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As described at paragraph 0039 of US 2007/0286994, matte antireflective films

typically have lower transmission and higher haze values than equivalent gloss films. For
examples the haze is generally at least 5%, 6%, 7%, 8%, 9%, or 10% as measured
according to ASTM D1003. Further gloss surfaces typically have a gloss of at least 130 as

15 measured according to ASTM D 2457-03 at 60°;, whereas matte surfaces have a gloss of
less than 120.

There are several approaches for obtaining matte films.

For example, matte coating can be prepared by adding matte particles, such as
described in US 6,778,240.

20 Further, matte antireflective films can also be prepared by providing the high and
low refractive index layers on a matte film substrate.

In yet another approach, the surface of an antiglare or an antireflective film can be
roughened or textured to provide a matte surface. According to U.S. Patent No.
5,820,957, “the textured surface of the anti-reflective film may be imparted by any of

25 numerous texturing materials, surfaces, or methods. Non-limiting examples of texturing
materials or surfaces include: films or liners having a matte finish, microembossed films, a
microreplicated tool containing a desirable texturing pattern or template, a sleeve or belt,

rolls such as metal or rubber rolls, or rubber-coated rolls.”
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In another embodiment, the antiglare film is characterized by a clarity of no greater
than 90% and the microstructured layer comprises peaks having a mean equivalent

15 diameter of at least 5 microns and no greater than 30 microns.

In some embodiments, no greater than 50% of the microstructures of the antiglare
film comprise embedded matte particles. In favored embodiments, the antiglare film is
free of embedded matte particles.

The antiglare films generally have a clarity of at least 70% and a haze of no greater

20 than 10%.

In some embodiments, at least 30%, at least 35%, or at least 40% of the
microstructures have a slope magnitude of less than 1.3 degrees.

In some embodiments, less than 15%, or less than 10%, or less than 5% of the
microstructures have a slope magnitude of 4.1 degrees or greater. Further, at least 70% of

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

30 length of at least 5 microns or at least 10 microns. Further, the mean width of the
microstructure peaks is typically at least 5 microns. In some embodiments, the mean

width of the peaks is less than 15 microns.



m crostructures have a sl ope magnitude of 4.1 degrees or greater. Further,
at least 70% of the mcrostructures typically have a sl ope magni tude of at
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t op- vi ew . BAriegutteniayic sop-aeged regudarhsarangednespstRloBirest is a schematic
si de-vi eviélﬁf g.rri crostructure; ELG iﬂ;;s a schematic side-view of an
optical fiPneedhpriSIRYC Rsbrti SAT R HCHHIEFUBY UPYE EBitbr i si ng enbedded
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FIGs. 7A-7D are schematic side-views of various cutters; FIG 8A is a
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FIG 8A MGG i84&sdhomatie side- %Sy seLtuttn@ioopsyatdnh;es of the m crostructured
surface of FIG 8A along . . ) )
FIGs. 7A-7D are schematic side-views of various cutters;
FIG. 8A is a two-dimensional surface profile of an exemplary microstructured surface (i.e.
microstructured high refractive index layer H1);
15 FIG. 8B is a three-dimension surface profile of the exemplary microstructured surface of
FIG. 8A;
FIG. 8C-8D are cross-sectional profiles of the microstructured surface of FIG. 8A along
the x- and y- directions respectively;
FIG. 9A is a two-dimensional surface profile of another exemplary microstructured
20 surface (i.e. microstructured high refractive index layer H4);
FIG. 9B is a three-dimension surface profile of the exemplary microstructured surface of
FIG. 9A;
FIG. 9C-9D are cross-sectional profiles of the microstructured surface of FIG. 9A along
the x- and y- directions respectively;
25 FIG. 10A-10B is a graph depicting percent complement cumulative slope magnitude
distribution for various microstructured surfaces;
FIG. 11 is a graph depicting the complement cumulative slope magnitude distribution for
various exemplified microstructured surfaces;

FIG. 12 depicts the manner in which curvature is calculated.

30
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pol yet hy|G@Awrise or consist of any of a wide variety of non-polymeric materials, such as glass, or
various thermoplastic and crosslinked polymeric materials, such as polyethylene
terephthalate (PET), (e.g. bisphenol A) polycarbonate, cellulose acetate, poly(methyl
15 methacrylate), and polyolefins such as biaxially oriented polypropylene which are
commonly used in various optical devices.
The durable matte film typically comprises a relatively thick microstructured matte
(e.g. viewing) surface layer. The microstructured matte layer typically has an average
thickness (“t”) of at least 0.5 microns, preferably at least 1 micron, and more preferably at
20 least 2 or 3 microns. The microstructured matte layer typically has a thickness of no
greater than 15 microns and more typically no greater than 4 or 5 microns. However,
when durability of the matte film is not required, the thickness of the microstructured
matte layer can be thinner.
In some embodiments, the microstructures can be depressions. For example, FIG.
25 2A is a schematic side-view of microstructured (e.g. matte) layer 310 that includes
depressed microstructures 320 or microstructure cavities. The tool surface from which the
microstructured surface is formed generally comprises a plurality of depressions. The
microstructures of the matte film are typically protrusions. For example, FIG. 2B is a
schematic side-view of a microstructured layer 330 including protruding microstructures
30 340. FIGS. 8A-9D depicts various microstructured surfaces comprising a plurality of

microstructure protrusions.
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same location. Slope 9 is also the angle between tanéent line 530 and major surface 142
15 of the matte layer.

In general, the microstructures of the matte film can typically have a height
distribution. In some embodiments, the mean height (as measured according to the test
method described in the examples ) of microstructures is not greater than about 5 microns,
or not greater than about 4 microns, or not greater than about 3 microns, or not greater

20 than about 2 microns, or not greater than about 1 micron. The mean height is typically at
least 0.1 or 0.2 microns.

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
microstructures 70 typically comprise (e.g. zirconia or silica) nanoparticles 30, as depicted

25 in FIG. 1.

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
colloidal nanoparticles can be inorganic oxide particles having a (e.g. unassociated)

30 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
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matte particles.

15 Matte particles typically have an average size that is greater than about 0.25
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 typical for matte films that comprise a relatively thin

20 microstructured layer. However, for embodiments wherein the microstructured 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

25 860 disposed on a substrate 850. Matte layer 860 includes a first major surface 810
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

30 particle agglomerate 880. Thus such microstructures are free of (¢.g. embedded) matte
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
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15 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

20 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

25 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,

30 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

cutter is then driven parallel to the central axis to produce a thread cut. Cutter 1040 can be
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antireflectjon, clarity, and haze properties as. will subsequently b
descri be .evmsv%f%f‘élrr,efeaf& 19 &5 3 RéT sickrwiieh V‘Wﬁ?@élu%tﬁifé’ msltwat#@%%{rltoﬁ@ es, it

can e digfd adotarfoRsTH mgrﬂ@r L dRAUH dpeb @ oYRhERTIF Y ! 1@9@@&&9.%,&61
coati ng conposi tion. Thi n cause arfatirons in the concentratio of
mat t e parandor esligppdiseor iparafi-aus dirtogionn Stive 1048 eawbe webhigbgtialitg) , which in

turn causgs variations in th tte pro ties. For enmbodi nents erein at
oot Ca o SRt Prectek SEpiit B B e ot wiBotad arES parti ol e
or aggl ompkAbLRd INBrhecRad, késba 050 b RUSKIFARd Sdpestablly fp&&kﬂdéf&{fs Bedddnlid |l €s is
typically sufficiently I ess than the average size of mcrostructures (e.qg.

by at | eastange framtlote abputalonicransorithatroa) 0.4 sisrantratbetieraresmetian. particle is

surrounded by (the nerizabl e resih ,compasi tion of t m crostructured
oy depy doater TR i A0k T BT PRS- 8o eS8 GBS e

particl es,020heén sehd Easbaviey ditplidcadnt desblatodf @wer age0 fshhcakin@ssabdut otthat i s
greater than the average size of the particles by at |east about 0.5

m crons, TBicroRs, drebester thpwakout Ol drisions o Rokry meysmenrtp srdugedbniliéysd830 or at
| east ab ] . . ! about 3
i er one. e nefloRERR S erRhib Ao ARRMK foich B BASer Rk0® acchPityS

f abri cat icontrokthb egultihnshapes b aticrosttucthass 8602 general |y fabri cated using

Combos i on | iTEGHEAREAUF PHICHE] SUPT Q1§ Sub0s dmgerial (it f Capabfs 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
desirable in an application. For example, FIG. 7A is a schematic side-view of a cutter
20 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
about 1000 microns, or at least about 1500 microns, or at least about 2000 microns, or at
25 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
curved cutting tip 1145, as depicted in 7D. In one embodiment, a V-shape cutting tip
30 having an apex angle B of at least about 178 degrees or greater was employed.
Referring back to FIG. 6, the rotation of roll 1010 along central axis 1020 and the

movement of cutter 1040 along the x-direction while cutting the roll material define a



described in U S. Pat. Nos. 5,175,030 (Lu et al.) and 5,183,597 (Lu). The
tool nmay be fabricated using any available fabrication nmethod, such as by
usi ng engwvaworg4o345di anond turni ng. Exenpl ary di anond t RCmiUSQ0193¢5eTs and
met hods can include and utilize a fast tool servo (FTS) as described in,

for exanple, 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

r ef er encdhicaépathgroynddhe wlij thatchas e etelPi alogg ge-cenial afs. e CHiRT MOSP syst em
1000 t hat,; r C to produce
nlcrostruc esﬁfggg d??qunggﬁm%ﬁhgﬂ%ﬁ€Bﬂﬁ&a@h& ﬁkggﬁgwﬁﬁggo enpl oys a
t hread cuhatbailhvat lbyjmrelcngexmhaﬁmas am:buttm:inudmorq;lm@ek 11ﬂﬁ111(butt hRtfeerdry topt at e

ar ound and/or ve Ion% a central axis 18%0 B a driver 1030, and a cutter
1040 for feUEH bithe maxigpmy pencypdon dente by fhe cuyignsastrsesnds (ear vo 1050
and gan Qﬁaﬁ&‘dﬁﬂwid‘fﬁ P, Phe ARPIN Dicfallthe AHBPY/P, REin% Ighgeef?(ﬁﬂl%oﬁm a

driver 1060. In general, cutter 1040 can ‘be nounfed nornal-to the roll and
central dwmiaboult@0 and is driven into the engraveabl e naterlal of roll 1010

dri ven par al | iovial igouBRnfaf PR iR IS5t e B o o iber 1040
can besi rﬂiff’él@ﬁ%ﬂt@hﬁéd@&dlyﬁiﬁﬁi{@ﬁl Rt@hucliveRdeNFiafs 1386, Is%eciheSpl acements to
produce features in the roll tha? when mcroreplicated result in

m cr ost r ysictastryctend. sugeea/ef th@blghlrsfr@ptﬂvasttdeﬁamtteé@revwaé EP@CIS@ﬁdphqabomdes a

i L 7 gt loBERELEE bbb el o IR ab O PR R bR For

hl ghl y prlﬁ@dxsleyétﬁﬂall% lldes?sﬂ@ﬁﬁ'n oDthe iBREscQbolGutthes. MM&tﬂuBtuﬁrétBsuxfacesﬂaﬂd/ or
z- dlrectlons in an off-axis directiaon. Servao 1050 can be any high

qual ity din ;Hifeé%w@ thesapes toabms thuorxhiibabsine ohe pune eemplsventent wi t h
respect tc%nﬁne{tfv%glo%g?ﬁa fllde &151 BEh ﬁ?@gﬁndﬁ Va‘?m%&’s?&a‘fgﬁhu{l&%%%é Ysand

repeat ably provi acenents in a nge from crons with
about 0. bvilli subguertlybiet deseritieds dMistdsonctutadisuefacet GBI0 Acan bike alsoiutibzed1040
al O?? ' he}[hé( sacrirller t%gf alm%nthlpl)sa glgol leﬁnblti gub%gl?l%lgl?y th%)éilr?le 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
substantially the same complement cumulative slope magnitude distribution and peak
dimensional characteristics as H2A.
20 Some examples of surface profiles of illustrative microstructured high index layers
are depicted in FIGS. 8A-9D.
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,
25 or phase shift interferometry according to the test method described in the examples.

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

distribution is defined by the following equation

> No(@)
Fec (0)= qj
Ng(q)

q=0



1020. In sone cases, the displacenent resolution of driver 1060 is better
than about 0.1 mcrons, or better than about 0.01 m crons. Rotary novenents
produced W9 2dro/Me3451030 are synchroni zed with transl ati e0aiuSxevssEaT S
produced by driver 1060 to accurately control the resulting shapes of

m crostructures 160. The engraveable material of roll 1010 can be any
material that is capable of being engraved by cutter 1040. Exenplary rol
materials include netals such as copper, various polyners, and various

gl ass mater . te t t any
shape théf %%/ 35%% éﬁggﬁﬁggﬁggn% ﬁgﬁ%ﬂ%ﬁ %%g%&ﬁﬁgpg}&ﬁgﬁgﬁ§%'is a
schemat i cT m Rig{@)/d)fehe ﬁﬁcrastmthlr&d’ oflthd ﬁnctrbat'udflﬁsd éong. drigh slfrap@veciuddx lager) isp 1115
with ara "R 1% s s, the radius R of cutting tip 1115 is at

| east ab w‘@dnﬁ@% Qﬁ¥“¥5¥ 1 east about 150 microns, or at |east about
200 gricrons. In sone enbodlnents, the radius R of the cutting tip is or at

| east about 300 m crons, or at |east about 400 m crons, or at |east about

500 microns, or at | eélkibleabell)ﬂictmmmwdweréﬁaﬁty, Haze & about 1500
m crons, or at t out 2000 bqut . 2500 m crons, or
at | east about 308%"“?3]2?"8?}% “ﬂ}‘{l }V?Pg"ftﬂé‘em@ﬁ%%tm ed surface of
the tool [can be forfed using a cu ter 120 thaffl has g V-shape cutfling tip
1125, as|depicted in FIG 7B, a cutk®r |113Qct hat Hwes |a Pécece- Wese |l i near
cutting tip 1135, ag deist PHdR Fi61) 1C @3) a |cw.yer| ¥i49 thathas a
curved<un@dﬂg ataitive 1145, as| depicfed Iy /D Tnjone enbodi ment, a V-shape
cutting ti é { an apex pngle b of at | east |about (178 deQgrees qr greater
was enpl oye errlin ack Fl t r otlat,j,@n |of ,,r ol 0 |al ong
central &x=s ¢ULU affe—the— vcﬁen %Qﬁﬁ UL?§§ gb%.cnésfge x%ggrfction
whi | e cut(: WBPARLVEQI | natefial define at hr ead | path ground the rol|l that
has a pltcﬂxppu%ﬁgnc the ceptral pxis. |As the qutter [noves al ong 3
direction norMdl tolthe rol| surface tg cut the roll |material, the width of
t he mat el i(BIGS8A-8D) |t he3cut | e24chadds |asIPBe qubdiér [mPels or 2Bl7unges in
and out. |Referring t|o,
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 39.5 4.7 0.0
H4
(F1G. 9A-9D) 81 2.87 95.4 82.7 55.5 27.3 0.2
HS 86 2.47 95.4 84.6 56.0 19.0 0.0
HSA 95.3 84.6 559 19.0 0.0
H7 83.1 1.21 95.9 83.5 49.1 9.3 0.0
H10A 76.2 8.45 97.9 92.1 72.6 37.7 0.1
H10B
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.
10

FIG. 10A shows the percent cumulative slope distribution for another sample,

Sample A. As is evident from FIG. 10A, about 100% of the surface of sample A had a

10



for exanple FIG 7A, the maxi mum penetration depth by the cutter
corresponds to a maxinumw dth P cut by the cutter. In general, the ratio
P2 P 1 iswonosn/mexge fromabout 2 to about 4. Several mpPcraseowosasned hi gh
i ndex |layers were nade by microreplicating nine different patterned tools
to make high refractive index matte | ayers. Since the mi crostructured
surface of the high refractive index matte | ayer was a precise replication
of the toiPegRENidc 16@&1"@3111 éb%éo%ﬁqggeeae&ﬁh%moma abwttSRe/p o the aralyagdt ur ed

hi gh refrg | t ool

surf ace. cr osdsnécj% ur tgg?%lg%sggﬁﬁ%t%gﬂgﬁgék&uk ?Iqlbéﬁetjz ?ﬁ%ftgggr%a Zc?tgl and

t hus exhishifacshedsd@rtmadnlitydédessshareatmanplselegrees.cumul ati ve sl ope nmagni t ude

di stribution Fcc(q), and peak dI rre sional characteristics, as . wll
subsequent | y bEMeR&tdiBEYsaNley et atieramals A iideRedsd B A AP Hets al so

utilszed dhe RADE) AR lfmﬁ@@mbf&'% PR n?i’éfys{}hétgl%g Qﬁﬁ@a’ﬂ% B %r}fst ﬁlrésa%

conpl enent cunul ati ve ope nmagni tude distribution Fcc(q) and peak
di nensi orrald veltamade esing t icotsing Kbad spgtm ohilaréal cstting &ed sysHA, 1 0009 ® makd 4+2C al so

utilized the s t ool nce,. H2B and have subs antlall t he

ol eneiEUEHR Ol PR & PR SRl 6B di 2L Pt oA Bierlr R ona
char act ergagibined t td hke RANR1SYRTRhES t8maStef fageer 400 (Sfahip@eSB (hfad hh bpgdal at i ve
m crostructured high index |ayers are depicted in FIGS

Repr esenttmnsmétapm of eyt 9. 2%h@n gmqalahfezecﬂf aboug 32t a@@@m@ptmh@a@@ ofhavi ng an
area, rangin Qu e bout 500
?() ga;}]) %to’%{ 9 cr n b h\/\gr 1y afl%r}ﬁttancc:f: AH ﬂlétr@‘ é 9y 4l (?peﬁcafahaze ?

m crons rac rrze orce m 8I’ oscopy

(AFN) , canbecal 2%) aidascsibial dMnt?bﬁSlﬁ)LﬁB6fl'%,laﬁ£1@z!irfl§16m5d’ah@ﬁ&@lrdl ng to the
test method described in the exanpl es. enment cumul ative

sl ope radfinsudEnes 8t shontiP1-61. &t optel bﬁ?@@é ahwtlﬂqlt/mamé Anjoptigpd £lagigaoby t he
fol I ow n%bgﬂéﬁaff.g%. In addition, six comparative samples, labeled R1-R6, were characterized.

The F(9) of the microstructures of Sample A-D was as follows:

15

Fcc 0.1 | Fcc 0.3 | Fcc 0.7 | Fec 1.3 | Fec 4.1
97.7 89.3 65.6 34.5 0.1
99 4 96.6 86.3 63.3 32
97.6 88.9 64.4 36.7 0.2
97.9 90.2 68.1 39.0 0.1

wlf@]lov] =

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 (e.g. high refractive index) hardcoat microstructured surface is generally at

20 least about 60% or 65%. In some embodiments, the optical clarity is at least 75% or 80%.
In some embodiments, the clarity is no greater than 90%, or 89%, or 88%, or 87%, or
86%, or 85%.
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
25 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 (e.g. high refractive index) hardcoat microstructured surface was less than

20% and preferably less than 15%. In favored embodiments, the optical haze ranges from

11



N& q) Fcc( ) = NEg) g=0Fcc at a particular angle (qgq) is the fraction of
the slopes that are greater than or equal to q. The Fcc(q) of the

m crost r wwounsgl40d45t he m crostructured (e.g. high refraeCirxs20masesst ayer)
is depicted in the followng Table 1. Table 1 - Mcrostructured Layer
Clarity, Haze & Conplenment Cunul ative Sl ope Magnitude Characterization *HL
1lis acomercially available natte AR filmconprising SiO particles. FIG
10A showstbphlel “pedrcenor étralabeutlds | lpengicsthodguentoiieoptica hathapgesdipne,

Sampl e A o8 odentsof o , 10A, about 100% of the surface of sanple
A had as|a3’§§t frr};’g(%?%ﬁ’dg%je{sosamtoﬁg%about 3.5 degrees. Furthernore, about 52%

of the anal yzdthchwahiaeepanad is thepopragpnitudesolimssistthatota potcbntigdedr ee, and
about 72% of the anal yzed gairface had ﬁl ope magnit de§ | ess .t han apout 1.5
degr ees. THTFsEUGHES (-G ARY ok REyicetags of the Pligrgsta ki F@ sutfacghlpvingsick §loBS C,
and D weng, fANE6H SEhEE ForkkhmbRUin HEERLER nfleDsRRGIEN ChARLIEDYGSHSI m | ar
to mcrostructures 160 and were nade using a cutting tool systemsimlar to
cutting tthomigystemrdOio ¢ doprakegratudadf @ nledree oF greasir Y. Hoofithecer simlar to

cutter 1120 and subsequently m crorepljicating the patterned tool to nake
i o | ayBREREPRRIA RN S S PAen Ut e A A P it | cal _
transm t taRfRtAtuAR ML a%@p@%aéﬁﬁu&%ﬂ(P’ﬂheé}@e’s%r%?ea@é?%A%&%% and an opti cal
clarity of about 78% Sanple had an optical transmttance of about 94.9%

an opt i cahichstructofes dbdatslope Trgitedrdofalnd deareesadreas¢rapnd § (mwhehdiohe 86. 1% and
sampe D had an.QpLiSahe LIANSILIE ]G Qo008 9. 879 1 3. 0BL heal daze of
abott 1. oo BHe By Gbr R R )G LB 0857 elRt pERe
conpar at i UshveRER! Sifice 66%| sFdhfRhidrestruoRir® Hldarstspeahigh@dde dh@7 degter orof t he
merostr ug%a%ér??O(?"%-é%% |=e37'.621-‘y?h\évc?§loges nfagllliltl?dvf\:’slf::ss 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 had a slope magnitude less than 1.3 degrees.
15 As indicated in Table 1 as well as FIGS. 10A, 10B, and 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.
The preferred microstructured surface, having high clarity and low haze, suitable
20 for use as a front (e.g. viewing) surface matte layer had different complement cumulative
slope distribution characteristics than H1. In the case of H1 at least 97.3% of the
microstructures had a slope magnitude of at least 0.7 degrees. Thus only 2.7% had a slope
magnitude less than 0.7 degrees. For the other microstructured surfaces, at least 25% or
30% or 35% or 40% and in some embodiments at least 45% or 50% or 55% or 60% or
25 65% or 70% or 75% of the microstructures had a slope magnitude of at least 0.7 degrees.
Thus, at least 25% or 30% or 35% or 40% or 45% or 50% or 55% or 60% or 65% or 70%
had a slope magnitude less than 0.7 degrees.
Alternatively or in addition thereto, the preferred microstructured surfaces can be
distinguished from H1, in that for H1 at least 91.1% of the microstructures had a slope
30 magnitude of at least 1.3 degrees. Thus only 8.9% 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 some embodiments, at least 30%, or 35%, or

12



Fee 0.1 Fee 0.3 Fee 0.7 Fee 1.3 Fee 4.1 A 97.7 89 .3 65 .6 34 .50 1 B99.4
96 .6 86 .3 63 .332C97.688.964 .436.702D97.990 .268.139.00
1 The optwoabioc4azasty val ues di scl osed herei n were neas®RCEWSAGI0565A7

Haze- Gard Pl us haze neter from BYK-Gardiner. As depicted in Table 1, the
optical clarity of the polynerized (e.g. high refractive index) hardcoat

m crostructured surface is generally at |east about 60%or 65% |n sone
embodi merftdse, arHa%opftthe aicrestetciurgs had aatloncamagnitpgopbit lewdd -3 degisspreHence,

enbodi ms?g&b of &?/ O ﬁ%d téftflesm?c?osglru%glﬁf'srhag asl?P%gx( %l?t{lgg%{g h2h 18383@%%5. 87% or

86% or i’cal’”haze 1s t eraloof

transm ttIe@tﬁdrghlboﬂMtsdetvlem é:% cﬁrrlco)i% blhES%@[‘ aedo afltheamiarmnrubwremirad ahan 2.5
degr ees the total {rans ted I optical di scl osed
herein meﬁ?@eé%%utﬁe%% té%ﬁS”L?ﬁ*@grae %? oBf é%wa?Q 9e5rA’E’§ ilable from

BYK- &ar di nefosiabhii8ha®R's) oﬁg%aal%M!uae l@% 5191 AYchRe{ e procedure described in
ASTM D1003. As depicted | ove, the“optical haze of the

pol yneri zed (eAltemitivgly orahrdditipn dlelréﬁd,dk¢ nhge dooastrudtoed sinfacetcan éd sur f ace

was | ess t.han 20% nd e an Og favored enbodi ments, the
oot car M Be aRGLEOR B i ory | Sicubatbihe 184 eotlhs HicFoutictTes B

enbodi menfpetrifn@lié 604t 1OAZL 11IRRYES WHeRM: ADMU cadbf tRE faddbed RhicR¥erbQuBout

5% Each value reported in the Slope magni tude colums is the total

per cent agerfete, hse tas20bcontes of 10% of thﬁerntcmsaiuctpeesdwedtaagmeemagmﬁede of 4.1

strugtured surfaCﬁ) nitude ar greater, For
exalDi e, FRRERE: S4T oPhyr P2 3l R REH T IEE hE Rt AT BRNE L
mi crostr Wpkie© SInhéd emtldafent rmmaﬂ/eldmh@fmlero&trd@gfeeﬁa@a sl@peﬁiagmtu&%f8% of
the mcrostructures had a sl ope magnitude of 0.3 gr ees or great er 62. 6%
of the 4.1degreesor greater. In most embodiments, less than 5% or 4% or 3% or 2% or 1% o
the microstructures had a slope magnitude of 4.1 degrees or greater.
The microstructured surface comprises a plurality of peaks, as characterized

15 according to the test method described in the forthcoming examples. Dimensional

characteristics of the peaks are reported in the following Table 2:
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m crostructures had a sl ope magni tude of 0.7 degrees or greater;
the mcrostructures had a slope nagnitude of 1.3 degrees greater;

22.
and O

4% of

(none) ofwoOhelomi4e346st ruct ures (of the area neasured) ha#Ca/Gsbapm3ssagni t ude
since 62.6% of the mcrostructures

of

4.1

degrees or greater.
had a sl ope magnitude of 0.7 degrees or greater,

Conver sel y,

sl ope magnitude | ess than 0.7 degrees.

Furt her,

100% 62. 6% = 37. 4% had
since 22.4% of the

m crostructures had a slope magnitude of 1.3 degrees greater, 100% 22. 4% =
77.6% of the mg q] r I@@q [ %ﬁﬁ 'é’l@ﬁ % degr ees.
As indicated in gﬂﬁ% e%ﬁgé&l\s/\ue giﬁe@?a%e& ,alan f!{: mﬂmgt | east 90%
or greater|of the microsf EQD ur ¢Lengtieaciath t hewricr pstruct ired surfaces
had a sl ope magni tude of | gleaheast nfdah degh@@s [Ormedieat ernNFurt her, at | east
75% of the|m crostructurbgifldfs @ nfikRRS | R@REsUde of al ni&dak | Sp gr]g@ rees.
The prefer eoC&ﬂlﬁE&?fvre ured surface, [having [ gh ct rity and I ow faze,
suitable for use ﬁ ont3 §7e g. 4/1(?“,1 3 §urfa6%2 RY@r t’had
di fferent conpt en"ent ethH-at+ve olupc L.lol.liu H-oh—eh IQbLCIIStiCS han H .
In the case ofOpPaLAtive ea“t 97.3% of the microstryctures had a slope
rm_gnitude Df m‘ ast 0 %éﬁmm 139414 n?'rg§/ 2 79Rad 21&901;14: nnlgnifude
| ess than 0.7 degrees. Fpr the other mjcrostructured surfaces, at |east 25%
or 30% or 85% or HB0% and| i h1.29ne éAHadi nehds at Dédst | 45%8%r | 50% or |55% or
60% or 65% or 70% or 75% of the|m crostiructures had a| sl ope magni tude of at
| east 0.7 ¢degreesi4 Thus, | a3 heast 585% ar 130% or 83% of 30% or 45% on 50% or
55% or 60% or 65% or 70% had a $Iope nHgni tudel Tess than 0. 7]degrees.
Al ternatively 0'7[11'05& addi t ?5131 her%% thng&eferb ¢ M CM)é@ruct u ed
surfaces campe drstingu stred fl_umHl, m—that—for—+Ht reast—911% of the
5. 0% nad a |t opdliyni tule iaee KA 1o ! G5 oo depiger. s onl
m crostructured surfaces| at |east 25%|of the |mcrostructures had a

H6 21.82 28.66 18.18 0.64 29.36 3

HS 24.38 31.63 20.74 0.67 34.37 3

H9 21.55 29.47 17.43 0.60 29.11 3

H3 58.23 74.94 48.69 0.66 76.34 4

H7 30.55 41.44 24.82 0.61 40.37 4

H2A Not determined.

Such dimensional characteristics have been found to relate to “sparkle”, which is a

visual degradation of an image displayed through a matte surface due to interaction of the

matte surface with the pixels of an LCD. The appearance of sparkle can be described as a

plurality of bright spots of a specific color that superimposes “graininess” on an LCD

image detracting from the clarity of the transmitted image. The level, or amount, of

sparkle depends on the relative size difference between the microreplicated structures and

10

the pixels of the LCD (i.e. the amount of sparkle is display dependent). In general, the

microreplicated structures need to be much smaller than LCD pixel size to eliminate

sparkle. The amount of sparkle is evaluated by visual comparison with a set of physical

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

1
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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 about 20 microns, and in some
embodiments no greater than 10 or 15 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

20 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.

25 With regard to the exemplified microstructured layers and matte films, the
microstructures cover substantially the entire surface. However, without intending to be
bound by theory it is believed that the microstructures having slope magnitudes of at least
0.7 degrees provide the desired matte properties. Hence, it is surmised that the
microstructures having a slope magnitudes of at least 0.7 degrees may cover at least about

30 25%, or at least about 30%, or at least about 35%, or at least about 40%, or at least about

45%, or at least about 50%, or at least about 55%, or at least about 60%, or at least about
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D sur flace 50 a ast croms. The peaks
_él_éxan@_es_had_a_uxé:(’]rqﬁl ﬂn:f h 6,1117§ e n§g,5 than about 20
5 GOENAFRBYE nent S no greatef than 10 of 15 nicfons. The
pHlength (i.e. WL)0i6§7typ( cal 0.y8At | eadt470. 0] or 0.9, or
pdi nents, the WIL is at |east 0.6. In|another |enbodi nent,
hkbnh 0.5 or 0.4 |and0i380t ypi cal 0.97@&t | eadk59. 1|or 0.15. The
(i.e. NN) is typically at|least 10 or 15 mcrons and no
HM5& ons. I n sone ef38di nents,0.0h@ NN rdngds ffrom 15

20 m crons,

H4 0.398 0.093 0.767

H10A 0.834 0.100 1.069

H10B 0.438 0.102 0.835

H6 0.507 0.122 0.945

HS 0.430 0.101 0.847

H9 0.592 0.150 1.201

H3 0.606 0.176 1.312

H7 0.502 0.118 0.899

H2A 0.482 0.124 1.074

The average surface roughness (i.c. Ra) is typically less than 0.20 microns. The

10

favored embodiments having high clarity in combination with sufficient haze exhibit a Ra

of less no greater than 0.18 or 0.17 or 0.16 or 0.15 microns. In some embodiments, the Ra

is less than 0.14, or 0.13, or 0.12, or 0.11, or 0.10 microns. The Ra is typically at least

0.04 or 0.05 microns.
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hi gher sparkl e enbodi nents typically have a NN of at |east about 30 or 40
m crons. Wothiwregasd to the exenplified mcrostructuredPCagsesionsc4mat t e
films, the mcrostructures cover substantially the entire surface. However,
wi thout intending to be bound by theory it is believed that t he

m crostructures having sl ope magni tudes of at |east 0.7 degrees provide the
desi red matt e Hicopeieer ewximunsartagetheight G Rizs dvripglty lesrethmi 8 igiopsiet ur es

havi ng a about
25% or alggslqgagls g@ y 921‘3}?%\6(?5%% ? q@nté&%ﬁ@ém%%ygr? eas%tl&ﬁ%ﬁ 40%
or at | easffidbolbz4c6dbioan Rt of Rasio goett thah %20ahicadns] asimadrabiddimbifs, or at
| east about 60‘V or | east about 65% st about. 70% maj or
surf ace, 5%82%% epy th bﬁliw@ﬁtoﬂé)r@e"sq PEd8 ﬁ.ﬂ@ﬁfoei» athe §z srypie ‘I"fé%aétégﬁe

pl urality, @f spnghkss0f the mcrostructured surface can also be characterized
with respect to nean hei ght, average roughness (Ra), and average naxi nmum
sur f ace hei ghtTHeRaicrosTrhetusddnyaygef therhateefilnotyglvaly sorfipries aRa)ymeict ypi cal | y

| ess than 0.2Q m.crons. The favore odi nents hav h.cl r|t

Conbi nat BT OISR il PRSRC S ATO R R e apo o LA Y GragBl eitfan o 15
or 0.17 q{re@rajsﬁy&f 0&15@55&1‘%&5%fbﬁiﬁéd%&@ﬁﬁtl@l@@omm%%f ficB8adigaliys | €ss than
0.14, or 0.13, or 11, or 10 microns. The Ra is typically at
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an Rz of |ess InGogk @atbedinidhas) thk. rﬁﬁrcmrﬁét@fbﬁ laﬂvdﬂoﬁﬂfé&nﬁfﬁl(ﬂdimmtlﬁ hthe Rz is
| ess than 1 10 or 1.00 or 0.90, or 0.80 mcrons. The Rz is t plcally at

| east 0. 40frestive IBtsxpi & b ALleast SO @repdarr i sQIPReMbedimientss the keftackive B1dex | m
typical | % ﬁg@&ll%g%r% %Mg@;‘gﬁg“}@gﬁ&ﬂ“a%ﬂt fgsthe reaction product of a

pol ynmeri zabl € resin ep e resi
Various high refractive index particles are known including for example zirconia

15 ("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
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.

20 Pat. No. 7,241,437 and U.S. Pat. No. 6,376,590. The maximum refractive index of the
matte layer is typically no greater than about 1.75 for coatings having high refractive index
inorganic (e.g. zirconia) nanoparticles dispersed in a crosslinked organic material.

In other embodiments, the microstructured layer of the matte film has a refractive
index of less than 1.60. For example, the microstructured layer may have refractive index

25 ranging from about 1.40 to about 1.60. In some embodiments, the refractive index of the
microstructured layer is at least about 1.47, 1.48, or 1.49.

The microstructured layer having a refractive index of less than 1.60 typically
comprises the reaction product of a polymerizable composition comprising one or more
free-radically polymerizable materials and surface modified inorganic nanoparticles,

30 typically having a low refractive index (e.g. less than 1.50).

Various free-radically polymerizable monomers and oligomers have been

described for use in conventional hardcoat compositions including for example (a)
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oot 1 Ayeryblgn] LT Ba e R e ARSI S T et ve
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pol ymeri zabl e conposition npri si nore free-radical]l
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free-radi I'zabl e "nononers an I gomer ave
diacrylate, tripropylene glycol diacrylate; (b) tri(meth)acryl containing compounds such as

15 glycerol triacrylate, trimethylolpropane triacrylate, ethoxylated triacrylates (e.g.,
cthoxylated (3) trimethylolpropane triacrylate, ethoxylated (6) trimethylolpropane
triacrylate, ethoxylated (9) trimethylolpropane triacrylate, ethoxylated (20)
trimethylolpropane triacrylate), propoxylated triacrylates (e.g., propoxylated (3) glyceryl
triacrylate, propoxylated (5.5) glyceryl triacrylate, propoxylated (3) trimethylolpropane

20 triacrylate, propoxylated (6) trimethylolpropane triacrylate), trimethylolpropane
triacrylate, tris(2-hydroxyethyl)isocyanurate triacrylate; (c) higher functionality
(meth)acryl containing compounds such as ditrimethylolpropane tetraacrylate,
dipentaerythritol pentaacrylate, ethoxylated (4) pentaerythritol tetraacrylate, caprolactone
modified dipentaerythritol hexaacrylate; (d) oligomeric (meth)acryl compounds such as,

25 for example, urethane acrylates, polyester acrylates, epoxy acrylates; polyacrylamide
analogues of the foregoing; and combinations thereof. Such compounds are widely
available from vendors such as, for example, Sartomer Company of Exton, Pennsylvania;
UCB Chemicals Corporation of Smyrna, Georgia; and Aldrich Chemical Company of
Milwaukee, Wisconsin. Additional useful (meth)acrylate materials include hydantoin

30 moiety-containing poly(meth)acrylates, for example, as described in U.S. Patent No.
4,262,072 (Wendling et al.).Silicas for use in the moderate refractive index composition

are commercially available from Nalco Chemical Co., Naperville, I11. under the trade
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descri bed for use in conventional hardcoat conpositions including for
exanpl e (a)di (neth)acryl containing conpounds such as 1, 3-butyl ene gl ycol
di acryl atwp 2010441338t anedi ol di acryl ate, 1, 6-hexanedi ol ®Caarsgdianags47

1, 6- hexanedi ol nonoacryl ate nononet hacryl ate, ethyl ene glycol diacrylate,
al koxyl ated al i phatic diacrylate, al koxyl ated cycl ohexane di net hanol

di acryl ate, al kox%ﬁt ed hexanedi ol diacrylate, al kOXé| ated neo entyl gl ycol

di acry| atdssigaatimoiNsbesnel logliShlicay’ ﬁ@h@éﬁf%dlug‘ls)l%@ 19 {&59101%)1, %?e7 and
diacryl atz%Q9C§8 11”&9 nidl 1 lpg(l)(}{l%%l co Eﬂ&?ﬁéﬂg val
di acryl at'e, cyc exanedS ano | acr I et ene Ia acr yl at e,
di propy| axeGgby 86l, (Haru Gleﬁh@y) ahdwxlyd @idedctikOtidm, SA%mbhertésm)adﬂylaat e,

et hoxyl at e (3) i sphe d| cryl t% et hog ylated (30) bis henol A
di acryl atee!l g1 ‘W&P er€4 r %&né‘i‘f& B divme 91 ‘é‘f‘%areﬁ BFBWTQ}%%I dehyde
modi § i ed a%ﬂm% H}Shloézﬁfo?@%ﬂﬁ ﬂls@&l%}’ﬂllatlﬁdeﬂﬁé’% é{émg}ﬂab{&%' ?ﬁlBa@r

pol yet hyl ene glycol (200) diacrylaté€, polyethylene glycol (400) d| acryl at e,
pol yet hyl 288", JOAdB0- $161€R)$E 186t phdt' @ABpﬂeﬁihMB'at ed neopentyl gl ycoI

di acryl ate, tepraet coI di acrylate, .tricycl odec nol

i acryl ate. 1 ASRYFEENG Jbtre e Ry eBoS I Gifs BHEOTRGRSrT BRGEry1 at o
(b) tri (rr%féa)m@mehuy@meggt N5 RE-9%6 QFBOWRLS. THE odsrafl A8ERle ihddxagyer! at e,
trimethylol propane triacrylate, ethoxylated triacrylates (e.g., ethoxylated
(3) trimdvpighlbl @rmwn@mp gicatsr shaatSQ mWIVat%dnqreynlﬁ omq*émhlwp@rtmmpane
triacryl et hox trime opane triacry] ate ehox at ed
CofFt Y BT aBkE Mptthic Rk ¥ieD RS RRR Trh iR fber BIB
propoxy! ai s KR) wobyaeimd ertdtbeday hirtue 60 propoxyd ated (5.5) gl yceryl
triacrylate, propoxylated (3) trimethylol propane triacrylate, propoxylated
(6) trinethyl ol lﬁrla@@ﬁ@cmﬁn%ﬁw%&a& prefarablitispics Mithopamkce Heame)! ageat
tris(2-hyg aﬂé&ﬁ% g}’éf%ﬂréd’fb}‘ QINUL gt ot‘h&’ 5&%@1& fillefy) ﬁqaﬂ ea{ndfc‘dfb%&&ﬂé‘éélast y
(neth)acry contal ni ng conpoun suc I meth propan

tetraacr )drapmferchdﬁeﬂmaat ytided dush apeintemec ryiradus suﬁhdwmatraémsiat(elk)lown

pent aerythrit cryla e nodified dipentaerythritol
hexiigcrylsﬁfl’go(%mc HE §E3ED 1?9@?%72@%?8‘£0npounds such as,

In one ernbodlrnent, the microreplicated layer is prepared from a composition

comprising about a 1 to 1 ratio of a crosslinking monomer (SR444) comprising at least

three (meth)acrylate groups and surface modified silica. In another embodiment, the

microreplicated layer is prepared from a composition that is free of silica nanoparticles.
20 Such composition comprises an aliphatic urethane acrylate (CN9893) and hexanediol

acrylate (SR238).

The high refractive index (e.g. zirconia) nanoparticles may be surface treated with

a surface treatment comprising a compound comprising a carboxylic acid end group and a

C;-Cs ester repeat unit or at least one Cs-C6 ester unit, as described in PCT Application
25 Number PCT/US2009/065352; incorporated herein by reference.

The compound typically has the general formula:

V4
, Or
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for exanple, urethane acryl ates, polyester acrylates, epoxy acryl ates;
pol yacryl am de anal ogues of the foregoing; and conbinations thereof. Such
conpoundsweaneini4taby avail abl e from vendors such as, forPCeasapha3zessart oner
Conmpany of Exton, Pennsylvania; UCB Chem cals Corporation of Snyrna,
Georgia; and Aldrich Chem cal Conpany o f MIwaukee, Wsconsin. Additional
useful (nmeth)acrylate materials include hydantoin noiety-containing
pol y( nmet h) acrﬁat es, for exanple, as described in U S. Patent No. 4,262,072
(Wendl i nggyet jtk)s Siligas for use-in the noderate refractive index
conposi ti onOdr e “comyersi|al Ipy -avay | ble_fyom Nal co Chemical Co., Naperville,
111. under the tradedesilgnation "Nakco Collodial Silicas" such as products
1040, 1042, 1050, 1060, 2327 and 2329. Suitable fumed silicas include for
exanpl e, products conmercially avail able from DeGussa AG (Hanau, GCernany)
under t hevlicrade designation, "Aerosil series OX-50", as well as product
nunbers -130, -150, and -200. Funed silicas are also comercially avail able
from Cabat avGedges fromukted &, 111., under the trade designations CAB- O SPERSE
2095", "CAB- O SPERSE A105", and "CAB-O-SIL Mb". The concentration of (e.g.
i nor gani d)1 Rar@patddlieylesrylatkyl,g anflgiagy, opiddralle dulstitited Witk ®he bBmbypi cal |y at
leasf 25 wt-%or 30 wt-% The noderate refractive index |ayer typically
conpt i se<LXHECHFEES OF 2R RUSF BOURM - % or 40 wt- % i norgani ¢ oxi de nanoparticl es.
The concentration of inorganic nanoparticles in the high refractive index
Iayerls i,qal | I % or 70
-% Th eL%/{ﬁ S f%a ncllgcaﬂ%taln&g%ﬁy?g)lr\ggylg %Hbg Pg?%@g ?f}l%'t% 1}12%?21@%9%’ hr 12192%’]"? face
treat nmentoxygenttomSj | anes are preferred for silica and other for siliceous
fillers. Silanes and carboxylic acids are preferred for nmetal oxides such
as zirconia. Various surface tr(fat ments are known, sone of which are
descri bed in US20@ 7/ 0286994 one enbodi nent, the m croreplicated | ayer
is prepared fromﬁconposmlon mpri sing about a 1to 1 ratio of a
crossli nksi{rilsg nnnorrerO'(‘SR(fer‘)'Cborrpri_%IilEg at | east

Z is an end group comprising a C, - Cg alkyl, ether, ester, alkoxy, (meth)acrylate, or a

10 combination thereof.

In some embodiments, L2 comprises a C6-C8 alkyl group and n averages 1.5 to
2.5. Z preferably comprises a C, - Cg alkyl group. Z preferably comprises a
(meth)acrylate end group.
Surface modifiers comprising a carboxylic acid end group and a Cs-Cg ester repeat
15 unit can be derived from reacting a hydroxy polycaprolactone such as a hydroxy
polycaprolactone (meth)acrylate with an aliphatic or aromatic anhydride. The hydroxy
polycaprolactone compounds are typically available as a polymerized mixture having a
distribution of molecules. At least a portion of the molecules have a C;-Cg ester repeat
unit, i.e. n is at least 2. However, since the mixture also comprises molecules wherein n is
20 1, the average n for the hydroxy polycaprolactone compound mixture may be 1.1, 1.2, 1.3,
1.4, or 1.5. In some embodiments, n averages 2.0,2.1,2.2,2.3,2.4 or 2.5.
Suitable hydroxy polycaprolactone (meth)acrylate compounds are commercially
available from Cognis under the trade designation ‘“Pemcure 12A” and from Sartomer

under the trade designation “SR495” (reported to have a molecular weight of 344 g/mole).
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three (nmeth)acrylate groups and surface nodified silica. In another

enbodi nent, the mcroreplicated |layer is prepared froma conposition that
is free oVo=nio@a4nanoparticl es. Such conposition conpripsgaSanoabisphati c
uret hane acrylate (CN9893) and hexanedi ol acrylate (SR238). The high
refractive index (e.g. zirconia) nanoparticles may be surface treated with
a surface treatnent conpri si n(g a conpound conprising a carboxylic acid end

group and a cCRumgblesiiphaticepbudridpsiinclede far cxample mgtec @mhydridespeginigni t, as
d i bed, | Li.cati : 0 352 - ad.. i
oo oo b AREL 10, DTG ERTLBRRORL AR ACHLARE Bl 0T

aver ages dnhodnide. id ptader@blylshicdisicanydrideCg al kyl , aryl al kyl, or aryl group,
optionally substituted wth one or nore oxygen atons or an ester group; L2
is a C3 - Cs aMeyIatic aphycadgy havegyrelgiyply guagishrelBistiy oivdry (=& <t ls¥dd with
one or Mof £)0XY GGk BB suffab St BftmERCOHBURICATR L Ho80dded TrofarBhikt

et her, ester, alkoxy, (neth)acrylate, orp a conbination thereof. In sone
enbodi mernbydridts camprsesbs redraCbvedddet &fythe grvenalh palythenizabe rasgesonip®ition. 2. 5. Z

preferably.comprises a,C,- C.alkyl.group., Z preferabl.y conprises a

(et h) acr%‘\“ﬁ@g a@%atbcr%]&?ﬁq“d:ﬁ:?r”i‘c&‘é%e @gﬁ’l‘q“ﬁ?@? Bh@Bﬁ%?I?h_é’lgﬁée'a carboxylic acid
end group and ﬂt&nat@%lﬁ%% B addeRpaherdtd, %he%@ffa&etréil@rhéﬂ/&fﬂaﬁ dompriseact i ng a
hydr oxy pol ycaprol actone such as a hydroxy pol ycaprol actone (neth)acryl ate

with an dhichadryletcofunetianetizddecoanmiopdd priparcTivy the waehon gainydiapatsl ict one
comppunds, &hgid #RlGa4d ¥ FURoL LG ABeRaRPd MJROLAE EXEY iy12VI N9 2
(meth)acrylate.

Examples of surface modification agents of this type are succinic acid mono-(2-
acryloyloxy-ethyl) ester, maleic acid mono-(2-acryloyloxy-ethyl) ester, and glutaric acid
mono-(2-acryloyloxy-ethyl) ester, maleic acid mono-(4-acryloyloxy-butyl) ester, succinic

15 acid mono-(4-acryloyloxy-butyl) ester, and glutaric acid mono-(4-acryloyloxy-butyl) ester.
These species are shown in W02008/121465; incorporated herein by reference.

The polymerizable compositions of the microstructured layer typically comprise at
least 5 wt-% or 10 wt-% of crosslinker (i.e. a monomer having at least three (meth)acrylate
groups). The concentration of crosslinker in the low refractive index composition is

20 generally no greater than about 30 wt-%, or 25 wt-%, or 20 wt-%. The concentration of
crosslinker in the high refractive index composition is generally no greater than about 15
wt-%.

Suitable crosslinker monomers include for example trimethylolpropane triacrylate
(commercially available from Sartomer Company, Exton, Pa. under the trade designation

25 "SR351"), ethoxylated trimethylolpropane triacrylate (commercially available from
Sartomer Company, Exton, Pa. under the trade designation "SR454"), pentaerythritol
tetraacrylate, pentaerythritol triacrylate (commercially available from Sartomer under the
trade designation "SR444"), dipentaerythritol pentaacrylate (commercially available from
Sartomer under the trade designation "SR399"), ethoxylated pentaerythritol tetraacrylate,

30 cthoxylated pentaerythritol triacrylate (from Sartomer under the trade designation
"SR494") dipentaerythritol hexaacrylate, and tris(2-hydroxy ethyl)isocyanurate triacrylate

(from Sartomer under the trade designation "SR368"). In some aspects, a hydantoin
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sone enbodi nents, n averages 2.0, 2.1, 2.2, 2.3, 2.4 or 2.5. Suitable
hydroxy pol ycaprol actone (neth)acryl at e corrpounds are commerci al |
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i nd e. 1.50 The inclusion of surface treatnment
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conmpound ose de ived fromaromatic anhydrides can raise the
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)
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m)no Eg aC?Iiﬂ;n%}TSO %yconirﬁé}rgallg élzf}/l a%}/e ?&% 1¥1P1; wnder er é:a(t;a@ demg;;a {on oot l)
nono- aASRYDOY (repofteditd fbye £Sib&Isity BRI @3(Ccps @t 00 TDaR a6y Maxipudut y
ester, succinic 1raC| d nono- e(4 1achI{oyI oXYy- pl%ut ) est erg and gI ut ar?c acid
mono- ( 4- ZERSFIbEPhens) Apoyemeis dies Deenilesaibed d fhegirta pechsis shase idrsonbed 08/ 121465:

i ncor por d reherence. The pol yneri zabl e conpositions of the
m cr ost rﬁé?u?%gﬁtﬁgﬁg%tzy%{zcal |y conprise at least 5 w-%or 10 w - % of

crosslinker (ilnethea cmbodimentshéanihigh afrateasindéhlivge apdeth fidaiyfred &
15 monomer derived from bisphenol A.
One suitable difunctional aromatic (meth)acrylate monomer is a biphenyl
di(meth)acrylate monomer is described in US2008/0221291; incorporated herein by

reference. The biphenyl di(meth)acrylate monomers may the general structure

R2m R2m
0 Q Q 0
Ny
R1 z, z, R1

wherein each R1 is independently H or methyl;
each R2 is independently Br;
m ranges from 0 to 4;
25 cach Q is independently O or S;
n ranges from 0 to 10;
L is a C2 to C12 alkyl group optionally substituted with one or more hydroxyl groups;
z 18 an aromatic ring; and

t is independently 0 or 1.
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groups). The concentration of crosslinker in the Iow refractive index
conposition is generally no greater than about 30 wt-% or 25 w-% or 20
wt - % Thewoenwerid4ati on of crosslinker in the high refr&crivseotionskest?
conposition is generally no greater than about 15 w-% Suitable
crosslinker nononers include for exanple trimethylol propane triacryl ate
(commercially available from Sartoner Conpany, Exton, Pa. under the trade
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(from Sarto under the trade designation "SR494" i pentaerythritol
hexaacr ylmom(matidadrylaeé 2ndgidmothyaceylhtgs Jhas ac\aisosuatsed o lmeuythlEte (from
Sartoner under the trade designation "SR368"). In sone aspects, a
hydant oi rﬁ?B}ngVlt%gﬁtﬂéeialﬂghégfﬁfﬂf'? MG {RFher yl at es compound, such as

described i n Yp3emPamboMenents, #R2%1iR1A2t1EnHe BIMAE (BkthFdcrylalemébRiPYed. The
hi gh refractive index polynerizabl e conposition typi caLﬂI&/ conpri ses at
de

| east onecomtboregltvich gmerohiptie manatrecthisaoiaie meaenayhaviee ¢ yhae wgight Eesyr oups
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bi sphenol .56, at 370yl 58, eShclireutivt afleentdpivelly tempe@rnestehal, biphamaj drabl e from
Sartoner under the trade designations "SR602" (reported to have a viscosity

of 610 cp¥rbhybgoer aRerther vechoragtior dilnpris Retr behaogsngied opnaphalegenated
100 463 Ay TR SIS LA LgIeball T om ot oo
cps at 200&dndthdactglarim@ddicrs, cMacom@usrently raise the refractive index of the organic

15 component and improve the processability of the polymerizable composition by reducing
the viscosity.

The concentration of aromatic mono(meth)acrylate reactive diluents typically
ranges from 1 wt-% or 2 wt-% to about 10 wt-%. In some embodiments, the high
refractive index layer comprises no greater than 9, 8, 7, 6, or 5 wt-% of reactive diluent(s).

20 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
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.

25 Suitable reactive diluents include for example phenoxy ethyl (meth)acrylate;
phenoxy-2-methylethyl (meth)acrylate; phenoxyethoxyethyl (meth)acrylate, 3-hydroxy-2-
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-

30 naphthyloxy ethyl acrylate; 2-naphthyloxy ethyl acrylate; phenoxy 2-methylethyl acrylate;
phenoxyethoxyethyl acrylate; 3-phenoxy-2-hydroxy propyl acrylate; 2,4-dibromo-6-sec-
butylphenyl acrylate; 2,4-dibromo-6-isopropylphenyl acrylate; benzyl acrylate; phenyl

23



ot her bi sphenol A nononers have been described in the art, such as those
described in U S. Patent No. 7,282,272. In other enbodi nents, the high
refracti weoiznted1d4dyer and AR filmis free of nononmer deciTxusdom0eEH7

bi sphenol A. One suitable difunctional aromatic (neth)acrylate nononer is a
bi phenyl di (nmeth)acrylate nononmer is described in US2008/ 0221291,

I ncorporated herein by reference. The blREhenyI di (net h)acryl ate nononers

may the géndatal2 é@rtubtqm%)hﬂmﬁéraémat@a@ﬁle lghgeer@sémd%rmrgﬁnmrquh@ﬁ hyl ;
h R | d dent |
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thatsthe &E&@%ﬁ% RB%" ot E%ﬁ%%héﬂfcm b Hﬂawddefith(e%hl@héﬁgya!n%e

mononer one or In conbination wth a triphenyl
tri(met h)"MeaﬂhO"mamrbﬁem ‘Baagbsea S odeslamidbietic itradsND&HBLIGn 1PASIA66T.ncor por at ed

h b f V\02008/ 124
mono( et HHEY CHOEIEE s AP CHDD iy TR HoBsA Frieent ara Bl i Mded to be

sui t abl e componRh&hb®bf foh@iny egtﬂat'feeédaﬁﬁ% M &n lopd& dis ?Lﬁ?ror alfimSAKBinclude
enbodi ments, the difunctional” aromatic (neth)acryl ate nmononer i's conbi ned

with an arovidinge light remsmibgible sybsatate lapavosnsk prpeidingg micnestmeiwresdt laygrioght | ess

tha 450§g/nq)I§%t%r1\ady having a refractive index of at least 1.50, 1.51, 1.52,

The microstructured layer may be cured for example by exposure to ultraviolet
radiation using an H-bulb or other lamp at a desired wavelength, preferably in an inert
atmosphere (less than 50 parts per million oxygen). The reaction mechanism causes the
free-radically polymerizable materials to crosslink. The cured microstructured layer may

15 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.

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.

20 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
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

25 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
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

30 antireflective film article can be adhered to the display surface.
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1.56, 1.57 or 1.58. Such reactive diluents typically conprise a phenyl,

bi phenyl, or naphthyl group. Further such reactive diluents can be
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was also calculated. The curvature was calculated using three points and is described in
the following section. Peak regions are identified by identifying areas that have positive
curvature in at least one of these two directions. The curvature in the other direction
cannot be too negative. To accomplish this, a binary image was created by using
20 thresholding on these two curvatures. Some standard image processing functions were
applied to the binary image to clean it up. In addition, peak regions that are too shallow are

removed.

The size of the median filter and the distance between the points used for the curvature
25 calculations are important. If they are too small, the main peaks may break up into smaller
regions due to imperfections on the peak. If they are too large, relevant peaks may not be
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
30 curvature calculations. Therefore, an iterative process was used to identify a spacing that

satisfies some preset conditions that result in good peak identification.
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commercially available fromnore than one source including from Sartoner
under the trade designation "SR339"; from Eternal Chem cal Co. Ltd. under

t he tradewdesiograisson "Eternmer 210"; and from Toagosei EoOT/USk@owdeiar t he
trade designation "TO- 1 166". Benzyl acrylate is commercially avail able
fromAl faAeser Corp, Ward Hill, MA. The nethod of formng a matte coating
on an optical display or a filmmy include providing a |light transm ssible
substrate |l ayer; and providing a mcrostructured |ayer on the substrate
layer. Thq,m gfPeti-wihbd Kdaldyer may be cured for exanple by exposure to
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solvent if present. Alternatively, a polyrmerizable conposition conprising
hi gher andddils\Bfvasotedeotrslicalate thefqlomperd onto a web, dried, and then

m croreplicated and cured. Although it is usually convenient for the
substrate to be in the formof a roll of continuous web, the coatings may
be applied {0 Jridlemivdb@l sheets. The substrate can be treated to inprove
adhesi on between the substrate an% t he adj acent | ayer, chen cal

e.g.,
treat nenty cor gn: @ eav et Ospieh_ ag? @itrAoep) nift Wogkh vé offdna, + AV s Y, )f + Ark
or actinic radi’atii ongx | f* degjred, {an optiopak tie layer or pringy can be
appL(ied to the substrate and/or hardcoat |ayer to increase the interlayer

adhesion. Alternatively or in_addition thereto the priner nay be applied to
reduce int etf SYSIE 45e7558) ﬁifétflePOI%b_Nﬁ@vi de antistatic properties. Various

per manent and renovabl e grade 2 2
opposite §i:da‘?ct9ﬁ(lvtf?8c H”:rr;ﬂ%{ég t}ré&’t(éfr Aar) E%édi%ﬁl % At enphioy” Bregsuie
’ 2 Ax 2Ay

3. Fce(0) — complement cumulative distribution of the slope distribution
Z Ng(q)
15 Fo(@) =
2 No(@)
g=0

Fce(0) is the complement of the cumulative slope distribution and gives the
fraction of slopes that are greater than or equal to 6.

4. g-curvature, curvature in the direction of the gradient vector (inverse microns)
20
5. t-curvature, curvature in the direction transverse to the gradient vector (increase
microns)

Curvature
25 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.

curvature = £1/R = £2*sin(0)/d

30
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sensitive adhesive, the antireflective filmarticle typically include a
renovabl e release |iner. During application to a display surface, the

rel ease Iwoenio/gi1yenoved so the antireflective fil m artiPCraSe@w/obes4adher ed
to the display surface. Exanpl es: Mcrostructured Surface Characterization
The foll ow ng method was used to identify and characterize peak regions and
of interest in height profiles that were obtained by atom c force

m cr oscopyhqraPNg thecamgleormmiosiscihiahiypefenuss eandnd srtbe damgih ¢IGEE hypoterusp e e
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area of apatdve?@@nm crons by 600 m crons. The nmethod uses threshol di ng on

the curvature and an iterative algorithmto optimze the selection. Using
curvature instead of a sinple height threshold hel ps pick out rel evant

peak§ t haltherc%%a%e'i m\égédrfcy glon %e?é%&i@hﬁe%%?%?ﬁectﬁ&n @.le.s -CHRJaRE )aa\ﬁ(a' a(iiorgjle
sel ection of a single continuous work. Prior to anafyzing ¥he hei ght
profi | es,tha directicantrirshémse to shaugedichd ve@cude. thervatirse Intdipetatibnris @sehtopoi nt
in the height profile, the curvature parallel to the direction of the

st eepest WNBPECROSHY PPHES- gr adi ent vector) was cal cul ated. The curvature
perpendi cular to this direction was al so cal cul ated. The curvature was

cal cul ated using three points and is described in the follow ng section.
Peak regiRumak Siziegi dentified by identifying areas that have positive

curvature.in at | east.one of, these two directions. The, curvature in, the
R PRt E IR RIS v o age e s TG b At o o ats G e
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i mage processing functions were applied to the binary inmage to clean it up.
I n addi t iidentifp@aiksr Blgingrd At atB.dhe felbovisg dhrkshalding wae appliad. at Faeh pixgkbtoof t he
medi an filtertqﬂd t he distapce et we %he points used for the curvature

e the bina ages olr]pe?tl lgﬁntl 1catl

cal cul at iSHE*&r'e Inportant” ard'?do small, the main peaks may break
up into smaller

15 max (g-curvature, t-curvature) > cOmax

min (g-curvature, t-curvature) > cOmin

where cOmax and cOmin are curvature cutoff values. Typically, cOmax and cOmin were
assigned as follows:
20
cOmax = 2sin(qg)Ny / fov (g0 and Ny are fixed parameters)

¢Omin = - cOmax

¢o should be an estimate of the smallest slope (in degrees) that is of significance. Ny should
25 be an estimate of the least number of peak regions that is desirable to have across the
longest dimension of the field of view. fov is the length of the longest dimension of the

field of view.
MATLAB with the image processing tool box was used to analyze the height profiles and

30 generate the peak statistics. The following sequence gives an outline of the steps in the

MATLAB code used to characterize peak regions.
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regions due to inperfections on the peak. If they are too |arge, relevant
peaks may not be identified. These sizes were set to scale with the size of
t he peak woghmvi®as the width of the valley regi on bet weem/ush@opaesks,

whi chever is smaller. However, the region sizes depend on the size of the
median filter and the di stance between the points for the curvature

cal cul ations. Therefore, an iterative process was used to identify a

spaci ng t hat- Janvreberedf psxshe>pr 8L 0@ bwn redyse npmber of@sxals i n good peak

i dentification. Sl opg,a r.vat.ur e A I face profile data gives
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hori zontal direction of the inmage. The y direction of the inmage is the
vertical direction ibtskime | thepearrvar RBTinaskinsad1 x 3 (EAfidutkp/)itinencdian
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di stribution and gives the fraction of slopes that are greater than or
equal to q. 4. g=cureat UEw, image keening averyt méimprekin egrhodirackien e gdkedin
vector (inverse m -curygt yre, - atywre in the direction
transverse to the géggﬁé%?bW%%gng rﬁgreggﬁk c?%ns) Curvature As depicted
in Fig. 12,2the gwny@ixyrgyat a point is calculated using the two points

used for ' ' '
10 — Ax s the step size that will be used in the slope calculation

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

3. Perform median averaging with window size of round(fax*r) X round(far*r)

pixels.
— If the regions are oriented then median averaging is done with a window
with an aspect ratio (W/L) close to that of a typical region as defined
20 below. The window aspect ratio is not allowed to go below the preset value
rm_aspect min.

* Note that if the regions are oriented, the height profiling should be
performed with the sample aligned such that this orientation is
along the x or y axis.

25 — For this analysis, the regions are considered oriented if

* mean orientation angle of the regions (weighted by region area) is
less then 15 degrees or greater then 75 degrees.

1. orientation angle is defined as the angle that the major axis
of the ellipse associated with the region makes with the y-
30 axis.

» standard deviation of this orientation angle is less than 25 degrees

= coverage is greater then 10%
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the sl ope calculation and the center point. For this analysis, the
curvature is defined as one divided by the radius of the circle that

i nscri beswohelwwrizngl e formed by these three points. cuPCatuse@06345K =
2*sin(qg)/dwhere q is the angle opposite the hypotenuse, and d is the | ength
of the hypotenuse of the triangle. The curvature is defined to be negative
if the curve is concave up and positive if concave down. The curvature is
measur ed al ong t he lfthagiséhe figeraquad odtheaegionareinoborignied thomt ure) and al ong

the direction transverse to th radient vector (i.e. t-curvature).
I nterpolation is used to~%%?é?ﬁmg%%gfﬁ%ﬂg)d[points. Peak Sizing The

curvature profil e i1gtHéseibntafioR N Abkk BbZe asisati stics for peaks on the
surface of sanples. Thresholding of the curvature profile is used to

generate a binary i magé@ that rognd{sed™* ast(¢peed) f y peaks. Usi ng MATLAB, the

foll pwi ng threshol di ng was appl i «at h pixel to generate the binary
inaggs for peak identific@?i&ﬁyﬁﬁé&r af?§ﬂ$%b re, t-curvature) > cOmax mn

(g-curvature, t-curygicWrRhtatioft @dlonoMeke HG@&max and cOnin are curvature
cutoff values. Typically, cOmx and cOrin were assigned as follows: cOmx =

2sin(qo)No Ifov {qo and Noxareupd(odd /pait@meacéds) cOrin = - cOmx q o shoul d

be an estimate of the g | e w (] ees) that is of significance.
Noshoul d be an estimate ﬂ”tﬁéu@gégf %%@%%%%@f peak regions that is
desirable to have agpass thhgch®ngrstratd MROStIbyYegloRardd el d of view fov is

the Il ength of the | ongest dinension of the field of view MATLAB with the
i mal& processing tool BoxifdslagsB@nty_amwsri #eén.ihis Seieiagmtto rofinees mahd

— fuis a fixed parameter chosen before running the program.

4. Remove tilt.
— effectively makes the average slope across the entire profile in all directions
15 equal to zero
5. Calculate slope profiles as previously described.
6. Calculate curvature profiles in the direction parallel to the gradient vector (g-
curvature) and in the direction transverse to the gradient vector (t-curvature).
7. Create a binary image using the curvature thresholding described above.
20
8. Erode the binary image.
— the number of times the image is eroded is set equal to round( » * fz)
— fris afixed parameter (typically < 1), chosen before initiating the program
— this helps separate distinct regions that are connected by a narrow line and
25 eliminate regions that are too small
9. Dilate the image.
— the number of times the image is dialed is typically chosen to be the same
number of times the image was eroded
10. Further dilate the image.
30 — in this round, the image is dilated before being eroded
— helps remove cul-de-sacs, round edges, and combine regions that are very

close together
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generate the peak statistics. The foll ow ng sequence gives an outline of
the steps in the MATLAB code used to characterize peak regions.1. |If nunber
of pixel swo=2000@1343001 t hen reduce nunber of pixels - caCTaisatie/ sk p =
fix(/ia*/i6/1001/1001)+ original inmage has size na X nb pixels - if nskip
> 1 then carry out (2* x(nskip/2)+\) X (2* x(nskip/2)+\) nmedian averaging
fix is a function that rounds down to the nearest integer. - create new

i mge keeplhb]%96¢§wn§%g% plxel in each dlrectlon (e.g. keep rows and

columms 1, 4, 8, nurnéeér rf‘sum the 1%' e is er deq 4l g&ncally cRosell tg bf[%he ssa,n%e €

step size that mnll inthe’ s TN prx-i pi Xe

size. - r is Dx l’OuﬂﬂﬁﬁrbﬂtlﬁlbﬁthﬁetaﬁgSWaMQitﬁi1&1&1‘1@&!&5&@‘ pi xel s - an initial
value for Dx_is chosen to be equal toffov*fov. ffov is a paranmeter chosen

by the user lprilBpingts regiaps that arpEoqlensriathexdepef thsrimagedi an aver agi ng wi t h
W nd§) w size of r Oun[%[glcal e}> 1t)§s dg&ﬁg(” Igr{cl(l;s)e 1? 'Fl]ﬁ(yelgaﬁf of thlefr%él{)"lﬁ %&g{h%] zne?o
a ra ratio

oriented then nedi one W an aspec

(WL) close to that+ Qf of th@/redgalwh@glr@mc&slsdﬂaélmmdaebeifMesTﬂe inhapd ovasas pect
ratio is not allowed to go below the preset value rmaspect_ mn. Note
that if the regi onsTe4ed BpiCBAt ed, the height profiling should be performed

with the sanple al 'tﬂﬂ%ﬂm?ﬁh(f& I%E%Bs {hg{ e?re%hlye&trfﬁﬂyolﬂ tflesﬁeld of view

10 13. Fill in any holes in each region.

14. Eliminate regions with ECD (equivalent circular diameter) < 2sin(gq)Ny / fov.
— o and Ny are parameter used in the curvature cutoff calculations.
— this eliminates regions that are small compared to the hemisphere with
15 radius R
— these regions is likely to have slope variations within the region that is less
than ¢y
— another filter to consider in place of this one is to eliminate regions with
standard deviations in the slope less than a cutoff value
20 15. Then calculate a new value for r.
* if number of peaks indentified equals zero then reduce r by two
and round up
= gotostep 4
— new r=round(fw* Ly)
25 * fwis a fixed parameter (typically < 1), chosen before initiating the
program
» [yis alength defined in Table Al
— if new ris less than ragy, set equal to ragy
— if new r is greater than ry4y, set equal to ryux
30 — if r is unchanged or is repeated, this is the value for » that is chosen. Go to

step 17.
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along the x or y axis. - For this analysis, the regions are considered
oriented if nean orientation angle of the regions (weighted by region
area) i s weasiwtaensl5 degrees or greater then 75 degree®CTAIS2@0i0a6s4at i on
angle is defined as the angle that the major axis of the ellipse associ ated
with the region makes with the yaxis. 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 - If the
orientation is al ongfthRrdge -dr@$its a tor of Kcf dhdS Artif @SRREtb:) of resiodly
=rounder / sqrt(aspec ) ; - If the ogrientation is along the x - axis /M

=rounder / sqvt (aspdByreases nakacter of A prigeriet therks the Prgvipus Valye fa¢tis chop nean
aspect ratio wei ght egh Bytpagi on area if it is less than rmaspect_nin, it
is set equal to rmaspect_mn. - / Mis a fixed parameter chosen before
runni ng the programif @yvalRefooves npi ¢hosen, gefofstaptd. vel y nmakes t he average sl ope
across the entire profile in all directions equal to zero 5. Cal cul ate
sl ope profiles as previously described. 6. Calculate curvature profiles in
t he directi on6porald redhoten, tatalage tdifdivineditonsi¢rydorosal wgoh idmdfied t he
di rection transver_seEéIS),Lt,%9,a égs?)le&rr\éﬁoyect or (t-curvature).

17. Calculate the mean and standard deviation for each dimension.

18. Calculate coverage and NN (Table A2).

10
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

I Ax rounded to the nearest number of pixels

fw new » =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
(W, W1, Dy).

Wo Wo = fwo™ W + (1-fwo)*L

Wi W, = Wy*(coverage” — 1)

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

0 this point)

fwo parameter used to calculate 17,

fr the number of times the binary image is eroded = round(  * fz)

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(gg)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

4 longest dimension of the field of view

qo estimate of the smallest slope (in degrees) that is of significance

TN r is not allowed to go below this value

FMAY 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 r
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7. Create a binary imge using the curvature threshol ding described above.
8. Erode the binary image. - the nunber of tinmes the inmage is eroded is set
equal to wounui141345f E) - E is a fixed paraneter (typicacirguszoibp3iesehosen
before initiating the program- this hel ps separate distinct regions that
are connected by a narrow line and elimnate regions that are too small 9.
Dilate the inmage. - the nunber of tines the inage is dialed is typically
chosen to be the sane nunber of tines the inmge was eroded 10. Further

di | at e t MablemeyRefinitiony férhregion dinredsionshe i mage i s dil ated before being eroded
- hel ps renove cul -de-sacs, round edges, and conbi ne regions that are very
cl ose togetber1l. Hra@ealchecitciRggiametet (FED)WTRREgi@d tinmes the image is
eroded i typical Tyl ehas6Nmhjer Hes sMBe S8pR thid Aehe Himd AoimsliZl SeconBERARAS
dilated jh the Iast Bb@bhtd & thEldgf¥nnat e regions that are too close to the
edg_e of [he T mage. 'leﬁ@fﬂbpﬁlﬂoy“l& of th@elﬂﬁ&r{ﬁﬂ hhOBe CdrSkormhliZal ¥eddad berfal T 1€
regi ons ¥ within (nrﬁ&(ﬂg;ﬁsa'stg%regfont he edge where nerode is the nunber df
tinmes th asbé[:ﬁlga(_t‘lo"\’ds Wr/ agea 1rm st ep 9— [HI 5 e mmates regl ons that —are

only parfrarty tm LIfqualsb' %1 ﬁ‘ﬁﬁes areroot of'the urﬁ'ber ofre ”p?e?ﬁh’l%ar'eaew
are i

14. E ) No
I mnate regi Onl§art1al I (ée n 1§ (,ha cu a%lpn a’{l‘hlis 18 e@ﬂ%lg? he ngilrgﬁl ‘g?(i OZ]S.
H

Ifov. - gv¥ and No fa ?%1
- this of imnates rEHERE T lggéfﬁtévesmﬂce%frpsi@eefagl?%s THE RSB TR
Equals the total area occupied by the regions divided by the total area of the

image. Partial regions are included in this calculation.

coverage

The dimensions were averaged over two height profiles.

Typical parameter settings were as follow:

ffov  0.015
fw 1/3
10 fm 2/3
fr 0.3
fwo  3/4
Kc 172
Kn 24
15 rmin 2
rmax 50
rm aspect min 1/3
No 4
qo 1/3-1/2
20
These parameter settings can be adjusted to insure that the major features (rather than

minor features) are being identified.

25 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

of this distribution is referred to as the mean height.

30
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radius R - these regions is likely to have slope variations within the
region that is less than q o - another filter to consider in place of this
one is towel2omnrai4e regions with standard devi ati ons i nPCiaSsdiopassuhess t han
a cutoff value 15. Then calculate a new value for r. if nunber of peaks

i ndentified equals zero then reduce r by two and round up go to step 4 )

f wis a fixed parameter (typically < 1), chosen before initiating the
program RoughnesssVieHiies: h defined in Table Al - if newr is less than GMN ,
set equal to GMN - if newr is greater than r MAX, set equal to GVAX - if r
i s uncharRged Aorrdgs roegheedsesd]cutahidsovies thctpativahemsufedrarmayt hat is chosen. Go to
step 17.- if coverage drops by a factor of Kc or nore or if the nunber of
regi ons increases by factor of Kn or nore, then the previous value for r
i s chosen. Go Re= il?izjk{f a value for r is not chosen, go to step 4.
16. For the r cho , “cdf'cul ate the foll ow ng di nensions for each region
identified: - ECD, L, W and aspect ratio. 17. Calcul ate the nean and

st andard devi avhaemfZgr= tadisight obersh prxel aier tBakeainzee icowevadie and NN (Tabl e
A2) .

10

Rz is the average maximum surface height of the ten largest peak-to-valley separations in
the evaluation area,

15 Rz:%[(Hl+H2+...+H10)—(L1+L2+...+L10)].

where H is a peak height and L is a valley height, and H and L have a common reference
plane.

20 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.

25 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
moles, 1.0 equivalents), potassium fluoride (11.8g, 0.2 moles, 0.027 equivalents), ethylene

30 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,
phase separated, removed the water and distilled solution to remove residual water and

35 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
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Table Al. Definitions for paranmetersTable A2 Definitions for region

di mensi ons The di nensi ons were averaged over two height profiles. Typical
par anet erweeptmgsswere as follow ffov 0.015 fw 1/ 3 f EPOTAISkaw/03¢547 Kc 1/ 2
Kn 2-4 rmin 2 rmax 50 rmaspect mn 1/3 No 4 qo 1/3-1/2 These paraneter
settings can be adjusted to insure that the major features (rather than

m nor features) are being identified. Height Frequency Distribution The

m ni num HeighkydyeruBEMS G5(dbt2eal 083 m@%npﬁa%%@lugwemt@egethmme PREgni ni mum
hei aht i . ‘ et . . : oy 0
et Py OOy (LERENEY I P00 12 TR 2 oot
hei ght . Ranghfressildeicracelg3Rag; 0.3% etoage0.068 gfredsntednd bcatké to aflak @pbe entire
measured array. erein Z, k = the height of each pixel after the ro mean
i's renmovedMPRESPS-Phe- allerfhigl wiagiHIRGS i aé@awﬁ%ﬁfam cpliet aery Afigest

peaks t - vl {fe¥s GERARRL Atficdidl §9Gn&ALY Rk AerHeBRtc. Added an additional 8g

acrylic acid and continued refluxing for another 6 hours for a total of 24 hours. After 24
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

10 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
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

15 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
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.

20 Synthesis of triphenyl triacrylate 1,1,1-Tris(4-acryloyloxyethoxyphenyl)ethane
(TAEPE)
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
equivalents), potassium fluoride (0.5g, 0.0086 moles, 0.013 equivalents), ethylene

25 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-
hydroxy TEMPO (0.2g, 0.00116 moles, 0.00178 equivalents), acrylic acid (155g, 2.15

30 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
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Rz = [{H +H2 +... +HwW)-{L | +L2 +... +LIO0O )]. where His a peak height and
Lis avalley height, and H and L have a common reference plane. Each val ue
report ed worotog1aenpl enment cumul ati ve sl ope di stri buti eal/yse@k/osisaensi ons,
and roughness were based on an average of two areas. For a large film such
as a typical 17" conputer display, an average of 5-10 randomy sel ected
areas would typically be utilized. High Refractive | ndex Hardcoat

Conposi t i Wso8ipditn 881 anst trasitgshwith HO@mMA L ypaiug carbonate, siisgdiox yBmph ehyse

di acryl ate, (RERPRAc [RicBud 300 o Bk A6GRI MR eaflul e RQLLGMyRQY! PPed
with a ten%era ure probe, nrtrogen-purge tube, an overhead stirrér and

heat i ng nepirelcd was randisled aguddus biTpberpahic(vidiblgted Avith #@l0ad, méhdhokdilicval ent s)
pot assium fluoride (, 11.8¢g,..0.2 noles, ..0.027 equiyal ents), ethylene

car bonat 311@11&113&_,111 g0y ipsthadarnorpag %ﬁm%ﬂe@égﬁo Fesmead by HBtESse. A 4.5
hours, CeofbdhlSyidicaakariaDi st Bidbnd sOB¢ Ghd RbornQUERIAFLNPKYAL ed and
94% product. Cool ed to 800C, added toluene 5.4 liters, added 2.5 liters

dei oni zeRawavar( a brovedoil 3328 &3 nofathcorphed eansigpaityatveslapRenomedly 856 wat er and
washed agﬁ%ﬁgﬁjth 2.5 liters deionized water, phase separated, renoved the
wat er an illed solution to renove residual water and approximtely 1.8
liters of toluene. The solution was cool ed to 500C and added cycl ohexane
1.8 liters, 4-hydroxy-2,2,6,6-tetranethyl-I|-piperidinyloxy obtained from

Cl BA Spe t ] 1 r the trade designation Prostab 5198, conmonly

referredt - hydr oxy. TEMPO ( Q. 52q,., 0 3.nol es, ..0. 00044 equi val ents),
et Doy BB LYy b Strials d6% R Na AP A yEhs G bR °)
(1089. 49,to U thethe® @Scrikdin@nsi Mad Moy, 24mEBhane sul fonic acid (36.3g, 0.38

nol es, 0.055 equivalents) and heated to reflux (pot tenmp was 92-95C). The
flask was equipped with a dean stark trap to collect water. After 18 hours

GC anal ysﬂ—mmg/b Tmlgﬁ():z{r\éinf‘b?ys'tﬁ]lrli% Tll%gl(ﬁﬂﬁl JAdded am addit) onal 8g
Weighted
Cubic/ (C, 1) M M Avg M Avg XRD
Tetragonal [Monoclinici (111) |[(-111)| (111) Size % C/T Size
89% -
100 6-12 17.0-85(3.0-6.04.0-11.0145-83] 94% |7.0-8.4

% C/T = Primary particle size
15

Preparation of HEAS/DCLA Surface Modifier

A three neck round bottom flask is equipped with a temperature probe, mechanical stirrer
and a condenser. To the flask is charged the following reagents: 83.5 g succinic
anhydride, 0.04 g Prostab 5198 inhibitor, 0.5 g triethylamine, 87.2 g 2-hydroxyethyl

20 acrylate, and 28.7 g hydroxy-polycaprolactone acrylate from Sartomer under the trade
designation “SR495” (n average about 2). The flask is mixed with medium agitation and
heated to 80°C and held for ~6 hours. After cooling to 40°C, 200 g of 1-methoxy-2-
propanol was added and the flask mixed for 1 hour. The reaction mixture was determined
to be a mixture of the reaction product of succinic anhydride and 2-hydroxyethyl acrylate

25 (i.e. HEAS) and the reaction product of succinic anhydride and hydroxy-polycaprolactone
acrylate (i.e. DCLA) at a 81.5/18.5 by weight ratio according to infrared and gas

chromatography analysis.
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acrylic acid and continued refluxing for another 6 hours for a total of 24
hours. After 24 hours GC anal ysis indicated 3% nonoacryl ate internedi ate.
The reactwonowas1sol ed to 500C and treated with 2356 PCHUSO@i00BG547
carbonate, stirred for 30m n, phase separated, renpved aqueous, washed
again with 2356m DI water, phase separated and renoved aqueous. To the

(pi nk-red) tol uene/cycl ohexane sol uti on was added_4-hydroxy TEMPO (0. 52g,

0. 003 m|ﬁ_cﬁmmmwws el Ve tPsgducedh by BraRiing suseinfanyyeridangid?6 ol es,

0. 00038 val | um num n-ni t rosophenyl hydr oxyl am ne (0.52g, 0.0012
nol es, o?@@h"%‘?@%?@ﬁ%ms) and concentrated with vacuumto approxi mately
5000m solution. Filtered through a pad of celite and the filtrate was
concent r agaiition ofFLIHOUW th an air purge, at 500C and_ 12torr vacuum f_or 3
hours. ThardoRol (1090Y &) 49¥o4 IS 46l4gl ISmbOkROLprEpHnof vk dhvrgdtisé b! 11 ng
on a roll filmevaporator. The conditions for distillation were heating the
barrel atSl1®B@] beidemehdask. dihcsRoICwan st ipSomyaspwm dihidlatier vdeeqippgid avith was
2467 85% of .t heoretical d [ . i | ¥ 90% DA.

20570 DGR NERE L GRlcbuBRd pRIE! B ARRLRKHIRISL hoRR6 RERE

1,1 - Triehdorar Yihe ylrocie bélaxy phleivkly)rdfasewtrtARRERY td 60°€. IPOASIDELAeck
round bottom equi pped with a tenperature Erobe, an overhead stirrer and

heiat ing ritFeed mwézlé"lgésdaé%ﬁg @ ,51)%%”5}2’1@( - npghexyphrapanc tiiane/ Qogt am . 65
1. i - : i i . , 0.013
gg u |F(\§} al e ngtqs?%g;{)ﬁﬁ%% )r%téosg%%g? E%t”“f?gggf gg@e(&%-égygécggggé@@%e nts) and

heat ed t cohfidccialy ataihablerfiom Goagosal ¢6.ilstdi ofdagat 630 DYus4ah solidy inethgt i al , 0%
nonoet hoxyl at ed, 2% di.et hoxyl at ed, and. 95% pr od .. Cogl ed to 100QC, added
tol uene ?Seﬁ%e?’qf’WaVﬁsé?P@FSf %@qﬂava}alpme%ﬂamge B e oy

anot her 7t§a%€1de§igrlléﬂﬁ>ﬂe‘SRTf5q 5@ %'%‘)‘ aN@Spo3Rhed 080 (PPRG vard added, 4-

hydr oxy TEMPO (0.2g, 0.001 16 ' es, 0.00178 equivalents), acrylic acid
(155g, 2.iadivivohésto tBe Bagdgwith aliermgs Themephwatch wab o Mora808Ciadd 8A%. yyer 0. 1

mol es, 0..162 equiyal ents) and . T .
?? \;\7atzer algcy Solvents Wel)e 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
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

20 composition was heated to 80°C at which time a 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. 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

25 50:50 mixture of diphenyl (2,4,6-trimethylbenzoyl)- phosphine oxide and
2-hydroxy-2-methyl-1-phenyl-1-propanone) 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.

30 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
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heated to reflux. The flask was equi pped with a dean stark trap to coll ect
water. After 6 hours GC anal ysis indicated 7% di acryl ate internedi ate and
85% pr oduw .20 1346act i onwas cool ed to 500C and tr eat edP@irtus2e10086547 %

sodi um car bonate, stirred for 30m n, phase separated, renoved aqueous,
washed again with 400m 20% sodi um chl ori de water, phase separated and
renoved aqueous. The organic was diluted with 4000n1 nmet hanol , filtered

t hrough and asirehtuby oy ingRIAOIaLiREBEEY vERaT kP tha liqud cqaposipep Thoeieahy Sahd t he

filtrat L J2t
vacuum 1 oy RS G RERE el AU RS . M ERS IR m BP0 88s R G
pulrl ty vvgﬁ_larp@thoxj m@amoBMBIBLKEPESQ@p;HBBIAi @a7gfw %%csondiﬂnSdilehe ZrO

t t
oL ege oo TR da ateh DI B o ST e + -
Prinary RRGkelniine RHARAET QRfcrFASORE o Ruif AGeNEhE L hree

neck round bottomflask I's equi pped a tenperature probe, nec ani cal
stirrer anmmaatwadeusﬂndmﬂbMKmenﬁﬂhakhkmmmhﬂmgedwhhé8@6hu@Mndgnmeagents:

83.5 g succinic a ostab 5198 jnhjbitor,. 0. ..
triethyl a‘?ﬁtﬁreVapgﬁqf‘(‘ aﬁ?ﬁr"é%%?‘ﬁ}’ler QL PYAg T Odé‘ﬁi‘n‘! g“edlqulds‘c"%lposmon

hydr oxy- Rﬁh&ﬁﬂ&h&haVE&ﬂﬁh@ﬁﬁﬂ&ﬁiﬁwﬁﬁﬂ%ﬂﬁﬁ%ﬂﬁﬁaﬁhv%@@%ﬁnhﬁ@sHﬁ&ﬂﬂn@@@mﬂnat'On
"SR495" (n average about 2). The flask is m xed with nmedi um agitation and

heat ed t ovigcoeandomnsicdmivs cbsqwoumsed aAﬂtb@tchmlvmgmn dlSﬂﬂE}tat 8900 fay anf

I- hoxy [0 adde m_xed f

R Bpaarr e B RN SR SR A S cE
succinic Bz&bMdé gesyandt chatpyd aex et dayfor a@ﬁﬂﬁlﬁéﬁ%sulﬁntlbﬁé@tvﬁ@d the reaction
product of succinic anhydrlde and hydr oxy- pol ycapr ol act one acrylate (i.e
DCLA) at @RPEEIBptely 5% yinkse grdificn 7itconacuian ingebéats monamet haviaedhe
chronato ﬁp%1§%®$ 1S HEAS Surface Modifier - was produced by reacting
succi ni ¢ an i

15 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.

HIHC1 | HIHC?2 | HIHC3 | HIHC4 HIHC 5
ZrO, w/ HEAS and
DCLA 68 70.9 68 68
ZrO, 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
modifier.
20 ** 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.
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SR601 - trade designation of bisphenol-A ethoxylated diacrylate monomer is as

and a Tg of 60°C).

commercially available from Sartomer (reported to have a viscosity of 1080 cps at 20°C

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

available from Ciba Specialty Chemicals.

10

SR399 — trade designation of dipentaerythritolpentaacrylate commercially available from

Sartomer.

Preparation of the Microstructured High Index Hard Coat:

15

Examples H1, H2A, 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,

20

laminating pressure at “heavy gauge”). The high index hardcoats were preheated in an

oven at 60°C 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
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resul tant product was approxi mately 68% surface nodified zirconia oxide in
acryl ate nononers having a refractive index of 1.6288. Preparation of H HC
2 Zi rconiso=2010/¢5R80y @ 45. 3% sol i ds) and 2433g | - met horgTarSpe1opaGsadt wer e
charged to a 12L round bottomed flask. The flask was set up for vacuum
distillation and equi pped with a heating mantle, tenperature
probe/therrmcougng%hterrperature controller, overhead stirrerand a steel

tube for Quhtdthp efghawnob~2fapior Thethigh dex hjdeant eerpanplied emthe eag of

zirconia - ne. : ce

modi fi er tﬁg@g%&%&%@%gﬁ?%keﬁﬁ ﬁ%l?@ﬁﬁgﬁﬁ%ggﬁg?@‘%@gﬁﬁﬁﬁ@ 5g), HBPA
(1979 ©gweter das placat bytopadeticlical andRoBZhd thé (p3lwith gdlyaster fnalEbagh 5198

(0. 699) re charged individually to the flask with nm xing. Tenperature
Contr ol | dhe (RNERE U1 PHEGRE etdsring Aepre Y o1 (s g0k i Yist AR UUm

di st4 |l aty ' ; t ' ' ter
vapogr st rdefgl% ﬂgte ; gbrreg? %aeagxflﬂgﬂggﬁ;ﬁ% I{Sgég“ﬁgg{r{%ﬁ @g’% r%%ntﬁgg%ﬁ?hi%%@%@?qui d
conposi t ivare phaded ov theddvhprodasiou beltl st ¢urkdiviadnV pwotymerzetiorapldre rssulezam was
continuous for 6 hours after V\gi %h t he vapor stream was di scontinued and
bat ch waS R e PPRGXIRAE 5 FOTORM S di ti onal 60 minutes. Vacuum was
then broken using an air purge. Photoinitiator (87.3g Darocure 4265) was
charged and m xed for JU mnurtes. ReSUGAE BLAATES, Was| appr oxi mately 73%
surface nodified zirco ‘ﬁ oxide—tm—act yHiLH;",JIIUIIUIIb'I s—taying the foll ow ng
properties. Hi gh | ndex Hardeoat—Coatin Fpostens—3 9 were prepared in
the same manner as H HQH9%Aand H HC 2 Tﬁgﬁ‘gt-% solids) | of each of the
conponents of the high |HAdex hardcoat weHHCAs follows. 73 wt-% surface
nodi fied ZrQ2 contai ns [HBBut 58 w -% Zr|B2HGAd 15 wt - % surface nodifier. **
Measured on a TA Instrypeats AR2000 wi t|R1E08mM 2deg cone| tenperature ranp
from

10 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
temperature of 160°F, and a high index hardcoat coating temperature of 160°F. High

15 index hardcoat coatings HIOA and H10B were applied to unprimed 4 mil polyester film
available from 3M under the trade designation “ScotchPar” corona treated to 0.75 MJ/cm’
at a tool temperature of 180°F, a die temperature of 170°F for HI0A and 180°F for H10B;
and a high index hardcoat coating temperature of 180°F. Before coating the substrate was
also heated with an IR heater set at approximately 150-180°F. The high index hardcoat

20 coatings were flood coated by creating a rolling bank of resin between the tool and nipped
film. The coatings were UV cured at 50 to100% power with a D bulb and dichoric
reflectors. The resulting cured coatings were approximately 3-6 microns thick. Further

process conditions are included in the following table.

25
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800C to 45C at 2C/ mn,

pascal

shear

rate 1/s.

Viscosity units are
-seconds. SR601 - trade designation of bisphenol

- A et hoxyl at ed

di acryl atworzoroe4si s as conmerci al ly avail abl e from SarComseonag@erted to
have a viscosity of 1080 cps at 200C and a Tg of 600C).

2- hydr oxy- 2- met hyl -1 - phenyl

- propan-1|-one photinitiator,

Darocure 1173-

conmmer

cially

available from Ciba Specialty Chemcals SR399 - trade designation of
di pent aefyt hri|t ol pent dacryl atp commegrci al lly avai llabl¥ ffom Sart oner.
Preparat ifon of| tHEIM dr odNipuct ufed Hi d¥el nddResidar dseGoat | “BExiakyl es IRl ,  HR2A,
H3, H2B, [H2C -| Hentispr(cadssacmaf iTws WeSededdeus ng @or et agygul|ar Heater
m croreplicatdgd tool (|4 {pabhep wFrile a(f§m§24 i peheg Hoonrg) | pfugheat edcby
pl aci ng fhem dn a hot [plate af 1600F at ena 35" nodel Tam|nator frgm
Ceneral Bigpdi noggageerjatign ([Beyo of N@@thbrq)gd( | LyooUSP 4@S; T ehegj ed [to
1600F (s¢t—atspeed 5, tamnmapinyg priessur 'ntdvy gd ge ). [Tfe hrgh
s Neldgga s 1 SO <, A UL LB Sl S
bul b, di¢hroiq refl ectlors). Spanples |of pollyester (fil mwerecut to the lgngth
of the t@dl9 (J2HBEEYS | THY hi hh17&dax Har dcok$0 wer el ®¥np] i t hE6Gnd |of
the tool |[withla plasti|c di spo=ab| e pipettd, 4 mlf (M tspbishi |OB21E10076)
pri med poHAestleHIHEs] gl ackd oph 16 gf 4he |beded and 600l | 3awd tfhe t@bl With
pol yestef run [t hrough [t he | an] nator,| thus [spreadilng the| coating
appr oxi maysd v |optes tljoolggsuch that [depgesisi s af fdoe | aob were igd | ed
wi th thefhigh|refractifve Tndek hardgoat cgmpositijon. ThE sanpifes were
pl aced o e U},_lnﬁto;:e 0 be t1:7161d cup d |vi i‘6¢N pofd()ner|4zt%t5i qn. il'
r esul ti ng—cutrqe—coattHgs—wererapproxirately 3-—6—feronsrthtek A at er
was used a t he |ot her h_j ndex har|d t qoatingp (18 |nch
width) o Fl% Fp]‘ﬁdﬁ; XuUbst$Yt eg_g,ﬂﬂ,e_‘g_t_ﬁgr 2&) rlelxoohg (tﬂér r‘nn?&)‘\
except f¢r H QA and HI OB, werp appliled to [pri i med |PET avpi | abl & from
M t subi shiHlundeHIHRS t|r add®d 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 4t05 180

10

15

* Approximate Thickness

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

microstructured high index hardcoat samples were characterized as previously described

in Table 1. The dimensions of the peaks of the microstructured surface were also

characterized as previously described in Table 2.

Fabrication of Matte Film from Moderate Refractive Index Hardcoat

Materials:

Si0; surface modified with A174, as described in PCT/US2007/068197

SR444 multifunctional acrylate from Sartomer Co.

SR9893acrylate functional urethane oligomer available from Sartomer Co.

SR238 hexanediol acrylate from Sartomer Co.

Darocure 4265 photoinitiator blend available from Sartomer Co.
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designation "4 m| Polyester filmO0321 E1I00WG6" at a tool tenperature of
170 OF, a die tenperature of 1600F, and a high i ndex hardcoat coating

t enper at Wwe 20fo/u68F. Hi gh i ndex hardcoat coatings H OApPamdSkhi@B36seT e
applied to unprinmed 4 m | polyester filmavailable from 3M under the trade
designation "ScotchPar" corona treated to 0.75 Ml/cn2 at a tool tenperature
of 1800F, a die tenperature of 1700F for H QA and 1800F for H OB, and a

hi gh i ndex hardcoat coating tenperature of 1800F. Before coating the
substrate was al so heated with an IR heater set at approximately 150- 1800F.
The hi gh gggeKBANdo0ak GR%d MEGMERFO S thof-HBRS-0dbBYand fal iniddavitip! | 1 ng
bank of resin between the tool and nipped film~ The ‘coatings were UV cured
at 50 t oIS poddraredur H265 © frovide drdcodipoktoon o thefabedietrvs.. Wise resul ti ng
cured coatings were approxi nat el -6 mcrons thick.  Further process

cond t | ofomiEot e ABETKes Tercr i P ity S SBTatot) e EEws i BEhess The
clarity, BagRed B8y WIRIRAS LG PithAtdV® MilnaRg ¢dPstri bution of the

m crostructured 'hi gh 1 ndex hardcoat sanples were characterized as

previ ously described in Table 1. The di nensions of the peaks of the

m crostrygct ur suyrf.ac al so .charagteri,zed as previ described in
Tabl e 2. %I%’é%lpﬁglg? iﬁt)rfTll Sg R%? ?3’ H Far%e(rfr%o& f;/t)a(l:}gﬁ% neb%ﬁé(%g%{h?@gi%na&gx Har dcoat
Mat er i al DarGiR 4365 hraL@ccmdichiipehivddtdveight4, as described in

PCT/ US2007/ 068197 SR444 mul tifunctional acrylate from Sartomer Co.
SRo¥®3acr yl ate functional urethane oligoner available from Sartoner Co.
SR238 he i : i - I.nitiator
bl end avay sy e pAgh LBEP ol 0GP e oL ASH AT RGN, | L3 S o
i n |- met hoftyetize piidegdiacd cowaformulsechsik titscERéd s fatidwkiar ocur 4265 to provi de
the conpostion in the table bel ow. Wen honogeous, the solvent was renoved
by rotary evaporation at 68C (water aspirator),

Formulation | SiO, w/A174 | SR444 | Darocure 4265 | CN9893 | SR238 | RI

1 48.75 48.75 2.5 0 0 1.478
2 0 0 2.5 68.25 29.25 | 1.484
15 Handspread coating were prepared in the same manner as the microstructured high index

hardcoat on two different substrates.
Substrate 1 - 4 mil PET from Mitsubishi O321E100W76
Substrate 2 - 4 mil PET from 3M trade designation “ScotchPar”

Microstructured
surface % % %
Example Composition | example: Substrate | Transmission | Haze | Clarity
H10C 1 HI0A & H10B | 1 92.6 1.76 | 85
H2A, H2B,
H2D 1 H2C 2 93.5 581 [81.6
H1 A 1 HI 2 92.4 14.6 |52.7
H2A, H2B,
H2E 2 H2C 2 93.6 493 |82
H1 B 2 HI 2 93.9 13.9 |51

20
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foll owed by drying with a vacuum punp for 20 m nutes 68C. Fornulation 2 :
The SR9893 was heated to 700C and then bl ended with SR238 and Darocure 4265
and nechawpDcaldpizssxed overni ght. The concentration (w PeTaskédsyeshior each
of the conponents utilized in the noderate refractive i ndex hardcoat
formul ations is described as foll ows: Handspread coating were prepared in
the same manner as the mcrostructured high index hardcoat on two different
subst r at e¥hatisiedaimedds:) - 4 ni| PET from M tsubi shi (821E100W6 Substrate 2
- 4 ml PET from3Mtrade designation "ScotchPar"Wat is clainmed is: 1. A
matte filmconprising a mcrostructured surface |ayer conprising a
pl uralityl. ok nuterfidstdougiidings hrvosngctaraisuphenintr @umuisalg agusliope magni t ude
di stribution such that. at Ieaft 30% have a sl ope magni tude of at |east 0.7
degrees dRi§rosfruplateshaviggpicoiRlcma syaulEyhtlpRi@aghiyde destibitipn puch hapilees;
and er q| s ' r ' edded
o part e o A R (B e o R e e ot ¢ he
m cr ost r uodgnitede bbless thais | Splegregrint wderah nd gester lean SDO3olibgr ees. 3. The
matte filmof claiml whereig tdle st 5(1%)of the mcrostructures have a
sl ope nmadRictATHECYFes CRUETIHAROL! H@%FQ@ C1%. The matte filmof claim1l
wherein at | east 40% of the mcrostructures have a sl ope nagnitude of |ess
than 1.3 degrees. 5. The matte filmof clains 1-4 wherein | ess than 15% of
t he m cr dstTheoneitefilmokclains | vheronmefrtast de’ooff the micgesguewsesdravgpeper. 6. The
mat { e film of éégﬁlggst%algled%rei n |l ess than 5% of the mcrostructures have a
: egre

sl ope nagnt Y 8SYr greater.

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

magnitude of less than 1.3 degrees.

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

magnitude of less than 1.3 degrees.

5. The matte film of claims 1-4 wherein less than 15% of the microstructure have a slope

magnitude of 4.1 degrees or greater.

20
6. The matte film of claims 1-4 wherein less than 5% of the microstructures have a slope
magnitude of 4.1 degrees or greater.
7. The matte film of claims 1-6 wherein at least 75% of the microstructures have a slope
25 magnitude of at least 0.3 degrees.
8. The matte film of claims 1-7 wherein the surface layer comprises peaks having a mean
equivalent circular diameter of at least 5 microns.
30 9. The matte film of claim 8 wherein the mean equivalent circular diameter is at least 10

microns.
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7. The matte filmof clains 1-6 wherein at |east 75% of the m crostructures
have a sl ope magnitude of at least 0.3 degrees. 8 The matte filmof clains
1-7 wher eWo 20toer4s345f ace | ayer conpri ses peaks havi ng a mearuSequioseshent
circular dianeter of at least 5 microns. 9. The matte filmof claim8
wherein the mean equivalent circular dianeter is at |east 10 m crons. 10.
The matte filmof clains 8 or 9 wherein nean equi val ent circul ar dianeter
is | ess tWanlhganateclgnef claims 8THé waarela meanpasivalenbeirmle dgmaeriptasethant he
nmean equiyglgpd,cCcireular diameter is less than 25 mcrons. 12. The matte
filmof claims L-7 wherein the microstructured surface conprises peaks
having a nean length of at least 5 mcrons. 13. The matte filmof claim 12
wherei n the peaks have nean length of at |east 10 mcrons. 14. The matte
Film of cllaiThe Matte WAEYGIHMS R EFTebE PapE e ey cce AMEEE isdestks
havifig a geass widbh of at least 5 microns. 15. The matte filmof claim 14
wherein the peaks have a nean width of less than 15 mcrons. 16. The natte
filmof any of the preceeding clains wherein the fil mhas an average

roughness, ( of less than Q.14 mcrons.. 17. The matte filmof a of the
br eccedi g o GTRSAES -ﬁ%alm»%g-?l PRICHLEC BH oy By elysd ?%mwsal@éﬁiei ght
(Rz) of ligsmgthBBanlick@h B & 1048 5 nliBrond mMatte filmconprising a

m crostructured | ayer wherein the matte filmhas a clarity of no greater

than 90% an average surface roughness of at |east 0.05 mcrons and no

. . 0
gr 6?6 er tlga nl"hg'n]fafliter%l%lr i cﬁaima@wﬂé}%{nethg pga?(s %EVGeaé reI‘lreaIE e%gthSOC% éo[ f%:fastt 1%6
m crostruct ures

microns.

14. The matte film of claims 1-7 wherein the microstructured surface comprises peaks
having a mean width of at least 5 microns.

15
15. The matte film of claim 14 wherein the peaks have a mean width of less than 15

microns.

16. The matte film of any of the preceeding claims wherein the film has an average

20 roughness (Ra) of less than 0.14 microns.

17. The matte film of any of the preceeding claims wherein the film has an average

maximum surface height (Rz) of less than 1.20 microns.

25 18. A matte film comprising a microstructured layer wherein the matte 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 wherein no greater than 50% of the microstructures

comprise embedded matte particles.

30 19. A matte film comprising a microstructured layer comprising a plurality of

microstructures wherein the matte film has a clarity of no greater than 90%, an average
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conpri se enbedded matte particles. 19. A matte filmconprising a

m crostructured | ayer conprising a plurality of mcrostructures wherein the
matte filwohas/@iabarity of no greater than 90% an averagasaxionsesur f ace
hei ght of at |least 0.50 mcrons and no greater than 1.20 mcrons, and
wherein no greater than 50% of the m crostructures conprise enbedded matte
particles. 20. A matte filmconprising a mcrostructured |ayer conprising a

pl ural i t ynsfimgincyusiaee brightrad ot (g le hmidrensriged the reaten thes 20 sligientwnéf no

greater t 909% o2l OSLr : ' ayi.ng a
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m crons, and no greater than 50% of the m crostructures conprise enbedded
matte partic|es. . The matte film of y of the precedi ng clains wherein
the matt &4 H%aﬁsg'l}la COMRFISNg GRICESTHEHSE ASTEOBDSinha PHEEAE of | m of any of

the pr ecqgfcf&trﬁ&tﬁ{égmﬁg?&ﬁ BlemiRerIphdse d(lgulitg'owlﬁg rggé;ca'fbrttllﬂa% 91;{’1% hgfhef 11 m has a

haze of no greater an 10% 23. The matte film any of the preceeding
cl ai ns t heicmstucastadeyan ceniptisgsercalcamyiigsencdheuhedot demopredaticast a

pol yneri zable resin co sitjon. having a refracti i ndex of greater than
Bbout 1. GBI ane AR S A {0t ATt StRear A0l OMRTRE R esi n
conpositugﬁqﬁﬁgg@bQRQd@@ﬂ@gﬁﬂkm%les having a refractive index of at |east
about 1.60. 25. The matte filmof claim 24 wherein the nanoparticles

conprise zirconia. 26. The matte filmof clains 23-24 wherein the

nangpart il are surface ified wth .a c ound co i sin car boxylic
e ¥ ana 2 ciis T e AR B erlle il ARG BRI OEh 5 Ja iRt
conpri sest feall 700, ester repeat unit or at least one C-C ester unit. 28.
The matte filmof claim27 wherein the conpound conprises the reaction

product of
22. The matte film of any of the preceding claims wherein the matte film wherein the

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

15
23. The matte film of any of the preceeding claims the microstructured layer comprises
the reaction product of a polymerizable resin composition having a refractive index of

greater than about 1.60.

20 24. The matte film of claim 23 wherein the polymerized resin composition comprises
nanoparticles having a refractive index of at least about 1.60.

25. The matte film of claim 24 wherein the nanoparticles comprise zirconia.

26. The matte film of claims 23-24 wherein the nanoparticles are surface modified with a

25 compound comprising a carboxylic acid end group.
27. The matte film of claim 26 wherein the compound comprises a Cs-Cg ester repeat unit

or at least one Cs-Ci5 ester unit.

28. The matte film of claim 27 wherein the compound comprises the reaction product of
30 1) at least one aliphatic anhydride, and
11) at least one hydroxy polycaprolactone (meth)acrylate.
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i) at least one aliphatic anhydride, and ii) at |east one hydroxy

pol ycaprol actone (neth)acrylate.29. The matte filmof clains 24-28 wherein
t he nanopaiotzoolas34ar e surface nodified with a conpound pcepse@d/obss4t he
reaction of an aliphatic anhydride and a hydroxyl C - C al kyl (neth)acry

| ate. 30. The matte filmof clainms 23-29 wherein the polynerizable resin
conposition conprises one or nore aronatic di (rret h) acryl ate nononers in an
anount rangi ng fromabout 10 to about 20 wt-% 31. The matte filmof clains

23 29, whosiel e D AP bYSEILARDAC SRL 0 RURAREL O SRR SER AR & O

about 15 "W a Ccross avin € groups.
32. The nwhipeuhd pirepaed cbbzahmaaﬁmz& an/rahplmtm dnhedridal apﬁarliyzlabdye Cre€kn
corrpositlag (c n&rls S up to about 10 wt-% of an aromatic nono(neth)acryl ate
mononer . BYIMHBaE{A® i1 m of clains 1-22 wherein the microstructured

| ayer conprises the reaction product of a polynerizable resin conposition

havifng a JefrRchiieni\oertaifl 2heBswhdan tBOPM mlriSdile Rdin c-gﬁﬁooﬁﬁﬁ%ﬁe film of

claim 33 wherein the mcrostructured | ayer Conprises silica nanoparticles.
35. The mmpelsés dnmmjfm(ub aiom®B® dinertipleerytademonemeors tin aic tmped rhizgreg froonpr i ses
aurethaaﬁ) atn{ i) he matte filmof any of the previous clains
wher ei n tH&" Sopy % are free of matte particles. 37. The matte film
of any of the previous clal nms wherein the mcrostructured | ayer is

m cr or epl3icatiRdnatte film of claims 23-29 wherein the polymerizable resin composition

comprises about 5 to about 15 wt-% of a crosslinker having at least three (meth)acrylate

10 groups.

32. The matte film of claims 23-29 wherein the polymerizable resin composition

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

33. The matte film of claims 1-22 wherein the microstructured layer comprises the
15 reaction product of a polymerizable resin composition having a refractive index of less

than about 1.60.

34. The matte film of claim 33 wherein the microstructured layer comprises silica
nanoparticles.

20
35. The matte film of claim 33 wherein the microstructured layer comprises a urethane

acrylate.

36. The matte film of any of the previous claims wherein the microstructures are free of

25 matte particles.

37. The matte film of any of the previous claims wherein the microstructured layer is

microreplicated.
30
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