LI GAHT CONTROL FI LM BACKGROUND 5Li ght control film (LCF), also known as
light collimating film is an optical filmthat is configured to regul ate

t he transwbDeeixmw2438 |ight, often to obscure what is bei rgTHISeMRAIT2OM
others (for exanple, privacy filnm). Various LCFs are known, and typically
include a light transm ssive filmhaving a plurality of parallel grooves
wherein the grooves are forned of a |ight-absorbing material. 10LCFs can be
pl aced proxi mate a display surface, image surface, or other surface to be
viewed. At normal incidence, (i.e. O degree view ng angle) where a viewer
is looking at an image through the LCF in a direction that is perpendicul ar
to the filmsurface, the inmag i the view ng angl e increases,
t he amount of |ight transm ttg‘db?”é&l}gﬁﬁbg‘e decreases until a view ng
cutoff angle is reached where substanti aIIy all the light is blocked by the
| i ght - absorbing 15material and tFﬁcL UIN'i) no | onger viewable. This can
provide privacy to a viewer by blI'ocking observation by others that are

out si de a typi ¢aght qoatng 61nofl.CV), elva imgwamdigesollimating filnk, G optéal five thatiepar ed by

mol di ng an&nﬁguteﬁ@o\é@ha@tm%gnﬂg,oﬁopl ¥ R kAR WiESE &u%mea«em&rma&ponate
substrate. Such s are comercially available from St. Paul,

M\, under {giexamplscrsiverd Sy atarigys LCERATE knopp, apdiyricylly inciyg ae'[%bt?"% Gters and
LCD Moni t ofilf'haviddGonal@ndfipaalél grparalieedin thy @ovethrd tointeg ofer lgheabepridngrensi onal

l'i ght CO“HFQJFr |Irrs i.e. they have a light control effect only to the
right and t up and down) of the film A single sheet of conventional
fi ' mi®hus cannd Fﬁ@é ¢ plpfed preEimate a AigRlay spifrce faage Briaernohersuifsce 19 direct i ons

i ncl udi ng \nd“gbt Aammmeﬁctde;&edlupdagmvd@wg aitfe) tvh@e £ Vibwar islidokmp aian ihae achi eve a
| i ght Cont hq LeC(iTtm :Ia nlre\ét?owﬂ% 155894%% lel%r?ontﬁ%PlX) sgrfa%g rh ?m%,g?n\ﬁéwaﬂlé 9)@ control

film two ' ‘coul'§* DE“over rections crossing
each ot herthe ‘me/@gle incigisss, themltnaﬁlllghtFr%m!tﬂe@thrqqgl’tth@?ﬁ'Q?B‘le%??ﬁ‘@\‘“al ncreasi ng

the film t\hévﬁrl@l%%& aRdMdis Q@&)E@@@r@ﬂb&éﬂ@all& hIgiL héhﬁ @'Bﬁ)eﬂeti 'byaﬂlgﬁght &SJBMBY The
present discl osur e provi def q); &Fn trol |l mth a {evsv gap qqn

transi t t i BRI PR Tﬁge 369 W“%%V'ﬁg ’é\?\?é’rp“ivlﬁje B<er'va8 ViR oY f n, onI y
within a vibsanarign yedien thatentusided taicalumde bihéewirgrangiés. (per pendicular line) to
a surface. The LUFQ(QB b&}pr&;areglby T‘nblldmk %rﬁﬁfaaiblle%um&%g/m'eMaQE Pshb@n or |ight

outside of this view ion, rovi ecur] in all d| r tions
i ncl udi ng H"i‘ygﬁ?"“étﬁ&‘bft@?et ‘rg‘?d‘qubaréﬁ‘lﬁ“"% B‘fa”"lbif %NHXOWBY 5t § nt r ol
fi | m generwabdryheitiadd dacigmtian “pMUl Faletstiyr Nofebdok Flampiteraang M@Mcmeorefaw ties that are

surr nded by %Uéx%grgb%? %grglgeégrlopl di glre.oﬁé ?1m§rﬂﬁmlimton§@%pt E@?havy\o

2012/162458PCT/ ity of cavities Is optical Ig I sol at ed
f rom adj acelight aidl effessonlyEbpright a'th@‘ (of ypropd davanefheddpy 4 S’(’i‘%}%f’hte?ttﬁ ef fectively
bl ock | i ghdonwhiidai fEAHRS SniddRed Méiuteys b 16 kibere @dcurdty \ni ai\Wireegor(siinciding cut of )

taﬂg![ el nl:lnuonteangﬁé}%e nE h;{ Enﬂ%o% gtstEenttlmd&nso(r: ProdlifevPh Rg\ﬂt g)%ﬁ'ol%ff!:clt Q%rio‘&ﬁ)“t rol film
directions by a conventlonal light control film, two films could be overlapped with their louver

25 directions crossing each other. However, this inevitably results in the problem of increasing the

film thickness and decreasing the light transmittance.

SUMMARY
The present disclosure provides a light control film that is capable of transmitting light, or
30 allowing a viewer to observe information, only within a viewing region centered around the
normal (perpendicular line) to a surface. The light control film generally blocks information or
light outside of this viewing region, and provides security in all directions including right-and-left
and up-and-down of the film. The light control film generally includes a plurality of light-

transmissive cavities that are surrounded by a light absorbing material, such that each of the

-1-



maj or surface and an opposing second maj or surface; a |light absorptive

mat eri al extendi ng Sbetween the first and second maj or surfaces; and a

pl ural i t ywof2ompise4sal | y-i sol ated |ight transm ssive cavi PrCeaSat12loeess
partially extendi ng between the first and second najor surfaces. Each of
the plurality of cavities includes a first aperture coincident with the
first major surface, a second aperture adjacent the second najor surface,
and at | east one side wall extending between the first aperture and the
second aperture. Further, the second aperture and the second major surface
are 10sepaplatakyg ofopvitidsas dprighy isellbysdfirqmt ddiseenhwryities. &hchledithe Hght-rardsaiiselvet hi ckness
greater th@aQItIQS e]”femvglgf B1dck light which entL@th@%ﬁ@&ftsr&%@?@nEwmé(h@ Ri@§ Rk di scl osure
provi des a di splay device that, includes | i ght il m_The |ight

control fil m i 8 PRFcieRsCt: e '?rFste%ttd'Sﬁl&ﬁuf?rp”’é’L?stadtht cél?f(:?' g'ﬁ‘ E?SH’(S@F%QH W¥cond maj or
surface; amhjogphifacabsianpphovisg wweine majat sudack; eln@htmgsobmt/m:ematdxendmg st and second

maj or surf B&Fn uf el a%dpécwd%aé&ymagqs%na %&%rhtyoro@ﬁéaﬁr egat FidnbA0RAT SSi ve

cavities at | east part xten et ween first and second nmj or
surfaces. ks sfeast pastighy @ﬁ@mne petpygen @a\firSf. "}“ééecPWd‘l‘adRﬂé‘gfa%FSf FackefBerture

coi nci dent piwafid ofdﬁﬁtnéshﬂ’cﬁxﬁesﬁ&]r@ﬁpe&u& Ecﬂr&:ﬁient&ntﬁ&ﬁ(ﬁl‘bﬂmﬁﬂ&nﬁfué e sadpdacent the
second maj or _sur ne si de n the
first apejr PRI E® %Ma(ﬁeri?ﬁ‘e secorgonﬁa r<'§1urea(r:et’ ?Jnr &t o4 Pe \I{E@e wa" ttﬂg geon ng%\gﬁtsur e and

t he secondapvajropandsherstaudapartuse. sfe'pbﬂf aheseropyl aperiyse 4"ﬂ§]ﬁ§e°aﬂ3‘§@?ﬂ%ﬁqf@éﬁ ¥t eri al

havi ngp a | %B&im&&l&ﬁ@%&%bm&aé ﬂ£tertahraamm9a ﬂancﬂﬂrﬁl’ir@ﬂ%reat&%ﬂ oyiehic@mot her aspect,
the present disclosu la‘#tght contr ol

e
film The Iight! “EW?WFP‘P ﬁ‘F Fﬁefeﬂ qasﬁl(%'ée p“?aw{ef’? fpt’al’faevdcrenhsaﬁ'r" gadcs?sea
opposi ng sewoddimajieligsyerfiat@m naplddrsghﬁrstathﬁmstpfapwd predpegsinglsecendtreidi ng

bet ween t hﬁlrtfa% o $hi hmgo ﬁgm@t@nmt%ngwérﬁé firsednd s@orralnw@k‘;rrayes Qhda
optically-1so ated 11 ght transm ssjve cavities at easr;?g‘% rtial Iey ext endi ng

bet ween t hBuR|ity t oPLdy-selah tehhBgngpissig cpviiiesdt leagpajaliyrexte PRIt y of

cavi tiiges i Asl ddesord nfajok SirfacepeEdchlsfahehedinynd coéirs inviideha fikepériurest  maj or

sur f ace a SeC d%rﬂ%ltﬁgi%l‘f‘FSP%?OraSqu&g %QECO#&?CF&%CEQBQEH{% S%E0n§ W’Zijfo%ﬁace aa'ﬂ&iatat l eaSt
one side wall exten g st aperture and the second aperture.
Further, t ket S@é@ﬁﬂalhﬁé@@‘ﬂ# fetvepsiithe Aist @%H’ﬁ’dd hapsdepsripgc Evtetheepar at ed by
the |i ght aeb&ﬁrapetnm\éendﬁaé £Edn@ majdnstiig ak sipaindd bihe keasorgve abetial hvaig 0. 1

m crons. f yer ElnessggEGte Er roeldmlcr%nd preferably"” refer to enbodi nents of the
di scl osur e* A4 f certain benefits, under certain circunstances.
Howev@®, ot her lemﬁ@chﬂrrewp@t ﬁmﬂeéﬁnsdjscb@lfmf@f‘@ﬁ p window Alenethat frislades a fightor ot her
cir CUITBt ang& ol ikl ch@lﬁg‘ﬂWoﬁtroﬂﬁhﬁmEl@&k Tadibst @ﬂo@trf&@ﬁhd@ﬁ oppRkif: Jotoall mhjoed

enbodi nment s 0es not

ot .he ts are not useful, and is
not i nt end&dt @?&Tbﬁﬁ@ VS%/"ﬂté?aqé’ﬁ%‘S‘ﬂF h%‘ﬁ‘iegq\@ 5 a"tcl RESOUI IR saces Rd &, scl osure.
As used hepleiahity of gptitally-gsalated Yighh mansmissiste chvitigs at ]@ﬁ@ar’tlalym@teﬂc@m@e@@enﬁm e" are

used inter ﬁﬂ%ggé%ManajoTQHQeesfﬁgch SR ity 6F cHMRS InE1BdeS a hHPJpUrdJré"g an” array
can be interpreted to nmean that the substrate c

arraygd  coincident with the figsp majprsugface zi‘r?&cf’%drape'?’f‘é%ﬁquce&htg %?Fongmajobsfurf?ﬁ%ea”ij fst ed

el enent s oleasaommblwllaéme@mnmetmythb it apertubeand ehe ofcortdhagertuies Fatheetbenent s. Al so
herein, th b F3096R4 BY P&U e ki 8R! |
nunbers su esC?JnﬁéﬁerﬁFe aﬁ(ﬂ%e& Ong“?%%%g%ﬁac??&)gxarrp t 5 |encl ddes .r% 1.5, 2,
2.75, 3, 3aBedthigknes; grestepthyn 0.IMpisroapove summary is not |ntended to describe
each discl osed ﬂimdis MR EErredr ardVBrieférablrprle 2R RinBddinmints of tht diglqoure ety

di scl Qsure. _The f and the det [

10par o cul affgrd, g e "Ietef AN “r‘i‘%misnb“%ﬁ?%%ﬁ‘@% eg‘gﬁ%%:%% %1 ov oF THE

DRAW NGS preferred under the same or other circumstances. Furthermore, the recitation of one or more
preferred embodiments does not imply that other embodiments are not useful, and is not intended

to exclude other embodiments from the scope of the disclosure.



Throughout the specification reference is nmade to the appended draw ngs,
where |ike reference nunerals designate |ike elenents, and wherein: 15FI G
1 shows awoapiypeesspecti ve expl oded view of a |ight contpali/useéio3BRbG 2A
shows a cross-sectional view of a light control film FIG 2B shows a
cross-sectional view of a portion of the light control filmof FIG 2A

FIG 2C shows a cross-sectional view of a light control film FIG 2D shows
a cross-sectional view of a light control film 20FIG 3A shows a
cross-sectional schematic of a light control film FIG 3B shows a

cross- sect i onalAssisddderaini ‘@,” §dn, d'tej” (4t teagt oret"rapd “ohg prmordja@ useiA shows a
cross-sect hgpal, é&glgemlﬁeﬂim[ﬁe b 5B ate GRAEMS kdne S i Weliferprtbdo nftBh Shows a

cross-sectional emat i ¢  of light controlled article; FIG 4C shows a
per spect i vEAtdeehE @ gelude” I°f’°g‘?’if“° offt#¥dl 1 ed article; 25FIG 5 shows a
schemati ¢ si de Thi &wh tihd/ar prea@t @ssor bidof tig lisked)élémapsnt & @mbbliomof amdvddrG. 6 shows
plotscof the Lumnance v n{sus viewi ng angl e for several LCFs. The
flgures are not necessarl to scale. Like nunbers used in the figures
refer to |ike e”d??ﬂ’ﬁ'ﬁ@n‘!’%reC‘HBWé\?@F‘me‘i"ia' gery bysadrg it dicldodtPu st t he use of a
nunber to duefuskd wmmathﬁx@iﬁ@eﬂamkampnb atoGiinc@idesi1i, OBIRE2.7553,3G80, 4, Aiteended to |imt

t he conponent i not her fi gure Wt & DETAI LED
DESCRI PTION | The 503 sdfmary St | Righ BERELW ea?‘o“f‘/ﬁgﬁseeég"ggﬁdmﬂwgﬁ trol film

that is calpmbhwent@fonpfrtamwmttdlsﬂgswreu "g"‘l*ﬂﬁgurs?anéltﬂeéwlhéd%"\‘ﬂ“éﬂ/\kﬁk’“ﬂb"r@bser ve

i nforpgat i Ofhrtic@RYexWhiil Mudratiec@MboEndn@9i On centered around the 35nor mal
(perpendicular line) to a surface. The light control filmgenerally blocks

information or |ight outside of this view ng region and provides security
in all directions incl udBREFDENGRIBFION @F THERRAYPINGSD- down of the film The

l'ight control fT'hl'o%HoGtQﬂ)el% ESricRidArdftralcl & Yna@fto Ik Gipkiaded @RSiMksSHhevaikeavi ties that
are surrounded by a |ight absorbing materjal, such that each of the

plurality igfereacyimprals dgsgnyinlike clamenjs, prd gyhgreiay from adj acent cavities. The
i ghtlsabsor bi ngricat goivad top pld’rsl’pednlmdnpgdaéa@h 064 lighhentdlifigit - t r ansmi ssi ve

cavities effectiyel ysh‘g% oa)ccggo gegtlﬂ)tna]mwpa B &Ll e caV| ty outsi de of a

viewing (that is, I n sone cases, fo npl e when each of
the cavities hddC a?Béi’?"@l?lcé’iss %?F‘t?§§ viewof 3 k9ption ke ‘r‘?éb‘foﬁ'ﬁméﬁﬁ"fﬂ:éc &ci rcul ar
regi on having en@mcfsacsvma@ms@ietnoamgieeomemwoemebmmmthe surface normal. In

some cases, f OI’ (ﬁé%rrgows a cro%psegt%)%g v1cc):];v o} thh?c‘%V!r(;l 'fﬁl? has an oval
Cross-section, ere Ion Vhere, for exanpl e, up-down

viewiXg is det é:rl@rl%ééjow cemeseew@fs*fhe%aﬁ@q'@ te@pep! §iMde- t o- side viewing is

deternmined by an@tipRhovsWlcRfsf seaibghi8chematic ofaIEIﬂecopmﬁmﬂt di scl osure can
effectively us rtlsgles t hat were descr i n co-pending

| e,
U S. Patent Appl?@AToR aN6°SS'§i/°2§§%’ﬁ’63t'§ﬁtalf%q‘t %ﬁ’“tr?\}fcg?rg%q\géll Array Articles
and Met hods of RBeB showsadrasnseMond sthemati2 3f a D@t astigkey Docket No.

65738US002) , t hgg eptshée a%ké%l:@v%%h@m&lfcoMlh%hcoht%u@@Jrﬁdm i ncl uded. The

i nvent ors have d| scovere t he descri owelrl Arr.ay
G. 5 shows a schematic side view o aprocess ora ght control film; and

F1G. 6 shows plots of the luminance versus viewing angle for several LCFs.

The figures are not necessarily to scale. Like numbers used in the figures refer to like '
components. However, it will be understood that the use of a number to refer to a component in a
given figure is not intended to limit the component in another figure labeled with the same

30 number.

DETAILED DESCRIPTION
The present disclosure provides a light control film that is capable of transmitting light, or
allowing a viewer to observe information, only within a viewing region centered around the

35 normal (perpendicular line) to a surface. The light control film generally blocks informatjon or
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15Articles can be adapted to provide a light control film having "360

degree" viewing properties; that is, limting the viewing of information
from any woizerstw4isen around the normal (that is, perpenactalsasizioarzed to a
surface. The present disclosure provides array articles including a

substrate containing individual cavities (that is, mcrowells). The

di scl osure includes the process of fabricating the array including

20met hods of forming nmultilayered structures (for exanple, |am nates)
including the substrate on which the array is forned, a flexible,
opti cal | y-lighesusie sfthiv eieviay egiot supredes sharigtioa bdidstionptdwinalrighandled or nore

renovabl e pg 9;5 %ﬁtdowﬁohﬁéﬁﬂﬁms Theﬂkﬁt doﬁl}/o‘?ﬁl‘in%c‘iud@@é’;ﬁurgl&m&ﬁfn%ﬁsnﬁéaﬁ& it is
particularly difficult to make flexible substrates w t

ni cr of eat u‘iaé'ges("fabi"re SHYRIPEDY adigliapIopning matsrigl. syphethal gach 8’3‘“] %}‘"? g’b‘?féfvétéfs in both
axes of anis ¥pti¥alplidned fiowhdjicemaavities PTtie tight bigotbing MBS sirvending egchef th@s -
correspond i o ve. di Ve Fict Ratmdt 1S
diffi ?ul t ll'gﬂgt{a%ﬁr %(S(lzvg cavna}%e%?ty‘gg bo l§h%%ﬁ H'IeeF'teH?hseg %%ﬁgcaw tlleesg\k/\tn tth a thin,
flexi bl e, hicgaifangle-alisning st efobraaarle Thra e‘tﬂ“é BhtavigiFsdiey TGHY CPFovi des cavity
arrays, andctdnkeaefsmcal Ba cireldr Agrioh lnam@awhfwmambfay@le rieBdaited ®v@MIZONE t hese
Lot G 3, Y PGP, RESAERESRER b L0 APL b BB 02
| ayer eachthhmgien @ b¢ @zgtl regive “é]Prd,e‘Olwample wp- thwm%llmﬁnﬁlsed by 8@ cgetfond
apertyre) Apd HOLif-19dsid he\an@.sd&%md Motﬁ@wtwax@@n be any shape I n one
enbodi nent, the, shape It coni but the

t
cavity can be mif l’rfsp%t dﬁ&‘&“(etcﬁ’h?af}lefté%lyﬂiflagﬁgﬁggtﬁﬁbeydﬂﬁc”%g i S %b"pcro oxi mte a
cyl i ndri cajending .8 UPstemc‘pplic@edn P@hélb%ﬁﬂﬂheltl@dAWltcs@welahnha‘\recla ashtdeshdils wal |

surface. '&lﬁé}rmed%m%{w%szméD\Qtoﬁés)/lbéc)(et%ﬂssb‘ﬁkWO@ He@ARL diQMBuk b egul ar
wal | surface. The bottom of the cavity can be either planar or concave or

convex. , Whichis ‘Eéﬁ“b‘l“%“déﬁyT%ﬁﬂ‘ioﬁ@ﬁ‘teg‘sﬁ’f"e“f%témHleé’fﬂcréléeﬁ ierayyed AS%Y1 ai ned i n
det ai 15, | tAitislesd@n baadwmdecr b Odech ltghabnttohﬂmdiaemg ‘BsUdegret svianarig prapmitiesed in its
applicatio ﬂatgs Il\‘% ﬂ?&é’%k onrIfo tno%tﬁro}ﬁ% &l@m@tﬂ)q al:onrﬁl t%JOﬁﬁlag&m?ﬂt of
conponent s set rt ovm ng description or illustrated in the
acconpanyi rgpeeiaal bRgsto aTHEY - nvention is capabl e of ot her enmbodi ments and of
bei ng practi Ced"h@ﬁreéﬂkfdlsheduf’kg)r(ﬁ/aﬂéidn@ﬁiatﬁ&lés ullclfhdmgb bl(bkt&te\ltﬁM&mnﬁn&Ol,dudlt is to be
under st ood_that  the 0 and. t ermnol herein i t he
purpose of ¢ dlp éthat ]St’ mﬂ%roweﬁgoﬂhﬁg%ﬁlc&ure 1ric %es thegr a%éofﬁ?b% ati [hg?rraﬁ nﬁ:luﬁi‘%é use of
"i ncladdi ngmethddeefrfwmmlnn@llayere@:%iwtitalle?ﬁf%gxammr'amﬁéw mgmd'@&fﬂe wh%tliatatop ons t her eof
herein is pRanhe 4-Qy @Mgmaﬁéuﬂl@eptlcﬁl@nﬁnslnhﬁﬁ'@lﬂy& b&ﬂb@@-fh%l@ﬂb aﬁd’ldptﬁﬁﬂlllyvm ents

t hereof as well as adg,tlon ite g g e Ied ot herw se,
the ternms *"§3PPYF EBYVLleRIRF S Fe e"ﬁ’ﬁ'ﬁ"r\c‘/ ' fc%eﬁe ?aﬁé}sé’?ﬁ'cﬂﬁére used

br oadl y andiffiewicto mpleesexible sibsthites @ith higivdenpifydnisrecttursufp oramgle sadticsbbiglaiengs. |t

is to be undensioRds hiteh 0% beh Ak FR Riin caﬁ&etra%nlulskv%ﬂﬂh@nd structural
or | ogical changes nmay be made w hout depar %mth scope of the

pres di SEFBLLE. Z "‘F‘ﬁrf‘l‘?é’i‘vﬁﬁ?réf“”f‘"élhﬁ’ﬁ d‘éi?(‘fﬁe%gat f'srdd ulito ré"éfe,a“ AWPop, "
"bottom " @npichieisdlitddeadtiad wihh jhirn)fedbld bigidgsaninbgvedaen®hd gesas dsdieyrer el ate to
one anOt her I(Q:EE ﬁ); gragpar{a%fg‘%yss %Qﬁlngttﬁ)e cra%g'l aﬁ‘rgysstpﬁgl'efrdo%e Wege%%axtlt!egms Of t he

appar at us, PO T Rdlcat sar r’ required orientations of the
appar at us, TRSinVEwive pragepses e i %‘%’l‘éy QEFPWE?'&'%‘I%%F}‘FHgﬂ'dﬁ%lrc@”‘l’fsvm || be used,
mount ed, di spl a}ﬂeﬁh,vm@sl’m ﬂﬁ&il&résﬂﬁt@ﬂed Iy etiaeh haldedt ieRdt bieGlds wallJabess (@itigr wi se
defi nﬁld alelcon e E]rle Ca(;j}db w1d {l)\f ll"ﬁ;e ctavex% nbe %dsh %rﬁlop X%mg % Sane
20meani ng as"e ONU&T stoo r KITTrn the rel evant
art to. I\/ethhmd’étham!lt)rmvleferaaIY§rusIPq‘wlF?éerbU@he ceqmoalalpeem'tl t'@?dt(fhﬁssepwﬁrl bed

herein Canshk}ﬁd)‘%%@ﬂo'aﬁbr&xhﬁatéﬂ’ @ﬁﬁdn@ﬁoﬁust%&bﬂlcﬂ"s&%@%e QM%CdaQEdJE £smadhd
exenplified swtaS&e met hods and nat er escr For

exanpl e, mEYHYEE IR3PMEEMBELET IS HCWCS%]%V%%%GS 8"brR fﬁg] Pt acew{hf eps. In
such met hodgpm nfxhe @bity @b epdtherpiandyer qoeqgu areehveo achleve a defined goal and
the invention envisions the use of isolated steps to 25 achi eve these

di screte goals. The disclosures of all publications, patent applications,
patents and other references are incorfgorated herein by reference in their
entirety. In addition, the materials, nethods, and exanples are
illustrative only and not intended to be limting. "Optically
transparent” refers to the ability of light to transmt through a material.
"Optically isolated", as used herein, refers to a condition whereby Iight
that is directed into a 30cavity, is not substantially transmtted

| aterally through the article and detectably associated with a



proxi mate cavity (that is, less than 20% of the light; preferably, |ess
than 10% of the light; nore preferably, less than 5% of the light; even
nore prefwoablyie24s8ss than 1% of the light is transm tt edTasdoidesees abl y
associated wth a proxi mate cavity). An "array of regions on
a solid support” is a linear or two-di nensional array of preferably

35di screte regions, each having a finite area, forned on the surface of a
solid support. WD 2012/162458PCT/ US2012/ 039266 A "cavity array" is
an array of cavities having a density of discrete cavities of at |east
about 100/ cn, Bafec apy efitediatoftyofalte diselasite asdrapitineiOn datdll, it Fivebegmdarstdods have a

thr ee- di mepg {iQRAoSh UG kB ,stapﬂ.'cﬂ’@méltm&ans REonStAR8a hOPENi NgS Wi th,
for exanple, dianmeters in the range of between about 5-250 1.110, depths in

the range aRsABE oS Rnes iebf°?*5t9 “fﬁf?fk’tﬁﬁ@desE}P"‘”‘é?rr"éW“a“H’é? fn 5is neant a
plurality aaﬁon@a\\ylntgldas/;ngv\/rme inventien Is cpetld FedienvaibbEmaonts a@haﬁ‘d@sg pra¢tigedam arr ay
format. on t b - IR anh Hhts reaction
chanbtesr S vﬁf:g% grﬁ%%ldmneva e co g)sgll{]lgtg%k gnﬁjdrgoocfjtnﬁéepo t array. The array
can be anyerminglopyysedberedis & P%“&%ﬂ"%@"p&'@l&éﬂ“‘hﬂ"ﬁ %Fye%?Fde‘éasr'@ET"éngul ar
array, or th@seeR¥ihdiiddg, (‘}&ﬁhphﬁng‘ aneididiyg, ’Cﬂrsﬁablh@%ﬂi%nallr_dnﬁher}.of&h@m atop

per spect i Ve exploded v #letNms 1sted tgerr]etaftg'gpdgleﬂuw tlfbegkas \)ell ana%dltlgh%Fl?egngl ng 10to

one aspect™8F ‘¢ HE PESENE a1 EE 'BSHIE
m cr ost r uctnksewedifieder limited othenvipe ghef terms tsuprajtest” agd;‘r‘qoa;d@ andavaggtignsgberedpposi ng

secong maj QL usMr&a@@%ncﬂ-eJn@omp-gﬂ%o%|dl'r&¥ andBHdR&ct ﬁyﬁofrt@% clt]p‘ﬂmgsnft'xdidﬁé an array of
optically-isolated %aﬂ ransm s

rticular
enbodi ment Mg 1t of 8ml?fﬂ’t"?eﬂtéf"la’§/ 3‘%@?63?'51&"\“1"5%‘” by %ﬁllg}?{'%‘:%W abeca\((jl ties 122
i ncl ude a irhossemang fron thearoat dfahe pregent figldbure. skurthamore, tgws fukes “fred,”t hat can be
circular shaped,, -0%alonSNARHY tikeUre (ng NEWSHBPBEmentsR mepr@@tep@gnte' cul ar

enbodi ment, the ¢ross-section can decrease in size in the direction from
the first %‘f‘?ﬁfbué‘iﬁ‘? MAE &ay Popnt 1§ r s PEHC QHEM AR OF ‘hgﬁﬁ*’?ré‘(‘,‘% ofEeAleL descri bed
el sewtser e. imply necessdf @r lequfired @@nthtitnt brelic apprcdus e & saevifppiw takriglestdeanisxdi ssi ve
flexible | a 0 - el dimaicor surface 116 of the

m crostruc e&%edﬁ?eausgér?%ﬁ%’%%&g&eo urt(ﬁerl shows a set of coordinate axes to
illustrate that the cavities 122 are optically isolated such that light is
not "20subspemrtibal | y transmtted within the plane forned by the X-Y axes.
However, |ight subst ant | es 122 in a
direction that UC%SS olgheavlse dsttmeg lah?cthcafatng %e{rﬂ fgc tgrgws u{]gﬁ%é pﬁavgﬁl Is is in the
per peXdi cuh@nmgiﬂsrcemmprdhmfdpr@mdtW@nt@rdm@)sk'“ in the releyant aie l‘ﬂféwgi etE‘élI ar

enbodi ment ;. @iaMis@ihne ecfhlwaﬁﬂ tdthése H&cr@i@@%ﬂ &n b@us@@iﬁ itI{eithBﬁlQ ofithe gse@zi Mut hal
angle p fromthe Y-Z

er r ne 115 parallel to
the Z-axi sUSB8H 214Fa ‘1“ deT&g’%d‘éﬁrﬂ?% aé?{mf“gp%fg Scé‘x?d b)%‘]ow'lﬁh(raex\z/lin BV ng pl ane
118 i ncl udesghddheayterdperigil otiicancldareordthé tpasteds! lpkuch methprs, ot dietegs mand  ext ends

per pendi cul. gL,k b Dfiedk Ydeﬁllle@régal antfe iWeRidh @lg/lsmn@m@us%%gns(tlﬂéé {10l Ncl udes
vi ewi ng cut off 1ines 119 located at a view n measured from

t he per pentdhigysitiese Jiscists epals Th%‘ﬂ%f?s‘tr??z?f alfpyplicay zR?f@ﬂt éppéifa&g’{seﬁmef"ﬂ K t he
Vi ewi ng cudtef fefetdn s @re (faorporhtedjittein tsy refatncs inbsdirantiretal 1h ydditioanisemaddried, t hr ough

LCF 100. The qme&y %&MJ@&M&WM ﬁ%ﬁéédt@wkn@t.xgp can 30vary,

dependi ng on t e azi nut hal eonetry of the cavities 122,
as described el @ﬁm‘@rt@“SPPrﬁ“tsﬁi ‘%%MEWH‘%“O 't”}ﬁ’é’“‘\/ﬁhé’\ﬂiﬁ*}'[ag‘“%‘iﬁta ff angle (p"
can vary famaapesthedOasdegneaes, tiors alxauiditiod wleesyaist.that i dsarse imvdodi ment s,

the v 0eWI n%] GuLotf %E%Q%l &'ﬁsmftaﬂateral)r?athmfgg(?hns %Qtan%&tetct};ﬁ %éc%td%k .angl e

vari es from'g 83 ¥ €es cavities include a
circul ar crogsasaci (dmls l4sthanci9e of b ighitrpeaterably, teprahapi 18%kichige bahtaTore angl e (p"
can vary aﬁeér@ﬁy,@%i K 304 1RNGhCe 3PN EE bRferabk QBss that 0% 360e BiMHYE GRBmitted

and detectably associated with a proximate cavity).

An "array of regions on a solid support" is a linear or two-dimensional array of preferably

3s. discrete regions, each having a finite area, formed on the surface of a solid support.
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FI G 2A shows a cross-sectional view of an LCF 200 according to one aspect
of the disclosure. Each of the elenents 210-230 shown in FIG 2A
correspormi® 202/162458- nunber ed el enents 110- 130 shown i n PCEUS212i892660 have
been described previously. For exanple, first mpjor surface 114 descri bed
with reference to FIG 1 corresponds to first major surface 214 shown 5in
FIG 2A, and so on. In FIG 2A a cross-sectional view of LCF 100 of "'FIG 1
through a viewi ng plane 118 equivalent to the Y-Z plane is showmn. LCF 200
includes a mcrostructured | ayer 210. The microstructured | ayer 210

i ncl udes an ar rayavish ampt isgabrray of exwikiesthexdngd 4 dghsity o disessisicavtieyaf 89 t i es 222.

Each cavi t%o&Z@O/&nPCJnH'Pl%§ra§ly ol 168LabR @/ kY. §hlR ditiesha@GRBAdiApRIohdIr € 228, and
at | east one side wal

ext endi nq fromthe f&?st %{i?:rthure 224 to t he
second apeYHfiye wsbdmensiony, fggexampie. dppiies yub FY FEMPET Y& REP 'S D85 f or ns a
si dewal | aggleen oiist230 AmPRHIPEIA tie cnb@tietvzdbabb@ 2tdBsofriicrets. Awjaony 'secihace 214.
Each qf the cavities 2 urther inc kSR LSk he
perpe(r)?dl cul® BF G RYaliE 8 Vl{le\’/s\ie“éhﬁc oIS lzggjvevasﬁrr%%%eps g r%gcogn%oaberture 228.
Fi rst aper fubstrete RRWrigkrite sszeeﬁwar@perrdtltﬁreéctmg’amavwél dﬁweﬁ%?n BOOPPRRtEN W dth "W "

and a secopdcRRBE Sridcrmiy. dthbanav\zann{ea@tre@mwsuch%m&e pateddyarraySirice each
aperture may be either circul ygonal , each width is

det er m ned HA$LE B PSPHEVEFS ansbeéfae"(‘:jf)m% dlStrlb'Rf e cavities 222 in the view ng.
pl ane 118, as déSdrhdyed t@l sepdiéreaxploded view FiHightagmet filny(REFD OBweyéser al | y

det erygi nesthe, Tﬁ‘efct Pk hx\é&nydlﬁﬂ%\ﬂtg ﬁ@gbleldor?ncﬂldg;' arnﬁgrt)dtrgau@@hﬁ% nedvifay t he
as pect rati o.

t absor bi ng i on of bgg_g ﬁuctured Ia]y§r 210 are
made of su?rfﬁ”&f"ﬂoéﬁtrfa éé?&d;?na?ms'f%ﬁeae E’%’grsf“ﬁ%ffl s S BHEF NS SUREE 11 ght  t hat
ent ers m cin@sdes anciry &dplicajerol2ddightiraoughive cadidiesa@l | In2R6partsulabsor bed by
m crostr UCénH) %eAtan&rof%JeQ 101!}qd(;11?ﬁ lép[Qram%Ll% (!?1@1‘1’1& 132 %g\ﬂe%v&dggse@trbgl e of 70

degrees in a direction go n aspect ratio (AR) The
vi ewi ng aneFaelitgthg frseaerawbecy H4§1"‘Eﬁa}‘ E“c‘t“F‘Bﬁ SRBe PYRETARS S Oéﬁ"l@%éhé?edr atio of
8. 25.15AS SkiGhe parRuldRnBodimam, IRQFkESpMAds de@eavd i@Wzain He@Becgbrefdnethe filkan 70

degrees, and a 25 carrespo s. | ess than 10 degrees.
In one par maor sp rfacB]elr{rlﬁ%(}j\e seco ma_g)r Plﬁfnces“% %e egcﬁg\édge:&?\{\'l)% 5f opticallv-isolated

light transm ssi hvéCEaQﬂlftHﬂ@'stlzizs 4"@1'%%“@?1“@%‘6@6’6“’1? kY5 d3Grurtpdte e +w2) / 2)
equal to a@ecdnglﬁﬁfor shrfdce, 11@5}%%5@6&&&%@&\29& 121)) BIII]J&ikurﬂhQ shedfs agétent er t hand8f 25.
In one particular e ; e Ximze or
best cut of f°KHgEaxes Q’H@’Sfrﬁ‘éth?tﬁlfe C?Vd%“\%‘?znymd’ Pg aclal gcélate(ﬁsua] tgglg“n%nﬁﬁ zed for

i mpr ddfed t subskBnallySiagsmitted within tiEpanaforred By the¥tYuexed Hoager, lighictnides a col or ant
that is SUR%&&H&lIyQJaL%l&Q%&%%QJ %'lﬁ@qng@ire&%nﬂﬁﬁﬁ reu\ﬁx\ﬂ@n@)n@teh@d @faii ght, as
descri bed el sewnhére. The di scl ose artic (gl{ @ e present 30di sclosure
provi de foﬁhe aﬁaﬂﬁatv ‘%IP‘F BgPeatiey! ‘ifldﬁeC{A?{‘efF"é} thels Y& ed wavel engths of Iight
are subst ant i alth ynetpagingariemb@iéndnl) p @iaging plre 1D stown of begagtirnedarpt y whi | e t he
sel ect ed "‘%Yrﬁuu%?%%ﬂ% flir?])In tﬂlé gg%la%(@etﬁ@@@@p@ﬁb@kch%r I%QSW;Q%ﬂel@a/thé B-@x@' de walls

of each cavit ases ected each

cavi t3f) . | Wd&?émbh‘ﬁtpﬁré’tﬂ‘ ﬁ’rtheeYr%% Jﬁ@ﬂfew"@ﬁ{af‘%glg “EP”B?éhetpém?{’dlf&'ﬁr 'lﬁ’éll' educed or
el i m nat edpmwemeza% aaﬁdéé}&en&sampbnmmr to the X-Y plikve Teaviéwinggane 418 foeher N a
pattern, n o] i es can be
randond y d| e]f’dcs 'g%lcu(%f“f[hes hgrloc%t Vi "ggr &ﬂgm{%ﬁ&lg}e lrnr‘r“’%)lhc}gcil ‘fr‘:r@r/leth& there is a
regul ar papmnhcwﬁr lltf,fal\)ﬁtSP@s}hah&mfwg“%e gesrathar horowpe praficngle Waliehts "eonpat i bl e
with the pkuﬁaﬁah]tlgfy t@nslrrht@b'd't}ﬁlm%ﬁ Y@t ado. d‘h@rﬂig@h}’ude ofted di@¥ikg cutoff ahd)é & @ense

| ncl udes A e ea%dér]}%)gtd]; gqu langﬁe @alnﬂgheono?ne gftthetﬁ%wpmﬁ2?‘ashciegcplb%ensgty of

cavi tiks oW HE° ties In
m cr ost r uctlsewbete.| laya@ne cdndibents the siewing plmjmglem 20 vy Gamlebqui Brdegiraaidl e,

pent agonal abobte%% el 1n sQ6d ABOAALNs, ihe viehiap&uotPingk g @ahlréfnamtc]aﬁstaﬁidaﬁlewa' |'s of
the cavities are substantl ally strai &:Pt and form an

he
subst ant i afAifptal aglsrvanisy frem Odo 3P dearess Hereraspls WRP iesa ™y 'eéq’CE‘? Vh lfarl s greater
t han 90 degogastionfhi sangéngahdigiets thealelving caoftioes of canDfry s thoeayniteshknethaped

cavitys in ap.ephodioehieberein the first aperture and the second aperture
of '
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the cavity are circular in shape, for exanple. The cavities are
separated with spaces between each other. As is appreciated by those
skill ed iwothe/reisevant art, the spacing is determ ned pgTasbenloat2seg t he
di stance between centers, and consideration of the pixel size and spacing
in a display. Varying the spacing between sites can 15result in the
formation of arrays of high density, nmediumdensity or |ower density. The
cavities may be spaced any suitabl e distance apart. Spacing is determ ned
by neasuring the distance between the center points of two adjoining
cavities. The FHviniskevsarcwsgeeongiviey ofpdCEQ0batutientoSngapadti200 pm apart .
I'n some enpQEhuiEMHash ofttﬂl%leﬁ@x\&&il'0950 !F@Mn mq@@m@r@es&mm lidkOhuRiBt® about

1001. 1M apart. I n sone enbodi pents cavities may beésgﬁﬁ¢d8about 12 pm

he
to about SUFMSAY 2abaskonn I'%Flgohévhﬁmﬁll’%ﬁets%“be‘{ W‘e‘“‘%’:‘é‘% For e spaced
about 15 toaj@batice BA dpsnitap svith referancesto FES. € nddeghondmd Grst niafve swchawd 214 ¢®wmay be

spaceq aboﬁtﬂc?zﬁ aﬁwﬁ’soaJ%OWFlé A, gh%s%@c?ior@ap%\l& OFLCE100 ofFT@el E@Tv]ghtd'v%% By have

any suitab irst aperture w one enbodi nent e cavities have
a first apde uP%qWﬁ%“h“’\Ne Yof Piapfoithosn plrf T 290 a@aﬂ%awsmﬁmddayah?é embodi nment ,

t he cavitiBs rliaxguaduréd lﬁ)&f21@0&[uﬂu;l'aﬁ‘al’\fdydﬂibtl\fmy&f)]aﬁ&)ﬂgﬂ trémsiisdive catx@sit 70 pm In
sone enbo th vities fi rs e of about 10
pmto abodﬁtﬂeg G bav £225% @ﬁsadr& Ii’fq }Jrégzzﬁ%secwa pee%grﬁrﬁé;w tyb%u &5 d% h D. The
dept h of s%lsz%mqném froma thie figsf apeituse 24vd the @sonﬁspeg,@hé?fialﬂav' Oéﬂveatt'eag o9t t o about

250 pm | nsikQnms 2eReE Mratal adghe Vdﬁﬁtpa'p&ﬁlc@éib$i t@meifﬁgt lnyjonaéu}fac@tlllt he cavities
is about 10 pm t t he

nt
substantial |y gf’“ﬁ’ g?’efwg'e&gy\;%rfhg S Lédes %d(%ﬁth Ow}gg’ 'ffmé p@?ﬁd'fﬁp LStal?Cley all of
t he cavit i @svepe@mspatre 28astd s§08¢ aperiurd 28 30chareture??4 atdseenterceyrbdddi nent s,

substanti al,ly, @bdap@uretiin G\@Y'%BQ&C%% @twdae@vsi * ARWR), IR cRRYi ties. In
sone enbodi nents, substantially all the cavities neans ag}fl east 97% of

the caviti3&e e a*&”f‘rﬁfr‘tahgere“@?fﬁﬁﬂ’ilaﬁé’ﬁ?' or BolypoRal 59 A S 4P EEd PR Vavi ti es
meansisat | asbss-9Q%on aTok eavitfee b 2rimtak yne\a;hg plarofl 1&, hsdegaibddtelseshereThe depth of a
cavity can be %?&HWHO ré{)% %Q%M%e@m“%s eﬁ’ecmlﬂ%vxj\l;ggdgrgpm%trécg@l Profiler

(Veeco, Pl ainview Ine cavity depth neasurenents can be made using
the area SATTUP2IMEEPE%EBETIOS2PYPEISXEENAf w@ftélﬁte@d roelt saridedt of the

i nst r ument suffitRE ob4t®Y ErdliEkness Gt SRAGAY £y bl teleftel naéroauplied @jer 2y of cavities
to a refer pei.nt surf f [Qvide an

aver age cat\ﬁl f'%/ dlewtalhﬁgﬁa%soﬁ‘?eg&) mcrmﬁclfcﬁlfeg y%rgz(?%r g%&g&aﬁw@% ormed from a
sui t &0l e nvtverg aagle g%]Or@ravsmqlrﬁ@loragqye@sdsbyéessew E(ARe PEl- 1. ThuYiEvHRS e

gat eri gl fs dnBeisudQedaRb Mmhedﬁ&t @fvexaédsay (axfn gbecelmrmlsas as:guyﬂ hcARas esl 5|r esi nsI |
erive rom epoxil es, esters ureth eni ca y
i‘)‘_?ﬁ’&%v agq e&Br tggd[7 %/\s/,gfufv AR EQ?S corresgfm % v’1ew th

unsat ur at €§"¢8 avin east’ ‘Ohe pendant
acryl at e gestpn lqmwusrétmvanGBCUQathWWeasﬁ)acfdéFhe\wélchllferémtlaﬂIYt@b@éa‘ate and a

pol yol (or,RolyaatNgks zjzs&ma@g}ﬁgssecd%o\rét(ewwjy@)\/éqwt@at 1eLsea§5t afne pendant
acryl ate grou resins other than acr Ctu@t ?ﬂg m xtures and

conbifat i o¥ lﬁglzg%?fe)l“af RAP &2 B o LEwE B V€ 1 exi bl e
M Ccr oSt r uCihaitids eigbulday ewnxided fbObemchiatiianpde, andftheantertdviay dhagneqs shﬁfx}d)bdmlempiedr ality of
cavities 222 ﬁ@&ﬂraﬁs@r}{ésw 222 including the second aperture 228. |In sone
enbodi nent s, f mer materials may be inperneable to water. In sone
enbodi nents, tH&e wrcwﬁr%r@dlladyféw‘@sv ceér?md@at sEsERialy 1RTERBISHYE Pror e
materials, sea&edi%‘velédgbedf@hs&vda&heed elEbighef¥i Theabdlobtd bitticlecbfit@ypesen?10 i s coupl ed

to ar}OOpt I flsaclolslx?ﬁr;igr{)\%g]e afsclg\llxt)z/edg aer{(clle wh%reggglgcted%%géle %éaﬁh A%k smﬁtﬁgllgent s, the

optical | y-trans SRV subst anti permts t
transm ssi tomsmftedyirgigh|the bmmmféw@tcmw tyhild theghlected) wavelgjigths éﬁﬁb’d’Ff’rrent s, the

O]E)t i ICal ly- gu?@dﬂﬁﬁ‘y%@s'or\()@d 6y ieodidelvand ayeh 230 (of, Wiohh@f:as&ﬁd’eﬂécteﬂ bi’l hlesnﬂd’ ansni ssi on
of ultraviol et

opti cal | y-Y# éﬂ%er\g‘?’s?( Vgglf’f’ &4 aB’ICUIar%mE’Odee?é@ptgﬁcc Oﬁsdtélg Cgeoﬁ r‘id%?%r" ic material.
Nonl i m t i ndiménegipétessn adjacseficevatiss-e poI ynmeric materials include PC
(pol ycar bonate), PET
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20 (polyethylene terephthal ate, PEN (pol yethyl ene naphthal ate), HDPE (high
density pol yethylene, LDPE (|l ow density polyethylene), LLDPE (linear |ow
density pabyetdwsbesae). PC, PET, and PEN are parti cul arl ycprist@rnsgatss
Optionally, the LCF 200 can include an adhesive |ayer 240; suitable
adhesive materials of the adhesive |ayer 240 are described el sewhere. In
sone enbodi nents, the adhesive |ayer 240 can 25be incorporated into the LCF
200 by coating an adhesive onto the optically-transm ssive flexible |ayer
230. In sonme enbodi nents, the adhesive |ayer 240 can be transferred to the
LCF 200 by tr ari$t ewitiesrgn bdie a adltamsiievareguday desigR 40con figyration, orthg jagifiestcan iche

opti cal | y- L AR§distbud@ol tta@aﬂa%ﬁfateatﬁ%e g&@dltﬁkﬁ th@dis Q%tnmad%p&%mﬁs that are
known in the art, for exa bl y

. Prefera e adhesive | t)
subst ant i allaVpe pEPatios °’tﬂt‘émf“é§1“s’}ﬁ”§@|36"ﬁh8‘le Plt‘ihg’ﬁf "‘(“I’do‘fys@k%ﬁ at‘fﬂ"t ravi ol et
and/ or vi sinltissenvainelhdn g tdpeatizoit, ﬂrefgliﬁl))one'ﬁh&llc‘pialogiﬁdensﬁglhﬁsvm@ ohdiyer 240 can
coupl g the [CF 200 to a variety of substrates 250 that can serve at |east
one of a varirety of functions, In sone enbodinents, substrate 250 can be a
flexible carri dhe ghrgsrof g sticein thsap@psirugyedt laver 574 Befauarp SPPARIORETRY m  net al
film that (fcfrumtpleomta@@alpt&&argynat RQagdhdlyi®Shapel Creli D, ihayied walld of tid catifia
rsf?teFe)rl ?LSS%%%} seta talgstrat%tand(\férﬁtsa% Iérl‘.l&bt uEtﬁ& esu%éﬁttlalﬁlrpq%tarléugfalggafﬁ%aoPr g.cfelszlxlngl e
mat eri al (Hhiorostrueteedislyer) thatiscdniatepben A0aikeress- atienpgledgidgvabprodicesde, a pl astic
filmjocoat @Qto@@tﬂ@ltsha;ﬁ@gwﬁ)hﬁ ah bKR)inRMGVhERN tHe Wi bjeAlte AR i sBdofd @&Wré/ﬁ | ayer to
retain funﬁ:tl onal grertl es for exanpl e, structure, shape, size, chem cal
integrity, "oBYINCA r&‘ JRHERe E’ “*3W@for adhesi on properties) associated with
the article. | Thsotieombophira@ntis spactrdetyednsachather. 2605 apprycidia by thoemponent  of

an i magi ngskﬁ%@tn%rélg\gﬁt aﬁxtﬁtmﬂ!xc@ng i@derebhi Pel(l'bg ceﬁé’u)/a%Bga‘lhe disiod l?eree@ceﬁ@H'er a, a
| ens, a fiber optic ndl e) or other information- car‘réay gﬁawew ce. The

substrat e P4EEHF9R 0%1“‘? P FiER 284 $ATHRRIA R APIYh AR IR el B8 Pari ety of
pur poises. fNun-d thérotnarign €xasp otigghafensity, @xeilibh dersihatiovat éssiiynThadetigol ynmer
films, nmet f di iR strate 250 is a
carrier (frg%y b(S’)?%"iaE@d an)%mtpo%qﬁsrtaMJ Jﬂf‘é%gﬁ ngmﬁgtt I sgggg%aémﬁl\%ﬂég adhesj ve | ayer
240 in or d'@FWf’F'btht’ peatgaHoEts of Free a&@mwweﬁ -dVefavipiggerg gsngrdly spaced between 3

optical I y-fif afaob gsiape. i 8wk at&da&ttaymrcaa&@maﬂ@membyt1opm i dwese and ot her
enbodi ments, the substrate 250 i s coated rel gase cheg@stry such as a

silicone, fRHBBEE T PBKEmbHHRENSHPe BY ‘H%Sf"apgﬂwpsifgtalé’éb PSS al to

faci 120t at eapael 1@3&&: dafbodilentsathb eiti¢emdyay @facéd4Bout rDIREdES0gurheptir. b €on250.

Fl exi bl e substrate used f i,ng, and/or protecting
the LCF 200t t}, 58?75“%13‘%3“&'%?”053 aﬁ?ﬁoaboﬁbg%a%%h@gmlﬁat gte 250 can be a rigid
structur al conﬁrcbﬁeqvttlef(lﬁ%yrhammlt@le fst@pestpteayjdis Wit deae emBdieethit ect ur al

gl azing, a.CabBhLaa s hpcRE Wit WE of AEEBLALSabodk 10D Gh OFCAPEmIliMIR, h@ Mirror)
that causes an LCF to be inflexible or to retain structural: renor

coupl i ng t ¥eitigstEveadirg apertye oy ity Wd of ahpw 5 rinabpt 70 ¢me Insoie pabagimenty ¢ e%Qape t hat
i s optsi cal éaynniasn{a&rarmgaﬁe&tﬂﬂe%dtﬁmosdbetﬂ1@ﬁmmmti5mgmt he LCF to a rigid

substrate is carried out by contactin ubstrate or
by coating ei tﬁré‘F 3V ligs TR ?)“r‘tqtq%‘!ee i gl %0? Suq)?eiantt'a'yyta%tl Rhps cav' I'ng agent
and t hen cieptraatly abguttshe th @febiRsAdnnip sargembothmettheheZ@siubfstlhsatltel“m” of
substrate/ ondl age o LOQshep Wil be
to cause t éfg'f Bt% [‘1 lﬂgﬂlﬂﬁ; al-l;:;?mJ E’em thtetagpt SR l)}s di ng agent
useful in tfhls cadtive isiahgpt 3¢-€jnof Sttbhtentn’étah‘cytﬂtheﬁththemwwI‘et@%@?"éoﬁbfh be any

substgnce {Dats iipsom@PaR)dfneRts, s§l§§x”ﬁa‘ll§]gl SRR cAlliticd FRAB MlieaSfostsemb ik t he
substrate w thout adverse de radation of t LCF. As wil |

be appreci B PoGRES R‘Ithf"E'any 9 of fhe caxprips m?ﬁﬁse%}éﬁﬁg/g%%?et‘ia&‘f% ["? coated with
t he bondi nfyrtegentodintehiesubdakal iyt betbecagifiestnipanslaOfasy@I4, moe peedagbbail, affet i s, the
surface Coéat,ﬁg Vi‘hé& lhf&?a ggﬁdéaﬁlge rﬁ&?d?éd foﬁextallﬂee §§Mg aagﬁm@\fTﬁd‘OQ) l—r&F not

containin features such as cavities. Suitable bond| n agents

i ncl ude, btrpﬁ'arr(éle%t"'at'tvwﬂé}ﬁ) tRgutine cayify ﬂFp@ﬂ‘Efﬁ?“ée?e“@faﬂ@%mﬁ‘te Rl
Preferably, a pressure sensitive adhesive is used. Arigid substrate can be
formed fromany of a variety of materi&l s and will be sel ected



30 according to the desired properties of the rigid substrate, including,
but not limted to the above-di scussed structural properties and ot her

st ruct ur avopopee4s8es such as fl atness, strength, stiffmesaiS2ainioskeness, | ow
t hermal expansi on coefficient, optical properties and chem cal properties
such as mcrostructured |ayer conpatibility. For exanple, a rigid structure
can be selected to have optical properties that include, but are not
limted to being transparent, selectively transparent, having a 35sel ected
refractive index, absorptive, selectively absorptive, opaque or reflective.
I n addi ti ofifference prstfesturanf thyersaimant dihe dstrumgitgarscompae e éepthent 2 blerabivngl oy ed.

Conposi ti 0fg;if98 @feFe‘n&';ﬂnnngbdsﬂaf @thceloPGd HBEa @RS Rbvide a8 MehgdGvid déﬁfh num iron,
steel, various T the |ike;

,; _ceram cs osites suc
fibergl ass; si ITlh%BHr%ﬁ'“CB‘f*}‘iéaryersze?rf*}?(?hE?Uﬁetd(fr"mr?ét“@P'ieg{{) @f'alaf &%%Q““?gl gl d pl astics
or pol ymersocearekctigea hértikeSuitkilGnat@Blssihtdspolyner wasasdot examplk, agiy Babagdd a
portiQn of r of the
di scl §surere}llg%e#vggf &?g e E%Tgém%%o g‘gﬁ'qu“ﬁ%‘\‘i}.’%él %1®leqn%lm&§§%$desponds to
li ke- nurrbeqoeaoeﬁewen«er%astzdfovazse hayinghledshong peadandaery Iagihgretys PRAVEF3B%EN descri bed
previ ousl é(-polﬁﬁéasﬁféﬂ%ﬂ lt/@m af &deﬁr}étezgdza Mﬁﬁ(ﬁﬂ pa8dmink)t Bock gihe dahatyet l&vﬁg G Zﬁ\
corresponds to cav ows the
m crost r uct (FFRA™PS rﬂ/dtea’}r{t a‘ﬂ%te rr(l)é uEf)xhreSlESac{}hef ﬁarbaf?gm% e%oxgs é‘g‘!c@ﬁ‘d’g"gé@rt ure
10228. Al sombheriens thereoft thas cande P@Sﬁ5$e910tfpraﬁ§0mn§a§7 Viexiplp angrsirestyregyiayer 2180,
optiopal agdhesiguaickisk %er%@tha?ldra@cpbf&naés 251 bsh Ealr2225Q1JaRY i Gecanas ubst r at e
surface 251. Second nmj or m crostructurg]cei | ayer 210 is

separ at ed PFPYN LEcBrig™ ﬁréq"?'ﬂ‘re%ts QOlﬁveraT’afeéﬂam?yelﬁl'"6%0"2? {H5hEs a

t hi ckness $oln¢ emBddanch@niak flegigiedayer22@ cands edates witly enmot there prriefiady; pseddscaibpdt | nuous
process foyf.RrEParation of the mcrostructured layer 210, as descri bed

el sewhere. Although it may 2oreferabl e to 15m nim zeﬂt {ahi %ness "L
this land regi dfe ?EQ’SWf“l‘Fé‘éayF”t 13 psropupief {patn YPHB G ERBEM K S fIFY! lgh ahsm SSI on
t hrough camisérye cadJimertd) tre pprichipriraadhipive 0edse ldeeBonatstactalippenietie el i ni nat e
the land regl n??sno%%éﬂgﬁ@ng%ﬁ thsbo?q%h‘?l lﬁ?cymeehm%odujnérhtsot'ﬂgoﬂ?i@zﬁ&'-t&h'sln%nv@nbOd' ment,

the I and region ckne L ranging fromabouf 0.1 mcrons to
about 10 nﬂe@rbede/er 5P faberwermrs the HRemBHY of grapdltvar et efd'§ht B‘rso'af)out 0.1

m crons t Oenﬁxlaﬂlhh%ntsl thmoﬁtl’c@ll[}' tﬂi‘nsﬁu&% ﬂe)alﬂa-iaﬁer K (1510 33 af;idryhh&d‘matﬂ(al udes a

t hi ckness that in t m ni cross beyond
cavity 222N°n]'mm"o Ger sip: Of%lz’i'glglef’ hr'oug ma[%@ %%}e%Pg‘%@J i gmd ight to pass

t hr oudgh Lwolzwlmnweﬂebﬁtﬂm@ Qﬁlﬁmofya‘iﬂéefﬁfﬂ@hthf‘lﬁte)hﬂ@ﬁ ﬁ‘&é@e"tsm ERJ)GP‘?Y‘F‘P?e second
aperture 2¢8pg (tkn\edeh@? ol KGR, KAPE (il 18PLnGGIpblyethyla@Bs PCSB Y endfriceiXi bl e

| ayer 230, and th e adhesive | ayer 240, if present. Thus, each of the second
aperture 2"2‘%pa”E°H@r¥%[ 8 %egi on 229, the optically-transm ssive flexible

| ayer 230, 25ar@ptibtady,adhegi20@cah aglde @4thesivef laysr 29 emitablerpdhesivhmaterialye i ssi ve

to the Wavt(ﬁ!e Sk 1d9Er 2‘4@%@&%&%@&%@&& 'lgE&neteﬁ\ban%ttﬁgicﬁgswe layer 240 &h G 2C
shows_a cross-sectional view of qu %] control fil ing to one

aspect® of beieeorprrareh Beqtpel-CTE0R kY 6‘1““? e%Y?é’ﬂ'toéheé’RWag;SEanérH‘BW e’h‘g]ﬁl G 2C
cor r espondsydr 030, ilk@ma antreinedts aherdrnive lagd 040250beshaasherred m thd IGF 20by whi ch have
been descr i BGelBY &Y ARHNeYaye 0 6K BERKE o (ALY, -SAEARAAREHIRGY 6 L I

reference corr s onds to cavity shown in 2A, and so on.
Each of t hé2 BR{ypHIn@ECceE® “lah*bf? knqws ingtheragt fohf‘p)‘érf‘ﬁlilrpéef?ﬂy t@éﬂ’&ﬁ‘&e a5614%ur e 228,
and si dewadubsiadfiylpetnie as trhdimiskion &ligia pfor dxbtifge, AR4vidlaidnd/dreisb@oondegper t ur e
228. € light In FIG 2C, a microstructured |ayer 210 is inverted such
that ¥ fir% gml:u or surface 214 and first aperture 224 are di sposed adj acent
a substrate 2500he apiignad pdhies el lhvpr 24P sansaiplestha deCTF 208 $0 ety efpustrages 28pthptg

di sposed 0&99&&&@&5&5&"0?@-@a@wt@%@fundtlﬂnssQ{Eﬁm@m&hﬁﬁﬂfs&strdﬂﬂ Boostwedct ured | ayer
210 can be tache to t e substrdate 25 s%algpr%)egat%t;mo%qg 214 using

opt i onal aﬂ?’n‘&’ § A exaf"ﬁ “SHRE" RitBoEP TR mer( cal adhesive
240 can becatdy spos@dtrosnecd lhyre2 @ror the @Btyrladﬁfthasﬁvbsthﬁaﬁcéosgwfedl‘Wee%iﬁé”eﬁbodl ment s
(al soysnot §B9M§)w sgptﬂngﬂﬁé enfbHi B S fhe 2bArafcdB0 &h $0a BQd 6H aFRIGR chatdtidl ifon cavi ty
222 such t hat the entire regi on between sidewal | 226, first aperture 224,
and second aperture 228, and substrategsurface 251 are filled with adhe5|ve
| ayer 240.



FIG 2D shows a cross-sectional view of a light control film 202, according
to one aspect of the disclosure. Each of the elenents 210-230 shown in FIG
2D corr eswonde/teo+58i ke- nunbered el ements 210-230 shown POTRIS@12839266\hi ch
have been descri bed previously. For exanple, cavity 222 described with
reference to FIG 2D corresponds to cavity 222 shown in FIG 2A, and so on.
10ln FIG 2D, a mcrostructured |l ayer 210 having a plurality of cavities
222, a first major surface 214, and a second major surface 216, is disposed
on optically-transm ssive flexible |layer 230. Each of the cavities 222

i ncl udes fdxprsple, apircttunksl2ing, a gless olitd, amppetictliiimeo2@iPapenrad bt ewendcam 26 bet ween
the first gpaptiLg ro?egﬁl\'eadg'@lr th R@inSBEAsH RRRRIEUFES exafBle, sltrﬂctLH: @aape?@ze a light

transm ssive materla 24 letely fills cawhes% 3}‘1‘ a]sp

150pt i onal Pmisd ineesHY: %@%W&p“ﬂ‘ é'aF‘i/?r§?heﬂ%{] RERPERIEY A58 1AM LI AT Dt

aper t ur es, someErmbdanests, [theghtistrite 2603wy $sa wepsienfoaeimadde yyheat (forsxapst anti al |y
par al lsel l%un%%é}stglad Ofgbéy LLARs gs&ﬁg }c{ﬁbefrg;??é'bprldﬁe bAVES inRRRiol-BirPREsRREL T Cul ar

enbodi nent acti on % transm ssi ve rra erial 245 can
be | ower, highdhe S"bfi”aleﬁéo %aaﬁfea Bexibjerampanens thatgen beapidfetd \@Hetot! PEREHat eri al  of
the |i ght T@d}xslﬁnﬁlth{gleYaﬁ‘nplT@bEﬂldx&le slb3traidsGicOgE iSdllﬁﬁetlflGd rhedy €lms2dk Papsti Alsdnfeat

reflection \{) 9m8nts thes %s tte%o ISIaC(I:%’\ll\l@l" (!’o?ex%r%p E:Jar eape;m@%%htqg co%lgc?m&?”‘?ed or

ellmnatede I cati on No.
US2010/ 02145666 (amﬂﬁibls o@@r tarran)sfer thfnadbmve ba?ftZﬂ(bte FhaPP‘ESPr‘b’dd‘l“WEﬁt"e fpyiiert

transpi ssi Mg st @{efe@alblyzrﬂﬁle!sesangjbtﬁé?@rﬁ&ﬁm&ﬁts ahe]sQlQ%@ﬁﬂOhﬁ@)atf:d)\K'lm.ﬂ rakdson (i.e.,

essentially sol vent nd can be th I ve Iayer
240 descri9&y* nsuqbalséf'gﬁ’é% ﬂﬁ%mﬁ“f% WA %er opé ggese"gg)bmaetes“abm aﬁgaﬁesi tive
adhesi ve (P84} ofghe ahdvigt lape 240 faaihibs$ubsrate 2807 WéeXéthésirai@ chrebpepedr0 (and an

adhesi ve 'argé&smyc@,@ﬁl@ myovﬁro{mtngme@bpEd%ﬁr))m%ﬂagb@rcfo%mgmus' ng any suitable
material or materials. In some enmbodi ments, the ad‘@gswe '!@gﬁgﬁ 40 may
iV

incl ude any suitPaBPEreiedpben bf brsbimcuatfaepent Ser yprars 4 fise e adhesi ve
(PSA)15 architbdfurdl @EnE NbxacaYe fites optic edplte, PSikesiopcdlidd e ninroskat dassri bed i n

the Dal qui sty t%% &ﬁéxhb% ar@ m%ﬁl&m%%%&g%’yaonplﬁgn,glizepk,aquldF;msmyrﬂee Sensi tive

Adhesi ve Techno Nost r and . Rei nhol d,
New York, arggocay feta'“aShaWH@t ipapticalyjntengeaseble. Tht opOfroupling e ILF & igihr at | east
exhibit a @Bﬁlateﬁs(lﬁtﬁledMkﬁ)l”kloﬁtaam@&ELCEUhl'eaﬂly t &Ha GbstrateQdt bexaatnyl e@her thAeCPSA nay

have a 90 ZRIQFT thg lg%r) SUPS rfatefwrltﬁ ?n g\ 6g€{1 ang elﬁ{%gtg{sﬁgglgﬁcgké) in %ée mﬁlpOUt 300 tO

about 3000 rom a orce may be
meas Wed u%lbﬁmgte ar whsrhtelending peeht o e Wﬁs@e resv@@@rzv@ea%w@v RSPEPL2/ 039266

In some enpodtrBRBt fuacled® oA ubtghtldes an optical |y clear PSA having high
from about 90 to about

light transmtt of fro 80 to ahou %

100% from about °§§“§ (At (o101 l'"ltgeoa&he"(% SR Br g% aetg&‘?(%% oSSt *r80% over at

| east a posubitanre thdt istch@bly pSiebirieg the gathmepieof the UAT (odbrpubst40@ithayt absist 700 nn) .
In some e”&gghmm&she shid@atP %JLQ?F As h@?& aflﬁéo\h@zd@i orle%%ﬂecilhf:h@ aaRoe h&5% | ess
t han about 3% or |ess than about 1% In gﬁ EP &Ib ” the PSA has a
haze ral uedrdfc if r3ief yHb e b‘d‘dt'i‘&a%eﬁt fheRagk f“ﬁfé?‘f sty ef?abe Méuf 0. 01 to

| ess t han ﬁbfmatcoa’ﬂé)z(qwuﬁthefbbmmgab@uis th® s\@fbcet af the €8 néthamaisingyn forhddd fdekuree val ues
in transm §1§H QQa%géQ%bg%B%@ gc%g l%mdpgut%rehl%lzlﬁmg@t ﬁquﬁﬁ: &&éé“ Jids L0 ASTM

D1003. In sone i ncl udes an optically clear adhesive
havi ng hi gﬁ’h?si"@htpff’fmbﬂyahE’ﬁist“’f’é‘i‘i‘t‘i‘é""é‘ﬁ*tfs‘ée ¥ -haze val ue. High light
transmttance rmyglbﬁlbg‘nra@mrabouhe&ﬁont @yabomxetieﬂ%terifars@mn vaibbugele®®d t 0 about

100%300r fr gorrndlgbtoo fSll‘i’%{ﬁO[{%Q%y %f tlgéon%%o&gyﬁgt , luhﬁgﬁlt ndt l%{e& ilel;E a(BI)veI he visible

li ght” spectTUm abou haze val ues may be from
about 0. 01discgsspdesractyriiRreperbiesind Sher stiuc it Bi%mes pelos lpgesp.as@ebpEAshout 3% or

from about thidkifds, @ tl{eﬁﬁeﬁ e)lpﬁllﬁﬂ)n mtentlgﬁtlcalgﬁoﬂerﬁ@m cBehiedl propdndes such e PSA i s
hazy and drln}cc]:og&uectsureld Ilaggtcbmlpa%[;iﬁilyp &J(l)rae;(zln}i)levé rslglup stl%ctlurle ganltb'e séAl‘ected to have optical

properties that include, but are not limited to being transparent, selectively transparent, having a

35 selected refractive index, absorptive, selectively absorptive, opaque or reflective. In addition, a
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hazy PSA may have a haze val ue of greater than about 5% greater than about
20% or greater than about 50% A hazy PSA may have a haze value of from
about 5 twoabrui248% from about 5 to about 50% or fromcahsee1288926€ about
50% The haze that diffuses the light should in sone preferred enbodi nents
be primarily forward scattering, nmeaning that little light is scattered
back 20toward the originating. |light source. The PSA may have a
refractive index in the range of fromabout 1.3 to about 2.6, 1.4 to about
1.7, or fromabout 1.5 to about 1.7. The particular refractive index or
range of refuslachitiecitsidistesuaet eobednfard. tGeampiBianniaya tepwebdaemciiie over al |
design of fhas Is&ﬁas a-m?lﬂmPnSﬁorggt@(ﬁrv@J (JuYallo?sCLMQ&Slk@QﬂLMﬁi@?Tcoxﬂﬁ%tepﬂllcﬁlimr PSAs

are useful for adhering together 25adherends and exhib H;S) %bles such
as: (1) agidferedss VHECORRP 'ﬁéf‘%‘i‘?@‘ﬂ‘t’“"ﬁ'&%‘t{'a's(%ss é.‘&’ﬂ@‘ra%ﬁ&‘érp\ﬁ\hy{" k¢t han
finger pressure)G.(2B)shausfafeioss- @ﬂtonzablle‘lvbtaypohmnhﬁhdL@TﬂoooalFiGaZi*leqfceﬂdth and (4)
suffi gl entm%,?eha VB bl GHL Oun%&&%?‘élenﬁ&%lz% EERYAP bk e1d bRmLenRdNer end.

Mat eri’al s that have een unction pressure sensitive
adhesi ves &eaupesirsdirismentR9iZghdgwaind§ 3Anmiftidt here been ‘Eﬁﬂﬁ‘?%’lpfe"toﬁ%y r@fui site

vi scoel ast ixempé, Qpay bk schib@W ithirdfgencOitoF Gl @aichedpdaad taasy o2 shaakn Figeel

adhesi on, ﬁpd dshear 30hol di ng power. Obtaining the proper bal ance of
properties ot a si npl e process. A quantitative description of PSAs can
be found in thélwﬁlstzﬂwssﬁte nrigrpseuesvredlayer 2 @dnchiding cayity BRerihlaggognd aperture

pol y( et h) Ber Xlsatewhsbthe 3ptRailefdninagive NOBle RRNOIREptibnal Sihtsudid}e 2ad anieast one

nonoet hyl eni cal |l y unsaturate h)acryl ate and whi ch

cont ri but e¥PH! Stufv’lsératlelz% aESW?fLS'?S"éﬁaurfagn%tl %ec?'}ﬁié"aﬁéﬂ‘rg%r}ggﬁ%noner B i ncl udi ng
at | east onerosmuoet hyérehl s sdphrpte@feomsadnd pxtted 22§ tya-lmd dista 2P thebpel yner i zabl e
reinforci nlglcﬁm&QﬂErThann:éloﬁ'bﬁq&u]tts%m-r%e @éfer‘eﬁ%mﬁ%us ﬁf@&ssqgrbyé’phrg%hes to the

cohesive strength of ass transition
t enper at ur ¥ fergyrogirgpet laxenal): dspisserivsd e‘ﬁ“iﬁ“ﬁ&‘ﬁe?ltm“gh&mﬂé’é@ref?@% E

(et h)sacr yﬁﬂnemfeeﬁeamsknm “bodfhhiglerdytdian 2andinoeit dictivyly rclusptbe ligs and | i kewi se
for ( et h) t?%rrx%s%nghr%u E‘&{g?}é?ﬁ? ¥l‘b|ppg?eprg§ﬁgceé d@&%oﬁcoﬁl%@@%iu}{ﬁﬁé thg-gncpf no

greater than a al kyl group o rret h)acryl ate
has an avelesige228fas deseriped Qﬂseﬁvdierabélﬁ‘e E%“‘t‘:‘%if‘ﬁ‘ﬁ’ﬁd‘&?'ﬁﬁ%e 'a‘F_’X%ﬁ‘ﬁS‘IQé h§f mononer A
incl ude 2-#\RkAl hradgile f@&raytblﬁibﬂ?mldr&@%bw](&ﬁfcbbh@br&bodtawmydrorﬁwa}sblaﬁe 4-

met hy1- 2- pent r acr sec-butyl acrylate, n-butyl
acryl at e, 'ﬁ'cﬁéﬁora%%'}/loq a‘%mnﬁcﬁa%nM AYTH Or%IS acryl ate, n-octyl acrylate, n-

decyl2tacryl at e, ThP é@ﬁé@ﬁm\a@nwd&i fethwk@ﬁdéélw infieates hermjrimpe disprd B onony |

acrylate. Jhecadskdlonddati 2@@5‘01{18% paclenbiR eCs 2ol Ik erdy f@ﬁl@lﬁﬁ(ﬁpassﬁﬁrbﬁg}ﬁw ated or
10pr opoxyl at ed net hox net h at es. benzyl

e
acryl ate. LCF200 aF“rré"fca%/%f aya,ZS Sslg“ﬂ 35‘?’?8?9038”?”;/22% the la"% %8t | east
about 10C, 220ghe @xeatiptransmissionfleatbudyer200,tand thbaihesive Oger 2%rrfm¢nt B'hray i ncl ude
( met h) acr yéaklpo%lsgc'onc( e[Egrtan ﬁ%rt){el, lgrmlr%eon@@;d tﬂgww t@ﬁgmlgﬁvelﬁéﬂbl@-law b30

derivatives thereof, or a & )acryl ate. n;? n]a include N-
hydr 0%y et hid ths@dhpisgixse240; 5‘6@? 'ﬁ‘éSt %/fé'faf}ﬂ“éﬁvﬁié’ el\‘ivaKﬁ mgm H@‘f e%li‘s)f’lfam de, N,
N-di et hyl ddeenybastiecde, N-et hyl - N-am noethyl acryl am de, N ethyl -

hydr oxyet hyl. a%%'z%% a cb&si\tect%hnxgsvwfgthh%kumrnymrraceioedm%to @waygect

acrylam de, N, N-di nmet hyl am noet acr N-oc acryl am de.
Q her exangltieglisgipsurro riEagieef e ei‘eﬁtﬁ’l‘tﬁl%ﬂ@ 259 %l‘@ﬁﬁi“cf I%c?pcfon?fi’%‘f’btﬁl"lﬁe & mal ei ¢

aci d, funmagiégenlQi@2502nm(itiFet o wn)ce hivy beea @esylitat previdisiyy dorexanglidydvinacr yl at e
or nejfhacr Iat 3 hydr ox | _acr r t e yl

met h a%OIh yl a%/% escr 6vlgt}r1]r erear.m(g;e} %Wc? B¥ (ﬁ’re poﬁés@o cav;?y 222‘531]0&;%1;%& Aaiargirgg:énh

met hacryl aEash Olbhephelngﬁﬁw indedfey ﬁat?’@e”w&@ﬂltmo Frjpre %?ér*\?lj ati%va“é%l ohexyl

acryl ate, ghweh mh@d@mm aﬁ’@tﬁé’s’e&)tn@apegurgmht hyl acryl ate, phenyl acrylate,

(Iil-a\[i/):' g?llacz g.::nmamlgng 2C, a Xrostr%((::tgre(?'ln‘)lzer ?10 is 1nverte(¥suclP¥at a%rs rgla%greshrfacggm ané/I nyl

first aperture 224 are disposed adjacent a substrate 250, and optically-transmissive flexible layer

35 230 is disposed opposite substrate 250. In some embodiments, microstructured layer 210 can be
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In sonme enbodi ments, the (neth)acrylate PSAis fornulated to have a
resultant Tg of |ess than about OC and nore preferably, |ess than about
-10C. Sucwo(nextte)4ssryl at e PSAs i ncl ude 25about 60 to abeat/i$862lys2eei ght of
at | east one nononmer A and about 2 to about 40% by wei ght of at |east one
nmononer B, both relative to the total weight of the (meth)acrylate PSA
copol yner. Useful PSAs include natural rubber-based and synthetic
rubber - based PSAs. Rubber-based PSAs include butyl rubber, copolynmers of

i sobutyl ene and i soprene, polyisobutyl ene, honopol yners of i soprene,

pol ybut adi @esd @rie setsyateiie fuitt agioendacedbbems oftfved edegye24fmaly stiee 30i nherent |y

tacky or tJFrﬁ%dI%}{s (ﬁ)gtqydvdfn? OBtﬁglka'dfﬁelsﬁé 10 et Iﬂfs;ﬁds&ir@erhl&(él‘uug(? of QBdAS 2800d
hydr ocar bon resins. i ncl ude t her nopl ast mers. These

PSAs i ncl uldé""éece)‘ﬂbé‘ﬁ'@e’lﬁsl (61&9("0&8‘[381‘)5/%?‘?' W‘isﬁe ?‘l?tfﬁ'é‘i'i? ‘6’(’:‘15 “8 "§8Y'Vi sopr ene,
pol ybut adi 2aeych pial tyd @titeydgin dktyednysldewd)226, fiesk speirhydeme spoipydrene2s, Resi ns
t hat %ssocgﬁgg‘%st est}]ﬁ cpg 1al~labfﬁ§5 megbﬁgsl ?E 8% used with thernoplastic

el ast orrer ast oner Itse not tacky enough. Exanples of
rubber 35phase Fé@@@éhwaﬁ@“ﬁésﬂonaé viewef futxét |9 Al 10 aa‘f(’éqﬂwgﬁo BREPFRiEd resi ns,
hydr ogenat géhehyseibear e theaRthedt€7102B@shpReN G1G. QDIcesds fuids thRels mismbérat
associate wth ermopl.astic se na stic

el ast oner eigfg}fst EP) %3hhhow|n rgl%lgnieﬁ%_ whppf’liav% bee{) Xﬁs?r%eé’lprew%l\évy_rﬁ rteQ@nl’ astbl%c phase
associ at i M2 dessiiteg witinesferptes tp BIGy AP ervgsnonds to @yity?a? Emén i"rfdl@r?é\ PEsSP PIS, resins

derived fram&es!a r§1@fost&&tu@@ia&@bmmémﬁw o RSAGes NG h ﬂfiﬁm&@:@kﬂfafcé ed

t hernopl astic press nsj.tiv adhe Ives as S

7, 005, 394 %‘%"ﬁ"& gf“'& ndmajef S“jfra"&ﬁﬁgés di £§°"i088‘iau>éléa"€'ﬂ‘ésr'vr?o° 8'61' e 6 E"‘Cﬁer,
tackifier cavities P2diyclclenfye mpanture 224, secondlaseetﬁlulnpgﬂ@ldewdl méet]winyfm et hane
pressure S@r%bgdu%gzg%%lsyﬁn@a%egﬁéﬁgl bed in US 3, 718, 712 (Tushaus). These
PSAs include crosslinked pol yurethane and a tackifier. Uéeful PSAs

i ncl ude pol yur é¢ Ri$néP: éd‘lg%‘ré‘fsé“séﬂéfe ‘B@%‘BH“B@%I“‘ilfiﬁeli@sfﬁﬁ%"f6?’1 9% ( shusuke) .
Thes el sSPSAsoptitial iy ekeents teydname fiscmyjbratugaco?l idgodstappluas torgingedigiand  an
initiator. transmlfswe lsﬁ%fce”im 't:})1|§fof§ sdbg%ltlylggalaéhél lo%gnc%ll$ 1§511'\5%meﬁ§le Iayer 230.

pol ydi or ganosi [ oxanes, l[g(in | oxane oxam des and " silicone urea
bl ock copolnyhesicalambpd: ?i‘t ithe i r%@ﬁ“’ﬂf@“%’lﬁéﬁ"fmss&e mgfeyial 2‘1‘%‘@“ E‘i | i cone PSAs
may be forgwe, ﬁxgr@nblahwm&themha&buefrarcﬁcamfthemanbﬂmwm@mms@pmvémmamorrponents

15havi ng si | i.con- honde al t t e silicone
PSASVIn’B.g I jn(r:rilcr%strucl%uredq?yer 5% suc pref?ecgod\ Vid ”IQE ?%mghﬁg[ag\gal]y &% Cbl?%gelta-JePSI nl IThe

t ackiZ0yi ngenhemdnorwhlymﬁtﬁb ngrléedtfﬁreé@lpéh’ Wéh§ipc9ﬁa‘lAP§|"laPQ!‘é’ﬂcé structure that is
erdcappeld MSiOlﬂO/@jlft@klf(yél&b étQX)\llhgér@BQﬁeular embodiment, llgﬁ:’ﬁt&ﬁuﬁlss&bhaﬁﬁﬂle4ﬁSAi ][ray
al so include a pol ydj organosi | ox an,_optiona ckifier
as describ ﬂ"’?eﬁgUS%gA’ %% g’?’ﬁ litgﬂg E"g%(yé? veptir fEEUgle”fd P ATy g?tgrla?ncl ude
si |l i cone 28tadickivd lgyenZpordesiired irarsfedes ¢r 168 FAFIE, &L@l?sa(]%sugﬂsﬁnsme {dresve et al . ).

The PSA sk Orgmmgltlaggggdeto build rmol ecular weight and strength of the
PSA. Crosslin |ng agents nm used to formchem calla’[grossl i_.nks, physi cal

crossti nks or ahE#EY ‘f‘ié*’tyFrcﬁ‘inalﬁ%?'baﬂ\“esw%ﬂr‘ﬁﬁ“ FREYSHEPBERIZED RS ™Y heat, LV
radi ati on amg abyhspitdbicko@uterihlror Siataialse Mb@ohe pRidEnents,hig dPBAIve Bydr 240med f r om a

(met h) acr yl o% P}l iﬂﬁ&%leﬁ‘é’d%? ynqﬁF ac@ésn%%ﬂﬁéﬁfré Qﬁgt \,e'adhlcjsn@ (PgA)255 920 B2

(Everaerts et met h)acryl ate bl ock co((EJ){‘c:)J yners
i ncl ude: at Ied%fO“te\Rb‘bW"mn&c‘!éeflﬁb‘TS@ﬁé‘F'i“ tass 9e§°rtbFf’a‘f‘ the Dalapiffe PR on pr oduct
of a fi rst(am@@marme{ema@cs(lotpl@num Sesitich Adjesve TadhkylbgyBichr@@dy Dasas, ean ar al kyl

met haﬁ)ryl _?_{/anwostr%ngﬁ,‘gmhongsg o%hfeb%%)et or a conbi nation thereof, each A bl ock

havi ng a hacryl ate bl ock copolyner i ncl udi ng
from20 to 50 W §h m@e}m@mamum rselforcespnat leppt eileibisg peglhfercgwithin a particular

range. For example, the PSA may have a 90° peel force of from about 10 to about 3000 g/in, from
about 300 to about 3000 g/in, or from about 500 to about 3000 g/in. Peel force may be measured

using a peel tester from IMASS.
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30bl ock polyneric unit that is the reaction product of a second nononer
conposition including an al kyl (neth)acrylate, a heteroal kyl

(et h) acrwbabe/ica458i nyl ester, or a conbination thereof pCThis2B2l0B26&k havi ng
a Tg no greater than 20C, the (nmeth)acrylate bl ock copol ynmer including from
50 to 80 wei ght percent B block; wherein the A block polyneric units are
present as nanodomai ns havi ng an average size |ess than about 150 nmin a
matrix of the B bl ock polyneric units. In sonme enbodi nents, the
adhesive includes a clear acrylic PSA, for exanple, those avail able as
transfer tapes Isunk cabodHBEMhARIAin¢IaicTapetichB Odar PSomvBRh G hghny and 3MI'l

Optically tgnga&anlc@?fmtamzmiaw MBS, m;la%gut@aq)aﬁaﬁ%ownmaom M1 Optically
Clear | am nati 8&/ hesi ves (8171 and 8172 descrij E?d i n PCT patent
P

publ i cat i offegdb%r.o2BYBIRYU 9& hbput lgové%éhaﬁfeé?ﬁpmp\‘?é‘é‘b ight gRe&tey bed in
U S. Pat en(rabdautdomc@bmom MND). IrQsﬁﬁhé.érﬁlﬁb&%&Q tHe P9 @ hagahagtvalt of)less than ghowre
erbodiment S, (L 0R.AABRSIYSE IORLIAES 18 ol BATRM.L ATPRA nhEARLe BRETONOTE!

contalnlng a su futed or an unsu s rondtic nolety as described
in US. 6, 5&8aong oo lewstheppbogts¥y|from abomOOHo eps terpireeuettpodfrera Atodt 0-Glhe  PSA

i ncl udes ato%@t@irﬁ’a'ﬁﬁftI‘QSHQ&%lﬂésblEléanbrﬁlssUn&n b2QEtbralineN@singhbaR ARkD4 (63656US002,
Determan et al.), . g (a) nononer units having pendant bi phenyl

10gr oups a??&orf[h%mﬁlsq&llﬂ lr)#;t h)acryl ate nonomer units. In sone

enbodi ment s, ' t Hesd8Amperihantieibe BSAciogedeyameptically eless adhpsive diaving highdightPr ovi si onal

Appl i gat | Ot'?an%ftér@é aniQ 10w OBRE 3Righ B BASRARRe mBEle8TonBBo@ b0 @labdut 1 NCl udi ng

(a) nononer_ unjts having ar s and

(et h) acr yl Q% D RSHer t‘lﬁ??‘ftgg&f’ﬁr &%?r%’o'éf%&ﬁ% W%’ ovtebaé{eé%ﬁgosq'%é’f}hﬁcl udes an
adhesi ve assideBght spo@ckmi(bol 480 toRbaw 78ingnahd Hazymples ro@tbe dnam Sequi @01 tho.

60/ 986298 (&30 gﬁsﬂ%ﬁoﬁ%@a%@m%s @n-about A% Heth BsbuPo Bl Ok CARMuY e

di spersed in an adhesive matrix to forma Lew s acid-base pair. The bl ock:
copol yner 1%cl udes an AB bl ock copol yner, and the A bl ock phase separates
to f01_r5m m cr OdQﬁY&inﬁSemNdirhdnfk th&res ABis bdzg eld/ diflhadigmepant indyxvisitfolighexanpl e, t he
adhesi ve ;F bg( rq? ha gha%'ed\%lu%op(?&%l'%w;bmﬁg% ea@érhﬁ“ ab()ﬁ@b‘b)(ﬁ‘%re){tlsratba% and a

(met h) acr endant a unctionaflity, bl"ock copol yner
20may i ncl theet 5&%sﬁy‘P@/rFéAa‘e‘?WW‘ﬁtaéa?€dﬁEﬂ qf frefp ab"Ph@"ﬁP‘é‘F%‘t}ﬁﬁ‘Pﬁ%"”hﬁS‘? be |arge
enough to ib@ﬁtwa%dor%atab@fzo teabddesm% Img}btze tthtfqub@'theﬁ@lﬁlsl&ﬁ@% iohlat t hey

t he wavel efl ‘Fuede some
errbodZOmentts»warheherwgw@ld&)h@nwumze is from about 1 0 to about 10 urn. . The

adhesi ve may i ngl yglemay |$va ﬂemnn@h@eamm rengPsmonswoatlcaho rplessable PSAs are
PSAs t hat 25can be renoved ubstr are str tched at or

m a
nearly at %boitéﬂoorcffé’ﬁ‘raé%”téﬁécl 3(5"’””3 iberf’ém %6%;??7‘%{ EXX a”gea(éhe?ft% or a
stret ch reindiaseclRRBA farsedSAsnay depeitieondiptoveal detigpd tivd€Fa shear st orage nodul us

of less than abl‘?lgi’SA%nqu% WhEdRs M§Uﬁe%ql Bir. 1’8[\@-&% §s@ﬁal (%P&ilherﬂa Cogetidr from
about 0.03 to about when nmeasur e&/ / sec, and (g: tretch

r el eaabl eadbepnds pexiHbit RieRsHics %“"'H?Ssé@%?éffﬁsl"ieﬁ@d peF%‘U\‘B’F rh g a‘H‘rerePcéé”S}t ling is
desired. 3fYmors maefimgaipediune (B) suffididneabdity te hai omednedsadal endP@Psufficyeni ncl ude a

I based PSA I
0 s, Provi SPERsFP AR EERALL AR e S5l 3R B BOCER ORI B ) oY

and 61/ 03650diop B2l B PISUTensitt whesiyss 4t polymess designediand flqrpplapdto ibighps A
i ncl ude COf&b}Qﬁtletvls&ﬁﬁsri@Broaémdv&snlaﬁghh f ydsi@ baleisk BF tadkOpeal aBlickibic ameshpel yer . For

exarrpé)st OLE(???’gtprso?v% € CII))%lenll S Sed)lr(i?er balsnce ”Pe%peane% 1990% a@l o@&gi ,I g&aﬂ&atrv@y n and

an el ner se roup consisting of
ur ea- baseddeséripfigon &S sOpw ba/laprdgn the?dﬁquciémb%@(f”ed here'n

Exemplary poly(meth)acrylate PSAs are derived from: monomer A including at least one
monoethylenically unsaturated alkyl (meth)acrylate monomer and which contributes to the
flexibility and tack of the PSA; and monomer B including at least one monoethylenically

35 unsaturated free-radically copolymerizable reinforcing monomer which raises the Tg of the PSA
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silicone copol yners, am de-based silicone copol yners, urethane-based
silicone copolyners, and m xtures thereof. I n sone enbodi nents, the
stretch rebDeapatsb4#s8PSA nay i ncl ude an acryl at e- based PSRCagisd@zms2bed i n
U.S. Provisional Application Nos. 61/141767 (64418US002, Yamanaka et al.)
and 561/141827 (64935US002, Iran et al.) Such acryl ate-based PSAs incl ude
conpositions of an acrylate, an inorganic particle and a crosslinker. These
PSAs can be a single or nultilayer. The PSA and/or the structured
surface | ayer can optionally include one or nore additives such as filler,
particl es,anpkastbuies mersohegirasirengtircdiths P&A. MgeomiesB hispihbmepolymsr, glaant i oxi dant s,

SF abi | i Zeréansﬁ((insé}l%}a&ye (@d}ﬁgfhyﬂtﬁbg tlﬁ%%ﬁome@ﬁt hstRl §erent krh@f)%}qﬁmfer%es and
pi gnent s, phosphorescent dyes. and 10pi rrents uant um dot's,” and fi brous

rei nf or ci nythAgettad methacry"cﬁf’é‘e%ﬂﬁ‘%%‘iw\fsé %SS}C”H%C He hazy and/or diffusive by
i ncl udi ng par t iredf@slys mofon@sA handpasiolyekerg of do gemd ean besd°¢ herpfe@blput 1 um) ,

m cr o%pher esallqugr%ﬂ‘)eog?l{e{;;retﬂégﬁ)rlgg had Br?ﬁrte%%e)déa&rut t'o Ql?oru 0 cg‘\ﬁmnﬂr y .

nanopartl C es 'l n sone e I mrents, e Vi SCOG| astic
| i ght gui deExtaples fiatontesr 4 PBAC ?rﬁ‘?‘ih)/‘ku%{ﬁﬂy'ﬁér‘%"i"‘é’(‘é%w'é@ lfpedarylped-in U S.
Provi si Onaxhet}ﬁﬂlpjpbrﬁﬁﬁatrgﬁte Ndam3 hérDIgee, 68(5buﬂ§56c8hﬁ¢’ mntyﬁicry&ke, n-heiy oy ey2-Docket

Bgrt Fgrgguﬁp%z%rglacgy ?te tégacvla? t e)z/l zic la?e {S%Jeﬁfl ?(}_lryl% s}p&eqr/_ll m%%gﬁylgtga n
some enbodanﬂr@nmosyllaﬁwhnyTll?@"‘clﬁwrpa‘m lecltfdeﬁthfrhé‘kpsmtfleiﬁ afwydated i crost r uct ured

adhesjove SHEJOQ}Qﬁedtl@etlﬂ)H @Wthf)a‘afyla@elerbrloﬂ@ﬁA u@pmcla@muzgeauym I\/Et hods for
attachnent of § IQubl ication

nunber 2007/ 02 %’?y ?ﬁwr gg Q?'{}%Po ygy%rgo(rgr'ﬁtqeaftﬁg?U§d{eb R exa"&p ad T eaction
product of abautridifotabduy AEECi bliaadmee B mp} enludsdinkt)acmliracidr (e dcrgiangg endeN-pol yner and

one or mrrﬁon%hl%lormﬁﬁ% %@a%s%@é@frérg?getﬁ)gcwe 2084 lggﬁﬁgﬂognep\b idcRher man et
al.; Attorney

US002) and ‘US 2007/ 0054 T\% ﬁherman et
al . ; Attorl?ﬂe’yd‘W(?wé‘tac‘P(Bm’dGﬂ*’é@@g(ﬁﬁf?%’m‘d*f%l‘] iy ape'a éf(} ¥™'ncl ude a PSA
such tshat dch@nlidyeethgiirbbinbeshybdggn@sd] NethyladkydbrenthPsapphidedNW th [ittl e or
no added p&lﬁ%ﬁa%ggl fﬁéﬁ?(?ertebug?&%ﬁéngg Nlmdntngﬁylmll&'tﬂyﬁatc¥ﬁﬁlweegnh er)cllyl ne (as

descri bed 1| Pressure Sensitive Adhesive Technol ogy, “Second
Ed., D. SatcadamidsdOthengxammlesof marmerinaes iconiqagidveronic apidgepeic 498ef u|  PSAs

i ncl ude t hmﬁlﬁ}ncaaiaez‘,jz @nthe@bmyahcmubbaycsoxystwltahﬂhﬂe or mdabbg e, 3-st yr ene bl ock
copol ymer S )g)ro%faciy}é € O([; thac? éﬁcﬁlgtgyl)(nng ?}’F}%t??%oycwl)n rylﬁé Bgﬁh%nox?)g h%lo![ ﬁf I ns,

and poly( Ic refers
acryl & an@n@@@mﬁhﬂiwm bipkyyky] asey lagenicbuyinbeny a5 lal’“’@FYC Phevirakey at e. An

exenpl ary Pl%é%hylmrw@@acrﬁatmhwmyl ﬂ:@ﬂdte\/mn)flléﬁﬂhta,m ahyj| g@RBEidaNd/igl mononer

i ncl udi ng et her. nﬁ% ‘Y\Q'S{ in frgm 35 to 85% by weight of the

pol ymer de Y H B’gﬁ Bpgn &eca‘g&lﬁ Mves are described in US

2007/ 0082969 Alln (olkihlemkodetlenal thg (methiroty hisrPSaxeihpiuiated t(ABLe 4 meltandégofiltse reacti on
product ofa, Jb&ﬁ&deﬁﬁihl%@l erz@%] %Wah%l?om foodr @Lﬂ%ﬂ&hﬁ@ﬁﬁg}’@ﬁs IME ea- based

oligoner and a free ralca meri zabl e s%gargente SI|§% sed
copol ¥ner; aboftﬁgé"é‘b%ﬂfiﬂ%l)vé%ghé? éé‘(‘,’}"l"}?é‘ﬁ"‘?r BV &Py (?f Mﬁ'lg cation
61/ 410510 ¢fhalpdsoonemosdmer B Abothoelmay tolixakiaitweldbt of G2 Qi SLISOORY PSA copolymérn sone
cases, he adh%%%ﬁsﬁ?)’%{uﬁé r&ﬁxlralljggt?‘er @ﬁezﬁ%ﬁ'?ﬁ&h\é& rtxlh)@rt bageqqﬁ?,AQQiubgé?nt ain

silicone. Silicones incl npounds ving Si - nd/or Si-C bonds. An
exenpl ary W@§ﬁ§/@°‘i"i‘?@l”@ﬂf@%be'aC‘B’ﬁbl’i‘eréPT‘F@W@“W%HO%%@d'yéﬁqﬁ‘%‘i”?fe pr epar ed
f rom cur abhdgmop&lyings dfiisoprar, pilydaadas.edd afregonBdineasbber. These PSAs may be -

30 inherently tacky or they may require tackifiers. Tackifiers include rosins and hydrocarbon resins.
Useful PSAs include thermoplastic elastomers. These PSAs include styrene block
copolymers with rubbery blocks of polyisoprene, polybutadiene, poly(ethylene/butylene),
poly(ethylene-propylene. Resins that associate with the rubber phase may be used with
thermoplastic elastomer PSAs if the elastomer itself is not tacky enough. Examples of rubber

35 phase associating resins include aliphatic olefin-derived resins, hydrogenated hydrocarbons, and
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described in PCT Patent Publication No. WO 2009/ 085662 (Attorney Docket No.
63704W003). A suitable non-silicone urea-based adhesive may include an

X- B- X r eawOi202/wk45§omer and et hyl eni cal | y unsat urat ed nmPoDMSR&12/039266 X- B- X
reactive oligoner includes X as an ethylenically unsaturated group, and B
as a non-silicone segnented urea-based unit having at | east one urea
10group. In sone enbodi nents, the adhesive layer is not mcrostructured.
Anot her exenpl ary adhesive includes a non-silicone urethane-based adhesive
as described in International Application No. PCT/US2010/ 031689 (Attorney
Docket No. tefp& bRIABIROS)ns. Brsigurhat alsbaataw it theetivem dpdvs bcbhagd ire besesereh i ncl ude an

X-A-B-A-X &%9&&\/&1&&&9%@ ﬁﬁbdena%m/r iRt G chdlgh MBREApRIRGhAPNOMEr S The
X-A-B-A-X reactive ol |8omar i ncludes X as an et hyl eni cal I%/)gﬁq%g]nsat urat ed
r

group, B a&soqiapgesit IeRei RO AIMEN S PN AL RIS Fes iR &7 g £ e ar@ki ght  of
5,000 granmiromine or greater, and A as a urethane |inking group. FI G
SA Shaws @ cr 0SR: HEGH, Atk @&t}%mgmgﬁ%ti?@powgtﬁgurgpenmladﬁeg ild1,300, accor di ng

to one aspect o I sclosure enent s -330 shown in FIG
3A cor r espsraibedip US 71085194 hbde'e ef 2b) dhesaPBAsoncduide Sormoplasii P?'Hmm t@k'ﬁ?fA whi ch
have been gességolesdmpsemi ously. For 20exanple, first major surface 214
described with re 2A corres; r surface 314
shown in FI G é%\?t{nlg{lsgs1Sn8lu§)erﬁo|§/|uﬁhf_1]egess§'&sen31 Ve a%}swesswggsc elsciheac‘ilqyl\}?ew of LCE 100
of FIG 1 3HB8JUYushans). chhesed’Sps iaﬂederr_‘p&helquw}wr@*ﬁwe wd afiaskifir. 7 pl ane is shown,

simlgr to thatysshomasindiubd ﬁlyu%ﬁanela&yl&b@ de@MibedlifBs 36Y3/0b msizydes a

m crostructured | ayer i ncl rra .cal.l |solated
li ght transni sg§}{}'é E)a\ﬂ?‘fsf Bé’t]sgﬁde Cal a'\°§“§f“§8&?§’e§' qﬁsngzcr ATy
transparent fi |UsefB3BAs Ealote sigvictPFA82h asmellymde@oalomnpsspol)@pmganwl@a@4 a
second ape;gotlﬁy(aﬁn C’l)’eg§nd sﬁi@gne%;ea bgasdopierstedandddl Us 326 9xtiendh AY fheom t he

first aperture he second aperture 328. Each of the at | east one

si de wal | sSiE9% Pfsé‘ls %y%fgméwﬁh&ﬂ@'v@“% rRRFHOR b%{‘”f)"é’rob"e?fd‘ioéelﬂogf’o"ﬁ'iij to the
firstismej okaveysifi@a@oditdlhydAgén ans bliphitiewhsagratant Ohé siliagd RSAp mapasiudeed from t he
per pendi cul Ao 305 FAMLIE GRYVd. L1 es 322.

Li ght rays Ql%ntegr 58?}%&%6%%9@%%@ %:tqg"y qutltahﬂﬁ gl?él I’Stm\?l 1evx,iang cutoff angle p
can be i nt @mensignadgiliesie StfPFé”%ihéfé‘WanaBPeQZBh rilkylHlexygretrdst ruct ured | ayer 310,
and ei ther refl@efieslicoe P8RS MEAM, incllGe KFuD\ddrdaosDd¥@ne@blysiaimlide ahdant he art .

Furt her des t|o of . Lhe p t hr l.hg both
reflecti on°p?§’1?gﬁc SIS U %J% g)aﬁ‘léh g’gesng?n %{glc}nUéegﬂg%klh%ﬁﬂgdlgplg% exanpl e,
in U20S. Patkifning Nﬂp‘i qse!%@ml@ﬁmwﬁ Q?S?@l@@@f&%@i (Gaides et al.). FIG 3B

shows a cross-sgebtona be%%aﬂmﬁédit&b&ﬁ male&uGFwanQ,anmx@ﬁgmUm@ pt@. one aspect of
co&responds

t he di sclosure. Each of

to |ike- nuffBEFHinesewRdhy ke gtog é%f/@}\crf’sﬁ)”\%f @p \A%cmv%lfﬂésr?rﬁcao\%) "Heen
descri bed tereaf] adighkymaypractaxtadipl heat, YY radiatiomajdthe Bgr f ace 214 described with
reference to F'I%on%%m%&b%é?@sptﬂ@% Js%nfqédrﬁ&)‘}n arfﬁxletﬂfacéld{efb%@co%&ﬂméﬁhom in FIG

3A, and so on, cross-secti onal yLe W&Fé of FIG |
through a ﬂ‘Ff“é\R)FddQ qu ?afﬁ%s 9fg§2 Eoeresrseeat 1p e Rt ?ef“%}i’)é At ¥°Shown,

per pendi cuteslyihés inkiedeY adead tan@ bloclepslgirovumits thatgird thereackdrGarod@e obe filsl G 3A.

I n FI G BB nlﬁcﬁ\F (i%gugos‘t{aﬁlnglqg%ﬁ L%’FIFI rngétald %q(yl r@é{ﬁa'éryétjcoant g@t I nCl Udes an

array of Op?l cal I'SO m ssive cavities and is

di sposed oﬁetbﬁﬁ%ﬁﬁf{ Pf@éPmV“Q“P‘aﬁérﬁ%freéﬁ’tA Plpgkppvitessls of & lepsie0 (,gaﬁ‘ﬁ of the cavities
322 can i nﬁlzthﬁé@zla@erw&sc@ﬁ@ﬁqbﬂﬁtﬁuddigfﬁfoﬁrzerbtsof“retgmp@icmulba;_rck ends®asts@di i ons, as
gi_igc{) Obedchl c%e\é\ihmemc unit gettlgtsgg?%‘]l%XB{o%ct (1?% peégng\élog\%mgggndogii gﬁcltydlin%\égnggl ane
di ff erent mcbmqrna@mmwn@f (“@MW@&W Yigyl osgep, or ggombingtiqnikerapf, éjiBng pl ane

118 eq U' Va‘)l@d’lltha\; % d;-/\'i;g@nogre&erﬂh@%%aﬁxe Wr}l]d& ﬂcﬁ&po@ﬁeﬂﬁ%ﬁé froAsosauch, the

\g: ?JI[‘IE‘? W iIZO welg tpercent B bafocﬁ()v(»/:he:%gnetgi X\/‘)loct]( @merlc umts aré’presen?t as nanod%%alql fferent in

having an average size less than about 150 nm in a matrix of the B block polymeric units.
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15vi ew and the geonetry of each cavity 322 when viewed wthin either the
X-Z or the Y-Z plane can be different, as known to one of skill in the art.
Each caviwg 28221624881 udes a first aperture 324', a secon@Caseeianss2828' , and
at |l east one side wall 326" extending fromthe first aperture 324" to the
second aperture 328'. Each of the at |east one side walls 326" - forns a
second sidewall angle 0 with a perpendicular 315 to the first major
20surface 314. A second viewing cutoff angle (p' neasured fromthe

per pendi cul ar 315 can be geonetrically defined fromthe cavities 322. Light
rays intercept ilngme@Rb@Denpubsidbieivefncludee a slear amdic\FiS dongyarple. dfofe angl e t p'

can be 'ntzﬁfg ?Qtagtqcmgéﬁtgp@@suél HMarh §cr§l2061"apé@]6ﬂq@0ml@tg§ dn QrId@'f\/ﬁd | ayer 310,
and either | ected or absorbed . in the art. In

sone cas esOP“F?JPY st ptipgathetivral 8&‘1"°d"§§ 8@86?‘5"81’9&1‘"’&?*’8%@6? gAY PAINg 22
cor r espondsihdsivesy8 CA110¢I 28] 8 7R ELS descsibeddiMBICS paein fubBEwibexonsgRoedmoodiheangl es cp,
(p* can Besxgmﬁarégmslves ar[a Fescr@%&m lpé %5} M)IIIQ\NO Ro. %b'&ndéﬁd‘w&{?s%ﬁar( dt Q. exaBpl e

(p an ssenti a eterm ne rom e aspect Iven

((W +V\2) / 2p w@oWe%a‘ev@esa\reencﬂl@we“éf\ufvee%e? ﬁtdﬁae o BeneEer Cﬁ"tf‘ Pige

parti cul ara dbsmwkeddr flvaaBstituld. ardnmn@rﬁaerpasrdescﬁwdaruerﬁ;@dpmm ©Olseaehlof the
plurality of optically-iso e h transm.s 2 are such
that the snall gsfomeelsmb’e%ifmer"gt E’opslAsm% dte?acog(f Y rlierﬁis‘!esmge ébP §lelraﬁ\?oest aspect
rati o i s nbf87gy98 3656 USPRZNDSerman etTHemW@nt(a)@b’mmfwP"'ﬁlhﬁm&}@@ammhﬁ’yhave a

Vi ew g anggle,sgfd (g)qtkygfne@,;a laleRRRon{Pusiggrees in a direction governed by an
aspect ratio o

ontrol film waul d, have a
vi ewi ng angl e Hbf‘meég‘g dfrﬁeﬁﬁ ?@P%fe@?"edég ‘ioﬂcﬁ e(ﬂfsr(%écf'li’%gﬁn g%v]erf’ HE¥by an aspect
rati o not gppdiediien Scriala¥p. 80/FZ735 (63760US002, Determai-¢t@l.), Audirewsnaonerasitss- sect i onal
SChenB.t| c Ipatfmgpénhﬁmarb(ﬁ%%ngpLQ‘Q(%Fﬁ&lq}n@th)%%ateﬁﬂgwegﬁnng tO 350ne aspeCt Of

t he di scl osure i sposed between a |I? g source
490 and a subd¥ feegmassimenisfhe adhesiva jnsiudes g adhesivg artsssribed 1p He- BaWEeht e 450

f rom 1si ght AgOitttieeSeHdiNo. 6079862086 633 0313002y Betker esallh sicludibea WoE comiynise a di spl ay
such as a ki pgr@édqn T MRLRL W%mh% I%g%ah %%SL }aght'rhgf%&(tcb&%n@t ma@degarspl ay,

pl asma di sp ) ectrophoretic nted I nage, he |1 ke, or a
wi ndow suc’ﬁnB a@cwmm%@vwaﬁ b@’F‘&Eia??dePa’laF?s Wore reFBRRE Mtk thE@:F 400 can

i ncl ude anModR,fad}{eEl@e rﬁzﬁﬁbdll:fof &%bl@ﬁlﬁ: atﬂﬂ:ﬁll/djdz&ldx hgrigdude a edpdiymatdf Beallon | ent ed

rel ative t eit LCF 400

i ncl udes a g hls% a"g? %Ufe )acﬂ/] en]a‘( 15 en%agt aﬁgggﬁtﬂoéngf r%@n%ﬁ){)%&r:ck@orfgﬁgm ar line
415. As sumw mq_l@Fa%@nwe\lﬂéﬁrﬂowmeghﬁem%f%dowlwwbgPﬂfges?mﬂg © fargerdt hat are

outsi de vi @)Mepgm@éf“ Wi b@nelse la(g:b)thaf ﬂh%af]@@ﬁé?hd@@leﬂﬂl@%e’rypkgﬂy th@s descri bed

el sewhere. FlI W%r( r oss sect e controll ed
ST G oetouir AT B B e et gt R IT ) §afou oo O
substrat e b0 cinbodaiesp dsadcrbbtmeeize ia fiom ghvut Sbarewt WO and an LCF 400, and a

viewer 491 is OIH%QQ&EJ:\% nfa %clug:aséli‘glghrfereggblé PgShtStr%lQlU{eﬁgsalﬂgpSAs aft IS@AHBat
enbodi ments, substrate 450 can be a disp Iftﬂy such gw d cr stal

di spl &y, of3ganicEoYeR GAP 2&tRSTas ihtexAroratchad e asrly aafgr egﬂ‘?e A soh
el ect r ophogngdotigesls, s;alaayesweprrla Brieudl réleuBeORSA waddchs tnhige dpiidebtppedias ashvdr mdr@w such as
ar chi tect up gclulug ﬁgss )| ab [} 3P “%EEPIQ%LJF&QF Erad/Leg:ncleQCCcﬁ@roanGAupéj@ gny of the

15modi fi cat'i ons i ncl uded herei n can be orient drelative to substrate
450 as sho#uti!f MEp ey maapurd ap hragfsec ppdg] 7°6 CStretqhyrelongrb IciPAT BERe Ust ewi ng

cut of f angaless(ea;mmgaswmagfoe@clﬁrrgomebeﬂpendl cular line 415. As such, LCF 400
prevepts |ight rasf 0 e hat &g ng cutof f
angl €0 from reacfﬁ eemb drpnen Egsjre e?easaé‘l?:??%m%; 1n€l gj‘l%o%b g%ec}/f’sg\\’\ﬁé <hovs a
per spect i véese’tbhblrrb)tﬁ 65&52313[1 nglh'ﬂdaeemt)r(bUISeEfo‘aFI?'lab'N@“QPGS“ N%Fc@éorzﬁ‘Pﬁg to one

20aspect 0(6353%361)&%%@1%“&%})alnﬁleﬁb@.sm‘%@,lsmsb@zt Dé’tt:&aﬂé@l )arsdchan.ch 400, are
di sposed bet n Illg%t source Vi ewer lar to

T oner - 40105 TRAS b Hifsg pe STl ME e R Py if'“%%m‘y\'?ef & g"aT\P “B, C. D
are | ocat etle sitetct sldambls PpA giay indnds 2a MSundkifpieg semeidenFlavonrtissifisneh as
I eft -4 ght olyhkd: Q%W@d frémgle @fo%’&%nﬁmé@ﬁxréﬂ%ﬁ%@ﬁh&hé’ Sb&ynted, bathdibagd
perpendlcufar 415) such
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400 prevents light rays fromlight source 490 that are Qutside view ng
cutoff angle (1). from 25reaching viewers A B, C D. The present

di scl osurwopnvicess a process for naking flexible cavitycamsayi2as26€! es.
The process includes casting a curable resin conposition onto a

m crostructured tool, curing the resin conposition, and renoving the
resultant article fromthe tool. Simlar processes are described in U S
Patent Nos. 5,175,030; 5,183,597; 5,384,571; 5,691, 846; and 6, 778, 336; and
in PCT 30Publication No. WD 9511464. Briefly sunmarizing, the process for
maki ng SUChh@ﬁN&$Myﬁmfammab*&ﬁmeawkmmbMdSSHQMﬁe&ﬁﬁpﬁwmﬁcq&”npﬁamﬂding

a tool havj, Qﬂ:%t%P Elng surface with a plurality of projections extending
therefron1SU|tab or formng the mcrostructure elenments (for exanple,
35cavities).; a sme@mm'@en%ﬁh? gisich refeassblp PR mpviatlededn acrg#etbagefl PSA as

optical | y Uds@ibsdTin ©58. PR vikib@X A pii€atloR N6y, 6hﬁ1\1767§164f4l81.$b02§m€in£1%(}ﬂd)ﬁmu or

surfac %&l&72%45€%80bi ?ran et a% )?guc lélcz:’{;l?tg-%as JP Ats 1nc%§%co%%osllt%Pg gf%‘ns m ssive

flexib e I ace- 0 a cured resin
conposi t i omrylaher eprganitfagicle hideanessinkef Tltekﬁé’sdpt:an@ahlslyglt eramdyiidyssi ve flexible

llayer is about ﬂées»md%mt@mmréa)surﬁmwé;agoﬁt@naug%cmaéaieegm&yscfdap@ a vol ume
of the resin conposition suitable for_form

h as fill les. bl g %red ﬂcrostructure
el enent s; such as filler, particles, p astlc128r)s CE?jﬁfr%{‘éff'i 'cﬁa]tsf R latrogsanHoxé %ag 5 with t he
first nmgj omscsmyfnaudéymg‘agtdtsearmp’ats dlabrksgent 43t andpizmiess phreptotesseitiilye ahdiyer ;  d)

curing the, %Iﬁ&lts RRAIRASE LhP Ao Ml ifrolcRg Gt ACt with the flexible layer to
forma cavity arra article including a cured mcrostructured | ayer bonded

to the flexibl elhradhetive mpyge @?derhézﬁ‘(ﬂ?‘iv?fg"ff“ﬁ‘ée yAUHAPE RPHYS U@ cl e from the
tool. The ﬁaﬁqlart{ihﬂuladletl@ﬂeﬁ thahatoluat unt)) hmcrpsrpmreazmrma 1\winl ok gradndr), cheffbers m

undesi rabl y, i ngnor[l)grggl!as iRa2 Mo R sorhd W SANLAY 1B UEBVILRE hilifdh e nBPd SUCH Lhat

the cavity ar e sep aratedt er rg\m rati ve
exanpl es of"Clsfifb‘é’tSﬁa‘!aég‘ akﬁ%ﬁ'@@éﬁ%&mh@erf Uss- '?r?)‘f*s'%‘rﬁfﬁph@“‘f é”‘?96?85r eplication

of cayity @hémin akl,iAtb@sy mdmétwdesz;mmeoozgluﬁmmhgﬁ opftiedlly RRardPSA@6d diljcommChi ned.
Such materials era chi ne, cl E,ngut burr formation, exhibit

ea
| ow ducti | [P Cchesm%\}\'/‘ggarréz;flraﬁtfvﬁénsdgx less g ﬁ%ﬁ nkﬁlal ndi nensi onal accuracy after
formati on of t Hesqregmbedimatsst maX b@d?Slr@ﬂenylUﬁe Tfedcth hava b mécrgsirgestrddeghegivinc| udi ng

both 20 tkb%&@&ﬁtowamnm@duwpép@ﬁéah& mtr@aslfala&mm@mf@mm@ had@gg i | €s, and

machi nabl e, net al s a nonferr exanpl e, al um num brass,
copper, anHeeﬁlaEﬂgé?c”lgetdénﬁ B‘\??/h%"ﬁ’wuﬂ’g )?8&202 Zs?ggc’:es it my be desired to use a
first2or | ater Thendeate lgar mayphducathe cgéd raactma*ndnedf onulgfegped! surface as the

tool (that, enlcglmn%fm&rsu&anm ama mgnecurﬁlglle%?ﬂn&@mrgysd@srcr,@em @ge formed) .
Dependi ng the na ion, the

u tool used L0 conpos
cured cavi %&})’7/895?%? AHelyhesBanat %l‘e é“‘l’"l‘%ﬂ"f‘f?éN? 683405%(}‘0@5?6? P§ 29)97/ 08 %éﬁ"ﬂ ng | ayer

may be nec@ssabkyethiQ Aheebekdesi dleebuseqar at i on characteri sti cs.
The adhesive layer may include a PSA such that the layer exhibits aggressive tack when

25 applied with-little or no added pressure. PSAs are described in the Dalquist criterion line (as
described in Handbook of Pressure Sensitive Adhesive Technology, Second Ed., D. Satas, ed., Van
Nostrand Reinhold, New York, 1989). Useful PSAs include those based on natural rubbers,
synthetic rubbers, styrene block copolymers, (meth)acrylic block copolymers, polyvinyl ethers,
polyolefins, and poly(meth)acrylates. As used herein, (meth)acrylic refers to both acrylic and

© 30 methacrylic species and likewise for (meth)acrylate.

An exemplary PSA includes a polymer derived from an oligomer and/or monomer
including polyether segments, wherein from 35 to 85% by weight of the polymer includes the
segments. These adhesives are described in US 2007/0082969 A1 (Malik et al.). Another
exemplary PSA includes the reaction product of a free radically polymerizable urethane-based or

35 urea-based oligomer and a free radically polymerizable segmented siloxane-based copolymer;
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Illustrative exanples of parting |ayer materials include an induced surface
oxidation layer, an internmediate thin netallic coating, chem cal silvering,
and/ or cowbizneticesss of different materials or coatings trhatuseseasesca | ow
energy surface, such as silicones or fluorinated naterials, for exanple. If
desired, suitable agents nmay be incorporated into the resin conposition to
achi eve desired 30separation characteristics. As di scussed above, the
tool can be nade from polyneric, nmetallic, conposite, or ceramc naterials.
In sonme enbodi ments, curing of the resin will be performed by applying

radi ati on thkse adhgiives hre d¢sgidled in|U$ Ryemisionaliebliatms /411340 (Tepd etahdutothehe

suf fici ent hytnangRadiRts)t 0 permt irradiation of the resin therethrough.
Illustrative exanples of materials fromwhich tools for such 35enbodi nents
can be made i ndP RS BT Ve ATGRYE 6T Pdedesangdhesivebptdass apicAnainyi0B%r bonat es,

and cured Ssiticoa¢shanae aaipginds BSing VRO ald/dr 65C Bonds. eArtex@hptay ddpespic efcdesed,

howevey , AFont SP%X e%?égbggd {d%s[@ re ed%ﬁlc[u%ge §(QaSHl%§ﬂe u?e!a%asg(!l’lgl%mng and al so can

provi de excel I cal sur es In substra i Powabl e resin
i s appl i eddsgibedia Pﬁ%l"ﬁ?%@”"é‘ﬁﬁ“f"&@% “6(?2(10?/@85[6%0’\."0'1’??/609%% NA- @WMQi)O@e such
that it fI@\Aﬁsabxep&numadeluyea%s‘emacﬂx&wﬁ:inﬁszlmvnaa‘ewums mrrassuroegon@ranﬂechani cal
means, | nt gth c ns gurzgrd n?o%gveltrgl Il? rea tlv OJ 0, elgm u es san e,h lenic ll?r ef erably
applled in syuefnf ci'en quantlrf1 FEE TR QU fl H s the
caviti es awddtgptedsgrpypoand Bss pn@rsel@pmeomecmd mrtﬁebamdlueilit 'FPng errquaat@ee urea The

et hogy of B @i Sk CfbYneAk SR ddﬁé?.ivblﬁﬁ‘e'i 1s@10§ﬁ|@1§str@£tuﬁ:@| easi ng the cavity
arrays fromthe nggrface of | ate structure. t he step of

renmoving the I ructure
oL TP R S PR A

wi |l be cainfitgoationd Apmicgiot No.2POlAYS201/08 b63p extrvrmey Dbadetrivyl et WOMONet eri al to

mai ntain asuﬁmetﬁalﬂggaséosadﬂééwé %afﬂ%egmm §rAYXtréactl;v@@llgtoﬁlgﬂ%ké’-glﬁyléﬁc%ﬂ&pt ure, and

thus, the noldable material is Tenoved fromthe surface of the tenplate
structure Pisyrpied meomeisf TherisA -G P&k retigtmss inplydre X as an ethyleniggllyy o ygh t he

cavi tys arraard@titd gbSB ¥ enoshiditare i vitathuaber havwigngolswhs egh bed,409 unchanged
features, r ticles are not required to be
rigid or r%rg%lél!%t ueéttéﬂ?rgi E%%Q]qe&aﬁeaﬁng%gg %Ithat of mai ntaining the shape of
t he features. THE. 3 By st ceosTegtiang/ S%i‘F'F‘ﬁV of# ightqoptsel filgh3Perceqr Pl otn a conpact
form suchasg&t dffheld@bibget. fEadhror BB el@m&ERGD- 330&50@11&61@%8&?&%%5 t®kkeany ot her

confi gurat| Cr)nrl])erfeg)eler? \é?(p%(}% lgovsfsntlr?Elg?A which aave Eee{) descrlbed 5V\§IOUS sghemat ic side

view of a dccor 0 one aspec ol tHe

di scl¥sur eexarAPie Gt m@lneﬁurf#qé ﬁktdepfo'qumﬁ ref¢renge W@é@ FACOMEPRRAT P 618t BRY i s

gXt r Uﬂed aﬂﬂ‘ac%?m&e@nmm ngzhlda(morpm FI@nﬁA aﬁ:ioEsssEctfoﬁa‘ﬂqu hﬂmﬂelroo 960cwhi Cgbl S
rought into close proxi mt t rubber
rol | 521 rb?‘éﬁ’t"%‘ka %Fpé"]"f)&igﬁq%’éal%iolﬂl?%} éﬁlaned? ﬁgw%lé'gﬁ'lﬁ ?thét SB:X‘{“t"éE%ed t ool
roll 583 wh.ch can be tenperature controlled. The patterned tool roll 583

includes a pl urgkjd Ya Qfcrios heddes ¥ micts@iuila®lyechb MRSnchfds an T dat terned tool
roll 583 can be nmounted on a nandrel that rotates in.a count ergjglockwl se

di rect’i on 2Rsicalyblated HEME BRI YFLRVIHSS ?%Zt a'}fiésrdt‘sipbsﬁd B aneRUSRYY BAsPaRH YT ti on 520
from opti orsdl Edchlicsiity BEShdudBOf@raped 324 a se@bndlapamte 3p&aibd alehy ofeislde t he
m crostr UC&HE%E eﬂgnglngﬁru"n Q'E%rs‘f’? %nurlg'ﬁl d@f%E Ee'cg}lld layenme 352? q?lam cﬁ’l%hg% l[t'cHPc;nUr ed

prolectlons re cure tional first radiation
source 540sideTtdls FStformaabidewal grtglerﬂawha?tpie'@?rd%‘arr%étoswrﬁgﬁwbg"féﬁﬁ Suttabl e

radi ati on f@Uidiengl coGifushidgmeabiRéd @ﬁaxnmem_encamaas Y5ayn mfgedmgmn)edarmem ng d| odes
oty i o ¥ by SRy e AR B Pishing Bl By RYhs PRGBSI, 2
rol | er 587¢anke wigredpied hydiretsidowallo B¢ in the perrqssvciiecd 12y6i110rapd tithggdlcriaderydi ng

m crost GUCZHs'cFrS'éé RKIEGE b&msskﬁﬁﬂmeaﬁomﬂer@es@@;ﬁkh @ﬂhé}i‘a;h&fﬁ@@ﬁ?ﬂhﬂabgh roller
ggg I gncagké’?ﬁ%}}{dg\l\%%t?ﬂ&m?’b@?ﬁ aﬁ%ﬁﬂé}eﬁg) and %{)r%tllo?lr(]:anobe fo und rIeQarr?p?errB\OSI tion

U. S. Patent Application No. US2010/0214506 (Gaides et al.).
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585 directly onto the optically transm ssible flexible |layer 530 at a

| ocation proximate the patterned tool roll 583. The resin/flexible |ayer
conbi nat iwo 20/tebs8 cont acted with the patterned 35t ool PColUS2&883926¢ h
pressure being applied through appropriate setting (described bel ow) of
first nip roller 587. Pressure applied to the first nip roller 587 serves
to control the anmount of resin extending between the m crostructured

proj ections 584 of patterned tool roll 583 and the optically-transm ssive
flexible layer 530, allow ng control of the thickness of the bottom wall
(that is, the |rRAGABrsegysarr@2gctdhdvahemdtionfl EMCHAOD.@ccordingf @e adB) obihe t he
cavities f&%gcggg% e.Oach &%herae%%wo%s wo@sﬂ.n%ﬁ)é @Aecgmspms é%mum@fea esin

conposi tion is cure osure to actinic radiation froma first

radi ati on deuee! &GP Sth"&ﬁ'Gné’g whis hayg been dgserbed PreYioPsly s For gt - emi t ti ng
bul bs, for max;asnmcezlﬂalaﬁnbtddmad raf@shicd &y FES. DA Yorakpondsl tefilsOfhjdrsurfacd 31@d out of t he
pat t erned t OO' é:?é‘p I3A an n. %epgungl\ QICBSSrS(g(!tllm%iﬁ v1§\§§f 86]:(1106811 Clt @rﬁt o the
rewind i dl &r 58 oma e s, an op |onalf secon iation source
592 is poswwemxé@etlbf& hivdent torthc- étplaws BAVD p@rh@dwvlerrtwﬁ Pfu?crt'wékﬁvvsu de of the
cavity ar ra,ywarnteh@lrelol@/sig,oncm,aporrpl ete the curing process. I n sonme

enbodi nent s, roll 583 to_nodul ate the
viscosity of t HEF&aé'i%ﬁ“ ?éﬁ%’(%i’ % %W'C?Qt@mufe eer§$o tf)wr‘t(')'bcﬁges 193N ll;Ilddl ti onal
means to camitaliglisolatedlighhirapkmies's capfities B2, @duSthSms‘mM an optrpa'd:vime@pnqg filme

pol yngy i c @3%”@9&%@&150@@ cdViiRs pzrz%ﬁnaud@h@gls@&,gﬁsemfek&t mnculaaaﬂcreapr tant to
15sel ect conpati bl e E neric materials m crostr Lf %03 yer and

f1exible |X§ops andesyipgdafsprangre %‘f)%e@F‘etB‘fofE"B W fﬁ% " ‘th§/‘”F‘§'"¥ iterial of
the resin C@qm%htttbthlxeﬁplﬁdﬁes sioer 6 EIG: B8 tanbe differantéromltie ceeprabloteadf bonding to

the opti CaJ:aL/Xy 35 B mtl?esleemn e&uwa?e){let{) thW;t)l%ra?glowrt f} FR&Y. &Q—'aﬂi preferred

a5 Al
enbodi nent maj or surf “ace‘Jla ? tical ransm ssive flexible | ayer
is surf ace% r‘é%ﬂ"é‘d‘h‘f yidge oYt @‘deﬁd?SM‘aWi P Taﬁ'éca(‘f‘&‘/r%a BPE Yt hEPeT or ms t he
m cr ot r uctiew e they¥@fietry Stdatiadalie Bphacew2Ow teaditraniesK-Z ncthade, pldnhocanexanpl e,

radiation freat e”FQstl?ﬁwa?f% N& Fh?"tp arge treatment (for exanple, ai r or
nitrogen corona "d 1 treatnent, plasma treatnent, qgh ener gy

WV treatnent (fEseh @Xla/rhé? icludes a §ist WP 2800 FrEeTd gheriurg AR’ e Al @aiong¥ideni ng
treat ment (vilpfzseeﬁ@mg&r&hem@@berfu@@m |td/18e GOt bpgs: 32dResdchnsr bk Reted for use

n the array es pref eslt dyct.s .t hat 25provi de
Ih| ghly ef ff¢ ts’g?l’fva]fsl}g%l?ﬁnégfe&w 8! e‘Ta ﬁar/igtle i aﬂel#‘fe" Liaé‘rgl{soe\%}ll tgm 0% stgm Vi’is

wel | s sufuffecidéhtA dmnablevvlngyutefﬁdlgblwéma@latd fotmathé pareydiculdr P Liser bt i ve exanpl es
of suitabl geoﬂgtlyar‘?aéﬁn&mmgcaaln@@h nLlslﬁl'a?ﬁtn@FieJtﬁQUCt f@ ogtrsi‘aU&tlfeon5| sting of
acrylic-based resins derived from epoxj es, E* Qfl Z#ﬁe rg ;/et ers, and

ur et hanes: SCEtAICRIRE E49f 3r8ls s s GF SieEaP eddprits Sl Aef b gt aebTdat i ves

havi ng at lga310, odeitiperdarnt oaabsyrbeeta kigmo tygne pbdkylun ot e sonfepadey fireas)
der.ived f r&%@l@ wlne%Qﬁ;ey 9§e@no§"15\%e§o?bQH9l3¥?ion€s‘BBnd9Q:l ayca'm R first 'am&%ﬁ(nat e

derivatives east one pendant acrylate group; epoxy resins other
t han &cryl \ewee )@F’@%*‘P 4nd" ki R¢¥Pes and conbi nations thereof. Polymers

such as pol y(c aIahqn@tue/).awn@(hWoff ARk iyl cxahhae 5rwl(pa)tle§ssenmlb/ yatrhyeénen
t er epht hal t%t ?sl’pec ral (P%naetn bgP/ WlYY'/Effzé wﬁQ§W1%€ﬁY\’E En%?e%pec{ J’é‘éﬁeﬁitul%%éﬁlls% @ne ZUCh as

nono- or unction S of ac poxi es, acryla
pol yest er spaft&nkﬁf weing Féft"édi‘3ur"é?“ﬁaﬁé@'abf'@wa'é’dmvﬁaf‘h"fﬁﬁrﬁb’ra“glri’cf]°Rﬂﬁ‘|"iyr functi onal

mononer s 35&5@1 ltg){ﬂfaﬁsﬂ JsMe pdVﬁiEﬁﬁZ@Q .such that the sm-Eh&Sﬁp@Oﬂag/dT’EﬁtSeaarlQS tydoi cal |y
prefe rea§pm1 00 Q t her) lngstabi lity,

envi r3<r)0n é"é argg{t] SSe‘it raf'o g "Otrﬁfa tg?“l &Sl ?réexl St ease P theSt ool i ng or
nmol d and hangle of mexpmr\r'han ¥O fagreeyipe éwilqngoan@d)bx @nr?g?ecmth@f atilqapt } 3¢ rHtel ve
exanpl es Oirighmg& g SooSkuidaN & vfe@fngfapg]mopgssttﬂ}ﬁ 10 FeesSih b Wiedctidn@dvealegnent s
by an aspect ratio not greater than 8.25. '
FIG. 4A shows a cross-sectional schematic of a light controlled article 401, according to

35 one aspect of the disclosure. In FIG. 4A, an LCF 400 is disposed between a light source 490 and a
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5are reactive resin systens capable of being cross-linked by a free radical
pol yneri zati on mechani sm by exposure to actinic radiation, for exanple,

el ectr on weam2/wek458avi ol et [ight, or visible |ight. Radipariuseeiznst2sat ed
cationically polynerizable resins also may be used. Reactive resins
suitable for formng the mcroarray el enments nmay be bl ends of
photoinitiator and at | east one conpound bearing an acryl ate group.
Preferably the resin blend contains a nonofunctional, a 10di functional, or
a pol yfunctional conpound to ensure formation of a cross-linked polyneric
net wor k upmbstiate 4 &0 araitaj visrver 45h ésmippaite thedbsartte dSOgoimyirgbrsorred198. Inegihhs may be
used (for &xRHRRs, sibiRassTeh beedemyysua,rauﬁa. m{sFahﬁgpwl dgmn%mwnmgt he

addition of a thermal ipitiator such benzo er oxi Pat ent Nos.
6, 395, 124 Hffls d5Plag plagrLisPly: §Eftb°§e°re5%éﬁﬁ?Yany“eawaig&aﬁi’ o Hfe ?f§“t'i*F[3tV are

sui t abl e fath dsaeeitcadi gadngi M somatmotimeits, DOF yomasan maltdeony ofsheng wavel engt hs of
i ght t hat m@c{lﬁcaf s ﬂhglh&g njelﬁlami ?anrbﬁg'r%ﬁte(( ieB{lveq&(%lw afe: 45(L£QWn if an f‘ﬂ@o nm .
IIIustratlve exanpl es o resins are ca ein nerized by a
free radi cH onfée: ﬁ§n|L§Frf‘?°n‘&‘t'”d€%m"'%“&f§@6f al*ﬁ?éf’r(g?srf"‘iaﬁtf‘iddﬂ’é‘ P&@F%ﬁl“i“ér W5sed resins
derived from apaxh esF 4pmiryest thSnays{}fﬂnM%hheﬁrSe,@andtM@tshﬁﬂﬁﬁmg&ttm| enically
unsat ur at ed l%%r@o%urgacﬁl’n %%qu mgde}éa&hleves havi ng at | east one pendant
acryl ate gréup, I'socy an erlva IVes havi hg at | east one pendant acryl ate
group, 20epoxy Fﬂ@s‘liBrséovetaN@ﬁs tebtipnal acherydtia pleadighirontradled aréptadt Of 2rqordinggo and -
conbipat i 0f3 adphR6AR disclbhife. tlﬁli?m ag Tsybsaht450%s dikpda Bl eRn b RgR BaREPRASHEd bot h

acrylates a hacr yl at di scl oses exanpl es
of crossl |Wu‘g:5n5é!§?‘ﬁ%‘y‘i%é§91 gPP?fée m%ggpéoﬂw@ﬁ\}iﬁ“ﬁo‘ﬁ?@ g@ s"8¥"% he present
di scl osur esmbedimyite sibstgekd 450 candat displdyedehraes liqud drysel digéy bogahic figenigtmigc and

pol ynmeric GouRe Egdﬁna;ntsadnspz%em@metefd@my St dh e Nnd RY HEOGeR ARG Oxygen,
and optionally nltrogen sul f ens may be used herein. Oxygen or

ni trogen astufﬂﬁf arcpifectyi glazing, In S@@ﬁ%‘?*ﬁf"f‘?mbﬁgg &M cap }‘?Cléqeﬁ’@f ofsst er, uret hane,
am del5 andmattif@atige ocpded hétihyane tun dabreytedirBateus aibecc@oMPELIWhSH prhafm ably have
a nol ecul A Wl@l’ﬁbo Fh&ﬁi&l&d@@zﬂv %%Ltoﬁ’agg%o@ QSaniea re%f at : thnd%ﬁr I%%t ers made:

fromthe reaction contal ni ng nonohydr oxy
groups, al4!phas sueh. p6F ﬁ%‘?"é%y"ﬂj‘f Brdem lighidoyprsd Ehatei’f“eﬁb“s‘dsweﬁﬁﬁ 5‘695§II ic acids,
such as acarn)glleiqﬁfroacﬂedhxngreihb@@wbsi descabdd@lsevifeRCONi ¢ aci d, crotonic acid,

aci d

| so-crotoni ¢ aqglgl ’4Cnﬁows a(?eralieftl\fe sc%amanc QF léw(c%ntcfﬁgacam el ?ralccac‘)lrcﬁrgqg gnet ypl gaerlay

readily avail abl e come can rea
i |1 usXOr at i aseeceofahepglselgsutsf lfclaﬁp‘tﬁm&st_faﬁd\?i’ﬁg aahC%éQOy{M’ @SP@?ed Reftveradiell i ¢ group
that are syikadhoand eDJne»\LéSﬁ B,IT, Brh@(sdlhﬁlctb QR WEQ9 PLsRedclith QQItb@'FQy\MA or ( 1)

anof uncti C oun 't h acr | ate, n-. tylacryl ate,
- et hyl he‘§§ ‘lfc)r glngffé’* %%@)&%8{8}"3 TFTOUS pRsiE Tsf?loﬁﬁ(f‘iﬁ/pﬁ?d‘ewla %g t%'h %/ acryl ate,

bor nyl acrlyft-sigle, uptdevm.aim/aeund apfOdegrte drele yurateling 2erpirdndxnfddh s Sl&brLWFat e, and

N, N- di met h%b?enaﬁ samtqig/s from ligh soucc%)mﬂhitu,raehtb@@\aéw.wmnge@ bm4- but anedi ol

di acryl ate hexanedi ol él acryl ate, 5neopentyl glycol diacryl ate,

et hyl<ne g‘leiff}‘ﬂg vigreatMB- 5t B tri et hyl enegl ycol diacryiate, tetraethylene

gl ycol diacr yI ahepreamndisdio@tdprdvideea grbogesabr nchkiag faxitdd @yityarely ar(icdds. The

Pol yf unct i B &@J@Tm?ﬂ%%h b curing th

gl ycerol t r’?gc%rs lfcgjgge)s%&g%a %‘te{bll rr%rnln%%ﬁést 1E)Ilpacr ate ent ae?u“tn%t eresm

tetraacryl Cézmos'tevndn% rfemgxl%thww’tm gl {jesp HWFOPI sgae'%awa?%%are ieefe\bedr 'ér ably,

bl ends of weNM@tent Nlis-5,1780%b; p.os3yonscass,onas, 691§8ﬂ6’|aﬁ9&637780m aidih pgT Materials are

used. 300’16 ?ubllcatlonq\lo 0/6%‘? Elt Br%ﬂlyls munq]acril%l;lsgh%r;])goc% i%gm uargca\ylaecm t1os anong

t hese ‘conponents w'll P Rat mectiani-cal " prop er Ies o e fully

cured mat earficdds includes the s@pyrd: r epresent ati ve exarrpl es of other ethylenically

unsat ur at.ed COHpO?Bﬁis,dan resins include styrene di vi nyl benzene, vinyl

toluene, N-vi nyl or m%rt%oqgavmg a mon‘lYng sp}gzervglthl adp?uraqi’ty ol}l-prOJectYons extending

therefrom suitable for forming the microstructure elements (for example,

35 cavities);
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15caprol actam nonoal lyl, polyallyl, and polynethallyl esters such as
diallyl phthalate and diallyl adipate, and am des of carboxylic acids such

as N, N- diabl2gi2zade4sam de. [I'lustrative exanpl es of pphatSo@elogyzes i zat i on
initiators that can be blended with acrylic conmpounds in cavity array
articles of the present disclosure include the follow ng: benzil, nethyl

0- benzoat e, benzoin, benzoin ethyl ether, benzoin isopropyl ether, benzoin
i sobutyl ether, etc., 20benzophenone/ tertiary am ne acetophenones such as
2, 2- diethoxyacetophenone, benzyl nethyl ketal, 1-hydroxycycl ohexyl phenyl
ket one, 2-hydr oxy- 2- netfleyhbld, cyphtdargdiproopesition;badne, 1- (4-

i sopropyl pheny1) - 2- hy% gﬁﬁ%al%-tm%nnéélvpﬁ%aye;ﬁagmgﬁrst and second major surfaces,
2- benzyl-2- N, N-di met hyl am noé- 1- ( 4- phol’i nophenyl) - 1- but anone,

2,4, 6-trimet hyl benzotharewﬁ}grfwtﬂﬁ_@és&ﬁ?%@ﬁa&?p&@lly -transmissive flexible layer can
phenyl bi s(2, 4, 6-tri netvaylrhenrayd )oﬂ)hm&&hﬂlih@omladﬁcd resin composition, wherein
2,4, 6- rlnethylbenzoyl S a 251-4 hi o),
phenylst 2- mor phol i no- | -”%B@%ﬁ%ﬁgtge gntlc i ttréﬂsréusswetiéél?t])a ﬁrz'f)ai}) §f§§§ﬂﬁh}
trinmethyl pentyl) phosphiseie oxi de, etc The conpounds nmay be used

i ndividually or ig Mt@ﬁfeh@ﬂlmg surfaceavolumegaithé RAh e pbdtidAQhibRFdrzabl e
mat eri al s i ncludi F%’H Pg(fre not limt to materials containing epoxy and

vinyl ether functfi® SrgL m”%‘geag’éﬂtsherel n. These systens are

phot oi ni ti at ed byc)SQuaiingthegaditt compositioatvdh the fisundiorawgface ofdhreypaaall-oni um  and

di ary|j odoni um sal 1 Sqisive flexibiEfafdr€r @bly, the optically- transm ssive flexible
| ayer used in the nethod of the present disclosure is a meric material
sel ected fromt hed)(jl”ﬁ’t&ﬁ‘edﬁh‘scio@?‘isﬁ‘@" whileprreopiges (iR e BT @X"’” B {BYPyet hyl ene
t erepht hal at e), PNy et yweihdiyd ened ragptrivalraitig)k: bobolPko thdflegidledans ridy

pol yet hyl ene, LDP m(mo Lp%%gn%g% %Xl‘?%%'th% e), LLDPE (linear |ow density

pol yet hyl ene), ot sm ssive elastoner, and conbi nations

t hereof . PC, PEfhe toa'rﬁéio smhéhap%w projselioay Wilf nesdefPt yndesirabhylyging ftcatanal s
typicad |y bfiiRandiydesi e, sdcaRitat thycavity 224y Qi bé ieyaratéﬂﬂﬁizrdfioglmftertc[uafgsITi ssivity
w th the nigeteiRn Kt Aoh Sheln by obuRRom b L dRuRELOGE PPOL D
| ayer pr ef @raabtigles indidg dhetsriads tb@lcgnrbeldlrfhéwmwgmeﬁ ggm‘etlsrsatwlan@fetabbrmaﬂemer ature
greater t h@&n@b@ﬁﬂl&ut B fornafish, @(hmw &@tllﬁpﬁutlov@gr&mmg amBndHiaiQdiRdis@hal The

Spol ynmer prefera i S su that. t he opticall sm eX|bIe | ayer

retains |t%°°‘5?'f§¥§f9?f§‘?rm?t}?f‘8 P‘f We‘iﬁ'ﬂ?feﬁvtaﬁ 8‘%[ ‘Eau(’?ﬁgsqci(s'icg’d'éﬁé Led to as the
resul 2&nt beawioteyand theanoplagichaterigs), fofl'ehenm)mrﬁ&k lagd- thachinabte redlyy prefetabl i bl e | ayer
shoul d be J,ang,-mmstfoﬁ&m@%ﬂumuﬁwup st@rr ARlXid) Sre RMAL @hdndkrsdinded, @NSpar ent .

For instance, fil finish that becone tranSparent when the
resin comp®® bei dﬁ%‘fe‘? © “?ﬂi"ﬁl’?‘ éﬂa‘f"}fé?eéact@“ repljcate Al mashipss %%Bﬁqéurfaf%ﬁékﬁar ent

duri ng t hetwblaiaktiis ai indibdp bioBEESthe digfosdiGe%@ rpdye are ifdim e SPepaBInguportthe cur i ng
condi tions, ar Leal l v-tr SEdV&e Lhexi bl e

| ayer may %)OI use% ﬁ%ﬁé% usr%](ﬁ ’]% r&‘n ComFOS'“J% CQ@& : ? er’ co)asg%nmént atse desired. If
mul ti ?%yerfeaqllhérqlﬁyég layqs "\Rhl"tfﬁc‘tsﬁéf ‘ﬁ?‘i’f‘f"éﬁ%‘i@ﬁ[ﬁ’éF"tﬁ’?@@f’"l"é@?ﬁe”i‘%s bonded shoul d
have the pﬂlQﬁ@ﬁ\tdeQeﬁnpdaeSﬁfahllagdyéi\ﬂfa&hﬂs laaudasefnud.ced mfﬁdaamartegapd ai th ot her
Lﬁgregit 2?;[ SI{ N g{gt hcl)rl; meetvnlc colatmg chgrl l.%gl (5)1 te!mucénw’or comb{n tlon? h‘%g}e%gtnriaﬁc]!rggf \e“dt y) as
necessary Qrcwoatlnpam Creptesd Ip@dneeﬁyanré?@@ élFCh SQ %"cﬁsneﬁ or ﬂuh@‘aﬁé%qetlﬁhfm earPey array.
Advant ageojglsyed, Shthtid doBMEhayfve i d¥6rpSaYd ||nmrr$sm&bﬂﬁﬁsftlb|¢@%h13‘5'3 adddaur al

i ntegédrty (for, exanple, tear-resistance) to the cavity array articles.
Furth t frBAgtep Hﬁ‘raﬁt?ésﬂcr n a nmulti-layer construction can be selected to
transm t and/ orAsrdgtised kbayeltiectod chnhawededivgtpal mefic, metgli¢, coripsite, or ceramic

ggg i cal |y- £ L anamiSeinb bfookinfNis RliShgl R¥E Fesi 3 RPerkdrREd BRAMSinralichons to about

through the tool. In such instances, the tool should be sufficiently transparent to permit irradiation
of the resin therethrough. Illustrative examples of materials from which tools for such

35 embodiments can be made include polyimide, polyacrylate, polyolefin, polycarbonates, and cured
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20m crons thick, or fromabout 2 mcrons to about 125 mcrons thick, or
fromabout 2 mcrons to about 50 mcrons thick, or fromabout 4 mcrons to
about 25 wbDenmns2458i ck, or from about 2 mcrons to aboutCTaisneiese?se t hi ck.
Preferred materials for the optically-transm ssive flexible layer include
pol ycarbonate (PC), polyethyl ene naphthal ate (PEN) and pol yet hyl ene
terephthal ate (PET). Preferably, the optically-transm ssive flexible |ayer
is available in roll form to be used in a 25process as shown in FIG 5.
Col orants, processing aids such as anti bl ocki ng agents, rel easing agents,

| ubri cant syrethand agylites: Methdliobls gre &ypivelly pixéerrad] dedeveroasalreg carbeltfiompd ipflesirgre

m Crostruqhuge@qrédia%% aﬁmso%@ﬁ brsﬂééeycehén@@ﬁ.@alasrfaye@,thcegsbé%@ layer if desired.
The col orant” may I ncl ude a lye t hat solved in the res%}: %rnposmlon

from whi ch t he AfIRYBEreERdTRPRY 19 B BIdipEsuFese tehe ogh BTt ot

addi ti onal-ihy,it floe, opdnaityarith aplid Bdauuﬁc bradiére,cor pieghamcal médng tintd geasimidfoor i y

di sperssed | n.the r haYeledss forned. The
parti cuI aréa(\:"otl or g]ﬁ Idﬂ] é%tgggdvlﬂkg odriuu &{]E’ﬁgécgeﬁchéﬁgyr anstmr §SS|§V| ty (and/or
nont r ansmi S8§taptighy)fills @F cayiies andigr %}Fo%’éﬁl RiviEstienss op thgelding s¥r§Fant s typically are
added at about "ﬂ)e %thB(DofﬁwtesV‘Bdugzmso ﬁ)ellix&'eeﬁlﬁtep d?rreﬂcfaeiﬁg’tﬁdca@@ a(i)rl’a)’z?sl’ﬁo& thk0 not .
substantiall erfere serv 9 nduct ed

t hrough t parface e\?l thI éegmlra St{lﬁ urﬁ_%nerallyqﬁe s%p.?ﬁremov tf?e‘[om(ﬂgabae mélo %I‘frgrrrl‘?l%added to
the resin fufammofithe tsmplataetrysiues ol be waoried pus éh suehyeoyay @ tojpprmét teearetldaplg t hat i s

appligd tomhbiga mn%marmaewaegfdnﬁy&ﬁpl&ama eotﬁéjdelﬂﬁﬁtggrud@ﬁeﬂdlhﬂgmdpon one or
nore of the IIovmn

f t -absorb rties of the
col orant, PAE éﬁ’%ﬁ‘%‘ﬁg%‘gﬁ‘g‘f r8ﬁ ﬂleﬁ}értfa(‘f‘f ?)fér@g?mpéa&i LAY '“3%%?1‘) °?§he and t he
t hi ckness wofcrdsinetupdiidyerm wal | of the cavities. It will be recognized 5bhy a

person of ordi n/ﬁ{thg%Ifﬂe c!:vnkgn&yaﬁlcreggrgm{%te@z%& asthg\ﬂxn su@s%n{lehl? u%ﬂ%@pt ration of
the col orant increases e anpunt I ht ab sorgb he m crostructured

| ayer wi || fepthes. @adlbbe understood MabtP‘i)%‘t“’r“’tﬁé’E’l‘]?téﬁﬂulr%iiﬁ%i’es“gédo‘ﬁf%‘l‘? hiHEURE gh

concerst r at mengy Befyo.mahaabmntmlhg thadhg@robthe Shtates. Vil Yiexide @vibyi gy ardedd, t hus,
will perni | [ sGRAY b b8 sl LT Bin

enbodi nent Esan bﬁ Lk M%cé/m;% ﬁof S%ﬁ%ﬁ\%{aﬁedq rmomg [ge pr oaportsleorsuaf)d%r?elt g.rtl vel y

t hi nner, i ?P"ﬁgltﬂ?élpn fobcoaéqﬂrﬁ“tsmtf%é 10t ransm ssion of substantially all of the
light fromthe FI@VS s‘hb’wstal’kf:lQH@th: sﬁd&@neb@f& R60eWabr making an LCH dtcdedifif tb aset ,

m crostructur ers ower ncent r ant will
absorb rel & ?Cv(élthe SCIosurﬁ "OP 'O“algg *PRLE, Ofarefrgomé) °§{I$nce§a§5%§ruﬁ€de ?{ gr eat er
spacii¥g of pztSShethwWh q‘nloetsonﬂlrﬁf%redlehonpe“ 5p¢ whighs bqovgjh‘t’tofcioéﬂﬁfwélé‘ﬁ hgisateral ly

t hrough t hgyid fi1GSE. rmmmgbet @Y 851 rbthiedth @ BB cka®¥ nodor0d AiPs Adhagent cavity. In
t hese enbodi nent s, relatively

however, the bottom wal be p
1L crer EHTER ! FoloES M o0 8 Easut tivalse P an GePL APl 1 MER0sG % e
| i ght fr onpltfakty ofxvictostruttared prgiectiones 8o THepattevvatl fool rblh58§(§ﬁvebeenrr:bmd¢ ents, prior

to the step,fe ﬁlgtr}&tQtGStlh ngutnlgﬁlo@m Q'dngm&x‘-gsglﬁ)% ofc h@)al'[fgglpol’{%rtchre@mflowabl €
material, a releasing agent i.s applied to th@asur of the tool, As used

herei® a " FIPERLINY BgyRomiond! SrsHfyy RoBRFpITEN ﬁ‘rﬁ%ﬁ‘éﬁ”’?% mygrosgp s

subst ance, pmjattmhs 4 dsheipartitilyefils&paroatucard p@@cihs ishearmndndaabdeeumwm dgnal from
the suffacg, 8l hRfadifBhs (iuae 58 FhObuBih Atdidin sobelddleal RlRASHA agent s

i ncl ude sificone ol pol yvi nyl ‘al'coho uorinate | ane or ot her known
rel easi ng wdeynn, SOLS“éI"@(B{dI"éHOFC??‘a”E%”tVfﬁé"flalﬁh‘ é{'r‘fﬂ'iﬁrﬁOdésf(LﬁD?)el easi ng agent Wil |
depend on severg opﬁ@aﬂy-ltrynsﬁlﬁhﬁlé fixitadIbyer §38¢lopExamtlaolgeredTippt inlkdedt y Wi t h
reactjons hat are co i-n. the r | t ant I srengt h of
t he t‘J’OO| Er?]r% arblbnlwl e Sgg over a ﬁ%m%ro{ler §+jaro nQi a ﬁ@l}fr} %fﬁ@ﬁ%@l?/ed toto §1|1 t§2|§ ons. of

t he cont ac'tni:ln@jnzalnidromlctdleﬁgrozgmbiﬁés%soum’t m)rtmgfwcqaf* "‘P(ﬁ‘?‘@‘r%ﬁﬁ@éd P a

d|ms)t gr ti ONgwitd id16¥BES. fﬁ&&dn@?&’tlbﬁbfﬁ Rin 3k oﬁh@h 588 RQast 116m h kds@nd resin hoppet N SONE
enmbodi nent

i.n addition. t S ecrl e t.ne process for
maki ng a cgéi;ldfry“lél"?t&? ﬁ?ttc'f‘@lt‘émsl"lﬁs{bﬁgh"’x'? heYtd esqa%§¥1°" f)rox'mategfnve (for
exanpl e, byataipbdabdl ol 568. Bteadsinfly¥ibla lapacomtomtiof lsthlqlecqnia@ﬁb\slﬂrthﬁcnat&q@d | ayer
and/ ofs t he,giL %lv\lﬁ(pFeEs@Q%%gﬁpM& thrbBX bfprprihta¥etin (de&nﬁ&@%l@wﬁdﬂﬁi&dhnmnt s, the
cavity array article'is subjected to a process tﬁat sel ectively renoves
material 30from at | east one surface -Chor exanple, the first mpjor surface,
the second nmaj or surface, or both




the first and second major surfaces) of the cavity array article.

Thus, in sone enbodi nents, wherein the ablation or etching step is applied
only to twe2hiwwsesssaj or surface of the article, the rel &Ciruskei2iobg266 bott om
wal | of each cavity can be selectively renmoved fromthe article, thereby
causing the optically-transm ssive flexible layer to formthe 35bottom of
each cavity in the array. Advantageously, this process can provide for
better recovery of light transmtted fromthe interior of individual
cavities, especially when high concentrations of colorant are used.

| n al t er natollar 687 rfipoolirerapplied fo tivhi@staipmolteh87abivatd contrabthe et ofgesist ep i s applied

only to thg.5 Qm%emhpﬁlc%&lfcﬂl% pf E)ect’icJﬂ?SS@ro?ﬁaQLrﬁed tébl Rﬁlrﬂ%i 2 uRfopiatiyel atively
thick optically-transm ssive fl exi er can be unif Wéﬁ renoved to

produce a ‘f*ﬁf'?l‘?fé"te flgptls Ly Py f'?’oﬁﬁgﬁ?"é@‘ of e thickngspeiahe bgyqgp wal SHth the
first and seoedich 210N Sorekages indfiG t2Beofalictcadlies fanel tyul ot edctired t he

abl atison PLOEERR: sah el SRLbhERiof AY hdotre@Ey Aosfle td Ehif5rafilibn AAYS ricr cased

| i ght tra ssion fromthe cav Brocesses far controll abl y
abl ati ng tflﬁﬁhﬁloha‘yléqeé“bf”h'fdp By ml@eﬁ@lugﬂh@rof pdiptonregitinedulen Gus<ammiet Ak° art ~ and
i ncl ude, f@Fedemm@,anwleaempﬁlreeaﬁtmnépanéreaaeadl Me 5smsee6rmhnmguerlsaser

abl ati on, cal,, 10et (for e usi n: agents, such
as a solutl oﬁ&(?f)trqomo s rew'ﬁglﬁl)'er 7 E"osto ggesnl%grgﬁ ST “gnal yec‘al(aé%i&g gv/

et hanol ami seerce i?%fh@ﬂitlw@ foydiredt @ﬁlalPE'PnfpltHe W)ICFOWFQUF* attbe enivitt 4y gi¢lay

substat e myoggg,pgga{&gnﬁgpmesa thin layer of material to enhance the
properties and functions of rt es of the

coating can i ndP PHE BRI t%'i/paé{ﬁaedé?fé 3?)?9 %,yeﬁe%f)ar[egbe'}’?‘f ?the YSFEHY ectivity.
15The coat éfnig restnycotnposdiep 588 theebyproviding asadditiamemers lyentat thatpickeksaf the s, t he
area |ying, qQutsige the cavities), on the bottomwalls of a cavity, and/or
on the side walls of a cavity. In one enbodinment, the thin filmis

deposi ted on t Hechopting ke P§l¥5‘§%‘°r‘%§tf“é°“e?tﬁ°fé*ﬁc9feﬁ@fd'@ﬁ‘f’ﬁ‘ﬂ&l“ﬁéﬁ?e impyEntddating i s
deposist ed @Rctich@patible peipseriofmatehas far thamticrobtrucarefl Ly ¢rhedt flaivbdgienendrefetdde coat i ng
I's deposi ta%giec%}a&h%n i 5000 W lnlceh) o AREBif @ilotion bitnémichibihiEfe OB ment,

the coatin 0S| t each cavity. 20l h sone
enbodi nent@?abiewéb%tﬁﬁoﬁbe qp@c&ﬂ&ﬁa@ww fbﬁblﬁme%ﬁwﬂmwwe@me wal I's of
each cavi t impafighes) aHﬂ}ar Sithdeache thwillb@raﬁsﬂﬂ&&bé’ f&?etxﬁ)le layer is surfidearchted on " coat i ng"”
refers to a relativel hin co o f or ' .th a

t hi ckness Erﬁna?te ondm \évﬁtla t%miz ((::uéeﬁjtplo altt |’onns tE m1cros {u ng’gd gl él’ %‘%t![abelg?ugfé\élec

di merd onstrqaﬁnevﬂamcls;dﬁa@r pamele, rP(hatlan eatafents r%@n@mwﬁeﬁ@ﬁt’“emﬂ%ﬁxé@a‘t P¥ig is

uni form ang nﬁx%génqem dlgcgaréelf'elam EJa%Btr H%Mﬁr@ﬂmérﬁ)ﬁ%ﬁ enéfdytUv @ea%&hhfo@kness of
about 25 to aboyt 1000 nanonet

‘fl‘ 1 kI’IE@Of tph tl lverm'y be

non- uni f or AABREAHREP SEF e 3 Chte'ﬂ@a ﬁf‘?’%"eaf—%‘im XEHIPE, T ORE ehbodi ment
the thicknessgof the thin filmcoating can be about 50-500 nmon the top
surface of the gy r\sas\lleééﬁq%‘ltlfs@{n%e aﬁwkavgés Srelrabliy e retsm@ntﬁﬂrdj@ctmtl s of the

cavities, and about 50-500 nm on the bottomwalls of the cavi es. Many
di f f erent Rrgyideduehly effiteatangmission g 'B%t ‘&%8‘31“3%“ dgVIEGREYSHY: S HE8 2t 856  ti on of a
coat i ng 30dmdbaity @b chinlidal sthd pien dileimatildxaaraplesay suirattlepolyalers iich@e apphi cat i on, and

the met hodie%fcte&ﬁ@mﬁ' 0 %%934“5% ey [ ba Fes BTN cpo s GRAELDG 15 2 pol ymer

(for exanple coat mgsacan non- et al oxi de
(for exanpbayedrsispdyre 4nes<rtaéef('csllnlztf'«)turat€i%@?°ue i'i"h‘@j’é“‘rf’é&}vabées h3ge Bbxanpl e, a
metal al | Opast éhe Iaa{rdait addylats @G sﬁﬂmﬁhar(pd@mfed@derm:dﬁdnd@ isocgunié ghe aor  bor i de.

g(grer{ﬂ gagir({(yg:l_ §{ pogsyalnggg)a‘l:swggnage de nvalJ ve§ Lgv%tggt lg?tyonle Pe%!ialﬂgaﬁnga(?é gona%g{ys (for

resins other than acrylated epoxies; and mlxtures and combinations thereof. Polymers such as
poly(carbonate), poly (methylmethacrylate), polyethylene terephthalate, aliphatic, polyurethane,
and cross-linked acrylate such as mono- or multi-functional acrylates or acrylated epoxies,
acrylated polyesters, and acrylated urethanes blended with mono- and multi-functional monomers

35 are typically preferred.
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35comercially available. Optical Isolation The present disclosure
provides for arrays of cavities that are optically isolated in an X-Y pl ane
and opti cablg1¥rea4s8m ssive in a Z axis. The cavities camChaso@Rioseebé y
isolated by a variety of 5Smeans descri bed herein. In some enbodi nents, the
means for optically-isolating cavities in an array includes dispersing or
dissolving a colorant in the mcrostructured layer. In sone enbodi nents,
the colorant is dissolved or uniformy dispersed in the nmaterial (for

exanpl e, plastic polyner) fromwhich the mcrostructured |ayer is forned.
The col orant mnekpedo@olamepré gaeynicallypregerred/for enla at merb sGhdfsliavirgabasens ddghwavel engt h

or a sel ecthamhal@bRderdfrontMals@Ra NBd ChRY, e?@éﬁé’ﬁplle%aseﬁorﬁ@{ettéoﬂh‘é &mofol Or or set
of colors or e enti rfgrdes‘gectrum of visi'ble wavel engths) of light. In one

parti cul ara“&t}ﬁgéﬁcﬁ’ﬂﬁ’fy Ni"e8F¥ B oad absor bance over a wide col or
spect rum of | i ghber dlsrabie epanglled bf @dgriak wofabla for Gvieing thh eicerstricrugedhelameents vi si bl e
spect rsum y@}emcme;{n ggtma?%&%p&%%sw&zd bfyaeheuaﬁfcmpslyﬁa%toaum can be

beneficial for uses where contro Imis aSsociated with a
full-col ormf%?wwmterwrb@amnﬁgadg% iPRy &3 GreEP e uesrarsbea uitipyiglet bt F 15di spl ay,
Si nce a covigble gk s ati@finitine dafia@ellyQolythieis4ablayesinSalsaaiay aclwed. Sehyivaf f ect ed by

a sel ecti Vr%snr?sQﬁl%E)Ptf(i}?&Tnln E}w?nq arrg %géehtspv%ge%’:}gldsa(gsg%p%nzﬁ& agﬂ?éegs? achi eved

by conbi ning conplimentary col ors from ts. It can
be pref er attc €ONPRSUTHH bSfriRE prachivie Sito PISErbl theresindend, Fqnfaa\? B moeqfurswelt $um such

that j@uri n@fuﬁcftmﬁéﬂ@)r5ﬁﬁ)lfﬁhch&)al%ﬁqun!xﬂdjﬂd|eNsm|er{f$HnbﬂiJn%da cr&sl@mhueab&ymlcexarrpl es of
sui tabl e coI or,ants. ca bon bl a?hb f uchs

in
car bazol e Vioreypon inad atff’or giﬁenﬁﬁb’“l qo'c}tedﬁ rrnT%I'Zf}lme feSins may be S SRANPLS ol or ant s
descri bed ther sanbarelyontgzed by herpal inesnswidfthahddition {9 dhermal Neiator sm:lt asng exanpl es

of suitabl &ngi)yﬁpeﬁ)lxae)ses PaRGd N & BRI AMEERYIE dVIES ekdPlarnSha0R iSiors

EIL.: (5;12;;{ g]@ﬁgg?:tswéhlﬁgqtlﬁwa@cai%]namt gpoiyg%ﬂréagglg%g}}glwgge?emthg of light that are in
bi s(tlsi f | ube osigt haged ubfaoply) Yrgetthayldetren)er ocyani ne dyes (for exanple, 4-
25[ 4, 4-bis[(tr IIfll]SH?Q VQ%%RXJ ()f?ésilng fﬂgné}e]cap%blgoiq}éﬁl gt!)l%en;e ]a fregtealﬁlléaqnam ne,

bls[(trlfluororrethyp X but adi eny eneTls N-di et h
Benzenani nréechzgllx]sal tha& gan be used erein mclude acrylic- based resms derived from epox1es polyesters

[4, 4-bi SRt p’dlyfeihthI‘a@dTlB'EthmEs) abiidnaayylihsatyradedadinpaih@nNantindybEt@B@lative€having at
p- ( tri Cyanlg'c}él &¥hgnd%0%(::rﬁm%} d%(ﬁzangtfe ggrlv%g L’S% at?%a% og giep&% c@&le%?c)ughenyl -

1,1, 2- Et henetri rocyani ne

2- [ ( ZOnet hﬂwxme51q%}>meruhaﬁewlﬂﬁyqi ?psé'ﬁ%mmlﬁwﬂ ansccmbmawsélﬁrzgﬁ i bertr:qme) and

i ndoani i n@ry&&(lg ﬁbda)mae@Ac))mpbye&ﬂ(at@rateemrmlr@crylates U.S. PatentNo 4,576,850,

4 [ 4- (di mef. | am no hfe 1;“('31 th t%% ‘p enoneftg .

A[[ 4- (di et ozsfﬁf’ﬁao enyPI TG 1 *N&p 'ﬁc?'uv Engne) " Kiifer ous subcl asses
of rrerocyadwCheurdyes Wi th appropriate absorptl on spectra, are suitable as

col orants aCCOfEQiyréglcle@uhﬁﬁra&ﬁﬁeﬁ,ﬂ%clmefb%%wﬁeﬂcLd@lp’é@ﬂi@n&d&iﬂ psho®@pk s, the
col orgnt ma or a yethat tstheﬂg smssmn of a

sel ected W& ‘é‘l"é%‘f E"l gﬁbm}a YRR I 55 h & “‘Qﬂ}é’v‘/é]“é"ﬁ‘d‘f a'@%eél?rﬁ?ye
ul t ravi ol elie usoddiorein e Ogtelrisdr ndfogdni agints, or bah, smrgeneealﬁbgrdsememetber esthreuretbdner ant  may

be a pi gmsz{%d gnd%reggr%uﬁshgﬁlyl@lhéaﬂ§ Mat@aéﬁéoﬁﬁ)&ﬁ\gs M@Xr@thfﬁb% ngllécu@ar @9&[@0[ ed band
of wavel en(%t hs (for “exanple, visible wavel en ight and permts the

transmi ssi Hfswa"ébmt f P%)raéﬁtmfg@Plée{eéﬁerm% el eﬁeaaffonézf cuPaRCe A And of
wavel engt hentihiag al@¥aitogohy oty @dtipg liphativ@uighy@ingy Biedpsoind bisghbted Exenpl ary
col Or3%nt S gan‘%yligpc?&fslach as acrylic acid, methacrylic acid, itaconic acid, crotonic acid, iso-crotonic '
acid, maleic acid, and the like. Such materials are typically readily available commercially and
can be readily polymerized.
Some illustrative examples of compounds having an acrylic or methacrylic group that are

suitable for use in the disclosure are listed below:
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5vi si bl e wavel engths of |light and permt the transm ssion of ultraviol et
wavel engths of |ight are fuchsin and violet pignment 95949D, available from
Penn Col owQ 2Dylsess8own, PA. Articles of the present di seCodise@2/089266 ncl ude
a colorant. The colorant may include a pignment, a dye, a m xture of
pignents, a m xture of dyes, or a conbination of any two of the foregoing.
In sonme enbodi nents, the colorant includes a nonionic colorant. 10Resin
conpositions of the present disclosure can include a colorant. In sone
enbodi nents, the resin conposition can be polynerized using actinic
radiation (for @xsopifiectionalvompaatscthyheplaten-tntylanaisel ertgtyheylek. 2-i ght ) . '
Excessive absoré?ﬁjlt%@lé%ﬁylaﬁé‘ﬁ h@ﬁtabr?]'at@ nrcﬁ{}iaéfylafénis&él}‘l aEr?Qlé%nlyh&q@ftef i ciency of

t he pol yneri zati on process I'n some” enbodi en t may be desirable
to select a col tﬁ‘f%ﬂﬁ"@"ﬁ%'*‘%@@ Zbenosy et agparea prdyN- M msty 'a‘frﬁlémé‘bl yneri zation
process of the Eppifihcidbaieom@andsi Onbufdhatiol exayipt.a,6-axaealiddanylathat is

subst tlaIIytrans v ths). in
certa?ﬁ pref erre pen%@é‘%ﬂr&r&% e, < Hﬁ}éhe %’fr&g{raggrﬁyﬂ%gﬁetwE\é%glygglbdgcgﬁtg rally
interfere wth wetrsthylewsgliss! dtaﬁ‘é'aiee@i’ e dens 8¥Fe! ddsy!pimtedd and/ or onto the

m croreplication) lt’cﬁ)ﬂunctno-ﬁblﬂoxﬁﬁcﬁﬁd%ﬂﬁnmdth)ﬂ&br@ﬁdﬂ& GiafyIQV,ideGolGlatYIak) e

i ntensel y-col ored reﬁrlltn] [of0) t _are un gded in flowinto the

20mi cr or epl i cat B8R triag ()Prf)1 ae%tﬁntf)natfaﬁcrylﬁﬁ(%(i nged resin conpositions.
Thus, in sone eavb/dxdiomwﬁlsow%nurag desirable to select a colorant that is

SUbSt ait i alPleXaraIbryaMt%m SHOE, (iloEnd@&@fuﬂ@ﬂ%a@;laty\@“ﬁlnﬁ@%ﬁﬁalﬂeﬁe dse@ e ( f or

exanpl e, Y Fln t sa) substan;tl all%)% absorptive of
anot her raﬁ'@‘éed&th?/\%{\/‘é‘ é?l‘%fsf‘?g tB?t "f“r‘“@ﬁ ?"f%sr m@% FEMPPERGES GV bl e

wavel engt hshe me@bkiu plogarties bthd slldesdmabtid. to sel ect a colorant that has a

hi gh enough sol Me ré E'e)fenlta“véagmlgl&%'fah&mgﬁdah)lf %at&rge(ﬁ&)nl'p&l\ﬁ@s dliResihd ght
absorptive propertles W t hout substanti al b\ﬁ/ degr adi ng the Qro ertles of the

pol yner andFbifc Sumetarvianaeye vim! éers Nagy OW”%FeC%Hﬁberéﬁ? id “®anpl e, the
resi nigonpogiddcanm, mmhmllpagaltyhmdq;oiymétmwlm:ysla;bsmdmyaihmubteﬁmmmwt nmes as
much light jn the i ﬁg’ﬂ Lhs in the 375-450 nm range.
Preferably a&'?ahe an %(r%“gcjggb g{%ggﬁﬂ%m%” g 30col orant may absorb nore
t han four t| nes“la%rawwm eghﬁPhPtﬁPOﬂWr‘@Bm‘6‘1‘5°rﬁF’f*?trcahb"é"@(“ﬁ“éﬁ“ihtacré'ﬂfsorbs in

t he 375- 45Qoky¥uddam3avity array articlel USthe griyet Glscadsereﬁdﬁﬂddctacﬁonﬁng b(ﬁffzﬂ ,@tygui de t he
sel ection of a col oran in articles a I n esent

di scl osur e PFK&? %hesnz?’ tzla)ﬁnc,g%m I?\;H)(sl Cihet hgpsoin ISgRIRY eﬁ]ndi;egéot"g'é()bfl Be™ e {I ty of the

r esi n2&ol obemaepherord/ Gﬂ@%@mb@@imﬂlemm@ suEl e hgtdipthogfacqtgpltione, ban W't“ﬁ@y'Absor bance
fraction ( 'Eétal Mlt}‘d%kéyc?ébﬂ@@l&@ﬁﬂﬁet&n@@ 13Bloky-2-Yhe®f1- 1t fhEnyIpRsphr1{ 62 praant mi xture

to transmt the wave use resin onposi tion
(in this e%&‘?fﬁ‘?yé’he"é(l\/ga}\‘)/ f"é)h6’[“1‘?"’6’;’%8‘15‘0u?"e’%dﬁ"ﬁ%{m%?'gﬁg?' ISR A* and F can
be cal cul atmeghélapphamy)-t-oareuh 3¢ Antireylbgnaagriiphereivhespiphegide.ahgel  of

wavel engt h%ts(2'%% tﬁmeth)lllgeuﬁ)gfr)ﬁlto&p“ﬁle %@c’,’mjl @ter%fEer@ﬁﬁh@ﬁy‘é F@Eﬁl rgéfﬂ ﬂ&@lbel ow

with respect a wavel ength (400 nm t i s usef of curing a polyner
conpod?ti o 4§?Fﬂhyit’0® MWéPé’P?@ihHE“O(IBSWa?ﬂ‘W éfﬁ@ %@ethcmbef‘??éﬁ) G4t Bwithin a
range of Virsheyew)pbsplilr dxsle, eA* The (oADSMAdsmaAXGO 03 Rvivelnaly ABB0 = | i ght
absor bance at, 5?9 nm A600 = |ight absorbance at 600 nm and A =
-Iog(fractlon or Ti ght transmtted)

Catlomcally polymerizable materials including but are not limited to materials containing

epoxy and vinyl ether functional groups may be used herein. These systems are photoinitiated by
30 onium salt initiators, such as triarylsulfonium, and diaryliodonium salts.

Preferably, the optically-transmissive flexible layer used in the method of the present
disclosure is a polymeric material selected from the group consisting of PC (polycarbonate), PET
(polyethylene terephthalate), PEN (polyethylene naphthalate), HDPE (high density polyethylene,
LDPE (low density polyethylene), LLDPE (linear low density polyethylene), other light

35 transmissive elastomer, and combinations thereof. PC, PET, and PEN are particularly preferred.
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10 F = (2 xA400)/ (A550 A6co)where A400= |ight absorbance at 400 nm A550 =
| i ght absorbance at 550 nm A600 = |ight absorbance at 600 nm and A =

-1 og(fi - aw0I20r/GR4581 ght transmtted) A higher A* factor pcmdiSe@imso2zehat t he
resin conposition including a colorant is absorbing 15nmore light in the
visible light (550-600 nmin this exanple) and, therefore, allows |ess
optical cross-tal k between adjacent cavities. A lower F factor indicates
that the resin conposition is permtting nore near-u.v. light (400 nmin
this exanple) relative to visible light. (550-600 nmin this exanple) and,

t her ef or e #ich owsriaropricaduinpag desfedidirbipiol fiembilitwinid|light abrsaisgilisdp Bieng 1 ght in
the | onger reMiiesd: BlvRy my%h.@nesgtvh& pe%Q&ﬁg&mE@b&m d,l.tm@morostrmréaomr ant in the
nonomer mxture rovi des an tio g or greater;

preferably, RE opgicalty t?"SBPSS'@’? bie?layeh‘ﬁ? gragly ! ‘?eébl"i}y'%ﬁ‘igwng&g%i 0 or
greater; emntnme:@epmeef @eagebthyn gbautA6° Odnd & nodidus abjoue Ak ¢0° Pa angleagv.€fhenor e

pr ef els abl ypo mr f)al‘cfelq{)ly ?s chh%at 1018 9@1% rﬂm?ssnm frx 8 tl&y@%t‘élﬂ?g plh?schlr with a

t hi ckness og m crons. | n sone entl%'t i ment ﬁe colorant 1n the nononer
m xture pr Bvsraégndarﬁhemg%v%aﬁééxrmaﬁdutfbascwf)suleffﬂ Cawaafrms Hmaed- dPeat er ;
25pr ef er abdpyicallpfraitniseife flexible0dyeghaad l&l‘llghtlﬁfﬁﬂiS&:lspW@fn&b&&?a}blyaﬂumanﬁeﬂlyl 0 or

greater, eygn arrlﬁr ?orp fgrﬁ'%' YitR R alte Rlsh thatheQime 3 S‘sﬁ&%‘iwh SYEN nore

preferably greater i'n a mcrost ure ayer with a
t hi ckness WP&S@IOMS@P@H@ thewwrﬁwwn@rhe@@e tFRBepaitneduriap the fgbrigepengprocess, for
phot apol yn&ahgatid eposk tottheecumgsaomxmnp@mem eaemwhl | e keeping the col orant

nol ecul arly dlsrmer qlnt (EeafteD e}/ i,zation OIn sone
3 aIIy tra mlssxv f_llmbel er ma eel sin ela ero multi- Ta
enbodi nents, the®&f U 50 ovi 4é8a “Absor bance

fraction (@)npmfent()s Airegy Iﬂneétslayelpmefawmlychohelrﬁ)cromuttelsélayer is bonded ghowlid | | be

recogni z edhabé’th@prQﬁh%Q&sbeeﬂe@ylmm%ﬁﬁ Iﬁ'tlla't rekaﬁ‘d @vhﬁolﬁe@'a?&% in@bitact W@t the
principl es enpodi ed ied to oth sel ect ed

a
wavel engt h&® T‘Bfosﬂﬁﬁfeﬂiqﬁ’ hﬁﬁ"%ﬁ'ﬂ“‘f%@”ﬁ)‘(’é‘ﬁ%?@ HERL PYE e"(S‘éS‘I3 Wdre merely
exenplsary wehsniiksévitwesy néchese tofimptroksred earab gristisedtht eswdedt eoity 85gonbi nat i ons of
col orants X\@lvtarnag?aggl rtu!ﬂﬁlaﬂ?ﬁllnrs%l/ ﬁnp@'rttg érl M$t%§uctural mlegrltlygaF éx%le &aRSS- tal k

bet ween adj acent cavities ca mni mzed by several factors including,
for exanpl réS‘S"‘}é.‘FF) P @4m "V%%‘t“fsaﬁwrs@i: 0'@5&%?9 Syapitlti-y € sErEwEon A" Phe
M Cr oSt r ucdeldctatio krag@iic andad re(mpcttm@{ehyvmmmgtmsamam ssive coating on the

si deval | s of t hr%egt ‘éélg-tﬁ%%mlsrs{%fe%%{ YiEla er be fr rgl%o%ri WRlohStolafbuf 43 Caviti es,

relatively thin o transm ssi | exi ers, increasing the
spat %l 5seprrsbichrr Bim etﬁeﬂc@w’pwﬁ@@outdmnawystb'@mr P A9 25HCTPNAC or mor e of
t he foregoivbg sb AeckdaE ﬁuck(aa'frblﬁalbouﬁiﬂﬁﬁ)nsttaL%u%%x@brﬁ%l&kﬁor&fofn%&@d by the

et . G S ST AEEA DR, S R0 Sl AR R
be f urt heringlide pslysaghtorate (BE), P@Y@w@m@mthﬁ'aﬁﬁémﬂkﬂw mAxeﬁglen@nrﬁlPhth@iatel ng Exanpl es.

Al parts @pg) rp%rf&ﬁ,m AD S FicAlyBrafriN: R S B&H1ASy cPidhvaFabRYin WRIfGHAL to'ﬁ@bs@@ﬁlaOt herwi se
i ndi c%t ed. 10 EXAMPLE

process as shown in FI1G. 5.

Colorants, processing aids such as antiblocking agents, releasing agents, lubricants, and
6ther additives may be added to one or both of the microstructured layer and optically-transmissive
flexible layer if desired. The colorant may include a dye that is dissolved in the resin composition
from which the microstructured layer is formed. Alternatively, or additionally, the colorant may

30 include a pigment that is uniformly dispersed in the resin from which the microstructured layer is
formed. The particular colorant selected depends on the desired transmissivity (and/or '
nontransmissivity) for particular colors of light; colorants typically are added at about 0.01 to 5.0
weight percent. Preferred colorants do not substantially interfere with observation of a dispiay that

are conducted through the cavities of the LCF.
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Al'l parts, percentages, ratios, etc. in the exanples are by weight, unless
noted otherw se. Solvents and other reagents used were obtained from

Si gma- Al dvochi2dsessscal Conpany; M | waukee, W unl ess specirfised2asf2ber ent | y.
15 Materials 3M 8402: a tape obtained from 3M Conpany, St. Paul, M. 3M

8403: a tape obtained from 3M Conpany, St. Paul, M\ Car bon
bl ack paste #9B898: 25% carbon bl ack paste obtai ned from Penn Col or,
20Doyl est own, PA. Car bazol e viol et dispersion 9S949D obt ai ned from Penn

Col or, Doyl estown, PA. Darocur 1173: 2-hydroxy-2-nethyl prophenone obt ai ned
from Ci ba SpeciTat inyou@iod ardebe addBhw dlle,resBiffomaenidhahgdnicrostructured layer or ina Dar ocur

TPQO di phe i ) . l iy a'b
25Speci al tﬁiﬂéﬁ ?;gq Tiddth gg@@&%@ﬁ%%aoﬁﬂpéﬁmm %egaqg J;apwa dereforom G ba

di i socyana %mafaf?é§’5rté? light-ghgorbipe Braperieitie celprapiNgs disteng b ‘?‘F@'&i‘hf rom Bayer,
Pi t t sbur ghglosBfadjdoyt ekitibs, ar@inheahigiaiads ©f Wlé Bdttbra @ al0brtisd cadcksf o Hengdogtiad

W | t 7 . : .
St . mp§8| ° pe@ﬁﬁgscrg}ngl%gkl ﬂ’xtu e agpawtl%? s tﬁgi Eelrmf?ﬂxorq @ttﬁel AR 15@&1&)&“/' Conpany,

I’I te CI’OSp er es: uor escent eads
obt ai ned fthbmqnojloﬁb@r eneras by ths gricreppqtyrefgeyshvip Acrease. | rgacure 819:
phenyl - bi s- (2, 44; @os&rﬁ;btﬁf@d iaydrs dosmiamY hixh wﬁ&stpjﬁbrrse,fa»mrdewmbb@'rmeldmferyom G ba

(?E?;: ?]‘leijfrp%fﬁ‘[n%i%lgf] us, perhut r%l}dat;[vglggésaépg)acmg FhE cavmes aln %6%églg%ddmen
f1 uor osi | i porer, theé)am@dwmﬁowﬁbbe@wembneﬁwanm talnnﬁédn pnd@m Reopiathex,

W I'1 opgbr 00kansrh Lst&n@ps!u%tannally all of—tH@I'xé'h{ f'ﬂomTtIRQaLﬁy tgr»oﬁlghahettfo{t(mﬂvgly' benzoyl phenyl
phosphi nate obtained from B

mcron (1 mil) '} FPERS B‘bﬂr%f&cf‘%‘fd "I‘ye'[s r‘f?"g%?gdﬁw‘ir §°"§d’ﬂ%t§°¥ oA c‘lf\(eré'gtwglgab(s) n§on2 g |5de
obt ai ned fieltinePUgolghs andy thuxi widjr@aire eltively greater spacing of the cavities in order to
prevent light from passing laterally through the microstructured layer from one cavity to an
adjacent cavity. In these embodiments, however, the bottom wall may be proportioned relatively
15 thicker and still permit the transmission of substantially all of the light from the cavity through the
bottom wall.

In some embodiments, prior to the step of contacting the molding surface of the tool with a
flowable material, a releasing agent is applied to the surface of the tool. As used herein a
"releasing agent" is any compound, composition, or other substance, which aids in the separation

20 of the moldable material from the surface of the tool in forming an article. Useful r‘eleasinvg> agents
include silicone oil, polyvinyl alcohol, fluorinated silane or other known releasing agent. Selection
of the type and amount of a releasing agent will depend on several easily determinable factors such
as compatibility with reactions that are conducted in the resultant cavity array, the strength of the
tool, the curable resin composition, the environmental conditions of the contacting and molding

25 process, the degree of tolerance for distortions or imperfections in the article, and the like.

In some embodiments, in addition to the steps described above, the process for making a
cavity array article further includes a step to remove (for example, by ablation or etching) a portion
of the microstructured layer and/or the optically-transmissive flexible layer. In these
embodiments, the cavity array article is subjected to a process that selectively removes material

30 from at least one surface (for example, the first major surface, the second major surface, or both
the first and second major surfaces) of the cavity array article.

Thus, in some embodiments, wherein the ablation or etching step is applied only to the
first major surface of the article, the relatively thin bottom wall of each cavity can be selectively
removed from the article, thereby causing the optically-transmissive flexible layer to form the

35 bottom of each cavity in the array. Advantageously, this process can provide for better recovery of
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Phot oner 6010: obtained from Cognis, Mnheim Germany Photoner 6210:

obt ai ned from Cognis, Monheim Gernmany Photoner 6602: obtained from Cognis,
Monhei m veornevns2458Scot chcast El ectrical Resin #5: a re®cm/usheiaioseds f rom 3M
Conmpany, St. Paul, MN. SilFlu 50MD07: A release liner available from
SilicoNature USA, LLC, Chicago, IL. SR238: 1,6 hexanediol diacrylate

obtai ned from Sartoner, Inc., Exton PA. SR339: 2-phenoxy ethyl acrylate
obtained from Sartoner, Inc., Exton PA. SR545: an M) resin obtained from
Monentive Performance Materials, Al bany, NY. 15SR9003: obtained from

Sart omer, lighttransriEsteddremP)g interior of individypbsavi@isl esperially whamihigh gencertypiedes of

pol y(et hyl gng.naphkdal ate), or PEN, fi I m obt ai ned from Dupont-Teijin,

Chester, VA Vitel 1200B; a copol resi n aobt ai ned fro Bost i K,
Vauwat osa, W. 'DEGIMBISCcmEsynds Vg ¥ ‘Iaé’{a"?ib‘gftéh'%sﬁetpéﬁ Wplisg © %% ?S)l gnent
sol i ds obt &tane ehajor anfadeefthe Lodlon porﬁ)mydfemuanvwny thidoptiddliy ronsepssive Bexibdn - Tool i ng |

(Exanpl es {-16), blga%omgrggsed% grg&wﬁh@xer @ptlca@qranamsm h&rbleoléﬁf:e&&naccor di ng

to the procedure I SCUSS t at es Pat ent ) 001. Tool A
was const r bt bRifimAnE e Agioasufpet ‘I’fé*ﬁé‘”ﬁl?ﬂ?lsatv%‘e%’l‘S}‘“‘r?éla“ﬁ(@ﬁ?’}fsér’r@"r 6602) to
an appr oxi et Yavinirfag aiiclkdvat kave Bisre@td 1iebGrarindssdh Fodmte@avaizs.al um num backi ng

sheet as descrijped | Pat I No.
2007/ 0231541, fpg‘fCF“"SQ‘H"B“"" 3 H’PF"&%‘% %y%%gffﬁm’ t"gﬁ{’)ér“g ﬁégﬁﬁm’gg‘gnm ly

packed ar rayanéfncﬁs%fosexamh'e Plasyreaimrgt, rﬁé%ltl%lohﬁd“%’ leenibtion, or depicdr di st ance
of 42 gmicrg é(ﬁa@@mﬂ@s&mg m}owde@geas @adheud Rlutibdeni3Rhavion g vapodisaret er of 27

m crons, l e of a rees, and a height of 39
i crons. '?38'8 ox 6{)&5?;0 s?ﬂ?’aﬂ%l?m'gtp "b‘ia et% P]EQF'T m cron thick Kapton H
pol yi m de fil mTthgsuzﬁmstf rhgertrayp@tstr%e rlna/\/qemgated “htéxdgdm&‘r plymarnielkeenhence ay of

posts. Thepg Fx%é%lntekg}gflﬂ]@§5n§oh§éjcaﬁt1&e@$sﬁble pPopEiBEo® fhe ddaBR20Ak Bici0de 34 M crons
and each post .1 ncluded a circular togﬁhaw ng a diameter of 27 mcrons, a

si dewal | afHAPEIGNd 5P PRI REPETS 21511t Pees, and a hei ght of 34 microns.
Tool G was 35cOms taatigyre bfeﬂ@mnﬁh@tthm@rfaoeGORe arpy {thee issthneeaigye @sidfdel A to

make a hexagﬁggg'ome%% 126 vnyoindjgpo%tﬂ%e swewusco@ma%y Ipo&eeﬂmmg&stance of

34 m crons ost 1 nc a‘circular top having a dianmeter of 27
m crons, athéihd’e%ﬁl‘sl de@ﬁ@ﬂdé’" e'%{kﬁ‘i)srubﬁrla‘ﬁa{“é‘wh@iﬂnttj’é@}eé‘e@? coqiing isdeRwsiight of 34
m crons. Tanhd Ngacs df hagay t hadir@rt®odiment, the coating is deposited on the bottom wall

of each cavity. In a further embodiment, the coating is deposited on the side walls of each cavity.
20 In some embodiments, the coating is deposited on the bottom wall and side walls of each cavity
and on the surface of the substrate.
The term "coating" refers to a relatively thin composition (for example, a film) with a
thickness that is significantly smaller than other characteristic dimensions of the substrate. In a
preferred embodiment, the coating is uniform and conformal to the micfostructured layer, with a
25 thickness of about 25 to about 1000 nanometers. The thickness of the coating may be non-uniform
over the surface of the array. For example, in one embodiment, the thickness of the thin film
coating can be about 50-500 nm on the top surface of the array substrate; about 25-250 nm on the
side walls of the cavities, and about 50-500 nm on the bottom walls of the cavities.
Many different types of materials can be used as a coating. The composition of a coating
30 material will depend on the array material, the application, and the method of coating deposition.
In one embodiment, a coating is a polymer (for example, an inorganic polymer). A coating can be
a non-metal oxide (for example silicon dioxide (Si0;)). Other coatings may be, for example, a
metal alloy, a metal or semi-conductor oxide, nitride, carbide or boride. Other materials for
coating the substrate may include gold layers (for example 24 karat gold). Many coatings are

35 commercially available.
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5The polymer Tool A was first plasma treated using an apparatus descri bed
in detail in US patent 5,888,594. The pol yner tool was nounted onto the

cyl i ndri cab 2drumseesBect r ode and t he chanber was punped deem/useoia/obrse
pressure of 5x10-4 Ton-. Argon gas was introduced into the chanber at a
flowrate of 500 sccm (standard cubic centineters per mnute) and plasm
ignited and nmaintained at a power of 500 watts for 30 seconds. After the
argon plasnma treatnment, 10tetramet hyl silane vapor was introduced into the
chanber at a flowrate of 360 sccm and the plasna sustained at a power of
500 watts for 30 seconds. After the plasma treatnent in tetramethylsi |ane
vapor, Ooxyggh.das,MWps introduced into the chanmber at a flow rate of 500
sccm and pl asrra sust ai ned at ac{) g}e of 500 watts for 60 se(:ond>§Y The
pressure in thegAEIBElsCIatS MYy ideh s ey o stviict Pt RPN FUPY DAY the 5- 10
mror r r angglane hidkopptailg rmsohdaniies Zugs Thhenitivent doptiaaliatsnaspbyererichbefnd t he
treated to -7 reated tool
was. haat ed B ERRS, e B b o e T T e
same way adTaydsludeadispersing or fipsalving p gierant gl migogaetuise BxgralnsPBat ed usi ng an
appar at us dﬁﬁ)eme,lag&eicaoﬁﬁxt@dldsolm ouu&om{?,amgaaltsed\bme maB88 (164 ampld) plapiol yer

tool was oy e)qr on\;hqchtt&emlgrxstruau éé \ ‘L]gel ectrode and the chanber was
punped dOV\}i’ﬁO Base pressure of X(.rLB or Argon gas was i ntroduced
into the 20charﬂfberol<aema1ai bmlm@refiyesmabg@rb%ﬁSalﬁ@edpvaaﬁmthuogm@ﬂeé@d and

mai nti@i nedyAl otawapQM@fhs Qf)r &Q\Q}lé’\@-ﬁ)&&ufawol@& SSQE &ﬂ&ﬁor_tlﬁfeBtﬂE sﬁehﬂmﬁffgon pl asma
treatment, te]t ranga %5 1J El ﬁ B ‘ﬁ;@a ! nit EOdau% rmlbroagabsor%a ehaifnber at a
flow rate BFPO'3EBYLReHY GG FEons PHUGST QUPoY TR et A m P 458 s 560" watt's .for
30 secondswid2&Respentrypr efpightatrn wpreRersd, quch @srqvmtbstqntméuwrvembﬂﬁrsevawed as

fol | ows. Umforml§(B o ébQ(Qbe{A‘ce o]vg':z}i: &ﬁ%ec@flm E)ebl% @%ﬁcwﬁ?&l@ses wHSe @ agip of SR238

and 15 grans of "Darocur 1173 were cqnbi ned in a% ass jar. Solution B:
3.75g of | fauRldieisgsreriedsyi @d&@hwﬂ%"@ﬁg@@" PRI PEHRTBSHP 617 dP28RPHE ng
over nisght dieplay| Sieoh vdorbhlenct sfyECnkg 08dithlay BolouddveaselyGiffe@ed by agelars: of

30l r gacur €.t (él;?tiowa ng\qgﬁages aOnrc;]a§st§rb%1;c_9&§ bep{chlgv%d%;gqrjbm rng%}q ng}{tarrym l'er mxing

18 hours to SSO acure D solutions A’ B, and C
wer e combi riqs fran ayogr merg d?%Pf Fenansy B g pisfesabls ¢ miteegbsRerancs By Dar ocur
1173 (3.7 g)ra@dmsﬂaafmwch thRQufirg2f () rebia islnommaulpihibiedd] evonlimiXhgxgarfdes 30

m nhutes. ofskx)lfable caorant can#glégs | %}t@}?ggl carb((n bq ég’%chm%arﬁézg‘l%g%]el Bh ¥ qnber gl ass

jar. Carbon ack was a & sol ution and rol [ er
m xed®0f or &@llmam to provide a resin fornulation with a final carbon bl ack

concentration Cguné’b%colérams described &?éu\lﬁeildﬂ@tol’_a var®) fldl dlasdds. (ddfim@hg Was pl aced in
an anber gl ass 195) bilgS added to the

past e. 5#9
sol ution a?‘i‘d'“?lf) é‘f’taﬁ?ﬁj(y&ip’fsf)srmq BFIPGSU "P’E)qu Sé\f’rgxeamﬁé’r &si i fornul ation with
a final cambbyietiyaoio)-81¢-anthragnedone efd 1296xy Boingt-4-tydlra@y-9%81 uti on D (466 Q)

was pl aCedAhtﬂra@cﬂedmeﬁls(g#ﬂmmét%csul%glmyﬁk@ﬁg'o@arﬁﬁ&iygq%%mf)ll}91~4 g) was
added to t he solu hour s Lo provide a resin

f or mA%at i oM-AMi St[(t‘f‘fH"‘Pl“ﬁta’(')sE'&’r“blé)|11’319Fté‘8‘f{‘ c%h@é’?ﬁ'laﬁ‘ﬂeo% 1%

bis[(trifluoromethyl)sulfonyl]-1,3-butadienylidene]bis[N,N-dimethyl- Benzenamine, and 4-[4-
[4,4-bis[(trifluoromethyl)sulfonyl]-1,3-butadien-1-Morpholine); p-(tricyanovinyl) arylamine dyes
(for example, 2-[4-(dibutylamino)phenyl]- 1,1,2-Ethenetricarbonitrile); merocyanine dyes (for
example, 2-[(1-methyl-4(1H)-quinolinylidene)methyl]-5-nitro-Benzonitrile); and indoaniline

30 (indophenol) dyes (for example, 4-[[4-(dimethylamino)phenyl]imino}- 1(4H)-Naphthalenone and
4-[[4-(diethylamino)phenyl]imino]- 1(4H)-Naphthalenone). Numerous subclasses of merocyanine
dyes, with appropriate absorption spectra, are suitable as colorants according to the present
disclosure.

In some embodiments, the colorant may be a pigment or a dye that permits the

35 transmission of a selected wavelength or a selected band of wavelengths (for example, ultraviolet
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10Solution H Solution D (708 g) was placed in an anber glass jar. Violet
9S949D (121 g) was added to the solution and roller mxed for 18 hours to
provi de awoesimet4ssrmul ati on with a final violet pignent PCOusennag2eeon of

3% Solution 1. Into a 500nL glass jar was placed 99.00g of SR238
(1,6 hexanedi ol diacrylate) and 10.00g of SR339. To the solution was added
5.94g of oil blue A (solvent blue 36) and 5.94 g 15of solvent violet 37 and
t he conposition was m xed to disperse/dissolve the dyes. The m xture was
centrifuges and the supernatant (193.85g) was recovered. 0.68g of Irgacure
819 and 3. 8Oglergths)l afdighti i sPPCMbodisgnty ¢hd eelorany mah be spigesnai dystthat Fserdb§ ar  was

then cappegscRael plvaienth drlasaec&hamwméner{gth;tmxm&é WsngiatwaveMﬂ@Bs)@f the dye

appeared to, be dissolved sequentl he sol ution
e added GHUTEGEY b epRi  a e bHoE B Rttt Lot ut i on was
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performed usin g process as describ [T cation No. WO
9511464, a‘i‘l&l‘%ﬂé‘%‘b‘f‘?‘ﬁé@”‘é‘ﬁ@ EID gypileble fram Per C@f"h@"%ﬁe%‘éffn PdveATtiglecqh the process
25used in ﬁrékesensemm{agsacniu@h dotani. IMAE colteant gy iDPide @apRmes @ciyad ntiadt at i on

Sour ce. aeSgrlR AL G By oracomu BBy QR EORAGRL WELAGS area of |
mandr el haqmbﬁ@ma'ﬁs ﬁ?'@rﬁmrfatUéeSdunanmfecplomt 37 |nches (94 cm using 3M 8402

adhesiove t ape. Rmecd\@bglmm%&?pra‘smt mm&ewﬂn@a{de@lcoﬁmm m b@qeunvm nd idler,

al Ong the esm I;) me %S f etSIh composmon dan oﬁyme lzeg smg Ctlnl ra{ tlon fsl‘ exam C D Fl G 5
The surfacetrerf ( adhestons promﬁln % ‘He 1( vb’a f'amngthe

tool . The maluhcatu eevelegths lighy). Mce@wemgrpﬁqn olehlqectWCIrfma&mcan ghucathea | i ne

speed of Wﬁ&éﬁéﬁofﬁ}%@oﬁfﬁ%mﬂﬁr rd&sE‘Uﬁﬁ) uﬁs%mélerﬁﬂol?m{%ﬁt@%%h"y%e 8kiraQ 4o kPa (30 psi)
at the cont oin | er a95 hor Dnitrile rubber

ni
rol | er) ansdfaftﬁé ﬂ‘ﬁ‘ﬁ&?’é%oes ’F?ég’ibﬁa‘\%fg étg% fhe B‘dy"f‘eé' FREPPEFHRTBY "f¥lnual |y pouri ng
a smalsl  conmpesitou olrsanbloh col@sit thasipdubitanoaily aransinliseivé fof wy.atd/érhearopper
l'ocation upgteeam.fromthe mandrel as depicted in figure 5. The resin
spread |l aterally across the 35width of the tool at the rubber nip roller,
forming a bank "ofr@BPEfEhrTAHmEns HarUgnt 4o Y REsaRishy igerlEryityiige. Resin
sol uti ons flow df the@dah cnpasitien iu&aﬁid/cbrmntﬁmI?merSphﬂ:anoQ;oolaI'Iﬁe Beseit@Bpesntel vel y.

Resi ns wer Vi ble from

Fusi on WV Oyvgdégesngab%sh@%ﬁlg Bl%& }egnkﬂp%m,r{%%gg&ugﬁl ﬁ‘nf%g“ %&g oper ated at
an i dut ﬁb‘\‘/‘\l@?ep'éﬁi“%@@'%m@@%@r‘o trpncpleEsd fegip 6AMROEUSYEY array filmarticle was
renmoved from t hgus m@bm@dmbbmer&@&anesmablptorsakdt eeolcaﬁdthmmdstanﬁal@n the rew nd

idler as Stlr‘]agm’}ssilv for n an5geo wave en&?m zr} ﬁta(%Pe G5 l\,\erveangac')gr?ea%v a¥/ he%gtﬁsove
procedure using f) B8RS 05 BYAN was frade b i ng Tool

B with resing Sl@é‘wrmltﬂilymhwﬁ)tamf a@@émwlnee @menmdéhﬁy(ferwwlﬂ' @0$eSB‘ with resin
sol ution Hisible waveleng@,gye depth for several exanples were determ ned using a
conbipation of e shown.in TABLE 1.

and a e and
o be S ean PRI TRURT B a0 ot ReE et sy it FUfT At od cure
dept h can dampa¢oonpkhiskdd libyt ajpoptivechirepgrties »tltbodtlslrbgtamatlmegraﬂmg that al | ows

greater pepgffiaddron legfmlar B s(%ATR) ﬁtelflmgmﬁkt&waﬁént Vel %adpidiong a

wavel ength specific colorant wth a | ower absorbance cross sectl on in the
wavel engt Hesh§ogaosgfon ingidipg B eqlasnt max 2hsork gaeufipir mes)as myehrigh igths 480c%iPe pept h
Exanpl e Nuib@fige Res iitabstiedb bitthe15-450 nm range. Preferably, the resin composition including the

30 colorant may absorb more than four times as much light in the 480-615 nm range than it absorbs in
the 375-450 nm range.
Thus, there are two factors that can guide the selection of a colorant for use in articles
according to the present disclosure: the Absorbance Ratio (A*), which indicates the ability of the
resin/colorant mixture to absorb the wavengths of light; and the Absorbance fraction (F), which

35 indicates the ability of the resin/colorant mixture to transmit the wavelengths of light used to cure
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Tool Mcrostructure Cure Depth (mcrons) 1 F (3% carbon black) A (urethane
acrylate) 39 (full cure depth) 4 F (2% carbon bl ack) B (polyimde) about 12
5 H (3% wvol2et2/eegpaent) B (polyimde)' 34 (full cure depCm)us2012/039266
Portions of selected sanples were cut and di p coated using Scot chcast

El ectrical Resin #5. The sanples were allowed to cure for at |east 24 hours
before mcrotom ng. The enbedded sanples were thin sectioned (10-urn
sections) using a dianond knife. The sections were placed in 201.515 Rl oil
and covered with a cover slip prior to inmaging. Sanples were inmaged by
optical i deasicopyposifeniintiiesxanplesecyilogs o dbbe#eéthnas Blo@ubbth A*andfABLE 2)

were neasu . V a base (bottom
vl 1, Chat 1o {200 Kegrors iase RS U ERERS Py Bt gkness( of

mat eri al at““i‘%@vetﬁé@é"e@ oth ‘i%fé“éafsf’%ﬁ"é%befow ‘Yﬁhéﬁsmkméﬁﬁ‘a@ﬂfﬁ%(“go 184 %4/ hon (O

useful for curing a polymer composition and two wavelengths (550 nm and 600 nm) that fall

5 within a range of visible wavelengths:

A* = (Asso + Ago)2 where
Asso = light absorbance at 550 nm, Aggo = light absorbance at 600 nm, and
A = -log(fraction of light transmitted)
10
F = (2 xAs00)/(Asso + Asoo) where
Asoo = light absorbance at 400 nm, Asso = light absorbance at 550 nm, Aggp = light absorbance at
600 nm, and A = -log(fraction of light transmitted)
A higher A* factor indicates that the resin composition including a colorant is absorbing

15 more light in the visible light (550-600 nm in this example) and, therefore, allows less optical
cross-talk between adjacent cavities. A lower F factor indicates that the resin composition is
permitting more near-u.v. light (400 nm in this example) relative to visible light (550-600 nm in
this example) and, therefore allows good curing of the polymer while also absorbing light in the
longer visible wavelengths.

20 In some embodiments, the colorant in the monomer mixture provides an Absorbance Ratio
(A*) of about 0.3 or greater; preferably, an A* of 0.5 or greater; more preferably an A* of 1.0 or
greater; even more preferably an A* of 1.5 o‘r greater, and even more preferably, an A* of 2.0 or
greater in a microstructured layer with a thickness of 5 microns. In some embodiments, the
colorant in the monomer mixture provides an Absorbance Ratio (A*) of about 0.3 or greater;

25 preferably, an A* of 0.5 or greater; more preferably an A* of 1.0 or greater; even more preferably
an A* of 1.5 or greater, and even more preferably, an A* of 2.0 or greater in a microstructured
layer with a thickness of 10 microns. The preferred mixtures allow rapid photopolymerization of
the resin composition, while keeping the colorant molecularly dispersed in the article after
polymerization.

30 In some embodiments, the colorant in the monomer mixture provides a Absorbance
fraction (F) of 0.25 or less, preferably 0.10 or less.

It will be recognfzed by a person of ordinary skill in the relevant art that the principles
embodied by A* and F can be applied to other selected wavelengths for photocuring and the
Examples described below are merely exemplary of the way these factors can be used to select

35 combinations of colorants with specific desirable attributes.
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Example 2 2% carbon (F) Exanple 1 3% carbon (E) Average 0.9 2.2 1.8 Std.
Dev. 0.3 0.6 0.4 Cv 0.31 0.27 0.22 WD 2012/162458PCT/ US2012/ 039266 M ni nmum
0.4 1.1 Iw0 2Mxicpasm PCT/US2012/039266

Optical cross-talk between adjacent cavities can be minimized by several factors
including, for example, an optically nontransmissive éolorant dispersed in the microstructured
layer, an optically nontransmissive coating on the sidewalls of the cavities, relatively thin bottom
walls in the cavities, relatively thin optically-transmissive flexible layers, increasing the spatial

5 separation of the cavities, and any combination of two or more of the foregoing factors. Optical
cross-talk can also be affected by the density and cross-sectional érea of the individual image
pixels, relative to the cross-sectional area of the individual cavities.

The invention will be further illustrated by reference to the following non-limiting

Examples. All parts and percentages are expressed as péns by weight unless otherwise indicated.

10
EXAMPLES
All parts, percentages, ratios, etc. in the examples are by weight, unless noted otherwise.
Solvents and other reagents used were obtained from Sigma-Aldrich Chemical Company;
Milwaukee, WI unless specified differently.
15

Materials
3M 8402: a tape obtained from 3M Company, St. Paul, MN.
3M 8403: a tape obtained from 3M Company, St. Paul, MN.
Carbon black paste #9B898: 25% carbon black paste obtained from Penn Color,
20 Doylestown, PA.
Carbazole violet dispersion 95949D obtained from Penn Color, Doylestown, PA.
Darocur 1173: 2-hydroxy-2-methylprophenone obtained from Ciba Specialty Chemicals,
Basel, Switzerland.
Darocur TPO: diphenyl (2,4,6-trimethylbenzoyl) phosphine oxide obtained from Ciba
25 Specialty Chemicals, Basel, Switzerland.
Desmodur W: a diisocyanate, sometimes referred to as H12MDI or HMDI, obtained from
Bayer, Pittsburgh, PA.
Dytek A: an organic diamine obtained from Invista, Wilmington, DE.
EGC-1720: a fluorocarbon solution obtained from 3M Company, St. Paul, MN.
30 Fluorescebrite Plain Microspheres: Fluorescent beads obtained from Polysciences, Inc.
Warrington PA.
Irgacure 819: phenyl-bis-(2,4,6-trimethy] benzoyl) phosphine oxide obtained from Ciba
Specialty Chemicals, Basel, Switzerland.

Kapton H: a polyimide film obtained from DuPont, Wilmington, DE.
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1.4 3.5 3.0 Count 18 24 22 Approximately 1 X 1 inch (2.54 cm by
2.54 cm sanples were obtained frommcrostructured filmexanples 1-3 and
Mel i nex 48O 20idwe458he filnms were placed on a 1 X 3 i nchPCZ/UB4012089%264. 6 Cm)
m croscope slide, with a small gap (no filn) between the sanpl es:
Brightfield 5 transm ssion i mages were obtai ned using a Zeiss Axi oPlan 2

m cr oscope (Pl an-Neofl uor 10X/ 0.03 objective) and a Zeiss AxioPlan 2

digital canera (8 bit). Prior to final inage acquisition the |ight
intensity was adjusted to ensure the blank area between the filnms was bel ow
the saturation Uopared 10256: 2 frordiligint titated ERE rekeascllingrebgioedfomoforgesh i mage were
pr oduced uwglggbtloggpgg,{?,t;so Pl us |mage anal ysis software (|\/Edl a Cybernetl CS)

across the "blank” area of i de (the gap . bet n an 10
area of the sI iLeeirip hBP- Lcaﬁtéé'i"ﬂ"él&Y"FW{’]P'ieﬁﬂ p%ﬁl’}l e t&?i‘”}’ '?r%é nd an area of
the slide tdvagshaanGamaed the conposite article including the

col or gnt - cont aiyp, B‘% 45§58 m%’ n"f‘(‘iJI mﬂﬂh&% oBE (1 X1k Cg??s a%HfQ%B Fr&e -on Biex €l

intensities fromthe cavit év re conpared to the pixel intensities
of the PETiqe ¢biained frers Dupagt l”lﬁ'ég“’&v%‘f’ age percent transm ssion of |ight
t hrough t he botph@Bms@b]oSouddined em Caytid, Mesheim[ kiernaay cul ated results are

reported in TAl Q t hese neasurenents that the
15t hin cavity %lgl(ggm%l?gst(gb% mela%lom%%%néshg[%]qe'm @zth while the walls are

substantially rPd)womWéﬁ@mObts*Wié’fOWWEE“@nhq_mg}wmc“v’ansm ssion through cavity
base fgxanpl e NwIheHcasVE kB HHb:Qlesih dbihHeLRdnbI Cblhﬁfnk)St SuMR. (2% car bon

D] S SRS e G Ll s s e
SR238: 1,6 hexanediol diacrylate obtained from Sartomer, Inc., Exton PA.
SR339: 2-phenoxy ethyl acrylate obtained from Sartomer, Inc., Exton PA.
SR545: an MQ resin obtained from Momentive Performance Materials, Albany, NY.
15 SR9003: obtained from Sartomer, Inc., Exton PA.

Teonex Q71: a six micron thick poly(etﬁylene naphthalate), or PEN, film obtained from
Dupont-Teijin, Chester, VA.
Vitel 1200B: a copolyester resin obtained from Bostik, Wauwatosa, WI.
20 Violet 95949D: a violet paste containing 20% pigment solids obtained from Penn Color,

Doylestown, PA.

Microreplication Tooling I (Examples 1-16)
Tooling was prepared by a laser ablation process according to the procedure discussed in
25 United States Patent No. 6,285,001. Tool A was constructed by coating a urethane acrylate
polymer (Photomer 6602) to an approximately uniform thickness of 165 microns onto an
aluminum backing sheet as described in Unites States Patent Application Publication No.
2007/0231541, followed by ablating the coating to produce a hexagonally packed array of posts.
The resulting posts had a center to center distaﬁce of 42 microns. Each post included a circular top
30 having a diameter of 27 microns, a sidewall angle of approximately 10 degrees, and a height of 39
microns. Tool B was constructed by abl'ating a 125 micron thick Kapton H polyimide film to
construct posts having a hexagonally packed érray of posts. The resulting posts had a center to
center distance of 34 microns and each post included a circular top having a diameter of 27
microns, a sidewall angle of approximately 10 degrees, and a height of 34 microns. Tool C was

35 constructed from Photomer 6602 in the same way as Tool A to make a hexagonally packed array
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201 was estimated by preparing a cured filmof uniformthickness simlar to
the mdpoint sidewall thickness in Exanple | (approximately 5 mcrons). A
smal | anowotoofiessButi on E was applied to a pol yester fPCERUS201ZI08R66\aS
covered with a second film 2 and manual pressure was applied to spread
solution E between the filnms. The solution between the filns was cured by
passi ng under a WV source (500Wfusion lanp) at 7.6 cm's (15 ft/mn) with
film1l facing the UV source. Film2 25was renoved and the resin adhered to
film1l on the UV-exposed side was washed to renove uncured nononer. Cured
resi n thi ciipegsswithasntereasutedtstansd aig4 micoad. Epadpog awigéed a Thalapephavitgiackness was
determ neddl;rpeté?%fﬁ rﬁnrgr{soenﬁdewal Q@fetofﬁgrogfnat%@qo tiégl'e@g QrQirﬁth@ RioP$h hidengcur ed
resin was placed in a spectrophotomer (Tecan Infinite 00). Light

transm ssion at 550 nanoneters was - 37 - neasured at three |ocations. For
the 4 m croslihg durfacexraa@aantsabsor bance val ue of 1.4 was obt ai ned,

corre%pond| ng t”l?) ﬁoyrﬁegkl‘gol;\rv@a@%m ﬁ%ﬁ\gnea?ed u4r(§an-gpdaﬁtug)éémegm%%ﬁ'ﬁ%st0
illustrate that e mcrostructured cavities are substanti al ¥ transm ssi ve
al ong t he ®wakd @Sé%T%ew@b/tnaﬁﬁ?lmaf PourtsAerae pligdicoldrymelichrdexndtp) ane.

Exanpl es 6chambtr Was pumped dwawmHafe@rbsium&kxlwewemgamasfwak ﬁ’ﬁrMﬂSed[Mtd) med on one
side wth %aSg/grgt% ds tgc())fJS% sccm s? ndar(? cu?nc engmeters er mmu 25(V 510/ )ér'gdure of

di oxol ane and ¢ cI Shéxanone’ Vi é di'e"coar '&at% ry| ng in an
oven at 16mﬂntﬁlo¢d apa pAveUefE80 warl éor Bhicgdode Stepthe %rgf@ p@@aﬂrw@ewﬁs 300

1gnanmnet etréﬁan@&yﬁﬁa%wp@dva%&rbd%ed%tb e cham@&ttar 4 Miwarhk GfﬁUE&ﬁranc:j thBBladnial \T/n wars]

t hen coated on e Si Si one- urea a jve whic
consi st ed %*Ftalﬁedfé%/gogpﬁﬁgé&‘%‘ls&ir?%ﬁc%']g 3{‘ T\}Ef %Q‘g‘laﬁ %éé'lfée)"a Eyqa ilicone
pol yur ea ( ®PY)oxgtcagsormemtraducal mtatlie@hamber%aﬂk’évrat?héSOSmn@hbmsmer was forned

t hrough th&lstglg&qupﬁﬁ;dQ@Od\@ﬁ@tfdr@@seggnd@-T rés e ,qh@mmertdﬁﬁr@m& lﬁgsma
polydlrreth | si | oxane, nd Desnpdur Win a.ratio 1:2, as

descri bed FRMINStePPHsdh Nbo m§°%?ﬂﬁe8% plasl“l‘i’eph‘?’?'ﬂe’fﬁ"%?}%ééfe“feﬂé"r?t'a?sf"é"(?? in an
oven &t | 60K tHeoratd wodl wuﬁce;ﬁ)eaamctdcammmtoadarb@ salulRinTTHeitkavdbyol pasightdgint he

material t og tlﬁ -OPISrI‘IQll’]lthISI ’Foo? Petatewnttl{l L‘rﬁeoxgdéeag(TélOQKSGS fluorosilicone

treated P ease |1 ner he t ness oating was 4.2 m crons as
measur ed by a VW?F PAYIF gppl Biwie @PWr“@ﬁﬂ‘éﬁ“g afBmeéiese"Wésn teider By per formi ng
m cror epl i gadni 106) 5388,990. T pérh& Soollwdz nwsmagmtoh& @mﬁlheiﬂdr-ﬁﬂ@laa?@d@n]j tei I min

pl ace of t f}]e !)\/El Lnex d?/d%wtp% aybascizé)?egsu fgr)]( 9"“?'0 xé%?n :%apsgvafﬁ (t)duced nﬂgthg esin

20sol uti on“fl" Wasrf’f)lwge restn solution |
was Wed. ¢hamex sirmfloesatGofdfeiscym pieplaging éh“ei ZUbBﬂftt?"eedta@(POS/F@é SEFwather Teonex
Qrl film V‘ﬁﬁse&)ﬁ&' Wft@ﬂﬁ'ediréoﬁ pfaﬁ&ﬂreﬁtﬁl‘é@rtgratnlaﬁylglﬁm Vap@twaORtrbRedd. 1r}t$—!|2)l( ght e 6
transm ssign thro e.cavit S the mcrostrycture o anpl e 6 was
measured aS QREEA &ﬁat‘f %flsg(%fé'ﬂ%’qug ‘%S?a dBBVE 2 t?%‘ﬁﬁ?awﬁﬁéw@” or30 A sanpl e

made accorgrangs-t 0 Exanple 1 was coated with a |ayer of silicon dioxide as
follows to produce Exanple 8. The silica deposition was done in a batch
react] ve ion plasma etcher (Plasmatherm Mdel 3280). The mi croreplicated
arti e waBeSH RIEREPBA t he powered el ectrode and the chanber punped down to
a base pressur egi foomutakiony werelfrepaged bd follevswas pl asma

Solution A: 1125 grams of Photomer 6210, 375 grams of SR238 and 15 grams of Darocur
1173 were combined in a glass jar. Solution B: 3.75g of Irgacure 819 was added to SR339
followed by roller mixing overnight to dissolve the Irgacure 819. Solution C: 3.75 grams of
30 Irgacure 819 was added to 187.5 grams of SR 238 followed by roller mixing 18 hours to dissolve
the Irgacure 819. Solution D: solutions A, B, and C were combined in a glass jar followed by
mixing. To this was added Darocur 1173 (3.7 g) and Darocur TPO (32 g) followed by roller

mixing for 30 minutes.
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30treated first in an argon plasma at 25 mlorr pressure for 20 seconds.
Follow ng this, tetranethylsilane vapor was introduced at a flow rate of
150 sccmwodop/mz4s8 nai nt ai ned at a power of 1000 watt s PLorusSi@208w660ds,
foll owi ng which, oxygen gas was added to the tetranethylsilane at a flow
rate of 500 sccmw th the power maintained at 1000 watts for another 10
seconds. After this step, the tetranethylsilane vapor flow rate was
decreased in a stepwi se 35manner from 150 sccmto 50 sccm 25 sccmand 10
sccmwhile the plasma was still on and each of these steps lasted for 10
seconds. After Sohugorl s Solwttoe [ (@08 &) @by davetiny Sibkogkes jaglrbof blasy pefie 25 scem
the flow wag wggkvggadamo e %%tm KR rs?lfxedsft).l l%mgurgm,ravraemeg@n was

i nt roduced i nste | ow rate of sccmw t he plasma mai nt ai ned

at 1000 \Nafof'%”"ﬁ'ﬁ'@jwtﬁrfé%ﬁalﬁwpnb'é‘ikfcﬁ'?cﬁ‘é@“‘i“(ﬂ”énot her 60 seconds. The pl asma
chanmber was sulssresemt bylutior Dt(esb g) @asﬁﬂdﬁﬁSﬁhﬁi’nﬁe@Hﬂs jah e appo@siaah phsteeat ed

omi crarepl #9%%58e Ogr)tvlva(s;laaedex\@%e sglutlon n%roﬁegmn tecri]?or?tp ggqum\ﬁa%aam} eS 9 and 10
Cavity array ar repare casting and curing solution E onto a
25 micron (Ommmtllor) WIﬁEal'f fal qarhoaélaqkr?olE%arﬁmn@fM The PET side was exposed to a
Sgl U_ti Orl of pOtS%ﬁxS!-)rUd}n mldllbﬁ)bi(ﬂﬁ g1 04484 nCerhmi:rrgilaBQaretdS@&Dﬁl&R‘ipﬂ& EZO% to
chem cally t C i she acing the

i crostruc?%&gig( é“@l) aé?ddﬁété’é]&e Sfﬁﬁtﬁon(ﬁf‘gﬁ‘o\ Pﬁ"fg H%)ho?'rsé(’pcm % r|eshnghes) by 10 cm
(4 i nches) ragaiomsith afirzhadion bkckgpicattedonef 16ui t board material . The

peri ngter . of t%%mt,anlmswﬁaoéﬁwoﬁg)@gaa&gtnat,Iaﬁbé?g@;sgiaruslonggssml%eﬁg)t ape to
prevent exposur e of th he struct Si um

hydr oxi de/ B¥SR4978 s ﬁ‘?}é‘“%‘b‘inﬁf‘inﬁrﬁ“‘iﬁ\ﬁsf"rdlsQ?f’ésdo PRVige rﬁ?"@%”&‘ﬂ%ﬁ%w&@%@ ner and
15heat ed tmolaqno@ebn&bmngmanmatfe% bat h. The boards with adhered filns were
i mersed in theS nggrn nQ)r ﬁoﬂf)gﬁés%}r@% Jldc@cﬁ”fogé J)f%\f@ﬁ; (l?x h%§éalom(gach$tg) wat er .

Filnms etched for m nut m cr ons remain 9).

Fi l ms et ch#nd 19802 B SRiNui e saiwion pasedéedidée ‘Pféld blye ﬁl(if’llvﬁ'f‘fé’luﬁﬁﬁlgf*:dlé ?‘%ﬁn&u ni ng
(Exanpl e 16)solvekd&xiansp laeshélcdbmpésition was mikedab Hibpeameisathesidys. Wasnicaat ed onto a
liner at various.thicknesses T h % s0l.} ds

sol ution of*an rI\ftﬁges andK es{’ @ﬂ?ﬁf@ (lﬂﬁ ng V%ﬂeﬁavggﬁgbs égg%{aﬁgra%e ﬁgé%éj;ogggt oner at
a ratio of L&EinJiBO- LT‘ﬁ@ aglaﬂlt@h%l%‘t?wt a2 s H@acqppﬁd@a@wa% B actkedeisat i on

reaction Ofmxalg%%nlﬁgﬂa ﬁb@mtﬂ@dyteeﬁpearmb siipaladi meidyhisi kesapeayvy yihek A, and

Desnodur W ara The

l'i ner usedso\/\‘}égn s H 8%@%’&%}’ %ﬁ?e CRin w'th%éolgm?ﬁr 85?02? Sf)ll(;g?{]ewas Sﬂ% eztitg((?atgéhem stry
on clar, ®&@harmiyimgrin § Shaker Foy | RET. A Téreoganthus dlug-colppadsobibian e obisinely a kni f e
coater with a 50 micron (2 ml) wet gap. The adhesive was diluted with

tol uene to_achi eve various thicknesses. The coated liner was dried in an
oven at 1158™R$ ISi x ninutes. The adhesives were then |aminated to sanpl es
of cavity arr ayMiaroteplidatish Wae pertocnednsikfalUY curing BOessTodebenilgd ind®Exanpl es 8 and

15 using a okda r&is@ HHRIRCLE chés@m danmage
wth o Per RSN W Hriachha SRYEY bty Ykl eR WREGL IR

| ani nat i ng“%@'“ﬁ'ieéereéﬁnﬁlﬁld@l{’oh’ﬂﬂ'é%i‘*\?épﬁfoﬁa‘ts?‘fé“ddé‘iﬁ“ﬂ}soélfcf’ deperped ’E)%é%l e 1, which
had a PET fil m”ltoblﬁlﬁﬁh&nﬁ‘g&a pafteré’eﬁ aremttabmmsmatélm inahet BY 2 indhasg€7.¢ b bk¥less of 64

m crons. ve to the
mi crost r uct 3%)'&‘5 S?Cuﬁﬁ'} Taﬁg ﬁ]a\/\,ﬁ% n}{oﬁ&hpgg% ‘1511 Fgﬂ&ﬁ&n négrms)390§§\9215 ni crons,
35for a t oB4P athasie tapki Eh@d\é@@e&ﬁﬁ 9@ vigsclresfed fromdhgysmind dieryphane thy defaps

| am nat i ngoRhdidel Ao thbicGtad iBHRERbVEINFAG. t5heherﬁuﬁarce&eartddqidmsem(pfonﬁx.@pI e 9,

whi ch, had a PET filmthi cknes f 12 r tal [ckness of
25 mh30r ons® d%%ﬁ%?”éwis aGedne g e sy af'(g?rpnwr?%f RS tofgr%(?roo ?ﬁif@ﬁ%gsofhlgésl ve to

t he mi crost lingsbagd ef I@fcmﬁxwteermnutqmlamﬁp mwr@fmpﬁﬂorpﬁ'ﬁ tlithelepdass of 5

mcrons, f Pcfmt%fttncoﬁ m;br@ﬁ& (4%'8@&@951%11@{'%3& RO1IEH) MUShe r@nﬁl@htReﬁlpﬁv&&g}blfé. was

measured as function o t ot al 6\ hi ckness bel ow the m.crostructure
to the film by manually pouring a sma contmuous ead of resin solution on'the film a opper

location upstream from the mandrel as depicted in figure 5. The resin spread laterally across the

35 width of the tool at the rubber nip roller, forming a bank of solution approximately 9 inches (22.9
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(that is, the base thickness included both the PET filmplus the adhesive

| ayer). After etching and application of adhesive, sections of filns were
appl i ed twoaofzteetssopti c face plate (6 mcron fiber di areTaArs3)12439R26¢! ass,
Schott North Anerica). Approximately 20 ul of aqueous sol ution containing
approxi mately 1000 fl uorescent beads (27 m cron Fluorescebrite Plain

M crospheres) 10was placed on the mcrostructured side of the | am nated
film Beads were allowed to settle into the base of the mcrostructured
cavities by gravity. After the water was allowed to evaporate the | am nated
filmface phatide. ssesohitignsiiak, apd @eved vied irsExpinpler le2,cehd eespactivebys dtspies ( Zei ss

Axj oPl an 2, wr&s,@@@ﬁdlat%n%mmgwIbl%p;@\?%weor?bnpﬁlsgﬁblv\@;stemth fluorescein
filter set) with the microstructure side facing down (away fromthe :

obj ect i ve) SaHFEPuRE (P s B 58S U Bt Y eepedid e MBYERV L PHE O SR ASEC 5F ace
plate. | magesued cidvinearlapbhn Siidewsfentona flomarbdbehadesoad aip glierdwousidng a
{1 uor gscel § il k. idhPhsspciin RIS CRuAond LN 30% GAEL WA ABRI QRS DY
counting the nun5o m cr on f| ers 0SS t di anet er
f 1 uor escentsinglagl$ ipyeay %fc%br\ ofkample4 paceadp pygsing Twi@ yidgepin selugnd Whown i n
TABLE 4. |Exa6gl shas asrby heigmobis ﬁmdainasotuhamm ni m zation of the base |ayer
t hi ckness decr ease ateral |ight s h |n turn
m nimzes opti gfed% Bprseverfﬂfx%mé)tes &N d?lteerlm"ﬁ os(r%’lgr%l Corgté{@al% ?%ﬁg% $RBLE 4:
Appr oxi mat aad p thigkess @dgw@mﬁ@wan@LEﬂi étrcanbebe@d@mlzb@awhreplwuhﬁber Base
Thi ckipess 16&3&1-£ed"ph&glhﬂ§tbd/@l}e deﬁrfh 64n®B 8dcoMRIRG by Hrovilingmh @m@ nfalcR%HS: acr oss
di amet er 1 @roljf ect ed b df E?g A\p?g , tel Prdgljnect edI |thametfe of 27
m cron bea Bhé aéé@%‘ﬁé%“‘(r’r’ig Fgpie 1 or glernpgively adding a wavelength specific

c9lorant with a lower absorbance cross section in the wavelength range of the photoinitiator

(Example 5).
15 TABLE 1. Cure Depth
Example Resin Solution Tool Microstructure Cure
Number Depth (microns)
1 F (3% carbon black) A (urethane acrylate) 39 (full cure depth)
4 F (2% carbon black) B (polyimide) about 12
5 H (3% violet pigment) B (polyimide) 34 (full cure depth)

Portions of selected samples were cut and dip coated using Scotchcast Electrical Resin #5.
The samples were allowed to cure for at least 24 hours before microtoming. The embedded
samples were thin sectioned (10-um sections) using a diamond knife. The sections were placed in
20 1.515 Rl oil and covered with a cover slip prior to imaging. Samples were imaged by optical
microscopy. A number of sections (listed as “Count” in TABLE 2) were measgred to determine

the average thickness of the cavity base (bottom wall, that is, land region), as shown in TABLE 2.

TABLE 2: Thickness of material at the base of the cavities in microns

Example 3 Example 2 Example 1
1% carbon (G) 2% carbon (F) 3% carbon (E)
Average 0.9 22 1.8
Std. Dev. 0.3 0.6 04
cv 0.31 0.27 0.22
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66 12 32 8 48 13 15 6 36 14 7 5 30 Exanples 15 25Test for Absorbance
fraction (F) of a dye: A doubl e-beam spectroneter operative from350 nmto
750 nm fwoieteeid24s8t h 10. 00 mm cel | s and spect r ophot oneCirwsgriamdss2es hyl
acetate was used in this Exanple. The reference cell contained ethyl
acetate. A very small anount of a dye, dissolved in ethyl acetate, and
provi di ng a peak absorbance between 0.5 and 2.0 was placed in the - 40 -
sanpl e cell. The absorbance was neasured at 400 nm 550 nm and 600 nm The
F fraction was cal cul ated as 2xA400/ (A550 A600). This ratio is a strong

I ndi cat or of Musefnul t[ansm td@ance in the 37%-450 nin regi oh2 Test ﬁor
col oration o M Xty et hcirudi g gz cotorant—Theygromomer| m xt ure
(50 5wt % 1} 6-hexaned| ol diacrylatelcontaining 0. 1% TPO phot osensfiti zer+ 50

Wt % 6210 phpEewrer ) 18 24 22

Approximately 1 x 1 inch (2.54 cm by 2.54 cm) samples were obtained from
microstructured film examples 1-3 and Melinex 453 film. The films were placed ona 1 X 3 inch
(2.54 cm x 7.6 cm) microscope slide, with a small gap (no film) between the samples: Brightfield
5 transmission images were obtained using a Zeiss AxioPlan 2 microscope (Plan-Neofluor 10X/0.03
objective) and a Zeiss AxioPlan 2 digital camera (8 bit). Prior to final image acquisition the light
intensity was adjusted to ensure the blank area between the films was below the saturation level of
the digital camera. Line scans of each image were produced using ImagePro Plus image analysis
software (Media Cybernetics) across the “blank” area of the slide (the gap between the films), an
10 area of the slide that contained just the Melinex 453 film, and an area of the slide that contained
the composite article including the colorant-containing resin cured on the Melinex 453 substrate.
Pixel intensities from the cavity bottoms were compared to the pixel intensities of the PET film to
estimate the average percent transmission of light through the bottom walls of the cavities. The
calculated results are reported in TABLE 3. 1t can be observed from these measurements that the

15 thin cavity base substantially transmits light while the walls are substantially non-transmissive.

TABLE 3. Light transmission through cavity base

Example Number % transmission
3 (1% carbon black) 86.9
2 (2% carbon black) 87.9
1 (3% carbon black) 80.2

Lateral light transmission through the sidewalls in the X-Y plane (see FIG. 1) of Example
20 1 was estimated by preparing a cured film of uniform thickness similar to the midpoint sidewall
thickness in Example 1 (approximately 5 microns). A small amount of solution E was applied to a
polyester film 1. This was covered with a second film 2 and manual pressure was applied to
spread solution E between the films. The solution between the films was cured by passing under a
UV source (500W fusion lamp) at 7.6 cm/s (15 ft/min) with film 1 facing the UV source. Film 2
25 was removed and the resin adhered to film 1 on the UV-exposed side was washed to remove
uncured monomer. Cured resin thickness was measured using a caliper gauge. The mean
thickness was determined to be 4 microns. A portion of the film containing the cured resin was

placed in a spectrophotomer (Tecan Infinite M200). Light transmission at 550 nanometers was
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was conbined with 1 to 5 wt %of the dye in a closed vessel with good
mechani cal mxing (as by rolling or end-to-end inversion). MXing was done
for 24-72wbaorsi62488e m xi ng vessel was subjected to centPrirfusgariosn?es o

settl e undissolved nmaterial. Wthout separation fromthe pellet (if
present), 1% or |ess of the supernatant was withdrawn and diluted 1: 1000 in
et hyl acetate or 10nononer mxture. The A* ratio and F ratio were

cal cul ated as descri bed above. Exanple 16 The follow ng colorants (listed
by their respective generic nanmes fromthe Col or I ndex published by the
Soci ety of mByardat dwrd laCaflonu rfiosthe4 mivcbnifiite adurer dbealrrngissloc ofdtd vom olgfincflext i | e
15Chemi st s @aRgofdig QJ&ﬁéhgt}anwgs?on%g@@dTﬂlsoexgme ARBAFRusthitoAhme (50 Wt %

1, 6- hexanedi ol di acr%/y ate) in the weight percent ratio Ilsted bel ow:
Di sperse vIBIO8FUCHEE SHHYS & F‘\?@ﬁ?‘a‘ﬁlt{?@”ﬁ%’re @%g%%manwaﬁt@f‘a ¥10. 6% 20Sol vent
vi ol et 370nd¥ershsperiste Kedpldit0. 6% Di sperse red 150. 8% After thorough

m xi ng, the solution was diluted 1:1000 in spectrophotonetric grade ethyl
acetate and the absorbance was neasured in a split-beam scanning

spect r ophoE¥Mesf ap¢ Bf er ence 25sol uti on was spectrophotonetric grade et hyl
acetate). The spe@iciodMickTomsx Qer Hml v@WpI&b&iCbﬁ baake wath a 49 Col @5 O lutiah ofan

cbsor bance RGN FusBp Lokl A0 oy SERRISRI, ARG RERANES, i mum
( Exanpl e 1fp)lowed by drying &l an qeestae 0 Hforndaingese g hg igknss 0&‘*?&@@%%[3%% on process

accorg ng hfohdi@s aerrQQsﬂQﬂl Wah Be8ie igbﬁﬁerfe&‘bn{étes ThE’ﬁInEWﬁs NN coddd8me 001: To

prepare the ma 0 m cr.o pl.ied to one
D Geof o arE g st st Stk BBSHy: SRETIoGHTRYY Aok UG aRfer il
el ect r odcpwesin (SR6#) prdacésene pmheeat(ﬁi’lé)l@ﬂvetsser@fanalheofliaﬁﬁ Olrpe E&lyelpstqmswseduced to

34 mcr Onsfomedmré\%me %n@msngn react@mof%@@ms%an«a& apﬁm?e%rp@lym,tetn951mnappar at us
descri bed in detail u. S. ection e thinned

t
Kapt on fi | BY'Readt Pﬁ@‘o%ﬁjr B)?lr%’ﬁf’a 42 f?dels‘ﬁkt,’f‘f’e’g Uva H"ée"bvo 6621 W@h&e '8ng was
mount Bd ontvs thdn@ri@lyih arngen € a60°H fou Bm@luee dnddeslenaged i 4 M foindppssingvbs punped down

to a base Rgtgn?a?!'}“:og%hoafmé%pglllcgmg& Wvith E&)\é?gncfgélﬁuo\l@ﬁcdnggrga%%?qeléa&tlﬁ)le B he

chanber 0 sccm ( cubic centineters per mnute)

and pl as naT}regW'tnéSél o oRHEE MRRT HBHTAL 2SANpYREPY HhisdightEfER™SHr 18 ni nut es

whil e rotating Bxaeplels winmeddesy pefroienin rSiG6ieplRitiod s if EkampAS 1isneihese toaag and 8

I nches Teonex Q71 film in place of the Melinex 453 polyester film and by using Tool C and resin

20 solution H. Example 7 was made as Example 6 except that resin solution I was used. In Examples
6 and 7 the Vitel 1200B-treated side of the Teonex Q71 film was positioned to face toward the
replication tool. Light transmission through the cavity base of the microstructure of Examp]e 6 was

measured as described for Examples 1-3 above.

25 Example 8
A sample made according to Example ! was coated with a layer of silicon dioxide as

follows to produce Example 8. The silica deposition was done in a batch reactive ion plasma
etcher (Plasmatherm, Model 3280). The microreplicated article was placed on the powered
electrode and the chamber purﬁped down to a base pressure of 5 mTorr. The article was plasma

30 treated first in an argon plasma at 25 mTorr pressure for 20 seconds. Following this,
tetramethylsilane vapor was introduced at a flow rate of 150 sccm and plasma maintained at a
power of 1000 watts for 10 seconds, following which, oxygen gas was added to the
tetramethylsilane at a flow rate of 500 sccm with the power maintained at 1000 watts for another
10 seconds. After this step, the tetramethylsilane vapor flow rate was decreased in a stepwise

35 manner from 150 sccm to 50 scem, 25 scem and 10 scem while the plasma was still on and each of
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wi de was abl ated fromthe Kapton side through to the copper layer (to
produce a flat well base) as described in U S. Patent No. 6,285, 001,

produci ngwve 2hexmgeseal | y packed array of cavities havi ngP84/use@zosn2dé anet er
first circular apertures, 25 mcron dianeter second circul ar apertures,
depth of 34 microns, and center-to-center spacing of 37 mcrons. 10The fl at
Kapt on master was converted into a nickel sleeve tool (Sleeve Tool 1) using
the processes described in U S. Patent Publication 20070231541. The fl at
tool was fornmed into a sleeve, which was utilized in the replication
process shtbvwa steps ldste@Gfor B) seemds. 4 &g dheildsexkplvélewamethysilane vaRosfioyvah @S sskekel  t ool

(Sl eeve Togl nd wé{!f%l%atﬂédeaﬂ%%ninﬂur@&s%@lgﬂgﬁé}éonmgm?rBdqutuhl%'J athnbwt IOI asma
etching the Kapton substrate resultin

? hexagonal packed arr%%

cavi ti es hAFichYI8xcnaHP dealise Biptingd a ]iOP%‘t”atE|a?dct[ff’té{’|e“‘£ffé‘1“f‘iﬁf8rsa"°t ni cron

di anet er sexwdddsCTHe@lakrad charpler tvasrsemquel:eptvhmmfto BBodphae¢ @n she phnch treated

e e L0 SRS lcaRPRELEGaaL, AL BhEf00Amfes| 1 breparal | ons A

ur et hane acry uncti onal ly-1), according to the structure
shown bel ow, 20was prepared. Pon 1 1000 grans of Terathane 1000 (avail abl e
from Al drigfmpesan@ided in an oven at 65C, 25then added to a five liter,

4-neck round bCEt ngrr]cye?‘lciiesw% ppe[;))ared ctasrgma q%l(x:rliqars]élgt%nE 2§I’ ch(u1denser N2
cap, dry air purg ta rature e, he eat’l ng eterrperature

was mai nt amrh)éiﬁTa"tlmGSGEXaymﬂurﬁhv\B%TWI“Iaeeka%d @@GO'WHH@POF%W“BdeWEIt es to
dehydiat e {bg) &%ﬂan@thanoM\hlnle@O% folchdniiGhnptteh OB T MG, tgachﬂéc,as 540. 93 grams of

Desnmodur W f b te t ol
(A ari on) s gea0na Gk Hyurbt Ao oarucryl Bt BT ere
added. To ¢nh(4anfr¢s30tagmre;as(bed?>8651ngd eirvsit gfardahatpoibly Thd pericpterand fha fibn (WAI drich) were

added wi t hse§|Laeramam béﬁml %B@l éz%;sew @@mekﬁosar@mweesqmnal}h@ths QACHIEN
exot her ned % [ice was used to nmanage the exothermto

mai ntain t SH‘i“’s the ﬁﬁ@?‘&’f’ GYCE"X‘GFﬁ@a’t%ﬂW S?'é‘é?&twéﬁp'?cﬁ‘? ‘“Grlf’égarﬁlj’ﬁsr“’&tﬁ‘aer\ﬂéds al | owed
to coosl oviertad @it C ulfihea otrlbati Tig bdays, withhaghesd Ifilitsi vare iwasrsétigathe tatt for 50C and

dry air pu{ggcqﬁed n%%?oll%%e ymﬁf%mm{epxmms@%he %?JBVA]lﬁ&t% h(iﬂﬂﬁl'm%mof\’\er e added

dropwi se t e sol utlon heati ng mantle was aga| n removed to
control thEmariag RET Examnloly Fibes etchsder Gt’ﬁ‘é“‘%%?é‘i Heesprdsdedibsicenagiof FEle reacti on

was al | owe@mtifing (BRardle WHC until no i socyanate renmai ned as observed in an IR
spectrum about 8 hours, resulting in Poly-1. Resin 1: 375 grans of
Poly-1 were added to a 1 pint anber bottle. To this was added 50 grans

Sart d¥er RGOS IF& grans of carbazol e viol et di spersion 95949D (Penn

Color), and 1.5 }RGiHIFesivE GRACHLA A lindAEvaFaS Widkddles MhetatieiveRtsigddaced on a
roller mll % h ! faHMg?r n% P‘ﬁs L %S 2(%F ol Afatgéurgl LI ngfathe m xture
was subj ec?fatzg/"ﬁ? gﬁs"g%@'é? 540 08 g M sOFe BObRTFA QR FEEOPLTE | abl e from
| ka, W | m magd d@rdy:4NO)he S glpstcgrneat)vgﬁrfomyg)équq-g}xt@(r condensation reaction of a 33 kDa
diamino terminated polydimethylsiloxane, Dytek A, and Desmodur W in a ratio of 1:1:2, as in
25 U.S. Patent No. 6,824,820. The liner used was SilFlu 50MDO07 which uses a fluorosilicone release
chemistry on clear, 50 micron (2 mil) PET. The adhesive was coated using a knife coater with a 50
micron (2 mil) wet gap. The adhesive was diluted with toluene to achieve various thicknesses.
The coated liner was dried in an oven at 115°C for six minutes.
The adhesives were then laminated to samples of cavity array articles formed on PET film
30 according to Examples 8 and 15 using a rubber roller. The cavity structures were protected from
damage with a PET film, which was then discarded. Example 11 was made by laminating 39
micron thick adhesive to the cavity array of Example 1, which had a PET film thickness of 25
microns, for a total base thickness of 64 microns. Example 12 was made by laminating 7 micron
thick adhesive to the microstructure of Example 1, which had a PET film thickness of 25 microns,

35 for a total base thickness of 32 microns. Example 13 was made by laminating 3 micron thick
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Resin 2: 63 granms of Poly-1 were added to an 8 ounce anber bottle. To this
was added 22 grans Sartoner SRO003, 15 grans of carbazol e violet dispersion
9S949D ( PEorroalerssy, and 200.5 grams Irgacure 819. The PeIAISL@R03926&E Ur e
was subjected to high shear m xing using an Utra- Turrax T25 (Ika)
rotor-stator type m xer and then placed in an oven for 24 hours with mld
heat (-120F). Resin 2a: 78 grans of Photoner 6010 was added to an 8
ounce anber bottle. To this was added 7.0 grans Sartomer SR9003, 15 grans
of carbazol e violet dispersion 9S949D (Penn Color), 25 and 0.5 grans

| rgacur e 8SiiBesivdtoeherndisrodtiueinre ofiixatnple 8, whéch hpd eREFdilo thickngspbf] 1@ migndnk,|forfagr 24

hour s thotgnblag tlnc,q{?fgss gf%%ﬁgzns l‘ﬁfa_l_ﬁg IJVQAslda@Qo I&nﬁﬁah%%fn%t}cﬁ MRS dRLRE ect to

hi gh shear m xi ng usi ngf urrax ka) rotor-stator type m xer.
Later, théOFFFiPt“‘u‘?Séuﬂi\'ﬁ"s" &X?mﬁlw W'Ewaéﬁ"%ﬁﬁ‘f“t‘l"ﬁﬁéﬂs05%3"’5?"5%”61‘0‘% 903 and
hi gh Sheal’thlﬁllnxsi‘dfﬁmﬁtﬁﬁond ti rre Resin 3: 74.94 grans of Poly-1 were added
to an_ 8 ounce [ r omer
SRO003, 4.76 %mg Spref’ Cgr 5 measy rle%ia!’c1ﬁ<f§ efF"gaQba%g‘gE%’@%% %gr‘]}% ] @5& and 0.59
gr ams Irga(&\afrlsﬂmwsemﬂ*fées? weluded heoth thﬁi’?&" e lupshe aéhfﬂy%lexeé)d Atfiﬁrﬁ?h@lﬁ ahear

m Xi ng usi 4pglicakbn ok ddh&ivE Bctiads of Blms (Weke@pplie®io@Ifib& lopdcdhice s Mickafiband t hen

pl aced in an oven r hours with mld he in 3a: 74.34

f u
grams of PO ‘\‘/\é Sﬁgéﬁ’a%ﬁ)ﬁh éﬁerffa)olf‘r%r@x'%@é?é B's %P‘l%wsﬁ"gmioﬁl s was 35added
68. 39 gr anmentSaing apeixinBRGCI0) lbbreSdntpeaine 7 oficradiyvonceblitaEkindMigpehgisbn 9B898
( F’em\oCO' 0&95 pﬁceﬁ%g th0 mfFosHh RN slde IRGEERinBdLhim THRads SR (JHXLE e Was

subj ect ed % shear m xing using an Utra-Tun-ax T25 (1ka) rotor-stator
type ni xer‘hf‘atﬁéF(t He fpigspsiecipred G3vitgs bwréHWf o‘%ﬁe?he WETEs BHOMRT RiCYRORELE (- 120F).
Resin 4: T7bmigi@@mice Rla@hﬁéfﬁb’ly B2 hcads a AvbdkedndemiabscGeqiuis dxale2 bottle. To
this was 5 added,20 I bl ack

i sper o1 or 505 PReNE Ox DS BEGREL kS e 6 BPyThiRRLRAR 2 B0 o

m xt ur e wesidedasive deve@waydrdn tgmobs,qq@a? Trw\iwﬁgcoawm‘m‘drﬁdwfhrsaac*réff*f‘r%&he“r25 (1ka)

rot Orl'SSt at Qe played emdPes(Fihe BRI sldb BMhdtbRplRE weid a@;ﬂlreﬂ\l@xﬁg £ oreddinfersst. Wi th mi | d

heat (-120 Resi of . Phot ad 8 ounce
anber bot t'F degyes of R%hésl’v\égwas%@prgd'a & Bg° %?frtge grrot or%cmngﬁgé%%osg@ gr ans
of carbon dungek ofdhesheresicnnregB38OSted Pr in faCoplee. JThe raswdis @¢ QPWgWéFP?@LIEr“g&cur e 819.

The resul t@nte Xt Gis WRSthaWhiREhERA of e tﬂs@@yeﬁmﬁ%{esd’ﬂe&hﬁg tMSlinBQlt an
Utra-Turrax T25 (lka) rotor-stator t}fg é?é and tqﬁ) n'|o acted in an oven
for 24 houpgaVishtPiid Hh‘ﬁ'é‘af“"(mT%Fe)SOP‘ IO BF 8PT TR BT DA S cavities

M cr a0epl i cati on was performed using a UV curing process as described in
PCT Publication No. 1\/)@%41%%4”n&%%%ecteeel.ametérfaffﬁmroﬁB@d@sto FIG 5, and
co-pending U. S. Patent Application No. 61/263640. Sleeve Tool 1, having a

patterned drea Of FpPRELThidiaice ) 8Nh:ﬂsd}%$6 RYerch/ 1[NApRFox{(mdale l&o}‘emeDy 91.4 cm,
was secured to % ner) The {0 surface e was ftre&ateqrofw 20 rel ease
agent as ded¢PPhed PE *pat en ?,aﬁ'ﬁs, ero BT T ex’ 253 i [ m (3 nil
t hi ck) was |(Nembaded f raiiesivee unwi prdjeétel] leepd ma*Bong t hécaghonflzrepdatof S eeve Tool
1, to the newind idler (ARG orsoWN in FIG 5. The surfaceutd&af ed
(adhesi on- pronot i ng) Ql de of the filmwas facing the-teel—Fherandrel was
heated to 84 C'{150 F). he filmwas rdh at a lilne speed6 of 6 feet per

m nute (183 crﬂ:m n). Reszn was|si nmul t angously appl ied id&wo | ocations 25as
shown in FlIfa- T’3 that—sto-thefHtm{fromsecandrestnyopper—585) and to
the tool (flromoptilonal First fesi n_hopper 550).] Resin was supplied to the
first locatjionlon the todl usimg a rubber contaqt roller3q95 Shore D
nitrile rubbery—avimg a Nip pressure of 60 psi at the contact polnt. Resin

was manual |y
ExXamples 15

U

25 Test for Absorbance fraction (F) of a dye: A double-beam spectrometer operative from
350 nm to 750 nm, furnished-with 10.00 mm cells and spectrophotometric grade ethyl acetate was
used in this Example. The reference cell contained ethyl acetate. A very small amount of a dye,

dissolved in ethyl acetate, and providing a peak absorbance between 0.5 and 2.0 was placed in the
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delivered to the rubber roller by pouring a thin bead onto the center of
the roller at rate sufficient to 30spread the bead laterally to the edge of
t he patt ewoedi2zacessof the tool at the contact point. A PCmaseoiansegs of UV
LEDs was nmounted approximately 1 cm above the tool at a | ocation between
the rubber roller and the filmnip 587. The array of LEDs was controlled by
a controller (obtained as Model CF2000 from Cl earstone Technol ogies) at a
power setting of 100% Resin was supplied to the second |ocation on the
filmby manually pouring a small 35conti nuous bead of resin solution

upst r eam ofamplendt dhe aerbanoata measied gt 400 DOAEP My agb@Oom. Thal frac(iBvasni crons)

at the hop&%lale@&azklxoop(t umwogamJ&msﬂﬁnm&%&hf[ﬁmnﬁmﬂﬁ&aﬁ@ ihfhe FIG 5. The
coated resin sb)rea eral across the wd he tool at the rubber
nip rol | er3734P AP Ff§1°8 bank of sol uti on approxi mately 8 inches (20.32 cm

wi de at a nip preas&idsleratdn o2 @mohdrar hEirgisdliudinga célbrentClhBmatdmepaixatie G0 t he ni p
roll ers and S Y 0 t wo

SFusi on D g Banifet ack e LB 0% i R a S LB AR bal) {10,

power of 286%‘?@%’ wer tehvt TREhpdstn *t‘mS@i Vleﬁﬁlp" @Bw)m%ﬁ@'cﬁﬁé*'%ﬁ@ﬂ’yat a power
of 118 wat tonﬁgr)re@mo e-ﬁhlﬁnvé?rubrﬁdvlﬁﬁhyw&s)’doad’fbﬂad finbur, amhm@ma wagnmoved from
the tool at, the secm;lu e rew.nd |d| S shown in

FIG 5. Thseubjre ?dl t8 centn gfmano segle UI’?JISSque% mateazg \hptﬂ?_lutt Wﬁaratxon %&%LIE I{(ig.l_ ABLE 5

as S
Exanpl e 17prtaegh_tl%@omsroéthe mpbmtm epﬁ_afrléztinamarﬁdllmd D08 inethel a7t o Fi | m Ni p
Pr eSSy € Finl)rmmlél‘ rQix&H QH@A’elratiJ: elnti mrmogleg%§lhﬂ]ated as described above.

Example 16
The following colorants (listed by their respective generic names from the Color Index
published by the Society of Dyers and Colourists and the American Association of Textile
15 Chemists and Colorists) were added to the monomer mixture (50 wt % 1,6-hexanediol diacrylate)

in the weight percent ratio listed below:

Disperse violet 29 4.00%

Solvent blue 36 1.5%

Solvent violet 11 0.6%
20 Solvent violet 37 0.5%

Dispersered 11 0.6% .

Disperse red 15 0.8%

After thorough mixing, the solution was diluted 1:1000 in spectrophotometric grade ethyl
acetate and the absorbance was measured in a split-beam scanning spectrophotometer (reference
25 solution was spectrophotometric grade ethyl acetate). The spectrum shows very low absorbance at
400-450 nm, an absorbance maximum at about 550 nm, and a secondary absorbance maximum

(lambda #2) at about 590 nm.

Example 17
30 Microreplication Tooling II (Example 17)

Tool mastering was prepared by a laser ablation process according to the procedure
described in U.S. Patent No. 6,285,001. To prepare the master a layer of copper 20 microns thick
was applied to one side of a roll of 1.5 mil (38 micron) Kapton-H film using an electrodeposition
process. The thickness of the Kapton layer was reduced to 34 microns by plasma etching in an

35 oxygen atmosphere using an apparatus described in detail in U.S. Patent No. 5,888,594, A section
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On Tool

Coating Nip Pressure On Tool Coating Resin A 1 20 psi 92 | Not

Not Used B 1 60 psi 92 1 Not used Not Used C 1

10

15

20

25

WO 2012/162458 PCT/US2012/039266

of the thinned Kapton film measuring approximately 12 inches wide by 60 inches long was
mounted onto the cylindrical drum electrode and the chamber was pumped down to a base |
pressure of 5x10™ Torr. Oxygen gas was introduced into the chamber at a flow rate of 500 sccm
(standard cubic centimeters per minute) and plasma ignited and maintained at a power of 500 watts
for 18 minutes while rotating the drum electrode A section of film 40 inches long and 8 inches
wide was ablated from the Kapton side through to the copper layer (to produce a flat well base) as
described in U.S. Patent No. 6,285,001, producing a hexagonally packed array of cavities having
34 micron diameter first circular apertures, 25 micron diameter second circular apertures, depth of
34 microns, and center-to-center spacing of 37 microns.

The flat Kapton master was converted into a nickel sleeve tool (Sleeve Tool 1) using the
processes described in U.S. Patent Publication 20070231541. The flat tool was formed into a
sleeve, which was utilized in the replication process shown in FIG. 5, and described below.

A second nickel tool (Sleeve Tool 2) was prepared in an analogous manner without first

~ plasma etching the Kapton substrate resulting a hexagonally packed array of cavities having 34

micron diameter first circular apértures, 25 micron diameter second circular apertures, depth of 38

microns, and center-to-center spacing of 37 microns.

Resin preparations
A urethane-acrylate functional polyether (Poly-1), according to the structure shown below,
was prepared.
Poly-1

CL\/\«/\O /WOW\OWONO/WOH

3. Ty

1o} MH NH

- HN\fO 5
HN o\/\oj\/
OJ\O’\/O\H/'%

o

1000 grams of Terathane 1000 (available from Aldrich) was melted in an oven at 65°C,
then added to a five liter, 4-neck round bottom flask equipped with a mechanical stirrer, condenser,
N cap, dry air purge, temperature probe, and heating mantle. The temperature was maintained at

65°C. Vacuum was pulled to 100 mm Hg for 30 minutes to dehydrate the material. While stirring
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60 95 2 60 psi 2a D2 60 95 3 60 psi 3a E 2 60 95 4 60 psi 4a Optical
transm ssion through the | and area was neasured as descri bed el sewhere for
filmExampbDeaes12l63458TABLE 3). Total thickness (film+ m ecodiSeuensae) was
determ ned using a thickness gauge. Land thickness was determ ned by
subtracting the thickness of the base filmand 15the overall hei ght (known)
of the tool fromthe total neasured thickness. In addition, |and

and cooling to 45°C, 540.93 grams of Desmodur W (available from Bayer), 2.4391 grams of
butylated hydroxytoluene (Aldrich), and 0.10456 grams hydroquinone monomethy! ether (Aldrich)
were added.

To this mixture, 0.3835 grams of dibutyltin dilaurate (Aldrich) were added with stirring,

5 and the heating mantle removed. The reaction exothermed to 75°C apd a water/ice bath was used
to manage the exotherm to maintain this temperature. The batch reacted for one hour and was
allowed to cool overnight. The following day, the solution was heated to 50°C and dry air purged.
239.42 grams of hydroxyethyl acrylate (Aldrich) were added dropwise to the solution, and the
heating mantle was again removed to control the exotherm below 75°C. Once the exotherm

10 subsided, the reaction was allowed to run at 75°C until no isocyanate remained as observed in an

IR spectrum, about 8 hours, resulting in Poly-1.

Resin 1: 375 grams of Poly-1 were added to a 1 pint amber bottle. To this was added 50
grams Sartomer SR9003, 75 grams of carbazole violet dispersion 95949D (Penn Color), and 1.5
15 grams Irgacure 8§19. The resultant mixture was placed on a roller mill for 24 hours with mild heat
(~120°F). After rolling, the mixture was subject to high shear mixing using an Ultra-Turrax T25
(available from lka, Wilmington, NC) rotor-stator type mixer.
Resin 2: 63 grams of Poly-1 were added to an 8 ounce amber bottle. To this was added
22 grams Sartomer SR9003, 15 grams of carbazole violet dispersion 95949D (Penn Color), and
20 0.5 grams Irgacure 819. The resultant mixture was subjected to high shear mixing using an Ultra-
Turrax T25 (Ika) rotor-stator type mixer and then placed in an oven for 24 hours with mild heat
(~120°F).
Resin 2a: 78 grams of Photomer 6010 was added to an 8 ounce amber bottle. To this was
added 7.0 grams Sartomer SR9003, 15 grams of carbazole violet dispersion 95949D (Penn Color),
25 and 0.5 grams Irgacure 819. The resultant mixture was placed on a roller mill for 24 hours with
mild heat (~120°F). After rolling, the mixture was subject to high shear mixing using an Ultra-
Turrax T25 (Ika) rotor-stator type mixer. Later, the mixture was diluted with an additional 28
grams of SR9003 and high shear mixed a second time.
Resin 3: 74.94 grams of Poly-1 were added to an 8 ounce amber bottle. To this was
30 added 39.25 grams Sartomer SR9003, 4.76 grams of carbon black dispersion 9B898 (Penn Color),
and 0.59 grams Irgacure 819. The resultant mixture was subjected to high shear mixing using an
Ultra-Turrax T25 (Ika) rotor-stator type mixer and then placed in an oven for 24 hours with mild
heat (~120°F).
Resin 3a: 74.34 grams of Poly-1 were added to an 8 ounce amber bottle. To this was

35 added 68.39 grams Sartomer SR9003, 5.95 grams of carbon black dispersion 9B898 (Penn Color),
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t hi ckness was neasured using SEM cross section i mages against a calibrated

scal e bar.

The results are summarized in TABLE 6. TABLE 6: Percent

t ransm sswornomnd24sand t hi ckness Sanpl e Land t hi ckness RelCatise@ 2869266
Transm ssi on Through Land Regions A 10 microns 20 B5 46 C0.5 76 D 0.5 78
WO 2012/ 162458PCT/ US2012/ 039266 Control 1: Melinex 453 on glass 0.0

10

15

20

25

30

35

and 0.74 grams Irgacure 819. The resultant mixture was subjected to high shear mixing using an
Ultra-Turrax T25 (Ika) rotor-stator type mixer and then placed in an oven for 24 hours with mild
heat (~120°F).

Resin 4: 75 grams of Photomer 6210 was added to an 8 ounce amber bottle. To this was
added 20.2 grams Sartomer SR9003, 6.1 grams of carbon black dispersion 9B898 (Penn Color),
and 0.51 grams Irgacure 819. The resultant mixture was subjected to high shear mixing using an
Ultra-Turrax T25 (Ika) rotor-stator type mixer and then placed in an oven for 24 hours with mild
heat (~120°F).

Resin 4a: 75 grams of Photomer 6010 was added to an 8 ounce amber bottle. To this was
added 20.2 grams Sartomer SR9003, 6.1 grams of carbon black dispersion 9B898 (Penn Color),
and 0.51 grams Irgacure 819. The resultant mixture was subjected to high shear mixing using an
Ultra-Turrax T25 (Ika) rotor-stator type mixer and then placed in an oven for 24 hours with mild
heat (~120°F).

Microreplication
' Microreplication was performed using a UV curing process as described in PCT

Publication No. WO 9511464, described with reference to FIG. 5, and co-pending U.S. Patent
Application No. 61/263640. Sleeve Tool 1, having a patterned area of approximately 8 inches by
37 inches (17.8 cm by 91.4 cm), was secured to a mandrel. The tool surface was treated with a
release agent as described in U.S. Patent 6,824,882,

Melinex 453 film (3 mil thick) was threaded from the unwind idler, along the surface of
Sleeve Tool 1, to the rewind idler as shown in FIG. 5. The surface-treated (adhesion-promoting)
side of the film was facing the tool. The mandrel was heated to 54 C (150 F). The film was run at
a line speed of 6 feet per minute (183 cm/min). Resin was simultaneously applied in two locations
as shown in FIG. 5, that is, to the film (from second resin hopper 585) and to the tool (from
optional first resin hopper 550).

Resin was supplied to the first location on the tool using a rubber contact roller (95 Shore
D nitrile rubber) having a nip pressure of 60 psi at the contact point. Resin was manually
delivered to the rubber roller by pouring a thin bead onto the center of the roller at rate sufficient to
spread the bead laterally to the edge of the patterned area of the tool at the contact point. A linear
array of UV LEDs was mounted approximately 1 cm above the tool at a location between the
rubber roller and the film nip 587. The array of LEDs was controlled by a contr(;ller (obtained as
Model CF2000 from Clearstone Technologies) at a power setting of 100%.

Resin was supplied to the second location on the film by manually pouring a small

continuous bead of resin solution upstream of a notch bar coater using a coating gap of 1 mil (25
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in th bot lgusmn
di rect ed t owar

gf

l%nhages R0%. (PRSI, tDela

sanpl e sur ace

were

roml

L6 5ot

um nat

e &L’&% L ght

|nvvas

provi ded ugi-rithe aoss eusbipinp $82) Wap ergedisa Al Povier 2h Hid el agr cmj glite cuslpeYl att ached to
a fiber - opirag fibwalIEwdd s@bvidrdH the€ebl at A€sebdnd hip rc(nElcm Q@GurldGRthk kewMdtiflera 1 cm

di ameter fi ber
and Aubur n®*®

W & e

from Schot t

S SEEEPET ‘Hf?ﬁwéor

P,

LLC, Marl borough MA
+:/E)gll'—[“reé';nce) was used to

measure the |um nance (brightness) profiles of the diffuse |ight source
both g th and WIthOUt EHABLf@% E,éample” nghtgfbytrglli:msp;gbé:,mogn was determ ned as a

function of view sappl-e—prepared by
st acki ng 't wo can’f‘r@? di vy ElmNin b Fim e (Rﬂ”kw t(?“ﬁ\ﬂohdva%@(‘]' Li ght
20Control Film awai|l abdie| frressire3MDGoMp@NY ) Npo |t hatatiighe| | ©Quuer § crossed at
90 degrees (cropssed |l oyver film}| Sanplep R@siﬁ”d Duer e| plRaged [in the
instrunment in two dijffferent orieptationsjeach.|l Oientation 1 ijncluded
aperture 2 (the snal|ler aperture) distal|[to tHe T$§ht source ([that is,
simlar to FIG 48) [and o |@(ﬂ;§sat on o2 1 nglude em,ewewr BI\Btlp)sreﬂ)m mal to the
l'i ght source (that—Hs—sH¥ 5—4Bwit-h—t 400 180 degrees
refative to subst?atle 4]150 602‘???4 G 62shops BI at ob’fse?’he oﬁ%eﬁance ver sus
vi ewi ng angl e forCsgvenal LCFQ; of BXanpl e 1%7. In6FbSG 6, 2he ||i ght

transm ssion asg gt rr(,‘?i T O VITEW g angt & (9] @psidl [ T USE T T|ght source
(600), crossedflouver ilm(610) filmClin orfientation 1(620), filmCin
orientation 2 (630),] f2In D Pt ofieatipn 4 (|6469PSifi|mB*in jorientation 2
(650), filmE inorrentation I (060) and fiTmE in orientation 2 (670) are
| abel ed. 30Fol | re.a iments of the present. disclosure:

tlcal gan

ltem1 is a |igWt'“CotitTo

ion

ter)erﬁth the lang ar:ea wahs

measurefias detscn e elsewhere ]p

ace and an

opposi ng secopds hd|[TBYBLEG). f"axtzaéthlcanelsq (éhlt + ammurwawmemmus'em endi ng

bet ween t h@ickdeshu
OptIC IIy i sol a

betwe n t h@eeye

Pl B ghae

St o luRRy

ti
l?ndt

Nang BERAGs WRJ dOErmSALH Bﬁﬁx@§act1@nﬂe tﬁlclﬂlle!droﬁdhé ba¢e MIfn and
nsnj ssi ve CaVI t |

fog] g PP RN

al ly extending

he plurality

of caviti etglcmssp»ras sieasared msmgtsEMpmst weten owigescigdsnt calibratad schle brj Thereswij or

sur f ace,
one side ma

ﬁ,%%qzegmpmgm;‘eg adj acent the second mmj or surface,
extendi ng between the first aperture and the second aperture,

and at | east

and 5further wherein the second aperture and the second nmajor surface are
separated by the |ight absuEms Paenneheirissdh afidstidnigckaess and t hi ckness greater

than 0.1 mcr

UK Sample Land thickness Relative % Transmission
Through Land Regions
\ A 10 microns 20
B 5 46
C 0.5 76
D 0.5 78
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Iltem2 is the light control filmof item 1, wherein a cross-section of each
of the cavities parallel to the first major surface conprises a circular
shape, arwowval2z/sh#pe, or a pol ygonal shape. Item 3 is tReTIUSgHR/08026¢ r Ol
filmof item1 or item2, wherein the side wall intersects a

10per pendi cular to the first major surface at an angle between about O
degrees and about 10 degrees. Item4 is the light control filmof itemlto
item 3, wherein each of the plurality of optically-isolated |ight

transm ssive cavities have a depth D between the first and second
apertures, alfirst @omrdlre w dtlh W &®d a second apes@ure wdth W

associ ated wijth @lemegwgmgpgsgne orthogonal tq the first major surface, and
D ((W+W2) / 2)is at | east nd I')/((\M+\A1)\/9) Ls 11;””?4(8@&1‘3" t han 8. 25
in the view g pEple: C‘ea”‘ghtpf“t‘em 5is the light copPEraizgfdm of |item1 to
item 4, V\,herel n the Iand t hi ckness 1s between 0 1 mcrons and about 10

m crons. eli ht transml 510nS fter\}g” lI,ICgs as.a un@ttiono vi wm an {e was easu e u51n|0t em 5,
further corrpr|5| ngg tS OIf’ fransii‘ssive F %I § ose'a d acent at

| east one ©fEl¢ing0 ﬁpltosqopm@jdml Cgrm Fraese). EMQFHECYSE@@F\G" Wapﬁ?rd@@slurface.
ltem7 is trmmksl.\gln&nom@ttrb@k Tit!: lufin@fce taa&m &“vaﬂertaEts JoritfiRs O plotikabe

trans SSIV f|I e |ight

oot T o 71V tok b IR RRtet TRE s R ER A S04k e bpLcep P fese®ed 1 b
opti cal ly asrlam@qnameﬁte ligrab@rvaak six28¢d hohev@cubsmedseing agphixinggeht y20kmii | m of item

8, Wwherei antSQE xqulcﬁ%i)JWxﬁ)mm &htlse P@§t§Fah§Jroe%@JqP$ﬁt§ pﬁiteg of Fonfrh @NSpar ent
polymer, or a transparent adhesive. control film of

item 8 or PickTsoOnafpre PEPHbAXpES ﬁ‘ﬁief‘ é%ttf“f Sgi’r”t"r‘: éfﬁ@ffa?‘@rt‘t’”%‘tgéttpélhadﬁ‘as a

refracti vediffize eleddned of - 9.88 oramtired fidite sirhyde aliso (fpt dxareplerasins, makageddveact | ve
index. lte ; t wherein the
| i ght absotrﬂ%)%al%v@% H%Rg\r/%léan?tn%%lgcgr&ﬂ@ ggleamgﬁﬁeg o]Q gggr éusn{i ﬁatégrﬁma%@g | orant.

| tem 12 i sthtohgh anjpppexingaiaht [ 61 cirqulapheds injthedpifomof thifey @pResitefie se!abl e resin
conpri ses arficdlitkitheQightGlite@dalt@vakEhé fAmple surface from lnﬂldeﬁﬂhél.laum&attoh@asl i ght control

filmof i tperml egl'usm asaglhze%i%foa%\sh i cagdetsckc]r?t 11% I;(?ttlrjczle% rcFeSdltoa ber ?(p% %und?ed fromthe
group consi sting ased 'resins-derived from epo ., pol yesters,

pol yet her susekindir@shy 'eﬂhh@h%@ D& hyften] @aﬂlhfyet‘t! ﬁé%ttbwwd@teé@nsmr?@mtﬁqmt-

am nopl ast redeé Lw@t\taw&sodgamrm Alibure NFY. AXHRim RS 06tRARIpAE I 88:B, Igarneap,
pol yur et hanes

urea deri ed fr C t and
pol yani ne) % ”%egé% é’?‘f‘\%f *t?‘é%‘"tﬁ\?f"ﬂg %tft?he dgfg@% hsé’“rﬁ E‘HP aﬁgr yI at e
group; epoxiyhoptesiLAE ot her than acryl ated epoxi es; and m xtures and
combi nations t rL%;rh?l‘lnafnsmission was determined as a function of viewing angle for film samples C, D

and a sample prepared by stacking two commercially available LCFs (Vikuiti™ Advanced Light

20 Control Film, available from 3M Company) so that the louvers crossed at 90 degrees (crossed
louver film). Samp]es C and D were placed in the instrument in two different orientations each.
Orientation 1 included aperture 2 (the smaller aperture) distal to the light source (that is, similar to
FIG. 4B) and orientation 2 included aperture 2 proximal to the light source (that is, similar to 4B
with the LCF 400 flipped 180 degrees relative to substrate 450).

25 FIG. 6 shows plots of the luminance versus viewing angle for several LCFs of Example
17. In FIG. 6, the light transmission as a function of viewing angle (¢) for diffuse light source
(600), crossed louver film (610), film C in orientation 1 (620), film C in orientation 2 (630), film D
in orientation 1 (640), film D in orientation 2 (650), film E in orientation 1 (660) and film E in
orientation 2 (670) are labeled.

30 Following are a list of embodiments of the present disclosure:

Item 1 is a light control film, comprising: a first major surface and an opposing second

major surface; a light absorptive material extending between the first and second major surfaces;
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Item 14 is the light control filmof item 11, wherein the col orant

conprises a pignment or a 5dye. I[tem 15 is the light control film of
item 11, wbere/mw2458e col orant conprises carbon bl ack, f®chmaiSag120392b@zol e
violet, or Foron Brilliant Bl ue. I[tem 16 is the light control film of

itemlto item 15, wherein the side wall further conprises a coating. 10ltem
17 is the light control filmof item 16, wherein the coating conprises a
reflective material . Item 18 is the light control filmof item6 to
item 17, wherein the optically transm ssive filmconprises at |east one of
pol yet hyl emd aprragphf braicaly asolapd lighe trimpinizsies canaids eiHeesapeiallytexighdinkeaiieeny

pol yet hyl egeg{ aqxvse@&e%ia}oysupf%ey%amh eRE oftﬁmur!awmsv.dle@%ndpmsa firt

pol yethylene. 15ltem 19 is a di.s y devi ce conpri si n%ﬁf‘i e li ht control

filmof it@RTYE@ncdgvilsthe ﬁ{s@w%urfage aSWWaBW“felaPJﬁ‘iee‘d o8{ Yy ’t he 1ight
control fidurm@fani breemstbnd Gdeivtal Bxtdrlding between tHelfikseg@rtot maniwissend apeltcatbeld, al |

NUMDEIS CXRAEPShidh & MlliGo R ERs nAIDHE S rs%ngceggxe}k,ggh pPHORGELT s used in

the specification and c are e under st 60 el’ng nodi fied by the
term" abou‘tbSO'fP‘lﬁ(eé‘etF@H‘hﬁF“ﬁa‘ﬁﬂﬁi%@esig’f%ﬁ‘e&ﬁ'ﬁ‘é‘éjl BEhe contrary, the nurerical

par aneters set ifentifithé Meht (h)ﬁtrol m}n &Otreﬁgpwmgmﬁm&b fdceantolr @oh amigk catiiached cl ai ns
are approxi nations that ca upon the desire rties
sought to ‘bmﬁ B6¢ 4f ﬂreStd“aﬁorS‘fr af)escé)m nse %)c'réu N eama\fags Ui T ai’mﬁ% E Pa%?eachi ngs
di scl osed her eiltam 34§ the h@f @n@#é@sofaqqm lputfﬁlm L ahereindhe gife wel! inerEeEsd ar e

expregsly peRerdider @ttﬁe%rﬁﬁﬂéﬁi XY af zﬁfaﬁg'l@tﬂaﬁz@ed Jboﬁtlﬁ%bg’reeeﬁﬂdlal’)&ﬁ Y0 deBle@. t hi s
di scl osur e, ectl %E tra |ct this

exce
25di scl osur e. iﬁegﬁdﬂgﬁ@]b‘é’ﬁ “flﬂ}" %ftr‘r%'i?dlt?r'é%}"’ “REYR© A%t $at ed and
descri bed dpscadymsolaict lighit frdnsiiesi @ pyities hak e depbiyD bdu\weth@ﬁrsw@ﬁwWPWrelsl in the

art that a,yar be%xe vaéth %taﬁamto%démmwmmm&%% mmkemgwa ons can be
substltutedfor th pecific enbod

departi ng ?‘Thﬁ%“flFfé‘h‘éErétﬂ'éaJ%F“rfaFFea"ﬂr%ggwa@(Z%Elab'?li? B2 %Pg(wﬁﬁfzyg:)dfl on is

i nt ended t ot gAt@thaABYS Adiapieatng@nse.or vari ati ons of the specific enbodi nents

di scussed here e d e be
imited only byerre g Gt on T ERIEC AN AT ITEBEET PR corrrad

FI LM BACKC@-?CIUND"SQ.“@@PR“‘ WoriereRst film (LCF), also known as |ight collimting
film is an optieaalis hé light doh@d] fltﬁofﬁ@ﬂfllt@hﬁ’nﬁﬂj f&tﬁerl‘c&ﬁwlsﬁ&@n éphieallyr ansm ssi on of

light, often to.o t IS d fr r arrple
pr i vacy fi ﬁraﬁmmﬂye??m glspoig%glacent at lﬁas oyth f\évgma olrguaa eyan:de{t]l% e(:(t ‘8 m %f'(
trans®i ssiwefadei | m having a plurality of par aI | el grooves vvherel n the

grooves are fonpRd iohe Roht doBIX TiBDSQIRIGNGheFER (B dpal:ally kHsiohsveaan fb@epl aced

proxi mate a di spl ay surtace, inage surface, or other surface to be
comprises an adhesive.

Item 8 is the light control film of item 1 to item 7, wherein.each cavity is filled with an
optically transparent material.
25 Item 9 is the light control film of item 8, wherein the optically transparent material
comprises air, a transparent polymer, or a transparent adhesive.
Item 10 is the light control film of item 8 or item 9, wherein the optically transparent
material has a refractive index that is lower that the absorptive material refractive index.
Item 11 is the light control film of item 1 to item 10, wherein the light absorptive material
30 comprises a curable resin and a colorant.
Item 12 is the light control film of item 11, wherein the curable resin comprises a radiation
curable resin.
Item 13 is the light control film of item 11 or item 12, wherein the curable resin is selected
from the group consisting of acrylic-based resins derived from epoxies, polyesters, polyethers, and

35 urethanes; ethylenically unsaturated compounds; aminoplast derivatives having at least one
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viewed. At normal incidence, (i.e. O degree view ng angle) where a viewer
is looking at an image through the LCF in a direction that is perpendicul ar
to the fiwmasuwrfea4se, the image is viewable. As the vi ewpPnl/useaghle3iner eases,
the amount of light transmitted through the LCF decreases until a view ng
cutoff angle is reached where substantially all the light is blocked by the
| i ght -absorbing 15nmaterial and the inage is no | onger viewable. This can
provi de privacy to a viewer by blocking observation by others that are
outside a typical range of view ng angl es. LCFs can be prepared by
mol di ng anmndzshtacarisiegrap; polyriehees(ppiplrsadpteiived fbe an gedymatganda pebloylear bonat e

subst r at e. ,.SHGRe b (S e QerhRINTEhS i hel 10451 3UAleh B #ry fafeQP0 FRaEYherSt . Paul ,
MN, under toﬁ,g t?);deg’aesell%natlon n% St @ﬂee book Wég%pagg?ggand LC?[r)

Moni t or s" . OGeRaird Aroxish AT PRSP T"@Iw’@l?”%%ﬂ‘efef’l nms are one-di mensional |ight
control fil e, liema4 istifedightane] Biml of géni 11¢ @hdr¢inihe efidrac tonpnbey a pigmetter & i ght and
left (or u and domn) of the film A single sheet of conventional filmthus
cannot meet the user's need to_ensure security in all directions including
right-and-| ef t lgnds iighedigbt-caphfiaror itee! b Mhestin PhederetomresachPEPEYa | i ght
control eff@sih, daibaroRvioldtSr mras;emtmaanmud)y a conventional light control film
two filnms coul er.l oo i crossi ng each
ot her. Fbmeverqt?ﬁ?§%WIg% ? fpmvggu F%'?ﬂqgheeﬁwgbsgggg &Bﬁgrea5|ng t he
film thickemgtseanebadigcr easi ng the light transmittance. SUMMARY The present
di scligsure provVieslgs isane lig@ftbnt@0Mt @ ltert 1d, Whdrbidthe Esatispapmprises Obndei@nsmi tting
light, or 30al|owing a viewer to observe information, only within a view ng
regi on cent®¥84 around the nor nal (perpendicular line) to a surface. The
light control fliehri8 geredigh coyrobfilook gen hifodema.ivdrreorhelopgratly waesiste of thi s

Vi ewi Ng T )i, QBmpRRh: Qgswde@eﬁolﬁeﬁlweﬁeltsryph{halalelpu @lhﬁa\%apgmaa& hedhletsig
right-and-1eft and up-and-down of 1y' control film

gener al | y ROHEPYERSSION digsiny Rabvethylenss a“fill baﬁ't l°‘f’ F%{ﬁ‘éyrﬁoéyﬁhg%“ecaw ties that are
surradnded by atehilghta dabispddvicgmpetiay thalight euad fittheftitereaahiteof 18t he  plural ity
of cavities is t I ti ch of the

i ght-transm sstlgl\‘;/{t-%b %2\7& %ﬁogm?&ﬁcﬁlé\’/ﬁ géogﬁﬁ"ﬂtm gﬁttghv{kt]?%ﬁ Eﬁt ers the cavity
out si de of a v|Lé‘\‘/9FSr&§f‘e(VYlseé"d'caE?értan“f“}be&Sﬁ@“?S‘“g fRatyh Bz pRptts ardpbysistlesent

di scl osur epriyeni¢d LdecSm&he|slbegl|ﬂ'&at16@ﬂfdI’cﬁimsfatehcmbetdﬂdﬁrstdoﬂ@sl teth@ Sriodidied byrtisd terimaj Or
surface and a RROSI N eco f i mat eri al
ext endi ng @BOUF 2 Por(f e?gi‘"ﬁess Q'gat%iqsecgoﬁlgg %egfrumgrﬁc?l pglc%}éqgtg@&?dﬂampt urality of
opt i &l | y-forseding seetiflchtiph end attaghehglaigg %ape@v'intail@gthattca'l wastergiding PRP I ext endi ng
bet ween t h@sifek hherddd doug REOBDLINREDSy (Bddé fake t-theathliAf thdeachhdiatibdy of
cavities includes a first aperture coincident with the first major surface,
a second a*b’élmt ure adjacent the second major surface, and at | east one side
wal | ext endi ng Adletivreeas anh gutlicatigns ciigideteiprage eamehswmom@@mfeérﬂe/rfffm@e Furt her,

t he Secondm%ﬁ@rtt%t@m%@ﬂs 1&%5§r§%9¢@9¢t(§mk Q(Eenﬁh'éfyfn@a?%lr@:ﬂﬁcojlagwaﬁsat ed by the
l'i ght absor ptive material havi ckn t r 1 anlggfl m crons.

a | an re
I n_ arfot her diopEe Aoyl S'ﬁﬁ“‘ééé’ﬂ'fo e?éf‘%’% ere% lﬁf‘t@{? ¥ Bf"ayt ce that
i ncl udes aapbiegtd byoike @lordinatyrskill Titge dri thdnt vageytof diernhie kidr eplivaldetls: a fir st

mej or surf %?Em%ﬂgloﬁsr]:arppeggl?slt ﬂ%g ?o? e Qﬁlmﬁ?‘kﬁod%ﬁtﬁ Q'SQn arfd dleécgltui w‘fi’tpoQuQr ptive

mat eri al tween t Irst and second najor surfaces; and a
plurality ‘Eﬁ’f’a"tﬂﬂﬁo@aﬂ’q sgone Sbhapredntdisgiptrer i anplilpnia nieadri{q Q¥CTaRY | east
partially sieis digarkednaeriic sfphﬁ'lc]eﬁli)bd’rﬁéntsamdls%@é}ﬂd Tigjefire, §UK ifacies. Each of

the pjlour al t'h t¥hlSOJlSCF(;)gJ¥(! gellﬁnslteé g‘n?y byqﬁe clae?msf Irst aperture
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coincident wwth the first major surface, a second aperture adjacent the
second maj or surface, and at |east one side wall extendi ng between the
first apewoune/messt he second aperture. Further, the seecmasapensaese and
the second major surface are separated by the |light absorptive materi al
having a | and thickness greater than 0.1 mcrons. 20ln yet another aspect,
the present disclosure provides a wndow filmthat includes a |ight control
film The light control filmincludes: a first major surface and an

opposi ng second maj or surface; it EONFRIA mm\gp mat eri al extendi ng
between the first and second ITB.] or surfaces; a plurality of
optically-isolated Iight transm ssive cavities at |east partially extending
between the first and second najor surfaces. Each of the plurality of
cavities includes a first apertur% %want with the first ngjor

surface, a seqqpd .ARRIHM &C@i‘}i}a@s‘éﬁ‘qﬂéwﬁ £8iREGANhiNBERE, iSH hpate alndd: @t | east
one side wall extending between the first aperture and the second aperture.

Furt her, cORfseussiderguiaisdhe ttanamisrien ¢ftights eriel obpsjre whatis barseviared fswpethet ed by
the |'ght(f6i1@§é?ﬁp@é bl\{@ac{]rmn@)r I@Anon@mmar@kﬂmdaﬂdhyﬁ&m?%m@é eaLRlrabhaRI- 1

m crons. The words gre erred" and "preferably” er to enbodi nents of the
di scl osurfdmtgging paliraditygipapticl geoy @i whersinbe erogves gisdeimed of ¢ Bghi-absortighst ances.
However, pi&gl enbodi nents may al so be preferred, under the sanme or other
Ci rcumstances Furthernore, the recitation of one or nore pref erred

embBli ment's ddéFs e ba ke Drokiatest dlay shtbesai Imagr Srfageeonsier sgBEGIo beand i s
not i nt engggtqt %tﬁ%ﬁﬁaﬂ' %m@ﬁd%e(‘[i e Qm%gl‘éb (H%Mn% aflgléb%ﬁei’tea \%&9&% 185kih R afl !n%{*gk osure.

As used herein " | east one, ‘one or nore" are

used i nt éh@ﬁ%lﬁb@%ﬂp drtegtéon tF%SFS R@%&}ﬁwéar t‘athélﬁlﬂi%ﬁ‘ifrﬁ*% ﬂ?%@?&ﬁ‘dﬁ Migwellp " Aar ray

can be i nLeviphRL @&klé ﬁcr@?s@sﬂ tHeQﬁIouﬁtQ?hgtHlﬁ%ﬁshﬁ&e% et tH&L@ﬁ@ecréaEE%‘ uffil 20T "
arrays. he term "and/ means one or al the listed

el ement s Véywing @%@%&tlﬁ tsachse wagry Slehﬁkameﬂllyewwélgbifls bh@keﬂ |b§ f@dlgbq Prerhing .

Al s s her &hflerial ARl h&ifdab@ds @ Msho&fvidhABRI irﬁﬁlcaﬂ@w@éprax{cﬁtmwm;@yﬁlmrxgde al |
nunbers subsuned within that range (for exanple, to 5 includes 1, 1.5, 2,

2.75, 3, ohsgrtiomby gthergthat are OutSIdeatym@r%évéwgwﬁﬁmksl s not intended to
describe each L@E%%L&&eﬁeﬁfm% &ﬂsﬁmﬁ%m uﬁféefol/et biRL 8 FERRLIBR &fin §he present

di scl osure. The figures and the d descri ption bel ow nore

10partic mOh/ﬂﬁrpor@iééﬁbﬂtrﬁtey Spqhy %S@éﬁqowe%bew@hlﬁ grompfl Epmppg s Papl. XN.OF THE

DRAW NGS ynder the tidaE Q4N “BRE" ISQ&Qfofr N%ébbdi&rtdhﬁyfu%?sea!ﬂﬁ ecpsvoBig-to the
appended draw ngs, where |ike reference nunerals designate |ike el ements,

and2Wher ei n:  1GEY@tional gaal soyeddiine pis gaeimpesiephligieentol Bws dre dey hayht

control fjlgl cofilrbt efRA oS AVEhe Right B8 RAIECHY RAAbwY) B M Hima Al sirdishé@pf rol film
FIG 2B shows a cross-sectional view of a portion of the light control film

of FIG Zanveptiqual Bl thprgiggnos meptehsussisderbingnsuyg sory inglldirggioncBplpdisg i | m

FIG 2D shawsmd@es (RS- @%bivA 0Bdhe Vil WnQfdetd deBiBte LM Etrof defelflin 22LG  3A
shows a cross-sectional schematic of a light control film FIG 3B shows a

cr oss- seclicgivar bt erapetional fghtgontrol fim, é%fl copld bgpverlpped ayithghegidguvgr

Cr 085 - SeCdilanak c@@h%ré&m Al Hewhcl s RONHab 9l Bitd Rdtfom b ierefARgBROWS a
cross-sectional schematic of a |light controlled article; FIG 4C shows a

per spect i @ thiekstrenf decsrasige thiedight tRavviH¥Icted arti cl e;

SUMMARY
The present disclosure provides a light control film that is capable of transmitting light, or
30 allowing a viewer to observe information, only within a viewing region centered around the
normal (perpendicular line) to a surface. The light control film generally blocks information or
light outside of this viewing region, and provides security in all directions including right-and-left
and up-and-down of the film. The light control film generally includes a plurality of light-

transmissive cavities that are surrounded by a light absorbing material, such that each of the
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25 FIG 5 shows a schematic side view of a process for a light control
film and FIG 6 shows plots of the |um nance versus view ng angle for
several Lvb2012THee458i gures are not necessarily to scal e. PCTRES2010088266 used
inthe figures refer to |ike conmponents. However, it will be understood
that the use of a nunber to refer to a conponent in a given figure is not
intended to |imt the conmponent in another figure |abeled with the sane
30nunber .Pipeitar] eritipEsenicpty enlated from agjgeenpeaxitioht Eagh etthe Belitdrapysides a

l'i ght congiiaks dicbtclyAdckilighiGaRatin®rahe tahvansmitid éf@gzlé\xh@"(tl c., QltofBladh@Wi Ng a
viewer to observe information, only within a view n re i on centered around
the 35normal (IpEersRsAs:chA Ragsentidinglosire prgvidepy o lighgconty ncliget R At i | m
gener al | Yindb:QaKscelad 81 SPpbditse@ind Iﬁégarama% Jafi?gﬁéa%ﬁ’&;{ﬁdé%%@é%{ 039R6 | i ght

outside of this view ng regi on and provides securlt%iln all directions
i ncl Udi ngerieghthe &y amdeﬁefon&mwﬁuréme& arslarplerplity pbomticplhy isatpied lighy Hanspdwive of

filmincl cu@tﬁ& aale@ét ﬁéﬁﬁhlﬂ;l Sktc@flink bgaéeﬂth@ﬂ@mnassec\éﬁd £t fr@&es!t Bath riR
surrounded t. absorbing material, such that each of the plurality

of cavit .pélgalrt& OBCﬁtf%éSamﬂydqs§c§1r%@%tu¥ercemm§a?tde@ﬁlee fergvraeranraoprescrqng ht

absor bi ng,,BR&5djRkntSh S QANHNG s@8LE a0d atiflBt 2k @B vall EARRINM WS GR ikt | €S
effectlver bl ock I'ight which enters the cavity outside of a view ng (that

i s, cutofPjrEnyiddhe sepond gpatugn Jasther §e seequdapraurhprtibescrndgnaieraficsgict i es has
a cig cul agpLHas, tﬁ@ﬁgm WorptiEmEBG] AR LA aREthRKEdsE GEh@Tthdn@OI ARrdAQVI NG a

uni form cut of f an% neasured fromthe surface nornal. In sone cases, for
exanpl e when @& atRe. Bapictenbdisgpsurcgrovisear displasdevice diet BRludesRdighiegi on can
be an ovalnk@giBNTHIRhEconfrOl filRXATRIS a HR THRMurYdcE WA G dpgosﬂ%ts@croﬂu RRfér by one
cut of f 10ang|e and side-to-side viewing is determ ned anqgt her cutof f
angle. sur acew@%?@g@ﬁfe Hiteid! seendinedsvest the dirst o S;‘f“"l!i‘éé“aé%*ts?f&c%% adimt were
descri bedyrhi pRlyEsoldttd Gt RARAISHY &A}% RatLMlarAHRP kitefidgetwNen 61/ 263640
entltledqnf\ilgir}((;ﬁga1 KQ?A A%?IC essan% Y es hods <§% ng fllggﬁon Novenber

23, 12010 frepdresess %@w&fa% Ea@%?@%@@@rﬁw Oftc%Véﬂf‘émcmdés HiisAPEHF e of whi ch

i s herei nondRbM el the e hJHQRIERE S R aflrRs MR HoRalond REjod QB fatd, BRLat
M crowell Array 15Art|cles can be adapted to provide a |light control film

havi ng " 360! @é@}déévaﬂerrgg})emesb%fv%gpeww&m ﬂ@ seqopdhpReftig EHEChitini ng of
i nfor mat iseednfi a&%@%a Qe s@dahaﬁnbj@fls@fa@w}éiseﬁom@tea 0y MRlighttaBarptive maREkPRAEL CUl ar
line) to a sur present disclosure provides array articles
|nclud|n@'Q“Qhﬁ@?ﬁﬁ?@”?éﬁ?&ﬂﬁpﬁﬁmfnd|V|dual cavities (that is, mcrowells).

Thex@i scl osur ap Iyacahm@%sﬁebteth@ hREAS 8is@bsuf AN6ViEa Wi o amakdt Ae1ddBC fgdhk ng
20met hods of form ng nulti (%ﬁered structures (for exanple, |am nates)

i ncl udi ngopEd %‘HbérthF Lght cemr frxiclpgs: %ﬁI‘rSTali?aJPrst%‘ier?E@Ian 9pppYipg jepgne major

opti cal | wutiRNSHdns %sM@tﬂ/@M@cEnéI oxpldath He%reﬁtr@ fidd lnd LB G ls¥rfacON e MOT e
renovabl e protective | rs. The inventors have discovered that it is

parti cul di¥gity Pf9HtleﬂlYflsqlﬁe%léabétfﬁS@;@ﬁlm eviishet/raatregially eHemingrbopers they

m cr of eatfi@sd £a‘c&{d B EHRses. CRh bT @8 plubiBlofdivatiARiclied  firsi spein@t ed i n both
axef%of an  X-Y pl.ane, but remain optically transm ssive in the 25

cor t&sporfaingigen vatkithe firftpaioraydare gy Seqmd ppaire adiagent dleseovd paigr sutzee. pid gt

di ffi cul tiedsPork @faE WaBbReRiedehva¥n e RRbpSRE Md HRQERhEGheaaN] Fh@krWad h a thin,
flexible, highly-transm ssive base, The present disclosure prOV|des cavity

arrays, a2A®"dapTiyEecad tesecopd priRg sy e TaYPEFedPY By ightaRHEPthy S1EsRE Y Rese

di fficul td 188 thilRRsd FYLAHM®. IPhRASSES result in significant optical
isolation of the individual cavities. The cavities in the mcrostructured

| ayer each havkheafordsgisterigeheand; prafepRiyy” refer ta gmpestimenthefithg disclosprs dhabmay

aﬁte)ﬂ% ur e)aﬂ%ﬂﬂcrfﬂﬁlh Bendkiel! ihdandrtale Birdimsthies C B Eder, GeHer ffbcAMenShaRIsolbB one
enbodi nent t
preferred, under the same or other circumstances. Furthermore, the recitation of one or more
preferred embodiments does not imply that other embodiments are not useful, and is not intended

to exclude other embodiments from the scope of the disclosure.



shape of the cavity is preferably frustoconical, but the cavity can be
multi-sided (that is, polygon shaped) so as to approxinmate a cylindrical or
frust ocorwoabi1stia4se. The cavity can have a snooth wal | POrfise@2/0892660ne
enbodi nents, the cavity can have at |east one irregular wall surface. The
bottom of the cavity can be either planar or concave or convex. WO

2012/ 162458PCT/ US2012/ 039266 Bef ore any enbodi nents of the disclosure
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are expl ai ned Aysehessin "o t'an’s sy [Fhleh g stgotna F #or e Wrdcl osure is not
limted iifeichshgdd®B). iMas, @R xdipit, RQuleh@iidcfudts “GoNShy Uil deRePRetdith Bican
arrangenent of conponents set forth in the ?o | | owm ng description or

i |1 ust r atted thegulstate SELBABN YIS BIEVHTRYS. The invention is capabl e of ot her
enbodi ment s anghe @frmbeANEG” Ble@tons 6:Ch1IQF 1R Asteld SlcMBNtS 8 d doBBirAHSn dfAny &FJ QUS
ways. Also, it is to be understood that the phraseol ogy and term nol ogy
used her @nie pthe fisted ghamestsr pose of description and shoul d not be regar ded as

limting. The Agen®din, tlhél@éﬂddbﬂ%%fnum&féﬁ'lﬁﬁﬂg%i B‘;gendpmﬁt@ElIcﬁid@thﬂlmbe%r "havi ng"
and varratrons thereof herein is meant to enconp he itens |isted

t her eaf t rbHAQd wlinvhar enes(fetrasars. 149 S gstidons léd%r|2t75@%ér80rténe0>Unr ess
specified or liHr.b&d s@hhekW ﬁﬁmtén'ﬂ&i‘&)%éﬁﬁbe &UE@i@Jl&s%@emb&lﬂﬂent@%bed and
vari ations thereof 10are used broadly enco ss both direct and

i ndi rect BRlsPERtEEONAhedirspt disglesurg. tTheégtlres Hl ttrﬁn%le@ eaerintigabelay more

enbogli neg;aﬁlcmaﬂy benlifyliigadirnebstinist ural or |ogical changes may be nade
wi t hout epartr ng fromthe scope of the present di scl osure. Furthernore,
terms such as "front," "rear," "top," "bottom" and the |like are only used
to describe el enents as QME@@@ﬁngmﬁgwlm are in no way neant
to recite specific orientations of the apparatus, to indicate or_15inply
necessary or rdveughe thsspesiicationgpisrease ip padeis theranpipded Grwings. sheeiiks how t he

articles er%&ﬁdEelrﬁﬁﬁrah&feﬁ?ﬁhté’%ﬂe'ele@ﬁnﬂdsa%ﬂathi'éhtnt ed, displayed, or positioned
in use. Definitions ess ot herw se defined, aI | technical and scientific

terhs used herBiGh | bRy atppspaesivo ormladsr vigwaed 2 lightesnire) fillfider st ood by one of

ordinary skil IFiGmA bRws elr¥aRktidHal vibw of MedthedsropmMeh; Mt erial s simlar or
equi val ent to those described herein can be used inthe practice of the

present di scl datir 83 shews 2 sseenisriignredes of a pesie afghedighicontnd] it rEF G4 are

descri bed bel qug, FO§ho®% a0REEsecitRha8S o BlYshb&nlsSRME bed whi ch incl ude nore
than two steps. In such nethods, not all steps may be required to achieve a

defi ned goal dnf- HHEOMRG &S %?ﬁ“‘éﬁl/‘flg‘t’ﬁf'%h%hﬁ%‘mﬂé]eﬁ B isolated steps to 25

achpgve these mIGSTA §lofs @RAkSscetldhal Rh&edie oHE Bt 06ntdl filnPubl i cati ons, patent
appl i cati ons, FrH)at ents and ot her references are incor por ated herein by

reference in tHEi B &WYs p stoys-septipnalighsnagp of 4 bt pegfral sk s et hods, and

exarrpl es are igiGusg E@Wsﬁ@ro@me)éu&ﬁﬂscﬁé?ﬁanbBf@ﬂ@ﬁ@orﬁ@ll&ﬁnﬁdléﬂ ting.
"Optically transparent refers to the ability of light to transmt through

a material. "dptiththoyspsupatestpnal sshempdie gf hlighs poptrofikastide:t o a condi ti on

wher eby |ight pibatc s@w@hba@ﬁeeﬁivasete%aac S0cint Ehtroll®l ale; SUbst antial |y
tra smtted laterally through the article and detectablty assocr ated with a

proxi mate cavitl§: ttlngrﬁaﬁ@emrfes%detvrrarro 20986t TPrrelight eppirol fmepndk apl y, | ess
than 10% of theglé gt mr&t@ﬁtﬁflﬁﬁrﬁgkzéﬁsmlmgﬁ@l@f@r%é&kfraltLl@?s|'ght even
nor e preferabl,%, | ess than 1% of the light is transmtted and detectably
associ at ed wi tHeASPro%T Refrecesspiipt g peale. Like numbers used ip the Sigprgs ey tq 1) ons on a

sol i d supp@pbnenisS H3wkVREAKIII®E uhd¥stHdNRA Bic QB a%fn@é’r t0fcfn &l e5dhdnt ina
35di screte regions, each havi ng a finite area, formed on the surface of a

sol i d supbGPZureios fipiadsio Ameptersopme e ingobgdisure labeled pithabgAaty array” is
an agray @fpsavities having a density of discrete cavities of at |east
about 100/ cnR, and preferably at |east about 10/m® The cavities have a

t hr ee-di nensi onal structure with dinensions, for exanple, openings wth,
for exanple, dianmeters in the H@rmmj‘ppg@m@bout 5-250 Jim depths in
t he range bet ween about 2 to 250 nicrons. "array" herein 5is nmeant a
plurality of CA§iPrees disghpiugaprayides adighyonta ftfrerhaélsﬁrpahlﬁaﬁﬁerselttlr% light. 9F v ay

format oniibRBg a viewer to observe information, only within a viewing region centered around the

35 normal (perpendicular line) to a surface. The light control film generally blocks information or
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substrate material; the size of the array and its reaction chanbers w ||
depend on the conposition and end use of the array. The array can be any
regul ar awoayixwuedssas a cl ose- packed array or a rectang@Carusarzag)26er the
cavities can be randomy distributed. FIG 1 shows a top perspective

expl oded view of light control film (LCF) 100, according 10to one aspect of
t he present di scl osure. The LCF 100 includes a mcrostructured |ayer 110
with a filiggtoufent thivyiewiag region agdproxidesopptisy Mgl daedines indpdne %@W&l@ftlle

The firstanrBp-Qhd-SoHWd FER flihd ThOGEHM d&ﬁmaﬂmaﬁqaa&esqulmﬁy salghyrinsplsated |ight
transm ssive cavities 122, In_one particul ar enbodi nent, each o

the
opt i cal | y2yilien that ats sprepded byznlight shsprhme mptarie}, such hpdeach ef thﬁélu&lhtryr%gw%f‘éct i on

parall el 15 Sptichg fdisisd fr&ﬁhaaaceﬁwam@se Thi 4ighABdoriANmBErif birfdh@hg SRAPLHe oval
shaped, golygon shaped. 15l n one particul ar enbodi nent, %

Cr oss- sec,l?cgil ﬁﬁanélaﬁm&%%aw@ﬁ%%fchw@i black light whichjeniesy the eavity outide H%a Yirvige (thadj or

surface Ld4ubm) iR SBCONLABR R caipiasiRn il ofak cdaa&Hbed@lseoher e. The
LCF 100 further includes an optically-transm ssive flexible |ayer 130

coupl ed t36ctORSISERIOA GRS AsircWefrpgienhaying agpifprecutfEnglornagetrer Bm fhigyer 110.
FIG 1 fupii@mnosf@Wg s8ms 8lseQfor eI DR a@XF3hl@vititd Has bk MakerbRatetohe
cavities 122 are optically isolated such that |ight is not 20substantjally
transmi t tBUCHPR FTYPCERE VB IFE WhsFomit CHAMhEp-town WRewe insigeveed by esittolan be
subsg ant @bl Yant kRARTNid @6lvihg AMelchBin&RDY dnb@Sr AAf dnblcd direction that is
predonmi nantly oriented toward the Z axis (that is, in the perpendicular

di rection fronhemesgeisglegyye can effectively gsesecles st Wéfﬁldasr"“%f% FYAEIIS, 1007 ewi ng

pl ane 11%ehcﬁngst1<sw@at&@ A@ﬁhd&ﬁ@d 1b.@ned:ab eatmeaz‘m%\b@ Amﬁd@@aﬂdm&m@e Y-Z
pl ane (defined endi cul ar line P§g6 al | el t he Z-axis 25and the

line 117 ¢ é&sm@Y Ortlﬂowe ene3gslgy A ﬂ%@@ﬁ%% %ﬂ3§H§00218hq%816&%?sqrﬁ@f

per pendi %ﬂl@f is hdr8i@ inkdRled aﬁ“ﬁé 1|n€ént6r§haivg @15&5\/@1}&& $hat tﬁ@ desErtdcaMiSroReI ReAEI cul ar to
the X-Y plane. The view ng pl ane further includes view ng cutoff |ines

11913 oc atAéH"lésc cag bg pdapic & lara‘fléﬁf 3 h%m @?I@Obﬂlnh%@a Y depisin YiRring BIOPEHEH cul ar

l'ine 115, uehmitaakhelvRwiRdyr if0hiod i8atk8y odidh@fod Beund BMhMRalqkotf angl e 9"
light is not substantlalIéwtransnltted through LCF 100. The magnitude of

the vi ewil§pcediebaingdgpeirec.can 30vary, depending on the azinuthal angle 13

and the geometiny pRker BRcI6RAW frb8&es Jaazy araaesdﬁa@dlhgagﬁbg}a&%m@rn%g hdivig@e
enbodi nents, the view ng cutoff ang can vary from about 10 degrees to

about 70 @Wesdthat lsalfﬁlc@éYﬁ%S)e%(S‘éfFW%% gwlué%éhw%%ﬂ%ﬂj fbgicying thefgre ingludign

rensh N CoRShRIDLF Rmihd Mufddyolsl BRlcn ARG FR c¥alpl € fanfifAR) Ach@nsBe sergsess (for
exanpl e, when the cavities include a circul ar cross-section). In sone

embodi menthich thparayiinigrmg. & fedple. Ogﬂ%ﬂﬂé tignsnpisgiy e Jayiey,coypled Wére%nﬁaﬁpﬂalraﬂ&nm e
35vari es dnk 0hbretr@ncdable g%%ﬁ‘@slayersm@hg hl 24148 24RBIRCIV AN 21 ORF BBl G 2A

shows a cross-sectiqnal view of CF 200 accordln? to one aspect of the

di scl osurdfficgopake flpple é‘l‘bé%?ﬂ"élthzh_‘l@ $BO VSRS ETOGex PRI P ESIBHAY t o
|'i ke- numbgriesly eogigani §otﬂ- 4L 5B B NOYMhel But Fdnfain (?[p ticy telsiigye ikagn descri bed

pre i ously. For_exanp first major surface 114 described wth reference
G fOEBSPP%‘E%%@S tTEJleinWregtf)rSr?ﬁ‘ﬂm hayg disgrvgred ihpt & frglpiicwf 19 fbriepte omarrayng o

on I N FlBoptaily-Bolfc@ $8vitke Glith@Rdh, itk BW, gghlgz!ﬁ%nslqmn@fbadél @he dreldif AUBIRUR
view ng plane 118 equivalent to the Y-Z plane is shown. L 200 _incl udes a

ni cr ost r UERYides gavitypERYSpang 2 W@SS&?W%@%&%%M%WY&W&* overepmerbgsedidliculiiss-ar r ay

of opti catheYnviesRleptReksbs Mt il LiZNHINBSHNVA iohYibA bﬁﬁe %alzlduﬁ@ﬁhn&aw ty 222
includes a first aperture 224, a second aperture and at | east one side

wal | 226 ext endienyy g dihe mucrpstugiired fyey fa?lbhazg at lfaét ?Iﬁéldé sebricdbogpadthatis 228.
Eacho of tB@nabpdr@aRS$ hndBdeh width and depth. The cavity can be any shape. In one embodiment, the

shape of the cavity is preferably frustoconical, but the cavity can be multi-sided (that is, polygon
shaped) so as to approximate a cylindrical or frustoconical shape. The cavity can have a smooth
wall surface. In some embodiments, the cavity can have at least one irregular wall surface. The

bottom of the cavity can be either planar or concave or convex.



10side walls 226 forns a sidewall angle O with a perpendicular 215 to the
first major surface 214. Each of the cavities 222 further includes a
dept h "D'wohtnhiep458t he per pendi cul ar di stance bet ween f PCItUSapROBURE 224
and second aperture 228. First aperture 224 and second aperture 228 have a
first aperture width "W" and a second aperture width " (not shomn)
respectively. Since each aperture may be either C|rcular oval

pol ygonal , eadfalF antenihediaspis ofihe difelpaice Wlai@éh%d%%lbgg&@éewdsﬁmﬂ t he
cavities tgzg el disclobfe WirBWirRBedRh 80&plidddion ASthd@sak bPeMs@lcasyhRrR: The
aspect ratio D)Wgenerally determ nes the effective viewing angle in a

di r ect i orfgRsFEICHEY cHYPIRRS 268 fadkiin theollywingdesqriptieit ordlysated wghc‘r egi on of

M cr ost r UgtdsRelyih@¥8Windsd OrRhS ARMas Qhasitbf dtikd: 8RboRER 4y oasgin%]m&lkms t hat
essentlall any light that enters m.crostructured |ayer 210 through side
wal | 226 Hf8ciapswriy! By aiewreyt rifee driety beapdystorghat fii@hiaeelozgendwoul d have a
20vi ew nger%ﬂ@lh%g%edﬁ@re@?ﬁ FReR Julhode é’f'dl’eé%:%h&{hngglv&l[dlﬁﬁbé)ﬁégﬁ@edaa% Mestngr at i 0
(AR) of 1 1e viewng angle is 10 degrees in a direction governed by an
aspect r atheysoft “Bichding Ascauppeiing g ncoaRining T on'hdpg @aghyrghions dheggo gwralﬁgﬁ es
greater thant 6 n@daPhe it Bs BN hARa ffor 8rRuFAICHE FRRVAS Wl ¥ h@WiARGIAR. | ess
than 10 deqrees In one particular enbodi nent, each of the plurality of

opt i cal | yUilessprseidigd pi ligpitedothsraie, disitarms capparicss androppled " gaévaitions pheatof r at i o
of B ((WggMBk:4 gr))a(ﬁﬂhiﬁi ent@npaks BoRPStectland Tdirdduppofd &ﬁ\é%%\%sf A isesmal to not

greater than 8. In one particul ar enbodi nent, and the ratios

shoul d beunﬁ%f%wﬁ t?@@t@b?mw%en@uwfbﬁ utifiesd@nd sirgtupah et Igiead chapgrsyaydicdiadhic e

shoul d beyifio d¥p#BE: & tHe REUPO Y EMe brcddns Ml ISLRN Furlitem e GEARLdhCh U6 | ayer
i ncludes a colorant that is substantially nontransm ssive to sel ected

wavel engt H&oftopi ghpttoma end ghsdikp prs @iy vused ip dessriberghancatsee theg sdptaiot e | es of t he

present 3QeSCHASHIEnPHWEY et foQEci@ s ?@mctoﬁeﬁﬁtﬁﬁy oftht hfphRnMNE IRiAe2e! ect ed
wavel engths of light are substantially transmtted through the bottom of

each cav.lwlym?qsw HecR Pt @ iIgRE ETgRTYE D PT PR 8% th§ aBistea deseabady
absor bed Wit il beiudRl, Mehdt&, 0fp18Ra readidnéd (Qfse. 1 N sone cases, reflected by

the side walls of each caV|t In one particul ar enbodi nent, optical
cross-tal k can be reduced or ellnlnated bet ween adj acent cavities. WO
2012/ 162458R0h4)S2012/ 039266 The cavities can be in a pattern, i.e. a

regul ar design or configuration, or the cavities can be randonly
di stributed orPhifseohemviy dstipedeallicchnicalgnd saspsgaioranysed prein dayedhesameq | ar

patt@rn qﬁeaﬁaghg ¢RI AV B Bo$ @{eQ)bel‘Elﬂla skl ih €Y réiB@ht drBtoCBMAIsiaRl € Wi th
the pitch of liquid crystal kﬁgﬁ@é.@ attern” in this sense includes a
¥

repeat | ndn"ﬁ‘fﬂaﬂs sipifes PRsMBRFIgH o BRARn sahegredd thsiprasties of dhanrese s on

t he 5subsfifcRb@e, and exempﬂh&l s%li’lﬁﬂ@m@tﬁlods}hﬁd ﬁﬁ%éhﬁlb 1545 dbgérlt)é@l%ew F&Se&ﬁrﬂlﬂé ured
| ayer can be square, round or polygonal (for exanple, pentagonal

hexagonal™Methpd a@bh%lﬂf)scmhﬁdéwhgbémhﬁﬁ @@&‘rtaﬁm 70 stope s 1ugl MEdRpdss NS Il S15RS i t i es

are substRntduattd & ashi&Riagltin@Ndalf08 mearwemleawémhstthe taer gubsl abfsital |y pl anar
ace of the mcrostructured layer) that is greater than 90 degrees. The

Zﬁ;ﬁ%d sidgBicvidhyse digeigeeds- 4 hﬁé‘ﬁ“rl%l{eéeﬁﬂl R}l&lwagﬁlé?p%e% arpliesiong, p%tﬁnt%'ﬁ%m ment

wher ein kﬂ%r&mﬁ&keﬁﬁﬁﬁkMﬁ&a@@ﬁm&h%y%ﬁ&&ﬂgnﬁﬂ%ﬁ&uﬁ&yQﬁa&hﬁnﬁﬁyhk%nﬁﬁe
circular in shape, for ex he cavities are separated wth

spaces by a@%}f@@ieﬁéﬁ ﬂhﬁgaﬁl@ Oabﬁflée?télﬂt@%ﬁe%ff feigulngkil 1 ed in the

rel evant art, "Opgca3ip dahspeohtS rfad RIRA DAy BYighedoGiahatil ﬂﬁ&ugmmdieﬁmance bet ween
centers, and consideration of the pixel size and spacing in a display.

Varyi ng t Metiehdsoigedbes wisd hesing @?r%:tﬁﬁ"%}”é)éwlie“ibﬁ hglﬁéhaf 5%@%@% arrays
of ko gh dansgl oot IBHAEANERBSMid Qlerd RMBLuERRS tiYle add eVl takBSiated with a

proximate cavity (that is, less than 20% of the light; preferably, less than 10% of the light; more
preferably, less than 5% of the light; even more preferably, less than 1% of the light is transmitted
and detectably associated with a proximate cavity).

An "array of regions on a solid support” is a linear or two-dimensional array of preferably

35 discrete regions, each having a finite area, formed on the surface of a solid support.
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may be spaced any suitable distance apart. Spacing is determ ned by
measuring the di stance between the center points of two adjoining cavities.
The cavi twexowre24féneral | y spaced between 5 pm and 200 PCEUSp@ER39266) sone
enbodi ments, the cavities may be spaced about 10 !lin to about 100 pm
apart. In sone enbodinents, the cavities may be spaced about 12 pmto about
80 pm 20apart. In sone enbodl ments, the cavities may be spaced about 15 to
about 50 pm apghreyit| #ryoien anpyodicAdtitsdavingdewaity efidissreipegvities o gHlesd about
0.5 to ahgui 169/9111%1@&%&%@1?% feast about 10/hB& TH@ ¥ viti8 BavERMhRE MRS Ui t abl e
first aperture width n one enbodi nent, the caV|t|es have a first

aper t ur e SHPEYR Wik dgpenalgBiufor 3xqsmle, gpaBssithdor oxpmple; Hargsias Bribodnsretit . t he
cavi ties faavwen fodut £-8%0 ﬂHQfefat‘HEﬁ‘ltH\é Ahdr YR aiRPHL B0 RRLR, @?%‘&a fQerdinm I'n
sonme_enbodi nents, the 25cavities have a first aperture wd V\i/ of about 10
pm td abdumespa piupplity of caviticphwhighyar tacelzedrgllyeaghanzheys in e przdyl fermgepit the D, The
depth of SHRskankdAL Ik Bk b @E alnd Y IhbiRA chiiy BRNAN Abdoka BR A kompRffich 0 about
250 Jim In sone enbodinents, depth of substantially all of th

cavi ti es 4and cethisaof thoammy {lhe altlsftyman bomyIpgnlar prayswakaseribeeippkad 3rraYt0me dept h of

subst ant i@l Rl ! o8GR b 858D Ol pdRa60 Jim Substantially all of
the cavities neans at |east 90% of the 30cavities. In some enbodi nents,

subst anti al | y EHEI 1 gowp h@pcmxﬁmq‘tlé%embéﬁkwaw of lighd eontygbglaf (LCRE1 Wasdeendmg. | n
SOMgy errbqg 'oﬁgadg%e%t oistmgs%ﬂttdlﬁlolsyre a*l"fle ]%F I@Qnﬁ@dék Bb?c?os%@tﬂl%d @a&eﬁ 161@%11%7% of
the cavities n her enbodi nent, substantia the cavities
means at ﬂr@tals@ﬂorgg%ce M@d@ﬁépwagwom IIﬂaJOWTfﬂWe“éaW%/Q ﬁrétsmamﬁerf@fédtlﬁ of a
cavity caf.hes FRARY" ?QpncElW isIRIBLIR ¥ Sh Qi@ IR 1D 94Q0. fRfd el Profiler
(Veeco, Plainview, . Routine cavity depth nmeasurenents can be nade using
the area emhplipgneark sithgmirAllySpoad Dg0 peEIdisive edvativs d 2hineluds eerpiirsectioh t he
instr U”e'}}arall-eﬁh@tﬁe@ﬁét EﬂéjB'?E'&rfaG@[‘l4Ctﬁa{IE§I{ e cﬁr‘&%aldsﬁ%ﬁ &k sﬂa&h%%fyg% Bhpegavi ties

to a reference point on flat surface of the substrate to pfovide an
avetage davneserigase ﬁnbodﬁéenmt@r%@sw%lpm ?@diecraa}ﬁé N PZEgN &lardlrﬁféwtl demdle fisom a

sui tabl e pBL &AL 148118 Resldmhg sﬁ&fféeg‘??é aéj@e'%&{b'e@@lgevﬁf%fee' n. Suitable
mat erial s incl udecgslogmer material's (for exanple, acrél i c- based 5resins

derived from epeki Hothgiaigelages an %10?]@1'%@!5@1551&%3%}?1@ HeréQ couplelya pi cal |y

unsat ur ats@ébnﬁ%}?)%{ﬂ%%e 1 ROrRRhigRkrlRrd MRt YRS Fl@Vi fith@khdwRast: gne pendant
acryl ate group;” pol yurethanes (pol yureas) derived froman isocyanate and a

pol yol ( GPOfdﬁllaV&mSﬁ@)IIUSW%%@VdW@t%ﬁZ\?&I apgieadly hsplatesigue thatdighttis iie pendant

acrypate s%s@alﬁﬂallﬁpa‘ﬂé‘rﬂmé@&zitlﬁﬁ t}f%tpli'a%é fdrBdbPeE Xl ahed. ﬁg@&e?%gh@éag pn xtures and
conbi nati ons théreof) that can processed to formthe unitary, flexible

m crost r pebstanEaly téa}a@mttzcl@mmmewewum 13g g2 flirestiorgha iy m@ml@@t}y prgstodtowadi ty of
cavities (g27 ax@éﬁ-ﬁ isCAMAd perddich iR Frok VR BEEPRN. aperture 228. In sone
enbodi nment s, pol ymer materials may be | npermeable to water. In some
enmbodi nent s, tlh@nemaétﬂaubr embaoghragnt, a30evagplpns 1d § atsbervmiotbs pesidonsd atpr e

mat eri al Sazinﬂ{%haﬂﬁ%‘l%" A R&H tlﬁ'&SE‘M&ﬁE Fcteﬁﬂ-éa%ly@'p%fpgﬁél&ﬂﬁ}thﬁé 20 Jafilto 419-4:% coupl ed

to an optically-transm ssive flexib ayer .15l n sonme enbodi nents, the

opt 2Tal | yand fhediseril Kisnayedlek tp dhej Yopoes)) éﬂi@we@@@ Pl S 8ineldes thy ppwerdiquiar lipel 15

transm Ssdaf%l'ﬂelqg th\é'Zséxl?sl %M%ﬁhse&%ﬂﬁc@z{r t& {hgbit Y pla'ﬂe SIS i hﬂgeﬁg ?urtht‘:lhe
optically-transm ssive flexib l'layer 230 further permts the transm ssion
of ul t r avhdpdss vigaipgicetnfftline 1df lqw@mt a Vigyisg erso T prsdsold Tregeswed frofa the

opticall Ypeﬁpreédléiﬂr%%é Y& EdcﬁXﬂano‘f—‘ aﬂ;ﬁa)ﬁ fe gfedfir {h'aﬁ?lh!é@i%%n% oﬁ%kﬂaﬂgl"e' 08, 1Tt ghb@l -
Nonlimiting exanples of suitable meric materials incl

( pol ycar sobraangylly tpaymiged thiyel EERY Qen etgAgBigHle I‘ié1haV@WlfBEM0(fﬁégl§'@t B ene
napkg hal alafy ) depeldfi %Déﬂhgﬁlﬂﬁﬁﬁlaﬁgie Bgﬁcytﬁg Eé’olnﬁ[}? of tlhpal‘:ﬂt(eg ¥y Q§(ﬁ§ér§b¥d

pol yet hyl ene | i near | ow density lyet yl ene PC, PET, and PEN
are part i<gVA¥F ylnﬁf’@ﬁ élﬂb(éianents the viegig C@Wéﬂp qngle of s YaoFiropebeh M) fegetcute an
adhesi ve Jhaneh deflss. SilohRRIBoAHBES s iiahEL G Sl o tclaﬁreﬂghﬁ%héfﬁlt Layer 240

are described elSewhere. In some enbodi nents, the ad esive | ayer 240 can
azimuthal angle varies from 0 to 360 degrees (for example when the cavities include a circular

cross-section). In some embodiments, the viewing cutoff angle ¢ can vary as the azimuthal angle

35 varies from 0 to 360 degrees.
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25be incorporated into the LCF 200 by coating an adhesive onto the
optically-transm ssive flexible |layer 230. In sone enbodi nents, the

adhesi ve wayer2/da38can be transferred to the LCF 200 byPCrarssdiensi2ng t he
adhesive layer 240 froma carrier to the optically-transm ssive flexible

| ayer 230 via |lam nation processes that are known in the art, for exanple.
Preferably, the adhesive |ayer 240 substantially permts the transm ssion
of Iight (for BYakbthewsarciosatreimet vianal Bl X0prerding eroanire oBher | ght) .
The opti ofiRlos@dhesh\bethk askentd 41D-LRANKGOVRITEGE 11ec defelp R @00 liRe-Auliirddet y  of
substrates 250 that can serve at |east one of a variety of functjons. In
some enbathneaitd0-13Qherp it B Gp bovhichrapebegn flpsssibadipesvionply; Bor exppple.disinpl e,

paper, coaljgdui@ReN4 dRBEIith Getfrchd®lo PRY. @lcoﬁés{xmds th@bt hRGHIERBS 14 thoGar Iy
the mcro Structured |ayer 210 or the materials that formthe mcro

st rutt ur 8 F1Gyéy 2l ogu - Bha girseewserahyicyvepCr 1) o/difE- biryah reistie the
substrat 614201 &afiaRnfo ilcOr -4 pline & shdwexi It re20M8AGEdceth mﬁdcr&'fructﬁﬁ@l layer 210.

2012/ 162458PCT/ US2012/ 039266 exanpl e, architectural I g,. a glass slide,
a pl asti clheiligrpstiigyred deyisip@rincluderian 4igay |of psicallynignlptedhlight Fre%srnb%ﬁwagavaﬂes

protectives| ay@lcalif) zrz@h@rdaesfmarp@fﬂﬁé 200 QRRERd Hernlet 918 emae,ong fipucture,
shape, size, chem cal |nte%r|ty optical properties / or adhesi on

proper t i ol 236 syendieefipinihe Airst AReTtic 224 fagthe $eﬁ0fsdcﬁﬁél1‘éﬁ%%§d|ﬁ?@h?f§he fastoupst r at e

250108y hQicavafoMRORARa Gicwal ahJIB@WNTa pHPERMLGE OF5 (8 ¥RMR: %ajo@ sibde@ittiad crystal
display, a camera, a lens, a fiber optic bundle) or othe

i nf or mat i on- cdrEl Pl %Vie%%zz further mcfpﬁe@ a(epdt Patdichapthe afﬂmélcalar figgics| e

conponentpetyfitdd fikdpeRere YsLehd s@fond a;lye%reqtzx Biist Y RR08 and\NRBoddiapiirdigexanpl es
of flexihle substrates_ include po films, metal films, or paper. In

sone enbdd¥hiefssapere widihsWi aind ety SpeatUEAP TG W2t shvamprecctiycly el ease

l'i ner) thafcelefichG g@&@@lm‘é‘# B&lﬁ@hﬁ@hlﬂﬁ&a@%@bogﬁﬂaﬂ BacR ALK istaetetriindifagdd dnhe
adhesive |ayer 240 to the optically-transmssive flexible 10l ayer 230.

Pr et 2r abltye Crpsy-seeiien of thegpvificnés? Bilsodsriapplanc kifers dawabsdlsevhae s coat ed
with a rel easerghgriishtiy/DHetheRRy detSiliheg Rifedtlve QleRfiglan SIONEa diMBXon OF Ot her

| ow surface ener material to facilitate rel ease of the adhesive | ayer 240
fromthe %’M‘H‘%?drbé(t DBY! rafipekilied SuHse st o arcrpvIEEd per 2 19 rEceykichg,

carryi ng,sufihdpadliyaing atidkngss i esk&akia RO, rh@ﬁ'ﬂ tﬁia@ @ﬁg@ nﬁéroé%ﬁ%féﬁ‘le@z@rt i@n. The
substrate 250 can be a rigid structural a displ ay

surface, tHgugysidsyadldeh Fsaﬂbsﬁll’eéﬂy r’i’@cm%{“@éﬂﬁ@é %}’er %110f |T15‘é PCB 69@ B’O‘Fléé@’ﬁlaat e, a

M CP@SCORgevihd &le o’fmuégrr&@ )n 4 DARLHGHASate@Yy An%ektqathxﬁ(Amfok ezs btie Wdwih®
retain structural nenor coupling the LCF tg a rigid substrate, the

article cagcielegres ia ﬁéﬁ%cﬂeﬁawer*@d Bmlr earqt {Atip qf & £3- o@%ﬁualbraéARmé Step of

coupling cbhespb&?i: td GleR afidlQ leafdd b@h W@a@grée@ B bk Agd> mstcomsp@%ttacfcemgglwe LCF
directly to the substrate or by ing either /or the H
Qgent to

subst r at éewl%aﬁ 19 degierai Wgona@eﬁfulaﬁalbﬁrireﬁmceﬁle a%tbr Pﬂ@rarlrré)f B@tﬁﬂ%ﬁﬂlﬁﬁ

t he ZOSUQ&hmgseveqrawﬁebbmH@Mé E@Eb%bd%%tl@%@DV((W%WbﬁZ)le@fal toldd Reaktq | atndof the

cou |ng step will be to cause the LCF to be attached to a rkgld substrate.
Shd nd” g&@ﬁw?a@ér%rl P ROt e e B iR g g pargeuliriranbréimkela WdF Waad dics cl osur e

can be anyiciURslEBGRaxtiiatd foSb&BRANT MRl arRigRdihicRgyitynBstaict delmRImiMhidae LCF

to the substrate without adverse degradation of the substrate or the LCF.

As will H~1§EHP€%?§F@H“BV one skilled in the art, when the 25article is

coated w th thechonditheuraednks m&m@esra@slkraﬁuhita@@bgamfmﬁndn@&nswlésivefase coat ed;
that is, the surface coated with_the bondrH% agent is the surface of the
a

LCF not c6K¢ted wirvslfretheoklishiratdesaibediplarevhsise Hhadisdang prtigles ofdhs RTe¥hte bondi ng

agesl s i Nfdcld@e pRVide r@ chaly alrﬂayrhﬂuelg whereinl shl@@tb@w%%};tﬁé%f 1@“@@@5&&@%@3! ves.
Preferably, a pressure sensitive adhesjve is substrate can be

formed frigRiTHy Grough happis olgrcht bt W@resth%rrércw an%eg@éPE%héeree,o accor di ng

to the d%ﬁbdfﬁﬂall&"db@&ﬁéd' B IhOidet s bf thﬁjca'ilﬁp&irrlﬁfs@ne ¢aB&G| MeEdRgl bylIsY sideot
limted to the above-di scussed structural erties and ot hér structural

proper t i e¥lls gbgpclycavity)ndhauearticplapgipodimegy, |°PtrCﬁ dess-t3ll pdsaeduced Sy t her mal
expansromhggﬁ&hmghea{Mmgghh@aﬁ%propert|es and chem cal properties such as
m crostructured | ayer conpatibility. For exanple, a rigid structure can be
sel ected to have optical properties that include, but are not limted to
bei ng transparent, selectively transparent, having a 35sel ected refractive
i ndex, absorptive, selectively absorptf@e, opaque or reflective. In
addition, a



WD 2012/ 162458PCT/ US2012/ 039266 netal or netal -coated rigid structure can
be enpl oyed. Conpositions for a rigid substrate include netals, such as

al um numwopnory/163458el , various all oys, and the |ike; cePaFiusg0120892p©sites
such as fiberglass; silicon or other sem conductor materials; glass; rigid
pl astics or polyners; and the like. FIG 2B shows a cross-sectional view of
a portion of the LCF 200 of FIG 2A, according 5 to one aspect of the

di scl osure. EadN c#fitiesisan b i mopien. 240 rogter drdginericpnfrguration gr @6%@@%%@ to

|'i ke- numiggRehedi@IBtSon2dOard QuERe VIR ohderfoBmeAAtho¥b & ReghidVSubiaen céiafeg-rl bed
previously. For exanple, cavity 222 described with reference to FIG
Correspo Hnagms B s@awfipR orppoh Waignrernatiple with A1 pitghhef adisuiskerystal displas "RasTas t he

M crost r Yg iy RekclifYRies £Pedine g Fﬁ&rwéﬂeyhaz oW at el R EG RNEhvARE b the e
10228. Also shown are the optically-transm ssive flexible |ayer 230,
optl%nal SHbIasi ve | ayer 240 and optional substrate 250 having a substrate
surface 251. SagQRfc 0RO Laviiit AREMZAR trAfturdl L‘a!;zé}%bﬁ blé?stquér@(ii‘o&r@%@ho@é&all S
separated from second aperture 228 by a | and ion 229 that has a .

t hi cknesgfor Enamp#-héema&eaalf@g?g@ﬁalgﬁ@gw&@uv phapg. r%ﬁgfah]é( the sflepplsef dekeTiHBous
process fof supSteR@N @it £id féﬂﬁﬁa glre%ftl{ e ks RftidIR Y RharddQacc @Bthdescr i bed

el sewhere. Although it may erable to 15m nim ze the thickness "L" of
this | andnlﬁ@mﬂlrezizlgye()stb%esegr?aﬁeréhafl@efii:gr@s y Theeangled side wall piogyaes # r ansni ssi on
t hr pgigh Cfﬁiéio&%m%?&)apedéae ih@h 8mb&HEmB: QRESH (HOGSt Hekure ANMh&lIn aBtrtum srat e
the | and region 229, escri bed el sewhere. In one particul ar enbodi nent,

t he IandtP%ﬁWEh”QQ@“W%§J%@Whﬁ%ﬁﬁ@§§fL rangi ng from about 0.1 microns to

about 10 m cr ofg cafiesaRAparHedlwith HLORBelvOerPdOMbthe. Ms G HPRciall bRMGW 0.1
mcrons to about 1 mcron or |less. 20The LCF 200 further includes a

t hi cknes sskilled inytheveley s pi dhepagings detainHenh byicaleulping thg dincrhey cercsaEshey ond
cavity 2244 chidefaBed oftt 23 5izd MaQpah I-HCE dBPly. Vadyiag %rspdccﬁﬂg bkﬂv&gm sife@cdnass

t hrough LCF 200 and reach substrate it nust pass roug131 t he second
apetf? ur e 7H in thgformation of agive st bigh den@ﬁﬁé nt?éwrncdépw of }Oé}ﬁé ﬁﬁn§1§>i VLRSS bl e

layer 23Qya iad'éQpach&aI@Cmﬁa%ﬂeV(ﬁstir@é’ art29Bcink fs RIAHRAS by héSring@RChsifce t he second

aperture 2 the | and rg}glon 2 the optlcally-transmssweerX|bIe
| ayer 230°tEsmig CRE Paiph f%aw%%% cayitgs- Tihp cayjities arssensifyspied PAREIM ssi ve

to the waueleneb mnpgpaae/amesbﬁ@gﬁlb&lﬁémé baRLyitiQ nba@b@@;lga%% £fdut 10 ym to b 2C
shows a cross-sectional view of i ght control fi 201, according to one
aspect ofl0p mel Pps.cnpeue emb@ewt@themh‘etlﬁlmyéantswcadlmm 1ohowhoit§0 BnG,  2C
cor spond | | ke-nunber e ement s, 210- 25 mhlch have
becty doset Teld e oTBHERGS Bs FHOTE M o bRy R a0 D Nellh it W T
refer encecntbodﬁieﬁis tR@a&mesmsspWsceﬂabcmaOﬁttg/abzﬁQS Gin@vens apart| G 2A, and so on.

Each .Of the c c%w es%lzaz h%iﬂecanglgl?l Pfei 1rs§ta e?'t%reerv?%ﬁfewgdlntorl_llggnq a rt ure 228,

and si dewal | aperture & “EEE Gt aperture
228. cavities Hake &fifst apZﬂi,lre andrh Briagtbaie B wimetd abaiy €060 121.0Ini Bie Emb@limad, tkaich t hat
a first majar surf ce 21 first aperture 224 are_di spos d ad acent a
subst r at €3988, haryl {ﬁbmeegr: th WL bl i p s £ ey Hyepessoalmels dis posed

opposi t & SURSIHaA £1ikdPHertdrd wIRRH 18RO T8 S0 aBBLESASH T uct ur ed Iayer 210 can
be WO 2012/ 162458PCT/ US2012/ 039266 attached to the substrate 250 at first

maj or surf ace Thegaviddsminy hiptd avpiavitahlglerth Pe Thadenth of sybyratialiydldif thersegitigsn ot
shown) , qptd n%%h Iil?§ 1\4% %gtfs% npqngbrﬁ9§lﬁ ‘E!lm?e\ﬁ?sr th ng dlﬁ&tshﬁs‘?inﬁal alSyfPstrate

250. In so al so shown opt |ona esive 240 can al so
be di spostbedcawtlbh]s nbcmzaw n;uyl t@@Rusdnt. Hatsomhenmdinane, the déppinoftiyebsaenllysilidewal |

226, first. aperture 224 nd_second re 228  5and yate surface
251 are folf IﬂF é:awaﬁ:s 1%abgath (?%V;gnl g%fﬁ nE%Br all O'Tl the cavitids means at ?east%toA) of ?h
30 cavities. In some embodiments, substantially all of the cavities means at least 95% of the cavities.

In some embodiments, substantially all of the cavities means at least 97% of the cavities. Ina
further embodiment, substantially all of the cavities means at least 99%, more preferably all, of the

cavities. The depth of a cavity can be measured, for example using a Wyko NT9100 Optical

Profiler (Veeco, Plainview, NY). Routine cavity depth measurements can be made using the arca
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FIG 2D shows a cross-sectional view of a light control film 202, according
to one aspect of the disclosure. Each of the elenents 210-230 shown in FIG
2D corr eswonde/teo+58i ke- nunbered el ements 210-230 shown POTRIS@12839266\hi ch
have been descri bed previously. For exanple, cavity 222 described with
reference to FIG 2D corresponds to cavity 222 shown in FIG 2A, and so on.
10ln FIG 2D, a mcrostructured | ayer 210 having a Iurallty of cavities

ad

222, a fidillgrenegplot featyrero ghs imstymenin fhaingamsHtramspBparstie feptiofzuduralits ofii sposed

on opt i cahliedth 3RFOLRSpYBt §d £t Blrdic BMEBE suBFfhte tggﬁnl&fan h¥ag Wity 1d85th 222
includes first aperture 224, second aperture and sidewal | 226 between

the first aperfhgmicrosmctyird l3vee? Weanhonprtifam aswipbe mefrigugng 2ppring | i ght
transm ssjry@ssREEibéBlheradt SuHaBYP hdteBh1Y inkiulié §ol§rﬁé&'1ﬁdté%fals%§)2e ﬂ%l@h@ﬁlc “based
150ptional Ly extends beyond the first major surface 214 and first

aper? ur edeSIseRT SR sogRL Poershielasthas. i vgdanespahyiqnicelly wsastBktanti al | y

paral | el dompOpids; @alidoyrabtl RASNSHaVYidg hi 1@3?51 &Je%eﬁ(ﬁﬁﬁi’éry%@groﬁm pORGealti cul ar
enbodi nent, the index of refraction of & ht transni ssive material 245 can

be | over ,Hy¥ras) derigpd fropa 2w ispeyanate 4de Howeb T pRlyqnEng) gsacy grtegleriyaiaes sy 8gi al  of
the |i ghtat ﬁ@sﬁ@ﬁéﬁe’n@[ﬁt R 186 loup 'éﬂo@ féhﬁ&s&ﬁéﬂ%ﬁ h&lale@¥xicd 1dhd SH&bret Rt

reflection via fromthe S|dema s 236 can be either 20enhanced, or
el i ni nat egmbiations icrsoRdkpt pasrbeasasazspdto form the urgtarypexdble migsptmetaer Spemid 0

US203.0/ 0244806 { ﬂ@(ﬁlﬁ@ﬁy&tﬁ @he })}urzihﬂl ém@w@@fztz!z Ce'dél?cfavi%”i%?dhdﬁﬁi“gl  thd de86Hd

transm ssive material 245 is osed as a 100% solids for ation (i.e.,
essent i alPFEHfedt Sweé@)bodlaﬁatSdg%pW%rw@a}%@lw dppcanealle o yRss Ve | ayer
240 descrgpRedmbalihahe iRMR ibleQayt £39. cart Be fated SHBRNAS: HorP HBRHHE & 3&0Fbddi Ve
adheS|vef§PSA) or a hot-nelt adhesive. 25The adhesive | ayer 240 (and an
adhesi ve 95§h¥et r ansmi ssi ve material 245) can be formed using any suitable
material or WHMQ%h@b§nwhﬂﬁ§8ﬁ?2@ﬁb&ﬁbﬁ@ﬂiﬁumh&ﬁyaﬂﬁﬁﬁhﬁ%fk%%@ﬁazﬂﬂmﬁay

i ncl ude any suitabhl e repositionabl e adhesive orﬁgressure sensitive adhesive

(PSK).  In'somgq gmbodpmentsnihe aiptivaliht ansiseiy g flexpainkyerie) srbstantivds ec@de 81 bed in

the Dal quiasimiSdidd Erisdle vaa%n%ﬁs%fd%ﬁtc th Rk dn{bohi%féﬂ@Q%oﬁEalE’zrt@ﬁl%fsﬁvesensl tive
Adhesi ve Technology Second Sat as, ed 30Van Nostrand Rei nhol d,
New Yor k,flexifsdayer Z30 furtheppermpis pheigasmpisnien of ujsayiolet wpvefenglBest light dB sgre at | east

exhi bi t aen%@ilmeﬁ@rtﬁeeopefcmpufhn@n@ﬁ&etﬂ&w@m vt aDORBeluf@h pBN ARt Ratctile PSA may
have a 90 peel force of om about 10 to about 3000 On, from about 300 to

about 30@@)11&%% cHmMAgs P BbGPOBMer¢ BatghEtcheRlC Melyepbeptd.diEde my be
nmeaspir ed (y&yagyl@ﬂew&@dhﬂfaﬁ&t BEN f oty MASSaphth¥fees @ﬁ%ﬂ@%ﬂ%&?@ g&g@@;ﬂ;&{e%%%
a

I n sone enbodi nments, the PSA includes an optically clear vi ng hi gh
light trdrddh @(twﬁéléltyOﬂolxeﬂw}ﬁn%)b%hPP%ﬁlw 1%6?1@%@6%@%%%8@? a6 PEH about
100% frcwaﬁﬁm&mnfgﬁﬁgmabout 100% or from about 98 to about 100% over at

| east a portion of the visib i ght spectrum (about, 400 to. about 700 nm.
In some enbodiARéipdly. rECHSY) Wégmgu%éaéd%m@ysfm@ égléab%ewéhe%&ﬁfeﬂs%% | ess

t han abouthe RffesiRlayce3R) &@@e@c@é@%evﬂh&e IR s Y BnbB HiaR M Wﬁ@ﬁ(ﬁlesl&eh@yep% has a
haz value of from about 01 to | ess than about 5% from about Ol to

| es® t ha ealaf@wra@%mteﬁheflrfcfn%oat?w?at@g B aqhgsiycsado tﬂlﬁaﬁ’flcélb’oﬁ%m@%w?—ﬂ?%bl?/al ues

in transmyesen 1k MndendeRhil] eSS 18y R 2078 bBBhRFendE (hdl 08 260pyASTM
D1003. In some enbodi nents, the PSA includes an optically clear a he5|ve

havi ng hittRsferrigathe pdhesing lerAd fom aapcnto|thyprtisally- t(ﬁaﬁrﬁléswqﬂegwlq lpyr 230

transm t taeRIAB B6cctOMaaROowRAln 1he aR e xahPRYP kN, akauhesRe 1dyer Alpout
100% or from.about 99 to about 100% over at |east a portion of the visible

li ght spetbstanfiplpasanis thotrmsyissipy ok lisho@onsmgmple wlrayioked ajdigr yisdlgrygyelsasthy om
abogg O. QFit@).l ess than about 5@6 from about 0.01 to Iess t han about 3% or

fr om about 01 to |l ess than about 1% 15l n sone enb nts, the PSA is
hazy and dif f ude §P1|1(?n@1rﬁdhest§r1§yeﬁ%ﬂOézlap 90L\p}esqlebq,%F #30gne Varﬁty of substrates 250 that

can serve at least one of a variety of functions. In some embodiments, substrate 250 can be a
flexible carrier (for example, paper, coated paper, polymeric film, metal film) that functions to
carry the microstructured layer 210 or the materials that form the microstructured layer 210 during

35 a processing step. In some embodiments, the substrate 250 can be a rigid or a flexible material (for
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hazy PSA may have a haze val ue of greater than about 5% greater than about
20% or greater than about 50% A hazy PSA may have a haze val ue of from
about 5 twoabou248% from about 5 to about 50% or fromCahsee1228926€ about
50% The haze that diffuses the light should in sone preferred enbodi nents
be primarily forward scattering, meani ng t hat IittIe light is scattered
back 20toward the originating |ight source, he PSA may have a

ref r act i VENMHaeschitectypleglazingga ehes Sﬂlﬁ%ﬁtpé%‘éfu@lmlc‘@tqdd’a%@@ﬂ the 1) apd gany o gpout
1.7, or fhRmoAROHrotetR el @ddin liantlonIhﬁrolﬂ@t[eE Eﬁpé}@ﬁ’lpreeJtlﬁl@{G;el M@pd, Bigex or
range of refractive indices selected for the depend on t he overal

desi gn ofchemisaljigteeritys patigpEpopatiesy 21d{oy aghseiph prapertigs) tSé%tteddﬁél tBotigler 1 psas
are usef uyomt efhbashand, g sbiraet Dol mép fﬂeslt Sl iBxHhDIykteR (R BXdrpRSa sUCh
as: (1) aggreSS|ve and permanent tack, adherence with no more than
finger prisEihsstal digylays aramas @denseiiber 9rgtl<>tb6n<H®|oaO@Fﬁl@foaﬁa@aﬁ@ﬁéﬁdw&ﬁd (4)
suf ficient COhﬁﬁ%M@uﬁ%QﬁﬂghmeB@mﬂﬂe@&ﬁﬁﬂkMﬁ&ﬁ&ﬁMﬂQ&&Hﬁf@ﬂ%&@@ﬁﬁﬁﬁ&k@nd
Mat eri al s that have been found to function wel pressure sensitive

adhesi ves\adrlgnigas grEpls a%%qX&lFewb%Wtfs f‘t‘it‘lﬁﬁp%hﬂ@%f fthas élaﬂtal Biirps, pHRDFTe dtogtet e

vi scoel asdpediRleRRahd JuBsirateBylidd gkidr (roraex%ﬁlerae@ebs%hﬁag ot cd&kvitpeel
adhesi on, and shear 30hol di ng power. bt al ni n proper bal ance of

pr oper t i @dhgsiye fayer 2404 prdpreo Hﬁlt?@éél@ adhesiye fvrer %ﬁtq e Oﬂé‘fs‘](bf'tf?i’cstnt?PFV%fle"F%%s can
be feund jhr bdve PREBLEIVIiS thefehn@ LBRESN IR NBE RibRrat&EXRMPERIY with a release

pol y(met h acr Iate PSAs are derived from nononmer A |nclud|n%dat | east one
nonoet hyl sugh angliqerategrosiligape. YaveeOiee iy Wt facerprgrBRcH

contri bUtr@l%asE Of thP 8ateli@xiafir bt ¢ Mo e shigerkite 060.t MkiFISAubs RNl AR HONRY f# i ncl udi ng
at | east one nonoet hyl enically 35unsaturated free-radically copol ynerizable

rei nf or cilfigFeHBEoTEY NRHNEIRT PRIcEEE thheCHF0ifony dapmageg copggnination.

2012/ 162458PCHJSAR k2L 08P206e 8 ndidGa Ntk RULBSnchO (8RB QSlispRy StrfRAIL h Of
the PSA. Monomer B has a honopolymer glass transition tenperature (T

9)
hi gher t H&hitedge! %afﬂ%%%fa Aﬁbmpta%@er:pt?éer BCToscARSt s @ myTrpre theqaases at o both

acrylic and w8t lackiyleios tosPef saﬁct@atdnémd@w;gﬁ EoubBfig &@Ch}@&ﬁ%h @Jb@trate the
Preferably, nonomer A has a honopol %$ of no greater than about OC.
@

Pr ef er ablaticlatap &etain g yirapg thatip opjicatinig e(Tﬁ%%t clrhg ptgp éf teyRlingihelei 9geigit  about

4 to aboutibsdBteGAsRA ot B Bontabit2 MR I§@E QfecPRANBS LA ateE by Bsutidg Emfehﬂﬁl: botyl
acrylate, isooctyl acrylate, laury acrglate 4- met hyl- 2- acryl ate,
$%%6$P“

i soamyl £RAYT ke B2idsuhstrifg pvith aaetct;tga%gém apd thee (Antaghing the LeF/bpp &gl at e,

2- 20 hyl hapyhtede subk@di@bondm@ @Edhk t0akd VERL Ehe rEbult SEMY Loty i@} ®ill e SOEREY |
acrylate, isodecyl nethacrylate, and isononyl acrylate. The al kyl group can

i ncl ude dhhleflsto bjagteshed Waigidsubffoxy | at ed or 10pr opoxyl ated net hoxy

(meth)acryl ates boﬂt{mgtaga{t uUTRYthé &meﬁﬂﬁest@aﬂmlmammfate%sclosum can bERRf erably,
nononer B has a hanopol yner Tg of ast about 10C, for exanple, from

about 10 HB O SHEDI BRSNS Ererpdrhmsen G LGhee Hrauhsyre eVﬂaettadverse

(met h)ac rcté{glaaaﬁdﬁ o BMREl sUNIRAO! eyl cror ANy i b%'aIS Mbcigtel ww@lte sMR&d itlhmraetotvhergﬁe
(megh)acrylate nPIes of . nmononmer B include N droxyet acr&fantde

di a toné‘“éﬁlz"r‘?F%ﬁﬁ"ldd’é‘ h the hendingaeqny (thehepk fustag g thed.C léhbétcmtt habierths ani de

N-et hyl - Nus#deRefEYith ﬁ@f)é’ddﬂ@ gan isth&dubifd e MtheN YA X YskdWihe A6 FothadTett@res N, N-
dlhydroxyethyl acryl am de, acryl am de, N, N—dlﬂEt% Iantnoethyl

acryl ani d&ch aéﬁaVlt\ﬁSo%Ltlvbleaetdytgaa%%mcl&l%éw ags gk fimited ‘Bth%‘tﬂf@?ﬁé‘?s BUPTRIT ude

i taconi ¢ @kdsHies. IFrbfeRBlyCa @edsthe sEBHQ 8dRGILis ufddmari ¢ aci d,
2,2-(di ethoxy)ethyl acrylate, 2-hydroxyethyl acrylate or nethacrylate, 3-

hydr oxypr opyi %eglfiw%ttsgate Fa“nbétfﬁal?ﬁ;ﬁt"ﬁtaé‘y ohtaigly ofdrrrhel grdwvidl beisdetul nyl
acryb at e,acdndiRDRNRXI: BN dpcARA6S Mt ALR sstriBliMAGHDE BltRot IBhiRIAeNMNE WbovaCT VI at e,
t - butyl phenyl acrylate, cycl ohexyl acryl ate,
discussed structural properfies and other structural properties such as flatness, strength, stiffness,
thickness, low thermal expansion coefficient, optical properties and chemical properties such as
microstructured layer compatibility. For example, a rigid structure can be selected to have optical
properties that include, but are not limited to being transparent, selectively transparent, having a

35 selected refractive index, absorptive, selectively absorptive, opaque or reflective. In addition, a
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di met hyl adamantyl acryl ate, 2-naphthyl acryl ate, phenyl acrylate, N-vinyl
formam de, N-vinyl acetam de, N-vinyl pyrrolidone, and N-vinyl caprol actam
In sone ewbadiveedss, the (neth)acrylate PSA is fornul at @dTtuS2012089286
resultant Tg of |ess than about OC and nore preferably, |ess than about
-10C. Such (neth)acrylate PSAs include 25about 60 to about 98% by wei ght of
at | east one nononer A and about 2 to about 40% by wei ght of at | east one
monomer  BICHEE Aretbpogicr vigidsguetpe cbteampigrg htoatostines fonptisy abpyratelufsa
copol ymermetals, such as MeSiidtin, P%@tebln%rfégﬁalla% HhiBehe [&@%ﬁm@@%@ﬁp@ﬂé’s shodshet i ¢
rubber - based 'PSAs. Rubber-based PSAs include butyl rubber, cop oltMs of

i sobut yI ePsreig siliseprofhsr seaproplusssataariak eglaSPrdT&delé)‘P%}lﬁ%‘PfsPObffnefss
pol ybut adi ene,rigngh glows 6@%@%&%’aﬁﬂ&w bRefon oF ARIT SO FRY 2REac3Rumber ent |y

tacky or they may require tackifiers. Tackifiers include rosins and

hydrdcar B8 ANS asaichef the diggiqsrrepdagh phiby elepaenisydOrisp phosin e FKF. 2Bregrepands these
PSAs i nclind@usbytteaemdt0n-280 RRWANE FR&G. WAL Rhick! BRG bYenlcQeksd &f:w&ﬁlyy IFRPPr ene,
pol ybut adi ene pol y(et hyl ene/ but yl ene) ol y(et hyl ene-p ene. _Resins
that assGEMHERIE HFipHP2E Hescrbadyath 1 tﬁgﬁ & @éréwomtﬁcacvp%%?oﬁwgm%l

el ast omengPafssoich. t he el ast oner |tself is not tacky enough. Exanpl es of
rubber 35phase associating resins include al‘;}ghatl c ol efin-derived resins,

hydrogenat ed Hyf&r gteions s mightrcigsddorn? Depdssrer 628191039966 2peifene

phepel i ¢ MESKARS shdReSdrdie b@@hll@ﬁ&@ﬁﬁs@wﬂ%ﬁm1@&}@30 hetiomPAdsdil Clah afLarid®y be
used with thernoplastic elastonmer PSAs if the elastonmer is not stiff

enough. mé?%mb@rgeﬁq DObayag? absiErs Wifpefg S e Sp9qad MAIT BiRcdOYAr omat i cs,

COUNBI ON&nit RGERAIEESIRS10 it SphRed FRH M d L QML by b dhnd A gidkend HaBha SUsef ul
PSAs include tackified ther m)fl asti c-epoxy pressure sensitive adhesives as

descri bedhFkreysSTy, BbslanbueioyPd wius Somghe Jreferrpeoatipgasprperey fagereparation

t her nopl &)?TtHeQm%LtMi&Rﬁed 15yREKIof heedes @BEY éiébw%@@x WIBQBRMNEAbe preferable ddsef ul  PSAs
i ncl ude pol yurethane pressure sensitive adhesive as described in US

3, 718, 712vpimjsHAu Yy cknerh s erfpgaking frglonde’ emesipifikedy porsrariedigiine and a

t acki fi eryandMs&f HlouEIRASi 11}» buﬂeéora@hywr@éemd@@s ﬁﬁ%&h}ﬂét@ly%ﬁmﬂﬁﬁ:@lﬁd bed in US
2006/ 0216523 ( Shusuke hese PSAs i ncl ude urethane ac P/I ate_ ol igoner,
T

pl ast i ci Ze$OREY: arlesariped eleyihere. In one nagioplar erplgaingni dhe Jope region %?8&@8 PSAs such

as pol yditptaRRAShG5@16% abfP b Y FhieoaAD @Bl MX ARLoRAUr¥BKAR DT GhaSroANd aBduk s cone
urea bl ock copol yners described in US 5,214,119 (Leir, et al). The silicone

PSAs may %‘ér"f‘%t"hﬁ’(ﬂ’u‘forbﬁ*f"é"%)‘ﬁ@@}“l Linigkangi lesact i on bet ween one or more

conppnent s 15h@yiriag %0 Rr&@ﬂn@@d&@@%&l&gsfsogeﬁhtﬁﬂ@a@é theh}aqslmgmmwﬁgﬁl on. The
silicone PSAs may include a polyner or gumand an optiagnal tackify %

resin. TH&st %re%é.bfxﬂnﬁga‘ﬁ@g@%r %59164 REPS &EO%MW@&%I%% ifsight te pass 85?

st ruct ur @ ¢HAD ah$ reeapk@wﬂ%dzsw it Ruds pmkﬂfaﬂgﬁ IteQ¥3bnd bR 228 the land regiog €f ul
silicone PSAs nmay al so include. a é anosi | .oxane pol yoxam de and an
g3

opt i onal %&dRs ?H“é?llya%anéfé]é%Y‘i firsiplg lﬁy the adhesiy e g ifgtresant. Yhusysef ul

tacki fi erggcH drehdideond |abér@1m8 2@t ﬁﬁdﬂe h ag9 HRSIpASal 1@ Sraf@SiGiicIREibicNayeS230,
7,090,922 B2 (Zhou et al e PSA may be crosslinked to bui | d

nol etul arane\é"legﬁlﬁesaﬁéfygrt%aﬁ&mﬁseaﬁs nlelﬁéoe papemisivs & ihe WRYHGeRgE Heeclipgihs 8B used
to form ahaealiecidi@ss! i nks, physical crosslinks or a conbination thereof,
and they may be activated by heat, UV radiation and the like. In sone
enbodi nents, tHE %fswowvéaF@ﬁwaﬂWbWaOWﬁhhﬁ%PW@ﬂglmce%@m%t?p)@rsﬁfrpé?t as

of the disclosure. Each of the elements 210-250 shown in FIG. 2C corresponds to like-numbered
elements 210-250 shown in FIG. 2A, which have been described previously. For example, cavity
30 222 described with reference to FIG. 2C corresponds to cavity 222 shown in FIG. 2A, and so on.
Each of the cavities 222 includes first aperture 224, second aperture 228, and sidewall 226
between the first aperture 224 and the second aperture 228.
In FIG. 2C, a microstructured layer 210 is inverted such that a first major surface 214 and
first aperture 224 are disposed adjacent a substrate 250, and optically-transmissive flexible layer

35 230 is disposed opposite substrate 250. In some embodiments, microstructured layer 210 can be
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25described in U S. 7,255,920 B2 (Everaerts et al.). In general, these
(meth)acryl ate bl ock copol yners include: at |east two A bl ock polyneric
uni ts thavoane/tshessr eacti on product of a first nononer ®ORAS3012i084266

i ncluding an al kyl nethacrylate, an aral kyl nethacrylate, an aryl

met hacryl ate, or a conbination thereof, each A block having a Tg of at

| east 50C, the nethacryl ate bl ock cop oI ynmer including from?20 to 50 wei ght

percent Atphséd e th%.WBSt%?fe 2158%@“6%0@11@%2%Rﬂwp;ﬂﬁaalP cping 240 Amgonics t he

reacti on gueduchts @fot shoSaEQ amgsr%rm@mlstpb@a o'vé?@lhé%@lhﬁ% ARuRlrity bs0.
(meth)acryl ate, a heteroal rrethzwacr ylate, a vinyl ester, or a

conbi nat .16ﬁ0%%?@8¥mentsr€@ﬂsl%ﬁw) Rt ERdkesTg QﬁBC‘@j‘r*’éS&tbérdlsP?ﬁ%ng'eca‘tlﬁe
(met h) acrypb af@ ik %Fénﬁ@pe%toyl%ﬁwewgwmlrz% fr@ap&Rrd 2481 WRIaipeRELOeAt B
bl ock; wherein the A bl ock ynmeric units are present as nanodomai ns
havihg arfng yerEyesEiise?y ass lleﬁa?ﬂthéﬂl&ﬁlt"e 5o 24fh in a matrix of the B bl ock
pol ymeric unitigg. 2&@0&%%&@&4&%@%@5@1@% Sh@S6fm 202, accdrﬂ'mé R Bhe aspect

enbodi ments, the adhesive includes a clear acr%rl ic PSA, for exanple, those

avai | abl @f#is disclopiae.e Faghgd e clgments 240-044PRIvA KD 2D verprapongy typike mgmperrd

Conpany  aghANbM-ORS inedh lnyrid @&rwlhé}ﬂEaRl@Béeﬂﬁes‘c\Hﬁ&ﬁhé&%s %Biﬂéﬁxaﬁﬁie &4
series), 3MIm Qptical Iﬁ% Cl ear | am nati ng adhesi ves and 8172 CL)

descri bed?? fesptedyathapierepesp F ECat%DdﬁrreuemSo@ 8y 922 fdy% in HOe X rAsr & 9o
adhegi vesy i@ 26es alidrb@dctuRrd Wys 2 16ALERE a ﬁu@lﬂywkav@r&s a 200 Ha A0 IPRAS

(Sherman et al.). In sone enbodi nents, the adhesive includes a PSA formed

fromat I%4s1d8peonbmairerriaem4iindinepsed mlealkymaéﬂméﬁweafﬁxuksl%ém fitdd
aromati ¢ JrpieRhVitidD20 @R AMEDAG abbrtds D4, RcbifiBpSBe B, (i s5RWaBd2@eteen the I'n
sone enbodi nents, the PSA includes a copol yner as described in U S. Serial
No. 11/ 8751gnctiesisansthesccombinsiiwanet al . ), including (a) nonomer units

havi ng pendantlnm@i}@wl I%%ﬁs%ﬁ%e%[h%nﬁbﬁs%bﬂﬁyﬂetegffﬂisQi@ﬁés%b@h&l diynoner
units. somnme en%o di nents, the PSA includes a copol yner as descri bed

in s mpawély &¥iends peond thfirss mamgapyriaee Rig, and Hrsdapsians. fynrsUBH02 Det er man

et al.), tanGhisNNGrfi@R4MMROEBIbs M1 phaNd] RbopieNSaihsRidliRATRIbR 18y LURE and
(b) alkyl (meth)acrylate monomer units. In some enmbodi ments, the adhesive

i ncl udes 1AANGRIFAR]ay embedirens the indey of Feiiactign opfighyifrapsghseive 1yesial 345 484 b Ser i al
No. 60/ 986¢288ni(ik3 br A3 WURROZ, th&%ﬁ@f(;f%fra@ﬁonak themdtdal YrdhdEhRathb@tic BARM Y Mer

di spersed in an adhesive matrix ma Lew s aci d-base pair. The bl ock
copol ynerin pycesiyeEred lyae 18 sesdithat bfﬁ@?twra Tlgﬁamt the sidewplly 2 g0 ‘ﬁ‘ﬁ&% githBpar at es

to ferm anﬁa’n@QPHPéhli’rﬁnaMdt Kb'd%s&nlﬁ&iﬁrglaﬁfbl%/ ﬁlctb"%SPM@ath?f)lﬁdaﬁ@nﬁ@r exanmpl e, the
adhesive matrix ude a copolynmer of an alk nmet h)acryl ate and a

(et h) acr§23t Qéo%ﬂé\?@{@{&awéﬁaahk Iaeﬁlf‘opam?ﬁ@f Frabeslimeny hgl'awun%mféﬂ‘m reRiat gdb y mer

20may i ncdigpeRd @s §1100°/§§b¢id§lféhﬁlhlaﬁcﬁ (P@Pe@ie}iimry solV B It)CARARNBE MRS sdFRYmAGial ar ge
enough to forward scatter _incident ut not so large that they

backscat t@pdhens B4 fghtbed misfedrs g?gflﬁ%s%\ - SPA ﬁ@r%@raﬁe@mv\aera&%?swehan
t he wavel ggg;@aqlfot MEB hde8vd 1 ght (about 400 to about 700 nm. In sorre
embodi nrents the m crodonain size is fromabout 1.0 to about 10 um

adhedive may i Herdreivelayer2ap (nd pp pdhiseiyplisht paamisegy s mpicrali2dplese Q?)f"ém‘l?dSAs are

PSAs t hatys@%aaNsuitfolé AERMAG: hRMIR BUbSE EabRlihdntd MEUJIRERe Rl &oughagd at or
nearly at a zero deglree angle. I n sonme enbodi ments, the adhesive or a

stretch rigflglsopy paial aéf‘é’aﬂa@ablﬁ aglcaivepitnresayrepepsidviadhesivedR8A} st or age nodul us

of less than aheshe &Qooh{BaenM@emmmddeahosé désaﬁﬁeueﬁthammquiht?&ner% lihg om
about 0. 03 to about 10 when neasured at rad/ sec_and -17C. Stretch

rel easabl® @@A@ewqﬁébwgéal’wwuu Sga%%‘@r&ﬂhrsw Techrpdneri Srgonddid- R Sotet-cthg i s

desg(y ed. BRINLsE/TR BIBRCN R YH &, 1¢gl9g stretch rel easabl e PSA may |ncI ude a
silicone-based PSA as described in U S. 6,569,521 Bl (Sheridan al.) or

U.S. Provisi ondie PAGEPavdays oppriigier nest fonesms 2@69(86@@%@5?@65@%%@&& rﬂalélfu%ﬁ )
and 61/ OQWIFGM%%%Q@QSA Q@if ﬂv@ﬁ@oeﬁeeﬁﬂorc): of Bua bt ho ﬁ)chﬁ&ngﬁ@@gjmp%ﬁ

i ncl ude conpasitions of an tacklf resin and a silicone polyne For
exanpl e, about 300 to about 3000 g/in, or from about O to about 3000 g/in. Peel force may be measured

using a peel tester from IMASS.
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the stretch rel easabl e PSA may include an MQ tackifying resin and an
el astoneric silicone 35polyner selected fromthe group consisting of
ur ea- basewiognizwoerse copol yners, oxam de-based WO PCT/US2012/039266
2012/ 162458PCT/ US2012/ 039266 silicone copol yners, am de-based silicone
copol yners, urethane-based silicone copolyners, and m xtures thereof.
In some enbodi nents, the stretch rel easable PSA may include an

acryl at e- basedn pupe gubodacatsi HedSH inclydss anppgeallyiclspalSAsbaying bighilisht Nos .
61/ 14176 Trap G ABLSONEM 2DRIBNBKBoR Y 0®b, RonPabdubkb dbl8 20094, e 23IBLIROE2 Tran et

.) Such acrglate based PSAs |ncluge conpositions of an_acrylate, an
. norgam @bp 1 P%; & frghpbautds s aiophld8te oviras &astpaagiop ghthp aisiledightyipgetem

mul ti | ayqhbout 400 to abddE 709N AMEoRte chiBEdimbhty GlhdiFathas U hERGAIE 3YREs tRaMbout
optional Iy include one or nore additives 'such as filler, particles,

pl asti ci 2ep-40ss BRarhout Parrsdes hagrhvrsloe Hisemaegbalimens, ths:FiSadit & hazgvalle of zer s,

vi scosi t yird¥PaHoliyd. 0%t RS e abodNdoh SEAE Sbouf 6106 @K B AR 2 GroRi ORI
phosphorescent dyes and 10pi gnents, quantum dots, and fi brous rei nforcing

agents. toless thamaboytdlye shldzs VAHSP lbéral??%ﬁél%a%yb%&%me%ﬂwfg@%mw i ncl udi ng
parti cl es,csdihs Ras@anengsdi cl es (diameter |ess than about 1 um,

m crospheres (diameter 1 um or reater or. fibers npl ary hanoparticles
i ncl ude Ti 02. Ippomgsiebodipsatti theRta mc!lﬁés 4 ptiepdy slsp Q@h?SFVﬁﬁ@ﬁﬁg%‘éh i ncl ude
a PEA matfahimigiite RAT 4 lo® B Afucd 85 1] gReEhnbMittehcd mabe Yol 8@ oo APfoicat i on No.
61/ 097685 15(Sherman et al ., Attorney Docket No. 64740U5002), including a
optical Iyl e%e%{?m PNt Shte 28yl (S enr ﬁ‘r@@. oW AP f9 2ow's! ORAVRGR deatt @pesiiop p{ide ndex

| ess t hanidifiatigt?tpeehien BBOut 400 to abohit V08 ARE a8 ROE VABRISy Itk ¥BYabBG 0dash I abl e
for the PSA to have a microstructured adhesive surface to allow for air

bl eed updfis AFPrRPAD Tooliom RRauhd AL torless thef by AeneT feom Feps U to pspdanaipihg ai r
bl eed aregogescribed in US publication nunber 2007/0212535 20The adhesi ve
| ayer may |nclude the cured reaction product of a functi onal

et hi? eni cal | y Hﬁ%néft pinbodirents; the R és sy Wfﬁgﬁﬁll&bh@awulﬁmizS@F Hgt- Aononer s
as descrifgdp hAQ@ HhRGake $9glééter(ﬂ$dﬁ%aa@°/ﬁtgrea&r tharbb @20y 0 28€H&thao.
60940U5002 and S 2007/ 0054133 Al (Sherman et al.; Attorney Docket No. 61

166U5002) Ouﬂ%@%adwa UA may dpvepdipzg W&He@é frony abayh 5 4qehut $5t: ffm@bp%{fé?

exhi bi ts BEYEERSIMRINt Molst 20NE BobRPHPR! TIRCha¥ ik diffilstd e BEht BRuAKIASEndT essur e.
PSAs are described in the Dalquist criterion |ine (as, descri bed |n Handbook

of Pressurdersdsabedipsentainpdnsrtly fawd sragerng. wernedhatdittle light iszgatiered gk van

hbsgmandtB@MQngkﬂgmmggqéﬁﬁ%uWQQSQ) UBefuI PSAs i nclude those based on
nat ural rubbers, synthetlc rubbers, yrene bl ock copol yners %neth)acryllc

bl ock copol ymers PShapay i relipgiive gld@iol&ﬂgﬁdﬁworﬁ§°méhwt6é|tw%ffh det ¥l at es

As used h@b@i1l, of iEt BHAET. y{d %oﬁtﬂfﬁrﬁebmlmirhef@déﬁw m@exa)melmg@mtemﬁwl ic
speci es and l'i kewi se for )acryl ate. exenpl ary PSA includes a

pol yner dBH§ss sdeatsdds taﬁP%fr Pazsﬁ@%en%?fd%w%h@ﬁév Of the Gl ng pol yet her

segnents, wher@iePshremraly ihQuBd¥18¥%t W ipeRmeRTPSiAR arcRRbMINBF adhaeﬂgu et he
seg nts. These adhesives are described in US 2007/0082969 Al (Mlik et

AnGihaends gahsyhikitpropesics ek fividd) aZEEsT e8¢ PERaRIbatle (2 fhcienes with
r adl cal | YnoRUrdy KB ﬁzg?eb{a@ssufee(@mﬂﬁaaaaﬁdty% hsl@ WA an hasRdd, %a goumticigRd a free

radical |y polynerizabl e segnented sil oxane-based copol yme

cohesive strength to be cleanly removable from the adherend. Materials that have been found to
function well as pressure sensitive adhesives are polymers designed and formulated to exhibit the
requisite viscoelastic properties resulting in a desired balance of tack, peel adhesion, and shear

30 holding power. Obtaining the proper balance of properties is not a simple process. A quantitative
description of PSAs can be found in the Dahlquist reference cited herein.

Exemplary poly(meth)acrylate PSAs are derived from: monomer A including at least one

monoethylenically unsaturated alkyl (meth)acrylate monomer and which contributes to the

flexibility and tack of the PSA; and monomer B including at least one monoethylenically

35 unsaturated free-radically copolymerizable reinforcing monomer which raises the Tg of the PSA
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WD 2012/ 162458PCT/ US2012/ 039266 t hese adhesi ves are described in US
Provi si onal Application 61/410510 (Tapio et al., Attorney Docket No.
67015USO0RY.2012/162458 | n sone cases, the adhesive |ayer i rcruses2ammadhesi ve
that does not contain silicone. Silicones include conpounds having Si-0
and/or Si-C bonds. An exenplary adhesive includes a 5non-silicone
ur ea- based adhesi ve prepared from curabl e non-silicone urea-based oligoners
as descr i¥égontppuEsto g’afﬁﬁflVWﬁpﬂbﬁf‘ih%ﬁS‘i\bMW?@O@ﬁGé%wlmﬂbﬁ%ey Docket
No. 63704}%@9@9temﬁerﬁuﬂet(@@h%h@f)ﬂﬂarﬁﬂhﬁt‘o@%ﬁorh'é’r@@ AasedhadhestmpcimY rdiii¢lude an
X-B-X reactive oligonmer and ethylenically unsaturated nononers. The X-B-X
reactlvelwﬂﬁﬁﬁﬁﬁﬁn %@P%ﬁ%@SN”§§a%%m@ﬁﬁﬁﬁéﬁméﬁkwvwﬁhsaturated group, and B
as a non-sili q%f@raﬁlzgﬁ&{bmgmafﬁhm%@gm@mg ofR\Grdr Bfan hIRRABE°CO PR HARR

e

10group | n sone enbodi ments hésive |ayer is not mcrostructured.

Another  eheatbrl gropp afthe Spsbagiiatedaran axeragrotabeyt d dhaboyr 2 aEbae 2988 ed adhesi ve

as descrim@flplefof MERMRAA iRNAIL 2R b @1afi0is 0 ST AdPPR UM PR @At t or ney
Docket No. 6E21%V®003 A SU|tabIg”ﬁﬁétﬁgﬁe-ggsgq(gghe5|ve nggginclude an

X- A B- A Yogthdameiy] rsilfej% ORI §ICHnE AFY ey L PR TSRO AEY 810 Trhe
X- A- B- A- XeHlyBR&11a¥E 10 h SOBLeryIfE Inuﬁlé:éﬁl a%ry@a%e &a&yhaechent, el heHnasaidr at ed

group, B as_a nhon-silicone unit with a number average mol ecul ar wei ght of

5, 000 gr ¥t sretnsl a5y 1gs-e Biteeatky! giqup gendeclyde gthets radnsy [ethaiRi silpxyiatsa gt FI G

3A shows k a%a&e@lbifqmth& KR GhoRbr A nlaly Gl¥iude 88y Oleryiidid, m 300, according
to one aéﬁ%ﬁkﬂo the disc Igsﬁ?e Each of th& ef%nenfg 310-330 shown in FIG

3A cor r esponddTefgrably kaenemspB hate kamoralnsr e of adlsest abpyinH) " Crforp@mpEaftomhi ch

have beenpgasotd N6k PrEVIVBHShY B %rma&fe&ﬁm Rrylit b&id{(mB)RfylaHid AAN-214
descri bed mnth reference to FIG 2A corresponds to first major surface 314

shown i n mmeplkg g Nydiplkyd dlergyptivgs thaegofs or g Ameth)agrylytes Fxamplppfarongmen weluder 100
of FIG JNtﬂymwg&ahyaa&yl@maegmk@ﬂ@ac%mﬁnﬁgw Nailrﬁah It tahﬁdeYNamteam i s shown,

simlar to that shown in I'n FI G &80 i ncl udes

mi ctdst r HEDTATEEE Nagi- Péwn%l@tl a?rﬁlemt?aé‘é eﬁlﬁl %Ir lilyfaiyoxajfthw@g%w% W i sol at ed
light tr m@}&?étl{ﬁ a@gmmndee%lﬁﬁ ZeryRislcl 8 NJHiSRAS RehiRBhA AP bAYN-octyl

transparent film 330. Each cavity 322 includes a first aperture 324, a
second apEptagHde. dher cxaqpplepof menaherdhiaclygsdtac oy ?CI%th@setaédeﬁl@wfaPlém t he

first ap%ﬁlwceacwmi(aaem@)a@ﬁ@figha@pgﬁ;d%;@eﬁﬁ&crylf@m ihdehRuat. | east one

side walls 326 forns a sid a perpendicul ar 315 to the

first najlgfrogyrenytacrgatg or methﬁqrssleteweéwl Agthaery Btes IS%&Yéa@ylﬁtéa?s@P@wx PR t he
per pendi Gl &l&t&&ma&ebg&g% fdr@iatk] thud@ihena dergfcr §AohH§1 £amhiti es 322.

Li ght rays |ntercept|n outsjde of the first view ng cutoff angle 9
can be i ritmft E}éb@a@anwcme Jrieiby Py sFeplichyerRlalf Brast fuepued viayer 310,

and ei t hegethigide 8¢RI oﬂ&%@raha@@hrwﬁﬁckﬁmmmﬁo one of skill in the art.
Further description o |nclud|ng bot h

t
reflection (sdd ﬁora%ef%l}?ﬂm?@ﬁ fh? f@)let@ﬁwla%sé’éégfy fogﬁulefsﬁg%@vq digrdtent g ofdanpl e,

in U S tRata®okt 0ADRAd Bk pRiferdly, 165 B0 021 4T0 Gt kah A9 Berfhite RS AY inclulD
2012/ 162458PCT/ US2012/ 039266 FI'G. 3B shows a cross- sectlonal schematic of a

LCF %00 abowt 6P &g q,pgutt%%bl?yeweé_gﬁ &kt lggpt onp monomer A and about 2 to about 40% by weight
of at least one monomer B, both relative to the total weight of the (meth)acrylate PSA copolymer.

Useful PSAs include natural rubber-based and synthetic rubber-based PSAs. Rubber-
based PSAs include butyl rubber, copolymers of isobutylene and isoprene, polyisobutylene,
homopolymers of isoprene, polybutadiene, and styrene/butadiene rubber. These PSAs may be

30 inherently tacky or they may require tackifiers. Tackifiers include rosins and hydrocarbon resins.

Useful PSAs include thermoplastic elastomers. These PSAs include styrene block
copolymers with rubbery blocks of polyisoprene, polybutadiene, poly(ethylene/butylene),
poly(ethylene-propylene. Resins that associate with the rubber phase may be used with
thermoplastic elastomer PSAs if the elastomer itself is not tacky enough. Examples of rubber

35 phase associating resins include aliphatic olefin-derived resins, hydrogenated hydrocarbons, and
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di scl osure. Each of the elenents 310-330 shown in FIG 3A corresponds to

| i ke- nunbered el ements 210-230 shown in FIG 2A, which have been descri bed
previ ouslwo 2pvieessanpl e, first major surface 214 descri lpet/useaik/oseber ence
to FIG 2A corresponds to first major surface 314 5shown in FIG 3A, and so
on. In FIG 3A a cross-sectional view of LCF 100 of FIG 1 through a

vi ewi ng plane 118 equivalent to the X-Z ane i s shown, perpendicular to
the Y-z prasis henolic snigeikesips Bptapwreiatevah tﬁf/sthammllamc phgse may be usedwithe) G 3B,
LCF 300 iRghysiesic 3lafbabasialk Heths 618G h@ Yot dikPerdobidt TheGhdpHeR flscar ray of
optically isolated Iight transm ssive cavitjes 22, and is dlsposed on an
opt i cal | StoeifiagysrEnncpde nefyprgntcs. aurEngRdEcEsiPn EsiaadsrvEeion soal tasqr

i ncl ude gfpsisgmections different fromcircular cross- sections, as
descri bed el sewhere, the geonetry of each cavity 322 in the view ng plane
118 df FIG 1,UssBiPYat iarpdatackificd therpoplpstieranoxy pehuisentitiveiadiesses #an be

di fferentdefdiBEa s ORBMBY (Vi@ LAGhTERY PE s idddde tﬁe’%&oplﬁsﬁ%@@ W€ WcRigieP| ane
118 eqU|vaIent to the Y-Z plane as shown in FIGS. 2A and K such, the
Wi dt hs " \ARd aERexy gPnPoRetoci ated with each cavity 322 can be dlfferent in

ei ther 15view @s@ﬂll bhgs ﬁ@lgﬂ@oﬂ%réﬁ{an@?&ﬁufé%ﬂsﬁtwe 3200 8eVdrBYEE 9 t hin eit her
the X-Z or_the Y-Z plane can erent, as known to one of skill in the

art. 3.718g3¢ [l Uéléf\‘fﬁ)t Jhese PShp elyderoslinked pplyusipng and aghificr. 3 second

apefgure 328 ,URRUPSAs in8a&d %%tl%hgﬁ'cryﬁlelas &R&ibee X ©ndhaa2figsm the first
aperture 324' to the seconJQa erture 328'. Each of the at |east. one side

wal |'s 326" f or(fusgkes, e@éﬂ%‘dl’%f?‘%}év%‘lel urgihag acrglate gligemer, pesfigiariand  @iteBLs t o t he
first major 20s¢f 8SAs Bdiflde MicORCIINML sMELWIPOE dfotaRdstioanel, folPdiodRASIxesE from
t he perpendlcular 315 can be g@gnetrlcally defined fromthe cavities 322.

Li ght r ayobiortnaifiesep pilgpne ereal deferiperbind Beohld MY Evfiltngf 2DutlBf f angl e
9' can b%ﬂiceﬁeeff%ﬂﬁa@d)e@Mﬂeh‘ﬁoﬁlad@%il}l%o%%&cuérfbew&n Hhé?cfr%ﬁé dipngsk | ayer
310, and either reflected or absorbed nown to one of skill in the art.

In Sdme daxiag silisqsrboadedrhyriogsiasd a%lwl@ﬂ%wgtgrae@ttTfﬁﬁ&Pm&rPééS&aymdf‘? 322

cor r espPOndsntcP 0B 4dlaf optidhel thdkir$ig R, TRE ACKAZRMEENMBYincMlOS fhrdngl es 9, 9
can be the sane. ach planar viewi ng cut-off angle (for exanple 9

and 9') idmeswaysilispte W&F%ﬁhﬁﬁlh@tﬂicwwv%l%béw Fabo given by D/
((W +V\2) 12) whekfi Wico%@ @lsx&@may ﬁsJ ﬁ@l@&catpomlo%?ﬁwlu&ﬁlegbgbmlmna hg

particular view n ar enbodi nent, .each of the
pluralit )PPB?nabBﬁlflg%{laP 968?%129%& @a 743ﬁ bt &Sh%méw@é? Vieseluh ipekifiers inghide sifieong |y

t hato t he twmlhg%m@smnbe@inlmvs9cﬁetzle@qzﬁoulet2§ and 30 the |argest aspect
ratio i s not g%gater than 8.25. The light control film 300 woul d have a

vi ewi ng angl e 'F PRAMayrhssrastlinkein boitd melgeulas sveight apdgirengéh afdhe ¥ver ned by an

aspect r atrbQlifingdocht®Aat bdusd®to FEACcHehBRE cré QAN Ophyfitd Bo3PRkVErdlcdmbR¥i@na
Vi ewi ng angle not |l ess than 10 degrees in_a direction governed by an aspect

rati o notthgFaleand they gy bgagsigated by heat, UV radiationpngsthe Jike-shows a cr oss- sect i onal

schematic of alnlsd)rﬁlé"émlﬁ)@ﬁﬁdhﬁl theds Alid fomhed fhdhla ( n@qgmgﬂateglo&pco%égﬁ@r@spect of
t he_di scl osure, an LCF 400 is disposed between a |ight source

490%and efiesov@%m fezéégé(b@ri%smszfﬁ@@g%éﬁ@ﬁ diesimethiasnylatg Algcly “vi ener 491

i s opposidfollifias fhal: r@n&st%QAfm&mpblngahc SR HGEard M redcRorSROBIcEMGHIIMENT S,
substrate 450 can be a 5 such as a liquid crystal splay, organi c
Y%

i ght eni®YPRG Gmpgdtial lgﬁv almlléyé w&tha%lmea%;l argliyd B’cth@ifMBFee%q wldi spl ay,
printed lrﬂa@@rylaa@drm%maki@n th@foo R cdbh RAVKKIMGIRg AT g Bf 4 Mabe0tckiR! gl azing. In
sone enbodi nent s, can include_any of the 5nodifications included

her ei n, mhaela/#?t%‘éowéﬁmer ipdyding fym %%toéﬁm%veéce&% blogks o irleastonsitt her

FI Go 2A Wlock pbiyméfie uﬂ*@ﬁat‘i@t@e fe@&ioﬁ@ﬁﬁlu@ of h S30b RO EHshRf éonﬁi&ﬁih&l fodhdigsadreasur ed
from perpendi cul ar |ine such, LCF 400 prevents_ |i ght %ﬁys from

li ght sodled(mypagHae. W&r%&% (rersh) s rig et €$7F OrrigMBineton thereqy theBchi ng

vi ewer 4%lockddvifesTs hd@date (RAWRT, @he (MleBac t@lbl@é’l&o@ol%@rﬁﬁcl&ﬁ&g &3 to
schematic of .a light contraolled article 402, according to 100ne_aspect of

the di scl®9S\fight preeni Glockpyhersipyhe Ad%%kz?sl@mie%c S BEPEECIE a1 Pamedrmpinsi ght

sour ce 494viapen ARrdebkiz 4R thaANGo@d 190 WEH a MBHix ioBthe BRASK HBlydAc ifis. 400 from

| i ght source 490. In sone enbodi ments, substrate 450 can be a display such
as a liquid crystal display, organic Ilght emtting diode display, plasm
di spl ay, el ectrophoretic display, prlnted i mge, and the like, or a w ndow
such as architectural glazing. In sone %nbodlnents LCF 400 can include any
of the



15nodi fications included herein, and can be oriented relative to substrate
450 as shown in either FIG 2A or FIG 2C. LCF 400 includes a view ng

cut of f amngbeo(2lip248 neasured from perpendi cul ar |ine 41PCTAS2610089266 CF 400
prevents light rays fromlight source 490 that are outside view ng cutoff
angle (1) fromreaching viewer 491, as described el sewhere. FIG 4C shows a
perspective schematic of a light controlled article 403, according to one
20aspect of t HBSeMsERkosiats, thpaghegye netudes gislopiagivic K50, foheraamic, Bp5c400, are

di sposed abﬁla%%@trhﬂs%tap@soﬁélpz% \W%lﬁ: Mb@WrOF@mmB&M Com £ny[3nﬁ §Mﬁﬁh| ar to
vi ewer 491 as described in either Fl 4A or ap ewers A B C D

are | ocat@uicalty Gsgrilaninapespdhegie (§H8&ﬁ@|81§@rsﬁré%ﬁbﬁ%¥ tigeqlyy Clcay, lapingéing

| ef t - ri ghighesties @eNCL anek 1ap @Efées@n&@% pegh @@n@uﬁmaﬁorswon/QMV@gother
per pendi cul ar 415% As such CF 400 prevents lig és fromlight source

490 1 hat <pBplpiediciuesarediseided in ot P%%P@Dlleat)onf%%@%&o HOR(Shyranshel)s A B,

C D In sonld\ERIIRSARL thelh@eliRSHEIBIR wmc}&@nea fRHOS RS oflé)fnoﬁ@ﬂ&'r e&htaflhlﬁgl bl e
caV|ty arra%/ articles. The Process |nc udes casti ng a curable res

conposi t iHOBHY! o AR PR GiareRatiy Moty as deprribpintlhe G:Q68i9A8 BoAplsen ettlalﬂ)ﬂ and

removi ng the rIﬁ‘%Mhé&ﬁﬁodﬁﬁ&l{scﬂh@PéA%&&%éo@@lﬂyne@s%dcﬁliedﬁﬁ@@%@@ﬁmre
described in S. Patent Nos. 5,175, 030; 597: 384, 571; 5, 691, 846;

and 6, 778\ 145381944RtpSPHSBeTDIepuB K| Alatindinggs) mpogst ynig bavig pegfijny biphenyl

Sunm@r i Zlgil(gjpsmepﬂ]g}q@&&hfa%lamlﬁgleﬁﬂﬁ@ cavity array articles includes the
steps of: a) providi ool having a nol di n% surface with a

plurality of aflé?%%mwgneés@t ‘éﬁHWﬁ@nci‘ﬁé%?e‘fOPBlbﬁnéﬁﬁStda%ﬂ%edle $ Sravisitgak he

M cr ost r uglpERios S&ii NbSe0(dsa173 2% 8IS0 023DE@MAahiceS)), inclW¥ihg (2) monomer units
2012/ 162458PCT/ US2012/ 039266 a fl owabl e, curabl e resin _conposition; and an

opt i cal | yaying Aedpmd sprharofel saqupp pied (PLafle (Refhleprylate paemstypittecond maj or

surfaces, whergksmd éiﬁ’ooﬁhﬁe%{s ﬂl’f@h(ﬂ{esﬁélﬂhéla&‘e@ af?EdHeilee @theéc%éd MUS PRSMissi ve
flexible layer can be surface-treate hesion to a cured resin

conposi t iG] 10%#@?%&@9@%%?%&%%@%92 ?ﬂ’éff?frﬁt ?l&amflydlflg 2 hlesk WEPYBCE | exi bl e

| ayer is Bpedtd idal a@Ritd mhi@ig %o folhh a@@@is)ﬁéﬂ%age%afr h@h&@&&'c@ﬂolﬁﬁ&ﬁ@&ﬁle@anvm unme
of the resin conposition suitable for form ntg desired. mcrostructure

el enent s;AB block copolymer, and the A blogk phase papgratep & P’é‘émﬁr@@%’(ﬁ‘éwtp@ﬁhe\/@t h the

first ml@@ckﬁtﬂlﬁefsﬁgﬁlaﬁfx Fhecx@RplcCad hdheshU hans Hap flcN e § bpsivhRlcof YR  d)
curing the resin conposition while in contact wwth the flexible layer to

form a ca(meth%cafllaﬁ%vld&r@ie@aéryﬂ%ﬂm%rﬁandam@ﬁwéan%rpl&htys i the WP@%POP%V@FY bonded

to the flexiidificladéne- a@l@dltee:‘)op(ﬁlﬁﬂw ITRE nfidd&dofAWs tdy BE la @%é c@bighGd Rrksr@m t he
tool. The tool should be such that the projections will not deform
undesi r aﬁp%}teﬂﬁlplldﬁg lighfibyt pefisp dpkee that they backscatter incident light. Typically these

microdomains are larger than the wavelength of visible light (about 400 to about 700 nm). In
some embodiments the microdomain size is from about 1.0 to about 10 um.
The adhesive may include a stretch releasable PSA. Stretch releasable PSAs are PSAs that

25 can be removed from a substrate if they are stretched at or nearly at a zero degree angle. In some
embodiments, the adhesive or a stretch release PSA used as in the optical tape has a shear storage
modulus of less than about 10 MPa when measured at 1 rad/sec and -17°C, or from about 0.03 to
about 10 MPa when measured at 1 rad/sec and -17°C. Stretch releasable PSAs may be used if
disassembling, reworking, or recycling is desired.

30 In some embodiments, the stretch releasable PSA may include a silicone-based PSA as
described in U.S. 6,569,521 B1 (Sheridan et al.) or U.S. Provisional Application Nos. 61/020423
(63934US002, Sherman et al.) and 61/036501 (64151US002, Determan et al.). Such silicone-
based PSAs include compositions of an MQ tackifying resin and a silicone polymer. For example,
the stretch releasable PSA may include an MQ tackifying resin and an elastomeric silicone

35 polymer selected from the group consisting of urea-based silicone copolymers, oxamide-based
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150f the cavity array article, and such that the cavity array can be
separated therefromafter curing. Illustrative exanples of substrates known
to be usewvoOl20f2r62458r mi ng tools for replication of cavitpCanusay2asewe! es
include materials that can be directly machined. Such materials preferably
machi ne cleanly wi thout burr formation, exhibit |ow ductility and | ow
gralnlness and nmai ntain dinmensional accuracy after formation of the

proj ect i oHoncxopelymersyanide-basechiilicant @rpiymers; wetharierhated dilisgnesepdlyas.ehgr mos et
and t her npRhaskicecopat eri al s), for exanple, acrylics, and machi nabl e netal s,
preferably nonferrous, for exanple, alum num brass, copper, and nickel are

known. 1 n manynP#eg %Wh?égnenmthﬁﬁfﬁtqyéela@%bl? B 9y ipsludg ay serdpte gpserl BB ps

generatl Qiasd’n%éd llnqas Q’r&flsl@ham icaeA Mok, Aapesd Barkes®rasahdiakd Qal) Ltthat s,
di sclosed cavity arrays are formed) gendlng upon

the ioo| @éléa82£r€649t3ﬂé5993ttﬁa%efcﬁ) SHeh 3eaditerbesshbrds inrladr com@m&we Acavi ty

array mayacSeRabRinSrghfi® PAtiNe at PO rod @AM oo IYAsRaPBY 4 difle brav@iilayRY be
necessary to achi eve desired separation characteristics. |llustrative

exanpl es of pareiPRg ndygrthe pcarsdardace yriaa oatipnphiieladr @G oF Bew 2gditivst i on
layer, anuéidseiive giatiss, pRiRiAR! RhinitenFaLERY initRR Taf@xidht Lebiipgs, and/ or
combi nations of different materials or coatings that create a | ow energy
surface, dGeHY&dyying aalsangptatr) Thisrrorat bias turegraalssphosmivresseahyceand f

desig ed, dﬁgﬁé@ph&m@@ﬁﬂ%§mﬂpnmgﬁnkﬂgg&ﬂggﬁﬁgd into the resin conposition to
achi eve sired 30separation characteristi As di scussed above, the

tool can be makdi aflicsive pay Yamrdedazyander ditsive briveadipgpartiflessashati ¢ nat eri al s.
In sonme eph@iIRItEam&EdNdsfMa®ibouhNEuthf fidtosphdrbs (Gﬁm@f%ff%%@ Bt¥r) apBbytk.Ng
radi ati on through the tool. In such instances, the tool oul d be

suf fi ci edPegrlepzRacpartisiss nclidpdiQr 0 sopesabadimenis.dhe ‘tlfweel?%lg {ighteHes BBhr ough.

|11 ust r atihMeic@amhasx d ﬁ”zﬁ&k%"s hmeﬁcﬁbre@m Wi mw&@ﬁm %p%lﬂaﬁ&ﬂ@@ cBheredi ment s
can_be made i ncl ude polyimde po y crg%ate pol yol efin, polycarbonates,

and! Tur edShapprg 2by AU it NeoeiT 30 belcwl@gﬁézﬁ%caa&Plﬁré’tsé\sandﬁfélf%e t ool s

are typi Gadid Yart1&MaViHEH refROWR ViRIex 185thi @M ot @ PRA. forned i n desired shapes,
are durabl e, and also can provide excellent optical surfaces in the

substrat e. In sompe gmboulisng 11e% by dedralsfon el Ybtoriee HicasHEC e 1AEEDf t he
tool . TheufRsithalNotel &r Bigcdsipeh aﬂplll@e{tloht Mielh@Stor AREAAET dptidl PHA SRR &G
vacuum pressure, or nechanj cal into areas and/or 5cavities in the

mol di ng er agedes Peq%’%%‘?%‘fa&%‘}?m&)ﬁb?qoé@z P3sufficient quantity that it at

| eag§ subst anty@lalipesiit la &ﬁd?&n&uﬁié'tﬁd @Fcd3ORGH prodict Funglatilh@iosat i ons on the
nol di ng surface he met hod of the disclosure also includes a step of

rel easi ngeﬂ%YFF@lca%mwu@Wéwavequﬁ andqefon mareafiny paneragiptsateestibed dtSur e.

Gener al | y2001/b65581€R1 Gﬁheﬁx&HQVélngttbﬁ@y Diﬁék‘éﬁtbé SOORIUS00Bland USMVEN® 5513 ACE Of
t he tenplate structure carried out in such a way as to permt the

nol dabl e §@ﬁﬁ@é@aélA?%P%%Wﬁ¥%PW &l16faH0%t hat is fully conplenentary to the

tenpl ate structida@uesi@ hydrhts, indiiR aMPlAdaél BatRd m;dr a&mm@ ab@BRMEechck (AR t he
surface of the tem&!ate structure in the formof the nlcrostructured | ayer.

Al t fidugh PREedeghlite ofmp gdded prosiure &Saw aredqsrited iBrieAauiy critsyen e (as

subst ant '@L&Medﬁ'ﬂ%ﬁﬂlﬂ)@g of B8dsti S8nsithve AthédivelRcmRARY Feond Hihat shhecdrvincl es
are not required . to kgld or retain structural 15nmenory ?%ond that of

nai nt ai nlNRjtrfWé{eélﬂléb‘eNE)‘f’ Prfe 1184t Uicdd PSﬁ‘ﬁE“’Fﬁ%S@P%?Ibéseéé?%}inﬁtyraé bSarticl es
can be stsgﬁtﬁ@hclrﬁbb@rscgﬁ&aeq;tlo&tammﬁ&@ limas)abili¢ BbdeBpdIPhsk GRFngPAR)s, as

stacked s eets or any ot her configuration for conveni ent storage.

FIG 5 sHoWeleansapdhpabf(methigcrydatsy; diutad hrepy godiyacrylisrretagsite hggh aﬂ"ﬂmﬂdaccor di ng

to ome aspesi Es&ﬁﬁsQkﬁg&@gyﬁﬁ@nAﬂmg§hkonal first portion of a resin
conposition 520 is extruded fasses t hrough an optional first resin

hopper 550 mv%lhe&e@r’&a%%@h@clmiﬂsa pelyBsedasiverdrom Ay oliggmgr ¢rydfog onomer

including polyether segments, wherein from 35 to 85% by weight of the polymer includes the
segments. These adhesives are described in US 2007/0082969 A1 (Malik et al.). Another
exemplary PSA includes the reaction product of a free radically polymerizable urethane-based or

35 urea-based oligomer and a free radically polymerizable segmented siloxane-based copolymer;
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rubber roll 521. The first rubber roll 521 rotates in a clockw se notion
and ni ps against a patterned tool roll 583 which can be tenperature

cont rol | edO 20teet6pesBt er ned tool roll 583 includes a pl ur&Cirtus2@i/039266

m crostructured projections 584. The patterned tool roll 583 can be nounted
on a mandrel that rotates in a counterclockw se direction as shown. The
optional first portion of resin 25conposition 520 fromaoptional first resin
hopper 58bese athesiyesjagsalsterivad 1 lai Pryvisippgl Applisafigned gty Weianie ot 3br Oft€B ons 584.
The partimdckyt No. b10asiusdees.ost ruct ured proj ections 584 can then be pre-cured
with an optional first radiation source 540. The optional first radiation
source 540 car"panagiyessiif pdistige pydingtuderrnedbsste thahéqeaa?tﬁ@ntam@rhc@s@anpr e, an
array of dJiii@his ifdfdelcbRPouhti OB g (Sk-BRmor $10C 98tds CAh byent y@@msﬁ% ftigak bexi bl e
llayer 530 (for exanple, a polymeric film is threaded 30from an unw nd

i dl et 58Monispneairgyhasgd aﬁ]ileﬁlVF @repersd e cuigble nonisiicqne picr §sco PLFFEIS AL t er ned

t ool r0|hk§§§edﬁQkHQh&ﬂﬂﬂmﬁ&@@ﬁBMC%MNﬁﬂQ@Sﬁ%@@&w9ﬁ§lﬁﬁﬁnh@rQWO&N@OQQrtlOn
of a second nip roller 588 nd onto a rewind idler 582. A second portion
of a resi‘hSHEHpaLtiliee Bee’bi@d adssive mppingludeAnoid-X &2t e YRS 2885 direct | y
ont o the @Ridnfally Yshtli@Rd Moashh eThd 6L R k& hiR¥aEomd tcidedx &R thyshiRIP X mat e
the patterned tool roll 583. The resin/flexible |ayer conbination is then
cont act ed™ i H{ Heup aed Brneaossliwss seprrcbgg -iisthupteyiss rdepbiigTdppl i ed

t hr pgigh 0@1{ Lolc@nmbBlihichg, tﬁ@a@ﬁ@sﬁx’eﬁ%@ r RebOWLrRfuckdrést nip WO

2012/ 16245 CT/U82012/039266 roller 587. Pressure applied to the first nip
rol | er 587 serAoshet gxepgiy WG$Wén%%ﬁﬁeowllwéevrﬁth@&w aqheshepadarritche

M cr ost r yg tirBdioRd QpBhdatiONS o T4/ 062008/08 r%rgaeﬂttar@égzlwc@éth\ro%ﬁ@wobobheA
optically- transnrssrve flexible Iayer 530, allow ng control of the

t hi cknesSUEbIqHehBeLeshadeive pep eluigan XsBramtdosctys digorowand siwfnicsllyy

exanpl e, unbatfrhtd m3BIm@d. THae-Kastiatx ?e%ctﬁs@ roﬂg(gné?YncHa@s Xﬂaé?érf)élli}fléiﬁéaw ed

5proj ections 584. The resin conposition 586 is cured Y exposure to actinic
radiat i ortFAEAEAIOpR & as pAgp-aHipes vals with @ nsaher aygrrgsnlesylar WERMAE SAO| ural ity
of radi atdr@is B8k bE &rBlerPadSas f RELSY HARhEgrodfle cured cavity array article
500 is pulled out of the patterned tool roll 583 at second nlp roll er 588
and col | ect ed BHt 3" theds p sigshpctiomrbichengic of ylight pentiehBlaHiAPetceding 0 5t i onal
second r aghRt drAR ERW:GE. BRA o'f&el@féﬁiehﬂs oneskitBodh HEAE. AR B @MKE t he

m crostructured side of the cavity arra artlcle 10500 to conplete the
curing priewsed clements 210r238 s reifeieti e M6 h hevdepadeaiorearerioely- rfsr1 583 may

be pgat ed:xﬁraplmwneay&sﬁlrraeews&e@&ibwwﬁﬁ rdfd¥enck RSHIG. Q&H&%b&r&i@fé R&Bnajdrher eby
provi ding an additional means to control the thickness of the bottomwall.

| n choosisHgeeeRé* hormpieFiC 3totidaneant & BE- ¥he cpsssstienayisk byl &0 9fFl¢an be
I mpor t ant) thRudips@bemt pRATPRLdGEIN SR el BV T lafdik Sdvwal Smfifto tREshown in FIG.

m crostructured |ayer and flexible |ayer. A preferred aspect of

conpati bi¥¥ty is that the material of the resin conmposition of the

m crostruct ur g FI@yar Loe 30ARARIE aGhicRQRJRE 15yRr § hehARidead dnymbhy ansm ssi ve
flexible | ayer when cured. In certain preferred enbodi nents, a naj.or

surface d)ﬂotlfw isopptqddight tansrpiseRREes 422 4ndyis dignesqdppap optically frngpasent iﬁE%lt ed to

pronot e bgpdiag wity'B2b MR ek LeksREbMFEE24 Badcof PpBBurt b% Hﬁ&it%%&tfo%&lué ed
| ayer . Surtable surface 20treatnments include, P exa radi ati on

t r eat nent"Rll 26 cuRuling foomthe Gt ppcgsiciéh o the Wowﬁﬁr@%alﬁaclb?f thi 3t GYORC cor ona

di schar ge)de Wall@BEs fofr@af iRNhl afllas Wah h pEREHIIR Oy 3 13 18 he@RE hjor Wrdes et nent
flashl anp treatnments), and chenmical primng treatnment (for

for exa
(exarrpr e gﬁ@ﬁ‘r%rg edbanelre Ieearﬂ%ﬁgl)l themémer*@m%%|3é%’faéld>erg6<rmfﬁ%<@ﬂr Aefine array

of g@vi t ik MEefveiabby M%lﬁlrgfs Erﬁ&blép'hﬁg\LCF) B@ﬁ&ﬁstid% Jfkl@tﬁr%e“}%&&g da&)fﬂ'ungial(py
efficient transm ssion o det ecti on device or tem as well as

suf fi ci erfen Buinieieped by ﬁlﬁalderrgr%%rn th migrosirequreq lryqi i apd v@ee&arrqueoé of

sui t abl e JpQJydARLInbWE U oBsKIESItR: 5€ |F@ﬁh@@e§cﬁ€tmntdﬂﬁleg)ﬁﬂilép 1R RSA Hroud@ O
acrylic-based resins derived from epoxies, yesters yet hers, and

ur et hane<&:CratNdEsboty rF@@CH%@M@é%%&EMH gesomiigy ﬁedreéetndd@r PpEploy s

havi ng aty.lseastnt MpgLAGKIRAUSRON VHAYUS6IGAMES ctRD). yur et hanes (pol yur eas)
derived froman isocyanate and a
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30pol yol (or polyam ne); isocyanate derivatives having at | east one pendant
acryl ate group; epoxy resins other than acryl ated epoxies; and m xtures and
conbi nat iwo0t2wee4s8f . Pol ynmers such as pol y(carbonat e), Pp®IUS2012/039266

(et hyl met hacryl ate), polyethylene terephthal ate, aliphatic, polyurethane,
and cross-linked acrylate such as nono- or nulti-functional acrylates or
acryl ated epoxi e acryl ated pol yesters, and acr&;l at ed uret hanes bl ended

with mono- an@%ﬁ shop/y A EEopoiFaTO I bBRRE 0BBRETR 300, prcerlingyo presRict ¢fdhe WO
2012/ 162453RBGdé. l@&%%@%ﬁ&@&s 310-330 shO\GS B F@Q' VOB Rs 08 b YiRE-G@hbeYedpr ef erred

for one or nore of the follow ng reasons: gh thermal stability

envi r onnetnts2d B39 sheyn “hﬂ@ %awhlﬁfyhaV@k@é|dFSéﬁ‘?edr%frVéal§lé F?rcfﬁf?mﬂ@ frgol i ng or

ol d and hj@RufrRe Pt haskhnéd ot réBieRicé PG, QA%@ﬁésb&ﬁls td KRG hajbd sisenad i ve
exanpl es oTJ materials suitable for formng the mcrostructured el enents

5ar e r eachPVRITEG) Hh #)dtoets e EishBe? %TPSSﬁé‘itWQaIC’F%%f LGFRKE af By & treugd ar adi cal
pol ymeri Zx@é@ﬂ@@plﬁﬁl%clh@@qlﬁmlé?ﬁ’to&m&l{ﬂ&et@sha%lﬁafp%ndléiﬁldr% 8-z hiahe @%anpl e,

el ectron beam ultraviolet [i or visible I'ight. Radiation-initiated
cati oni calPy" Pettsrdl§ Zaprd ¢ ns al so may be used. Reactive resins

suitabl e for fiprmG ne, toe 300 ﬁElQ@Js%%c@iﬁ%%ﬁay@ﬁyloﬁﬁatlalcﬁiastsancbhay of
photoinitiator and af |east one compound bearing an acrylate g rou?

Pr ef er ablptiga ivokésdrighl tepemisvyicarifes 32nd dy dismetsdonan Op%caliﬁoﬂ?qsnﬂﬁ% Bhal , or

a pob yfunghi onad ea@pmﬁél&dnfemﬁﬂﬁhl [n%lufi@ér@ﬁtsb&i%n@éllff@reﬁtrfﬂﬁr?cdahlﬁk&‘éssp0| ynrerl c
networ k upon irradiation. Chem cal - nedi at ed ¥rrer| zabl e resins maiilﬁé e

used (f orsceioanps described sCvsTF: the SpRmsnof F%éea%tw hivtharicviagpened B

addi tion 10¢ Lﬁlvaﬁelﬂﬁtrorﬁ% X i7Y1dnk 38 Yows UHGASB BANE Ater@efroX itdkombinySf At €Nt NoS.
6, 395, 124 and 692, 611, disclose exenplary photoinitiators that are

sui t abl e PYHY %ZPe%22rnaalFa§wmgrnl%nFémﬂﬁﬂva mﬁBF}Vﬁ%ZP%F PoHovR Mg ORed/etngt hs of

l'ight thaia ageubi) t&@&lhﬁﬁs Wyt Mde‘WZaf&%mﬁtfe@*&vltﬁéﬁ:Mhﬁ 398 diifadht A0GmaM) -
Illustrative exanples of resins that are capabl Ty bei ng oImearl zed by a
o

fr el r adivéay aebhgsamety efiragh qxity %?@ whea yieed @frthmueﬁleﬂr thae-46F Z B38gdr esi ns

derived fyQmren©Xk RSowReb¥EsHRillSn the@kyet hers, and urethanes, ethylenically
unsat urated conp ounds, _am nopl ast derlvatlves havi ng at Ieast one pendant

acrylate grou p‘ea"]i1 %96(&7 g%ltn%lu% it EPRE HAVY P AUt 2PeRYS 825 md gbleraie sifler yI at e

group, 20epoey &xesiing iR fikhpbnas 834 af B SRMdpesure 3% AAckiod e st BRE
conbi nations  thereof. The termacrylate i s used here to encontpass bot h

acryl at e<on8pde a6 r rmy assgoond S@”ﬁb‘t‘”@ﬁte Ndth 2 pemperglioni 3130 dhg igstaaaing anpl es

of gg ossl shffl&%@ 14 €& is@Snd HiddinBB¥tof78ndlS §UnéaBur6 @it bih Yneehp@NEcuddr 31 heaneesent
di scl osure. %ﬁenl cally unsaturated resins include both npnoneric and

pol yrer i ceeBripekddsfine diomsBe eitias fP2atldghs rays ingeagepdng LHy fi0sysilehtheoxygen,

and opti qea)&lhylemﬂgrca@mnglg wh Edirbe lﬁaaeplfealbgglmenms he’ m&&dniaﬁ)rs@wfure&ygen or
nit rogen at ons er al | pr esent in eth er, ester, uret hane

ami de, arlevea%@aalgdr%taﬁsreﬂ@eteﬁyr%ﬁ?fégﬂ pyKngRaAe ot Sl Euhn itindSoBs ey BBl y have

a mol ecul REmYE BT th@ErobsesestidnilaiReadlp 044ty 42 08Pre e dab e L REIaBhYfird-8d 6bRI S made
froinr?)t he reaction_of conpounds filnms containing ali phatl c nmonohydr oxy

gr otps, mlqvﬁ%?qt@f%ie?ﬁy‘ﬂrcﬁ%ye%&?ﬁs and unsaturated 30 carboxylic acids,

such as acryl igacRplaghr Vwrig%ﬁf Uﬂfhlcgl@@ércéxamﬁl@wﬁu&)ﬁcelss;énuﬂwa@mlﬁeda@dnd
iso-crotonic acid, maleic acid i ke. Such materials are ty t%l cally

readi |y dbespechiago ety b (éNHWéH%D V&l%me Wé i SIS FEPGrERidths in the S5onp
i 11 ustratjaMRuBXABPhE plakd 1180 mip&{ér}ﬂﬁlcﬂl&Vdrﬁlﬂdﬁf&nﬁ@d'cﬂ lok e BlurdiBt &1@9ﬁaéhy£ group
that are suitable for use in the disclosure are |isted belo

isolated light transmissive cavities 322 are such that the smallest aspect ratio is at least 1.25 and

30 the largest aspect ratio is not greater than 8.25. The light control film 300 would have a viewing

angle of not greater than 70 degrees in a direction governed by an aspect ratio of at least 1.25. The

light control film 300 would have a viewing angle not less than 10 degrees in a direction governed

by an aspect ratio not greater than 8.25.

FIG. 4A shows a cross-sectional schematic of a light controlled article 401, according to

35 one aspect of the disclosure. In FIG. 4A, an LCF 400 is disposed between a light source 490 and a
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(1) Monofunctional conpounds: ethylacrylate, n-butylacrylate,

i sobutyl acrylate, 2- ethyl hexylacrylate, n-hexylacrylate, n-octylacryl ate,
i sooctyl wonygiztesssbor nyl acryl ate, tetrahydrofurfuryl &cmgusane/039266

2- phenoxyet hyl acryl ate, and N, N-di net hyl acryl am de; (2)

D functional compounds: 1, 4-butanediol diacrylate, 1 6- hexanedi ol
diacrylate, 5neopentylg coI di acryl ate, ethylene glycol diacrylate
triethyl éH@é‘P&‘f‘é‘é‘F agl éEIFVF%ﬁ% is qp@@%ﬂaé&ewwsgﬁfé 45@ ?ewhgah SAEES/ R d0 SoRid

di et hyl engvghinelk, stbsaaleVib@t £ beansh lagzg’ﬂchp@hﬁ&ﬁﬂ‘&%btﬁmﬁépla?%fgﬁlw t emitting
trimet hyl ol ropane triacryl ate, ceroltriacrylate entaerythritol
triacryl gtiede disalay.adaspe H}Splemel%? ar&E? ipRitse pring n‘tag?a@(lfgthe like, of a window

acryl oyl %M%hydhhéoaﬁﬁxgmmgatrﬁsonéQﬁbsﬁlﬁe&bImcF 4ab @zﬂﬂﬁcl@de HPBPhe di -, and
pol yf uncti onal acrylate containing materials are used, One skilled in the

art i |1 medifisetions e luded hereingapd pep heraicnted ehEvaiouyath dSGassBonb b T |

determ nezAI he1gerhandcal lm&u@sea le@ﬁlg@ﬁtO?f'& 1@ ol als megéafe@dtmme%eh@kular line
Sone represent ative exanp es of other eth enl cal y unsat ur at ed conpounds

and resi f95 fiepushd-St 0 enty fight Fyp Famdighiesousgr ASf] thitgreiide vigwjpgsprof!

formam deyg 1Mm/ﬁ&ﬂteawﬁg;]@éwé¥qaﬁ,as Dbty bisdwaeapdr ol act am  monoal 1yl ,
al | esters such as dially ht hal at e and di al |yl

polyal lyl, "and
adi pate, and fﬁgd@% shgfvs éﬁ?"%%‘ﬁ‘llqnél sqbgnggic §ﬁ%}*gha§mﬂ0ﬂﬁdgqﬂaqlq Y2atfeprdve d.

LTyt r atdgn¥ gspeet 3k @ic10durd NAFar ARy St tAS4 J00dik ok dd RERESR a lifRkoradydpand! ended
with acrylic _compounds in cavity array articles of the present disclosure

i ncl ude taﬁécfdwopcﬁmiﬁqlewsb‘%?éﬂff oppritel L. HWumlight siyess A8V nln sBBAZ0i n et hyl

et her, beR#Qiithchs ARBOR¥I45@ENe 2 JRBRT @L'ldll ab § QQHY yﬂyst@ltd’g%ray, (ﬁgaﬁno light emitting
20benzophenone/ tertiary am ne acetophenones such as

di et hoxy giefcdsplandisma 6§ﬂlzx»|eleﬁ%<ml?911€ﬂ¢<@ﬁl%{w printed iags %%F Bhf‘efew PHEAY |
ket one, %m&MQ%Q%Ma%nﬂ%&ﬁM& ﬂnﬁh@@&$&hﬁ&ﬁ@i&f@@@cmﬁn&ﬂm:mwofﬂm
|so opylphenyl) roxy- 2- net hyl propan- 1-o
g?uy 1-1odifiqetiens hﬁ?ﬂ"rﬁiﬁ‘il Bt ipgng cqndie %ﬁm%@laf%fﬁ ﬁlé‘?mty 430 gyhampeither FIG.
2 4, 6- t rineshGbeNZIOH 40@diRNKRY L PRRRRRLOE afXE d@s measured from perpendicular line
phenylblé‘ﬁé ﬁ96 tri met hyl benzoyf | phasp h|ne oxi d
1

2,4,6-tr] PusB Ay oineqygnts bﬁwgﬁ frﬁ@t ight 92“%6?%/‘#“ a%’l“%’("ﬁ‘éﬁ“ﬁ% %umfﬁ)

pheny 1- 2-4pk @@ RAckindVieRanoNas ilked cRewliciet hoxybenzoyl ) (2
tr|nethylpentyléphosphlne oxi de, etc. The conpounds may be us

i ndi vi dual |y diGi4F iR Aeelestive schematic of ahgh&%ﬁnﬂ%d@&rqlvoaow?fémgﬁwe

mat 2 i al Sispddcducl Rg1Rut. ar|chat, shws%tteaslo 11 HRICET408] o5 G Riven BRAXY and
vinyl ether functional groups may be used herein. These s%stens are

phot oi ni tSPHEEWP I 8TEHEUM %aﬁ f’rPrﬁ?“Elil%Ftt%?’@Wers‘\?éﬁs described iy e filEiohh B and

di aryl i 0dQqi 4% s@dvcss A, B, c D arﬂo@aft&mbéﬁbus f)&ﬁ10@p£rb@1ﬂ|ﬂefﬁeﬁd1@cﬂ'a$M§@hMﬁas
flexible Iayer used in the nethod of present disclosure is a pol nerlc

mat er i al 1&gkt wadommopRdiarung p §oihd e&fﬁﬂf%‘f‘ F‘H’ﬁ’uBﬁhngD@rl(eﬁéwléra‘Pan%&Sé‘?h

( pol yet hydogpRvERy Bpbtpatkah ﬁ%m sBUEDE 490Qhay elcRylsRIBQichaphihad ake )b frddPPE ( hl gh
dengéty pol yet hyl ene, LDPE (Il ow density pol yethylene), LLDPE (linear |ow

density pgét @EHVWEﬁé}B 6tRer 1ight 35transnissive el astoner, and

conbi nati ons theHRGEN (BGosuRHlovidld p%%ésaéremma{gtﬂeszmle@ﬁw awa%@lereedme
2012/ 162458PCT/ US2012/ 039266 Such materials typically inpart desired

dur abi | i tRjocess|igshidss Fasting @ qblq ey sonnogifemPue p friqrgstipefuied oo} guiingthiicsiB avi t y

array ar tdo&bsﬁuonwmdlr@n&@ﬁgm iehtﬂﬁn@@t%léﬁ&ln lﬂfem@bl ngmmalt FrodhRs B QERBbIULt ur ed
| ayer. transm ssive referably i ncl udes

e etV RRAHEN G, S Se0 0 3 A e Ak T bbb oS ei et ThBont 70 & and

a mpglul uspuBRQUbN Ro XV B3 1 R34 ORrigyeA@ ariziR i @hA Ry PBF mﬂﬁﬁ% Ee&vity bigaysuch t hat

the optically-transm ssive flexible |ayer retains its physi cal
articlés includes the steps of:

a) providing
a tool having a molding surface with a plurality of projections extending
therefrom suitable for forming the microstructure elements (for example,

35 cavities);
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integrity under the conditions it is exposed to as the resultant cavity
array is fornmed. The optically-transm ssive flexible |layer should be Iight
transm sswoeomnd24s8ef erably i s substantially transparenPCTRSRO12/0392861CeE,
filmse with a matte finish that becone transparent when the resin
conposition is applied thereto, or that only becone transparent during the
fabrication process, for 10exanple, in response to the curing conditions,
are useful herein. aﬂow#%%CWBWFéﬁmWQmPWﬁH§ﬁﬁ§S|ve flexible |ayer may be
ei ther a single |ayer g08ptiMlytkansthBUES IGHPBNS RhviRSHidesl k&dnd hbjofuthddayer,
the layer to which the mcrostructured |ayer is bonded should have t he
properties described WaFemnihefystyauqrapriycs of Happiicaiarensiistive Bens laveryar s not
in contact with the npespmld dbtddiEptomdaindld¥ kdBous&l 86k SfnpoliabR GhelelnSt I CS
(for_ exanple, antireflective, optical 15transm ssivity) as necessary to

i npatt desired char acthsthigipesf ths opticelly-gansmissive flexible daycrdp pbpyt 250 pm or

Advant ageousl vy, nult|k§yer films may inpart significant structural
integrity (for exanple, tear-resistance) to the cavity array articles.
Further, the fil hkapnbed fhe gnofding Jurfaeeyisiolustsrod theesin wmpesioryeitahld et ed t o
transmit and/or el £k REIAGH G HRNE] Ghghhs of 11ght. The
optically-transmssible flexib |'layer can be from about 2 microns to about
250 20ni crons thp)@,@nta@rngfthedﬁﬁna%mmosmow&h tadirst maigbeyifacq ofishapgieadlys t hi ck, or
fropgabout 2 m cpangidQe. ABAME 1.98; M crons thick, or fromabout 4 microns to
about 25 microns thick, or fromabout 2 microns to about 12 mcrons thick.
Preferred materi 8l @ripgtherdsin copwpiadn whike iepataciowith tae flpxabdp syer t fympa chyit ude
pol ycarbonate (PQ,, mleyﬁanaﬁhgmrmﬁmamh@d MR ROhYSHIDKL &N
terephthal ate (PET) Preferab he optically-transm ssive flexible |ayer
is available in pkwmwwmﬁﬁ¢cm@y9@%U§@d rpm ghedehr ocess as shown in FIG 5.
Col orant s, pr oggss MuRl fSuSUER 1R rAMLR! ARG AARIS i HEL AR HigicARRNt S,
Iubrlcants and ot her additives may be added to one or

m cHost r wEthercadty ag e prtighg dang padhchat the cevityaiay e bp serfaragod; thirefranygfeey cyringdesi r ed.
The col orlﬁ%aﬁmexamkwﬁu@u%&&%&o sesuseiﬁlﬁﬁpkovﬁﬁh db1d Erep 3Hidh mmq@s' tion
fromwhich the mcrostructured layer is forned ilternatlve ly,

addi t i onairRy artigleinglsfiopatpralyigt capbaditcaiiemachisicgniush mapesils pecfarly @Pqﬂlry:

di sper Se%léaﬁy%ﬁoﬁt%ﬁ@oﬁﬂaf%ﬂ Mllﬁh&v%ctmtfﬁﬂasl&\{l gfﬁﬁlﬁlﬂegsd aﬁﬂﬁﬁtafn%nﬁ@ﬁﬁﬁg The
particul ar colorant selected depends on the deSired transm ssivity (and/or
nont r ans riceBioyjaftenfommgionafithe praicetrong oft gridctingf machineble plagtiss am@utgyo@m:m ly are
addegl at RRAYLet thdierhBplastid M%Ingl@} FRRLFIL, ac&mf ﬁlﬁrn%@mﬁéﬂl%@tﬁ'lg SrdSaflpt
substantially interfere with obséervation of di splay that are conducted

t hrough teafeeans for exmpfe, 91h@1rm@Fbrasswyp2@1@@@2@@@@%5@0@@0%@ it The

anount OﬂnﬁwﬁQkQ&éﬁkm@Q@ﬁQoﬁﬁwiQﬁa&%ﬁ&hﬁ%@%?Mﬂk&hmh%?ﬁﬂb&ﬂﬁﬁ&k%EHHred
| ayer or in a coating that is applied to the mcrostructured |ayer can be

adj ust ed ted plpds. tity ngeehsr ehwhiglh thagiselossfl caviy afrays| agsaorgedp alp eneadiag wpontlve
I'i ght - absgBiAGNRIR lﬁ@t’[ﬂe‘ oF %hqusn{ (Q)?np%Q{l&H fHalcurcl @;ﬁ/l ?'al%}ﬂtﬂﬁ;}ﬁsepﬁgt%%ﬁ tfaé“t%ol
cl osest adjacent cavities, and the t hi ckness of bott om wal

cavli es.readily @i 4 parting lnvse BN beesdcsty taachisysdasireskscpration hajacigistigs. i n t he

relevant]ﬁﬁ&mﬁﬁﬁ%mnﬁ§u§%@nﬁ@ﬂﬁ@QEﬁ§hk9ﬂmﬂkahﬂﬁb&ﬁ%&&%@%mﬁﬁﬁ%%ﬁ%ﬁ§m the
amount of [ight absorbe e mcrostructured layer will increase.

M cr ost r Uteieditcl thly@“reéallefmwtmgn@h@gnqql ghiciengntnsimr eambipionydf defirent saterigl | |
absorb r &) abdih& HatTRLR al100 Bler §NDrfadeNtSh ad¥iliconRSE AhdrinhRli #ale¥ifl YolCdx@BHIE.
spacing of the cavities. In these enmbodi ments, however, the bottom wall
shoul d_ bdf fasispsbpyifable @genisanayttiovrgogporaidripte the rpsin empepitionytogeltiericrdcyited
10tg@nsnuﬁﬁﬁggngﬁm§ﬂg§&gnt|aIIy all of the light fromthe cavity through

t he bottom wal | I'n contrast, mcrostructured | ayers containing | ower
concent r at i onsAsstiscardsbene. thaitpgl cabcgpasic fiomepolypreriy, mesalic, cpryprsita WECeTahigs

W T T equp fi&ialse iRl dn¥eednbo SinRAG E‘c‘hrlﬁg)@f(%he“lgs&(mﬁ ltlc?pe%l\fﬁetd'b?%%él nQHH%’Eloﬁ 0 prevent
light frompassing |aterally through the microstructure ayer from one

cavi ty t dhapghls teelern suchiistapces| the topksheuld hpBeificienly sranseigeh e permithgadizdion om

wal | may fheREQPAELInRISH main%be/&laaﬁ 11;?&#111&&%'15 fm&iwﬁ&h tbis&rsmd  the
transm ssi on of substantiall F ight fromthe cavity through the
3 embodiments can be made include polylmlde polyacrylate polyolefin, polycarbonates, and cure

221 -



bottomwall. In sone enbodi nents, prior to the step of contacting the

nol ding surface of the tool with a flowable material, a releasing agent is
appl i ed twothe/sessBace of the tool. As used herein a "reCeas2og/oagent” is
any conpound, conposition, or other substance, which aids in the separation
20 of the noldable material fromthe surface of the tool in formng an
article. Useful releasinﬂ@agents i nclude silicone ail, pouyvinyl al cohol ,

f 1 uor i natedhap peiiatey r MeteHee!s ris SxicatePekirhdongentes thas padcifeipedin dwgcd ype

and amounhaRf, «& dRIRASING0RERHbYIN bloctlapgita Qi raevanal sudsicl y deterni nabl e
factors such as conpatibility with reactions that are conducted in the

resul tant cavid Joupblepsin isapliadiethgfreldie wHaccbdie toql hEhegrimpionldbs spgh

conmposi t ited it flohig, (ﬁ)ﬂyﬂaﬂ@%‘fﬁ@%ﬁied GG preRsre Ur nlclRinkoNhag!, in adidniet di ng
25process, the degree of tolerance for distortions or inperfections in the

artitl e, @ndexipéemalding surface. If iy peedimbletppbien avffisientayaiidaittich 198 t he st eps

descri bedyapavily #1REhdVPEESHdfoP SurfbBkds Peojéttic@ANVdntile ASIHRY s@fdé.Cl € further
i ncl udes a steﬁﬁto renpve ( abl ation or etchlngL a portion
P

(for exanple, by ¢ |
of the m crostgatiodaf thgisslosmplsoringlydes pdiep elapiegring thqemtsarayarondds bl e

layer. |%uﬁhﬁ%?ﬁﬁmﬁﬁﬁ&aﬁﬂkﬁm;Kﬂﬁmﬁ@%hkxm?%FﬁMmaﬁgHﬁhﬁmh%w%MQﬁﬁPﬁ&ﬂﬂkO a
process that selectively renoves material 30fromat | east one surface (for

exanmpl e, StHeerf the tenpdgtotrugiyres sl de citied Qi Eumeh Hipo?s e Demiidke melifabivot h t he

firsg andnS8eeRIndMRLAL Bk HACE RYRbmbRBcHAY IS dhe dnfphife @ubufd £ad thus, the ThUS,
in some enbodi nents, wherein the ablation or etching step is aEpiled only
rf

S, . bl g
to the findfableapusrialisremeved pmthresugfage of fhe tepaic ptajcars ipdheformeiihtot t om wal |
of each GaMokvuctadl IBRrSel ectively renoved fromthe article, thereby causing
the optically-transm ssive flexible layer to formthe 35bottom of each
cavity in the “dfheagh thagpy iy euyestirdisyre ahpfpgtetized apkaying spbspptaliygaciagedpet t er
recovery @fturel9 w30 262458 ReThbSR0L24:03926Rirkd @Yk rfole@nSdiiih LRk 0m t he

interior of individual cavities, especially when high concentrations of
col b} ant Moty Beygnd that of majnipining e shape olthe fepigess nbhf exiblgrayisr Hray REICkD| at i on

or et chi ngn 5 el i ARRPL@ GrRANLYL hPinkHRIFEEUN PBII0L stblch akRisOdr ahPemar ti cl e,
a portion of a relatively thick optically-transm ssive flexible 5layer can

be uni f orAMeRRBIRGORVENEHSIASE a t hi nner optical | y-transnissive flexible

llayer. Wien batih. § iRwh b k@emandi®aeANsE APROREs fohiiaces 1A0F debgdids td ke are
subjected to the abl ati on process, the resultant caV|t¥Oarray articles can

have i ncrieReseef the ditstosyipana ppiarlfistogion eharesiggpipesigion 520 is extpidsd andses f or

conpg ol | gakys @RIuah heptibohdl Birsk RYBMSpRE 540 bk 8roR @k YATB Elo&e FridifEy &FLhrgnown i n
the art and include r pl asma treatnment, reactive ion etching,

d for exanpl e Y ) .
| aser abl™aebebioll 5aF Ehecfitaulbentolld hiotges(th d Flogkpedspgnetion gad pigs MM yt i c
agents, S4REn@Bod rSIPFIBIIRE GABE RPLAGrALKBNMM. PR FSSinbdMobyIN 853 Heudrd 20%
w v et hanol am ne to chem _etch PET f . The surface of the array

[ ! cally ilm
subst r at @4RNY BEmicEstracdred Rraicgtiongp§e | The pttegied tool Bl 98P canPedptraisd &nehe
properti asandRdthbitbeics HScolhtelc REK WISV difek @ as RS athb BptRMOFBEtHbRDN Of relile
coating can include durahility and such_ agptical properties as reflectivity.

) y .
15The codCMRgtiany 2B opaptiiat Bt i beppespdrcard lopt napfiely fill 4y mienqsfruciuged ¢ he
area |yi ngojeosd $4a. trh€partially filled microstructured projections 584 can then be pre-cured with an

optional first radiation source 540. The optional first radiation source 540 can be any suitable
radiation source including, for example, an array of light emitting diodes (LEDs).

An optically-transmissible flexible layer 530 (for example, a polymeric film) is threaded

30 from an unwind idler 581, over a first nip roller 587, around a portion of the patterned tool roll 583

including microstructured projections 584, around a portion of a second nip roller 588, and onto a
rewind idler 582. A second portion of a resin composition 586 is cast from a second resin hopper
585 directly onto the optically transmissible flexible layer 530 at a location proximate the
patterned tool roll 583. The resin/flexible layer combination is then contacted with the patterned

35 tool roll 583 with pressure being applied through appropriate setting (described below) of first nip
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cavities), on the bottomwalls of a cavity, and/or on the side walls of a
cavity. In one enbodinent, the thin filmis deposited on the entire

subst r at evol2n12aetsRer enbodi ment, the coating is deposi Ped/usroi2iogozsar f ace
of the array. In a further enbodi nent, the coating is deposited on the
bottom wal |l of each cavity. In a further enbodi ment, the coating is
deposited on the side walls of each cavity. 20l n sone enbodi nents, the
coating i'lA&pbshressere applich e Befishp vpller SSTmerves tasonil the appud aEKsiBavi ty and

on the sukfagiRs BtwtdehSHRELI R Bed proj ectlonér ha dr ?Et@rne@@(ﬁ)tl tNG83 bR @E Spticaly@ _
relatively thin conposition (for exanp a thickness that is

signi fi C&WIVS%YFEHGW@%G lﬁsﬁra?ﬁ%ﬁwmwg%!&féﬁt@flfn@%mf %ﬁ@tt%ya%fth%th“et c

subst r at §and rBeign BIoRheNK, st RABALINERE. 2B} SahEQkieNBrh&l Byhd Alcs@ndur&Pnf or mal
to the microsfructured layer, with a 25thickness of about 25 to about 1000

nanotret erfEojcetiqas t3i dRFESER ComPasiian & Bais ichigd RasxDBRIHGACHT Rt  fifps

surface qfidifthha sarEeddu1, FRith %amh@eapmraﬁ@%fmqaﬁ Eﬁﬁmng bfuh)@ thiixekpeSshof the
thin filmcoating can be about 50-500 nm on %gsur ace of the array

subst r at euredsayity anmy agele 4P i Rukladeutefdhe mgfm%d f@?l rtﬂﬁ 3 vsernda rallse 8bout

50- 500 nM@BoltcbRd Biab trRM WA ldfer 882. tTRGoE@MhBdBSentsMaTOptidhd ERb&IadihvRes of
materials can_be used as a coating. The conposition of a coating 3Qmateri al

wi || depeRbrediv2inosiiope toiiec Fadition pie the sepymietugsd sidg qfithe pry ifratmoAtiE

coatd Ng drPasiduip®ie thé BurRBrRBROdI ment, a coating is a polymer (for exanple,
an inorganic polymer). A coatlngﬁcan be a non-netal oxide (for exanple

silicon dioxi désm @lel)Oﬂlmee&Sh@?p gtﬁﬂf?@émﬂé§3 Biay bg brated fampdudate the wis¢osity al | oy,
a metal off 1Re8in CRAPIUEEPIZEOMEES) privillink CaddRRMAIEENOE cBfl B8 thiRnBEbf the
materials for coating the substrate may include gold layers (for exanple 24
karat golt¥tompity coatings are 35commercially available. WO

2012/ 162458PCTif bﬁ%%gﬁ@%@@ﬁénmnhﬁéﬂémé S rdsen dlsclosure Then B¢ RgRANt@ scl osure

prOV|des for arra cavities that are optically isolated in an X-Y pl ane

andldpt i sk e?tf"]ﬂlp%{'ry‘??rﬁ‘%}@ie@é nagrigls Jor e microytriotused fpxer and fexiblaavegppipecdyrred

i sol at ed &yecor\ea| ﬁfbﬂltpfs {RBR ARSI ided ARERLiRon dMhSARR sRIRREH BRALS, t he
nmeans for optlcal(%m%so atln cavities in_ an array includes dispersing or

di ssol vi rfgP® tojthg opfig wre?%agisrvlﬁékewlédanewléeﬁl cure. Byiveeia pisddichent s,

the col orgabbdib@ndiaSQbradalof Bl \ME Al YralhSRRE 88dble lytNesuMBtEféaddd 1§ f or
exanpl e, plastjc pol mer) fromwhich the mcrostructured |layer is forned.

The col orP&eRoterhgnd wgvgthﬁhmpoweathayf@me%? migrsBpgigedlaxes) Spitable eS| engt h

or 20 sel agh@dnd GRaE 10f cxuaye] emetdiSrcbihRhts %ﬁﬁi@hﬁ@haagemaﬁﬂeﬁﬂ{k@exml@auor set
of colors or the entire spectrum of visible wavel engths) of I n one

parti cul £ DERBTLORIA dischardehiflme frHmedlapedicpEplehigh etergy WY éréaﬂélsméfor

spect r umRimpik, gmmﬁa@tr&an@ﬁsgfaﬁa EiRehica$ piGhind SreMBit (Toh BxaBipld dhEmidkTBiVd Si bl e
spectrum Unlforn1y br oad sorbance over the visible spectrumcan be
benefi ci &°2418)- uses where the light control filmis associated with a

full-color i nfrasmBtdiRrdiaarkd iﬂghe%trfay‘étwvﬂle§ RraB8 yidd FRBESt R6dudts iRdi spl ay,
S|n e a col or balance of the inage or ay is not adversely affected by

ect iR idplugiyeifigiant tlepsnigsing of Hghido a %FW%%FV&B%W&WC@ V&f‘élr?s Beffigienti eved

by conbi njuR®ilEPIRI chERiod1 31ailie0 TMsFad Ve RRAENE REuilBoIURS iRudagiants. 1t can
be preferable to mnimze the absorbance in the ultraviolet spectrum such

that curishi§eted frem ghersaipisonsisting ot agrdicbgser msinp ferdad fIR@EPeXiest RIS ERanpl es of

sui t abl e ReLMEANMNS ufdAntNGhyegeall, Qﬁsaﬁ‘ﬁmoﬁmoﬁﬂﬁ Qﬁf‘nd@la@ﬁ‘énvef‘[i‘d@ﬁﬁbﬂg at
carbazol e violet, and Foron 20Brilliant Bl ue abl e colorants

descr i bed<#iEs PR3] a5Rpte goup: vglwréfﬂlyl%fm&wa@|da§‘éeésfr°m\%1ﬁchmnmeﬁg gxanpl es
of spita ogloﬂééﬁﬂ&%rﬁlﬁﬁ@%séo?@ﬂa%dﬁn%ﬁklw lﬁmﬁlﬁ BOBSt Q%%ndaﬁ%cg@éﬁ@-ﬁﬁh@ CPOXY

1,5-bis[(1- net ¥ et hyl )am no)] -9, 10- Ant hr acenedi one
1- (hexyl arﬁéilrﬁ&)t 1cp hﬁ]sllaqrbl% 90035@5 agﬁmtge%ﬂ@&p@h@ytwns thereof. Polymers such as

bi s(trifljsaramhhansay (HhanyEemidahen fol pakyday anéghtafesiphh@! panaeie, 4-

and cross-linked acrylate such as mono- or multi-functional acrylates or acrylated epoxies,
acrylated polyesters, and acrylated urethanes blended with mono- and multi-functional monomers

35 are typically preferred.
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25[4,4-bis[(trifluoronethyl)sul fonyl]-1, 3-butadi en-1-yl]- Benzenam ne,
4,4-[4, 4-

bi s[ (trifwoanmee4sgl ) sul f onyl] - 1, 3- but adi enyl i dene] bi s[ RCRu$2owi0BY2k6
Benzenam ne, and 4-[4-

[4,4-bis[(trifluoromethyl)sul fonyl]-1, 3- butadien 1- Mor phol i ne) ;

p- (trlcyanOV|,{I) aryl am ne dyes (for exanp (%4 (dlbutylanlno)ﬁhenyl]-

1, 2- Et henet rieemobmerydre wlcalm%fé%@rfph@e&p@@re( &he felloxrigy rgasons: hig

[ (1- methatharkéad th\hﬂ)ﬁln'eﬁﬁﬂl sta@ﬂlﬂeLﬁ@élﬁﬁ}]ex&ﬂ%t@él%@ﬁ&%% tb&link 83 moRNd
ndoani I ine 30(in ophenol) dyes (for exanple
44[ 4- (di riet Righ &3ePR1D)p FEASFETVINgi2831081 ( 4H) - Napht hal enone and
4-[[4-(diet hy|@H&r@@sﬂﬂ%%kémﬁﬂsr@)@hﬁteﬂaﬁé%mﬂi@@&&&%ﬁ%ﬂ@ﬁ)crosh@&ﬁ%@%&mems
subc] asses of nerocyani ne Q%FS W th appr@grlate absorption spectra, are
sui tabl e %&reEEVOFAAES AP beige e1ees-inked bt fred radirad oy werigaiors o e
enbodi fTEF}Be%harﬁJﬁ@b;%?Jp@Ju@élb alBYc R@a@onPiod E%Iﬁipleo Ele&ro@l)b@arﬁ RiattavR®% MhiSort he
35transm ssi on of sel ect ed wavel ength or a sel ected band of wavel engt hs
(for exarpiide lightt R@dﬁ@fl@@matmazmwlz@9@8@@@6@@@@ @f@gteesea;a%%ﬁ‘gt hs) of
light. | n.3QngitSHeiiRRL the nliflSafd!RRAL nfI¥e BRnd P bRUTBRKiatOf and aflifit t hat
absorbs a sel ected wavel ength or a sel ected band of wavel engths (for
exanmpl e, YAF SPBPWNhRsAENEHYRCHIte vl i Rjpferadhretinblead ¢opiins paapiuadions df a
di f f@r entqispdiReiieHd AWM AIBRGaTCoRpodhdSE le@sﬁltqunrﬁﬁ&dofchfcr%‘ﬁﬁlte%%tyhﬁn& for
exanpl e, ul travi ol et wavel engths) of enpl ary colorants t hat absorb
5vi si bl e NRENASK g timdiagion, %qwcaéﬁtfdla@fi ﬂ?Plﬁ“nﬁlﬁ@b]F S m@rs yredeor gvapplevi ol et

wavel engtihge ahy bé ﬁmn@fz@d ﬁm&%am R vM{thceztddﬂiog BN theRRP AR or d¥diak abl e from
Penn Col or, Doyl est own icles of the ﬁfesent di scl osure may incl ude

a col or arhenzorh@r%ebrlé%tPaF?aWSn@ﬁ%?dB“&n%ﬁa%?e 1, digelepg exemplagy phatigipitighprs

pi gment s, A af@sﬁfrtmeefopffreec}mcsal ifMatiBn SYSRINMALARA uthe RBVIhY¥As Of lighBaifa@f 890 Ng.
In some enbaodi ments, the col orant includes a nonionic colorant. 10Resin
conﬁ%5|tﬁ8ﬁ§“b?r¥%%@b%%%@ﬁ?]ﬂm§éﬂ%%ﬂm@m@an include a colorant. In some
enbodi ment's, tihguhes e@arﬁﬁl%éslﬂs Pixt £:8 QapABle RObINBY olly ARG Bty RGAdidd C

radi ati on (for exanpl e, u.v. [or near-u.v. wavel engths of |ight).

Excessi vén%%wp@lﬁwn Be USF%e%}eﬂf}cmde agrahif-base Rsips iy SlffRueconies. @PPEYETency  of
the pol yrnRiyemalsi M0 uRAREESShyldditifly uhduSAR oRFHRAL AR last deriViYciRvElgsd r abl e
to select a colorant that does not substantjally affect the polynerization
process dfast ¢8 PPRERPYACIYIEGHPYS ISPHYERAY fGvatisen haying at leagt gpopeadint ?%‘é}t‘te igEoup,

subsg ant i pbdyyrediiAMEARS bk Plafe@Epdicy, and R 1@Es zﬂﬁ%BmHmb{uonWﬁl\éﬁbﬁnﬂfe I?esﬂq I'n
certain preferred enbodi nents, the colorant does not substanti

i nt er f er @CRHAHS P17d Pe1edurtspmpaie betk agrrlachinsigrshaciptasn o> SAan Yo 4 %gﬁohe
”1CrOrephh&ﬁ%@%&mmﬁ@hﬁcﬁhﬁmﬁ&ﬁﬁﬁﬂhhﬂhﬁﬁb@ﬁ%ﬂﬁn&wﬁywﬂ§§oﬁﬁébéﬁhﬁ

i ntensel y-colored resin conpositions that are uninpeded in flowinto the
20nlcroré$FF§%F|on nol d, as conpared to the uncol ored resin conpositions.

Thus, in sone mﬁsi)éiﬁhan?ﬁﬁs&urdtéd rbsinsAR S de BBIhEn dnBmER] BAtpoRneHt &fn%hndshl@aft is
substantially transm ssive for one range of wavel engt hs of (for

exafbl e, QNGIn kg of parhn hydiogen a%%ﬁ%@‘ﬂ%’}“’%q& nglas@e S and ’Q/aq%ﬁﬁ%ﬁﬂﬁtl ve of

anot her rnaRGRI RfcinaygLengtnitt ot atbhg Rt bdih Afc RXSHMW BeschOR B@S:, Qker Mirsthdke
mavelengthsa 25Further, it is desirable to select a colorant that has a

hi gh enough < B1457a groupsi Kthyleicallyampptyraadenannopigly Prederahin hayg @ mojgsuler yight

absor pti v 1da¢ m&eﬁﬁohﬂsowam?m erabbst andrd Rhdoyrdhe Bt aALRE of BenRuRalhi es of the
pol ymer and/or substanti al interfering with a conponent. For exanple, the
resin corfﬁﬁtgﬁnmgahphaﬂemmha@r%émw Yk W§Y<HW&rwpéﬁ@éPnaa6we% i mes as
nucho | i ghtarboRy1fchBidd 8Rn6d BerPiiB dRANSSthh AR dcld, ARSAE B&d, IchotdiiacRil Ro4RfodM I ange.

Preferably, the resin conp05|t|on i nc udlng t he
acid, maleic acid, and the like. Such materials are typically readlly available commercially and

1,
2-
[

can be readily polymerized.
Some illustrative examples of compounds having an acrylic or methacrylic group that are

suitable for use in the disclosure are listed below:
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30col orant may absorb nore than four tinmes as nuch light in the 480-615 nm
range than it absorbs in the 375-450 ri mrange. Thus, there are two
factors twetoramw24f8i de the selection of a colorant for ®REE/USR0IANEI266 €S
according to the present disclosure: the Absorbance Ratio (A*), which
indicates the ability of the resin/colorant m xture to absorb the wavengths
of light; and the Absorbance fraction (F), which 35indicates the ability of

t he resin/ col dbaHenafinetiefebeqnporpdsndivileriye nopidicerye-Hebew lary e 2used to
cure WO 2012/ JRAARARG é@&%@fa%%%owﬁcrpﬁ@ 1@0&8/ﬁf5k9§lht%l%ﬂa hddylhBi S

exanpl e, a wavel ength of about Br oadi both A* and F can be

cal cul at ed f ortetehydrolisfugdipraylaftd- @epwﬁfahl AV, ali&be hgdimsiylegysmidgavel engt hs.

As an illustratj N&&ﬁ&ﬁ%&po&%ﬁi%ﬁ&ﬁﬁl &Gy Hef ,@ﬁ&ap@m\aaawyta& respect to
a wavel ength (400 nm that is useful for curing ymer corrp03|t| on and

two havel engt H@OB(@BQ@IWH% dirraysocthyigre ehyed! dfaawyﬂat%wtﬂlﬂwgkycwaiﬁg@/ %% visible
wavel engt hs:  Altracth gl@ﬁes@yébl 289 h{c2yMaesen aﬁﬁ& glycolldiag{j/ﬂatca@l&pr bance at 550 rim

A600 = [ight absorbance at 600 rim an action of

transnitted) 16 @I@QCQOQ@AQWOP(“J&SWWYN@HG)%E”ra%‘"ylﬁ%élyw‘l’ F@ﬁ"tyla%sor bance at

400 rim AS550 renthirgittitoBRReE RARNGS Ry RN tddXhcrNBOOind rls(ght absor bance at 600
nm and A = -ng ﬁ r?'Jziilctl on&gf 1%;lhtlty%ransmttrxfa)fd) A hi ggher A* factor

i ndi cates that? lq?‘é%‘hﬂ)l%}‘ﬁ%@etl on including a colorant is absorbing
15mpg e | 'Igé}’érablgl Eléﬂﬁs ¥ SbL &li, o ly6RRRo LR R bhtdithSmB¥ @48 hse@NBne

therefore | ess aop tical cross-talk between adgsacent cavities. A

| ower f%&%fn thfh'ﬂ“f Y‘,“é]t"é‘éerﬁthl%ﬂ thatyarypngdhetalies ipees EhF%S’r?OinE"fiﬁé‘iS il ﬁqtﬂ”an%r e

near - u. v théh%ﬁméﬂ?&p&ﬁkédﬁl{em&y&ﬁ(&lfmit&)alre| ative to visible light (550-600
nmin this exanple) and, therefore allows good curing of the polymer while

al s0 absor bi ngOMeGHTCsERateEXapHese Owgthl@lwéwwé%f SOmpeyngs 4 fgsins

enbodi e Hﬁc&udets’%en@ Qil@ﬁyﬂmnzéﬂa JiRg (TRAe T’N’-Fzmm %Mdd@ NOMhﬂ ?%@I&loﬁ@ sofikance
Ratio (A*) of about O. agreater pref erab greater;

mor & pr efCéPraBPtﬁmalﬁowalbdfPOiy Ylo?ndg’beg’Fg‘rauylé%rﬁ S%raédﬁlhéﬂoeﬁhalmeyn%al}»ﬂ of 1.5

or great elipaRNhd AR Fafd oRYIRIBIIRRICH as RIN-Aa1EdighnfldOr greater in a
mcrostructured layer with a thickness of 5 microns. In some enbodi ment s,

the col orant iHUSREvefsABRIEY of phatpRAENGIzaRAndRLatar thepewbe Risadedruiiiastylinr ) of

about 0. azoﬁlbmgia@ﬁltc@{?l? AP LAILRE 8M2hypro@ht dicldiire hcud® theGEIRALEY berP R fcthyl
preferably an A* of reater; even nore preferably an A* of 1.5 or

0 or
great er, %R ®feheHP PRt %Psémhyr begpoinssoppopyl e@leb PGI&P’é‘d%OQPWI ¢fheg, ete.,

M co@st r uhibhRchoh@Y@iarphrhite aac@tlswém@s%cms A8 $EtEORSopHAEn D b &A@l 1
m xtures allow rapid phot nerization of the resin conposition, while

(0]
keepi ng tifsel é&yeﬁoamyclﬁmwgm kejong; s Pekewd- WﬁthYlh]ePI&Pf(lP]i?P@ Lippced-(4-
pol ymer i zgfpkddRipheny1)-2-hydroxy-2-methylpropan-1-one, 2-benzyl-2-N,N-dimethylamino-1-(4-

morpholinopheny1)-1-butanone, 2,4,6-trimethylbenzoyl-diphenylphosphine oxide, phenyl-
bis(2,4,6-trimethylbenzoyl)phosphine oxide, 2,4,6-trimethylbenzoylphenyl phosphinate, 2-methyl-

25 1-4(methylthio), phenyl-2-morpholino-1-propanone, bis(2,6-dimethoxybenzoyl) (2,4,4-
trimethyIpentyl)phosphine oxide, etc. The compounds may be used individually or in
combination.

Cationically polymerizable materials including but are not limited to materials containing
epoxy and vinyl ether functional groups may be used herein. These systems are photoinitiated by

30 onium salt initiators, such as triarylsulfonium, and diaryliodonium salts.

Preferably, the optically-transmissive flexible layer used in the method of the present
disclosure is a polymeric material selected from the group consisting of PC (polycarbonate), PET
(polyethylene terephthalate), PEN (polyethylene naphthalate), HDPE (high density polyethylene,
LDPE (low density polyethylene), LLDPE (linear low density polyethylene), other light

35 transmissive elastomer, and combinations thereof. PC, PET, and PEN are particularly preferred.
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30l n some enbodi nents, the colorant in the nononmer m xture provides a
Absor bance fraction (F) of 0.25 or |less, preferably 0.10 or |ess. I t
will be rwoecgriwes#sby a person of ordinary skill in thePceluSe@nto3®sé t hat
the principles enbodied by A* and F can be applied to other selected

wavel engt hs for photocuring and the Exanpl es described bel ow are nerely
exenpl ary of the way these factors can be used to sel ect 35conbi nations of

col or ant sSuﬁJil mﬁtegﬁ@typwléy igwart despddustbility Ylpxibdity, and light tragspissivlly tathess- t al k

bet ween agjuf&R BiviG athy drB8ess iRl giedRd bhYdisevRl @b nfi e Sl RGEUdi Ng,
for exanple, an optically nontransm ssive col orant dispersed in the

nmi cr ost r uct ur ederatety-trannvstve daribly layeirelaiabliincdydgea %ﬁaﬁrﬁ@w%a glpws

si dewal | sra@fiti§emp@Mlileig@Siter heh MouV R dnlllaMdagiul 4vuvek h@ Palr RGeCavt i es,
relatively thin optical lﬁ transm ssive flexihble |ayers, increasing the

spatd al FOBFEF BEfERIOE stchehat B Ppifcaly-traparisging %Wﬁiaﬁ%&r%lﬁs Btrhyferlor nore of

the for eg@ﬂeg}ﬁy fiact ge %ond%h!; @l exﬁ&s@&ﬁ) aTs ﬂ{ei{ves‘ﬁﬁzﬁlt édv%? aH@y @fkdeed etheby the
density and cross-sectional area of i mge_ pixels, relative

in
to the crepdeldrpsnytrie flgxible Iyt thepld; bﬁagvutmﬂgpssevam prégerabiwﬁésqbﬁt@@ﬁwon wil

be furt thangﬂa}thstﬁoain@tdn&yﬁlhﬁmﬂh%metﬁglsﬁ 08t 6RbhOMARSr AP Whéd i tking Exanpl es.
Al parts and _percentages are expressed as parts by vvel ht unl ess ot herw se

i ndi cat edompesitERAMPIPEST therptopeqthas Onlpjé?@éﬁﬁrawgremrdaf%%le figatiop proggse felkanpl es

arej®y Wekahble, ikl kSshse 0MLLriAE ERINLSSare QM ABlm. and ot her reagents used
were obtai ned from Si gma- Al drich Chem cal Conpany; M | waukee, W unless

specified diffidreniqaly-tramsmissive fipxble layg magz-citherpapmgledpyeneraditiivm 3m

Conpany, cshpoRatts.deditd. BMBARI:, 1 LRPH MO8 rdstEBMaGaTPRMed shbuld Paul ,
IVN. Car bon bl ack paste #9B898: 25% carbon bl ack paste obtai ned

f r om Penmetothepropatiessiprceibediicin paisetul indhat prgard wdthpthgr ]ét/ef%ﬂl% perafasvig5949D

obt ai ned the QR %r@iaﬁé t ha PRy RS {o@WhhracRAisti opéMﬁlpiElJI@lreﬂectlve optical
2- hi/droxy 2- met hty) rophenone obtai ned from G ba Specialty Chem cals, Basel,
. V) b

Yer | difgsmissivify) as necessary Bd%%?esmhawtﬁ%%lﬁ%ﬂlo t%ezewlt@ltﬁ?‘il‘afé‘frhﬁyl benz oyl)
phosphi nea @xhee o, ﬁiu'ﬂﬁg/ef ﬁl‘ﬁmngybﬁ APSRRGdaA] divictERENicEAly $ior BasPle, tear-

Switzerl and. Des adIISOC anate, sonetimes referred to as
HL2MVDI  or'¥4¥Ee) (DB a?wéarrfw ﬁﬁ?le“afélrtherﬁh% filaps sgshin a plti-fayerapnsiuction cah beani ¢
di am ne C&@lﬁe@tbd‘@draﬁsfnﬁlﬂﬁn'dw beSfe@ se W AW NQIB8ths $MEght.

The optically-transmissible flexible layer can be from about 2 microns to about 250
20 microns thick, or from about 2 microns to about 125 microns thick, or from about 2 microns to
about 50 microns thick, or from about 4 microns to about 25 microns thick, or from about 2
microns to about 12 microns thick. Preferred materials for the optically-transmissive flexible layer
include polycarbonate (PC), polyethylene naphthalate (PEN) and polyethylene terephthalate
(PET). Preferably, the optically-transmissive flexible layer is available in roll form, to be used in a
25 process as shown in FIG. 5.

Colorants, processing aids such as antiblocking agents, releasing agents, lubricants, and
other additives may be added to one or both of the microstructured layer and optically-transmissive
flexible layer if desired. The colorant may include a dye that is dissolved in the resin composition
from which the microstructured layer is formed. Alternatively, or additionally, the colorant may

30 include a pigment that is uniformly dispersed in the resin from which the microstructured layer is
formed. The particular colorant selected depends on the desired transmissivity (and/or
nontransmissivity) for particular colors of light; colorants typically are added at about 0.01 to 5.0
weight percent. Preferred colorants do not substantially interfere with observation of a display that

are conducted through the cavities of the LCF.
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EGC-1720: a fluorocarbon solution obtained from 3M Conpany, St. Paul, M\
30Fl uorescebrite Plain M crospheres: Fluorescent beads obtained from

Pol ysci erwo2p11we458\War r i ngt on PA. | rgacure 819: PCT/US2012/039266
phenyl -bis-(2,4,6-trinmethyl benzoyl) phosphi ne oxi de obtained from G ba
Specialty Chem cals, Basel, Swi tzerl and. Kapton H a polyimde film
obtai ned from DuPont Wl mngton, DE. WO 2012/ 162458PCT/ US2012/ 039266
Lopar ex 10256:Th§ aW%PB%Fql?rélﬁﬁédqdr“éﬁlﬁ &dingom whick s aigrprigetuggayenddn # r om

Lopar ex, MiddzanisapKlicdhd thk RBdrSstructured laybikGh bé Al depending upon one or more of
2,4,6-tri et hyI benzoyl phenyl phosphi nate obtained from EA F, Luw gshaf en,

Ger many. tBMefpwag parsmetery: tbfshglﬁt e‘rsawr(gﬂ)r?ﬁert)es %ﬁht‘ef&l%myfé%fhétﬁnqelbrsfrﬁeelwch is

adhesi on Jds8b@sbcRtatings, Slddts thRRARL HaR: fJtem MIRE fe.caMiidsTNEH BB rec%lzed
Phot oner 6010: obt ai ned from Cognis, Monheim Gernmany Photomer 621

obt ai ned tBrRaRISeREArdnarysHH &) e redsyprhar yhabry the fRccrEhon offhs ealoran i “?CF“@?ﬁSCogm s,

Monhei m tﬁ@irﬁ&ﬂf/ofl@ﬁ%&&lﬁ&%?&heﬁhﬁﬁ%t"rﬁcﬁﬁéd IRRS Wil fidreasd. I €Si n obt ai ned from 3M
Conpany, St. Paul, MN. Si|Flu 50MX07 rel ease |iner avail able

Si |i coNat ure U&arostryctredhyangptaining higirepaeentrations plsolpsu vyl aba?raéfflwak‘/e
obt ai ned i@ NyrPahd, M will lpBenit relE BNc1ERr spatfRaSk theaP SN X Yhed ditlodfthy! at e

obt ai ned fron Sart omer nc Ext on PA. 5R545: an MQ resin obtained from

Mbnent i vdOPEYF Ghakatien Waksheyld bepropgriiens relayely sy dparderdn pAM¥deE f r om

Sar {@mer , trahffissionFaf k@3 aRAdlly all of the Ti TEIH'T% ¥ davitd th%%h Mol tWaiICk
pol y(et hyl ene napht hal at ez or filmobtained from Dupont-Tei |

Chester, VA VNEC@Irastpnmsing tuehiaySreeqniinipelWer coptean#ivgs ?frcel?rae&vtﬂi absorf)
Vauwat oS gelaiiely 12Q ViRl 8, BRI WDeqire Yi1RNELE pARE g,asﬁgbfaﬂh@emlea 0% @dr ggrent

sol i ds obtai ned from Penn Col or, Doyl esfown,
prevent light from passing laterally through’ the microstructured layer from one cavity to an
adjacent cavity. In these embodiments, however, the bottom wall may be proportioned relatively
15 thicker and still permit the transmission of substantially all of the light from the cavity through the
bottom wall.

In some embodiments, prior to the step of contacting the molding surface of the tool with a
flowable material, a releasing agent is applied to the surface of the tool. As used herein a
"releasing agent" is any compound, composition, or other substance, which aids in the separation

20 of the moldable material from the surface of the tool in forming an article. Useful releasing agents
include silicone oil, polyvinyl alcohol, fluorinated silane or other known releasing agent. Selection
of the type and amount of a releasing agent will depend on several easily determinable factors such
as compatibility with reactions that are conducted in the resultant cavity array, the strength of the
tool, the curable resin composition, the environmental conditions of the contacting and molding

25 process, the degree of tolerance for distortions or imperfections in the article, and the like.

In some embodiments, in addition to the steps described above, the process for making a
cavity array article further includes a step to remove (for example, by ablation or etching) a portion
of the microstructured layer and/or the optically-transmissive flexible layer. In these
embodiments, the cavity array article is subjected to a process that selectively removes material

30 from at least one surface (for example, the first major surface, the second major surface, or both
the first and second major surfaces) of the cavity array article.

Thus, in some embodiments, wherein the ablation or etching step is applied only to the
first major surface of the article, the relatively thin bottom wall of each cavity can be selectively
removed from the article, thereby causing the optically-transmissive flexible layer to form the

35 bottom of each cavity in the array. Advantageously, this process can provide for better recovery of
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M croreplication Tooling | (Exanples 1-16) Tooling was prepared by a | aser
abl ati on process according to the procedure discussed in 25United States
Pat ent NowO@o2Bs24381. Tool A was constructed by coati ngrPaTasetihaseséacryl at e
pol ynmer (Photonmer 6602) to an approximately uniformthickness of 165

m crons onto an al um num backi ng sheet as described in Unites States Patent
Application Publjcation No. 2007/0231541, followed by ablating the coating
to produdighbirmeRisgdHam e ipaired individipl Gritigp sipscialiphuhep dighicongspittisss e had a
center tQoRremt gt ufigstance of 42 mcrons. Each post included a circular top
30having a dianeter of 27 mcrons, a sidewall angle of approximately 10
degrees, and d"RESTEvC BRbAgMGHe PBFSN thegblation gleichigrtep Fi?é’?gﬂ’ B tafieat i ng a
125 m cr QRednBinfalor KaRLOHE tht BRLY,iaPofRn bt 4 MAIiQc1¢ ARt JpHEL Ly RRBINS ssARVcRiB1cA
hexagonal | y packed array of posts. The resulting posts had a center to
centﬁgr diletearmnde gpifegmbyicmpyiddo a??éu‘@&dﬁn%§t’“‘ﬁa%gﬁﬁ@éfﬂé(e gexiklafayer tBshavi ng
a di amet ajotiathe Arét HdGERAS maRr MR Ihe 3ABlcQrQlbRAR @XhdMBlabY prb&sdegr ees, and
a height of 34 m.crons. Tool C was 35constructed from Photonmer 6602 in the
sane way 'S¥UIEEIVitK atrey HHKE @n Arseddrsriand lightisormaigsian frefy theyggyities.

2012/ 162458PCTH bS04 O3H3MH1PTb1RAS frtn Ml o GRAIR potyth FE RERY ardliuhdne icOf 34

m crons. Each post included a circular top having a dianeter of 27 m crons,
a si deval¥t @ gichidp oy pnginigta fryatmontdistitiseion cighide dasseatitionor cemicdl cr ons.

Toolh Ny hfRGR: LEBMJITBRS icRENITRIch 0P o1 oWRSntdihih 8 koM Iwae pRask @At ed
using an apggga{ugﬁgéscrﬁ%ggxgﬁwdgtaiICin Uégggtentlg; 88,594ﬁﬁ¥ﬁé pol ymer

t ool was hunideanbilovtirdhagglpming iq dgmicalusislelectde and the chamber was

punped down t oriR sBaRe ofthe HsH s8bRhte M6l B4 T wify DB 1838 o MBserialMolaRlced 1 nt o
the chanber at a flow rate of 500 sccm (standard cubic centinmeters per

mi nut e) dRdPpreatisTand fastioatothtcariichOeriFdly PagredicpaliBs cuting@ igldes for 30

seconds. gfdbafty Ha8ud GAbal ppsHB Lhr&RtMERHL, 10tetramet hyl sil ane vapor was
i ntroduced into the chanber at a flow rat 360 sccm and the plasna

f
sustBinod at | o hGHRINE GRY Bodengaiter en fhssuriese S 6 AR, (haF bahe 1Y BE 4EHHS he

treat Wentca'biﬂes?,%rﬂ@er%hbﬁﬂw&illé SNca VR @hd/orQOR Y GA3ls wﬁeﬁcaiv Tadueadbdinh@t,t he
chamber at a flow rate of 500 sccn1and:ﬁlasna sust ai ned at .a power of 500

wat ts forhebinddrdhdpositrhen fr sadardsirHe t Renehdsmbrdiner HgctwHese dproatita
t r eat mentonSRERSaRT tHeRrrhy) €n2A-dehe TR Jdih RO IR codt iPIPSNRJ 6RBRBEHoRS1 t hen
vented to atnosphere 15and the treated tool was dlq ed in EGC 1720

f 1 uor ocarBerhsayityt ilphiurtheembpdinentathe genting i deppstieded thesidgvally @hcagh cavdty C f or

15 20 nut a8 sonl@GhbodiRAE, thé BakiRLisidBpds ikl chaR®ooied vl ar@@lic Malls of each cdi§ POl yner
Tool B was plasma treated using an apparatus described in detail in US.

Pat ent Ngd g1 thggurfaga of B byt mer t ool was nounted onto the cylindrical

drum el ect r oderr@rgmt"b&utiaNasRRto WesatRUYREA cHPURitbO(fer RASH R MH Witk a0f 5x104
Ton. Argon gas was introduced into the 20chanber at_ a flow rate of 500 sccm

and pl asriCKg that ds sigmdficapintprdBrngithes chsptsristiy dimpryions ot the yugstratp st conds.

After the atgRrenibodisiR, the 8adiAE Rtunifb8f ind ¥BkHkas fol (ROBicYRARurv@Rydr N ipduced
into the chanber at a flowrate of 360 sccm and the plasma sustained at a

po of tBigknesistpkout &3 tosgout d AYpaometers. The thickness of the coating may be non-uniform

over the surface of the array. For example, in one embodiment, the thickness of the thin film
coating can be about 50-500 nm on the top surface of the array substrate; about 25-250 nm on the
side walls of the cavities, and about 50-500 nm on the bottom walls of the cavities.
Many different types of materials can be used as a coating. The composition of a coating
30 material will depend on the array material, the application, and the method of coating deposition.
In one embodiment, a coating is a polymer (for example, an inorganic polymer). A coating can be
a non-metal oxide (for example silicon dioxide (Si0;)). Other coatings may be, for example, a
metal alloy, a metal or semi-conductor oxide, nitride, carbide or boride. Other materials for
coating the substrate may include gold layers (for example 24 karat gold). Many coatings are

35 commercially available.
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25Resin preparation Resin fornulations were prepared as follows. Sol ution
A. 1125 grans of Photoner 6210, 375 grans of SR238 and 15 grans of Darocur
1173 wer ewoentwesdsi n a glass jar. Solution B: 3.75g of PCTgscur®3BRE® was
added to 5R339 followed by roller m xing overnight to dissolve the Irgacure
819. Solution C. 3.75 grans of 30lrgacure 819 was added to 187.5 grans of
SR 238 followed by roller mxing 18 hours to dissolve the Irgacure 819.
Solution D. solutions A, B, and C were conbined in a glass jar followed by
m xi ng. Topdchirsos added Darocur 1173 (3.7 g) and Darocur TPO (32 g)
followed by roller mxing for 30 mnutes. WD 2012/162458PCT/ US2012/ 039266
Sol ution E: SolgPressnt Bsglome myvidesdorgrarsed cavitics thah s apticg|lniselafed in andgyhon

bl ack pa%ﬁeﬁmaliy%gamlm iRddedist Thd HRitROLtbe Optic@ 1551@4e116§amﬁe%doff or 18

hours to prOV|de resin formulation with a final_ carbon_ black
concent r dRaBhdsfribgddqerein. In some embpingenty thepmeagyiop pptispllselatens cayitihes 2l aced i n

an anber agllaﬁﬁféluh@srdlspgﬁﬁlg@ﬂdlmo aR%ﬁ)Trz%t ﬁﬁﬁea%%&sﬁé(@urgd E}erwﬁﬁsoﬁl‘é‘ded to the
solution and roller mxed f hours to provide a resin formulation with

a final cHPBGRCHP e{b%%ﬁ&&ﬂl%lﬁdoﬁ ugtorpdy digpsrsgd inghe mptergd (gt pgAPIS plads g)

was pl acefdiyinfrabnd¥Riek the A& Ssthudtired WO forPt@Ck paste #9BB98 (19.4 g) was
added to the solution and roller mxed for 18 hours to provide a resin

formul ation wi'ths calorapiyay kegrm@renbpacdre dishebspidr asslestrdorvaonethgaseigetebn H:
Sol yg i on gand HOEvelkn R e 2mefk, b PardbulAEORE 0@6@&%0]0?5"@ théieitp28943P (121 g)

was added to the solution and roller mxed for 18 hours to provide a resin
f or nul at i ‘@¥PIWvEYE %}gﬁlﬁ)r?élhg% &1 ¥ PRTGHTRTDCORCBIE PREATB Rragfl algygbance over a

Sol ution Jige édil&rqp@tréﬁamgtglc Odréférréﬂa&cﬁ’ b26REthS SntRO Burdn Va8 &eltlund
hexanedi ol dlacrylate and 10. of 5R339. To the solution was added 5.94g

of oi | bltfomnly bad aborgnisevaghe ﬁﬁblesp@ttma camlsrbeagficib i uses ihere thedighhd t he

conposi t i @htrdMdi$m EE' X @Wialc with AFQI-886:dh S8RV bidige WiRRure sIOE asmn)‘iﬁlﬂgeeor\éas
centrlfuges and the supernatant (193. 85&1 was recovered. 68g of Irgacure
yi

819!and 3lipby dce pgeler bakpngpebthe | mge A RPEY oot h@essalpséffﬁfé%ddma selHCj ar  was

t hen cap%@br%nﬂ M R6RWadol) adr&ul akRFbah@f calbX ARGy OMSF BBing Mplim&ftarl he dye
appeared to be dissolved in the acrylates. Subsequently, to the solution

was addedoBe fouy Voo noiedisa enigrdits Thgapfe PWEFF%PFF@P ngaimire thepbsabangs indbe was

subj ect ediikR ikt RtHih N8EL MhoELAG: df"t‘he@eﬁhﬁ'ﬁ@f unfd91ry idhifIRUI NoMNiRPRP geneRuYs
bl ue- colored sol ution was obtained. Exanp 1-5 Mcroreplication was

per f or mecPf5&1aRlg caloryts e linﬁladepF%eé%@l%gara%@?qkb@ehsrfhC@@Folpdmlqt@aé FeiNo. WO
95144164, mngadeseri bed above. Unl ess noted otherw se, the UV cure process

25used in these exanples did_not include the optional second radiation
source descri bedahlecqtprants gescrlbed herein belong to a variety of dye classes. Nonlimiting

examples of suitable dye classes include anthraquinone dyes (for example, 1,5-bis[(1-
methylethyl)amino)]-9,10-Anthracenedione and 1-(hexylamino)-4-hydroxy-9,10-
Anthracenedione); bis(trifluoromethanesulfonyl)methylene merocyanine dyes (for example, 4-
25 [4,4-bis[(trifluoromethyl)sulfonyl]- 1,3-butadien- 1-yl]- Benzenamine, 4,4'-[4,4-
bis[(trifluoromethyl)sulfonyl]-1,3-butadienylidene]bis[N,N-dimethyl- Benzenamine, and 4-[4-
[4,4-bis[(trifluoromethyl)sulfonyl]-1,3-butadien- 1-Morpholine); p-(tricyanovinyl) arylamine dyes
(for example, 2-[4-(dibutylamino)phenyl]- 1,1,2-Ethenetricarbonitrile); merocyanine dyes (for
example, 2-[(1-methyl-4(1H)-quinolinylidene)methyl]-5-nitro-Benzonitrile); and indoaniline
30 (indophenol) dyes (for example, 4-[[4-(dimethylamino)phenyl]imino]- 1(4H)-Naphthalenone and
4-[[4-(diethylamino)phenyl]imino]- 1(4H)-Naphthalenone). Numerous subclasses of merocyanine
dyes, with appropriate absorption spectra, are suitable as colorants according to the present
disclosure.
In some embodiments, the colorant may be a pigment or a dye that permits the

35 transmission of a selected wavelength or a selected band of wavelengths (for example, ultraviolet
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Tool A, having a patterned area of approximately 7 inches by 36 inches
(17.8 cmby 91.4 cm, was secured to a mandrel having an approxi nate

di amet er wb 28R2/i6e45Bes (94 cn) using 3M 8402 adhesi ve t apeT/Ush@20Bd2661ex 453
filmwas threaded fromthe unwind idler, along the surface of the Tool A,
to the rewind idler as shown in FIG 5. The surface-treated

(adhesi on-pronotin 30side of the filmwas facing the tool. The mandrel
was heat etpvelgnghy) ‘%gilednmme TRt (e SOPTER By by migRensgEeic gRt oot s (20

feet per JgeRMt®Nadien h@k@se@é’c%%ﬂﬁ@o@w@%tﬂ%?ﬁr é)?ﬂglp[kslll)elb@twatvgl@nﬁlﬁf'x)@m poi nt
of the first n|p roll'er (a 95 Shore D nitrile rubber roller) and the

mandr el . TRBSI PRERIS disgreneristd A R e icratiidrmeh gauariesig! l%fné fal |

cont i NUOUgayBRAEhsQfor sk, §RalibicPRaR RS of liHN BlentphBy BARRAS (HaOHASH ON
upstream fromthe nmandrel as depicted in figure 5. e resin spread

| at et al | yidhle pawlangids silightiand netmit the transayissigp of Haavielgiyervelgngthsradliglare £ or mi ng

a bank off@Rintahd Qllalealﬁlgﬁléﬁf@ﬁ@@@ Xvaaalilé]ﬁ&ﬁ$el(n?@019r DEVIstMEeA. ReSiIq o$eut i ons
E, F, and G were used npl es and 3, respectively. Resins were

cured us .Hﬁaemééwlafqrmax %lﬁf%%ql%ﬁﬁo’fheawbgw g\?&mcalﬂF & PERGHH mse@ HROYe
Syst ems &g ghféﬁtrs SO Bire d\ﬂa)yes JNec okl ilah @ah@msof%rf@re?@ﬁg ahgshmat an input

power watts per The cured cavit %/ array filmarticle was renoved
fromthe W@ﬂmléfltsat%‘ecoé%%ﬁﬂmﬁi”&TFOG}OP@WOIQF?& wound 5 on the rewind idler as

shoyp in FI G RsinAdRlhsitRAALS (BAFIBIBSHi MRS Ere BROARCIWI Lol it aRQYBe Pr ocedur e
using Tool B instead of Tool A Exanple 4 was nade by usi n? Tool B with
Ol

resin solRPPHmens éhﬁreﬂka?fﬁw%msnwalsber?ﬁaéleﬁgﬁd%m&@ctwrldlﬁlw Ry U Eol ut i on

H. HIOEnELRY hwdRlen SRV ght) exaR1e 8bi0Bfi8n Hethe it esliddh 0h Rduce the
conmbi nation of SEM inmaging. and a thickness gauge and are shown in TABLE 1.

It can betlddany phBapelragEadances Thimin spmeicpbedmenty tprythsidiirbsted cure

depth canchka a%@lé%ﬁhht&i&@%o@%b@tﬁﬁiﬁ'ﬂ%ﬁ&t the O b ABi BB BE RS thdr@fin al | ows
greater penetration of |ight (Exanple 1) or alternatively adding a

wave! engtRmepuEgni(for ceEIngs %ﬁ?lOththaté? Slubiﬁélﬁlaléyﬁ%ﬁlﬁléﬂ&f‘efow &saéld/g@%qar B in the
wavel engtyveRAgR) of the photoinitiator (Exanple 5). 15TABLE 1 Cure Depth
Exanpl e Nunber Resin Sol ution Tool Mcrostructure Cure Depth (mcrons) 1 F
(3% car bon bl deK§rtaR prefeaedemhodinenty) the enloray dogsof Su@ﬁfﬁlélaﬁﬁéﬁ%qﬁijﬂwlﬂﬂ th29% car bon
bl ack) B ﬂoﬂ%ﬂhﬁ%ﬂ@éomposnwn into and/or onto the microreplication tool. The present disclosure

provides suitable intensely-colored resin compositions that are unimpeded in flow into the

20 microreplication mold, as compared to the uncolored resin compositions.

Thus, in some embodiments, it is desirable to select a colorant that is substantially
transmissive for one range of wavelengths of light (for example, u.v. and or near-u.v. wavelengths)
and substantially absorptive of another range of wavelengths of light (for example, ranges of
visible wavelengths).

25 Further, it is desirable to select a colorant that has a high enough solubility in the resin
composition to achieve the light absorptive properties without substantially degrading the
properties of the polymer and/or substantially interfering with a component. For example, the
resin composition including the colorant may absorb about four times as much light in the 480-615
nm range than it absorbs in the 375-450 nm range. Preferably, the resin composition including the

30 colorant may absorb more than four times as much light in the 480-615 nm range than it absorbs in
the 375-450 nm range.

Thus, there are two factors that can guide the selection of a colorant for use in articles
according to the present disclosure: the Absorbance Ratio (A*), which indicates the ability of the
resin/colorant mixture to absorb the wavengths of light; and the Absorbance fraction (F), which

35 indicates the ability of the resin/colorant mixture to transmit the wavelengths of light used to cure
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about 12 5 H (3% violet pignent) B (polyimde) 34 (full cure depth)
Portions of selected sanples were cut and dip coated using Scotchcast

El ectri caWOResy182458. The sanples were allowed to cure f@ecTaiS20ieas2624 hours
before m crotom ng The enbedded sanples were thin sectioned (10-um
sections) using a dianond knife. The sections were pl aced in 201.515 R oil
and covered with a cover slip prior to im | es were inmaged by

i ng
optical r¢icyseypResitian o ferxagpleskrtvclagh o ?fbé’tl‘é@()é@ " %ﬁﬁ?a"bOFWWIFE 2)

ver e measih B8cdi@ARLET N, Rk idBﬁarﬁl\éﬁJj ﬁ&ﬁo%ﬁ%@h@%&%e@éf Wedd6le tA¥ sRase (bottom
wal |, that is, land region), shown in BLE TABLE Thlckness of

mat er i al HgstEte cpaaRlc, (?Pthtf?‘féoré %T\f/‘ idgfined belgw yitrgsnect t‘B(‘éi?ﬁﬁleégté e thsbls (o

garmloe 21520 BAERRAR a bFYmEXRMBbStich BYGCARARRNEE (55Y BHABE6ED 1h)3had £211 8 St d.
\

5 " within a range of visible wavelengths:

A* = (Asso + Ago)/2 where
Assp = light absorbance at 550 nm, Agyo = light absorbance at 600 nm, and
A = -log(fraction of light transmitted)
10
F = (2 xA400)/(Asso + Agon) where
Aypo = light absorbance at 400 nm, Asso = light absorbance at 550 nm, Agy = light absorbance at
600 nm, and A = -log(fraction of light transmitted)
A higher A* factor indicates that the resin composition including a colorant is absorbing

15 more light in the visible light (550-600 nm in this example) and, therefore, allows less optical
cross-talk between adjacent cavities. A lower F factor indicates that the resin composition is
permitting more near-u.v. light (400 nm in this example) relative to visible light (550-600 nm in
this example) and, therefore allows good curing of the polymer while also absorbing light in the
longer visible wavelengths.

20 In some embodiments, the colorant in the monomer mixture provides an Absorbance Ratio
(A*) of about 0.3 or greater; preferably, an A* of 0.5 or greater; more preferably an A* of 1.0 or
greater; even more preferably an A* of 1.5 or greater, and even more preferably, an A* of 2.0 or
greater in a microstructured layer with a thickness of 5 microns. In some embodiments, the
colorant in the monomer mixture provides an Absorbance Ratio (A*) of about 0.3 or greater;

25 preferably, an A* of 0.5 or greater; more preferably an A* of 1.0 or greater; even more preferably
an A* of 1.5 or greater, and even more preferably, an A* of 2.0 or greater in a microstructured
layer with a thickness of 10 microns. The preferred mixtures allow rapid photopolymerization of
the resin composition, while keeping the colorant molecularly dispersed in the article after
polymerization.

30 In some embodiments, the colorant in the monomer mixture provides a Absorbance
fraction (F) of 0.25 or less, preferably 0.10 or less.

It will be recognized by a person of ordinary skill in the relevant art that the principles
embodied by A* and F can be applied to other selected wavelengths for photocuring and the
Examples described below are merely exemplary of the way these factors can be used to select

35 combinations of colorants with specific desirable attributes.
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0.6 0.4 CV 0.31 0.27 0.22 WD 2012/ 162458PCT/ US2012/ 039266 M ninum 0.4 1.1
1.2 Maximum 1.4 3.5 3.0 Count 18 24 22 Approximately 1 x 1 inch
(2.54 cmwWw9 2B125462458) sanpl es were obtai ned from m crost Pagtuse@d/0842ben
exanples 1-3 and Melinex 453 film The filnms were placed on a 1 X 3 inch
(2.54 cmx 7.6 cn) mcroscope slide, with a small gap (no film between the
sanples. Brightfield 5 transm ssion i nages were obtained using a Zeiss

Axi oPl an 2 m Qriiselspnes-tap) befhvaqr afipqsat caTiiRy @n O3 MiHiEed Px/wycralfacters zei ss

Axi oPl an igciglig, ¥ lexdmPB bR oftRal dohtraBiis@ive tQohhtiRhekdBE theatBdificlutQn t he
light intensity was adjusted to ensure the blank area between the filnms was
bel ow t hd®&arl PRIPInNMERRMiSTYe cpring Py the sidewallnef Be cayitis, rgRAYY B ke | mage
were produgech MstRdict, FRSRRAhiRloPEcal FRIRNARAL YIStible 3Qbk ok Eas R sBatial

Cybernetics) across the "blank” area of the slide (the gap between the
fil n%) . a@pparation of the cavities, and any combination of two or more of the foregoing factors. Optical

cross-talk can also be affected by the density and cross-sectional area of the individual image
pixels, relative to the cross-sectional area of the individual cavities.
The invention will be further illustrated by reference to the following non-limiting

Examples. All parts and percentages are expressed as parts by weight unless otherwise indicated.

10
EXAMPLES
All parts, percentages, ratios, etc. in the examples are by weight, unless noted otherwise.
Solvents and other reagents used were obtained from Sigma-Aldrich Chemical Company;
Milwaukee, W1 unless specified differently.
15

Materials
3M 8402: a tape obtained from 3M Company, St. Paul, MN.
3M 8403: a tape obtained from 3M Company, St. Paul, MN.
Carbon black paste #9B898: 25% carbon black paste obtained from Penn Color,
20 Doylestown, PA.
Carbazole violet dispersion 95S949D obtained from Penn Color, Doylestown, PA.
Darocur 1173: 2-hydroxy-2-methylprophenone obtained from Ciba Specialty Chemicals,
Basel, Switzerland.
Darocur TPO: diphenyl (2,4,6-trimethylbenzoyl) phosphine oxide obtained from Ciba
25 Specialty Chemicals, Basel, Switzerland.
Desmodur W: a diisocyanate, sometimes referred to as H12MDI or HMDI, obtained from
Bayer, Pittsburgh, PA.
Dytek A: an organic diamine obtained from Invista, Wilmington, DE.
EGC-1720: a fluorocarbon solution obtained from 3M Company, St. Paul, MN.
30 Fluorescebrite Plain Microspheres: Fluorescent beads obtained from Polysciences, Inc.
Warrington PA.
Irgacure 819: phenyl-bis-(2,4,6-trimethyl benzoyl) phosphine oxide obtained from Ciba
Specialty Chemicals, Basel, Switzerland.

Kapton H: a polyimide film obtained from DuPont, Wilmington, DE.
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10 area of the slide that contained just the Melinex 453 film and an area
of the slide that contained the conposite article including the

col orant -wonvey1R45§ resin cured on the Melinex 453 subsPCatis201Riozebe
intensities fromthe cavity bottons were conpared to the pixel intensities
of the PET filmto estimate the average percent transm ssion of |ight
through the bottomwalls of the cavities. The calculated results are
reported in TABPECeR10256: afiyprqsiliconssespiod BET Fderse Hnes ebtpipeitme hies t hat t he
15t hi n cayiibbwbResanssstantially transmts light while the walls are
substantially non-transm ssive. TABLE 3. Light transm ssion _through cavity

base Exanpl e NgBidr Py 2Adriiigsthyhezevivcaghewhivptsg oRpingbirom BASH9, car bon
bl ack) 87 ik, ¢RrRAY. bl ack) 80.2 Lateral light transm ssion through the
sidewal s in the X—Y%E)r?ane‘(see FIG. 1) of Exanple 201 was estinmated by

preparing a cu¥eires #33p df migied @ lHslehahesstsr glfnr;%lhﬁh is aghestoa tigpigdhen it

si dewal | didei HRRIIFrdnDERORWiBnidetb:2PRY OXi mately 5 mcrons). A snmall anount
of solution E was applied to a polyester film1. This was covered with a

ied t
second film 2 EAGMsaAUL obrined diopmeCgals. Mppheie e B2a%pr ead sol uti on E bet ween

the films. ThengRdt 6200: HefiRAgA O&nfsi MIBLIRGEMESRD by passing under a W
source (500Wfusion lanp) at 7.6 cm's (15 ft/mn) wth film1 facing the U

source. Fi | m Photoissoq0dnpiagedinem Cagnis. dmhcingHer8ay t o film 1 on the

UV- exposed si dRoiResMASRR] R Qin BMPMEn YBGIHEE HoMBRPOBR panEW: atul, &Nt hi ckness
was neasured using a caliper gauge. The nean thi ckness was determ ned to be

4 microns. A poiFty IV prelest linsT asmielle fomg il awir B -rldSi Fhigage: P aced in a

spect r ophot oneyr 6T acARxhidtoNdih&yIMR BBthined- G Satk ARSI SBIt@PAt S50 nanoneters
was -37 - WO 2012/ 162458PCT/ US2012/ 039266 neasured at three | ocations. For

the 4 micron fIR3AY: Zaheary cHwbrHanelaiped fim gtrtomes g Exgntiy-ned,

correspondi Ng $r348& ahiMI bestol ARSI S MMoRéntid&PeriihncE XANPLE, SBiMEeSYI O
illustrate that the mcrostructured cavities are substantially transm ssive

al ohy the Z axifPV&HablipdiranOrPHms: ROt AN ssive in the X-Y plane. 5
Exanpl es 6 and 7

Teonex Q71: a six micron thick poly(ethylene naphthalate), or PEN, film obtained from
Dupont-Teijin, Chester, VA.
Vitel 1200B: a copolyester resin obtained from Bostik, Wauwatosa, W1.
20 Violet 95949D: a violet paste containing 20% pigment solids obtained from Penn Color,
Doylestown, PA.

Microreplication Tooling I (Examples 1-16)
Tooling was prepared by a laser ablation process according to the procedure discussed in
25 United States Patent No. 6,285,001. Tool A was constructed by coating a urethane acrylate
polymer (Photomer 6602) to an approximately uniform thickness of 165 microns onto an
aluminum backing sheet as described in Unites States Patent Application Publication No.
2007/0231541, followed by ablating the coating to produce a hexagonally packed array of posts.
The resulting posts had a center to center distance of 42 microns. Each post included a circular top
30 having a diameter of 27 microns, a sidewall angle of approximately 10 degrees, and a height of 39
microns. Tool B was constructed by ablating a 125 micron thick Kapton H polyimide film to
construct posts having a hexagonally packed array of posts. The resulting posts had a center to
center distance of 34 microns and each post included a circular top having a diameter of 27
microns, a sidewall angle of approximately 10 degrees, and a height of 34 microns. Tool C was

35 constructed from Photomer 6602 in the same way as Tool A to make a hexagonally packed array
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Six mcron thick Teonex Q71 filmwas prined on one side with a 5% solids
solution of Vitel 1200B in an 85%/ 15% m xture of dioxol ane and

cycl ohexaworre1vicassa sl ot -di e coater, followed by dryi ngPCm/isaoi0meeat 160F
for 2 mnutes. The thickness of the coating was 300 1Onanoneters as
measured with a white light interferometer. The filmwas then coated on the
opposite side with a silicone-pol yurea adhesi ve which consisted of a 28%
sol i ds sdif aestotithienightogenteredistance siRBiamiprogn Fagh Rost indeed 2 stswairershayigpe)

el ast onmergigtetd of & mRrddf, aARIedaH alg@of_ﬁﬁypﬁhﬁt%tqu&regﬁe@@aﬁdw t $ueUEbnd he
condensation reaction of a 33 k di am no term nated pol ydi net hyl si | oxane,
Dytek A, and Desnmodur Win a ratio of 1:1:2, as described in U S. Patent
No. 6, 8245R8Rs sulfiRe thchtehWas then dried in an oven at 160F for 2 m nutes
and lamnated to a PET film by passing the material through a nip roll in
contact with Udsapkmen bt wasdist 8erm3 Eoid vping at gurapy dessribedddqtiiba S The

t hi cknessaRht 4§68, 509 atHe POlyWRStodi- was M oRh @i Sntd e FPRRMER drudy cldetohd 4R thd ght
interferoneter. Exanple 6 was nade by@gerfgrmn mcroreplication as in

npl
Exanpl es “1amOq;ginhpmticd dewatoacPavapek Q7 10T iR Arept st et tecdfq iex 453
pol yeste rchﬁrhlkéinataﬁﬂlm@ﬁételb?lsO@sc&ﬁ%tarﬁaﬁrbdbi& %&itiﬂlet%ﬁ?’ssé& HiduR akd pldsxa H@lit%d dndras
made as Exanpl e 6 except that resin solution | was used. In Exanples 6 and

7 the Vi tedintaipeappwetod d0& Ve forr3Ospronde gHisk thoamzon plapmyEtpdsi t i oned to

facep t owaghnichf1sNIBRVafRtla® hirb@Rkd inkd @MOLatbBNS FIASH AR of 350 QuGNarddhR: A@Wat Y
base of the mcrostructure of Exanple 6 was neasured as described for

Exanpl es Ststanedsbg aowgnExdhwts fg 30 sccondsa Adighibe glapngiscaiiedd idrinety SsExisnl e 1

was coat edpi §:géh dadwas in@bdittd iR HaRKirdea ASw f d306 sdeth AlPAYGE Exanpl e 8.
The silica deposition was done in a batch reactive ion plasm etcher

(Pl asmat HeH#cdpagpva 2800 wattydonfi0speondsp T hcriessere it th eagbipdurips hewdlasmat he

pover ed al8elchOigs dintthes- CHATH fanBd MBS PladliVihaknBeravd ARE vEIIQSS Ui sferd
mforr. The article was plasma 30treated first in an argon plasnma at 25

|
mrot? pr e84 thedreptsd tOwaasSé’&tPﬁ%l@.E%llY%Q\ﬁ%@c?fh?%§°1‘%t1@?-rTé’ﬁ€t%ﬁ§ﬂ eplvamdedighsr was

i ntroduceg on A 150 OO 1308nAEs. TRA CSHEMeABEinRhARNR WwiRbMt @ Aed at a power of
1000 watts for 10 seconds, follow ng which, oxyg gas was added to the

| en > 1
t et ramet hyl si |H§@ORMeRI90l Biyas glagmppreatgyisiag aparipRRs derstibrgi Actbin - 2i ned at

1000 wat trstchOKo. 388 88, ThOpAGEENES wadhb@ited dHiSthe ERRdrida GrulelidcatRiAY kigi | ane
vapor flow rate was decreased in a ste 35manner from 150 sccmto 50

W S {
sccm 25 SrEbAr diaypurered devw (o hage RIpsuIpe %ﬁﬁg\m}g- APt gasges pgduesd ftgthe  wo
20129 1624 8RCT bUB A3 8O & kRS BlaShLBSitdd AR Rdinfalled 30 HRCPHID0 wAltd BF t he

| ast step of tetranethylsilane vapor flow of 25 sccm the flow was disabl ed
and a 2%isxotfle Adfer dicREqR Plsee reptmgng deiramsdy Isane geree aas infedussdinttthsy £ ow

rate of 1AREbes aCIMMW fake drhgo %ﬁ%ﬁ@-th@'ﬁia&h@-.@ﬂ@ﬁﬂle@-ﬁt 21Q8r ¥35hb Svaf@r 30 €at ment
performed for another 60 seconds. The plasna chanmber was subsequently

vent ed t o4¥ffbsphere and the plasma treated 5microreplicated article was
renoved fromthe chanber. Exanples 9 and 10 Cavity array articles
wer e prepared by casting and curing solution E onto a 25 micron (1 ml) PET
filf as iBesiBgpRATtaN The PET side was exposed to a solution of potassium

hydr oxi de 10( 4Q%h teaMaAbi g plehaarlsamong. (20% to chemically etch the PET
film Etching SV(\)I?{JStion A: 1125 grams of Photomer 6210, 375 grams of SR238 and 15 grams of Darocur
1173 were combined in a glass jar. Solution B: 3.75g of Irgacure 8§19 was added to SR339
followed by roller mixing overnight to dissolve the Irgacure 819. Solution C: 3.75 grams of
30 Irgacure 819 was added to 187.5 grams of SR 238 followed by roller mixing 18 hours to dissolve
the Irgacure 819. Solution D: solutions A, B, and C were combined in a glass jar followed by

mixing. To this was added Darocur 1173 (3.7 g) and Darocur TPO (32 g) followed by roller

mixing for 30 minutes.
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acconplished placing the mcrostructured side of a section of film (about
7.6 cm (3 inches) by 10 cm (4 inches)) against a sheet of printed circuit
board natwoi2ai2/163745¢ perinmeter of the filmwas seal ed agacmais2aibeivzear d

usi ng 3M 8403 tape to prevent exposure of the solution to the structured
side. The potassi um hydroxi de/ et hanol ani ne solution was placed in a large
gl ass contai ner and 15heated to 80 C using a water bath. The boards with

adhered fil s SABHien Emmioeien D (10§ $lavas alopedip pn ambss glepsipie ¢ 2fhomblaepassned by

washi ng V#9B§98’?t7§9rwas Rilded®o @t %Tﬁd)n a8d roBerthibd 8% 198 sl pivik@n&iPf renai ni ng
PET (Exa Filns etched f 6 m nutes and 10 seconds had 5 m crons of

PET remai ﬂﬁ“ﬂ’éa“(’EX’éIPrﬁlﬁéalfB‘)bon E@Mﬁiﬂn%ﬁollffi@ A silicone adhesive was

coated onto a Slo'hﬁ'ﬁﬁ FatsOu%hgt{%d I\@K RS an AHSr 2HOGH. (RroABRLISHRE of a 28%
solids soI ution resin R54 ) and a silicone pol yurea (SPU)

el ast omer® §§98a<49étg Efaso"fd ghio Aty solphign bl guxed ey S\hagrs foRTREES ¢ }FBugh t he

condensatfb%utﬁac;\ﬁth@mngfca@oﬁﬁlamn@lsnamd%ftz%r m nat ed pol ydi et hyl si | oxane,
Dytek A, and Desnpdur inaratio : as in 25U S. Patent No.

6, 824, 820. Theolytigef: é@b}é}ow&@ig)waplsm?n WPhet slagidas Carbpp hlarioRestei cone
rel ease GRERISUHY PRaLddBAT to IRAoINKiEK A rfiZer Mikel R holl & gsi ¥gnWas coat ed
using a knife coater with a 50 mcron (2 m|) wet gap. The adhesive was
di | ut ed viPrHlatign yéthe fing cabnan ek spasangiiontohl knesses. The coated |iner was

driegl in an ovnRdh HlE&6idad (mé? mm&%&n ahfgb a%§ja‘!e$10%9@4bb?mllg5)m nat ed
to sanples of cavity array artic formed on P | m 30accordi ng

Exanpl es ‘@safdsdtothg §?1Wgonén¢ tpélsblim%for &% hournig pé@metaye%lt fotray! efrowlm@rfélal

pr ot ect ed;ifiEQyBnstar@acenhdidh A3RET film which was then di scarded. Exanpl e 11
was made by l'am nating 39 micron thick adhesive to the caV|t arra

Exanmpl e 1, whiOlrtigad o ppiomk ghisiph wa nlsed G00g st Wdh@hew? o diagwy; e)base

t hi cknes San@flo 66’g SNSRBON ST, X HHR08 wgaga&&fé§5@3éj§f d?%ldea@‘(sﬁﬁr%ﬁtflbﬁle%mrﬁrsm d hi ck
adhesive to the m crostructure of npl e whi ch had a PET filmthickness

of 55 ni cﬂféﬂ%em gigicht7 apdithscamppitin W%“&ﬁﬁ‘ég élswse@?swy%ﬁheﬁ%es ERampiEe 13 was
made by |aRicaatifupg aadmegﬁpa&atahiﬁbs 8%2&%24@@8458?#&%5&9&@%8%@ﬁg gdhesi ve
to the mcrostructure of Exanple 9, which had a PET fi t hi ckness of 12

nmi crons, Husiting POk s #sldedtorthy wiRsradant of heyar wgsthegrappeganghplpesd i shaker fide by

| am nati rlﬁhx@lé'iﬂl&ﬁl ORk. tMUsEde R Sppetrel & Eehﬁss@ﬂv&f RS € SPsc AP tAnd O,

whi ch had a PET filmthickness of 5 mcr for a total base thickness of

7 i cr onsolgen ypiaddgst WAle 1y thﬁé)gserféfa%mﬂéah%@n?r&ﬁ&q i B selptignoyag sujerded to

t hi gknes sk akibd@ afthePHE 1 U6t UAoldo BéaodsDlucl DR rdIASRib W akobRSRd] NCl uded
both the PET film plus the adhesive |layer). After etching and application
of adhesive, sections of filnms were applied to a fiber optic face plate (6
m cron fip@mpiisaoeters, 47A glass, Schott North America). Approximtely 20
m of aqueous sol ution, containing approxi mately 1000 fl uorescent beads (27
mi cron Fl uor edisprgnligatiop enpfosnekisigrd 8y CUrRECHs ae dycidhsd i

M Cr ost r Ugblita86h Sb. dﬁo@fSIIMﬂ’ dn@ﬁbs@ﬁﬁe@dbcﬁde' mnleBﬁﬂﬁB%l o%hﬁis@ltﬂew%ré Pro8&t t l e
i ntg%t he base of the mcrostructured cavities gravi té%g After the water

| | ovisef iR dhees, apeplst didmptanglags thegnsigngl ﬁffcmraéléﬂqﬂ sqprsc desedheB Iy as pl aced

ina fluor escemmnﬂaerng%gt&eneﬁ%&la%sapﬁmﬁﬂtap7%1cmsoay%qﬁm@s(1%@&b§l©@f4l uor
10X/ 0. 03 objective, wth fluorescein filter set) with the mcrostructure

si de faciFy WOWRFIFMa) MRPGEh heKiaS FhgneEaxiryas dlanrfﬁér Hidé inshesdptemnasingdMised on

the back gbgginefivd Bf. It 88ndd A5 &ilm kvmglee‘ad&iffranh@le Qﬁxﬁiﬁd%ﬂ&leal&fg thd@rh@cepl ate
were acquired using a fluorescein filter set degree of |ight, spread

was appr o¥itiveioalyr 59 ﬂ%ﬂmlii Hiler enthonn iEc- &t Ty Wffec‘redﬁ‘a fl phesiongireaginghe

di apeet er s@fc off bR fillth wag £51E Mo 161 CBRe AR GhERbaRD td fnec fl@o @) Prigtfm wkleur £sul t's
are shown in TABLE 4. It can be seen fromthis m ni mzati on of

the base A'g§éepcct A M%@Od@épw%@ekaﬁ%n@mw %ff207 é%%@auw ptabr coaittead,

whi ch i n doktk Bf tAE Rishig @sHePROs Sabre ©F 0E e fuBbdk rdIRE) WEE e RRLGBID WekinGas@pplitd €s. 20
TABLE 4: Approximate projected djianmeter of 27 m cron beads

to the film by manually pouring a small continuous bead of resin solution on the film at the hopper

location upstream from the mandrel as depicted in figure 5. The resin spread laterally across the

35 width of the tool at the rubber nip roller, forming a bank of solution approximately 9 inches (22.9

-35 -



Exanpl e Nunber Base Thi ckness (PET + adhesive) (mcrons) Nunber of 6 mcron
fi bers across dianeter of projected bead i mage Approxi mate Projected

di anet er Wb 2B82/w24580n bead on faceplate (mcrons) 11 64PLI/USG012A3RAE6 8 48 13
15 6

cm) wide. Resin solutions E, F, and G were used in Examples 1, 2, and 3, respectively. Resins
were cured using radiation from Fusion D lamps (available from Fusion UV Systems,
Gaithersburg, MD). The Fusion D lamps were operated at an input power of 236 watts per cm.
The cured cavity array film article was removed from the tool at the second nip roller and wound
5 on the rewind idler as shown in FIG. 5. Additional samples were made with the above procedure
using Tool B instead of Tool A. Example 4 was made by using Tool B with resin solution F and
Example 5 was made by using Tool B with resin solution H.
Cure depth for several examples were determined using a combination of SEM imaging
and a thickness gauge and are shown in TABLE 1. It can be seen from these examples that
10 increased photoinitiated cure depth can be accomplished by providing a tooling material that
allows greater penetration of light (Example 1) or alternatively adding a wavelength specific

colorant with a lower absorbance cross section in the wavelength range of the photoinitiator

(Example 5).
15 TABLE 1. Cure Depth
Example Resin Solution Tool Microstructure Cure
Number Depth (microns)
1 F (3% carbon black) A (urethane acrylate) 39 (full cure depth)
4 F (2% carbon black) B (polyimide) about 12
5 H (3% violet pigment) B (polyimide) 34 (full cure depth)

Portions of selected samples were cut and dip coated using Scotchcast Electrical Resin #5.
The samples were allowed to cure for at least 24 hours before microtoming. The embedded
samples were thin sectioned (10-um sections) using a diamond knife. The sections were placed in
20 1.515 RI oil and covered with a cover slip prior to imaging. Samples were imaged by optical
microscopy. A number of sections (listed as “Count” in TABLE 2) were measured to determine

the average thickness of the cavity base (bottom wall, that is, land region), as shown in TABLE 2.

TABLE 2: Thickness of material at the base of the cavities in microns

Example 3 Example 2 Example 1
1% carbon (G) 2% carbon (F) 3% carbon (E)
Average 0.9 2.2 1.8
Std. Dev. 0.3 0.6 0.4
CvV 0.31 0.27 0.22
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software (Media Cybernetics) across the “blank™ area of the slide (the gap between the films), an
arca of the slide that contained just the Melinex 453 film, and an area of the slide that contained
the composite article including the colorant-containing resin cured on the Melinex 453 substrate.
Pixel intensities from the cavity bottoms were compared to the pixel intensities of the PET film to
estimate the average percent transmission of light through the bottom walls of the cavities. The
calculated results are reported in TABLE 3. It can be observed from these measurements that the

thin cavity base substantially transmits light while the walls are substantially non-transmissive.

TABLE 3. Light transmission through cavity base

Example Number % transmission

3 (1% carbon black) 86.9
2 (2% carbon black) 87.9
1 (3% carbon black) 80.2

Lateral light transmission through the sidewalls in the X-Y plane (see FIG. 1) of Example
1 was estimated by preparing a cured film of uniform thickness similar to the midpoint sidewall
thickness in Example 1 (approximately 5 microns). A small amount of solution E was applied to a
polyester film 1. This was covered with a second film 2 and manual pressure was applied to
spread solution E between the films. The solution between the films was cured by passing under a
UV source (S00W fusion lamp) at 7.6 cm/s (15 ft/min) with film 1 facing the UV source. Film 2
was removed and the resin adhered to film 1 on the UV-exposed side was washed to remove
uncured monomer. Cured resin thickness was measured using a caliper gauge. The mean
thickness was determined to be 4 microns. A portion of the film containing the cured resin was

placed in a spectrophotomer (Tecan Infinite M200). Light transmission at 550 nanometers was

-37 -

noner
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tool was fornmed into a s]eeve, which was utilized.in the replication
process siHswWHekngss ef the cgatmg_ s ﬁ% SUHPISEY MSaJuERd by a white light interferometer.

Example 6 was made by performing microreplication as in Examples 1-5 using the coated
Teonex Q71 film in place of the Melinex 453 polyester film and by using Tool C and resin
20 solution H. Example 7 was made as Example 6 except that resin solution [ was used. In Examples
6 and 7 the Vitel 1200B-treated side of the Teonex Q71 film was positioned to face toward the
replication tool. Light transmission through the cavity base of the microstructure of Example 6 was

measured as described for Examples 1-3 above.

25 Example 8
A sample made according to Example 1 was coated with a layer of silicon dioxide as

follows to produce Example 8. The silica deposition was done in a batch reactive ion plasma
etcher (Plasmatherm, Model 3280). The microreplicated article was placed on the powered
electrode and the chamber pumped down to a base pressure of S mTorr. The article was plasma

30 treated first in an argon plasma at 25 mTorr pressure for 20 seconds. Following this,
tetramethylsilane vapor was introduced at a flow rate of 150 sccm and plasma maintained at a
power of 1000 watts for 10 seconds, following which, oxygen gas was added to the
tetramethylsilane at a flow rate of 500 sccm with the power maintained at 1000 watts for another
10 seconds. After this step, the tetramethylsilane vapor flow rate was decreased in a stepwise

35 manner from 150 sccm to 50 scem, 25 scem and 10 scem while the plasma was still on and each of
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SRO003, 15 grans of carbazol e violet dispersion 95949D (Penn Col or), and

200.5 grams Irgacure 819. The resultant m xture was subjected to high shear

M Xpg USExAchphl 14141 a-
A silicone adhesive was coated onto a liner at various thicknesses. The adhesive consisted
of a 28% solids solution of an MQ resin (SR545) and a silicone polyurea (SPU) elastomer at a
ratio of 55:45. The SPU elastomer was formed through the condensation reaction of a 33 kDa
diamino terminated polydimethylsiloxane, Dytek A, and Desmodur W in a ratio of 1:1:2, as in
25 U.S. Patent No. 6,824,820. The liner used was SilFlu 50MDQ7 which uses a fluorosilicone release
chemistry on clear, 50 micron (2 mil) PET. The adhesive was coated using a knife coater with a 50
micron (2 mil) wet gap. The adhesive was diluted with toluene to achieve various thicknesses.
The coated liner was dried in an oven at 115°C for six minutes.
The adhesives were then laminated to samples of cavity array articles formed on PET film
30 according to Examples 8 and 15 using a rubber roller. The cavity structures were protected from
damage with a PET film, which was then discarded. Example 11 was made by laminating 39
micron thick adhesive to the cavity array of Example 1, which had a PET film thickness of 25
microns, for a total base thickness of 64 microns. Example 12 was made by laminating 7 micron
thick adhesive to the microstructure of Example 1, which had a PET film thickness of 25 microns,

35 for a total base thickness of 32 microns. Example 13 was made by laminating 3 micron thick
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Examples 15
25

Test for Absorbance fraction (F) of a dye: A double-beam spectrometer operative from

350 nm to 750 nm, furnished with 10.00 mm cells and spectrophotometric grade ethyl acetate was

used in this Example. The reference cell contained ethyl acetate. A very small amount of a dye,

dissolved in ethyl acetate, and providing a peak absorbance between 0.5 and 2.0 was placed in the
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FIG 5. The followng filnms were prepared as shown in TABLE 5. 10TABLE 5:

Exanpl e Preseityfte aditt pighe spemptpit aparahdrann md diped | 30Lpsthybisetats oFi | m Ni p
Presgur e drddoMeNn el r tH¥et-ehtididdm MNidPwB8 Shifulated as described above.

Example 16
The following colorants (listed by their respective generic names from the Color Index
published by the Society of Dyers and Colourists and the American Association of Textile
15 Chemists and Colorists) were added to the monomer mixture (50 wt % 1,6-hexanediol diacrylate)

in the weight percent ratio listed below:

Disperse violet 29 4.00%

Solvent blue 36 1.5%

Solvent violet 11 0.6%
20 Solvent violet 37 0.5%

Disperse red 11 0.6%

Disperse red 15 0.8%

After thorough mixing, the solution was diluted 1:1000 in spectrophotometric grade ethyl
acetate and the absorbance was measured in a split-beam scanning spectrophotometer (reference
25 solution was spectrophotometric grade ethyl acetate). The spectrum shows very low absorbance at
400-450 nm, an absorbance maximum at about 550 nm, and a secondary absorbance maximum

(lambda #2) at about 590 nm.

Example 17
30 Microreplication Tooling IT (Example 17)

Tool mastering was prepared by a laser ablation process according to the procedure
described in U.S. Patent No. 6,285,001. To prepare the master a layer of copper 20 microns thick
was applied to one side of a roll of 1.5 mil (38 micron) Kapton-H film using an electrodeposition
process. The thickness of the Kapton layer was reduced to 34 microns by plasma etching in an

35 oxygen atmosphere using an apparatus described in detail in U.S. Patent No. 5,888,594, A section
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On Tool

Coating Nip Pressure On Tool Coating Resin A 1 20 psi 92 1 Not

Not Used B 1 60 psi 92 1 Not used Not Used C 1

10

15

20

25

WO 2012/162458 PCT/US2012/039266

of the thinned Kapton film measuring approximately 12 inches wide by 60 inches long was
mounted onto the cylindrical drum electrode and the chamber was pumped down to a base
pressure of 5x10™ Torr. Oxygen gas was introduced into the chamber at a flow rate of 500 sccm
(standard cubic centimeters per minute) and plasma ignited and maintained at a power of 500 watts
for 18 minutes while rotating the drum electrode A section of film 40 inches long and 8 inches
wide was ablated from the Kapton side through to the copper layer (to produce a flat well base) as
described in U.S. Patent No. 6,285,001, producing a hexagonally packed array of cavities having
34 micron diameter first circular apertures, 25 micron diameter second circular apertures, depth of
34 microns, and center-to-center spacing of 37 microns.

The flat Kapton master was converted into a nickel sleeve tool (Sleeve Tool 1) using the
processes described in U.S. Patent Publication 20070231541, The flat tool was formed into a
sleeve, which was utilized in the replication process shown in FIG. 5, and described below.

A second nickel tool (Sleeve Tool 2) was prepared in an analogous manner without first
plasma etching the Kapton substrate resulting a hexagonally packed array of cavities having 34
micron diameter first circular apertures, 25 micron diameter second circular apertures, depth of 38

microns, and center-to-center spacing of 37 microns.

Resin preparations
A urethane-acrylate functional polyether (Poly-1), according to the structure shown below,
was prepared.

Poly-1
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1000 grams of Terathane 1000 (available from Aldrich) was melted in an oven at 65°C,
then added to a five liter, 4-neck round bottom flask equipped with a mechanical stirrer, condenser,
N cap, dry air purge, temperature probe, and heating mantle. The temperature was maintained at

65°C. Vacuum was pulled to 100 mm Hg for 30 minutes to dehydrate the material. While stirring
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60 95 2 60 psi 2a D2 60 95 3 60 psi 3a E 2 60 95 4 60 psi 4a Optical
transm ssion through the | and area was neasured as descri bed el sewhere for
filmExampbDeaes12l63458TABLE 3). Total thickness (film+ m ecodiSeuensae) was
determ ned using a thickness gauge. Land thickness was determ ned by
subtracting the thickness of the base filmand 15the overall hei ght (known)

of the tool fromthe total neasured thickness. In addition, |and
and cooling to 45°C, 540.93 grams of Desmodur W (available from Bayer), 2.4391 grams of

butylated hydroxytoluene (Aldrich), and 0.10456 grams hydroquinone monomethyl ether (Aldrich)
were added.
To this mixture, 0.3835 grams of dibutyltin dilaurate (Aldrich) were added with stirring,

5 and the heating mantle removed. The reaction exothermed to 75°C and a water/ice bath was used
to manage the exotherm to maintain this temperature. The batch reacted for one hour and was
allowed to cool overnight. The following day, the solution was heated to 50°C and dry air purged.
239.42 grams of hydroxyethyl acrylate (Aldrich) were added dropwise to the solution, and the
heating mantle was again removed to control the exotherm below 75°C. Once the exotherm

10 subsided, the reaction was allowed to run at 75°C until no isocyanate remained as observed in an

IR spectrum, about 8 hours, resulting in Poly-1.

Resin 1: 375 grams of Poly-1 were added to a 1 pint amber bottle. To this was added 50
grams Sartomer SR9003, 75 grams of carbazole violet dispersion 95949D (Penn Color), and 1.5
15 grams Irgacure 819. The resultant mixture was placed on a roller mill for 24 hours with mild heat
(~120°F). After rolling, the mixture was subject to high shear mixing using an Ultra-Turrax T25
(available from Ika, Wilmington, NC) rotor-stator type mixer.
Resin 2: 63 grams of Poly-1 were added to an 8 ounce amber bottle. To this was added
22 grams Sartomer SR9003, 15 grams of carbazole violet dispersion 95949D (Penn Color), and
20 0.5 grams Irgacure 819. The resultant mixture was subjected to high shear mixing using an Ultra-
Turrax T25 (Ika) rotor-stator type mixer and then placed in an oven for 24 hours with mild heat
(~120°F).
Resin 2a: 78 grams of Photomer 6010 was added to an 8 ounce amber bottle. To this was
added 7.0 grams Sartomer SR9003, 15 grams of carbazole violet dispersion 95949D (Penn Color),
25 and 0.5 grams Irgacure 819. The resultant mixture was placed on a roller mill for 24 hours with
mild heat (~120°F). After rolling, the mixture was subject to high shear mixing using an Ultra-
Turrax T25 (Ika) rotor-stator type mixer. Later, the mixture was diluted with an additional 28
grams of SR9003 and high shear mixed a second time.
Resin 3: 74.94 grams of Poly-1 were added to an 8 ounce amber bottle. To this was
30 added 39.25 grams Sartomer SR9003, 4.76 grams of carbon black dispersion 9B898 (Penn Color),
and 0.59 grams Irgacure 819. The resultant mixture was subjected to high shear mixing using an
Ultra-Turrax T25 (Ika) rotor-stator type mixer and then placed in an oven for 24 hours with mild
heat (~120°F).
Resin 3a: 74.34 grams of Poly-1 were added to an 8 ounce amber bottle. To this was

35 added 68.39 grams Sartomer SR9003, 5.95 grams of carbon black dispersion 9B898 (Penn Color),
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t hi ckness was neasured using SEM cross section i mages against a calibrated
scale bar. The results are summari zed in TABLE 6. TABLE 6: Percent

t ransm ssworromvig24sand t hi ckness Sanpl e Land t hi ckness ReCaiuse@2/039266
Transm ssi on Through Land Regions A 10 microns 20 B5 46 C0.5 76 D 0.5 78
WO 2012/ 162458PCT/ US2012/ 039266 Control 1: Melinex 453 on glass 0.0

10

15

20

25

30

35

and 0.74 grams Irgacure 819. The resultant mixture was subjected to high shear mixing using an
Ultra-Turrax T25 (Ika) rotor-stator type mixer and then placed in an oven for 24 hours with mild
heat (~120°F).

Resin 4: 75 grams of Photomer 6210 was added to an 8 ounce amber bottle. To this was
added 20.2 grams Sartomer SR9003, 6.1 grams of carbon black dispersion 9B898 (Penn Color),
and 0.51 grams Irgacure 819. The resultant mixture was subjected to high shear mixing using an
Ultra-Turrax T25 (Ika) rotor-stator type mixer and then placed in an oven for 24 hours with mild
heat (~120°F).

Resin 4a: 75 grams of Photomer 6010 was added to an 8 ounce amber bottle. To this was
added 20.2 grams Sartomer SR9003, 6.1 grams of carbon black dispersion 9B898 (Penn Color),
and 0.51 grams Irgacure 819. The resultant mixture was subjected to high shear mixing using an
Ultra-Turrax T25 (Ika) rotor-stator type mixer and then placed in an oven for 24 hours with mild

heat (~120°F).

Microreplication

Microreplication was performed using a UV curing process as described in PCT
Publication No. WO 9511464, described with reference to FIG. 5, and co-pending U.S. Patent
Application No. 61/263640. Sleeve Tool 1, having a patterned area of approximately 8 inches by
37 inches (17.8 cm by 91.4 cm), was secured to a mandrel. The tool surface was treated with a
release agent as described in U.S. Patent 6,824,882,

Melinex 453 film (3 mil thick) was threaded from the unwind idler, along the surface of
Sleeve Tool 1, to the rewind idler as shown in FIG. 5. The surface-treated (adhesion-promoting)
side of the film was facing the tool. The mandrel was heated to 54 C (150 F). The film was run at
a line speed of 6 feet per minute (183 cm/min). Resin was simultaneously applied in two locations
as shown in FIG. 5, that is, to the film (from second resin hopper 585) and to the tool (from
optional first resin hopper 550).

Resin was supplied to the first location on the tool using a rubber contact roller (95 Shore
D nitrile rubber) having a nip pressure of 60 psi at the contact point. Resin was manually
delivered to the rubber roller by pouring a thin bead onto the center of the roller at rate sufficient to
spread the bead laterally to the edge of the patterned area of the tool at the contact point. A linear
array of UV LEDs was mounted approximately 1 cm above the tool at a location between the
rubber roller and the film nip 587. The array of LEDs was controlled by a controller (obtained as
Model CF2000 from Clearstone Technologies) at a power setting of 100%.

Resin was supplied to the second location on the film by manually pouring a small

continuous bead of resin solution upstream of a notch bar coater using a coating gap of 1 mil (25
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80 Control 2: clear light path 100 (nornalized) The |ight

transm ssion of several LCFs as a function of view ng angle was neasured
usi ng an EbdnmvBR4s€onoscope (El dim Corp., France). The PCFaUSamra3pb@aced on
top of a diffusely transm ssive hollow |ight box. The |um nance (cd/ n2, or
"nits", that is, brightness) profiles of the 5light box with the LCFs was
rreasured The dlffuse transm ssion of the |light box can be described as
Lanber t i dRicromhat he ferprenlgsatigyupsgean Fowitieaprndts ?PWWB@ Heasurlippgeated

appr oxi mat gk réud 1a$&my<acao%s 6 Width dhSro6Mt (HeXWWHED nipRAigr, ForRedithhuse

pol yt etraf] uor oet hyl ene PTFEé gl ates of - 6mmthickness. One face of the
box was CREE@HaPREXfRael & ipshes (3073 dRlevidersi@ miopEswe of dHkPB S0 At Be di f f use
refl ect anggu@fpomt &tﬁegmgﬁﬂl@%rﬁdheaﬁa&im ﬂeermél@wwutea%@mg I ieXAMING - 83%
aver aged over 10t he 400- 700 nm wavel ength ran During the testing, the
box was iTUPigRPriamRsRs phay viihe Brsion IR faowpg i cEerPPSi3 ﬁasanr%ﬁtuépm oEfbcTaE Bftar hol e

in the bokf OFHe bstie 1 Ségm%petrz&e&:h%pﬁﬁEﬂUf@@wﬁtfr%G@m VTHeQuﬁeH‘@avllt&ght
directed tovvar t he sa e surface frominsid | um nati on was

provi ded a8y fln tigle 38 IW@W e ha eoh gt th%%?é?ﬂﬁ‘é’%@ﬂ%f apd yrendBubcevadidehed to
a fiber-opthdwnlH Pt 6. %@ﬂ)l%@m‘élﬂhﬁ@&ze&gf‘e hb @ shb PRt eBMOR- 11 with a 1 cm

di aneter fiber bundle extension from Rott- 15 Fostec LLC, Marl borough MA
and Auburn, NY). An El di m80 Conoscope (Eldim Corp, France) was used to
meaggr e the | umi nance mrszst Es%a?n%)lePTQ%ht'@ﬁtr@lfFlﬁﬂ"ﬁreﬁHritfoﬁse | i ght source
both with and ~without an ight transm ssion was determ ned as a
function of v{elihg| alsgre Fﬂlinl‘flpl mFélarﬂ?}Pe Bimp| 558 TeokanpPeTetlepar ed by
stacking two conper Ciaddiy| avaidrab! BurbhEisr { Vinkyi 11 Tafidvanceghtiah 9it
20Control Film avail abl el from 3M Conpany) so that the | puvers crossed at
90 degrees (cfossed||otivef film. Sanples|Ratd| D W¥Pe p| adedinin|the
instrunment inftwo different orientations each. OipgRt@li pn 1 incliuded
aperture 2 (the smller aperture) distal o thellight source (that is,
similar to FIG 4B)|anH of |%Q1P5at| on 22j ncludéd apbﬁetll?fﬁ‘é > NitExédml to the
| i ght source (Thgt IS, SIM @kt 0 4Bow tNjThg LJ—N%{)&&G&I ARG 480 degrees
relative to stubstrate 450 25FI G 6 shows plots of the |um nance versus
view ng angle|fof sevetal | LCPe of Exdhple|172 In FO@si6, | thed i ght
transm ssion @&s fomciTon view ngzangie ¢9) fop, ot Jbe g source
(600), crossed I]guvar ilm EQL ?5 n %rientg(% on 6%1 filmCin
orientation 2|(68B0)| f2Im D ()] or| enQatl on 14(640)60me m D 4 ori entation 2
(650), fil m EH5nmortentattron—t—(6660)—and—t+itmE-+nortentatron—=2'(670) are
| abel ed. 30Following are a |list of enbodinments of the present disclosure:
ltem 1 is a | i@hikalgendnriglionfthiongh tbolmd arsa W@'m@sﬂrhd stdestapol clgwhérade fand an
bot ween tHETPLT 5t (had-Eabond it diiy SRR gyt VR Rlehfhe LT N9

2012/ 1624b8R(ETY 490 Izmﬂ)fh&kﬁfﬁs anddegeriplnad b& sub;ra(mrhg dptthldalledspf s bhsatféd ahd ght

tr aP? m S%he ovega?l\ﬁle hte(l%1 OF t%SE()()p L Ithaelt(l)t%l n?e)%ts %Qcp tlh %Eesse tIW%&p tlt h%n!il rst and
second maj Or ‘sur §ces érer n’each lilura cavities conprise a
first apehlblmess mlrmuaa;mntsmwSEM ¢rbw sédtips tmagey @amstmrchbiﬂetﬁd Kakdaniibe @pdst ur e
adj acent a%hs% Smea cond 9 surface, and at |east one side wall extending

bet ween t P aperture and the second aperture, and 5further wherein

t he second aperture and the second major surface are separated by the |ight
absorptive material hav nd thi ckness a than 0.1 m crons.

ltem2 is the |ight con;TngﬁL%f(% % %elftta?smlssTn a%%na%h(:knescr 0oss-section of each

of the cavit|ies pardanmle t 0 the i Lahd tdgkoesssur f Releticed¥sprrasesissdorci I cul ar
shape, an oval shape, or a pol ygpnal shape. Through Land Regions

A 10 microns 20

B 5 46

C 0.5 76

D 0.5 78
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Iltem3 is the light control filmof item1 or item2, wherein the side wall
intersects a 1l0perpendicular to the first major surface at an angl e between
about 0 degreesicasd about 10 degrees. Item 4 is the |igrCTASR412089266 | m of

iteml to item 3, wherein each of the plurality of optically-isolated |ight
transm ssive cavities have a depth D between the first and second
apertures, afirst aperture width W and a second aperture width \
associated with a vFaWichy pl ane prthog8fal to the first 8mjor surface, and
O ((W+W2) / 2) '%/[élﬁm!@ﬁ%gias?5 and D ((W+W2)/R) is 15not greater than 8.25

in the v|ew|nnnanp l"si':fhcleigf cantral fi‘Imnf item1l to
item 4, wherlei ﬁOTttWéZIQi?PdhglPﬁPé‘Ibneﬁ is between D.1 nmiW®reeimabsd about 10
m crons. tem6 15 the tTght controt fitfmof Ttem1I toltemb5,

further conprising an optically transm ssive filmdisposed adjacent at
| east one of tTHe hghtrn@nsnwaﬂjlmoféwmaéb@Fm@ farptions efcvarvangrijter waB epasufr eslasing

ltem 7 i s,tHg 8'0%#1 t(ERlllmUoll;me?afncé Fs%?erlﬁéc@d BJP%p%PL h?ﬁéély\’

transm ssive urt i ses eS|ve I's the |ight
cont rol ftiapgmigsive; olen lightdox. tTélmlummmh@G@nﬂ e @ks c it i 3br1ghtn¢8ﬁ)| nr@féiewftﬂw an

opt i £ al l yhﬁh{ lﬂog%%rtﬁenﬁ IS 'iﬂe@guredz’?lllet (ﬁfﬂls% tﬂaﬁ‘snh@ﬁ)n O'f 9@1 éﬁtq)'a; EQJ bef(f-eéc?fb&f item

8, wher ei 0t|ca transparent mat er 1 al npris S‘all’, atransparent
pol yner, 9@Lalabftrh%m?b@ln@nboxamswiwedlhp@w mema&uneg pipgiimagmtl 2.8¢m ki | m of

item8 OrlZISEI?IrQ 95 M@x%x@i)%ﬁe ﬁpﬁl'dﬂ’ﬁls%"yol%émgﬁléﬁﬁen tl“?ﬁj qﬂteshﬁi 6thm

refractive i ndex th 'ower that the absorptive erla refractive
i ndex. | tthigknpss. Pge fapeof| thafvx vwae ahaser) asithd sgmple sultf@m Thethollgw Bght box hadiser ei n t he

i ght abscf?ﬂ‘ﬁ% 'réﬂ%ﬁ%% SF L s ﬁQQ %rak §§an?pl&éﬁh§&| Rl fle 2R8h, 269 ei‘?iro%'lt

Iltem 12 is the I1ght control wherein the curabBle resin
conpl i seghed(0adi0ami Uweteagtémnée)r Bglill?g the testing, the box wasrilungingted frere withight cont r ol

filmof .thr%g%h]a:h agﬁrokﬁlﬁ{aylgcmvm%lﬁl Hale d?ﬁae%{téﬂ? bfihé ?&' OppositShit &hipgd from the

group consli Ing o acry i c- based resins derived om epoxi es, poI yest ers,
pol yet hersgrfacan‘dlﬂg@a Hght aerdast towsar fieepinpla pur{ace fiem ingrdat dde &k}my@umas

ami nopl a%ox@(?e"d'uglﬂ% h\bltgl?ﬂl%\()kdagbaﬁh 1ﬂc§1ﬁ§§ceﬁm%htps%ﬁg§9thcﬁ&1rt¥ L ﬁf’)é 0%{19Hﬂl’dle

pol yuret hanes (pofyureas) derived froman-isocyanate and a polyol (or

pol yani neyed toglaes dhedight (HestdoRER-Uewthal ¢ diameter dlps bundireexfsasionfiom §@h0§/tr ate
gr oyp;  epX. I £6] M%lb%H&gﬁ MAH Aﬁﬁoﬁ%‘ R’Y? ‘lxneﬁ@ﬁ‘d @%on@&%é‘@&hﬁ{r&% 20tlce)

conbi nati ons t hereof em1l4 is i ght control m of item 11, V\,her ein
the col orveas ﬂlSQﬂd@rﬁlﬁ?Sg@sIhﬁalumI@h@r{bﬂgﬁneé@) Bepyides of the diffupq light somrdedothivdthianght
control fiiyofidem 11, wherein the col orant conprises carbon bl ack,
fuchsin, carbazole violet, or Foron Brilliant Blue. Item 16 is the
light control Lfightfesmissionag deterniined s 2 Binciigent gicningregls fatdilmarmplesf.tther
conpri s esan@agé?ﬁ;lé Ppared by stacking two commercially available LCFs (Vikuiti™ Advanced Light
20 Control Film, available from 3M Company) so that the louvers crossed at 90 degrees (crossed
louver film). Samples C and D were placed in the instrument in two different orientations each.
Orientation 1 included aperture 2 (the smaller aperture) distal to the light source (that is, similar to
FIG. 4B) and orientation 2 included aperture 2 proximal to the light source (that is, similar to 4B
with the LCF 400 flipped 180 degrees relative to substrate 450).
25 FIG. 6 shows plots of the luminance versus viewing angle for several LCFs of Example
17. In FIG. 6, the light transmission as a function of viewing angle (@) for diffuse light source
(600), crossed louver film (610), film C in orientation 1 (620), film C in orientation 2 (630), film D
in orientation 1 (640), film D in orientation 2 (650), film E in orientation 1 (660) and film E in
orientation 2 (670) are labeled.
30 Following are a list of embodiments of the present disclosure:

Item 1 is a light control film, comprising: a first major surface and an opposing second

major surface; a light absorptive material extending between the first and second major surfaces;
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10ltem 17 is the light control filmof item 16, wherein the coating
conprises a reflective material . I[tem 18 is the light control film of
item 6 t ovORemv1bZ458wherein the optically transm ssive fPCRUSeNMPROBREE at

| east one of pol yethyl ene terephthal ate, polyethyl ene naphthal ate, high
density pol yethylene, | ow density pol yethylene, and linear |ow density

pol yethyl ene. 15ltem 19 is a di SB| ay device conprising the |ight control

filmof iaeaplraliyy efoptigallisojated fighigrangmissivg Gauigies &t {orshPGAbY F45nAGS brfges ght

control fihd fisOfndkdcBAA thajbPsukth@R) Wirein cach of hhIBRHLr BRA TS Sompidh Gk ed, al |
nunbers expressing feature sizes, anounts, and physical properties used in

the speci®Piess PRURFIGSAVIEN the Fist mpler sfagsea Eﬁqalé‘r@ﬁ%aaca%cebtéh%ﬁCW@ﬂaﬂqred by the

term " abaytface, HA@PkE B Ve willleRRBdihNBHCRh & @ abARrEAtEALYond bHGRYERY | cal
par anet ers set forth in the 20f oregm ng specification and attached cl ai ns

ar e appr d¥itheatheiRg tharseond gperives apd diepeseds Agion pofics He swaeiel sy thsligpert i es

sought t%b&ﬁpt%hﬁke@ﬁﬂqabﬁﬁ Bma%laiﬁbdsgﬁ‘édtekﬂlaﬁ be ndébnut i 11 zi ng the teachings
di scl osed herein. Al references an ublications cited herein are

expressly i ncdtpor ihsdighisoairel fig of isra Ee"fﬁl?f’éelli‘ heretresertioanf pachofthy FVEIcE hi s

di scl osurgral16Xe aRtfirdt @ha}ola Surfikd EMpribQeNeiomyr sdhgeesnt dvil GaRt ratoRloohdlbisipe.
25di scl osure. Although ecific enbodi ments have been illustrated and

descri bed heréreﬁﬁistthevugh coggoljiproetsad atitey 2t \HisEd B sids wplhifsEceRp1 | in the

art ¢ hat R \éﬁdlélﬁér)(o O s In@foﬂﬁﬁﬁc@d?dﬁ %gl&&l:%ééﬁ'a@d%%ﬂ??ée@ﬁﬁfﬁb@&ﬂ 10N gre&N be
substltutegjfor t he specific enbodi nents shown and descri bed w t hout

departing f roﬁfef“rfblsél??d’pgét entrel{dmof Bere hto dRns | vdsisinecachrpfithe RIPBliYEAt i on i s

i nt ended dpQcAQMRat@MshAsiARh BT ORSitO havah Udkh DBStwREn thP &rss ARGEInE RG] NENt S
di scussed herein. Therefore, it is intended 30that this disclosure be

limted oIt apyrrmwidg) Wil pad 2 sepigparturg pittip e progoied 21th3gBaEaWME i s cl ai med

st 1. Arthbghihl 16 MRHQImafdr kiffac€ QRPDHI(EN NOY2)22) fid dt SdastMEISQRd EV{(WWZ#@% an
opposi ng second maj or. surface; 5a |ight absorptive material extending

bet fen tl}‘?éng?t?rélﬂanM ig eV BIe- surfaces; and a plurality of

optical I 'y-i solighesishicaitht doh@O1SHhS$ tME 1 &RVt I Bhetln hERRY thRAALsE RldedivegXt €ndi ng
between the first and second major surfaces, wherein each of the plurality

of cavi ti%esmicapprrdabogt imigonspert ure coi nci dent with 10the first major
surface, a seqepth BRRIMHI @nadliAaeRied N KQEOTEHHTRERprising an optically

transmissive film disposed adjacent at least one of the first major surface and the second major
20 surface.
Item 7 is the light control film of item 6, wherein the optically transmissive film further
comprises an adhesive.
Item 8 is the light control film of item 1 to item 7, wherein each cavity is filled with an
optically transparent material.
25 Item 9 is the light control film of item 8, wherein the optically transparent material
comprises air, a transparent polymer, or a transparent adhesive.
Item 10 is the light control film of item 8 or item 9, wherein the optically transparent
material has a refractive index that is lower that the absorptive material refractive index.
Item 11 is the light control film of item 1 to item 10, wherein the light absorptive material
30 comprises a curable resin and a colorant.
Item 12 is the light control film of item 11, wherein the curable resin comprises a radiation
curable resin.
Item 13 is the light control film of item 11 or item 12, wherein the curable resin is selected
from the group consisting of acrylic-based resins derived from epoxies, polyesters, polyethers, and

35 urethanes; ethylenically unsaturated compounds; aminoplast derivatives having at least one

-47 -



surface, and at |east one side wall extending between the first aperture
and the second aperture, and further wherein the second aperture and the
second nmeyvonosurk#se are separated by the |ight absorptipeeg/usatiensebe havi ng
a land thickness greater than 0.1 mcrons. 15 2. The light control film of
claim1l1, wherein a cross-section of each of the cavities parallel to t he
first major surface conprises a circular shape, an oval shape, or

pol ygonalPeatapReTy 1atg grot @olyPiGHENGE RRIYUBFAS K er i On&?IaWﬁyanatq/mP@leolt(% si de

wal | i nt Eifo%ﬁﬁn%) @so@ﬁaﬁﬂ@ﬁ&lvﬁﬂ%@ﬂaa\hﬁg attﬁk‘%st%% péndhnt 'X&Jylafe SHhf @y ARtindhthangl e
bet ween about O degrees and about 10 agrees 4. The i ght control film of

claim1, tWi’é’F’éfﬂ%*Fdéﬁ@HeS@?ndtfﬁlémfﬂsﬁP‘é?qnﬁ}n posgprefal | y-i sol ated i ght

transm ssive gy 14 i¢heMiaMeomrd &Rt br iRnb el WaERintthe of drdn® torAfesSE50A&ht or a
apertures, a first aperture width W and a second aperture wi dfh W

assotiatédewith a view ng plane orthogonal to the first major 25surface,

and D/ ((WL+V2)1feR) 151§ t}@thgilt%ﬁﬁ“ol it? f i1 Dhvh bW Y200l ofant LsmMRts GfRAbRLK,t han
8.25 in the viewin |ight control filmof claim1, wherein

. The
t he Iand1?%?@kﬁ@§§gF§m5éPﬁE@Hn5“ﬂmWﬁﬂ?%ns and about 10 microns. 30 6. The

l'ight control fey 19i9fhe Gl cBhtdol fifhl bf IRGL 1 AR 155 vAGeift theQRfcivad! fhivhet r ansm ssi ve
filmdi sposed adjacent at |east one of the first major surface and the

second né?ﬁ@“%ﬁ??%ﬁ@g 7. The light control filmof claim®6, wherein the

optigal Iy trangm ssi e liht OhtHEIREF it TR Kih&eH ﬂ%&%an@dda@r?héé@a_réf@cﬁve _
2012/ 162458PCT/ US2012/ 039266 8. The |ight control fil claim1l1, wherein

each cavi®derial filled with an optically transparent material. 59.The |ight

control film afenfgal e BightWORESR il bPigenPPlol ied 17y whér&in SRV 8O 1y iBh@lidsAb
conprises_air, a transparent polymer, or a transparent adhesive. 10.The

li ght corfiigPmprisepptdeastqngiofpeyet &rephimlategpaly hylang nihissabigh o eri al
has a refgoaetMge, m@&%s %Jm_lyet@'leh@\éﬁd 11ﬁe|8§lbwtd|81$s1t?9§196tﬁ§rlbﬁée mat eri al

refracti ve i ndex. ht control claiml1, wherein the
light absor ptiltF&@ lr?ezf émﬂ%}ﬁy %(F?ﬁrci’@@%sl% the Highbpontrplldmpf ey 140 #em d¥-ant .

Item 20 is a window film comprising the light control film of item 1 to item 19.
Unless otherwise indicated, all numbers expressing feature sizes, amounts, and physical
properties used in the specification and claims are to be understood as being modified by the term
“about.” Accordingly, unless indicated to the contrary, the numerical parameters set forth in the
20 foregoing specification and attached claims are approximations that can vary depending upon the
desired properties sought to be obtained by those skilled in the art utilizing the teachings disclosed
herein.
All references and publications cited herein are expressly incorporated herein by reference
in their entirety into this disclosure, except to the extent they may directly contradict this
25 disclosure. Although specific embodiments have been illustrated and described herein, it will be
appreciated by those of ordinary skill in the art that a variety of alternate and/or equivalent
implementations can be substituted for the specific embodiments shown and described without
departing from the scope of the present disclosure. This application is intended to cover any
adaptations or variations of the specific embodiments discussed herein. Therefore, it is intended

30 that this disclosure be limited only by the claims
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12. The light control filmof claim1l, wherein the curable resin conprises
a radi ation curable 15resin. 13. The light control filmof claim11,

wherei n twe 201v&bise resin is selected fromthe group com€raiSze1g/064266
acrylic-based resins derived from epoxies, polyesters, polyethers, and

ur et hanes; ethylenically unsaturated conmpounds; am noplast derivatives

havi ng at | east one pendant acrylate 20 group; pol yurethanes (pol yureas)
derived fVb#hisiRimedieyanate and a pol yol (or pol yanm ne); isocyanate
derivatives having at | east one pendant acrylate group; epoxy resins other
than acryl ated epoxies; and m xtures and conbi nati ons thereof. 14. The

l'i ght control 411$W‘8ﬁ“01:ﬁ1§}aﬁ9%11r}51%erei n the col orant conprises a pignment or

a dye. 15, Estohghitu@RBhicdn dpbbsieQbcdnll dafr ddkfachher ei n t he col or ant
conpri ses carbon black, fuchsin, carbazole violet, or Foron Brilliant Bl ue.

16. The |ight cont ridisht 3berpire reateriahexiendipgdetaiesn the Brskangdecqpa majog purfaess:
conprises a coating. 17%agThe light control filmof claim 16, wherein the

coating conprises a reflective materi al . 18. The | iﬁht control film of
claim 6, wherein tHPgpkty ebentigaltyrigplaled light Gansmisping eayiise pidesst peftillgast one of

pol ycar bonat e, pol yet hyl&@nadihes@phiaif Bind RRLYEhAY SRSnapht hal ate, hi gh
density 35pol yethyl ene, |ow density pal yet hyl ene, "and |inear | ow density

pol yethyl ene. ~ WO 20 &9 sEbonrEs2 0] of 05 988150 2 Ardprspiisyrogeiferiayith
conpgi sing the light conhd @kt hdjbu@hiceCd REMdbpertutOadhcdht MW dnli ni¥jseONpr i si ng
the light control filmof claiml. ) )

surface, and at least one side wall extending between the first aperture and

the second aperture, and further

wherein the second aperture and the second major surface are separated by the
light absorptive material having a land thickness greater than 0.1 microns.
15

2. The light control film of claim 1, wherein a cross-section of each of the cavities parallel to

the first major surface comprises a circular shape, an oval shape, or a polygonal shape.

3. The light control film of claim 1, wherein the side wall intersects a perpendicular to the

20 first major surface at an angle between about 0 degrees and about 10 degrees.

4. The light control film of claim 1, wherein each of the plurality of optically-isolated light

transmissive cavities have a depth D between the first and second apertures, a first aperture width

W1 and a second aperture width W2 associated with a viewing plane orthogonal to the first major
25 surface, and D/((W1+W2)/2) is at least 1.25 and D/((W1+W2)/2) is not greater than 8.25 in the

viewing plane.

5. The light control film of claim 1, wherein the land thickness is between 0.1 microns and
about 10 microns.

30
6. The light control film of claim 1, further comprising an optically transmissive film

disposed adjacent at least one of the first major surface and the second major surface.

7. The light control film of claim 6, wherein the optically transmissive film further comprises

35 an adhesive.
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8. The light control film of claim 1, wherein each cavity is filled with an optically transparent
material.
9. The light control film of claim 8, wherein the optically transparent material comprises air,

a transparent polymer, or a transparent adhesive.

10. The light control film of claim 8, wherein the optically transparent material has a refractive

index that is lower that the absorptive material refractive index.

11. The light control film of claim 1, wherein the light absorptive material comprises a curable

resin and a colorant.

12. The light control film of claim 11, wherein the curable resin comprises a radiation curable
resin.
13. The light control film of claim 11, wherein the curable resin is selected from the group

consisting of acrylic-based resins derived from epoxies, polyesters, polyethers, and urethanes;
ethylenically unsaturated compounds; aminoplast derivatives having at least one pendant acrylate
group; polyurethanes (polyureas) derived from an isocyanate and a polyol (or polyamine);
isocyanate derivatives having at least one pendant acrylate group; epoxy resins other than

acrylated epoxies; and mixtures and combinations thereof.

14. The light control film of claim 11, wherein the colorant comprises a pigment or a dye.

15. The light control film of claim 11, wherein the colorant comprises carbon black, fuchsin,

carbazole violet, or Foron Brilliant Blue.

16. The light control film of claim 1, wherein the side wall further comprises a coating.
17. The light control film of claim 16, wherein the coating comprises a reflective material.
18. The light control film of claim 6, wherein the optically transmissive film comprises at least

one of polycarbonate, polyethylene terephthalate, polyethylene naphthalate, high density
polyethylene, low density polyethylene, and linear low density polyethylene.
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19. A display device comprising the light control film of claim 1.

20. A window film comprising the light control film of claim 1.
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