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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a high dielectric film.

BACKGROUND ART

[0002] High dielectric films have a high dielectric constant, and thus they are proposed to be used as, for example, films for
electrowetting.

[0003] The "electrowetting” is a technology of modifying the wettability of a surface of a hydrophobic dielectric film between the
hydrophobic (water-repellent) and hydrophilic states in response to the application of an electric field. The electrowetting
technology enables driving of a conductive liquid on the surface. This mechanism can drive a conductive liquid without any
mechanically movable parts, so that it is advantageous to downsizing and life expansion of devices. Such a situation leads to
proposals in regard to application of electrowetting devices to, in particular, optical elements in display devices, liquid lenses
capable of freely changing their focal lengths, and delivery of low-volume liquid in inspection instruments.

[0004] However, such driving of a conductive liquid requires application of high voltage, which results in high electric energy
consumption of a device. This problem inhibits the practical use of electrowetting devices.

[0005] Here, the wettability of a surface of a hydrophobic dielectric film is represented by a contact angle.

[0006] The contact angle 8, between the conductive liquid and the hydrophobic dielectric film with an applied voltage of V is

known to be represented by the following formula.

&
cos 8, = cos 8, +——1*

Vi

[0007] The symbols in the formula mean the following.

[0008]

8,: contact angle between conductive liquid and hydrophobic dielectric film with voltage of V applied
B¢: contact angle between conductive liquid and hydrophobic dielectric film with no voltage applied
YLg: surface tension of conductive liquid

€: dielectric constant of hydrophobic dielectric film

£g: electric constant under vacuum

1: thickness of dielectric film

V: voltage applied

[0009] As mentioned above, the conductive liquid is driven in response to a change in the wettability of the hydrophobic
dielectric film. Thus, as is clear from the above formula, reduction in the voltage for driving a conductive liquid requires reduction
in the thickness of a dielectric film or an increase in the dielectric constant.

[0010] Reduction in the thickness of a film, however, easily causes generation of pinholes, resulting in electrical breakdown.
Further, in some conventional cases, hydrophobic films are formed from a fluorine material, but such hydrophobic films have a

low dielectric constant (5 or lower).

[0011] In order to solve these problems, for example, Patent Literature 1 proposes a thin dielectric film formed by anodizing
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only the surface of metal which is to serve as an electrode. This thin dielectric film can prevent generation of pinholes, making it
possible to create thinner fiims of the dielectric film, resulting in a low driving voltage. Still, a more improved technique is
demanded which enables driving of a conductive liquid with a lower voltage.

[0012] In order to solve the above problems, Patent Literature 2 discloses a film containing a vinylidene fluoride polymer (A) and
inorganic oxide particles (B). This film is a hydrophobic dielectric film for electrowetting which enables driving of a conductive
liquid with a low voltage.

CITATION LIST

- Patent Literature

[0013]
Patent Literature 1: JP 2008-107826 A

Patent Literature 2: WO 2012/108463

SUMMARY OF INVENTION

- Technical Problem

[0014] Nevertheless, conventional dielectric films containing vinylidene fluoride resin disadvantageously have a high dissipation
factor. The researchers have failed to develop a film having both a high dielectric constant and a low dissipation factor.

[0015] The present invention aims to provide a film having a high dielectric constant and a low dissipation factor.

- Solution to Problem

[0016] The present inventors have performed studies on a film having a high dielectric constant and a low dissipation factor,
thereby finding that a film comprising a vinylidene fluoride/tetrafluoroethylene copolymer at a specific ratio and including a B-
crystal structure at a specific ratio has a high dielectric constant and a low dissipation factor. As a result, the inventors have
completed the present invention.

[0017] Specifically, the present invention relates to a high dielectric film comprising a vinylidene fluoride/tetrafluoroethylene
copolymer (A) and inorganic oxide particles (B), wherein the copolymer (A) has a mole ratio (vinylidene
fluoride)/(tetrafluoroethylene) of 95/5 to 80/20, includes an a-crystal structure and a B-crystal structure, with the ratio of the -
crystal structure being 50% or more, and the thickness of the film is 0.01 to 50 ym.

- Advantageous Effects of Invention

[0018] The high dielectric film of the present invention having the above structure has a high dielectric constant and a low
dissipation factor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is a cross-sectional view illustrating the whole structure of an optical element which is one embodiment of an
electrowetting device.
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Fig. 2 is a schematic diagram illustrating the behavior of the optical element illustrated in Fig. 1.

Fig. 3 is a cross-sectional view illustrating one specific example of a laminate comprising the high dielectric film of the present
invention.

Fig. 4 is a cross-sectional view illustrating another specific example of a laminate comprising the high dielectric film of the
present invention.

Fig. 5 is a cross-sectional view illustrating still another specific example of a laminate comprising the high dielectric film of the
present invention.

Fig. 6 is a cross-sectional view illustrating yet another specific example of a laminate comprising the high dielectric film of the
present invention.

Fig. 7 is a cross-sectional view illustrating the whole structure of an optical element (varifocal lens) which is one embodiment of
an electrowetting device.

DESCRIPTION OF EMBODIMENTS

[0020] The high dielectric film of the present invention comprises a vinylidene fluoride (VdF)/tetrafluoroethylene (TFE)
copolymer (A). The VAF/TFE copolymer (A) satisfies a mole ratio (VAF/TFE) of 95/5 to 80/20. The high dielectric film of the
present invention with a mole ratio (VdF/TFE) within this range has a high dielectric constant and a low dissipation factor. If the
mole ratio of VdF is too low, the film disadvantageously has a low dielectric constant. If the mole ratio of VdF is too high, the o-
crystal structure occupies the most part of the film, so that the film has a high dissipation factor. The mole ratio (VdF/TFE) is
preferably 94/6 to 90/10.

[0021] The composition of the VAF/TFE copolymer (A) can be calculated from the integrated values of the peaks assigned to
the respective monomer units measured by F-NMR using a nuclear magnetic resonance device.

[0022] The VAF/TFE copolymer (A) may or may not further comprise a polymer unit derived from a monomer that is
copolymerizable with VdF and TFE.

[0023] The amount of the polymer unit derived from a monomer that is copolymerizable with VdF and TFE is preferably 0.1 to
10 mol% in 100 mol% of all the polymer units. This amount is more preferably 1 to 5 mol%.

[0024] Examples of the monomer that is copolymerizable with VdF and TFE include fluoroolefins such as chlorotrifluoroethylene
(CTFE), trifluoroethylene (TrFE), monofluoroethylene, hexafluoropropylene (HFP), and perfluoro(alkyl vinyl ether) (PAVE);
fluoroacrylates; and function-containing fluoromonomers. Preferred are CTFE, TrFE, and HFP because they are well soluble in
a solvent.

[0025] The high dielectric film of the present invention includes an a-crystal structure and a B-crystal structure, or includes only
a B-crystal structure. The B-crystal structure constitutes 50% or more of the VAF/TFE copolymer (A). Even though a VdF-rich
VAF/TFE copolymer is likely to be occupied with the a-crystal structure and the high dielectric film of the present invention
comprises a VdF-rich VAF/TFE copolymer (A), the most part of the high dielectric film is occupied with the B-crystal structure.
Therefore, the high dielectric film of the present invention is a novel high dielectric film. Owing to these characteristics, the film
has a high dielectric constant and a low dissipation factor. In addition, the high dielectric film of the present invention is excellent
in insulation properties. Thus, the dielectric constant thereof does not decrease even after long-time application of a high
voltage. The ratio of the f3-crystal structure is preferably 70% or more, and more preferably 80% or more. The (3-crystal structure
may account for 100%.

[0026] The ratio of the B-crystal structure is a value determined from the ratio between the absorbance at the absorption peak

(839 cm‘1) assigned to the B-crystal and the absorbance at the absorption peak (763 cm‘1) assigned to the a-crystal using a
Fourier transform infrared (FT-IR) spectrophotometer.

[0027] The ratio of the B-crystal structure can be calculated on the basis of the results of the FT-IR determination and the

following formula.
F(B) = XB/ (X + XB) = RB/(1.26Rx + AB)
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F(B): ratio of B-crystal structure
Xa: crystallinity of a-crystal

XB: crystallinity of B-crystal
Aa: absorbance at 763 cm’!
AB: absorbance at 839 cm™!

KB/Ka = 1.26 (ratio between absorption coefficient of B-crystal (839 cm‘1) and absorption coefficient of a-crystal (763 cm‘1))

[0028] The VAF/TFE copolymer (A) preferably has a melting point of 130°C to 170°C. The melting point is more preferably
135°C to 165°C, and still more preferably 140°C to 160°C.

[0029] The melting point of the VAF/TFE copolymer (A) is determined as a temperature corresponding to the local maximum on
the heat-of-fusion curve obtained at a temperature-increasing rate of 10°C/min using a differential scanning calorimetry (DSC)

device.

[0030] For good voltage resistance, insulation properties, and high dielectric constant, the dielectric constant (25°C, 1 kHz) of
the VAF/TFE copolymer (A) is preferably 7 or higher, more preferably 8 or higher, and still more preferably 9 or higher.

[0031] The upper limit of the dielectric constant is not particularly limited, and it is, for example, 12.
[0032] The dielectric constant (¢) of the VAF/TFE copolymer (A} is a value calculated from the capacitance (C) measured using
an LCR meter, the area (S) of the electrode, and the thickness (d) of the film using the following formula:

C =158 x g5 x 5/d
wherein gg represents the electric constant under vacuum.

[0033] For high dielectricity, the high dielectric film of the present invention preferably comprises 80% by mass or more, more
preferably 85% by mass or more, and still more preferably 90% by mass or more of the VAF/TFE copolymer (A). The upper limit
of the amount of the VAF/TFE copolymer (A} is not limited, and may be 100% by mass or 99% by mass, for example.

[0034] The high dielectric film of the present invention further comprises inorganic oxide particles (B).

[0035] The inorganic oxide particles (B) give a high dielectric constant to the high dielectric film of the present invention.

[0036] Also, the particles (B) can greatly improve the volume resistivity while maintaining the high dielectric constant.

[0037] The inorganic oxide particles (B) used in the present invention preferably comprise at least one of the following inorganic
oxide particles.

[0038] (B1) Inorganic oxide particles of a metal element selected from group 2, group 3, group 4, group 12, or group 13 of the
periodic table, or inorganic oxide composite particles thereof.

[0039] Examples of the metal element include Be, Mg, Ca, Sr, Ba, Y, Ti, Zr, Zn, and Al. In particular, an oxide of Al, Mg, Y, or Zn
is preferred because it can be used for many purposes and is inexpensive, and has a high volume resistivity.

[0040] Specifically, particles of at least one selected from the group consisting of AloO3, MgO, ZrO,, Y203, BeO, and MgO-Al,O3
are preferred because these particles have a high volume resistivity.

[0041] In particular, Al,O3 whose crystal structure is the y type is preferred because it has a large specific surface area and is
well dispersible in the VAF/TFE copolymer (A).

[0042] (B2) Inorganic oxide composite particles represented by the formula (1):

M131M2510c4
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wherein M! is a metal element in group 2; M? is a metal element in group 4;a1is0.9t01.1;b1is0.9to 1.1; ¢1is 2.8 to 3.2; and

M1 and M2 may each include multiple metal elements.

[0043] Preferable examples of the metal element in group 4 include Ti and Zr, and preferable examples of the metal element in
group 2 include Mg, Ca, Sr, and Ba.

[0044] Specifically, particles of at least one selected from the group consisting of BaTiO3, SrTiOs, CaTiO3, MgTiOs, BaZrOa,
8SrZrO3, CaZrOs;, and MgZrO3 are preferred because these particles have a high volume resistivity.

[0045] (B3) Inorganic oxide composite particles of silicon oxide and an oxide of a metal element in group 2, group 3, group 4,
group 12, or group 13 of the periodic table.

[0046] Such particles are composite particles of the inorganic oxide particles (B1) and silicon oxide. Specific examples thereof
include particles of at least one selected from the group consisting of 3A1,03-28i05, 2MgO-8iO5, ZrO5-SiO5, and MgO.SiO».

[0047] The inorganic oxide particles (B) do not necessarily have a high dielectricity, and they may appropriately be selected in
accordance with the purpose of the resulting high dielectric film.

[0048] For example, use of the oxide particles (B1) of one inexpensive metal which can be used in many uses, in particular
AlbO4 or MgO, can improve the volume resistivity. The dielectric constant (1 kHz, 25°C) of the oxide particles (B1) of one metal

is typically lower than 100, and preferably 10 or lower.

[0049] In order to improve the dielectric constant, the inorganic oxide particles (B) may be metal oxide particles (e.g., one
species of the particles (B2) and (B3)) having ferroelectricity (having a dielectric constant (1 kHz, 25°C) of 100 or higher).

[0050] Examples of the inorganic material constituting the ferroelectric metal oxide particles (B2) and (B3) include, but are not
limited to, composite metal oxides, and complexes, solid solutions, and sol-gel materials thereof.

[0051] The high dielectric film of the present invention preferably contains 0.01 to 300 parts by mass of the inorganic oxide
particles (B) for 100 parts by mass of the copolymer (A). The amount of the particles (B) is more preferably 0.1 to 100 parts by
mass.

[0052] Too much inorganic oxide particles (B) may be difficult to disperse in the copolymer (A) uniformly, and may deteriorate
the electric insulation properties (voltage resistance).

[0053] A high dielectric film in which the amount of the inorganic oxide particles (B) is not smaller than 0.01 parts by mass but
smaller than 300 parts by mass for 100 parts by mass of the copolymer (A) is one preferable embodiment of the present
invention. A film containing 300 parts by mass or more of the particles (B) may be fragile and have a low tensile strength. In this
case, the upper limit of the amount of the particles (B) is more preferably 200 parts by mass, and still more preferably 150 parts
by mass. Too less inorganic oxide particles (B) are less likely to improve the electric insulation properties. Thus, the lower limit of
the amount of the particles (B) is more preferably 0.1 parts by mass, still more preferably 0.5 parts by mass, and particularly
preferably 1 part by mass.

[0054] The inorganic oxide particles (B) preferably have as small an average primary particle size as possible, and are
particularly preferably what is called nanoparticles having an average particle size of 1 ym or smaller. Even a small amount of
such inorganic oxide nanoparticles dispersed uniformly can greatly improve the electric insulation properties of the film. The
average primary particle size is more preferably 800 nm or smaller, still more preferably 500 nm or smaller, and particularly
preferably 300 nm or smaller. The average particle size may have any lower limit. In order to avoid difficulty in production and
uniform dispersion, and to suppress a cost increase, the average primary particle size is preferably 10 nm or greater, more
preferably 20 nm or greater, and still more preferably 50 nm or greater.

[0055] The average primary particle size of the inorganic oxide particles (B) was determined using a laser diffraction scattering
particle size distribution analyzer (trade name: LA-920, HORIBA, Ltd.).

[0056] The inorganic oxide particles (B) preferably have a dielectric constant (25°C, 1 kHz) of 10 or higher. In order to increase
the dielectric constant of the resulting high dielectric film, the dielectric constant of the particles (B) is more preferably 100 or

higher, and still more preferably 300 or higher. The upper limit is not particularly limited, and is typically about 3000.

[0057] The dielectric constant () (25°C, 1 kHz) of the inorganic oxide particles (B) is a value calculated on the basis of the
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capacitance (C) determined using an LCR meter, the electrode area (S), and the thickness (d) of a sintered body using the
following formula:

C=1¢x g x 3/d

wherein gg represents the electric constant under vacuum.

(Other components)

[0058] The high dielectric film of the present invention may contain other components such as an affinity improver, if desired.

[0059] An affinity improver can improve the affinity between the inorganic oxide particles (B) and the copolymer (A), allow the
inorganic oxide particles (B) to disperse uniformly in the copolymer (A), bond the inorganic oxide particles (B) and the copolymer
(A) firmly in the film, suppress generation of voids, and increase the dielectric constant.

[0060] The affinity improver may advantageously be a coupling agent, a surfactant, or an epoxy-containing compound.

[0061] Examples of the "coupling agent" as an affinity improver include organotitanium compounds, organosilane compounds,
organozirconium compounds, organoaluminum compounds, and organophosphorus compounds.

[0062] Examples of the organotitanium compounds include coupling agents such as titanium alkoxylates, titanium chelates, and
titanium acylates. Preferable examples among these include titanium alkoxylates and titanium chelates because they have good
affinity with the inorganic oxide particles (B).

[0063] Specific examples thereof include tetraisopropyl titanate, titanium isopropoxy octylene glycolate,
diisopropoxy-bis(acetylacetonato)titanium, diisopropoxy titanium diisostearate, tetraisopropyl bis(dioctylphosphite)titanate,
isopropyl triiln-aminoethyl-aminoethyl)titanate, and tetra(2,2-diallyloxymethyl-1-butyl)bis(di-tridecyl)phosphite titanate.

[0064] The organosilane compound may be of a high molecular weight type or a low molecular weight type. Examples thereof
include alkoxysilanes such as monoalkoxysilanes, dialkoxysilanes, trialkoxysilanes, and tetraalkoxysilanes. Also, vinylsilane,
epoxysilane, aminosilane, methacryloxysilane, mercaptosilane may suitably be used.

[0065] An alkoxysilane can be hydrolyzed to much more improve the volume resistivity (improve the electric insulation
properties), which is one effect of surface treatment.

[0066] Examples of the organozirconium compounds include alkoxy zirconium compounds and zirconium chelates.
[0067] Examples of the organoaluminum compounds include alkoxy aluminum compounds and aluminum chelates.

[0068] Examples of the organophosphorus compounds include phosphorous acid esters, phosphoric acid esters, and
phosphoric acid chelates.

[0069] The "surfactant" as an affinity improver may be of a high molecular weight type or a low molecular weight type. Examples
thereof include nonionic surfactants, anionic surfactants, and cationic surfactants. Preferred are high molecular weight
surfactants because they have good heat stability.

[0070] Examples of the nonionic surfactants include polyether derivatives, polyvinylpyrrolidone derivatives, and alcohol
derivatives. Preferred among these are polyether derivatives because they have good affinity with the inorganic oxide particles

(B).

[0071] Examples of the anionic surfactants include sulfonic acid and carboxylic acid, and polymers containing a salt of such an
acid. Preferable examples thereof include acrylic acid derivative-based polymers and methacrylic acid derivative-based
polymers because they have good affinity with the copolymer (A).

[0072] Examples of the cationic surfactant include aminebased compounds and nitrogen-containing heterocyclic compounds
such as imidazoline, and halogenated salts thereof.

[0073] The "epoxy-containing compound" as an affinity improver may be a low molecular weight compound or a high molecular
weight compound. Examples thereof include epoxy compounds and glycidyl compounds. Preferred are low molecular weight
compounds having one epoxy group because they have good affinity with the copolymer (A).
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[0074] Preferable examples of the epoxy-containing compounds include a compound represented by the formula:
o3

R—{Cfod—tond-cu—cn,

; e o -\0}/
wherein R represents a hydrogen atom, a methyl group, a C2-C10 hydrocarbon group which may optionally include an oxygen
atom or a nitrogen atom, or an optionally substituted aromatic ring; 1is 0 or 1; mis 0 or 1; and n is an integer of 0 to 10. This is
because such a compound is particularly excellent in affinity with the copolymer (A) .

[0075] Specific examples thereof include the compounds represented by the following formulas:
%]

CH =R —— e~ = O H

Cliyr GG il G Ol
o
)
CHES O H e e CHy— = O
&
]
CH = G G = U Ol
£

each having a ketone group or an ester group.

[0076] The affinity improver can be used in an amount which does not deteriorate the effects of the present invention.
Specifically, in order to achieve uniform dispersion of the particles and a high dielectric constant of the resulting film, the amount
of the affinity improver is preferably 0.01 to 30 parts by mass, more preferably 0.1 to 25 parts by mass, and still more preferably
1 to 20 parts by mass for 100 parts by mass of the inorganic oxide particles (B).

[0077] The high dielectric film of the present invention may further contain other additives in amounts which do not deteriorate
the effects of the present invention.

[0078] The thickness of the high dielectric film of the present invention depends on the use of the film and it is 0.01 to 50 ym,
and preferably 0.1 to 30 ym.

[0079] In the case of a hydrophobic dielectric film for electrowetting devices, the thickness is preferably 15 ym or smaller, more
preferably 10 ym or smaller, still more preferably 5 ym or smaller, and particularly preferably 2 um or smaller so as to lower a
voltage required for driving a conductive liquid. The high dielectric film of the present invention is preferably thin. Still, in order to
maintain the mechanical strength, the lower limit of the thickness is typically about 10 nm.

[0080] The dielectric constant (measurement conditions: 30°C, 1 kHz or 10 kHz) of the high dielectric film of the present
invention is preferably 10 or higher, more preferably 11 or higher, and still more preferably 12 or higher.

[0081] The dielectric constant measured at 90°C also preferably satisfies the above range.

[0082] The high dielectric film of the present invention may be a self-supporting film or may be a coated film.

(Method of producing high dielectric film)

[0083] In the VAF/TFE copolymer disclosed in the examples of Patent Literature 2, the ratio of VdF is low and the ratio of TFE is
high, so that the resulting film naturally has a B-crystal structure. As the ratio of VdF increases, the film is more likely to have an
a-crystal structure. The present inventors have found that a high dielectric film produced by a casting technique in very
restricted conditions can have a p-crystal structure at a high ratio even when a VAF/TFE copolymer with a high VdF ratio is used
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as a material. In other words, the high dielectric film of the present invention can be produced by the following novel casting
technique.

[0084] The high dielectric film of the present invention can be produced by a method including:

1. (1) preparing a liquid composition by dissolving or dispersing a copolymer (A) and, if necessary, inorganic oxide particles
(B) and an affinity improver in a solvent,

2. (2) forming a film by applying the liquid composition to a substrate and drying the composition at a temperature higher
than the melting point of the copolymer (A), and

3. (3) optionally peeling the film off the substrate.

[0085] With a drying temperature higher than the melting point of the copolymer (A) in the above production method utilizing a
casting technique, a high dielectric film including 50% or more of the B-crystal structure can be produced even from a copolymer
containing much VdF and less TFE as a material. The drying temperature is more preferably 10°C or more higher than the
melting point of the copolymer (A).

[0086] Specifically, the drying temperature is preferably 160°C or higher, more preferably 170°C or higher, and particularly
preferably 175°C or higher, for example. The upper limit of the drying temperature preferably falls within a range that causes no
creases due to melting or heat shrinkage of a film, and may be 200°C, for example.

[0087] In order to easily provide a high dielectric film including 50% by mass or more of the pB-crystal structure, the drying time in
the casting production method is preferably 0.75 to 4/3 minutes, and more preferably 1 to 4/3 minutes.

[0088] The drying can be achieved by passing the film through a drying furnace. With a drying furnace whose total length is 10
m (e.g., 2 m x 5 pieces), for example, the drying can be achieved by passing the film through the drying furnace at a rate of 7.5
to 10 m/min.

[0089] The casting production method is preferably performed in a cleanroom, and more preferably in a class 1000 or better
(e.g. class 500, class 100, class 10, or class 1) cleanroom in conformity with FED-STD-209D (Federal Specifications and
Standards).

[0090] The solvent may be any one which allows the copolymer (A) to be uniformly dissolved or dispersed therein. In particular,
a polar organic solvent is preferred. Preferable examples of the polar organic solvent include ketone solvents, ester solvents,
carbonate solvents, cyclic ether solvents, and amide solvents. Preferable specific examples thereof include methyl ethyl ketone,
methyl isobutyl ketone (MIBK), acetone, diethyl ketone, dipropyl ketone, ethyl acetate, methyl acetate, propyl acetate, butyl
acetate, ethyl lactate, dimethyl carbonate, diethyl carbonate, dipropyl carbonate, methyl ethyl carbonate, tetrahydrofuran, methyl
tetrahydrofuran, dioxane, dimethyl formamide (DMF), and dimethyl acetamide.

[0091] Examples of a method of applying a liquid composition to a substrate include knife coating, cast coating, roll coating,
gravure coating, blade coating, rod coating, air doctor coating, and slot die coating. Preferred is gravure coating or slot die
coating because such coating are easy to perform, cause less variations in thickness, and is excellent in productivity.

[0092] Such coating techniques can provide a very thin high dielectric film.

[0093] The high dielectric film of the present invention has a high dielectric constant and a low dissipation factor. The film thus
enables driving of a conductive liquid at a low voltage, so that it can suitably be used for electrowetting devices in optical
elements, display devices, varifocal lenses, optical modulators, optical pickups, optical recording and regenerating devices,
developing devices, drop operating devices, and analytical equipment (e.g., chemical, biochemical, or biological analytical
equipment which requires removal of a minute conductive liquid for analysis of a sample). Since the high dielectric film of the
present invention is flexible, it can suitably be used for the aforementioned various applications.

[0094] Since the high dielectric film of the present invention has a high dielectric constant and a low dissipation factor, it can
suitably be used as a film for film capacitors. In addition, since its high dielectricity, which is a characteristic of a vinylidene
fluoride-based resin, does not deteriorate even after long term application of a voltage, the high dielectric film is advantageous
as a film for film capacitors.

[0095] When the high dielectric film of the present invention is used as a hydrophobic dielectric film in an electrowetting device,
an electric charge applied to the surface of the film changes the wettability of the surface, driving the conductive liquid in contact
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with the surface. When an electric charge is applied to the surface of the high dielectric film of the present invention, the electric
charge is stored on the surface. The Coulomb force of this electric charge then drives the liquid in a short distance.

[0096] Examples of the conductive liquid include, but are not limited to, water and aqueous solutions containing an electrolyte
(e.g. potassium chloride, sodium chloride). A conductive liquid is typically a polar liquid.

[0097] The phrase "driving the conductive liquid" herein means transferring the conductive liquid and transforming the
conductive liquid.

[0098] In order to use the high dielectric film of the present invention for the aforementioned electrowetting devices, for
example, a laminate may be prepared which comprises a substrate, an electrode disposed on at least part of the substrate, a
high dielectric inorganic layer disposed on the substrate such that it covers the electrode, and the high dielectric film of the
present invention disposed on the high dielectric inorganic layer (for example, see Fig. 3).

[0099] The laminate may further comprise a water-repellent layer on the high dielectric film of the present invention (for
example, see Fig. 4). The water-repellent layer can improve the water repellency of the laminate surface, enabling effective
driving of the conductive liquid.

[0100] When the electrode is formed on one entire surface of the substrate, this electrode is disposed between the substrate
and the high dielectric inorganic layer.

[0101] The laminate may comprise no high dielectric inorganic layer. For example, a laminate may comprise a substrate, an
electrode disposed on at least part of the substrate, and the high dielectric film of the present invention disposed on the
substrate such that it covers the electrode (for example, see Fig. 5).

[0102] This laminate may further comprise a water-repellent layer on the high dielectric film of the present invention (for
example, see Fig. 6).

[0103] The laminate may comprise high dielectric film of the present invention and one or more water-repellent layers.

[0104] For example, a laminate may comprise
a substrate,
an electrode disposed on at least part of the substrate, and

a layered structure with three or more layers comprising one or more high dielectric films of the present invention and one or
more water-repellent layers, the layered structure being disposed on the substrate such that it covers the electrode.

[0105] The layered structure may further comprise one or more high dielectric inorganic layers.

[0106] The substrate may comprise an optically transparent insulating material such as glass or transparent resin. Still, the
material may be any one capable of carrying an electrode thereon. Examples of the transparent resin include polyethylene
terephthalate (PET) resin, polycarbonate (PC) resin, polyimide (PI) resin, poly(methyl methacrylate) (PMMA), and polystyrene
resin.

[0107] The substrate may have any thickness, and the thickness may be, for example, 1 ym to 100 mm.

[0108] The electrode may comprise a transparent conductive material such as indium oxide (In,O3) , tin dioxide (SnOy), or
indium tin oxide (ITO), which is a mixture of In,O3 and SnO». The electrode may be an Iny03 film, a SnO5 film, or an ITO film
doped with tin (Sn), antimony (Sb), or fluorine (F) .

[0109] The electrode may also comprise magnesium oxide (MgO) or zinc oxide (ZnO), for example. The electrode may also be
an AZO film (an aluminum-doped (Al-doped) ZnO film), a GZO film (a gallium-doped (Ga-doped) ZnO film}), or an indium-doped
ZnO film.

[0110] The electrode may also comprise any transparent organic conductive material selected from conductive polymers such
as thiophene conductive polymers, polyaniline, and polypyrrole; or any metal material such as aluminum, copper, chromium,
nickel, zinc, stainless steel, gold, silver, platinum, tantalum, titanium, niobium, and molybdenum.
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[0111] The high dielectric inorganic layer preferably has not only high insulation properties but also a high dielectric constant.
For example, preferably, the insulation properties and the dielectric constant of the high dielectric inorganic layer are
substantially equal to those of the high dielectric film of the present invention. The existence of this high dielectric inorganic layer
can improve the electric insulation properties and the voltage resistance of the laminate.

[0112] The high dielectric inorganic layer may comprise an inorganic insulating coating material containing silica. Examples of
such an inorganic insulating coating material include commercially available inorganic coating materials (e.g., AT-201 (trade
name), Nissan Chemical Industries, Ltd.).

[0113] In order to achieve high electric insulation properties and high voltage resistance, the high dielectric inorganic layer

preferably has a volume resistivity of 101 Q-cm or higher, more preferably 101% Q-cm or higher, and still more preferably 101®
Q-cm or higher.

[0114] In order to achieve good improvement in insulation properties and voltage resistance, the lower limit of the thickness of
the high dielectric inorganic layer is preferably 0.5 um, more preferably 1 ym, and still more preferably 2 ym. In order to
maintain high dielectricity, the upper limit thereof is preferably 5 um, and more preferably 3 um.

[0116] The water-repellent layer comprises an insulator. Examples of the material constituting the water-repellent layer include
polyparaxylylene and the following fluoropolymers.

[0116] The water-repellent layer can be formed by a method of producing a polyparaxylylene film by chemical vapor deposition
(CVD), or a method of coating a high dielectric fim with a material which is a fluoropolymer, selected from fluoroalkyl polymers,
polytetrafluoroethylene (PTFE), AF1600 (Du Pont), CYTOP (ASAHI GLASS CO., LTD.), OPTOOL DSX (DAIKIN INDUSTRIES,
Ltd. ).

[0117] The water-repellent layer may have any thickness, and it is preferably thinner than the high dielectric film of the present
invention. For example, the water-repellent layer is preferably 10 um or smaller in thickness. The lower limit of the thickness of
the water-repellent layer may be 0.01 nm, or may be 0.1 nm, for example.

[0118] Such a laminate can be produced as follows, for example.

[0119] An electrode is formed on a substrate like the aforementioned one by sputtering or vapor deposition. Next, a solution of
an inorganic insulating coating material is applied to the main surface of the substrate by, for example, spin coating so as to
cover the electrode, and then the coated material is fired to provide a high dielectric inorganic layer. Next, the high dielectric film
of the present invention is formed on the high dielectric inorganic layer by, for example, the casting technique described above
in the method of producing a high dielectric film. Thereby, a laminate is produced.

Electrowetting device

[0120] The high dielectric film of the present invention can suitably be used as a film for electrowetting devices.

[0121] Thus, a further embodiment of the present invention refers to an electrowetting device comprising

1. (i) a first electrode,

2. (ii) a second electrode,

3. (iii) a conductive liquid 106 contained between the first electrode and the second electrode, the conductive liquid being
traversable therebetween and

4. (iv) the high dielectric film of the present invention which is disposed between the first electrode and the conductive liquid,
and which insulates the first electrode from the second electrode, or comprising

5. (v) a cylindrical insulator 703 comprising the film according to the invention,

6. (vi) a ring-shaped first electrode 702 disposed on the exterior of the cylindrical insulator 703,

7. (vii) a second electrode 707 disposed opposite to the ring-shaped first electrode 702 across the cylindrical insulator 703,
and

8. (viii) a conductive liquid 706 contained inside the cylindrical insulator 703 and being traversable therein.
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[0122] When a predetermined voltage is applied between the first electrode and the second electrode in the first electrowetting
device of the present invention, an electric field is applied to the surface of the high dielectric film. This enables driving of the
conductive liquid as mentioned hereinabove with respect to the high dielectric film of the present invention.

[0123] The conductive liquid is a liquid material having polarity, and examples thereof include water and aqueous solutions
containing an electrolyte (e.g., potassium chloride, sodium chloride).

[0124] Preferably, the conductive liquid is the same as one mentioned hereinabove with respect to the high dielectric film of the
present invention and has low viscosity.

[0125] The first electrode and the second electrode can be the same as the respective electrodes mentioned hereinabove with
respect to the laminate.

[0126] The electrowetting device of the present invention can suitably be applied to optical elements, display devices, varifocal
lenses, optical modulators, optical pickups, optical recording and regenerating devices, developing devices, drop operating
devices, stroboscopic devices, and analytical equipment (e.g., chemical, biochemical, or biological analyzers which require the
movement of minute conductive liquid for sample analysis).

[0127] The following will describe an optical element which is one embodiment of the electrowetting device of the present
invention referring to the drawings. For the sake of clarity, the drawings are not to scale. The following constituent features are
not necessarily the essential constituent features of the present invention. In the drawings, the same reference numeral
indicates the same component unless otherwise mentioned.

[0128] Fig. 1 is a cross-sectional view for illustrating the structure of an optical element 100 which is one embodiment of the first
electrowetting device of the present invention. The optical element 100 of Fig. 1 has two cell regions z. The optical element may
have any number of cell regions z in the right and left direction and in the forward and backward direction of Fig. 1. For
example, the number of cell regions z may be one.

[0129] The optical element 100 comprises a first substrate 101, a first electrode 102, a high dielectric film 103, partitions 104,
hydrophobic liquids 105, a conductive liquid 106, a second electrode 107, a second substrate 108, and side walls 109. A control
unit 200 comprises a switch 201 and a power source 202.

[0130] The first substrate 101 and the second substrate 108 are supported by the side walls 109 so as to be opposite to each
other.

[0131] The first substrate 101 and the second substrate 108 each comprise the material mentioned hereinabove with respect to
the substrate of the laminate.

[0132] The first substrate 101 is provided with a drive element 111 and a signal line (e.g., electric wire, not illustrated) for each
cell region z. The signal line is configured to transmit a signal which is emitted from the control unit 200 and which enables
individual driving of the drive element 111 (e.g., a thin film transistor).

[0133] The first electrode 102 is divided into multiple parts, insulated from each other, and each of the electrode part is disposed
in correspondence to each cell region z, so that a voltage can individually be applied to each cell region z. Each part of the first
electrode 102 is connected with the corresponding drive element 111.

[0134] The first electrode 102 and the second electrode 107 each comprise the aforementioned material.

[0135] The high dielectric film 103 is the high dielectric film of the present invention described above.

[0136] The partitions 104 are members defining the cell regions z, which are unit regions where light passes. They are vertically
disposed on the high dielectric film 103.

[0137] The material of the partitions 104 needs not to dissolve in and not to react with the hydrophobic liquid 105 or the
conductive liquid 106. Examples of such a material include polymeric materials such as acrylic resin and epoxy resin.

[0138] The surface of each partition 104 may be subjected to hydrophilization so as to show the affinity with the conductive
liquid 106. The hydrophilization may be achieved by any known method such as ultraviolet irradiation, oxygen plasma
irradiation, and laser irradiation.
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[0139] Each cell region z defined by the partitions 104 contains the hydrophobic liquid 105. In other words, the partitions 104
prevent the hydrophobic liquid 105 from moving (flowing out) to the adjacent cell regions z. The hydrophobic liquid 105 in each
cell region z is preferably in an amount enough to cover the whole surface of the high dielectric film 103 in the cell region z when
no electric field is applied to the surface of the high dielectric film 103.

[0140] The hydrophobic liquid 105 contains a hydrophobic organic solvent as a medium. Examples of the hydrophobic organic
solvent include CB6-C35 hydrocarbons such as hexane, octane, decane, dodecane, hexadecane, undecane, benzene, toluene,
xylene, mesitylene, butyl benzene, and 1,1-diphenyl ethylene; and silicone oils.

[0141] These hydrophobic organic solvents may be used alone or in combination.

[0142] The hydrophobic liquid 105 contains a pigment or a dye which absorbs light with a predetermined wavelength (e.g.,
visible light). The pigment or dye is dispersed or dissolved in the medium.

[0143] Examples of the pigment include titanium oxide, iron oxide, carbon black, azo pigments (e.g., azo lake), and polycyclic
pigments (e.g., phthalocyanine pigments, perylene pigments, perinone pigments, anthrachinon pigments, quinacridone
pigments, isoindolinone pigments, quinophthalone pigments). Preferably, the pigment is highly dispersible in the hydrophobic
liquid 105.

[0144] Examples of the dye include Oil Blue N (Aldrich). Preferably, the dye is highly soluble in the hydrophobic liquid 105.
[0145] Preferably, the hydrophobic liquid 105 has low viscosity and is non-miscible with the conductive liquid 106.

[0146] The hydrophobic liquid 105 is usually a nonpolar liquid. The hydrophobic liquid 105 is also usually nonconductive liquid.
[0147] The conductive liquid 106 is contained between the high dielectric film 103 and the second electrode 107. The
hydrophobic liquid 105 and the conductive liquid 106 are separated from each other to form two layers. The space between the
high dielectric film 103 and the second electrode 107 is preferably filled with the hydrophobic liquid 105 and the conductive liquid

106. Even in this case, the conductive liquid 106 is movable because the hydrophobic liquid 105 is a fluid.

[0148] The conductive liquid 106 is a transparent liquid material having polarity, and examples thereof include water and
aqueous solutions containing an electrolyte (e.g., potassium chloride, sodium chloride).

[0149] Preferably, the conductive liquid 106 has low viscosity and is non-miscible with the hydrophobic liquid 105.

[0150] The side walls 109 are sealing materials which seal the hydrophobic liquid 105 and the conductive liquid 106 together
with the first substrate 101 and the second substrate 108. Examples of the material constituting the side walls 109 include
silicone.

[0151] The control unit 200 controls the driving of the optical element 100.

[0152] The control unit 200 comprises a switch 201 and a power source 202.

[01563] One terminal of the switch 201 is connected with the second electrode 107 by a conductor, and the other terminal
thereof is connected with the first electrode 102 through the power source 202 and the drive element 111 by a conductor.

[0154] The state of the switch 201 can be selected from the two states, in other words, the ON state in which the terminals are
electrically connected with each other and the OFF state in which the terminals are electrically insulated from each other.

[0155] The power source 202 is preferably capable of changing the voltage magnitude and keeping the voltage constant.

[0156] Thus, the control unit 200 can apply a certain voltage between the first electrode 102 and the second electrode 107 by
operating the switch 201 and controlling the voltage of the power source 202. A cell region z to be supplied with a
predetermined voltage can be selected by selecting the drive element 111 via a gate driver (not illustrated).

[0157] Next, the behavior of the optical element 100 with the aforementioned structure will be described referring to Fig. 2. Fig.
2 is a schematic diagram illustrating the behavior of the optical element illustrated in Fig. 1, which shows an enlarged cell region
z of the optical element 100.
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[0158] When the switch 201 is turned off in the control unit 200 and no voltage is applied between the first electrode 102 and
the second electrode 107, the hydrophobic liquid 105 colored with a pigment or a dye spreads to cover the entire cell region z,
as shown in Fig. 2(A). Thereby, if the hydrophobic liquid 105 absorbs the entire range of the visible light wavelength, the light L,

incident on a certain cell region z from the side of the first substrate 101 in Fig. 2(A) is blocked by the hydrophobic liquid 105,
failing to pass through the cell region z. When the switch 201 is turned on in the control unit 200 and a voltage is applied
between the first electrode 102 and the second electrode 107, as shown in Fig. 2(B), the conductive liquid 106 is in contact with
the high dielectric film 103 at a partial region (region b) of the cell region z, while the hydrophobic liquid 105 gathers at the other
partial region (region-a) of the cell region z. Thus, the light component L;, 5 incident on the region-a among the components of

the light L;, incident on a certain cell region z from the side of the first substrate 101 is blocked by the hydrophobic liquid 105,
but the remaining light component L;,_p incident on the region b passes through the region as a transmitted light Lout.

[0159] Fig. 3 shows one specific example of a laminate comprising the high dielectric film of the present invention.

[0160] A laminate 150 comprises

a first substrate 101,

a first electrode 102 disposed on at least part of the first substrate 101,

a high dielectric inorganic layer 112 which is disposed on the first substrate 101 and which covers the first electrode 102, and

a high dielectric film 103 disposed on the high dielectric inorganic layer 112.

[0161] The high dielectric inorganic layer 112 comprises the aforementioned material.
[0162] The first substrate 101, the first electrode 102, and the high dielectric film 103 are the same as those shown in Fig. 1.

[0163] Such a laminate 150 can take the place of the part consisting of the first substrate 101, the first electrode 102, and the
high dielectric film 103 in the optical element 100 shown in Fig. 1.

[0164] Fig. 4 shows another specific example of a laminate comprising the high dielectric film of the present invention.

[0165] A laminate 151 comprises

a first substrate 101,

a first electrode 102 disposed on at least part of the first substrate 101,

a high dielectric inorganic layer 112 which is disposed on the first substrate 101 and which covers the first electrode 102,
a high dielectric film 103 disposed on the high dielectric inorganic layer 112, and

a water-repellent layer 113 disposed on the high dielectric film 103.

[0166] The high dielectric inorganic layer 112 and the water-repellent layer 113 comprise the aforementioned materials.
[0167] The first substrate 101, the first electrode 102, and the high dielectric film 103 are the same as those shown in Fig. 1.

[0168] Such a laminate 151 can take the place of the part consisting of the first substrate 101, the first electrode 102, and the
high dielectric film 103 in the optical element 100 shown in Fig. 1.

[0169] Fig. 5 shows still another specific example of a laminate comprising the high dielectric film of the present invention.

[0170] A laminate 152 comprises
a first substrate 101,
a first electrode 102 disposed on at least part of the first substrate 101, and

a high dielectric film 103 which is disposed on the first substrate 101 and which covers the first electrodes 102.
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[0171] The first substrate 101, the first electrode 102, and the high dielectric film 103 are the same as those shown in Fig. 1.

[0172] Such a laminate 152 can take the place of the part consisting of the first substrate 101, the first electrode 102, and the
high dielectric film 103 in the optical element 100 shown in Fig. 1.

[0173] Fig. 6 shows still another specific example of a laminate comprising the high dielectric film of the present invention.

[0174] A laminate 153 comprises

a first substrate 101,

a first electrode 102 disposed on at least part of the first substrate 101,

a high dielectric film 103 which is disposed on the first substrate 101 and which covers the first electrode 102, and

a water-repellent layer 113 disposed on the high dielectric film 103.

[0175] The water-repellent layer 113 comprises the aforementioned material.
[0176] The first substrate 101, the first electrode 102, and the high dielectric film 103 are the same as those shown in Fig. 1.

[0177] Such a laminate 153 can take the place of the part consisting of the first substrate 101, the first electrode 102, and the
high dielectric film 103 in the optical element 100 shown in Fig. 1.

[0178] In another embodiment the electrowetting device of the present invention comprises(v) a cylindrical insulator 703
comprising the film according to the invention,

(vi) a ring-shaped first electrode 702 disposed on the exterior of the cylindrical insulator 703,
(vii) a second electrode 707 disposed opposite to the ring-shaped first electrode 702 across the cylindrical insulator 703, and

(viii} a conductive liquid 706 contained in the cylindrical insulator 703, the conductive liquid 706 being traversable therein,

[0179] The following will describe an optical element (varifocal lens) which is one embodiment of the second electrowetting
device of the present invention referring to the drawings, but the present invention is not limited to this embodiment. In order to
give priority to ease of understanding, these drawings are not to scale. The following constituent features are not necessarily the
essential constituent features of the present invention. In the drawings, the same reference numeral indicates the same
component unless otherwise mentioned.

[0180] Fig. 7 is a cross-sectional view illustrating the whole structure of an optical element (varifocal lens) which is one
embodiment of the second electrowetting device of the present invention.

[0181] In the present embodiment, a cylindrical side member 716, a translucent bottom member 717, and a translucent top
member 715 are used as cell members.

[0182] A cylindrical insulation layer 703 is disposed on the inner surface of the side member 716, and a surface layer 718 is
disposed on the insulation layer 703 at the portion overlapping the upper portion of the side member 716. Ring-shaped
electrodes 702a, 702b, 702c¢, 702d, and 702e are disposed on the exterior of the cylindrical insulation layer 703.

[0183] A conductive liquid 706 is contained inside the cylindrical insulation layer 703, the conductive liquid being traversable
therein. An electrode 707 is disposed opposite to the ring-shaped electrodes 702a, 702b, 702c, 702d, and 702e across the
cylindrical insulator (inside the cylindrical insulation layer 703) and is in contact with the conductive liquid 706.

[0184] One terminal of a power source V is connected with the electrode 707 by a conductor, while the other terminal is
connected with the ring-shaped electrode 702a.
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[0185] A hydrophobic liquid 705 is contained inside the cylindrical insulation layer 703, the hydrophobic liquid being traversable
therein. The hydrophobic liquid 705 is in contact with the insulation layer 703 at the portion overlapping the lower portion of the
side member 716.

[0186] The surface layer 718 preferably comprises a material having higher affinity (affinity force) for the conductive liquid 706
than for the hydrophobic liquid 705.

[0187] In the present embodiment, the ring-shaped electrodes 702a, 702b, 702c, 702d, and 702e, which are axially symmetric
around the optical axis C, are disposed at different heights outside the insulation layer 703. In Fig. 7, the voltage supply V is
connected only with the electrode 702a, but may appropriately be connected with any of the other electrodes 702b, 702c¢, 702d,
and 702e so that the supply V can apply a voltage to a desired ring-shaped electrode. As the voltage values applied to the ring-
shaped electrodes are decreased in the order of the electrodes 702b, 702c, 702d, and 702e and the values are continuously
changed, the state of the hydrophobic liquid 705 can continuously be changed from the state A to the state B.

[0188] The cylindrical insulation layer 703 comprises the high dielectric film of the present invention, and may comprise the
aforementioned high dielectric inorganic layer and water-repellent layer.

[0189] For example, the cylindrical insulation layer 703 may consist only of the high dielectric film of the present invention, may
be a laminate comprising a high dielectric inorganic layer and the high dielectric film of the present invention disposed on the
high dielectric inorganic layer, or may further comprise a water-repellent layer disposed on the high dielectric film of the present
invention. Further, the cylindrical insulation layer 703 may be a laminate comprising the high dielectric film of the present
invention and a water-repellent layer disposed on the high dielectric film.

[0190] The laminate may comprise one or more high dielectric inorganic layers, one or more high dielectric films of the present
invention, and one or more water-repellent layers.

[0191] The conductive liquid, the hydrophobic liquid, the high dielectric inorganic layer, the water-repellent layer, the electrodes,
and other components can be the same as those mentioned hereinabove with respect to the first electrowetting device of the
present invention.

EXAMPLES

[0192] The present invention will be described in detail below referring to, but not limited to, examples.

[0193] The parameters used herein were determined as follows.

(Thickness)

[0194] The thickness of the film was measured using a digital length measuring system (MF-1001, Nikon Corp.).

(Dissipation factor and dielectric constant)

[0195] Aluminum was deposited in vacuo on each surface of the film, thereby preparing a sample. The capacitance and the
dissipation factor of this sample were measured using an LCR meter (ZM2353, NF Corp.) at 30°C and 90°C and at a frequency
of 1 kHz or 10 kHz under dry air atmosphere. The dielectric constant was calculated from the film thickness and the
capacitance.

(Volume resistivity)

[0196] The volume resistivity (Q-cm) was determined using a digital ultra megohmmeter/pico-ammeter at 90°C and at 300 V DC
in dry air atmosphere.

(Voltage resistance)
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[0197] The voltage resistance of the film disposed on a substrate was determined using a hipot and insulation resistance tester
(TOS9201, KIKUSUI ELECTRONICS CORP.) under dry air atmosphere. The measurement was performed at a voltage-
increasing rate of 100 V/s.

(Melting point)

[0198] A heat-of-fusion curve was drawn using a differential scanning calorimetry (DSC) device at a temperature-increasing rate
of 10°C/min, and the temperature corresponding to the local maximum of this curve was defined as the melting point.

(Average primary particle size of inorganic oxide particles)

[0199] The average primary particle size of the inorganic oxide particles was determined using a laser diffraction/scattering
particle size distribution analyzer (trade name: LA-920, HORIBA, Ltd.).

(Composition of fluoropolymer)

[0200] The fluoropolymer was subjected to a F-NMR measurement using a nuclear magnetic resonance device (type:
VNS400MHz, manufacturer: Varian (the present Agilent Technologies Inc.}, providing the spectrum. Based on the integral values
of the respective peaks and the following formulas, the compositional ratio was determined.

- Formulas

[0201]
VdF: A + B - D

TFE:; C/(2 + D)
VdF (mol%) = 100 x {VdF/ (VdF + TFE)}

TFE (mol%) = 100 x {TFE/(VJF + TFE)}

1. A: integral value of peak from -90 to -98 ppm

2. B: integral value of peak from -110 to -118 ppm
3. C: integral value of peak from -119 to -124.5 ppm
4. D: integral value of peak from -124.5 to -127 ppm

(Ratio of B-crystal structure)

[0202] The ratio of the B-crystal structure was determined as follows. Specifically, the absorbance of the absorption peak (839

om™") assigned to the B-crystal and the absorbance of the absorption peak (763 cm1) assigned to the a-crystal were determined
using a Fourier transform infrared (FT-IR) spectrophotometer (trade name: spectrum One, Perkin Elmer Inc.). The ratios of the
respective absorbances were defined as the ratios of the respective crystallinities. Then, the ratio of the pB-crystal structure was
calculated from the following formulas.

[0203] More specifically, the ratio is a value calculated on the basis of the results of the FT-IR measurement and the following

formulas.
F(B) = Xp/ (Xo + Xp) = By/ (1.268, + By)

F(B): ratio of B-crystal structure

Xq: orystallinity of a-crystal
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Xp: crystallinity of B-crystal
Ay absorbance at 763 cm!
Ag: absorbance at 839 cm™!

Kg/Kq = 1.26 (ratio between absorption coefficient of 3-crystal (839 cm‘1) and absorption coefficient of a-crystal (763 cm‘1))

(Total light transmittance)

[0204] The total light transmittance was determined using HAZE-GARD Il (trade name, Toyo Seiki Seisaku-sho, Ltd.) in
conformity with ASTM D1003.

(Haze value (total haze value, extemal haze value, intemal haze value))

[0205] The total haze value was measured using HAZE-GARD Il (trade name, Toyo Seiki Seisaku-sho, Ltd.} in conformity with
ASTM D1003.

[0206] The internal haze value was measured in the same manner as in the measurement of the total haze value except that
the film is put into water contained in a glass cell. The external haze value was calculated by subtracting the internal haze value
from the total haze value of the film.

(Coefficient of variation of thickness)

[0207] The rate of change in electromechanical coupling coefficient (kt value) was defined as the coefficient of variation of
thickness of the film.

[0208] The electromechanical coupling coefficient (kt value) was calculated as follows. Specifically, an Al-deposited electrode
was formed on each surface of a piezoelectric film. A 13-mm-diameter disc was cut out of a predetermined part of the
piezoelectric film, and the kt value of this disc was determined using an impedance analyzer (4194A, Hewlett-Packard Co.) by
the method of H. Ohigashi et al., "The application of ferroelectric polymer, Ultrasonic transducers in the megahertz range”.

[0209] The rate of change in electromechanical coupling coefficient (rate of change in kt value) was determined by:

1. (1) measuring the electromechanical coupling coefficient (kt before heating) of the piezoelectric film,

2. (2) heating the piezoelectric film in the air at 120°C for 10 hours,

3. (3) still-standing the piezoelectric film at room temperature to cool the film down to room temperature, and

4. (4) measuring the electromechanical coupling coefficient (kt after heating) of the piezoelectric film after the heating and
cooling, and

finally substituting the determined " kt before heating " and "kt after heating " into the following formula.
Rate of change in electromechanical coupling

coefficient (&) = {(kt after heating) - (kt before
heating)/ (kt before heating)} x 100

Synthesis Example 1 (Production of VAF/TFE copolymer (a1))

[0210] A 4-L-capacity autoclave was charged with 1.3 kg of pure water, and sufficiently purged with nitrogen. Then, 1.3 g of
octafluorocyclobutane was put thereinto, and the inside of the system was maintained at a temperature of 37°C and at a stirring
rate of 580 rpm. Thereafter, 200 g of a gas mixture of tetrafluoroethylene (TFE)/1,1-difluoroethylene (vinylidene fluoride, VdF)
(= 7/93 mol%) and 1 g of ethyl acetate were put into the autoclave. Further, 1 g of a 50% by mass solution of di-n-propyl
peroxydicarbonate in methanol was added thereto, initiating the polymerization. Since the pressure in the system decreased in
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response to the progress of the polymerization, a gas mixture of tetrafluoroethylene/1,1-difluoroethylene (= 7/93 mol%) was
continually supplied to the reaction system so as to maintain the pressure in the system at 1.3 MPaG. The stirring was continued
for 20 hours. The pressure was then released to atmospheric pressure, and the reaction product was washed with water and
dried, thereby providing 130 g of white powder of fluoropolymer.

Synthesis Example 2 (Production of VAF/TFE copolymer (a2))

[0211] A 4-L-capacity autoclave was charged with 1.3 kg of pure water, and sufficiently purged with nitrogen. Then, 1.3 g of
octafluorocyclobutane was put thereinto, and the inside of the system was maintained at a temperature of 37°C and at a stirring
rate of 580 rpm. Thereafter, 200 g of a gas mixture of tetrafluoroethylene (TFE)/1,1-difluoroethylene (vinylidene fluoride, VdF)
(= 20/80 mol%) and 1 g of ethyl acetate were put into the autoclave. Further, 1 g of a 50% by mass solution of di-n-propyl
peroxydicarbonate in methanol was added thereto, initiating the polymerization. Since the pressure in the system decreased in
response to the progress of the polymerization, a gas mixture of tetrafluoroethylene/1,1-difluoroethylene (= 20/80 mol%) was
continually supplied to the reaction system so as to maintain the pressure in the system at 1.3 MPaG. The stirring was continued
for 20 hours. The pressure was then released to atmospheric pressure, and the reaction product was washed with water and
dried, thereby providing 140 g of white powder of fluoropolymer.

Synthesis Example 3 (Production of VAF/TFE copolymer (a3))

[0212] A 4-L-capacity autoclave was charged with 1.3 kg of pure water, and sufficiently purged with nitrogen. Then, 1.3 g of
octafluorocyclobutane was put thereinto, and the inside of the system was maintained at a temperature of 37°C and at a stirring
rate of 580 rpm. Thereafter, 200 g of a gas mixture of tetrafluoroethylene (TFE)/1,1-difluoroethylene (vinylidene fluoride, VdF)
(= 18/82 mol%) and 1 g of ethyl acetate were put into the autoclave. Further, 1 g of a 50% by mass solution of di-n-propyl
peroxydicarbonate in methanol was added thereto, initiating the polymerization. Since the pressure in the system decreased in
response to the progress of the polymerization, a gas mixture of tetrafluoroethylene/1,1-difluoroethylene (= 18/82 mol%) was
continually supplied to the reaction system so as to maintain the pressure in the system at 1.3 MPaG. The stirring was continued
for 20 hours. The pressure was then released to atmospheric pressure, and the reaction product was washed with water and
dried, thereby providing 140 g of white powder of fluoropolymer.

Example 1

[0213] A 2L tank was charged with 560 parts by mass of methyl ethyl ketone (MEK) (KISHIDA CHEMICAL Co., Ltd.), 240 parts
by mass of N-methyl-2-pyrrolidone (NMP) (NIPPON REFINE Co., Ltd.), and 200 parts by mass of the VAF/TFE copolymer (a1)
(VAF/TFE = 93/7, melting point = 150°C) produced in Synthesis Example 1. The components were stirred with a stirrer, thereby
providing a 20 w/w% fluororesin solution.

[0214] This fluororesin solution was casted on a polyethylene terephthalate (PET) film, which was a 38-um-thick release-treated
nonporous polyester film, using a gravure coater in a class 1000 cleanroom. The workpiece was dried through drying furnaces
(2 m each, 10 m in total) at 80°C, 120°C, 175°C, 175°C, and 175°C at a rate of 7.5 m/min for 1.3 minutes, thereby providing a
laminate film including a PET film and a fluororesin film. Then, the fluororesin film was peeled off the PET film, providing a 4.1-
um-thick film. For the resulting film, the ratio of the a-crystal structure was 0% and the ratio of the p-crystal structure was 100%.

Example 2

[0215] A 3-L tank was charged with 560 parts by mass of methyl ethyl ketone (MEK) (KISHIDA CHEMICAL Co., Ltd.), 240 parts
by mass of N-methyl-2-pyrrolidone (NMP) (NIPPON REFINE Co., Ltd.), and 200 parts by mass of the VAF/TFE copolymer (a1)
(VAF/TFE = 93/7, melting point = 150°C) produced in Synthesis Example 1. The components were stirred with a stirrer, thereby
providing a 20 w/w% fluororesin solution.

[0216] To 1000 parts by mass of this fluororesin solution (concentration: 20 w/w%) was added 10 parts by mass of y-Al,O3
(trade name: AKP-G15, Sumitomo Chemical Co., Ltd., average primary particle size: 100 nm). This mixture was subjected to a
dispersion treatment using a bead mill (LMZ015, Ashizawa Finetech Ltd.) at a rotation rate of 12 m/s for 60 minutes, thereby
providing a composition for coating.
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[0217] This fluororesin solution was applied to a polyethylene terephthalate (PET) film, which was a 38-um-thick release-treated
nonporous polyester film, using a gravure coater in a class 1000 cleanroom. The workpiece was dried through drying furnaces
(2 m each, 10 m in total) at 80°C, 120°C, 175°C, 175°C, and 175°C at a rate of 7.5 m/min for 1.3 minutes, thereby providing a
laminate film including a PET film and a fluororesin film. Then, the fluororesin film was peeled off the PET film, providing a 4.2-
um-thick film. For the resulting film, the ratio of the a-crystal structure was 0% and the ratio of the p-crystal structure was 100%.

Examples 3 to 6

[0218] A film was produced in the same manner as in Example 2 except that the amount of y-Al,O3 was as shown in Table 1.

For the film produced in Example 3, the ratio of the a-crystal structure was 0% and the ratio of the B-crystal structure was 100%.
In Example 4, the ratio of the a-crystal structure was 0% and the ratio of the B-crystal structure was 100%. In Example 5, the
ratio of the a-crystal structure was 0% and the ratio of the B-crystal structure was 100%. In Example 6, the ratio of the a-crystal
structure was 0% and the ratio of the p-crystal structure was 100%.

Comparative Example 1

[0219] A film was produced in the same manner as in Example 1 except that the VAF/TFE copolymer (a1) was replaced by
polyvinylidene fluoride (trade name: VP825, DAIKIN INDUSTRIES, Ltd., melting point: 170°C).

Comparative Example 2

[0220] A film was produced in the same manner as in Example 1 except that the temperatures of the respective drying furnaces
were 80°C, 120°C, 140°C, 140°C, and 140°C. For the resulting film, the ratio of the a-crystal structure was 61.3% and the ratio
of the B-crystal structure was 38.7%.

Tests

[0221] For the films produced in Examples 1 to 6 and Comparative Examples 1 and 2, the data on volume resistivity, voltage
resistance, dielectric constant, and dissipation factor were obtained.

[0222] Table 1 shows the results.
[Table 1]

Example Comparative Example Comparative Example
1 2 3 4 5 6 1 2

(A) Film-
forming resin
(parts by mass)

VdF/TFE{ 200 { 200 { 200 { 200 § 200 { 200 200
(93/7
mol%)

PVDF 200
(vVdF
100
mol%)

(B) Inorganic
oxide particles
(parts by
mass)

y-Al504 § - 10 18 20 0.10 500 -q-

Averagej - 100 100 100 100 100 - -
primary
particle
size
(nm)
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(B) Inorganic
oxide particles
(parts by
mass)

(B)/(A) (ratio - 5/100 9/100 1/100 0.05/100 250/100 -4 -
by mass)

Film properties
Thickness 4.1 4.2 4.2 4.0 4.1 43 6.2 4.0
(Um)

Volume  t14x10%1{51x10"}{58x10"}25x10"{1.9x10™{1.0x10"{25x10'3{1.2x10™
resistivity
(Q-cm)

Voltage 580 550 540 570 580 510 610 570
resistance
(V/pm)

Measurement{30°C$90°C{30°C{90°C{30°C390°C§{30°C§90°C{30°C{90°Ci{30°C{90°Ci30°C{90°Ci30°C{90°C
temperature
(°C)
Dielectric
constant
1kHz {10.7;11.2{10.7§11.23106311.0{105§11.1§10.7{11.3{10.3{10.5§10.5§13.2{106{11.5

10kHz{10.5{10.8{10.5{10.8y104§10.5§10.2§106;104{10.8{10.1§10.2§10.1§{13.0§103§11.1

Dissipation
factor (%)

1 kHz 14126{16§{28}117{283§16§27{15§26i10{16§ 33 {96 {40 j11.5
10kHz {18 123 §18§25i{20§26{20{24{19{24i{11;17{ 31 {85 7§26} 93

Example 7

[0223] A film was produced in the same manner as in Example 2 except that y-Al,O3 (trade name: AKP-G15, Sumitomo
Chemical Co., Ltd., average primary particle size: 100 nm) was replaced by a-Al>O5 (trade name: AKP-30, Sumitomo Chemical

Co., Ltd., average primary particle size: 300 nm) and the amount thereof was as shown in the following Table 2. For the
resulting film, the ratio of the a-crystal structure was 0% and the ratio of the B-crystal structure was 100%.

Example 8

[0224] A film was produced in the same manner as in Example 2 except that y-Al;O3 (trade name: AKP-G15, Sumitomo

Chemical Co., Ltd., average primary particle size: 100 nm) was replaced by MgO (trade name: 3310FY, ATR, average primary
particle size: 30 nm) and the amount thereof was as shown in the following Table 2. For the resulting film, the ratio of the a-
crystal structure was 0% and the ratio of the B-crystal structure was 100%.

Example 9

[0225] A film was produced in the same manner as in Example 2 except that y-Al,O3 (trade name: AKP-G15, Sumitomo
Chemical Co., Ltd., average primary particle size: 100 nm) was replaced by MgO-Al,O5 (trade name: TSP-20, TAIMEI

CHEMICALS CO., LTD., average primary particle size: 240 nm) and the amount thereof was as shown in the following Table 2.
For the resulting film, the ratio of the a-crystal structure was 0% and the ratio of the B-crystal structure was 100%.

Example 10

[0226] A film was produced in the same manner as in Example 2 except that y-Al,O3 (trade name: AKP-G15, Sumitomo
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Chemical Co., Ltd., average primary particle size: 100 nm) was replaced by BaTiO3 (trade name: T-BTO-50RF, TODA KOGYO

CORP,, average primary particle size: 50 nm) and the amount thereof was as shown in the following Table 2. For the resulting
film, the ratio of the a-crystal structure was 0% and the ratio of the pB-crystal structure was 100%.

Example 11

[0227] A film was produced in the same manner as in Example 2 except that y-Al;O3 (trade name: AKP-G15, Sumitomo
Chemical Co., Ltd., average primary particle size: 100 nm) was replaced by 3Al,03-28i05 (trade name: High-Purity Mullite, KCM

Corp., average primary particle size: 700 nm) and the amount thereof was as shown in the following Table 2. For the resulting
film, the ratio of the a-crystal structure was 0% and the ratio of the pB-crystal structure was 100%.

Tests

[0228] For the films produced in Examples 7 to 11, the data on volume resistivity, voltage resistance, dielectric constant, and
dissipation factor were obtained.

[0229] Table 2 shows the results.
[Table 2]

Example
7 8 9 10 11

(A) Film-forming resin
(parts by mass)

VAF/TFE (93/7 200 200 200 200 200
mol%)

(B) Inorganic oxide
particles (parts by mass)

a-Al,O4 10
MgC - 10
MgO-Al,O4 - 10
BaTiO; - 10
3Al,04.28i05 - 10
Average primary 300 30 240 50 700

particle size
(nm)

(B)/(A) (ratio by mass) 5/100 5/100 5/100 5/100 5/100
Film properties
Thickness (um) 4.1 4.0 4.2 3.9 4.1

Volume 3.7x 10" 24x10M 21x10"4 1.9x10™ 3.2x10"
resistivity
(Q-cm)
Voltage 570 510 560 530 560
resistance (V/
Mm)
Measurement 30°C { 90°C § 30°C { 90°C | 30°C | 90°C § 30°C § 90°C § 30°C § 90°C
temperature (°C)

Dielectric constant
1 kHz 10.8 11.4 10.4 10.7 10.5 10.9 11.2 12.2 10.6 10.9
10 kHz 10.6 11.0 10.1 10.5 10.2 10.6 10.8 11.4 10.4 10.7
Dissipation factor (%)
1 kHz 1.6 2.7 1.5 25 1.6 2.7 2.0 3.2 1.8 25
10 kHz 1.7 24 1.7 2.7 1.8 2.7 23 29 1.9 2.7
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Example 12

[0230] A film was produced in the same manner as in Example 1 except that the VAF/TFE copolymer (a1) (VdF/TFE = 93/7,
melting point: 150°C) was replaced by the VAF/TFE copolymer (a2) (VdF/TFE = 80/20, melting point: 135°C). For the resulting
film, the ratio of the a-crystal structure was 0% and the ratio of the pB-crystal structure was 100%.

Example 13

[0231] A film was produced in the same manner as in Example 2 except that the VAF/TFE copolymer (a1) (VdF/TFE = 93/7,
melting point: 150°C) was replaced by the VAF/TFE copolymer (a3) (VAF/TFE = 82/18, melting point: 137°C). For the resulting
film, the ratio of the a-crystal structure was 0% and the ratio of the pB-crystal structure was 100%.

Example 14

[0232] A film was produced in the same manner as in Example 1 except that the temperatures of the respective drying furnaces
were 80°C, 120°C, 160°C, 160°C, and 160°C. For the resulting film, the ratio of the a-crystal structure was 29.0% and the ratio
of the B-crystal structure was 71.0%.

Example 15

[0233] A film was produced in the same manner as in Example 1 except that the temperatures of the respective drying furnaces
were 80°C, 120°C, 165°C, 165°C, and 165°C. For the resulting film, the ratio of the a-crystal structure was 25.4% and the ratio
of the B-crystal structure was 74.6%.

Example 16

[0234] A film was produced in the same manner as in Example 1 except that the temperatures of the respective drying furnaces
were 80°C, 120°C, 155°C, 155°C, and 155°C. For the resulting film, the ratio of the a-crystal structure was 43.0% and the ratio
of the B-crystal structure was 57.0%.

Tests

[0235] For the films produced in Examples 12 to 16, the data on volume resistivity, voltage resistance, dielectric constant, and
dissipation factor were obtained.

[0236] Table 3 shows the results.
[Table 3]

Example
12 13 14 15 16

(A) Film-forming resin
(parts by mass)

VdF/TFE (80/20 200
mol%)

VAF/TFE (82/18 200
mol%)

VAF/TFE (93/7 200 200 200
mol%)
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(B) Inorganic oxide
particles (parts by mass)

Y-A|203 - 10 - - -
Average primary - 100 - - -
particle size
(nm)

(B)/(A) (ratio by mass) - 5/100 - - -
Film properties
Thickness (um) 4.2 4.5 4.0 4.2 4.2

Volume 1.1 x 101 3.4x10% 1.1x 104 1.0x 101 1.2x10"
resistivity
(Q-cm)
Voltage 500 490 570 570 560
resistance (V/
Mm)
Measurement 30°C §{ 90°C §{ 30°C { 90°C { 30°C { 90°C } 30°C § 90°C § 30°C § 90°C
temperature (°C)

Dielectric constant

1 kHz 10.9 12.2 11.0 11.7 10.3 11.0 10.5 10.9 10.4 10.7

10 kHz 10.7 11.5 10.7 11.2 10.2 10.5 10.2 10.4 10.1 10.3
Dissipation factor (%)

1 kHz 1.2 22 1.5 2.4 1.6 2.7 1.5 2.7 1.7 29

10 kHz 1.6 21 1.6 2.2 1.9 24 1.8 24 2.0 24

Comparative Example 3

[0237] A film was produced in the same manner as in Example 1 except that the temperatures of the respective drying furnaces
were 80°C, 120°C, 150°C, 150°C, and 150°C.

Examples 17 and 18

[0238] A film was produced in the same manner as in Example 1 except that the temperatures of the respective drying furnaces
were as shown in the following Table 4.

[0239] Table 4 shows the drying conditions and the corresponding ratios of the a-crystal structure and the f3-crystal structure in
the films produced in Example 1, Examples 14 to 18, Comparative Example 2, and Comparative Example 3.

[0240] When the maximal temperature in the drying furnaces was not higher than the melting point, the ratio of the a-crystal
structure was high and the ratio of the p-crystal structure was low. Comparative Example 2 in Table 1 clarifies that the
dissipation factor increases as the ratio of the a-crystal structure increases.

[0241] Drying at a temperature higher than the melting point can provide a film having a ratio of the -crystal structure of 50% or
more. In particular, drying at 175°C or higher can provide a film having a ratio of the B-crystal structure of 100%.

[0242] These results prove that drying the resin having the aforementioned composition at a temperature higher than the
melting point is an essential condition for increasing the ratio of the 3-crystal structure.

[0243] The results further prove that drying the resin having the aforementioned composition in a drying condition higher than
the melting point is an essential condition for producing a film having a high dielectric constant and a low dissipation factor.
[Table 4]
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Comparative Example Example

2 { 3 { 16 | 14 15 § 1 | 17 | 18
Film- VAF/TFE copolymer (VAF/TFE = 93/7 mol%) (melting point; 150°c)
forming
resin
Drying 80-120- 80-120- 80-120- 80-120- 80-120- 80-120- 80-120- 80-120-
temperaturej 140-140- | 150-150- § 155-155- § 160-160- §| 165-165- }{ 175-175- { 180-180- { 200-200-
(°C) 140 150 155 160 165 175 180 200
(Number of
drying
furnaces: 5)
Ratio of a- 61.3 53.3 43.0 29.0 25.4 0 0 0
crystal (%)
Ratio of B- 38.7 46.7 57.0 71.0 74.6 100 100 100
crystal (%)

Example 19

(Production of non-polarized film)

[0244] A vinylidene fluoride/tetrafluoroethylene copolymer (TFE/VAF = 7/93) was dissolved in a solvent mixture of methyl ethyl
ketone (MEK) and N-methyl-2-pyrrolidone (NMP) (NIPPON REFINE Co., Ltd.), thereby preparing a coating with a solid content
of 20 wt%.

[0245] Then, the coating was applied onto a PET film (by a casting technique) using a die coater and then dried, thereby
providing a 3-um-thick film. In the drying, the drying furnace was divided into 5 zones (2 m each, 10 m in total), and the drying
temperatures of the respective zones were 80°C, 120°C, 175°C, 175°C, and 175°C from the inlet side. The workpiece was
passed through the drying furnace at a rate of 7.5 m/min for 1.3 minutes, thereby providing a laminate film comprising a PET
film and a fluororesin film disposed on the PET film. Then, the fluororesin film was peeled off the PET film. For the resulting film,
the ratio of the a-crystal structure was 0% and the ratio of the B-crystal structure was 100%. The total light transmittance, the
haze value, and the coefficient of variation of thickness of the film were determined. The following Table 5 shows the results.

[0246] The resulting film was stuck on ITO-coated glass 80Q (Nippon Sheet Glass Co. Ltd.) using a roll press, and then
annealed at 135°C for 12 hours to strengthen the sticking. DAIFREE GF500 (DAIKIN INDUSTRIES, Ltd.) was spin coated on the
film to provide a water-repellent layer having a thickness of 0.1 um.

[0247] Then, 20 pL of water was dropped onto the water-repellent layer, and the contact angle therebetween was measured.
Thereafter, the waterdrop was connected with the + electrode and the ITO was connected with the - electrode, and a 50 V
voltage was applied therebetween and the contact angle was measured. The results are shown in Table 5.

[Table 5]

Total light Total External Internal  {Coefficient of Initial Contact angle
transmittance haze haze (%) {haze (%) jvariation of contact {after voltage
(%) (%) thickness (%) angle (°) {application (°)
Example {95 0.6 0.48 012 12 110 86
19

[0248] As mentioned above, the electrowetting requires a high total light transmittance and a low haze value, as well as a large
difference in contact angle of waterdrop before and after the voltage application. With a film having a high melting point,
however, the coefficient of variation of thickness was low after the annealing, causing a large difference in contact angle of
waterdrop before and after the voltage application.

INDUSTRIAL APPLICABILITY
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[0249] The high dielectric film of the present invention has a high dielectric constant and a low dissipation factor, and thus is

suitable as a film for electrowetting.

REFERENCE SIGNS LIST

[0250]
100: optical element

101: first substrate

102: first electrode

103: high dielectric film

104: partition

105, 705: hydrophobic liquid

106, 706: conductive liquid

107: second electrode

108: second substrate

109: side wall

111: drive element

112: high dielectric inorganic layer

113: water-repellent layer

150, 151, 152, 153: laminate

200: control unit

201: switch

202: power source

702a, 702b, 702c, 702d, 702e: ring-shaped electrode
703: cylindrical insulation layer

707: electrode

714: surface of cylindrical insulation layer
715: translucent top member

716: cylindrical side member

717: translucent bottom member

718: surface layer

A, B: surface of hydrophobic liquid

C: optical axis

z: cell region
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HQJDIELEKTRISK FILM

PATENTKRAV

Hojdielektrisk film, der omfatter en vinylidenfluorid (VdF)/tetrafluoraetylen (TFE)-
copolymer (A) og uorganiske oxidpartikler (B),

hvor copolymer (A) har et VdF/TFE-molforhold pa 95/5 til 80/20,

filmen indbefatter en a-krystalstruktur og en B-krystalstruktur eller indbefatter kun en
B-krystalstruktur, og forholdet for B-krystalstrukturen er 50 % eller derover, og

filmens tykkelse er 0,01 til 50 pm.

Film ifelge krav 1, hvor partiklerne (B) omfatter mindst én af

(B1)  uorganiske oxidpartikler af et metalgrundstof i grupperne 2-4, 12 eller 13 i
det periodiske system eller uorganiske oxidkompositpartikler deraf;

(B2)  uorganiske oxidkompositpartikler med formlen (1):

M121M2p1O¢1

hvor M er et metalgrundstof i gruppe 2; M? er et metalgrundstof i gruppe 4;
al er 0,9-1,1; b1 er 0,9-1,1; c1 er 2,8-3,2; og M' og M? kan hver isser
indbefatte multiple metalgrundstoffer; og

(B3) uorganiske oxidkompositpartikler af siliciumoxid og et oxid af et
metalgrundstof i gruppe 2-4, 12 eller 13 i det periodiske system.

Film ifglge krav 2, hvor partiklerne (B1) omfatter partikler af mindst én af Al203, MgO,
ZrOz2, Y203, BeO og MgO - Al20:s.

Film ifalge krav 2 eller 3, hvor partiklerne (B1) omfatter y-Al2O:s.
Film ifglge et hvilket som helst af kravene 2-4, hvor partiklerne (B2) omfatter partikler
med mindst én af BaTiOs, SrTiOs, CaTiOs, MgTiOs, BaZrOs, SrZrOs, CaZrOs og

MgZrOs.

Film ifglge et hvilket som helst af kravene 2-5, hvor partiklerne (B3) omfatter partikler
med mindst én af 3Al20s3 - 2Si02, 2MgO - SiO2, ZrOz - SiO2 og MgO - SiOa.

Film ifglge et hvilket som helst af kravene 1-6, hvor maengden af partiklerne (B) er



) DK/EP 2910604 T3

0,01-300 pbw pr. 100 pbw af copolymeren (A).

Film ifglge et hvilket som helst af kravene 1-7, hvor partiklerne (B) har en

gennemsnitlig primeer partikelsterrelse pa <1 pm.

Elektrobefugtningsanordning, der omfatter

(i)  en farste elektrode,

(i) enanden elektrode,

(i) en ledende veeske (106), der er indeholdt mellem den fgrste og den anden
elektrode og kan lgbe derimellem, og

(iv) filmen ifglge et hvilket som helst af kravene 1-8 er anbragt mellem den farste
elektrode og den ledende vaeske og isolerer den forste fra den anden
elektrode, eller hvilken anordning omfatter

(v) en cylindrisk isolator (703), der omfatter filmen ifalge et hvilket som helst af
kravene 1-8,

(vi) en ringformet forste elektrode (702), der er anbragt pa ydersiden af den
cylindriske isolator (703),

(vii) en anden elektrode (707), der er anbragt modsat den ringformede farste
elektrode (702) hen over den cylindriske isolator (703), og

(viii) en ledende vaeske (706), der er indeholdt inde i den cylindriske isolator (703)
og kan lgbe deri.
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