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LAYERS FI ELD OF THE | NVENTI ON [ 0001] This invention
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5 or nore total |ayers and having at |east 3

pi ezoel ectric layers, in which the reflectivity and

ot her optical properties of the filmcan be

dynam cal |y changed via application of an electrica

field. The piezoelectric layers are preferably

polymeric in nature and separated by intervening

non- pi ezoel ectric | ayers. BACKGROUND OF THE | NVENTI ON

[ 0002] M crocoextruded and other |ight control or
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appl i cations 1 ncl udi ng aesthetlc nul ti

packagi ng, brightness enhanci ng and reflectlve films

for liquid crystal display (LCD) applications,

di el ectric polarizers, conpensating filnms, mrrors

(i ncluding "col d" og "Eo{ . Egérgrﬁ fﬁr al | ow ng
visible light to tr red, or
vi ce-versa), etc. These filnms are typ |caIIy made by
[008&kt r udi n)&f"ﬁwgenfmn geneiply pegaingite aénldhlaypbﬂllmgmg about 5
and can then be used as is, or |am nated/coated for
oryaeiedtatal dgyers aad havisg aktsast B proeldctteslayers, ini Winish the reflectivity
work properly, the different |layers typically have
ardl 6ther epticat pfopactidsvef thadine ean be ayatimiesly chéregaddiatapplidation of
the literature as "m smatched" refractive indices, so
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ess than a fewmcrons) so as to nmaxim ze
destructive interference upon reflection. Manipul ation
of

BACKGROUND OF THE INVENTION

| [0002] Microcoextruded and other light control or “iridescent” films have
found a wide range of applications including aesthetic/multi-color packaging,
brightness enhancing and reflective films for liquid crystal display (LCD) applications,
dielectric polarizers, compensating films, mirrors (including “cold” or *hot” mirrors for
allowing visible light to transmit but not infrared, or vice-versa), etc. These fims are
typically made by coextruding many thin layers of different polymers, and can then
be used as is, or laminated/coated for various applications. For these iridescent
films to work properly, the different layers typically have different refractive indices,
sometimes referred to in the literature as "mismatched" refractive indices, so as to
optimize reflections at each interface. It is also advantageous that the thickness of

each layer be on thé order of the wavelength of light or smaller (i.e., less than a few



the actual thicknesses, |ayer rearrangenents,
refractive indices, etc., allows one to tailor

wo edobaz28vity and/ or optical retardati on as a PCHU$10061018163
of wavel ength, polarization, view ng angle, and so
forth. These different conbinations, in turn, provide
wi dely varying light control for the different
appl i cations descri bed above. [0003] A typical
m cro- coextruded structure, for exanple, mght be a
filmcontaining alternating |ayers of a pol yester
(e.g., polyethylene terephthal ate (PET) or
pol yet hyl ene napht hal ate (PEN)) and pol y( et hyl

di‘@r?é)%ré’é B RaxifHEstruthee PEreshes uﬁéﬁ? réflekAon.| Widnighation of

ractive 1ndex (n>1 .57) and a high birefringence,
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or biaxially, to reduce the coextruded filminto the

[0008%i r ed t Aitgpicalssicioacnpxirudad skbsibire doaexanaplen i@t be a film
bi refringence for applications |ike polarizers.

containtiesaitmhatng |layers af alpolyestir (Ergonpayathyens deriephihatdte (PET) or
pol yners, not just polyester/ PMWA the only
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refractive indices and thicknesses for the given
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e selectio ecause processi ng tenperatures,
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very low refractive index (n is typically less than 6r equal to 1.50) and very little
orientation induced birefringence, thus maximizing the reflectance. The total
structure might contain 50 to 100 total layers of these alternating films, which are
created by a special coextrusion feedblock. Typically, the film is oriented uniaxially
or biaxially, to reduce the coextruded film into the desired thickness range, and also
so as to induce birefringence for applications like polarizers. Iridescent films can be
made from a wide variety of polymers, not just polyestet/PMMA, the only
requirement being that the films have appropriate refractive indices and thicknesses
forthe'given application. Processing issues also can play a role in the selection
because processing temperatures, coextrudability, adhesion, stretching behavior,

and so forth, of the polymers should generally be compatible.



and so forth, of the polyners should generally be
conpati bl e. [ 0004] One of the shortcom ngs of previous
WO poodazent structures and filns is their "stapr¢TUS$2006/018163

non- changeabl e optical properties. That is, once nade,
the filnms cannot have their reflectivity easily
varied. In contrast, if the films reflectivity could
be easily changed via, for exanple, an applied
vol tage, which is the basis for the present invention,
the resulting applications would be enornous. This
voltage varying optical structure may be referred to
as a "dynamc" light control filmor an "optica
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films woul d have trenendous opportunity for a w de
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that is related to the present invention is that of

the dyharRefiatio svitchl o traRbrapirent refistton, belRes/dréa, in much the
materi als that generate a voltage when stress is
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the added advantage in that it may be bent/flexed around any curved surface, unlike

most rigid LCDs. Other applications would include dynamically changing

signs/billboards, active packaging/labeling, electrically switchable polarizing films for

use in, as an example, car tinting films, greenhouses, optical modulating films for

switches and waveguides, and so on. Such dynamic light control films would have

tremendous opportunity for a wide range of applications.

[0005] Ancther film technology that is related to the present invention is that

of piezoelectric films. Piezoelectricity refers to materials that generate a voltage

when stress is applied, or alternatively, deform when a voltage is applied.

Piezoelectric materials/films are used in a wide range of applications including

electrical crystals, transducers, touchpads and screens, loudspeakers, ultrasonics,



Pi ezoelectric materials/filnms are used in a w de range
of applications including electrical crystals,
w0 e@ndeizgeer s, touchpads and screens, | oudspeakPCBHS2006/018163

ul trasoni cs, sensors, etc. There are a vast nunber of
pi ezoel ectric materials with the nost common bei ng
guartz, various ceramcs |like zirconiumtitanate and
bariumtitanate, and polyneric films based on
pol y(vinylidene fluoride) (PVDF). PVDF is conmonly
sol d under the tradenane of Kynar(tm from Tot al
Atofina and is nore flexible and resilient than the
brittle ceram cs. [0006] PVDF achieves its
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formng an electric dipole. For piezoelectric activity
resilient dvanuthe byitle egramigsse di pol es need to be aligned in
the sane general direction. This is done b
[0008]ect r i caPVRF gohievag its piezoblectricity omiygaftard been prepsily
under high electric field, to induce all of the
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I ezoelectric effect. Simlarly, if
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on opposite sides of the chain, thus forming an electric dipole. For piezoelectric
activity to occur, all of these dipoles need to be aligned in the same general
direction. This is done by electrically “poling” the film at high temperature and under
high electric field, to induce all of the dipoles to orient in the same direction. The
sample is then quenched to lock-in this alignment. Under the application of a
subsequent voltage or electric field, these aligned dipoles will try to realign relevent
to the field direction, thus causing the deformation known as the piezoelectric effect.
Similarly, if the film is stressed or deformed such that the dipoles are mechanically
realigned, a voltage will be created across the film, which can be measured, as is

the case with many piezoelectric sensors.



realigned, a voltage will be created across the film
whi ch can be neasured, as is the case with many
w@e@sozi2extri c sensors.[0007] While there are PERYS2006/018163
appl i cations around PVDF filnms, nost are
non- pi ezoel ectric in nature as the filmis never
oriented and electrically poled. Simlarly, the use of
such filnms in mcrocoextruded structures in a
pi ezoel ectric form(i.e., oriented and poled) is also
not known. Thus, it would be desirable to incorporate
pi ezoel ectrically active filns as part of a |light
controlling nmultilayer "iridescent"” structure. Such a
[000%] r uct ur &VhieLthdrebareahbey bppldatioge afduhdrRYDEdHNg| nostark
['1ght controlling properties by applying an el ectrical
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SUMVARY OF THE | NVENTI ON [ 0008] Briefly, the present
light canteelting Rropedigsdysanplying enelgaiical volagenphe sesigting dynamic
nore |layers, at least 3 of which are piezoelectrically
film wowld\be, able taonbriogidetdpgicalehbdulation irya amtediekine, omrsatdé form
properties of the filmcan be dynam cally changed via
than afop ekadbie raditiondl refiecCDisc Ad sthtkd preeiopslyz setreatlight

| ayers are preferably polyneric in nature and
controlling film would have applications in optical devices such as, for example,
polarizers, optical compensators, brightness enhancing and reflective films,

aesthetic films such as decorative packaging films, and “hot” and “cold” mirrors that

selectively reflect only certain wavelengths, and liquid crystal displays.

SUMMARY OF THE INVENTION

[0008] Briefly, the present invention provides a multilayer film comprising 5
or more layers, at least 3 of which are piezoelectrically active, in which the reflectivity
and other optical properties of the film can be dynamically changed via application of
an electric field. The piezoelectric layers are preferably polymeric in nature and

separated by intervening non-piezoelectric layers.



separated by intervening non-piezoel ectric
| ayer s. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] Figure
waz2ios/1z728chematic of a nultilayered fil mincorpor/asiongo18163
pi ezoel ectric layers. [001 O] Figure 2 is a graph of
refl ectance (R) versus incidence angle theta for
different applied voltages (E wave) for a 20 | ayer
structure based on PVDF. [001 1] Figure 3 is a graph
of reflectance (R) versus incidence angle theta for
di fferent applied voltages (Es wave) for a 15 | ayer
structure based on a PVF/ Tr FE copol yner. [0012] Figure
4 is a graph of reflectance (R) versus incidence angle

theta for 'y IBRIEF BESCRIETION R HAIBRAWINGS | 'aget hat
oock§OL5, FOHEE1 i AP PR ot

D@,IJ:J IPTI ON OF THE | NVENTI ON [ 0014] The present
PiezpeleetiCi e r ovi des a mul til ayered 1ight control film
having 5 or nore total |ayers, at | east aof which are
[00181 ezoel ediigurea) sy qiaph @érefmar@ﬁr(Rt) N@rsruéf'ﬂ%'@?”‘%ﬁ apolgigeta
ot her optical properties can by dynam cally changed or
for diftetentzapptied veltagssl (Ee mavehfasfa %&lae«eéa&rwtu@ﬂ 3sesl en Pyihy-.
pi ezoel ectric layers are preferably polyneric in
[001r1ft ur e arFiguredeisfar grappof yfidctgriced B) eefdusdncidencepangie theta
copol ynmers of vinylidene
for different applied voltages (Es wave) for a 15 layer structure based on a

PVF/TrFE copolymer.

[0012] Figure 4 is a graph of reflectance (R) versus incidence angle theta

for different applied voltages for a film that is normally transmissive with no applied

voltage.
[0013] Figure 5 is a graph showing the effect of wavelength on reflection (Es
wave).
DETAILED DESCRIPTION OF THE INVENTION
[0014] The present invention provides a multilayered light control film,

having 5 or more total layers, at least 3 of which are piezoelectrically active, wherein
the reflectivity and other optical properties can by dynamically changed or modulated
via application of an electrical field. The piezoelectric layers are preferably polymeric
in nature and made from poly(vinylidene fluoride) or copolymers of vinylidene

fluoride. Furthermore these piezoelectric layers are preferably separated by



fluoride. Furthernore these piezoelectric |layers are
preferably separated byi nterveni ng non-pi ezoel ectric
wo agpens7285uch optical filnms include, but are nPECT/US2006/018163
limted to, interference polarizers, mrrors, colored
films, displays and conbi nations thereof wherein the
optical properties can be rapidly and easily changed
by an applied voltage. The filnms are optically active
over a broad range of the ultraviolet, visible, and
infrared spectra depending on the design. O
particul ar interest are coextruded pol yneric
mul til ayer optical filns having one or nore |ayers
intervérging ave-giezoetgdtiglaners. n Suehwicehitirel inclatie,| Basdre dot limited
| ayers are piezoelectrically active. [0015] Unless
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of |ngred| ents, propertl es such as nol ecul ar wel
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speci fication an
di I t es erm
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ner araneters s the foll ow ng
and E‘ﬁ’@&?df PEREING QY ﬁéj&sana. %t?'@ulébmt%%ﬁha&q grpxdruded
vary dependi ng upon the desired properties
PO'Y%U@ mU't¥@%@%5ﬁléllmé@%wgt% Qrregeniayesibat arerbireftingend in
very | east, each nunerical paraneter should at |east
natquaew%@r@gt atd@asti?nlayer@mre@ﬂem atigaly active.r epor t ed
significant digits and by applying ordinary roundi ng

[0018kchni dlrdess dthetwise indidated, atigrsnisdratexgréssirighisantities of
di sclosure and the clains are intended to include the

 ingreeligrits, oroperties spetas hraeduaranslghoteddtish doR€itions, and so forth
endpoi nt(s). For exanple, a range stated to be 0 to 10

usediif the§FatiRGtibe a%%ﬂ%hﬁr‘é%rélté b@huﬁhﬁrs?%ﬁﬂ’ﬁé %e@?&%&ﬁeg in all

and 10 such as, for exanple
instances by the term “about.” Accordingly, unless indicated to the contrary, the

numerical parameters set forth in the following specification and attached claims are
approximations that may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, each numerical parameter
should at least be construed in light of the number of reported significant digits and
by applying ordinary rounding techniques. Further, the ranges stated in this
disclosure and the claims are intended to include the entire range specifically and
not just the endpoint(s). For example, a range stated to be 0 to 10 is intended to
disclose all whole numbers between 0 and 10 such as, for example 1, 2, 3, 4, etc.,
all fractional numbers between 0 and 10, for example 1.5, 2.3, 4.57, 6.1113, etc.,

and the endpoints 0 and 10. Also, a range associated with chemical substituent



all fractional nunbers between 0 and 10, for exanple
1.5, 2.3, 4.57, 6.1 113, etc., and the endpoints 0 and

wa o628y a range associated with cheni cal PCT/US2006/018163
substi tuentgroups such as, for exanple, "G to C5
hydr ocarbons”, is intended to specifically include and

di sclose G and C5 hydrocarbons as well as C2, C3, and
C4 hydrocarbons. [0016] Notwi t hstandi ng that the
nunmeri cal ranges and paraneters setting forth the
broad scope of the invention are approxi mations, the
nuneri cal values set forth in the specific exanples
are reported as precisely as possible. Any nunerical

groupalgigh asofueerampld) el RNCL iydobamons”, &Lintéddedetol spiesifically
necessarily resulting fromthe standard devi ation
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As used herein, the articles "a,"” "an" ‘and "the"

hydﬂo@ﬁllblé g their plural referents unless the context
clearly dictates otherw se. For exanple, reference to

"ois

"“pol ymgr .06, a."S article i_ntended to .
100710t "Phevifiselaind ER3e BllieRsBtmnas rli iy s polsts seting
| yner or arficles, References to a conposition
fortt Bibiian seppsiOhthe fMGTHign SnAPRRGHIAIOBA: TGrMBenG Vglhes et
is intended to include other ingredients or other
forthyg| therepecific @xgraples wes (eporiedasdrerisalvias possitiae Anxrmadnerical
[001 8] By "conprising” or "containing" or
value; awengirngherently centainsrertairaerrars nasassariyieesudiingifrom the
conpound, elenent, particle, or nethod step, etc., is
stanpaekdaviation fotwed oothpdsespeative testinginsdasupemenrtshod, but
does not exclude the presence of other conpounds,
[0017Rt al yst As usideridraing thePaitlies '8 3 ‘armeiniothStigdlade Bidir plural

even if the other such
referents unless the context clearly dictates otherwise. For example, reference to a
“polymer,” or a "shaped article," is intended to include the processing or making of a
plurality of polymers, or articles. References to a composition containing or
including “an” ingredient or “a” polymer is intended to include other ingredients or
other polymers, respectively, in addition to the one named.
[0018] By “comprising” or “containing” or “including,” it is meant that at least
the named compound, element, particle, or method step, etc., is present in the
composition or article or method, but does not exclude the presence of other
compounds, catalysts, materials, particles, method steps, etc., even if the other such

compounds, material, particles, method steps, etc., have the same function as what

is named, unless expressly excluded.



conmpounds, material, particles, nethod steps, etc.,
have the sanme function as what is naned, unless
wezpoeseBy excl uded.[0019] It is also to be unPer/E5m06018163
that the nention of one or nore nethod steps does not
preclude the presence of additional nethod steps
before or after the conbined recited steps or
i nterveni ng nmet hod steps between those steps expressly
identified. Moreover, the lettering of process steps
or ingredients is a convenient nmeans for identifying
di screte activities or ingredients and the recited
lettering can be arranged in any sequence, unless
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two or nore different resins are each extruded and
meapp dergaentifvige dirsrete mclivities peiposedianisanddbexeeitpd lgftering can be
f eedbl ock. The feedbl ock differs from conventi onal
arrahgediinl agksequenge,, uni¢rssehedse tndicaik® st andard 2 to 10
| ayer commodity films) in that the |ayers are
[0020¢peat edITherebriethaandnethadk ot noaking Her miuidayssrdiiuckotes of the
together, thereby creating a very |large nunber of

preseht RVBRAI gThepRESRt iy@htial ib Yot nitbe dythd Qaliayeapprzehes.
needed, although 20 to 1000 | ayers or nore are

Thefﬁ’/%ﬁé ;ﬁﬁo&&’ﬁ ese& rzfutlt[leﬁ]égt‘ﬁﬁ%tg\lédéktruy& dSlic ardeddRdibed, for
example, in U.S. Patent Nos. 3,557,265; 3,759,647; 3,773,882; and 3,884,606, the
contents of which are herein incorporated by reference.

[0021] Typically, two or more different resins are each extruded and
brought together into a special micro-coextrusion feedblock. The feedblock differs
from conventional feedblocks (e.g., those used to make standard 2 to 10 layer
commodity films) in that the layers are repeatedly folded and stacked or otherwise
combined together, thereby creating a very large number of alternating layers.
Typically, at least 10 layers are needed, although 20 to 1000 layers or more are
preferred for better reflectivity. The actual method for forming these alternating

layers is not a limiting factor. Although coextrusion is preferred, lamination or hand

lay-up can also be used, albeit with less consistent final properties.



layers is not a limting factor. Although coextrusion
is preferred, lamnation or hand |ay-up can al so be
waos@d122Bheit with | ess consistent final PCT/US2006/018163
properties.[0022] If two different polyners are used
(denoted as polyner A and polynmer B), then they m ght,
for exanple, be folded and reconbined into an
alternating A/B structure containing as nuch as 100 or
nore total |ayers. The repeat unit of this structure
is the AB filmwhich is repeated 50 tinmes for a
100-1 ayer (total) film This structure is denoted in
shorthand notation as (A/B)50. If such a structure is
[00Z23r t her madofdifesteRypagtertara uyeat(@ehoted dsi payraér A and
pol ymer C on the front surface, and a |ayer of polyner
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the present invention should have 5 or nore total
furthesyeoedified bihadding agyetestive Bymef pelymee Q oy thesiroptisyriagenand a

of these piezoelectric |ayer separated by one or nore
layenofipglymzo Bl ercthei imdksugaoe thery thegkoertharheotatioreis@idy/BYy°D.

| ayer (s) nmay be one or nore non-piezoelectrically

As amctherexbaypty, andalternatingasiecsire cohtiiing poBseers A, &, \eani ©.g
| ayers are preferably polyneric in nature, but could

repeit&d®25 fiflcddforiaNBilanTs |dyetsMdlg beldhosd 89YA/BEC)? . Another
coated glass, indiumtin oxide (ITO, etc. as long as

posé\li\nﬂlt%ﬁai@r#ic:{‘tﬁééw;lc\)g\%{})% th S@gfrﬁhémir@é I)er YnibhBrepR&eRR N
adhesive or “tie” layer to help bond the functional layers A and C together.
Regardless, the structure of the present invention should have 5 or more total layers
with at least 3 piezoelectric layers with each of these piezoelectric layer separated
by one or more non-piezoelectric intervening layers. The intervening layer(s) may
be one or more non-piezoelectrically active layers or tie layers or both. These
intervening layers are preferably polymeric in nature, but could also include
inorganic materials such as sputter coated glass, indium-tin oxide (ITO), etc. as long
as these individual layers are substantially transparent within the wavelengths of
interest. The term "substantially transparent" means that the layers permit passage

of sufficient amounts of the desired wavelengths to produce the desired optical

effects.
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interest. The term"substantially transparent” neans
that the layers permt passage of sufficient anmounts
w@booshzr28ksi red wavel engths to produce the desPeBEUS2006/018163
optical effects.[0023] An exanple of an A/B structure
of the present invention is shown in Figure 1. Layers
A and B are denoted by 1 and 2 where 1 is a
pi ezoel ectric material and 2 is a non-piezoelectric,
"second" polymer such as PET or PEN. Attached on the
top and bottom surfaces of the overall structure is a
conductive layer 7 (preferably clear) through which
the electric voltage will be applied. Incident Iight 3

[ooﬂgt s theppunbafifte af aA/B BRLEERCET ABYPreséht iflatitiones ERown in
rmal to the surface of the conductive layer and

FlgLrggf'll eL%ggg A?ﬁ 410k dé?'fétéd bR eRdl D Fhetd § id é‘?ié%%@teééﬁcg%terial

5rrgose of “wavel engt s pol ari zed '
t .
g G AR L
{ I d
thep%ﬁarpimgwn?eurﬁ%wﬁh%gv“%é eFugES e Eartw&;t&ﬁiavaem ow
endlcular to the directjion of incident

(preF iy clemrethprughouniet the elgririp valiaps avilkae @Ppu@d 1'ri%d33nt light 3

preferabl y poly(vinylidene fluoride) as it is the npst
hits tfevswfdop afaaiihciterceannple firetative éo ppenadp diee puidagm Pi/iner

film PVDF is sold by Dyneon, and by Total Atofina
conduntive |4yee and acitociod akyighirray ) Nothidhalrthhatadent lighhdis

pi ezoel ectrically active polyners including, but not

comipoBid 8flwheelBRdiiy pBldrizEH tautici¢e HEYE)S denctedtasEs (represented
pol yam des, pol ysul fone, cyanoethyl cell ul ose,

by t@%g%ﬁ%%pg&g&ﬁgghg ?\R}\{rﬁcﬁ} rldgge%]sieéﬁ?slf ﬁ?é‘;élﬂ*r%ﬂﬁpmﬁ!é@ “out of the page”)
and wavelengths "in the plane of the paper" 6 denoted as E, (represented by the
arrow perpendicular to the direction of incident light 3).

[0024] The piezoelectrically active material 1 is preferably poly(vinylidene
fluoride) as it is the most commonly available and effective piezoelectric polymer
film. PVDF is sold by Dyneon, and by Total Atofina under the tradename Kynar™.,
Nevertheless, other piezoelectrically active polymers including, but not limited to
poly(vinyl fluoride) (PVF), aromatic polyamides, polysulfone, cyanoethyl cellulose,
polyvinylidene chioride, polyparaxylene, and copolymers of poly(vinylidene fluoride)
and trifluoroethylene can also be used. PVDF has good light transmittance, and
can be processed at temperatures typical of the other materials commonly used in

standard micro-coextruded films. To be piezoelectrically active, however, a PVDF

film must be stretched below 130°C to several times, typically 2 to 6 times, its
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and trifluoroethylene can al so be used. PVDF has good
light transm ttance, and can be processed at

wWao egopreasures typical of the other material s ceemDs1096/018163
used in standard mcro-coextruded filns. To be
pi ezoel ectrically active, however, a PVDF filmnust be
stretched bel ow 1300C to several tines, typically 2 to
6 times, itsoriginal length in order to create the
beta crystal form Fortunately for the present
invention, this stretching condition is very
conpatible with the stretching of nbst typica
pol ynmers that m ght be used as the non-piezoelectric

origin} f%ﬂjﬁﬂh'?ﬂd ra¥ %Fea(t@ tIQe beBUrYQSLBFR, FIruhat F)(Z/ﬁ)r the present

acry nyl ons, c.). Thi's beta form of

mvebﬂ%*m%rs‘?%ﬁd?“@&rfc’“%éP@@EE@“?%%'%r ﬁﬁégﬁéﬂwﬁ st
pigH PR T SoBeE el 5o g n g BRERR B AR i 1F (0.
oles. Th nb t hi
polygBIees. cs@ymaﬁg;aecrﬁ[g%. ﬁﬂ%F&ég?ﬁp%ﬁmoﬁéﬁﬁaa fn'ss
filmat a tenperature of 80 to 1200C whi |l e exposing
hydragearangl fiotine graupsi afrasigesen eppositeniden ¢fse chains Ehereby
V/imcron). Poling tinmes are on the order of 30 m nutes
forning 2 dimle s Tafachievehiseful plezotlectric propeiiee chawevasothe film must

tenperature while still under the electric field. Note

alsd thaletiieaky seleditd akgrstherdipdles. PiBfe arch nubenetwayoobe
varied accordingly if a different piezoelectric

higRingthal Nisre¥®Bfino e4lB ihoolved hokith pihedilexats .
ac For@exanpl e, it |s@%’3055| gﬁzmt oﬁjpol e PVDF bygaﬂvvay of

tem@lé?t%xuﬂf}@ dr'883b 1BHC while %&Bg&h% &ty ’anté]éctﬁb lflgldcéfr!')d)f?) 50 RY/m

I'taneously as it is g stretched. It is also
o0 PEE) Pk PAo s PRAER HRASE 3 gifboursarer
which the film is cooled to room temperature while still under the electric field. Note
that these conditions are for PVDF and will need to be varied accordingly if a
different piezoeleciric material is used. Other methods for poling also exist. For
example, it is possible to pole PVDF by way of corona treatment. Alternatively, the
film can be poled simultaneously as it is being stretched. It is also possible to pole
PVDF at room temperature but this requires much higher electric fields (100 to 800
MV/m). Regardiess of the method, the film should be kept below about 110°C after
polarizing to prevent spontaneously depolarization and loss of piezoelectric
properties.
[0025] Processing temperatures will depend on the polymers used. PVDF

has a melting temperature of about 170°C with typical extrusion temperatures being
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MV/ m). Regardl ess of the nmethod, the filmshould be
kept bel ow about 110C after polarizing to prevent
wG@pwatiziedusl y depol ari zati on and | oss of pi ezPel/E81006/¢18163
properties. [0025] Processing tenperatures will depend
on the polyners used. PVDF has a nelting tenperature
of about 1700C with typical extrusion tenperatures
bei ng2C) O 0C or higher. In the feedblock, it is
desirable, but not critical, that the nelt extrusion
tenperature of the A and B | ayers be as close as
possible so as to mnimze thermal gradients during
equi libration, which can distort the flow Thus, it

quilbratiol
2003‘;( gﬂ%upg?r. Zlflrgth%)?:&o%lédk fxd aé*s?#l%btéﬂ %u'PHQFcrﬁtcm 194t the melt

0 260 OCif it were to be matched

extrni%é&{e?ﬁé%r%ﬂﬁéé’fﬂ%,&%m% Bl dsbehs £ible AGlndsafnidiBh Earg!

to mni ayer gistorti-on
. m.ght be don exa S a.d ex ent .

minifiiey hefalTadiep! Wlﬂ%%@%&%@ Vﬂ?'g‘a %ﬂ?&%ﬁ@\ﬂﬁ&v Thus, it
different intrinsic VISCOSIt ncing _of

mighi b GAATBPIES O RSTBRS R PR 8 10 SRR B0 40 R80T C e to
in the art. 1[0026] After bein foI ded and stacked into

be niatehediwith FIET (naglting tenpprratise wf 24e€e) fopyeifgmpgeextrusion so as
typically cast onto a chill-roll, and then typically

to mirtiméteclhpetr distbHem. diiisxiightibe cdnnéoifmmnhQJedap@mﬁah@g an
what optical properties are desired. Stretching hel ps

diffekéntmesltinelek MY D) iof knttescaske ofagiolyester, al differehhimtrinsic viscosity
appropriate range needed for optical interference.

(IV) TBbﬁanEmngTW%%%sitlés E98hdLaE propdt ddertrisina s @kll anb&W in the art.
m crons or | ess for visible light. Stretching can be

[002&? ;; ?Ir g&r é’ryoné‘ﬁgq RIS %Waogtaﬁ tb the mﬁllt@ﬂé a8, el BSextruded

m extrusi

layers arebtI Slcgﬁgpgés?)ohtoeé Shlll Bl tgh% tﬁgﬁe(yp%alw W¥iched either uniaxially

or biaxially depending on what optical properties are desired. Stretching helps to
reduce the thickness of each layer into the appropriate range needed for optical
interference. This thickness is nominally in the range of a few microns or less for
visible light. Stretching can be performed by methods well known in the art including
drafting, tentering, blown film extrusion (double-bubble), etc. In the case of blown
film, no intermediate casting step is needed as the film is quenched in bubble form.
After orientation, heatsetting of the film can optionally be applied by constraining the
film while exposing it to high temperatures. Actual heatsetting temperatures depend
on the polymer used, but are nominally 150 to 250°C for polyesters. Because of
PVDF's low melting temperature, however, the heatsetting temperature ideally

should not exceed 180°C. Heatsetting is well known to those skilled in the film
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film no internmedi ate casting step is needed as the
filmis quenched in bubble form After orientation,
whewb3zss ng of the filmcan optionally be appPCEUS1¥96/018163
constraining the filmwhile exposing it to high
tenperatures. Actual heatsetting tenperatures depend
on the polyner used, but are nomnally 150 to 250 0C
for polyesters. Because of PVDF' s |ow nelting
tenperature, however, the heatsetting tenperature
i deal 'y shoul d not exceed 180C. Heatsetting is well
known to those skilled in the filmmaking art. If the
filmis not heatset, it m ght be useful in

makﬁf?g%&.‘?ﬁ%@ﬁm 1 il 'm Qeiﬁé’fdﬂﬁﬁﬂﬁpllo‘ét@%%@% Beat-

as in hough t he thickness of

ol iﬁrq%nhs%\%gv%ﬁ%‘éﬁﬁﬁ B Y. s v
ayelin epidteach das oo d s ope e gt g e ol ARyl

or PEN the stretch tenperature is typically between
withysheink@gass transition tenperature (Tg) and about

Tg+50C. Tg's for PET and PEN are 77 and 1200C,
[0027dspect | Bejching:tasmparaiuses willals@ depenthon élrﬁa@@la(mﬁ% used.

shoul d ideally be kept bel ow 1300C in order to induce
the tdee dfet glaphasssin ke ¥EF.or PN the stratchi tempetaiurst isdypibally

wi ndow for higher Tg polyners |ike polycarbonate
betidedrthe Qfiasssifarditiopt tehipegatarn(Tef) abe gheut DgrBEFA.nTg'stior BET

the pre-fornmed nultilayer film Instead, these filns

and\MEN drdranéq2beci @Gpéét%ﬁyl | Nexférm%téﬁéemr@teﬁunbatmﬁp@mdre

oriented PVDF. Optimal stretch tenperature wll
sho%z&%%ﬁ&e@e?p& e

is outsz%e[F\ Pretec?l wuﬂgg\xltfor higher Tg polymers like polycarbonate (Tg=150°C)
so stretching cannot be performed in situ on the pre-formed multilayer film. Instead,
these films would have to be individually stretched and laminated with oriented
PVDF. Optimal stretch temperature will depend on rate of stretching, other resins
present, and the desired final orientation. Colder stretch temperatures impart
greater orientation, and hence greater birefringence, however, some of the other
polymers may not be stretchable so a compromise may have to be reached.
Furthermore, some applications may not require much birefringence so higher
temperatures may be acceptable.

[0028] Stretch ratios will also depend on the polymers in use. Many
polymers like crystalline PET, have a natural draw ratio where film processing is

optimal. This range is typically from about 3X to about 5X. For olefins, styrenics,
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greater orientation, and hence greater birefringence,
however, sone of the other polyners nay not be
wa@aoetizhebl e so a conprom se may have to be reBChEs2006/018163
Furt hernore, sone applications may not require mnmuch
birefringence so hi gher tenperatures may be
acceptable. [0028] Stretch ratios wll al so depend on
the polynmers in use. Many polyners |ike crystalline
PET, have a natural draw ratio where film processing
is optimal. This range is typically fromabout 3X to
about 5X. For olefins, styrenics,etc., the optinal
draw ratio may be as high as 10X. As with tenperature,

etc. athé ‘éﬂﬁl“r@mjl‘éﬁ/ ERY e b9 hith #RUEX! Ashgtprespdrhtire, a
ferent resins. Stretching can be either uni axi al or

comphﬁﬁlbéﬂmé DR e mAkit & Babhyetne ditbrdntPedles Bﬁ’@tchmg can be

|nness the ayers can be achieved via nel
[N | f
eitn G 7 Rl Reb R, A %H%ﬂ%ér'{s@ééhse“%%&‘eggb'"onﬁ i avers
eft out r exa i ezoel e trlc
can berRiet el cagi g Saaimnaton AR ref h Watn@‘?nsﬁded
the | ayers are being | am nated together 0029
therr t@é@&ﬁéhlr&pmsesqo@aryﬁ@maﬂy pRileft @%ta'ﬁﬁ%e%‘%“?'ﬁe he P'ezoe'ecmc
non- pi ezoel ectric polynmer used in conjunction wth the
matmaibe@geaed.doasaxpér@:uwerﬁreécmmtmactmt% ariag [iees are being
"second" polymer (which may be referred to as the
lamihefeidriddethef. ourt h" and so on). A variety of polynmer
materials suitable for use have been described, for

[00291anpl e, The ‘deSondPairéBt pdgmed irBthis impletis te nhen-piezoelectric
i ncorporated herein by reference. Regarding the

polyﬁfe‘?fugé(ﬁ ffcamlestionl vaitH t'h@rﬁlééfhe%btﬁ@ Riyeld. MPhéte&ahbdmore than
de, there are several
one “second” polymer (which may be referred to as the “third”, “fourth” and so on).
A variety of polymer materials suitable for use have been described, for example, in
U.S. Patent No. 6,827,886, which is incorporated herein by reference. Regarding
the preferred materials from which the films are to be made, there are several
conditions which should be met to make certain multilayer optical films of this
invention. First, these films should contain at least two distinguishable polymers,
one of which is piezoelectrically active. The number of polymers is not limited, and
three or more polymers may be advantageously used in particular films. Second, for
some applications (but not all), at least one of the polymers preferably develops a
large birefringence when stretched. Depending on the application of the multilayer

film, the birefringence may be developed between two orthogonal directions in the

plane of the film, between one or more in-plane directions and the direction
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condi ti ons which should be net to make certain
mul tilayer optical filnms of this invention. First,
wao b@se2f283 ns shoul d contain at | east two PCT/US2006/018163

di sti ngui shabl e pol yners, one of which is
pi ezoel ectrically active. The nunber of polyners is
not limted, and three or nore polyners may be
advant ageously used in particular films. Second, for
sonme applications (but not all), at |east one of the
pol yners preferably devel ops a | arge birefringence
when stretched. Depending on the application of the
multilayer film the birefringence nmay be devel oped

perpRRHIMBRT td W Mt a8 tRla HrhiISREINST thBsé hBephag®polynidiie
film between one or nore in-plane directions and the

mat%i)érlgl‘éhéé P@ﬁﬁﬁ@g?' &We?ffg:&@s,ttﬁ@ réfiaic‘ﬁ\/é’hﬁ‘ﬁ’@es \P&Tryﬁvi}h wavelength,

ese. cause polyneric nmatefials are

s S TR R b oo A oot o

., considered in terns of a particular spectral bandw dth

intergfl.i nt erest. [0030] Cther aspects of polymer sel ection
depend on_specific applications and are well kpown in

[0030fe art. (iber penasts 9? PRIYET felectiqn dependlemspgeticiapplisations
the difference in the index of refraction of the

and pireewel kaown irctheratt. seeoprlaong iiens i ia agMantegeavp feribe
direction to differ significantly, greater than about

diffeferids, in pieheeabf esfogrodian ef thehpinzadiecitic @nd second pbymers in one
finished film while the difference in the orthogonal

film-bidnerdeatien to@iffsr signifitamtly, geshter then abbypd ©8| psefbebie greater
than about 0.05. In the present invention, the use of

thart doup 0O ‘ﬂ?{h%%ﬁérﬁa@: i, %ﬂ{a Yife HfBRIredh |tl@é!\’ért2§§gr2)e%l ffillm-kg))llane

pol ari zation to selectively be turned "on"

|ndegf:?§’llﬂ\nl@ﬁmﬁine%{‘ {.g.f, 1Rl FEds then EbBLfo.ob! 1t Bfe PRIsBRE FRENfich, the
use of the piezoelectrically active layers allows the polarization to selectively be
turned “on” or “off” by application of an electric field. If the polarizer is active in its
quiescent state, then application of the electric field will cause the piezoelectric
layers to change thickness, thereby changing their reflectivity. With proper design,
the reflectivity for a given polarization can be modified significantly so as to switch
the polarization on or off.

[0031] Different considerations apply to a reflective, or mirror, film. Provided
that the film is not meant to have some polarizing properties as well, refractive index
criteria apply equally to any direction in the film plane. Thus, it is typical for the
indices of any given layer in orthogonal in-plane directions to be nearly equal, i.e.,

typically less than about 0.05. It is advantageous, however, for the film-plane
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qui escent state, then application of the electric
field will cause the piezoelectric |ayers to change
wao hioskee8%, thereby changing their reflectivitBCT/V§1006/018163
proper design, the reflectivity for a given
pol ari zation can be nodified significantly so as to
swtch the polarization on or off. [0031] Different
consi derations apply to a reflective, or mrror, film
Provided that the filmis not neant to have sone
pol ari zing properties as well, refractive index
criteria apply equally to any direction in the film
pl ane. Thus, it is typical for the indices of any

TR i r | i de 1) [ ki

i isiiiy® BGRploBrpINHe il &y GR8uPRERELHERS Lyl grpater
- a u howev f I ' . i 1l f

thary o A PR O Hhen £BOUH §F o dhe R, ERaR o the
possi bl e, i cal l reater. than about 0.05 —

secliepemet., FF o BEoRdn S E{OGETC PEVBIR PS @ high index of
filmplane indices of the second polyner. For this.

refracsigsovhen isotreRic gt isAaskvpaEgepes Hrtyialso H%Oﬁ'tlﬁﬁwriezrdﬁae@m-
of refraction when isotropic, it is advantageous that

Liketisaglifsthe Ipiezoeksictrio/golymer has ailowdnfex afirgisagtinn when sedropic, it
pi ezoel ectric polyner has a |ow i ndex of refraction

is at\ERitadetnisithal italsb thei regativeln bagrmgent. hBite secatidspolgmer
negatively birefringent. The second pol yner

advAskAaBb @IV LS I¥pSIRMEIP RS birefrirg@nes wienstretélied) geteeelops
when stretched, or devel ops birefringence of the

bireﬁggj%ﬁhé Bf SR oROShhde ﬁ)‘o@,ﬂﬂétdég%ti@é or negative-positive), such

ative-positive), such that its filmplane

th at{i%&‘@@g%l%ﬂf Eééﬂ’#'?% fnoﬁé.oelfsfd?lrferaacs WEE a?i:o.@@iﬁ)fédﬁéﬁl thb8&Lf the first

yner int i'ni she Im Wth
ok 2 e SRR K30, B BBp e i B4 e S pr
voltgée Sv(i)llntt:aru%%tthé %?e%%glcgcpr% Igyr/]erts I%g expand or contract (depending on the
polarity of the voltage), which will cause the reflectivity to shift. Itis possible to
almost completely turn the reflectivity on.or off (depending on previous state), simply
by varying the voltage. This could have application for light controlled window
glazing as a replacement for shutters/curtains.
[0032] Color enhancing iridescent films can be regarded as special cases of
mirror and polarizing films. Thus, the same criteria outlined above apply. The
perceived color is a result of reflection or polarization over one or more specific
bandwidths of the spectrum. The bandwidths over which a multilayer film of the

current invention is effective will be determined primarily by the distribution of layer

thicknesses used in the optical stack(s), but consideration must also be given to the
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pol arity of the voltage), which will cause the
reflectivity to shift. It is possible to al nost
weewphziedy turn the reflectivity on or off (deEEOSiNE018163
on previous state), sinply by varying the voltage.
Thi s coul d have application for light controlled
wi ndow gl azing as a replacenent for shutters/curtains.
[ 0032] Col or enhancing iridescent filns can be
regarded as special cases of mrror and polarizing
films. Thus, the sanme criteria outlined above apply.
The perceived color is aresult of reflection or
pol ari zati on over one or nore specific bandw dt hs of

wavélbrgthiplehdsncel e dipeelibrl toh $heOMgFacie ﬁ‘l’dlc%srﬂﬂthé kl?ét%rnd
filmof the current invention is effective w |l

secotipRiyhaed ItP\Kn'II%rdr{dérﬁeoEl l't}%tq!h E5nBY El(agrhp?{}/ ﬂoat)‘lgrlnfrared and

thlcknesses used Int optlc stac

ultra%ré‘% é%‘hb% tth@'v%‘?ol@%ol%ké’ eﬁsﬂﬂﬁtgft@% %‘?Fﬁ%ﬂggs

dependence,; sper SI on

app'@aaéﬂfg@ S0 HEb B el TCG B A A o )P o e tkpess,
vi. ol et wavel en%t hs as to the_ visible colors.
and egtw&ya%v@ GalenRy the Hen wibehange asvel. Zhis cold find use

eI ectrl c field will cause a change in piezoelectric
in agsfiplie displaveribat foram@mmﬁwan@elcegtrwtht Wusisoseuns intensity or
of the filmwll change as well. This could find use
other siga@dnpidt i ¢ di spl ays that, for exanple, change col or
W th nmusic, sound intensi ty or other signal input.

[003BD033] Nlmboglgmmmolmémnﬁaﬁbmﬁob@ ad teesecmhd pymer,
second polynmer, certain of the polyesters have the

certairplipiel polyesiars haas the shpbility f&&%ﬂdﬂéﬁﬂ@?@jéﬂ%ﬂa‘éﬂ@é i (or
bi refringence). Anong t hese pol yet hyl'ene
birefdndrieaP "ARBhE tfedd, Bolyelifer ¥ 8lnagiidiSte (PEN) has a very large
positive stress optical coefficient, retains birefringence effectively after stretching,
and has little or no absorbance within the visible range. It also has a large index of
refraction in the isotropic state. Its refractive index for polarized incident light of 550
nm wavelength increases when the plane of polarization is parallel to the stretch
direction from about 1.64 to as high as about 1.9. [ts birefringence can be increased
by increasing its molecular orientation which, in turn, may be increased by stretching
to greater stretch ratios with other stretching conditions held fixed. As described
earlier, however, its high Tg and stretching temperature present a very narrow

window with PVDF, although it can still be used. In many cases, PEN copolymers

are preferred so as to broaden the stretching window.
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positive stress optical coefficient, retains
bi refringence effectively after stretching, and has

wo aobhz728% no absor bance within the visible rargEUSI006/018163
al so has a large index of refraction in the isotropic
state. Its refractive index for polarized incident
light of 550 nm wavel ength increases when the plane of
pol arization is parallel to the stretch direction from
about 1.64 to as high as about 1.9. Its birefringence
can be increased by increasing its nolecul ar
orientation which, in turn, nmay be increased by
stretching to greater stretch ratios with other

[0038 r et chi nQthepsshich@idlimehabithilefie disaiesgitipod@sters are also
earlier, however, its high Tg and stretching

suitd TP EHEdH SyRERASRABY bR Htﬁﬁdpd?@rﬁé%%ﬁ’&db@%é/?’é,t probidda. that the
al though it”can still be used. In many ‘cases, PEN

h
use gf éfﬂ@rﬁérs%o%agfﬁ?%g%%gﬁﬂ%@ﬂe alrthospasen tﬁ%ﬁ gosfficient or

retching wn sem crysta
aphthal ene di carboxyl.ic. polyesters e _al so suit.abl.
reteR QY BT ioencs Rlie Btehiintp dSar BrNG 85 RS rdrLein Wi be
rovided that the use of nononer,s does, not L
und SRR TS conaTe S T FESNg ghe<eaiesEBapRs o Hisgwiss, the
retention of birefringence after stretchi nlg. The term
term*BIEN" and “pel¥estae vl Rewindersieod, irienennerasstall terrphligrlic acid
copol ynmers of PEN neeting these restrictions.
basad pelygsiers ardetheis copolpEErs.alndprapiics; deser restictions émpose an
understood to enconpass all terephthalic acid based

upperdimitst érescanchdrhen contentptheneest valne of adichowill vane sdth the
restrictions inpose an upper |limt on the cononomer

choie® 6t @dﬂhon@h@r(@@kﬁblo?édj.USoﬁfe dhslonibé In thaky propdtiédimay be
choi ce of conononer(s) enployed. Sone conprom se in

e ot e i L
prop%f‘tlé%f Such properties include but are not limited to improved interlayer
adhesion, lower melting point (resulting in lower extrusion temperature), better
rheological matching to other polymers in the film, and advantageous shifts in the
process window for stretching due to change in the glass transition temperature.
[0035] Polyethylene terephthalate (PET), poly(cyclohexylene dimethylene
terephthalate) (PCT) and the intermediate copolymers like PETG, are other
materials that exhibit a significant positive stress optical coefficient, retain
birefringence effectively after stretching, and have little or no absorbance within the
visible range. Thus, they may be used as second polymers in some applications of

the current invention. These have a stretching window that is much more conducive

to usage with PVDF than PEN.
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properties. Such properties include but are not

limted to i nproved interlayer adhesion, |ower nelting
w@oioat228esul ting in | ower extrusion tenperat uP€l/PS2006/018163

better rheol ogical matching to other polynmers in the

film and advantageous shifts in the process w ndow

for stretching due to change in the glass transition

tenperature. [0035] Pol yethyl ene terephthal ate (PET),

pol y(cycl ohexyl ene di net hyl ene terephthal ate) (PCT)

and the internmedi ate copol yners |i ke PETG are other

materials that exhibit a significant positive stress

optical coefficient, retain birefringence effectively
[003®]t er st r&lieBie'gmensméa\ver Lisd inl RERI PET, REJosBBGIRe may be

"W thin the visible range. Thus, they may be used as

of theQFQH dRUrlEXBAie akhd &r‘%!??eraf?@é.i DRldrong i€ bcld@ridtidriets include

invention. These have a stretching W ndow that is mic
but e B 80 M R B b R Rl 4 ) fegmertc
i ke eof th | I i,C OXYl | CJ r,ester
napiyEnEBtad il 18 8Py Thnbronkrs Niic! Gael Butt & &R
ligited to.terephthali¢ acid, i|sopphthalic acid, . .
25-phind o o o DARPIC ECITesct St HRNERUaHeaPoBYigiacid and it
acids (2,6-, 1,2-, 1,3-, 1,4-, 1,5-, 1,6-, 1,7-, 1,8-,
isorrggrg_t,rar@,—éh_ﬁf',-st@@q diparpoxyl i agd yts igprogysns di-giphenyisether
such as 4, 4'-bi phenyl dicarboxylic acid and its
dicarbexyie 8¢id tandrits-isgrerss #i4'-diphenylisubensosighiboxylid acid mediitss
i soners, 4,4'-diphenyl ether dicarboxylic acid and its
isomess 4 'shenkpghenbrehdiosrbeuylfcoandd dnd étslisomyénschalogdnated aromatic
its isoners, 4,4'-benzophenone dicarboxylic acid and
dicaftio&xlﬁ@@tﬂﬂé Sucthas QatIsrbRYeHthaR a¢id G@ha & Dalhldretersplethalic

such as 2-chloroterephthalic acid and
acid 2otheAsGhYtRied arGRAd@khboxylic acids such as tertiary butyl isophthalic
acid and sodium sulfonated isophthalic acid, cycloalkane dicarboxylic acids such as
1,4-cyclohexanedicarboxylic acid and its isomers and 2,6-decahydronaphthalene
dicarboxylic acid and its isomers, bi- or multi-cyclic dicarboxylic acids (such as the
various isomeric norbornane and norbornene dicarboxylic acids, adamantane
dicarboxylic acids,’and bicyclo-octane dicarboxylic acids), alkane dicarboxylic acids
(such as sebacic acid, adipic acid, oxalic acid, malonic acid, succinic acid, glutaric
acid, azelaic acid, and dodecane dicarboxylic acid), and any of the isomeric
dicarboxylic acids of the fused-ring aromatic hydrocarbons (such as indene,

anthracene, pheneanthrene, benzonaphthene, fluorene and the like). Alternatively,

alkyl esters of these monomers, such as dimethyl terephthalate, may be used.
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acid, other substituted aromatic di carboxylic acids
such as tertiary butyl isophthalic acid and sodi um
waalobozased i sophthalic acid, cycloal kane di cap@DK§1006018163

aci ds such as 1, 4-cycl ohexanedi carboxylic acid and its
i soners and 2, 6-decahydr onapht hal ene di carboxylic acid
and its isoners, bi- or multi-cyclic dicarboxylic
acids (such as the various isoneric norbornane and

nor bor nene di carboxylic acids, adamantane di carboxylic
aci ds, and bicycl o-octane dicdarboxylic acids), alkane
di carboxylic acids (such as sebacic acid, adipic acid,
oxalic acid, malonic acid, succinic acid, glutaric

[ooﬁ; ; anaz @uﬂbﬁle%l%mﬂmﬁ&@ﬁm slitce heKnited & i8dar or

of the |soner|c di carboxylic acids of the

brar{cﬂt@ﬁ%l{dn%gdléﬁg %9&@99%2&2@ %ﬁ&ﬂ ﬂ%pbﬁé’&ﬁ% such as

racene phe ene ene, fluorene

. d the li r
tﬂm%ﬁwgnsrgéyf@?eﬁafae&"@? a4 %rea;@épth%ﬁaﬁ;@ﬁoﬁ iRt sucn a
used. [ 0037] Suit abl i,gl. c n Iude b.u
neoa@ityhglvﬁql HRoIDIRe 22 ST TBE ENE e S RARGO T @lgb?'a&%ls>
cols (such as ethyl ene glycol, propane i 0 w F
ethetrrg {Sh()‘wéh 8s @ne;tbﬂene glical g’tﬁt@rlgﬂ% dlygolagn polyetiiylene giycol),
tetranet hyl ene gl ycol, pentanediols such _as neopentyl
estegidjat®bucthas ardralys2, 2dimethyinropytdnhydroxy-2 %@m%fﬁ%ldl ol
and hi gher diols), ether glycols (such as diethylene

profginpatd, cytiviakkahy lggrelsgtuahals, 1,4myclobbyanddinetiangl aod ity isomers
ester diols such as

and 3r, Mg Opdx ahedidl aRB it isdmensy bi 3r hudicyxlic dioBs @uoktkythe various
propanoat e, cycl oal kane gl ycols such as

isonie f{: tﬁX@ISﬁé‘é‘a@‘n@e&ﬁt’n’éﬁ{aﬁm |noﬂﬁ?néﬁe3d|'n$élﬁaicﬂs a’ft‘}bornene

exanedi ol and its isonmers, bi-
o B B D T 0TI 1
benzenedo meﬁ1anol and its isomers, 1,4-benzenediol and its isomers, bisphenols
such as bisphenal A, 2,2'-dihydroxy biphenyl and its isomers, 4,4'-dihydroxymethyl
biphenyl and its isomers, and 1,3-bis(2-hydroxyethoxy)benzene and its isomers),
and lower alkyl ethers or diethers of these diols, such as dimethyl or diethyl diols,
where the lower alkyl group contains 1 to 20 carbon atom, preferably 1 to 15 carbon
atoms, more preferably 1 to 10 carbon atoms
[0038] Other additives such as branching agents including, but are not
limited to, multifunctional acids or multifunctional alcohols such as trimellitic acid,
trimellitic anhydride, pyromellitic dianhydride, trimethylolpropane, glycerol,
pentaerythritol, citric acid, tartaric acid, 3-hydroxyglutaric acid and the like, chain

extenders including, but are not limited to, multifunctional (including, but not limited
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di met hanol s, and bi cycl o-oct ane di net hanol s), aromatic
gl ycols (such as 1, 4- benzenedi nethanol and its

WO 3225 1, 4- benzenedi ol and its isomers, bi sptiENS1086/018163
such as bi sphenol A, 2,2'-dihydroxy biphenyl and its
i somers, 4,4'-di hydroxynethyl biphenyl and its
i soners, and 1, 3-bis(2-hydroxyet hoxy)benzene and its
i soners), and |lower al kyl ethers or diethers of these
diols, such as dinmethyl or diethyl diols, where the
| ower al kyl group contains 1 to 20 carbon atom
preferably 1 to 15 carbon atons, nore preferably 1 to
10 carbon atons. [0038] Other additives such as

to, biuasdmandseganates| multiidnaionabefoxides, Muludingfdresahtple
mul tifunctional acids or nultifunctional alcohols such

,epd§latdd ﬁ@&}dléds' ‘éné%h@now te3RIS| bhd ?or@?ﬁéﬁﬂf &rd8ps (e.g.,

pyromel i tic di anhydride, trinethyl ol propane,

sulf%ﬁcﬁ@rﬁé@' like %%Bb%ﬁﬁc%%@ﬂiﬁ&h&l‘hc da(?% 6&1@@?53? tP6hS b ﬁwéff‘é iofthe

rox g utari c acl aln exten

d i m . mul tifunctional
POWbE%%ﬁh@ﬂﬁgvgghF% gpafﬁ %&ﬁéﬁ'ﬁggunctional)
ocyana €s t|f |onal oxi des, including for

oodg]anyre. tapbelieatisad R oa seooRRp ek by g Raiaster Al

i ononeric groups sul fopolyners |ike
polygus 884 CPBPYBASHE H@Fjlegr% MPNOEHS ﬁec*aaaé/my! paphibalsnes,

nore of the polyners to inprove processing or other
styrgnasp ethylene, njabgigaphydrides agotatesaretaigst ang methacsyatasdnay be

pol yner be a polyester. Vinyl polyners and copol yners
empiaede. fComemsatiorepalymechothsr thanypolyeghrishaddgraggarbonates may

styrenes, ethylene, maleic anhydride, acryl ates,

alsodsetgdde SExamnslesHHAARY: Yhalysesfonss, putyaniksygslyurethanes,
Condensati on pol yners other than polyesters and
polyBRliy @68 HE Sstyiffides. Naphthalene groups and halogens such as
chlorine, bromine, and iodine are useful for increasing the refractive index of the
second polymer to a desired level. Acrylate groups and fluorine are particularly
useful in decreasing refractive index when this is desired. Since PVDF has a
relatively low isotropic refractive index (n=1.42), candidates for the second polymer
will typically be those with higher refractive indices.
[0040] It should be understood from the foregoing discussion that the
choice of a second polymer is dependent not only on the intended application of the
multilayer optical film in question, but also on the choice made for the piezoelectric
polymer, and the processing conditions employed in stretching. Suitable second

polymer materials include but are not limited to polyalkyiene naphthalates (such as

polyethylene naphthalate (PEN) and isomers thereof (such as 2,6-, 1,4-, 1,5-, 2,7-,
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al so be used. Exanples include: polysulfones,
pol yam des, pol yurethanes, polyam c acids, and
w@eiogiimizées. Napht hal ene groups and hal ogens sPCTUS®06/018163
chlorine, bromne, and iodine are useful for
increasing the refractive index of the second pol yner
to a desired level. Acrylate groups and fluorine are
particularly useful in decreasing refractive index
when this is desired. Since PVDF has a relatively | ow
isotropic refractive index (n=1.42), candidates for
the second polyner will typically be those wth higher
refractive indices. [0040] It should be understood

andf2, ®PEN)R doly=iiginedetiphtiusisics isidheds pbigethytinecedphihalate,

second polynmer is dependent not only on the intended

poly%gﬁgllérfé%kéhhtwjlatbhsnwbw mtﬁbloﬁekyléﬁé dfmétﬂ}/l'ﬁge terephthalate),

questl on, but al so on oi ce nade

o BRSSP Rl [ ASRBREDIGN! 12 o
s 4 wé@%@sﬁ@ﬁﬁ%z@ﬁyﬁ%@aa@ IO

h
(ino3 g oIS B midst 5 RJyatedic e RabSe-ruiden
as pol yet hyl ene ter ht haI at e, poI but yl ene
polyeHiesamiAes fobyet *zaﬁﬁdmgffﬂSypgzlyamd elhary | 25RO YphRItWSNapiler

t erepht hal at e), |]ool ycar bonat es, poiyaryl ates,
and e fiagristbstitgted piolypbienylena ogidesyipelyarvlethey ketenes sushlasn
4/ 6, nylon 6/6, nylon 6/9, nylon 6/10, nylon 6/12, and
polyetHeosth&fKEjQnepBiPE EKI')d abpHaticql dydietan dshsualw pb @spokymers and
pol yi m des and pol yacrylic imdes), polyam de-im des,

terpPighieed bEsthgishe @sid/op Promides withiceeson diekide, woly@hbayréne
(such as pol yphenyl ene ether and the ring-substituted
sulfiB8) paNRIM6h 88 BnAYuHIAE Doty rEaIFHRI R pHPAONaRTHEE) ASctic
polystyrene, syndiotactic polystyrene ("sPS") and its derivatives (such as
syndiotactic poly-alpha-methyl styrene and syndiotactic polydichlorostyrene), blends
of any of these polystyrenes (with each other or with other polymers, such as
polyphenylene oxides), copolymers of any of these polystyrenes (such as styrene-
butadiene copolymers, styrene-acrylonitrile copolymers, and acrylonitrile-butadiene-
styrene terpolymers), polyacrylates (such as polymethyl acrylate, polyethyl acrylate,
and polybutyl acrylate), polymethacrylates (such as polymethyl methacrylate,
polyethyl methacrylate, polypropyl methacrylate, and polyisobutyl methacrylate),
cellulose derivatives (such as ethyl cellulose, celiulose acetate, cellulose propionate,

cellulose acetate butyrate, and cellulose nitrate), polyalkylene polymers (such as

polyethylene, polypropylene, polybutylene, polyisobutylene, and poly(4-
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pol yet her et her ket one ("PEEK"), aliphatic pol yketones
(such as copol yners and terpolyners of ethylene and/or
w@e@pstese with carbon di oxi de), pol yphenyl enerGriusi0de018163
pol ysul fones (i ncludi ng pol yet hersul fones and pol yaryl
sul fones), atactic polystyrene, syndiotactic
pol ystyrene ("sPS") and its derivatives (such as
syndi ot acti c pol y-al pha- et hyl styrene and
syndi ot acti ¢ pol ydi chl orostyrene), blends of any of
these pol ystyrenes (with each other or with other
pol yners, such as pol yphenyl ene oxi des), copol yners of
any of these polystyrenes (such as styrenebutadi ene
meth PRSEERT)Sion S ineHE MEsiAS, fathsitinkrd (sBick eRPalyRIitadierdd
acrylonitril e-butadi enestyrene terpol yners),

polyRpY&sd, Mt pket i NsifsonR b ¥RBT EydxyaeEnksahtd pBRLIGkAYSs.

acrylat'e, and polybutyl acrylate), polymethacryl ates

[004{@ uch as R %'e}fﬁ%fb; llnimtpﬁﬁé&%?xtqhﬁ@?&gﬁ%hormal—to-plane

t hacrylate, propy acry
| yi.sobut vl t.hacryl at e cel l ul oge der.i vat.ives
rorr iy iR T plFB. Fieaale dendfind ol i A SRR b
ropi onate, cellul ose acetate_ butyrate, and cell ul gse
exafiold a0 faootigns RGeS Bome sty nnicas fidns é my Brigyers
ol ypropyl ene, pol ybutyl ene, pol yi sobutyl ene, and '
(ancgew(&uf ReEaseph))osarewsfUl fpoivnreying a ey sikflestivtyt ame fenction of
(such as pol ybut adi ene, polyi soprene, and neoprene),
inciggritiapgles thusgiragidinggestier fikks pagormaantepol yur et hanes.
[0041] A deliberate m smatching (or matching) of the
[0042]r mal - t Goptr@hef lagértaickhess isredprcisily uatfabingEodesihg fithe
depending on the desired effect. For exanpl e,

havmgrsmb'rﬁb Ry BHlekriEREEH bNthidknebd gradiéritastbfilee thatdre @sodiféd in a
the A and B layers (and others if present) can be

preﬁiﬁ%# ilvvoafxqg?duﬁﬂbeﬁ’ﬁwﬁghi@kﬁéés’ﬁfsthé fiUIBSYeMiIhY P ekample, several
layer thickness designs have been described for infrared films, which minimize
higher order harmonics. Such harmonics can cause color in the visible region of the
speétrum. Examples of such film include those described in U.S. Patent No. RE
34,605, which is incorporated herein by reference, which describes a multilayer
optical interference film comprising three diverse substantially transparent polymeric
materials, A, B, and C and having a repeating unit of ABCB.

[0043] Each original portion of the multilayer stack that exits the feedblock
manifold is known as a packet. In a film for optical applications, each packet is
designed to refiect, transmit, or polarize over a given band of wavelengths. More

than one packet may be present as the multilayer stack leaves the feedblock, but the

piezoelectric polymer layers should be present in at least one of the packets.
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i ncident angle, thus providing better film

performance. [0042] Control of |ayer thickness is
wezpeatmBd y useful in producing filns having speri$1i006/018163

| ayer thicknesses or thickness gradient profiles that

are nodified in a prescribed way throughout the

thickness of the nultilayer film For exanple, severa

| ayer thickness designs have been described for

infrared films, which mnimze higher order harnonics.

Such harnoni cs can cause color in the visible region

of the spectrum Exanples of such filminclude those

described in U S. Patent No. RE 34,605, which is
[0044]cor por agiad Iéﬁ*’r@ bt R¥quaitgrRIaes to\ﬁ'ﬂal ﬁﬂltﬂ’@%ﬂs’cé&@to&protect

mul tilayer optical interference filmconprising three

the ﬁhr‘(@r%?t@é’l@e@%ﬁ‘r‘oﬂ{ he dFRESHANANLRY A H@ﬁ?&lﬂ@?@édlﬁﬁ@ﬂow

having a repeating unit

Qrl I C
nsteiifed xﬁﬂé rsofb Bfiacbfie 28t vl F i subieB) of Wtim
C a filmfor o tic t

incifde e suthegrgnenes surke @%%IBFH%% bitotelie cpticient of

over a given band of wavel engt Nore than. one packet
frictiegy and bafries erapesties, M@aﬁmﬁrﬁbwg@é@ra&qwd ARSI ﬁeﬁgtance and

f eedbl ock, but the piezoelectric polyner |ayers should
othdye. @k‘e@emrsiane &nowe ds thaseskilediinéheadket s. [ 0044] Skin

| ayers are frequently added to the nultilayer stack to

[0048]ot ect (e fiiins mmade inprdcoedancaydthsthe imrarttios nedy etsodeof
wal | stress and possible resulting flow instabilities.

proili & with ©A8 @ $ndreradheeivas taldntihate thayeticaltfilmbef the present
surface(s) of the filminclude, e.g., surface

mvdPlrtlBH %‘6 bh&hestia s@ﬁaé‘é’ hrsdu@BirateO as /Rl éd Hesives §h&a8e€ both

coefficient of friction, and barrier properties,

opti&RI DES A dif¥se §§ﬁéast|\fé%, 30 ety HeLlrb &ehelit8 Ghd tfpressure
sensitive adhesives. The optical films and devices of the present invention may
further be laminated to rigid or semi-rigid substrates, such as, for example, glass,
metal, acrylic, polyester, and other polymer backings to provide structural rigidity,
weatherability, or easier handling. For example, the optical films of the present
invention may be laminated to a thin acrylic or metal backing so that it can be
stamped or otherwise formed and maintained in a desired shape. For some
applications, such as when the optical film is applied to other breakable backings, an
additional layer comprising PET film or puncture-tear resistant film may be used.
[0046] Because of the piezoelectric effect and the need for electrical |
contact on the surfaces, the films will typically have electrodes placed on the

surface. These may provide solid coverage, or may be in a pattern, and can be
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others. Skin layers are known to those skilled in the
art. [0045] The filns nmade in accordance with the
WO pwenti2zeéh nmay al so be provided with one or nOPET/US2006/018163
adhesives to lamnate the optical filns of the present
invention to another film surface, or substrate. Such
adhesi ves include both optically clear and diffuse
adhesi ves, as well as pressure sensitive and
non- pressure sensitive adhesives. The optical filns
and devices of the present invention may further be
lam nated to rigid or sem -rigid substrates, such as,
for exanple, glass, netal, acrylic, polyester, and
prodeicBe by e taiestidra pkblgssisty el itidexidd UTOY tedting, godtustive
weat herability, or easier handling. For exanple, the

pen?,péri'océﬂ fobth! M@eally. a9 SROERITY siBBtSMdIPRIdARbnRRe side(s) in which
amnated to a thin"acrylic or netal backing so that

. . ot herwi se forned and nai nt ai ned
optdd IR TR

or sone applications, such as

en the_optical filmis || ed rhr b .
100413511 ngsT R oestioeS LR ESR g sBe B ociporise
punct ure-tear, resistant filmpmay pe_used. [ 0046 .
othesgRaleRals of agHEVes 85 B KT Btk s Sut et dipyds binders,
electrical contact on the surfaces, the filns wll
coatingsi, fampyelesiants| wpdreiiesayerstasdlitest artistalss BaEier These
may provide solid coverage, or nmay be in a pattern,
add itinels/tyarsh &t althoeleers byinnisgaadentsati\o aiabjlizetso veisiing agents, dyes
indiumtin oxide (I TO coating, conductive pens, and
(visible, 1, ahd IR} eédhiryic dybsyprediocHrdmiedgash ptgamerita] fillers,| ear
on the side(s) in which optical viewwng will be
compelfibifzdre tantbH4< ) siipBelubtitars a1 ifaedits, gaintitrobhs agents,

present invention nay al so conprise
foaming agents, reinforcers, heat stabilizers, impact modifiers, plasticizers, viscosity
modifiers, aesthetic agents (e.g., glitter) and other such materials. The films may
also be coated or primed to improve properties. This includes hardcoats to improve
scuff resistance, antifogs, antireflective coatings, surfactants and plasma, flame,
corona or e-beam treatment can be used to improve surface adhesion or printability.
Inorganic type piezoelectric materials and ceramics may also be included as layers
or as a blend component in one or more of the layers (e.g. ground up and blended
into PVDF to enhance its piezoelectric properties) although their use is typically
limited since they tend to be opaque.
[0048] Layer thickness is an aspect of this invention and is a factor in

making iridescent films work properly. It is the variation of the thickness of the

piezoelectric layer via applied voltage that allows the invention to easily alter the
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other materials or additives as are known to the art.
Such materials include binders, coatings, flane

WO edoanziags s, conductive | ayers/additives, antiBCHUS2006/018163
barrier additives/layers, UV absorbers, pinning
agents, UV stabilizers, voiding agents, dyes (visible,
W, and IR), dichroic dyes, photochrom c dyes,
pignments, fillers, conpatibilizers, antiblocks, slips,
| ubricants, surfactants, antimcrobial agents, foam ng
agents, reinforcers, heat stabilizers, inpact
nodi fiers, plasticizers, viscosity nodifiers,
aesthetic agents (e.g., glitter) and other such

iridé@bﬁf Q)/ Rhberties N al/bd tARkABYscR &8 thficaRasfale OFdepidf sl wiagelength
e properties. This includes hardcoats to inprove

Oflléﬁ%f?) oe@ ?ﬁl@%ﬁ%Z)‘na&Hérf t% amﬁﬁié 6§€éa¢ﬁﬁél’f&eﬁ@étbd’tgﬁw1de

ang asnma ona or e-beam

¢ :

G i R A e L o
and ceram cs ma sp be includ 6 orr gsl\ﬁl

exaB IR dne SHBEISAOT R fb%@!%?awe o RO I 2 Fictiops,, More
ground up and bl ended |nto PVDE to eﬁha%% C

typipallyz 61 BisknPes FESIPE ped) lypt WH RSO SIHERR apey 55075 micron and

typically limted since they tend to be opaque. [0048]
abouh@ enictdmsc dltfexighi athenrangge atayatil e usefuly s bieriianee s

a factor in making iridescent filnms work properly. It
respendittie forathe atiions pdlatitetionhtollonessl reflective effasrpebsavedc For

| ayer via applied voltage that allows the invention to

exaftihé, a6 inlHiguretth el mildryeesat filpr wite lightdsiting #yatra normal incidence
t hi cknesses are typically of the order of the

PR lr Oy 4 St B St e
a t %ggﬁwsaz%f %&?aif to ggg Sq%grtglSe ﬂ%%nvgévne?eng'%h olf]ﬁm |‘F\8i'de?\gllght (e.g., A4)
or some odd numbered multiple of A/4 (e.g., 3A/4, 5A/4, TA/4, etc.). This is because
the light that reflects at each layer interface will constructively interfere with the
reflected light from the other interfaces resulting in a near perfect reflection. As the
layer thicknesses deviate from A/4, then the constructive interference is diminished
until such point that the film becomes a poor reflector (most of the light is transmitted
through the film instead). At layer thicknesses of A/8 and A/2 (and even numbered
multiples of A/4), the reflectivity will be almost completely zero, resulting in full
transmission.

[0049] Note that in the above example, the wavelength A is dependent on

the refractive index of the layer. The relationship is A = A./n where n is the refractive

index of the medium, and A, is the wavelength in a vacuum (or air). Thus, a
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exanpl e, the thickness of each |ayer can range from
0.05 to 5 mcrons. Mre typically, the thickness range
wo eeazBs | ayer will be between about 0.075 mi PCDOSHNE018163
about 3 microns, although other ranges may still be
useful. This interference is responsible for the
various polarization, color, and reflective effects
observed. For exanple, as in Figure 1, a nultilayered
filmwth light hitting it at a normal incidence angle
(g=0), with a wavelength of I, will be alnost totally
reflective if each layer has a thickness that is equa
to one-quarter the wavel ength of the incident |ight
wax/%?ength of ?.ﬁ)mi@i‘on%‘?ﬁ%irq%ﬁaﬁti@ﬁfd%ﬁ =My hiill Rhee afwdvellength of 0.25
e.g., 3/4, 5:/4, 7114, etc.). This is because the
: t ; : [al¥ ki -
m'ctdgﬁﬁtar"g‘%?%ﬂe’feﬁév'ﬁ@%Z??é?@%%ﬁ%‘*ﬁ% PO PaT Serfiating tyolayer
the other interfaces r TNy j r
s ?gviwf:r%meqagerﬁfv@%i?&@%f@%&é&@@”@ 2R Bloknpssps for
then the constructive interference is dimnished until
M4 ayers a6 hil 28 Aierops @ngi0.0R45RIshYES: ée?ft?&gv‘?lééf | ect or
(most of the light is transmtted through the film
[00501st ead) .It Souldpisn Hematbeh thead dhee thickness orda MAdayeim(@r odd
even nunbered nultiples of 1/4), the reflectivity wll

nurbtser#hBSIE) BUAN S4IR| ot RIwavdi@sdtht iFag visiblé light (or other
transm ssion. T0049] Note that in the above exanpl e,

wa\;g?a%tq‘g@ {ﬂleeﬁ’@&}\%/), I18er86P 8IApRstd iﬁﬁmé\f&iﬁ?@lﬁé.a%"wmd Wwaedength

ayer. The relationship is o/n where n is
thaf\tlgggg‘q%ghéﬁﬁi %:r?&gr'éﬁ gojﬁﬁgt%$ﬁgigf§{M%g?ﬁl@a@gsgﬁgagﬁn the others
Dol el eS0T ST eRETRIHEar D HERA g e elendtn. 1t
thisrd?;ge?gigin Yr? r;ﬂre]ag’ﬁgn ‘?hfat <2:éusseos tLgrcoﬂ)rll iﬁ L[rﬁeeﬁlnma;é gglytsvc\)orr_lel Sgter
transmitted (or reflected) for a given film.
[0051] As described earlier, the polarization of the incident wave is also a
factor. Waves that are polarized parallel to the film surface are herein denoted as Es
waves. Those polarized perpendicular to this are E, waves. The behavior of each
varies considerably as the angle of incidence 6 varies from 0 (normal incidence) to
90 degrees (grazing incidence). Furthermore, if the film is birefringent, having
differing refractive indices in each direction, then the relative reflection of each wave
polarization has to be treated separately.
[0052] Incidence angle is a factor because it affects the apparent thickness

of the film. As the grazing angle increases, the effective thickness becomes equal to

the original thickness divided by the cosine of the incidence angle. As aresult, a
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structure where the |layers have refractive index of 1

and 2, the filmthicknesses for |/4 layers are 0.125
wore@esoesand 0. 0625 mi crons, respectively. [00BOf/U$1006/018163

shoul d al so be noted that the thickness for al/4

| ayer (or odd nunber nmultiple) is only valid at one

wavel ength. For visible |ight (or other wavel engths

like IRor W), there is a spread in wavel engths. Only

t he wavel ength that nmeets the I/4 criterion (or

related multiple) wll be fully reflected, with the

others being partially reflected or transmtted

depending on their relative wavelength. It is this
strugius® e indbts the BE ctitdriodifot Fefle cthatyset riehen g bbincldentbewill not

filmas only sone get transmtted (or reflected) for a

medl] ‘i’ aﬁdfo'tﬁé'f‘ 'ﬁh%?%%ﬂe | nﬁ’@ﬁ&* dIRdeRES | 'o?fhe \Fal?r%us optlcal

zatl on dent 'wave 1s also a factor.

proa&gsgg Rl Behal s br Bl %ﬁa%ltrllé?’{ﬁ{)tgré ngq \g/?vé}bﬁé‘ﬁ,f ace

S 'WaVves zéed

endi cul ar..to thi . Wwayves.
depBEURrT BICEONIS: e Ay P B Rt Uoiot O Ly e anpptical
varies fromO (normal inci denceegto 90 .degrees
Struetj%ihqfﬁ@n%ﬁ%?Ui@ﬁﬁ@)f'fnﬁﬁfphlé?%ﬂ riajqf & gigerf ppRKGagion.
- birefringent, having differing refractive indices |
[0033jch di r dfthopgh theemmanemeghanismdyrehice dais cﬁfwl’@blﬁYQ%lde‘ of the
wave pol arization has to be treated separately. [0052]
invention deothgatas/gfectslight wavesis by clanges in inteffersneettheough
apparent thickness of the film As the grazing angle

chahﬁ@g pAags: thicheesy, itetbuldealédibe kindesstdmt tha forduirediingeamt layers,
e original thickness divided by the cosine of the

e SN BAas ik ey hengel I gcp LR ier
retair%io%eébqﬁis thlbllreﬂ%ence times the thickness). This retardation can be
both the in-plane value commonly denoted as "Re" which is equal to the in-plane
birefringence times the thickness, or "Rth" which is defined as L[(nx+ny)/2-nz] where
nx and ny are the in-plane refractive indices, nz is the thickness refractive index, and
L is the thickness. Control of Re and Rth is desirable, for example, in providing wide
viewing angles for LCD type displays. Similarly, Re and Rth can be varied for the
present invention via a change in voltage. Note that controlling retardation usually
implies the presence of one or more polarizing layers as part of the structure. If
white light is passed through a retarding film that is placed between crossed-
polarizers, the resulting transmitted light will vary in color from black to white,

including various colors in the rainbow, based on the actual amount of retardation

present (e.g., retardation equal to muliples of the average wavelength of incident
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meet it at another. This |eads to angul ar dependence
of the various optical properties of the film Because
w@boobh2Rgs and ot her factors |ike wavel engt h depentsw€018163

on reflectivity, the film design process is used to

determ ne an optical structure that neets all of the

fitness for use criteria of a given application.

[ 0053] Although the primary mechani sm by which this

multilayer filmof the invention nodul ates/reflects

i ght waves is by changes in interference through

changes in |layer thickness, it should al so be

understood that for birefringent |ayers, the changes
lightivill pRodiksBepsradshiitted Bght@rtisleckhanges, varyiny theaktardation via

retardation (where retardation equals the

charRds8h VbREGE 6B E IniBR- é&@(’tﬁjhé@ e TBlid H@U%dﬁﬁé@@hb@g@ color,
can be both the in-plane value commonly denoted as

in ac{ﬁ?onsfﬂ't}hg h’utﬁﬁer%ﬂl:’@ilreffe%tlf)ﬁ gﬁdﬁa\l\)ﬁﬂ? ﬁls%h&? b@gfgxﬂgg.

I ckness f1ne
(nx+ny)/ 2 ; .
10058t et be TRgratleael RSt iraEnt Belb@Rerie materiats,
nd t he thi c ess Rt
altn Ui cfShugon Pigte AR oGS Bﬁga%edﬁ Sﬁﬁsm
angles for LCD type displays. Sim|larl and ,
comgwm. sy dexialg. @ e@ﬂestapég@q;ﬁssu TEAE ﬁle\ypa itg tric
in voltage. Note that controlling retardation usually
activiitylyi asientationgndsb e elastriopelingr T eolingl diraction gefl a%h@w the
as part of the structure. If white light is passed
in-ugdvaltagle shoukt e dpplipdf iIf tmetvoiiage pofarity edd bisanelestric polarity are
crossedpol ari zers, the resulting transmtted |ight
the s¥rhé, tMan Yhd fitmc@lllaend tocarifst whea thdivbikage iscdppdied g If reversed,

various colors in the rainbow, based on the actual
the RPN exBEnd eEAR &Y PAach can be used depending on which film
deformation is best for a given application. Note, however, that piezoelectric films
do not react well to static voltages as the dipoles rapidly decay with time. Thus, it is
preferred that the applied voltage be applied dynamically, as, for example, in a
square wave. The frequency of the voltage should be greater than about 1 Hertz,
since the dipole relaxation time is typically of the order of 1 second.
[0055] The electrical poling of the piezoelectric film can be applied in situ as
part of the entire microcoextruded structure. Since the film will be stretched anyway,
the only thing remaining is the poling. It is desirable, however, that the second

polymer be properly stable at the poling temperature, and not undergo any type of

dielectric breakdown.
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present (e.g., retardation equal to muliples of the
average wavel ength of incidentlight will produce no
wao e@osei2es ed |ight or "black™). Thus, varying PE&EUS2006/018163
retardation via changes in voltage of the
m cro-coextruded filmcould be used to al so change
color, in addition to the interference/reflection
nmechani sm di scussed previously. [0054] As discussed
earlier, there are many different piezoelectric
mat eri al s, although the discussion here is focused
around PVDF because it is the npst comon, nost
flexible, and easiest to process. PVDF achieves its

[oosB1eZ0€! TRE firiter-rtdtion Batwbyn 06itedY atd dimemsbridhehange of the film
el"'ectric poling. The poling direction defines how the

can gy déﬂ;cﬁjlé(t%btﬁgﬂ? shoul d be applied. If the voltage
Y

polarity an i ezoel ectric pol arity are the sane, then

the filmwll tend to co ¢t n the voltage is
applied. If reversed, fﬁgt%’:a r%"’?/vl/ﬁ expand Elther

approach can be used depending on which f
whegie o isrtheisyiqin © tb@;*hlclfr@ﬁS@r g9 \/%F?OHBBIOF &ha P'&ﬁoelﬁﬁfﬂ& layer, Es is

however, that piezoelectric filnm do not react well to
the sleatricdfielairt mgéb|CMeMra¢hml(e\é/Lb dpisdhe tetetfn fakmess, V is the
time. Thus, it is preferred that the applied voltage

apphéd @@Ed%eednd)d@@m ihal giszoeksirid coefioiantlegual to abositj8aKE0™* m/V
wave e frequency of the voltage should be greater

for PUBR). aPRESuBsdriph 133" refehe® thBestdspehd vbﬁla%é abingrpdrperdicular
IS typl cally of the order of 1 second 055] The

oA 4 o e il o g o
structur Si nce, t he tch d_an

the SR HoTRE ShR PR SeL o Refih S B In B 45¥r tickness
desi rabl e, however, that the second pol yrrer be

Li. Pinopéying. stable at the poling tenperature, and not

undergo any type of
AL =d33VLi/L

[0057] Thus, from the above equation, one can calculate the change in
thickness for a given applied voltage, or alternatively, the change in voltage for an
applied deformation. In the above equation, AL is in meters. In an ideal sense, the
piezoelectric film is free to expand and contract so that all of the strain is related to
the applied voltage. This is the case when the entire surface area of the film is
supplied with the applied voltage. For localized voltages, as might be experienced in
a multipixel display, some of the strain will be the result of constraints place on the
structure by the surrounding polymer. In other words, only part of the piezoelectric
film will be under the influence of the voltage, with the surrounding materials acting

to resist deformation. In this case, the applied voltage will need to be higher to
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di el ectric breakdown.[0056] The inter-relation between

vol tage and di nensi onal change of the filmcan be
w@eadosutased from 3 = J33E3 d33VZL where e3 is PEEUS2006/018163

strain in the thickness or "3" direction of the

pi ezoel ectric layer, E3 is the electric field in the

t hi ckness direction (=V/L), L is the total film

thi ckness, Vis the applied voltage, and d33 is the

pi ezoel ectric coefficient (equal to about 30X1 0"12

mV for PVDF). The subscript "33" refers to the stress

and vol tage being perpendicular to the film(i.e., in

the thickness direction). The strain e3 is equal to

achidvield g 1eePbf fild &pRnsidaneecortrddibakas e Risultihg stresses
pi ezoel ectric |layer which has an initial |ayer

havfb:tb Eﬁ%@at?lstth%'éIPﬂduBMin@%atQhard%VU L [0057] Thus,

t e~above equation,” one can cal cul ate the change

[oog t hick th% avegk}’o%@reehoa% |v§ﬂ}d\é9< e( s?%%plcq{—'l 4?) codnpared to

ernativery, ange N Vo an app

0 n Qve, e at i, on net er
mogt i TP BRae s L RAY i 8 idil LBriFplBhE o it s to
,exroand_and contract so that all of the strain is _

be ipgluded in ad/4 sfeucivis foea nealina yeavelanah jrsaif REO Sawicre fhis
the entire surface area of the filmis supplied with

wolutlth eompgpareldo\eolayagibickRess bfo@ 4y 8 reidrons| tfegedtagads apphied and
be experienced in a nultipixel display, sone of the

the #iclaiess dieliatdyefrdiehisetial refledtivitp o theafilnt willrlrag eomaspdredingly.

structure by the surroundi ng polyner. In other words,
[0059] Y PaFbr ffanlypRtsne! iefkt preferred that the deformation be such that
the film changes from fully reflective to fully fransmissive, or vice versa. This
implies, for example, that the piezoelectric layers change from A/4 (or an odd
multiple of A/4) to A/8 (or an even multiple of A/4), or some similar combination. In
the case of A/4 to \/8, this requires a strain of 0.5 (or 50%) which is higher than can
be achieved with reasonable voltage levels (such high voltages would lead to
dielectric breakdown or depoling of the piezoelectric). Thus, for most applications,
the strain levels should ideally be designed to be less than about 20%, more
preferably less than about 10%, and most preferably less than about 2%, in order to
keep voltage levels reasonable. This can be more easily accomplished by starting
with piezoelectric film thicknesses that are higher order multiples of /4, such as, for
example a thickness equal to 7A/4 instead of A/4. The strain required to change
from 7A/4 (refiective) to 6A/4(transmittive) is only 3%, as opposed to the 50%
required for the first order film. Of course, even higher order thicknesses will require
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filmw Il be under the influence of the voltage, wth
the surrounding materials acting to resist
waledoonzmBs on. In this case, the applied vol t ageCWiUE1006/018163
need to be higher toachieve a given level of film
expansi on (or contraction) as the resulting stresses
have to push agai nst the surrounding material. [0058]
PVDF has a very low refractive index (isotropic n=1
.42) conpared to nost other polynmers (especially
pol yesters) making it an ideal conponent. If it is to
be included in a |/4 structure for a nom nal
wavel ength in air of 0.5 mcrons, this would
evarDiese sfraind ahd trus! layevoltagects Bestsh @fon@ rfiEdtive & B88smiSive. The
voltage is applied and the thickness deviates from

traddlofis t2e tm&érﬁﬁﬁé WlIHYa\féf a hQ#O\fv'\)lé'ﬁng’P'éngt A ge qver sthlch

correspondi ngly. 059] For many ap

reﬂ@f;ﬁ;r?&ﬁé?«g; ,lgg#gnf.f'ggnpefor mat i on be such that the f| | m

changes fTom y reflective to fuIIy transm ssi ve,

Vi ce for_exa
[OoglbLz oeI e‘g‘?e%”?%"?’ig'l r‘?l"gﬁ%’% e oG ASSHI darn %mlazhhckness of 0.086
nul tiple, of I/4)C}o /8 (or an even nultiple of |/4),
miGEens Bid): 416 fraa 1 bﬁ%?'ﬁaﬁeo\f?“uq af Alnds ¢4988eMieronst and the
/8, this requires a strain of 0.5 (or 50%9 which is
recireth epplierhelectsin fislsl ia GR0Vmicrant fror e abhim, the elegtic field
| evel s (such high voltages would lead to di el ectric
reqbireckdommesr 6 &R trhicrap. oThé fireal peguicel esltagiecyill dBpeAd ohtthe total
nost applications, the strain | evels should ideally be

thicktresgofttletmicigobatsdddfam. ahwidr 220/ thebisel Phdreha i ttal
| ess than about 10% and nost preferably | ess than

thicRRES, tﬁé/‘agblréoqrdﬁ@@e%dﬁf% 348 t\ﬁﬂ)eaé e P%ﬂ’éﬁ%@] 166kV

Thi s can be nore easily acconplished by start

for tHeS3 PR BSH. 'Tﬁef I? t8} \tlcnﬁﬂﬁlérig ﬁfoeﬁg[’l Rabe¥afe Bh E%e{hu% practlcal,

mul t1ples
but the former voltage can easily be achieved using a battery source and a simple

inverter circuit.

[0061] This invention can be further illustrated by the following examples of
preferred and comparative embodiments, although it will be understood that these
examples are included merely for purposes of illustration and are not intended to

limit the scope of the invention.

EXAMPLES
[0062] Most of the examples are based on matrix theory calculations for
iridescent optics, as outlined in Chapter 42 of Handbook of Optics, Vol. |, Michael

Bass, Ed., McGraw-Hill, New York, pp 42.10 to 42.14, which is incorporated herein
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exanpl e a thickness equal to 71/4 instead of |/4. The
strain required to change from7l/4 (reflective) to
w@bkdod1iz28hsnittive) is only 3% as opposed to POEUSDHN6/018163
required for the first order film O course, even
hi gher order thicknesses will requireeven |ess strain,
and thus less voltage to switch fromreflective to
transm ssive. The trade-off is that thicker fiins wll
have a narrow vi ewi ng angl e range over which
reflection change is significant. [0060] As an exanpl e
cal culation, if one assunmes an initial thickness of
0.086 mcrons (1/4), then for a 1% strain, the val ue

by referBhcd # i &99&@ ‘T‘h%éé’%atm@ﬁﬁlc&ﬁﬁoﬁ@ﬁ#&d &Qhé‘tftﬂlal' @flectance
electric field is 330 VVmcron. For a 50% strain, the

|
an na‘n‘ilééaﬂ Iargegu age%é?eq‘é%g?églg @f%{aﬁ%r?[ag)tﬁ lpa— Hgnce angle.
Ca'?bﬂaﬁ S hardorae Lﬁ%iv%ﬁ@?ﬁ%rﬁﬂﬁaméb'&i"‘c ParesS el
| 300 V t 1% st
Walghas Tror RaferaBosos fisaripderhe araalestiiG SOURGRS: b1t g, J. M.
h to be safe and is thus not practical, but t he

HerPer i fobk Sessc b SPaPYIaBeatt HAbY, (10BEL(RErtisaTy y

source and a sinple inverter circuit. [0061] This
Chaptererd, doh, arach1Bewitluradaeds id piazoelactad nigtetitiepropeition; filg
exanpl es of preferred and conparative enbodi nents,
prepdrationigitci t Wi || be understood that these exanples are
i ncluded nerely for purposes of illustration and are
[008B]t i nt emHgEnddel Hesbribeting basaPen Wottdpie laP¥RHaviHY the same
6ET§AI\/PLES ¥ Y
refractive index in each direction. In reality, the films will be birefringent. The model
is still accurate for E; incident waves as these only depend on the in-plane refractive
indices oriented “out of the page” as shown in Figure 1. In contrast, E, waves
depend on both the in-plane and through-the-thickness refractive indices which the
above model cannot adequately handle. As a result, the examples below will only
focus on the Es waves, although it is understood that some unusual optics can be
obtained by matching (or not matching) refractive indices in the thickness direction
so as to control internal reflection and thereby broaden the angular window for the
films.
[0064] For the calculations, the film is assumed to be free standing in air

(n=1) so both the substrate refractive index ng, and the incident medium ny, are

equal to 1. For the case where these films are coated, or laminated to a substrate
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[0062] Mpst of the exanples are based on matrix theory
calculations for iridescent optics, as outlined in
w@h@ptiznss2 of Handbook of Optics, Vol. |, M cPe®US2006/018163
Bass, Ed., McGawHill, New York, pp 42.10 to 42. 14,
which is incorporated hereinby reference inits
entirety. These matrix cal cul ations predict the total
refl ectance and transm ssion as a function of |ayer
geonetry, polarization, and incidence angle.
Cal cul ations were performed using Maple 10(tm
synbol i ¢ processing software (Waterl oo, Inc).
Ref erence is also made to Ferroelectric Polyners, T.T
(as%iﬂd némM%YﬂéeﬂhéQfa%e ), #sbefvalds Whaltihedadd-be rﬁBéﬁ’l@Bn
(1988) (particularly Chapters 3, 4, 5,
) with regards to piezoelectric material
am%ﬂggé ties, filmpreparation, etc. [0063] The nodel
described is based on isotropic |ayers having the sane
refractive index in each direction. In reality, the

films wll be birefr:ngent TEe rmde! is still
accurate for E inci e only depend on
t he in- pI ane refractlve i ndices oriented "out of the
Tragitignal Micrageexkuded Eilgure 1. In contrast, Ep waves
end on both the i n-pl ane and tI}Eough t he-t hi ckness
[Ooﬁéfr act i vie thisgirephetigtixempieandfdBE” ayeefilne isnpreduced where the
adequately handle. As a result, the exanples bel ow
A layiel Is PNy aifd thesB dayer iEePl\)m.v@hi,s situchoadghveny dimmilar to many
under st ood that sone unusual optics can be obtai ned by
conmbialiyGvaikibie didesséstpaudhgingfilras bhike ingtketetdday trhéontrast
t hi ckness direction so as to control internal

to t{’]ﬁgb@ﬁéﬁg@l fAnd, hBREELY ak LR2E80e MM eMEPHN YAV TdBottom

surfaces. The layers are constructed such that each is nominally nA/4 where n is an
odd number (e.g., 1, 3, 5 ... efc.) and A is the target wavelength in the material |
thereby resulting in a film with very high fotal reflectance at that wavelength. Note
again that A is the wavelength in the material corresponding to A, which is the
wavelength in air or vacuum. For most of these examples, we will assume
A=500nm. Neither polymer is piezoelectric so application of an electric field does
not cause any changes in the reflectivity. Thus this structure is not dynamic, and

cannot be used in voltage controlled optical modulation applications.
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[0064] For the calculations, the filmis assuned to be
free standing in air (n=1) so both the substrate

w0 edocae28ve i ndex ns, and the incident medi um POT/US2086/018163
equal to 1. For the case where these filns are coated,
or lam nated to a substrate(as would normally be the
case), these values would need to be nodified
accordingly. Conparative Exanple 1 Traditional
M crocoextruded Fil m[0065] In this prophetic exanple,
an (A/B)25 layer filmis produced where the A layer is
PEN, and the B layer is PMMA. This structure is very
simlar to many commercially available iridescent

packaging filnms on the mExkepld pday. In contrast to
the comercial filns, however, an electrode is

ProfBLdhh bF & BV /EBSo AReRBeRRAIdQIFAH f aces, The | avers
omnally nl/4 where
i S an N (el . '
100Bgt,°, 2 o3t P EREg: P cofteifag et pihg hghyBr Eattinan PETG
copr yset% tltaﬁalgy&egﬂg“{ h@bﬁo@gs \éer qqgflg.ﬁlg\tég%tc% rr{ig{fglcggit?uns?oen die was
wavel ength in the material corresponding to O which is
notayailatie 8p arytaner prextrusion dig asHsaddp dapaansiete Hieseoncept. In
exanples, we will assunme | 0=500nm Nei t her Fol ymer is
thispsteeb e cberS lgyers capisinethPEd B/BY DarPeT et YPE/RE P (A E4B/A
not cause any changes in the reflectivity. Thus this
strusturaginuapproxdmats thibknass mtioarod 1Q4%IR5 We5 U286 12.5%. This was

vol tage controll ed optical nodul ati on
doraiyy ihaathedings Esaldibesthck¥dikedsated, Ptesired.

PVDF/ Copol vest er Coextruded Film
[0067] Both resins were dried prior to exirusion for 4 hrs at 150°F using
forced air dessicant dryers. Extrusion was performed using 1” Killion extruders
(24:1 general purpose screw) for each of the A, B, and C components. The
processing temperature was nominally 240°C for all three extruders. Screw speeds
were nominally 10 to 15 RPM. Film was extruded onto a chill-roll having a nominal
thickness of 3 to 4 mils (70 to 100 um) and wound for later stretching. The film
appeared to have good clarity and adhesion between layers in its as-cast form.
[0068] After casting, the film was then biaxially stretched using a T.M. Long
film stretcher. Samples that were 2 inches by 2 inches square were cut from the
cast film, and stretched either 4x4 or 4.5x4.5X to give films having a final thickness

of from 4 to 5 microns. Average layer thickness for each material was nominally

about 1 micron.
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[0066] In this exanple, a fil mcontaining alternating

| ayers of Eastman PETG copol yester and Dyneon(tm PVDF
worweeegar ed. A special mcrocoextrusion di e MBEURIG6/018163

avai l abl e so a 5-1ayer coextrusion die was used to

denonstrate the concept. In this structure, the 5

| ayers cont ai ned PETE PVDF/ PETGE PVDF/ PETG (A/ B/ C/ B/ A

structure) in approxi mate thickness ratios of

12. 5% 25% 25% 25% 12. 5% This was done so that the

films could be stacked/lam nated, if desired. [0067]

Both resins were dried prior to extrusion for 4 hrs at

15Q0F using forced air dessicant dryers. Extrusion was

rformed h tH@hHs%hl Lawdgysrs( By Ltiienewal th
[OOGyarpose s%@m&myév eaé fﬁ A %Sg yClcon'ponent%

chaéﬁ?er&&. FEFIT, SRR @f e@%’@gb%%fmgé%@ (P much
losshp gl OHINIsEs begtns Feg ofjal' %W?hhigﬁv'n‘%?eﬁadh%'on
was RsRI0ePR ANt Al St adiceEeIN b e SOy paT pobigras i Sling up

as-cast form [0068] After castlngl the filmwas then,

such pstiugturg te mase kvers axd adargering With e epPiaPERteeegxdiUsion
Sanpl es that were 2 inches by 2 inches square were cut

equfpneentt he cast film and stretched either 4x4 or
4.5x4.5X to give films having a final thickness of
from4 to 5 mcrons. Average |layer thickness for each
material was nominally about 1 mcron.[0069] Even
t hough the filnms only hagxdmplayers, they still showed
the characteristic red/green color shifting typical of

[007d] desCeBfind bf #® Fhi haUSBch 8 fheBHdhted film in Example 1 was

poled by mounting between electrodes (the “electrodes” were of a volume resistivity
test measuring cell which had plates roughly 2 inches in diameter) and placing in an
oven at 85°C. A voltage of 1000V was applied across the film using a source
measurement-type source resulting in a field strength of approximately 55 V/micron.
The film was poled for 2 hours at 85°C, then the oven was turned off such that the
film was allowed to cool slowly back to room temperature. Upon reaching room
temperature (about 2 hours later), the voltage was removed and the film shorted
across to eliminate any residual charges.

[0071] To determine whether the poling was effective, a sample of poled
film was coated on each side with a conductive paint available from Radio Shack, to
which electrodes were connected and an oscilloscope attached. The film was then

stressed/deformed while the voltage output of the film was monitored to determine
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| esser extent. Otherw se, the filns had excellent
clarity and feel. Layer adhesion was al so good and al
wa@lad0s/127285 cat ed that there shoul d be no probl er€I/U82006/018163
scaling up such a structure to nore |ayers and a
larger line with the appropriate coextrusion
equi pnment. Exanple 2 [0070] Poling of the Film A piece
of the oriented filmin Exanple 1 was pol ed by
nounti ng between el ectrodes (the "el ectrodes” were of
a volune resistivity test nmeasuring cell which had
pl ates roughly 2 inches in dianeter) and placing in an
oven at 85C. A voltage of 1000V was applied across the
Wheiiﬁnér;ﬁi%kl%g’%tr% SiRath G TEasaH CREMUIb b fasiAHBEE dERSHABIENG

strength of approxi mately 55 V/mcron. The

col LY Rl L 0y B " S i
oo R SR SREGRS U PRRLGAF o [0

renmoved and the filmshorted across to elimnate any

resi dual charges. [0071] To detern ne whether the

poling was effective, a sanple of poled fil mwas

coated on each side witHhE@mBRBAIcti ve paint avail abl e

from Radi o Shack, to whi ch eI ectrodes wer e connect ed
Dynantic R&ﬂe&s‘.mqlﬁlmw aPiezohkad ; m was t hen

stressed/ deformed while the voltage output of the film
[007@s roni tetiesptaphatit examplenwaet(AB) Pogerdéinestconstredtbd otith the

was present. A voltage was indeed detectable

A 1lag&beihdPVIDH, at thé e |By&Fbé|@geEsr we hestaliiesdeleetrbdé tabpplied to
active. This experinment did

the top and bottom surfaces. The film is made by traditional micro-coextrusion

technology. The PET pellets are dried for 4 hours at 150°C prior to extrusion in
order to remove moisture. They are then melt extruded at a nominal 280°C before
being piped into the coextrusion feedblock. The PET is cooled to about 240°C
before entering the feedblock in order to maintain uniform temperature.

[0073] The PVDF is melt processed at 220°C in an extruder, and then
heated to 240°C as it is pumped into the feedblock. There, the layers are combined
and folded until the 20 total altemating layers are produced. The layers are
combined such that the PET layers are approximately 1.2 microns thick, and the
PVDF is approximately 29 microns thick resulting in a total nominal thickness of
about 300 microns.

[0074] After casting, the film is then stretched on a tenter frame at 100°C,

approximately 4X in each direction (16X thickness reduction) reducing the layers to
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confirmthat the m crocoextrusion structure could be
produced. Exanple 3 Dynami c Reflecting FilmuUsing a
wer@soei2ext ri ¢ Pol yner [0072] In this prophetiPBCT/US2006/018163
exanple, an (A/B)10 layer filmis constructed with the
A layer being PVDF, and the B | ayer being PET. A
netallized electrode is applied to the top and bottom
surfaces. The filmis made by traditional
m cro- coextrusion technol ogy. The PET pellets are
dried for 4 hours at 1500C prior to extrusion in order
to renove noi sture. They are then nelt extruded at a
nom nal 28Q0C before being piped into the coextrusion

0. O?E%ﬁ@ﬂo@hcraﬁ‘@ r %d’u@el?ocﬂh@ge icBrrafsutd astexipeitereo the A/4

entering the ock™in order to maintain uniform

o Ak B 5, B PSSR B o

IS punped into the feedbiock. There, the |layers are
PET gn8i VIR dasPecyvalddanghen ingidgnt savelingth A Qfef}/-ﬁaﬂlprfgﬂs (in the
| ayers are produced. The | ayers are conbi ned such that
middheoRE® visihle spectriem appresel ntahleérg ate 2ppiaxiroate and c&n vary

and the PVDF is approximtely 29 mcrons thick

dependitid drngrocessing odrditivreybotret febekmasis fafthasoobicBRions. The
m crons. [0074] After casting, the filmis then

tots} iRl BRRAAbANS AN &Y 19 FAdBngt 1000C, approxi mately 4X
in each direction (16X thickness reduction) reducing

[oo?rﬁg | ayer@ﬁér%@eg}%%‘@ﬁe ﬁln?ns‘ﬂédté&i%t 1595@%?§Hevt%hiér frame to

se correspon roximately to the | /4 and 2 11/

red&H%g@kﬁgagﬁ%ﬁf%%g@naﬁ@fr@n%&ﬁffNéﬁt th efllh{‘gee)fe&ﬂcally

poled with an electric field of about 80 MV/m at a temperature of 120°C. Proper
heatsetting of the film should alleviate any tendency towards shrinkage at this step.
The PET is essentially unaffected by the poling, which is performed for about 30
minutes. As a result of the poling, the PVDF dipoles will align such that the positive
end of the dipole will orient towards the negative terminal of the poling source. Upon
completion, the film is piezoelectrically active and the effective ds3 of the
piezoelectric is approximately 30X1072 m/V.

[0076] The resulting film is highly reflective in its natural state (i.e., no
applied voltage). To change this, an electrode is placed on the top and bottom
surfaces of the film via metallization. The electrodes, in turn, are connected to a
voltage source. When the polarity of the applied voltage is the same as the dipole

polarity, the piezoelectric layers will contract. A reversal of polarity will cause it to
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PET and PVDF, respectively, and an incident wavel ength
| Dof 0.5 mcrons (in the mddle of the visible
wGep®eiie28) . These nunbers are approxi mate and PERUSZN§018163
dependi ng on processing conditions, but are reasonable
for these calculations. The total final thickness of
the filmis 19 mcrons. [0075] After stretching, the
filmis heatset at 1500C in the tenter frame to reduce
the tendency for shrinkage, and then wound. Next, the
filmis electrically poled with an electric field of
about 80 MV/m at a tenperature of 1200C. Proper
heat setting of the filmshould alleviate any tendency

expaAYRIFdS 154 ékm@aeth@tvoutagé |§éﬁ§hedT§tﬁa§E)TcéL§3ee§ s6Mracibhyin

unaffected by the poling, which is perfornmed for about

ordgr?tggﬂﬂ;\}sétt&? lpllé%fel%c{rﬁ:sf%tto@% c{snfsn /h'? s?:nhses Vel kaneﬁs

I'gh “such posi TPVeE end

dipole will orient towards the negative terymnal .

1007 HE po | iEeSAIE BRI COMTAP T NG e hickness to
pi ezoel ectrically active and the effective d33 of the
2004 drdealess s almout ©.07porok 7 tat Bhiy cBOXdpends2orariMnsiabidaigious E
The resulting filmis highly reflective in its natural

fiel$ bRaBoUt1-.57 kV/RficroRPIFoed 1inicke8 totalliPickRa8g &hé Bbbliedloltage
el ectrode is placed on the top and bottom surfaces of

neddd8o ! 2@.7’k9 %Eﬁbbé ﬁ?‘% E0{b1d. THRisa5 © \F/\éh BieBo Hl@h [} BQ ’practlcal

are connecte age source. en ‘the polarit

as 8519%9&‘: k?rQchLo% é/am b F%’)Ir %ngé .ﬁ‘%@mﬁrf&%@d PET is

€ pl ezoe ectr

ko evt?’?&sazé‘/' HeRoLR gt s FOHEE oéabéé’tewo\//gﬁf’@gbrwﬁnicron)

contraction in order r|ve th i ezoelectric fil .
whergga FYDR tssap@mwatehé%@?n dgjcpn ¢ ﬁprg gly, however, e Fnsition

from reflection to transmission will occur at lower voltages. This is illustrated in
Figure 2 for the Es wave (incident wavelength assumed to be 0.5 microns), where
the reflectivity R is plotted as a function of incident angle for different applied
voltages. Even as low as 3kV, the reflectivity drops significantly from about 0.8 to
0.6. At 5KkV, the reflectivity has dropped to about 0.2 (25%).

[0078] Note that these voltages are “instantaneous DC values” at a given
instant in time. n reality, the voltage applied will need to be alternating (e.g.,
sinusoidal AC, squarewave, etc.) to prevent dipolar relaxation of the piezoelectric.
The true reflection seen by an observer will thus be the average over the full cycle of
the applied voltage, and thus will depend on frequency, waveform shape, and duty
cycle (e.g., a low frequency will exhibit “flickering”). Regardless of the waveshape,

these sorts of voltages are reasonable and can be achieved using an appropriate
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[0077] The strain needed to convert the filmfully
from2 11 /4 thickness to 201/4 thickness is about
wWQ@204/121285 4. 7% Thi s corresponds to an i nstant BOIBUSR0&018163
field of about 1.57 kV/mcron. For a 19-m cron total
t hi ckness, the applied voltage needs to be 29.7 kV to
achieve this E field. This is probably too high to be
practical as dielectric breakdown can occur. For
exanple, thin biaxially oriented PET is known to have
a dielectric breakdown strength of about 15000 V/ m |
(590 Vim cron) whereas PVDF is approxi mately 200
V/ m cron. Fortunately, however, the transition from

ACTRUtRS tandlort@nbfodmehl 864 OT Whililcede G a @éttér?y«@@nnected to a
voltages. This is illustrated in Figure 2 for the Es

promfgé%iggég gpvtert%@éheé@ms@%éea\%& g&@epﬁoﬂ?glemuﬁ%%t light

lectivity Ris plott as a functio
buI%JQCi dent angle for different applied voltages. Even as
ow as 3kV, the reflectivity drops significantly from

ut 0.8 to 0.6, At 5kV, the reflectivity has_droppe
10087 about 6197e 25 stas e ATt tharcl Gof FilsdBh o
) i%re "instantaneous DC val ues"” at a given inst an} i.n
incidenge angler d4ith b voliage oitliedyepais il hap pIhigle BRilachVibeR of 0.8
alternating (e.g., sinusoidal AC, squarewave, etc.) to
(or BP&)exver an govierrane Oneareem (nsfmehicisleagekioeahteutd O deasees in
true reflection seen by an observer will thus be the
eithev eliragitorovEhis ishe netiR0 degrelesviewingrangippvéredhieb ithafien would be
and thus wll depend on frequency, waveform shape, and

usefiuit YTty viewingeargyle can beundreasgeby dewtdasingthe lthitkness of the
"flickering"”). Regardl ess of the waveshape, these

lay&rar(L.6., werdrd SABRKAE ST BB B Atk €ading tHeamuBBepsagd@d The

usi ng an appropri ateAC source (and/or transforner), or
nurBb &S aHIURRRnée8 of 18PabiEhYIrS2RB6S R Highe? voltages may be
required if the film is not propetly designed.
[0080] Finally, this film could be used in a “reflective” mode by mounting it
to a mirrored surface. Thus, light would have to pass through the film twice, thereby

doubling the effective thickness. Regardless of the use, the film in this example can

be turned on and off via an applied voltage.

Example 4

A Normally Reflective Film with Fewer Layers Requiring Lower Voltage

[0081] This prophetic example is identical to Example 3, except that it is
optimized to reduce the voltage required. By decreasing the number of layers from

20 to 15, and otherwise keeping the structure the same, the total thickness of the
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properly designed inverter such as those used to power
portable fluorescent |ight bulbs. [0079] Figure 2 also
w0 bdogae8t es the reflectivity change as a funce¢DOSWD6/018163
i ncidence angle. Wth no voltage applied, the materi al
has a high reflectivity Rof 0.8 (or 80% over an
angle from O degrees (nornmal incidence) to about 10
degrees in either direction. This is a net 20 degree
vi ewi ng angl e over which the filmwould be useful.
Thi s view ng angl e can be increased by decreasing the
t hi ckness of the layers (i.e., |ower order
t hi cknesses) or by increasing the nunber of |ayers.

film Té‘:%dﬁb'é’@?d $4, Qrmlcrdﬂsc kngs semnPledudistite apsiddniotayelreqered for
in that higher voltages may be required if the filmis

il drfcrbiaficé i | m coul d

a gipgh EE%@*?#%O@?}’?!@?JGW%’SW i s
mrrored surface. Thus, |ight vvoul d have to pass
through the filmtw ce, thereby doubling the effective

t hi ckness. Regardl ess of _the use, the filmin this
exanpl e can be turned on—E—éﬂHm@g via an applied

vol t age. le 4 A Normall Reflectlve F|I Wit
A Ngan@l}vﬁaﬂ@ﬁtmgp REG Usingan, Im y \|7DF TrFE

prophetic exanple is i i dentical to Exa e 3, excep

[0082at it iThipprophetieexampleds utﬁ@tl@ﬁleto\ﬁﬂat%% 4y @&ﬁmé@ﬁt it uses
By decreasing the nunber of l|ayers from20 to 15, and

a highregerfcsmakee pieageleltrics tRVIRE typicallychasaareqlue Io& dgznfaabout
thi ckness of thefilmis reduced to 14.2 mcrons. This

3041078 BV Un@dus&Sirian eordifibiie dHowkvearg eopagmirseaf Vimylidene fluoride

(VDF) and triflucroethylene (TrFE) are known to have much higher ds; values (see p.
102 of Ferroelectric Polymers). Estimates of ds3 for a 65/35 (mol/mol) VDF/TrFE
copolymer are as high as about 150e-12 m/V. Using this copolymer in the 15 layer
structure of Example 4, and assuming all other factors are the same, we find that we
can achieve the same decrease in reflectance, but at a much lower voltage of about

500V (see Figure 3).

Example 6
A Normally Transmissive Film
[0083] This film is the same as in Example 4, except that the piezoelectric

layer is designed to be slightly thicker than 21A/4 after stretching, and the PET layer
is M4. For example, the film PVDF layer thickness for 21A/4 thickness is 1.81

microns. For the structure of this example, however, the initial thickness for the
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a given E field by about 25% with minimal loss in film
performance. Exanple 5 A Normally Reflective Film
wQ2i0ag2285 | nproved Pi ezoel ectric Layer from VOFETUFH06/018163
[0082] This prophetic exanple is identical to Exanple
4, except that it uses a higher performance
pi ezoel ectric. PVDF typically has a value of d33 of
about 30X1 0 12 nfV under nom nal conditions. However,
copol ynmers of vinylidene fluoride (VDF) and
trifluoroethylene (TrFE) are known to have nuch hi gher
d33val ues (see p. 102 of Ferroelectric Polyners).
Estimates of d33 for a 65/35 (nol/nol) VDF/ TrFE

Pvppn»&ya‘ Rl b@BSsiified tdbe S8 MMbNS, MARcH B jOEN\Slighty botsidy 6f the
copol ymer in the 15 | ayer structure of Exanpl e 4, and

refl8SRAAFaRge anthq{dqﬁﬁepl oAk gge ahe filh % ﬁéﬁ@mns@@ef 'H&Né\)@t

we can achieve t crease in reflectance, but

ap@&aﬁopd‘&c% &%ﬁ% ?%ﬂé ﬁ%a%ser%f‘éé’#@sﬁ%ﬁ *9%5349#%@8”%
S the s X

oves padiPacral o sbpul § 5 fGrees tns Tet ?rgﬁ??f{)c'{eﬁ f ipRrsases
than 2 11/4 after stretchin the P

almogilineagly as;thenypléage iRErqases %{nﬁﬁs b 8PP eafﬁ%% @'nﬁ grthe
11 /4 thickness is 1.81 mcrons. For the structure of

previnpus esa@pisise Susbweciilar wouldeverkinigedy asHpe RxgBle; ap electrically
t hePVDF [ ayer will be assuned to be 1.83 mcrons,

contvolledh wirsdguushade! ergtitninyero ueiedbabthet odiage rargas foe this film could
range. Wth no applied voltage, the filmis

be furthes radiged gia thiewawes manner as described in Examples 5 and 6 (e.g.,

fewer layers or use of PVF-TrFE) if so desired.

Example 7

Color Change Via an Applied Voltage

[0084] This film is the same as in Example 5, except the reflectivity versus
wavelength is analyzed and the piezoelectric layer is designed with a thickness of
1174 (0.95 microns). This thinner layer structure has been chosen to provide better
bandwidth control with regards to color shifting. Previous examples focused on
monochromatic light at 0.5 microns, which is in the center of the visible band. Figure
3 shows a plot of the reflectivity as a function of wavelength for different applied
voltages. All calculations are at a 0 degree incident angle.

[0085] With no applied voltage, the reflectivity is a maximum at A, = 0.5

microns (i.e., green) as this was the design point. As the voltage increases, the
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application of a voltage causes it to reflect as

illustrated in Figure 4. As observed over a view ng
war@ba2f28dm about 0 to 5 degrees, the refl ectiPeI/US2006/018163

coefficient increases alnost linearly as the voltage

increases. This is the opposite of the filmin the

previ ous exanples. Such a filmwuld work nicely as,

for exanple, an electrically controll ed wi ndow shade

or dimer. Note that the voltage ranges for this film

could be further reduced via the same manner as

described in Exanples 5 and 6 (e.g., fewer |ayers or

use of PVF-TrFE) if so desired. Exanple 7 Col or Change
reﬂé&t@nagmﬂ%oual IbRer Waldiegfths 084ingTdrean fandrihérs blukevaesiengtas to

in Exanple 5, except the reflectivity versus

be %@é@ﬂeen%%bﬁv&&@bxﬁaeaé@ clilf r%%ul@'lr?%%%t@ﬁﬁ& tferl @it@Uididts being

signed wth a thickness of 11I/ . m crons).

reﬂéf&%é J'fmg()?l edra%offérggnﬁ GBI ﬂ%p@%?ﬁegggzﬁ;gés%@u expand and
AL S RO

vi si bl e band. Fig shows a ploL o th .

voltage, tBe PeigaiyedLoler w'ﬁﬂ?@tafbﬁveaﬁg @"éenéﬂ efvelta%PﬁérféﬁFtlon of
appl i ed vol t ages. calculations are at a 0 deg

time, r&tnthwllldmﬁmﬁlng@l@%gqﬂampm] bath gﬁ@lwe@da%n@g@tyely h'ghe actual
reflectivity is a mximumat 10 = 0.5 mcrons (i.e.,

shage eadjor aksity tycle obibetvoliade forgncquid thus ke manipulatieddg éurther
i ncreases, thereflection shifts to | ower wavel engt hs,

altef #uspargeigee edloanHutthermdre pwhilethel fimgofiise poedamt example exhibits
reflected. Further voltage increase will result in

controft e ESoPrdetist) itWimhuRMh s ulstrafinigs the other wavelengths. So, for
example, if the film was backiit with white light, it could be used to display different

colors by shifting the applied voltage.

Example 7
Addition of a Tie or Glue Layer
[0086] To enhance the adhesion between layers, a glue or tie layer is often

used. In this prophetic example, an (A/T/B/T)"? structure is made where A is the
PVDF, B is PET, and T is a tie layer. There are many tie layers that incorporate
reactive chemistries (e.g., maleic anhydride, glycidyl methacrylate (GMA), epoxide,
etc. and most of these are in an olefin base, such as a polyethylene based material).
For this example, we will use a glycidyl methacrylate modified olefin such as Lotader

8900 (Atofina), which has good adhesion with PET. Itis extruded in a separate
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reflected. If the voltage polarity is reversed, the
pi ezoel ectric layer will expand and reflection wl|l
wa@hbiobii228war ds the red end of the spectrum NoPET/URENNG6/018163
with an AC vol tage, the perceived color will be an
average relative to the voltage as a function of tine,
since it will be shifting the reflection both
positively and negatively. The actual shape and/or
duty cycle of the voltage formcould thus be
mani pul ated to further alter the perceived color.
Furthernore, while the filmof the present exanple
exhibits controlled color reflection, it

extflded bha bessHt Yodatiaasiot the ideeired BeIictury BéforgtibislingSmto the
for exanple, if the filmwas backlit with white |ight,

ma'hg,l W dhiBst éﬁstﬁgfé ngﬂﬁ%lséé( tidiid B8 BRVe P RHe MYdices similar to
shitting the applied voltage. anple 7 Addition of a

PV iFeso%eﬁeHSc ffguc[é(gﬂ%ﬁé P%Felgpglgglge\?é}ﬂwo%ﬂé@égkqeﬁs

etween’ layers, ue or tire us

this praophetic exanple, a T/ B/ T) structure i s
chang BB ey ARG PyEfiopoion The S i€ pidimed to
| ayer. There are manX tie layers that incorporate
havec BMDFelNakBRRS of 1944 (andyeachis Eer mriRRIBNASHD g §/dh dus, the
nmet hacryl ate (GVA), epoxide, etc. and nost of these
totad reffettiveathicikheés of thastructue is 26\./4 agoh yeamplesAe Tiésicth should
material). For this exanple, we will use a glycidyl

wENARTOSt RiePiEBYi thitRslfiled B Exaripies @tcdpptiadelig®B0fighe
pe(At of i na), V\,hli cﬁ’ has good adheig'i on V\/Ie:pﬁ PET.gI{%D{ng '

VOI%@EE Wilﬁ Eéje ige Lﬁre%geﬂ'bétﬂ‘?éaﬁé Téi/é?gs ﬁé’[‘bj%ﬁ%@gél@%&ib@ﬁgnd the

Ifto t Ired structure "before 'nto t

I r st of these olefin-based tie | ayers
actiRbh RS

ve indices simlar to

[0087] The use of tie layers can also be incorporated into the structures in
the examples above in an analogous manner. In the event the tie layer does not
match up with the A or B polymer refractive index, then a full calculation is required
(but the structures will still be useful). Such a mismatched structure may be
desirable for some applications where, for example, improved refiection over
broader viewing angles is required.

[0088] Obviously, other variations of this example can also be envisioned

depending on the desired optical properties.
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PVDF so they effectively thicken the PVDF | ayer.
Nevert hel ess, the thickness changing portion is

w0 edoatiztsdnly to the PVDF portion. The struct uP€r/US2006/018163
assuned to have a PVDF thickness of 191/4, and each
tie layer is designed to be |/4. Thus, the total
effective thickness of the structure is 2 11/4 as in
Exanple 3. This filmshould perform al nost identically
to the filmin Exanple 3 except that slightly higher
voltages will be required (since the tie layer is not
pi ezoel ectrically active) and the adhesion will be
better. [0087] The use of tie layers can al so be

i ncorporated into the stEyﬁﬁ%égs in the exanpl es above
in an anal ogous manner. Tn the event the tie |ayer

Dvnl%?é PBRtizlBFh ¥Ratb A B RGiIrfe@OnBrgk yTer refractive

idex, thel-a tul i catcuration 1s required (but the
ructures,w || i.] | s :
rooly ict e B il Pioa bl prlfipl” i 1AL o ¥ fr g Selar o

where, for, ex |l e,. improved ref).ecti .
cxias PO TRA ek S5 haaLSest e B4l B brineea
variations of this exanple can also be envjsjoned
Thedefsentreroenior I7E el nasinelbt b 5] R SRRt Pist QA g 1.55
Dynam ¢ Pol arizing Film That Can Be Turned On or Off .
in tHeDEBEverse ditsctopr dpadtVRF isasaymed torke | APm) i stretch direction
structure is made simlar to Exanple 3, except that it
andi 5421 tagin@inkstredeh dineatidnd X i nst ead of being biaxially
oriented. The refractive index for PET will nom nally
008 1. 65 iMaycheniskicdkeb ater siedttioing ara dedightd to be 212/4 (0.181
microns) for the PET and PVDF layers based on the oriented direction and a 0.5
micron monochromatic light source. In the transverse direction, these thicknesses
will not match the reflection criterion, nor will the reflectivity be high since the
refractive index difference is lower, so the film is not expected to be reflective to light
waves polarized in this direction.
[0091] Calculations for the reflection values are performed as before for the
E, wave, except they have to be performed for both the stretch and transverse
directions using the appropriate refractive indices. For light waves polarized in the
stretch direction, the refiection curve will be identical to that shown in Figure 2 for 0.5
micron incident light. For the transverse direction, however, the material is

essentially transmissive at all voltages as the reflectivity remains below 0.3 for all

theta and voltage levels.
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in the transverse direction. The PVDF is assuned to be
1.45 in the stretch direction and 1.42 in the
woomweaeT28% ch direction. [0090] Layer thi cknessPGT/af1066/018163
stretching are designed to be 2 11/4 (0.181 m crons)
for the PET and PVDF | ayers based on the oriented
direction and a 0.5 m cron nonochromatic |ight source.
In the transverse direction, these thicknesses wll
not match the reflection criterion, nor will the
reflectivity be high since the refractive index
difference is lower, so the filmis not expected to be
reflective to light waves polarized in this direction.

[000RPO091] Catigathat i80S of BHis isltRat whVateiding purdliebt theestretch
performed as before for the Es wave, except they have

d ire(g%nq,ea(nﬂfer éé?é&ﬁ/@&f tﬂﬁcl&%‘ & thdiRnstie@ by knanging vanaysnsieereas the
ITec t

I ONS usIin e appropriate refractive indices.

A R e e
ois oA o B SEPE BF2EghO abPing nc

essentially transm ssive at all voltages as the
remewng 8Molt3g8-y remmi ns below 0.3 for all theta and

vol tage | evel s.[0092] The net result of this is that

wavel engths parallel to the stretch direction can be

sel ectively blocked or transmtted by changi ng

vol tage, whereas the wavEtamgel®s oriented al ong the

transverse direction will always pass through. Thus,
Applidatlni £ £D&@RV al |y a pol arizer that can be turned on

and off sinply by applying and renoving a voltage.

[0093] In this prophetic example, the film from Example 5 is used to make a

monochromatic display. The electrode on the surface is replaced with a clear ITO
substrate in a grid similar to that used in traditional LCDs. The film is backlit with a
light source at or near 0.5 microns. However, with no voltage applied, the film is
reflective and this source cannot be seen. To display a digit or other graphic
symbol, the appropriate electrode is energized with an applied voltage. This turns
off the reflection and allows the backlighting source to be visible at that location. lt is
preferred that the voltage be applied in pulses at 10 Hz or higher so as to eliminate
dipole decay in the film. Persistance of vision will make the dispiay appear to be
constant and the allowable viewing angle (+/-10 degrees).

[0094] This structure has all of the capabilities of a standard monochrome
LCD, but is cheaper and flexible, and does not require polarizers or liquid crystal

polymers. For the current structure higher driving voltages are required so care will
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Exanpl e 9 Application as a Display [0093] In this
prophetic exanple, the filmfromExanple 5 is used to
woredoe/12028Dnochr omat i ¢ di spl ay. The el ectrode oPCT/82006/018163

surface is replaced with a clear | TO substrate in a

grid simlar to that used in traditional LCDs. The

filmis backlit with a light source at or near 0.5

m crons. However, with no voltage applied, the filmis

reflective and this source cannot be seen. To display

a digit or other graphic synbol, the appropriate

el ectrode is energized with an applied voltage. This

turns off the reflection and allows the backlighting
havec‘ﬁ)%&%}geﬁ i Er oY bidchoBe #youb &b préstt afding), but Birgrefearalgdixels,

that the voltage be applied in pulses at 10 Hz or
_ ¢ . . . £
mp”ﬁk?@ PlezAeBigieRinfS, 412l SoRRt Sppieder ol Brily itages

e constant and {he al I 8 angle (+/-10
mor%lé’bﬁréee‘é’bﬂ.‘Rf’b%’ﬂ?“?hf’@sé\%ﬁ%@(éy%@egl| of t(he

capabilities of a standard nonochronme LCD, but is

cheaper and flexible, and does not require polarizers

or liquid crystal polyners. For the current structure

hi gher driving vol t agesE ired so care w || have

to be taken in ITO el ectrode | ayout (to prevent
Multiootorrigipplaput | ar ger panel s/ pi xel s, i nproved

pi ezoel ectric materials and/ or design optim zation
[0095pul d bThisgrogHdtiegeampbe is simili to=xanple X exceptdhpl reultiple

pl asma di splay systens. Exanple 10 Miulticol or Display
colors can be viewed. The film is built as before, except the backlighting is white.

As shown in Example 7, the color that is transmitted (or reflected) can be varied by
changing the voltage level. At 0 volts, the display shows all colors except those
around 0.5 microns (yellow-green). At higher voltage, colors are reflected at the
shorter wavelengths (blues, violets) whereas if the voltage polarity is reversed, the
long wavelengths become visible (reds, oranges).

[0096] Refinements in the structure can be made to improve the color control
and resolution. Alternatively, instead of relying on transmission from backlighting, a
reﬂectioﬁ from forward lighting could be used for narrower color control. For colors
like pure white, the voltage would need to be high enough that it only reflects in the
UV or IR region so that the full backlighting is transmitted through.

[0097] The invention has been described in detail with particular reference
to preferred embodiments thereof, but it will be understood that variations and

modifications can be effected within the spirit and scope of the invention.
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[0095] This prophetic exanple is simlar to Exanple 9,
except that nmultiple colors can be viewed. The filmis
whoioki12285 bef ore, except the backlighting i s w{T/8S2006018163

shown in Exanple 7, the color that is transmtted (or

refl ected) can be varied by changing the voltage

level. At 0 volts, the display shows all col ors except

those around 0.5 microns (yellow green). At higher

vol tage, colors are reflected at the shorter

wavel engt hs (bl ues, violets) whereas if the voltage

polarity is reversed, the |ong wavel engt hs becone

vi sible (reds, oranges). [0096] Refinenments in the

structure can be nmade togiamwegve the color control and

resolution. Alternatively, 1nstead of relying on
lClai%ygansm’ssion from backlighting, a reflection from

rward |ighting could be used for narrower col or

control, Far colors |ike. ' t I d
ek o B B St Bt & Ml rafert it
o or IR region so that, the full backliaghting_.l
piezeelaptaimilaess N WRIGH GAID RIBERPISCIHR LAYERR B Fas peerpigd, Py one or
described in detail with particular reference to
moreing¢rieniog sshetaatialbyrifanspREIEHAYEHUt it will be
understood that variations and nodifications can be
effected within the spirit and scope of the
invention.CLAIMS | claim 1. Amultilayer film

coppri sThfilin accombing td olaih 1, apehscamerises fremstO tg 1000 total
pi ezoel ectric layers in which said piezoelectric

piezb8¥BHe AMdanteAhifPRgeRt ed by one or nore intervening
substantially transparent |ayers.

3. The film according to claim 1, wherein said piezoelectric layers
comprise a polymer selected from the group consisting of poly(vinylidene fluoride),
poly(vinyl fluoride), aromatic polyamide, polysulfone, cyanoethyl cellulose,

polyvinylidene chloride, polyparaxylene and copolymers thereof.

4. The film according to claim 1, wherein said piezoelectric layers
comprise poly(vinylidene fluoride) or copolymers of poly(vinylidene fluoride) and

trifluoroethylene.

5. The fitm according to claim 1, wherein each of said intervening layers

are the same or different,
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2. The filmaccording to claim1, which conprises from

10 to 1000 total piezoelectric and intervening |ayers.
wW@2006h2728% | m according to claim1, wherein saiBCT/US2006/018163

pi ezoel ectric |layers conprise a polynmer selected from

the group consisting of poly(vinylidene fluoride),

pol yvi nyl fluoride), aromatic pol yam de, polysul fone,

cyanoet hyl cel |l ul ose, polyvinylidene chloride,

pol ypar axyl ene and copol yners thereof. 4. The film

according to claim1, wherein said piezoelectric

| ayers conprise poly(vinylidene fluoride) or

copol ymers of pol y(vinylidene fluoride) and

trifluoroethylene. 5. The filmaccording to claiml,

wherein each of said intervening |layers are the sane

or gdi T 1o £, Qccomiﬁﬁfté LAACE WHér&e bRl 6hébPimare WogY ei n

sald one or nore nohplezoelectric |ayers conprise a

. PO r I I st .y
pioBB T EChEfine AT RIRiR IR § SR enpiring of
| ycar bonat e,, pol | at ol yam de (m.d
polyBBisEim e ie: PaR pleRe e ol Fplyarvate,
pol yaryl ether, polyarylether ketone, aliphati.c.
polyBBgeaToIoe, BPY B IEHE, RAIVE e@?m&!ﬁ’yg’bfeﬁ%fam'de’ polyaryl
pol ystyrene, polyacrylate, polynethacrylate, cellul ose
ethatepolyaryleliegr ketanga Blighatisenolyksieife Molyphesylgne suliideopalysulfone,
silicone resin, epoxy resin, and polyurethane. 7. The
polyetyreme potyadiyiatet polyinatiackylateheelbliosesderivadie, polyatsylene,
nonpi ezoel ectric layers conprise a polyner sel ected
iondniéHB R, elaettnerpBiticarid rGimfepoxy resin, and polyurethane.

7. The film according to claim 5, wherein said one or more non-
piezoelectric layers comprise a polymer selected from the group consisting of
polyethylene naphthalate, polyethylene terephthalate, poly(cyclohexylene

dimethylene terepthalate), polymethyl methacrylate, polycarbonate, and copolymers

thereof.

8. The film according to claim 1, wherein said intervening layers comprise
a tie layer.

9. The film according to claim 8, wherein the tie layer comprises

monomers selected from the group consisting of maleic anhydride, glycidyl

methacrylate, epoxides and mixtures thereof.
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pol yet hyl ene napht hal ate, pol yethyl ene terephthal ate,
pol y(cycl ohexyl ene di net hyl ene terepthal ate),
w@odogrre2By|l net hacryl ate, pol ycarbonate, and cPEDUSI086/618163
thereof. 8. The filmaccording to claim1l1, wherein
said intervening |layers conprise a tie layer. 9. The
filmaccording to claim8, wherein the tie |ayer
conpri ses nononers selected fromthe group consisting
of mal ei ¢ anhydride, glycidyl nethacryl ate, epoxides
and m xtures thereof.10. The filmaccording to claim
1, which further conprises electrodes on the surface
thereof. 11. The filmaccording to claim1, wherein
each | ayer has a thickness of 0.05 to 5 microns. 12.
The filmaccording to claim1, which further conprises

ONgnOr FRE APt clAMer, Svhich further comprises electrodes on

the surface thereof.

11. . The film according to claim 1, wherein each layer has a thickness of

0.05 to 5 microns.

12.  The film according to claim 1, which further comprises one or more

polarizing layers.
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