WD 2011/ 140018PCT/ US2011/ 034897 ANTI REFLECTI VE FI LM5 COWPRI SI NG

M CROSTRUCTURED SURFACE 5 BACKGROUND Various matte filns (al so
descri bedwa=oantsdgBare fil ns) have been described. A naPCe/uSkéuriosssn’ be
produced having an alternating high and | ow i ndex |layer. Such matte film
can exhibit low gloss in conbination with antireflection. However, in the
absence of an alternating high and | ow i ndex |ayer, such filmwould be
exhibit antiglare, yet not 10antireflection. As descri bed at

par agr aph 0039 of US 204 REA dLA FIPRIDING filns typically
have | ower transm ssion ang, Pk D' SERF equi val ent gl oss fil ns.
For exanples the haze is gen v —at east—oo o — 7% 8% 9% or 10% as
measured according to ASTM D1003. Further gloss surfaces typically have a
gl oss of at least 130 as 15neasured according to ASTM D 2457-03 at 60;
whereas MACKGRPUNRs have a gloss of |ess than 120. There are several

approaches for i.ni i . oating can
be prepared byvggﬁ%&%llggk%gor {lélséﬁgesd assaagﬁlaggﬁlggszgﬁélb‘tgegniﬁ%&h@eg 78, 240.
20Fur t hermattedfilivecaaritel preddced havieg bh hbhanetany lapls endewindparager. ISuchmeitiedi ng t he
high and |ow refractive index |ayers on a magte fil msubstrate In

yet anot Hlé‘Fn %%a;ﬂXE%bHH?Wt%Séwqra@@aw Wih alilﬁlieé?%w&- 8@%%%@@%6@&% Ple film
can be r%%@t%ﬂﬁﬁn%hi/g%%&%&%&e? 1BcP % e fiftn %hl@bé&hﬁtﬂ?sﬁrtirgﬁﬁ:f,gfegh&g to U.sS.
Patent No. 5,820,957, "the textured surface of the anti-refl’éctive film may
be iGpar taadrdflecaory of 25nunerous texturing materials, surfaces, or nethods.

Non-limting exanpl of texturi r urfaces.ipclude:; filnms or
[ ner s havi ng A fiapa et argraohol e RS20 Riond: mafiFaie G Srad too
cont ai ni ngpiRaldlewdveabh & th@XhitkioA GnB AT RaRNalREBladtcBuivalehl B8%SIRS. P8l t |
rolls such as netal or rubber rolls, or rubber-coated rolls." 30 SUMVARY
The pr esenempley ditt hagn icgmertlgt kastiS’afd%ect’p\880f 3%y 106mps ngisuteda hi gh
refractive index | I | ow.ref ractive index.layer. djspo o] e high
et rat Ve RBlo PRI IRy PHEfSlaF ke BER BTG HAERB TR il Fect Ve
fil s hauBealuidatastinged ASEU BLIF5T003 dtlnat; varhead enade isiifeds hava gloss of
mcroreplicated tool. In sone enbodi nents, the mcrostructured surface
conpri sesleseﬁ%qmpé)l-i ty of mcrostructures having a conpl enent cumnul ative

sl ope magnitu [ SL.r.j i . 0% have a sl ope nagnitude
of at |east O. egée%%(gée‘%%gr? Brgtﬁafegafé%?m%agéghgﬁbpe magni tude | ess than
1. 3 degrees. For exathplcamettharatiegbadbaprparcd be adding neitte patticks, fuchms i s

characterjze y C i of | ess than 90% and an average surface
roughnes<<¢ eaé?%éé’ﬁégaé%-o.% m crons and no greater than 0.14 mcrons.

101 sy anot her  gih@d} MR anfiR@lcafld 181! 88 hisY Be tdpitddShyitatiamieahd Bl aRY a
clarity of less than 90% and an average naxi mum surface height (Rz) of at
| east 0. 30wnticaaivs iraled lmergereatette fimsullsti2@®. m crons. I n anot her enbodi nent

the antireflective filmis characterized by a, clarity .of.|ess t han
90% and ¢ he. mEELEIREL aPESTa o Earver b B rAh R s et 8L al en
15di anet %ugl{enédl ot t%ﬁﬁﬁrecﬁtofﬁr&ﬁ@é@nﬁﬂ@ siyPac@r Qéb&rdiﬂgf‘t@m.@QPm&WS- In
sone enbodi nents, the antireflective filmis free of enbedded matte

par ti cl es).830:055t hide texiyed swilres! theongrisledivetHarma0bs wiparise byragy 66t r uct ur es
co i se enbedd t riicles, he ;ant.l ref | ive fil.ns

oDy b T RREAAT b FoRBph, Sl filss pr msthods NARURDEDE A RE |
10% Fur trhgerialt besuficed @tludetfilds ok liheas hasinga neaterfageh, pliedoombesse¢filegtaance
of less than 2% at a wavel ength rangi ng from500 nmto 625 nm I n
some enbdBicripRlicateditoglcaripimiegg depirapleditunmppatisin g tepplpds, a4ty e P bele

m crostr i 3 than 1.3 degrees. In sone
enbodi m#’?ggglﬁgsagﬁ%/eﬁ%%r %&&gpgﬁﬁsﬁbﬁgﬁgtﬁ%@%r | ess than 5% of the

25m crostructures have a sl ope nmagnitude of 4.1 degrees or greater.

Fur&&er, sa[ENlll\ﬁgf{ 70% of

The present invention concerns antireflective films comprising a high refractive

index layer and low refractive index layer disposed on the high refractive index layer. The



the mcrostructures have a slope magnitude of at |east 0.3 degrees.

In sone enbodi nents having | ow "sparkle", the mcrostructures conprise
peaks hawogoa/meds equi val ent circul ar di ameter (ECD) ®CTA1S2018@34895
mcrons or at |east 10 m crons. Further, the mean ECD of the peaks is
typically less than 30 mcrons or |ess than 3025 mcrons. In sone

enbodi nents, the m crostructures conprise peaks having a nean | ength of at
| east 5 rAngradlestiv fils hayggmigmsienisAsurfagrthepn be derivaddromaidt h of t he

m crostr s typically at least 5 mcrons. In sone enbodi nents,
t he rreanqgm%cg{rﬁplgb ?eiaﬁoedlpeaks is less than 15 m crons. I n ot her

enbodi nent s, Hngbmeefmbadinienes, thedeixrasanposidtsudase @mtbrisosa priralagbf ve | ndex

conpositions are described fromwhich the antireflective.filnms described
her 6i n cARCERSTEFAISH MEKEA MBI AP ERU B AP PTERN e SroReS Sﬁ?ﬁ@at Kis a

scheqmat i e84 g@%‘ﬂa?@’a @%Bgfrgﬁft@defdﬁamea@@ de’lge’eé-ssd_ng 2B RAGMBY] Fariadopsl €w of an

antireflective film 2A 1s a schematic side-view of mcrostructure
depr essi onagnititlGesPBan § . 3adegedvenat i ¢ si de-view of microstructure
protrusions; EIG 3A is a.schepati op-view of requl.arly arran

M or ost r uct ur 8 anpdfies et B SR Bt BEIN R snp SR R R Wirsangeo

M Cr oSt r UpdHO®S an& hftaydadcSsudfa8E RRIBRAASS (I94)AFaY IcBW 0005 @icidiisraa8 nbWedddsre;
15FIG 5 is a schematic side-view of an optical filmconprising a portion
of mi cr oshau@ddinderosdnpri si ng enbedded matte particles; FIG 6 is a

sch tic side-vi of i I St . E G LAED are.sc tic

o aB0V evs”of DAPS Sl B hBRnei A chie e U SRR f ace
profile ahara90%xedph avdtags @aasiubairtice deight (Rag of 4tilet 0 30mhictoas hiidisd ur ed
high refractive index layer Hl); FIG 8B is a three-di nension surface
profile drcdteidhaybaPMUsTPNS crostructured surface of FIG 8A; FIG 8C 8D are
Cross-section i h .G 1 - | ong
the x- and y- iRl offodtache Mot BPRLEHANN RERRULLAEE B o Ty JFG
surface phaf90% aod tlenoichetruetenidh g yompasagichkchavinpct sidaf apeévalénte.

m crostructured high refractive index layer H4); FIG 9B is a
thr[ag-di ﬁg?t%o%ﬁ?qagégmbcrr%q ?I@I@fgr?ﬁ%rtgi%ér%%%@n% crostructured surface of

FIG 9A In sbnSenPbden theChffdreefid fﬂ?ﬁ‘ﬁlfré%rd?feh{bgédéafmﬁt&epa_rticles.
m crostructured surface of FIG 9A along 30the x- and y- directions

r espect i Velogher EmBpdii@Ats, 8o grefaten thdinhdbisdiothamisostiatecpeahpiise cofbeddast her
exenplary mcrostructured surface (i.e. antireflective filmexanple FlOB);
WO 2011/ TAYEISBEIUS2011/ 034897 FIG 10B is a three-di mension surface

profile of therRxRRIfRENvITiRKQEhEMay Wheda SluFifyaTat RfastFl08 addPhakloBnol0C 10D
are cross-sectional profiles of the mcrostructured surface of FIG 10A

al oMYy t hegrsaterghen 0% dFpeber Begntislgeteto fa Res aamycsge photanic ireflegtagee o
depictin C LV I i<t yde distribution for

vari ous gﬁstesrr}r% nl?{Tg%g%ﬁgélggéﬁ%ﬁé%ﬁo@ﬁ?;g{e@%ﬁélng 12 depicts the manner in
whi ch cur vat urla sbse ealbotinginesl at DT AVLER IDESSCR Pt 4Nek0RBEmid y descri bed

are matt emi(ciro's?rilct%pets ihglfea ! (sal)opé inlagglsitu%gdof ?ensg itl{a?lfllﬁe gégirgees. films. Wth
In some embodiments, less than 15%, or less than 10%, or less than 5% of the
25 microstructures have a slope magnitude of 4.1 degrees or greater. Further, at least 70% of
the microstructures have a slope magnitude of at least 0.3 degrees.
In some embodiments having low “sparkle”, the microstructures comprise peaks
having a mean equivalent circular diameter (ECD) of at least 5 microns or at least 10
microns. Further, the mean ECD of the peaks is typically less than 30 microns or less than

30 25 microns. In some embodiments, the microstructures comprise peaks having a mean

length of at least 5 microns or at least 10 microns. Further, the mean width of the



reference to FIG 1A, the matte film 100 conprises a mcrostructured high
refractive index (e.g. viewing surface) |ayer 60 typically disposed on a
light tramenhssi40@Es(e.g. filnm substrate 50. The substr &CE/UBA11A348%E| | as
the matte or antireflective film generally have a transm ssion of at | east
85% or 90% and in sone enbodinents at |east 91% 92% 93% 15o0r greater.
The transparent substrate nmay be a film The filmsubstrate thickness

typi cal | ynigEsEHeEPakhis typied o deass e migreps. s mg spibodmgngighe megd substrat e
t hi cknesses I ] bout 0.5 mm and nore preferably about
0.02 to a %g{téf()tﬁéﬁérn%wﬂle%/set&l%gﬁ @Ié%mat he transparent film substrate may be
an optical (e.lg.othdrkmbbdiatcad) hgghspfirayivt ndexn gbmpbsitbns20dddst refigcaiphimciex or

ot her information may be_displ ayed, The transparent substrate may conprise
or consi SPTHPSIHAYS YF dgscrivge o v icf) thya ?ffleﬁBY%/ﬁE?ﬁi AP A CALh s

gl asg, orgMaLkQUSoHher nopl astic and crosslinked polyneric materials, such
as pol yethyl ene terephthal ate (PET), (e.g. bisphenol A) polycarbonate,

cel lul ose acetate, poly(nmethyl methacrylate), and pol yol efins such as

bi axi al | y, ori ' are 25commonly used in various

opti cal ﬁ@%ﬁ@ﬁ%Mﬁm%ﬁm‘?ﬁﬁg ve filmof FIG 1B further conprises
a | ow r efpracl A\Viga kétdenatis Uidkassey bay afat8@ilgl sposed on the m crostructured
high refractive index layer. As illustrated in FIG 1B, the exposed | ow

ref ract i VdG. hBaxa gehicetingidesigw aten sndiyeflccyfe filie; antirefl ective filmal so
co i se WGl ruct.ured surface forned fromthe underlying

m g?(%st r uSFc,lfj Urg}é > %%hr?y'? rgék“g%?‘?\9@‘&?%8%&“%538?91‘65550“%’ The high refractive

i ndex | ayEG. bBYs asdrhiadic kideaidwdemi@bstalcturepittrugioasit 1. 60. The maxi mum
refractive index of the high index | a¥er is typically no greater than about
1.75 W0 613 13 p0dwpRlc (820 3809y Yrangsdliefgsray g hi gh refractive
index in RG L reoni a) i i: i.n a crosslinked
organi c %g?ig??g f‘gclt%glafl(b)\%vdbr glfe {;i‘zaocf?? %&?A déerpxdn%g%/g{rl&ﬁ%@ggﬁ%f ractive i ndex

| ess t harFl&. hiighsdshematc tide-eidwdxmiayeructuftie di fference in refractive index
betﬁzen t &tgi.gh refractive.index | a%/e](r)t,and | ow.refracti v? i.ndex |ayer is
typttal | e sghepalipsideviqy qan opticalfiln eqmprising gportiop o PUGEMBIFUES i ve

i ndex | ay@mpki¥RicCallddiAdak pLfifiagt i ve index of less than about 1.5, nore
typically of |less than about 1.45, and even nore typically |ess than about
1. 42. Th&lfi hiilsusbeahtiasideweew atlesutog tdeksyseam,i ndex | ayer is generally at

| east ab The .durable matte or antireflective filmtypicall
conpr i seygsﬁe@?ﬂ VSP@W%SI?ldﬁivd%wﬁ?)f‘@flto%flftgeégi ndex | ayer i %pconbi %ati on
with a refigl Bl ¥ théidinéRwnaBlur et brofilé Saxcdeay@iry mibsthidgiicd Slffaeli.ye

i ndex layer typically has an average thickness ("t") of at least 0.5

m c2®ns, mpicetsepeiyrog hagh refiastivelingexclaper HBhd nore preferably at least 2 or 3
m crons. e Rl i.ve [nde e, ' ' f no
moaes (e sBLPRESLIARLLR LIRS BRRAY PO AL KIRGS 07 Do
The | ow rEGr 8ati ve i ndex |ayer has an optical 15thickness of about 1/4

wave. Such thickness is typicall é |l ess than 0.5 mcrons, nore typically
| ess t harF1&b8Git81pate cipssrserionahrrobtes & thegvistosggctiradisyriaaeidi. fierong dur abl e

hi gh refracti ej'%%&idﬁxg%e&é‘ﬁ?%pl oyed in conbination with a durable | ow

refractive I n |'ayer, a dura (e.g. two-layer) antireflective filmcan
be PF ovi d8€. PA it héeweddseasenaf suatide prodihadf dnarldec oatmplanyensroskiovarcdr , when

durabilit f the matte or antjreflective filmis 20not required, the
t hi ck_ness%f)fgcet&\@' W?Cé??t%'fuf g é%%ﬂ%?(lnid%g”e@élﬁ);be thinner. In sone
embodi nentys;, 9BhEa MreL-ABidnioh U8 GROMRDT @?eoéx‘(%ﬁﬁ’)'laﬁ’? hicloMut@IBhSacc kG 2A

is a schematic side-view of mcrostructured (e.g. " matte) | ayer 310 that
i ncl udes KepPAssed microstructures 320 or microstructure cavities. The tool

surface f [{ch the m crostruetur surface is forsed eral |

conpr | sed GBS eGSRl oF et B PR 30 PA A a0 or
ant 3¢ ef | ag¢ kvandfy-ldmcatighstryPesdlelyt protrusions. For exanple, FIG 2B is a
schematic_side-view of a microstructured | ayer 330 including protruding

m cr ost r J86ul @4 igatvo-pingysiogal suopceipieiits of apgthicoerseniiley seieroseueired surf aces
comPr 1 o! gyl U el FLGERRRNGYRE protfusions. 1 some enbodi ment
schematic top-view of mcrostructures 410 that forma regular pattern in a
maj or surface 415. Typically however, tjhe microstructures forman irregul ar
pattern. For exanple, FIG 3B is a schematic top-view of mcrostructures
420 that forman irregular WO 2011/ 140018PCT/ US2011/ 034897 pattern. In
sonme cases, mcrostructures can forma pseudo-random pattern that appears
to be random A (e.g. discrete) mcrostructure can be characterized by
slope. FIG 4 is a schematic side-view of a portion of a mcrostructured

. a N A . - o~ N o o A NN



10sanme |l ocation. Slope O is also the angl e between tangent |Iine 530 and
maj or surface 142 of the matte | ayer. In general, the mcrostructures
of the hiwb2oefewmsi ve i ndex | ayer and antirefl ective fPCEUSan10g4svtal |y
have a height distribution. In sone enbodi nents, the nean height (as
nmeasured according to the test method described in the exanples ) of
m crostructures is 15 not greater than about 5 nmicrons, or not greater than
about 4 rﬁ 1@r &PB s phrepadimgpagn syrfacgproftlp of theﬁxmmwlcretm&reﬁt@&@@ eft han
about 2 @P or not greater than about 1 micron. The nean height is
typlcally at east 0.1 or 0.2 mcrons. In sone enbodi nents, the
m cr ost r WdGu i @8-18Dears uhss-aasmbadtllpyotﬁlbeef the n{ierogtrudtirod gatiace od¥ildel ok
polystyrenI{ tte délcles Fbmev gven in the absence of matte
partlcle§"gﬁga§0ﬁﬁ Y FRECFURSUPESCHF %rid@chi gh refractive index |ayer
Lypigal | YFIEOMPH Srap Pabhicthly HOBHA 1&@9@&%&1&%%@ opEina SR iflof forf | G

he siz f the nanoparticles 1s chosen to avoid significant
VISIb|e hwghUS scatplidicd ngcrobtructergd berfabesi rabl e to enploy a mi xture of

i nor gani i article t timze ical or material property
and to |gﬁ/@5?§t’1§ti¢tsé%%88%ﬁ¥ Ponisg soR et fafitsl | odi £ fed a5e0l |oi dal
nanoparticles can be inorganic oxide particles having a (e.g. unassociated)

primary particle size or associated particle size of at least 1 nmor 5 nm
The pri mPHTAILEDSRESCRIBTEAN i cl e size is generally less than 100 nm 75

@7 50 M 0L R LA B LIRY Oy BRRATH AL S BRGNS SHAS, Ayl o5

than 40 nm 3 pre e ‘nanopar Trcles are

unassoci atfencd ReFIG. Meq shy mmwﬁﬁn ¢wcdaﬁpﬂts'es & Ghiordsfri@nSdThisi refradfelifddxr on
m scroscopy (TEM . Surface nodified collojdal nanoparticles can be

subst ant i (818 yicping sprigenderss 88 typiggyxbsppsadioma Bkt transposive 634 gigm) Ful ly
d
Gogr eo of DARRPSE AL Ebstril 50, SIGHIERRELHAP LRI AKPLERY IOV @

great er tthesmBSkin otﬁaelfeeﬂtﬁbt%y ogP@at &rd inhsame @apdmmschtnaieasp9 Bhe924b] 33%Gr eat er

than. 70% For exanple, the degree of crystallinity can range up to about
86%dr gr¥8&H - The degree of crystallinity can be 5determ ned by X-ray

di ffraction teﬂﬁﬂhﬁﬁﬁ§mngﬁﬁgﬁﬂ§ﬁghﬁéX%hﬁ'ﬁh@%hﬁ%m&ma%hhﬁﬁﬁhék]ﬂéﬂBPart'C|es
have a high refractive i ndex wher'eas anor phous nanoparticl es ¥yp|cally have

a | ower rdeberatstonvthe intghard use. For niseapmdicatianssihb stlttateath]cimessed i prefenbly of

mer oot r Ugrar e PR R G aRe EPeB o TR MRerk 82 mEn Ao

shown, t hBe trv¥phREERIn Q)BIrald vyl aﬁﬁdﬂtﬂéala(E sgolmlaﬁmte@Qﬁsp(t@y @roush vaﬁ@) nanop

artlcles I n ot her enbodi nents, ortlon of the mcrostructures of

t heZ2hi gh tesf graghiesy er pdesaforgpten awirpe wfthe dHe Haprpeteat wﬁtf@t@msf Mat t e
ticl 1 h ut 0. 25

5 or one o HELE BhishsBRY I%%f%“%dgﬁgt@%tﬁ e T R

t han aboutariGuy ﬁtefﬂl@’lm% ,and) I‘crd@ﬁlﬁﬁ&& polykeic aRoerial s, smlﬁdscp’d),lydbﬁyl@fee ater than
about 1.25 m crons ter than about 1.5 m crons, %teater t han

about 1. ﬁsreahféalatts(PEE? (@ ge@ﬁéltenphéhp%eﬁtborzﬂ%ﬁ%%% acw pely(methyle

article I f relativel
R 1 b g e R P R e " e i gh”
20r25racummnmnﬂﬁexﬁhayenmw&mhhﬂakempsthe matte particles may have an

aver age si ze to 5 cro S 0 ns. The copcentration, of tte
particles may TigarReRyRIn Sht 4B B ompy vey Byt Siiyg Index syirage or 10
W - % or  qpRakeIisphbidd on5thb %né’romm hiphSEEStNE SR a@R. ARG GRhthih PG00

that includes a matte | ayer 860 di sposed on a substrate 850. Matte | ayer
860 i ncl tﬂdiaghfaeﬁpps@itlowapfyactwnm@e(mw@@tfa@dhm of thesambisefleatiec BB0aland a

B ooy oo B Ty REi BT ngs FasY et S BR ki e PHR ATl Bief® as o

| easd abQ@ﬁa&Q%mn@ﬁJ@%ﬂ|eaSt about 60@6 or at |east about 70% or at |east
about 80% or at |east about 90% of mcrostructures 870 | ack the presence

of a matte parkhcdiigh Bdpcye infex bygraies inctisactiyginsies oheielcgBebourtyf). skheh

m crostr f

surmi sed eﬁ#l{nﬁfﬁhr%frgct Jeqﬁdeg( Oofgtﬁ‘? &gh ?ﬁg%§q%%g ls t&&&a%é(? gl%lé, ﬁtaﬁ%b lilltC1| ’}éS: Ry
provi de i nproved durablllty even mhen the presence of such natte particles
is insufficient to provide the desired gantireflection, clarity, and haze
properties as will subsequently be WD 2011/ 140018PCT/ US2011/ 034897

descri bed. However, due to the relatively large size of matte particles, it
can be difficult to maintain matte particles uniformy dispersed in a
coating conposition. This can cause variations in the concentration of
natte partlcles applled (partlcularly |n the case of meb coatlng) mhich in

s o . p—g— e




enbedded nmatte particle or agglonerated matte particle, the average size of
the matte particles is typically sufficiently I ess than the average size of
m crost r WOupHs140@E8g. by at | east a factor of about 2 oPCEASR)114848h7 t hat
the matte particle is surrounded by the polynerizable resin conposition of
the mcrostructured |layer as depicted in FIG 5. 10Wien the nmatte | ayer

i ncludes matte partlcles then the matte | ayer has an average thickness "t"
that is gfpé%ﬂaélflg% haying heh aefeciye ingey gosganiq, ga&rww)é@nwra@ oy digaarsagbout
0.5 mecr I ons, or
at | east qg%c?a I{ﬂzrreidcor %ﬁrftéc I%gtgﬁglf %Hgalg‘glq%%cg?e%ﬁ ?n%%% 8%29}%?%? %%gt about
3 m cr ondess than a high refraclivt erdeatdyeel The dlfferdncadﬂlefraarvetlﬂﬁixdimednhhe higy
refractive_index | ayer rise 15matte particles

mi cr ost r JEFREY I%fiff‘fl%z@é a6 PV ARG 4 ysrrf§t>§m BygF keastdhl. 859113n°rm3t hod.
The 31t Cr Qs BUGLEESTIRY BudRRSLAlliNad ARy ¢iEmy b Ge MK OTRRL IO ALL fanf T om 2
t ool by castihg and curing a polynerizab sin conposition in contact
with a t abbusuffrace tgpictlyas leksgioan dbedt 1.45,Un8.cvBamordNypicaby k3&thaB@bgutu et

Fait i cat i ol nERam et IS T R B0 na o B,

Exenpl ary) g4 anond turning systens and nethods can include and utilize a
fast tool servo (FTS) as described in, for exanple, PCT Published

Appl i cation NoTheworgdy menger andineflagtise fitm temiealnomprisgsoreimivelyribick hige, 638,

t he, di scl & [ r t her 25Kl G 6 is
a s%: ematrlglir%iI Wg lgéechye?fn Orgblfl %]L?O ‘Blt Irglsyse%{ ﬁl%i@ %r A eclgﬁé aYelfSE to cut
a tool whighrefiabtieindeCrosappicsiat ﬁxd; dnQivpagél uﬁa(nmgr‘os bf patast 63 nktbnand
matte | ayer 140. Cutting tool system 1000 enp s a thread cut |athe

turni ng prefeadly adenst hanaBsand m@mp@e@blw%@a%%ﬁﬂml%?@ athsutigh and/ or nove

The Tor 1 st AR InE it g tEinckiotho RAeruRM p el e e

noved | nttgpiaxty or grahtﬁﬂtjjlah He)r iSahicraamls 0fige Ildverefradtweamtie;olrayhyhaa adroptieal 1060. In

gen ter 040 n ormal .t and central axis
102 and figkeh ﬁbqumﬁ YhHe- ﬁl@ﬂ gﬁ’ﬁﬁselsr%{l ]iyalFSSd (5)?@1&@% RIFl e the
roll is r%@ﬁmﬂg sEhoM Dbk 02 BRAHs3hd BKLS abo-[ﬁ'@O W30 110 nm. When a durable

2011/ 1400 / US2011/ 034897 cutter is then driven parallel to the central
axi s to prighwecaveindeadyeus emplayeéin dodgngam wieh 8 dnabledneocigivacideat ed at

hi gh frequenci es an ) produce f tures in the roll that
when i orbieet el Ede ¢ aterey i ERGLEe ilnGraty SRy R Qi U oSt RE °F st
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In some embodiments, the microstructures are substantially free of (e.g. inorganic
oxide or polystyrene) matte particles. However, even in the absence of matte particles, the
20 microstructures 70 and high refractive index layer typically comprise (e.g. zirconia)
nanoparticles 30, as depicted in FIG. 1A.
The size of the nanoparticles is chosen to avoid significant visible light scattering.
It may be desirable to employ a mixture of inorganic oxide particle types to optimize an
optical or material property and to lower total composition cost. The surface modified
25 colloidal nanoparticles can be inorganic oxide particles having a (e.g. unassociated)
primary particle size or associated particle size of at least 1 nm or 5 nm. The primary or
associated particle size is generally less than 100 nm, 75 nm, or 50 nm. Typically the
primary or associated particle size is less than 40 nm, 30 nm, or 20 nm. It is preferred that
the nanoparticles are unassociated. Their measurements can be based on transmission
30 electron miscroscopy (TEM). Surface modified colloidal nanoparticles can be

substantially fully condensed.
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Fully condensed nanoparticles (with the exception of silica) typically have a degree
of crystallinity (measured as isolated metal oxide particles) greater than 55%, preferably
greater than 60%, and more preferably greater than 70%. For example, the degree of
crystallinity can range up to about 86% or greater. The degree of crystallinity can be

5 determined by X-ray diffraction techniques. Condensed crystalline (e.g. zirconia)
nanoparticles have a high refractive index whereas amorphous nanoparticles typically
have a lower refractive index.

Due to the substantially smaller size of nanoparticles, such nanoparticles do not
form a microstructure. Rather, the microstructures comprise a plurality of nanoparticles.

10 Although not shown, the low index layer 80 typically also comprises (e.g. silica)
nanoparticles.

In other embodiments, a portion of the microstructures of the high refractive index
layer comprise embedded matte particles.

Matte particles typically have an average size that is greater than about 0.25

15 microns (250 nanometers), or greater than about 0.5 microns, or greater than about 0.75
microns, or greater than about 1 micron, or greater than about 1.25 microns, or greater
than about 1.5 microns, or greater than about 1.75 microns, or greater than about 2
microns. Smaller matte particles are typically for antireflective films that comprise a
relatively thin high refractive index layer. However for embodiments wherein the high

20 refractive index layer is thicker, the matte particles may have an average size up to 5
microns or 10 microns. The concentration of matte particles may range from at least 1 or
2 wt-% to about 5, 6, 7, 8, 9, or 10 wt-% or greater.

FIG. 5 is a schematic side-view of an optical film 800 that includes a matte layer

860 disposed on a substrate 850. Matte layer 860 includes a first major surface 810

25 attached to substrate 850 and a plurality of matte particles 830 and/or matte particle
agglomerates dispersed in a polymerized binder 840. A substantial portion, such as at
least about 50%, or at least about 60%, or at least about 70%, or at least about 80%, or at
least about 90%, of microstructures 870 lack the presence of a matte particle 830 or matte
particle agglomerate 880. Thus such microstructures are free of (¢.g. embedded) matte

30 particles. It is surmised that the presence of (e.g. silica or CaCO3) matte particles may
provide improved durability even when the presence of such matte particles is insufficient

to provide the desired antireflection, clarity, and haze properties as will subsequently be
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described. However, due to the relatively large size of matte particles, it can be difficult to
maintain matte particles uniformly dispersed in a coating composition. This can cause
variations in the concentration of matte particles applied (particularly in the case of web
coating), which in turn causes variations in the matte properties.

For embodiments wherein at least a portion of the microstructures comprise an
embedded matte particle or agglomerated matte particle, the average size of the matte
particles is typically sufficiently less than the average size of microstructures (e.g. by at
least a factor of about 2 or more) such that the matte particle is surrounded by the
polymerizable resin composition of the microstructured layer as depicted in FIG. 5.

When the matte layer includes matte particles, then the matte layer has an average
thickness “t” that is greater than the average size of the particles by at least about 0.5
microns, or at least about 1 micron, or at least about 1.5 microns, or at least about 2
microns, or at least about 2.5 microns, or at least about 3 microns.

Alternatively, or in addition thereto, the low refractive index layer may comprise
matte particles.

The microstructured surface can be made using any suitable fabrication method.
The microstructures are generally fabricated using microreplication from a tool by casting
and curing a polymerizable resin composition in contact with a tool surface such as
described in U.S. Pat. Nos. 5,175,030 (Lu et al.) and 5,183,597 (Lu). The tool may be
fabricated using any available fabrication method, such as by using engraving or diamond
turning. Exemplary diamond turning systems and methods can include and utilize a fast
tool servo (FTS) as described in, for example, PCT Published Application No. WO
00/48037, and U.S. Patent Nos. 7,350,442 and 7,328,638, the disclosures of which are
incorporated by reference thereto.

FIG. 6 is a schematic side-view of a cutting tool system 1000 that can be used to
cut a tool which can be microreplicated to produce microstructures 160 and matte layer
140. Cutting tool system 1000 employs a thread cut lathe turning process and includes a
roll 1010 that can rotate around and/or move along a central axis 1020 by a driver 1030,
and a cutter 1040 for cutting the roll material. The cutter is mounted on a servo 1050 and
can be moved into and/or along the roll along the x-direction by a driver 1060. In general,
cutter 1040 can be mounted normal to the roll and central axis 1020 and is driven into the

engraveable material of roll 1010 while the roll is rotating around the central axis. The
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cutter is then driven parallel to the central axis to produce a thread cut. Cutter 1040 can be
simultaneously actuated at high frequencies and low displacements to produce features in
the roll that when microreplicated result in microstructures 160.
Servo 1050 is a fast tool servo (FTS) and includes a solid state piezoelectric (PZT)
5 device, often referred to as a PZT stack, which rapidly adjusts the position of cutter 1040.
FTS 1050 allows for highly precise and high speed movement of cutter 1040 in the x-, y-
and/or z-directions, or in an off-axis direction. Servo 1050 can be any high quality
displacement servo capable of producing controlled movement with respect to a rest
position. In some cases, servo 1050 can reliably and repeatably provide displacements in
10 a range from 0 to about 20 microns with about 0.1 micron or better resolution.

Driver 1060 can move cutter 1040 along the x-direction parallel to central axis
1020. In some cases, the displacement resolution of driver 1060 is better than about 0.1
microns, or better than about 0.01 microns. Rotary movements produced by driver 1030
are synchronized with translational movements produced by driver 1060 to accurately

15 control the resulting shapes of microstructures 160.

The engraveable material of roll 1010 can be any material that is capable of being
engraved by cutter 1040. Exemplary roll materials include metals such as copper, various
polymers, and various glass materials.

Cutter 1040 can be any type of cutter and can have any shape that may be
20 desirable in an application. For example, FIG. 7A is a schematic side-view of a cutter
1110 that has an arc-shape cutting tip 1115 with a radius “R”. In some cases, the radius R
of cutting tip 1115 is at least about 100 microns, or at least about 150 microns, or at least
about 200 microns. In some embodiments, the radius R of the cutting tip is or at least
about 300 microns, or at least about 400 microns, or at least about 500 microns, or at least
25 about 1000 microns, or at least about 1500 microns, or at least about 2000 microns, or at
least about 2500 microns, or at least about 3000 microns.

Alternatively, the microstructured surface of the tool can be formed using a cutter
1120 that has a V-shape cutting tip 1125, as depicted in FIG. 7B, a cutter 1130 that has a
piece-wise linear cutting tip 1135, as depicted in FIG. 7C, or a cutter 1140 that has a

30 curved cutting tip 1145, as depicted in 7D. In one embodiment, a V-shape cutting tip

having an apex angle B of at least about 178 degrees or greater was employed.
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15 cumulative slope magnitude distribution F..(0) and peak dimensional characteristics, as
will subsequently be described. Microstructured surfaces HIOA and H10B also utilized
the same tool and thus also exhibit substantially the same complement cumulative slope
magnitude distribution F.(0) and peak dimensional characteristics. Microstructured
surfaces H2A, H2B and H2C also utilized the same tool. Hence, H2B and H2C have

20 substantially the same complement cumulative slope magnitude distribution and peak
dimensional characteristics as H2A.

Some examples of surface profiles of illustrative microstructured high index layers
are depicted in FIGS. 8A-9D. A representative microstructured antireflective film is
depicted in FIGS. 10A-10D.

25 Representative portions of the surface of the fabricated samples, having an area
ranging from about 200 microns by 250 microns to an area of about 500 microns by 600
microns, were characterized using atomic force microscopy (AFM), confocal microscopy,
or phase shift interferometry according to the test method described in the examples.

The F(8) complement cumulative slope magnitude distribution of the slope

30 distribution is defined by the following equation

10
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F.c at a particular angle (0) is the fraction of the slopes that are greater than or equal to 6.
The Fcc(9) of the microstructures of the microstructured high refractive index layer is

depicted in the following Table 1.

Table 1 — Microstructured High Refractive Index Layer

Clarity, Haze & Cumulative Slope Magnitude Characterization

Fece Fece Fece Fce Fcce
Clarity | Haze | (0.1) (0.3) (0.7) (1.3) 4.1)
Comparative
Example A
H11 87 5.5 97.5 90.8 70.9 43.6 7.5
Comparative
Example B
H1
(FIG. 8A-8D) 35 24 99.8 99.3 97.3 91.1 28.7
H6 79.7 1.65 97.3 89.8 62.6 22.4 0.0
HS 85.3 1.3 95.5 83.7 47.6 8.4 0.0
H9 67.4 3 98.8 94.9 78.7 42 .9 0.0
H2A 72.9 8.42 97.7 91.6 74.9 53.6 5.7
H3 84.6 1.75 94.9 81.0 395 4.7 0.0
H4
(FIG. 9A-9D) 81 2.87 954 82.7 55.5 273 0.2
HS5 86 2.47 954 84.6 56.0 19.0 0.0
HSA 953 84.6 55.9 19.0 0.0
H7 83.1 1.21 95.9 83.5 491 9.3 0.0
H10A 76.2 8.45 97.9 92.1 72.6 37.7 0.1
H10B
(FIG. 10A-10D) 74.9 7.17 97.9 92.1 73.1 38.6 0.0
H2B 72 8.52 Same as H2
H2C 71.3 8.66 Same as H2.

*H11 is a commercially available matte AR film comprising SiO; particles.

11
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The optical clarity values disclosed herein were measured using a Haze-Gard Plus
haze meter from BYK-Gardiner. As depicted in Table 1, the optical clarity of the
polymerized high refractive index hardcoat microstructured surface is generally at least
about 60% or 65%. In some embodiments, the optical clarity is at least 75% or 80%. In

5 some embodiments, the clarity is no greater than 90%, or 89%, or 88%, or 87%, or 86%,
or 85%. The microstructured antireflective film also had such optical clarity, as illustrated
by forthcoming Table 4.

Optical haze is typically defined as the ratio of the transmitted light that deviates

from the normal direction by more than 2.5 degrees to the total transmitted light. The

10 optical haze values disclosed herein were also measured using a Haze-Gard Plus haze
meter (available from BYK-Gardiner, Silver Springs, Md.) according to the procedure
described in ASTM D1003. As depicted in Table 1 above, the optical haze of the
polymerized high refractive index hardcoat microstructured surface was less than 20% and
preferably less than 15%. In favored embodiments, the optical haze ranges from about

15 1%, or 2%, or 3% to about 10%. In some embodiments the optical haze ranges from about
1%, or 2% or 3% to about 5%. As illustrated by forthcoming Table 4, the microstructured
antireflective film also had such haze.

The microstructured surface comprises a plurality of peaks, as characterized
according to the test method described in the forthcoming examples. Dimensional

20 characteristics of the peaks are reported in the following Table 2:

12
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rang s from ons .to. abou cro s, or 25 mcrons, Except for the

.nen\fm\%g?géﬁ%ﬂwe Fpyimage wniaﬁ hrgugtha mattg wiacs ke kg Bteracipg ithfent s
typl cal | )%nzﬂ?evs%rﬁcmnﬁftheaﬂmél@%F&n REAUITIRO), géaréﬁer@f%ﬁﬁﬁl% can be descﬁb!:djﬁ‘é 4 ndex
| ayer was applied to the mcrostructured i ndex | ayers of Table 2.

Refl ecti cpiur(ahtye)f bfrlghBSpoﬁnffaa&pemﬁpecl@r that swfermmpsesn‘grmm@sh’é omie L6 r uct ur ed

ti fl ti 101PC UNF-VIS-NI R
et ng Et et SR R S R R R T IR oL BAS IO vt | abl ¢
from Shi npgiit §&PendsIRPRB raireh 3P2NifBALL REWEH the InficloRsplicAB® BirsoturePhntiTbi a,

MD or at an incident angle of 12 in reflection node from380 to 800 nmor a

U t 8&can tikepaokiof di leCP {benthiusrneynt oA prarkle asdisplay dasnienh dnpRSEx ahdle s
wherein t |
5031/ 1400 1R MBS A SR AR M B TR e LM o B i on of an
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that the reflection was a m ni num was recor ded. ] ]
acceptance standards (samples with different levels of sparkle) on a LCD display available

under the trade designation “Apple iPod Touch” (having a pixel pitch of about 159 um as
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The clarity, haze, and conpl enent cumul ative sl ope nmagnitude distribution
of the mcrostructured surfaces having a sparkle no greater than "3" were

reneasur ewlp 2861/Bo@ported in the foll ow ng table.
Antireflective Film Surface Characterization
Haze Fcc (0.1) Fcc (0.3) Fcc (0.7) Fcc (1.3) Fcc (4.1) Conparative Fl!

Tabl e BCTNSer1088480Tt ur ed
H HC Lanbda Rphot darity

H11l

555 1.11 82.4 4.9 94.9 82.6 54.1 27.2 3.4 Conparative Fl Hl 487 1.51 37.7
19. 5 99, fmeasured with a microscope) in the white state. The scale ranges from 1 to 4, with 1

10

15

20

25

30

being the lowest amount of sparkle and 4 being the highest.

Although Comparative H1 had low sparkle, such microstructured high refractive
index layer had low clarity and high haze as reported in Table 1.

Comparative H11 is a commercially available matte film wherein substantially all
the peaks are formed by matte particles. Hence, the mean equivalent circular diameter
(ECD), mean length, and mean width are approximately the same.

The other examples (i.e. except for H1) demonstrate that a combination of low
antireflection and low sparkle can be obtained with an antireflective film having
substantially different peak dimensional characteristics than Comparative H11. For
example, the peaks of all the other exemplified microstructured surfaces had a mean ECD
of at least 5 microns and typically of at least 10 microns, substantially higher than
Comparative H11. Further, the other examples having lower sparkle than H3 and H7 had
a mean ECD (i.e. peak) of less than 30 microns or less than 25 microns. The peaks of the
other exemplified microstructured surfaces had a mean length of greater than 5 microns
(i.e. greater than H11) and typically greater than 10 microns. The mean width of the peaks
of the exemplified microstructured surfaces is also at least 5 microns. The peaks of the
low sparkle examples had a mean length of no greater than 15 microns, and in some
embodiments no greater than 10 microns. The ratio of width to length (i.e. W/L) is
typically at least 1.0, or 0.9, or 0.8. In some embodiments, the W/L is at least 0.6. In
another embodiment, the W/L is less than 0.5 or 0.4 and is typically at least 0.1 or 0.15.
The nearest neighbor (i.e. NN) is typically at least 10 or 15 microns and no greater than
100 microns. In some embodiments, the NN ranges from 15 microns to about 20 microns,
or 25 microns. Except for the embodiment wherein W/L is less than 0.5 the higher sparkle
embodiments typically have a NN of at least about 30 or 40 microns.

A low index layer was applied to the microstructured high index layers of Table 2.
Reflection (i.e. first surface specular reflection) of the microstructured antireflective films
was measured using a Shimadzu UV-3101PC UN-VIS-NIR Scanning Spectrophotometer
with the machine extension, MPC 3100, available from Shimadzu Co., Japan and
Shimadzu Scientific Instruments, Columbia, MD or at an incident angle of 12° in

reflection mode from 380 to 800 nm or a UltaScan XE available from Hunter Labs

measuring RSIN and RSEX modes wherein the specular reflection = (RSIN' Y — RSEX Y).
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99.0 95.8 86.6 22.2 F6 H6 536 1.42 82.1 3.30 96.0 84.7 49.8 11.1 0.0 F8 H38
548 1.32 87.0 1.72 96.4 83.6 44.4 6.7 0.0 F9 H9 559 1.67 71.2 5.04 98.0
92.0 68. WeQIB/130@S8 PCT/US2011/034897

These instruments measure the reflection of an area of about 1 cm”. The reflection curve
was plotted and the wavelength that the reflection was a minimum was recorded.

The clarity, haze, and complement cumulative slope magnitude distribution of the
microstructured surfaces having a sparkle no greater than “3” were remeasured, as

5 reported in the following table.

Table 3 -Microstructured Antireflective Film Surface Characterization

Fee | Fee Fee Fee Fce

HIHC | Lambda | Rphot | Clarity | Haze | (0.1) | (0.3) | (0.7) | (1.3) | (4.1)
Comparative
F11 H11 555 1.11 82.4 4.9 949 (826 |54.1 |272 |34
Comparative
F1 H1 487 1.51 37.7 195 1997 199.0 |95.8 |86.6 |22.2
Fé6 Hé6 536 1.42 82.1 330 |96.0 | &84.7 (498 |11.1 |0.0
F8 HS 548 1.32 87.0 1.72 1964 | 836 (444 | 6.7 0.0
F9 H9 559 1.67 712 504 |98.0 1920 [689 |30.8 |0.0
F2A1 H2 558 248 80 54 953 (842 | 604 |329 (0.6
F2A2 H2 530 1.93 78.7 55 98.0 (924 | 752 482 |75
F2B H2B 644 1.33 74.0 8.94 | Not measured.
F2C H2C 473 1.40 72.9 7.84 | Not measured.
F4 H4 614 1.57 82 337 939 | 787 (467 |18.1 |0.1
F5s H5 547 1.35 87.6 493 1949 | 813 [442 |84 0.0
F10A HI10A | 518 1.57 79.3 4.07 (973 [89.7 | 652 |26.0 |0.0
F10B H10B | 573 1.26 77.8 328 1964 [ 88.1 |63.8 |26.1 [0.0

The antireflective films exhibited an average photopic reflectance (i.e. Rphot) of
10 less than 2%, or less than 1.5% at 550 nm as measured with a spectrophotometer as just
described.
Each value reported in the slope magnitude columns is the total percentage of

microstructures (i.e. the total percentage of the microstructured surface) having such slope
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F2A1 H2 558 2.48 80 5.4 95.3 84.2 60.4 32.9 0.6 F2A2 H2 530 1.93 78.7 5.5
908.0 92.4 75.2 48.2 7.5 F2B H2B 644 1.33 74.0 8.94 Not neasured. F2C H2C
473 1. 40 wP.29117148M8Not neasured. F4 PCT/US2011/034897

magnitude or greater. For example, in the case of microstructured surface H6, 97.3% of
the microstructures had a slope magnitude of 0.1 degree or greater; 89.8% of the
microstructures had a slope of 0.3 degrees or greater; 62.6% of the microstructures had a
slope magnitude of 0.7 degrees or greater; 22.4% of the microstructures had a slope

5 magnitude of 1.3 degrees greater; and 0 (none) of the microstructures (of the arca
measured) had a slope magnitude of 4.1 degrees or greater. Conversely, since 62.6% of
the microstructures had a slope magnitude of 0.7 degrees or greater, 100%-62.6% = 37.4%
had slope magnitude less than 0.7 degrees. Further, since 22.4% of the microstructures
had a slope magnitude of 1.3 degrees greater, 100%-22.4% = 77.6% of the microstructures

10 had a slope magnitude less than 1.3 degrees.

As indicated in Tables 1 and 3 as well as FIG. 11, at least 90% or greater of the
microstructures of each of the microstructured surfaces had a slope magnitude of at least
0.1 degrees or greater. Further, at least 75% of the microstructures had a slope magnitude
of at least 0.3 degrees.

15 The preferred high refractive index hardcoat and AR microstructured surface,
having high clarity and low haze, had different cumulative slope characteristics than H1
and F1. In the case of F1 at least 95.8% of the microstructures had a slope magnitude of at
least 0.7 degrees. Thus only 4.2% had a slope magnitude less than 0.7 degrees. For the
other microstructured surfaces, at least 30 % or 35% or 40% and in some embodiments at

20 least 45% or 50% or 55%, or 60% or 65% or 70% or 75% of the microstructures had a
slope magnitude of at least 0.7 degrees. Thus, at least 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65% or 70% had a slope magnitude less than 0.7 degrees.

Alternatively or in addition thereto, the preferred antireflective microstructured
surfaces can be distinguished from F1, in that for F1 at least 86.6% of the microstructures

25 had a slope magnitude of at least 1.3 degrees. Thus only 13.4% had a slope magnitude
less than 1.3 degrees. For the other microstructured surfaces, at least 25% of the
microstructures had a slope magnitude of less than 1.3 degrees. In one embodiment, at
least 30%, or 35%, or 40%, or 45% of the microstructures had a slope magnitude of at
least 1.3 degrees. Hence, 55% or 60% or 65% or 70% of the microstructures had a slope

30 magnitude less than 1.3 degrees. In other embodiments, at least 5% or 10% or 15% or
20% of the microstructures had a slope magnitude of at least 1.3 degrees. Hence, 80% or

85% or 90% or 95% of the microstructures had a slope magnitude less than 1.3 degrees.
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H4 614 1.57 82 3.37 93.9 78.7 46.7 18.1 0.1 F5 H5 547 1.35 87.6 4.93 94.9
81.3 44.2 8.4 0.0 FI OA H10A 518 1.57 79.3 4.07 97.3 89.7 65.2 26.0 0.0 FI OB
H1OB 573 W026117140@8 PCT/US2011/034897

Alternatively or in addition thereto, the antireflective microstructured surface can
be distinguished from F1, in that for F1 at least about 22.2% of the microstructures had a
slope magnitude of at least 4.1 degrees; whereas in the case of the favored microstructured
surface, less than 20% or 15% or 10% of the microstructures had a slope magnitude of 4.1

5 degrees or greater. Thus, 80% or 85% or 90% had a slope magnitude less than 4.1
degrees. In one embodiment, 5 to 10% of the microstructures had a slope magnitude of
4.1 degrees or greater. In most embodiments, less than 5% or 4% or 3% or 2% or 1% of
the microstructures had a slope magnitude of 4.1 degrees or greater.

The application of the low index layer to the microstructured high refractive index

10 layer may reduce the clarity up to about 10%, provided the clarity of the antireflective film
is within the target ranges, as previously described. In some embodiments, the difference
in clarity between the microstructured high refractive index layer and the antireflective
film is no greater than about 3%, or 2% or 1%. Further, the application of the low index
layer to the microstructured high refractive index layer may increase the haze up to 5%.

15 In some embodiments, the difference in haze between the microstructured high refractive
index layer and the antireflective film is no greater than about 3%, or 2% or 1%.

The application of the low index layer to the microstructured high refractive index
layer typically changes the complement cumulative slope magnitude distribution of the
microstructured surface. With reference to FIG. 11, the complement cumulative slope

20 magnitude distribution of the microstructured antireflective film, further comprises a low
refractive index layer tended to be slightly lower, yet generally has a similar complement
cumulative slope magnitude distribution curve as the corresponding microstructured high
refractive index layer. Although, the complement cumulative slope magnitude distribution
of the microstructured low refractive index layer is lower, the complement cumulative

25 slope magnitude distribution and peak dimensional features are within the same target
ranges as previously described with respect to the microstructured high refractive index
layer. In some embodiments, the percentage of microstructures having a slope magnitude
of at least 0.7 degrees or of at least 1.3 degrees changes (i.e. absolute value of H1-F1) by
less than 5%, 4%, 3%, 2%, or 1%.

30 The other embodiments, the percentage of microstructures having a slope of 0.7
degrees or greater as well as the percentage of microstructures having a slope magnitude

of at least 1.3 degrees may increase by up to 10%. It is surmised that the high refractive
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10

the Rz is less than 1.10, or 1.00 micron. The Rz is typically at least 0.40 or 0.50 microns.

The high refractive index layer of the matte or antireflective film typically

comprises a polymeric material such as the reaction product of a polymerizable resin

having a refractive index of at least 1.60. The polymerizable resin preferably comprises

surface modified nanoparticles (preferably having a high refractive index of at least 1.60).

15

A variety of (e.g. non-fluorinated) free-radically polymerizable monomers, oligomers,

polymers, and mixtures thereof can be employed in the organic material of the high

refractive index layer.
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2.462 Conparative FI 0.678 0.168 1.297 F6 0.441 0.101 0.785 F8 0.387 0.085
0.727 F9 0.549 0.137 1.067 F2A1 0.290 Not neasured. F2A2 0.352 Not

nmeasur ed.wb400/B37@ws0. 081 0.687 F5 0.257 0.058 0.503 F7 @eEparskeia/oafsord) 0.375
0.097 0.727 FICA 0.381

Various high refractive index particles are known including for example zirconia
("ZrO;"), titania ("Ti0,"), antimony oxides, alumina, tin oxides, alone or in combination.
Mixed metal oxide may also be employed. Zirconias for use in the high refractive index
layer are available from Nalco Chemical Co. under the trade designation "Nalco
5 O0OSSOO08" and from Buhler AG Uzwil, Switzerland under the trade designation "Buhler
zirconia Z-WO sol". Zirconia nanoparticle can also be prepared such as described in U.S.
Pat. No. 7,241,437 and U.S. Pat. No. 6,376,590.
The low refractive index surface layer comprises the reaction product of a
polymerizable low refractive index composition. Such low refractive index composition
10 preferably comprises one or more fluorinated free-radically polymerizable material and
surface modified inorganic nanoparticles. The surface modified particles preferably having
a low refractive index (e.g. less than 1.50) dispersed in a free-radically polymerized
fluorinated organic material described herein. Various low refractive index inorganic
particles are known such as metal oxides, metal nitrides, and metal halides (e.g. fluorides).
15 Low refractive index particles include colloidal silica, magnesium fluoride, and lithium
fluoride. Silicas for use in the low refractive index composition are commercially
available from Nalco Chemical Co., Naperville, I1l. under the trade designation "Nalco
Collodial Silicas" such as products 1040, 1042, 1050, 1060, 2327 and 2329. Suitable
fumed silicas include for example, products commercially available from DeGussa AG,
20 (Hanau, Germany) under the trade designation, "Aecrosil series OX-50", as well as product
numbers -130, -150, and -200. Fumed silicas are also commercially available from Cabot
Corp., Tuscola, Ill., under the trade designations CAB-O-SPERSE 2095", "CAB-O-
SPERSE A105", and "CAB-O-SIL M5".
The concentration of (e.g. inorganic) nanoparticles in the low refractive index layer
25 and/or the high refractive index layer is typically at least 25 wt-% or 30 wt-%. The low
refractive index layer typically comprises no greater than 50 wt-% or 40 wt-% inorganic
oxide nanoparticles. The concentration of inorganic nanoparticles in the high refractive
index layer is typically at least 40 wt-% and no greater than about 60 wt-% or 70 wt-%.
The inorganic nanoparticles are preferably treated with a surface treatment agent.
30 Silanes are preferred for silica and other for siliceous fillers. Silanes and carboxylic acids
are preferred for metal oxides such as zirconia. Various surface treatments are known,

some of which are described in US2007/0286994.
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0.089 0.714 FI OB 0.660 0.090 0.790 The average surface roughness
(i.e. Ra) is typically less than 0.20 m crons. The favored enbodi nents
havi ng hiwb 2011zda1g i n conbi nati on with sufficient hazeP€ThiSkii1/0a48Ra 5Sof
| ess no greater than 0.15 mcrons. In sone enbodinments, the Ra is |ess than
0.14, or 0.13, or 0.12, or 0.11, or 0.10 mcrons. The Ra is typically at
| east 0.04 or 0.05 mcrons.. The average maxi mnum surface height (i.e.
Rz) is typi calThe highecliaptye indey @b rECla) nagpariglss mag badwfasgdreattdavithay or ed
enbodi neng j ' RV j e j i Cl xhi bi t
an Rz of | eBLOnBh Bt Rl afody BT DOARHA AR thbB e L LA oI I e
i s | ess t@wa@s dstkQ@epaat udit Oatitast are. CoFig dBer usit,tag plecaibky imPCT @ablicddiod0 or
0.50 m crons. igh refractive .index |ayer of the matte or
antirefl Wbﬁ‘éWpﬁﬁlg@‘éﬁQ@19%9%?61@@5@%%6@ §iBrS-c material such as the
reacg i on produgl. @ u&pgiﬂ%ﬂ§%§§ﬁ@gﬁﬁéﬁﬂmﬂﬁyhng a refractive index of at
| east 1.60. The polymneri zZable resinpreferably conprises surface nodified
nanoparticles (preferably having a high refractive index of at |east 1.60).
15A variety ofO(e.g. non-fluorinated) free-radically polymerizable
nmonomer s, ol i gomers, polyners, and.m xtures thereof can be enployed in the
organi c mateyT a oithe.hiqg_LeﬁﬁgﬁtLue pndex layer. WO
2011/ 140018PCT/ US2011/ 03489 Wari ous high refractive index particles
are known including for exanple zirconia ("2/02"), titania ("Ti02"),
anti nony oxides, alumna, tin oxides, alone or in conbination. Mxed netal
oxi de may al sqybe enployed. Zirconias for use in the high refractive index
| ayer are availlable from Nal co Chem cal Co. under the trade designation
"Nal co 5 " and frlom Buhl er AG Uzwi|l, Switzerland under the trade
desi gnati on 'BuhleLlirF'onﬂd'Z?VY)qgr”T Zirconi a nanoparticle can al so be
prepared such as described in U S. "Pat. No. 7,241,437 and U S. Pat. No.
6, 376,590. The low refractive index surface |ayer conprises the reaction
pr oduct ofha. ol yneri zable |l ow refractive index conposition. Such | ow
refractiJ@‘?ﬂgex conposition 10preferably conprises one or nore fluorinated
free-radicall I i zable material and surface nodified inorganic
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nanopar t i't#é5 e nodified particles preferably having a | ow

refractive index (e.g. le han 1.50) dispersed in a free-radically

AR Tuc i 0 AR I B R B e T R R Ry T R
refracti iybafaymsBphoafkcrB@st i cl es are known such as netal oxides, netal
nitrides, and netal halides (e.g. fluorides). 15Low refractive index
particles include colloidal silica, nmagnesiumfluoride, and lithium

f | uor i de.L2Ss|ai (GaCsabkylugrglallyLidiaryl @roure ppienally substiidsd wohpos ot more ar e
connerci%k] ea&gﬁgable fromNal co Chem cal Co., Naperville, Ill. under the
trade de3|5’a ion""Nalco Collodial Silicas" such as products 1040, 1042,
1050, 1060, 2327 and 2329. Suitable funmed silicas include for exanple,
products commerci @ ly avail abl € from DeGussa AG 20(Hanau, GCernmany) under
the trade designaffi on, "Aerosil|| series OX-50", as well as product nunbers
-130, -150, and™-2 _Funed & Icds are also commercially available from
Cabot Coryis Tuscol a;, Ilér., under thedtrade designati ons CAB- O SPERSE
2095", "CAB-0- SPERSE A105", and "CAB-0-SIL Ms". The concentration of (e.g.
i norgani c) . nanoparticles jn tmg I m/gefr ctive iPdex Ia¥3é 25 and/ or the
hi gh° r ef rattanEdigHRIPCOMPYSIE & w@i%l Yh gthes cyteraatkosy; (fctpsylagpoue - o5 The
| ow ref r aghivsitiondgsedfayer typically conprises no greater than 50 w-% or
40 wt-% i norgani ¢ oxi de nanoparticles. The concentration of inorganic
nanoparticles in the high refractive index layer is typically at |east 40
wt - % and no grleapee em’@aginmmM@onmiS%a(ﬂ@m aliryl groupreadinrayetpgns &.5 to

nanopartifles ar ef er abl reat ith a,surface treatnent agent.

308 | aned & & iy S BRePSrYat FEA b iner HEIRER HOBBIESR | Tore. i anes
and carbqﬁwﬂngygkﬁﬁmqﬁ@mpreferred for metal oxides such as zirconia.
Various surface treatnents are known, sone of which are described in

U5 2807/ 0286994 urface modifiepheorpiriing a¢arhenilig acidrid greuw, and &Cr-Eopitenrepeat
nanoparti cle - ' r r.eat conprising a
compound ‘Sian PEC b ASRaRL B Pkl e Ruck R BRSO cpeat
unit or at |east one C6-Cl6 ester unit, as described in PCT Publication
Nunmber WO 2010/ 074862; incorporated hepein by reference. 5The conpound
typically has the general formla:



OiloLi -[y _L2]n- ZLi -[ L2- Y ]n- Z wherein n averages from1l.1 to
6; 10Li is a C1 - C8 alkyl, arylalkyl, or aryl group, optionally

substi t utwo 20ilf130@Be or nore oxygen atons or an ester gPOUAIS202/08489a C3 -
C8 al kyl, arylalkyl, or aryl gr oup, optionally substituted with one or nore
oxygen atons; Y is O *1()L O0-* *-0 OrSand 15Z is an end group conprising a
C2 - C8 al kyI et her, ester, alkoxy, (nmeth)acrylate, or a conbination

t her eof polycapqqlacgm%nefbawylﬁ@ﬁmh aILQth@Hf) oY aremaic eghydgids) e hmramo and n
aver ages I

prefer abI y co I%rl%éoglg c‘én@%ﬁ&ﬁ)ﬁg% C%ﬁgg(lél gr ougol%gz ? é%%{ rmga’f{p%

conpri si niistabwéormbafxydleculasci Ak leasda gommp oﬁnida raoledul EBhastadl ;- @ematrepﬁatt can be
derived fromreactin dro 0 rol actone such as a.h )

2011/ 1400@8@&/“0@%@% %3%”7" %ISB@ éﬁdﬁ%‘%ﬁ O CREPHYSPYFE %ﬁy ‘Mi;f{rﬁma]nls

al i phati ¢ efe ALABLIfer ﬁ@ﬁ%g{o‘;g@olyw&oﬂ)é%%b{ polncaRtRL e.£amaunds are

typical ly avai l easa ri‘’zed m xture having a distributiion of

mol ecul esl4mtr llﬁedstsomepaﬁpdmmenm‘ ntaiveraged 2¢,.1. b2 havk 2 @2.£8 ester repeat
unit, i.e. st 2. e mxture, al so co

ol e6ul o wher BRI ARy PopaMRTEIag U s Fis o Bk S LA bt one
conmpound AR XiuE ﬁoﬂWoé?ﬁ’s dndl%r th% tl%de @leﬁgnalloﬂ ‘P&cdre I2AP Ang TR SdFkpstirment s, n
averages 2.0, 2.1, 2. 2.3, 5. Sui t abl e hydr oxy

poI ycapr oindet 6a éraqmsngramf awsc dm@ﬁn@@o kave a@miﬂeﬂa;nvaenglyt 4T andle). f 1 om
t hep(% S under tg]u?tat)I OnShag}%}&g{}c%&de% I’1]ncl cﬁ:gf%tj E:)? n%‘ e'ma erllcd .'Tu{h 8 1deS aS{IECIIl under

rade designa repor t ve a no ul'ar "'wei ght of 344

g/ mol e) . ah@fFdtideabliRrialahphRide carindiydric deisydride] Ut niosmisodamphts, thaheptaitic
anhydride, succinic anhydride, suberic anhydride, and glutaric anhydride.
In sone e"ﬁ*ﬁb@rﬂq’?elﬁpéeferﬁwéf SHW%‘H&P]ilYﬁraiﬁhydrl de is preferabl y sucm ni ¢

an hydri de. Aro%‘ﬂ% ig %j&@ld@%ﬂ%\%{d r%%?w&?\rﬁ%&r ge%a%ﬁ ﬁlldg)]g QC ?feﬁﬁCt Ive

index (e.g. R usi on o sur treat ment
conmpoundsl.shc IThasndlmmeofoherﬁaV@tﬂea‘tmem ca)nqmahdﬂuﬂzﬁ anthysl detoed diom saméact he

r ef ctlve i x of the overal.l i zabl 5|n nposi ti on. Swtable
aro t| c aélh}@‘ &%%f%wﬁébﬁ ragfiye @3@%%?  BHER l‘PP néﬁ’i‘ﬁ?@? R COMRASHIPR: i vel y,
or in addfif,BR AdRLRE My aﬂﬂ&essﬁtrlu@ecﬁraaaﬁl%ﬂ@haﬁ@yn@aﬂaél se a (meth)acrylate
functionalized conpound” prepared by the reaction of an aliphatic or

aromatic an hyd‘kllteieataelyppem e@idslcyl thesty ﬂi@edrfamtr@tmytdrrmwdon(misga C2- C8)
al kyl es of ur ace m)dl iczﬁ)h&n agents of

Phi 2 oo ME AT fihionalized som B Beplon By S Gt Ron I gial ei o acid

NDONO- ( 2- agéih@yAdHrigd Ayprkviesdl¢ descabed ldid E}Pdr@(}ﬂ%g cz-cg) alkyl
nmono- (2- acryl oyl oxy-ethyl) ester, maleic acid nono-(4-acryloyl oxy-butyl)

est, suesimpeylats. d nono- (4- acryl oyl oxy- butyl) ester, and glutaric acid

4- | The
o125 L WG X SR IR FREELTE A PR g o

the | ow refylegbiethiyldsir, @1@2[1@6Sb1HIrﬁlfh0C(Q%WISﬁSX33-efhlyﬁ)%sfeﬂdﬂnd@'hlta’nc acid
polymer| anzilct))rlloe(2f ellclil‘;?lleg o?cly %thyl) ester, maleic acid mono-(4-acryloyloxy-butyl) ester, succinic
acid mono-(4-acryloyloxy-butyl) ester, and glutaric acid mono-(4-acryloyloxy-butyl) ester.
25 These species are shown in W0O2008/121465; incorporated herein by reference.
In one embodiment, the low refractive index composition comprises a free-
radically polymerizable fluoropolymer.
One class of fluoropolymers are formed from the constituent monomers known as
tetrafluoroethylene ("TFE"), hexafluoropropylene ("HFP"), and vinylidene fluoride
30 ("VDEF," "VF2,"). The fluoropolymers preferably comprise at least two of the constituent

monomers (HFP and VDF), and more preferably all three of the constituents monomers in

varying molar amounts. The fluoropolymer comprises free-radically polymerizable
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One cl ass of fluoropolyners are formed fromthe constituent nononers known
as tetrafluoroethylene ("TFE"), hexafl uoropropylene ("HFP'), and vinylidene
fluoride WO 20113018 " VF2,"). The fl uoropol yners pref eralbCy/usoopios4387 at

| east two of the constituent nononers (HFP and VDF), and nore preferably
all three of the constituents nononers in varying nolar anmounts. The

fl uoropol ymer conprises free-radically polynerizable

WO
2011/ 140 8EeTI Uszen by acxeswhiskadduple inphisioncefhalngcacepainsHERSEY t he
inclusio . I QI i " ' /

i ogenattioshs £ S URL BB Elfden S o ORANTRS, by e st et

f | uor opoltherinoanlyber canstercadere® st tiwebyodehgdtofldpofid tiomriyreatyimethdd/thany et hod

that will provide sufficjent (0.5 to 6 nole percent) carbon-carbon
unsat ur atVEEOYAe pHdosp| oy @&(ﬂﬁwrcent) carbopaaERpaIneafHatieny ddhigan be
i nt r9duc%&r<§1ﬁo@yﬁ1&e polymer microstructure via the use of hal ogenated chain

transfer agents whi ch produce fluoropol yner chain ends that contain
reacti ve hal odéalogamdyrosifes caisbe mtwdad¢ad intoghs pelymagemdtrest(Uc@FAYa the ssowd] |

known in. the literature and typi cal, ex |les are: Br--CF2 --Br, .CF2Br 2,
oo, | cipzenese g i i st MRl A 8 st Rgtif o0- 356
to i sgatheive hAdgadvaiph@gR. BachHaRiPfratiragsitt €' (MOYRRY Kell Rndwi M the t he
co-crosslinked network, as opposed to a dehydrofluorination approach, is

t hat the lopriueaindiyaicat grapmlastiec: fhyr-foChotBmeF Brayerli, §£thbt Odwiyrraeal sed
since the_r tion. of rylat eufl o] r. do not fFely on
unsg ur atelxgl(ﬁl%%rsl a?%fgu%%fncﬁrms?%tag%bg’rqg&g%é %r‘é%%Sggrrggge%%?& Vaf&&%?)? Hseeroq:l ass of
f 1 ur or opauydEfesmewnTs HFePriigthietd-crosflakiece scthavi,ng oppdyydes Hr anched
structure; as described in U S Patent No. 7,615 283; incorporated herein

by ref er glebrdrofluorinatipp @ppropghmis thaithp Ppticad clerity ofdhe fareed ppbyaise avst 1sinpt ot
| o . ' . | . . )
fhuor | ne SOair st ks ARtactibEBr IRLHR In A NIRIEAME 48 ey v ne 2

mul ti - f unokatoragabn in the pohana datkbopoliyorder wabdoe. nmat eri al having a fluorine
con{ nt rangi 2‘? quréomrlo to_l ess tlhan 25 w.- % erein the total anmount of
mul 3 f unct i onaPHRY&F4s8 PETIIOIOROIYTBYS CORBE PO MRCHPBASERIVER 4t - % sol i ds  of
the pol Mﬂfir{pb&%ﬂcﬁeﬂtﬂﬁﬂh& SYRBLY i00-S. Paknf NHW,Q(%%X@&W&%@h&QW rer
internedi ate solution is surmsed to conprise a 25m xture of unreacted

f r ee- r adityakfeyenwol yneri zabl e starting materials, oligoneric species, and
pol ynmeric speci,es having a h rbranched structure. A h rbranch ol ymer
e et ned as HRyobaTartrehie SebRLroaRtal i i ene e frp el Gob
connect i hdi¥al®f pdIPierizdb8imhivEal Haling L@ddriHetcofRni@at ke s wRULdnd B)

hyper crosslinked polyners (in which macrocycles are present, but not to

| add@r armtiopiliyoat pesst erer mylti-Bogianabireq-eadiqerly delysndricaldgpragsrd hpvinprepar e t he
| ow refr ive | 0 .t on. ' L. ti yirer jzation
reacti onafﬁ{()lr ?flé@gﬁﬁlgﬁl{e{gg@gla%%g e%gg}l%ﬂe%?%% (ﬁid’?ﬁréﬁgﬁ%ttg%? %?1%8% q?)%delﬁbr anched
f | uor oacriyph@icaphi¢riels i &.1¢hst #bonapdYel?) basth enwtersblidnstirepolWaerizable

2011/ 140018PCT/ US2011/ 034897 fluoroacrylate is then utilized as a reactant
in a secoHENecYIPYPHEMe) pol yreri zation reacti on under substantially 100%
solids conditi L - ® -

surm sed an i n%%%g%éﬁ%éﬁgﬁﬁié%Eﬂgﬁe‘?@ﬁgﬁ%ﬁgﬁgéﬁ% po %grgar &lg}ﬁlgrégesd

cr 035! i nkentureef imraantyd Gterddostly pbWardriaulse klactorg mateds,nbgomeandpecies,

mul ti-functiopal free-radicall I ri zabl e mononers, oligopers, and
pol yrer s HdypO éneéﬁpﬁpe%ﬁhavm %ﬁvx%%gé%ﬁ*ﬁé POt ﬁ%ﬂ%%?%ﬁﬁie{%é 'S ndex
| ayer. Stﬂéﬁné@ﬁseédyaﬂq?y&@rﬂﬁ"wﬁﬁ&ﬁ/th@ @??Jthﬁ?&p@&t%itﬂﬁﬁih‘ééﬁr%e)étipi%i Y BbiczR ©

nmoi eties in conmbinati'on with (per)fluoropol yether noieties,
( per) f | uswoathisydefmitiant inexs be extehdegde hyparaosdinksd pelgmami(at whish mactdsiyelegach of

t hese classes are nulti-functional speci 10havi ng a high fluorine
cont ent T%P’ﬁ?e%’febuéfloftga{%f&ﬁ%n_ PGP ﬂ%_?&ian be enployed as i). O her
Spesd es W N T A6Ich ASEss DKol kuipich e (BOMAGRIraLERSndGARrRRsHlon% _Can

be enpl oyed as auxillary conponents. |In sonme enbodi nents, such auxiliary
f 1 uor i natdrst feshpition) aelsmetrdinarrsactian utiligesi dilutorrparic belventicagditipes toow

e e T e S T g S B S S

may be prepared froma variety of (per)fluoropolyether (nmeth)acrylate
conpounds. One suitable high fluorine ggntaining material is a (e.qg.
perfl uoropol yether) acrylate oligoner reported by the supplier to have a
refractive index of 1.341 comercially available from Sartoner under the
trade designation "CN40OO". In view of the low refractive index, this
material is 20 believed to have a fluorine content of at |east about 50
wt-% Based on NVR anal ysis, CN4AOOO has a nol ecul ar wei ght (M) of about

A NN N - o o o o o o, B o o ' ] a 4 a1



30preferably conprise at | east one am no organosil ane ester coupling agent
or a condensation product thereof as described in U S. 7,323,514. Suitable
am no or gapasivEmasest er coupl i ng agent include PCT/US2011/034897

3-am nopropyl tri met hoxysilane, 3- WO 2011/ 140018PCT/ US2011/ 034897

am nopr opyI triet hoxysi | ane,

(am noet hyl am naonet hyl ) phenet hyl tri nmet hoxysi | ane,

(ani noet Hiluomcmdﬁtétm ) PREFRE A et bk RPN G fReg- ‘mho(e) palvinsiERtign teaggion
am nopr OF{%] gp%uﬁ%’%a‘gﬁﬂ&t IW 148 06ndiftbiis%o P AR NGlihatda crosslinked system that
ani nopr opy I et hoxy ane

N (2-am n@elirhyée)i a&-lmerp&ﬁmnmjglﬂetwmmmey(saﬁagab,poN‘mer in a crosslinked

5(2-am noe nopropyl triethoxysilane, 4-am nobutyltrimethoxysilane,
4- ami nokﬁﬂkﬁ‘@%i“?’rﬁ’]@{ﬂ&éﬁ/sl | ane, 3-ami nopropyl met hyl di et hoxysi |l ane, 3-

am nopr opy| metyayt g @Rbﬁﬁawéhioﬁé?eand?‘mél@ RARRIRRYf-AFRidav| pBlARxy sk ane,  3-
am nopr opyl di net hyl et hoxysi | ane,
2, 2- di metrhanomcts, apilgomes; aIBJCBLﬂYmpte mbayrtee- chetl pauanitinepreparation of the low

22detho - [ ent ane- 1- et hanam 2,.2-di et hoxy- 1-aza- 2-
Toai | neydPtaeaRE T, SRCrRBRIh R A SRR AR Bt fa SR b1
4- am nophgsilids'in rEBﬁl'Bﬁ?&ﬁoﬁ Wit Ber) ool PR hGIBH RO QePPlbidal ke hdd@tis, Siniane.
One suitabl e am no organosilane ester coupling agent is commercially

avai | abl dpemidegroglisglene a@eetld@ngﬁhat ¢agh of Arsoelasses are multiyfppgipnalyipsichg t o be
bou y .t heor syrm 3] npsi | r upling
agent i nchra?a]g1 e%m%l#elu(\)/r?%ec%)él It o1g (t)ﬁat kf on;Zﬁ?‘nmde t@a&%ﬁ ﬁéergﬁﬂ) 8@?‘{5 O?hc[rher eby
15r esi st ispecitdwithin@ach Mﬁﬁsﬂh&\h@g Howvinow@aene e thag 26 e sdahibernfplewd akr om t he
peaks of the mcrostructured high index into the valley or land | a er

bet ween pRERKLY edmpcREadeseEe pBPeERENEnSUh AwEHpydTuorgated (Brthecayl

simlarly Hi gher

ol ecul arm ity ce B KBt e ot re Pt SRR a1 case

t he resi srhaanﬁs pfes¢rhen theweaotide xmigwmad.i ng conposition to excessively flow.
20The low refractive index and organic high refractive index polynerizable
corrpiosi tions thHeiledlrtitat@oMides@aydh ah®a8drobmith)ateydite pOlywer Magfbcpi@msdd nker
(i.e. a nmononer having at |east three (nmeth)acrylate g}ré;%ups) The

concent r affqr@ﬁV@*leta@éémr}fhw&?pqlwtheﬁénp crdfie geripgandsn Qe subwieBighi on i s
general |y, r

concent rabeglr?go ﬁ%f?lcq)nsg[]? gﬂﬂgg& ?EPée\pﬁu %p(ﬁg?tﬁg%t%r\}/]i;ﬁ? (%’ﬁ 0)%965\35 ﬁ)gfitg on is
25gener althy suppligr dtaee atrdsfmuab oudex d51 \m} %mmermally&mﬂaihb éroar M&immker

nmononers include for exanple trimethyl ol propane trjacr comercially
avai | abl &MFHF 83f¢ e?ﬁé%na%pgwéoﬁxtlﬁmewfo thi e vy «nga%t & é@? i%on

" SREP1")  beRENAXY Al ES fIlbiiNELIAYIn? bRAQRRD Soduf 5@%3% aB@seﬁ%WérﬁUsYs ,

aval | abl e from Sartomer Conpany, Exton, Pa. under the trade desi‘gnation
"5R454") Clﬁé@ﬁ()d@syltrmlectucbar vBoightdMma af abdvatléOO pentlaend/¢cdnsistsgirinarilpof g1 at e
(commer ci alt{]# 'dl aRi %Sarto r u]gder t he trade designation "5R444"),
di pent aer®Rff (irltnﬁe peant § tggn?rﬁlo’nﬁ%}l ially available from Sartomer under
the trade designation 5R399 ), ethoxylated pentaerythritol tetraacryl ate,
et hoxyl at ed pent aerythritol triacrylate (from Sartonmer under the trade

desi gnation " SRARAS Y. @ﬁzn @FZOF%bﬁ L da a@]"yy[b@E@Fqu;géF} OS8R 2- hydr oxy

et hyl )i socyanurate triacryl at from mer— under thé ttade designation
"SR858"). |In sone aspects, a hydantoin m)l ety cont ai ni ng

54, 262, 0PSB TG0y 1 Bt gt s o bPeliep e P Fe  ndex

pol ymeri %@k&n@@ﬂﬁﬁ%ﬂ&ﬂ&ﬁmﬁ%ﬁ@%ﬁkkﬁér CRITR dnd efc RY eﬂdeg%ﬁpsoa[}@pﬁfxﬁﬂﬁl ofC
(meth)acryl ate nonomner havi ng two (neth)acrylate groups (i.e.

di (net h) G- onGi(H-Oh @Jd 2enbodi ment's, the di (meth) acryl ate
monorer s deryyved from bl spheno mng fSw re@r@&v ?}&p l arli)/oasb o%pcgzgcrgoe %e ein

et hoxyl ated diacryla or?pohfmnomer 'S8 COmmeret al 1y ava rom oner

undsg t heréfeands, &ﬁﬁpr@@&t leastoneé SR Orghic e d @@brfcﬁulﬂﬁigelg@nt\/drS‘aCOSI ty of 610
cps at 20C and a Tg of 2C). Another exenp Iaré bi sphenol - A et hoxyl at ed
di acryl at@n%wmprpéu%heé%ﬂﬁ%ﬁéscaubp@mavé e8Pe 1 Smtaé&ff YBReOIgH@sanehe

trade de )sity of 1080 cps at 20C
and a T %%%Pg®%§ﬁg@§§?g%§ué %gﬁéﬂﬁ' gﬁ)g?%%%gﬁers have been descri bed
in the art, such as those descrlbed |n2y S. Patent No. 7,282,272. I n
ot her enbodinents, the high refractive index |ayer and AR filmis free of
nononer derived from bi sphenol A One suitable difunctional aromatic
(meth)acryl ate nmonomer is a biphenyl 20di (neth)acryl ate nononer is

descri bed in US2008/0221291; incorporated herein by reference. The bi phenyl
di (nmeth)acryl ate nononers may the general structure R2nR2m



25wherein each Rl is independently H or nethyl; each R2 is independently
Br; mranges fromO to 4; each Qis independently O or S; n ranges fromO
to 10; WO020W11¥4008018PCT/ US2011/034897 L is a C2 to ClPCaIUsyI11898439D
optionally substituted with one or nore hydroxyl groups; z is an aromatic
ring; and t is independently O or 1. At |east one, and preferably both, of
the -QL-On C(0) (R1)=CH2 groups are 5substituted at the ortho or neta
posi tion %@W@hﬂfﬂ@@%}’ﬁ%@n@mlil%eﬂ%a}’1¥mﬁ19mthé’ﬂ)PQ@@thY§ﬁ@F?ﬂmXﬁw

di (et h) ion with a

tri phenyla(&{hﬁo?%rg’tl@g@g%gw @F@tﬂg? aé d scr ﬁ@)@@&l zr?t W)2008/ 112452,

i ncor poreetnﬁdoﬂsrepﬁmtﬂwdlmﬂmmmmﬁe NO2a084ckIR4B2- al so describes tri phenyl
Sl 1 81 o TOBONPBHERIE PPN M. O LR o-MAYBR AP RN STt N0
embogi mery Q%mlﬁglﬁhﬂ%fi ‘éﬁﬁﬁbﬁﬁ@ltrfb&lg{iggﬂaﬁe( aﬁdtrm@&ftylmhahapm% 4i's conbined

wth an aromati c no( net'h) acryl nononmer havihg a nol’ecul ar wei ght | ess
t han 450 aglinobwylanthdxyvilang, dramedapacilmethiy ldehoxgkilate, Beast 1.50, 1.51, 1.52,
1.53, 1.54,. 1.55, 1.5 57 or 1.58..Such |ve iluents typically
conph i se ABTRRGYmER kR Slnd R aniBRP RSy e Teact  ve

di [ uent s gaRom8pylainkdieylethetyshnd) Q- fiad AaRpat 84 -1-6il by clopéhticom nat ed) . The

i ncl usi on of reactive diluents, such as bi phenyl nono(neth)acryl ate

MONONer s etl@@é@nm@tmé@rdlethpwlfaail@esﬂtameﬂ%@ntﬂa@ﬂrat naﬁm@( oFdigthexyrl panile

co nent v ocessabil i [l za osition
by "Mauc SHQCX%‘%’”R{E‘QC’%% talmé%fi RLAg o%cs%aﬁﬁ ra F%t% ¢ dl%gn%l%engﬂrlgle&%n?

mono( et h;)laﬁer %h@-BQ)hEﬁyﬁ@ﬁlhw@rdjiyltﬂﬁi&ﬂﬁ)xpy{nar%a@ne guamlgeamﬁﬂcodsnganowaﬁé &fer2 W - %
to about 10 wt-% I n some enbodi nents, the hlgh refractive index |ayer
conpr i sesCOHBlIRE agnb comaergallgavarlablg unger the {fpdagestenpier A U0 | uent (s) .

When excess r ') ayer
as well as anﬁ?ﬁ g ?ﬁ 111%?(?15? %&ggr@ex%&g i fsgﬁa%sgcgth%g%%?ﬁ%a lﬁlgtggén%:
exanpl e, astwenouﬁmgsagmtoﬁcredses b mineofignefitholat indeacadating cdmk)uandms thaelno

gre er t han. aﬁh \Q% the eC|I har dness. is t |caI about . 3H to 4H.
Ho RN & 1B T im BRCT e o G SEH TS RamRgs FigB AOE SRR I PSINATBE 1 he
penci | h%féﬁ%ﬁﬁctﬁ%‘alﬂ fn%@'k'ﬁl%’tﬂe%aﬁaz er lah&)lfh%r be?&&bér?&'aﬁs raagdrase jdi | uent's

i ncl ude for exanpl e phenoxy et hyl h) acryl at e; phenoxy- 2- net hyl et hyl
(met h) ac rryﬂaitigm cpin engex )Femtﬁdﬁylelahmy 5(1mdtalﬂy arcrqals@tle Vigohijyodofdky kv index

30h drox nz h | at e;. ph | thio ethyl
acr zl at ey %‘gﬁ'ﬁﬁ{rﬁt@%@ h{/lwe g][s(ea”ﬁi ‘%ﬁ%{%‘?ﬁﬁﬁgl Roﬁriltgog’teﬁ an Eﬁpyl a%/e
2,4,6-tr llhé@a@él@ﬁ@fé@%wn@é bﬁ&heﬁﬁﬁﬁidék @oat gﬂcoﬁi §iEBR RGeS Nyl acryl at e;
2- br onophenoxy ethyl acrylate; 1- 40018PCT/ US2011/ 034897

nap® hyl oxy et lo‘aéfamwéltvé indexpag ﬁfg@plmgfh eftaglivaiadey pelsmepmddoxy

2-met hyl et hyl byl b

o ggyl yagr e og@iSﬁ% yﬁ gllqg? NQR%V &gﬁ%’ &t /K &g (ﬁ&fcr?s%hﬁf?&’ti)%(y ot OXY

2, 4- di br a®mg- atmwtﬁﬁyl(mbelmdryla@rgfb@isy Thb%ﬂﬁ(}éntraﬁdirybf&trssshﬁk@ﬁu kthedowy| at e;
2,4,6-tri bronmpphenyl acrylate. Qther high refractive index m)norrers such as

5pent abr JRBHENE YR EPIPRRIEOR sty B GRet PR 2bget 30 wi-&. O8RS Atde ¥

enpl oyed. t: (:PEA) .
Phenoxyet hy( aTél - ;(/88 g%%%ﬂagagéﬁ%gérsclyg H;lllﬂgevlg?lf F%%X%%Pﬁ%é e1£ (%hg)rlll 1gne source
i ncRaudi nggehemﬁyﬁalgt@tmnhamwent Ihet-vd.ade desi gnation "SR339"; from Eternal
Chemi cal Co. under_ .t he trade desi tion "Eter and f
Toagosei Co. e RN R Iiree%éﬁztwﬂa@m ate
i's Comr(gblﬁhfeymﬁlﬁiaddaﬁ%l@ filohPSAr Il AR an FOE Ron, YT Ghddr kﬂe,tra{% designationThe
met hod of formng an antireflective coating on an optical display or an
antiref | 6R30&"f ethomyflgted triractbylobprompe ﬁm?a:k'yldﬂes(mralylelrmaﬂ}’l aveilabdefrpmovi di ng a

light transm ssible su e |layer: providin " truture i gh
Fef'ract] voTPRRECORRear b R HEVE I PR TR A T R e he T ow
i ndgx | ame&aa@ﬁﬁ@télﬂé@&eﬂ@hﬁbmrﬁwmdt@gbohﬁnérbﬁuplagénab%fﬁ@fﬁtsw@méﬁmﬂ&emel ayer.
The | ow i ndex | ayer miiééfw provided by applying a |ayer of said | ow

refracti veade rdé@gném@n ordipendegrighyitol genteagraldte (capmercdllysaiadatie fam
refractiv g | et

radi at i onsad# 8&%?{3%@%@&%%?&&(%51&& | ve:Réétgb '}h%t%%natgd ? %{z%%rﬁl}gpqlrt] a%@(;a{é I ng may
be applied to a release liner, at Ieast partially cured, and transfer
coated. Further, the anti refl ection maberial may be appl ied directly to the
substrate 20or alternatively applied to a release |layer of a transferable
antireflection filmand



subsequently transferred fromthe rel ease |l ayer to the substrate using a
thermal or radiation-induced transfer. Suitable transfer nethods are

descri bedwpDreoRuiabiished U. S. Application No. 2006/ 0147612CTNI$e011034897
refractive index conposition and high refractive index conposition can be
25 applied directly to a filmor display surface substrate using
conventional filmapplication techni ques. Advantageous|y, a conbi nation of
| ow r ef | ethaxytasedpratagashrielrisivlate (fremSagemgbundeh By tiide HeHLeiteyl e | ow
refracti vepi gaeX: - OVi ! ! i i er.
Thin 111 meRaon TR BB hARTe g E oR) B PRy LR REL g Y D
coati ng, (BohoSamemebranderrthy eadedasg@nbti@0BRI0G)'). v sensvpocts,radd/damatn ng, and
die coatingﬂ D e Coateni.incl de knife coaters, slot coate %, sl | de
coaters, MPEECBERINRGUEAnehacrdpteyeorapeng; Hick gadlescsibe %‘{5- P& 88r t ai n
coaters, afwh @xtisden %PQF%§&nﬁH9&9 others. Many types of die coaters are
described’in’the Iiter%turg such as by Edward Cohen and Edgar Gutoff,

Moder n Coat i ngl'teridglDrofiantyy<Tiodérmnpdl pigyrizabGHdPadalsitendy s cal NYCobg8Bes atIBiNt
3-527-28246-7 and Gut.off and Cohen, Coating a Dryj ng Def ects:

Tr oubl eSS NG/ HDRery R BT ERE havhedy Sl REEPAEY oo TR s

0- 471- 59&{i@ndin)adrlinge domBgex coatings are typically coated out of solvent;
whereas the high’index coatings are generally substantially solvent free.
An i norgani ¢ |lawoinagatpodivzanis gie duedthasrybitomonamyr igldewyekiromdlisphproldppl i ed
by por deposition,. The | fractive index I.Ng.,co ition is
Cyol CaT yORRRE Y pisehingi S Fouiled SrRT MOuhPOER SRR ORUF ERREE exanpre
by exposu¥dn Sartohtr @dcothettradadesgnadions'SR21 Grportedtsl Haver vist bty dfanp at a
desired wavel ength, preferably in an inert atnosphere (less than 50 parts

per mi | 1i%h203Get.a Tihel Fédcrinsiereemmi hitasaeds’ ehexylad diagailetal |y

pol ymer i Ztﬂ@*o%lé}r% % glro?lllrﬁerrcﬁll raQéigalbleniJfom Sartomer |l ¢ 'ﬁgﬁ%ﬁ%ﬁq .h' gh i pdex
| ayer may be cured for exanple by exposure to ultraviolet radiation using
an H bul B'S&60bt treportednp hate avidasity efl 1 0&v@senddiC aprTephbd )i Vatiban i nert
at phere (less than 50 parts per mllion.oxygen). The reaction pechani sm
el cheh RS Ak %M@P?eﬁ PRIRH RIS i< 28 S RO cur ed
m crost r ygkupsdhd gy erogryobe dried in an oven to renove photoinitiator

by-products or trace anmount of solvent if present. Alternatively, a
pol yneri zabl e loothposmbbdmeotphcibsghigfiattghrandanipyertand R sibh vefesofcan be

punped onto a b, dried,.and then mcroreplicated and cured. 20Although it
i s usual IF° 6W%Eﬁﬁgﬂ{593ﬁm?ﬁgxggbstrate to be inthe formof a roll of

conti nuous welpnd figrabledifundifonaPyroR@tiadiRéthRerill&e ntdoMicH 1sal biphast s . The
substrate can be treated to i nprove adhesion between the substrate and the

adj dent diayeth)aceylage moppraps is desaribedtmE R0 M2d Al tinecaporaied hsigethbvs air or
ni t rogen , s f A, ct ] ni iation. If i.red, an
optionalIﬁggzggyggéglﬁgpﬁggr o ﬁgggﬁﬁég%%ﬁ?éﬁg#gﬁ%%%wgﬁggﬁﬁgke and/ or
hardcoat | ayer to increase the interlayer adhesion. Alternatively or in
addition thereto the priner na¥ be applied to reduce interference fringing,
or to provide antistatic propdfm 4P | ous per manent and renovabl e grade

adhesi ve conpositions may. be e opposite _side of the film
substrate. Fd® odinﬁpﬁ% ure 30sepSQitive adhesive, the
HoraL i cl e ud

antireflective cl La— D abl e rel ease liner.
During ap&#' nto a displ g surfade, the release Jingf is renoved so
the antire ive filmartic can bétadhered to th# display surface. WO
2011/ 140018PCT/ US2011/ 034897 I n sone enbodi nents, the antireflective

films described herein are durable. In one aspect, the durable
antireflective filns resist scratching after repeated contact with an
abr3si ve wharenicath BLehindepesdenly Bvopmetiiphe presence of significant
scratchin . nerea .haze of the antireflective film In one

enbodi nmen ﬁgggésghFP¥§§WéE Pve filmhas an 5increase in haze of |ess than
1. 0% af t ah ringed Boml®bto £0, or 25 wipes with steel wool using a 3.2 cm
mandrel and a mass of 200 g, according to the Steel Wol Durability Test as
further daskfipaylependeRdy Ol es. Surface layers that resist visible
scrat chi sarily retain their |ow surface energy. The
antireflgg?ﬁ %ﬂ?%?QESEQh retain | ow surface energy after repeated 10cont act
wi th an abrasive material such as steebgwool. The antireflective film my
exhi bit an advancing contact angle w th hexadecane of at |east 45 degrees,
50 degrees, or 60 degrees after 5, 10, 15, 20, or 25 wi pes with steel wool
using a 3.2 cmdianeter mandrel and a nass of 1000 granms, according to the
Steel Whol Durability Testing. The antireflective filns typically also
exhibit a static contact angle with water of at |east 90 15degrees, 95
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Exanpl es: Mcrostructured Surface Characterization 20 The foll ow ng net hod
was used to identify and characterize peak regions and of interest in

hei ght prwbi2bHas140018t wer e obt ai ned by atomi c force m cr @STASRO1LABISYT
confocal scanning |aser mcroscopy (CSLM, or phase shifting interferonetry
(PSI) by use of a Wko Surface Profiler with a 10X objective, over an area
rangi ng from about 200 mcrons by 25 250 nmcrons to area of about 500

ni crons tJyIS@GEJZFﬁ €Hoky! graep ﬁettqv@ay sabsstuter wih gneiphgothydrexyt grapat:ur e and
an iterat 1¥§i &lﬁ Egla y optimze the selection. Using curvature instead
of a sinp hél t hrréshol d hel ps pick out relevant peaks that reside in
val | eys. tlmimdepd:ndbmﬂ}c@zees it al so hel ps avoi d the sel ecti on of a single

conti nuous network. 30Prior to a a medi an
filter is used\kgas giReRd PRy et ?ﬁﬂtg? w‘ﬂi @ﬁﬂcﬁg@{;ﬁﬁ Zt%‘eupﬁé‘tr%ht
profile, shﬂﬁltﬁﬂéﬁ‘é?%hle' ﬁh@%f ﬁtetaeéosf%n sﬁ@n hiaf ﬁ%%&%nf%? ist @tpﬁ& gepest sl ope

(along the gradient vector) was cal cul ated. The curvature perpendicular to
this directi orSushdipiesyl ct(adlezthl)aalty@ﬂe m‘ﬁherncmmmbunwdmewlmud)rabiedtimi ng

Fol o ng tca FeAERE g g handmedibier Ac ye | ’\é’/ﬁﬁ%&/lﬁif eas. that

have p03|1h¢df§orﬁtéﬁ\h@¥elﬁ{3ytdfer@hcd GW@ZOQXV@IMSZtams&Y&s% gyl ons. The
curvature in the other direction cannot be too negati ve o acconpli sh

this, a bhera(pciegyeaikasnédicardmchylaigs iagarchiseshonigehty orsuithldse two
cur yat ur e; mé’gﬁ frac‘hedl% ﬁlref‘rmﬁ nggc? |ng functions were Sapplied to the
up.

bi nary i e ean peak regions that are too shall ow

are rermved Thosik 2tmbolinidnes, trecthﬁmcﬁcbﬂat Slongnid (inbe)abirgh@neenopel ween t he
poi nts used for the curvature cal cul ations are inmportant. If the are t oo
smal |, t HoMpbired Widhisaierptip mesr(rogihlastviate monpeer hayingymolesulpnwetedt less

| mper fect anas PRy ey RARK ngl I kBB e Q9 dAls0 IS 1CY 30| Beaks ey not be

identifie € sl Zes were set 10 sca Oé Size oflltgﬁe péak 't egi ons
or the Wi 1d§6) 1¥7 drhie58 Buchycaceige ditudned typieally hﬁnplmkﬁphemﬂl biphweyl, ors smal | er.

n sizes depend. on.the size of dian filter and the
\st nce %@f%ﬁ&%ome ek puch iy PCtt"i’?éhlb‘E?t\%at“h‘Peehaé‘age@ﬁ‘ie ©F 8 hal?ﬁ@}ﬂéqd?

i ter at i ve{e%r f?&ﬁﬁﬁ)rr‘ﬂﬁ@tedl‘bsq(ﬁe LR 1h GENbS Feé(ctﬁ«e%l@lﬁ@ﬁt@g;u&ﬁ‘%blﬂaﬁé@r‘i' sfies sone
preset conditions that result in good peak identification. Slope and

Cur vat ur endundingthecrylSierrhamenqs, ofi b@lomlamtlsgramsthmmﬁ@hmveomdtmef thepfaorw as a
function of x an d osi ti,ons sent is data as a function

oy - REnen gt ead FER S e el o MBS 2B AT ab s B bHG ¢ ne
i mage. Thge ¥is€lsitgct i on of the image is the vert| cal direction of the image.
MATLAB was used to calculate the foll ow n%q gradi ent vector i
oH 2% , y) OH be congyntiationjof gromapg mongfmet cqyj@te reactyve dilpents typdcallyy + Ay) -

0 OB 5 SRR B IR, , )
H (X , VY refrét)ve Tidex layer comprises no greater than 9, 8, 7, 6, or 5 wt-% of reactive diluent(s).
When excess reactive diluent is employed, the high refractive index layer as well as
antireflective film can exhibit reduced pencil hardness. For example, when the sum of the
25 monofunctional reactive diluents is no greater than about 7 wt-%, the pencil hardness is
typically about 3H to 4H. However, when the sum of the monofunctional diluents exceeds
7 wt-%, the pencil hardness can be reduced to 2H or lower.
Suitable reactive diluents include for example phenoxy ethyl (meth)acrylate;
phenoxy-2-methylethyl (meth)acrylate; phenoxyethoxyethyl (meth)acrylate, 3-hydroxy-2-
30 hydroxypropyl (meth)acrylate; benzyl (meth)acrylate; phenylthio ethyl acrylate; 2-
naphthylthio ethyl acrylate; 1-naphthylthio ethyl acrylate; 2,4,6-tribromophenoxy ethyl
acrylate; 2,4-dibromophenoxy ethyl acrylate; 2-bromophenoxy ethyl acrylate; 1-
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3. Fcc(0) - conplenment cunul ative distribution of the slope distribution
WO 2011/ 140018PCT/ US2011/034897 E NG (gq) F CC (6) g E NG (q) g =0 F CC™m
i s the cownplzenerdo1sf the cunul ative sl ope distribution &ad/usemaesn34she
fraction of slopes that are greater than or equal to a 54. g-curvature,
curvature in the direction of the gradient vector (inverse mcrons) 5.
t-curvature, curvature in the direction transverse to the gradient vector

(i ncreas élaﬁh@mw)ethyd)m%e grigphtiglogssthod aerylate: pheproxy Z-methglegh pewlae at a
point is %h&weﬁ%oﬁg tH§1' %1&@63 Pﬂ&o%) 2%21 Jé';é?@r {Jﬂ;achhs‘teﬁiégl ne %%‘Jée%“ on and

t he cent poi'nt |s ahal'ysi's; e’ls as one
di vi ded mutﬁlpleenryhdrmkateoﬂ 4t-d1bro¢nd-641®ptdmphen§1carcr§bﬁs lidneyltacrydag) ghehor med by

t hese three po SCur re =1/ *SI ere is the angle

opposi t e ¥R ég) ﬁy%%@éﬁﬁgoewp &Cryéat? h&h@éﬁ@hﬁe get Vﬁén‘i%ﬁ%‘?@m?%s% 3 he

triangl e., e iDeaLH Herylate 8 § é}ﬁﬂ)r&’ﬂoﬂ?en P [hde&ah haisb e ¢ '1 di s concave
(y rva

up and positive I f concave do 20 The c ure 1I's neasu al ong the
gr adi ent vect dPnakutebleidonertiis @engxymhydamyﬂm (Riw). dthengxtelthey | dctwtatft ison

transverse to th ra i vect o . t-curvatur ter ti,on i s used
o ot ai rrortseerpiahy SabE et Fros8 bebionsouht B FonsiPeTRP B IR Doog

to Obtalﬂnﬁk%@m@ﬁﬁkﬁSSR9§9f%bnpﬁﬁhﬁlgﬁmhhﬁl@BH&@G@u@fﬂ&&ﬂ@b@émg&%®63h0|dlng
of the curvature profile is used to generate a binary i ”%g that is used to

i dent i fy "Beakst 21T aed fpmiTaBgosch £of bid undenige tiade desigratiog slléépl ied at
eaCPO pi Xeée 591 %%@gtre al orﬁmgrmallgzar 1labn§1§81?1 Al?aAé)sgﬁgol d% raﬂlﬁ’ ! WOn. 30 max

(g-curvatur urva t- curv ure) > cOmn

WO 2011/ 1400 1@%&5&@@%&3&&% anfieTR cE@atiAR on @Qﬁpmcaaﬂeptayrovaﬁ ure cutoff
val ues. Typically, cOrax and cOmin were assigned as follows: 5cOmx =
2si n(q0) ra@tlr@fﬂ@ef(lbf‘oﬁlah fprvee af & enticallipplpamay drcdydegunyiding alightirassnyssidioul d

b td,
No ahout dBats Rler PovRlRy b BRtroSBGed hbHIERE AR lndt bl dubh o A Eance:
desi r abl daye; smeMeoadingske dveindet biygeddtscribarersdionogfied toahé highdefodctive ew.  f ov

is e | engt he | onges drnen ion of the field of view. MATLAB
with the I yeartleee@w % BT BdK ?Ara@vr?géﬁrytaaplmﬁaylféertq#éalﬂé?ﬁm profiles

and generafgothRenR&aKatStiA RS dabBee. ngaereBpiake\%f@gld%ﬁgpe@rael@ MESk ARtcOHt | i ne
of the steps in the 15MATLAB code used to characterize peak regions. 1. If

nunber ofanprmrehetlmgzwmemﬁ@&m thvemiotet dadigiomunisersslofk. pilieslasivelal thalaw e nski p

= fix(na reH’atl)c!tfve mn ciléé(]b%gtlgg rnay gpll %lto h T se r1]1"13'1§1r %1{ fefist rf)g'rtéllg tc):u eldxa?nlds

transfer coated. Further, the antireflection material may be applied directly to the substrate
20 or alternatively applied to a release layer of a transferable antireflection film and
subsequently transferred from the release layer to the substrate using a thermal or
radiation-induced transfer. Suitable transfer methods are described in Published U.S.
Application No. 2006/0147614.
The low refractive index composition and high refractive index composition can be
25 applied directly to a film or display surface substrate using conventional film application
techniques. Advantageously, a combination of low reflectance and good durability can be
obtained with a single low refractive index layer provided on a single high refractive index
layer.
Thin films can be applied using a variety of techniques, including dip coating,
30 forward and reverse roll coating, wire wound rod coating, and die coating. Die coaters
include knife coaters, slot coaters, slide coaters, fluid bearing coaters, slide curtain coaters,

drop die curtain coaters, and extrusion coaters among others. Many types of die coaters
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20if nskip > 1 then carry out (2*fix(nskip/2)+1) X (2*fix(nskip/2)+1)

medi an aver agi ng fix is a function that rounds down to the nearest
i nt eger. wWoeatigl4n@® i mage keepi ng every nskip pixel in eathusdimnmssspon (e.g.
keep rows and colums 1, 4, 8, 11 ... if nskip = 3) 252. r = round(Ax |

pix) Ax is the step size that will be used in the slope calculation pix is
the pixel size. r is Ax rounded to the nearest whol e nunbers of pixels an

initial v described inghe ltegrigrgsnch & beEdwud Cohen probdgar GintoffoMpdasy is a
Dor1/ 14001 O CAR PGSRBS, VBl PR B o PP TN W A si 7e

of round(Gutoffanddichan, Touripp el Dryinp Ddtets: doodbishasengoDpentiegd Prdbéandyedi an
averaging_is done with i i n aspect ratio (WL) close to that of
a typical #@gf%?fsasn%e?&rﬂgﬁgﬁ-gﬂﬁégg#ﬁ(@; wi ndow aspect ratio is not allowed
to g9 below t hedbeShdexchiif 47 ABRERy Thiled oyNHEl bRk NbIl € MidiPhags are
oriented, the height profiling shoul d” be perforned with the sanple aligned
such t hatcontmgs ane g@wrtallyi suhstigtiadllyonlyentfecex Aur inprgaxicslowliOfor caahing saclaby si s,

t he regi are nsidered orj.ented if . mean orientation angle of the
regions ( F’dmye?cnl?eﬁ'ﬁﬁ“rvgéieb&f‘pal"%(%y V@qrgg%osﬁlr?éln 15 degrees or greater then

75 degrees.  The low refractivé ind%ic8mtial dodipoBidh &s HypicdBY ded it dke té¢ngl e t hat
the major axis of the ellipse associated with the region makes with the

y- 15axi s.remgvatigaplycuieviddhénornret for kkample ibg expesusntoanigadolectradivsion ubiaa 25
de0f oS GNELAAG AR FLEPH LI IEE A0 DR doR, NS hor Sl BHOd RLs the

regions are not orilente e Cc an S Set ‘equa

ori ent at ithin 5§Gpatsqied nlil@noxyg@yi The famstioh mocd(sin esngédthaspeeididally frmy =
round(f r | sqrt(aspect)); If the orientation is along the x - axis fnx =
r ound( f miolym&ireplegagadtly jo crosslinky = round(f *r*sqrt(aspect)); aspect = the

rean SSpect, R L RN FOLEDIBE Ry b o K Sbpl B ASSRANER ™
bef or e r urmaviglet tadiappogsiagan BBDKulb Be otvelahif 4t.a defita@cy awddngthypkefsrablyanaver age
sl OPSe ac ra%silslertc Qt%lo%&tlgrfr: ?legsrt Iu{ g(? pE;,I‘?S p%lr lrmquogl%%léglr)ls Tﬁeq ge%lcti(t)l? rn%:c ra?ﬁsrn
causes the free-radically polymerizable materials to crosslink. The cured microstructured
layer may be dried in an oven to remove photoinitiator by-products or trace amount of
solvent if present. Alternatively, a polymerizable composition comprising higher amounts
of solvents can be pumped onto a web, dried, and then microreplicated and cured.
20 Although it is usually convenient for the substrate to be in the form of a roll of
continuous web, the coatings may be applied to individual sheets.
The substrate can be treated to improve adhesion between the substrate and the
adjacent layer, e.g., chemical treatment, corona treatment such as air or nitrogen corona,
plasma, flame, or actinic radiation. If desired, an optional tie layer or primer can be
25 applied to the substrate and/or hardcoat layer to increase the interlayer adhesion.
Alternatively or in addition thereto the primer may be applied to reduce interference
fringing, or to provide antistatic properties.
Various permanent and removable grade adhesive compositions may be provided
on the opposite side of the film substrate. For embodiments that employ pressure
30 sensitive adhesive, the antireflective film article typically include a removable release
liner. During application to a display surface, the release liner is removed so the

antireflective film article can be adhered to the display surface.
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WO 2011/ 140018PCT/ US2011/ 034897 5. Cal cul ate sl ope profiles as previously
described. 6. Calculate curvature profiles in the direction parallel to the
gradi ent weebari4fgscurvature) and in the direction tran®PCeEseono34she

gradi ent vector (t-curvature). 7. Create a binary image using the
curvature threshol ding descri bed above. 5 8. Erode the binary inmage. the
nunber of tines the ima&e is eroded is set equal to round( r * fE) fEis a

fixed paranet dp spmgsmbafiments, the angpeilestivgialns deserifiedihgtaimearetdyeabt. olgroam t hi s
hel ps se S 1 - ' ar. : i ne and
106l T s naphtyahe iabRahyif RLARTILIH G AP e HRLERU L7, BPY
ti mes thebraybgenmatsridisatieds dstsel twopl. ak lpyeseinesdBignifidaat ddneclaagreamimnteese of

tinmes the i e was eroded 1Q, Further dil ate the jnage. in this round,
the i magdht Egzgiqf RIS glsnil-rla BF SBLAURBIE IS ALty ﬁge?%%%, round
edges,  anfEANTh ARz 9L Marl 1164, HCESVRL Y5 CHR8P2S QURLNAM ddet WeoPhgnd e

i mage. e nu imeés the inmage Is erode

t ypi cal | 3.2 bogeamdrd abé atnmess o0 2Cwoordmg tofthe Stad WobldDuratigiey Viess agli | at ed i n
t he | ast tE%qlz..El i.m,nat e r%gi ons that are too close to the edge of the
i mage. tﬁﬂt gegeribed i the gk@mpieSt 00 close if any part of the regions is

wi thi n (ner odesytfadd 1:9brstthe r&Ad S isivb SéBtcARE Mot BedebQrilHAtRsH tHRfr Ibwnes t he
i mge was eroded in Step 9 25this elimnates regions that are only

parti al | puifaca ¢nsrdyi. elhy astirafleetivel BlmsRian|retam lawysura¢ceancrgy afige kepeaigidon.  14.
Elimnate reqjo wi th .ECD ival en ircul-ar di. er)~< 2sin ) No
71 ol "30esnERLONE b RAGA bl YesPihE ik ol AMEE Rl R AR PPN o s,

this eli minnabesine@nedts aidlatvitnexsdhle sfanpased degrdehesOhdugi@pre with
radius R WO 2011/ 140018PCT/ US2011/ 034897 these regions is likely to have
sl ope vardegtacpalen t i 1, 2Reor2agviprs WHAstCRkwoldsingiah2 68 dpvetiemabdrct er to

consi der I, SO i & i i ndard

devi at i ondgaiaﬁh%ﬁgfg{)%%gﬂ aﬁg’s&s&?ﬂﬁ%nré tgtg%?%%m&g‘ lggﬁgQ@?T%fé% (S:I{gl]?cul ate a new
val ue f orantireficttiviufitoesrtypicalpeaks cxhibie atiafic echtequagls witdr wattheffatledu@®e r by
two, and rpund oto 4 newr = rou fw* lo) 10.fwis a fixed
par terd%_gf%fb_%ﬂeggf% 01?53@%&%ﬁfvtv%relf)owe%ﬁﬁﬁwla% Aa& HRESpt g RS Ao is a
l'engt h defykh8go Wipel Rttt wobl BN & 3105rh 8Rgnctdd @Rl bhd § Blas€GA0 r@mSM N i f
newr is greater than rivnx, set equal to rivnx 15if r is unchanged or is

repeated, this is the value for r that is chosen. Go to step 17.

Examples:

Microstructured Surface Characterization

20
The following method was used to identify and characterize peak regions and of interest in

height profiles that were obtained by atomic force microscopy (AFM), confocal scanning
laser microscopy (CSLM), or phase shifting interferometry (PSI) by use of a Wyko
Surface Profiler with a 10X objective, over an area ranging from about 200 microns by
25 250 microns to area of about 500 microns by 600 microns. The method uses thresholding
on the curvature and an iterative algorithm to optimize the selection. Using curvature
instead of a simple height threshold helps pick out relevant peaks that reside in valleys. In

certain cases, it also helps avoid the selection of a single continuous network.

30 Prior to analyzing the height profiles, a median filter is used to reduce the noise. Then for
cach point in the height profile, the curvature parallel to the direction of the steepest slope
(along the gradient vector) was calculated. The curvature perpendicular to this direction

was also calculated. The curvature was calculated using three points and is described in
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if coverage drops by a factor of Kc or nore or if the nunber of regions

i ncreases by a factor of Kn or nore, then the previous value for r is
chosen. GyoORo11sM4eE817. 20if a value for r is not chosenPCHA/Se@ 1984897 4. 16.
For the r chosen, calculate the follow ng di nensions for each region
identified: - ECD, L, W and aspect ratio. 17. Calculate the nean and
standard devi ation for each dinension. 2518. Cal cul ate coverage and NN
(Tabl e AZhe fotlgsyiag ApctiopePeak teRions afpideptfiedhby deptifying agegy gt hayepositiee t hat
will be ysedid kg lais?%ﬁe G Rl cpﬂﬁre?tﬁ)%.u“%e %E%lﬁé it tl(lljpS 88113} A R&ShPY
converting this to the nearest nunper of pixelsr rounded to the nearest
nunber ofcaphotebs tod wicpetwe., Fo raocomflish thi)a Indre nigtake rer esatdd by dshe

typical sjze scale of the regions, djstance, between regions_or dianeter of
cur vat ur éh%?ﬁh‘ﬁ&é‘gr%@&ﬁ% IWQUEP BB ey dﬂ%ﬂﬁ‘s PN aEd image PIOEFSIEINCHPns Pg§e  wo

20114 140 OLBRG {oLt}%g Q%%égﬁ%%g fo Year' ﬁP FioaMsibn IJEZJ(\?@QISILS it N oWallow are

(coverage-1/2 - percentife point for the dianeter of curvature
di stri butremavgdl0% are | ess then this point) Two paraneter used to cal cul ate
W .iE the nunber of tinmes the binary image is eroded = round( r * .fE) M
paraneter that inpacts the size of the wi ndow for nedian averaging rm

aspect MTHONRS of theithedi@d filtbeand dhicNi§tOndeeirak denr @b ipdidd ubdieforest anvavrr agi ng
wi ndow . fov Il ength of the | ongest dinmension of the field of view . ffov

| ni tial | yakxlationgarcHmporangsk ihdyyare ko sl thermaiatpealkpuany bisak ipynte smgller
YOLE2T TR el R Rt B, TP ST TR AR
identified. These sizes were set to scale with the size of the peak regions or the width of
the valley region between the peaks, whichever is smaller. However, the region sizes
depend on the size of the median filter and the distance between the points for the
curvature calculations. Therefore, an iterative process was used to identify a spacing that

15 satisfies some preset conditions that result in good peak identification.

Slope and Curvature Analysis

Surface profile data gives height of the surface as a function of x and y positions. We will
represent this data as a function H(x,y). The x direction of the image is the horizontal
20 direction of the image. The y direction of the image is the vertical direction of the image.

MATLAB was used to calculate the following:

1. gradient vector

OH (x, ) aH(x,y)] _ (H(x + Ax, )~ H(x—Ax,y) H(x,y+Ay)—H(x,y— Ay)]

& Oy 2 Ax ’ 2Ay

VH(x,y) =£

25
2. slope (in degrees) distribution — Ng(0)

H(x+Ax,y)—H(x—Ax,y) 2+ Hx,y+Ay)—H(x,y—Ay) ’
2Ax 2Ay

0= arctan(]VH (x, y)|) = arctan \/ (

3. Fce(0) — complement cumulative distribution of the slope distribution
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cOrnin cOnn = -cOmxcurvature threshold for mn(g-curvature, t-curvature) N
No estimate of the |east nunber of peak regions that is desirable to have
across t hwolongesiisdi nensi on of the field of view qo esPCRAIS2010/0348hE
smal | est slope (in degrees) that is of significance rmiNr is not allowed
to go below this value r,vimx Kc Kn r is not allowd to go above this val ue
If (new coverage) < (old coverage) / Kc then stop and keep old value for r
I f (new nunber of regfﬁgs) > (ol d nunber of regions) * Kn then stop and
keep ol d value for r & dﬂﬂ% A2 Definitions for region dinensions ECD

equi val ent ci rEul(dy=diameter (ECD) of a region L Iength of major axis of
the ellipse that haszgy%@@ne normal i zed second central nonents as the
region Wlength of mimor axis of the ellipse that has the sane nornalized

second central z TRERL §088h @mhﬁ%? @%Qﬁﬁfati@@_tsil WistrithhoEaUa! Sivenehe
di vided by the.s uarFﬁQot the nunber of regigns per unit area. Parti al
T aRaT HRPEHRY AR SaR TR ST S ©

regions are i ‘s equal to the nearest
nei ghbor di stance between the center of tﬂg regions if the regions were
arrahged i n%a SEUNES quvpE indhg dirergien e |%a(?1ﬁ€ VEHPR (N EAMEEi ed by
the regions divided by the total area of the imge. Partial regions are
i ncl uded i n3t Hiwiredreuteryitore. in BThbrediion franeesscviertbe guasicngedctov éincroags
hei ght profil esicroigpi cal paraneter settings were as follow ffov
0.015 10fwl/3 fn2/3 fEO.3 fwo3/4 WD 2011/140018PCT/ US2011/ 034897 Kc

10 Curvature
As depicted in Fig. 12, the curvature at a point is calculated using the two points used for
the slope calculation and the center point. For this analysis, the curvature is defined as one

divided by the radius of the circle that inscribes the triangle formed by these three points.
15 curvature = £1/R = £2*sin(0)/d

where 0 is the angle opposite the hypotenuse, and d is the length of the hypotenuse of the
triangle. The curvature is defined to be negative if the curve is concave up and positive if
concave down.

20
The curvature is measured along the gradient vector direction (i.e. g-curvature) and along
the direction transverse to the gradient vector (i.e. t-curvature). Interpolation is used to

obtain the two end points.

25 Peak Sizing

The curvature profile is used to obtain size statistics for peaks on the surface of samples.
Thresholding of the curvature profile is used to generate a binary image that is used to
identify peaks. Using MATLAB, the following thresholding was applied at each pixel to
generate the binary images for peak identification:
30
max (g-curvature, t-curvature) > cOmax

min (g-curvature, t-curvature) > cOmin
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1/2 Kn 2-4 rmin 2 rmax 50 5rmaspect mn 1/3 No4 qol/3-1/2 These
paraneter settings can be adjusted to insure that the major features
(rather twerroudd8r features) are being identified. HelPGRIUSEII@HB4SATY

Di stribution The m ni num hei ght value is subtracted fromthe height
data so that the mninmum height is zero. The height frequency distribution
is generated by creating a histogram The nmean 15o0f this distributionis
referred to as the nmean hei ght. Roughness Metrics Ra - Average roughness
cal cul at |k " = i jk =

t he heigﬁgkﬁ¥%2%%%%%?32#&g9¥§$ﬁgtggﬁgﬁgﬁﬁgg%&{r r%%§9§%i&€gh¥§6@ﬁgag§£rage
maxi mum sassipasteastfeilghs: of the ten | argest peak-to-valley separations in the
evaluation area, Rz =1 - o RHlL + H2Hio )- (Li L2Lio . where His a peak
height and L is a valley height, and H and L have a conmon reference pl ane.
Eachs val ue rep@pi.gd 54 @h@/fo@rrpl ement (cUmY B1 ér\égxga?%ng{&%)rl bution, peak
di nensi ons, and roughneg wer e based on"an average of two areas. For a
large film suwdmias -a0tppi cal 17" conputer display, an average of 5-10
random y sel ected areas would typically be utilized. WO

2011/ 140018PCT/ US2011/ 034897 Hi gh Refractive Index Hardcoat Conpositions
Synt hesi g;,@holll BRaRYbtiHitASF HeahRllostAlope(HA RERRXWRLIID 8RYiknidicasdey Npdhduld
(DEBPDA) - To a 12000nl 4 neck resin head round bottom equi pped with a

t enper at Urcearpesiveate of tholyast pumbps af utsek regios, heh sadesseblerterhagpdcipeathong

mant el a 2.2 -hbiphenol (1415¢, .7.6 e 1.0 ui.val en

ot 151 urorfbTuBpa oreil AR o B ROB g G R AR Bt e

car bonat gidld 4lbgw. 16. 1 nol es, 2.11 equival ents) and heated to 155C. At 4.5
hours, GC analysis indicated 0% starting material, 0%mwnoet hoxyl ated and
94% product. Cooled to 80C, added toluene 5.4 liters, added 2.5 liters

dei oni ze a1 . ) r and
washed. aghrn 't Wy E8 s G EROLRE S s RERR e ze IERNER ol b

t he wat ergecaadtedihstpchlk etitistadsuTho foltaving seyentegivdsiah ondinerofahd sepprioxicrat el y
1.8 %iters %&Jtolu ne. ,The solution was. cooled to 50C and added cycl ohexane
1. 813 i t eMATEAR erd5peS toxhgragiarize psaheieRIANS 1- pi peri di nyl oxy obt ai ned from

Cl BA Specialty Chenmicals under the trade designation Prostab 5198, conmonly
referred to a 4-hydroxy TEMPO (0.52g, 0.003 noles, 0.00044 equival ents),
phenot hi azi he If 6ubRer, of Y1002 600511881 then 0QDBS negbénvellpexdls), acrylic acid

(1089.4g, 15.12 noles, 2.2 equival en hape sul fonic acid (36.3g, 0.38
mol es, 0. 055 equrvéP§W#§§”%Hﬂ_ﬁégFéﬂbﬁéovgﬁhdiP(pot tenmp was 92-95C). The
flask was equipped with aygd8a i8hef KaslsiRMAR b Qidcfct water. After 18 hours
GC anal ysi s indicated 8% nonoacrylate internediate. Added an additional 8g

acr¥0ic aci d and—cofuifued theh lcanty ogt €25 fixambiplr 16X KRt nfap/2 3 1f) obalianof 24
hours. After 24 20hours. GC anal ysis indicated 3% nonoacryl ate internediate.
The reaction was cdoF¥§™o 50C and treated with 2356ml 7% sodi um car bonat e,

stirred for 30m n, phase ggpal@hesbn heBYSE RAHEGUR: ndRShRfleREai N Wi th
2356nL DI water, phase separated and renoved aqueous. To the (pink-red)

t ol uene/ cycl ohexanersa¢ ntwomagaskcapide dvdryhydrorixeT EVREh( dirdsBign (0.208&pnol es,
0. 00044 equival ents phenat hi azi .52 0. 0026 nol es, 0.00038

25equi val ent’s), aIdﬁ#ﬁﬁW&ﬁﬁﬁmp?i§£§%iﬁylH@E#E&y?ﬁnine (0.52g, 0.0012 nol es,
0. 099017 equbvalepfsyand,poncentrated wi th vacuumto approximately 5000ml
solution. Filtered t%rough a pad of celite and the filtrate was
concentrated w th Vveciuuim s sizathatwill [pusgd in tic shQE€ cakedlatidh orr vacuum for 3

hours. The resulting yellow to brown oil is further purified by distilling
on a roll fiIn1evadﬁ?éﬂh@P“@h%@%onditions for distillation were heating the

— ris Ax rounded to the nearest whole numbers of pixels
— an initial value for Ax is chosen to be equal to ffov* fov.
30 * ffov is a parameter chosen by the user prior to running the

program
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30barrel at 155C, condenser at 50C and 1-5 ntorr. The recovered yield was
24679 (85% of theoretical) and purity was approxi mately 90% DEBPDA. WD
2011/ 140046RCIM/1489811/ 034897 Synt hesi s of triphenyl tri &CTHUSad18/034897

1,1, 1-Tris(4-acryl oyl oxyet hoxyphenyl ) et hane (TAEPE) To a 1000mL. 3 neck
round bottom equi pped with a tenperature probe, an overhead stirrer and
heating mantel was added 1,1, 1-tri s(4-hydroxyphenyl)ethane (200g, 0.65

nol es, 1.0 Bedifrieamemedipn pystagsny writhy pigsov s1ze 005 gound(fpgBe Frolousd(He 013
equi val ents), (g%él%ll ene carbonate (1759, 2.0 noles, 3.05 equival ents) and
heated to 165C. " 5 hours, GC analysis indicated 0% starting material, 0%

monoet hoxyl at ed, —2% dhcetdatony lagé etentad theBSWedinwduahginCaodest tvith 0RGdoadded
t ol uene 750ml, transferred to a _3000m 3 neck round bottom and added
anot her 750Nt t ol uehéh arspecs gt WV haslesedpeiat of sourigaldreginteas dafined

10hydr oxy TEMPO ( O%Q)wgf}{%%ﬁ 0 glf‘e%t 049 illgtadlﬁ)%ti\{@gg g%llﬁgﬂ tF?%fe%éﬂ \%61?6?_' d

(155g, 2.15 noles, 3.3 equivalent nmet hane sul foni
nol es, 0.162 equi vakentr mnd heated to reflux. The flask was equi pped with

a dean stark trap to collect water. After 6 hours GC analysis indicated 7%
di acryl ate internediaté& aﬁateé%%ﬁgﬁhaa%?ns penPEat DR FR e dor s BoC and

treated with 400ml 7% sodhdipr&al RERAHR s@tplE B8ndO5ucBOLN thiPBASRation is
15separ at ed, renoved aqueous, washed again with 400mL 20% sodi um chl ori de

wat er, phase separat ed andongthowert yagiseous. The organic was diluted with
400?@& met hanol , fiftefr.ed hr.ough a. 3 i nch bﬁ 5.inch dianeter pad of silica
gel [{250- 400meshy  difd BT 1 1ELIRES ACoNBUHEPALBEN G th vacuum with an air
purge, at 50C and 12t onr MagHéiRHtAlonInBRUSThe REFMNY W@%h&dhfgqg@ioﬁ'akeﬁ%zg
(85% of theoretical) and purity was approxi mately 85% 20TAEPE. Preparation

of Zirconia Sol The Zr02lesothen s desrpes artrecatsrahpl Bsddeaetst he fol | owi ng
Rrover e (g peasur . accorl g LB THL ARG gRShURSEy' & B i
Weighted Cubic/ (C T) M  of the ellipse associated with the region makes with the y-
15 axis.
» standard deviation of this orientation angle is less than 25 degrees
= coverage is greater then 10%
— If this is the first round or the regions are not oriented then
»  fuxand fyyis set equal to fi,
20 — If the orientation is along the y - axis
»  fux = round(fy *r¥sqrt(aspect));
»  fuy=round(fa/fr / sqrt(aspect));
— If the orientation is along the x — axis
»  fux=round(fy/*r / sqrt(aspect));
25 »  fuy = round(f3Frisqrt(aspect));
— aspect = the mean aspect ratio weighted by region area

» ifit is less than rm_aspect min, it is set equal to rm_aspect min.

firis a fixed parameter chosen before running the program.

30 4. Remove tilt.
— effectively makes the average slope across the entire profile in all directions

equal to zero

34



M Avg M Avg XRD Tetragonal Mnoclinic (11 1) ( -111) (111) Size %
CT Size 89% - 1006 - 127.0 - 8.5 3.0 - 6.0 4.0 - 11.0 4.5 - 8.394%.0 -
8.4 % C/ We 2privigeny particle size WO 2011/ 140018PCT/ USPOTAISOB4 834897
Preparation of HEAS/ DCLA Surface Modifier A three neck round bottom fl ask
is equi pped with a tenperature probe, nechanical stirrer and a condenser.
To the flask is charged the followi ng reagents: 83.5 g succinic anhydride,
0.04 g Prosfafdadgeslonr prafdes asprevigusly fescrbedani ne, 87.2 g 2- hydroxyet hyl

S5acryl ate, an - ROl Y ol.act: _under
Che trade dloiGaatife il o RR Y EARE MAShAT B ANV TR, bAPRELBRRE e
medi um agi t at iconvaand) relaih el dicecBOCtrandetve ltaltHe@radiéntvoctos (t-cftagure ool i ng to
40C, 200 g of 1-nmethoxy-2- propanol was added and the flask mxed for 1
nour . The'r dacioR aﬁal e e P R DEShRiDercKerihe ag?"et'he reaction
prod¢ict of succinic anhydride and 2-hydroxyethyl acrylate 10(i.e. HEAS) and
the reaction product of succinic anhydride and hydroxy- pol ycaprol act one

acryl ate (i 8e.ErDGt e batarpirBdge5/ 18. 5 by wei ght ratio according to infrared
and gas chronat ogr

aphy apal ysi s. . .HEAS Surface Modifier - was
produced by reacti i SRS Amehfhriage i a0 SRR RYRIKYT 4o v at e.
Preparation of H H I i : Qg i :
1- nmet hoxy- 2- pr opan% %@%&c@%{?{%@%ﬂ#éﬂ%r %)%ﬁ%eﬁg%%génﬁaﬂ%?g?% &%%éﬁ}?l ask
was set up for vacubnidipstsepdratidisiinancgemuitippeace varinbct2ddn ameaeroheket atd rrer,
tenperature probe, heating nant]Je attached to a thermo-watch controller.
The!%irconi a sol arfd"HBHASEOBBHAFOIORE1E heat ed to 50C. HEAS/ DCLA surf ace
modi fiers (383394 @eﬁgfg%éol ids in 1-nethoxy-2-propanol, HEAS/ DCLA at an
81.5/18.5 by weight ratro), DEBPDA (120.5g), 2-phenyl-phenyl acrylate
(HBPA) conmmer ci al-l yhavambabbfeirhesote Toagoselial€is typitallpthakapan be (ixlsadg @ 46%

solids in ethyl 25acetate), |ow viscosit rjmet hyl ol propane triacryl ate
avai | abl e from Sar BT ahdaes T\ti\]lﬁémf‘gea%[%s %‘8@? nation "SR 351 LV" (85.3g) and

"ProStab 5198 "FurBedditte Mﬁrﬁaggar ged individually to the flask with m xing.
Ther m o-wat ch was set for 80C and 80% power. Water and sol vents were

rembved via vacuumiditlss rdunds tho mmegnt isldilbtat bbforebpeg etoded reached 80C. Thi s
process was repeated six tines and then (\%II si x bat ches Wereéﬁonbi ned into

a 3012L round bott d1fHY 1EMQ¥K culade-$asss1HNG, SEIFantHi CQAMPINGI5NsARY HeUFPped
with a heating mantdg. t&%@%ﬁ” ature probe/thernocouple, tenperature
controller, overhead stiTrer and a steel tube for incorporating water vapor
into the |iduildodotheamagé.on. The |iquid conposition was heated to 80C at
which tinme a water yapor,K stream a rate of 0 er
— the humber of tlarnes the ?mage is erodeg% tyr]glcaﬁy chosen to be the same
20 number of times the image was dilated in the last step
12. Eliminate regions that are too close to the edge of the image.
— typically, it is deemed too close if any part of the regions is within (rerode
+ 2) of the edge, where nerode is the number of times the image was
eroded in step 9

25 — this eliminates regions that are only partially in the field of view
13. Fill in any holes in each region.

14. Eliminate regions with ECD (equivalent circular diameter) < 2sin(gq)Ny / fov.
30 — ¢pand N, are parameter used in the curvature cutoff calculations.
— this eliminates regions that are small compared to the hemisphere with

radius R
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WO 2011/ 140018PCT/ US2011/ 034897 hour was introduced into the liquid

conposi tion under vacuum Vacuumdistillation with the vapor stream was
cont i nuousof0r/Bon8ur s after which the vapor stream wasPdirdaseottiopusetd. The
batch was vacuum distilled at 80C for an additional 60 m nutes. Vacuum was
t hen broken using an air purge. Photoinitiator (17.7g "Darocure 4265", a
550: 50 m xture of dip henyl (2,4,6-tri nmeth)? Ibertzoy 1 )- phosph in e

oxi de and  ydr oxy-thesggegions s-likkbntphaye plopp smamons wadic thargaian fad isnfeseed f or
30 m nutes. The re§H&{$nt product was approxi mately 68% surface nodified

zirconia oxide in acryfate nonomers having a refractive i ndex of 1.6288.

10Pr epar ati on of —Hidnethdr fificf &PEIRidRPlin PROOGH tHR Hhe 3¥acsBlithihisde @E%n?%ﬁﬁ
1- net hoxy- 2- propanol were charged to a 12L round bottomed flask. The fl ask

was set up for vacutanddidsdoviatigns erihaplgprelpss heed cwioffvaducheat i ng mant | e,
tenp;raturelgnﬁgﬁlgﬁgkﬂgg&gpbarehgqperature controller, overhead stirrer
and a steel tube for |ncorporaP|ng wat er vapor into the liquid conposition.
The zirconi a Sol —15aRgmb&L TQxykPINARATI] 4RAIS ZBRAthES rddacdP Gy tibARd slfdace
nmodi fier (1056g @50% solids in 1-nethoxy-2-propanol, DEBPDA (454.5g), HBPA
(1979 @46% solids Un ethyl acetate), SR 351 LV (317.1g) and ProStab 5198
(0.699g) were charged indig?ﬁ%@%}y to the flask wwth m xing. Tenperature
controller was set for 80T er and solvents were renpved via vacuum
distillation until deatehrd@apgysatyye reached 80C at which tine a 20wat er
vapor streamat a rate of 800 ml per hour was introduced into the liquid
conpdsition under vaculm/miaddixed dremoterAfipsalliyict b, ehasew bgfore itidagntitas
continuous for 6 hours af%%gm( ich the vapor stream was di scontinued and
batch was vacuumdistille t 80C for an additional 60 m nutes. Vacuum was
t hen broken using an air pusgdenghdtfaicdiin TablorAl( 87. 3g Dar ocure 4265) was
charged and m xed for 30 mnutes. Resultant product was 25approximately 73%
surface nodified zilf BOWT & I§5s a0 1.6t §auat ¥ ‘wonomer s havi ng the fol | ow ng
properties. WD 201 11/ .gh 1 ndex Hardcoat Coating
Conposi tions 3 - 9%éé%éggéggggé%ﬁg2“?h%§§§%%u%b%ﬁer as HHC 1 and H HC 2.
Thergwt - % sol i ds)- df r gagdeheigddhe i appaegnhs i9thet\rtudiog i thatdeshdiad. dTORE wer e
as follows. HHC 1 HHC 2 HHHC 3 HHHC 4 HHHC 5 Zr02 w HEAS and DCLA 68
70.9 68 68 Zr02 w HtRIonly  73* DEBPDA 15. 6

— if coverage drops by a factor of K¢ or more or if the number of regions
increases by a factor of Kn or more, then the previous value for » is chosen.
Go to step 17.

20 — if a value for r is not chosen, go to step 4.

16. For the r chosen, calculate the following dimensions for each region identified:
— ECD, L, W, and aspect ratio.
17. Calculate the mean and standard deviation for each dimension.

25 18. Calculate coverage and NN (Table A2).

Table Al. Definitions for parameters

Ax target step size that will be used in the slope calculations, actual step size is
obtained by converting this to the nearest number of pixels

r Ax rounded to the nearest number of pixels

Jfw new r =round( fw* Ly)
length representing the typical size scale of the regions, distance between

Ly regions or diameter of curvature of the regions, whichever is smallest. L, = min
(Wo, W1, Dy).
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12.9 16.3 15.6 15.6 HBPA 3 2.6 3.1 3 3 SR351 LV 11.1 9 7.3 11.1 11.1

Darocure 1173

2.4 2.3 Darocure 4265 2.3 2.5 2.3 total 100 100 100 100

100 Vi scosD2yri714@8C 0. 77 1. 73 PCT/US2011/034897

10

W

Wo=fwo* W + (1-fwo)*L

W, W, = Wy*(coverage” — 1)

D 10 percentile point for the diameter of curvature distribution (10% are less then
g this point)

fwo parameter used to calculate W)

/e the number of times the binary image is eroded = round( » * fr)

Iy parameter that impacts the size of the window for median averaging

rm_aspect _min

lower limit for the width to length ratio of the median averaging window

fov

length of the longest dimension of the field of view

Initially Ax is either chosen by the user or set equal to ffov * fov

ffov typical values for ffov are 0.01 and 0.015
cOmax = 2sin(gy)Ny / fov  curvature threshold for max(g-curvature, t-
cOmax curvature)
cOmin cOmin = -cOmax curvature threshold for min(g-curvature, t-curvature)
N estimate of the least number of peak regions that is desirable to have across the
§ longest dimension of the field of view
qo estimate of the smallest slope (in degrees) that is of significance
r'yvIN r is not allowed to go below this value
FMAX r is not allowed to go above this value
Kc If (new coverage) < (old coverage) / Kc then stop and keep old value for
Kn If (new number of regions) > (old number of regions) * Kn then stop and keep

old value for »

Table A2 Definitions for region dimensions

ECD equivalent circular diameter (ECD) of a region

I length of major axis of the ellipse that has the same normalized second central
moments as the region

W length of minor axis of the ellipse that has the same normalized second central
moments as the region

aspect ratio W/L
Equals one divided by the squareroot of the number of regions per unit area.

NN Partial regions are included in this calculation. This is equal to the nearest
neighbor distance between the center of the regions if the regions were arranged
in a square lattice.

coverage Equals the total area occupied by the regions divided by the total area of the

image. Partial regions are included in this calculation.

The dimensions were averaged over two height profiles.

Typical parameter settings were as follow:

ffov  0.015
fw 1/3
fm 2/3
fy 0.3
ftwo  3/4

37




4.06 1.44 1.88 Viscosity @O0C 0.47 0.91 2.35 0.86 1.1 Viscosity @0C 0.54
Refractive index @25C 1.6288 1.645 1.6378 1.6244 1.6288 *73 W -%
surface woi2higdodB802 cont ai ns about 58 w-% Zr 02 and 1PCRUS201308489Te
S5modifier. ** Measured on a TA Instrunments AR2000 wi th 60mm 2deg cone,
tenperature ranp from80C to 45C at 2C/ mn, shear rate 1/s. Viscosity units
are pascal -seconds. HHC6 HHC 7 HHC 8 HHHC 9 Zr02 w HEAS and DCLA 68
73 zr 0Ky %EZAS only

Kn
rmin 2
rmax 50
5 rm aspect min 1/3
No 4
Qo 1/3-1/2

These parameter settings can be adjusted to insure that the major features (rather than

10 minor features) are being identified.

Height Frequency Distribution

The minimum height value is subtracted from the height data so that the minimum height
is zero. The height frequency distribution is generated by creating a histogram. The mean

15 of this distribution is referred to as the mean height.

Roughness Metrics

Ra — Average roughness calculated over the entire measured array.

20
1 M
Ra=—— Z,
MN ZE ,;‘ ]
wherein Z; = the height of each pixel after the zero mean is removed.
25
Rz is the average maximum surface height of the ten largest peak-to-valley separations in
the evaluation area,
30
Rz :%[(H1 v Hy+.+Hy)— (L +L,+..+L,)].
where H is a peak height and L is a valley height, and H and L have a common reference
plane.
35
Each value reported for the complement cumulative slope distribution, peak dimensions,
and roughness were based on an average of two arcas. For a large film, such as a typical
177 computer display, an average of 5-10 randomly selected areas would typically be
utilized.
40
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73 71.54 DEBPDA 12.9 12.6 TAEPE 6 0 SR601 15.6 12.9 O HBPA 3 2.6 2.6
4.6 SR351 LV 11.1 9 8.8 SR339 3 0 Darocure 1173 2.5 0
WO 2011/140018 PCT/US2011/034897

High Refractive Index Hardcoat Compositions

Synthesis of biphenyl diacrylate - 2,2°-Diethoxybiphenyl diacrylate (DEBPDA) - To a

12000ml 4 neck resin head round bottom equipped with a temperature probe, nitrogen
purge tube, an overhead stirrer and heating mantel was added 2,2'-biphenol (1415g, 7.6

5 moles, 1.0 equivalents), potassium fluoride (11.8g, 0.2 moles, 0.027 equivalents), ethylene
carbonate (1415g, 16.1 moles, 2.11 equivalents) and heated to 155°C. At 4.5 hours, GC
analysis indicated 0% starting material, 0%monocthoxylated and 94% product. Cooled to
80°C, added toluene 5.4 liters, added 2.5 liters deionized water, mixed for 15min and
phase separated. Removed the water and washed again with 2.5 liters deionized water,

10 phase separated, removed the water and distilled solution to remove residual water and
approximately 1.8 liters of toluene. The solution was cooled to 50°C and added
cyclohexane 1.8 liters, 4-hydroxy-2,2,6,6-tetramethyl-1-piperidinyloxy obtained from
CIBA Specialty Chemicals under the trade designation Prostab 5198, commonly referred
to a 4-hydroxy TEMPO (0.52g, 0.003 moles, 0.00044 equivalents), phenothiazine (0.52g,

15 0.0026 moles, 0.00038 equivalents), acrylic acid (1089.4g, 15.12 moles, 2.2 equivalents),
methane sulfonic acid (36.3g, 0.38 moles, 0.055 equivalents) and heated to reflux (pot
temp was 92-95C). The flask was equipped with a dean stark trap to collect water. After
18 hours GC analysis indicated 8% monoacrylate intermediate. Added an additional 8g
acrylic acid and continued refluxing for another 6 hours for a total of 24 hours. After 24

20 hours GC analysis indicated 3% monoacrylate intermediate. The reaction was cooled to
50°C and treated with 2356ml 7% sodium carbonate, stirred for 30min, phase separated,
removed aqueous, washed again with 2356ml DI water, phase separated and removed
aqueous. To the (pink-red) toluene/cyclohexane solution was added 4-hydroxy TEMPO
(0.52g, 0.003 moles, 0.00044 equivalents), phenothiazine (0.52g, 0.0026 moles, 0.00038

25 equivalents), aluminum n-nitrosophenylhydroxylamine (0.52g, 0.0012 moles, 0.00017
equivalents) and concentrated with vacuum to approximately 5000ml solution. Filtered
through a pad of celite and the filtrate was concentrated with vacuum with an air purge, at
50°C and 12torr vacuum for 3 hours. The resulting yellow to brown oil is further purified
by distilling on a roll film evaporator. The conditions for distillation were heating the

30 barrel at 155°C, condenser at 50°C and 1-5 mtorr. The recovered yield was 2467g (85% of
theoretical) and purity was approximately 90% DEBPDA.
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Darocure 4265 2.3 2.5 2.5 total 100 100 100 100 Viscosity @O0C 3.07 3.39
3.59 1.18 Viscosity @OC 1.61 1.96 1.69 0.64 Viscosity @0C 0.95 0.95 0.39
Refract i weoi2nted@@8C 1. 6198 1. 6252 1.6676 1.6439 SR601PCTIUSa@a/084897 gnat i on
of bi sphenol - A et hoxyl ated diacryl ate nononer is as 10commercially
avai l able from Sartomer (reported to have a viscosity of 1080 cps at 20C
and a Tg of 60QC) WO 2011/ 140018PCT/ US2011/ 034897 Darocure 1 173-
2- hydr oxysmﬁmsfgmrlpbemﬁﬂélﬁylrylvﬁdpl Infris{4-gepyigenyethaxyphenyDetbneer ci al | y
avai | abl eth]ﬁ;E)O ba Specialty Chem cals.
To a 1000ml 3 neck round bottom equipped with a temperature probe, an overhead stirrer
and heating mantel was added 1,1,1-tris(4-hydroxyphenyl)ethane (200g, 0.65 moles, 1.0
5 equivalents), potassium fluoride (0.5g, 0.0086 moles, 0.013 equivalents), ethylene
carbonate (175g, 2.0 moles, 3.05 equivalents) and heated to 165°C. At 5 hours, GC
analysis indicated 0% starting material, 0% monoethoxylated, 2% diethoxylated, and 95%
product. Cooled to 100°C, added toluene 750ml, transferred to a 3000ml 3 neck round
bottom and added another 750ml toluene. The solution was cooled to 50°C and added, 4-
10 hydroxy TEMPO (0.2g, 0.00116 moles, 0.00178 equivalents), acrylic acid (155g, 2.15
moles, 3.3 equivalents), methane sulfonic acid (10.2g, 0.1 moles, 0.162 equivalents) and
heated to reflux. The flask was equipped with a dean stark trap to collect water. After 6
hours GC analysis indicated 7% diacrylate intermediate and 85% product. The reaction
was cooled to 50°C and treated with 400ml 7% sodium carbonate, stirred for 30min, phase
15 separated, removed aqueous, washed again with 400ml 20% sodium chloride water, phase
separated and removed aqueous. The organic was diluted with 4000ml methanol, filtered
through a 3 inch by 5 inch diameter pad of silica gel (250-400mesh) and the filtrate was
concentrated with vacuum with an air purge, at 50°C and 12torr vacuum for 3 hours.

Recovered a brown oil 332g (85% of theoretical) and purity was approximately 85%
20 TAEPE.

Preparation of Zirconia Sol

The ZrO; sols used in the examples had the following properties (as measured according

to the methods described in U.S. Patent No. 7,241,437.

25
Relative Intensities Apparent Crystallite Size (nm)
Weighted
Cubic/ (C, 1) M M Avg M Avg XRD
Tetragonal Monoclinic/ (111) [(-111)]| (111) Size % C/T Size
89% -
100 6-12 [70-85|3.0-6.04.0-11.0145-83] 94% |7.0-84

% C/T = Primary particle size
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55R399 - trade designation of dipentaerythritol pentaacrylate comrercially
avail able from Sartoner. Preparation of the Mcrostructured Hi gh Index Hard
Coat: 10Bwerpliegodg, H2, H3, H2B, H2C - Handspread coat PAFASMENM348aTe usi ng
a rectangular mcroreplicated tool (4 inches wi de and 24 inches |ong)
preheated by placing themon a hot plate at 160F. A "Catena 35" nodel

| am nator from General Binding Corporation (GBC) of Northbrook, IL, USA was
pr eheat edbrepanation of SEEAJIDGLANurace|Modifigy i ng pressure at "heavy gauge").
The hi gh j r ' 0 : ion
Systems O EESnaRBERH RN ERRRER LEs M AR Bl el BRI ST 800
wat t s/ i ncnd@ doulidmsedi Ththoiflask Bfchegtd i) follGaimglreszeafs: R gesat@nicf i | m wer e cut

to the | th of t | (-2 feet). T hi i nd dcoat lied
R LT RN Y T T
03214£100WER) (R driARR PO hyﬁﬁkﬁ?ow@iprma%ﬁg a&z%aftéjﬂ?orﬁfs abtBRcPERf @drdqeol . and

I n through the l'a

the tool wth polyester ru nat or, 20t hus spreadi ng the
coat i ng aspigoatiomatS®4P50 M aveeageabbutsl)c Aht llask depixed viitb msedodm tapeaticncindwer e
filled wi,th the ki gh re ctiiye in har dcoat, .¢ sition.  The sanpl es
wer e pl adAegs SRy G RES B Pube A Tonto B ol 200N Yo BRPrSat  on.  The
resul ti ngyrepn@AwaPadded dad VR fasRRIkQXforateLY Brndrefttimahxtirdinek detethiied
fornmulation HI H HC3 H2A H HC4 H3 HHHC 1 H2B HI HC9 H2C HIHC8 25 A web
coat er wde bagenixtuse apibhe yeacHen praduet diisyeriniadelydisle dodathyduayrthysaqrilgte nches
in yidth). 1l T.suU rat.es. ~-The.other high i ndex hardcoa i ngs,
xcibt - SoASkind Bl sBLORLPAUER e i RE Ui RB e O PR ERRL

M t subi shicrlfd€ie. IDELAY /A3 10558, § batwedght t4ticAdcofdod gy hfesred bhdp43321 E100W 6"
at a tool tenperature of 170 F, a die WD 2011/140018PCT/ US2011/ 034897

t enper at yheorggtogiBply anghiisa hi gh i ndex hardcoat coating tenperature of 160F.
H gh i ndex hardcoat coatings HLOA and HLOB were applied to unprinmed 4 m |l
pol yester film available from 3M under the trade designation "ScotchPar"
corona t riREASBurface. Modilildt € nvihsproductdby rdaetimesuatiniccanblydd@0dnd 2 di e

te r at Li{é’e of %];,EF for HLOA and 180F for H1OB; 5and a high i ndex hardcoat
coating t Y&yl ¥rgfte180F. Before coating the substrate was al so heat ed
with an IR heater set at approxi mately 150-180F. The hi gh i ndex hardcoat
coati ngs prbe-fdoRoft 1f gd by creating a rolling bank of resin between the
tool and ol T8 755 S9RLIAGRNEHR A R EE, BLorB 0l 0\ A0 RANRE i L1 2
D bul b an Ichortcr ectors. e resufting cu ede é]tlngs Were

appr oxi medletoyindbottdthed fask. tThic dlusk Hds shap faOpicosmsisstitiatioh andafiged withcl uded

inthe following table. HHC Coating Nip Pressure
20 an overhead stirrer, temperature probe, héating mantle attached to a therm-o-watch

controller. The zirconia sol and methoxy propanol were heated to 50°C. HEAS/DCLA
surface modifiers (233.5g @ 50% solids in 1-methoxy-2-propanol, HEAS/DCLA at an
81.5/18.5 by weight ratio), DEBPDA (120.5g), 2-phenyl-phenyl acrylate (HBPA)
commercially available from Toagosei Co. Ltd. of Japan. (50.2g @ 46% solids in ethyl

25 acetate), low viscosity trimethylolpropane triacrylate available from Sartomer under the
trade designation “SR 351 LV” (85.3g) and “ProStab 5198 (0.17g) were charged
individually to the flask with mixing. Therm-o-watch was set for 80°C and 80% power.
Water and solvents were removed via vacuum distillation until batch temperature reached
80°C. This process was repeated six times and then all six batches were combined into a

30 12L round bottomed flask set up for vacuum distillation and equipped with a heating
mantle, temperature probe/thermocouple, temperature controller, overhead stirrer and a
steel tube for incorporating water vapor into the liquid composition. The liquid

composition was heated to 80°C at which time a water vapor stream at a rate of 800 ml per
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(psi) Tool Tenmp (F) Web Speed (fpm Resin Tenp (F) WV setting ( % Power)
*Thi ck ness (um) IR Heater (F) H6 HHC 5 80 170 40 160 100 4 to 5 160 H8
H HC 5 80wW020114B80@680 100 4 to 5 PCT/US2011/034897

hour was introduced into the liquid composition under vacuum. Vacuum distillation with
the vapor stream was continuous for 6 hours after which the vapor stream was
discontinued. The batch was vacuum distilled at 80°C for an additional 60 minutes.
Vacuum was then broken using an air purge. Photoinitiator (17.7g “Darocure 4265”, a

5 50:30 mixture of diphenyl (2,4,6-trimethylbenzoyl)- phosphine oxide and
2-hydroxy-2-methyl-1-phenyl-1-propanonc) was charged and mixed for 30 minutes. The
resultant product was approximately 68% surface modified zirconia oxide in acrylate

monomers having a refractive index of 1.6288.

10 Preparation of HIHC 2

Zirconia sol (5000g @ 45.3% solids) and 2433g 1-methoxy-2-propanol were charged to a
12L round bottomed flask. The flask was set up for vacuum distillation and equipped with
a heating mantle, temperature probe/thermocouple, temperature controller, overhead stirrer
and a steel tube for incorporating water vapor into the liquid composition. The zirconia Sol

15 and methoxy propanol were heated to 50°C. HEAS surface modifier (1056g @ 50% solids
in 1-methoxy-2-propanol, DEBPDA (454.5g), HBPA (197g (@ 46% solids in ethyl
acetate), SR 351 LV (317.1g) and ProStab 5198 (0.69g) were charged individually to the
flask with mixing. Temperature controller was set for 80°C. Water and solvents were
removed via vacuum distillation until batch temperature reached 80°C at which time a

20 water vapor stream at a rate of 800 ml per hour was introduced into the liquid composition
under vacuum. Vacuum distillation with the vapor stream was continuous for 6 hours after
which the vapor stream was discontinued and batch was vacuum distilled at 80°C for an
additional 60 minutes. Vacuum was then broken using an air purge. Photoinitiator (87.3g
Darocure 4265) was charged and mixed for 30 minutes. Resultant product was

25 approximately 73% surface modified zirconia oxide in acrylate monomers having the

following properties.
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160 HO HHHC 5 80 170 40 160 100 4 to 5 160 H4 HHC 1 80 170 40 160 50 3 to
5 160 H5 HHC 5 80 170 40 160 100 4 to 5 160 HSA HHC 7 80 170 40 160 100 4
to 5 160 WO 2011/140018 PCT/US2011/034897

High Index Hardcoat Coating Compositions 3 — 9 were prepared in the same manner as

HIHC 1 and HIHC 2. The (wt-% solids) of each of the components of the high index

hardcoat were as follows.

HIHC 1 | HIHC 2 | HIHC 3 HIHC 4 HIHC 5
ZrO, w/ HEAS and
DCLA 68 70.9 68 68
71O, w HEAS only 73%
DEBPDA 15.6 12.9 16.3 15.6 15.6
HBPA 3 2.6 3.1 3 3
SR351 LV 11.1 9 7.3 11.1 11.1
Darocure 1173 2.4 2.3
Darocure 4265 2.3 2.5 2.3
total 100 100 100 100 100
Viscosity** @60°C 0.77 1.73 4.06 1.44 1.88
Viscosity @70°C 0.47 0.91 2.35 0.86 1.1
Viscosity @80°C 0.54
Refractive index @
25°C 1.6288 1.645 1.6378 1.6244 1.6288

*73 wt-% surface modified ZrO; contains about 58 wt-% ZrQ; and 15 wt-% surface

5 modifier.

** Measured on a TA Instruments AR2000 with 60mm 2deg cone, temperature ramp from

80°C to 45°C at 2°C/min, shear rate 1/s. Viscosity units are pascal-seconds.

HIHC6 |HIHC7 | HIHCS HIHC 9
ZrO, w/ HEAS and DCLA | 68 73
71O, w/ HEAS only 73 71.54
DEBPDA 12.9 12.6
TAEPE 6 0
SR601 15.6 12.9 0
HBPA 3 2.6 2.6 4.6
SR351 LV 11.1 9 8.8
SR339 3 0
Darocure 1173 2.5 0
Darocure 4265 2.3 2.5 2.5
total 100 100 100 100
Viscosity @60°C 3.07 3.39 3.59 1.18
Viscosity @70°C 1.61 1.96 1.69 0.64
Viscosity @80°C 0.95 0.95 0.39
Refractive index@25°C 1.6198 1.6252 1.6676 1.6439

SR601 - trade designation of bisphenol-A ethoxylated diacrylate monomer is as

10
and a Tg of 60°C).
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H6 HHC 5 80 170 40 160 100 4 to 5 160 H7 HHHC 5 80 170 40 160 100 4 to 5
160 H1I0 A HHC 6 80 180 25 146 100 3 to 5 180 H10 B HHHC 2 80 180 25 180
100 4 to WO 2011/140018 PCT/US2011/034897

Darocure 1173- 2-hydroxy-2-methyl-1-phenyl-propan-1-one photinitiator, commercially

available from Ciba Specialty Chemicals.

5 SR399 — trade designation of dipentaerythritolpentaacrylate commercially available from

Sartomer.

Preparation of the Microstructured High Index Hard Coat:

10 Examples H1, H2, H3, H2B, H2C — Handspread coatings were made using a rectangular
microreplicated tool (4 inches wide and 24 inches long) preheated by placing them on a
hot plate at 160°F. A “Catena 35” model laminator from General Binding Corporation
(GBC) of Northbrook, IL, USA was preheated to 160°F (set at speed 5, laminating
pressure at “heavy gauge”). The high index hardcoats were preheated in an oven at 60°C

15 and a Fusion Systems UV processor was turned on and warmed up (60 fpm, 100% power,
600 watts/inch D bulb, dichroic reflectors). Samples of polyester film were cut to the
length of the tool (~2 feet). The high index hardcoat were applied to the end of the tool
with a plastic disposable pipette, 4 mil (Mitsubishi O321E100W76) primed polyester was
placed on top of the bead and tool, and the tool with polyester run through the laminator,

20 thus spreading the coating approximately on the tool such that depressions of the tool were
filled with the high refractive index hardcoat composition. The samples were placed on the
UV processor belt and cured via UV polymerization. The resulting cured coatings were

approximately 3-6 microns thick.

HIHC formulation
H1 HIHC3
H2A HIHCA4
H3 HIHCI1
H2B HIHC9
H2C HIHCS

25
A web coater was used to apply the other high index hardcoat coatings (18 inches in
width) on 4 mil PET substrates. The other high index hardcoat coatings, except for HI0A
and H10B, were applied to primed PET available from Mitsubishi under the trade
designation “4 mil Polyester film 0321 EI00W76” at a tool temperature of 170 °F, a die
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180 *Approxi mate Thi ckness The clarity, haze, and conpl enent cunul ative

sl ope distribution of the 15m crostructured high i ndex hardcoat sanples
wer e charwiotervaedsas previ ously described WO 2011/ 1400 28PTR2UISRMBL7 034897
in Table 1. The di nensions of the peaks of the mcrostructured surface were
al so characterized as previously described in Table 2. Low I ndex
Conpositions 5Surface nodified 5i 02 nanoparticles (HVDS/ Al74) silica were
pr epar ed te@pgfatiEs W F.randg ngoindoobadoent spathgrteypeiphroall 0°.i Hednponent -

de . ) ‘ ) . ;
Lot ar et libaert GLLARH YERRLY TRRA30 GpBIRL B BAHR SRS ©
10hexaf | usnighiofrpmeid uptiERhe trafnjcti)?igB?ﬁoraT‘Bi:otcheaﬁ’lt_c@'mﬂang:ateLirte 0S5t J/omhonmer

h 70 wt. % fl e from Dyn e S

" gyv:’lggn #@Mé@mz%éﬁﬁgfw@%é ig @g)pef%ura%éﬁ% ﬁ?fﬁ#%@% &g‘?’?é"%mﬁa ng to

obtain a 4%l $AkYhaBBoat HRM &%éﬂa&?@%f Mokr WBsrorddRdn Wl d @ibgtdid (b9 to
further dilute the concentrati on of FP03740 to 3% Next, a 19.9% (wt.)

bl end of aHiDSakd7itlSir IRcleatd4ct38 approbnsastlyy dSP- 180 AVEKe hizh indaddedtond t he
FP03740/ MEK . bl end ile stirring. Next. 20%.(wt . ) .solution of & .

i pont acrrTRgCRiTe HBR Sorted b Bt ot EbspR it ekl %ot Rad giere e

wi th MEK mgs Bideeing vde UTPRIMEK! $IMIS06¥lHosar Witklaud BulbRindalidhsricanot her
fraction of MEK was added to dilute the total solids to 7% (wt). To this
sol uti on,re@ectemplim reafltingered caitivgs wgre dpprayimptebt bbmiietoas driclaviditthebl e under
thelé rade gceeg:s ?cl)rjnt%tit'i on arE a&gr&-ﬁj&% %%%%C%\%{a%{eat e, Italy) 20(1.48 w-%

sol 1 ds) djrre ed 1n S ‘added. Additional MEK was added

to further reduce the [percent|solidg to 4% A hygerppvanched fliuoroacryllates
(FPA) wag pr eEarﬁﬁ{@fs desgpi bpdrhsl YOI RER09 Altidgs| Penitlg folfkow rig
it ato], etd.) T A Rarcbringoincd gty & A8 el e ol b
1, 6- hexa e—di getrytate i‘v"o.(?gﬁer 3. S; (:.'\.E-fﬁw’ a\,.FyI te’v‘f\;c"pn ﬁ@r )1. 08 (ﬁ\)ZO g2
Initiaton 0.33 Isooctyl thio oat g Chain transfler ept 0. 00005
A0l e oY HIACS Y e 91Vt T HAST N AP 100 a0 1 160

HS HIHC 5 80 170 40 160 100 4t05 160

H9 HIHC 5 80 170 40 160 100 4t05 160

H4 HIHC 1 80 170 40 160 50 3to5 160

H5 HIHC 5 80 170 40 160 100 4t05 160

H5A | HIHC7 80 170 40 160 100 4t05 160

H6 HIHC 5 80 170 40 160 100 4t05 160

H7 HIHC 5 80 170 40 160 100 4t05 160

H10

A HIHC 6 80 180 25 146 100 3to5 180

H10

B HIHC 2 80 180 25 180 100 4105 180

* Approximate Thickness

The clarity, haze, and complement cumulative slope distribution of the

15 microstructured high index hardcoat samples were characterized as previously described
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WO 2011/ 140018PCT/ US2011/ 034897 Et hyl acetate Sol vent 37.61 Methyl et hyl
ket one Sol vent 75.05 Tri 8F HDDA M chael adduct 2 was prepared as

descri bedwDr0AD40087/ 146509 Al p 43 |ine 10. 5L2 Conpon@QT/US2e¥a8348ate by
addi ng Sartoner CNAOOO pre-dissolved at 10% (wt.) in ethyl acetate to a

m xi ng vessel. Then, the conponents: hyperbranched fluoroacrylate (FPA)
pre-di ssol ved at 5%({ .). in ethyl acetate, Sartomer 5R399 pre-dissolved in
MEK at 1090leRke.ly TherdimgrsioqmoA thy Reajs @%@W@erwwu%wgi [SUFRCSTEtB aE 5% (wh . )
are adde S/ A174 silica (30.5 wt-% solids)
pr e-di sp%#é%&gepgeﬂ%%ﬁﬁ gtcrlll)%glketIcl):!!r\l/Ee) at 33.5% (w.) was added.
Photoinitiator (oligo [2- hydroxy 2- met hy1l- 1 [4-(1-

met hyl vi nyI) hen é&gro anone avail able as "Lanberti Esacure One") (3 wm-%
sol i ds prIeO‘?SI POYIteRY, i n VEK) was added to the nixing vessel.

Fi na§ Iy, @bl hRRfedS90Y it %ﬁlf%g@ﬁ)@&lbﬁ?mﬁ@ef \%’Ileia%&gecfé% REdRdlif to 4%

solids. The weil ght percent Ogo cure conmposi tion and

sol vent U{$ POYERIN4 Ad momraphg01ddnpositi on are descrl bed in the

15fort hcom ng table. Various bl ends were nmade fromLl, L2, A1106, and funed
silica available as "Cab-O Sil T5530", as described in the forthcom ng

tabl es. 20L8oadnkH wezﬁsqna@dﬁy ml@@fre@rdaydaﬁ%om&@&eﬁﬁ@rﬂimol ved in MEK

at a concentration of 10% ) t m xi ng vessel. Then, the FP03740 is
further dﬁrlpetyé@r\mf tdﬁraﬂ@(roa 1e|m: WE)mmtyhé@nerﬂw@ﬁ 6VDExevdmer CNA000

pre; |ss a and, FRA3/7 ol v % both, in
et hy(?j ace eX fguoé%')%mg PPQP) he amﬁ)&laﬁgqvcglsltge & ﬁggg e ‘}HR/%%T%%?X 14 ca
pre-di sp@m‘&ﬁrma aﬁeﬂlafbyé fromdbyicph mﬂ@ﬂ@a@mesm% (D&nebnmd)maa’t (3®58ar t omer

5R494 is added to the m xing vessel. Finally, Lanberti Esacure One pre-
di ssol vedta}o setide)ten pmpHntERIER vilsetiriing forpbtatn Rioryt-esoliion. Eheh of t he

concent r A bis B EREK R PR B e B To R R B R 3605 e e
I ow i nde%%oNpmis atlDOf6 alts )d)lemntf&i{M@fB/AmzbS]hgm(ﬁaﬂ&wd%pxcﬂmlﬂ)cm MEKgeasma )
AR T N G Cop A

pre-dil utgebrfd ﬁ{ma{ta&}yl@é%&m}e M%aﬁbﬁl\eﬂr ¥s @@@”mxémuﬁmmlv@a&l on

while stirring Tmmediately 5 prior to or up to 24 hours prior to coating.
Addi t i onaldddEw MEP@MEK/HMD%sihczenmhereo/oFSImliyquthﬁnf%hm of Eibd wbs on f or

coati ng. a of t I ositions di t.ion K was
naded SuckaE B Bucihe i s T B gy B BRERE Sneouin of el dipdy ™
Conponentketa? phtohthidtdr IMNENB uidRQ I APadcQcdibnfion? EsourERHIOQGafardfe, k4l PO

20 (1.48 wt-% solids) pre-diluted in MEK at 10% (wt) was added. Additional MEK was

added to further reduce the percent solids to 4%.

A hyperbranched fluoroacrylates (FPA) was prepared as described in WO 2007/146509

A1 using the following components.

25
Material Description Function (i.e., monomer, solvent, | Typical Percent
initiator, etc.) Inputs
2,3,3,3.4,4,5,5,~octafluoro- Monomer 391

1,6-hexane diacrylate

CN-4000 acrylate Monomer 1.08
VAZO 52 Initiator 0.35
Isooctyl thioglycoate Chain transfer agent 0.00005
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4.59 4.37 FPA 15.25 14.56 4.59 4.37 A1106 4.77 3.43 5 HVDS/ A174 30.5 29.12
33.3 32.9 SR399 15.25 14.56 18.38 18.19 Tri 8F HDDA 20.5 19.57 6.15 5.86

KB! 0 1.Wo02011040H8acure 1 3.0 2.86 0.9 0.86 PCT/US2011/034897
Ethyl acetate Solvent 37.61
Methyl ethyl ketone Solvent 75.05

Tri 8F HDDA Michael adduct 2 was prepared as described in WO 2007/146509 A1 p 43
line 10.

5 L2 Component - was made by adding Sartomer CN4000 pre-dissolved at 10% (wt.) in

cthyl acetate to a mixing vessel. Then, the components: hyperbranched fluoroacrylate
(FPA) pre-dissolved at 5% (wt.) in ethyl acetate, Sartomer SR399 pre-dissolved in MEK at
10% (wt.), tri-8F HDDA pre-dissolved in butyl acetate at 5% (wt.) are added to the mixing
vessel. Next, HMDS/A174 silica (30.5 wt-% solids) pre-dispersed in methyl isobutyl

10 ketone at 33.5% (wt.) was added. Photoinitiator (oligo [2-hydroxy-2-methyl-1-[4-(1-
methylvinyl)phenyl|propanone available as “Lamberti Esacure One”) (3 wt-% solids pre-
dissolved at 10% in MEK)) was added to the mixing vessel. Finally, additional solvent was
added to the formulation to bring it to 4% solids. The weight percent solids of the (i.e.
cured) composition and solvent utilized in the coating composition are described in the

15 forthcoming table.

Various blends were made from L1, L2, A1106, and fumed silica available as “Cab-O-Sil
TS530”, as described in the forthcoming tables.

20 L8 and L9 were made by adding Dyneon FPO3740 pre-dissolved in MEK at a
concentration of 10% (wt.) to a mixing vessel. Then, the FPO3740 is further diluted with
MEK and MIBK. To that mixture, Sartomer CN4000 pre-dissolved at 10% (wt.) and
FPA37 pre-dissolved at 5% (wt.) both in ethyl acetate are added to the mixing vessel.
Next, HMDS/A174 Silica pre-dispersed in methyl isobutyl ketone at 33.5% (wt.) and neat

25 Sartomer SR494 is added to the mixing vessel. Finally, Lamberti Esacure One pre-
dissolved at 10% (wt.) in MEK is added to the mixing vessel. Each of the components
listed for L8 and L9 are added in the order described and at the concentrations in the table

below.
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Tot al

16. 156 16N§0@0t/1BB014. 82 Tot al

10

100 99.99 100.24 MEK 63.65 63.29 89 88.5 EtOAc 12.11 12.04 3.63 3.61
MeOH 0.57 0.09 0.6 MBK 2.98 2.96 0.89 0.88 CHO 5.09 5.06 1.53 1.52 BuQAC

99. 99

PCT/US2011/034897

When the low index composition also contained an oligomerized product of gamma-

aminopropyl trimethoxysilane (available under the trade designation “A1106” from

Momentive Performance Materials, Wilton, CT), such component, pre-diluted in

methanol at 25% (wt), was slowly added to the formulation while stirring immediately

prior to or up to 24 hours prior to coating. Additional MEK was added to reduce the %

solids to 4% in preparation for coating. For each of the low index coating compositions,

additional MEK was added such that each of the coating compositions were 4 wt-% solids.

Component L2 L3 L4 LS
Dyneon FPO3740 0 27.61 27.65
CN4000 15.25 14.56 4.59 4.37
FPA 15.25 14.56 4.59 4.37
A1106 4.77 3.43 5
HMDS/A174 30.5 29.12 333 32.9
SR399 15.25 14.56 18.38 18.19
Tri 8F HDDA 20.5 19.57 6.15 5.86
KB1 0 1.04 1.04
Esacure 1 3.0 2.86 0.9 0.86
Total 100 99.99 100.24
MEK 63.65 63.29 89 88.5
EtOAc 12.11 12.04 3.63 3.61
MeOH 0.57 0.09 0.6
MIBK 2.98 2.96 0.89 0.88
CHO 5.09 5.06 1.53 1.52
BuOAC 16.156 16.06 4.85 4.82
Total 99.99 99.98 99.99 99.93
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99.98 99.99 99.93 10 WO 2011/140018PCT/ US2011/ 034897 Conponent L6 L7 L8 L9
Dyneon FP03740 19.71 28.46 30 30.77 CN4OOO 7.65 4.5 5 10.69 FPA 7.65 4.5 10
10. 69 A11W6 2B1141A0@85 1. 99 HVDS/ A174 32.49 33. 87 33.5 28PB4/USRIIA34897

Component L6 L7 L8 L9
Dyneon FPO3740 19.71 28.46 30 30.77
CN4000 7.65 4.5 5 10.69
FPA 7.65 4.5 10 10.69
Al1106 247 0 5 1.99
HMDS/A174 32.49 33.87 335 28.84
SR494 0 15 15.41
SR399 17.48 18.72 0 0
Tri 8F HDDA 10.25 6.03 0 0
KB1 0.74 1.07 0 0
Esacure 1 1.5 0.88 1.5 1.59
Cab-0O-Sil TS530 2 0 0
% Solvents in the Coating Solution

Total 99.94 100.03 100 99.98
MEK 81.58 89 86.8 76.53
EtOAc 6.04 3.63 9.8 12.47
MeOH 0.3 0 0.6 0.25
MIBK 1.49 0.89 2.8 10.75
CHO 2.54 1.53 0 0
BuOAC 8.06 4.85 0 0
Total 100.01 99.9 100 100

Application of Low Index Composition to Microstructured High Index Hardcoat:

Each antireflective layer “F” was prepared from a microstructured high refractive index
5 layer “H” having the same numerical designation. Hence, F1 was prepared from H1

further comprising a low refractive index layer. Likewise, F11 was prepared from H11

further comprising a low refractive index layer.

F1, F2A1, F2A2, F3, F10A, F2B, and F2C - Handspread coatings (4 inch width) were

10 made by applying a bead of the low index coating with a disposable pipette to one end of a
6 inch by 12 inch sample of the respective, previously prepared and cured microreplicated
high index hardcoat and a Webster #4 wire wound rod (mayer bar) was pulled across the
bead the length of the film to create a uniform wet coating on the microstructured high
index hardcoat. All low index formulations were dried in the oven (1 minute, 60 deg C)

15 and cured at 30fpm (2 pass) in a Fusion Systems UV processor (nitrogen purge, 600
watts/inch H bulb, 100% power) resulting in approximately 100 nm of dried low index

coating.

49



0 15 15.41 SR399 17.48 18.72 0 O Tri 8F HDDA 10.25 6.03 0 0 KB! 0.74 1.07 O
O Esacure 1 1.5 0.88 1.5 1.59 Cab-O-Sil TS530 2 0 0 % Sol vents in the
Coati ng Ssbupiigmoonst al 99. 94 100. 03 100 99. 98 MEK 81. 58 PCT/US2011/034897

10

LI Solution

F1 L6
F2A1 L2
F2A2 L3
F2 L5
F10A L7
F2B L9
F2C L9

A web coater was used to apply the other low index formulations using either a syringe-
pump or pressure pot at a web speed of 30 feet/per/minute. When utilizing the pressure
pot, the solutions were passed through a filter (0.5 micron) before the die. The coatings
were then applied onto a cured high refractive index coating on a polyester substrate and
dried by passing through an oven for approximately 1 minute, set at approximately 120F.
The coatings were then cured with a UV system with a H bulb, aluminum reflector, at

100% power, under Nitrogen (oxygen <50ppm). Further process conditions are included

in the table.
Flowrate Caliper Coating
LI Solution Pump type | (ml/min) (nm) Width (in.)
Fé6 L4 syringe 4.6 536 4
F8 L4 syringe 4.6 548 4
F9 L4 syringe 4.6 559 4
F4 L4 syringe 5 614 4
F5 L4 syringe 4.6 547 4
Pressure
F10B L8 Pot 12.3 537 8

The resulting cured low index layers were approximately 90 to 100 nanometers thick.

50



89 86.8 76.53 EtOAc 6.04 3.63 9.8 12.47 MeOH 0.3 0 0.6 0.25 MBK 1.49 0.89
2.8 10.75 CHO 2.54 1.53 0 0 BUuOAC 8.06 4.85 0 0 Total 100.01 99.9 100 100
Appl i cat iwo 20f1/14o0m8| ndex Conposition to M crostructuredPHIgs20mee4897
Hardcoat: Each antireflective |layer "F' was prepared froma mcrostructured
hi gh refractive index 5l ayer "H' having the sanme nunerical designation.
Hence, FI_was prepared fromHL further conprising a |low refractive index

| ayer. LiWedtiselaimed isias prepared from HL1 further conprising a | ow
refractive index |ayer.

1. An antireflective film comprising a high refractive index layer and a low refractive
index surface layer disposed on the high refractive index layer; wherein the low refractive
5 index layer comprises a plurality of microstructures having a complement cumulative
slope magnitude distribution such that at least 30% have a slope magnitude of at least 0.7
degrees, at least 25% have a slope magnitude less than 1.3 degrees, and the antireflective

film free of embedded matte particles.

10 2. An antireflective film comprising a high refractive index layer and a low refractive
index surface layer disposed on the high refractive index layer; wherein the low refractive
index layer comprises a plurality of microstructures having a complement cumulative
slope magnitude distribution such that at least 25% have a slope magnitude of at least 0.7
degrees, at least 40% have a slope magnitude less than 1.3 degrees, and no greater than

15 50% of the microstructures comprise embedded matte particles.

3. The matte film of claim 1 wherein at least 30% of the microstructures have a slope

magnitude of less than 1.3 degrees.

20 4. The matte film of claim 1 wherein at least 35% of the microstructures have a slope

magnitude of less than 1.3 degrees.

5. The matte film of claim 1 wherein at least 40% of the microstructures have a slope

magnitude of less than 1.3 degrees.

25
6. The antireflective film of claims 1-5 wherein less than 15% of the microstructure have
a slope magnitude of 4.1 degrees or greater.
7. The antireflective film of claims 1-5 wherein less than 5% of the microstructures have a
30 slope magnitude of 4.1 degrees or greater.
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FI, F2Al1, F2A2, F3, FIOA, F2B, and F2C - Handspread coatings (4 inch w dth)
were 10made by applying a bead of the I ow index coating with a di sposabl e
pi pette twoanr/wmdsof a 6 inch by 12 inch sanpl e of thePCEASREI094897

previ ously prepared and cured mcroreplicated high index hardcoat and a
Webster #4 wire wound rod (mayer bar) was pulled across the bead the I ength
of the filmto create a_uniformwet coating on _the mcrostructured high

i ndex har&i cﬂﬁt antipgflectipifiin, gbsdafgy brd Marereim at logst &5@rafdlee micrestaichyeshayg a
m nut e, rggatu&égpgl&g{ggé@é\ag{)f pm (2 pass) in a Fusion Systems W

pr ocessor (n| t urge s/inch H bulb, 100% power) resulting in
approxi matel y 100 nm of dr| ed | ow i ndex coati ng. LI Sol ution Fl L6 F2A1

L2 F2A2 3 F2 FIl QA L F A web coater was used to y t he
ot her ﬁ&?e%“?%ieﬁﬂ r%ﬂ cl a%rilsnﬁ g@‘iL’FFFéI? the Sggfﬁ?fﬁ@@erﬁﬁ%ﬂé?s %% pot at
a wed Speaeﬂeﬁf @va‘i&@%{raﬁéﬂmﬁ%ﬁof%@a@t %ﬁérb&s! ng the pressure pot, the

sol utions were passed through .5 mcron) before the die. The
coatings 5were then applied onto a cured hi gh refractlve i ndex coating on a

oL YeSt 1RSSR, ) S BRSSO AU LSt GRS 1,

system Witdyt 30 Hhi@ghd, alum numreflector, at 100% power, under Nitrogen
(oxygen <50ppm . Further process conditions are included in the table. 10
LI Solution Punp type Flowate (m/mn) Caliper (nm Coating Wdth (in.) F6

10 11. The antireflective film of claims 9 or 10 wherein mean equivalent circular diameter is

less than 30 microns.

12. The antireflective film of claims 9 or 10 wherein the mean equivalent circular
diameter is less than 25 microns.

15
13. The antireflective film of claims 1-8 wherein the microstructured surface comprises

peaks having a mean length of at least 5 microns.

14. The antireflective film of claim 13 wherein the peaks have a mean length of at least 10

20 microns.

15. The antireflective film of claims 1-8 wherein the microstructured surface comprises

peaks having a mean width of at least 5 microns.

25 16. The antireflective film of claim 15 wherein the peaks have a mean width of less than

15 microns.

17. The antireflective film of any of the preceeding claims wherein the film has an
average roughness (Ra) of less than 0.14 microns.

30
18. The antireflective film of any of the preceeding claims wherein the film has an

average maximum surface height (Rz) of less than 1.20 microns.
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L4 syringe 4.6 536 4 F8 L4 syringe 4.6 548 4 F9 L4 syringe 4.6 559 4 F4 L4
syringe 5 614 4 F5 L4 syringe 4.6 547 4 FIOB L8 Pressure Pot 12.3 537 8
WO 2011/140018 PCT/US2011/034897

19. The antireflective film of any of the preceeding claims wherein the antireflective film

has a clarity of at least 70%.

5 20. The antireflective film of any of the preceeding claims wherein the antireflective film

wherein the optical film has a haze of no greater than 10%.

21. An antireflective film comprising a microstructured high refractive index layer and a
lower refractive index layer disposed on the high refractive index layer wherein the

10 antireflective film has a clarity of no greater than 90%, an average surface roughness of at
least 0.05 microns and no greater than 0.14 microns, and the antireflective film is free of

embedded matte particles.

22. An antireflective film comprising a microstructured high refractive index layer and a
15 lower refractive index layer disposed on the high refractive index layer wherein the

antireflective film has a clarity of no greater than 90%, an average maximum surface

height of at least 0.50 microns and no greater than 1.20 microns, and the antireflective film

is free of embedded matte particles.

20 23. An antireflective film comprising a microstructured high refractive index layer and a
lower refractive index layer disposed on the high refractive index layer wherein the
antireflective film has a clarity of no greater than 90% and the microstructured layer
comprises peaks having a mean equivalent diameter of at least 5 microns and no greater
than 30 microns, and no greater than 50% of the microstructures comprise embedded

25 matte particles.

24. The antireflective film of any of the preceding claims wherein the antireflective film

has an average photopic reflection of less than 2% at a wavelength of 550 nm.

30 25. The antireflective film of any of the preceding claims wherein the high refractive
index layer comprises the reaction product of a polymerizable resin composition having a

refractive index of at least 1.60.
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The resulting cured | ow index | ayers were approximately 90 to 100
nanoneters thick. WD 2011/140018PCT/US2011/034897 What is clainmed is: 1.
An antir evDeotlyme01Bi | m conpri sing a high refractive i ndexTIUsgeEn/ oasd7 a | ow
refractive index surface | ayer disposed on the high refractive index |ayer;
wherein the | ow refractive 5index |ayer conprises a plurality of

m crostructures having a conpl enent cumul ative sl ope magni tude distribution
such that at |east 30% have a sl ope nagnitude of at |east 0.7 degrees, at

| east 25%h . i : :

ant i of | oxt o8 Py BRI Ua 25 Rakliftlc bolipRARLERS BithalBen

ant i r ef | eohipriged ndnopardoips haiinga ecftuctihe indbx atitilvst 1 60ex | ayer and a | ow
refractive index surface |ayer disposed on the high refractive index |ayer;
wherein the low refractive index |ayer conprises a plurality of

i Crost r uet UfieSinf1asDey ARPORUGIPIS wRUTH BE Y ophRRS dRORLL il StTT buti on
such that at |east 25% have a sl ope magnitude of at |east 0.7 degrees, at

| east 40% have a sl ope magnitude | ess than 1.3 degrees, and no greater than
1550% of 2A8heélheinatissfilmuefialaias 26edvpwhereindhdeaidpertickes ves yalacé moddied viththe
matte fil m of c&ai m 1.v\,here'hn at I east 30% of the mcrostructures have a

sl ope nagcﬁmpﬁalé BIMPEYES ¢ R Oﬁygaﬁég@geg§9u%04. The matte filmof claim1l
wherein at | east 35% of the mcrostructures have a sl ope nagnitude of |ess
t han 1.3 XMedreestirdlectiVeefiladt @aifd 26rwhéreil tht bdrhpodiRlr @nipridts 4 €a€k c4oo of the
m crostructures, have a sl ope magnitude of |ess than 1.3 degrees. 25 6. The
ant i r ef | d8RGaY BN PY #h187st @Puf a1 161SET WRr ei n | ess than 15% of t he

m cypstructure have a slope magnitude of 4.1 degrees or greater. 7.
The antireflective filmof clains 1-5 wherein |l ess than 5% of the

m cr ost r Bt uflesinhaflectave3ilsl ofpdaimaZthvherda thé svirfdcedegihems canpgses dlicer . WO
2011/ 140018PCT/ US2011/ 034897 8. The antireflective filmof clains 1-5
wher ei n dF2qUQRPIOELRIf the nicrostructures have a sl ope nmagnitude of at
lleast 0. 3)4ag@ie68e aliphatic ashydils Matireflective filmof clainms 1-8 wherein
the surface | ayer conprises peaks having 5a nean equival ent circul ar

di anet er iofat ketast| amadtyd®xpripohysasrolactode (Mhds)antlateef | ective filmof claim9
vvhe[?i n the mean equivalent circular dianmeter is at |east 10 m crons. 1011.
The antireflective filmof clainms 9 or 10 wherei n nean equi val ent circular
di amet er 31 THRwStiFIMRBLIIM 6f Qfitns 2D%r 30Rehcddh iafanBFdrtivies hiclsoiede Cl aims 9
or 10 wherein the nean equivalent circular dianeter is |ess than 25

m cr ons. medifigdwitirgecompornepicpereil Pe thq tepston ofjagjahphaticgnididsi andiahe

m crostruygct Supf i peaks having a nmean length of at least 5
m crons. RS CS '128 gﬁ‘ﬁ@%@%@?ﬁcu ve filmof claim13 wherein the peaks
have a nean |length of at |least 10 20m crons. 15. The antireflective film
of cl ai m321-Thewhearoficotitc@nmdtelaiatsr2sed luwkeremiuthé pelemearaiic ssm qoagksitivavi ng a
rreaE width of, at least 5 microns, 2516. The antireflective film ?rf claim15
whet@i n 1EPFESKICHRINEPTS AFARHICVHIEHIENIBETY |AES BIORRRFFS 115 Ak PRIPEHNSANEHE ToRe
antirefl eghive) bidbBucio @y, of the preceeding clains wherein the filmhas an
aver age roughness (Ra) of less than 0.14 mcrons. 30 18. The
antireflective filmof any of the preceeding clains wherein the fil mhas an
aver age naxiThgrangraflcaites flei gihdlaipR25-BX whersin thhpelymepgabig tsimneompggition

2011/ 140018PCT/ US2011/ 0348 19, T i refl ' f] f f th
pr eceedi ncﬁng)lng?sr’ra?)oﬁﬁ%}oe% uﬁsewi'r{ff) %fﬁ%g%%&eha?’i%{ér# ﬁ%ﬁé{t rng(?fj(glrelﬁ}%crglflte;t eI east

70% 520.grdlyR. antireflective filmof any of the preceeding clainms wherein
the antireflective filmwherein the optical filmhas a haze of no greater
t han 10%

25 034. The antireflective film of claims 25-33 wherein the polymerizable resin composition

comprises up to about 10 wt-% of an aromatic mono(meth)acrylate monomer.

35. The antireflective film of any of the previous claims wherein the low refractive index

layer comprises a free-radically polymerizable fluorinated polymer.
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21. An antireflective filmconprising a mcrostructured high refractive

i ndex layer and a | ower refractive index |ayer disposed on the high

ref ract i weoizntenodidyer wherein the 10 antirefl ective filPETR®g01a/0848aTity oOf
no greater than 90% an average surface roughness of at |east 0.05 mcrons
and no greater than 0.14 microns, and the antireflective filmis free of
enbedded matte particles. 22. An antireflective filmconprising a

mi cr ost r ¥ (rhedmiredisctiver filared ¢haim hywhencrythe frﬁﬁﬂadacailszmwmerr@b#eagt i ve i ndex
| 4 BRIy gex-T . ;
oyt r ot | angrigiepoh A tbaBld Ao o e Ay Phy RN Whorure, o

maxi mum surface height of at |east 0.50 mcrons and no greater than 1.20

m crons, d.the antireflective filmis free of enbedded mat particles.
2053 an St Thes Bedsepse fi o P AP ThsEria e TEseaatically DRIKRICHEAE ref ract i ve

i ndex | ayfﬁfqrﬁ%d%owrcoﬁlgﬁk%%é MGG RYET) oH1ARAFE hath-thilt&ioRhiG -
refractive index | ayer wherein the antiretlective filmhas a clarity of no
gr eat er trhdinal0polmmdrizdbée miterialdtayingtaufledtincapeatentafimp tdaste?d wesksnhayi ng a
mean equi val e ianeter of. at Least 5 m crons, and. r eat t.han 30

i orone. ahanly ISRt eR milkageat hegudiis sebitcrnRe S it it rpedded
25mat t e FaforinG lc8Stentd4nginf Gof b td' 18Ed tB&t 2 ¥ Rt W @din AVtof ainbBentRIreaee Ny
clains wherein the antireflective filmhas an average photopic reflection
of | ess tihaetiongh metcralwas/atlleastalivub?s 5500 hned 3028: %0 Frbdwefithe polymetizabde f i | m of
anyl@f th rece i%ﬂk%]ains wherein the high refractive index |ayer

conpri ses Ehe rea%?lon‘product of a polynerizable resin conposition having
a refractive index of at least 1.60. 26. The antireflective filmof claim
25 wher ei38. tThe apdtefieetiveziéich 6fdaim SOWhesint the frecoadicdlisgmlyadriablet | cl es havi ng
a refrac%ﬁye_inaex of at least 1.60. 527. The antireflective fi%n1of claim
26 wher ei fHORACARRBFE CPRPEECS @b I3 e constiteit songmersslecieditam of THE of

clai ms 26y3¢ Magiep thd AR BAROPALICHGhARY Abm RYEdsPGR NBSHchIBhtaWil e compound
conpri sing a’ca?goxgﬁ%c ga%%'en droupyﬁ%Q. T%g anJ??%%chtﬁvég$?ﬁ%1of

cl ai m 26 stheragiomet.he conpound conprises a C3-C8 ester repeat unit or at

| east one C6-Cl6 ester unit. 30. The antireflective filmof claim?29

wherein the surface treatnent .co Lses the.reaction .product of .i t | east
one 5 1 prte 1 R e R R R5F Shet e AT v Ry U B E spPbrsckeBe

(et h) acriydsabge flddrinatddefr@niatically pElln¢az4bl¢ MoBbme Rivirl 2BudneIBnihes@itn t he

nanoparticles are surface nodified with a conpound prepared by the reaction

of an al ilpasaabat 3ampdei de and a hydroxyl C2 - C8 al kyl (neth)acryl ate.

32. The antireflective filmof clainms 25-31 wherein the polynerizable resin
conpositi i mre i i : rsin
R e R ¢ LR S TR L
filmof aoaipiBes2ir BRinvkdsire douplieg gEhyneri zabl e resin conposition conprises
about 5 to about 15 wt-% of a crosslinker having at |east three

ne acryl ate gr.oups. 2534._.The tireflectjve fil.mof clains - 33
her®] e e ie R R e AR Fhore (b ot rebBe NS08 ERTRES we - 06
of an ar QERigrkeyRARATRIA) acryl ate nonomer. 35. The antireflective film of

any of the previous clainms wherein the low refractive index |ayer conprises
a free-radically polynerizable fluorinated polyner. 36. The antireflective
film of giai gﬁ»w%eﬁein(ihe reerrgﬁicallg SOL nerizabl e fluorinated

pol yner c&rrp‘ﬂ‘ SOPGTYRENIE PORERTEE T RAVIThG R ‘??%Oélr%’ﬂﬂa’ﬁ‘éﬁle%d structure. 37.
The anti refdestiove widrprofreslianmopariehs seificd edifiee rthadiogdlouid

pol ymeri zabl e 5fl uori nated pol ynmer conprises the reaction product of i) at

| eadl onecomprisingrafsEtaxyhanpcifl eae grquaang a1GsyCarstoy frNcht et @ gl CeHani ng a
quorine(%%Phgﬁt of at least 25 wt-% and ii) optionally at |east one

mul ti-functional free-radically polymnerizable material having a fluorine
content rawe@ragré sromabic danlcenscriyhanmatonidrs % andres@it Rarigey frohaboanigupt of
nultifun%éional materials is at |east about 25 wt-9% based on w-% solids of
t he poly PPE%EW%AEOOrganiC conposition. 38. The antireflective film of
clai m 35 mheseion 5tvt}@%f<;f%ec-r5&ﬁme&'hwi#ga{ B2 P idc Ltk %ﬁé@g- Rl yner
conprises at feast two constituent nomer s selecteé from of TFE, VDF, and
HFP3@GNnd hestorSerietd of@enfanmuiticonaha(tgtf)zoplattmbeasdr. one hal ogen cont ai ni ng
cure site nmonomer. 1539. The antireflective filmof claim35-38 wherein the
| ow refractive index conprises at |eastsone fluorinated free-radically

pol yneri zabl e nononer having a fluorine content of at |east about 25 w-%
40. The antireflective filmof clains 35-39 wherein the |l ow refractive

i ndex layer further conprises an am no silane coupling agent. 2041. The
antireflective filmof clains 35-40 wherein the low refractive index |ayer
further conprises funmed silica. 42. A high refractive index polynerizable

L



40 wt-%to 70 wt-% of zirconia nanoparticles surface nodified with a
conpound 25conprising a carboxylic acid end group and a C3-C8 ester repeat
unit or awol2ensiomse C6- Cl6 ester unit; one or nore ar ORATIUS2011/034897

di (meth)acryl ate nmononmers in an anount ranging from about 10 to about 20

wt - % 1 w-%to 15 wt-% of a crosslinker having at |east three
(meth)acryl ate groups; and 30up to 5 w-%of an aromatic nono(neth)acryl ate

nonomer . The hgh edoe@EaTi X I eazlEorsin £Agmpyston phHainp#2 whejoiethe ndex
| : 7R o e RS t.
pol ymer | %@&h&{ ﬁ%h&n%ﬂgpné}?la}é rﬂgnﬁer% @Hﬁhéﬁoyl‘m&{o%e?. e aromatic

nono( et h) acryl ate non I's a phen noner . 44. A low refractive
i ndex pol ynerizable conposition conprising a first free-racially

5pol yneri zabl e fl uori.nated pol ymer conprising pol yneric.species. having a
hyper br arfhculost W‘el;nﬁ%zhgola_%g@@&if‘dc TRRASIORFOBRI PRSIy s 25 8

fl uog i natRel, RO BRI IdRAkE %ﬁﬁﬂe@ %%gfisihgg&tyn{em s?&?étﬁawlg%th PARhed

sel ected fromof TFE, VDF, "and HFP and s’reactive functionality from at

| east onetmeafuogendcont ai ning cure site nonomer. 10 45. The low refractive

i ndex pol ynerizabl e ,copposi tion .of .claim 44 wherein the. first

free-r aditarryt eyl Y Rpveerrlr MHar Do ymer PetsammrisestIinst et i on
product Qlonbtitu@it hddaierORe:ciadl fidm bEMEE] VD@l add BEP hadhepdchotiveahvdm@halzgbl e
material having a fluorine content of at least 25 w-% and ii) optionally

at | east fome ahighstiong hplogéroeraltaining sureadfc exinoyer5pol yreri zabl e mat eri al
having a fluorine content ranging fromO to |less than 25 w-% wherein the
total amount of multi-functional materials is at | east about 25 w-% based

on W - % s@l. it 16% refgctio inder hokaidri2alble gamb6siGONPOd hikd ONwherein A6 firsthe | ow
refractive index polynerizabl e conposition of clainms 44-45 wherein the | ow
20r ef r actirseerafligalbx polymeHerble Bugrimadedpolymereastprispiethe repstipmpatodyct of i) at

free-radijcal b}é(e ﬁglﬁlﬁﬁlﬁ%&?&? k‘r%e-q]?dr?a(l: {p\? ! ciﬁ%gbl% nfle%tw?efl ihg%nggrﬁu%ﬁhe Qbnt@ht | east

about 25 w - ow re X polynerizabl e conposition of
cl ai ms 45bf46lcaktedSevta”dt el i ooptioadlhaatlcaseonanadebt-fuayenal fict-helicatlgnpri ses an
am silane cou

i ng agent. . 48. The low refractive |ndex
pol Yirer i| Z2RHBTES &%?ﬁwgﬁ{awg& fhorge &anta@t_rm%ﬁﬂ% b PSS MLt ve
I ndex | awgferdiihd1@tal GRRRA! STSulAUTARRRAIRALGLISS &iddsCabout 25 wt-% based on

wt-% solids of the polymerizable organic composition.

46. The low refractive index polymerizable composition of claims 44-45 wherein the low
20 refractive index further comprises at least one fluorinated free-radically polymerizable

monomer having a fluorine content of at least about 25 wt-%.

47. The low refractive index polymerizable composition of claims 44-46 wherein the low

refractive index layer further comprises an amino silane coupling agent.

48. The low refractive index polymerizable composition of claims 44-47 wherein the low

25 refractive index layer further comprises surface modified silica.
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