ ewmaﬁéoawrééwﬁwe@é petsatdof

extendin r n n assi st
T al i gnitan i dndBEbHbe i@ i POSIHGT, TGS IpESe bR R

t enper at ungalconysrtivdt {8 pstrahrupuiitosdfthaindulbticrothgivoal Batk s;ﬂee SlclihBoagh®RIt t he
process tp ke the el ectr de at a.desired t e cally, this
201 nvor ve nagglas AYe foe Dl a@twf Hrahc et SHID Handbs %fﬁ%%@heraﬂ

al t hough (BEAI G4l S SRIT GRRRPAMRY 20 CTHERIK PLCE shibMsFHIFHi{ HiRRLiKS nce the

substrate 1s Iin direct contact wth the el ectrode, heat transfer fromthe
pl asma t enbvdirserts ont ke mqhxiermlvvage@ctl lend thgheoff hxtsnd:log kivay froysdrem 26 iner eby
al l owi ng the cotln sensj.ti.ve fi

1
ol yet hy "SHerEHEp o S D St D Lttt e e B 80 ¢ e
| et f th t th | b d f haf t
cuppor i 100 am §nel%r%f§ ARy 11 ‘FRBCLHES EPIIE SWHER PLUES SAHUNEQUEhCIGHEE ar t | ol e
thereon '8‘?) tBfbu H&thh%ﬁgc@sg% k& rtﬁ@g¥ct{r&fe a‘t'ﬁ%es&eg(%érgﬂérhﬁré 1@JY®OglﬁéTent S,

nano- structure arti s descr bed herein, the nano- structured article
conpdi se iamiivm cm)nhhg tlamcaodﬁmthamn‘{ahtaas deherﬂmdtalbowe aftbgughdwptingia same

20addi ti onal . c er to ve the articl roved. wat er and/ or
o1t epel Ry o s s e bl bt el so My MAEH e poot
treated (feclrode \Mehﬂraﬁf@fe@%kﬁ ihe s @ B ub§tRad ﬁ&ﬂéﬂagecﬂh@&@ tRREbolifgat ment s
may i ncl ude surface nodification to change the chemcal functional groups

t hat m ghsystoe, ﬁme@efr@ﬂlowmgtthQCMW@sxf terepaurtarcoiensigye filmes wepeosi ti on of thin

films that e h r f or,manc f t he nostructure. Surface
modi f i catfl c?her&l geg pglglilﬁ%% atnﬁé)oa?'t ?né'c nﬁélaPhtﬂaia{r)?Et hyl, fluoride, hydr oxyl ,

car bonyl oxyl , |Iano . . other functional oups.

Gonb oA Al eioRme IR < Shne b e spodedin RSB et SRR | | ve.
oxi de, cahRfifgippbit g'tﬁi&n oRkheOWA1ET THESBEiratk %ﬁlth%@ﬂaﬂdjﬁm%ﬁfré@%cﬁqgér%rpat' on
treatnment is ap I|e the density of the surface functional groups is high

due to theonap@é2§laraﬁémereadse@>r@se the anisotropically etched nano-structured
surface. Wien am ne 30functionality is used, biological agents such as
ant i bodi §601(g ot ei s, somndmbodymnss, uam-:hﬂlctured articles described herein, the nano-

structured article comprise additional layers. For example, the article may comprise an

20 additional fluorochemical layer to give the article improved water and/or oil repellency
properties. The nano-structured surface may also be post treated (e.g., with an additional
plasma treatment). Plasma post treatments may include surface modification to change the
chemical functional groups that might be present on the nanostructure or for the deposition
of thin films that enhance the performance of the nanostructure. Surface modification can

25 include the attachment of methyl, fluoride, hydroxyl, carbonyl, carboxyl, silanol, amine, or
other functional groups. The deposited thin films can include fluorocarbons, glass-like,
diamond-like, oxide, carbide, nitride, or other materials. When the surface modification
treatment is applied, the density of the surface functional groups is high due to the large
surface area of the anisotropically etched nano-structured surface. When amine

30 functionality is used, biological agents such as antibodies, proteins, and enzymes can be

casily grafted to the amine functional groups. When silanol functionality is used, silane
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easily grafted to the am ne functional groups. Wen silanol functionality
is used, silane WD 2011/109284PCT/ US2011/ 026454 chem stries can be easily
appl i ed twotbhe/198s- st ruct ured surface due to the high #emaiseer1026484 | anol
groups. Antimcrobial, easy-clean, and anti-fouling surface treatnents that
are based on silane chem stry are comercially available. Antim crobial
treatnments nmay i nclude quaternary anmoni um conpounds with silane end group.

Easy- cl eghepfirsraade sanly apabedigdhe peno-grusiusehsurfasa dre it the ighrlegsity of
Y > ; . |
pertiuor %thé/lfg:r(glg{s. A kA& op AN %%‘g@éﬂ ldf?gﬁ, g@%@%ﬁggﬁ@%ded&eaﬁﬁ@ha%&a“e

Anti-fouling ments may I’'ncl'ude po col silane. en thin
filnms ar éassbdsh sitahe skerhibiry afei domenderaigllp neailatie. addinicobédl trdathalntsimiy to t he

nanostructure or provide unique optical. effects. dependi ng upon the
refracti vgéipﬁﬁ%%t@?arvﬁ@mﬂl fPMpPURseY g yplerogp- MR FRIPRAIS nel ude
di anpnd- 1 kein LRARHRGR chiBbirireattARRY L héi ﬁﬂ%r@%?lpzét@&@iban@, mpgphous silicon,

silicon nitride, plasma polynerized si one al um num and copper.
[ 00105] Ndwsafftarapopylegcoarde (HFPO)ddstr: i bwdfdudingitieatozntserdy includone or nore

desirabl e pr rties such as,anti.refl ective, properties, |ight .absorbing

or oper t1 dSDRTaEephyaRr oBURr i My atey haR L SRS Ay Al ¢y,

15[ 00106]attionxadiRhislityl tb tikOHRoSARAHE BB plovidetun@ueWptisf @ ek ldegdnditigtupoalf the
nano- structured ani sotropic surface is about 50% or | ess than the surface

refl ecti vhe efigbtieminden ekthe dun Silinf Soecifing/pgs ebithivefibasmey inglude slpmeandtleke
co ri son.of rf.a r [tjes. rm " unt.reat ed r.f.ace’ ans the
SorPELe et RO AFEmBROREL LSS G ah B out LSRR Hh8E Sl 05

nanodi spejosgterpRasiicoasoil hturhiansr, aid tppur.ed surface of the invention 20to
which it is being conpared) but w thout a nano-structured anisotropic

surface. [HOML]G7] SomgaRoREiuIBN Hclky BERBDCRIPhICER cRhibRYEE 0PhokORkirde
conprising, for exanple, ink, encapsul ant, adhesive, or netal attached to

t he nano-mgepardessuel asmitsoflectipe proparticadight Fprorhing propertics.catifoggingan have
i nproved adhesi.on nano- st ruc ed ani sotropic surface of the

: : TORTe 1rntrovécpedh 1011 n(id 1, éllllll:[ s . .

i nventi o PHant 6" &R UntT eabRd"surface’ 25[ 00108] Conposi tes descri bed

her % : ar[SOH)S ful fPoorlr eggnqgl%? illjlssor?'l%%lnib%g}nile%r‘gss, the surface reflectivity of the nano-
structured anisotropic surface is about 50% or less than the surface reflectivity of an
untreated surface. As used herein with respect to comparison of surface properties, the
term “‘untreated surface” means the surface of an article comprising the same matrix

material and the same nanodispersed phase (as the nano-structured surface of the invention

20 to which it is being compared) but without a nano-structured anisotropic surface.

[00107] Some embodiments further comprise a layer or coating comprising, for
example, ink, encapsulant, adhesive, or metal attached to the nano-structured anisotropic
surface. The layer or coating can have improved adhesion to the nano-structured

anisotropic surface of the invention than to an untreated surface.

25 [00108] Composites described herein are useful for numerous applications
including electromagnetic shielding, transparent electrical circuit/antenna, touch panel,
transparent conducting electrodes in optoelectronic devices such as solar cells and flat
panel displays, surface heaters for automobile windows, low emissivity window, electro-
chromic window, camera lenses, mirrors, and static dissipation, as well as transparent heat

30 reflecting window materials for buildings, lamps, and solar collectors.
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i ncludi ng el ectromagnetic shielding, transparent electrical

circuit/antenna, touch panel, transparent conducting electrodes in

opt oel ectwonnt/weasdces such as solar cells and flat paneCTdissphageass surface
heaters for autonobile w ndows, |ow em ssivity wi ndow, electrochromc

wi ndow, canmera |enses, mrrors, and static dissipation, as well as
transparent heat 30reflecting wi ndow materials for buildings, |anps, and
sol ar collP@K9rs. KB 2chaws osdgaptycoseecctipw gy of apegoplErGdisglayhows a

schemat i ¢ qgr i V| . 1€ I i -1 uch as a LCD,
usi ng an la(t)ﬁt %hr%gfa ?gg“ttql\?’gg glﬁt%ll?wgpefgg |es%ﬁ§§§gaﬁ8@§%& n g[g%neznbodi ment, a
conposi t eniddirhae) aickespdsitan8parchnics tampacht semdoxtivderxidmtattdsubstatal @ 104

havi ng opposi n fi.rs;gl and secogd furfac S Wth an.ar]tir Iﬁctiv | ayer 106
di sposed IBRMERBPETNE rst &t Faeed o hew S0 Be PPEEoditg s OB iy o8|t
adhesi ve 08 sPOSRM s%t&ﬁ%nﬁ%g%gfg%ag@rcfléﬁ?@dl@si%hﬁ)§ﬁa§6s5@5§lthe%&drﬁinal ly a

rel ease liner (not shown) can to protect the optically clear
adhesi ve sarfdceofghesmsiratealOptiondty stedean licar{indteshaweicandeprsed cproteatthe

tirefl | ti .duri i d st . Ih ite 102 i
Chen | am el T adBueind P rdiaaeg Rt D icdt BT st P IASRY clear
adhesi ve dngirdfRcNd &fating @ﬂ[ﬁl@gﬁ?ro@és‘éfﬂﬁ'{aﬁé sthPPlecaThe THRPbIiRL W2WOiHER ldrdinkiegNn

assenbled to a liquid crystal nodule 112, typically, with an air gap 114
di sposed thetakse nubstreteadOisnelf thatthe wetierblytdleng adlrgivienein diepgt epnégoy sithitherodul e.

[ 00(%?10] Thefas(s) BBés%%leL\fém%h ?sath%rﬁgs%gr%b%g ttos a Elﬁ?}%il ctrrr}?s¥al %?odt‘ljl, eﬁﬁ]l j-, Py tic%‘lel PR G t

di scl osure preferably are ose ex an opti ansmni ssion of at

| east abaiiit ga00H diNposadEtictRe@N@E anttdflc@ivi@satingadndehofiqlie lcwtabdulc5% or even
| ower, as measured on a 25 15m croneter thick sanple in the matter

descri bedobeilqw i n T paEsaRPtSarsAREivs MRdaLy bhgscians ercaitseht dRAPILESI ON
Testing for optically clear adhesive. Suitable optically clear adhesives
may have ragfciablyaare ¢hqse dpe exhibis an ppiycab dragompuen of & ledst #bosbPP%esdirvesensi ti ve

| ayers, and may .be able 1o rele fromthe substrate by,stretching the
adbes: ve AP fun o Bl G ORRERs ohinuryes M REMIBYRE2S deser bed i

|11 ust r atrhi¢eorpéd thitklsympleda thek@attdteissorided bolehidehd Pasepldestioh kader the PCT
Pub. No. WO 2008/ 128073 (Everaerts et al.) relating.to antistatic optically
cl ear prddxgred Jepsmission EaHes fajopticalky clpgpdhospist iSuiablegptically clear

adhesives may have antistatic properties, may be compatible with corrosion sensitive
layers, and may be able to be released from the substrate by stretching the adhesive.
lustrative optically clear adhesives include those described in Illustrative optically clear

20 adhesives include those described in PCT Pub. No. WO 2008/128073 (Everaerts et al.)
relating to antistatic optically clear pressure sensitive adhesive; U.S. Pat. Application
Publication No. US 2009/0229732A1 (Determan et al.) relating to stretch releasing
optically clear adhesive; U.S. Pat. Application Publication No. US 2009/0087629
(Everaerts et al.) relating to indium tin oxide compatible optically clear adhesive; U.S.

25 Patent Application having Serial No. 12/181,667 (Everaerts et al.) relating to antistatic
optical constructions having optically transmissive adhesive; U.S. Patent Application
having Serial No. 12/538,948 (Everaerts et al.) relating to adhesives compatible with
corrosion sensitive layers; U.S. Provisional Patent Application No. 61/036,501 (Hamerski
et al.) relating to optically clear stretch release adhesive tape; and U.S. Provisional Patent

30 Application No.61/141,767 (Hamerski et al.) stretch release adhesive tape. In one

embodiment, the optically clear adhesive has a thickness of about 5 micrometer or less.

230



Publ i cati on No. US 2009/0229732A1 (Determan et al.) relating to stretch
rel easing optically clear adhesive; U S. Pat. Application Publication No.
US 2009/ 0we262%00MB¢er aerts et al.) relating to indi um tiPaTANR@8/0c@Fpati bl e
optically clear adhesive; U S. 25Patent Application having Serial No.

12/ 181,667 (Everaerts et al.) relating to antistatic opti cal constructions
havi ng optically transm ssive adhesive; U S. Patent i cati on having
Serial Nd00hH/538, éngomExﬁéxbaélme@tSetlarm-styucwpcaﬁﬁtlﬁﬁs ldéscﬁgﬁ@ag‘?r@é‘sfuﬁb%ati bl e
with corrgd V. A\RR

61/ 036, 50%ﬁj ?rg(rﬁs &h ngrlp@ﬁ%% %ty §t§netg§}92ﬁa§§ﬁnﬁ@-{ gﬂgr St rhtlt)lﬁgﬁr eﬁnease
adhesi ve d@m@edamd ctdsﬁmkﬁ’ole\rmanmnahpmhgmttlewép@bf maki(@othNerddke 141, 767

(Hanmer ski et tretch | ease adhesiye ta one enbodi nent, the
opti cal | Y5 eé‘;'fF egawé UPEPHR e& iiihaRh @8 silgranggiich ’Slch‘lgﬁsrl?}ﬁ%‘fs&r or less. WO

20114 109%%@5’1 el‘&%@&gyf)%@rc[a@l Ja%%})a!rtr)}ﬁt}er RQUIE: r&IPOLAL IR Fial S\@fHcal uct ur ed

articles d I bed herein furth a hardcoat conprising at | east
one of Si r@&maértmmfltarddoets”)anaib@@sedaﬂ dpanatrlaloess dicgpporsatiof the anatrix.

crosslinkable matri x risin t.le one cr

ol yest ersuen g ais 1eE Bt SRt Rt s ey olit EPmra i ehe Fes

bl ends oryndeoeaRisidlagse GPERMTEW" and ﬁfoﬁ\l\ilbﬂl&hl\% Pdrﬂﬁhﬂnde%ht@n&l@s ed
materials (typi calg‘%/ referred to as "hardcoats"” ) may be used as the matrix

or as a éﬁ( u erttllrﬁetraré@tdemgnatwc RMYHESr Addgionalty, saemmereial ageiileblsl e from
orni a in e rade designati on
" PE NE\)QIano ?‘tlled a%)X or r%laal%ﬁ%os al[abi fs?m%ﬁ %lgﬁeﬁl,%% under the

trade de&G@@ﬁh’aclﬁﬂi} qu%/iriﬁ;undﬁddb tradm@ésignan@ﬁsrfmmoe:imwmi‘M@NQPOX”.
10nanoparticle filled matrix may be used, such as those available from

Nanor esi nooAG] CeesA hpgdttallFendid Mﬂcﬁlﬁfé%nﬁaﬁﬁng had€o EifrhgRatH AnBoseNANOCRYL"
and " NANOPDX" . EOOllZ] Addi t1 ona nanoparti cul ate contai ni ng hardcoat

filns, suohilake rhmsﬁoraw &dwmeé Films rﬁdrdptgy Tatyadersd, Frdarghedmde designationokyo,
under” t he T 1500 CHUTGR S on Toar ek TRen s e iR PBRERIR Yt - oy Sony
Chens cal HARBOGETEDMLMSIPOREPDIap@m Sony Chemical & Device Corp., Tokyo, Japan,

under the trade designation “SONY OPTICAL FILM”; from SKC Haas, Seoul, Korea,

under the trade designation “HARDCOATED FILM”; and from Tekra Corp., Milwaukee,

WI, under the trade designation “TERRAPPIN G FILM”, may be used as the matrix or a

component of the matrix.

20 [00113] In one exemplary process the hardcoat, provided in liquid form, is coated
on to a first surface of the transparent conductive oxide (TCO)-coated substrate.
Depending on the chemistry of the hardcoat, the liquid is cured or dried to form a dry AR
layer on the substrate. The hardcoated transparent conductive oxide (TCO)-coated
substrate is then processed through the reactive ion etching (RIE) process described above

25 using, in one exemplary method, the apparatus described in FIG. 1. In addition to
exhibiting desirable properties including antireflective properties and antifogging
properties described above, the RIE process also minimizes the undesirable phenomenon
of iridescence (also referred to as “interference fringes”). The difference between the
refractive index of the functional layer and the hardcoat layer can cause the phenomenon

30 of iridescence, which occurs when external light incident on the hardcoat layer is reflected
to produce rainbow-like colors. The iridescence is highly undesirable in a display

application as it will obstruct the image on the display.
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under the trade designation "SONY OPTICAL FILM'; from SKC Haas, Seoul,
Korea, under the trade designation "HARDCOATED FILM'; and from Tekra Corp.
M | waukeewowbi1/uomser the trade designati on "TERRAPPI N GPEIUSR¢11/0645be used
as the matrix or a conponent of the matrix. 20[00113]1n one exenplary
process the hardcoat, provided in liquid form is coated on to a first
surface of the transparent conductive oxide (TCO)-coated substrate.

Dependi nd08hl4lhe chWhilgpeme geilledyia thapd b tricd fraddrepsithe iridescgpesddlor dried to
forma dr . t . : >onducti ve
oxi de- ( Ty htne PR HRR Rk fRe MR R alh  RERALER SN

et chi ng (WRhEghaplengieg o plestlialbathnabibyefRbaséaigtwean anecfexeophar y nmet hod, the
apparatus.gescribeabin FI G %. I n aﬂgition to eigibitingﬁgesiragle

proper t | d84FS9ERGAY HYAuRREr MarTlendth PulHryBSPrings. ShePmane PR opdber ti es
descs i bed YR, (NGETFeRS LEPRIA RO rdTl g A6 thogirRAPSITRRk AoRfRgENON

of iTtidescence (also referred to as "interference fringes"). e difference

bet ween tthesuréfce dytei vEthe trdespacdnt térelutuveeNidn@lCO rymitedandistrdte chraedietht | ayer

can cause the phe on 30of, iridescence ich occurs en external |ight
et dont TBHOTRECIR AMGE Baidepsty which 4 BEF el b SaEk e s RBAIBI ke col ors.
The iri desERNGR; dx@cliérdbhtreHlBARSIpiaiRlEesiald dnifingdd iddesédel | ipdth@n as it wil|
obstruct the inmage on the display. -33- WO 2011/ 109284PCT/ US2011/ 026454

[ 00114] Weinthwdgaenss ekthis| diselosura, henapertioles\e gt, Zrednangpadigres seant iscuspd tadescence

by Rt chiyg, (RG.ARLLAGY 8¢ LOGEY Petwsen thecbungtlonalialaxereand goat i ng
formul ations. it 4 very c a?ﬁeﬁg|ng 0 prOV|8e a°baranéed performance

bet ween ah¢ funefibietldyen Bidrchulicdesaedagicld dffer GheR IFEprovay diselogédhdruint i | ayer
coatings. In.sonme enbodinents of this 5disclosure, the RIE process can
reduce t HEhbérqxeelion antire detiva @rencrtios ppa Migial Hides¢areer f ace of the surface

| ayer of the transparent conductive oxide (TCO)-coated substrate coated

wi t h nandpalidlcl e flplahetehemblsvaent, thisinghodispersgd whasschan &s etched pvidesisgnce to
achi eve a4l s and .m ni m

aver exhibiti xcell ent antirefl ecti r rti
M oec ot th 8iinh Rhid- N UERHdrilho PRI i Yt MRl £ cBfEa™ 0 T

Zr 085 nancu@anﬁih%baﬁh REog lidgieehl ROE ety alck@fveaabbwee bitdaig @éhiggat i ng
matri x of the hardcoat to substantiallé mat ch that of the functional |ayer.
The r esulsekgtiadaodavaictshangthg pprqdisngeseRplass rabestiay thedpygs - qdidei n exhi bi t

| | ent - i I m ni Iri [100115] |
anot her | Sobor e bl 46 B RACK AR, R B o BRI i ng. pl asma
to forma nano-structured (or nano-porous) surface. This nethod can be

carried

-Exemplary Embodiments

20 1. A composite comprising:
a substrate having and second, generally opposed major surfaces;
a first functional layer having first and second, generally opposed major
surfaces, wherein the first major surface of the first functional layer is disposed on the first
major surface of the substrate, and wherein the first functional layer is at least one of a
25 transparent conductive layer or a gas barrier layer; and
a first nano-structured article disposed on the second major surface of the
first functional layer, the first nano-structured article comprising a first matrix and a first

nano-scale dispersed phase, and having a first random nano-structured anisotropic surface.

30 2. The composite of embodiment 1, wherein the first functional layer is a gas barrier

layer.
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150ut using planar RIE or cylindrical RIE essentially as descri bed above,
but using etching selectivity to favor etching the nanodi spersed phase

rat her thasio2phetomseri x (i.e., by selecting gases that ePCh/useepoeasd phase
material rather than the matrix material). -Exenplary Enbodi nents 201. A
conposite conprising: a substrate having and second, generally opposed
maj or surfaces; a first functional |ayer having first and
second, generally opposed major surfaces, wherein the first mgjor surface
of the fiyst fgncti - i % n I |, QF of the
substr at e3,r' an V\/ncteolrngjl%%ﬁ? hg&ﬁe{ gﬁlbﬁ %%%@? gg)él(% ﬂf&g@%ﬁ :[hg S%P {%gtgotﬁg%a&%gg a

25t r ans pdirettransparchitcondectivayser.or a gas barrier |ayer; and a
first nano-structured article disposed on the second maj or surface of the
first functional |ayer, the first nano-structured article conprising a
firss migix and Gbdiit draRfoAEALR HiREER e RASEanspRth NHANG}R St
random nano-structured ani sotropic surface. 302. The conposite of enbodi nent
1, wher eiincluthes dondsitive mmtdriabmad piteye arrangemegbs ibsandomty dragreed. WO

2011/ 109284PCT/ US2011/ 026454 3. The conposite of either enbodinment 1 or 2,
wherein the first functional layer is a first transparent conductive |ayer.
54. The coyrpositi @bmBshRdbiBMy Brcc¥diff edmbddi@edtl Neherdih 2P &rR NrakpASHCt | Ve
| ayer includes conductive matéerial in a pattern arrangenent or is randomy
ar r anged.conductiye 19yps eoompyss flestgfanaparer eanduéting exido d¢-gerrompiiageing ehe

firss tr ApaRALSNOBONAAAINS L AYRLFAOREA SE8C] T rst transparent conductive
oxi de (e.g., conprising one o um num doped zinc oxide or tin doped

i ndium oxide). 6. The conposite of any precedi ng enbodi ment, wherein the
first transparent conductive |layer conprises first transparent conductive
met al . 6. The composite of any preceding embodiment, wherein the first transparent

conductive layer comprises first transparent conductive metal.

15 7. The composite of any preceding embodiment, wherein the first transparent

conductive layer comprises first transparent conductive polymer.

8. The composite of any preceding embodiment, wherein the first transparent
conductive layer is a gas barrier layer.

20
9. The composite of any preceding embodiment, wherein the first nano-structured
article comprises in a range from 0.5 to 41 (in some embodiments, 1 to 20, or even 2 to
20) percent by volume of the first nano-scale dispersed phase, based on the total volume of
the first nano-structured article.

25
10.  The composite of any preceding embodiment, wherein the first nano-scale
dispersed phase comprises at least one of SiO, nanoparticles, ZrO; nanoparticles, TiO;
nanoparticles, ZnO nanoparticles, Al,O3 nanoparticles, calcium carbonate nanoparticles,
magnesium silicate nanoparticles, indium tin oxide nanoparticles, antimony tin oxide

30 nanoparticles, poly(tetrafluoroethylene) nanoparticles, or carbon nanoparticles.
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157. The conposite of any precedi ng enbodi ment, wherein the first
transparent conductive |ayer conprises first transparent conductive

pol yrmer. WOThe/logmsposit e of any precedi ng enbodi ment, WRETAISR01LIOR6464 r St
transparent conductive layer is a gas barrier layer. 20 9. The conposite
of any preceding enbodinent mherein the first nano-structured article
conprises in a range from to 41 (in sone enbodi nents, 1 to 20, or even

2 to 20) Percerhe Wmélltw&r@l?odﬂrﬁ@mfhos wheisthibe senonarinlesdite firsp Rareescalsas ed
on the t nano-structured article. 25 10. The
corrpositgﬁﬁlfm\é8 H%%é@%dhggeeﬁgﬁﬁmhent wherein the first nano-scale

di spersed phase conprises at |east one of Si02 nanoparticles, Zr02
nanoparticles, Ti Q2 napoparticles, ZnO nanopart cl es 203 nanoparti cl es,

cal ci um bor?%ﬁeecqli%l’ﬁ’é‘é%f’? AeY ggeceﬁg%ﬁg@p Rt Viedpe th%ﬁlléﬁa%‘t}’lélcé PISTi um
tin oxi de HANARAA thhfbes e%ntmapf@t@e){ thade Wbﬂ)‘:s‘s ﬁgﬁﬁg%%atsi GAESF the following
poly(tetrafluoroethylene nanoparti cl es, carbon nanoparticles. WO

2011/ 109mmfﬂ(alsﬁmammwhl(mtm)acmetecpﬁpmm epoxfy, Budropidlment, ut@hangher ei n

t he nanopqrtlcges of the first nano-scal e di spersed phase are surface
nodi fi ed.>"°¥¥'®) The conposite of any preceding embodi ment, wherein the first
matrix conprises 5 cross-linked material (e.g., material nade by
cross-linking at |east one of the follow ng cross- | i nkabl e material s

mul ti (metld) ac ﬂ;heaQOénpqsm pésue prece@mwmbbﬂmmn@p@wmrthe dirstrnatris coprises

si | gq ane)the lastlcb emg%ﬁ?gif: It%e Qornﬁ {1? CE‘,[C? tn%ngn?f) dthge Poﬁlbw%%e;p% rplrnérts | east

fir i'ses ér nopt a ter A

one of th@lio@fﬂo@waengomhyﬂmrcsylateoweyaﬁao g, sﬂ@ka{enﬁlmbbo@@rwﬁ@,t @rethane,
pol yester, nylon, siloxane, fluoropolyner, urethane, cyclic olefin

copol ymercychi¢ plsfiacapalymer, fiacsiaes Ceélﬂlod?’a)érd%%ﬂ@e cellylpsedse).  14. The
conposite of any precedi ng enbodi nent, wherein the first nano-structured
15article conprises a first m crostructured surface having the first
nano- st r ulelt ur echeacors@isitopif anguprbecling brebediment, wherein the first nano-structured

15 article comprises a first microstructured surface having the first nano-structured

anisotropic surface thereon.

15.  The composite of any preceding embodiment, wherein the first matrix comprises

an alloy or a solid solution.

20
16.  The composite of any preceding embodiment, wherein the first nano-structured
article has a difference in refractive index in all direction of less than 0.05.
17.  The composite of any preceding embodiment, wherein between the first nano-
25 structured article and the first functional layer there is a difference in refractive index of

less than 0.5 (in some embodiments, less than 0.25, or even less than 0.1).
18.  The composite of any preceding embodiment, wherein the first nano-structured

anisotropic surface has a percent reflection of less than 2% (in some embodiments, less

30 than 1.5%, 1.25%, 1%, 0.75%, 0.5%, or even less than 0.25%).
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15. The conposite of any precedi ng enbodi ment, wherein the first matrix
conprises an alloy or a solid solution. 20 16. The conposite of any
pr ecedi ngvortbudiomsat , wherein the first nano-struct ur edPamitiSecoia/obas4 a
difference in refractive index in all direction of less than 0.05. 17. The
conposite of any precedi ng enbodi nent, wherein between the first nano-
2bstructured article and the first functl onal |ayer there is a difference
in refradt ve Thedeormnesits elsanytMegedmesmbadinegiewbesBdcHasitnce theygh thedyso. 25,
or even laﬁ?s% rbﬁl%“m ot Surface is 1&s tH{H€480 @P‘Qéﬂlé%n%fod tdorseﬁe?%”gr Q&Uﬂol‘éhs”e”t
wherein the | St nano-structured ani sotropic surface has a percent
refl ecti gharot.2b%3s than 2% (in sonme enbodi nents, |ess 30than 1.5% 1.25%
1% 0.75% 0.5% or even less than 0.25%. WO 2011/109284PCT/ US2011/ 026454
19. The conposite of any preceding enbodi ment, wherein reflectance thr ough
the §irstypani r tggy{b @,Hg,q
3% f§2% OeraeVZ%{eéB éﬁ) Flggﬂpigy?%ééeaﬁ%zég% ‘Iddgﬁingrrposffkgq g(()% Hagﬁ@%fﬁgrc ec
enbodi nereast ooerpf S@zrnganapduapkds oatZrGD nmqpsrtwg:sailsﬁe@aé tin @rmoxshnlabwmatrlx
nanoparticl es. or{é 02 nanap H tﬁ%fdls ed in acr SS|II’llkab e trix
conpri si @R *"e eaé%%? T %ﬁ%er PO Y STEMOEPTx I thane,
f 1 uor opol y¢¥Béxandr €t hane, or sil oxane. 1021 The conposite of any preceding
enbodi ment, wherein substrate is a polarizer (e.g., a reflective polarizer
or an absorptive polarizer. 22. The conposite of any pr ecedi ng enbodi nent,
furM‘n er %rrprl Ien&m teo an%lk r!:c!e {H§dln%st%(a§ dnion t?atte 1sa 0? rlzer ?e
nano- st r uct ur ed ani 80 ropi c urtace.
enbodi ment sfldctive &&xlzémﬂdﬁ%s@pﬁwp@laﬂ@ran opti caI I y cI ear adhe5| ve
di sposed on the second surface of the substrate, the optically clear
adhesi ve having at |least 90%transm ssion in visible |ight and | ess than
of° g 2oza aphe CAMRRRMRiObr BRPALLARRY cfiBoditht g QWRLHEHQS ol At face
disposed on the first random nano-structured anisotropic major surface.

gol’ny of

15
23.  The composite of any of embodiments 1 to 22, further comprising an optically
clear adhesive disposed on the second surface of the substrate, the optically clear adhesive

having at least 90% transmission in visible light and less than 5%.

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

substrate, polarizer substrate, or touch sensor attached to the optically clear adhesive.

25.  The composite of embodiment 23, further comprising a release liner disposed on
the second major surface of the optically clear adhesive.
25
26.  The composite of any of embodiments 1 to 22, further comprising:
a second functional layer having first and second, generally opposed major
surfaces, wherein the first major surface of the second functional layer is disposed on the
second major surface of the substrate, wherein the second functional layer is one of a
30 transparent conductive layer or a gas barrier layer; and
a second nano-structured article disposed on the second major surface of

the second functional layer, the second nano-structured article comprising a second matrix

-37-



substrate, polarizer substrate, or touch sensor attached to the optically
cl ear adhesive. 25. The conposite of enbodi nent 23, further conprising a
rel ease Iwoeniidiogysesed on t he second nmmj or surface of tIRETASRIIGARI4F4 Cl ear
adhesive. 25 26. The conposite of any of enbodinents 1 to 22, further
conpri si ng: a second functional |ayer having first and second,
general |y opposed maj or surfaces, wherein the first major surface of the
second f €t tasand mayescale dispersers abissnancth Bayag gnwcony Bnden 1mesigEtur gl
substratgmigﬂggﬁgﬂﬁﬂgp second functional layer is one of a 30transparent
conductivefﬁay r or a gas barrier layer; and a second
nano-structured article disposed on the second major surface of the second
functiong]_ |ayer, the secand nano-structured article conprising a second
Tt T x W3 7201 1/PE0RSIRSET AUSDIITIE 26 VAR, tiiosesAnd fuprdoRelle grdﬁssﬁog%%ed
phase, ang.havipg a second random nano-structured ani sotropic surface. 27
The conposite of enbodi nent 26, wherein the second functional |ayer is a
gas Sbarrier layer. 28. The conposite of either enbodi nent 26 or 27,

wherein the second functional |ayer. is second transparent.conduciive
Maver. 1095 Trivegmsst o ORee il meR: 8 T O Rbeld A IRRE SR RN PR S ent
conduct i Vigakayat tlaf§latdesoRoduciyme material in a pattern arrangement or
is randomy arranged. 30. The conposite of any of enbodi nents 26 to 29,

wherein the second transparent conductive |ayer conprises second

trapsparent copductive. oxi d gﬁ. neCOMRIEsing one . of 15al um pum d d zinc
oxi de orejt@i‘ n oﬁec(?%}pr? iteu?rf:eo%o eI}l.gnt 2§1W it tltlzlce)?’f%cooglﬁtt%ns §e§1rt13%/0%£wg17 %gfgrment S

26 to 30,invhésaiondiidie e segatd id 4 paspR heiigcaRACLIGE Fandomdy &frargedpr i ses first
transparent conductive netal. 2032. The conposite of any of enbodi nents 26
to 31, wherein the second transparent conductive |ayer conprises second

transpar e Coﬂfé;ué\otnilﬁ/oﬁitg %k%ﬁ? 'of embodiments 26 to 29, wherein the second transparent

conductive layer comprises second transparent conductive oxide (e.g., comprising one of

15 aluminum doped zinc oxide or tin doped indium oxide).

31.  The composite of any of embodiments 26 to 30, wherein the second transparent

conductive layer comprises first transparent conductive metal.

20 32.  The composite of any of embodiments 26 to 31, wherein the second transparent

conductive layer comprises second transparent conductive polymer.

33.  The composite of any of embodiments 26 to 32, wherein the second transparent

conductive layer is a gas barrier layer.

25
34.  The composite of any of embodiments 26 to 33, wherein the second nano-
structured article comprises in a range from 0.5 to 41 (in some embodiments, 1 to 20, or
even 2 to 10) percent by volume of the second nano-scale dispersed phase, based on the
total volume of the second nano-structured article.

30

35.  The composite of any of embodiments 26 to 34, wherein the second nano-scale

dispersed phase comprises at least one of SiO, nanoparticles, ZrO, nanoparticles, TiO;
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33. The conposite of any of enbodinents 26 to 32, wherein the second
transparent conductive |layer is a gas barrier |ayer. 34. The
conposi t ewofR20aw9asft enbodi ments 26 to 33, wherein the s@CTAS201A/006454
structured article conprises in a range fromO0.5 to 41 (in sone

enbodi nents, 1 to 20, or even 2 to 10) percent by volune of the second
nano-scal e di spersed phase, based on the total volune of the second

nano- st r U¥nPpasEclay. thCF a@anopgiclesh Al mivgepriiclss, SHGIUBT CAEPRIGE RERPArtizESy o 34,
wherein t n S S

Si 02 nanotg% t%lg}lg gﬂl@%@ 81&&%8@%‘%0%% tilﬁg u?r? qln_l_lg%gg \)%98&%{1&8?, éﬂftlnho%? fin CH;'(?d
2011/1092&4&@%&@82@mmﬂ@ﬂ&mﬁﬁoaaﬁemanmnm@mﬁdaznﬁbmhmnmampmeksq Al 203
nanoparticl es, cal cium carbonate nanoparticles, nmagnesiumsilicate
nanoparticles, indiumtin oxide nanoparticles, antinony tin oxide

nanopar i es iRl tioShe 8f LBb@elAYbS r\@ﬂer&mﬁmaﬁdp%hﬁ%s A'thE BERAR nano-
nanoparti cl es he conposite of di nent wher el n
nanopartncMeﬁnmémeépmse@Uﬂ@umammwdébdle dlspersed phase are surface

nodi fied. 37. The conposite of any of enbodiments 26 to 36, wherein the
second matri x conprises cross-linked material (e.g., material nade by
cross- i ng Ble taapdsitensr ey i erdfdahé@ 2Bgte B3OS Svhlctdik ald @cdBhldemia xS

mul ti (meth)acryl ate, polyester, epoxy, fluoro olyner ur et hane, or

si | oxane)compBiges quees- h@fﬁéd‘gﬁt?@alo(fe garmaf@flalembéﬁdgmmss lingingept 3qast @he pbithe t he

secapd T KaoTRLLEAS S SHIRR: SUHGAIBERIAL Mt SRR EBbpRmd-e2s

po ycar acry
poIyestenumnmkgﬁrm&khmxane quoroponner, uret hane, cyclic olefin
copolynmer, triacetate cellul ose, or diacrylate cellul ose). 39. The

conposite of any of enbodinents 26 to 38, wherein the second

nano- str tureﬂlag §$s‘ﬁeu&”gﬁ Serfbddihdhts B 6C{o°§t7r%tekbﬁr?%é§é$o%§1ﬁréﬁﬁ1‘éé ng

t he second nano-2 uct nlsotroplc surface thereon
conp05|tamﬁmnaﬁwhmmuqmbmdmmmﬂﬁﬂ(é@ bmmﬁﬁ$n@hekaumnthéﬂ&ﬁbﬂaﬂhmgﬂﬂﬁmax

co i ses IIo id solution. 2541. The conposite of an
enbngé. oD o epop a0l g hecr e P B TRt S SK G P EROR e IS o
di f f er encgclidolefh a1y MEr, tiftettd &b1@ldse, Ur UReHIAB Ofiulb&ss than 0. 05.

39.  The composite of any of embodiments 26 to 38, wherein the second nano-
structured article comprises a first microstructured surface having the second nano-

20 structured anisotropic surface thereon.

40.  The composite of any of embodiments 26 to 39, wherein the second matrix

comprises an alloy or a solid solution.

25 41.  The composite of any of embodiments 26 to 40, wherein the second nano-

structured article has a difference in refractive index in all direction of less than 0.05.
42.  The composite of any of embodiments 26 to 41, wherein between the second nano-

structured article and second functional layer there is a difference in refractive index of

30 less than 0.5 (in some embodiments, less than 0.25, or even less than 0.1.
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42. The conposite of any of enbodinents 26 to 41, wherein between the second
nano- structured article and second functional |ayer there is a

di f f er enc®Oi201v®Pa8acti ve i ndex of 30l ess than 0.5 (in s@cE/USpbomRednt s,

| ess than 0.25, or even less than 0.1. WD 2011/ 109284PCT/ US2011/ 026454

43. The conposite of any of enbodinments 26 to 42, wherein the first

nano- structured anrsotroprc surface has a ercent reflection of | ess than
2% (i n sd¥e enbdBdiomtesic of axsof prabodimsnts 26, tszﬁ% whegeirpthegust grngefrugiured, en

| ess tha e, S erein
reflecta%cQS aﬁ?%ugﬁ%%%gmge@%ﬁ%aéﬁﬁgggﬁdgﬁ%ahggg?pgﬁbgggg<?§&¥%§gﬁ%h%%p496

(i n sone tearbbdvaye 2%, 13800.75%, 005%emerveh &ss thiah@2526)25% . 45. The conposite
of any of enbodinents 26 to 44, conprising a hardcoat conprising 10 at

| east one of Si02 nanoparticles or Zr02 nanoparticles dispersed in a

cross! i nkab! € TR LiposAEBF L) BY citbodifRtls R0 o] \MLih (BRLRET LS the

pol yester, epoxy, fluoropolymer, urethane, or | oxane. . The conposite
of any ofseetntd(mlmsmnps got surkkse i lgss then 4%)@]9 smrm: nglbadlpreatsnﬂ%k 2%GPor kvan

di sposed .0 E random nano-structured ani sotropic maj or surface. 47.
The conpd§$& mbt é ; of enbodinents 1 to 22, further conprising:

a second nano-structured article having first and second, generally opposed
maj or surfaces, wherein the first major surface of the second

nano- st r it ur éhearompebiec plamyiginhed saentH 6 théd, §é@@ﬁﬂm§1§j hgrdosatr <foemélsmg t he
Zggﬁs r 2tGCOnet Qtﬁo&tﬁégo&%ng Il"l]aafln ar%lcfeg%% Er dna%%}aar%&l%ﬁalsgg 1nsagcg§snsgﬁlgﬁ) I‘}XrI X
nano- st r uehipiiethgasilet (BIQFUmeSlti(rﬁaﬁ)%tc@ﬂaté i)z ovs) rtqborasa,r florspolfrace u&f[hafnbe
second nano- structured article; and a second functional |ayer having first
and secorfd silepeter al |y opposed major 25 surfaces, wherein the first najor
surface of the second functional |ayer is drsposed on the second nmj or
surface of the second nano-structured article, and wherein the second
functionam Iay@wrﬁmqasﬁé@é&hy@ﬁ&mﬁb&nwmmaépaﬂémﬁnd&mduﬁ@ﬁmﬁghﬁpﬂ%mmm;a gas

D e ety o % 0RO Bi P IRl Ll e Second

47.  The composite of any of embodiments 1 to 22, further comprising:
a second nano-structured article having first and second, generally opposed
major surfaces, wherein the first major surface of the second nano-structured article is
20 disposed on the second major surface of the substrate, the second nano-structured article
comprising a second matrix and a second nano-scale dispersed phase, and having a second
random nano-structured anisotropic surface at the second major surface of the second
nano-structured article; and
a second functional layer having first and second, generally opposed major
25 surfaces, wherein the first major surface of the second functional layer is disposed on the

second major surface of the second nano-structured article, and wherein the second

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

48.  The composite of embodiment 47, wherein the second functional layer is a gas

30 barrier layer.
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WO 2011/ 109284PCT/ US2011/ 026454 49. The conposite of either enbodi nent 47
or 48, wherein the second functional |ayer is a second transparent
conduct i WeOI2a11¢10928450. The conposite of enbodi nent 49, WwoEASRL1P@S$econd
transparent conductive |ayer 5includes conductive material in a pattern
arrangenment or is randomly arranged. 51. The conposite of any of

enbodi nents 47 to 50, wherein the second transparent conductive | ayer

conpri sessec ' ' ' 0 ren |

i se?Isecoly aonursikapitthcr enbedincyet b He Wherqin thesspend finetiprghbyer

al um num; i i ] ed indiumoxide). 10 52. The conposite
of any o#ggﬁgggﬁ#%ﬁg%ﬁﬁgg?gﬁf§%@€g§$ein t he second transparent conductive

| ayer conprises first transparent conductive netal. 53. The conposite of

any of enhodi nents 47 to 52, wherein the second transparent 15cqonductive
| ayer cogéri s edIeoEmRgE oAt 4§owgafém {6 Srong i sparah congtiEs gsite
of agy ofj QURQUABMS ¢ Matdrfl Aa pRSH Sirkh Je ARG R IbHANSPMEA! conductive

| ayer is a gas barrier |ayer. 2855.The conposite of any of "enbodi nents 47
to 54, wherein the second nano- structured article conprises in a range

fromO0.5 10 4 in so enbodi nents,..1 to r _even to 10 ercent by
Vol une. ofS It he WECHINRRG! aahiok cavepivsby gl i Rufencedit! vBRRRD0! uire
of the seeadsttRandycs chehﬁﬁ%s%c&fdt tr&sParcRORMII AR CCONROR.E. Ecdthprig &ic of
enbodi ments 47 to 55, erein the second nano-scal e di spersed phase

conpr i segleminugadnped mrmcekidsiaqy2intippop mdiung prisle). Zr 02 nanoparticles, Ti Q2
nangparticles, ZnO nanoparticles, Al 203 nanoparticles, calcium carbonate
nanoparticles, nmagnesiumsilicate nanoparticles, indiumtin oxide
nanopartisd es,THN¢oniRite bf AnPXif dtbodime@dy 47 ¢b 63, whelein( thetseadddueimpidnd ene)
nanoparticl es,. or carbon nanoparticles. 30 57. The conposite of enbodi nent
56, wher SORdUANE haishpRAPPIISS digst Grnnseens seshigtiviamstal.scal e di spersed phase are
surface nodified.

53.  The composite of any of embodiments 47 to 52, wherein the second transparent
15 conductive layer comprises second transparent conductive polymer.
54.  The composite of any of embodiments 47 to 53, wherein the second transparent

conductive layer is a gas barrier layer.

20 55.  The composite of any of embodiments 47 to 54, wherein the second nano-
structured article comprises in a range from 0.5 to 41 (in some embodiments, 1 to 20, or
even 2 to 10) percent by volume of the second nano-scale dispersed phase, based on the

total volume of the second nano-structured article.

25 56.  The composite of any of embodiments 47 to 55, wherein the second nano-scale
dispersed phase comprises at least one of SiO, nanoparticles, ZrO, nanoparticles, TiO;
nanoparticles, ZnO nanoparticles, Al,O3 nanoparticles, calcium carbonate nanoparticles,
magnesium silicate nanoparticles, indium tin oxide nanoparticles, antimony tin oxide
nanoparticles, poly(tetrafluoroethylene) nanoparticles, or carbon nanoparticles.

30
57.  The composite of embodiment 56, wherein the nanoparticles of the second nano-

scale dispersed phase are surface modified.
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WO 2011/ 109284PCT/ US2011/ 026454 58. The conposite of any of enbodi ments 47
to 57, wherein the second matrix conprises cross-linked material (e.g.,

mat eri al weadelimIzssoss-1 i nking at | east one of the foll @erAg2enossss i nkabl e
materials multi(nmeth)acrylate, polyester, epoxy, fluoropolymner, 5urethane,
or siloxane). 59. The conposite of any of enbodi nents 47 to 58, wherein
the second nmatrix conprises thernoplastic material (e.g., conprising at

| east one of the follow ng pol yners: polycarbonate, poly(neth)acrylate,

pol yest ersg nylgp, o5k} QaNG: {?l %(Pre%%é%ﬁ&{ts 447 *39”%'&‘&&3{&4 ! gcoql.liiefnla{}ix

copol ynmer, 'triacetate cel uft se, or diacrylate cellulose. 60-"The

conposi t eoafpriacy crobs-Eifzddnateritls(c4y, matchidl, mathebeicroskiakmgcarichst one of the
nano-strucfured article conpri.ses a first mcrostructured surface having
Che. secoraliisis. SprucigPEm tﬁ]fl%létrP@BﬁEetEW’Fyé%t% PH¥rsESnePopy- Tlggropelyaner,
conp9sitqﬁghmﬁggrgﬁmgﬂgpdinents 47 to 60, wherein the second matrix
conprises an alloy or solid solution. 62. The conposite of any of

enbodi nents 47 to 61, wherein the second nano- 20structured article has a
differencg in yefractive index i.n all.direction_gf less than 0.05. A 63. The
Conpost t %t | all BITEHE ey o Frieg oS e Rush: BLETDR by nebdcaun

nano- st r uehipiiesh Metnhdiliftio Mht&Sas Q@g tomptisinnal 1chayats of ARIBlIbwing fhijhakence
in refractive index of less than 0.5 (in sone enbodi nents, |ess than 0. 25,
or even |nederarlivantcQ pely(meth)acedateThelyesion awiane sgpxangy flupropabyoeiicreretkang7 t o
é%dﬁﬂrface has a percent

63 erein th iLr nano-struct ur.e ni._sot r qpi

ot 1ot F el Sielh eholIROE IR R AP EARE SlOE 193 20 P% %000 106
0.75% 0.5% or even less than 0.25% . 3065. The conposite of any of

enbodi ments 47 to 64, wherein reflectance through the second ani sotropic

maj or surface The FeBRONRaR 495 (AfncabrEMERBOHI fems, Wiginothe Hicord éinpess
than 1. 250 cturdfCaticl cdBAREPETA SN LOREERE Srale FRURESIHECsCOIP HafibNI:

structured anisotropic surface thereon.
15
61.  The composite of any of embodiments 47 to 60, wherein the second matrix

comprises an alloy or a solid solution.

62.  The composite of any of embodiments 47 to 61, wherein the second nano-

20 structured article has a difference in refractive index in all direction of less than 0.05.

63.  The composite of any of embodiments 47 to 62, wherein between the second nano-
structured article and second functional layer there is a difference in refractive index of
less than 0.5 (in some embodiments, less than 0.25, or even less than 0.1).

25
64.  The composite of any of embodiments 47 to 63 wherein the first nano-structured
anisotropic surface has a percent reflection of less than 2% (in some embodiments, less

than 1.5%, 1.25%, 1%, 0.75%, 0.5%, or even less than 0.25%).

30 65.  The composite of any of embodiments 47 to 64, wherein reflectance through the
second anisotropic major surface is less than 4% (in some embodiments, 3%, 2%, or even

less than 1.25%).
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a substrate having and second, generally opposed major surfaces; a first
nano-structured article having first and second, generally opposed 5 ngjor
sur f aces,wotrerigiopesthe first major surface of the first mamarSsanmedsss ed
article is disposed on the first major surface of the substrate, the first
nano-structured article conprising a first matrix and a first nano-scale
di spersed phase, and having a first random nano-structured ani sotropic
surface at the second maj or surface of the first nano-structured article;
and 10a ffiSt<A9§ﬁg$£@Q%nﬁﬁ$$%:haVi”9 first and second, generally opposed
maj or surtaces, rein the rst major surface of the first functional

| ayer is di sposed arsubkeatskaanglambjocoond; gehaaky ofposéembjor stirfaxamo- st ruct ur ed

article, and wherein_the first functiqnal |ayer is at |east one of a
transparent conductd {&t |nawtrwurggg%%qﬁ§mngrf%ﬁfaw SCCPBG7ZPREN Y AAPESTG e of

embodi ment, ;66 suMReS lRelche tid Fsd hBFLLANA of AWEFirdSndodARcRALd hitfcld dyer.
68. The con605|te of either enbodi nent 66 or 67, wherein the first

f unct i onalispoageioni the afifst msgjort pafapaofetitc swnttatet ithee firsymano-sAOctu6yl. aficke

conposite of enbodinent 68, wherein the fjrst transparent .conductive |ayer
el udes CEBIIORE Ao RREER S L e el SR GBRE b § SRS ™

ar r anged.nand QtrudtiR AN RsHIE Sudhceait Yhefec SR IBI R c B8 tHeOriBPnanvhi@iuiufed he
first transparent 25conductive |ayer conprises first transparent conductive
oxi de (e.agticle;adpri sing one of al umi num doped zinc oxide or tin doped

! ndi m oxi de). 1., ups g %ﬁ%ﬂ lta%rolflav%{l% ﬁ?sft a%gbsgg?ln?g—f%rgl to§p07sgd mV\a'Goerr ern
the Tirst transparent conductive’l'ayer Tonprises 11t ranspar ent

conduct i warfagdsakvhedth thé2firsT heyjarasip@sd be tiaf finaYuretiogdtagirne ilisposdl b0 thel,

wherein the first transparent. conductive | ayer conprjises first transparent
conduct i \pgcqj}gh RASF surface of the first nano-structured article, and wherein the first functional

layer is at least one of a transparent conductive layer or a gas barrier layer.

15 67.  The composite of embodiment 66, wherein the first functional layer is a gas barrier
layer.
68.  The composite of either embodiment 66 or 67, wherein the first functional layer is

a first transparent conductive layer.
20
69.  The composite of embodiment 68, wherein the first transparent conductive layer

includes conductive material in a pattern arrangement or is randomly arranged.

70.  The composite of any of embodiments 66 to 69, wherein the first transparent
25 conductive layer comprises first transparent conductive oxide (e.g., comprising one of

aluminum doped zinc oxide or tin doped indium oxide).

71.  The composite of any of embodiments 66 to 70, wherein the first transparent
conductive layer comprises first transparent conductive metal.

30
72.  The composite of any of embodiments 66 to 71, wherein the first transparent

conductive layer comprises first transparent conductive polymer.
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WO 2011/ 109284PCT/ US2011/ 026454 73. The conposite of any of enbodi nents 66
to 72, wherein the first transparent conductive layer is a gas barrier

| ayer. S5MOTha/omsposite of any of enbodi ments 66 to 73PCRiuUSe@Ei02d4he first
nano-structured article conprises in a range from0.5 to 41 (in sone
enbodi nments, 1 to 20, or even 2 to 20) percent by volune of the first

nano- scal e di spersed phase, based on the total volune of the first
nano-structured article. 1075. The conposite of any of enbodiments 66 to 74,

wherei n te f'fl% Bcgﬁﬁﬁa%%tg gcglr%hl {afz g&%ﬁr&%&eﬂﬁa% t§ 9P, &?&n? fﬁﬁsﬁaﬁ?%eﬂt{ 5102

nanoparti cl es, nanopartfc nanopa tic

Al 203 nanopdudtive ll®gr iscagasibarmet dayleonat e nanoparti cl es, nagnesiun13|llcate
nanoparticles, indiumtin oxide nanoparticles, antinony tin oxide
nanoparticles, poly(tetrafluoroethylene) nanoparticles, or carbon

nanopartigl es. pkSonf sﬂér B?a Hp&ﬁb&ﬁmgflts %8@3%&6?15‘1&%@%@ sdi€tured

nanoparticles of the first ano scal e di spersed phase are surface nodifi
77. The cmwﬂosom@naﬁlamwaogeﬁnbn@ﬁneﬁﬂinﬁﬁanGﬂﬁoémhemeﬂNOQHBOﬁtwthnatr|x

conpri se 0 cro i nked,. mat r|aI SS1 | i nki ng at
onet | one 8 PeERE Woradi R PErGu e SRS STRGer e G Bhbyd

pol yest erthe RO ¥¥no-§thuaroP&tié@er , uret hane, or S|onane) 78. The conp05|te
of any of enbodinents 66 to 77, wherein the first matrix conprises 25

t hernoplastic material (e.g., conprising at | east one of the follomjng
pol Y(STE rs. p0| yﬁlarcl:) sﬁe CHO arfg/( }tposﬁlliﬁ/en?stg t80}4y Sﬁe?elh le?rst’ n ca ene
fluoropolyner Ur et hiane, i ¢ ol'ertn co o ymer, i acetate ce ose, or

di acryl atcﬁs@ﬁiehtﬁh@ﬁ@&ompr"{&s af as€ 0npos iSi@, ﬁzino@amcw‘s mepdaﬂ@aﬁtﬁsle@GTt@ 78,
wherein the first nano-structured 30article conprises a first
ni cr ost r UePeREBHAclel 4nsd @awrtrfée% We2Q3 PPOPHARISS s¢Al¢iBmuEERPSH BHIOPBISictes,

surface ttﬂ%n%ﬁﬂm siPue Oty ﬂ&%@ S, PbfuP201 4492 Qf}lﬁépartlcles, antimony tin oxide
nanoparticles, poly(tetrafluoroethylene) nanoparticles, or carbon nanoparticles.
15
76.  The composite of embodiment 75, wherein the nanoparticles of the first nano-scale

dispersed phase are surface modified.

77.  The composite of any of embodiments 66 to 76, wherein the first matrix comprises
20 cross-linked material (e.g., material made by cross-linking at least one of the following
cross-linkable materials multi(meth)acrylate, polyester, epoxy, fluoropolymer, urethane, or

siloxane).

78.  The composite of any of embodiments 66 to 77, wherein the first matrix comprises
25 thermoplastic material (e.g., comprising at least one of the following polymers:
polycarbonate, poly(meth)acrylate, polyester, nylon, siloxane, fluoropolymer, urethane,

cyclic olefin copolymer, triacetate cellulose, or diacrylate cellulose).
79.  The composite of any of embodiments 66 to 78, wherein the first nano-structured

30 article comprises a first microstructured surface having the first nano-structured

anisotropic surface thereon.
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80. The conposite of any of enbodinents 66 to 79, wherein the first matrix
conprises an alloy or a solid solution. 81. The conposite of any of

enbodi merwe 268/1002880, wherein the first nano-structur edPbafiseehm2dias a
difference in refractive index in all direction of less than 0.05. 82. The
conposite of any of enbodinents 66 to 81, wherein between the first
nano-structured article and first functional |ayer there is a difference in
refracti Vi ndeie e@mpogisesok Hiyrpfempodimenihiomtosth sdickihthe firplgatrixieampoises,  or
even |es nHH@?oQa%%ﬁd&Qmﬂ§§' The conposite of any of enbodinments 66 to 82,
wherein the rst nano-structured ani sotropic surface has a percent
reflection of Iess than 2% (in sone enbodi nents, less than 1.5% 1.25% 1%

0.75% 0.5% even | ess_than_ 0.25% . 1584. The conposite of any of
enbodi nert's egfl}eocogyzosmlef aphok ap %E/%"ﬁﬁté@ttﬁ u@%‘el{eﬁba‘ﬁi fré&naélﬁr%\aﬁ%% c

mej 0§ SUrf-aqenhhsa igRFenol MrehA%R AV InSQANR AMRQAISEN Bss tRaf 0.8%0 Or even |ess
than 1.25% . 85. The conposite of any of enbodi nents 66 to 84, conprising

a hardcoat conprising 20 at |east one of Si02 nanoparticles or Zr02
nanopartigl es di spersed ip a crossli.nkapl i x canprising, at. | east one
o o 41 (et ny e S 8bagk 6F EREOUBSRR. o bl ot ar Vsl S Togs-

si | oxane)gstry8@redTiticle AMB IRt fAn&fonaniy&f theredi drEReRc 66 fefadhie MOGT 6f Bss
substrate is a polarizer 25(e.g¢, a reflective polarizer or an absorptive

pol ar i zerthan @7 (inemeccymedsnenss, déss dap G35, onboai lagsrihan 8é)-t o 86, furt her
conﬂgising an optically clear adhesive disposed on the second surface of
the Substrate, the optically clear adhesive having at |east 90%

transm ss§3on iThevdohigakite bf gt oftebddiments [Garto X% whereiBthe fibenamongp@siuiel of
enbodi ment 87 further conprising a ngjor surfaceoof a gl ass substrate,
pol ari zera&QHepic suEacohas p petseraislertion efdesictan 3% Ha sopci @nadymentagless

adnesi ve. ;i3 3011/109334GE320111,026454, 83, Thssypprposi t e of "embodi rent

87, further conprising & rel'€ase 1iner gispose t he second mmj or surface
of the optically clear adhesive.

15 84.  The composite of any of embodiments 66 to 83, wherein reflectance through the
first anisotropic major surface is less than 4% (in some embodiments, 3%, 2%, or even

less than 1.25%).

85.  The composite of any of embodiments 66 to 84, comprising a hardcoat comprising
20 at least one of Si0; nanoparticles or ZrO, nanoparticles dispersed in a crosslinkable matrix
comprising at least one of multi(meth)acrylate, polyester, epoxy, fluoropolymer, urethane,

or siloxane).

86.  The composite of any of embodiments 66 to 85, wherein substrate is a polarizer

25 (e.g., a reflective polarizer or an absorptive polarizer.

87.  The composite of any of embodiments 66 to 86, further comprising an optically
clear adhesive disposed on the second surface of the substrate, the optically clear adhesive
having at least 90% transmission in visible light and less than 5%.

30
88.  The composite of embodiment 87 further comprising a major surface of a glass

substrate, polarizer substrate, or touch sensor attached to the optically clear adhesive.
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590. The conposite of any of enbodinents 66 to 86, further conprising:
a second nano-structured article having first and second, generally opposed
maj or surweacesy/1owserein the first major surface of the ®ETANSA11/026454
nano-structured article is disposed on the second maj or surface of the
substrate, the second nano-structured article conprising a second matrix
and a second nano-scal e di spersed phase, and having a second 10random
nano-structured ani sotropic surface at the second maj or surface of the
second n - st lC carki 1 . f t ly l.ayer
naving Tiret any SERBREoL bRbGHreT, furner compri SR RAR IHOF HLB0R o
first majthe ssond aepretrfadeefsecaniallyneti athasivé.ayer is di sposed on the
second maj or surface of the second nano-structured article, and wherein the
second 15functional layer is at |east one of a transparent conductive |ayer
Or 3 9as dIArT i fife dofiflite Slan] b ciRBBATAL A IRAGEIEG A AR her ei n {he
second functional |ayer Is gas barrier layer. 2092. The conposite of
ei t her enbodi nent 90seoonddgnovimceired arhieledevogdirbtandtscomall, gérmyadly dpposedsecond
transparent. conductive layer.. 93.. The co ite of, enmbodi nent .92, wherein
thesecorltiipt SHCiar ket Bt VReiok HERRY HtcteRihGURrH DB g R ™ - a
pattern aifRRGEIEMe RLonEmapRdRithde ¢ thaREErate2Phe R4ond AL QrRATED BrtRfc any
of enbodi nents 92 or 93, wherein the second transparent conductive |ayer
conpri sesosweiomd a sceprshapisntand errded naaovrilddispersed phaserppdiheiving acm@omi?/
al upd num zinc oxid £t tin do i.pdi um oxi.de).. 3095 T onposi t e of
oy 01 erbiRafE Sl gifsolihle CRRRE: o Bt Tl Wil 3P enGERATL
| ayer comanbsesctardamnitié;rapgspar ent conductive nmetal. WO
2011/ 109284PCT/ US2011/ 026454 . 96. The conposite of any of enbodi nents 90 to
95, wherein the seco¥dord mwraémye%%%&"gr%nql s§rend.cishpial % @gpassd girdor
t ranspar n bV y j . of: i ts 90
{0 96, V\f}s@%fg?e% g/ﬁggegnecgﬁgtt@%rs splgr?aé%re]tom?e SOBRPRInbfori 18Y iis ol gh RN
second major surface of the second nano-structured article, and wherein the second

15 functional layer is at least one of a transparent conductive layer or a gas barrier layer.

91.  The composite of embodiment 90, wherein the second functional layer is a gas

barrier layer.

20 92.  The composite of either embodiment 90 or 91, wherein the second functional layer

is a second transparent conductive layer.

93.  The composite of embodiment 92, wherein the second transparent conductive layer

includes conductive material in a pattern arrangement or is randomly arranged.

25
94.  The composite of any of embodiments 92 or 93, wherein the second transparent
conductive layer comprises second transparent conductive oxide (e.g., comprising one of
aluminum doped zinc oxide or tin doped indium oxide).

30 95.  The composite of any of embodiments 90 to 94, wherein the second transparent

conductive layer comprises second transparent conductive metal.
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5conductive layer is a gas barrier layer. 98. The conposite of any of
enbodi nents 90 to 97, wherein the second nano-structured article conprises
in a rangeof2omo®sd to 41 (in some enbodi ments, 1 to 20pPCPrUSeMa026354 0 20)
percent by volume of the second nano-scal e di spersed phase, based on the
10total volune of the second nano-structured article. 99. The conposite of
any of enbodinents 90 to 98, wherein the second nano-scal e di spersed phase
conpri ses?at | Bistongpsitypf gpp2f garhepamantcP@do 97y pherginbsaeeond Bansparerp

nanopartig, %ctiv%@a%?@&ﬁ & is&{o‘ﬁﬁtraﬁﬁp%?e%t g&ﬂf&Bﬁ{éeécﬁ&ﬁ p cal cium car bonat e

nanoparti cl es, gnest um silicate nanopartic indiumtin oxide
nanoparticles, antinony tin oxide nanoparticles, poly(tetrafl uoroethyl ene)

nanoparti ¢l es, or carbon nanoparticles. 0. The conposite of enbodi ment
99, wherel/n t NECHORNRAHE OE PRY o erithginaintn 0 t%&%x)wgefg}ne&aisgmtéﬁwawa% are

surface MAliR 1aver is a oas bakft1avEpe conposite of any of enbodinents 90 to
100, wherein the second nmatri x 8Bnprises cross-linked material (e.g.,

mat eri al nmade by cross-linking at | east one of the follow ng cross-1inkable
mat eri al s,jJmul ti.(meth)acrylate, polyester, e .o | Uor opol. yner r et hane,

or o1 | oxatie) . THeEOmAGESY oy istERiEens BRI o7 HBoERni Soaed GhT01
wher ei n  tdf e cIRRD p¥is SO fa%%@ flohe0 Aaplaasid Sof@b@bbdmchB; U-to 20, or
conprising at |east one of the foll ow ng pol yners: polycarbonate,

pol y( et vae 2yib ad0e pexsentylas velnmemyf| the scoondl onaerecald fligpersgsbpiaserbased en e,
cyclhc olefin. copolyner. triacetate celluylose, or diacrylate cellulose). WO
201%)1095@3L&¥P%@f6¥ fﬁ%%ﬁ%%%§dﬁy&?ﬁ§i%%%%osite of any of enbodinents 90 to
102, wherein the second nano-structured article conprises a first

m crostructured surface having the second nano-structured ani sotropic
surface tHfer eothe enmesities apy mhseIhodinggnta G P08 whetihEist sscord panoreeale

wherein ' | | ' ' 105. Th
conpost t SigeEl it Bhibrket WRELEET, 87 57 BBEnRISPAO, Bt Rlls, TSR The
nano- st r umhopaedclas, tAn) eatgarticldi Alg)emmepamiclesf cadtinverbordexnimpartticles,

direction of |less than 0.05. .10 106. The cqnposite .of any. of enbodi rents
90 f@ca 105N28RGEPE; HlIGUE BAPHTHE S OGHER 18nBXI4E FRPRATHE S r #1111y a1y nd

functi onqlanbﬁafﬁae&?sry@te{@ﬂ@orgétfl;l@ﬁ@nﬁﬁoﬂa@ﬁa@i bAGAbYEndiodeXicRE. | ess_than 0.5
(in sonme enbodi nents,” | ess than 0.25, or even less than 0.1). 15107. The

conposite of any of enbodinments 90 to 106, wherein the first
g U U SRR B BEP D8, RS A EASEHE B bl 1
| ess t hanchleddWbrsed phase are surface modified.
20
101. The composite of any of embodiments 90 to 100, wherein the second matrix
comprises cross-linked material (e.g., material made by cross-linking at least one of the
following cross-linkable materials multi(meth)acrylate, polyester, epoxy, fluoropolymer,
urethane, or siloxane).
25
102. The composite of any of embodiments 90 to 101, wherein the second matrix
comprises thermoplastic material (e.g., comprising at least one of the following polymers:
polycarbonate, poly(meth)acrylate, polyester, nylon, siloxane, fluoropolymer, urethane,
cyclic olefin copolymer, triacetate cellulose, or diacrylate cellulose).

30
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108. The conposite of any of enbodinents 90 to 107, wherein reflectance
t hrough the 20second ani sotropic major surface is less than 4% (in sone
enbodi merwe,20894098% or even |l ess than 1.25% . 109. Theczarspagioe@sof any
of enbodi ments 90 to 108, conprising a hardcoat conprising at |east one of
Si 02 nanoparticles or Zr02 nanoparticles dispersed in a 25crosslinkable
matrix conprising at | east one of nulti(neth)acré%ate, pol yeste epoxy,

f 1 uor opol Wer Ther eempgseie &r ari b eathodimass PB] iwdleht whesina iy SBoRIHERN & of
this i nv%%bﬁpedaﬁlqilciséj%%l@sﬁsésl L Ugk¢ %‘i%s@ctﬁlj@& Jugilal:é)vﬂaoﬁ eﬁ%%cgﬁd 3Hb- ;26

particular materials and anmounts thereotf recited I n theSe 30exanples,

wel | as otrheturciomikotiopiesuehet tledcan! s, shoul d not be construed to unduly
limt this invention. Al parts and percentages are by wei ght unl ess

ot herwi se indicated. WD 2011/ 109284PCT/ US2011/ 026454 Exanpl es Procedure 1 -

Pl asqa Trgat mefije Qén&ﬁglgk i&fgagggbf ROt l@@ 44 Hd3n WilEeif AR EShdP AL R

references to Proce ribe the followng 5 operations. Polyneric

filmto bentprisetachlplyacedolidselhegorcyl i ndrical R E apparatus depicted in FIG
1. More specifically, the width of the drumelectrode was 14.5 inches (36.8
cnm) and the punping was carried out by neans of a turbo-nol ecul ar punp.

Persons wigsh skiel torhpositteofakty WrldmiRars&ity ®0t fal 04, hiveerdRans §deahd thago-
appar atus was operating at a much | ower operatHgg pressure than is

convent i otariuyedshde g hdibfeaenen ipredeeiss ingex mellobre8yRef less then 9R8é. pol yneri c
filmwere nounted within the chanber, the filmw apped around the drum
el ectrode and secured to the take up roll on the opposite side of the drum

The unwi nideandrHeaksnpiBitt Fing s sl fMents toRi e th Rtwikrgo urdscdnlde Jebhnd The
chanber door was cl osed and the chanber punped down to a base pressure of
5x10- 4 Tdwno-eiygrrsdaaacle aahscand Sustarpl ilses thepeisartifprence mysfragbicdndsry

pressure k Paloh e LOnBTR dnts. R811R oW&S o g&RE 1k 8thndy 1 2PP! Yi ng a power

B 2000 mdﬁ%g%ﬁa@%@?gb o LB Mehnts, R @ IR 03S o SERE" AL BthnY 1 2
15 107. The composite of any of embodiments 90 to 106, wherein the first nano-structured
anisotropic surface has a percent reflection of less than 2% (in some embodiments, less

than 1.5%, 1.25%, 1%, 0.75%, 0.5%, or even less than 0.25%).

108. The composite of any of embodiments 90 to 107, wherein reflectance through the
20 second anisotropic major surface is less than 4% (in some embodiments, 3%, 2%, or even

less than 1.25%).

109.  The composite of any of embodiments 90 to 108, comprising a hardcoat
comprising at least one of SiO; nanoparticles or ZrO, nanoparticles dispersed in a
25 crosslinkable matrix comprising at least one of multi(meth)acrylate, polyester, epoxy,

fluoropolymer, urethane, or siloxane.

[00116] Advantages and embodiments of this invention are further illustrated by the
following examples, but the particular materials and amounts thereof recited in these
30 examples, as well as other conditions and details, should not be construed to unduly limit

this invention. All parts and percentages are by weight unless otherwise indicated.
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frequency energy to the drum The drumwas rotated so that the filmwas
transported at a desired speed as stated in the specific exanple. Procedure
2 - Measuworment100d84 Aver age % Refl ection 20[ 00119] I n t he PEXAISRI18H24384 OW,
references to Procedure 2 describe the follow ng operations. The result of
the procedure is a neasure of the average %reflection (%) of a plasnma
treated surface of a film One sanple of the fil mwas prepared by applying
a black vinyl tape (obtained from Yamato | nternational Corporation,
Wodhaven, M, under the trade designation "200-38") to the backside of the
sanpl e. Txantplesck t ape was applied 25using a roller to ensure there were no
air bubbl es trapped between the black tape and the sanple. The sane bl ack
vi nyl t agovamisresi nPlaamb Yrauppented Rod-ta-RdlbSamgbass slide of which reflection
fromboth sides were predetermned in order to have a control sanple to

est abl i sH00hE7]% r eflheled ¢xamplgsaridv ectotancs téiPiydedupleddstribesthk @blicwing Wien
this_procedure was used to neasure a conposite article conprising optically

cl eat adipsrajigns. Rolmedafba e be Wytebnlasedyn sisupdindiey RIE2ppaatia dapieicd| e was
first pre: i na I [ ' ed with
the: bl heh Fage e Moft bbefical 3he IR St Ry kiin pBRModT e, LES HREE BB AR P2 " e
t aped sampdehamdnping wak haried ptr lof meas dfhaarbplaclechlagainns t Pdréoms apthr skulk e of
BYK Gardi.ner col ui.de sphere (obtained from BYK- 5Gardi ner Col unbi a,
v undorm ettt b S R D e RS heE B A PR 4 LR

surface Qﬁkﬁhn%?h%&h@ﬂkkgﬁqﬁﬁ%&&ﬂbﬁpd%ﬁgw@h&%%%ﬁhnoéﬁﬁnopr3f|ECtion Was
then neasured at a 100 incident angle for the wavel ength range of

40050 00N Tho A, averigR RAGREORACAbGLAL S tike SHBRSACHLAout the %

reflecti the control. roce ractive
Measur ementapp&iOdr@didd the dhen elcampdemdibetond tor the erkenpesl] bo tir appesitr edelof

descri be the follow n perations. The refracti.ve indice f S | e were
measur ed e -a+lberﬁl“§%f“gaﬁ‘§)?ai‘?'“€dﬁ%%ﬂnﬁé?&r? PO CoP U6t ar T ophe
Penni ngt Qiambds ddéR RS clhR&l dAEE B85 IPARPEM down to a base pressure of 5x10™

Torr. Oxygen was then introduced into the chamber. The operating pressure was

15 nominally 10 mTorr. Plasma was generated by applying a power of 2000 watts of radio
frequency energy to the drum. The drum was rotated so that the film was transported at a

desired speed as stated in the specific example.

Procedure 2 - Measurement of Average % Reflection

20 [00119] In the examples below, references to Procedure 2 describe the following
operations. The result of the procedure is a measure of the average % reflection (%R) of a
plasma treated surface of a film. One sample of the film was prepared by applying a black
vinyl tape (obtained from Yamato International Corporation, Woodhaven, MI, under the
trade designation “200-38”) to the backside of the sample. The black tape was applied

25 using a roller to ensure there were no air bubbles trapped between the black tape and the
sample. The same black vinyl tape was similarly applied to a clear glass slide of which
reflection from both sides were predetermined in order to have a control sample to
establish the % reflection from the black vinyl tape in isolation. When this procedure was

used to measure a composite article comprising optically clear adhesives, the composite
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15 "2010/M') using a wavelength of 632.8 nm Three refractive indices were
taken for each sanple, in the machine direction as the filmwas nmade (M)

t he crosswoebiigndseansver se direction as the web was nmadt€T(UBD)11/026384 i n t he
direction normal to the filmsurface (TM. The refractive indices of MD, TD
and TM are | abeled as nx, ny, and n, respectively in the Exanpl es bel ow. 20
Exanple 1 [00122]A 5 nll (125 nlcroneter% poI thylene t er ephat hal at e
(PET) fi laidesasdrshipinlanieatethiord ¢leaselass slideray g figgithep danpinateg vithdheret hod
descrlbeq)&ﬁiggﬁmwﬁggmggmﬁﬁagple in U82009/0316060A1 (Nirmal et al.), the

di scl osure of s I ncorporated 25herein by reference. The surface

h d b / h
ot oot bl the 1o apuben el T TR dbuRIRG s SRS 8 Mo

6. 44% [ H1dcddlapaitsrahd Nertibd GTBVK @ﬁ&m&h@ﬂoﬂ%&(ﬂ@i@@re (69@11@Eﬂfﬂ>fm BYram silica
particle obtai ned from Nal co Chem cal Naperville, IL, under

the % rad@@é@pgﬁfaé%ﬁlbimmm@%wﬁe essenatan ¢ %BJE‘EBRQ -gUHPE g0 gmpapireer )

jar. Four 5 Tof= 0

011/ 1093 R et bl SRR géﬁéﬁ%&%?‘i@“@% e %4 election was then

3- (Met hacm@dsmyeti@xy)lmlﬁplylhmtranghtfbmhy v@ivbangt,h ramgt dF.4R8-790am afd dvierugerred am ne
ni t roxi de hnhjbltor ﬁ/%jned fron1C|b%‘ ecjalty em cal, Inc.

Tar r yt owdetlggyion gy &ploppiedt hyawbtrgdwg gvhihe g ro ol hg poRI9l. i n vater at 5

wt % i nhibitor were m xed together and added to the jar while stirring. The
jar was seal ed and 5heated to 80C for 16 hours to forma surface-nodified
silica dispersion. 1166 grans of the surface nodified silica dispersion was
further mxed with 70 grans of pentaerythritol triacrylate (obtained from
Sartoner, Exton, PA, under the trade designation "5R444") and 0.58 gram of
hi nder ed Fancaderan ¢ Rofraddeye ilmdux{RI OV edSURRABTAB 5128") in water at 5 Wt %

i nhibitor. The water and 1-nethoxy-2-propanol were renoved fromthe m xture
vi a rot arfgo10gvaporiatthoekahpldsderovy rsfefdmbém Pobcedvired! @Bt dthe tﬁyllomahght 20 nm
5i 02, 56.43 mﬁ@bpentaerythrltol triacrylate, and 5.97 percent by wei ght

1- met hoxyepgrabipah ahle refregfiic ingicaotfis seBw Wreénétaﬁ@rﬁd BPBRAMEEMBPUEICT ut i ng t he
silica n t % "5R444") to
Jiel d o aogaRRl et Sy bt R A TR B A T e
cont®ent r 426 1@dAHY) iukig g\wasavichvapthf afro3 R Srnnali Thmedefvuctlhe indices were taken for each

sample, in the machine direction as the film was made (MD), the cross-web or transverse
direction as the web was made (TD), and in the direction normal to the film surface (TM).
The refractive indices of MD, TD and TM are labeled as ny, ny, and n, respectively in the

Examples below.

20

Example 1

[00122] A 5 mil (125 micrometer) polyethylene terephathalate (PET) film coated
with indium-tin oxide (ITO) was prepared by the method described in the working
Example in US2009/0316060A1 (Nirmal et al.), the disclosure of which is incorporated
25 herein by reference. The surface resistance of the ITO-coated PET was about 100
ohms/sq. The average reflectance of the ITO-coated surface, as measured by Procedure 2,

was 6.44%.

[00123] A coating material was then prepared. 400 gm of 20 nm silica particles
(obtained from Nalco Chemical Co., Naperville, IL, under the trade designation “NALCO

30 2326) was charged to a 1 qt (0.95 liter) jar. Four hundred fifty grams of 1-methoxy-2-
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15i sopropanol to 50 wt% solid coating solution. Then 1 w % photo-initiator
(obtai ned from BASF, Fl orham Park, NJ, under the trade designation "LUCI R N
TPO- L"), woaniioopzs4t he pentaerythritol triacrylate ("5Re¢arSponmmzedadded
into the solutions and m xed well by hand shaking for at |east 5 m nutes.
[00124] The resulting coating solution was applied on to the | TO coated PET
usi ng 20a conventional Meyer rod (#4 bar). The coated substrate was dried
at room tREAREPRLHSE arsmes eed-Mgdreriovia)prepdiethey sanetaad 0. 3mrampdn cur ed

using a t nosphere at
50 fp (% %;?r&eﬁgi?lg%ggc?&dm&ﬁgft%w EOEPﬁe re%gl%%?{ gty E&e%hg%?qﬁg post - cur ed

coat | ng \Kmmrtdmﬂ‘é‘d lﬁldet)ﬁldltlﬁlge tiesigaeionEPROS TAMB F2AGCpmuweBat S ref racti ve
i ndi ces nx, , and n, found 1,51 1 and 514 25 respectively.
The i 11 QRBAER WHOrRFIOEHBEr THASHC D TR Rttt cHIR GRS P R BOSE ha

0. 015 derpaghiakhagfk N8hohiGo €At § NErIcE-nRRARAI LR skt bl OPIeR grdgop oat ed

mat eri al was plasma etched according to Procedure seconds.
[ 00125] Thbe avécagedifefd elotaahspersadn whefuchart moked rvdthel & raohs ©f pErteeythaisol

d by P [ d f 1.27%
2011/ 100 BB B A Jinen SRt ienoP Rotst ok ke teiden S radfaeey
pol yet hylesegtasl sihaddhe ah@e hRRkidd 1hh17ﬂ5lt610ﬁ ROIVAR 51 7¥H) URyhichatoxivelg (1 TO
was prepared by the nethod described in the morklg? Exanple in

US2009/ 0305080A1T l(eNvartmndelt mathO)iy “2tprepanios gictpsgmeved frofmi tbﬁmlguiem@rcpwm ed
S otk e S S SRR S A AR ST, P
sur f aCe, PREtalB Ao Eeiabiy 140, Qﬁ&dm@el?cenv\ﬁﬁwﬁlgﬁﬂ%methoxy 2- propanol. Coating
solutions were then prepared by diluting the silica nano-particle solution with
pentaerythritol triacrylate (“SR444”) to yield 9.6 percent by weight 20 nm SiO, (4.6
volume percent). The diluted concentrate coating was then further diluted with
15 isopropanol to 50 wt% solid coating solution. Then 1 wt% photo-initiator (obtained from
BASF, Florham Park, NJ, under the trade designation “LUCIRIN TPO-L”), (ratio to the
pentaerythritol triacrylate (“SR444”)) was added into the solutions and mixed well by

hand shaking for at least 5 minutes.

[00124] The resulting coating solution was applied on to the ITO-coated PET using

20 a conventional Meyer rod (#4 bar). The coated substrate was dried at room temperature
inside a ventilated hood for 15 minutes, and then cured using a UV processor equipped
with a H-Bulb under a nitrogen atmosphere at 50 fpm (15.2 meters per minute). The
refractive indices of the post-cured coating were tested according to the method of
Procedure 3. The refractive indices ny, ny, and n, were found 1.515, 1.515, and 1.514

25 respectively. The difference in refractive index in the three directions is less than 0.01,
demonstrating that the coating is essentially isotropic. The coated material was plasma

etched according to Procedure 1 for 60 seconds.

[00125] The average reflectance of the coated and etched surface was measured by

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

30
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[ 00128] A trinethyl ol propantriacrylate (TMPTA) conposition conprising 50 wt %
10silica nano-particles (obtained fromHanse Cheme USA, Inc. of Hlton
Head | sl am0,20800928ader the trade designati on "NANOCRYL ECPMSpomAge4dd | ut ed
with trimethylol propantriacrylate (obtained from Sartoner, under the trade
designation "5R351") to form 10 wt % silica nano-particle coating solution.
The 10 wt % silica nano-particle coating concentrate was further diluted

W th isorﬁldﬁaalﬁﬁ to obtain a 50 wt % solids 15coating sol ution.
Photoinitiator (obtained from BASF Specialty Chem cals under the trade

desi gnat i[68126] RGACURE md4135 wagromdideipolyatleylenvetcrcphathalate (BETLf1lm 99atgshsed on

the solid content  .of t ting solutign. The coating. spluti,on was then

i wed el Tiibg R ot REORY HePfedby M8 meife 862p G603 YhbMeatit i ng
coating slauiplOm WEE08M3I 666D N(Niemilhe al )] BreChif] @drd B Twhish Rnftporated
conventional Meyer rod (#4 bar). The coated substrate was dried at room

t enper at UrcEein Ry refereacs, ehita Jusfperirenistsace of the 5T Qicaated PETaties abrehl Wur ed usi ng a

UV procesgqly&dui pped with a HBulb under a nitrogen atnosphere at 50 fpm
(15.2 nmeters per mnute). The coated material was plasma etched according

to Proce f or seconds 00130Q1.T ver age refl ectance, of the coated
b eronddO Bl Lot B AR et S T At o BRI Bhave 1 o Ten
to 1. 33%PprexaivR] B whs 440431] An | TO-coated 2 mi|l (50 microneters) PET was
(obtai ned fromO ke & Co., Ltd. of Kyoto, Japan, under the trade

Cormpr i 10 B0 W06 o1 11 s Lo e g AP R Bl PR Lt e

wi t H0 t ri redlidayrlaodproistost(ebtaioey Fratmet {nssR3Smig USA., fror of HitonHeadilslrad SC,

nano- partl 6l 8¢ gkt 8%iSatish LRANIARY LT 0% bl biffL'gliR- Particle coating
trimethylolpropantriacrylate (obtained from Sartomer, under the trade designation
“SR351”) to form 10 wt% silica nano-particle coating solution. The 10 wt% silica nano-
particle coating concentrate was further diluted with isopropanol to obtain a 50 wt% solids

15 coating solution. Photoinitiator (obtained from BASF Specialty Chemicals under the trade

designation “IRGACURE 184”’) was added into the solution at 1 wt%, based on the solid

content of the coating solution. The coating solution was then mixed well by hand

shaking for at least 5 minutes.

[00129] The resulting coating solution was applied on to the ITO-coated PET using

20 a conventional Meyer rod (#4 bar). The coated substrate was dried at room temperature
inside a ventilated hood for 15 minutes, and then cured using a UV processor equipped
with a H-Bulb under a nitrogen atmosphere at 50 fpm (15.2 meters per minute). The

coated material was plasma etched according to Procedure 1 for 60 seconds.

[00130] The average reflectance of the coated and etched surface was measured by
25 Procedure 2, and found to have fallen to 1.33%.

Example 3

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

Co., Ltd. of Kyoto, Japan, under the trade name of “KH300N03-50-U3L-PT”). A
30 trimethylolpropantriacrylate composition comprising 50 wt% silica nano-particles
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concentrate was further diluted with isopropanol to 50 w % solids coating
solution. Photoinitiator ("I RGACURE 184") was added into the solution at 1
wt % basewoaniiriteg288sol i d content of the coating sol uti oRCT/ISe01a02¢45H0(
solution was then m xed well by hand shaking for at |east 5 m nutes.

[ 00132] This coating solution was applied on to the I TO coated PET using a

conventi ona Meyver rod #4 bar). The coated substrate was dri (,a,d at room
t enper at dr@@?@&%@%@ lﬁ@nl WPSa@IBHe%YYﬁB tiigethyllprppantisacrylated “$heH "¢ 9 aMusi ng a

UV_procesgay oGt PRGR,- @H"M?Eoeﬁl at@HléBn“’Tﬂ@ﬁO%vt% &fi as ng;%et Cﬁ@bgl‘ia%at o0 fpm

(15.2 nmeters per m nut o ed materi al cordi ng
t 0 Pr ocedwnecnirafcowastiirtheadi izl witl) Bdpdpdie t@ﬁ@m‘gﬁqohéj d:cmmhglclauoﬂ t he coated

and etched surface . r y Pr dure 2, and f 06%
[00134] Fﬁ’q@%@%@é(%@é&@ﬁﬁlgg& Wiscpddpq miedheghlgn of hig Odf)%ﬂeﬁagffhee will be
15appar e%h& CottPASHE tl%é‘édahﬁgsélﬁn&h erid éoa’t%% B&Hﬁoxﬂ@@@(h%h Hﬁxédf WO bPRakcope and
spirit of this invention his 1 nvention Should not be restricted to the
enbodi rrershsklngéﬂzr atestsemifubest h i n this appli catl on for illustrative

pur poses. WD 2011/109284PCT/ US2011/ 026454 What is claimed is: 1. A

conposi t 06MBAr i si nFhis@ostitpsdohaion M\aipp@ecbmdtosthebﬂd cogtet @Ealusingapposed

f 5a f t f ti I h t d d
ggjng; a|S F;ﬁo%%%g@gala%i’%EO% (#J f%éc EOque CO&%%%L]Z)SU%YGI Wne?s Aelasat r&alor;n te%apce?ar‘Eure

inside a ventilated hood for 15 minutes, and then cured using a UV processor equipped
10 with a H-Bulb under a nitrogen atmosphere at 50 fpm (15.2 meters per minute). The

coated material was plasma etched according to Procedure 1 for 60 seconds.

[00133] The average reflectance of the coated and etched surface was measured by

Procedure 2, and found to be 1.06%.

[00134] Foreseeable modifications and alterations of this disclosure will be
15 apparent to those skilled in the art without departing from the scope and spirit of this
invention. This invention should not be restricted to the embodiments that are set forth in

this application for illustrative purposes.
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wherein the first major surface of the first functional |ayer is disposed
on the first major surface of the substrate, and wherein the first

functi onawol2a1¢n9isg at | east one of a transparent condu®CirusS201apesssor a gas
barrier layer; and a first nano-structured article disposed on the
second maj or surface of the first 10functional |ayer, the first
nano-structured article conprising a first matrix and a first nano- scale
dispersedwbﬁd§éﬁﬂﬁﬁﬁmhaving a first random nano-structured ani sotropic
surface. 2. The conposite of claim1, wherein the first functional layer is
a gas barrier |layer. 153. The conposite of either claim1l1l or 2, wherein the
first funptioqgkm%a () iﬁl%rfirst transparent conductive |ayer. 4. The
conposite of any pP cgépna &8 m wherein the first transparent conductive
| ayer conpri sessubstifé hiviagsibdcetid, @endbity by sekindpr s@faced. The conposite of
any preceding claim wherein the first transparent conductive |ayer

conpti ses firstfitst Aspeanad deyce bavoe dirstendseeind, generatheornesgsbaiatos sBrfacesy
precedi ng, ¢l &}, %&Wgé'& Ll 'ofﬁ{e ﬁ{sﬁﬁgl%{ilﬁﬂﬁ@fe&)@sd&'& 48 o RhAYEL n(fag prises
first transparent con detive pol yner. : € conposite of’ any precedi ng

cl aim wharfecan of htee fsubstatd, r amnls pacent ticofdstcfunegordahyleyeri s @& Bas b@r of er

| ayer. 308. The conposite of any preceding clgin1 wherein the first

nano- st r JEANSPaERTLPRGUSHNe Lyt &@As ot 1pvaRd@df rom 0.5 to 41 percent by

vol ume of the f hfs%%aﬂ@-@@ﬁé&%hear@élé RESRES! eﬂaﬁeeseéaaﬁqﬁa-ep sttt @l el ume
of the first nano-structured article. -54- WO 2011 10d284PCT/U82011/026454

9. The confpodidnel loferathe fpstewedistrgctotedi aniclohemprising hdirftimatix aahefsstmage-ur ed

article has .. . . .
2ale dispersed phase, and having a first random nano-structured anisotropic surface.

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

15 3. The composite of either claim 1 or 2, wherein the first functional layer is a first

transparent conductive layer.

4. The composite of any preceding claim, wherein the first transparent conductive

layer comprises first transparent conductive oxide.

20
5. The composite of any preceding claim, wherein the first transparent conductive
layer comprises first transparent conductive metal.
6. The composite of any preceding claim, wherein the first transparent conductive
25 layer comprises first transparent conductive polymer.
7. The composite of any preceding claim, wherein the first transparent conductive
layer is a gas barrier layer.
30 8. The composite of any preceding claim, wherein the first nano-structured article

comprises in a range from 0.5 to 41 percent by volume of the first nano-scale dispersed

phase, based on the total volume of the first nano-structured article.
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a difference in refractive index in all direction of |ess than 0.05.

510. The conposite of any preceding claim wherein between the first

nano- st r wwounadiogassi cl e and the first functional |ayer PREUS2013/026454
difference in refractive index of less than 0.5. 11.The conposite of any
preceding claim wherein the first nano-structured anisotropic surface has
a percent reflection of less than 2. 10 12. The conposite of any preceding
claim wherein reflectance through the first anisotropic major surface is

| ess than, 4. p ate
572 rot oot i vasaPUBsEOMPAS el A W REREL B Fhl R B R
claims 1 adiffé@ncd mrr’efmcrtlveomuxnﬁlahghrecnon of lesssleemahn@b.f unct i onal | ayer haV| ng
first and second, generally opposed maj or surfaces, wherein the first mjor
surface of the second functional |ayer is disposed on the 20second ngj or
surface ofg. thersubigaeor mefsﬁe'cémﬁg%la%ﬁ%ﬁ&efn%%a%le frdy ol rueRife0f @
transparent conductive |ayer a gas barrier layer; and a second
nano- st r uctice end toetfirstl fendiopplosed there ishedisferond imefractivsundeod less thdned.8econd
functional |ayer, the second nano-structured article conprising a second
matri x and a second nano-scal e di spersed phase, and having a second random
nano- st r ugt ur eche228RIpsMtd QP Gny Usrbd@ng cldim, ThBCRIMAS| iRt Ohandl¥ruefurdd ai Ns
1 to 14, further conpri sing: a second nano-structured article having
first andnietepid sugfegedreakipgrogpiosdedtioneyfdess shanflaces, wherein the first major
surface of the second nano-structured article is disposed 30on the second
maj or surface of the substrate, the second nano-structured article
conprisin@.  The composite of any preceding claim, wherein reflectance through the first

anisotropic major surface is less than 4.

13.  The composite of any preceding claim, wherein substrate is a reflective polarizer or
15 an absorptive.
14.  The composite of any of claims 1 to 13, further comprising:

a second functional layer having first and second, generally opposed major

surfaces, wherein the first major surface of the second functional layer is disposed on the

20 second major surface of the substrate, wherein the second functional layer is one of a
transparent conductive layer or a gas barrier layer; and

a second nano-structured article disposed on the second major surface of the

second functional layer, the second nano-structured article comprising a second matrix and

a second nano-scale dispersed phase, and having a second random nano-structured

25 anisotropic surface.

15.  The composite of any of claims 1 to 14, further comprising:
a second nano-structured article having first and second, generally opposed major
surfaces, wherein the first major surface of the second nano-structured article is disposed
30 on the second major surface of the substrate, the second nano-structured article comprising

a second matrix and a second nano-scale dispersed phase, and having a second random
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a second matrix and a second nano-scal e di spersed phase, and having a
second random WO 2011/ 109284PCT/ US2011/ 026454 nano-structured ani sotropic
surface avorha/®wesend maj or surface of the second nano- $CTASamMee4a4ti cl e;
and a second functional |ayer having first and second, generally
opposed maj or surfaces, wherein the first major surface of the second
functional |ayer is disposed on the 5second nmajor surface of the second
nano- st r UpemsEEctaied #igotropifd swiseedtntheheecerd drdon sHéEa ofathe) sgpepd jngne

| east oneg,of. a {f.a08Pg4ent conductive layer or a gas barrier layer. 16.A
conposite conprising: a substrate having and second, generally opposed

maj or surfaces sdddadf funstiomahnayat havdhgirfast and i setendnapenagllyi erglosahdnagecond,
general |y opposed nmj or surfaces, wherein the first jor.surface of the
first nar?&rfg%suwgafﬁg{j&ﬁrffrﬁtépw surfics 96 dheasegpnd ﬁ@ﬁr@l}aé"ﬁ%}sofﬁsgoa? R &%f the
SubS3 1 at Qecdrae nfafdrSturBB ISl URLUE® Fafd. bl frol OUFREILS kY viheklif Sthe RS« and
a first nano-scal e di spersed phase, and having a first random

nano- st r doharoadl lapérseetrlopit onsoff 4 tiespaient kvadsagosdyomaj agasharfiecleyof t he
first nano-structured article; and 15 a first functional |ayer having first
and second, generally opposed major surfaces, wherein the first major

surface ofe.t hea tompésifewbsiptiomg! | ayer is disposed on the second maj or
surface of the first nano-structured article, and wherein the first

functional | ayewbstgatahaviegsnd weendizceerelbnopnsaedme)oc swdirst:i ve | ayer or a gas
argger taver o Al EOMRaskfs Mo s AR ARRIC LG Ehliha ipst Lona!

| ayer is a gas barrier nposite of e er 17,

wher ei n tdagfaddsl Shedetindt if@stahajbayigfact 9f ahd firsshardor AnspaEEMticRap dispbscdeon ayer .
2519. The conposite of any of clainms 16 to 18, wherein the first trapnsparent

conduct i Ve ﬁagtém%wfapgé& thej subptrate.fhe Bist digpo-speiuied jaieclp sprprising @ firyhe
compest | 3B A BRSSP TaPOT G
anisotropic surface at the second major surface of the first nano-structured article; and
15 a first functional layer having first and second, generally opposed major surfaces,
wherein the first major surface of the first functional layer is disposed on the second major
surface of the first nano-structured article, and wherein the first functional layer is at least

one of a transparent conductive layer or a gas barrier layer.
20 17.  The composite of claim 16, wherein the first functional layer is a gas barrier layer.

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

transparent conductive layer.

25 19.  The composite of any of claims 16 to 18, wherein the first transparent conductive

layer comprises first transparent conductive oxide.

20.  The composite of any of claims 16 to 19, wherein the first transparent conductive
layer comprises first transparent conductive metal.

30
21.  The composite of any of claims 16 to 20, wherein the first transparent conductive

layer comprises first transparent conductive polymer.
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21. The conposite of any of clains 16 to 20, wherein the first transparent
conductive | ayer conprises first transparent conductive polynmer. WO

2011/ 109280RCT1/1083811/ 026454 22. The conposite of any of PCrAiSasi1084540 21,
wherein the first transparent conductive layer is a gas barrier |ayer.
523. The conposite of any of clains 16 to 22, wherein the first
nano-structured article conprises in a range from0.5 to 41 percent by

vol unme of the first nano-scal e di spersed phase, based on the total vol une
of the fig,st O Lcle 24h. - ' =l.ai ms
16 to 23,22\?\,{1;%{% Nt He g](f{% ?g ?Ig'ngf;léo@@sr Iu6cttoujr11é ﬂa%?etnl? ?ﬁgﬁbhggsggregquﬁweﬁee in
refracti Veydridexas barddrllagbirr ecti on of | ess than 0.05. 25. The conposite of
any of clainms 16 to 24, wherein between the first nano-structured article
and first functional |ayer there is a difference in refractive index of

| esss thams0. 5152l GPHRPS {iginkl 1G22 fwifkdh Mo ARt hehc2RrucihEd Ghidjd he
first nano-structured anisotropic surface has a percent reflection of |ess
t han 2% @Wprkes wonpogk tieno 0. 5atwy4 bperctribysvalemt of 2i&; fimh eped-seateflispataince

t hrough the first anjsotropjc jor.surface is less than 4% 20 28. The
composi t sy Lerdofah e EBgne RE ARV bR usBerdileles”a et octive

pol ari zer or an absorptive. 29. The conposite of any of clains 16 to 28,
further conprising: 25a second nano-structured article having first and
second, ¢éner allieyconpeesed! amy of cleimst Krws23, wheran tha fiest harosstruesjred adighs ace
of #(51 € S84 n%ifrf]eal‘rg Oc_esi}l?%a%cﬁ@egndgg Eﬂ e?ll 8iréc%ioglo PRy ﬁgm%g)St. he. second g or
surface of the substrate. the second hano-structured article conprising a
second matri x and a second nano-scal e di spersed phase, and having a second

random nano-structured anj sotropic surface at the second_mgj or surface of
t he secorid- nandic composite of any of claims 16 to 24, wherein between the first nano-structured

article and first functional layer there is a difference in refractive index of less than 0.5.

15 26. The composite of any of claims 16 to 25, wherein the first nano-structured

anisotropic surface has a percent reflection of less than 2%.

27. The composite of any of claims 16 to 26, wherein reflectance through the first

anisotropic major surface is less than 4%.

20
28. The composite any of claims 16 to 27, wherein substrate is a reflective polarizer or
an absorptive.
29.  The composite of any of claims 16 to 28, further comprising:

25 a second nano-structured article having first and second, generally opposed major

surfaces, wherein the first major surface of the second nano-structured article is disposed
on the second major surface of the substrate, the second nano-structured article comprising
a second matrix and a second nano-scale dispersed phase, and having a second random
nano-structured anisotropic surface at the second major surface of the second nano-

30 structured article; and
a second functional layer having first and second, generally opposed major

surfaces, wherein the first major surface of the second functional layer is disposed on the
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30structured article; and a second functional |ayer having first and
second, generally opposed nmajor surfaces, wherein the first major surface
of the sexyonrdiiwmsti onal |ayer is disposed on the secomdTrsp@n/0swss ace of
t he second nano-structured article, and wherein the second functional |ayer
is at |least one of a transparent conductive |ayer or a gas barrier |ayer.

second major surface of the second nano-structured article, and wherein the second

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