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25 SUMMARY

Briefly, in one embodiment, the present disclosure provides a multilayer film
comprising an optical stack, wherein the optical stack comprises first layers of a first
fluoropolymeric material and second layers of a second fluoropolymeric material wherein
at least a portion of the first layers and at least a portion of the second layers are in

30 intimate contact.



The above summary is not intended to descri be each enbodi nent. The details
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15 Other features, objects, and advantages will be apparent from the description and from the

claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a schematic side view of multilayer optical film 100 according to one
20 exemplary embodiment of the present disclosure;
FIG. 1B is a schematic side view of a two-component optical stack 140 included in

the multilayer optical film 100.

DETAILED DESCRIPTION

25 As used herein, the term
"a", "an", "the", and "at least one of" are used interchangeably and mean one or
more;
"and/or" is used to indicate one or both stated cases may occur, for example A
and/or B includes, (A and B) and (A or B);
30 "interpolymerized" refers to monomers that are polymerized together to form a

macromolecular compound;
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f-ratio, one can exercise sone degree of control 5 over the intensity of
first order reflection. For exanple, first order visible reflections of
violet (400 nanoneters wavel ength) to red (700 nanoneters wavel ength) can
be obtained with |layer optical thicknesses between about 0.05 and 0.3
nanoneters. In general, deviation froman f-ratio of 0.5 results in a
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10of wavel ength k at a normal angle of incidence. At other angles, the
optical thickness of the |ayer pair depends on the distance travel ed

t hrough twe 2emvnpsieent optical |ayers (which is |arger tram/ush@otbssekness of
the layers) and the indices of refraction for at |least two of the three
optical axes of the optical layer. The optical |ayers can each be a
quarter-wavel ength thick or the optical |ayers can have different optical

t hi cknes deisaflugsoqtipencd sandeoppbysermobictraflaoropthy leas, henpfuaieryepgens apd| f of a
wavel engt -t I An - ' stack having nore than two

| ayer paf&%ﬁggﬂgpﬁ@+%%2£%ﬁ%$§3?9%gy%ﬁguﬁﬁ§%§§¥%ferent optical thicknesses
to provide refBeeappropiistc Quiecticn oathgefief opiib lgogt disl. thEaecadasmicel, lagers,
optical stack can include |ayer paifrs that are indivjdually tuned to

achi eve d’é’tﬂFéasltaCi‘éf‘péé@ g%ﬁe%sneﬁd? qCt0n S E qu}r@#aqﬁiavﬂ%g)fglgm iltcwillar
waved engtius, pi fr¥ 1Y BorRe AN AU LD thhPHR' chaRRAfa (b PoaykPi
r ef Féect It{%g I@egs\@/%%ﬁ a&ﬁargeor@%(gng\%isg?#&l %A? t% %gieacaal §e§%pdr((a)§€% ?a t(1)S use
al | or nokpéndequasttanly vavie fmidnded bpication nf theirsulobyer ogtant fibh, oft atsoeon
spectrun1h§Cques optrol .of the |ayer tafgkgess profile . in the film stack.

A br oadbdRHRPELHPIMOT SIS USRI Y Sotii Vet 16° PEIFEEEe OdIHNe 17 ght over a
| arge range OfAs'iH@t%ss!thlﬁ*bﬁgh Stichll std RAWO! @S 1@hl & B PO oothe ligiek 31 | f
the layers are polyneric, due to the 25 relatively small refractive index
di f f er endwstransmiiteadathranghianonpighlylaper, absorheddonpaeritcat byenor gefhicteds off ths.
Layﬁ§ tth#g%s§g%rofi&es ﬁhl?PCh optical stacks can be adjusted to provide
for nprdeg gb Yl MERR %& &%t i cs using the axial rod apparatus taught
in US Pat. Nhe Bghf8andaAtcl Ne@uih aftopatal)lag@Mdidadd W hbsoriawnes, hickhésse

i nformation obtained with mcroscopic techniques. 30A desirabl e techni que

for providingflestinn Tiapgyisyion b is a¢lated fnpbgothanes Coninthitied -gebiapd i ricl ude:
VD 2010/ 073064 RCTLHSROORYROBRLA. oy TG e R ALy ANIHcl BARERUET o G0 T
of the layer fhickness vallies of “'Coextr uded pol'ymer Tayers as taud%% in

U. S. Pat .lajNes. Fefd@Bidg 34 8in(thddGL nBefirsalopical layer?) 60Tameba¢ohdipptical dyekns
profile feedback duripg praduction from.a | ayer thickness asurenent tool
suck® as d12¢ ICSRRCIRCFRITECHVG IRECSH tBplzue dHEereny. By 2Kk @p%Wé{;g&% fay be

5m crosc i ! ope. I §aliniemsiel

gener at 6 et g R R R P g5oHiploD Al B8 In(GHE bei

adj ust nerfirst bptst lgrr tthea dind fsecomdceptivelt lagen 162w and@s wit eélik iragréacepradfvedne and

the desired | ayer of i The .basi ¢ pr.oces of . er .thickness.prafile
controt iR Racablsgt Her 6% oaicf0RRE g oobnbiehBlEH it Bet TAGEBAEE on
the diffanRrGe Of adift8nt HtReL 1al @Y &ypiddliyIeBRs shiBh e bilReRNA 1h19s ARPSWiREL | ayer
profile. The axial rod power increase needed to adjust the |ayer thickness

val des i rebsor§ird are subserbicacdpticahleyeraseiiested ot heubsequichi iatas@ce, wr iseiransmattedaat t s

of heat i,pput, per nan ter,0f, resul tin hi.ckness, chan of. the | avers
gener at ed i A o BACTFCTarEiooRBRE:. TyRRAhy iy O BB v el ¢

using 24 aXisékctt@duaPiesn bOkuBltibBy fafspatént @ GRosedidhbralvedngthbiat Reg@ssary
power adjustnents can be cal cul ated once given a Lar%et profile and a
I}

neasur ed TpHAIVILS is deseredy, bigdthab ismgy reftected b adagr ot interfars Pagiss ft Brincsts

conver ge. o v - ; ! ess
val sy o Rair R PR R ok oK R e T e R e
pro2i | e want hnd feor.i Insthis(vidyi, ameptidal tyyet ctadk Wialy araay dptied layste@. g ,ondvavkanabout
a quarter_wave gptical thickne (index tines p i cal thickness) for_ 340
nm | i ght Ené&%ps Sred8i mgre g H@%m&%&ﬁnqr%y@psz%amp&ﬁalmeés)dajce&b ko be
about a quUAaLLEh w@ﬁﬁlkgkgnggkkﬁ@ﬁythickness for 420 nmlight.

I ncreasing the %unber f optical layers in the optical stack nay al so
provi de nore opt ganatal,gpbeveaflectroty exthepiteface fof afjecant bptac iayersiinpepotimnalkeen

the | ayer irs i |1, .t he 25 optical stack t, achi eye the,desired
o ect VPR SRR pE R PisSa A8 REe RErSHTABER oBrthe D, itk B et i & e

ref3@ct i WebohdEptichE1:86hheiedeflédtin@NeavRIHpgth. MERE aplolitbRIifFéRa@Nn fifdedRrsur e,
the optical stack conprises at least 2 first optical |ayers and at |east 2

second opndexabetivagreths, layer pasadmi®: ) isgypieghi @4dlorllager. dighet rafradtivagndex
second opt.jcal | [ t st..hQ firs tical layer n t e 50
second opifieBhess g Een Qe [ERSbuBd by ne Bl Rt REER AU Mscd P gas
200 second optical layers, at least 500 first optical |layers and at | east
500 second optical layers, or even at ffeast 1000 first optical |ayers and
at | east 1000 second optical layers. W 2010/ 078064PCT/ US2009/ 068616
Birefringence (e.g., caused by stretching) of optical |ayers is another
effective nethod for increasing the difference in refractive index of the
optical layers in a layer pair. Optical stacks that include |ayer pairs,
which are oriented in two nutually perpendi cul ar in-plane axes are capabl e
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5dependi ng on, e.g., the nunber of optical |ayers, f-ratio, and the indices
of refraction, and are highly efficient reflectors. As nentioned, the
opti cal sweckioafsichi s di scl osure may be desi gned to ref lPettusesoossmnsm t at
| east a specific bandwidth (i.e., wavelength range) of interest. In one
enbodi ment, the optical stack of the present disclosure transmts at | east
one of the 10 followi ng: at |east a rtion of the wavel engt hs between
about 4od9ﬁvwenmpreoepwénpqm§u(e esmef?@ovﬁm ca bey eisatsdt Wesn cadbing ®SB- 800
nm at Y e
areater tRarSpBARbLED Mod SRR BRILPIIER: e I Gaft e bl
portion aﬁekherpﬁwﬁhgmguhsthﬁtmeeﬂe@hhuiOlepbaﬁm@nnmm kst vween.@Houtv@00-
1300 nm or even bet bout 800-1100 nm at ast a portion of the
vvavel engtlf¥ T Ol cArnapdIE. SHOEO0 YRim Pady S@k?eﬁgbépt«eeﬁ%upolzﬁeethﬁb nm
| east g.pe l'a ?Ii ﬁm wmg’?@hetv%sa% Eﬂﬁaﬂlt@péﬁﬁtctlg‘é)gld@g]dlﬂérence of
conblnatlons t t least a portion” 1s neant to conprise not only
t he entlhb12ange of mavelengths but al so a portlon of t he wavel engt hs,

such as a ban h of | east nm 10 5 100, nm . By

Tt anem tst 1 St snopaE 1 ab P N eIk B orghe MEGLOGY oy
95 perceng e@fpairb %he’-@;y’eﬁ\é?slt@dk%aﬁ%e% n%ﬂé@t"o%ﬁlhsﬁ{t%r Eéf&@ﬁﬂﬁb tdbgrbdatavdlBOtndegr ee
angl e of |nC|dence I n one enbodi nent, the optical stack of the
present ditscthskoese aof shtlebysr mey liefisncothe mfwméndemﬂtbmpp@cal atack dasither

h | h bout. 4 b 80- 780
et XSGR, OF 5 BUERY o tind B P RN ERL R G s

great er tdpaidalabpits tymllpﬂ‘ilavg aleat&aget hafvlmomyeﬂﬁ&kmms dirabBiEshedfiRAELESS t han
25 about 800 nmy at | east a portion of the mevelengths bet ween about

700- 2500 thenvapelenah of Bengst, soba i@@opﬁmthlélfneéwhah@@ aeehalapbthe vwoelengtho nm
t | t 4
Dot woon B dRERSE O KiptichOIYEN ELPORN TR LELAEERL ARG HH0k SOR MR laBIET

about 30Qan rhiav@dlffemmbbp@ctaﬂ dnskntehms exsflongays the efihed tis' optRainthaihedsbafor ate I east
30, 40, 50, 60, 70, 9 r 95 percent of the wavele gth

30i W er edaYA ML ’éfhaéfgt)%él V%&V%tnet@ éég%l@@l @tﬁ‘gth@rw?) i Rey a@aﬁ%ﬁﬁ? fo refidet &

pairs, n 0 at

Phe opt1 aalonel (MA/IHE. EATrd; BRGEe Pt W@F%’%ﬁtﬁ?ﬁ%ﬁﬁ%ﬁ“@saﬂﬁ

second bahcwratide lajﬁerIpaghhtcknmwmﬁmmﬁﬁﬁﬁﬁ&%%ﬂ&t 8OO nexiagip) e,

the optic st ack. vi si bl vel e hs (e. 400- 700 n

ol oot (A Pt nuMh BOROIAES Worle S 5Bt e kdnt eV Tres urOTE:
wavel engttﬂﬁkﬁ@s Gvoul 5O aBAN 400 Nerst 8plies tayehf I@T @Iﬂi VRYRd 8pEdta $aychf 162
transmt infrared wavel engths and reflect UV wavel engths. 5In addition to

t he2bpt i gady Bavacke dese tidewssebollésmatidiy, |thma11>thala§te¢1@cmhlués optiesd daystrown i n
FIG 1A By, plied the nultil ayer tlca fllntt dify
or _ennancpt AR apiskr e Binegie' da Tk b B SkndRhis Sl G e

mul til ayefaviipt hoad thid Mo Aaf@nphirdmichh ngclludetdpﬂgalotaye@atvhthgalfmenlt aygical t hat
may optionally be used in nultllayer optical filns according to the present
i nvent i oﬁhickn%éﬁtsa‘iolléﬁ"lﬁh refkstivisy Powi nifngarhgieaphssths oFencwielemountiveht ,

the mult 'sltaacléecr nqﬁélll&; *)HPS tgflgtrrytre néi VQ@QF tud8" a%ﬂlte{lé; 8{3t1 Qiyt%'ﬂ%ctqn ofW' l !
be appre0|ate3 P ayer optica can consist o

opt2fal gstoamkllpincidunt bghtnheaden gf pe@mumi whaydlengdpt orciaby stchelesa gﬂaatenaoﬁlayer

subsequent |y conbined to formthe nultilayer, optical fil dltIO a
optical IPaYethicknpsses fyettst élanlateavqrr?cll%ae%él &Kﬂfl EE@ APIHES e?ﬁvrltym%é 2 | ear
to col or %rtidu‘la[?ﬁla%&ofaﬁf ¢d n)ghﬁlaﬁﬁl %ﬁ‘éﬁd@ﬁt' 6‘£§¢hé38 t‘i’ca’l“tﬁﬂ’cﬁ‘ﬁe%s o@rthéﬁﬁ&lm'uﬁ?lat Ions

t her eof odinent, the nultilayer optical filmconprise one
or nore ri@yﬁmmhmhptimmﬁnswahdaﬁtedfa@rtheepmdtpﬂtef therestuat tmqiqnesssdf the laggrer s or

one or nore i.nte Lor non-o as, far exa rqtective
boundar y IriparsShefiusan ekt Bt Rt Reafickydl com s SEE er PAghpa can
be yped tfandioncoft MEnMHbdr dfaMesr Qs 3l thé idifRRrehdel Gh YéRachike tifdiRdsadfesgticht 20
from harm or danmage during or after processin For sone appllcatlons it
may be ddeyarain eadholayercpaitieTheatatiofrn 6 4nidpropdt (commsialy ssrmafh dhe | firatind
interfacial adhesjon between the skin |ayer(s) and the optjcal stack is
cont r ol | @risktasyith eflecvisnof agiies lagh PB’é agpspesylied Pevsiengile Spthecarptio ack
before use. Typically, one or nore of the non-optical |layers are placed so
that at |east a 25 portion of the Ilght “to be transmtted or reflected by
optical layers also travels through these layers (i.e., these layers are
pl aced in the path of light which travels through or is reflected by the
first and second optical |ayers). The non-optical |ayers may or may not
affect the reflective or transm ssive properties of the optical stack over
t he mavelength reglon of interest Generally, t hey shoul d not affect the
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WO 2010/ 078064PCT/ US2009/ 068616 weat herability, and/or chem cal resistance
of the multilayer optical film Wen selecting a material for use in, for
exanpl e awDearo/a7ewist ant | ayer, nmany factors shoul d be eomdisdewedsssach as,
percent elongation at break, Young' s nodulus, tear strength, adhesion to
interior layers, percent transmttance and absorbance in the wavel ength(s)
of interest, optical 5 clarity and haze, weatherability, and perneability
to vari oud Hedesara e [enogEme éefragzw;mdeseser theetpeeifigd svavﬁamgthﬁﬁ theelingsand as

t ear resrstant Iay S |ncl pol y rbon te, bl ends of ar bonat es and
copol yest$fdd sjsal Pf%ﬁséné} a}b%ll%%ft ﬁ’gﬁféhén @aﬁé‘i’t F%PGGFV%& é%‘r%sﬁwg

copol yners _of eth e.a tetraf] uoroet .

hewat | uorBpt o PaRRS PR dey o uB b e e P PR RE A RO DI, CEE R ene

t er epht hahadxey, opHal Tbjer MkneRks,Cald f-AYie! SndTBsh Beeréife 86We ARRIOPTi BhEOI
material and can be the same as one of the nmaterials used in the opti cal
stack. Ofovebthesiatensity p§ firshmsderaafleatioat Fonhexamplerfimt oukbysible seflasors et i cal
roperti

ﬁonpop £ gﬁ 1%{3@06%8&%% s%?\;e?e QBSLS‘\ r&I %@%alge et%gsfngge]"i‘&%e@)can;[)ﬁc btadliler%ig any
of the poinyhrmiye@ oraicar |t1ab15nds1§eedb¢tmexheb6utr etosam@ti S)examdomeﬁerscah bapedrls. |In
sone enbodi nents, the 15 material selected for the nan-optical |ayers is

simlar td5visfion Femsangragie of Re tseliprie pilesseretearse Af reflacl¥ited for the first
optical layer STI?e’kql{thﬁont e ﬁdﬁﬂﬁéd@%%@é 0 tﬁﬁ% feld ?qca{l%yerrsht% r@ﬁ@c‘i’(’l}gt ' the

optical |ayers. An absor |ng be appli

nul 10 | ayeyf v@é%le‘ﬁ?ﬂh A bt Dhédieha$ RhEk GriREddRet t ial _uRK aﬁ?lteé qaé of)t'ldamlflélgf@ss of
UV-radi ation tha cause degradation. Sol ar 20 , particular W
radi at i orth¢ dayer 280 d@pendm onrthe c’asiancndtm@elede@mwéit ihencomwpbets@ptml lapstsch i n

turn res | n,col or ange . and 0 n| cal
o oner o1 dulta 815860kt NAEARS FAETEThhE heShaRRl of Rhiafih 6 7 Ay
out door &ﬁ/l@|df(ﬂ&’é ihegesopaheelr aﬁdeﬁl of RMptieAIM gkt T bpttcm la eﬂm:aﬁlemlrbe a E[lﬁt&ter-

absorption of UV-radiation by poly(ethylene terephthalate)s, for exanple,
starts atvaickngth Bl okhe @Hﬁ@ﬁlelaxeg C%Wedilf;ferzet opsicalihmhnesses, anlomeias theer y

o I I I b
v T2ai acans BEERHeal 10T KT GREAERERE IR et ERETS (o
about 41Gtavky haaing mbichthabseo nhyem rparmmmm@mdmopstwag la@zbrs&sﬂh mlmﬁfaemt @sdicalnm

Chai n cl eg E}g% occurs jin t presence of og gl Hd i: om nant

phot ooxi dae S%*r"@cﬁ!i%‘flge & CE&WbBﬁerr?oW&%?B WaNGIeRAS- d 85(?’8%“1’ arfd ‘H%ﬁlrcbloxyl ic
aci ds. BegjfeantifQual [ rget pAROth! XI%'lﬁdl%Qlealht/ laﬁlee% ShiBVOBPEmaCRAREERS g | on
has to be given to oxidation reactions, which |ikew se form carbon di oxi de
Vi a per oxiodmallyadicodeing hght\/@VZ@lpﬂrOG’tS@tGWP@mgﬁ@O@%@ﬁB@hﬁie a gradiehef layer

sorhbin er co 0 an UV- absorber. Typically, the
poI ro iR, gh]tcﬁlg ggfiqcile%gl%’ﬁ%? ar%fﬁpa?‘ﬂ‘?’@h s not a requirement. Exanples
of suitable podyyg éa‘-ﬁ apPoattd e RalsY @fIt B HodtE- hartePRhyd BIHKELRRE In this case,
t er epht hal at eg) fI uor opol yners, polyam dés, acrylics (e g. Egl y( et hyI

met hacr ylcentsyph of the spesum fsanijesetosirobofthe layer ﬂe«rkrmﬁﬂ rrefilecingh¢ fibosiack. A

S e R e T R

copol ynmerangley e bt 2R Sreq QiiesCeO BBt oM@t 597 %fﬂd}%fﬁ@fthe( Ry@s ,areapdlyleeﬂc afucpekheret hyl
nmet hacryl ate and pol yvinylidene fl uoride) he UV-absorblng | ayer shields

t he2dl t |TP12§§1§¢1Yéﬁtarllcrﬁfra?ti‘{erﬁné?" éé&é@%ﬁﬁ@cwarbiegmt pRlypgy fgBesonparech®

UV- absor ol @%gp i pl us
additiveg?&%ﬁh@¥@ésgg%% qgw%%% é%g%glngo -rgaygf%g#& d sggQg %g%{ed
period offot imgroved spectrél c\ha:rarce:hytm:sfusmg the glsatal adakayparangs tamghtsn &by | Pati Ng.

addi tives e pical.ly incorporated |nt ahsor bi n er t 0 .assi st
"nits f Ohor ey é%rlet %tctafhgcombe%r“ﬂrhr %r Hb? joc v omsatyah r‘h% Qs Wik ti ng
exanpl es QfcrdsB&rigfidhaipy&s i ncl ude one or nore conpounds selected from W

| i ght absorbers, hindered amne |ight stabilizers, antioxidants, and

cond nat i ons thelesisfle techniqu-fet ahividing rsmslidhycawptivelafilsombtr s caneolideni cal
conpounds t%at caﬁﬁfntervene in the physical and chem cal processes of
phot oi ndu®&Y e dtion. The photooxi dation 20 of polyners from
UV-radi ati on can therefore be prevented by use of a UV-absorbing |ayer that
contains at | east one UV-absorber to effectively absorb |ight at

wavel engt hs | ess than about 400 nm Uv-Sfabsorbers are typically included in
the UVv-absorbing | ayer in an anount that absorb at |east 70 percent,
typically 80 percent, nore typically greater than 90 percent, or even
greater than 99 percent of incident light in a wavel ength region from 180
25t0 400 nm Typi cal UV-absorbing | ayer thicknesses are from10 to
500 nicroneters although thlnner and thlcker UV-absorblng Iayers may also
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trifluoronethyl-2-(2-hydroxy-3 -al pha-cunyl-5 -tert-o ctyl phenyl)-2HDb
enzotriazo le . Other exenplary benzotriazoles include, e.g.,:
2- ( 2- hydrweyeeByBGsa@i - al pha- cunyl phenyl) - 2H WO 2010/ 078@64RST40082500/ 068616
b enzotriazo le , 5 -chloro-2-(2-hydroxy-3 -tert-butyl -
- met hyl phenyl) 2Hb enzotiazo le , 5 - chloro-2-(2-hydroxy-3 ,5
-di-tert-but henyl)-2H b enzotri azo 2-(2-hydroxy-3 ,5 d|-tert-
anyl pheny1) lil:ﬁ@ ush o8l Pglgof cgtey @nﬁpbeﬁhyl@mr ﬁluqkﬁasso@#yﬁioécoqx@vﬂed)
ctyl phenyl)-2 t

- met hyl phenylg_lk %ﬁn é?etfg és?%ﬁgkt?eﬁj;%?raf é\g"g%r@g#g( BM‘?F'?)% exenpl ary
UV- absor bi n@) ctimebulagds thlrakﬂmsl @rofl¢ fecObatkpineiny produdtidn frbmaazlayerZhlckness
yl) - 5- hexyl oxy- phenol , ﬁuépose sol d under the trade designatio TI NUVI N
1577" and "TI WSNG%’W tOB @éegpé‘elaéﬂn@‘ﬁ feHse MIeQPeOPedt téansmr%smnﬁ
I n dition, i nati on wth hindered amne
| g?}? st abi I i zei?%b%)%&l’—&(§§Cagnglﬁ%?ecg§?gg§<@%%%€b Exenpl ary HALSs i ncl ude
t hose sol d &hdéptldahmodwlargeo@emrgmahe mlramlaywmmmm and "TI NUVI N

123" by Cb eci al t .al s Cor. ry antjoxidants include
Chose. 5ol . Shabier e T4 pOa R taH I BARr s S0 ED ARG 626" by
C ba Speci al tmagg?mfgghﬁdﬁ;@rdgsmd layer profile. | N addition to adding WA, HALS,
and antioxidants to the UV-absorbinhg |ayer, the UVA HALS, and anti oxi dants
can be added tThedm@rprb@s;ﬁerf@r fapien thet ngsStmeﬁkl qogtrolomvwesedlastme@bpf el

| ayers of the present dis ot her 0 onal
| R Bbs or e SnEpER Erisy S SuSl blihe, ¢ era ol IR At FEBE Pickichs pAfiOR, ol o
the nul tith@yedaseiellilapdr d;ﬁﬂoﬁ[ﬁ fremtii Fadipawtocrdle neRadds & hijet {h@yﬁg
conprises a polynmer and an | R-absorber. The | R-absorbing | ayer nay

coat ed orihiskhess Valupy inl sgisen Eseblogh zamel mexhrshhy calbrasd misTBnOhVedEdcrint o a
pol ymer [

i der " arlfh ity oGNP RE el ARRRHG o SRR ek e b B
t rade desaogaatﬂummoﬂﬂaﬂof @i spéﬂ:ﬁﬁm is pEESﬁ]th (EsﬁﬁgZZléﬁdmal roldPfank SHfr B763RYersand
"EPQLI GHT_3072" by qﬂg polin, Inc. vxg;l NJ; %&S ci ds such as those
dest¥ i bednas q@libratqsyithe Refessary, paweA %Wlﬁ%té)can ?@P%@&V%eﬁ%g@t t hose
descri bedyjfilcUind: a '?ﬁéasm‘é'@ rofife>Ghe oc(e@hf%oﬂ?ay gul Fe?@alt @g,ntlpﬁ{ép{v&‘c?( fegs; such
as 5DE8832 by H. W Sand (E)orp , Jupiter, FL;  and GF‘ I um conpl x dyes
such as 5bABAB4 al so by H W Sands Corp To further enhance the

refl ectance and/or tran Ssi erfor e 0 i sual a erls

et e o R KR il S ERRL Sl 2,
one of thRay BY&djGsted R bR iBatchy$ hﬁwrtpréﬁy%tm& i@l (tHfidcon) GBNcd aylcfeat ed
wi th inks, 'dyes 30 or pignents to alter the appearance or to custom ze the
mul 20 | ay exdjusted todiave |abmtfat)qumcwafw ©phpP | thickngss igdesTHmss phw109é>¢hwbmfé5) t he
mJItllay V\/lthlnsor qt i.ndi ci a
such as” Rbel hiEate hdPrelrioRE d BRI ERa b M Sl B 8ol
2010/ 078Q@4R&T¢,&;@2[ﬁ&9/0968£11@@@@@9&3@0tﬁm @ghtot her i nf or mat i on. Var| ous
techni ques nay be used to print on the multilayer optical film such as,
e.g., screen ;Jrli:rﬁ@su?fggthqwbéf pf ertical kaxers dn thoeppticghtackugay 91;5@@%1“1@ mrarenay

al so be [ di e I rying
and UV-dr |g%1 éb%telﬂ 1:J(;jkgsso :a%kgeﬁraclxééolé@%&:aﬁgﬁ ﬂ'lé;tlrgi'1 o @% 0 | n agly)s&% ens.
The2appeapsingestak 15a§t het amhietve Ith?@/éassmamﬂmhvfty,l havweayr by serdeingahenesibsiuch

as, e.g., Iamnatln % dyed_| ayer onto tcgg méltlla yer optical film

appl yi ng % BTG et iaget rﬁﬁe%lttfﬁ%aysmfl vegt In e sribedimapiee! @&nﬁesam film
| ncludi nqyi e IQUAITRIY obiftaPASCIOErHRi®s Af 1012 FRY Bpfcd Fars adft (bR StecBingsecoNd
optical layers, the ‘additional optical layers or the non-optical |ayers) or
conbi nat iaptisaltlngrs et lﬁsttihﬁvsts’pbctaé lmds analaat 1¢aRt é@cqmdrmscairl@ems;m bmﬁtlii)t ed in
t he present, disclosure nc u I exa tical .brighteners
such”as. dONSBURESTia A% B3R b ASond Seie S S bleiy BB RS R BRE ange.

G hey addit jda4e300 fbnd8 ?fmtae 1ay@fesl wdREsti 0016t SPHchl ladNE an®RE icad! 500i doBdrddnC! ude
particul ates. For exanple, carbon black particles can be dispersed in the

pol ymer i @pdealclegaradoromen ad itsst 1AL E st oppeadixtes sivhal legst 1A80iseeandadntigal or
al t er nat ql}ye,r ‘smal | particle non-
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additional layers. The tie layer may be organic (e.g., a polyneric |ayer)
or inorganic. Exenplary inorganic tietayers include netal oxides such as
e.g., titaniumdioxide, alum num oxide, or conbinations thereof. The tie

| ayer may be provided by any suitable neans, including solvent casting and
powder coating techniques. 5ln order that it does not degrade performance
of the multilayer optical film the optional tie layer is typically
substantially not absorptive of |ight over the wavel engths of interest.
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10 In co-extrusion, it is preferred that the two polyneric materials have
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In one enbodi nent, the multilayer optical filmmay be used in architectural
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form carbon dioxide via peroxide radicals.
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SCREW SPEED Y ROLL SPEED Z 1 ET 6235 2.9 kg/hr 20 rpm0.20 mimn 2 ETFE
6218X 2.9 kg/hr 20 rpm 0.20 mimn 3 HTE 1705 4.6 kg/hr 26 rpm0.32 ninmn 4
HTE 1510 wo2olog7806424 rpm 0.30 mmn 5 PCT/US2009/068616

The UV-absorbing layer comprises a polymer and a UV-absorber. Typically, the
polymer is a thermoplastic polymer, but this is not a requirement. Examples of suitable
polymers include polyesters (e.g., poly(ethylene terephthalate)), fluoropolymers,
polyamides, acrylics (e.g., poly(methyl methacrylate)), silicone polymers (e.g.,

5 thermoplastic silicone polymers), styrenic polymers, polyolefins, olefinic copolymers
(e.g., copolymers of ecthylene and norbornene available as TOPAS COC), silicone
copolymers, urethanes, or combinations thereof (e.g., a blend of polymethyl methacrylate
and polyvinylidene fluoride).

The UV-absorbing layer shields the multilayer optical film by absorbing UV-light.

10 In general, the UV-absorbing layer may include any polymer composition (i.e., polymer
plus additives) that is capable of withstanding UV-radiation for an extended period of
time.

A variety of UV light absorbing and stabilizing additives are typically incorporated
into the UV-absorbing layer to assist in its function of protecting the multilayer optical

15 film. Non-limiting examples of the additives include one or more compounds selected
from UV light absorbers, hindered amine light stabilizers, antioxidants, and combinations
thereof.

UV-stabilizers such as UV-absorbers are chemical compounds that can intervene
in the physical and chemical processes of photoinduced degradation. The photooxidation

20 of polymers from UV-radiation can therefore be prevented by use of a UV-absorbing layer
that contains at least one UV-absorber to effectively absorb light at wavelengths less than
about 400 nm. UV-absorbers are typically included in the UV-absorbing layer in an
amount that absorb at least 70 percent, typically 80 percent, more typically greater than 90
percent, or even greater than 99 percent of incident light in a wavelength region from 180

25 to 400 nm.

Typical UV-absorbing layer thicknesses are from 10 to 500 micrometers, although
thinner and thicker UV-absorbing layers may also be used. Typically, the UV-absorber is
present in the UV-absorbing layer in an amount of from 2 to 20 percent by weight, but
lesser and greater levels may also be used.

30 One exemplary UV-absorbing compound is a benzotriazole compound, 5-
trifluoromethyl-2-(2-hydroxy-3-alpha-cumyl-5-tert-octylphenyl)-2H-benzotriazole. Other
exemplary benzotriazoles include, e¢.g.,: 2-(2-hydroxy-3,5-di-alpha-cumylphenyl)-2H-
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THV 220 3.9 kg/hr 18 rpm0.24 mimn 6 THY 500 4.8 kg/hr 24 rpm0.30 mMmn 7
THV 415G 5.4 kg/hr 25 rpm 0.33 nmimn 8 THVP 2030GX 4.1 kg/hr 22 rpm 0. 25
mmn 9 RV¥O26602%063. 5 kg/ hr 30 rpm PCT/US2009/068616

benzotriazole, 5-chloro-2-(2-hydroxy-3-tert-butyl-5-methylphenyl)-2H-benzotiazole, 5-
chloro-2-(2-hydroxy-3,5-di-tert-butylphenyl)-2H-benzotriazole, 2-(2-hydroxy-3,5-di-tert-
amylphenyl)-2H-benzotriazole, 2-(2-hydroxy-3-alpha-cumyl-5-tert-octylphenyl)-2H-
benzotriazole, 2-(3-tert-butyl-2-hydroxy-5-methylphenyl)-5-chloro-2H-benzotriazole.
5 Additional exemplary UV-absorbing compounds include 2-(4,6-diphenyl-1-3,5-triazin-2-
yl)-5-hexyloxy-phenol, and those sold under the trade designation "TINUVIN 1577" and
"TINUVIN 900" by Ciba Specialty Chemicals Corp., Tarrytown, NY. In addition, UV-
absorber(s) can be used in combination with hindered amine light stabilizer(s) (HALS)
and/or antioxidants. Exemplary HALSs include those sold under the trade designation
10 "CHIMASSORB 944" and "TINUVIN 123" by Ciba Specialty Chemicals Corp..
Exemplary antioxidants include those sold under the trade designation "IRGANOX 1010"

and "ULTRANOX 626" by Ciba Specialty Chemicals Corp..

In addition to adding UVA, HALS, and antioxidants to the UV-absorbing layer,
the UVA, HALS, and antioxidants can be added to other layers including the first or

15 second optical layers of the present disclosure.

In another embodiment, an optional IR-absorbing layer may be applied to the
multilayer optical film to shield the multilayer optical film from IR radiation. The IR-
absorbing layer comprises a polymer and an IR-absorber. The IR-absorbing layer may be
coated onto the multilayer optical film or may be extrusion blended into a polymer layer.

20 Exemplary IR-absorbing compounds include: indium tin oxide; antimony tin oxide; IR-
absorbing dyes such as those sold under the trade designation "EPOLIGHT 4105",
"EPOLIGHT 2164", "EPOLIGHT 3130", and "EPOLIGHT 3072" by Epolin, Inc.,
Newark, NJ; heteropolyacids such as those described in U.S. Pat. No. 4,244,741 (Kruse);
metal complexes such as those described in U.S. Pat. No. 3,850,502 (Bloom); nickel

25 complex dyes such as SDE&832 by H.W. Sands Corp., Jupiter, FL; and palladium
complex dyes such as SDA5484 also by H.W. Sands Corp..

To further enhance the reflectance and/or transmissive performance or visual
characteristics of the multilayer optical film, additional additives may be added to at least
one of the layers. For example, the multilayer optical film may be treated with inks, dyes

30 or pigments to alter the appearance or to customize the multilayer optical film for specific
applications. Thus, for example, the multilayer optical films may be treated with inks or

other printed indicia such as those used to display product information, advertisements,
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decoration, or other information. Various techniques may be used to print on the

multilayer optical film, such as, e.g., screen printing, letterpress, and offset. Various types

of ink may also be used including, ¢.g., one or two component inks, oxidatively drying and

UV-drying inks, dissolved inks, dispersed inks, and 100% ink systems. The appearance of

5 the multilayer optical film may also be colored such as, e.g., laminating a dyed layer onto

the multilayer optical film, applying a pigmented coating to the surface of the multilayer

optical film, including a pigment in one or more of the layers (e.g., the first or second

optical layers, the additional optical layers or the non-optical layers) or combinations

thereof. Both visible and near IR compounds are contemplated in the present disclosure,

10 and include, for example, optical brighteners such as compounds that absorb in the UV
and fluoresce in the visible range.

Other additives that may be included in the multilayer optical film include
particulates. For example, carbon black particles can be dispersed in the polymeric or
coated onto substrates to provide shading. Additionally, or alternately, small particle non-

15 pigmentary zinc oxide, indium tin oxide, and titanium oxide can also be used as blocking,
reflecting, or scattering additives to minimize UV-radiation degradation. The nanoscale
particles are transparent to visible light while either scattering or absorbing harmful UV-
radiation thereby reducing damage to thermoplastics. U.S. Pat. No. 5,504,134 (Palmer et
al.) describes attenuation of polymer substrate degradation due to UV radiation through

20 the use of metal oxide particles in a size range of about 0.001 micrometer to about 0.20
micrometer in diameter, and more typically from about 0.01 to about 0.15 micrometers in
diameter. U.S. Pat. No. 5,876,688 (Laundon) teaches a method for producing micronized
zinc oxide that are small enough to be transparent when incorporated as UV blocking
and/or scattering agents in paints, coatings, finishes, plastic articles, and cosmetics, which

25 are well suited for use in the present invention. These fine particles such as zinc oxide and
titanium oxide with particle size ranged from 10-100 nm that can attenuate UV-radiation
are commercially available from Kobo Products, Inc., South Plainfield, NJ.

The multilayer optical films may optionally comprise an abrasion resistant layer
The abrasion resistant layer may comprise any abrasion resistant material that is

30 transparent to the wavelengths of interest. Examples of scratch resistant coatings include:
a thermoplastic urethane sold under the trade designation "TECOFLEX" by Lubrizol
Advanced Materials, Inc., Cleveland, OH containing 5 weight percent of a UV-absorber
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sold under the trade designation "TINUVIN 405" by Ciba Specialty Chemicals Corp., 2
weight percent of a hindered amine light stabilizer sold under the trade designation
"TINUVIN 123", and 3 weight percent of a UV-absorber sold under the trade designation
"TINUVIN 1577" by Ciba Specialty Chemicals Corp.; and a scratch resistant coating
5 consisting of a thermally cured nano-silica siloxane filled polymer sold under the trade
designation "PERMA-NEW 6000 CLEAR HARD COATING SOLUTION" by California
Hardcoating Co., Chula Vista, CA.
The abrasion resistant layer may optionally include at least one antisoiling
component. Examples of antisoiling components include fluoropolymers, silicone
10 polymers, titanium dioxide particles, polyhedral oligomeric silsesquioxanes (e.g., as sold
under the trade designation "POSS" by Hybrid Plastics of Hattiesburg, MS), or
combinations thereof. The abrasion resistant layer may also comprise a conductive filler,
typically a transparent conductive filler.
The multilayer optical films of the present disclosure may optionally comprise one
15 or more boundary films or coatings to alter the transmissive properties of the multilayer
optical film towards certain gases or liquids. These boundary films or coatings inhibit the
transmission of water vapor, organic solvents, oxygen, and/or carbon dioxide through the
film. Boundary films or coatings may be particularly desirable in high humidity
environments, where components of the multilayer optical film may be subject to
20 distortion due to moisture permeation.
Additional optional layers may also be considered, for example, antistatic coatings
or films, and anti-fogging materials.
The optional additional layers can be thicker than, thinner than, or the same
thickness as the various optical layers of the optical stack. The thickness of the optional
25 additional layers is generally at least four times, typically at least 10 times, and can be at
least 100 times or more, the thickness of at least one of the individual optical layers. The
thickness of the additional layers can be varied to make a multilayer optical film having a
particular thickness.
In the multilayer optical film, the optional additional layers may be applied via
30 co-extrusion or any adhesion techniques known in the art including, e.g., the use of
adhesives, temperature, pressure, or combinations thereof. If present, an optional tie layer

facilitates adhesion between layers of the multilayer optical film, primarily between the
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optical stack and the optional additional layers. The tie layer may be organic (e.g., a
polymeric layer) or inorganic. Exemplary inorganic tie layers include metal oxides such
as e.g., titanium dioxide, aluminum oxide, or combinations thercof. The tie layer may be
provided by any suitable means, including solvent casting and powder coating techniques.
5 In order that it does not degrade performance of the multilayer optical film, the optional tie
layer is typically substantially not absorptive of light over the wavelengths of interest.

The optical stack can be fabricated by methods well-known to those of skill in the
art by techniques such as e.g., co-extruding, laminating, coating, vapor deposition, or
combinations thereof. In co-extrusion, the polymeric materials are co-extruded into a web.

10 In co-extrusion, it is preferred that the two polymeric materials have similar rheological
properties (e.g., melt viscosities) to prevent layer instability or nonuniformity. In
lamination, sheets of polymeric materials are layered together and then laminated using
either heat, pressure, and/or an adhesive. In coating, a solution of one polymeric material
is applied to another polymeric material. In vapor deposition, one polymeric material is

15 vapor deposited onto another polymeric material. Additionally, functional additives may
be added to the first optical layer, the second optical layer, and/or the optional additional
layers to improve processing. Examples of functional additives include processing
additives, which may e.g., enhance flow and/or reduce melt fracture.

Further considerations relating to the selection of materials and manufacturing of

20 optical stacks and multilayer optical films can be obtained with reference to U.S. Pat. Nos.
5,552,927 (Wheatley et al.); 5,882,774 (Jonza et al.); 6,827,886 (Neavin et al.); and
6,830,713 (Hebrink et al.).

Typically, the polymeric materials of the first and second optical layers and the
optional additional layers are chosen to have similar rheological properties (e.g., melt

25 viscosities) so that they can be co-extruded without flow disturbances. The first and
second optical layers and the optional additional layers used also should have sufficient
interfacial adhesion so that the multilayer optical film does not delaminate.

The ability to achieve the desired relationships among the various indices of
refraction (and thus the optical properties of the optical stack) is influenced by processing

30 conditions used to prepare the optical stack. In one embodiment, the multilayer optical
films are generally prepared by co-extruding the individual polymeric materials to form a

multilayer optical film and then orienting the multilayer optical film by stretching at a
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selected temperature, optionally followed by heat-setting at a selected temperature.
Alternatively, the extrusion and orientation steps may be performed simultaneously.

The multilayer optical film may be stretched in the machine direction, as with a

length orienter, or in width using a tenter. The pre-stretch temperature, stretch

5 temperature, stretch rate, stretch ratio, heat set temperature, heat set time, heat set

relaxation, and cross-stretch relaxation are selected to yield a multilayer optical film

having the desired refractive index relationship. These variables are interdependent, thus,

for example, a relatively low stretch rate could be used if coupled with, e.g., a relatively

low stretch temperature. It will be apparent to one of ordinary skill how to select the

10 appropriate combination of these variables to achieve the desired multilayer optical film. If
a film is stretched, in general, a stretch ratio in the range from 1:2 to 1:10, or 1:3 to 1:7 in
the one stretch direction and from 1:0.2 to 1:10 or even 1:0.2 to 1:7 orthogonal to this one
stretch direction is preferred. In some embodiments the overall draw ratio is greater than
3:1, greater than 4:1 or even greater than 6:1.

15 The multilayer optical film is generally a compliant sheet of material. For purposes
of the present disclosure, the term compliant is an indication that the multilayer optical
film is dimensionally stable yet possesses a pliable characteristic that enables subsequent
molding or shaping into various forms. In one embodiment, the multilayer optical film
may be thermoformed into various shapes or structures for specific end use applications.

20 The multilayer optical film of the present disclosure may find a number of uses. In
one embodiment of the present disclosure, the multilayer optical film is an article, such as
a UV mirror (i.c., reflects UV wavelengths), an IR mirror (i.e., reflects IR wavelengths),
and/or a visible mirror (i.c., reflects visible wavelengths). In another embodiment, the
multilayer optical film of the present disclosure may find use in arcas where reflection

25 and/or transmission of various wavelengths is desirable. The multilayer optical films may
be positioned onto a pane of glass or between two or more panes for glass to be used, for
example, in buildings and automobiles to reflect infrared wavelengths, thus lowering heat
loads. Further, the multilayer optical films may be positioned onto other substantially
transparent plastics to provide reflective properties.

30 The multilayer optical film of the present disclosure may be used in architectural
applications, greenhouse applications, solar power applications, lighting, fenestration

products, and/or other applications. The multilayer optical films of the present disclosure
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may offer advantages including: non- or reduced flammability, improved corrosion
resistance, and/or improved UV- and weathering-stability as compared to multilayer
optical films made with optical stacks not comprising fluoropolymeric optical layers.
In one embodiment, the multilayer optical film may be used in architectural
5 applications as for example a roof covering, a partial roof covering, a fagade covering, or a
dome covering. The multilayer optical film used in architectural applications may be
designed so as to transmit visible light, but reflect infrared wavelengths, allowing for a
transparent covering that will decrease heat load in buildings. In another embodiment, the
multilayer optical film used in greenhouse applications may be designed so as to transmit
10 UV wavelengths to allow for maximum plant growth. In another embodiment, the
multilayer optical film may be used in solar power applications. For example, in solar
power applications, the multilayer optical film may be used in solar cells, solar collection
(thermal heating), solar photovoltaic cells, concentrated photovoltaic, or concentrated
solar power applications. In another embodiment the multilayer optical film may be used
15 in lighting applications such as shatter resistant lamp covers or reflectors. In another
embodiment the multilayer optical film may be used in fenestration products (i.c., products
that fill openings in a building, such as windows, doors, skylights, or curtain walls, which
e.g., are designed to permit the passage of light). In another embodiment, the multilayer
optical film may be used for antireflection applications such as, e.g., mirrors. In another
20 embodiment, the multilayer optical film may be used for industrial applications such as,
e.g., protective coatings. For further discussion, see U.S. Prov. Appl. 61/141603 (Attorney
Docket No. 64816US002) filed concomitantly with the present disclosure.
In another embodiment, the multilayer optical film of the present disclosure may
be converted into glitter in any of a variety of desired shapes and sizes. The glitter may be
25 incorporated into a matrix material (e.g., a cross-linked polymeric material) or a coating
composition. The size and shape of the glitter is typically chosen to optimize the
appearance of the glitter or to suit a particular end use application. Typically, the glitter
used in a coating composition is in pieces wherein the largest dimension of each piece is at
least twice the thickness of the multilayer optical film and not more than the maximum
30 thickness of the coating.
Advantages and embodiments of this disclosure are further illustrated by the

following examples, but the particular materials and amounts thereof recited in these
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examples, as well as other conditions and details, should not be construed to unduly limit
this disclosure. All materials are commercially available or known to those skilled in the
art unless otherwise stated or apparent.

EXAMPLES

The following specific, but non-limiting examples will serve to illustrate the
disclosure.

Examples 1-12: Cast films of various fluorinated polymeric materials were made
as follows. The fluorinated polymeric material was delivered at a rate X into a single
screw extruder, which was run at a screw speed of Y. The extrudate was extruded at a
suitable temperature and was cast onto a three-roll stack at a roll speed of Z and was
wound. The thickness of each film was measured to be 500 micrometer (um) thick with a
micrometer gauge. Shown in Table 1 below is the Example, delivery rate in kilograms per
hour (kg/hr), screw speed in revolutions per minute (rpm), and roll speed in meters per
minute (m/min) for each of the samples tested. All fluorinated polymeric materials were
obtained from Dyneon LLC., Oakdale, MN. Each of the cast films was measured with a
spectrophotometer (LAMBDA 950 UV/VIS/NIR from PerkinElmer, Inc., Waltham, MA).

TABLE 1

EXAMPLE | DYNEON DELIVERY | SCREW | ROLL

FLORINATED RATE SPEED | SPEED Z

POLYMERIC X Y

MATERIAL
1 ET 6235 2.9 kg/hr 20rpm | 0.20 m/min
2 ETFE 6218X 2.9 kg/hr 20rpm | 0.20 m/min
3 HTE 1705 4.6 kg/hr 26 pm_ | 0.32 m/min
4 HTE 1510 4.5 kg/hr 24 pm_ | 0.30 m/min
5 THV 220 3.9 kg/hr 18 rpm | 0.24 m/min
6 THV 500 4.8 kg/hr 24 pm_ | 0.30 m/min
7 THV 415G 5.4 kg/hr 25mpm | 0.33 m/min
8 THVP 2030GX 4.1 kg/hr 22 rpm | 0.25 m/min
9 PFA 6502T 3.5 kg/hr 30rpm | 0.20 m/min
10 FEP 6303 3.3 kg/hr 25mpm | 0.20 m/min
11 PVDF 1010/0001 4.2 kg/hr 22 rpm_ | 0.27 m/min
12 PVDF1008/0001 4.2 kg/hr 22 rpm | 0.27 m/min

Table 2 (below) reports the % transmittance for each of the fluorinated polymeric

materials in Table 1 at selected wavelengths.
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25 device and cooled at room temperature. In a second attempt, a 4 inch (about 10 cm)
square of the 9 mil multilayer cast web was placed into the stretching frame and heated in
an oven to 165°C in 30 seconds. The multilayer cast web was then stretched at 25 %/sec
(based on the original dimensions) until the web was stretched to about 4 x 4 times the
original dimensions. Immediately after stretching, the multilayer optical film was taken

30 out of the stretching device and cooled at room temperature.
Example 14: Following the same procedure as in Example 13, multilayer cast web

was constructed with copolymer of hexafluoropropylene, tetrafluoroethylene, and ethylene
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(HTE, sold under the trade designation “DYNEON HTE 1705 by Dyneon LLC.), and a

copolymer of ecthylene and tetrafluoroethylene (sold under the trade designation
“DYNEON ET 6218X” by Dyneon LLC.), having 151 layers with HTE boundary and skin
layers. This multilayer coextruded melt stream was cast onto a chill roll at 0.75 m/min
creating a multilayer cast web 30 mils (about 0.76 mm) thick and 6.75 inches (about 17
cm) wide.

Foreseeable modifications and alterations of this invention will become apparent to
those skilled in the art without departing from the scope and spirit of this invention. This
invention should not be restricted to the embodiments that are set forth in this application

for illustrative purposes.
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et hyl ene and chlorotrlfluoroethylene) and (copolyners of

tetrafl uoroeth hex I ene, and | i dene f.l uor,ide) | ayer
ot ot (copi YL e18¥erf@ el i S o B o P BRI Gy RS )

ethyl ene) and esmﬁﬂcerlﬁﬁ‘éohﬂfﬂsb@é REHBYIREs 0 blywsr iRy ir@e, and
vinyl i dene fluori ) Iayer pairs; (cop ouyners of hexaf | uor opropyl ene,

t et #&f | uor oet hpﬂeméym@rmdemﬁw%ﬁéwm@q db@fﬂllpmmgm@flm@@mﬂ lr":n,e RdVF,
o1 boroet HESYmL SO Sy SRR PATBUR LIS AL HaRERA! e
tetrafl uoroet hyjrems, HHHOnﬂﬁ&Q{alt&eri‘lbxbtﬁiﬁedr daﬁibﬁ@noﬁsﬂtﬂle(e@ﬂpol yners of

et hyl ene and tetrafl uoroethylene) and (copol yners of tetrafl uoroethyl ene,
hexaf | uor opropyl ene, and vinylidene fluoride) |ayer pairs. 7. A

mul til ayer gqpt erein
at 20l east gn A%ﬁfltllg{éérﬁpﬁg%i%ﬁquég?%&&g?{%n cgerrgftﬁtg% IB Fﬁivp%ls\é% e§svgl£:egénlg§hém

f 1 uds opol yner iftuongiodymaic instehiblrieelectg@from the grodip cAnsistidg dfagepolyopdrs ol fil m

according to any one of t previ ous cl ai ns mhere n the optical stack
conpri ses at |eé%>é%nesanﬁ.t?t§%muebqqtltyé¢ne F SQRANETEIR Q! cira 1poreF e c.ond opti cal

25l ayers. 9. 'L}iegyﬂlﬁdrl)ﬁ%gﬂeﬁ)éﬁah@@ nylitiéd® RRERE NI aﬁo‘%rrﬁéﬁ! oPOﬁ Rderche previous
clains wherein the o st ack onprlses at t” 50 flrs optical |ayers
and at | east Slosiden ncpqi]zmensa)lfvinayéﬂ@ fli@dide; copolyrners of tetrafluoroethylene and
propylene; copolymers of tetrafluoroethylene and perfluorovinyl ether; copolymers
30 of hexafluoropropylene, tetrafluoroethylene, and ethylene; homopolymers of

chlorotrifluoroethylene; copolymers of ethylene and chlorotrifluoroethylene;

4.



10. A multilayer optical filmaccording to any one of the previous clains
wherein the nultilayer optical filmconprises a draw rati o, wherein the
overal | dweworen7s@4i s greater than 3:1. 511. A nul til ayecTastecoabseiié | m
according to any one of the previous clainms wherein the overall drawratio
is greater than 4:1. 12. A nultilayer optical filmaccording to any one of
the previous clains wherein the overall drawratio is greater than 6:1. 10
13 A nul ti | ayomsgpelyedrs of haxpHeerop@iprigne exiday hemepdimeneof gridwaredd- cl ai ns

adnestve: - 150) Bupigleth BB R lorbVinci bER Altnadhy B il dlbling® 20, |

| ayer; or f) a protective boundary |layer. 2014. A nultilayer optical film

according to any one of the previous clains, further conprising a
UV- absor bi n§ coRIGHAYET okt cal RIRFseinggo aBypbuAlthe sreviaimisiains MRS Wer eof

wherein the fi@Eal%@ick%@hlghté‘%gﬁzmag%%el%ﬁcfé&’B‘SnPtBE gﬁﬁbh c'ogﬁ?clir%a%for an optional

additional |ay conpri se sor bi ng conpoun n sor bi ng
conpound, or domipobnanef tihgideot fl2bridSandXcopdlyinkmyd tetoplibrethyldnem

according to an ne of the previo cl ai ,.further comprisin

functional  addiEHUEPrOTERYIgR ARG VNGRS i FOF KD RS TGRITS APPOIF 1) Sy leng

processing addsfickRro@HGrocthy oHb} irdA¥HolARLICRtctfanhoags i g Lo any one
|

of the previous clains, wheréin the multilayer filmtransmts at |east one
of the foll owihegaflegropropyless end vinghdérsrfluptidehdaymapatse (gphlyniset eleen about

400,00 nm Y, 2010( ATAIGAPETLICE008 058546 My Bl RRThpRRE o OF the
tetrafluoroethylene, hexafluoropropylene, and vinylidene fluoride) layer pairs;
(copolymers of hexafluoropropylene, tetrafluoroethylene, and ethylene) and
(copolymers of ethylene and tetrafluoroethylene) layer pairs; (copolymers of
hexafluoropropylene, tetrafluoroethylene, and ethylene) and (copolymers of
15 tetrafluoroethylene and norbornene) layer pairs; and (copolymers of ethylene and

tetrafluoroethylene) and (copolymers of tetrafluoroethylene, hexafluoropropylene,

and vinylidene fluoride) layer pairs.

7. A multilayer optical film according to any one of the previous claims wherein at
20 least one of the first fluoropolymeric material or the second fluoropolymeric

material is birefringent.

8. A multilayer optical film according to any one of the previous claims wherein the
optical stack comprises at least 5 first optical layers and at least 5 second optical

25 layers.

9. A multilayer optical film according to any one of the previous claims wherein the
optical stack comprises at least 50 first optical layers and at least 50 second optical

layers.

30
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c) at least a portion of the wavel engths | ess than about 300 nmor d) at

| east a portion of the wavel engths between about 300-400 nm 517. A

mul ti | ayewoaptoosde4fi | m according to any one of the prePCoOMS2@0A6S686
wherein the nultilayer filmreflects at | east one of the foll ow ng:

a) at least a portion of the wavel engths between about 400-700 nm b) at

| east a portion of the wavel engths greater than about 700 nm )

c) at |east 1@ pordiilayeroptieH dilinsagedrdigtth gny essot tha preybuiclazne whejeinthe10d)  at
| east a porti I t b 0Q- - article
conpri sing thgﬂﬁﬁP?%$§$£$y§%¥§%%@%$??gﬁ%ﬁ@%@d?ﬁéﬁﬁgﬂgégggﬂg&%%é%ﬁggprevious
clains. 1519. dcaratthad3of using a nmultilayer optical film wherein the
article according claim18 is used in at |east one of the follow ng: a)
sol ar power technology; b) lighting applications; c) antireflection
appl 4 cati ongj i 1 i i : ihng a

nmul t? | ayer Z%)'tj?(li:%ﬁtﬂ ? %efrr%% ggangl?lg%cﬁ%%&%%& gﬂéas)f%gg{/l é‘f{ﬁtéﬁgﬂ? ?{hg{%{é%l? i cal

| ayer conpri siavgralll drawopal i pecata theat4ti al ; and b) providing a
second optical layer conprising fluoropolyneric material. 25c) coextruding
the first optical |layer and the second optical layer into a web; and d)

al ter nat el y 1} ay efuitaydryptibdl i a@@&ﬂdﬁ%l tolaY 8hSo ARE ptRFo REARAS wWaREdiF Ak | ayers
to create an multilayer film 3021. The nethod of claim20 wherein at | east

one of first aptiatlarawagteris coratedleanloptical |ayers is birefringent.
10
13. A multilayer optical film according to any one of the previous claims further
comprising at least one of the following:
a) a printing;
b) an adhesive;
15 ¢) a tear resistant layer;
d) a UV-absorbing layer;
¢) a skin layer; or

f) a protective boundary layer.

20 14. A multilayer optical film according to any one of the previous claims, further
comprising a UV-absorbing compound, an IR-absorbing compound, or
combinations thereof, wherein the first optical layers, the second optical layers, or
an optional additional layer comprises the UV-absorbing compound, an IR-

absorbing compound, or combinations thereof.

25
15. A multilayer optical film according to any one of the previous claims, further
comprising a functional additive, optionally, wherein the functional additive is a
processing additive.
30 16. A multilayer optical film according to any one of the previous claims, wherein the

multilayer film transmits at least one of the following:

a) at least a portion of the wavelengths between about 400-700 nm;
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b) at least a portion of the wavelengths greater than about 700 nm;
¢) at least a portion of the wavelengths less than about 300 nm or

d) at least a portion of the wavelengths between about 300-400 nm.

17. A multilayer optical film according to any one of the previous claims, wherein the
multilayer film reflects at least one of the following:
a) at least a portion of the wavelengths between about 400-700 nm;
b) at least a portion of the wavelengths greater than about 700 nm;
¢) at least a portion of the wavelengths less than about 300 nm; or

d) at least a portion of the wavelengths between about 300-400 nm.

18. An article comprising the multilayer optical film according to any one of the

previous claims.

19. A method of using a multilayer optical film, wherein the article according claim 18
is used in at least one of the following:
a) solar power technology;
b) lighting applications;
¢) antireflection applications; or

d) industrial applications.

20. A method of making a multilayer optical film comprising:
a) providing a first optical layer comprising fluoropolymeric material; and
b) providing a second optical layer comprising fluoropolymeric material.
¢) coextruding the first optical layer and the second optical layer into a web;
and
d) alternately layering the first optical layers and the second optical layers to

create an multilayer film.

21. The method of claim 20 wherein at least one of first optical layers or second

optical layers is birefringent.
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