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Pl EZCELECTRI C LAYERS FI ELD OF THE | NVENTI ON [ 0001] This Invention generally
pertains t l.tilayer film having about 5 or nore and

havi ng at ?’é’gzé’%t’i&gezoa ectric layers, in which the re#‘?%?%%"{’/‘?‘%igf“?and ot her
optical properties of the filmcan be dynam cally changed via application of
an electrical field. The piezoelectric |layers are preferably polyneric in
nature and separated by intervening non-piezoelectric |ayers. BACKGROUND OF
THE 1 NVENTI ON [ 0002] M crocoextruded and other light control or "iridescent'
films have found a w de range of applications including

aesthetic/multi-col or packagi ng, brightness enhancing and reflective filns
for liquid crystal display (LCD) applications, dielectric polarizers,

conpensating f{j 1 f i ncl udi y "oor "hot" mrrors for allow ng
visi bl e |ight M‘b%‘ﬁ%ﬁ*@ébm‘“w&fﬂéﬁ%ﬁ B‘ﬁ@@%ﬁ@r&ﬁ‘? WRYERShese f 11
are typically nmade by coextruding many thin layers of different polyners,
and can then be used as is, or |am nated/coated for various applications.
For these iridescent films to work properly, the different |ayers typically
have different refractive indices, sonetines referred to in the literature
as "m smat ched" refractive i ndEiE&dD OEJHESINVENTION mi ze refl ecti ons at each
interface. It is also advantageous that the thickness of each |ayer be on

the order ¢00atje waveTkisdgtventibn bedrallyosertaired foer m(itilager filre $avingaboat ew 1 WO
2006/ 127285 PCTI US2006/ 018163 m crons) so as to maxim ze destructive

i nt er f er ene@e mepe fotaldbyers bh@nhavivgat lRabtEd piefodlctric layers, in which the reflectivity
and other optical properties of the film can be dynamically changed via application of

an electrical field. The piezoelectric layers are preferably polymeric in nature and

separated by intervening non-piezoelectric layers.

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 films 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 reflectivity and/or optical retardation as a function
of wavel e ization, view ng angle, and so forth, These different
conbi nat i or‘ﬂé?ooflﬁ?izgi n, provide widely varying light c%h?@é?oof/glrm@he

di fferent applications described above. [0003] A typical m cro-coextruded
structure, for exanple, mght be a film containing alternating |ayers of a
pol yester (e.g., polyethylene terephthalate (PET) or polyethylene

napht hal ate (PEN)) and pol y(nethyl nethacrylate) (PMMA). The polyester has
a fairly high refractive index (n>1.57) and a high birefringence, typically
greater than about 0.05, upon orientation. In contrast, the PMVA has a very
| ow refractive index (nis typically less than or equal to 1.50) and very

little orken ion .l nduce I . t hus | zi the reflectance.
The. t ot al Mg ebaRa AL Bre ol S8 Fansty Wi Tiiocy et
alternati filmg, which are created a_speci.al. coextrysion feedbl ock.
Tyor car | yieashial TiskBases, Bush e areeiets rersgR e biisaapley, AosS s ite t he
coextruded filminto the desired thjickness range, and also so as to induce
bi r ef ri ngt@ierefletiviy and/erentisakrefargalionds fupeiia of \wave tPofarizaioban be
made froma wide variety of polyners, not just polyester/ PMVA, the only
requi r eneWewihgiangle: aad se frsth  These siffecerd spmvpatianse it BIp dovide Widely ces and
t hi cknesses for the given application. Processing issues also can play a
rol e in tvaiyisgligtdontro! forthaukfterpnt@pplicatings tlespibedaboes, coextrudability,
adhesi on, stretching behavior, and so forth, of the polynmers should
gener al | y[0883k onpat iAtypicalmin®-eodélded SBicteT fous2anple) hidietde 4 6I604] One of
t he shortcom ngs of previous iridescent structures and fil ns

containing alternating layers of a polyester (e.g., polyethylene terephthalate (PET) or

polyethylene naphthalate (PEN)) and poly(methyl methacrylate) (PMMA). The

polyester has a fairly high refractive index (n>1.57) and a high birefringence,

typically greater than about 0.05, upon orientation. In contrast, the PMMA has a

very low refractive index (n is typically less than or 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 polyeste/PMMA, the only

requirement being that the films have appropriate refractive indices and thicknesses

for the 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.



is their "static", non-changeable optical properties. That is, once nade,
the films cannot have their reflectivity easily varied. In contrast, if the

films rewdafbh«ji/?/zigis%é could be easily changed via, for g&gﬁﬁg)o&mgﬁgappl i ed

vol tage, whic he basis for the present invention, res i ng
applications would be enornous. This voltage varying optical structure may
be referred to as a "dynamic" light control filmor an "optical nodul ating"
film As an exanple, with the appropriately applied electrodes, the film
could act as a type of display elenent. Application of a voltage woul d cause
the dynamic filmto swtch fromtransm ssion to reflection, or vice-versa,
in much the sanme way a liquid crystal display film (LCD) works. This
dynamic film however, has the added advantage in that it my be
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Anot her filmtechnology that is related to the R_resent invention is that of

pi ezoel €& easdychanged \in. donRramile.ian; applisd v fage; whichtie thedbasis fpitheiener ate a
voltage when stress is applied, or alternatively, deformwhen a voltage is
appl i ed.presgndentien. the reshittig iagpligatipnsywoudld de gnaimpus.a Thisg@lteaeige of
applications including electrical crystals, transducers, touchpads and

scr eens, Vangog spticek strycturgl mawbe rafersed ® agm yoemic igsiscaptpl filspooan 018163
sensors, etc. There are a vast nunber of piezoelectric materials with the
nost "optical modulating” film. As an example, with the appropriately applied electrodes,

the film could act as a type of display element. Application of a voltage would cause
the dynamic film to switch from transmission to reflection, or vice-versa, in much the
same way a liquid crystal display film (LCD) works. This dynamic film, however, has
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 fiims, 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] Another 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 aiternatively, 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,



common being quartz, various ceramcs like zirconiumtitanate and barium
titanate, and polyneric filnms based on poly(vinylidene fluoride) (PVDF).

PVDF i's coyyQfjcharagP! d under the tradenanme of KynarN fr At of i na and
is nore flexible and resilient than the brittle cer ampgjg}.U-g?@g)%s]l“PVDF

achieves its piezoelectricity only after it has been properly oriented and
electrically poled to properly align the dipoles. Unoriented PVDF is in a
non- pol ar "al pha" phase where the hydrogen and fluorine atons are randomy
arranged. In contrast, orientation causes a second randomy oriented crystal
form referred to as the "beta" phase where the hydrogen and fluorine atons
are arranged on opposite sides of the chain, thus formng an electric

di pole. For piezoelectric activity to occur, all of these dipoles need to
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as the piezoelectric effect. Sim'larl%(, if the filmis stressed or deforned

such t hatsoldrndgr theiteasiename af Kiaan"t pmyT otaldplinghand isdnare flexide and| be creat ed
across the film which can be neasured, as is the case with many

pi ezoel ecedliant thendbe brittla coynsicn61127285 PCT/ US2006/ 018163 [ 0007] Wil e
there are many applications around PVDF filns, nobst are non-piezoelectric
i n nat ur 00061t he fi IPMDFsachiemes itsmieroeledtriaitylonly @fter it bas bgep prapbrly

oriented and electrically poled to properly align the dipoles. Unoriented PVDF is in a

non-polar “alpha” phase where the hydrogen and fluorine atoms are randomly

arranged. In contrast, orientation causes a second randomly oriented crystal form

referred to as the “beta” phase where the hydrogen and fluorine atoms are arranged

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.



Simlarly, the use of such filns in mcrocoextruded structures in a

pi ezoel ectric form (i.e., oriented and poled) is also not known. Thus, it
woul d be %Moﬁffl’iﬁsst 0 incorporate piezoelectrically agklg){]@ dobbhi¥ees2s part of
a light controlling multilayer "iridescent” structure ﬁ a structure
woul d be able to change its reflectivity and |ight controlling properties
by applying an electrical voltage. The resulting dynamc filmwould be able
to provide optical nodulation in a nore flexible, versatile form than, for
exanple, traditional rigid LCDs. As stated previously, such a |ight
controlling fil mwould have applications in optical devices such as, for
exanpl e, polarizers, optical conpensators, brightness enhancing and
reflective films, aesthetic films such as decorative packaging filns, and

“hot' anghgbgp! d” m Wﬁﬂé%érééire m% Q@ﬁllc\éﬁbhﬁ aelih€ PV DS Bidshiake Wavel engt hs,
and liquid crystal displays. OF THE | NVENTI ON [ 0008] Briefly, the

present hmgfé%aﬁactﬂ&ﬂrvﬁéi% a%tﬁ{e”ﬁﬁﬁ ISE%%P Bﬂnérﬂéﬁgﬁ@ble%tr\llﬁjlgﬁo%rd more | ayers,

at least 3 are piezoe ectrlca y active he reflectivity

and ot heéuﬂl%}/ctﬁla uBE 3P éh'fﬁrﬁ;l iy ﬁ&ﬁ]%rﬂa&%}r fur ¥ﬂ1”‘51 oeleciitA3fRd Vi a

applicatiron of’ an ele ric e piezoelectric ayers are preferably

2O Sl Byl B QbR LS L MBS E0L S LY Ers)

e Ay Dbl Bl B A B RRRY Bh 2o oo
theta "iridescent" structure. Such a structure would be able to change its reflectivity and

light controlling properties by applying an electrical voltage. The resulting dynamic

film would be able to provide optical modulation in a more flexibie, versatile form

than, for example, traditional rigid LCDs. As stated previously, such a light

controliing 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.



for different applied voltages (E3 wave) for a 20 | ayer structure based on
PVDF. [0011] Figure 3 is a graph of reflectance (R) versus I|Incidence angle
theta fory@hfkgipsst applied voltages (Es wave) for a ¥§ %ﬁ& ? ucture
based on a PVF/ TrFE copol yner. [0012] Figure 4 is a gr ectance
(R) versus incidence angle theta for different applied voltages for a film
that is normally transm ssive with no applied voltage. [0013] Figure 5is a
graph showi ng the effect of wavel ength on reflection (E5 wave). DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0014] The present invention provides a
multilayered light control film having 5 or nore total |ayers, at |east 3
of which are piezoelectrically active, wherein the reflectivity and ot her
optical properties can by dynanlcally changed or nodul ated via application
of an electrical field . e, preferably polyneric
in nature and nade frofrpy ' copolyners of

l'id d Fur.t.h h t f bl
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non- pi ezoel ectrl c, |l ayers. Such opt| cal films include, but are not limted
to, intePlCEPYIRCHEC |FYBEY i zers, mirrors, colored filns, displays and

conbi nati ons_t her eof V\/nerel n the optical properties can be I’aﬁl dly and
easily cH8kd by aRigp? iSeajgrapmo{s@il@ctam@(ﬁi) versusiingidepee aagleyt @léltl ve over a
broad range of the ultraviolet, visible, and infrared spectra dependi ng on
the desi fn differensappiiesnciiages Feave) for @ 20deyenstrustire based on PVDF.

[0011] Figure 3 is a graph of reflectance (R) versus incidence angle theta

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



polynmeric nmultilayer optical filnms having one or nore layers that are
birefringent in nature wherein at |least 3 |ayers are piezoelectrically
active. [0015] Unless otherw se indicated, all nunbers i guantities
of ingref Y2 M operties such as nol ecul ar wei ght , ?éﬁ@%ﬁgﬁdlggﬁdi tions,
and so forth wused in the specification and clains are to be understood as
being nodified in all instances by the term "about." Accordingly, unless
indicated to the contrary, the nunerical paranmeters set forth in the

foll owi ng specification and attached clains are approxinmations that may
vary dependi ng upon the desired properties sought to be obtained by the
present invention. At the very |east, each nunerical paranmeter should at

| east be construed in |ight of the nunber of reported significant digits and

E’iys?f’fﬁ'sﬁi":@f’a%!ﬁi ﬁ%‘-éﬁe%?%é&h?%VFn‘?2n@a’%%f-"g%ﬁ%@%'%dhﬁflgﬁﬂqfe‘?@?Pih% = 2 B
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as, for exanple 1, .2, 3, 4, etc., all fractional nunbers between 0 and 10,

for exanBlEon e opti& pnsiescan pesapiiyand cagi chareatRifer PRI and 10. Al so,
a range associated with chenical substituent 7 WO 2006/ 127285 |

PCT/ US209@1a9¢81 b8 filrgs aligRptisalbtadiive oyeyra rpadsange ofthe uliraviolely vishlear bons”, i s
intended to specifically include and disclose Cl and C5 hydrocarbons as

wel | as @ infiaredfpgcita depgnglingen Beriesigno QXfdjariatinttaeasiam eeeximdedt he

nuneri cal ranges and paraneters setting forth the broad scope of the

i nvent i opolneriapwitiayenapticahfiimst hayinguonerdraadrevayens thag ate birefringent in

nature wherein at least 3 layers are piezoelectrically active.
[0015] Unless otherwise indicated, all numbers expressing quantities of

| ingredients, properties such as molecular weight, reaction conditions, and so forth
used in the specification and claims are to be understood as being modified in all
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. Atthe 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 indude 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, efc.,
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



forth in the specific exanples are reported as precisely as possible. Any
nunmeri cal value, however, inherently contains certain errors necessarily

resul ti ngwf romthe standard deviation found in their reslﬁsecti ve testing
measur emeWOP2WY3HBY] As used herein, the articles "a, "POTAP20UQIS16] oo

include their plural referents unless the context clearly dictates

ot herwi se. For exanple, reference to a "polyner," or a "shaped article,"” is
intended to include the processing or making of a plurality of polyners, or
articles. References to a conposition containing or including "an"
ingredient or "a" polynmer is intended to include other ingredients or other
pol yners, respectively, in addition to the one naned. [0018] By "conpri sing"
or "containing"” or "including," it is neant that at |east the naned

conpound, el enent article, .or thad step,, etgc j resept .in the
conposi t FGHPHPUKES; fgxampﬁet%a, N r%@ébﬁ’ﬁot's mdfaégtsﬂ‘éc'ﬁ?%@ence of ot her
conpounds,, catal ysts, terials, particles, nethod steps, etc., even if the
ot her su@ﬁmg%ﬁﬁ%éﬁgg§e ?EgﬁémydﬁﬁﬁFPBFé§Wﬁ*@?ﬁgdgétﬂﬁgé4etc., have the sane
function as what is nanmed, unless expressly excluded. 8 WD 2006/ 127285
PCT/ US2006ireeashas- [0019] It is al so to be understood that the mention of
one or nore nethod steps does not preclude the presence of additional
met hod sI08pE€] bef or Nefwitastaading that theominerical rasges and paegigetsrs $eiting veni ng
met hod steps between those steps expressly identified. Mreover, the
| et t eri nigribtthepbroed ssopst afgbe mventingr ardiapptaximationscihevemesical vateasisetf or
identifying discrete activities or ingredients and the recited lettering can
be arr afoghdh the spegifis exaraples areureperded as hrcisiebeas pabiside.eAny numerical

value, however, inherently contains certain errors necessarily resutting from the

standard deviation found in their respective testing measu‘rements.

[0017] As used herein, the articles “a,” “an” and “the” include their plural

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, efc., have the same function as what

is named, unless expressly excluded.



[ 0020] There are many nethods for nmaking the multilayer structures of the
present invention. The present invention is not limted by the various

appr oachesyg 200l}fa7y" | ous approaches and nul tilayer m cposx X jon devices
are described, tfor exanple, in US. Patent Nos. 3,557%@,?&)&&,/&)‘%33647;

3,773,882; and 3,884,606, the contents of which are herein incorporated by
reference. [0021] Typically, two or nore different resins are each extruded
and brought together into a special mcro-coextrusion feedbl ock. The
feedbl ock differs from conventional feedblocks (e.g., those used to nake
standard 2 to 10 layer comodity filnms) in that the |ayers are repeatedly
fol ded and stacked or otherw se conbined together, thereby creating a very
| arge nunber of alternating |layers. Typically, at least 10 | ayers are

needed, ugh 20,.t0 r : r 0 tter
reflecti @’!ot'gf The aléisu%{%@%gq%@%'do%{ %?8# toh%ﬁh%gﬁP ﬁtéqsrgégr}eeeéﬁﬂf){en@ep\%gyer S is not
alimti ctor.. Al thoudgh coextrusion.is, preferred, |am natjon or hand
| ay- up C%ﬁp%ﬁg%s T)Cg p{l%ci%a?e @Fﬁéﬁenﬁ? pﬁacfdgtéo a&ﬁwﬁf%o{%tﬁpé P?ﬁéﬁ’ %?%’Qwi es. 9 WO
2006/ 127285 .PCT/ US2006/ 018163 [.0022], I f two different polyners are used
( denot edcabi %ﬁ?&?gﬁteﬁﬁﬂr '“ged}’?/{i"ég hod;siens beteeenithpse Q?Bg/eé‘%&ﬁﬁye, be
fol ded and reconbined into an alternating A/B structure containing as nuch
as 100 oi¥eniHies. Marapvardpe leftering of progess steps Pt ingredignts issa coeyanienti s the A/ B
filmwhich is r%ated 50 tines for a 100-layer (total) film This
st r uct ur @epRs e ifenbyingrdistrefeactviten@tiagredientssandine)redited Iettgiirrthcan ber uct ur e
is further nodified by adding a protective filmof polymer C on the front
sur f ace, amanged in pay sequshcgdinjessrotiieroisetindicatadk surface, then the shorthand
notation is C(A/ B)50D.

[0020] There are many methods for making the multilayer structures of the

present invention. The present invention is not limited by the various approaches.

The various approaches and muitilayer micro-coextrusion devices are described, 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 altemating 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 altemating

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.



As anot her exanple, an alternating structure containing polynmers A B, and
C, repeated 25 tines (for a total of 75 layers) would be denoted as

(A Bl ) 25wt/ esgs possi bl e structure woul d be (A B/ q,%},%gz gﬁi_,n the B
| ayer m ght represent an adhesive or "tie" layer to h ond the

functional layers A and C together. Regardless, the structure of the
present invention should have 5 or nore total layers wth at |least 3

pi ezoel ectric layers with each of these piezoelectric |ayer separated by
one or nore non-piezoelectric intervening |layers. The intervening |ayer(s)
may be one or nore non-piezoelectrically active layers or tie |layers or
both. These intervening |ayers are preferably polyneric in nature, but
could also include inorganic materials such as sputter coated gl ass,

i ndi um t fop2exi de (1 iffdo différent @cﬁyrhé’r'@gare aged (epetddl poipHat Alapyer s are
subst ant i aIIy transparent within the wavel engths of 1nterest. The term

" subst anppginey B?] rtﬁé}ﬁtg%éy ﬁ{ﬁrgefg?@k‘agnéva\/ Ae folfed FeEomBininBansage  of

sufficient  anou engt hs to produce the desired optical

effects. %W%@t&%ﬁfégo# %{nﬂ%%%@éhg#gjr&?or r[nggezf%]calmjg%ﬁ‘gﬁ%? pan A B

structure e present I nvent Fon | own I'n " Figure “Rland B are

non- pi ez o AR srBoBEnd s o bR BleRelen ‘%@Tr%%f ok Rl n the top
(pref or éﬁ'w&t“'fa%ﬁ?wrﬁr'ahéﬁoté% o alaip? et B"w = Feckigis o
nor il Bt REmogied by SgHnG TotsBa B G SobERS Hhine BN UTRRSAPA ght ray 4.
Note t hatayterh gf plo?y%edreDngn !thle hatck35u;'face then the shorthand notation is C(A/B)>°D.

As another example, an alternating structure containing polymers A, B, and C,

repeated 25 times (for a total of 75 layers) would be denoted as (A/B/C)®. Another

possible structure would be (A/B/C/B)?® wherein the B layer might represent an

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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conposed of wavel engths pol arized "out of the page" 5 denoted as ES
(represented by the circle on incident |ight 3 which represents an arrow

poi nted " Qyd 240k/13R8 page”) and wavel engths "in the pl aper" 6
denoted as Ep (represented by the arrow perpendicul ar %?gm%oeo%@}%rlgcti on of

incident light 3). [0024] The piezoelectrically active material | is
preferably poly(vinylidene fluoride) as it is the nost conmmonly avail abl e
and effective piezoelectric polyner film PVDF is sold by Dyneon, and by
Total Atofina under the tradename KynarTM Nevert hel ess, other

pi ezoel ectrically active polyners including, but not limted to poly(vinyl
fluoride) (PVF), aronmatic pol yam des, polysul fone, cyanoethyl cell ul ose,
pol yvi nyl i dene chl ori de, pol yparaxyl ene, and copol yners of poly(vinylidene

fluori de)[o%z;}igd ”ifA@gg&ﬁéf&ydf%HW§%gugpr%f%ﬁgee Q{s‘ént AvERidras sﬂg\gﬁtirw ght

transmtta and processe res ytpl cal e ot her

S?éiéie?'ei?@ﬁé'ﬂ? %V%%?ﬂe%ﬁi B s hoed oy ?@B&‘i‘\ﬁ'ﬁ’%ﬁﬁ%éﬁp‘*%&e;%%e IR Bher ow 130C

Y, i, , i ) , L , 6 728

beTt Uss0 88 iR aaien AiSgRete. faskind! o et auph 3 PETL PER nABERET o0 st al form

Fortunately for th resent jnvention, this stretching condition is very
e tgpianibREioRy e pveral stru

conpat i bIf€ RPeENd; ugaesd pline PVerg Gtrsi I8 g1 CopgHGMeIaY8MNfat ni ght be used

as the non-piezoelectric intervening | ayer (e.g., polyesters, styrenics,
acrylics ,(prﬁgqr@bm clegp)dhrpughrwhichidae aleptﬁlprvplsagwm%w"?ﬁe 'nQ*@ﬁﬂtB@fétrsl and
fluorine groups arranged on opposite sides of the chain, thereby formng a
di pol e. s Hhiehsusface atan incidenee gegle ftrelalive tcopwmd testhelso@oR of thehe fi | m nust

al so be electrically poled to align the dipoles. There are a nunber of ways
of conductive layer and reflected as light ray 4. Note that the incident light 3 is

composed of wavelengths polarized “out of the page” 5 denoted as E; (represented
by the circle on incident light 3 which represents an arrow pointed “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, cyanoethyi cellulose,
polyvinylidene chioride, polyparaxylene, and copolymers of poly(vinylidene fluoride)
and trifluoroethylene can also be used. PVDF has good light fransmittance, 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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achieving this. More commonly, poling typically involves holding the film at
a tenperature of 80 to 120C while exposing it to an electric field of 50 to
150 MW/ rn O Vimicron). Poling times are on th rder of 30 m nutes
to 2 hourswé?@)g;r&z ich the filmis cooled to roomtenﬁgﬁ{sg‘}ogmwmﬁ e still
under the electric field. Note that these conditions are for PVDF and wl|
need to be varied accordingly if a different piezoelectric material is
used. O her nethods for poling also exist. For exanple, it is possible to
pol e PVDF by way of corona treatnent. Alternatively, the filmcan be pol ed
simul taneously as it is being stretched. It is also possible to pole PVDF
at roomtenperature but this requires nuch higher electric fields (100 to
800 MW/ m. Regardless of the nethod, the filmshould be kept bel ow about

110C after, .pol ari zing, t revent . spont ousl epql ari zation and | oss of
pi ezoel e&rp;r@?\eagtigdrépﬁeégq grf@@%ﬁj’b o‘;ﬂéggﬁﬁﬁnt EH‘S@F&?‘MF%@WH@SG&EWM on the
pol yners ,used. PVDF s a neltipng tenperature of about 170C with typical
ext rusi on"{&& 'érta'lslﬁr@gﬁﬁgicﬁa ‘k'ﬁ'?'sg@ryz%ﬁpﬂtﬁ%yﬁh ﬁ@ﬁt[%?@%/og'i@fé?» 200C or
hi gher. In the feedblock, it is desirable, but not critical, that the nelt
ext r usi orfyRigahpelyarars thabmight be nsedas Be ngiepigzerledtc teyaniag IawsdeBl.e so as to
mnimze thermal gradients during equilibration, which can distort the flow.
Thus, it polvegiers,isbyrenies, anlies, nyloasitetadieThigde/ormaf PVIYT hesttepl e, 240C to
250C if it were to be matched with PET (nelting tenperature of 240C) for
uni f or m dydsagen sind rlustinesgroupoamangad areoppagite sidies pbthtel ahain, Thersbyi ght be done,
for exanple, by choosing a different nelt index PVDF, or in the case of a
pol yest erfomesingla fdlpoiee nTo adttievensseful piezoeletirig properties, however, the film must

also be electrically poled to align the dipoles. There are a number of ways of

achieving this. More commonly, poling typically involves holding the film at a

temperature of 80 to 120°C while exposing it to an electric field of 50 to 150 MV/m

(50 to 150 V/micron). Poling times are on the order of 30 minutes to 2 hours after

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 piezoelectric 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

12



(I'V). Balancing of viscosities to ensure proper coextrusion is well known in
the art. [0026] After being folded and stacked into the nmultiple |ayers,

t he coext rygeghs/ hﬁﬁgrs are typically cast onto a chill ﬁgﬁé}sﬁ‘a’%@ﬂslﬁg?

typically stretc either uniaxially or biaxially de

optical properties are desired. Stretching helps to reduce the thickness of
each layer into the appropriate range needed for optical interference. This
thickness is nomnally in the range of a few mcrons or less for visible
l'ight. Stretching can be perfornmed by nethods well known in the art
including drafting, tentering, blown filmextrusion (doubl e-bubble), etc.

In the case of blown film no internediate casting step is needed as the
filmis quenched in bubble form After orientation, heatsetting of the film

can opti 3 | i,ed. by const.r |n|n J.m sing it to

hi gh ten‘?@@ &(é\" Eghe Plﬂ%qfeﬁébajf’g‘éts'tt SS'E@%W[QPE{‘QHC@EC%{M%@ ﬁ' El?t he pol yner
used, but m na for esters. Because of PVDF' s |ow
mel ting t %?'?;1 %W%erathé/\%f\sfg?'b‘ qwgé)'%é(ﬁfss@{) 83? 85rpessibgSe 358al Iy  shoul d
not exceed 180C. Heatsetting i.s well known to those skilled in the film 13
WO 2006/ TRiniEze ﬁw@@@@wtwsﬂr@e@l%@w Which gan qisfertthe fows Thys, theat set, it
m ght be useful in applications where heat- induced shrinkage is desi rabl e

pp
such as immigktthe dasirebide extrude the iRyiPh alefar examptes 2401C torb0°Cdlémere ind hence
the light nodul ating properties of the film wll vary significantly wth

shri nkagde matolzed with PET dmeltipgttempenatire o&24Q%Q) foralrgfornl epexteision stes pol yner s
used. In the case of a glassy resin |ike PET or PEN, the stretch
t enper at do eminimizeypyaralidtyrtiomeThis emghtite dines fortexample, bpohbesipgaat ure (Tg) and
about Tg+50C. Tg's for PET

different melt index PVDF, or in the case of a polyester, a different intrinsic viscosity

(IV). Balancing of viscosities to ensure proper coextrusion is well known in the art.

[0026] After being folded and stacked into the multiple layers, the coextruded

layers are typically cast onto a chill-roll, and then typically stretched 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, biown 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 skilied in the film
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and PEN are 77 and 120C, respectively. Neverthel ess, stretching tenperature
shoul d ideally be kept below 130C in order to induce the beta phase in PVDF.

This is opbSiddRrhhe stretch w ndow for higher Tg poly '
pol ycar bonate (Tg=150C) so stretching cannot be perfo?ﬁé@sﬂﬁ%@sﬂﬁ’ on the

pre-formed nmultilayer film Instead, these filns would have to be
individually stretched and lam nated with oriented PVDF. Optimal stretch
tenperature will depend on rate of stretching, other resins present, and
the desired final orientation. Colder stretch tenperatures inpart greater
orientation, and hence greater birefringence, however, sone of the other
polynmers may not be stretchable so a conprom se may have to be reached.
Furt hernore, sone applications may not require nuch birefringence so higher
t enper at uyr

le. [.Q02 tch rati.os. will al so depend
Lormer ot MhShRY R etiRTE a0 yedk 0 B LA gl bl et v Beg€enend on
L A TR T e e
PCT/ US20 6/01816% etc.,_i_lhe optimal draw r?&\igo_ may be as high as 10X As
Wi th ten‘g@feé% @nd hegce therdighbmedWaling PreRedes of the filmgwillv@ryaigaeathe different
resins. Stretching can be either uniaxial or biaxial in nature.

Al t er nat iW8ISprinkgdés he desired thinness of the layers can be achieved via
melt casting or lamnation and a birefringent filmis not needed, then the

stret chi 18047 ocess Stetchipgitemperaturérwillefiso depentdion the polymerplueed.t e

pi ezoelectric material being used does not require stretching to activate,

or the | dyecaseafa dhadsygesih tike RET el PEDG diehstretch temperature is typically
between the glass transition temperature (Tg) and about Tg+50°C. Tg's for PET
and PEN are 77 and 120°C, respectively. Nevertheless, stretching temperature
should ideally be kept below 130°C in order to induce the beta phase in PVDF. This
is outside the stretch window for 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.
o028} 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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[0029] The "second" or "B" polymer in this exanple is the non-piezoelectric
pol ymer used in conjunction with the piezoelectric |ayers. There can be nore

than one ~epOl ymer (which may be referred to a "third",
"fourth" %@i&:@gﬁo% 5. A variety of polyner materials SEF@S?“@g’F‘é}“use have

been described, for exanple, in U S. Patent No. 6,827,886, which is

i ncorporated herein by reference. Regarding the preferred materials from
which the filnms are to be nade, there are several conditions which should
be net to make certain multilayer optical films of this invention. First,
these filnms should contain at |east two distinguishable polyners, one of
which is piezoelectrically active. The nunber of polynmers is not limted,
and three or nore polyners may be advantageously used in particular filns.

Second, B ing B0ndRRh: Al 88504 B byl R ) e Bl SRBLrEARE, £ L pol yrers

preferab evel ops a large nrrefrigence e pendi ng on the
application of .the | ti er fil t he, birefringence be devel oped
bet ween {:%pré)m@pdag%pv%ha%%ﬁagﬂgo g%la?‘f?etheﬁf@ﬁﬁntdgs'f’ﬁesg?rqwngo@% n one or
more in-pl.ane directioons .and the direction 15 W) 2006/ 1272
BT Uso0BI R e SLRTEHAMEl e ARSTEE s HPSIFD GNess Sbiis: ATS on of
t hese. Because polyneric_ materials are typically dispersive, that is, the
refract i @ Ppasieedva V‘e%i cegtingrda@iigtian and p&drefringgat fimdisob Asades. be
considered in terns of a particular spectral bandw dth of interest. [0030]
Ot her aspedtte siretphing peacese rat eptinnatiepe lefk W1 fsips examplea s piezeslerdc and are
wel | known in the art. For polarizing films, it is advantageous for the
di f f er enowterial beéieg Lsetbsioes notegquiretstetehity tolestiyatezordhe dayers atenleisg cond
pol ynmers in one

laminated together.

[0029] The “second” or “B” polymer in this example is the non-piezoelectric

polymer used in conjunction with the piezoelectric layers. There can be more than

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 ieast 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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filmplane direction to differ significantly, greater than about 0.05,
preferable greater than about 0. 1, in the finished film while the
di fferenc rthogonal filmplane index is mning.ze i.e., typically
| ess than%v% %’lil%z% In the present invention, the uS&T gmt‘)ﬂ%m“

pi ezoel ectrically 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

wi || cause the piezoelectric layers to change thickness, thereby changi ng
their reflectivity. Wth proper design, the reflectivity for a given

pol ari zation can be nodified significantly so as to switch the polarization
on or off. [0031] Different considerations apply to a reflective, or mrror,

fil P t h I

pr opert 1 BEPE0guRY B & i bleh o AR BN ot sl Frep0a a0 e any
o ven | e SR i iR Rtk Meipian,
typically | ess than about 0.05, It |s advantageous, however, for the
filmpla 89@Om'm»oﬂa@m@ns@ﬁ%ﬂy@dewmf@@%‘hwlﬂwmabbartdrv@dtb. Azoel ectric

polymer to differ as greatly as possible, typically greater than about
0. 05, préweestbly greater than about 0.1, fromthe filmplane indices of the
second polymer. For this reason, if the piezoelectric polyner has a high
i ndex of [0036] r act i oRthan@specisof mjyrnser saledtion gigpand agspasific Bpplidations so be
positively birefringent. Likewise, if the piezoelectric polyner has a | ow
i ndex of anefireawell knowntiethe arbt Forppaiariz‘ing filins, hibvadvaatpgeoss fdrdhei t al so be
negatively birefringent. The second pol yner advantageously develops little
or no bi differancgémibe indexrof séfratioh efitheqrieabeleetrizznd second polymers in one

film-plane direction to differ significantly, greater than about 0.05, preferable greater

than about 0.1, in the finished film, while the difference in the orthogonal film-plane

index is minimized, i.e., typically less than about 0.05. In the present invention, 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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birefringence of the opposite sense (positive-negative or
negati ve-positive), such that its filmplane refractive indices differ as

much as pGgghlkRrhgom those of the first polymer int inished film Wth
the final film application of an electric field or v%ﬁ?@&g‘{o\?@sﬂ“;‘cause t he

pi ezoel ectric layers to expand or contract (depending on the polarity of
the voltage), which will cause the reflectivity to shift. It is possible to
al nost conpletely turn the reflectivity on or off (depending on previous
state), sinply by varying the voltage. This could have application for

i ght controlled window glazing as a replacenent for shutters/curtains.

[ 0032] Col or enhancing iridescent filnms can be regarded as special cases of
mrror and polarizing films. Thus, the same criteria outlined above apply.
The percejved .resul t eflect#ﬁp or Iarizatbpn over one or

, | ' | f .
more spedidie Ofﬁ%ﬁ\rﬁ‘lﬁéﬁ?\@”%f)dwﬁgr @’p@@rr&ﬁrﬂre AReRERI HRCHY SR ch a
mul tilayer fi f _the '

| m current inventiaq s effective will be determ ned

b e ] a8, Akt 0, Pesabl sfeeter (3 aporti]. e bedimdete IR &g | ca
stack(s), but consideration nust_also be given to the 17 WD 2006/ 127285
PCT/ US206G8faaabgner,finé this grasondhibg disrosiechic RalEpRIThase highfindeyeot ef r act i ve
indices of the first and second gplyners.'lt wi |l be understood that the
same rul éefragipn whep isatepicait issadvantageousithet i alselbst pagifivelydritaftirgend. to t he
visible colors. As with the above filnms, the application of an electric
field w ILikeniags i the pinzoajectinppimeokise taw indexpiefrabiiarkwbes jsotrapit, ence
reflectivity, so the color of the filmwll change as well. This could find
use in desdvaatageods tal hpisotbeategatively bikefipgent. Thasgeombpolymert h nmusi ¢, sound
intensity or other signal input. ,

advantageously develops little or no birefringence when stretched, or develops

birefringence of the opposite sense (positive-negative or negative-positive), such

that its film-plane refractive indices differ as much as possible from those of the first

polymer in the finished film. With the final film, application of an electric field or

voltage will cause the piezoelectric layers to expand or contract (depending on the

polarity of the voltage), which will cause the reflectivity to shift. It is 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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[ 0033] Al though many polynmers nmay be chosen as the second polyner, certain
of the polyesters have the capability for particularly large refractive

i ndex (or__ bi refr| ngence) Anong t hese, polyethyl ene 6- napht hal at e ( PEN)
has a ver YAXW4E¥7830siti ve stress optical coefficient, PqTéV%fB?f§01ﬂ6$‘efri ngence
effectively after stretching, and has little or no absorbance wi thin the
visible range. It also has a |large index of refraction in the isotropic
state. Its refractive index for polarized incident [ight of 550 nm

wavel ength i ncreases when the plane of polarization is parallel to the
stretch direction fromabout 1.64 to as high as about 1.9. Its

bi refri ngence can be increased by increasing its nolecular orientation

whi ch, in turn, rray be increased by stretching to greater stretch rati os
wi th ot her t condi t;j ons, hel earlier, however,
s ghiasTerel GeneBeRin or HisRAial: ot e Baaie TfiRay e Rrss @R i ndow i th
PVDF, althou it ca be u many cases, PEN copol yners are
preferr e%eCQB‘?BE'yE“@r% ﬂ@)‘dhé’f? "E'Hj@r%t??‘gﬁ]@mhﬁgsa\merﬂ&ﬁﬁ apply \ache dfEred finds

PCTI U82006/ 018163 [0034] O her sem crystalline naphthal ene di carboxylic
pol yest etffayplat wavalsnaihs as:ie the visidas eolors) yisawith thayabexe fibRs e yner s or

copol ymers, provided that the use of conpnoners does not substantially

i npai r t arplisationss apslacia fiekd wilkasse Atchange neniezaciestriolayet thisknesgence af ter
stretching. The term "PEN' as used herein will be wunderstood to include
copol ynears kgncPEdliavtivityi sg theheder of dw filimowill ehsngd askeeil.s Ehistdosld firet use' PET" and
"polyester"” will be understood to enconpass all terephthalic acid based
pol yest einsaeathdti¢ tisplay<that fgmexasple, thangetolorewitt masie, sawtid intdnsitnsr i npose an
upper limt on the conmononer content, the exact value of which will vary

Wi t h t heother signal input.

[0033] Although many polymers may be chosen as the second polymer,
certain of the polyesters have the capability for particularly large refractive index (or
birefringence). Among these, polyethylene 2,6-naphthalate (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. lts 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. Its 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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choi ce of conononer(s) enployed. Sone conprom se in these properties may be
accepted, however, if conononer incorporation results in inprovenent of

ot her prqperti Such properties include but are not_limted to inproved
interlayegﬁ)%%ﬁﬁé?ﬁn, | ower nelting point (resulting i PCT/BIP/ Q8168 usi on
tenperature), better rheological matching to other polynmers in the film
and advant ageous shifts in the process wi ndow for stretching due to change
in the glass transition tenperature. [0035] Polyethyl ene terephthal ate
(PET), poly(cycl ohexylene dinmethylene terephthalate) (PCT) and the
intermedi ate copolymers |ike 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

vi si bl e . Thus u secon lyners.in_sone
appl i cat {Ogjgg]eof t hce)ﬂ{:egrg¥'«£'Wslt%@%enr?{;pgwaﬂ%§'§aﬁgg@cé’%§f‘a§§r§ ﬁf%ﬂlsﬂj ndow t hat
is nmuch m canduci v to us with PVDF than PEN. 19 \ 006/ 127285
PCTI US20BRID s 181558 [F’BEIE‘@I S Y P8 PN F E°R°6W“%f§epri°ﬁf'\$éﬁ{‘atﬁ " PCT or
the like may. be of the diol or dicarboxylic acid or ester type.
Di car box {4 ng?%‘oﬂlﬁﬁnﬁ‘lﬁ?é?cg SP%@P'@J@Y ITBRRIr Kecstigss OPf"Fﬁ?tcgaﬁ'P'@W@rr ephthalic
acid, isophthalic acid, phthalic acid,_ all isonmeric naphthal enedi carboxylic
aci ds ( 2refention of bireffingence fter stretching. Theterm“PEN" as used herejn wilbba. . 2 5.
2,7-, and 2,8-), bi-benzoic acids such as 4, 4'-biphenyl dicarboxylic acid
and its UDNdRSBEPE to inelyae capalymersiaf Fahemeeling thesg rastriciions. hikewises thesorrer s,
4,4' -di phenyl ether dicarboxylic acid and its isoners, 4,4'-diphenyl sul fone
di car boxigmh¢PEET andifpsiyester” witl berindersinod! to leoneropassahterefihthalisadd i ¢ aci d and
its isoners, hal ogenated aromatic

based polyesters and their copolymers. In practice, these restrictions impose an

upper limit on the comonomer content, the exact value of which will vary with the

choice of comonomer(s) employed. Some compromise in these properties may be

accepted, however, if comonomer incorporation results in improvement of other

properties. 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 littie 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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di carboxylic acids such as 2-chloroterephthalic acid and
2,5-dichloroterephthalic acid, other substituted aromatic dicarboxylic

aci ds sucggﬁ§@$§gkéary butyl isophthalic acid and sod%gnhéﬁ&%ﬁggged

i sopht hal i ycl oal kane di carboxylic acids such

1, 4- cycl ohexanedi carboxylic acid and its isoners and
2,6-decahydronaphthalene di carboxylic acid and its isoners, bi- or

mul ti-cyclic dicarboxylic acids (such as the various isoneric norbonmane and
nor bonrene di carboxylic acids, adamantane dicarboxylic acids, and

bi cycl o-oct ane di carboxylic acids), al kane 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 | sonpy @end' Car§ ML So5er@lot 48 BERF BB GPRE e gl grar bors

(such as"i'n acene eneant nrene ’benZonap uor ene and
the like ters..of . th noner s s di nmet hyl
ter epht HaT 0 & ﬁ%&f's@c%ﬂs 1S B0 b et 1i8u% 0037,
Sui t abl e di ol copoponers i re not ted t near .or branched
2l kane dlpﬂlaée Bt lgnli}édpéereefﬁ}ﬁﬂ"ca%c@tw b gipeaihal; %‘B‘g»r@(j'?ﬁm§r‘§uch s
trimethyl ene glycol, butanediols such as tetranethylen g écol pent anedi ol s
such as n?@@ﬂ)"&?ﬂ%ﬁ’ a{fl’%ldﬁ acigeiabre di2ol 3~ 3,42, U+ AiGret Kyl -8 Z.dedttanedi ol and
hi gher di ol s) et her ycols (such as dleth | ene glycol, triethylene
gl ycol , %fRd 2;701 grd Bdt) eglebajlzgz@cﬂqu sugkegd, %bmhgnﬂmré ylic acid and fts
3- hydroxy 2, 2-di net hyl propyl - 3- hydr oxy- 2, 2- di net hyl| pr opanoat e, cycl oal kane
gl ycol s lggmarSaQ'ans-AAt-ytdb@'hﬁedaaar@dxwmah@raﬂd itsigorners, #4odiphenylatioer
1, 4-cycl ohexanediol and its isoners, bl- or nulticyclic diols (such as the
vari ous dhabogﬁb@CMH“@MGH&MBemnéAHﬁmbemmanBedhaﬂhmyham@dahdﬂshanols,
nor bor nene

isomers, 4,4'-benzophenone dicarboxylic acid and its isomers, halogenated aromatic

dicarboxylic acids such as 2-chloroterephthalic acid and 2,5-dichloroterephthalic

acid, other substituted aromatic dicarboxylic 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

dicarboxytic 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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di et hanol s, and bi cycl o-oct ane di net hanols), aromatic glycols (such as 1, 4-
benzenedi net hanol and its isoners, 1,4-benzenediol and its isoners,

bi sphenol bi sphenol A, 2,2'-di hydroxy bi phen i i soners,

4, 4" - di hyéfgfgtﬁmh%’%ﬁ bi phenyl and its isoners, and )"ICT%%“}MSS]“

1, 3- bi s(2- hydr oxyet hoxy) benzene and Its isonmers), and |ower alkyl ethers or
di ethers of these diols, such as dinethyl 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] O her additives such as
branchi ng agents including, but are not -+ limted to, nmultifunctional acids
or multifunctional alcohols such as trinellitic acid, trinellitic
anhydride, pyronellitic dianhydride, trimethylol propane, glycerol,

pent aer ytihgdAol , Ci k[, | L i - f l.utar] cid and the
l'i ke, cha[p(?\dﬁ ext endépgﬁ‘%gfpﬁ%ﬁgﬁéﬁ% ﬁ]é:rﬁ@e;hc% gr%]e@t“e %étgégt“ﬁ%%"tc?r?uncti onal
(i ncl udi (¥u ot limted 2 2006/ 127285 PCT/US2006/ 018163 to,
bi funct 1 dRenofer alRya AR Syl (SP6RER PNENC AR, AEPE AR HAGAY or exanpl e
, epoxyl ated novol acs nd phenoxy, resins, .and i onomneri r s (e.q.
sul fopor yiiaeEViEfe 8h2suPoCnPAGR S er tiietiiene SR bac datkdoBSubRa%or wor e
of the polyners to inprove processin% or other properties. [0039] It is not
r equi r ed NEARENtY! |glycob hsrangsinls: ied Atiematiol Jentanedigl agd highsr diels)s and
copol ymers made from nononers such as vinyl naphthal enes styrenes,
et hyl ene ethesgbicels4aiaicas diethyiene gysole Hethitenelyeol, andcoalvathvens oheels. nay be
enpl oyed. Condensation polyners other than polyesters and pol ycarbonates may
al so be esteddioBxsueplass3-hydrbxyiad,2-gimetiyiprdnyhdydmxysa?aditeethylpol yur et hanes,

propanoate, cycloalkane glycols such as 1,4-cyclohexanedimethanol and its isomers

and 1,4-cyclohexanediol and its isomers, bi- or multicyclic diols (such as the various

isomeric tricyclodecane dimethanols, norbornane dimethanols, norbornene

dimethanols, and bicyclo-octane dimethanols), aromatic glycols (such as 1,4-

benzenedimethanol and its isomers, 1,4-benzenediol and its isomers, bisphenols

such as bisphenol 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, pyromeliitic dianhydride, trimethylolpropane, glycerol,

pentaerythritol, citric acid, tartaric acid, 3-hydroxyglutaric acid and the like, chain

extenders including, but are not limited to, muitifunctional (including, but not limited
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pol yam ¢ aci ds, and polyi m des. Napht hal ene groups and hal ogens such as
chlorine, bromne, and iodine are useful for increasing the refractive index

of the s M nmer to a desired level. Acrylate gr orine are
parti cul af%f(?/ ?J/gie),%%gl in decreasing refractive index whgﬁp/t% ?Ogg?léi esi red.

Since PVDF has a relatively lowisotropic refractive index (n=1.42),

candi dates for the second polynmer wll typically be those with higher
refractive indices. [0040] It should be understood fromthe foregoing

di scussion that the choice of a second polyner is dependent not only on the
i ntended application of the nultilayer optical filmin question, but also
on the choice nade for the piezoelectric polyner, and the processing
conditions enployed in stretching. Suitable second polyner naterials

i ncl ude @ytblf@ﬁﬁloﬂé‘lzdob?éeﬁa Ehﬁnti?reﬁaf@h& %QEeﬁ%Hah{jﬁﬁ?%@a(-@fghG?s 1 4.

polyethylene napht and 1so rs thereo

éofyg| o 1 BREE M%@?’%%ﬁ%@aiﬁ%? Bé%?a@%’gr@@gé@ij?hi@é’
p%ﬁt%aﬁ@@évﬁ %E %,%oaq"i‘%siwa Shtﬂa'bqy%cv A0t B e BEhee nyion 6
nyl on 11 on 6/6, nylon 6/9, nylon 6/10, nylon

6/ I12 ?0&6135%?67“?50 ﬁ??%ﬁsﬁigg&m Qﬁfﬁaﬂ?&f% tEer mopl gsti c pf)l yi hm des agd
Dol vary! 10Bhr's (b s Kbt enioonl Rebmed e 4 Paosd: QObet | tuted

polyphenylene OXIdeS) pol yaryl et her ketones such as ol yet her et her ket one

(" PEEK") Polmepnand eonsbimarsimadedrams manomersashl ameny nanbthalenesol ynrer s of
et hyl ene and/ or propylene with carbon dioxide), polyphenyl ene
styrenes, ethylene, maleic anhydride, acrylates, acetates and methacrylates may be

employed. Condensation polymers other than polyesters and polycarbonates may
also be used. Examples include: polysulfones, polyamides, polyurethanes,
polyamic acids, and polyimides. 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 polyalkylene naphthalates (such as

polyethylene naphthalate (PEN) and isomers thereof (such as 2,6-, 1,4-, 1,5-, 2,7-,
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sul fide, polysulfones (including polyethersulfones and pol yaryl sulfones),
atactic polystyrene, syndiotactic polystyrene ("sPS') and its derivatives

(such as tic poly-al pha-nethyl styrene and s
pol ydi chl 8’%@%%’?@) bl ends of any of these pol ystyrielgg/gg% @h each ot her

or with other polymers, such as pol yphenyl ene oxides), copolynmers of any of
t hese pol ystyrenes (such as styrene- butadi ene copol yners,
styrene-acrylonitrile copolynmers, and acrylonitrile-butadi ene- styrene
terpol ynmers), polyacrylates (such as pol ynethyl acryl ate, polyethyl
acrylate, and polybutyl acrylate), polynmethacrylates (such as pol ynet hyl
net hacryl ate, polyethyl nethacrylate, polypropyl nethacrylate, and

pol yi sobutyl methacrylate), cellulose derivatives (such as ethyl cellul ose,

ot gy CO ORI ERATEL S B gty oL, o0
R t@%ﬁ@%ttttts&regefdg@eft@éﬁﬁe@hw g7

PCT/ US20 el'astoners {such as
pol ybut a | yi cone r.esins Xy resins,
bod’po yﬁt@fﬁsﬂt@& i bHRES LR bt i AUPBZn Bl he
nor mal -t act S de endi ng on the
desi red gtq?&f Oeﬂﬁy@nraﬁﬁ%@%@ﬁéwﬂm@ﬁ e refractive

i ndi ces for the A and B ers, (and others if present can be useful for

i mpr ovi n§ngluging FH%”‘PB'@FSB‘CE"%’/ lymide Sa?&dapqdmat“%ﬁ'd@ﬁ PPiYartiderimidagl e, t hus
providing better film performance. [0042] Control of |ayer thickness is

especi al Polyathef-amides, B@'t’ﬁth@"r'ﬁ‘@deﬁ PRYaryhefipisg Su@tas P@Idpm%twnqwh@knesses or

t hi ckness gradl ent profiles that are nodified in a
the ring-substituted polyphenylene oxides), polyarylether ketones such as

polyetheretherketone ("PEEK"), aliphatic polyketones (such as copolymers and
terpolymers of ethylene and/or propylene with carbon dioxide), polyphenylene
sulfide, polysulfones (including polyethersulfones and polyaryl sulfones), atactic
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, polyethy! acrylate,
and polybutyl acrylate), polymethacrylates (such as polymethyl methacrylate,
polyethyl methacrylate, polypropyl methacrylate, and polyisobutyl methacrylate),
celiulose derivatives (such as ethyl cellulose, cellulose acetate, cellulose propionate,
cellulose acetate butyrate, and cellulose nitrate), polyalkylene polymers (such as

polyethylene, polypropylene, polybutylene, polyisobutylene, and poly(4-
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prescri bed way throughout the thickness of the nultilayer film For exanple,
several layer thickness designs have been described for infrared fil ns,

which m n%;ﬁmﬁ&gher order harnoni cs. Such harnonics ERNSRRYGE olor in
PEPUs TR

the visible region of the spectrum Exanples of such mi1nc t hose
described in U S. Patent No. RE 34,605, which is incorporated herein by
reference, which describes a nultilayer optical interference film
conprising three diverse substantially transparent polyneric materials, A
B, and C and having a repeating unit of ABCB. [0043] Each original portion
of the nmultilayer stack that exits the feedblock manifold is known as a
packet. In a filmfor optical applications, each packet is designed to
reflect, transmit, or polarize over a given band of wavel engths. Mdire than

one paCk%et@%eﬁf’en@%?@%%er%%e&iﬁ&sé%t]&h{e%%gfécrgéréé‘gégxtkmﬂéé{iéﬁ the feedbl ock, but

the piezoeleCtric golymer 1ayer ou "h-oat’ | east one of the

P VLR N AR T R A LR 311 o
ot abi | 100" o he SelSiate Missp LS Fey e RRGRon S PR brolihstr  ace(s) of
the film Jnclude, e.ag(].célssurface Rar pertjes such as adhesion, coatability,

rel ease, "efRAVE KdexMm q be desigl ngingiondhe desiirg effecd. FReat her abi lity,

scratch and abrasion resistance, and others. Skin |ayers are known to those
skill ed ieXample, agpmali@plagp maiehing phibe meffrctive indicesrfaaiied and B layersi nvent i on
may al so be provided with one or nore adhesives to | am nate the optical
filnms of (andotpersdepresentheambe useftldormimproning & ffilnais refiactiviteas afurstibstof at e. Such
adhesi ves include both

incident angle, thus providing better film performance.

[0042] Control of layer thickness is especially useful in producing films

having specific layer thicknesses or thickness gradient profiles that are modified in a

prescribed way throughout the thickness of the multilayer film. For example, 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

spectrum. 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

materiais, 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 reflect, 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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optically clear and di ffuse adhesives, as well as pressure sensitive and
non- pressure sensitive adhesives. The optical filnms and devices of the

present inRygRhdsAMpRY further be lamnated to rigid or L= ) 0
substrat es, sugﬁ ég? for exanple, glass, netal, acryl ipgi%?og)eogdtlgjr, and

ot her pol yner backings to provide structural rigidity, weatherability, or
easi er handling. For exanple, the optical filnms of the present invention
may be lamnated to a thin acrylic or netal backing so that it can be
stanped or otherw se formed and mai ntained in a desired shape. For sone
applications, such as when the optical filmis applied to other breakable
backi ngs, an additional |ayer conprising PET filmor puncture-tear
resistant filmnmay be used. [0046] Because of the piezoelectric effect and

t he need el ectri I : ' ' typically
have el ecﬁo relc‘)ﬂes pl ac% Igﬁr{%ﬁ%@?@aﬁ%&éﬁdﬁé&s g’%ﬁrﬁagltlfﬁp g(/lé%é@ooﬂogé C(t:over age, or
may be in a,patter nd can be 2 006/,127285 PCT/ US2006/ 018163
bt sduced 08 tHite: PRl FiGr filn e, pRealS of Vel ifesf and poskPiR Ser e T88a | ng,
conductive , pens, d so forth. ldeally, they should substantially clear
on the si'a%te@ﬁthsn C?tﬁ?@ﬁase{ﬁftpﬁaqié'w a\kﬁ"ﬁg'am 3t the S%?egﬁr@dhe f'bm?] The fil ms
and coatings of the present jnvention may al so conprise other materials or
addi t i vedn@4de - e peReriesazuch asadhesian «optabdity. feleaae. eeffiriand of
coatings, flanme retardants, conductive |ayers/additives, antistats, barrier
addi t i vedTi¢tippe ard baienpropetiesswegthenability, agratehandabrasiemresistanes, apdi di ng
agents, dyes (visible, W, and IR), dichroic dyes, photochronic dyes,
pi gment s,others| Skin, layers apsakriawr foAkess skillediibtheckt, slips, |ubricants,
surfactants, antimcrobial agents,

[0045] The films made in accordance with the invention may aiso be

provided with one or more adhesives to laminate the optical films of the present

invention to another film, surface, or substrate. Such adhesives include both

optically clear and diffuse adhesives, as well as pressure sensitive and non-pressure

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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foam ng agents, reinforcers, heat stabilizers, inpact nodifiers,
pl asticizers, viscosity nodifiers, aesthetic agents (e.g., glitter) and

ot her suchygBeshiass. The filnms may also be coated or @'T!Jf?ﬂ ehiB1dsmPr ove
properties. This includes hardcoats to inprove scuff resistance, antlfogs

antireflective coatings, surfactants and plasma, flanme, corona or e-beam
treatnent can be used to inprove surface adhesion or printability.

| norgani c type piezoelectric materials and ceram cs nay al so be included as
| ayers or as a blend conponent in one or nore of the |layers (e.g. ground up
and blended into PVDF to enhance its piezoelectric properties) although
their use is typically limted since they tend to be opaque. [0048] Layer

t hi ckness is an aspect of this invention and is a factor in naking

iri desCe'bﬁ'od‘dcb%ymtglIliﬁtlgﬁ%ﬂ&oreéltst '|n'iildrﬂﬁn‘6§fd'e§ﬁ'®rbo%fln§ horlditgigness of the

pi ezoel ectric layer via applied voltage that allovws the |nvent|on to easily

alter th engaan\AQsOQfgﬂﬁ/Fdl% ?héaﬁ‘;{ogr%g%r)%&@ﬁﬁmbéﬂ&? %heé]é Rﬁl’il{:h Layer

t hi cknesses are typlca vel engt (0 3to

0.7 mecr ze optical Interference, but a vvlde range of
{cienes SB3ea XM@O\&Q@%&W

t hi cknes epen I'ng on the desired optical effects. For
Cypi cal | F00fe ' hi ieat® AR GRe i S AP Eon evinteq Pttt o, 075
i T L o e TN
reflective effects observed. For exanp in Figure 1, a multilayered
filmwit§opings: flame fetagants, gendychivs 'ﬁﬁ?rsﬁﬁiélt'd%@@t'sﬁg%Ibé"{eﬂi =0), with a
vavel engtr;c}dl(tjllc/es':?\laye:r\évI b{/ a%gor%lerrgo ?J}nnfn%taaglelnys rlﬁ/f slztgt?l}lée\;g \;ofldlﬁg %gel]gyg}rleshas

(visible, UV, and [R), dichroic dyes, photochromic dyes, pigments, fillers,

compatibilizers, antiblocks, slips, lubricants, surfactants, antimicrobial agents,

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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a thickness that is equal to one-quarter the wavel ength of the incident
light (e.g., 2J4) or sone odd nunbered nmultiple of 714 (e.g., 32,14, 5114,

7214, etc.ywo 200318268 because the light that reflects r
interface will constructively interfere with the refl %c?ggg@f;)goﬁg“e%romthe

other interfaces resulting in a near perfect reflection. As the |ayer

t hi cknesses deviate from1,/4, then the constructive interference is

di m ni shed wuntil such point that the fil mbecones a poor reflector (nobst of
the light is transmtted through the filminstead). At |ayer thicknesses of
718 and 2/2 (and even nunbered nultiples of 214), the reflectivity will be
al nost conpletely zero, resulting in full transm ssion. [0049] Note that in
t he above exanple, the wavelength X is dependent on the refractive index of

the modi daohanf oRRtBReaRrbikheFostdie DARR St el foa ' ey Rl ' [ ©
ndox =10 PR ARy A g B P Bae byfoe ROy ARl g
| ayers. ndoae? of hickhesas SAnbs vsrd soaas on 8 dafFas BHfalaletlc b 4
R Rt R R e
is only valid at one wavel ength. For visible |light (or other wavel engths

li ke | R d¥pically, thertBickngss rangeyioe gach laverawi bedgtwren abau O:G7d migren angt h  t hat
neets the ?J4 criterion (or related nultiple) will be fully reflected, with
t he ot heraboubdmigroparalthaughyother leagesmay stil be wsefiut. t Bils iderderenagison t heir
rel ati ve wavel ength. It is

responsible for the various polarization, color, and reflective effects observed. For

example, as in Figure 1, a multilayered film with light hitting it at a normal incidence
angle (6=0), with a wavelength of A, will be almost totally refiective if each layer has
a thickness that is equal to one-quarter the wavelength of the incident light (e.g., A/4)
or some odd numbered multiple of A/4 (e.g., 3A/4, 5M/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 = Ao/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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this dispersion in reflection that causes the color in the filmas only sone
get transmtted (or reflected) for a given film [0051] As descri bed

earlier, tRemhafkgation of the incident wave is also t or. \Waves t hat
are polarized parallel to the filmsurface are herein d’?ﬁé‘@@“ﬁéﬁl@ waves.

Those pol ari zed perpendicular to this are Ep waves. The behavi or of each
varies considerably as the angle of incidence a varies fromO (normal

i ncidence) to 90 degrees (grazing incidence). Furthernore, if the filmis
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

oot A RO SR W S b o 11
O D A el PR, ol AR e

angul ar depepdence of the various optical properties_of the film Because of
Thrs, - ancSIBCRES WIgEL WP SaYPr BV TP IR GG UTHEX IS Jih e B INigAnessasiory . 1 ho

fil mdesign process is used to determne an optical structure that neets
al | of tHhed4iayerseare Ok 525 miseonsranddd.0&R50nicrongi, tespealiyeiV. cat i on. [ 0053] Al t hough
the primary mechani sm by which this nmultilayer filmof the invention

modul at esj0os0]l ect s Iiti ghbuidvarsteise heted that tianipikness fonbev4 Rayen@e oddr ough
changes in |l ayer thickness, it should also be understood that for

bi r ef ri nagMber At Atife) is bRY valid BO&Te Waveldhgtk NEssSvigiblel light &P ofd#se changes in
optical retardation (where
wavelengths like IR or UV), there is a spread in wavelengths. Only the wavelength
that meets the A/4 criterion (or related multiple) will be fully reflected, with the others
being partially reflected or transmitted depending on their relative wavelength. Itis
this dispersion in reflection that causes the color in the film as only some get
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 E;
waves. Those polarized perpendicular fo 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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retardation equals the birefringence tinmes the thickness). This retardation
can be both the in-plane value commonly denoted as "Re" which is equal to

the in-pl aRe 20kl f29dski Ngence tines the thickness, or "RA. | i, def i ned
as L[ (nx+ny)/2-nz] where nx and ny are the in-plane rel%brTac P@@l{"ﬁ%i ces, nz

is the thickness refractive index, and L is the thickness. Control of Re
and RRh is desirable, for exanple, in providing wide view ng angles for LCD
type displays. Simlarly, Re and Rth can be varied for the present
invention via a change in voltage. Note that controlling retardation usually
inplies the presence of one or nore polarizing |ayers as part of the
structure. If white light is passed through a retarding filmthat is placed
bet ween crossed- polarizers, the resulting transmtted light will vary in

col or frogﬂrtﬁt@%‘?héﬁnm% e M4icﬂfé'riHﬁ“fd?Geﬂ’&%ibiﬁfﬁ(dé%‘gé?fg% bfintinBnéaiviPRYe based

on the actual anmount of retardation prese ., retardation equal to
mul i pl es L el : 285

et/ UszooB et BE GO AL TR RtrRuRE abBedeiEh cfihedBriplERORE“ Y acic
Thus, varyjing.th tardation viQ,. cha i n, voltage of e

m cro- coeé'folpgﬁ'ga%f h%rﬁ@o eﬁg'ﬁsee ‘EI?E'& Qr@quﬁ%rofagwé%@g\g%\{eg?qétﬁi n addition to
the interference/reflectjon ani sm di scussed previously. [0054] As

i Scusseadensopars ot ripetal MR SaSPR Brasees B tsslup defermite e GPRcH

al t hough the discussion here i s focused around PVDF because it is the nost
common, nmo{ctyredhatanests ghhaf g diness fergisgcatesiaor argjysn aicaley it s

pi ezoelectric activity by orientation and then electric poling. The poling

di rect i onl®88] nes hdttheHgh therpriary yachapismdhouhigh s apiilayed filmof thee vol t age

polarity and piezoelectric polarity are the same, then the filmwll tend
t o cont r abfweniieamedidatesrafleges liogkt wpyas is by changesiiairfederence through

changes in layer thickness, it should also be understood that for birefringent layers,
the changes in thickness will also cause changes in optical retardation (where
retardation equals the birefringence 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 resuiting 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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the filmw Il expand. Either approach can be used depending on which film
deformation is best for a given application. Note, however, that

pi ezoel ect (icfrhd/12ps do not react well to static vol tagﬁ;sr/ﬁﬁl 61703 gQipol es
rapidly decay with time. Thus, it is preferred that the applied voltage be

applied dynamcally, as, for exanple, in a square wave. The frequency of
the voltage should be greater than about 1 Hertz, since the dipole
relaxation tine is typically of the order of 1 second. [0055] The electrical
poling of the piezoelectric filmcan be applied in situ as part of the
entire mcrocoextruded structure. Since the filmwll be stretched anyway,
the only thing remaining is the poling. It is desirable, however, that the
second polyner be properly stable at the poling tenperature, and not

under go ajpht iiRfodice rl PArREditedClight KA. BRUNPaRMHOhE 24#RPation via
PCT/ USZOO?h018163 [ 0056] The m%r-rel at'i on between vol t age and di nensi onal

change of cdhged |n| \iBItaﬁéBftPI@ nﬁaeﬂo%ae%reaﬂeé ﬂﬁm&ﬁa Be HS&tF® aies3Vadg @e e3 | S

the strain in the thickness or "Y direction of the plezoelectrlc ayer,

is the enbea?j&ftlbﬁ\;f{h%' %H&eh@&/réﬁégﬁ&ﬂﬁééh%érﬁ% cggiéd'p elnﬁ B I's the tot a'

filmthickness, app I ed vol tage, i ezoel ectric

oL SR S M Ak R PR R %2
change | rRIGIE: 5%@%&5%6@ Fruel afoiodrafidk Porn e Hadhaliebh 1 ol fayte? °
thi Cknesscorr|1'r%1éxn, mcrxgq flexi\t;fe, gnd easiest to process. PVDF achieves its piezoelectric

activity by orientation and then electric poling. The poling direction defines how the

in-use voltage should be applied. If the voltage polarity and piezoelectric polarity are

the same, then the film will tend to contract when the voltage is applied. If reversed,

the film will expand. Either approach 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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AL =d33VLjL [0057] Thus, fromthe above equation, one can calculate the
change in thickness for a given applied voltage, or alternatively, the
change i n w@ {80p738r an applied deformation. In the a /ﬁsz% H6gn AL is
in neters. In an ideal sense, the piezoelectric filmis ree 0 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 filmis supplied wth the
applied voltage. For l|localized voltages, as mght be experienced in a

mul tipi xel display, some of the strain will be the result of constraints

pl ace on the structure by the surrounding polyner. In other words, only
part of the piezoelectric filmwll be under the influence of the voltage,
with the surrounding materials acting to resist deformation. In this case,

the appli fghsg |tagqh‘é"lr‘1t€r—%ﬁ)nt&t\b&r\mcﬂ@§é ahed?rﬂer\%r?a@eﬁéﬂg?&c?ﬁﬁe film

PCT/ US2006/ 018163 achi eve a gi ven | evel | m expansi on” (or contraction)

as the regs Skt have to push agal nst the surrounding material .
[ 00581 PV%F R%g&ig vee‘rajﬁfiw refracti ve index (isotropic n=1.42) conpared to

nost ot her polyners (especiall y g{ making it an ideal conponent. If
it isto beincluded in a 114 s a nom nal wavel ength in air of
0.5 mcrons this would correspond tp a | ayer .t hi ckness of 0.178 m crons.
As vol tagé’ pre sappihestiraihia the HickngpE RSS Q'f@fé@ﬂéﬁ the pipZoRleSiriS lavenes is
reflectivity of the filmwll drop correspondingly. [0059) For many

appl i cat i thesledtnic fieJd jpir thiedhickness idirectiong=W41) o isdhe totalfiimdhicknessal) istthee il m

changes fromfully reflective to fully transm ssive, or vice versa. This
i npl i es, Bppliedvaltades antiiag istthe pieizecledtie coefficiehtggual to abnge3X WA (or an
ode for PVDF). The subscript “33” refers to the stress and voltage being perpendicular

to the film (i.e., in the thickness direction). The strain &; is equal to AL/L; where AL is

the change in thickness of the piezoelectric layer which has an initial layer thickness

L. Simplifying,

AL =ds3VL/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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multiple of 714) to 1/8 (or an even nultiple of 1/4), or sone simlar
conbination. In the case of 114 to 118, this requires a strain of 0.5 (or

50% whi cRoisg 6?&%@ than can be achieved with reasoq%}llﬁszg@otgﬁgg | evel s

(such high voltages would lead to dielectric breakdown or poling of the
pi ezoel ectric). Thus, for nost applications, the strain |levels should
ideally be designed to be |ess than about 20% nore preferably |ess than
about 10% and nost preferably | ess than about 2% in order to keep voltage
| evel s reasonabl e. This can be nore easily acconplished by starting wth

pi ezoel ectric filmthicknesses that are higher order nmultiples of 1/4, such
as, for exanple a thickness equal to 71/4 instead of 1/4. The strain
required to change from 71/4 (reflective) to 6114(transmttive) is only 3%

P gner _ofdurty pPEeR LG Bl (o ntagoh) 8 Mo Sl e300, 16103
I ' d th I : itch f fl [
£ ansm s bt BBPal eSS cier i ims w11 have a narr ow

Vi ewi ng l.e rang which ref]ection change is significant 0060] As
o oxarp R38R oo acr U hep Soe nkeiadiva e RoRPie R AR SompRes 556
mcrons (1/4), then fora 11%strain, the value of AL is 0.00086 mnicrons, and
the reqliostethampalyraarsdesracially pelvestars) saking K/panidaahrompgpent- dobisder ai n, t he
electric field required becomes 16.7kV/ mcron. The final required voltage
wi | | depbainchidet iratidt structyriifeianrersinalf wavalengtic iroaioek®.Oudistbnisi this So for a
filmthat is 10 mcrons in total thickness, the applied voltage woul d be
3300 V t woaldvoerespdriteto b IHyatthiskmessofl 0 HG8kvcrdner Ashaltafédsapplied.anthe | atter
voltage is too high to be safe and is thus not practical,

the thickness deviates from this, the reflectivity of the film will drop correspondingly.

[0059] For many applications, it is preferred that the deformation be such that

the film changes from fully reflective to fully transmissive, 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 A/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 A/4, such as, for

example a thickness equal to 7A/4 instead of /4. The strain required to change

from 7A/4 (reflective) 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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but the former voltage can easily be achieved using a battery source and a
sinple inverter circuit. [0061] This invention can be further illustrated

by the followi ng exanples of preferred and conparativ i NNt S,
al t hough WOMPM2BY under st ood that these exanples ar Z’C&ﬂg?ﬂﬁg lé%er ely for

purposes of illustration and are not intended to |limt the scope of the

i nvention. EXAMPLES [0062] Most of the exanples are based on matrix theory
calculations for iridescent optics, as outlined in Chapter 42 of Handbook
of Optics, Vol. 1, Mchael Bass, Ed., McGawHill, New York, pp 42.10 to
42.14, which is incorporated herein 33 WO 2006/ 127285 PCT/ US2006/ 018163 by
reference in its entirety. These matrix cal cul ati ons predict the total

refl ectance and transm ssion as a function of |ayer geonetry, polarization,

and inci depce, angl e. L cul ati ons re.performed usi,ng Mapl.e.10TH synbolic
processi n&vgrblleﬁg{r@n, ?&t{hg? begg ,voﬁ?.%e\)'\ﬁ S%tf%ﬁ;ré’ﬁygﬁ?gwgl tggr%%ésst'vt?' The
Ferr oel ec&rri ¢ Pol %{s T.T W g J. M Herhert, and A M C?' ss, Eds.,
Chapman ab@d@Rfiis thetthickestigs "('E AYS & BREPY\YIewing grgegange avergvhighg 12) with
regards to piezoelectric material properties, film preparation, etc. [0063]
The nodel r‘ﬂ@%‘?ﬂ phargeds pigriEeBMn i sotropic |ayers having the sane refractive
index in each direction. In reali té,) the films will be birefringent. The
model i s[@Q60]1 acds ah example galculation draneassumes antinitisldhishngssoefifb®®b on t he
in-plane refractive indices oriented "out of the page" as shown in Figure
1. | n contmiesbs (Xp), teendsr a 1% strain, the value of AL is 0.00086 microns, and the

required applied electric field is 330 V/micron. For a 50% strain, the electric field

required becomes 16.7kV/micron. The final required voltage will depend on the total

thickness of the microcoextruded fiim. So for a film that is 10 microns in total

thickness, the applied voltage would be 3300 V to achieve the 1% strain and 166kV

for the 50% strain. The latter voltage is too high to be safe and is thus not practical,

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. I, Michael

Bass, Ed., McGraw-Hill, New York, pp 42.10 to 42.14, which is incorporated herein
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depend on both the in-plane and through-the-thickness refractive indices

whi ch the above nodel cannot adequately handle. As a result, the exanples
bel ow wi | cus on the E. waves, although it is t hat sone
unusual o%??@gygé%gbe obt ai ned by natchlng (or not %ﬂﬂﬁhihﬁgg?active
indices in the thickness direction so as to control |nternal reflection and
t hereby broaden the angular wi ndow for the filns. [0064] For the
calculations, the filmis assuned to be free standing in air (n=1) so both
the substrate refractive index n5, and the incident nediumnm are equal to
1. For the case where these filns are coated, or |lamnated to a substrate

34 WO 2006/ 127285 PCT/ US2006/ 018163 (as would normally be the case), these
val ues woul d need to be nodified accordingly. Cbnparative Exanple I

d ded _Fi | h
(W '5) 25 PRyRPreRif] sé%tﬁaﬁrué’é' %”H%l? %%ﬂa%tnﬁf R BTl 5 T ayer i s

PMVA. ThIS ructurelsfy siml ar to rC|aII avallq?ble
(11 descefl o TRPRESAIR) a8 MBCUR QTIRYST PR BEIGRRay o OR Ipeiderca &
comer ci films, however, an electrode_is net aI i zed on the top and bottom

surf aces. a*lq‘a'@ RS wieee B?@r(f@ﬁé’ﬁmd\ﬂ%‘ﬂeQQC%SXFHEQI'C@&@FPSS%"QM‘W@&I y nA, /4 where
nis an odd nunber .. etc.) and %is the target wavel ength
in the mitVetarigp, Inphel%@fspenuc@s'malsw mgderio Kefrpe actic Aolyreery, Hilghangt hIM.
refl ectance at that wavelength. Note again that Ais the wavelength in the
mat er i al Hegvarkapdidivhdslass, Bdswehepmas antidlall, NY, (1988) (particularly

Chapters 3, 4, 5, and 12) with regards to piezoelectric material properties, film

preparation, etc.

[0063] The model described is based on isétropic layers having the same

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 ns, 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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wavel ength in air or vacuum For nost of these exanples, we wl| assune

A, 0=500nm Neither polyner is piezoelectric so application of an electric
field doe se any changes in the reflectivity. j tructure

i s not dyﬁ%omﬂ)g%/l%?% cannot be used in voltage control Fgg}ﬁg%%pfééfémdul ation
applications. 35 WD 2006/ 127285 PCT/ US2006/ 018163 Exanple 1 Processing of a
PVDF/ Copol yester Coextruded Fil m[0066] In this exanple, a film containing
alternating | ayers of Eastman PETG copol yester and DyneonTM PVDF was
prepared. A special mcrocoextrusion die was not available so a 5-1ayer
coextrusion die was used to denonstrate the concept. In this structure, the
5 layers contai ned PETE PVDF/ PETG 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

were dri oo R B B EEREE &8 BeEdiodd ppEGH RmobliRAc 7 acsi cant
dryers. EX”(ﬁri\q?n was perfornmed using 1" Killion extruders (24:1 general

pur pose SR r each of the A B, and C conponents. The processing
tenperature was nomnally 240C for all three extruders. Screw speeds were

nomnally 10 to 15 RPM Fil mwas extruded onto a chill-roll having a nom nal
t hi ckness of 3 to 4 mls (70 to 100 m and wound for |ater stretching. The
film appeared to have good cl a don between | ayers in its

as-cast form [0068] After casting, the filmwas then biaxially stretched
usi ng a TImeditionsMicrocoextridedfimer . Sanpl es that were 2 inches by 2 inches
square were cut fromthe

[0065] In this prophetic example, an (A/B)?® layer film is produced where the

A layer is PEN, and the B layer is PMMA. This structure is very similar to many
commercially available iridescent packaging films on the market today. in contrast
to the commercial films, however, an electrode is metallized on the top and bottom
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 total 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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cast film and stretched either 4x4 or 4.5x4.5X to give filns having a final
thickness of from4 to 5 mcrons. Average |layer thickness for each nmateri al
was nomnin 1 mcron. 36 WD 2006/ 127285 PCT/ U [ 0069]
Even thou§h$%WW%$%#ns only had 5 layers, they still §§£g§%ﬁé@&ﬁé
characteristic red/green color shifting typical of |r|descent films although
to a nuch |esser extent. Oherwse, the filns had excellent clarity and
feel. Layer adhesion was also good and all data indicated that there should
be no problens in scaling up such a structure to nore |ayers and a | arger
line with the appropriate coextrusion equipnent. Exanple 2 [0070] Poling of
the FilmA piece of the oriented filmin Exanple I was poled by nounting
bet ween el ectrodes (the "el ectrodes” were of a volune resistivity test

measuring cell which had pl ates roegh!é g%inches in dianmeter) and placing in
an oven at 85C. A voltage of 1000 plied across the filmusing a
source n a field strength of

appr oxi s i Y YEEIEr POEXHRaCUSIMG for 2 hours at 85C, then the
oven was fur ned of f such that t mwas all owed to cool sl owl¥ back to

room t enplOP8Elur e.  Updhiscza®Rleng fi fﬁBGH’i’tat”@Tﬁ)@Feé@@}F@ leyase of EasiRA BET®ter), the

voltage was renoved and the filmshorted across to elimnate any residual

charges. folyepterandiByesad™&UiHewas prapgeed oh SReripldBicETopexirysien dig wampl e of

poled filmwas coated on each side with a conductive paint available from
Radi o Shaltdt avaitable so a 5-layer coextrusion die was used to demonstrate the concept. In

this structure, the 5 layers contained PETG/PVDF/PETG/PVDF/PETG (A/B/C/B/A
structure) in approximate thickness ratios of 12.5%/25%/25%/25%/12.5%. This was
done so that the films could be stacked/laminated, if desired.

[0067] Both resins were dried prior to extrusion 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
praocessing 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] Atfter 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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whi ch el ectrodes were connected and an oscilloscope attached. The fil mwas
then stressed/deforned while the voltage output of the filmwas nonitored
to determyg 2006/ 127285 PCT/ US2006/ 018163 whe ' ectric

ef fect was p?gggﬁ?e A vol tage was i ndeed detectable c%ﬁf@?ﬁ?ﬁéﬁgﬁat t he
PVDF | ayers were piezoelectrically active. This experinent did confirmthat
the m crocoextrusion structure could be produced. Exanple 3 Dynamc

Refl ecting FilmUsing a Piezoelectric Polyner [0072] In this prophetic
exanple, an (A/B)10 layer filmis constructed with the A |ayer 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 150C prior to extrusion

[ d ' T, i nal 280C
before AERL" o1 Deq Sab Sl g Ffnad's e Indy Sl $9Beding S0T" o

bout 24 bef.or teri t he.. dbl N t ' ' i f
Fenper at GPAeC RO EORE Tt BnERPRar Soutden s 3BT e B Ler | and
th heat ed t 4 b d i t he f bl ock. Th , the |
ML e AR L SR B T e e
The | ayers are conbi ned such that the PET | ayers are approximtely 1.2
mi crons Wes@EeC gaed andeall dataindicatestipatikereshenld beneprbaas insealing ggul ti ng i n

a total nom nal thickness of about 300 m crons. [007_41 After casting, the
filmis SHemashdueiedyr layereanda largerntiseayithitbe @ppropriate coextrusion

equipment.
Example 2
[0070] Poling of the Film A piece of the oriented 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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approximately 4X in each direction (16X thickness reduction) reducing the

| ayers to 38 WD 2006/ 127285 PCT/ US2006/ 018163 0.075 and 1.8 microns,
respecti vey¢200d/esgs correspond approximately to the 71

t hi cknesses assumi ng an in-plane refractive index of 1§EEE§%H&%&%§ for PET
and PVDF, respectively, and an incident wavelength X of 0.5 mcrons (in the
m ddl e of the visible spectrum. These nunbers are approxi mate and can vary
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 150C 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 MM/ mat a tenperature of 120C

P PRSI GBSO A B Y AP (0
pvor i pSPaL e T B oV ke e d R BB RN R Thi b GeREE s 11

orient t t negative tern nal of ol jng,source. Upon conpletion,
Che T 1 eV BtastEe BEEPracifrbBh AP Bur<iniid e BERLER Ve 33 of t he
pi ezoel ectric is approximately 30X10-12 nN. [0076] The resulting filmis
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
filmvia netallization. The el ect E8@8®le8n turn, are connected to a voltage
source. \Wen the polarity of the applied voltage is the sane as the dipole
pol ari t y DynayaiciReflest 8/ B 1206 ict. A reversal of polarity
will cause it to

[0072] In this prophetic example, an (A/B)" layer film is constructed with the

A layer being PVDF, and the B layer being PET. A metallized electrode is applied to
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 feedbiock. 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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39 WD 2006/ 127285 PCT/ US2006/ 018163 expand. For this exanple, the voltage
is aligned so as to cause a contraction in order to drive the piezoelectric

filmtowa j X/I'4 transm ssive thickness. [0077] r aj eeded to
convert t@ﬂ"%’?" ully from21X/ 4 thickness to 20X/ 4 gﬁflg%’@bl@}@ about

0.047 or 4.7% This corresponds to an instantaneous E field of about 1.57
kV/ mcron. For a 19-mcron total thickness, the applied voltage needs to be
29.7 kV to achieve this E field. This is probably too high to be practi cal
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
V/ mcron) whereas PVDF is approximately 200 V/ m cron. Fortunately, however,
the transition fromreflection to transmssion will occur at |ower

vol t ages. [ r dent

wavel engt ?s%bdrrzg rﬁ%}éﬁ& rgg‘g&rtﬁbéiyoﬁé%ggﬁ?erg&? %B&Pgﬁn%@{'ﬁ?n@ ﬁ is plotted
as a functian incident angle fqr different applied voltages. Even as | ow
25 kv, e Fafd BlckTesee aar GRG0 NP R Ve TRk GRS @ncfau%é v, 6. AL 5KV,
the reflectivity has dropped to about 0.2 (25% . [0078] Note that these

vol t ages Rieand RYDEntespedivelyDand an insidentiwaelgnatle i, of Straigtons(inthee. I n
reality, the voltage applied will need to be alternating (e.g., sinusoidal
AC, squarmiddiessf tied visipletspepinawp nThede pabhiers edecapproximatef andearpvaryoel ectri c.

The true reflection seen by an observer will thus be the average over the

ful'l cycldepehding be priebsing cymditiciesbutadrd réd¥enatie!for thepe BElcolatibhRe qraNCy,
vvaveform shape, and duty cycle (e.qg., a low frequency wll exhibit

"f1ickeritg@l final saesd s5the @fm 11D my@}@ape t hese sorts of voltages are

reasonabl e and can be achi eved using an appropriate
[0075] After stretching, the film is heatset at 150°C in the tenter frame to
reduce the tendency for shrinkage, and then wound. Next, the film is electrically
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 30X10™'2 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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40 WD 2006/ 127285 PCT/ U52006/ 018163 AC source (and/or transforner), or a DC
source (e.g., a battery) connected to a properly designed inverter such as

t hose use portabl e fluorescent |ight bulbs. iguyre 2 al so
i1 lustrat g‘édtﬂﬁke)/ reflectivity change as a function of Fh@%é’h?f@sgﬁgl e. Wth

no voltage applied, the material has a high reflectivity Rof 0.8 (or 80%
over an angle from O degrees (normal incidence) to about 10 degrees in
either direction. This is a net 20 degree view ng angle over which the film
woul d be wuseful. This view ng angle can be increased by decreasing the

t hi ckness of the layers (i.e., lower order thicknesses) or by increasing
the nunber of |ayers. The nunbers and thicknesses of |ayers are
interrelated in that higher voltages nmay be required if the filmis not

o AR Ml DA SR 1

node by nting M rror ve to pass

through the filmtw ce, thereb doubl i.ng the effective thickness.

Regar dI eé’ég%'ftoldﬁée J%OﬁMﬂqfﬁ‘?’i*ﬂW@fﬁ?é’fS%Q&)r}plr@seawV% igReRRd on and of f
via an applied voltage. Exanple 4 A Normally Reflective Filmw th Fewer
Layers RdAOT#i ng Lowee siain nageed wodnyert thesfilpr fofiihisoin2 @ihthidkaesstd dentical to
Exanpl e 3, except that it is optimzed to reduce the voltage required. By
decr easi rEpAlRicRHES3EE abbutl0e04Tr 6r 4.7 @M Tha cdriesbbndsachrpingRintar@ul gepi ng t he

structure the sane, t he total thickness of the 41
field of about 1.57 kV/micron. For a 19-micron total thickness, 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 example, thin biaxially oriented PET is
known to have a dielectric breakdown strength of about 15000 V/mil (690 V/micron)
whereas PVDF is approximately 200 V/micron. Fortunately, however, the transition
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 5kV, the reflectivity has dropped to about 0.2 (25%).
[o078] Note that these voltages are “instantaneous DC values” at a given
instant in time. In reality, the voitage applied will need to be alternating (e.qg.,
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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WD 2006/ 127285 PCTI US2006/ 018163 filmis reduced to 14.2 mcrons. This in
turn reduces the applied voltage required for a given E field by about 25%

Wi th mni %2409/?23235“ filmperformance. Exanple 5 A Norggyﬁ%mlﬁﬁ{)}ﬁ%ti ve Film

Usi ng an I'nprove i ezoel ectric Layer from VDF-TrFE | rophetic
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 30X10-12 nfV
under nom nal conditions. However, copolynmers of vinylidene fluoride (VDF)
and trifluoroethylene (TrFE) are known to have nuch hi gher d33 val ues (see
p. 102 of Ferroelectric Polyners). Estimates of d33 for a 65/35 (nol/nol)
VDF/ TrFE copol ynmer are as high as about 150e-12 mV. Using this copol yner
in the 15 layer structure of Exanple 4, and assum ng all other factors are

t he sane, ' [ | ect ance, but
at o micH SRl a o B R e B B e Bonadted B 2 el 1y
Transm ssive Film.[0083] This filmis the sane as | anpl e 4, except that
Che pi ez clbaet debomeatenst siel sy st uiebts Shvey bl B Srhloo1 Tha af cer
stretching, and the PET layer is 114. For exanple, the film PVDF | ayer

t hi ckness‘%'?ﬁ' 21114 thickness is 1.81 mcrons. For the structure of this
exanpl e, however, the initial thickness for the 42 WD 2006/ 127285

PCT/ US2008063B163  Phigire 29lsp lisiratep thayslapiivdty change as gdungtop@fs, which is

just slightly outside of the _ ) o
incidence angle. With no voltage applied, the material has a high reflectivity R of 0.8

(or 80%) over an angle from 0 degrees (normal incidence) to about 10 degrees in
either direction. This is a net 20 degree viewing angle over which the film would be
useful. This viewing angle can be increased by decreasing the thickness of the
layers (i.e., lower order thicknesses) or by increasing the number of layers. The
numbers and thicknesses of layers are interrelated in that higher voltages may be
required if the film is not properly 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 turmed 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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reflective range. Wth no applied voltage, the filmis transm ssive.
However, application of a voltage causes it to reflect as illustrated in
Figure 4. weibsehaed over a view ng angle from about gTéﬁ‘ﬁ j@gﬁrsees t he
reflection coefficient increases alnost linearly as th s age 'ncreases.
This is the opposite of the filmin the previous exanples. Such a film
woul d work nicely as, for exanple, an electrically controlled w ndow shade
or dinmer. Note that the voltage ranges for this filmcould be further
reduced via the sane manner as described in Exanples 5 and 6 (e.g., fewer
| ayers or use of PVF-TrFE) if so desired.. Exanple 7 Color Change Via an
Applied Voltage [0084] This filmis the same as in Exanple 5, except the
reflectivity versus wavelength is analyzed and the piezoelectric | ayer is

desi gned g Yl‘wsh-egu&eﬂf 6 K2ESRicPEns. Hiad th tud r%guéﬂscthé’ régévllwéi ﬂilt%ge Wé@{l ﬁyer

structure een chosSen to provide better ntr regards
to col or f hromati c Ilght at 0.5
m crons, véﬂ nhE ﬂgldbﬁa}%ébp%ﬁg’ﬁ%ﬂm#wﬁ%éo%\%ﬁﬂgn ggrfmweé gure 3 shows a plot
of the reflect|V|ty as a function of wavelength for different applied
voltages. Al calculations are at a O degree inci dent angl e. [0085] Wth no
appl i ed vol tage, thereflectlwty; aigxummat k = 0.5 mcrons (i.
green) as this was the design poi €Phe voltage increases, the 43 V\D
2006/ 127285 PCT1U520061018163 ref lection shifts to Iovver vvavel engt hs,
causi ng dremal imeUsing andmproved Piezoslechrigiiayer iam WIF-TAEE "vol t age
increase w || result in vi oI ets and then ultraviolets be| n

[0082] This prophetic example is identical to Example 4, except %at it uses

a higher performance piezoelectric. PVDF typically has a value of ds3 of about
30X10™'?2 m/V under nominal conditions. However, copolymers of vinylidene fluoride
(VDF) and trifluoroethylene (TrFE) are known to have much higher da; values (see p.
102 of Ferroelectric Polymers). Estimates of da3 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).

Exampie 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 A/4. For example, the film PVDF layer thickness for 213/4 thickness is 1.81

microns. For the structure of this example, however, the initial thickness for the
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reflected. If the voltage polarity is reversed, the piezoelectric layer wll
expand and reflection will shift towards the red end of the spectrum Note
that with g fifg12%94 t age, the perceived color will be g 5(;%3?315@ ative to
the voltage as a function of time, since it will be shifting the reflection
both positively and negatively. The actual shape and/or duty cycle of the
vol tage formcould thus be manipulated to further alter the perceived color.
Furthernore, while the filmof the present exanple exhibits controlled
color reflection, it simultaneously transmts the other wavel engths. So, for
exanple, if the filmwas backlit with white [ight, it could be used to
display different colors by shifting the applied voltage. Exanple 7
Addition of a Tie or ue Laver [0086] To enhance the adhesi on between

| ayers, a o &Y&led i wHidh &R ki l e, an
(A T/BIT) PYDR T wil o o8 naeé"etﬁmﬁi'g@k”'@ﬁ%%m&b%ﬁé Sgé@@ééf?egﬁg@ isatie

| ayer. Th Yinkidn € | i Leaciyl em stries
(o ol IEeETAEY With ol PUes yOiREe, e i AP A Eiaf FE BB e
nost of t redn an olefin. I material).
For i s anaaturonddiaer o B Ee A MBFaRans et %o AR RN a e cuch
as Lotader 89Q0 (Atofina whi ood,adhesion wth PET. It is extruded
in a sepaP¥'&YaW aﬁ@%&@?%%@%ﬂﬁ@%@'o% &fl?beé'g NS Sought
together into the desired struyucture before "folding” intg the nany |ayers.
Mbst of t AEWst Biearly asifigswaltage dnqragsess ThisJe theprrasite pbtherdimdedhasi mifar to
PVDF so they effectivel \é t hi cken the PVDF | ayer. Neverthel ess, the thickness

previous examples. Such a film would work nicely as, for example, an electrically

controlled window shade or dimmer. Note that the voitage ranges for this film could

be further reduced via the same 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
11A/4 (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 O 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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changing portion is related only to the PVDF portion. The structure is
assuned to have a PVDF thickness of 19214, and each tie layer is designed
to be 7,1 total effective thickness of th s 212,14
as in Exafr%?g&g’ﬁ hl s filmshould perform alnost i den&@q#g‘%{d(ﬁ)ﬁ%e filmin
Exanpl e 3 except that slightly higher voltages will be required (since the
tie layer is not piezoelectrically active) and the adhesion will be better.
[ 0087] The use of tie l|layers can also be incorporated into the structures in
t he exanpl es above in an anal ogous manner. In the event the tie |ayer does
not match up with the A or B polyner refractive index, then a ful
calculation is required (but the structures will still be useful). Such a
m smat ched structure may be desirable for sonme applications where, for

XAl o, {TBERYSAAbl G PR Shhs Oéd%ﬂﬁle‘ire% S br0k GravbRnfLbT €0

[ 0088] Obvi ous er variations exanpl e can envi si oned
%‘é—‘ﬁfB?,'z2?8%&%‘%@%8%%Exg%"’[%%ﬁ%beﬁ%%‘?@? T iR RIS AR e nea o
i i1 ar -t STokeAnE SoRGRBIR TS éh%wf%é%‘a&?' Rt bifieeRd Mt cad of
165 i ¢ regeuiohetlk A pgars B reaRcie s Shesime hﬁ&aﬁ@%&&aw\ Boct o, The
Eg?{zsit ?e? ?{t‘égggtgtggpg;@jv%ddéglgr rv]vil;[ tr;ee ar? %\r/eerggg rgétriveectytr?en vol?ang% als' a4 lgunlc{}o;% gfe

time, since it will be shifting the reflection both positively and negatively. The actual

shape and/or duty cycle of the voltage form could thus be manipulated to further

alter the perceived color. Furthermore, while the film of the present example exhibits

controlled color reflection, it simultaneously transmits the other wavelengths. So, for

example, if the film was backiit with white light, it could be used to dispiay 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)'2 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. It is extruded in a separate
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[ 0090] Layer thicknesses after stretching are designed to be 21714 (0.181

m crons) for the PET and PVDF | ayers based on the oriented direction and a
0.5 mecr matic |ight source. In the transverse direction, these
t hi cknessg‘go%gﬁ?nﬁusgt match the reflection criterion, A&H GrRY0IHes
reflectivity be high since the refractive index difference is |ower, so the
filmis not expected to be reflective to |ight waves polarized in this
direction. [0091] Calculations for the reflection values are perforned as
before for the E. wave, except they have to be perfornmed for both the
stretch and transverse directions using the appropriate refractive indices.
For light waves polarized in the stretch direction, the reflection curve
will be identical to that shown in Figure 2 for 0.5 mcron incident |ight.

Eransn ss PORTE R pRYIGRF toBther Y b Yasibd ST E pbrmu T RESARE 571 or i
h d I I | 5. 46 ) 2006/,127285 PCT/ US2006/ 015163, [0092] Th

Lo Peanr mey R oSttt SR e R e (e CRRES S cet i on
can be selectively bl ocked or transmtted by charrligiharé%i vol t age, whereas the

wavel engt FYDErsa:they affastygly thigken E%Sr? R layer; Nevert the thic pass

through. Thus, this is essentially a polarizer that can be turned on and
of f si npl ghagigingoperiemis ralated @@Wﬁ@%ﬂpﬁ/mfﬁa@e“%ﬁﬁﬁﬁp@ ig aspppeddati on as a
Display [0093] In this prophetic exanple, the filmfromExanple 5 is used to
make a have a PVDF thickness of 19A\/4, and each tie layer is designed to be A/4. Thus, the

total effective thickness of the structure is 21A/4 as in Example 3. This film should

perform almost identically to the film in Example 3 except that slightly higher

voltages will be required (since the tie layer is not piezoelectrically active) and the

adhesion will be better.

[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

desirabie for some applications where, for example, improved reflection over

broader viewing angles is required.

[o088] Obviously, other variations of this example can also be envisioned

depending on the desired optical properties.
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nonochromati c di splay. The el ectrode on the surface is replaced with a clear
| TO substrate in a grid simlar to that used in traditional LCDs. The film
i's backl it wegiobe/m7285i ght source at or near 0.5 m crons. pHRRENE ({ th no
voltage applied, the filmis reflective and this source canno Be seen.
display a digit or other graphic synbol, the appropriate electrode is
energized with an applied voltage. This turns off the reflection and all ows
the backlighting source to be visible at that location. It is preferred
that the voltage be applied in pulses at 10 Hz or higher so as to elimnate
di pole decay in the film Persistance of vision will make the display appear
to be constant and the allowable view ng angle (+/-10 degrees). [0094] This
structure has all of the capabilities of a standard nonochrone LCD, but is
cheaper and flexible, and does not gkefidigse pol arizers or liquid crystal
polymers. For the current structuré higher driving voltages are required so

ol ect %L%%ﬁﬁ%%@%ﬁ%ﬁ%ﬂinéﬁ i xel s, I mproved
P e20°) g, ™= ik B ke SEMAL AEIARY AR A7) 20
e R %gﬁfofﬁmnp;&%aéuy:o%@wgfe?’_
¥ anoni ¢t LiF EUPchEmetionPEd 3l Bamialy B8 T b GG SrAidrorodded evel . AL
0 volts, inqr?e Prlar?sp\)lle?s% uhe?: ion.a'll'r|1e E.{)/b risS agsxu?rga dttotbheo‘lS .25 in the stretch direction

and 1.42 in the non-stretch direction.

[0090] Layer thicknesses after stretching are designed to be 213/4 (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

Es 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 fransverse 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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around 0.5 mcrons (yellowgreen). At higher voltage, colors are reflected
at the shorter wavel engths (blues, violets) whereas if the voltage polarity
i s rever sewp Jofgi27189ng wavel engt hs becone visible (redsy. 19{,@9&%§§163[0096]
Refinements in the structure can be nmade to i nprove the color conirol and
resolution. Alternatively, instead of relying on transm ssion from
backlighting, a reflection fromforward lighting could be used for narrower
color control. For colors |ike pure white, the voltage would need to be
hi gh enough that it only reflects in the UV or IRregion so that the ful
backlighting is transmtted through. [0097] The invention has been descri bed
in detail with particular reference to preferred enbodi nents thereof, but

it will be understood that variations and nodifications can be effected

within theogd)i rit anthsganrss@f ofthi ié fh‘é?WbVél@ngtH@anﬁéN@ thé sfbghm 1. A
nmul tilayer fi'lmconprising 5 or nore total layers and at [east 3

pi ezoel eGifebfor @éﬁeéessélébtn‘o'glg @H Br ph %G’Bg%hénadr ﬁ%%lﬁa ,ﬁlh%?é[?é% fhgpar at ed

by one or more intervenin stantia y transp yner layers,

wher ein Saldch pu&nqﬁp?@ GASDELSRIGA APLYIEE o 758l Arbigh TR e

group con5|s uori Vi ny

2%?3??52*‘%6%%?*@% el 3%‘%58% RRTE bh B SR RIS Bl T <

coextruded f
emovmg a voltage.

Example 9
Application as a Display
[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. Tﬁe 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. ltis
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 display 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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2. The filmaccording to claim1, which conprises from10 to 1000 total

pi ezoel ectric and intervening layers. 3. The filmaccording to claiml1,
wher ei n sai@® fab@remkectric |ayers conprise poly(vinyli e) or
copol ymers of poly(vinylidene fluoride) and trifluoro ﬂﬁﬂﬁsﬁ&ﬂﬁ&kgThe film
according to claim1l1, wherein each of said intervening Iayers are the sane
or different. 5. The filmaccording to claim4, wherein said one or nore
non- piezoelectric layers conprise a polynmer selected fromthe group

consi sting of polyal kyl ene napht hal ate, pol yal kyl ene terephthal ate,

pol ycar bonat e, polyarylate, polyam de, polyimde, polyam de-im de,

pol yet her-am de, pol yether-im de, polyaryl ether, polyarylether ketone,

al i phatic pol yketone, polyphenylene sulfide, polysulfone, polystyrene,

pol yacrylg g4o BQ't tﬁ‘ﬁ% léle%&S gbutt{ PrevaRE ALY Kht la@‘?'ﬁéﬁbfi@i%’

| ononmeric resin, ast oner, ne resin, epo ‘resi

pol yur et nﬁfﬂ?oved%?e%gg@c{n 'nqateﬁéag RPaL o AT Aot BETFL s Fhfhiae or ore

non pi ezoel'e oup
consistin th napht h ethylene t erepht hal at e,
poIy(cyc“ﬁﬂ%ﬂ@*@%gﬁﬁJP%%%ﬂﬁwgﬂg r@?@ﬁbﬁ&lgﬁg% pol ynmet hyl net hacryl at e,
pol ycarbonate, and copolyners thereof. 7. The filmaccording to claim1,
wherein said intervening layers conprise a tie |ayer

Example 10
Multicolor Display
[0095] This prophetic example is similar fo Example 9, except that multiple

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 refiects 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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8. The filmaccording to claim?7, wherein the tie |layer conprises nononers
sel ected fromthe group consisting of maleic anhydride, glycidyl
nmet hacryl ate, epoxides and m xtures thereof. 9. The filmaccording to claim
1, which further conprises electrodes on the surface thereof. 10. The film
according to claim1, wherein each layer has a thickness of 0,05 to 5
mcrons. 11. The filmaccording to claim1l, which further conprises one or
nore polarizing |ayers. 50

CLAIMS

| claim:

1. A multilayer film comprising 5 or more total layers and at least 3
piezoelectric layers in which said piezoelectric layers are each separated by one
or more intervening substantially transparent polymer layers,

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,
and

wherein the film is a coextruded film.

2. The film according to claim 1, which comprises from 10 to 1000

total piezoelectric and intervening layers.

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

trifluoroethylene.

4. The film according to claim 1, wherein each of said intervening

layers are the same or different.

5. The film according to claim 4, wherein said one or more non-
piezoelectric layers comprise a polymer selected from the group consisting of
polyalkylene naphthalate, polyalkylene terephthalate, polycarbonate, polyarylate,
polyamide, polyimide, polyamide-imide, polyether-amide, polyether-imide,
polyaryl ether, polyarylether ketone, aliphatic polyketone, polyphenylene sulfide,
polysulfone, polystyrene, polyacrylate, polymethacrylate, cellulose derivative,

polyalkylene, ionomeric resin, elastomer, silicone resin, epoxy resin, and
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polyurethane.

6. The film according to claim 4, 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.

7. The film according to claim 1, wherein said intervening layers

comprise a tie layer.
8. The film according to claim 7, wherein the tie layer comprises
monomers selected from the group consisting of maleic anhydride, glycidyl

methacrylate, epoxides and mixtures thereof.

9. The film according to claim 1, which further comprises electrodes

on the surface thereof.

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

0.05 to 5 microns.

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

polarizing layers.
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