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ELECTROMECHANICAL MATERIALS AND DEVICES
INCLUDING THE SAME

Field
The present disclosure relates to electromechanical materials and devices that

include such materials.

Background

Production of an electric voltage in response to mechanical excitation
(piezoelectricity) or thermal excitation (pyroelectricity) generally requires a material to
have a preferred dipole orientation in its structure. A preferred dipole orientation occurs
naturally in some crystals, e.g. quartz, and can be induced in some ceramic and polymeric

materials by application of strong electrical or mechanical fields.

Brief Summary

Disclosed herein is an electromechanical article that includes a composite material
comprising (1) a polymer and (2) at least one microsphere having an outer shell of a shell
material and a gas or liquid contained within the outer shell, wherein the polymer at least
partially encapsulates the microsphere and wherein the polymer, shell material and gas or
liquid all have different dielectric constants. The electromechanical article has
piezoelectric properties or pyroelectric properties.

Also disclosed herein is an electromechanical device that includes an
electromechanical layer, the electromechanical layer including a composite material
comprising (1) a polymer and (2) at least one microsphere having an outer shell of a shell
material and a gas or liquid contained within the outer shell, wherein the polymer at least
partially encapsulates the microsphere and wherein the polymer, the shell material or the
microsphere and the gas or liquid within the outer shell of the microsphere all have
different dielectric constants; a first conductive layer; and a second conductive layer,
wherein the electromechanical layer is positioned between and in electrical connection
with both the first conductive layer and the second conductive layer.

Also disclosed herein is a method of making an electromechanical article, the
method including the steps of forming a composite composition by combining a polymer

and a plurality of microspheres, wherein each of the plurality of microspheres has an outer
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shell of a shell material and a gas or liquid contained within the outer shell; forming a film
of the composite composition; and heating the film of the composite composition to
expand the gas or liquid contained within the outer shell of the microspheres so that the

microsphere expands.

Brief Description of the Drawings

The disclosure may be more completely understood in consideration of the
following detailed description of various embodiments of the disclosure in connection
with the accompanying drawings, in which:

FIG. 1 depicts an exemplary electromechanical article as disclosed herein; and

FIG. 2 depicts an exemplary electromechanical device as disclosed herein.

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

In the following description, reference is made to the accompanying drawings that
form a part hereof, and in which are shown by way of illustration several specific
embodiments. It is to be understood that other embodiments are contemplated and may be
made without departing from the scope or spirit of the present invention. The following

detailed description, therefore, is not to be taken in a limiting sense.

Detailed Description

All scientific and technical terms used herein have meanings commonly used in the
art unless otherwise specified. The definitions provided herein are to facilitate
understanding of certain terms used frequently herein and are not meant to limit the scope
of the present disclosure.

Unless otherwise indicated, all numbers expressing feature sizes, amounts, and
physical properties used in the specification and claims are to be understood as being
modified in all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the foregoing specification and attached
claims are approximations that can vary depending upon the desired properties sought to

be obtained by those skilled in the art utilizing the teachings disclosed herein.
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The recitation of numerical ranges by endpoints includes all numbers subsumed
within that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5) and any range
within that range.

I RTINS
a

As used in this specification and the appended claims, the singular forms an
and “the” encompass embodiments having plural referents, unless the content clearly
dictates otherwise. As used in this specification and the appended claims, the term “or” is
generally employed in its sense including “and/or” unless the content clearly dictates
otherwise.

Disclosed herein are electromechanical materials, layers, articles and devices. An
electromechanical material is a material that exhibits piezoelectricity (or piezoelectric
properties) or pyroelectricity (or pyroelectric properties). The generation of a surface
charge in response to the application of an external stress to a material is called
piezoelectricity. A change in the spontaneous polarization of a material in response to a
change in temperature is called pyroelectricity. Some electromechanical materials as
described herein have piezoelectric properties and some have pyroelectric properties.
There is a need for new piezoelectric and pyroelectric materials. Although non-polar
polymeric materials have been rendered piezoelectric, they have not yet been made
controllably porous and may not offer sufficient strength for some applications.

An exemplary method includes the steps of preparing a composite composition,
forming a film of the composite composition, and heating the film of the composite
composition forming a composite material. A composite composition as disclosed herein
includes at least one polymer and a plurality of microspheres. A composite composition
can also be referred to as a coating composition when the film will be formed using
solution casting methods. The composite material formed from the composite
composition includes (1) the polymer and (2) at least one microsphere, wherein the
microsphere has an outer shell of a shell material and wherein the microsphere contains a
gas or liquid within the outer shell of the microsphere (i.e., within the interior of the
microsphere). The polymer, the outer shell of the microsphere, and the gas or liquid
within the outer shell of the microsphere all have different dielectric constants.

One or more than one kind of polymer can be included in the composite
compositions and the resulting composite materials. The polymers can be polar or non-

polar. These polymers can have, but need not have, piezoelectric properties. Exemplary
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polymers, copolymers and their blends that can be utilized include, but are not limited to,
polyolefin such as polypropylene, polyethylene and copolymers thereof; vinyl polymers
such as poly(vinylidene fluoride), poly(vinyl fluoride), poly(vinyl chloride) and
copolymers thereof; polyureas, polythiourea and copolymers thereof; cyano-containing
polymers such as poly(acrylonitrile), poly(acrylonitrile/vinyl acetate),
poly(acrylonitrile/methylacrylate) and poly(acrylonitrile/allylcyanide); poly(methyl
methacrylate); polyesters (including but not limited to poly(ethylene terephthalate)); and
polyamides (including but not limited to nylons).

In some embodiments, poly(vinylidene fluoride) polymers or poly(vinylidene
fluoride) copolymers can be utilized. An exemplary poly(vinylidene fluoride) copolymer
that can be utilized is poly(vinylidene fluoride/trifluoroethylene) copolymer (referred to
herein as “P(VDF-TrFE)”). In other embodiments, polypropylene can be utilized as the
polymer.

A composite composition as disclosed herein also includes a plurality of
microspheres in addition to the polymer described above. In an embodiment, one or more
than one kind of microspheres may be utilized. A microsphere generally is an article that
includes an outer shell and a gas or liquid contained within the outer shell. The outer shell
is made of a shell material. In an embodiment, microspheres that can be utilized often
have an unexpanded average diameter ranging from about 0.005 um (micrometers) to
about 500 um or larger. For example, the unexpanded average diameter can be at least
0.005 pum, at least 0.01 pm, at elast 0.05 pum, at least 0.1 um, at least 0.2 um, at least 0.5
um, at least 1 pum, at least 2 pm, or at least 5 pm. The unexpanded average diameter can
be up to 500 pum, up to 200 pwm, up to 100 pwm, up to 50 um, up to 20 um, or up to 10 pm.
The unexpanded average diameter can be in the range of 0.1 to 100 pm, in the range of 1
to 100 pm, or in the range of 5 to 100 um or larger. In an embodiment, microspheres that
can be utilized can have an unexpanded diameter. Exemplary types of microspheres
include, but are not limited to polymeric microspheres, glass microspheres, and ceramic
microsheres.

Polymeric microspheres generally include a thermally expandable polymer shell
that entraps a gas or liquid propellant. The expansion is typically irreversible and the
expanded microspheres have a larger average diameter than the unexpanded microspheres.

The polymer shell can be made of a homopolymer or copolymer of ethylenically
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unsaturated monomers that include more than 85 wt%, more than 90 wt%, or more than 95
wt% of nitrile-containing monomers. The nitrile-containing monomers can be selected
from one or more of acrylonitrile, methacrylonitrile, a-chloroacrylonitrile, o-
ethoxyacrylonitrile, fumaronitrile, or crotonitrile. In an embodiment, the nitrile-containing
monomers can be selected from one or more of acrylonitrile, methacrylonitrile or a
mixture thereof. If other ethylenically unsaturated monomers are present, they are
generally present in an amount up to about 5 wt %, up to about 10 wt%, or up to about 15
wt% based on a total weight of the monomers. For example, the amount of the other
ethylenically unsaturated monomers can be from 0.1 to 5 wt%, from 0.1 to 3 wt%, from
0.1 to 2 wt% or from 0.1 to 1 wt%, Such optional ethylenically unsaturated monomers
can be selected from one or more methacrylate esters such as methyl methacrylate, ethyl
methacrylate and isobornyl methacrylate; acrylate esters such as methylacrylate,
ethylacrylate and n-butylacrylate; vinyl halides such as vinyl chloride, vinylidene chloride
and vinylidene fluoride; vinyl amides such as vinyl pyridine; vinyl esters such as vinyl
acetate; styrenes such as styrene, halogenated styrenes and o -methyl styrene; and alkenes
such as butadiene, isoprene and chloroprene. The shell material can also include
crosslinking multifunctional monomers including, but not limited to, one or more of
divinyl benzene, ethylene glycol di(meth)acrylate, diethylene glycol di(meth)acrylate,
triethylene glycol di(meth)acrylate, propylene glycol di(meth)acrylate, 1,4-butanediol
di(meth)acrylate, 1,6-hexanediol di(meth)acrylate, glycerol di(meth)acrylate, 1,3-
butanediol di(meth)acrylate, neopentyl glycol di(meth)acrylate, 1,10-decanediol
di(meth)acrylate, pentaerythritol tri(meth)acrylate, pentaerythritol tetra(meth)acrylate,
pentaerythritol hexa(meth)acrylate, dimethylol tricyclodecane di(meth)acrylate,
triallylformal tri(imeth)acrylate, allyl methacrylate, trimethylol propane tri(meth)acrylate,
trimethylol propane triacrylate, tributanediol di(meth)acrylate, polyethylene glycol
di(meth)acrylate (such as those having a polyethylene glycol unit with a weight average
molecular weight in the range of about 100 to 1000 grams/mole), 3-acryloyloxyglycol
monoacrylate, triacryl formal or triallyl isocyanate.

Polymeric microspheres are commercially available under the trade designation
EXPANCEL from Expancel in Duluth, GA. Information regarding EXPANCEL
microspheres can be found in United States Patent No. 6,509,384, the disclosure of which

is incorporated herein by reference. Polymeric microspheres under the trade designation
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EXPANCEL are available in various forms such as unexpanded and in a solvent
(EXPANCEL WU), unexpanded and dry (i.c., no solvent present) (EXPANCEL DU),
unexpanded and in an aqueous dispersion (EXPANCEL SL), unexpanded microspheres in
a matrix (EXPANCEL MB), expanded and in a solvent (EXPANCEL WE), or expanded
and dry (EXPANCEL DE).

In some embodiment, EXPANCEL DU microspheres are utilized such as
EXPANCEL 551 DU 20; EXPANCEL 551 DU40; EXPANCEL 461 DU 20; EXPANCEL
461 DU 40; EXPANCEL 051 DU 40; EXPANCEL 053 DU 40; EXPANCEL 009 DU 80;
EXPANCEL 091 DU 80; EXPANCEL 091 DU 140; EXPANCEL 092 DU 80;
EXPANCEL 092 DU 120; EXPANCEL 093 DU 120; EXPANCEL 920 DU 40;
EXPANCEL 930 DU 120; EXPANCEL 950 DU 80; and EXPANCEL 950 DU 120.
These microspheres are available in various unexpanded average particle size in the range
of 6 to 9 um, in the range of 10 to 14 um, in the range of 10 to 16 pm, in the range of 9 to
15 pm, in the range of 18 to 24 um, in the range of 35 to 45 pm, and in the range of 28 to
38 um. Some of the unexpanded particle size ranges are also available in more than one
type of material.

The polymeric microspheres can encapsulate a gas or liquid that acts as a
propellant. Generally, the propellant is a liquid at room temperature and has a boiling
point at atmospheric pressure below the softening point of the shell material. The
propellant expands when heated causing expansion of the outer shell of the polymeric
microspheres. For example, the polymeric microspheres can include a liquid or gas
selected from isooctane, (2,2,4-trimethyl pentane), butanes, pentanes, hexanes, heptanes,
petroleum distillates, or other liquids with a suitable boiling point or boiling point range or
combinations thereof. In an embodiment, hydrocarbons such as isobutane, isopentane, n-
pentane, n-hexane, petroleum ether or n-heptane can be utilized alone or in combination
with isooctane.

In other embodiments, glass microspheres can also be utilized. Glass microspheres
can be fabricated as discussed in United States Patent Nos. 3,365,315; 4,391,646; and
4,618,525, the disclosures of which are incorporated herein by reference. Such exemplary
glass microspheres have a shell material that includes a glass. In an embodiment, the shell
material may include SiO;, Na,0, Ca0O, K,0, Li,0O, BaO, MgO, SrO, ZnO, PbO, TiO,,
MnQO,, ZrO,, B;03, Al,O4, Fe;03, SHb,0s, P,Os, V,0s, or combinations thereof for
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example. In an embodiment, the shell material includes a majority (by weight) of SiO;
and optionally other components.

Glass microspheres can contain various different gases within the glass shell
material. Exemplary gases include, but are not limited to, H,O, CO,, SO,, SO, F,, N, O,
or mixtures thereof. In an embodiment, SO,, SO3, O,, CO,, N», or mixtures thereof can be
contained in the interior (i.e., within the outer shell) of the glass microspheres.

In an embodiment, microspheres composed of ceramic materials can also be
utilized. Exemplary ceramic materials include, but are not limited to, oxides such as
alumina, zirconia, barium titanate, lead zirconate titanate (PZT); non-oxides such as
carbides, borides, nitrides and silicides; and composites such as particulate reinforced
materials and combinations of oxides and non-oxides. Such ceramic materials can
encapsulate gases, including inorganic gases (such as HO, CO,, SO,, SO3, F;, N,, O,, or
mixtures thereof) or organic gases (such as isooctane, (2,2,4-trimethyl pentane), butanes,
pentanes, hexanes, heptanes, petroleum distillates, other liquids with a suitable boiling
point or boiling point range or combinations thereof), or combinations thereof.

Composite compositions are provided that include a mixture of the microspheres
and the polymer. These compositions can also include one or more solvents. Composite
compositions can be formed into articles by various processes, including, but not limited
to extrusion, hot pressing and solution casting for example. Composite compositions that
are to be formed into articles using extrusion or hot pressing for example would not
necessarily include one or more solvents. Conversely, a composite composition that is to
be formed into an article using solution casting (more specifically, a coating composition)
would more likely than not include one or more solvent.

The one or more solvents can be utilized to form a substantially homogenous
mixture of the polymer and the microspheres. In an embodiment, the one or more solvent
that can be used is one that 1) can dissolve or at least partially dissolve the polymer that is
utilized and 2) can allow the formation of a composite composition that is amenable to be
coated. In an embodiment, the solvent (or solvents) that is chosen can be based at least in
part on the particular polymer being utilized, the microsphere being utilized, the material
upon which the composite composition will be coated, or a combination thereof.

In an embodiment that utilizes a non-polar polymer, generally, a non-polar solvent

can be utilized. In an embodiment that utilizes a polar polymer, generally, a polar solvent
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can be utilized. In an embodiment that utilizes P(VDF-TrFE), methylethyl ketone (MEK)
can be utilized as the solvent.

The composite composition can also optionally include other components.
Exemplary optional components include additives to effect the processing of the
composite composition. Exemplary processing additives include, but are not limited to,
plasticizers, antioxidants, clay and UV stabilizers for example. Plasticizers can also
function to advantageously effect the ability of the microspheres (especially polymeric
microspheres such as those available under the trade designation EXPANCEL) to expand
within the polymer. Appropriate amounts of such processing additives (plasticizers for
example) would be known to one of skill in the art. Exemplary optional components can
also include additives to affect the electromechanical properties of the coating composition
(or a film formed there from). Examples of such additives include piezoelectric additives,
which can include, but are not limited to, known piezoelectric materials such as barium
titanate (BaTiOs) and lead zirconate titanate (PZT) for example. Examples of such
additives also include pyroelectric additives, which can include, but are not limited to, lead
titanate (PbTi03), lithium tantalite (LiTaOs3), gallium nitride (GaN), sodium nitride
(NaNO,), and polyvinylidene fluoride (PVDF) for example. Appropriate amounts of such
piezoelectric or pyroelectric additives would be known to one of skill in the art.

In an embodiment where the composite composition is to be solution cast into a
film, the amount of polymer in a composite composition can be dictated, at least in part,
on the desire to have a composite composition that can be easily and reproducibly coated
onto a substrate, the solubility of the polymer being utilized, the amount of microspheres
utilized, or a combination thereof. The amount of polymer and solvent can be dictated at
least in part on the method of forming the film.

The amount of microspheres included in the composite composition can vary
somewhat. The greater the amount of microspheres, the larger the number of interfaces
(between the polymer and the shell material) present in a final article; as the number of
interfaces increases, the overall polarity of the article should theoretically increase, which
can lead to larger piezoelectric or pyroelectric properties. In an embodiment, the
composite composition can contain microspheres, such as polymeric microspheres, in an
amount from about 0.1 wt% to about 70 wt% based on the weight of the total composite

composition. In some examples, the composite composition contains at least 0.1 wt%, at
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least 0.2 wt%, at least 0.5 wt%, at least 1 wt%, at least 2 wt%, at least 5 wt% or at least 10
wt% microspheres based on the weight of the total composite composition. The
composite composition can contain up to 70 wt%, up to 60 wt%, up to 50 wt%, up to 40
wt%, up to 20 wt%, up to 15 wt%, or up to 10 wt% based on the weight of the total
composite composition. In an embodiment, the composite composition can contain from
about 1 wt% to about 20 wt% microspheres, such as polymeric microspheres, based on the
weight of the total composite composition. In an embodiment, the composite composition
can contain from about 1 wt% to about wt10 % microspheres, such as polymeric
microspheres, based on the weight of the total composite composition. In an embodiment,
the composite composition can include from about 3 wt% to about 15 wt% microspheres
based on the total weight of the composite composition. In an embodiment, the composite
composition can include from about 5 wt% to about 10 wt% microspheres based on the
total weight of the composite composition.

Once the composite composition is prepared, a film of the composite composition
is then formed. Numerous methods can be utilized to form a film of the composite
composition, including, but not limited to extrusion, hot pressing and solution casting for
example. In an embodiment where extrusion is utilized to form a film, the components of
the composite composition can be added to an extruder and an appropriate die can be
utilized to form a film of the composite composition. In an embodiment where solution
casting is utilized to form a film of the composite composition, the composite composition
(generally including a solvent) can be applied to a substrate via one of a number of
methods. A film that has been cast from solution can also be hot pressed between two
plates after being cast. Exemplary methods of forming a coating include, but are not
limited to, knife coating, immersion (dip) coating, gap coating, curtain coating, rotary
screen coating, reverse roll coating, Gravure coating, metering rod (Meyer bar) coating
and slot die (extrusion) coating for example. In an embodiment, the particular coating
method chosen can depend at least in part on the amount of microspheres in the composite
composition, the desired thickness of the coating, other factors not discussed herein, or a
combination thereof.

In an embodiment where the composite composition is solution cast, a dry coating
thickness of the composite composition can range from about 0.1 micrometers (um) to

about 500 um. The thickness can be at least 0.1 pm, at least 0.2 pum, at least 0.5 pm, at
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least 1 um, at least 2 pm, at least 5 um, at least 10 um, or at least 20 um. The thickness
can be up to 500 um or greater, up to 400 um, up to 300 um, up to 200 pum, up to 100 pm ,
or up to 50 um. In an embodiment, the solution cast coating composition can have a wet
coating thickness from about 0.1 pm to about 100 um. In an embodiment, the solution
cast composite composition can have a dry coating thickness from about 10 um to about
50 um. Once the composite composition has been solution cast, the solvent from the
composite composition can be at least partially evaporated. This can be accomplished by
drying the film in an oven or at room temperature. The temperature necessary to at least
partially evaporate at least part of the solvent can depend at least in part on the amount of
solvent in the composite composition, the particular solvent (or solvents), the particular
polymer, or a combination thereof. In an embodiment where the polymer is P(VDF-TrFE)
and the solvent is MEK, the solvent can be at least partially evaporated in an oven set at
about 60° C.

Once a film of the composite composition is prepared, the film is often heated to
expand the gas or liquid located inside the microspheres to form an expanded microsphere.
Once the microspheres have been expanded, a composite material is formed. A composite
material includes (1) polymer and (2) at least one expanded microsphere. Optionally, the
film can be removed from the substrate upon which it was coated before it is heated to
expand the microspheres. The film can be heated using known methods. Exemplary
methods include use of a convection oven, an infrared heating device or a heat gun for
example. It should also be noted that part or all of the solvent can be evaporated while the
film is heated to expand the microspheres. In an embodiment however, the film is heated
initially to a first temperature in order to at least partially evaporate at least some of the
solvent within the film; and is then heated to a second temperature to expand the gas
within the microspheres. In such an embodiment, the first temperature can be less than the
second temperature.

Generally, the film is heated to a temperature that affords expansion of the gas or
liquid within the microsphere but does not break down the outer shell material or the
polymer. The temperature to which the film is heated is dictated at least in part on the
kind of polymer in the composite composition, the shell material of the microsphere, the
gas or liquid within the microsphere, the extent of desired expansion of the microspheres,

or a combination thereof.
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In an embodiment that utilizes polymeric microspheres such as those available
under then trade designation EXPANCEL, the film can generally be heated to a
temperature from about 80° C to about 190° C. Technical literature that accompanies the
particular polymeric microspheres (or other type of microsphere) that are utilized can also
provide further information regarding the temperature at which the microspheres will
begin to expand. In an embodiment that utilizes polymeric microspheres such as those
available under the trade designation EXPANCEL 461 DU 20, the film can be heated to
about 150° C. When the polymeric microspheres are heated, the small amount of
propellant (i.c., the gas or liquid) within the interior of the microspheres expands, while
the shell material softens. The expansion of the propellant increases the pressure within
the microsphere, which results in an expansion of the microspheres. The temperature at
which expansion of the microspheres starts as well as the temperature at which the
maximum expansion is obtained depends to some degree on the rate of heating. The time
that the film is heated can dictate, at least in part, the extent of the expansion. In some
embodiments that utilize polymeric microspheres, the film can be heated to about 150° C
for about 5 minutes. In other embodiments that utilize polymeric microspheres, the film
can be heated to about 190° C for about 5 to about 10 minutes. Once the film has been
heated to the expansion temperature, it can, but need not be cooled to a lower temperature
(e.g. room temperature) before further action is carried out on the film.

The extent to which the microspheres, for example polymeric microspheres such as
those available under the trade designation EXPANCEL, are heated can be used to control
at least in part the extent to which they expand. For this reason, the methods disclosed
herein can offer the advantage of being able to readily control the porosity of the articles
formed using such methods. This can be advantageous because it offers the ability to
more effectively tailor the combination of the piezoelectric properties (for example) and
the mechanical strength of the film.

After the film is heated (and optionally cooled), the film can then optionally be
poled. Poling (or polarizing) the film can be accomplished as those of skill in the art
know. An exemplary method of poling includes use of a corona poling process. Corona
poling functions to align the charges within and around the microspheres in the film. An
exemplary set up for corona poling includes a sharp needle or thin wire suspended above a

larger ground plate. The distance between the wire and the ground plate can be about 1
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centimeter (cm) for example. A high voltage (about 5 to about 10 kV) can be applied to
the needle or wire. In an embodiment, an external ficld of at least about 30 MV/m can be
utilized. This will cause the surrounding air to be ionized. The ionized air will then
collect on an article (e.g. the film) placed between the needle and the ground plate. The
charge will continue to build until equilibrium is met between the electro-forces of the
plate and the environment. In an embodiment, the poling process involves heating the
film, applying the poling field, and cooling the film thereby allowing the dipoles within
the film to solidify while polarized. In an embodiment, thicker films (films having a
thickness that is at least about 100 um) can be heated during the poling process in order to
achieve a relatively larger piezoelectric response. Such thick films can be heated to a
temperature of about 70°C to about 130°C during the poling process. For high
temperature poling the film can be heated first and the high voltage field can be applied
while the film is at a high temperature. This can aid in rotating the dipole or injecting the
charge. The film can then be cooled down under the field to freeze the dipole or injected
charge. In an embodiment, the film can be corona charged using an electric field of
approximately 20 MV/m, for about 10 minutes at a temperature of about 28°C.

In an embodiment, an electromechanical layer can have piezoelectric properties or
pyroelectric properties without being mechanically stretched. The ability to avoid
stretching can be advantageous from a processing standpoint and can also provide films
having more desirable properties. For example, stretching can create anisotropic elastic
modulus in the stretching or axial direction as compared to the transverse direction. The
properties of an electromechanical layers as formed herein can be (but need not be)
enhanced by being mechanically stretched.

An article formed using a method as described above can be referred to as an
electromechanical film, and in an embodiment a piezoelectric film, piezoelectric layer or
piezoelectric article. The electromechanical layer includes a composite material that
includes (1) polymer and (2) at least one microsphere that has an outer shell made up of a
shell material and a gas or liquid contained within the outer shell. The polymer at least
partially encapsulates the at least one microsphere. The polymer and at least one
microsphere are as discussed above.

In an embodiment, a composite material includes (1) polymer and (2) at least one

expanded microsphere that has an outer shell made up of a shell material and a gas or
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liquid contained within the outer shell. An expanded microsphere is one that has been
subjected to sufficient heating to cause the shell material of the microsphere to expand. In
an embodiment, an expanded microsphere is one that has been subjected to sufficient
heating to cause the shell material of the microsphere to expand at least about 1 volume%.
In an embedment, an expanded microsphere is one that has been subjected to sufficient
heating to cause the shell material of the microsphere to expand at least about 5 volume%.
In an embodiment, an expanded microsphere is one that has been subjected to sufficient
heating to cause the shell material of the microsphere to expand at least about 25
volume%. In an embodiment, an expanded microsphere is one that has been subjected to
sufficient heating to cause the shell material of the microsphere to expand at least about
100 volume%. In an embodiment, an expanded microsphere is one that has been
subjected to sufficient heating to cause the shell material of the microsphere to expand at
least about 500 volume%. In an embodiment, an expanded microsphere is one that has
been subjected to sufficient heating to cause the shell material of the microsphere to
expand at least about 1000 volume%. In an embodiment, an expanded microsphere is one
that has been subjected to sufficient heating to cause the shell material of the microsphere
to expand at least about 2000 volume%.

It is thought, but not relied upon that the electromechanical properties are provided
to the electromechanical layer by the differences in dielectric constants of the polymer, the
shell material of the microspheres and the gas or liquid within the microspheres.
Generally, the polymer and the shell material have different dielectric constants and the
shell material and the gas have different dielectric constants. In an embodiment, the
polymer and the shell material have dielectric constants that are at least 5% different. In
an embodiment, the polymer and the shell material have dielectric constants that are at
least about 10% different. In an embodiment, the polymer and the shell material have
diclectric constants that are at least about 20% different. In an embodiment, the shell
material and the gas have dielectric constants that are at least about 5% different. In an
embodiment, the shell material and the gas have dielectric constants that are at least about
10% different. In an embodiment, the shell material and the gas have dielectric constants
that are at least about 20% different.

The amount of microspheres present in an electromechanical layer can be dictated,

at least in part by the amount of microspheres present in a coating composition that makes
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the electromechanical layer. In an embodiment, the electromechanical layer can have less
than or equal to about 70 % microspheres based on the total weight of the
electromechanical layer. For example, the electromechanical layer can contain up to 60
wt%, up to 50 wt%, or up to 40 wt% microspheres. The electromechanical layer often
contains at least 10 wt%, at least 20 wt%, or at least 30 wt% microspheres. In an
embodiment, the electromechanical layer can have from about 30% to about 40%
microspheres based on the total weight of the electromechanical layer.

An electromechanical layer can also include additional materials, including for
example processing additives (e.g. plasticizers), piezoelectric additives (barium titanate
(BaTiOs) and lead zirconate titanate (PZT)) or pyroelectric additives as discussed above.
An electromechanical layer can also include solvent that was not entirely evaporated from
the coating composition from which it was formed.

The desired thickness of an electromechanical layer can depend, at least in part, on
the particular configuration that the electromechanical layer will be utilized in, the size of
the microspheres in the electromechanical layer, as well as other factors. In an
embodiment, an electromechanical layer can have thicknesses in the micrometer range. In
an embodiment, an electromechanical layer can have a thickness from about 10 pm to
about 50 um. In an embodiment, an electromechanical layer can have a thickness from
about 15 pum to about 30 um. In an embodiment, an electromechanical layer can have a
thickness from about 20 pm to about 25 pm.

An electromechanical layer can have piezoelectric properties. In an embodiment, a
piezoelectric layer can have a piezoelectric coefficient (ds3) that is at least about 100 pC/N.
In an embodiment, a piezoelectric layer can have a piezoelectric coefficient (di3) that is at
least about 150 pC/N. The piezoelectric coefficient can be measured using commercially
available devices, including for example a PiezoTest piezometer model number PM300
(Piezotest, London, UK). An electromechanical layer can also have pyroelectric
properties.

An electromechanical layer can be included in an electromechanical device. An
exemplary electromechanical device is depicted in FIG. 1. An electromechanical device
100 can include an electromechanical layer 110 that is disposed between a first conductive
layer 120 and a second conductive layer 130. Stated another way, the first conductive

layer 120 can be disposed adjacent to, directly adjacent to, on or directly on the
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electromechanical layer 110; and the electromechanical layer 110 can be disposed adjacent
to, directly adjacent to, on or directly on the second conductive layer 130.

The first conductive layer 120 and the second conductive layer 130 are generally
made of an electrically conductive material. Exemplary electrically conductive materials
can include, but are not limited to, conductive metals and conductive polymers.
Exemplary conductive metals can be chosen from copper, silver, gold, platinum,
aluminum or mixtures thereof. Exemplary conductive polymers can be chosen from
polyacetylenes, polypyrroles, polythiophenes, polyanilines, polyfluorenes,
poly(alkylthiophenes), poly(3,4-cthylendioxythiophene), polytetrathiafulvalenes), poly(p-
phenylene sulfide), poly(p-phenylene vinylenes) or mixtures thereof. Polymers that can
be made to be conductive can also be utilized. Exemplary methods of rendering a non-
conductive polymer conductive include, but are not limited to, the inclusion of conductive
particles or doping. Specific exemplary materials include, but are not limited to,
conductive polymers prepared from 3,4-ethylenedioxythiophene monomers such as the
conductive polymer commercialy available under the trade designation CLEVIOS from
H.C. Starch GmbH in Gosalar, Germany. Other exemplary materials include graphite and
carbon grease (MG Chemicals, Surrey, British Columbia). In an embodiment, first and
second electrodes can include a sputter deposited conductive metal, such as gold for
example.

FIG. 2 illustrates another exemplary electromechanical device. The exemplary
electromechanical device 200 depicted in FIG. 2 includes the electromechanical layer 210
positioned between the first conductive layer 220 and the second conductive layer 230.
This electromechanical device 200 also includes a first electrical contact 240 that is
electrically connected (and optionally physically connected) to the first conductive layer
220 and a second electrical contact 250 that is electrically connected (and optionally
physically connected) to the second conductive layer 230. The first electrical contact 240
and the second electrical contact 250 can be made of any electrically conductive material,
including but not limited to conductive tape for example. Suitable conductive tapes
include, but are not limited to, those commercially available from 3M Company, St. Paul,
MN under the trade designation 3M XY Z-Axis Electrically Conductive Tape 9712 or 3M
XYZ-Axis Electrically Conductive Tape 9713.
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The first electrical contact 240 is electrically connected (and optionally physically
connected) to a first wire 245; and the second electrical contact 250 is electrically
connected (and optionally physically connected) to a second wire 255. The first wire 245
and the second wire 255 are electrically connected (and optionally physically connected)
to a control device 260. The first wire 245 and the first electrical contact 240 function to
electrically connect the first conductive layer 220 to the control device 260; and the
second wire 255 and the second electrical contact 250 function to electrically connect the
second conductive layer 230 to the control device 260. Any clectrically conductive wire
may be utilized as the first wire 245 and the second wire 255. One of skill in the art would
be aware of specific types of wire that could be utilized and would be aware of how the
electrical connections should be made.

The control device 260 may function to receive an electrical signal (i.e., a voltage)
from the electromechanical layer 210 when it is stressed or strained (or exposed to heat in
the case of a pyroelectric layer). As such, the control device 260 may include a meter 265.
Generally, the greater the stress or strain on the piezoelectric electromechanical layer 210,
the greater the magnitude of the electrical signal. The meter 265 may be configured to
receive and measure the electrical signal; receive and pass the electrical signal one; or
receive, measure and pass the electrical signal on.

The control device 260 may also function as a source of electricity. In such an
embodiment, the control device 260 can include a power supply 268. The power supply
268 is configured to apply an electrical signal to the first conductive layer 220 and the
second conductive layer 230, in order to actuate (i.c. deflect, warp, bend) the
electromechanical layer 210. In an embodiment, an amplifier can optionally be utilized to
amplify a signal generated by the transducer.

The control device 260 can include a meter 265, a power supply 268, or both a
meter 265 and a power supply 268. A control device 260 can also include more than one
meter 265, more than one power supply 268, or more than one meter 265 and more than
one power supply 268.

Although not depicted in the figures, an electromechanical article may also include
more than one electromechanical layer. In an embodiment, multiple electromechanical
layers are formed into a stack. In an embodiment, an electromechanical article may also

include other polymeric layers. Other polymeric layers may be included in order to
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increase temperature stability of an electromechanical article, for example. Polymers that
could be utilized to increase the temperature stability of an electromechanical layer

include, but are not limited to, poly(phenylene sulfide) (“PPS”) and Nylon for example.

EXAMPLES
Materials and Methods:
Unless otherwise noted, all chemicals were obtained from Aldrich and were used

without further purification.

Examples 1-33

Poly(vinylidene fluoride-trifluorocthylene)copolymer (P(VDF-TrFE)) (obtained
from Solvay and Cie, Belgium) (10-20 wt%) was dissolved in methylethyl ketone (MEK)
solvent at 50° C. Unexpanded polymeric microspheres, commercially available under then
trade designation 461-DU-20 EXPANCEL from Expancel Incorporated, Duluth, GA,
USA) were added to the P(VDF-TrFE) solution at a concentration of about 10 pph (part
per hundred). About 50 mL of this composition was then poured on a 20 pum silicon liner
(CP Film Inc. Fieldale, VA)and dried in the oven at 60°C to evaporate the solvent. The
dried and unexpanded composite film was then removed from the liner.

The piezoelectric property (ds3) of the unexpanded composite film was then
measured using a PiezoTest precision piezometer system m (Piezotest, London, United
Kingdom). The ds3 value for the composite film was 0.1 pC/N before the polymeric
microspheres were expanded.

The film was then heated to 150°C for about 5 minutes in order to expand the
polymeric microspheres. After heating, the film was cooled down to room temperature.
The film was then corona charged by passing the film, while in contact with an aluminum
ground plane, through a direct current (i.e., DC) corona charger equipped with a series of
stainless steel wires at a voltage of greater than 20 MV/m. The wires were positioned at a
distance of 1 inch (2.5 cm) from the ground plane, and were spaced such that the corona
discharge was continuous. The piezoelectric property (di3) was then measured using a
PiezoTest piezometer, model number PM300 (Piezotest, London, United Kingdom).

Examples 2 through 33 were prepared in the same fashion as Example 1, by

dissolving 10 -20 wt% of poly(vinylidene fluoride-trifluorocthylene)copolymer (referred
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to as P(VDF-TrFE)) in methylethyl ketone (MEK) solvent at 50° C. Unexpanded
microspheres according to Table 1 were added to the solution at the concentrations given
in Table 1. All the microspheres were polymeric microspheres commercially available
under the trade designation EXPANCEL. Various amounts of the composition was then
poured onto 20 pm silicon liner (CP Film Inc. Ficldale, VA) and dried in the oven at 60°C
to evaporate the solvent, giving the dried thicknesses shown in Table 1. The dried P(VDF-
TrFE)- polymeric microsphere composite films were then removed from the liners. The
films were then heated to temperatures shown in Table 1 for times shown in Table 1 to
expand the polymeric microspheres. After heating, the films were cooled down to room

temperature. The films then was polarized and tested as explained above.
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Table 1
Example Type of Expansion Wt% of Dry ds3 (pC/N)
Number polymeric Conditions Microspheres Thickness
microspheres | (°C and time) (um)
1 461-DU-20 150°C 10 20 139 +14
Smin
2 461-DU-20 150°C 10 23 178 + 20
Smin
3 150°C 1 23 62 +15
095-DU-120 Smin
4 150°C 1 17 158 + 40
095-DU-120 Smin
5 150°C 3 31 58+4
461-DU-20 Smin
6 150°C 1 21 71+ 17
461-DU-20 Smin
7 170°C 1 9 189+ 16
095-DU-120 Smin
8 170°C 1 10 192+ 13
095-DU-120 Smin
9 170°C 3 15 115+ 20
095-DU-120 Smin
10 170°C 1 11 121+9
461-DU-20 Smin
11 170°C 3 10 184+ 16
461-DU-20 Smin
12 170°C 5 17 165 +24
461-DU-20 Smin
13 170°C 7 14 70 + 13
461-DU-20 Smin
14 180°C 1 10 126 + 29
095-DU-120 Smin
15 180°C 1 10 127 +3
095-DU-120 Smin
16 180°C 3 15 84 + 37
095-DU-120 Smin
17 180°C 1 12 103 + 64
461-DU-20 Smin
18 180°C 3 12 96 + 36
461-DU-20 Smin
P | 095-DU-120 | 190°C - 5min : ’ 13522
20 | 095-DU-120 | 190°C - 5min ! 8 2842 17
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Example Type of Expansion Wt% of Dry ds3 (pC/N)
Number polymeric Conditions Microspheres Thickness
microspheres (°C and time) (pum)
21 095-DU-120 | 190°C - Smin 3 11 172 £ 15
22 095-DU-120 | 190°C - 5min 3 16 166 + 32
23 461-DU-20 | 190°C - 5min 1 16 157 £32
24 461-DU-20 | 190°C - 5min 1 14 158 + 46
25 461-DU-20 | 190°C - 5min 3 13 197 +43
26 190°C 3 14 12719
461-DU-20 5min
27 190°C 5 20 156 + 6
461-DU-20 5min
28 190°C 5 8 1971 18
461-DU-20 5min
29 190°C 5 g 105+ 16
461-DU-20 5min
30 190°C 1 11 10016
095-DU-120 7 min
31 190°C 1 11 335 1 41
461-DU-20 7 min
32 190°C 3 9 584+ 122
461-DU-20 7 min
33 190°C 5 12 188 + 21
461-DU-20 7 min
Example 34

A PVDF-TrFE polymer was dissolved in MEK at room temperature as described
in Example 1 above. Unexpanded polymeric microspheres (461-DU-20 EXPANCEL

microspheres) were added to the P(VDF-TtFE) solution at a concentration of about 5 pph.

This composition was then coated onto a glass plate which was then placed in the oven at

60°C to evaporate solvent. The dried and unexpanded composite film was then removed

from the glass plate. The film was then heated up to 170°C for about 5 minutes to expand

the polymeric microspheres.

The film was then polarized using a corona charging process by applying a positive

electric field >20 MV/m. The piezoelectric property diz was measured using the

PiezoTest piezometer. The initial piezoelectric coefficient (ds3) of 165 £23.6 was

measured. The sample was allowed to age at room temperature and the piezoelectric
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coefficient was measured at various amounts of days from formation of the film. Table 2

shows the measured piczoelectric coefficient measured at 51, 94 and 191 days from

formation.
Table 2
Aging Days ds3 (pC/N)
0 165+23
51 155+35
94 129 + 28
191 123+ 30
Example 35

Another sample was prepared using the same method as Example 1. The final
thickness of the composite film was about 20 microns. This sample, once polarized was
kept in the oven at a relatively high temperature (about 65°C) for an aging study. Table 3
shows the measured piezoelectric coefficient measured at 0, 1, 3, 7, 105, 138 and 202 days

after formation.

Table 3
Aging Days ds3 (pC/N)
0 139 +14
1 98 +17
3 95+13
7 84 + 16
105 89+ 10
138 97+9
202 90 £10

Thus, embodiments of electromechanical materials and devices including the same
are disclosed. One skilled in the art will appreciate that the present disclosure can be
practiced with embodiments other than those disclosed. The disclosed embodiments are
presented for purposes of illustration and not limitation, and the present disclosure is

limited only by the claims that follow.
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We Claim:

1. An electromechanical article comprising a composite material comprising:
a polymer; and
at least one expanded microsphere having an outer shell comprising a shell
material and a gas or liquid contained within the outer shell of the microsphere,
wherein the polymer at least partially encapsulates the microsphere and the
polymer, shell material of the microsphere and gas or liquid within the microsphere all
have different diclectric constants
wherein the electromechanical article has piezoelectric properties or pyroelectric

properties.

2. The electromechanical article according to claim 1, wherein the polymer is a vinyl

polymer.

3. The electromechanical article according to claim 1, wherein the polymer comprises

poly(vinylidene fluoride).
4. The electromechanical article according to claim 1, wherein the at least one
microsphere has an unexpanded diameter from about 5 micrometers (Lum) to about 50

micrometers (pm).

5. The electromechanical article according to claim 1, wherein the at least one

microsphere comprises glass.

6. The electromechanical article according to claim 1, wherein the at least one

microsphere comprises a ceramic material.

7. The electromechanical article according to claim 1, wherein the shell material

comprises a polymer.
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8. The electromechanical article according to claim 7, wherein the at least one
microsphere is a polymeric microsphere commercially available under the trade

designation EXPANCEL.

9. The electromechanical article according to claim 1, wherein the composite material
comprises less than or equal to about 70 wt% microspheres based on the total weight of

the composite material.

10.  The electromechanical article according to claim 9, wherein the composite material
comprises from about 30 wt% to about 40 wt% microspheres based on the total weight of

the composite material.

11.  The electromechanical article according to claim 1, wherein the composite material

further comprises a plasticizer.

12.  The electromechanical article according to claim 1, wherein the composite material

has piezoelectric properties.

13.  The electromechanical article according to claim 12, wherein the composite
material further comprises barium titanate (BaTiOs), lead zirconate titanate (PZT), or

combinations thereof.

14. A electromechanical device comprising;:
a electromechanical layer, the electromechanical layer comprising:

a polymer; and

at least one expanded microsphere having an outer shell comprising a shell
material and a gas or liquid contained within the outer shell,

wherein the polymer at least partially encapsulates the expanded
microsphere and the polymer, the shell material of the microsphere
and the gas or liquid within the microsphere all have different
dielectric constants;

a first conductive layer; and
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a second conductive layer,
wherein the electromechanical layer is positioned between and in electrical

connection with both the first conductive layer and the second conductive layer.

15.  The electromechanical device according to claim 14 further comprising
a first electrical contact that is electrically connected to the first conductive layer;
a second electrical contact that is electrically connected to the second conductive
layer;
a control device electrically connected to the first electrical contact and the second

electrical contact.

16.  The electromechanical device according to claim 15, wherein the control device

comprises a meter, a power supply, or both.

17. A method of making a electromechanical article, the method comprising;:

forming a composite composition by combining a polymer and a plurality of
microspheres, wherein each of the plurality of microspheres has an outer shell comprising
a shell material and a gas or liquid contained within the outer shell;

forming a film of the composite composition;

heating the film of the composite composition to expand the gas or liquid

contained within the outer shell of the microspheres forming an expanded microsphere.

18.  The method according to claim 17, wherein the composite composition further
comprises at least one solvent and the method further comprises removing at least a

portion of the solvent from the film before heating the film.

19.  The method according to claim 18, wherein removing at least a portion of the
solvent from the film is accomplished by heating the film in an oven to a temperature
below the temperature at which the gas or liquid contained within the outer shell of the

microsphere expands.
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20.  The method according to claim 17 further comprising removing the film from a

substrate before heating the film.

21.  The method according to claim 17 further comprising poling the film after heating.

-25.-



000000000000000000000000000000

™

DI
Fig. 1

200
N

AN
" LKL




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/063781

A. CLASSIFICATION OF_lSUBJECT MATTER

INV. HO1L41/18 HO1L41/22
ADD.

According to International Patent Classification (IPG) or to both national classification and IPC

B. FIELDS SEARCHED

HO1L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Studies”

IEEE, US,

vol. 54, no. 11,
2318-2330, XP011198613
ISSN: 0885-3010

figure 1

X BAJRAM ZEQIRI ET AL: "A Novel

Pyroelectric Method of Determining
Ultrasonic Transducer Output Power: Device
Concept, Modeling, and Preliminary

TEEE TRANSACTIONS ON ULTRASONICS,
FERROELECTRICS AND FREQUENCY CONTROL,

1 November 2007 (2007-11-01), pages

page 2318, column 2, paragraph 3 - page
2319, column 2, paragraph 2

1,7-9,12

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E* earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited io establish the publication date of another
citation or other special reason {as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

“P" document published prior 1o the international filing date but
later than the priority date claimed

ey

wyn

myu

g

later document published after the international filing date
or priority date and not in conflict with the application but
cited to Understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
m?rr:ts, such combination being obvious to a person skilled
in the art.

document member of the same patent family

Date of the actual completion of the international search

31 March 2010

Date of mailing of the international search report

13/04/2010

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Meul, Hans

Form PCTASA/210 {second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

international application No

PCT/US2009/063781

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

WINDMILL J F C ET AL: "Nanomechanical and
electrical characterization of a new
cellular electret sensor-actuator"
NANOTECHNOLOGY, IOP, BRISTOL, GB,

vol. 19, no. 3,

23 January 2008 (2008-01-23), page 35506,
XP020129691

ISSN: 0957-4484

page 1, column 1, paragraph 1 - page 4,
column 2, paragraph 2

MAE ET AL: "Effects of strain rate and
density on tensile behavior of
polypropylene syntactic foam with polymer
microballoons”

MATERIALS SCIENCE AND ENGINEERING A:
STRUCTURAL MATERIALS:PROPERTIES,
MICROSTRUCTURE & PROCESSING, LAUSANNE, CH,
vol. 477, no. 1-2, _

19 February 2008 (2008-02-19), pages
168-178, XP022489934

ISSN: 0921-5093

page 168, column 1, paragraph 1 - page
169, column 2, paragraph 2

figure 1

SAMEL B ET AL: "Expandable microspheres
incorporated in a pdms matrix: a novel
thermal composite actuator for 1liquid
handling in microfluidic applications”
TRANSDUCERS ’03, 12TH INT. CONF. ON
SOLID-STATE SENSORS, ACTUATORS AND
MICROSYSTEMS, 2003, PISCATAWAY, NJ,

USA, IEEE,

vol. 2, 9 June 2003 (2003-06-09), pages
1558-1561, XP010647522

ISBN: 978-0-7803-7731-8

page 1558, column 1, paragraph 1 - page
1559, column 1, paragraph 3

US 2006/189269 Al (ROY PRADIP K [US] ET
AL) 24 August 2006 (2006-08-24)
paragraph [0080]

WO 95/16999 Al (GORE & ASS [UST)

22 June 1995 (1995-06-22)

page 7, line 38 - page 9, line 8

EP 1 526 757 Al (TAYCA CORP [JPI)

27 April 2005 (2005-04-27)

paragraphs [0019], [0023]1, [0035];
figure 2 '

-4
-1

=~

0,
2-17,21

5,6,11,
18-20

1-3,
7-10,12,
14-17,21

[
e
—
~!

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2009/063781
Patent document Publication Patent family Publication

cited in search report date member(s) date
US 2006189269 Al 24-08-2006 CN 101166604 A 23-04-2008
WO 9516999 Al 22-06-1995 AU 7135994 A 03-07-1995
EP 0734577 Al 02-10-1996
JP - 9506733 T 30-06-1997
EP 1526757 Al 27-04-2005 WO 03092325 Al 06-11-2003
JP 3856380 B2 13-12-2006
JP 2003319494 A 07-11-2003
US 2005174017 Al 11-08-2005

Form PCT/ISA/210 (patent family annex) {April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

