COATED PCOLARI ZER W TH NANOSTRUCTURED SURFACE AND METHOD FOR MAKI NG THE SAME
Background 5[ 0001] Wen light travels from one nediumto another, sone
portion ovotzheydobmght is reflected fromthe interface betreeasihedssn nedi a.
For exanple, typically about 4-5%of the Iight shining on a clear plastic
substrate is reflected at the top surface. [0002] Different approaches have
been enpl oyed to reduce the reflection of polyneric materials. One approach
is to use_ antireflective coatings such _as nmultilayer ref|ective l0coatings
consi st i igOBfEPFRILHAFERWETH NARPSTRUGTHRER sU AR HEHOR GOy er s of
contrasting refractive i ndex NOKINGIHE $AMEection. 1t is however difficult
to achi eve broadband antireflection using the nmultilayer antireflective
coating technol ogy. [0003] Another approach involves using subwavel ength
surface structure (e.g., subwavel ength scale surface gratings) for

br oadband utkbfoghdiection. The nethods for 15creating the subwavel ength
surface structure such as by lithography tend to be conplicated and

expensi ve.rofgidi t iwdRALY: trdvelsl ffork BA¢ hRARNDG dnBtRPIBIR ppRH cTiRMight oW
refl ection broadband antireflection (i.e., average reflection over visible

range | esgeflévded fremghe intarfa0e betperee grettyvofmaha. aFeraixkmple, typidallprbewisS%i t h
subwavel engt h | e surfac rati.ngs. t he, ot her .hand i gh performance,
rel ativel It%%ﬁégfﬁlgﬁgi Bk ‘?F%@??Stlﬁgﬁ?sggge lﬁbﬁf%é’lcfeg(?f fhg O%é}glfacgi si bl e range

| ess than | t 0.5 percent), relatiyely |ow birefrjingenc i.e..,
having an [BWCaﬁ?f?eé?r&ﬁaﬁrpﬁeﬁSilaY%@eaf@mp §dttwvﬁ¥u%%leﬁ?$%§ﬁw pelygiibve
articles apacqasi 6/d ﬁﬁﬁa}gac@lﬂk tf@le dntitdfcaPR! daghsosh a§H1g[¥ﬁ,5§YGr 23 L0041

Di spl ay devices, suc liquid crystal display (LCD) devices, are used in

a val0 et y oftigppongstingoefsransdrenditing fdosputtercsvotli dltersatingédyew ofi ons,

hand- hel d devices, digital still, caneras d,vi deo s. .LCD devi ces
of fer sevePRIrIHB TS MlsRre fodyes wrsrian dF sony v al Rl W Rl Epl oy

cat hode r aytoddbaR® anthcflétdion bRy 10F MenilNRE BitirlkA&Sive b&ingTB¢HnBlogyand use | ess
power. An LCD panel is typically backlit by one or nore |inear 30or point

light sourggs:; WhhRBh& HpRRich GRlotves GOMBsEoARIdnBEh RMABE stRlkblc (gt 1 mages are

subwavelength scale surface gratings) for broadband antireflection. The methods for

15 creating the subwavelength surface structure such as by lithography tend to be
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.c., average

20 reflection over visible range less than less than 0.5 percent), relatively low birefringence
(i.e., having an optical retardation value of less than 200 nm) antireflective articles are

desired for optical film applications.

Summa

25 [0004] Display devices, such as liquid crystal display (LCD) devices, are used in a
variety of applications including computer monitors, televisions, hand-held devices,
digital still cameras, and video cameras. LCD devices offer several advantages over
traditional display devices that employ cathode ray tubes in that they often weigh less,
are smaller, and use less power. An LCD panel is typically backlit by one or more linear

30 or point light sources which are optically coupled to the panel such that images are
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WO 2011/ 109287PCT/ US2011/ 026457 generated. Optical filns are commonly used
in display devices. In the case of backlit display devices, a nunber of

di fferentwoppicab2sfzi | s are often used in order to prodrce/us2ail®pd4ay W t h
hi gh uni form bri ghtness. For exanple, reflective polarizer filnms can be
positi oned between the |ight sources and the display panel in order to
recycle and ali %n 5the |ight propagating fromthe |ight sources such that
they are igenemtedsQnsicpldilasiazaeqramonly usedintdigiey ¢oyieesi Fetheicpseanftbacldithance
the effici N t o t] d to as
opti cal ga(ﬁ%?é&E%%ééﬁg’gir]rﬁeun egfo ¥ P#Seﬁ%m?) iﬁé%sl ?ﬁﬁﬂgé\?%no f{ﬁgru §§d;§lsdr%?[|0 hggdﬁéégcl i ng
of the baakipldy with hadusiifogn driph@es. Fek beahplojreiéctive fpobeizen@inpalaabezer fil s
can therefore i ove the use of light sjgnificantly effectively. There is
Cher ef or & PRSHERET @%We%&hﬁélgﬁfewr% ﬁ%%fh%#sn%%wnﬁ GRanEEYHARBY gt ur ed

antirefleght Mglﬁtgﬂg%%a%hﬁﬁg Hbinng ﬁéﬂt%ﬁﬂc&esd%ﬁ @t 7 ard I (1B sdrRE B&Bﬁiﬂtﬁ){ to

applications. I n” anot her "aspect, the present disclosure the present
di scl osur ehpfrowt méaizar Gomposihreccthapffiicineyof light use thus providingothat iszer (e. g.,
an absorptive .or refl e({:ti ve ﬁol ariz havi ng ﬁ?%?ir' ng fi.rst and l15second
mej or sur PREEEMeg FRferred to as opjich] Gaigy UEEE"a? a YERTARST HEE r st
surface ofreREnPoF AeibABKIit byReduRaNOsusab s MERSh AIrbfl&dtR e GOMPIESHIAG can Mt i X
and a nano-scal e di spersed phase, and having a random nano-structured

ani sot r opitbersioré aerrove hegiserel kghowintfanty ctfeasivalyn dlhete ig tharefert anesddbe has a
di ffggence | gevreff RS LB %”Qr Xl B QLR R LL O O nd 55 L hian 3405, In some
20enbodi ment 85 THe Nafo- gt PHct ured” 8l soﬂ'oup?c su?gacg Ras g%ercent

refl ecti oneféctivepslatiRafilthsT0p dioplag¥gilickess. t han 0.25% . [0006] | n anot her
aspect, the present disclosure provides a nmethod of nmaking a conposite of

descri bed [pesgi Nin dnbhePRIPROCiHePMRChSdifosure the present disclosure proPideys di ng a
pol arizer (e.g., an absorptive or a reflective polarizer) %aV|ng 250pposi ng
first and ®@ewosd erajrsingr f aces; coating a coatabl e conposition
conprising a matri.x.material and nano-scal e di spersed phase.in.the matrix
material on the F9PL4T rﬁ%ﬁoﬁns%?%@%e Of retﬂﬁ‘é“vﬁoﬁ’og?ﬁl ool I?a“ngo Spposin First dind

opti onal | weednd mglot hipfaeeatahddg (and optionally curing the dried coating) to
provide an article conprising a matri x and a nang-scal e di spersed phase in

the matrix; 30expOSTSHyCRIrsrargrlcsliviosebonthe fist srface|of thopelatiear (e Heper

etchi ng, Eﬁ%&é& S€1e! @npthsfll N FOMREY $6RmoREAG AAetsdf bl Gh& nQing a
cylindrical "el'ectrode in-a vacuum vessel;

random nano-structured anisotropic surface. In some embodiments, the nano-structured

article has a difference in refractive index in all direction of less than 0.05. In some

20 embodiments, the nano-structured anisotropic surface has a percent reflection of less than

0.5% (or even less than 0.25%).

[0006] In another aspect, the present disclosure provides a method of making a
composite of described herein, the method comprising:
providing a polarizer (e.g., an absorptive or a reflective polarizer) having
25 opposing first and second major surfaces;
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 polarizer;
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;
30 exposing a major surface of the article to reactive ion etching, wherein the
ion etching comprises:

placing the article on a cylindrical electrode in a vacuum vessel;
-



WO 2011/ 109287PCT/ US2011/ 026457 i ntroduci ng etchant gas to the
vacuum vessel at a predeterm ned pressure (e.g., in a range froml

m | |i Tor rwocoR@ogisty| i Torr) ; generating pl as®maT(GS2@¢11/02&87 oxygen
pl asma) between the cylindrical electrode and a counter-electrode;
S5rotating the cylindrical electrode to translate the polarizer; and

ani sotropically etching the coating to provide the random nano-structured
ani sot ropi ¢ sur f ace.NfrQbETe qtehankpes QEPE Veaunbressel at pguedterminadf wesHEee i n
refractive.in i | dir i.on" e nano-structured article as 10used
her ei n reﬁ%‘%qﬁr/‘%‘%ﬁ"e ??&ﬁﬁ?@%rﬁ?&éﬂﬁ&’l direction of the bul k
nano-structured artigeheratih®(G0&mad’ tapo-ac akedenmpisak Hetvenothe( eylghdrickin a
range about1 1 nmapd about 500 nn); [0010] "nano-structured" nmeans havi ng
one di mens ?fﬁfog?lalﬂ R COMYY-dechIode;: and "ani sotropic surface" means a surface

havi ”? structural asrB%'Eih%i_ﬂ%chpﬁMﬂiM el%cﬂ?@d&t@ttrahg’latljcgﬁ\é géltli'riﬁér; fnd average

width) ratio of about 1. greater (preferab 1 or greater; nore
preferably, 5:1 or gmeatrepirallyaetdhihg@lcloatipt ds pevideethe saralopamanioaditiugturaini zed
gaseous or fl uid sta%le of matter containing electrons, ions, neutral

nol ecul es,*"8RU°PFEE"#%di cal s. 20Bri ef Description of the Drawi ngs [0012]
FIG 1 is a first fragnentary perspective view of a coating apparatus
usef ul in [PRY]pr BdBIsePEIGEPBSUre; [0013] FIG 2 is a second fragnentary

e spect LB e, RO L Ryrkiaken AR Al g tent oo
enbotld nentused h¢rhim refeat forthe refractive index in all direction of the bulk nano-structured
article;
[0009] “nano-scale” means submicron (e.g., in a range about 1 nm and about 500 nm);
[0010] ““nano-structured” means having one dimension on the nano-scale; and
“anisotropic surface” means a surface having structural asperities having a height to
15 width (i.e., average width) ratio of about 1.5:1 or greater (preferably, 2:1 or greater; more
preferably, 5:1 or greater); and

[0011] “plasma” means a partially ionized gaseous or fluid state of matter containing

electrons, ions, neutral molecules, and free radicals.

20 Brief Description of the Drawings

[0012] FIG. 1 is a first fragmentary perspective view of a coating apparatus useful in
the present disclosure;
[0013] FIG. 2 is a second fragmentary perspective view of the apparatus of FIG. 1
taken from a different vantage point;

25 [0014] FIG. 3 is a fragmentary perspective view of another embodiment of the coating
apparatus removed from its gas containing chamber;
[0015] FIG. 4 is a second perspective view of the apparatus of FIG. 3 taken from a
different vantage point; and
[0016] FIG. 5 is a schematic cross-sectional view of a display using an exemplary

30 antireflective layer described herein.



apparatus renoved fromits gas containing chanber; [0015] FIG 4 is a
second perspective view of the apparatus of FIG 3 taken froma different
vant age pwOrzp11/aeas7 [0016] FIG 5 is a schematic ecods2e@ovd4dnal view
of a display using an exenplary 30antireflective |ayer described herein.

WD 2011/ 109287PCT/ US2011/ 026457 Det ail ed Description [0017] Typically,
nano-structured articles described herein conprise a mcrostructured
surface hdestaidediIdescHpN st ruct ur ed ani sotropic surface thereon. [0018]

Typi cal ly, nano-structured article described herein conprise a matri x

(i.e., thd0O8tdnt Tynieally, pflms@)ucamﬂ winlaﬂdesydhtcéh@bi@m@mide phsisiestructure

mat ri X. ForFﬁ nanothsca e td|§ e@% tg 1 ﬁ}?SI ze refers to Il ess than
about 100 a?e S ATt HETER'C ?rfaﬁ% L0: scal e di spersed phase.
The matriX00e8] COWREdISLnadoRstrR¥REPAEcIcRIRbYHBRE hercifédhiprade.a rhateiMi(e. I @8I ns,

inorganic material, or alloys or solid solutions (including m sci bl e
pol yrer s) .comteuavsphase) aida panepicialeedisiesied phasepn éhe mateiss For Hieednenseads i al

(e.g., Croﬁ%ﬂefsje%%‘e”%ﬁ%%? fe%l(t%e\f?satﬂgﬁ Qtylo?)rn‘?x?for th{‘&h{l%gﬁ%xdﬁﬁ%ﬁ ofne of

cross-1linka )acr Pate
f 1 uor opol ythehanodgcalehthispersedphadel d&amtﬁ%amdsommbuﬁemmﬁa,qﬁ)lmempoI ymer s
lastic material (e.g. st one f thefollovmng

th f t.ner.
pof;ﬁgr )s) IE%F‘QJ{]G{‘%E&?S@S porgppireay ey 91 adlo é!s Ob%ﬂ fugions 9<F Iging &ripiRlsne,
f I'uor opol Bmer efﬂ%qﬂa i doﬁl ssf Peyﬁd & YRERElinkEd A& ‘?eh%f(%gﬁedrl)éé' ose, or

di acryl at ose nds or copol yners' ther eof
O het0 mat rlmkedrat&nahvvm maﬁe bylcﬂass}énhﬂng latksst oopef absslihkabbnmeteiiele or
s include ther

tungsten car |de ul pol yneric, materi pl astics
B 1 e e R R L gt TN i i

t er epht ha'lﬁélﬁde(sl?ﬁé@ds oP@J)pbﬁﬁﬂér@ @lﬁbrecﬁWdf'tH’é}hlbblakﬁ‘c Rutead (S%e a® 1AEEIMR of the

pol yvinyl chloride, polyvinylidene chloride, 20pol ycarbonate,

pol yacryl afplé@vvmtglp@iymﬁ aolycorhoohtpupaly (raatidssryfaet, polyester, aynasioxapo| yani de,

pg: );I( %?ﬁyﬂ@?q&yg g}ahe ylcP{ce glte?m colg)oqyl)ﬁg} r‘[11){21 < cellulose, or diacrylate

15 cellulose (which includes blends or copolymers thereof)). Other matrix materials may
include at least one of silicon oxide or tungsten carbide.

[0019] Useful polymeric materials include thermoplastics and thermosetting resins.
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
clastomers.

25 [0020] Suitable thermosetting resins include allyl resin (including (meth)acrylates,
polyester acrylates, urethane acrylates, epoxy acrylates and polyether acrylates), epoxies,
thermosetting polyurethanes, and silicones or polysiloxanes. These resins can be formed
from the reaction product of polymerizable compositions comprising the corresponding
monomers and or oligomers.

30 [0021] In one embodiment, the polymerizable compositions includes at least one
monomeric or oligomeric (meth)acrylate, preferably a urethane (meth)acrylate.

Typically the monomeric or oligomeric (meth)acrylate is multi(meth)acrylate. The term
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pol yet hyl ene napht hal ate, styrene acrylonitrile, silicone-pol yoxam de
polynmers, triacetate cellul ose, fluoropolyners, cyclic olefin copolyners,
and t her mwpl2asitiog2sel ast omers. 25[ 0020] Sui t abl e t her nDs@CTiUSO I BSG48T
include allyl resin (including (neth)acrylates, polyester acryl ates,

uret hane acryl ates, epoxy acrylates and pol yether acryl ates), epoxies,

t hernosetti ng pol yurethanes, and silicones or polysiloxanes. These resins

can be f or iathpacsrinichés ysedéa designgreayises ofstcryls) apdengthaghylic acttspardd t i ons
o o o1 |

rbbai rene T eSEbREIRAC NG IO AR SRR bORERE ondREL G T8

or ol i gonmedrowp, @sepysad toytatyEmepnafrelaatiiwhich comemhbalnelcfinrdtéy) @odtlyatytate

Tl et HPRERSY st Tk s RTHBERPAEF Y1 Afm A Se0de: 16 iisebnat e esters
of acgyli %oﬁ{éﬂlﬂﬂﬁéd‘ﬁ%ﬂ(ﬁlbfH‘?(ﬁieﬁﬁzécr?ﬁ%s"H%H%%eﬁlgﬁt%@a@é‘sra}ﬁh% ¢n. desi gnates a

nol ecul e containing nore an o met h) a e group, as opposed to

" pol y( met HP82Z]y| Suistblesnpdmaaensraigpmdss (geth)aesyl{taeinalude mikyat e pol ymer s.
Most often, e ti th ryl a is dj thyacrylate, but it is also
Soont empl ATEIVESV BTt eaDry el S R P oY o5 and 5o on.
[ 0022] SUi@%Hi)@cr?ﬁmrti&tﬁr(n@{k?&QﬁIﬁfei O hc Byt &ChYy AlcRRle i(Medrd i yad skl
(nmeth)acryl ates such as nethyl (meth)acryl ate, et.hYI (nmeth)acrylate,

1- propyl (mendmeis el (ragtie)aamytic reiduthy mqnesters) keing/paitialy ardeordully flnoamteday

i ncl yde (fluoro)al k er, \nn rs of (meth)acrylic acid, the nononers
bei ng&ipar t(le‘gl’Itr§ﬂ%?{8¥tégﬁ(%ntﬂtq)§cr?’%ﬁe rinated 10(e.g., trifluoroethyl

(et h) acr yjbary) . ExL01&d offovainidreiallp v 4 RBTEEhGltifd bt )aawahtk ki include those
mul ti (meth)acrylate resins include those available, for exanple from
M t subi shiavRgRde feexamplefrompdigsubishy Baven Conbik. Takyot fopere uadeithalirdon

" DI ABEAM'; ; [« , , de
desi gnati Odﬁhg%%é@%%%@%@%ﬁﬁ%&%%&%ﬁ%ﬂ@dlN%&YUH{S (}( tuq@\%llktgéana
(l:ﬁ\] a_pan'l' ufﬁderdeii%hm&bna‘d?NﬂéSbIghﬂomd' 3§1t1i';']1L‘Iﬂi@klﬁf:?sﬂil:'szfherjfl'fca)lntit?(!i)aLtzﬂ?.',r){&a’:i)lfl:;y?.:tinla;c &
em cal s, Inc, Tokyo, Japan, under rade designatio I G from
Toagbsei E8Pan-14nder ma%,ﬁesa%m&ﬂ? hdesTiHhE oy élfgmdﬂfﬁ& Shemiarlon X 1 rom
NCF Cor p. ,1n¥Widi§o PlaBhl) Sind & ¥he HRECdesiAGSd AIRIORS iFPRATHYdsciRENVER': from
Ni ppon Kayaku Co., Ltd., Tokyo, Japan, under thé trade designation
" KAYARAD" , Takiyd, fapamukiaghs tradeChesigneadén ‘GORONEBL frdm, NQE dkoap., NdperPlaionder t he

rade ceslgpe oy LT ESTOT IS AT L0024l G parerie
Sart omer, JE¥iMinddPAhe HRHAIcsoiRidy ‘Gdey ARAIINahl Gdm RYEAMEMBHO0 cBer i es”
(e.g., "PHOTOVER 6010" and "PHOTOVER 6020"), and 900 Series
20 Ltd., Osaka, Japan, under the trade designations “LIGHT ESTER” and “LIGHT
ACRYLATE”.
[0024] Oligomeric urethane multi(meth)acrylates are commercially available, for
example, from Sartomer, Exton, PA, under the trade designation “PHOTOMER 6000
Series” (e.g., “PHOTOMER 6010 and “PHOTOMER 6020”), and “CN 900 Series”
25 (e.g., “CNI966B85”, “CN964”, and “CN972”). Oligomeric urethane (meth)acrylates are
also available, for example from Cytec Industries Inc., Woodland Park, NJ 07424, under
the 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
30 often, the polyol is a diol of the formula HO-R4-OH where R is a C2-100 alkylene or an
arylene group and R4 is a C2-100 alkylene group. The intermediate product is then a

urcthane diol diisocyanate, which subsequently can undergo reaction with a
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25 (e.g., "CNI966B85", "CN964", and "CN972"). digoneric urethane
(nmeth)acrylates are al so available, for exanple from Cytec Industries Inc.,
Woodl and wearki11/192807424, under the trade designati ons " EBETRYW182GQ327,
"EBECRYL 8807" and "EBECRYL 4827". digomeric urethane (neth)acryl ates may
al so be prepared by the initial reaction of an al kylene or aromatic
diisocyanate of the fornula OCN-R3-NCO with a polyol . Mst 30often, the
pol yol " i s hydenxyplkyt (mai)apiyiaie) Juitablordiisosyanpiss &c e|232 4 timpethgtheny 'Ry ene or
an aryl ene e

y d@%@%m@%ﬂd ﬁ‘]}uén% (%ﬁc(%%r ﬁag gllllyfén%r&ﬁlsgé %ehépé ?Ire%r?etd

product is ur et nane I I socyanat e seque y can

under go reﬁpﬁﬂmnbﬂymhﬁaxﬂihﬁﬁﬁﬂmdBQﬂﬁgﬁ@Ehu§2ﬁxﬁﬁﬁzﬁmﬁinhynmoxyalkyI

(met h) acryl.at Sui tabl e diisocyapates include 2,2 4-trinmethyl hexyl ene

di i socyanéflglegﬁé/&l%fea%H%SW?%%&ZWO %@tw}ﬂg&ﬁéaﬁ ¥ Ezscifg)éﬁﬁ‘él@)as are general |y
prefesred. méhm{ecqha{ﬂex tesﬁégageg%gefm&a{e@n &&Wlﬁeﬁ%’@%fe‘?@&{ bepiptiepar ed

from2,2,4- t exy ene di | Socyanat e, (capro tone)diol and
2- hydr oxydﬂﬁgfi] Siiet Mymyﬂlmb& conmpaattiohe est besmn@urcaeésa,rlomh eronpeichsame or

(neth)acrylate is preferably aliphatic 25]. The po rlzab

Common o1 iBofer” pVifs edrmY op iR aP ks ticikO Rkt GBSy PEMTERAS. navi ng
the sanme Qfonqjoﬁlfn@ﬁd étﬁnﬁrﬁ%‘g dt\&st Fdifenal ABCAsHRS gr ?k Mﬁ?'b'e?ﬁ@&i &cluding
conp03|t|ons conprising at least tw different functional groups may be

used, incl (mﬂﬁgcrym hp(a@raylﬂaltr@tha@péw daﬁﬁ@fmﬂf@nﬁmhtmev bl ¢dnéginerkyin
n 10 noneric and oy ollgonerlc

Inl')l:’]gi Onal(]r%ffyfr I?% IlOl’Il I'lC an I n%é ?merl(hHlOIthe%Prl n%§arne rr8 IPGI'IC ?:noro exar’rpl e, a

resin conuigoinedn n{m@tyceamxaﬁ@lara rédif y&mpo@tﬁommey b@lﬁﬁﬂd’eﬁﬁﬂ RrR\orng an epoxy
group and or a hydroxyl group in the side chain, a conpound having an am no
group and,WrefBeRcoissinhgving aguep@zﬁ@greém@hw Peipry 2E0vrep $he Side S gr  ani no

group 10t ARhEllifle artahHB26dL éhﬁ%ﬂuxggeg Sila gcasrﬁﬁ%@rdg%@&g%te&a8§§ are

pol yneri za usi ng conven suc ure ot ocure
(cure by qybmmmcnmadgahmaﬂﬂxamdbaﬂee beam cure. In one enbodi ment, the

resin is po rized by exposing.it to uItrav | et and oy visible
i ght? @ﬁ@%l oF%qn%EH?%Sﬁt\%ée%ﬁaOfBPosé%&nél%ﬁo }ﬁ%%agl%‘ésé%g ?%V?I”Hé’naf

pol yner i zablii fRIBRM! dsitRitmhaPide %%to%ﬁ%ee(%l% g%ﬁﬁfé rQ&laﬁé}ﬁ ahl BPE beRa!
group(s) in the 20conposition. I'tiple curatives and or catalysts may be

requi r ed idurerulintanp leeabodimeent, uhmteismnaphtntypcnlymbemdgam@dsmg:urtbmhrarvgblctne or _

i thi -t nd SR8 PR EHE Tont OFiolE ol POR AT o b

pol ymer i zaRliEnér8abRTofMosiBBnSAMNAS kd1bQOSLAIBA iR fifctanal Q@ﬁ%(s))iﬂeth@t her
nmononer and or oligomer (i.e., other than those described above, nanely the

25moddner icomposivpigdeiiple cyratives) aadroy catelystsmaa bvere@mirqgidfrémlt@lg g@thane
(meth) acr y ate lahtg'lé EGIR% &L T mg%%x of El%%'ecce rd 'te%fn? uésly s% %ﬂnﬁ?r ove

thernnnechanlca roperties an ncrease re rac noner s

havi ng t hesec, phopeilircia@s cibeemude:, as:whmcthmpérsfﬁle@té@,aﬁt distlosagd. yl at e and
nmet hacryl ate esters, acrylanldes and nethacr%@anldes styrene nononers and

et hyl eni cdPP37lunButhsraersathsinoharrarablerestesid] §0n@9f19@@8qowtq@aé&a§q ate
esters havjng, tr%?d' PGt reo%lll Phdhh éé'd &ﬁ%m 91fnl hhe type
are |IIustPaté% noﬁl g({ﬁﬂﬁﬁ%h% Q )é#h Yo ac ?ese§2 4-
d|chkbrophﬁmyhmamnybagmmeﬁc@nﬁhhmnbneam@ﬂem&@ommnyhaﬂ&me@ndhmmykuq
trlbronnphﬁpox%jethg acryl ate,
is other monomer may reduce viscosity and/or improve thermomechanical properties
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.
30 [0028] (meth)acrylate esters having other functionality are also useful. Compounds of
this type are illustrated by the 2-(N-butylcarbamyl)ethyl (meth)acrylates, 2,4-
dichlorophenyl acrylate, 2,4,6-tribromophenyl acrylate, tribromophenoxylethyl acrylate,
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t-butyl phenyl acrylate, phenyl acrylate, phenyl thioacrylate,

phenyl t hi oet hyl acryl ate, al koxyl ated phenyl acrylate, isobornyl acrylate
and phenowgebtiloomeryl at e. The reaction product of tetra&borarseiiispienol A
di epoxide and (neth)acrylic acid is also suitable. [0029] The other nononer
may al so be a nononeric N-substituted or N, N 5di substituted

(met h)acryl am de, especially an acryl am de. These include N

al kyl acr yitdmtdplenyhacrxlaie. Hhﬁl}’kwf&]é‘?@yPh@ﬁYélﬁ%oa@élb‘écli’@m?hl@ﬁbﬁlea%dﬁ?al ni ng

NG et by SROURS: prEH LR ot SRRIACKERoRT i sc e b Al BT B
may furt hq1rodh&taf eahlyromobisbhéroingt digrmuxidd aldgmeByadty lOaadpailsdsitable. t ypi cal |y

prepared fr al iphatic diols, triols, and/or tetraols containing 2-10
car bon at JABOIEXH égr TBPQISTIEH HSQs ?W?W?%%Nﬁ“gﬁt&tegroé Nebhyl ene gl ycol

di acryl at @t{%%ﬁ{% h@1athi @C Lylctafly lamide. Th lude N-
2-et hyl - Pdh ‘%)rso;(lymet hf/h? %?ﬁl pl)ropéa{dﬁedl oantaﬁyaag;/ll %t e T tGrnllCrr%tehyl ol propane

triacryl at&&ylacutyl@nmdmnthw Stdalbplacw)antides; agecillpti®se partsiasgyE ki atkyl
tetraacryl a e rre andi ng, net hac tes and the ( h) acryl at es of
5a1 Koxy! AR FOGEPRY 6 RORyIaAty Ba M GReRER Be St yor . Monomer s
havi ng tV\KHl&Etthc?lz{rﬁfdeﬁh@N Kalididy HaSRHaat ed groups can serve as a
crosslinker Styreni ¢ conpounds suitable for use as the other

monomer | r{@OiQ]e Elnwtbrrernommetﬂr@ar}bfslrtwrebfea palya, raultlfm@th)asr}tb@@yﬁmie

tribronost ren met h Ist rene and X Et h Ienlcally
nsallir at SR ORIGER Binid T B SR B AR IR AHororr S bt

vinyl pyri di- m@carb&oazhsc@&sﬁlpteg@ﬂﬁulﬂbmy‘z(mugamlatdaard &@bylahéd @gcsiur abl e
mat eri al s can vari/,é In general, the_ organi c conponent can corrprl se about

30- 100% nohesweiice 1 griexancdinl idipshdate c2-cthat-hhadiopyaedybl Sorppsiediol ¢ ur et hane

| ti t d
ol gorrer . SEpORAE Pt BRADAE, URHRR G RIAGH AR T Tl . The
| evel i ng gmentnitlwitpl efredcapiby, ths edrrésponding oidihaseyldtbearndbthe (metﬁ%rﬁateﬂiﬁrrpl es
ool e S GRS e BSH L SRR o o
si l'i cone- 'rﬁc‘/r%'(btﬁgleﬁ&@l@ uﬁs@ﬁlré&@@?o%g?@irb’é&@sﬁ%méhh%ane backbone to which

pol yoxyal kyl ene groups” are adde Useful 1norganic materials for
t he mat ri {00h! u&k@reglhca@xms)undmlaﬂable fﬂEﬂElaS(ﬂXﬁl aber, memuna endwdacyyrerr,ef er r ed

i norgani c erials i ude, siljcon i ZI reonia,, vana m t oxi de,
and tungstdg%tl?:rgﬁtb'fe&lg 2 %@ t?ﬁlilfyofb' ﬁf%%ﬁmfmgéf nIgt'[:aé@gnano scal e
di sper sed ppias8x{syrdndi Et%%hicaupuﬁsaaﬁa@@nft@@@@%&rdé&&@@fn@@ﬁeWI thin the
matri x. The nano- scal e di spersed phase can conprise nanoparticles (e.g.,

nanospher ¥ vinyapisealidene anthdnylpgridinge) , nanot ubes, nanofi bers, caged
ol ecul es 06' er O gu}%%%j I%%H.L fitthe %(ﬁaﬁloln%%rab% mhRYi&ls2on nll Celhk %gneral,
%

Pr ef er abl rsperse
the orgamc 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.

25 [0033] Surface leveling agents may be added to the matrix. The leveling agent is
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.

30 [0034] Useful inorganic materials for the matrix include glasses, metals, metal oxides,
and ceramics. Preferred inorganic materials include silicon oxide, zirconia, vanadium

pentoxide, and tungsten carbide.



5conpri ses nanoparticles or caged nol ecul es; nore preferably, the dispersed
phase conpri ses nanoparticles. The nano-scal e di spersed phase can be

associ at edoan1umgsgoci at ed or bot h. The nano-scal e di specsas2@has@stan be
wel | dispersed. Well dispersed neans |little aggloneration. [0036]
Nanoparticles have a nean dianeter in the range fromabout 1 nmto about
100 10nm |In sone enbodi nents, the nanoparticles have average particle size

of |ess tHAMIooTkamaniorscalswiisperypdahase it sdispontiquewsifiase rasdemiyisncssedo nn) .
The term "p; rticle” . fi | | oi dal
(primry a@???@?géwﬁk-géggﬁwg‘g%y%§$?%€ﬁ§§%ﬂ%ﬁfﬁﬁ%§ﬁ?gﬁﬁ?gﬁﬁFg§§ than about
100 nm Thanbsgphoicsamaoaibat,add plar ik endtubss, usedditeey, eagedmedlesidest 0 a gr oupi ng

of two or nore prinary particles that are aggregated and/or. 15aggl onerat ed.
The term --fg@@rié@@l@@%&&%é&c ey SHBELH Pt r@@‘f%ﬁ%éﬁ%@lﬁ%@e ¥i ation
bet veen prdopRpdePbpatieRs B¢ %Yec‘&f‘es%&‘f@ﬁ‘r@i*eiaﬁbl;b%@lsﬁe?seﬁgﬁa&“m her. The

Bd
br eakdown of "aggregat es |nt02%naller particles 1sdifficult achi eve. The
t er m " agglcompriatsedthopaticsed henaiorschls digpsoed phaseeanbe assngatedassoci ati on of

primary particles whic be hel d  together b har or po ity and can
be. b oken WM RRAO oA T m3gentals AeBdSeBlodian bor ARaRpersSl VeSS Ser T
defined hefi§jeicasndai®liflczgg®nctatioan- associ ated single particle. The

di mension or size of the nano-scal e di spersed phase can be determ ned by

el ect roni dO®3r oNewyrt{clesdaye 8 mshn dipmaterris thosshgniremabewtohim terkkrubd€dpy

(TEM). [0037]).. Nanoparticles for the djispersed phase.can conpri.se bon,
L e b el R S R

i ndi um ti mMrPKhdeme athodiMidniRH tya tadnBe GShORhm t6 40 Rinle The Rdrhd Frid@SparkdElET &S,
hal i des, fluorocarbon solids (e.g., poly(tetrafl uoroethylene) car bonat es

(e.g., calbsifurherslehsehbayin tameancoliqidddPrimerearntioles eigweocineboifiga)s, t he

nano- scal i S f. . St ERs i.cles,
7002 nanopir | § SFERF {RAZRR EOIEIIRER, The bR haBBRcR rad| e IEPGRGHIF
30nanopar trefeke®,a gratiing of tay ranaiceringany padticies kes arcraggregsicdand/iot | cat e

nanoparticles, indiumtin oxide napopartjcles, antinpny tin oxide
nanogirt;agg@@%%d fe5mI BB s NsiBgy JSEBRPSTHET 082011/ 026457
nanopar t i Glastiaeh EAIRAPrARP ATiLIE Wit YRS Bl cMiQﬁ%@pﬁ@%aﬁecAn%gggg? be

fully condensed. Metal oxide nanoparticles can be ¢ alline. |

Typi cal | y, TheHecakdneparf bggrgsénatoonalse pstidicp rabifidult tpresevit The tedne mat ri x
In an “agglomerated” as used herein is descriptive of a weak association of primary particles
which may be held together by charge or polarity and can be broken down into smaller
20 entities. The term “primary particle size” is defined herein as the size of 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)).
[0037] Nanoparticles for the dispersed phase can comprise carbon, metals, metal
25 oxides (e.g., Si0,, ZrO,, TiO,, ZnO, magnesium silicate, indium tin oxide, and antimony
tin 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,O;

30 nanoparticles, calcium carbonate nanoparticles, magnesium silicate nanoparticles, indium

tin oxide nanoparticles, antimony tin oxide nanoparticles, poly(tetrafluoroethylene)



anount in a range from about 1 percent by weight to about 60 percent by

wei ght 5(preferably, in a range from about 10 percent by wei ght to about 40
per cent byoweigiop287Typi cally, on a volune basis, the PCT/US2011/026457
nanoparti cl es/ nanodi spersed phase is present in the matrix in an anount in
a range from about 0.5 percent by volume to about 40 percent by vol une
(preferably, in a range from about 5 percent by volune to about 25 percent
by vol ume naﬁmaétlﬁﬁepé@%rbplynan%alalc}eéné&tﬁllr%rﬁeawaamar&cl%@@émfuﬁy vol ume to

about 20 gcﬁég%{gg%y Vol\é%%ig?gma{’%ﬁ%l&\/gﬂb @g,t—,am%yer ably in a range from

about 2 p out ~ 11 vol une) al t hough anounts
out si de t He8ZR]r aﬁgﬁ&llyameajaﬁ@pabﬁclugmfmthsp@@cﬁslﬂiasasqmﬁearm tB¢ matASinane

commerci ally avai |l abl e for from Nal co perville,
IL, under AW} PgEngeEp ﬂpﬁrmé@mlu u?gspﬁféﬁm @’u%ﬁgg‘tg product s

1040, 5 10%%@?@%11%3%% ﬁ%aﬁ?&’tl cenf £ 0l oAf Yo {U8TPSh %@éﬂt“ﬁ)?%lémc' ude

t hose co xanpl €, from Evoni k gusa
Par si ppanylypihllynates Vd)lbmethaad,ehde&logyalatciasm,anddﬁkmﬂIphsmls pes@X4bOie, as wel |

a roduct nbers -130, and f om Cabot T oIa
e P o oS PAE pifittin A T A R R e by Vo AR b SRR RESY g
) CAB- O Sl LyoMane (fetBRIb 89%{ b eindalfro®d Aok s %Jéeﬂéby&}o‘f&n@m #oness f)ét@é’ﬁtN ssan
Cheni cal s under t he 20desi gnations "I PA-ST" | PA-ST-L", and "I PA-ST-M.".

Exenpl ary volursomiers peaferablyain ashgs frf)mrabewahmreent foy e uKed oAb peagenCo.

unde the tra e _desi,gnatiaon S008:. 40

nanopr 11 epE B A e SRR ARERaS fom 28U HpEPel B lohg b Mou
surf ace- trl&)aﬁelﬂ@ﬁt b Véllhle) Ziéisouphamdangpatsideah&s rsﬁgeh Aaly alddebepaetul.cl es will
be well 25dispersed in the polynerlzable resin and result in_a

subst ant i d0P3F] oﬁﬁ@@i@d@él%ﬁw@m%ﬁw Irarailsblenfir example, ﬁiamé)ﬁaé@m cles can
be modifi %ﬁaygﬂ rhegu%f\!n né &E%{ ectifad%tdémgﬁh&lo CRANEH RIUHIFLE treat ment
t e sta

agent so ioar es can copol ymerize or react with the
pol yneri zadL&CA2such a§lp|rod1gtscllﬂ)l40nm42 !1054)1]06&1@3%&1&13%8219'1 dHxesphare fypmef er abl y
treai d with a.surface treatnen

agent> has 19 fsfudedose AR ey b e APy e RifaOufipeder t?tegs 2 entl Y,
ioni cal |y mksib QUi usdd: RO RIRYR LS RL IR, Q@ER@S‘I’L LG 0end gl 1 mparts
product numbers -130, -150, and -200; and from Cabot Corp., Tuscola, IL., under the
designations “CAB-O-SPERSE 2095, “CAB-O-SPERSE A105”, and “CAB-O-SIL
M5”. Other colloidal silica can be also obtained from Nissan Chemicals under the
20 designations “IPA-ST”, “IPA-ST-L”, and “IPA-ST-ML”. Exemplary zirconias are
available, for example, from Nalco Chemical Co. under the trade designation “NALCO
0O0SS008”.
[0040] Optionally, the nanoparticles are surface modified nanoparticles. Preferably,
the surface-treatment stabilizes the nanoparticles so that the particles will be well
25 dispersed in the polymerizable resin and result in a substantially homogeneous
composition. Furthermore, the nanoparticles can be modified over at least a portion of
its surface with a surface treatment agent so that the stabilized particles can copolymerize
or react with the polymerizable resin during curing.
[0041] The nanoparticles are preferably treated with a surface treatment agent. In
30 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.
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conpatibility of the particle with the resin and/or reacts with resin
during curing. Exanples of surface treatnent agents include al cohols,

am nes, cocaokowylopzs7aci ds, sul fonic acids, phosphoni c aciPd$/USséihan&s? and
titanates. The preferred type of treatnment agent is determned, in part, by
the chem cal nature of the netal oxide surface. Silanes are preferred for
silica and other for siliceous fillers. Silanes and carboxylic acids are 5
pr ef er r ed Fxamphestofisudagedecstent eends wickde glegholyraniges. cadexyhsdcidseat i on can

be done ei . 0, M Xi.: it Of) ft 1 xing. It
is prefer rstél 1{11%%? @g’%glgglyogic §i Sa%lg‘g e%ﬁ@é%%?ef he%y %%lﬁrg&st 'etoﬁl&te %géﬁ%grt icles
or nanopardgent ie dsturdhiacd; ib@horte tha clunpioslatatiee of thicendthlexidssurface. TSiancequi r ed

amount of surface nodifier js dependant several factors such as particle
si ze, par t%rﬁp@?ﬁtrgﬁ&gfgf P %f{flervtgf @ﬁ%eoaﬁ ilae: Soneicen oo R IHoti4s %7t ype.
10[ 0042] Reprase mr%ét%lgot;ﬁ@%emﬁ%&oﬁfa. THE SROR c!hGARN R ARBOUSHd Qffetde

conpounds 'such as iso tri-methoxy-sil ane,
N- ( 3- tri etshbsegséntyd prixpy Withehd oxopemnheyoy efthioxyrenhylt i@ feard trethe REGIHES) |

N-(3- triethoxysil ropyl ) met hoxyet.hoxyet hoxyet hyl car t.e (PEQTES), 3-
ot hacr yI DR b P Bt s BT Sies o Bt RGO i st PRt | ane.
3- 15( et haerthé R¥IRX TherQpwkd hBhMf%aith@NBedifier is dependant on several factors

3- (et hacryl oyl oxy) propyl net hyl di met hoxysi | ane,

3- (acryl ook gppaspelr prretyiide mwehoriesileaweight of the modifier, and modifier type.

3- h | | di | eth j | i nyl di | et h i | ane,
2 PR, R SRt b TR P BUAYR! | ane
200ct adecyutl hyBbs RN Eihethexy-FlapyNi(8itHahbexisiptay®mdiwxytthokyret hoxysi | ane,

vi nyl met hyl di act oxysj | ane, vi ni{l rretge/l di et hoxysi | ane,
vi nyl t ri acéhoygdy] cambamage (REGITEDRDxPsi | ane, vinyltriisopropoxysil ane,

vinyltri nﬁh@ﬁé’\éﬁi"1&3’2‘?33’31)&@6%{‘1]8??&9%% RRGbadBYPEGATESPYL OXYSi | ane,

vinyltris-1so 0 vi'ny Il penoxysl I'ane,
vi nyl t ri s((ZetachdopietshpropyBiimathexys2asd, \Bradrdbkypropy trimhdilbocysildrené,

mer capt opr opyl tri met hoxysi | ane, 3- gl yci doxypropyl trinmethoxysilane, acrylic
aci dfymet H&%¥WW&£’§%’?Y P OBV'iS‘i"?,tﬁ‘%f@’lSH?nest earic acid, dodecanoic acid,

2-(2-(2- m%}.hﬁ&ﬂ%ﬁ@gﬂ%&@E@ég&@tﬁq&rﬁetﬁs&ﬁﬂgﬁéw) , betacarboxyet hyl acryl ate,

2- (2- met hoxyet hoxy) ace I d, " nmet hoxyphenyl acetic acid, and m xtures
t her eof A B(egiléyloxygxepmpinzathyldiniciimexysilentace nodifier, is comercially

30avai l ablg, for ex le, fraom Speci al ties,..Cronpton ut h Charl eston,
W nder TR Brests BB B o EOOeA D R IoR R
2011/ 10928nRATiMSRAI:Y/sA2RA RO LI hok Silane! dRieeylimAéthdeatlhrn of the
particles in the col I'oi dal di spersion’can be acconplished in a variety of
ways20 The qstadeedsimethoiysdanct hepiitsimathexyfilanh hicrdigagthexysilaiger si on with
surface modj fyi tS: tio . & co-.s0l vent n..be.. ?ed at this
poi nt, sucvﬁﬁgéleﬁ%@%%gy&l% p?llél gﬁéotwﬁdlee Oéx%lfa,%eixg{(;}f}yg%gtr%ys,lﬁg ’hyl ene gl ycol,
vinyltriethoxysilane, vinyltriisopropoxysilane, vinyltrimethoxysilane,
vinyltriphenoxysilane, vinyltri-t-butoxysilane, vinyltris-isobutoxysilane,
vinyltriisopropenoxysilane, vinyltris(2-methoxyethoxy)silane,

25 styrylethyltrimethoxysilane, mercaptopropyltrimethoxysilane, 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 thereof. A specific exemplary silane surface modifier, is commercially

30 available, for example, from OSI Specialties, Crompton South Charleston, WV, under
the trade designation “SILQUEST A1230”.
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5N, N- di met hyl acet am de and 1-nethyl -2-pyrrolidi none. The co-sol vent can
enhance the solubility of the surface nodifying agents as well as the
surface mwoi2bileosarti cl es. The m xture conprising the Pobrugsamilm2&st and
surface nodi fying agents is subsequently reacted at roomor an el evated
tenperature, with or without mxing. In one nethod, the m xture can be
reacted at about 85C for about 24 hours, resulting in the surface

10nodi fi ed08Hi]. TIFP a¥iBensodifsetionof %ﬁ@ﬁlélcl’?étﬂathe(‘}?ﬁ@é@l EHpRETYQI $CRE rodi f i ed

the surf aqa%oé ﬂ{ 9%1‘16 J{]ﬁ 3%Sa| lﬁgjrg&s ereg frRr ARl e l}ﬂéﬁp nbfoahfle

adsor ption Pesurrace: e surtace

nodi fi cat |dmpecsﬁoﬁ hehbﬁ@wnmazhng)agede @mlfoﬁdil@blay:otsakeﬁt @haceddtd dtabim
tenperature. [0044] The surface nDdlflc tlon of %rOZ mnth S|Ianes can be
acconpl i s OGRS 1 3nGlbOXy-¢-PEPIBPh FHAR A0l o gRiol R KL 1n one

exanpd e, tHhe ginlANEsc AR08} B ngder ﬁFdelufo‘i’i@d'Thb 98.5%1@91& AnSHidbYg, peri od

of tinme. A’ whichtine the dlsperS|on I's conbi ned aqueous ammoni a (or
ot her bas&mhmﬂhysfﬂwmhdauamb¢m$ngegmwgmswﬁﬂammﬁ&mﬁwemmuhﬁeipmbdeirThnthe
Zr02 surface as well. .as _reactian %fr@, ‘ﬁ%’ nothléq ghod t he
particles AR CRRPITIRA S dNPEENE S ndisy “resrPB a%a%e@%aﬁ At ¥4 t he
l'iquid phaggote2RO84 %) afcROMBH RaticPRuRf with bl d¢onmAixing. Nd g attifodcar be
useful, for exanple, wherein at least one of the agents has a functi onal

group co- poixjure rcm’zbeblte@ctwi taihab@uh&i"@eﬁqabb@lt 2édpwrs, Ilewltleg st eyrfadee
pol yneri zin ni.cal | turate c_function
i’r@ g(% ﬁ cg i l%ﬁer ?qe Evéltere m&al}i&m K ari: (g}hr cglnf iff %dc &1? ali}rfe{cg q

subj ect ton eni n poI Ion

pol yneri z ltﬂgtrgm upﬂféaﬂetb)lebmd@cranq%@fmlbﬁ] 1n&6llvaﬁfeydd@6@t1@1li of&tidia eioltal e, to Of
vi nyl grouB A 25cyclic functional group subject to ring openi gﬂ
pol yneri zdf¢ Bﬁ“ﬂg]éﬁé?f&?el yThesutfasmogiiipeiay dhohsayyartdoxslopeisrabbuteker or

ni trogen, 3-nmenbered ring containing oxygen such as an
. [I%e%% é)? 'f(%g‘xg ExﬁJeyatﬁe

epoxi de. caged nol ecul es for the nanodi spersed phase incl ude
pol yhedr al[0044]gOTiey sucfase hﬁ)dﬁ‘watlmxaﬁﬁrowlﬂcmlaﬂss cantbieckecanplishagenddérke hybri d

nmol ecul es of .silicone 30and oxy Pol yhedr oI| oner i sesqui.Qxane
(Posg ol 4&tdig endifians gx %%aowdﬂtg%sa 2t q heetiangs aﬁaﬁ%\i aegnpounds
closely relaligdnt %%@hh@&@g&l&dﬁmﬂ@ &%ﬂlcﬁ@ﬁmﬁb \E}Dﬁ&sﬁﬂqs Borihiaseditgyst em

of nonencl at ur e. ul es have two un
2011/ 10928&19@5@8&%@ 0 &ET bhgeat thssne(tli()d ztlhn@vscrhmnwda)lf tleoappbsiuntasmon s a

hybri d, S 01. bet ween t of silic Si 0 nd SI i cone
(ks 0}, ditin 15 Ehauiiaresai dtedre Byeindr sinearparptime eapBEPfis ot yer
di nensi onsar@ﬁl%c@ﬂa{ehyro%qme\d@dp@moﬂ dhdSkpRated TRSthe PRLMPNasSegment s and
coils. Consequently, POSS nolecul es can be thought of as the snmall est

par t 21 es [febdut Axombsraganpf sirfase Modify st ean bpwsfidy fouskimelesvhireia or
modi fi ed Cl t st on%%(f‘hhe %%ts rﬂ% g%ﬂcﬁonal group co-polymerizable with a hardenable

resin. For example, the polymerizing group can be ethylenically unsaturated or a cyclic
function subject to ring opening polymerization. An ethylenically unsaturated
polymerizing group can be, for example, an acrylate or methacrylate, or vinyl group. A
25 cyclic functional 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.
[0046] Useful caged molecules for the nanodispersed phase include polyhedral
oligomeric silsesquioxane molecules, which are cage-like hybrid molecules of silicone
30 and oxygen. 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
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contains coval ently bonded reactive functionalities suitable for

pol yneri zation or grafting POSS nononers to pol ynmer chains. In addition,
POSS acr ywat2e11izmooksiet hacryl at e nononers are suitabl e forCuiuse@viondser (UV)
curing. H gh functionality POSS acryl ates and net hacryl at es (e.g.,

avai | abl e, for exanple, under the trade 10desi gnati ons "MAO735" and
"MAO736" fromHybrid Plastics, Inc., Hattiesburg, &Rﬁ?re mscible with
nost of tﬁéatWS&mth@P@r@é@lwmoaﬁenwﬂml%@ﬂyma&e @nebstvendhdtgbner s
to form I r

nano- phaseglbc%glsﬁ%b ni( g gﬁ?@e@%@ ) ta(% h%rﬂ@%ﬁgescoa&%%aﬁg%rggWflt% Erg[%847]
Car bon cano @blsjmdndlmﬁsd)nls lancﬂ h&rtya@mdia&qnermzb mmpohynteheegfnmnm @id ilaphi te,
15car bon nanot ube bu alg ar bon bl% ch as. porteg in U S
Pat . -o358]ureY olsiulsp o ¢ f)t 0[1@64%]&8 SrefleT apttickes GFioM 4t hat can

be U5§d '%éﬁoiﬁsﬂﬁc%%kﬁlﬁl@r%%%%ﬁﬁkb @ﬁlcygﬁmfoﬁfﬁ%ﬁ i 'éa@f?b@SSfr%le@Lﬁ@mpl €,
fromC ba rporation, Tarrytown, NY under the tra desi gnation "1 RGASTAT

P18" and faootmnArmpaalentlyoomppled atacong fuﬁaMmr;aﬂluwmsulﬂthelfnﬁmlymemMOn pade

desi gnati on LR- 929 The 0- §f tured anisotropic
Surf ace. ¢ yBHEAE PPSSIRGRISES eatspEaiitinse Thadhe PO TR don rati o of
at | east ZndihddrilaRANBnoRRROGicrBNESe f(ﬁftultlre?@(ﬂét ) cubdgl Higpfuhctiflidy  75: 1,
100: 1, 150:1, or even at |east 200: y nanof eat ures of the

nano- st r udtQ¥eecralatos end witltacmlﬁtesa(@g i a’vaﬂahi@ foerampild, vader the tradmno- col umms,
or. C?(? ti nu(%ﬁlgngt?%qlgl R/Im&ﬁ gplgAO?Bg’gfr ripl I‘l(i lggtiscﬁ,l?lf;n%aﬁ esburgsMS) are

ani stropic
nanof eat urrﬁﬁcma:Vxeltlsh@eumf&h@lawalrhlﬂe Ta&@zllc aﬁ@mremagh hyrypehmaﬁhbfswrar to the
pol ari zer. |In sone enbodi nents, the majority of the nano features are

capped wi tHigamspdp @ﬁnﬁﬁﬁ@@l%‘ﬂb’é{ﬂfa@le hqr@PO@bmwl@ﬁ%B@iSﬁém gculgsyfigrm nano-
concentrat er at the surface than
within th h‘é%{s%iﬁn@g%%gsmﬁ?{h%%g%ﬁ Ov%lhgrenﬁhggctl on of nanodi spersed
phase at dJ004HceCahon ben dsd beresdan thvaraaodisglresd Iihlammthle fdmm digrdphithyO

2011/ 109287PCT/ US20 0050] In some enbodi the matrix may
conpti se rrathoningpatu ?ﬁ’g‘é&&g?]éi via §%“L%B¥aﬁlﬁ51?‘ﬁl? a5 Ry ”5 ﬁﬁu P NP attracti on
of dirt andsqardii Cﬁir{%nae‘i'gl hus maintain surface quality. Exenplary
materials for sta di ssi patl on include those avail able, for exanple,

poI yImer s f[ﬂMﬁ]LubddMoha,l nvitaldls thivegan@id, usedhthethe nhm di spacgied db@b gmdgdecthose

" STAT- RI TE" 9, S-5530,.S-4 S- d S-680:
3.4 pol yerNTEREdT o PR pREhC LRy ERB AP ENAL & Y BEONHERE 1 rom H C
Starck, Cqgighitdn <SIRGAANNT P &t drfd M'Aﬂl}%@@t %ﬁ atiOETrARBNh Oy lifer, New
York, NY, under the trade desugnatuons ELESTAT NC6321" and " PELESTAT

NC7520") : thetfadsddsignation 4 T LBriE9%8nt ai ning at | east one ionic salt
T ot
consi s '“qggi%]a TRNRALYIR %u?ecf‘dmsro%%ﬁe urfy éje tyﬁl%%bpgorﬁ‘ 5[62'9%6%%“%% 829

coor di nat | uoror anl C ani on as
(Lamanna efavilg. a)he@ghﬂ td wldth&tlotaiﬂaemast&@ptmrsaﬁlb@ﬁleuMdnesam 1@ast301010Q;L41329 Al

(Yang et a2|5 ? ,’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

25 nano-walls 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 polarizer. 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

30 volume fraction of nanodispersed phase at surface can be 2 times or more higher than in

the bulk
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[ 0051] The nano-structured surface can be formed by anisotropically etching
the matrix. The matrix conprising the nano-scal e di spersed phase can be
provi ded,wban11ie9mganpl e, as a coating on a pol ari zer. P&/ USAINLI0X6457
conprising the dispersed phase can be coated on the pol arizer and cured
usi ng nmet hods known in the art (e.g., casting cure by casting drum die
coating, flow coating, or dip coating). The coating can be prepared in any
desired t HOeXHesk ngl@e?ﬁlé?Odtfh%mS AlOmALTIK A SRRIESE rmagwé& B atstig dgspatier t han
about 4 m.cr ectron
beam or Hgaﬁg?%gﬁﬁ?gﬁﬁﬁﬁg #h%?dﬁ{ ?@éﬂ%ga&fﬂg?ﬁmﬁﬂﬁﬁ% ﬁ%:gﬁathphase
may be t h&Exandiplal endtdridd for Bﬁﬂ5ﬂi$$l§hﬂldlﬁllﬁblﬁd@ﬂioaﬂf H\ZzﬁlraBleafoe ckaropin, patyhée art,

and include ref|ective a bsorptive p rjizers vari ety of pqlarizers
films may W@EHZOASW%J}%U@& uas th%‘fraqoerfgi%a%on s%%%ﬁ%)é Sughtas ctes
descr4 bed 191 e\10k09T R 580! SbE &- 463 ' Sr@@() Ba. gﬁéﬂ#éth;h@ﬁ'e%‘[ox?ﬂﬁg@éhef' | ms

conposed of sonme conbi nation of al |refr|n opt 1 cal sone
birefri ngqquﬂysz&etmsuifmailte (PBROE/PSO) framl HiGs Stardpi(onopiatic OH; hmisetis. They can
have ten or, .l ess Ia hundr eds r gven ou S. 0 ers. Exenplary
Tl £ | ayerdgisias R Tamin At (e Nov £ 000 SRCIG e GSaRgno
app'lCatl0@@EE$EN@@(%BQN*QwC?EikgﬁAﬂfﬁgbﬁﬂ)ﬁ&%ﬁ%ﬁﬁm&%: gRnbr i ght ness
and/ or reduce glare at the dlsEIay panel . The pol arizer filmmay also be a
pol ari zer conﬁmm@iﬂﬁgasﬁ PO @nifse cpns@mggifatgmsolvmerle@mgen pgim ¢aticensilt y and
glar The arizer rlse ol efl ective
pol ar(? zer af Y%%Or%%atm%@??}“8rgﬁ‘x‘|c§%l% 261 r?ﬁqﬁr%a b %r0$ 'f faUSI\Lr 1‘|7F%25a bri ght ness
enhanci ng (LamahneAettally Mdig U.8| Pated Afplic@tiord Publicatdn 2007@TRI 3zt AOQY hdyesteof
Exenpl ary reflective polarizer films include those reported in U S. Pat .

Nos. WD 2@11/ 109287PCT/ US2011/ 026457 5, 825,543 (CQuderkirk et al.

ci a1y, dVBE o8 Epofipt Wl LOBRARL B o iy C%B?’?%Pﬁn%é%@l DU s

Pat. Appl .m#ik. Tho matrﬁﬂ&ﬁﬁlﬁ%@ﬂi@ ného-§ddbbdispdescetphate Jandrgpradadd, GQ13668 A
(hba inet al.); and PCT Pub. Nos. WO 95/17303 (Quderkirk et a

05/ 17591 56@@19&& RY # ROHLINE QYA POYRHES]- ﬁlﬁ%a‘(@j’&gﬂ’l@é% thg dlawﬁ)rsed\ma@ﬁsgaﬁégg
(Quder ki rko8toq@h the pERSAAP %@d ﬁglﬁgﬁ%ﬂ?otds %hox)m ¥R 9 @ 14405t E clu{%etw et
al.), WD 99/36248 (Neavin et al nd W99/ 36262 (Hebrink et al

di scl osur esstofg dvhing Hicaoeting @owpmaangwr ldgr @ahnpy Thefeortmren ‘tﬁmamlr@dr Iyl

flecti | fil | |
11 e ey ah Sty Bk many ta et GO st Rl P abB A T ons
10" VI KUI Tlmiokéthet &R FHNERRS, cdﬂ bMUrEBEFIV, cleMiribbdam, BRhEGHTNESS
ENHANCED FI LM (BEF)", "VIKU Ti USE REFLECTI VE POLARI ZER FI LM ( DRPF) "

"V KU TI ENEANGERlSHRAURAR cpmpns@gm <41Et$|:§ed phaseomay\br/REEIS PtsMRl ZER FI LM
(APF) * SUPJf]ars’ul BE9 150[? r‘lzéra%kﬁ‘qw@{ th %{g@ncﬁ §1u§é;{“§ th]ea«lntdyabgor%{lveabl €

for exanple rom anrl Japan

desi gnati qjmle@fzersLuCQa@}lBﬁ;Eolaniee@ﬁBﬂs rﬁm;eb@@éed@althémbmm’@forh&v@an@ne or nore
non-optical |ayers ( ({ers that do not_significantly part|C|pate in

the deter rﬁrﬁatﬂir%irarmle& qiré%‘aﬁt hesginpTbpeeleriay fdms fvey bhsgayleldyey @Html fipke
non- opti cgly,| é)%X&f éfsﬁmé cBﬁlbgﬁa]'ﬁQn of Qi bﬁﬁgﬂg& ophgaa 1R E?rﬂé bl ORiQYeR

mechani cal, chem cal, opti i tion proper |es as
desc?23 bed dpnlcairlyyemsf or all isotropic optlcal layers. They can have ten or less layers, hundreds,

or even thousands of layers. Exemplary multilayer polarizer films include those used in
a wide variety of applications such as liquid crystal display devices to enhance brightness
and/or reduce glare at the display panel. The polarizer film may also be a polarizer,
including those used in sunglasses to reduce light intensity and glare. The polarizer film
30 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.

13-



20t he above references; tear or puncture resistance, weatherability, and/or
sol vent resistance. [0054] In sone enbodi nents, the surface of the matrix
conpri si Nyot2he/19230- scal e di spersed phase may be m cr osPCUAiSA01@02645Dr
exanple, a polarizer (e.g., an absorptive or a reflective polarizer), wth
a v-groove mcrostructured surface can be coated with 25pol yneri zabl e

matrix materials, optionally conprising a nanodi spersed phase and treated
by pl asma SRR QTR Ak oSOT a6 (¢ E0BRT U igs S838 Hilengseiebt ur ed

pl asr Kl ABhod0rdé6 ( ebonit ured
surf ace.  QRer AR ANELHE R kbRBITaab g 81 HYChM @O putd BERLEPUL | NS

fromcontrdllin vent “évaporation process’from of'vent coating
sol uti ons,al.h;dpSr PadAppl. Pab. INS. 26d/0084G80 A 13BbABIG et dPoknd DYO1€001866§ Alor t he

oL oL e\ ORIy SR 530 OB ASS 201 GPRsY i L
i nduced,  f oy, dexaiRL &1 Wb%h%?% %erﬁﬁgemﬁ%@@/ﬁ%% OudWGk et al.), WO

2011/7109287PCT/ US20117 026457 The meEtrix can ani sotropically
et ched usi%%gl BHe onad byaln.cWEr 97/814108 Sinthhert Tha. )RIMO pP/G6245(Ndapim et xbyphd,

i nvol ves t |.as under vacuum b n.el ectromagnetic. field. High
energy | ond PP oieeb AT drh AO Fle A GoNER A BaSs FRso RP AT ra b ol

5[ 0056] A rbiepineal ERbHplansiclBRtRRMISz8r Rimstal MAGHWMAY 6hamRRIaIW &Aaildpie paral | el
el ectrodes, the "powered el ectrode"” (or "sanple carrier el éctrode”) and the

count er - elticalddms mitkaed by bk €ompansl. 8t Pl MY .aindet thatrade dedignatipes i ons

toward. Th I ' ' [ 1,Q ion of the
charrl)(gr anﬁqlkgﬁﬁ @gth‘raIi“ %ﬁ?@qﬁﬂﬁa@g%ﬁ%tﬁw&@&’ N}Iék%cltﬁz&anber. The
article orBBEIWINESS DN ARCEIEFING (BEEY, i8I AdeM FeU SETeE Ri0povered

el ectrode. Reactive %?s speci es can be added to the chanber, for exanple,

through sRPFARFIER EThY (DRPT o VOKUTREENRAMCED SRECHRA R REFLES TOR vacuum
puTD S1SC SRR REASOL T FOEARIPRRIL\TTR ool Sl ot em o
typi cal | y polatucfingst ogmaci@al5avivHablosfor Exaaipde,, fromh Shritg lCoop. '€skyi8E sour ces
Pecokb | oMol TP B AENET SR ofC LI ey S8 ovar d the power ed el oct T ode
to etch theo$AMPTR: opthi6l fifd B8y KN d GGCordhdit AbRRGBAMRRS ENByERNBatl® be
directed toward the powered e?’ectrode wher e thgy col'litde with the sanple to
be et ched.nobsignifwantheparosiphty iv thetdetainimabn véthg opfical ipeopcotms, of thweopdicelh
profile Ofﬁl'%nr)].e The qurll-%ptical layers may be used, for example, to impart or improve
mechanical, chemical, optical, any number of additional properties as described in any of
20 the above references; tear or puncture resistance, weatherability, and/or solvent
resistance.
[0054] In some embodiments, the surface of the matrix comprising the nano-scale
dispersed phase may be microstructured. For example, a polarizer (e.g., an absorptive or
a reflective polarizer), with a v-groove microstructured surface can be coated with
25 polymerizable matrix materials, optionally 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

30 reported in 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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is substantially anisotropic. Preferably, the powered electrode is smaller
than the 20counter-el ectrode creating a | arge voltage potential across the
i on sheatWwoadjiaweast t he powered el ectrode. Preferably, wrhe/ustahioagsis to a
depth greater than about 100 nm [0057] The process pressure is typically
mai nt ai ned at bel ow about 20 nfTorr (preferably, bel ow about 10 mfTorr) but
greater than about 1 mforr. This pressure range is very conducive for
gener at i orl08¥5]t hEhampgiEtqen e ankateeallycatehed usimgghemicellpfeasdYs Masresnanner .
When t he re | - ' becones nore
isotropicpg§§§¥§20%$&?ﬁ§&§g&mggégﬁgﬁg%ﬁéﬁ%%éﬁ%mgéﬁ (%g?@%ﬁg e%by.

Si m | arl y,clsdemapheicpficté sHigh @eas ibed Hemaboplasria atfakror ctchevwel cid mgtrixat e
becones very |.ow because of the decrease in nunber density of the reactive
speci es. AM4gial he gas punping requirenents becone very high. 30[0058] The
power s denghbys)of Alfic IR IBAVAEMUonbille ofh (A ALARRS &jthSuBRGLALADI Y TN the
range of about 0.1 tts/c to about 1.0 watts/cnB (pre grably, about 0.2
wat t s/ cnB dertmben)the0’p8waatdteddctnoBy’. (o a2Qld £Arfio28IEETL USRA 1Hd @RBUS7 [ 0059]

The t d t. .of il ill d d. t tri terial t
P ot LP e e BT Sie e e 2o et 8o Mok e CBPER b ROt Theben stef e 1 5 1O
material fatdiet hakde HobeRES o RIASRN: At anels JRSESITHORE] B8R T OF

enhancing the etching rate of hydrocarbons or for the etching of

non- hydr odhg¢ sshofithe ehanabes. Tho artiskcagrph@pleftp o mpnesBectwrcdisplaggdgashes such as
per fluoronet han er.f | yar get hane erfluoropr ne,  sul furhexaf] uoride,
bra W B Rt o BRI A GiraBE e MR B St PSSR0t hermet ves
to etch maheupRkSals ibts asthSitdPof tht OE&FhEIR aGACH ebet tohd V&RAmuntp dgtenaid

anor phous si|icon. Chlorine-containing gases can |ikew se be added for the
et chi ng oftherhetérm af Sieshembers Phas lﬁmﬁnegamfhfrsyst@@rbyrﬁp@b}maﬁ #BF and

sem conduc t - i ¢ . 1 k zi nc,
sul fur, st Sepnefla R K BUBewdla ool oI L RAICRIAY, S
L11-V (i ncl3ust Mgz dsuil latodtalthbuglh etlet RE s@lroes and ficqgaddyiramges intagi bierasedir seni ¢,
phosphorous, nitrogen, antipony, or conbi patiqgns thereof HydrqcarQon gases
suc hP%ls moktisagte fr@i?fugeé aﬁFs‘éf_Bﬂglb nd 78 DSERF 15 Bt %S&}asané&e?ﬁcf%@tegm | ium
arseni de, gRg9RE bbWRed REIHIB tol RGN the SARMS. TH@[@&&B@%E VifReEEK GRS esUCh

as l1l5argon can be added to enhance the anisotroplic etching process. [0060]
The met hodow totbiealiticnted tawad tloapo vedrsdelberagiarvhicedthoy tollide mgthahe samiple tous

roll-to- roll process. .For exanple he met hod of . the. invention can be
carr1 e ot FH DUg 39 M5aPe i veRisREISTEG S TidbT o BT NS eb e OPEL | ng
cylindri cal s@)semtibPPgni§rdpi O ViER AN, 388 pRRire@tlbdtr@ieGh adanamesttheiCt ures on
the surface of the articles of the invention. 20[0061] In general,

cyl i #ir i calouRkECkerodrakeatimatatarga yntliage paiential adossrthe winesbeash adjaecnt theent i on
can be describe f.0l A 5ot l.e.cylindrical .el eectr “drum

el ectr ode o sOiEs s PRATe, R RRY F iy YT b yBnGEHIORR o

count er - el[605 T|0dEhEPrOcEdk Prdseiad id typicaley maldgibictnat\bebseiboul D@ mTorr

counter-el ectrode can conprise the vacuum vessel itself Gas conprising an

et chant i dPfederablit brlew aboufd Qund wrelstue i2reagss dhan) dberial md ofrg rfjhispressure range

is very conducive for generation of the anisotropic nanostructure in a cost effective

25 manner. When 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.

30 [0058] The power density of the RF power of the etching process is preferably in the
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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25and sust ai ned between the drum el ectrode and the grounded
counter-electrode. The conditions are selected so that sufficient ion
bonbar dnewO 2081/1@p28ect ed per pendi cul ar to the circunfer erce/uskoriogs4dr um A
continuous article conprising the matrix containing the nanodi spersed phase
can then be wapped around the circunference of the drumand the matri x can
be etched in the direction normal to the plane of the article. The matrix
30can be i[A03%e Tlon irpopndameuttioh gaowilizad skl depcadgpen thesmypx angtenighte pe web,

can bo cortybf o PachiraRabkuesh T el BRI Br) BBsra R b e
et ch dept hhotispdrecd g@awd.t Additioadl @atas medyircaused e cphaw@ssthe arching rat@rofi ed out

at an operating pressure of gpproximately 10 mrlorr. [0062] FIGS. .1 and 2
i |1 ust rat dY4rRIHORRPY @éﬁh@mt@% Ay hpdregaabon matgaals.  Foy W@%%@Fﬂ%ds of

the iaventd Qniq; e 0BN, a i i celeration is
5gene5r1al I ydoiﬁﬁcljl}lﬁ%g%g as h%(ﬁs)‘l:3 Thi ggrﬁRélt%maeb %@g%gﬁ%%&{bﬁgpﬁaﬁg%ﬁghpport

st ruct ur e stffprhaxéfbuwsidagantiiireganudiingride dandrtadgehtel oxygerodr iotredwred bpr e door s

18, side |1 s,20 and, a bhac | at e efinin i.nner .chanber 24 therein
di vi ded | HOBMSRE S ST e G AL D et bATOBer §DGTUEY R at xed it hi n
the chanmbesmorghdils¥llRbh! Eh%n&%hta%@%&bﬁ% IRkaicak added fdriedetshihpon the

chanber and referred to generally as 28, drive assenbly 37 for 10rotatably

driving drogei2ds sial asalynpinhiey snlB, bogemearbidg, andisereapndietoisiranhthechgnber , and
vacuum punp.34. f| ui dl y .connected to the chanber..[0 . Suppoert structure
15t I by T il o fPRE A s bl LOE SRS bR s T B RR o Gesi red

conf i gur atdog@ibination &ttt @@ hhd fromrthg GroupaMN®I (includikig bpf &s ¢itiitedas ealuiushown in
FIGS. 1 and 2, housing 14 can be a two-part housing as described below in
nor e det ajgalliups|ipdippy;, arseipaiopRNProuss B8, aBtimgpY. o sompinaHens fiei§otr oss
supports e I -.par ylo] orting
appar at us %&B%gﬁe:m %S%Sgﬂ%ggp gir%'g%ge g%np]%)%%teg\%%otﬂg ﬁ%H}%Leb irbot r{a\?\%se%ﬁ E 942 and

adj ust abl guatlaei adénitl@randguliling, andiura U ot gasey patieslpeag hemel gascsaqpphanat us 10.
In the enbodi nent ??38\,\('2 in FIGS 1 and 2, cr.oss suggports 40 are attached to
each!3i de BEOmBHAeHgIaUO ARG SISRIMPEIICRI PICES- 46. Specifical ly, cross

supports 234éy1ar ehCRRMBE be thelify QRBn 8hn AdBe Watibd orsiMAEInYinh IR rBRL.OM si de
wal |, via attachnment supports 46, while cross supports 40 on the other side

of housi ngoll 4raess. domeeaoneld, the nizdukl qfltht mvaRidmncantbe aemedwut sumport s 46. An
o L onal P S SR B LSRR S A L
addi ti onalansdobrdpichilPétchdl hOSERIER on #esAP84]offdRustibgs FAthe #VcRBo@NY NEANS
of pE(? vid [886 la]- Clcl)lngteilgrlall,%glil?dnr\i/cla{ E?Enfeor;tm;k?r?g thle iano-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-electrode 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
25 and sustained between the 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

30 can be in the form of a coating on an article such as 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
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capabl e of evacuation, containment of gas introduced after evacuation,

pl asma creation fromthe gas, ion acceleration, and etching. In the

enbodi rerwoghoveoisn FI GS. 1 and 2, housing 14 has out er Paaiusgotiinag457 ncl ude
front panel 16, four side walls 20, and a back plate 22. The outer walls
define a box wwth a hollow interior, denoted as chanber 24. 30Si de walls 20
and back plate 22 are fastened together, in any manner known in the art, to
rigidly savedacrsiings aigh doptipof thasesphigr ngnestiactpe. t bheopracesp st cariedodanner
sufficient Y i r 24, containment of a fluid
for plasnﬁﬂéﬁgg%%g ,&%%ggﬁg%gﬁggﬁﬂgﬁglﬁgﬁﬁgﬁbeleration, and etching. Front
panel 16 i[8062jt FiGS=dland atustente s oylasirical RiEmppaatactassudeful dhaiiber 24 to

| oad and unlﬁqﬁﬁghe substrate and to perform mai nt enance. . Front, panel 16 is
di vi ded i itgheditihainyentiasn {beeragrop iclemenk e $laspa caatian apg ipnagrepration is

connegt i o, AEANG InditQNR 1@, THIIRIG Jafatd0) ¢ RcHBEd a{‘ﬁlfpgo%‘irﬁct&fe @ogrs 18.
These 5doors seal to the edge of side walls 20, preferably through the use
of a vaculhwusiegll4 (fdwdiex afphepanahl ®ef oneg)r.mdrodkomd Snedhamails A atkPa back

selectively s re doors 18 to si wal ls.20 and can be any nechani sm
capabl o offuE ok fiyREan it huSaf el Uit i R or R S R B ¢
evacuat i onyr@gh %hamksly fixed Wathad@e Shardbdr] aJ%lqr i oPlcaSBcHahBA r&BtabRl asma
creation, ion acceleration, and etching. 1 £0065] I n one enbodi nent’,

chanber 24ffiscddwishidéler ¢hamberpnd wgéarroddd [zemAalliynase & dove esypablyndinfios 56 and 58.
A pagsage or . hole.60 in |. .54 provides f.or ssage.of fluids or substrate
et wiin e gt die oo @it Bl S R A BB A lshity B, e

conpar t mentac@im himpS4atuidigrcentRegaas tiedHagbePr ef er abl y, the chanber is only
one conpartnent. 15[0066] Housing 14 includes a plurality of view ports 62
wi th hi gh [BP@YsuP@Porséyetupol 3ispy scapsknosvisia theart 51syprties hoinort ® 62 to
allow for view e I AL L in jng 14 al so
ncl udes. & o et pukBnck CHOARREERARE ML REREL A R ] 0°

t enper at urlGSpt esd 0y Imuseigd4)can &b abeogacthoasing blodsicribedliseldwiin ere davgl.udes

inlet_ports 68 proyiding for conduit_connection through which flujd can
zomﬁ? nt r&Hﬁ@é&‘g‘in iRk PRIt SHIchEe ﬁ]%g@ cs F«E?a%wgorfag‘gﬁ%hﬁ%a %abéldsunp

ports 70 afghddyvd-hat h&isé%Wo?%%g%tﬁ%%ﬁ%&gﬁﬂsqﬁ @geaﬁcﬂﬂﬂ%ﬁls Qhplihes Wi se

evacuat ed from chanber i s shown suspended from one of
si des 20, ipeledebatbiwhetlhd2hod hdinstébls fsdtdwron moFhGan@ yuppPumg, B4pedinelye, f or

le, a turbo-molecul £ uidl dto th ||
ot T onme PP - oAt AR s S TS0 B s ouiper ] &R aHtthsd o
CI yOPUNDS, to @adh 1 SISRMAsIG 18VRGUAH SitdcaWRAt SPPBIA AMecﬁﬁataﬂ,ctrés@ siFfoMsai n

operating pressure therern. The process pressure during the etching step is
pr ef 20 abl y0ctio semepigd eonqoisideaviais 30 samelydhe battomreide wal, wbatiechpgengirorr to

& abl yiirosemceisd seoerfidcany oMo T
P10t o connuBi bt i SRSEShest J0RY e oldh GRS Bt aBielin Cat i on

bet ween pupk grhtce2Tiby ieachiicer Juppor®s 4630h0 Haditignal 4rosSHarr A7 iOsuyBlisEbefFedrs
novabl e over punp port 62 so that punp port 62 can be fully open, partially
open, or IYSSHPRATSHOIrWBeEghtlangd)sidepfeppraivs A es sipwil 1 IGu by Thig.can

provide additional structural reinforcement.

25 [0064] 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.

30 Side 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 evacuation of chamber 24, containment of a fluid for plasma creation, plasma
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WO 2011/ 109287PCT/ US2011/ 026457 [0068] Drum 26 preferably is a cylindrical
el ectrode 80 with an annul ar surface 82 and two planar end surfaces 84. The
el ect r odewoaniibwozsade of any electrically conductive naPeTitsR01ANA45T
preferably is a netal (e.g., alum num copper, steel, stainless steel,
silver, chromumor an alloy thereof). Preferably, the electrode is
alunlnun1 because of the 5ease of fabrication, |ow sputter yield, and | ow
costs. | oms@ijtlomrl@mamlqréﬂqru pRdheichipanSranipresd 16 és neidiadly saomcd s,
conductiv | £ f utward as wel |
as non-co é ?%%%%aﬁﬁghwﬁb%eghggof%nsgﬁmﬁm¢$§%gﬁﬁaeBﬁaP§@£§F@f|eId

per meat i oman@nidvgs Fi@tt phidghilbiindivided imto owd lpngestconhdswemﬁmhmglsﬂ(b aired or

conductive portions of the el ectrod The el ectrically non-conductive 10
materi al t%ﬂB}V@Iﬂ“F gonnSCtinn mepdts) Qi 0 of sidervadls 2 Y: wiwp%ogdoors I8. These

pol ytetrafd uar s%glttBXIIlee&%)e of YRIE WIS 26 Mhefl mélﬁ‘oﬁgtﬁathe i cff'al \lacﬁlﬁh%f‘al (for

el ectrically non-conductive purpose so as to provide only a sma channel ,
typically dthplﬂ, di ©-wig)t heckiok ardchansmoSheelatiatiydecas daorsdRdusitle wallar ea can
be enviS| b ne of ordinar n.the art. [007Q] .FIG 1 shows an
orbod menclGRAdHL B 36 WREHEIEFRAEL of grdidiok YgaR o S PB4 ey 39 of
drum 26 arglo6eat fd cWidubtidodhamber 28 kloYadd QT TRAE st tpl sfhaQiredtid Uplddnha/ €
material, except for annular channel 90 1n annular surface 82 which renains
uncoat ed am@ﬂmhu@néb@%mﬁm@nBﬂ@ewbmguct|ve I n addltlon a pair of dark
spac Shl 86, and 8 qver he e nnular surface
25 Bna i o8 wABS s el e s Ay AL P W R PRt o

lim ts th&oﬁiﬂaﬂﬁ&ﬁts@%%ﬁd@% mhpasadgeqﬁmeléasoahm et d2OR passRgcoRtidon and
negative b|a5|ng may occur. However, since the insulative materials

sonet i mes GAHDHBEREEVeB AosDABICHe AlsAyRba e BAnberdanbe 9pC™ICs hi el ds 86
and 88 Ca%ﬁﬁ)\esﬁ g@& thi¥e ofhdor ?Ihéhg% Qs B Fegab%ttﬁ%&lfa@em%%‘?y k Space

shi el ds may e froma ne as alum 0 not -ac
conduct i veoagartirenbecause t hey are separated fromthe el ectrode by means of
an insul at mat eri al sho This. al | ows 25confjnenent of the plasma
fo the el doPkygahaness ‘f@@ {175 AR fﬂgy OB HiSBAIRE AL I HEbRIETE S Shown | n

FlGs 3 ang g6y Watfbly &g\Jeﬁﬁg%oﬁs B21d alRfy TR AhE ¥PE LRGMBS and 87

affixed to annul ar surface I n sone enbodi nents, insulative
ring 87 i graccsapconinghthacis Housaigsb deviaclugnga phuraﬂay;ef Msoram)lrﬂs§6912 secur e
support enbodi ed as a fl at ate or

S0t s oo iR o c e angr e Brbs s § HrtB kel FuBhE LT, 2%

drum 26. ThRh&ahélu®s ihBEpdratd8SolidngSfoBeoring cgﬂnecﬁﬂﬁf thrad i wRidh tRieanul ar
surface 82, define an exposed el ectrode portion enbodi ed as channel 90. WD

201120092 rPTTdSEO ity olxBalsT 2f @ mede] Elousing 4 sboiircledss paa rorts I8rmed manner
0y BN e ANNAUBLSE Bl 1 il 1D AP GRL ML A LA% AOLANLARL 22
ctro

appl i cabl e, ¢ont ac 0UChing “or Wi asna

dark spacq0bé7i t P@hp Bihes mbeﬁatanﬁad&cefrgm onalo® slweﬁzwnﬁe)feraml the defidréss an
exposed electrode ortion that can be in intimte contact with the
pol ari zer. shqwa ip E%@l%dgpm@f%&qqg be, for example, a turbo-molecular pump fluidly

connected to the controlled environment within housing 14. Other pumps, such as
25 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
selectively intersect or block fluid communication between pump 34 and the interior of
30 housing 14. Sliding valve 73 is movable over pump port 62 so that pump port 62 can be

fully open, partially open, or closed with respect to fluid communication with pump 34.
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5el ectrode is covered by an insulative material. Wen the electrode is
powered and the el ectrode becones negatively biased with respect to the
resul t antwpl2aswm92srhi s rel atively thick insul ative mat ePCRIUSPI1@PRAIES
etching on the surfaces it covers. As a result, etching is limted to the
uncovered area (i.e., that which is not covered with insulative materi al,
channel 90), which preferably is covered by relatively thin polarizer.

10[ 0073] F8PER]r i Rye 86 prafgably inpaylmdrigrl fedmde 80 mathaanzmnylag syrface §2t8d bac k

plate 22 t | o r giqy 10| QL an
equi val enttwrgrg%ﬁgﬁ?%({nﬁ r%l % 2§<j4(écczljlh\% {1%&%%5@%?%@@9%0 ;1)%/051?%1%.0 %él%

ferrof | ui dhatefidedt pradergblyand nfendl d¢.y., dhindinurpy @pbee steelpstaialss fteell ddlvand

el ectrical .connection froma standar qﬁ;tggl nt fl.ui fj conduit and el ectri cal

wire to hdPrOWUELd Aoy deeniestistaabinee lvateds v & varenr bgauseoddifect i vel y,
of 15 ot atapl @flfggllilggﬁgﬁ1 IQHzrépﬂ%errﬁélﬁ,tein%rloW?;iprt@. retaining a vacuum seal . The
y

rotary union al so supplies the "necessar orce to rotate the drum which
force i s J0f@]i eBrim donisafuytherdonstrumiahts iselode @m-evabadystrdassvddEgmas that not or .

However, connection.o rum 26 to bac |ate 22 and,the conduit and wire
e ber it friShe e Bl R e R s or a0 et e SRR PRERY G 1 6
not |imtegy f)l‘évéltfn%reﬂ&fcﬁ@ﬁéih%elfrﬁ&ﬁbﬂ bRd B 8 irditih @ il Yoo liM - the2Réne exanpl e

of such a ferrofluidic feedthrough and rotarﬁgunl on is a two-inch (about 5
cm i nner idsudared er candh¢tow pomtadns of dedtlentiodgh Thadectvyalfenamédndudives Co. |

Nashua, NH. [0Q74]. um 26 i s rotatabl riven by drive ass |y, 37, which
Can K2 anynaettdinical Taf s Pudrobth Ao Bl B Sl Ru SR TR LY g

r ot at i onalVviriruk @mbb@inthntyth2:ul fliNthis e @HdVIEH NFR Ton SIS plufpokd §o asdo drive
assenbly 37 includes motor 33 with a drive shaft 25 term nating in drive

pul I ey 31 Rrpele palymeserdibeanalytypispihebeeddthptahapalyasr b edpteasoay g gi di y
connect ed tfég‘afe%-caﬁgkkn\%éoﬁ% @58@9 affadrﬁigaryssﬁ(m*ﬁltt %SQL transl ates

rotational notion fromdrive pu 1 to dri'ven pullTey 39. [0075] The
pl ural ity [0070]eeFIGrachaws ansmB8diartcat ¢ drainsddl what hnxaar duefaba®Xampl @ide 22. The

plurality of_ree| chani sns 28 includes a substrate reel nmechanismwth a
pai r?%f 3@&&6%%8%03'3 dglgagﬁér@z@,&te&n‘ﬁltl’z%?le%ﬁa%fx MsHREUEHS U IHEAIYC al so can

i ncl ude a {RRGINGBFOF HflulFRAMHY STMMdnl)jaR sRR sofwRPRFNEhNERoSBeO! s 28C
and 28D, and nmasking web reel nechanismwth a pair of masking web spools

28E and 28#kd thvsaalectectly cpaductiviNO2aititiob) 8 287 PCTASROE ShERB4®/andrE8l udes one
delivery and one.take-u opl. As.is ent . from FI 2 t | east,each
ake- up’ r dareoBnsoEE ¢ RuiPabes pbi iR U B s T eRar ol |y
connect ed JuPRERIG. e indsatiFe ShARHR i RBEOSurRSe GRS 6F tHetbcheloWoh@ivhidpp! Yi ng
a rotational force that selectively rotates the reel as needed durin

et chthg. ImMasatdiredtion, and aegrtiye biasmgymeeedcurgAoWs B Grinesrilic aBHativc gefcsils
embodi ment g1 nElUdES, Aok TSHIENE) ofctbn BURBLNMRRS: LAY BEeSHiqal HatPiEcANY o

a drive nechani sm
cover part or all of the insulated material. These dark space shields may be made from a

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

25 confinement of the plasma to the electrode area.
[0071] 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
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.

30 Bolts 92 and support 94 can assist in supporting the various parts of drum 26. The pair
of insulative rings 85 and 87, once affixed to annular surface 82, define an exposed

electrode portion embodied as channel 90.
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[0076] Each reel mechanismincludes a delivery and a take-up spool which
may be in the same or a different conpartnent from each other, which in
turn nmay WO 20Hy100237 be t he same conpartnent the el ectro@€eTits20m/02&ath spool
is of a standard construction with an 10axial rod and a rimradially
extending fromeach end defining a groove in which an el ongated nenber, in
this case a substrate or web, is wapped or wound. Each spool is securably

af fi xed t 08730t Bleatsede &) is gpvsed WpiopcaREBsEbNAN thrlstiyhmBEeR! W akascd2 | n
the case of c%ﬁ%ﬂc?eb gﬁ n%ﬂ 1Jc£‘£e cto g%%*&%{lﬁdﬁ' gﬁé '%ugﬂﬁgﬁfgﬁﬂl to a

not or 27 (e ess ervo nD ase o rrven
spool s, thhke eka@mh dark spedeelinyit 0O thelebebtrbbe (e @, abouad abhp. Tairkefintdunoaxgbsa dri ve
nechani sm back plate 22 and may i nclude a tension_mechani sm

prevent sl eet-“fl?]l (% gary i)elrlamétefenﬁlpwthﬁnmi%er dl g repaggndgy e% @9

rotatably él‘écftﬂogf% éMvEr'%H'B taﬁ‘?néﬁm%%atéﬁh@ W%Htﬁe“el@étfﬂd@'ﬁ’g&&’&@@&ﬁ@@let o the

chanber. The i s gui de the substrate fromth ubstrate spool 28A
t o channelcl&®@roda bctromns Zlegearvdlyr rigsed otitnueghecO® thor@oltan lsmp, thishskhtiatlg spool

28B. In a i.on wher aC| n a webs are use

rollers 3‘391(5% st e Gt e ERB e dDapT S PP oS afeugp%ln%eA and
maski ng wahnigRoglthZ@ieol e RRANEE., A8t @RRh iy RINCENRABN §lith HXulRive Re@eritp

substrate spool 28B and take-up maski ng web spool 28F, respectivel y. [0078]

RI E appar athagnel 90, mﬁﬁﬂefemﬂlwd@@V@red emelata\tdw thite polerizr. syst em for

Feealthr oudho g, gt d apLF uhd SR 2ed keuib AT Bt il 5 appar at us

10 or alt ehivagh ue’éryoﬂ\:amctfeedmreugtdﬁm %f@ﬁhﬁoﬁ@@%ﬁrﬁc@%&l@ﬂhﬁﬁﬁh ed to
apparatus 10 via conduits so | ong nperature control fluid is in

fluid conrfdéBxedonithintarhobuigdagleplajg %uﬂleeﬁ%eeﬂwé&efee@hmaea%%ewamm control
system may rQ%8{> e%%ra%) leeah %iécﬂf&%h&%n@a dnsfr&ﬁ%%ﬁﬂdéra 5%8%@! ma%oﬁ&{ﬁ{ gt rode

of the pr per erature or e I'ng n a preferre I men

t enper at urctectiacal warde ts isli@mcoslam aekesindsiis t@muusvang carodoplegpricti(ety mf,
wat er, ethylen 20 109287PCT/ US2011/ 026457 gl ycol , chl oro

f I uotdcar BBHaD ?%%)%%ﬁl éer%éewepe Wh;{ﬁ detPIng\Et Ya&}u‘aé%‘s Tihg refary ynie,plge

ni trogen) )gphRQ 7R nRe&GaRAPRREAD YStatIh&ligth 'wrlﬁéﬂlfé%e iQBuHIRE YRkl A1y MNP
fluidly connect ed to evacuation port(s) /0. This punp nay be arly vacuum

punp, suchmems audRomtasbrbshdews DC seréd mobw. Avivesyat, aonneatigy ofadrdinf Feutsibank punp, or
a cryopunp, abl e of tin In additi on, u may
e auer st i E 22 A5 Bironf B EMsE SR S OBURLY ¥RePET AR BERE Ry o
provi ded apcRRRfRENSN A QhoblitBENRLd MeboYulMRYfB&hRIGH aH8d rédryus@par at e
systemand fluidly connected to the chamber. [0080] Rl E apparatus 10 al so

i ncl Wles 014 exathpicefdweh a feredflidip fsediougheaniigpianpnian jregsevo-inch (about 5
cm) inner diameter hollow shaft feedthrough made by Ferrofluidics Co., Nashua, NH.

[0074] 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
25 terminating in drive pulley 31 that is mechanically connected to a driven pulley 39
rigidly connected to drum 26. Belt 35 (or equivalent structure) translates rotational
motion from drive pulley 31 to driven pulley 39.
[0075] The plurality of reel mechanisms 28 are rotatably affixed to back plate 22. The
plurality of reel mechanisms 28 includes a substrate reel mechanism with a pair of
30 substrate spools 28A and 28B, and, in some embodiments, also can include a spacing
web reel mechanism with a pair of spacing web spools 28C and 28D, and masking web

reel mechanism with a pair of masking web spools 28E and 28F, where each pair
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10f l ow controller that regulates the fluid used to create the thin film
the fluid being punped into the chanber after evacuation thereof. The

f eeder mayokwelpeasrded on apparatus 10 or alternativel yprPoaysh@ipe@s? ded as
a separate systemand fluidly connected to the chanber. The feeder supplies
fluid in the proper volunetric rate or nmass flowrate to the chanber during
etching. The etching gases can include oxygen, chl orine, 15
fluorine, iegpérsronedelivary god peretakesp @mﬁleﬁsa&mqungémnp@ﬁ Pudirieaseeasdine,

perfl uor Oqgl&a-ﬁign P%% |40y QRW@?HEM@& %Eiﬂ%‘&e&ﬁdn‘iénﬁg“f h%glaan%%llllg%gnnected

hexaf | uori ‘’hané ures o ases nm ntageously t
enhance thbmemahngs@B@@@ﬁ&nuﬁ@ﬂ@ﬁbmﬁﬂﬁdaapaﬁatmqmbﬁn@h&nmmnmlﬂﬂﬁﬂhm:power

source electrically connected to, el ectrode 80 via, electri term
The power Sl Ffﬁ?/t%g‘%?%\?ﬁ aecded AuEpaicangs Iqec?ddﬁwrz Gash @wg i g 2;;@\rmy be
proviged omca,3epat ff é’ele%Y & 1ﬁféﬁts%éi&&ers aCtéAs'w)he‘P Pd}%ﬁﬁﬁlgﬁilétt&tﬁ&g tSiect rode

via electrical termnal (as shown in FIG . I'nany ¢ he power source
i s any powesbsgeder atliiwanmechdmsamgdi ssi on systen1capab|e of suppl ying

sufficient .. (See djscussion, infr Altho variety . of
sower *sourl @b 1Hish ST b BT REHg f d:Bidy BRds FlsgiraRpe Tt BRRUR I 6% e
frequency damelth aRlifROMAdniparthRhiMfrém 28 othbAShedh iARurRRRLRH AL &t e d@Nf i gur ed
powered el ectrode but not high enough to create standing waves in the

resul ting sgmawmpalmmelptdhe eleptgodsaalinbashfspeolns gha si@umcbmi cqnatrdetioneish ai
b t th bi
Su S a es A é)d and a I‘l ag?la@;’ gXtF]%CﬁB% BFHP?aﬁaFnﬁh éefum%g Sgrog%gtl g]ﬁlchve 1 as on

t he e ectro Y e power source

need be Us&d\'hgfatbdlﬂi@hl@@ hheis Regat Jubstrit asweb) it heapee of ﬁv@d@d BBepascise RF
power is preferred, the remainder of this discussion will focus exclusively

t her eon. S@@l@m:@ﬁi@@zgw@wab@mw@mwwb%}hr% ek phe?2-subee powers
| d f er abl
T2 Bene ShoeS Pl bEGHERC e ferh ipLAARAE) o1y e ﬁ?erXE% his RE

power as shm@ﬂesedi)(t ered motarp de tiRRQassy @{atoasdra/eplspm the gpoot fsen@als,r ooupledn t he

cha . The RF wer soyrce can.be a ener.at or. such a 13. 56 MHz
5052? | at P aéB‘ﬁ leem%ﬂxr%ghe% iy amsalg%{’ W&@%Pl@tet%?a%n s0cydRaEL ch t he

Iﬁpedancet@&n&bﬁﬁa%ﬁ%hIQQQQh%ﬁMﬁ&ﬁ that of the transmission line (which is
usually 50 ohms resistiv so as to effectively transmt RF power through a
coaxi al t r[@0EH Bidi apipaﬂatuselo 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
20 take-up 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 28A 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.
[0078] RIE apparatus 10 further includes a temperature control system for supplying
25 temperature controlling fluid to electrode 80 via ferrofluidic feedthrough 38. The
temperature control system may be provided on apparatus 10 or alternatively may be
provided from a separate system and pumped to apparatus 10 via conduits so long as the
temperature control fluid is in fluid connection with passages within electrode 80. The
temperature control system may heat or cool electrode 80 as is needed to supply an
30 electrode of the proper temperature for etching. In a preferred embodiment, the

temperature control system is a coolant system using a coolant (e.g., water, ethylene
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[ 0084] Upon application of RF power to the electrode, the plasma is
established. In a 15 RF plasnma the powered el ectrode becones negatively

bi ased r evetzoue1092137t he pl asma. This 10bi as is general | yPcm/ush@i/o263ge of 500
volts to 1400 volts. This biasing causes ions within the plasma to

accel erate toward el ectrode 80. Accelerating ions etch the article in
contact with electrode 80 as is described in nore detail bel ow [0085] In
oper at i on,gl¥cof.fhjorg flyerocarbory, hydiofuaroghsrs, apd baucticd Brseg (¢-8- Hgdidred i s

i nserted qlt%gé@ stem as spool 28A. Access to these spools is provided

t hr ough | ower or 18 15 since, in FIGS. 1 and 2, the spools are located in
| ower confa0TIRIE dpParshis| 1€ addocintlndesamodiasuation ppp@riluidigpanddedtito 56. | n
addition, an enpty ]Estéoo i s. fastened opposite the s uoi:;trate hol d| ng spool

|
as spool ZBECWHoRgo n?ﬁ’isé’ﬁn@sm‘l%'ée AU PHBG S 8 Raotnl \jelhas

occur4 ed Yeh, L rate during
o ndl g or B e b
provi ded ahaspeoolls adgiGonritiisgBDp(raby bowghtadhe badedtupdry a)med:ltaalcsbpmh1$ in the
particular | ocati ans shovvnlnthef ures IS m | arl

BrChi ng. | STHEGSARGOT RUdD gt Brirosics Pharmriss Dops st ey b hadidety

can be posistisepaghc@Pstam ahBPridlP BOlccRE (¢ BRhaRBE. and an enpty spool IS
positioned as a take-up spool as spool 28F. 25[0087] After all of the

spool s wi t[A0O¥HR G apipatatussl@sdsoriacladesor flud Hecdgr, grgforeb |10rﬁ1€fdf01’1m®éa§nﬁt§strate on
whi ch, etc ot ewi th around

t he B(?ect Pf'(l)o efonZ?otéle{/\glverﬁg%I(a%St eaﬁ délée(ttﬁl gée{%ﬁ&%lﬂgfr fm éul(g €¥to the

t ake- up r gringed HRacies chaaldsr @t@é?%ﬁf@édaﬁoﬁﬂﬁrdwt Tw%aemha;ob@ﬂsrotzmedwst em and

i nstead separate fromthe substrate just before this step and/or are

provi ded japseragptl8or plipraatiyehpmayihe Piqidadragtiscpyatsoyperiand daidly copnesisdd
around el i . C ode
por 1 on. - TROCAEnB TheBaRShonttss MIR! Rtk FROpE i e R B B TR e
el ect rode taltld: cthamhm/@mngtdmcmm@ Plheaathnﬁglga@s cihiackide okygraieangoh athéwinep a

I engt h of substrate 011/ 109287PCT/ US2011/ 026457 i s al ways i.n contact
Wit B2 he @E@Fd‘d‘ébofn&Ftr yoRidRparbapidraghiog ngJoé‘RFBgtP?%Ft» aer\tﬁgor?éfthépe’hed in a
conti nuou%epﬂlﬂﬁﬁlﬂépziﬂeoﬂ‘tr%g&l ﬁﬂﬂlo%e [} lllexfaﬂu&litfe Qﬁc{‘ﬁl"ethaﬁé"el\/l’?‘kﬂ?% agte is in
position for etching and Mower door 18 is seal ed closed. [0088] Charrber 24
i s evacuatgesestroay karmed adVvdntagepusiy tb otharee theptehingipescesOnce an et chant

[0081] 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

20 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.)
[0082] Although a variety of power sources are possible, RF power is preferred. This is

25 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.
RF power is scalable for high output (wide webs or substrates, rapid web speed). When
RF power is used, the negative bias on the electrode is a negative self bias, that is, no
separate power source need be used to induce the negative bias on the electrode.

30 Because RF power is preferred, the remainder of this discussion will focus exclusively

thereon.
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5gas m xture is punped into the evacuated chanber, the apparatus is ready
to begin the process of etching. The RF power source is activated to

provi de amORB1eloexstric field to el ectrode 80. This RF elpegtusc@ifoe@bt causes
the gas to becone ionized, resulting in the formation of a plasnma with ions
therein. This is specifically produced using a 13.56 MHz oscillator,

al t hough ot her RF sources and frequency ranges may be used. 10[0089] Once

t he pl asnd0A%Y HedkF powertsedrce powstaleaiiedod) piidisr esucageinithe epneapb@Obn

el ectrode L QU Lth - Thi s bias
causes i on@%?ggggwkepﬁf %9?1 %%%%%@y%@g%ﬁﬁﬁgﬁ&gé& Bg’l %?m“é%p 1|¢Q)orti on

90 of el eah¢rode) THBORE pbect esmipplial toadectdode 80 echtesd@ldsmadidndre danswithat ed or
shi el ded). The ions _selectively etch the matrix materi al 3ﬁ/persus t he

di sper sed [PREXEOTnThoHEF PRNETRUEF catiBe £1 Bf P AratBAtects a3 Y8thannel 90 of
el ectg ode O%Qiu%v%bxﬂ&ct[%ggégg%ere@&%d@bﬁm Wy Gk thA11cR XL Bhp&hanGl 00N t DA

| ength of substrate. For continuous etching, the take-up spools are
dri ven so thspowermpupplytwieh thataftthatrensansbi@ninan@gienig vsedly I0hohousglasistines) upper

conpartment 5 d over el ec de 80, so that etching.of the matri x occurs
on iy un i<k QUORTSE S AEE RO RO ehE ALt PR L AN dRe 200hannel 90,
The subst rgb@4]iSpdnupplibildn@d REFRHG R0 eI depBEE, tROPRGHA NRAUabASTH! MyQUS! Y
whil e a continuous field is placed on the el ectrode and sufficient

reactive ddsplasmpthesonicred ¢ledtrpde lhecarhesmseartivetheiasadgalative to the plasmandbiss
etching on.an el ongated, substr tantially. only on the substrate.
toni g agil T ErRORBL A g HERL P APda TR Gt ek B BRI Coes
et chi ng oah¢plaghs eiRERrHtdtoihed cloardiRrs0. TaccpleaM@Btionshechadt axildpover fed
to the plasma from being dissipated in the end plates of the cylindrical

el ect r ode,cogtastiti glegiipde &nnde devsribediy mercalstrild®lavan be used. Dark space

shields 8 i i al: - onduci ve
Lo the rododil i SprRflobS Bl P oF ARGu b f RO B EL Fired Riniehef P21
and 2, dardvesphacensi @ods286 Ancks8® thee spobdlalis pronglsd thradigh lotveodesr 1dr um 26

and the insul ati t heregn, Dark space shields 86 and 3088 do not. bias due
to the i nsiIt Wﬁ&%ﬂ é?ﬁ? §4 the gpRol%¢ Q%te&rlﬁﬁq% CPHlpﬁﬁ’éle%trseSa‘gh\(ﬁ%%tPlé‘nﬂar k

space shi g)dss§0uand BRp&eREARS6, Ik 4TAiA6n am%}%?& 0§R%§el%ralidépﬁ3gj§teitﬁet hi's
ring-like WO 201 /1092§7PCT/ US2011/ 026457 enbodi ment furth I ncl ude tabs

on each embsttws kedflingxspedsidis sgocd R&B sbrasm mane2E the takenprspasimiicactchmgner .
These tabs can assist in aligning the substrate within channel 90. [0091]
Pr ef er abl y** PH& %€ nperature control system punps fluid through el ectrode 80

t hr oughout[obrs 1PEIFRSEWER ikRERed PduShiBR tHOMBstAte @mﬂ?g%ﬁﬂ%gt&rﬁmﬁ@di%,e- _
Typically, thi's 5involves cooling the electrode with a cool ant as descri bed

aboved) al tspacsyivehelglivery and/oswke-upaped campe peovirkedias apdads 28 ardidPi on, si nce
T R N GO
al | owi ng tdgicelpabinigarBf iftcbiper Bldusifedsie Apattemer biHchBiss Yettiabanner, a
polyethyl emna?sﬁi?ggevegt} cr:]a?ll b%tpeo’sitigrqu gr? lu%/ i(EI{[pH%/ slp%QFasns%ng 2h8?3| a?lfdeain empty spool is
positioned as a take-up spool as spool 28F.
25 [0087] After all of the spools with and without substrates or webs are positioned, the
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.
Spacer webs generally are not woven through the system and instead separate from the
substrate just before this step and/or are provided just after this step. The substrate is
30 specifically wrapped around electrode 80 in channel 90 thereby covering the exposed
electrode portion. The substrate is sufficiently taut to remain in contact with the

electrode and to move with the electrode as the electrode rotates so a length of substrate
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10[ 0092] After conpletion of the etching process, the spools can be renoved
fromshafts supporting themon the wall. The substrate with the

nano- st r iwwounadiosasti cl e t hereon is on spool 28B and is PEeRANS2010/02a4ST.

[0093] In sone enbodi nents, nano-structured articles described herein, the
nano-structured article conprise additional |ayers. For exanple, the
article may conprise an 15additional fluorochem cal |ayer to give the

article i ripploves ineansct aid/tot clestrodedprstrhingy This spews thessubstrpge to be ctched
nano-str “%Lirc‘c’sﬂt[i@}é‘iﬂ@_)??o%e&%}‘mﬁ'oﬁ?e@& Paor%;u b HRANEY, (BreSubstidd @ i@ﬁ% tional
pI asnma treatnen . asna post rea?rren S may | ncl uge surtace Ification
t o change foheckihganhd &wdrdoot 1®Batalgd cdogsl. t hat m ght be present on the

nanostructure or far the deposition of thin filns that. enhance the
per f or rrano[§5%%] éh?@l%ﬁaf%w PREYalsdto rgaPYf‘a@Ealéeﬁ%aﬁhﬁ ERuriges- cCHACS HeTteidt ¢ he

at t achiment,,0f,; ! um%%&' Rtd HR evgy&%ﬁ?(gﬁlambggﬁ%gﬁﬁhrar&qg féﬁﬁ% bo b @RO!

am ne, or other functional groups. dep thin can I ncl ude
f | uor ocar hwosss gf @sleng.i Kes RUipamensburédie actowitaietp pravité aleRF midctricdégld ar ot her

mat eri al s. . \We e..sur e nodification treatnment is.applied, t densit
oF  the. surdstoedr Bica e s Bhfeld Ssdf il bRz hacuiebdfor o of
t he ani sotfpaRitfoal df% Biseheditn RMO theddiat THRLYERAifRUNY BfRlucdN@ihedn 186
functionality is used, biological agents such as antibodi es, ({)rot ei ns, and

enzynes caviHgesalsior,nltheedgh atbertRF sdveceamng éreflugnsy irorgab mgy dapsed. When si | anol

f | | [ d i hem i : easi Li h
AL bl S e L T L

Ant i m cr obyl@ltrod€86 ¥y ebatuingidchoart thefcddttiotd withRRsEVdrT GhigiEN Gubddbnar e
based on silane chem st ri/} are comrercially 30avail able. Antinicrobial

t r eat nment g0 aaselqrate it d ghannst enyingaeh plapiredsmosieti20 of elertiode b (teid gr oup.
E -cl i y .

bor 1 uor osaERptRe PRYeddid Ut 1 HRROEST RIS CPATRAR SaRutily et e
Ant i - f oul imgriB12 11 (IDORSFPGTHuSAhhid 26 4 Tcigtieaf substrate imyoritat Withe

pol yet hyl enegl | silane. When thin filnms are used, these thin filnms my
pr ovitle. addicdaet ela%ﬁeﬁwu%lag ehigotenipsehig e BTN MR OLAT gk
optical efifeat 3rdargmdi ng upon the refractive index of the thin film

Specific types of thin filnms may include dianond-1ike carbon (DLO),
di anond- | i[Re9Q| Fxs soiftDluGys etahimgpthe trekeipl spools arsdritencons ki pull dhe sulpitatma

I ized sili e 0i | uni d ./ 0094 - t d
Tt ol es qBdany BEGRRE v EalER B e OB BRCHoY LT daPs SR e Erlperties such
as antirefd@fid ¥hPhRRS! §d @8 od Ar§NInnARRAT RibSeatd 8@@1@5& {reconta20¥vith QgAY
properties, inproved adhesion and durability. [0095] For exanple, in sone

embodl mentchannah80siihe adhstratefis thas pyiledtherughiee vngpcompatment comtanionsly sot r opi ¢
surtace | SRR A58 § AR 0P LLARE ML PRRL B eyont et
the term "predcheritkid thaicHaater. TRaRSult her @utiheas cedhidopdd ¢dleh@tedpktEe,ng t he
same matr Ia)1<1d 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 active

25 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

88 can be of any shape, size, and material that is conducive to the reduction of potential

fouling. In the embodiment shown in FIGS. 1 and 2, dark space shields 86 and 88 are

metal rings that fit over drum 26 and the insulation thereon. Dark space shields 86 and

30 &8 do not bias due to the insulative material that covers drum 26 in the arcas where dark

space shields 86 and 88 contact drum 26. The dark space shields in this ring-like
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material and the same nanodi spersed phase (as the nano-structured surface
of the invention to which it is being conpared) but w thout a

nano- st r wwounadiosasysot ropi ¢ 15surface. [0096] Sone enbo@CwAsRE 1foesher
conprise a layer or coating conprising, for exanple, ink, encapsul ant,
adhesive, or netal attached to the nano-structured anisotropic surface. The
| ayer or coating can have inproved adhesion to the nano-structured

ani sot r opi@nbodirpen durger inpduderfolsan ensh cpdthcreef artcnding ewer fogudmacd in20[ 0097]
Conposi tes, de r t cl udi ng,
for E,‘Xarfpﬁleoq aglﬁ{lfaFﬁlan& lq:hg%eftlﬁgsnsigsﬂgt 1I191 1%1{1}{?3{ gslrdﬁgcfase{)lvgﬁﬂl hgﬁ'éel ?g

i ght em t[009g Riefadae)lx tlﬁll)enqbemplraysntrcﬂrsymra@)mmmm thysigh elacgbdie gt racti on;

el ectromagpetic interference ( shi el di pht hal m ¢ | enses; face
shi el di nggfp@ﬁg%@ﬂéhw PFes fo Weﬁ%lﬁtﬁ?ﬁ at & AFyiiedPERRTF R BPCN et i on
appl i gat i Q%olv%%ollﬁgﬂﬁteﬁéé%lgé’gntﬁl%%b&ﬂ% ésoc{%% Medtabd ?é aﬁhédgﬁirh%anﬁ?fﬁo

25structured arti escri herein are a S0 use for sol ar
appl i cat i cosecsasds nesy Imodearratile.l hsaddithay sinenthbsubs@tt iasn dinect Comwadt vatirthace of

R R e R Iy R S e S

with add| ts'y@t@ﬁl' tHIAIMY-aHE6 R (A EOAME oFtdrhsdrMuRs sch@fivd HBnd JueRtbs sur f ace of
fl exi bl e solar photovoltaic cells nade w th anorphous silica photovoltaic

cel | s or QoGstigdptettrenhthalati.candgiolysthydeng naphthalats. f ront surface of a film

ool Foea AP, Rhopsahi R IR TRIRNS Bl Sapet ERAR A TR it o

crystal dlsaplb@ﬁng eleavbisthe v, STHeayBstapPvith did ns- suﬁ&are@immas tHe@SondE bhcl es
descri bed herein are al so useful for solar, w ndow, face shielding, and

eyewear apPPPlcHB ¥Kss radpdB|UsEI G 5 shows a schematic cross sectional view
of an exe L.spl LJFQ,I i refleqbl ve article
as discl oggg@ﬂg}lglbﬁle eﬁ%oéﬁrﬁm&sﬁﬂ& é’3[rnﬁelr?t‘?u g Ct:égr(ri%%g??d Hél%}f thc il}{)jes a

pol ari zer silﬁlétui’tﬁi\lairﬂge @pmpﬁ'smgiditlo“nat lagerd. Becexachpd tliccarasle whdylcoatprise an
antireflective |la 06 .di posed on the first surface of the sybstrate and
an obée. caladgition %q%@g}% ay@%tooﬁlgf‘p@g@&%%H%H{@V%d&@ﬁﬁa@mrf%lc@p%‘P@nﬂﬁe
substrate. pr%ﬁ&naﬁﬂeﬁlaﬁo LehaaRe shimer mﬁ}ne%o 5@?3@?%65@@ (@8, YaRdn LadipbRiect
the optically clear adhesive and a prerask so not shown) can be used to
protect t hdasant treaghtet Plagne pat imeginubutsi may mlcbldeswfzmg naotifidBios toclzgee The
conposite |st nJa nate to a ass ri tnes hanc nt film

it user - Bopsmsatiotfid il od ol sb i PR ERETBEET T 1y ol ear
adhesi ve ig&pbditiéh 6€GIn GIARtASTenWALR thdEerfrAgscdyfitBhiiRsSudMdagasmant film

di ffuser, poI arizer or another polarizer which is then assenbled to a

li quP® cr ysedificatisenske inclule thy pitashmieyt Of\Ml‘tthylaﬂu%ﬁlde Qwommc%b@p’é,sed bet ween
the antiref {rbeo%tl \égzh o?%trﬁlﬂ&to%%ﬁeg Ré\c 61%1"1" Ey%b%deﬂggﬁ!&i i nﬂ’ a%g] The
at may be

optically Cear esives resen i'Scliosure are

pr ef er abl yin¢lh@sBudrbedrbesh plakd-liled) dﬁlﬁidn@éliket 63068 rafsdQRitdlc, ak otteast about
90% or even higher, and a_haze val ue of bel ow about 5% or even | ower, as

measur ed dﬁatarlaég W@%&F‘e%ﬂm Podiicatiprpirgatmant ih apird; B degedierq fisaisustcew i n
t he Exa”P'fﬁna?o‘ﬁB gggg%{ghtdh%t ela Ciuffa éﬁh@&&%@hﬁﬂ\y] che@RidEal Ty

cl ear adhesi ve. e optica ear esives na e antistatic
prop2sti e$1mn1myedlmrfaoasrp%mh)hmlnm ﬁmctumahkyss osedsbzlnmguaai/egdn&ymch asand may be

able to be released fromthe pol ari et chji ng t he adhesi ve.
|1l ustrat ia\?@%%‘g?ﬁ PHFS, &P@&szé%%ecépé%aﬁﬂé ]!6% 2&‘?‘1“88%} §'RUHSCT  Pub.
No. WO 200844280431 uEvEsARE aﬁ 3 u§dd, §1lan)e c'h@tlnﬁftﬁé}&aﬁ Be %E&l'y%bﬁhé&to%é h&Rl1y

clear pressure sensitive adhesivé: U.S. Patent Application Publications US
2009/ 0229782ctated(Defrer dumtodhe ]algh)iensny of silanol groups. Antimicrobial, easy-clean,

and anti-fouling surface treatments that are based on silane chemistry are commercially
30 available. Antimicrobial treatments may include quaternary ammonium compounds with
silane end group. Easy-clean compounds may include fluorocarbon treatments such as

perfluoropolyether silane, and hexafluoropropylencoxide (HFPO) silane. Anti-fouling
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25relating to stretch releasing optically clear adhesive; U S. Pat.
Application Publication No. US 2009/0087629 (Everaerts et al.) relating to
i ndi um t iwoarild®ozsonpati bl e OCA; U.S. Patent Applicati orsThseomg2aseri al No.
12/ 181,667 (Everaerts et al.) relating to antistatic optical constructions
havi ng optically transm ssive adhesi ve; U S. Patent Applications having
Serial No. 12/538,948 (Everaerts et al.) relating to adhesives 30corrpat| bl e
Wi th corr dEaBRCHSEmMaY 1 elp&%@rﬂwleuggscolmléw sW@ﬁﬁ%‘lP£ﬂ@ﬁ@reA@9¢,rté%§?T

adnos ve. CARETNg A0 jaEha@lioksl LELEN O b R AR o s ShigRh GG foa
( Haner ski &&caldeﬁ)erﬁiﬁﬁgempdn thef&msmd/i@d&odﬂﬂl&ﬂﬁﬂ&ﬁﬂCSb&ﬁﬂé)ﬂybéQaﬁthﬁ]?ﬁmhhesi ve

tape. I n one enpadi nent, trcal y cIe dhesrv as a thickpess of
about 5 mi'B#oME ?d@rnqneéé@crl M@P  gmencstikoate @%55 ABAEPhSR HUEQUH ed

articies dasehified. *}ﬁé&ﬁd‘pcﬁ#{w&zﬁr‘%ﬁ sHRISRE bﬁealémﬁr%gg?g% e@%ﬁp” sing at |east

one of Si02 nanoparticles o nanoparticles 5 ed in a
cr ossl i nkdb0%4]Menokstruc gt arsclng describebisdreiowen efhibitibhe pnmbie) desirbilat e,

pol yester, fluoro ur or _si | oxane(whi i ncl udes

D enaa. or TEopal et 4 REPETE peiieCr o aosihe BPET b lpdel 1 Do eo

materr al s I{rgp/@tl&a[ﬂl?lro{,@({ Q{hreggnra@d asrabiligy.dcoat s”) may be used as the matrix
the matrix. Such materials include that available from

as a cong%irrent 0
Cal i f or ni d09RY]dwsarimpleQn. SOH]S@medE‘@QmS ax sutbonudectiey afitheieangesi gnat i on
" PERMVANEW nd from Monentd ve Per terra under t he
trade desr%ﬁﬁ%& Ireéinam%}\yﬂ@c Sur g P itont tgpworc%%re%nctihgls?&acg 88?“%’ t% nanopartr cle
filled matuntesatoByutbel28dised EBinagith fb@ﬁ&t av@nhRipilsén M fabepRHesichIhAG,
Geest hacht Germany, under the trade designations "NANOCRYL" and " NANOPDX"

15[ 00101] Agfem t yesvsater purfagen shsans theurees fomtaaiivle AymPATEER Bigtsame gt such as
h d
those ava'rhﬁ%ﬁ ahfi H8 B{Fﬁépéﬂgﬁ&%%}hﬁ e@és &%ﬁlﬁ?,o-lsﬁtgﬁglgjﬁgﬁ ec ofgRAN, under

t he trade desi gna ion rom L apan, under the

trade desiigvaitiono WRRERS AcHARDOPATEDL & ik uFORakdRRiyctired amiSetrypicChen cal &
:v?; Corp Tokyo, Japan, under the trade designation "SONY OPTI CAL

FI L fr OM18& Haas, 20 Seoul, Korea, under the trade desi gnation

" HARDCOA‘TF[@O _}Lﬂwme é}ﬂ%dflﬁl% Tﬁjﬂ{eﬁ’?‘ c&ﬁ%ﬁse a l%ér"@*l%%g WprifgetorteRgmpicade

desi gnati on ERRAPPIN G FI LM e used as the matrix of a componhent of
t he matri xnk,[@0dB2lhh adlrmnexerrpbta}r zyctaph@tteshe netn@ -ttarcticabanisqiropid stefdcd. n
liquid f e lla;ercor coa%lng can have improved adhesion to the nano-structured anisotropic

surface of the invention than to an untreated surface.

20 [0097] Composites described herein are useful for numerous applications including, for
example, display applications (e.g., liquid crystal displays (LCD), light emitting diode
(LED) displays, or plasma displays); light extraction; electromagnetic interference (EMI)
shielding, ophthalmic lenses; face shielding lenses or films; window films; antireflection
for construction applications; and, construction applications or traffic signs. Nano-

25 structured articles described herein are also useful for solar applications such as solar
films. They can be used as the front surface of solar thermal hot liquid/air heat panels or
any solar energy absorbing device; for solar thermal absorbing surfaces having micro- or
macro-columns with additional nano-scale surface structure; for the front surface of
flexible solar photovoltaic cells made with amorphous silica photovoltaic cells or CIGS

30 photovoltaic cells; and for the front surface of a film applied on top of flexible

photovoltaic cells. Composites articles described herein are also useful for mobile hand-

held devices and liquid crystal display television displays applications. The composites

06-



on to a first surface of the polarizer. Depending on the chem stry of the
hardcoat, the 25liquid is cured or dried to forma dry antireflective |ayer
on t he poveromern92sThe hardcoat ed pol arizer is then processas2ahoough t he
reactive ion etching (RIE) process described above using, in one exenplary
nmet hod, the apparatus described in FIG 1. In addition to exhibiting
desirable properties including antireflective properties and antifogging
proper t i esrddecdaspakpddisesie arq i wefl fergekssviadey, eabhrldog, arbeygngasi r abl e
30phenoneQ§Eh&Bbh%idescence (also referred to as "interference fringes").
The differehce between the refractive index of the pol ari zer and the

har dcoat |[89%8] Kian5chosea tdhenplie oeseseiond] vidw dkaceraplarwdisphyd®opgushwhen
external |ight _incident on the hardcoat,Vﬁgég%1/109287PCT US2011/ 026457
layer is ra8fildc? ettt HYQRHBGHS Idie0sebhar; IARS PRPREEEEBhAe | s

hi ghly un ey & j ; ' [ ' ' R t t i mage
on t h% di gﬁ?ﬂé{? §‘ll?é[ 8002 11%1%1]%6\% %Slgélg%zr?g @gjl& Pi&ia[%% 8}5‘%&&?1 r?eﬁrzsaﬁndﬁggégﬁtsﬁfg%est@ﬁladdr ess
t he iri deswemteflogtivalagdr 10§ dispesadedir the first suifmutent thetubsteate tndapoptarallger and
coating formul ations, it is very 5challenging to provide a bal anced

per f or nancd Al DR Pardket PeRcad STaes fueb tite rOplEe 5! engt h
nul ti | ayerfifepaio Bigswn)lcdan 6 MEedaBhestbareid SptRhily Blegr £HhsGlOatH £prehfask Rlide
process can reduce the reflection fromthe air-front surface interface of

t he pol ar inogshavontced bausdd thpnupeirthd aiteeldchive dodting dovng proshssate and t ur n
reduces the iridgscence 1o hieve a.l r exhibiting excell ent

bt Dt Vit R R Tt S R G i LA L T M
of this didiffliesYotariZeasiomatick 9bl@ﬁze{rel-lg-suchﬂla‘ZthB@Eﬁ@ﬁlfytdl&k e8hesBans e used to
tune the refractive index of coating matrix of the hardcoat to

subst ant i glifegt sptachwithdhe glpssiighgspasnbaaeement flm diffpscspalytaceer dothe| e
f ) _ . e _ SR
atter the Sd%gaﬁl(f@f QHRRTs Al Gb %ﬁl%gedqg'éqi[qgﬁ%gﬁ 9' ‘50‘%%213%@&%%@; lhiffah& L'eve

pr operti e mnimal 1 ridescence. n ano ment
nanodi sperged 1 phlapescdretibenahe e defsayc toatmigrngd phalsqmd tgsfabmisdale.

nenor e VeSO aoRerodEl e, T8 TELed can bg CaU Ll ed o
2,03, L) 6L N0 LRGP g acung g 1t
mat eri al rlaghverandhidnze hdueaf bélawrmboeri%aby evedlowre aphmaaspréhdiod2irent s 1. A
conposi te n?ﬁtlr%pnl;eitgri ik sample in the matter described below in the Example section under the
Haze and Transmission Testing for optically clear adhesive. Suitable optically clear
20 adhesives may have antistatic properties, may be compatible with corrosion sensitive
layers, and may be able to be released from the polarizer by stretching the adhesive.
lustrative optically clear adhesives include those described in PCT Pub. No. WO
2008/128073 (Everaerts et al.) relating to antistatic optically clear pressure sensitive
adhesive; U.S. Patent Application Publications US 2009/0229732 A1 (Determan et al.)
25 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 OCA;
U.S. Patent Applications having Serial No. 12/181,667 (Everaerts et al.) relating to
antistatic optical constructions having optically transmissive adhesive; U.S. Patent
Applications having Serial No. 12/538,948 (Everaerts et al.) relating to adhesives
30 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 Application No 61/141,767 (Hamerski et al.) stretch release
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a pol arizer having opposing first and second maj or surfaces; and

a nano-structured article disposed on the first major surface of a

subst r at eyvot2he/109230- st ruct ured article conprising a mat PCY/ise@l1a2638N0- scal e
di spersed phase, and havi ng 25a random nano-structured ani sotropic surface.
2. The conposite of enbodi ment 1, wherein the polarizer is a reflective

pol arizer. 3. The conposite of enbodinent 1, wherein the polarizer is an
absor pt i vedpeivg ieper I @g opbogdmment.1tho optretty clssp adhesige basy thicknres ehpesi t e of
any precedi i t, wherein the random nano- structured ani sotropic
surface hgiggmgggggﬁﬁggﬁflection of less than 0.5% (in sone enbodi nents,

| ess than [00E®)9 . 59nFbmeccoivpdshdnes, afincastyucprred exdicleg deschibed hanin, fumhar ei n t he

nano-structured article conprises in ar e fromQ.5 to_ 41 (in soQ
embodi ment@MmPpiis¢ g haigcog,coppaising af sasigne ﬁgggmanﬁgﬂrwpm@&z TRRRPRBRIES scal e

di speg sedodggagﬁs.%d (P2 3RA kb4 BbrmOLiHITE: 08t bRCONANATALANRIYIART article.

106. The c site of any preceding e , erel n the nano-scal e

di sper sed phaser,cpnpy.ifbesommlymheaastcthang oo filGiad2(wiacloipaludechlesds ofr 02
nanoparticles, Ti napo rticlea, anzﬂﬂnq@$rtic¢es 20& Fanogarticles,
cal ci um cPBOWERE RENBPa PP as A FayHER! IS T uRbach BRI AR (PAIEEY i ndi um
tin oxide [BRAGAAS hi ‘HaBfoa@MihiAPHYudet Rs Bt HRrRINAPRLdhBd RSBt of the matrix.

pol y(tetrafl uoroethyl ene) nanoparticles, or carbon nanoparticles. 15 7.

The conposiuck nyfteretbiogivde Hat availahlerfedn Cehtormahbpdaopiieg €9., dpe Dicgof Gde _
o 14 29wl S0 R0 ARAS Gy Cbp RIA CERCC R SRGHL TR pe BT £Ln L he mat rix

u c. .
conpri ses cross-1li ia y cross-ﬁlnklng at

| east one Mhtetibie, ADkhYW Y @ndéiahiossdd dedkablien TEY O alAsididnbily,met h) acryl at e,
pol yester, epoxy, fluqrggflynerh uret hane, or siloxane). 9. The conposite
of any pr<osndigabyprdiehieitanopiielefifed mativamay ke deidppicdiers thase pHybist i c

material (g f NanSRERE W, GRMMAE GMny, LGS th RS Y eshlGid RN AERRR Y TBT -
and “NANOPOX”.

15 [00101] Additionally, nanoparticulate containing hardcoat films, such as those
available from Toray Advanced Films Co., Ltd., Tokyo, Japan, under the trade
designation “THS”; from Lintec Corp., Tokyo, Japan, under the trade designation
“OPTERIA HARDCOATED FILMS FOR FPD”; from Sony Chemical & Device Corp.,
Tokyo, Japan, under the trade designation “SONY OPTICAL FILM”; from SKC Haas,

20 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.

[00102] In one exemplary process the hardcoat, provided in liquid form, is coated
on to a first surface of the polarizer. Depending on the chemistry of the hardcoat, the

25 liquid is cured or dried to form a dry antireflective layer on the polarizer. The
hardcoated polarizer is then processed through the reactive ion etching (RIE) process
described above 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

30 phenomenon of iridescence (also referred to as “interference fringes”). The difference
between the refractive index of the polarizer and the hardcoat layer can cause the

phenomenon of iridescence, which occurs when external light incident on the hardcoat
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25pol ycar bonat e, poly(nmeth)acrylate, polyester, nylon, siloxane,

fl uoropol ymer, urethane, cyclic olefin copolyner, triacetate cellul ose, or
di acryl atwocelllwbzsge). 10. The conposite of any precediPof/iSatiodpémwnt ,
conprising a hardcoat conprising at |east one of Si02 nanoparticles or Zr02
nanoparticles dispersed in a crosslinkable 30matrix conprising at |east one
of nultl(neth)acrylate pol yester, ep oxg)7 fl uoropol yner, urethane, or

si | oxane. lyoroefleaod sempdneuspbaysldesebs. 1Therkidescshgsos ihighlorndgsiyatle ecedi ng
enbodi ment; r { ses a mcrostructured
surface haV|ng ?ﬁg% agggﬁ?ﬁgﬁgﬁgﬁgﬁgggg% 5%?%2? g@c§surface t her eon.

512. The cdopuEijt e ofwaﬂ@'sqmesianemg teerino tHaveetnicd tovdkiredsnhd indesvahed by conpri ses
an alloy or sol i ol uti.o 13. The conposite of any. precedi ng.enbodi nent,
wher ei n tH@a@@e&m F‘r&f“‘d’rVeéihfP@P‘d%?éW??P tbmﬁpﬁweéﬁp% goatinggpipdations, U is very

m Cr 05t 1 UGN GfkidioAGRdo 4 Balanced]brolfith s BERASh bitifleAh MuSiedL
enbogl§ment V\ﬁ%}el n e epo ?i?lllczeelj”p fso di fC%use ' .e he corrpos?lgg of any
pr ecedi ng \mﬂbmmwtayelmgth heﬂtllayﬁrwphisltigsg Ilasom@embailhyntsloé&ns ddbtlesirv.e

di sposed aq second s t he riz N | ear
Coainect e RIE pRRER N SULCEHG, PhehdR B8 B FefonerirelblebRe 8B ass ¢ han
5% haze. pbfarizENEo&IPRIP harﬁ)p@ﬁlcmw Hﬁ@dmoatl%hﬁwlmﬁﬁn@wmg th%uﬁges@eﬂéal or
surface of a glass substrate, ol ari zer substrate, or a touch sensor.

2017. The dowrplosyq @lagér @hﬁn@mmp larg anfingfleetere pcr@pﬁpsmssandgnlalméélue@@eencpner
di sppsed g LS SBSRNTnRRhis TLIRES, AnobliEcRRId £271d, GhE R iadhesh vs-

used to tune the refractive index of coating matrix of the hardcoat to substantially match

that of the polarizer. The resulted coated article after the RIE process disclosed herein
exhibit excellent antireflective properties and minimal iridescence.
[00104] In another embodiment, the nanodispersed phase can be etched away

15 using plasma to form a nano-structured (or nanoporous) surface. This method can be
carried out using planar RIE or cylindrical RIE essentially as described above, but using
etching selectivity to favor etching the nanodispersed phase rather than the matrix (i.e.,

by selecting gases that etch dispersed phase material rather than the matrix material).

20 -Exemplary Embodiments

1. A composite comprising:
a polarizer having opposing first and second major surfaces; and
a nano-structured article disposed on the first major surface of a substrate, the

nano-structured article comprising a matrix and a nano-scale dispersed phase, and having

25 a random nano-structured anisotropic surface.
2. The composite of embodiment 1, wherein the polarizer is a reflective polarizer.
3. The composite of embodiment 1, wherein the polarizer is an absorptive polarizer.
30

9.



18. The conposite of any precedi ng enbodi nent, further conprising a
pre-mask film di sposed on the random nano-structured ani sotropic major
surface. &b 20M20928%7met hod of naking a conposite of any @eCTarsadion@sts 1 to
18, the method conprising: providing a polarizer having opposing first and
second maj or surfaces; coating a coatable conposition conprising a matrix
mat eri al and a nano- 30scal e di spersed phase in the matrix material on the
first maj ot surfhgccomposite opcAnar Prseding penbntimeyt, dwksreig thee raslan Agneo

provi de a LGl e - -1 S a rj 0- |.eq.di 'S sein
Phe mat r1 st ERBEL SR bEDH hife IR e tRACoF S Sl SERICRR BRASE |
surface ofenttodimasrits,ddse tham 0.2%6).i ve i on etching, wherein the ion etching
conprises: placing the article on a cylindrical electrode in a vacuum

vessel ; introducing etchant gas to the vacuum vessel at a predeterm ned
Spressure;s geneftd B A FhyIRLURIATE ¥ dTHEA N ARECR] hEhe-SRHRu BN gR)
counter - electrggé?ﬂ%o yq% rggﬁting t%e’cy%indr?cal el ectrode f%

transl at e dohriped B a zange feomd Oanics 6t Kiopiooal ¢rybatimhntagl th@0coatveng? to 1@r ovi de

(e enSom APy IS e A SRR S T BULEACS 20 TDge Eplod o

met hod of RhbRELctBAQHidENtS 19 or 20, wherein for the reactive ion
etching, 15etchant is introduced at a pressure in a range from1 mlliTorr
to 20 mlliTorr.

10 6. The composite of any preceding embodiment, wherein the nano-scale dispersed
phase comprises at least one of SiO; nanoparticles, ZrO, nanoparticles, TiO;
nanoparticles, ZnO nanoparticles, Al,O; nanoparticles, calcium carbonate nanoparticles,
magnesium silicate nanoparticles, indium tin oxide nanoparticles, antimony tin oxide
nanoparticles, poly(tetrafluoroethylene) nanoparticles, or carbon nanoparticles.

15

7. The composite of embodiment 6, wherein the nanoparticles are surface modified.

8. The composite of any preceding embodiment, wherein the matrix comprises
cross-linked material (e.g., material made by cross-linking at least one of the following
20 cross-linkable materials multi(meth)acrylate, polyester, epoxy, fluoropolymer, urethane,

or siloxane).

9. The composite of any preceding embodiment, wherein the matrix comprises
thermoplastic material (e.g., material comprising at least one of the following polymers:
25 polycarbonate, poly(meth)acrylate, polyester, nylon, siloxane, fluoropolymer, urethane,

cyclic olefin copolymer, triacetate cellulose, or diacrylate cellulose).

10.  The composite of any preceding embodiment, comprising a hardcoat comprising
at least one of SiO, nanoparticles or ZrO, nanoparticles dispersed in a crosslinkable
30 matrix comprising at least one of multi(meth)acrylate, polyester, epoxy, fluoropolymer,

urcthane, or siloxane.
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22. The nethod of any of enbodinments 19 to 21, wherein the coating is dried
to provide an article conprising a matrix and a nano-scal e di spersed phase
in the newoi2a11/@es7f urt her conprising curing the dried ®oattsSag1/02657 23. The
met hod of any of enbodinents 19 to 22, further conprising applying an
optically clear adhesive di sposed on the second surface of the polarizer,
the optically clear adhesive having at |east 90% transm ssion in visible

li ght and lless thesonpusieleanyasocedmgeemhadipentovhesiidde papa-stpgtured, prtigky

conprisin 1.vi ng || I ( j ar: ace of
t he optich?§P%¥%§rm§g%§é§@§&1fkg%%%ﬁaﬁggﬁﬁgéggkgg3w§§%o &W%ﬁt%ﬁ%?H%kis

i nvent i on sarfacd theitcber il 1 ustrated by the foll owi ng exanpl es, but the
particular materials and anmounts thereof recited in these 30exanpl es, as
wel | as other conditions and details, should not be construed to unduly

[ Tm ts LhT S5 et Qfinpflid P Hra0finBehtBAIAGES BlEintKe Wl botBlisSSan

ot herwi se indicated. = WO 20117 10928 /PCT/ US2011/ 026457 Exanpl es Procedure 1
- Pl asma HllezstomentlidfolRadnl. - t 0o- Rol | Sanpl es [00106] I n t he exanpl es bel ow,
references to Procedure 1 describe the follow ng operations. Polyneric film
to be treated placed in the cylindrical R E apparatus depicted 5in FIG 1.
More speciff3i cal i conkjRosié 8F BnyPhreb&iindemBbEhREE MARRINAR deftord hAfQarE&0. 8
cm) and the punping was carried out by neans of a turbo-nol ecul ar punp.

Per sons widfithepelatizer mcluses amicapirictyred swifacs. t hat this neans that the
appaiﬁtus was operating at a much | ower operating pressure than is
conventionally done with plasma processing. [00107] Rolls of the polyneric
filmwere mountEd dnipdksite sy phestirig enitddihddt i Hleiwtiappaeriz ¢didusde drum
el ectrode and secured to the take up roll on the opposite side of the drum
The unwi nd and take-up tensions were maintained at 3 pounds (13.3 N). The

hanber d - : t f 5
< 10-9 Tons ocygen GIBER T EAAIEEBUTRRH, 1980 b RRP s CPERANE ©
pressure vesrnaiiicsiad |dyspdedrborthe febasimunias gliier pdladzdy tixppbtically alepower

of 2000 watts of radio
99 adilesive hav?'ngI at least 90% transmission in visible light and less than 5% haze.

16.  The composite of embodiment 15 further comprising a major surface of a glass

substrate, a polarizer substrate, or a touch sensor.

20 17.  The composite of embodiment 16, further comprising a release liner disposed on

the second major surface of the optically clear adhesive.

18.  The composite of any preceding embodiment, further comprising a pre-mask film

disposed on the random nano-structured anisotropic major surface.

25
19. A method of making a composite of any of embodiments 1 to 18, the method
comprising:
providing a polarizer having opposing first and second major surfaces;
coating a coatable composition comprising a matrix material and a nano-
30 scale dispersed phase in the matrix material on the first major surface of the polarizer;

optionally drying the coating to provide an article comprising a matrix

and a nano-scale dispersed phase in the matrix;
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15frequency energy to the drum The drumwas rotated so that the filmwas
transported at a desired speed as stated in the specific exanple. Procedure
2 - Pl asmsOoDoaatmsnt of Sheet Sanpl es [00108] I n the exampras2ialooms?
references to Procedure 2 describe a procedure 20simlar to Procedure 1
except that sheet sanples of polyneric filmwere taped around the edges of
the drum el ectrode. The drumwas rotated at a constant speed and plasm
treat ment was then doResing ¢ magrfspefpenef the agickesto geactiveongichipgveiprein thene
specific edure 3 - Measurenment of Average % Refl ection
25[00109]ﬁﬁﬁgﬁé§g§§%%ﬁ§%'belomL references to Procedure 3 describe the

foll ow ng operations. Theladsgihe aafclé bea pylockidal dedt®da inre asdiuen wfssdlhe
average %reflection ("), of ,a.plasma treated surface of a film One sanple
of the filmwas prepared BYOHSHIE TS 2BF & RS TarPIm 56! @b BIAPHFE TR
Yamat9 | nt er natj.onal.. Cor poration, Wodhaven, M, under the trade

desi gnation "200-38") to the backside of the sanple. The bl ack tape was
30applied using a roller geocmhsgipesinhbetyvesr the aybindiical bightoddesandraaqmpettr-

bet ween t he blaﬁk tgpe WO 2011/109287PCT/ US2011/ 026457 and the sanple. The
same bl ack vinjﬁ“?ﬁag was simlarly applied to a clear glass slide of which

reflection fromboth si de@ta‘ﬁﬁ% ehoyBid 8l BleB@sdd 18 tRnslale thOphlanLraardont r ol
sanple to establish the %reflection fromthe black vinyl tape In

i sol ation. Wen this procadgirepialty atsbthgt he rneaisng &0 arayarepdisi rmedam tnagde

conpiésing opt%I%thdg%%%%,a%@ggiyg%%cthe 5conposite article was first
pre-lam nated tO aeear ngss 4P 9 %%nd then further laninated with the
bl ack tape to the glass surface. [00110] The non-taped side of first the
taped sanple and then the control was then placed against the aperture of

BYK Gardi mér collsrmefhediel apbretimentolsh yiharsin the pasmyiomprises an oxygen plasma.

21. The method of either embodiments 19 or 20, wherein for the reactive ion etching,

15 etchant is introduced at a pressure in a range from 1 milliTorr to 20 milliTorr.

22.  The method of any of embodiments 19 to 21, wherein the coating is dried to
provide an article comprising a matrix and a nano-scale dispersed phase in the matrix,
and further comprising curing the dried coating.

20
23.  The method of any of embodiments 19 to 22, further comprising applying an
optically clear adhesive disposed on the second surface of the polarizer, the optically

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

25 24.  The method of embodiment 23, further comprising applying a release liner

disposed on the second major surface of the optically clear adhesive.

[00105] 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.

230



Gar di ner of Col unbia, MD, under the trade designation "SPECTRO- GU DE") to
10nmeasure the front surface total %reflection (specular and diffuse). The
% ref | ectworowza®9shen neasured at a 100 incident angl e Pom/ush@ 1nasaet engt h
range of 400-700 nm and average % reflection was cal cul ated by subtracting
out the %reflection of the control. Procedure 4 - Refractive Index (Rl)
Measurenment 15[ 00111]In the exanples bel ow, references to Procedure 4
descri be the 8l owi ng operations. The refractive indices of a sanple were
measur ed usi ng a prl sm coupl er (obt ai ned from Metricon Corporation,

Penni ngt o ¢ : llefoAtalbbamples 0/ M') usi ng a vavel engt h of
632.8 nm Three refractlve |nd| ces were taken for each sanple, in the

machi ne di[p@tia]on asInttHrteeﬁaniprh&sMkamnd@re&M)tp Plrdsr@dureo]séesweﬂne the f(bltoazviﬂger se

20di rection as. the mad on nor 1o .the
F1im sorf dBeiEiohy PORRORGRIEL Py bobp B iofhapindrt I Hprer Raerda as
nx, ny, angdpig. [ eSRECIJXRIHIY, Mhd Q?dtl?&?ﬂ'i@'d%ﬁn@?e'c%‘éle WhOLIHBeS(36.8 cm)
Measur enent of Average % Transm ssion 25[00112]1n the exanpl es bel ow,

refer encesanticbhd?plomedg mas Samdied onf byemténs df@Ituldvmm@le@p@rmnmm nersoTisevitly er age %

1 ant - sourl! b 4P RS8R 08 mEREORTR et A B et fid YR ickce et ng

used as a lg@bi (spékatfn@rpras@&%tﬁem@%Bﬁmh@ﬁanyadbde Mﬁth@a@%r&@@@ﬁm ry. The
sten hal ogen (QTH) powered with a

| i ght source was a quartz tun

stabi | i zedOpHWar 303&1@(9& theamgymere@ﬁtr@mem maeed whzl therphaplesrthe figbt ai ned

f b

| P s B e R L0y RGeS UR 5 R0 i

2011/ 1092&18@&%12%@&614&%&1@&@[@&@3@3 waBsmbisednddait 3tpoands (dB8131¢). and near

infrared (NIR), and an InGaAs di ode array was used for_ the remainder of the
NIR A si r?{i’reé?)héﬁgﬁl’t(ﬁ%?’vé‘ﬁﬁl%?‘% #dt @2%4%‘%@%‘@?3 BPP Exp DRSRYBEBUS I & si ngl e
grating waguggd 69% i d] mRGESAH fuﬁptﬂ?e &f’aﬁ{%e{jef Eatmggiréss@r' | ped
optical transm ssion’ neasurenent of m sanpl es wi t I ncident 5Sneasur enent
angl es varr;oimigalbem/\m&“nrro Pdhsgraeaﬂ @neka&ﬂ Wegpbew opercra\Ba0ehengofradange of
380 700 nmwith I arl The tran i on nmeasured at. nor nal
“nci Hont © dfiguendrmaciyde JuESuit GRCRDa5ORAS St el DA A epBr ¥ or

the wavel engthed W@amtafée%ﬁg@péum Bxdfific.f Ol | owi ng exanpl es.

Procedure 2 - Plasma Treatment of Sheet Samples

[00108] In the examples below, references to Procedure 2 describe a procedure
20 similar to Procedure 1 except that sheet samples of polymeric film were taped around the
edges of the drum electrode. The drum was rotated at a constant speed and plasma

treatment was then done with different lengths of time as stated in the specific example.

Procedure 3 - Measurement of Average % Reflection

25 [00109] In the examples below, references to Procedure 3 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

30 applied using a roller to ensure there were no air bubbles trapped between the black tape
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10Exanple 1 [00113]An acrylic hard coat conprising 10-20 w %
functionalized silica nano- particles (obtained from Monentive Performnce
Mat er i al swof20/tosasy, NY, under the trade designation " UVYBECIHEOMI1)02648%
diluted with isopropyl alcohol (IPA) to forma 35 wt% solid solution. This
sol ution was then syringe-punped through a coating die onto 151.6 m| (40
m cronet er) th| ck triacetate cellulose (TAC) film (]obtal ned fromFujifilm

Cor por at i o¥d theosagple. JEI%WmQM@F‘éKerﬂﬂéaﬁer‘%ﬁeS@ééﬁhg fedrio a Elaar glags sbde 26 ) .
The coati }S‘@%ff%éh&{’fr&&l e 18&% é%ih ”r? delU\é V2% %3rM01 Ofﬁ&pie%ed
u un ere I e a

with an H er anltro en el ng conveye

speed of Stabfish tht 3o ABleotion fl01)r1 th@blfaok mngl ﬂpe adiselotdn. n‘gfhleﬁylﬁs pmp@ahme(l mat eI y
2 mcrons thick, A 1.0 ml| (25 20m frometer | ayer of op ically clear
acrylic adﬁaéw%t%ww&wrmsge ortileqomnrispigAndiceibetlenadaeivesster rel ease

i ners (obtinedid mme%Ms@mEﬁ@yan%aéa to eidhr olMY HBAGhA 1R ifiRdSadiRRIqNati on
3M OPTI CALLY CLEAR ADHESI VE 8171") nated to the second surface of

t he TAC finﬂl(heb@.cktmtbhlee gpposifaer. si de of t he hardcoat, to yield a

conposite icle coat ed of . the co ite article ected
S0 Tort -t dBPH Sho bRt (e s Bal SERRR b i eh et B3 e 7
seconds. [Mbd4bERERLpIMASH EBYR TGS MBF 16NBNRIOHPhRINBBtalld TRIPBIYRY t he

rel ease liner fromthe optically clear adhesive and perform ng the test of

Procedur e Gardinet ofi-elumbirg MEemdéttthﬁ drade desperasprab BEG TBOpGUIET ) tect ance was

measured. The r ctlve

measur ed ac%aSPr&% iR St taﬁj Ef%‘ijhon We%”ﬁéﬁg%o@h %V\ﬁ“% nW1‘5‘5514
and the nztharaﬁleeisuﬁeli&t a(lﬁhmcmhuafglémtﬁeheaxkbmgth%ﬁg@wﬁmuoam dndeat ment of
this Exanple were 1.483, 1.483, and 1.482 respectively.) The difference in
refracti veVFiar detelleptiampas rl@dated beathtisadng eutithes® refiagtion. adthaemtmbt h t he
TAC filmand the -35- WD 2011/ 109287PCT/ US2011/ 026457 exanpl e coati ng,
denonstrating that the TAC filmand the coating created by the exanple are

essenti al Igr iesdotergpkc@ Cgéwgggéee ﬁgﬁ! Eegs%%g e‘ll'lrge rel ease liner was renoved from
the optic
15 [00111] In the examples below, references to Procedure 4 describe the following
operations. The refractive indices of a sample were measured using a prism coupler
(obtained from Metricon Corporation, Pennington, NJ, under the trade designation
“2010/M”) using a wavelength of 632.8 nm. Three refractive indices were taken for each
sample, in the machine direction as the film was made (MD), the cross-web or transverse
20 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.

Procedure 5 - Measurement of Average % Transmission

25 [00112] In the examples below, references to Procedure 5 describe the following
operations. The average % transmission of a given sample was measured by placing the
sample between a light source and a sample, with a measurement with no sample in
place being used as a control for 100% transmission, and using a D/0 geometry. The
light source was a quartz tungsten halogen (QTH) lamp powered with a stabilized power

30 source, and a custom 4 inch (10.2 cm) sphere (obtained from Labsphere of North Sutton,
NH, under the trade designation “SPECTRALON”). Two detectors were used: a silicon
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product of Exanple 1, and the optically clear adhesive was then | am nated
to a polarizing film (obtained from 3M Conpany under the trade designation
"VI KU TI wOVANGBR2SPOLARI NG FI LM') to nmake a comnposite arCiraiseo11hgERanpl e 3
[00116] The rel ease liner was renoved fromthe optically clear adhesive of

the product of Exanple 1, and the optically clear adhesive was then

| am nated to a {JQ olarizing film (obtained from 3M Conpany under the trade

desi gnat i drfCPekaior wapusgdUsEthRemiEernd/pemaninmed BRRD) tnd gn knGiad déo

t dal 20
o o1 i ca ‘Sabefisfaed PRl o Rk 9‘&%@%{%&%“@5&??@0' L
under the Tlrrﬁdeapdeﬂllmt hoha Sindle @oitRigAGEs)usudi fordight diegbrsad oatoileaqlu détbct()ﬂ 95

liter) jar hundred fifty. grans of 1 hoxy- propanol 20 27.82
grans of 3 1{%‘ %%ﬂ%@h%@%ﬁs@amwmﬂ gy SaRypdes VHHHINGIASRE r am of

hi ndeg ed amNGreMchf Qrfgl%evakﬁﬁ' ét(x)%én ()g,@%l%b&ﬁﬁl dof &é‘é}e@k B SPeH A tg)i‘h g cal ,

I nc., Tarrytown, trade i gnation "PRO STAB 5128%) I n water
at 5 W % iaffiRBinfroto W8P enmvitkd pbbgeeméfheaMSmckd@d wag nodasutcdat mdrivaé stirring.
The jar was | e heated to 80C for h to fo

Sur f hoe- modf A RATE Y A TR BRSSPk IR o r P BB B rodi £ ed

25si li ca digRemgthanyest J0arddoaim M wedol@dng exdthmied Wi th 70 grams of
pentaerythritol triacrylate (obtained from Sartomer, Exton, PA under the

trade designation "5R444") and 0.58 gram of hinder ed am ne nitroxide

i nhi bitor ("PROSTAB 5128") in water at 5 wt% inhibitor. The water and

1- rethoxy-Exappbpbnol were renoved fromthe m xture via rotary evaporation
to forma solution of 37.6 percent by weight 20 nm 5i 02, 56.43 wt%

30pent aeryoorixol trAmesryliahed c@ﬂdo&p&im@ﬁ@%%fuﬁ&ﬁbgﬁ&ed silica nano-

1- met hoxy- 2- pr opanol ating sol utlons were th repared by dllutlng t he
silica narﬁﬁ%@%@éﬁa@eégf Mspnspiive P B@WP?WW oft Ah%a@f% Li@dertdRag4™) to

71215 ol 0 0 0 SR SR T S
wt % sol i d wtdasoliigsobiaiont Tdus. so‘ﬁhﬂm vitasvth% pniogo-pumptd Ehr?ughﬁa( altiag d'@cbnitg om
? P2t 1o to kRBUARerpian] TGk St yr e 1 Sea A PRSI JRR B T 1 he
sol uti ons @eﬂ?oﬂa}lé@ drdk% ) apéh hand ROakdEksionhticH “HEASACSHI40YL efhe The
coating solution was applied
coating was dried at 80°C and cured by using a UV processor equipped with an H-Bulb
under a nitrogen atmosphere while being conveyed at a line speed of 50 fpm (15.25
m/min.) to form a dried coating layer approximately 2 microns thick. A 1.0 mil (25
20 micrometer) layer of optically clear acrylic adhesive delivered on a 2.0 mil (50
micrometer) polyester release liner (obtained from 3M Company of St. Paul, MN under
the trade designation “3M OPTICALLY CLEAR ADHESIVE 8171”), was laminated to
the second surface of the TAC film (i.e., on the opposite side of the hardcoat, to yield a
composite article). The coated side of the composite article was subjected to roll-to-roll
25 O, plasma etch (RIE) as described in Procedure 1 for 78 seconds.
[00114] Optical measurements were then obtained by removing the release liner
from the optically clear adhesive and performing the test of Procedure 3. A low average
reflection, approximately 0.02% reflectance, was measured. The refractive indices of the
of the Example film were then measured according to Procedure 4. The n, was 1.514,
30 the ny, was 1.514, and the n, was 1.513. (The values for the base TAC without the
treatment of this Example were 1.483, 1.483, and 1.482 respectively.) The difference in

refractive indices in the three directions is less than 0.01 for both the TAC film and the
-35-



onto a polarizing film (obtained from 3M Conpany under the trade

desi gnation "VI KU TI ADVANCED POLARI NG FI LM') using a Meyer rod (#8 bar)
coati ng Modeuwwes7The coated polarizing filmwas dri edpPafr/useamor@sper at ur e
inside a ventilated hood for 15 m nutes, and then cured using an

ul travi ol et processor equi pped vvith a H Bul b under a nitrogen atnosphere
whi | e bei ng conveyed at 50 fpm mmn). The refl ectance of the coated

pol ari zi ngPXflmP]fﬁ GRELNgrEaRQREERtIHg W&?e%@éﬂgl addhe enstiag crsatsd baghg. The
coated polg etched according to Procedure 2 for 60
eIy e MATa AR, zing 1

15seconds. e etched, coated polarizing filmwas again
nmeasured by procedure 3 and now found to be 46.8. The etching reduced the
reflection by about 2% which is conmmercially significant: the change
inmplies argepipdngenent of the first pass light transm ssion by 2%
significantly inproving the efficiency for backlit display applications. 20

Exanpi e 5 [0)033118] ExamtRas M@?WQ?‘fécn%\fgﬁ‘ﬁogr?ﬂl%r@hle})a&eaﬁi%ﬁﬁésﬁM thdr Exanpl e
4, except that the coating solution was instead applied to a different

pol gr i é i ngréductrpf Eisq:neldﬁfh aul thy opiecatle chiat adhesidre fwas th@NmBGowpaty apotieizinghe
refl ect andanop R SiHy oY B et G IRGEDR JaS CREeS ey

Procedur e EDRARINGUWIOIM PtdRakba dompdsiteartlichi ng, the refl ectance was again
measured and found to be 44.8, with simlar inplications for inproved

efficiency. 30 WD 2011/109287PCT/ US2011/ 026457 Exanple 6 [00119] A
silica-filled acrylic coating solution was prepared from 40 w % of

met hderyl desapmpdpy | tri met hoxy sil ane (obtai ned from Cronpton Corp.,

M ddl ebury, CT, under the trade designation "A-174") treated 20 nmsilica
particl es [00bItdi ned Theanichial loer SGhemoal fom thergaraltyhdedradhsivdagitipat i on

"NALCO 2327" in ent eryth t ol tr|a Ia e ("SR444") pre ed a cording to
the net hod" E@ézﬁ%F gotically 5T o lgeéw?avaéé%&n. 1ﬁr§m§1§q SRIAFZEE hen

pr epar ed 'fﬂnﬁ(o%tahféd%rdﬂl %MJCGmB%%Jm{&F e dBY HRABA "‘Vﬁl@UkﬂﬁDIf@"ﬂﬁl@' ni tiator

(obt ai ned from BASF Speci alty em cal s under the trade designation
" | RGACURE RIBALHCTWASE BOUARIZARITLNE) sonaké anompositewrtiélbased on the solid
cont %ﬂ of

Example 4

[00117] Four hundred grams of colloidal 20 nm silica particles (obtained from
Nalco Chemical Co., Naperville, IL, under the trade designation “NALCO 2326”’) was
charged to a 1 quart (0.95 liter) jar. Four hundred fifty grams of 1-methoxy-2-propanol,
20 27.82 grams of 3-(Methacryloyloxy)propyltrimethoxy silane, and 0.23 gram of hindered
amine nitroxide inhibitor (obtained from Ciba Specialty Chemical, Inc., Tarrytown, NY
under the trade designation “PROSTAB 5128”) in water at 5 wt% inhibitor were mixed
together and added to the jar while stirring. The jar was sealed and heated to 80°C for 16
hours to form a surface-modified silica dispersion. 1166 grams of the surface modified
25 silica dispersion was further mixed and combined with 70 grams of pentaerythritol
triacrylate (obtained from Sartomer, Exton, PA under the trade designation “SR444”)
and 0.58 gram of hindered amine nitroxide inhibitor (“PROSTAB 5128”) in water at 5
wt% inhibitor. The water and 1-methoxy-2-propanol were removed from the mixture via
rotary evaporation to form a solution of 37.6 percent by weight 20 nm Si0,, 56.43 wt%
30 pentaerythritol triacrylate, and 5.97 percent by weight 1-methoxy-2-propanol. Coating
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10t he coating solution. The coating solution was then coated onto an
absorbi ng polarizer (obtained from Sanritz Corp., Tokyo, Japan, under the
trade deswonativiomsef "LLC2- 5518SF"). The coating was applritsdoinseeg’ a Meyer
rod (#8 bar) coating device. The coated substrates were dried at room
tenperature inside a ventilated hood for 15 m nutes, and then cured using
an ultraviolet processor equipped with a H Bulb under a nitrogen

15at nosphesPbitighs WereBemprepynd By dijuting %o sflispnangspaclerspiutipn Witho120] The %
transm ssi - : rdhn o]
Procedure p%?ta\%tytﬂﬁltgﬁﬁﬁn %ag?gg?‘gé‘? 23;8 %’?ae?& g'g\giﬁfcleon d&g%ﬁ%%g%? S?gz ?16 first in
t he | i ght ~phast pgcart). ehiceadiluogd comnchtiaetvating thae thenghitthdeldilatedrvgittor | ent at i on.
In the passing orjentation, the %transn ssion was 79.3 and.in the bl ocking
orientati dﬁﬂpr?woLﬁPMPséﬂ whpsplideating f?luﬁthh%ﬁw%yg%wt@mf a

pol arg zer (BafRliRIBRYF( ARLAYP NI NinkeSHE RAdSHAkShtibn (BVETRGETHH_1 N
(t o) 38. EXx le 7

bl ocki ng state), In this case the contrast ratio was . anpl e

[ 00121] Exdnipl (@atid tedlse partdooytheth] gerveyrlate ((YSR¥BHdp seasiadéet! into ik aolptienssandex cept
25t hat the cured, .coate bstrate was etched.accordi ng, t.o Procedure 2 for
50 oconddn e SE T HRT ST AE RO BB oA s G eSS ot 6 vers

nmeasur ed afpePh gbl@ﬁzﬁlg i Qe Bdes ffom WMtdbraphnyieaat e trhdd &sigRtioPosi tioned
adj acent to it, first in the |ight-passing orientation, and then in the

| i ght - bl ocMIKY1dF ASH ANCER. PORARRNGIIEM N gsivgiadviexar irech(#8tae) agatinginsmi ssi on
was .1 apd. indhe hlocking orientation, the %transm Ssjon 1.6. The
S0coil  asciey et anr SoRrdPdafad By Nl SPR PR AR R R oL { eq
in a 35% efdansenemninutd, SRinthe@sired adih an uli@vidd brd Q808 ¢REppddS2OL 1H126457

[ 00122] For eseeabl e nodifications and alterations of this disclosure will be

appar ent tRplb ade agiirogeactmpsnhies while bginmen xR SOig (12 8m/rHe). shspe and
embodi mont e e CEF Be B b0l FeL A BRI e P PRI FRER 02 1
pur poses. 48.8. The coated polarizing film was then etched according to Procedure 2 for 60
15 seconds. The reflectance of the etched, coated polarizing film was again measured by
procedure 3 and now found to be 46.8. The etching reduced the reflection by about 2%,
which is commercially significant: the change implies an enhancement of the first pass
light transmission by 2% significantly improving the efficiency for backlit display
applications.
20

Example 5

[00118] Example 5 was performed generally as described in Example 4, except
that the coating solution was instead applied to a different polarizing film, (specifically

25 one obtained from 3M Company under the trade designation “VIKUITI. DIFFUSE
REFLECTIVE POLARIZER FILM”). The reflectance of the coated, unetched
polarizing film was measured by Procedure 3 and found to be 46.7. After etching, the
reflectance was again measured and found to be 44.8, with similar implications for
improved efficiency.

30

-37-



WO 2011/ 109287PCT/ US2011/ 026457 What is clainmed is: 1. A conposite
conprising: a polarizer having opposing first and second maj or surfaces;
and 5a nawo-208twwessared article di sposed on the first najpor/tseofiacasof a
substrate, the nano-structured article conprising a matrix and a nano-scal e
di spersed phase, and havi ng a random nano-structured ani sotropic surface.

2. The coqgosite of claim1, wherein the polarizer is a reflective

pol ari zer Oabsorptive polarizer. 3. The conposite of any preceding

claim wherein the random nano-structured ani sotropic surface has a percent
reflectiof00f19]ess Uh@mo@ﬁﬁ@@amﬁhcmw&mg@nwmsnm@s@ﬁmaﬁ#ibneé@dﬁ%gﬁb|ain1

wherein the struct artl

por cent by SBRARTHIOSHETRARGOLUERE (GRUBH B8R CRaBi B M aTPIS- £3. ai

vol unme of nler tﬂ@ﬂ@déﬂés@iaﬂb@dAalmf’)Iﬂr&ted§0nﬁﬂ@ﬂlc@gﬁﬁ&ﬁdst(ﬁbt@lfne@ﬂ%nmﬁ@@d| ng
claim further conprising an optically clear 20adhesive di sposed on the

secont sur§hgarcdfCa padgsshatrade mgtlﬁ@ﬂo“ﬁ‘ﬂ%@@l%ﬁz dameriaeradiryel tHagilatg at
| east 9096L$ﬁﬂfﬁ}§§%%@da?%%aﬁ%Qﬁﬁmhh&ﬂ6d8&9n$§§8IBQ I °$@%@Vﬁo§d The

conposite o risin sur ce 0

substrate coatlnig)écﬁlﬁtlolﬁWaSSthblsplfepﬁred 104 3 a0 Qﬁluﬁimr§@ﬂ’lbﬁreth02§ 2- ﬁropﬂ?ﬂﬂ tcmmosite
of claim®6, further npr in a release |iner disposed o he second mmj or
surf ace ofphloﬁgm&ﬁttoir &%htque(hsr %%l]f'l B¢ty Chemicals uncﬁ)er the tra(Pe (Iemgnatleon J

“IRGACURE 184”) was added into the solution at 1 wt% based on the solid content of
10 the coating solution. The coating solution was then coated onto an absorbing polarizer
(obtained from Sanritz Corp., Tokyo, Japan, under the trade designation of “LLC2-
5518SF”). The coating was applied using a Meyer rod (#8 bar) coating device. The
coated substrates were dried at room temperature inside a ventilated hood for 15 minutes,
and then cured using an ultraviolet processor equipped with a H-Bulb under a nitrogen
15 atmosphere while being conveyed at 50 fpm (15.25 m/min).
[00120] The % transmission of a cured, coated substrate was measured according
to Procedure 5, with an uncoated polarizer positioned adjacent to it, first in the light-
passing orientation, and then in the light-blocking orientation. In the passing orientation,
the % transmission was 79.3 and in the blocking orientation, the % transmission was 2.1.
20 The contrast ratio of a polarizer is defined by (average %T in passing state) / (average

%T 1in blocking state), so in this case the contrast ratio was 38.

Example 7
[00121] Example 7 was performed generally as described in Example 6, except
25 that the cured coated substrate was etched according to Procedure 2 for 90 seconds.

Once again, the % transmission of a cured, coated substrate was measured according to

Procedure 5, with an uncoated polarizer positioned adjacent to it, first in the light-passing

orientation, and then in the light-blocking orientation. In the passing orientation, the %

transmission was 83.1 and in the blocking orientation, the % transmission was 1.6. The
30 contrast ratio is therefore 52, demonstrating that the etching resulted in a 35%

enhancement in contrast ratio.
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8. The conposite of any of clainms 1 to 6, further conprising a pre-nmask
fil m 30di sposed on the random nano-structured ani sotropic major surface.
9. A net w0 20ft/wedsrng a conposite of any of clainms 1 toPET/USh@medsind
conprising: WD 2011/109287PCT/ US2011/ 026457 providing a pol arizer having
opposing first and second major surfaces; coating a coatable conposition
conprising a matrix material and a nano- scal e di spersed phase in the
matrix material on the first major surface of the polarizer; optionally
drying the coating to provide an article conprising a matrix 5and a

nano- scal 0013der sedqutresablé motlwanertsrangd alterations of this disslosusivill be nmaj or
surface of the article to reactive ion.etchin erein the.i. t chi ng
conpr | ses: TBER! RAhEK SRR HERE AP B m AR PPS sk T B Cim
vessel ; i nhvagidal MYisehednabh sEasd hét BchestMaed tonheesfiddinddntSthpl £6 eétebiih ned
10pressure; generating plasma between the cylindrical electrode and a
count®er- dhdus pridsation for illustrative pyrpesgsi ng t he cylindrical electrode to
transl ate the polarizer; and anisotropically etching the coating to provide
t he random nano- 15structured ani sotropi c najor surface. 10.The net hod of
claim9, wherein the plasma conprises an oxygen pl asna.
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What is claimed is:

1. A composite comprising:

a polarizer having opposing first and second major surfaces; and

a nano-structured article disposed on the first major surface of a substrate, the
nano-structured article comprising a matrix and a nano-scale dispersed phase, and having

a random nano-structured anisotropic surface.

2. The composite of claim 1, wherein the polarizer is a reflective polarizer or an

absorptive polarizer.

3. The composite of any preceding claim, wherein the random nano-structured

anisotropic surface has a percent reflection of less than 0.5%.

4. The composite of any preceding claim, wherein the nano-structured article
comprises in a range from 0.5 to 41 percent by volume of the nano-scale dispersed phase,

based on the total volume of the nano-structured article.

5. The composite of any preceding claim, further comprising an optically clear
adhesive disposed on the second surface of the polarizer, the optically clear adhesive

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

6. The composite of claim 5 further comprising a major surface of a glass substrate,

a polarizer substrate, or a touch sensor.

7. The composite of claim 6, further comprising a release liner disposed on the

second major surface of the optically clear adhesive.

8. The composite of any of claims 1 to 6, further comprising a pre-mask film

disposed on the random nano-structured anisotropic major surface.

9. A method of making a composite of any of claims 1 to 6, the method comprising:
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providing a polarizer having opposing first and second major surfaces;

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 polarizer;

optionally drying the coating to provide an article comprising a matrix

5 and a nano-scale dispersed phase in the matrix;

exposing a major surface of the article to reactive ion etching, wherein the

ion etching comprises:
placing the article on a cylindrical electrode in a vacuum vessel;

introducing etchant gas to the vacuum vessel at a predetermined

10 pressure;
generating plasma between the cylindrical electrode and a counter-
electrode;
rotating the cylindrical electrode to translate the polarizer; and
anisotropically etching the coating to provide the random nano-
15 structured anisotropic major surface.
10.  The method of claim 9, wherein the plasma comprises an oxygen plasma.
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