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(54) Title: A POLYMER TRANSDUCER

(57) Abstract: The invention provides a polymer trans
ducer (1) comprising a film structure with elastically de-
formable polymer film layers ( 11, 12) and electrically

i conductive layers (3, 4) arranged on opposite sides
thereof. Conductors (16, 17) are attached to the con
ductive layers to enable connection of a control means
for applying an electrical potential between the conduct
ive layers. To reduce the vulnerability of the transducer
and allow attachment of the transducer to a product, the
transducer further comprises a support layer (21, 22) of
an essentially un-elastic material. The support layer is

Fig . 3 arranged such that it reduces stretchability of the con
nection points (19, 20) where the conductors are at
tached to the electrically conductive layers.
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A POLYMER TRANSDUCER

INTRODUCTION

The invention relates to a transducer comprising :

- a film structure comprising at least one layer of an elastically deformable

polymer film, the film structure having first and second opposite surfaces;

- a first electrically conductive layer arranged on the first surface of the film

structure and being stretchable during elastic deformation of the polymer film;

- a second electrically conductive layer arranged on the second surface of the

polymer film and being stretchable during elastic deformation of the film

structure;

- a first conductor in electrically conductive communication with a first

connection point of the first electrically conductive layer to facilitate

connection to a power source; and

- a second conductor in electrically conductive communication with a second

connection point of the second electrically conductive layer to facilitate

connection to the power source.

BACKGROUND OF THE INVENTION

An electrical potential difference between two electrically conductive layers

located on opposite surfaces of the film structure generates an electric field

leading to a force of attraction. As a result, the distance between the conductive

layers changes and the change leads to compression of the elastomeric material

which is thereby deformed. Such structures can be used for making transducers

for various purposes. When implemented as actuators they are sometimes



referred to as "artificial muscles" due to certain similarities with a muscle. They

can also be used as sensors for sensing strain, deflection, temperature variation,

pressure etc., or they can be used as generators for converting mechanical

energy to electrical, sometimes referred to as energy harvesting. Herein we will

generally refer to these structures as transducers or polymer transducers.

US 6,376,971 discloses a compliant electrically conductive layer which is

positioned in contact with a polymer in such a way, that when applying a

potential difference across the electrically conductive layers, the electric field

arising between the electrically conductive layers forces the electrically

conductive layers towards each other. The electric field thereby deflects the

polymer film structure.

Due to the deformation of the polymer, the electrically conductive layers move,

and the conductor which connects the electrically conductive layer to a power

source must constantly follow the movement of the electrically conductive layer.

Fatigue may be experienced over time whereby the conductance of the

conductor is reduced or the conductor may fail completely.

Particularly, the transition between the conductor and the electrically conductive

layers tend to be fragile and may become damaged by the repeated movement

of the transducer.

Additionally, the traditional transducers are often difficult to integrate into

products. Particularly, the electrically conductive layers may become damaged in

an attempt to attach the transducer to a product, or further complications

relating to fatigue, particularly in the above mentioned transition between the

conductors and the electrically conductive layers, may arise due to unsuitable

attachment of the transducer to a product.



DESCRIPTION OF THE INVENTION

It is an object of embodiments of the invention to provide a transducer which is

attachable to a product and which is less vulnerable to fatigue and stress.

According to a first aspect, this object is met by a transducer which comprises a

first support layer of an essentially un-elastic material which is arranged such

that it reduces stretchability of the first and second connection points.

When stretchability of the connection points is reduced, relative movement

between the conductor and the electrically conductive layer is reduced, and the

transducer may become less vulnerable.

By polymer transducer is hereby meant an element which is capable of

converting electrical energy to mechanical energy and reciprocally of converting

mechanical energy to electrical energy. This enables the use of the transducer as

an actuator which can move an item when provided with an electrical field

between the first and second layers of electrically conductive material, and/or

the use of the transducer as a sensor which provides a change of an electrical

characteristic, e.g. capacitance between the layers of electrically conductive

material, upon a change in the flow conditions in the path.

The first electrically conductive layer and the second electrically conductive layer

may particularly be made from a material having a resistivity which is less than

10-2 cm such as less than 10-4 cm . By providing an electrically conductive

layer having a very low resistivity the total resistance of the electrically

conductive layer will not become excessive, even if a very long electrically

conductive layer is used. Thereby, the response time for conversion between

mechanical and electrical energy can be maintained at an acceptable level while

allowing a large surface area of the composite, and thereby obtaining a large

actuation force or fine sensing capabilities for the transducer.

The electrically conductive layer may preferably be made from a metal or an

electrically conductive alloy, e.g. from a metal selected from a group consisting



of silver, gold and nickel. Alternatively other suitable metals or electrically

conductive alloys may be chosen. Since metals and electrically conductive alloys

normally have a very low resistivity, the advantages mentioned above are

obtained by making the electrically conductive layer from metal or from any kind

of electrically conductive material, e.g. with a modulus of elasticity which is

higher than that of the polymer film - i.e. the electrically conductive layer may

have a higher stiffness in the elastic range than the polymer film material. The

dielectric material may have a resistivity which is larger than 1010 cm.

Preferably, the resistivity of the dielectric material is much higher than the

resistivity of the electrically conductive layer, preferably at least 1014-1018

times higher.

In absolute terms, the electrically conductive layer may have a thickness in the

range of 0.01 µιτι to 0.1 µηι , such as in the range of 0.02 µ η to 0.09 µηι , such

as in the range of 0.05 µιτι to 0.07 µ ι .

The first and second electrically conductive layers are specified to be stretchable.

In practice this can be obtained by making the film structure with polymer films

having a surface pattern of raised and depressed surface portions and by

applying a corresponding one of the electrically conductive layers onto the

surface pattern in a thin layer such that it follows the shape of the polymer film

to which it is attached. When the film is elastically deformed, the electrically

conductive layer can follow the elastic movement of the film while the pattern is

stretched out until the electrically conductive layer is completely stretched.

The film structure comprises any number of layers of an elastically deformable

polymer film, e.g. one, two, three, four, or five layers of the elastically

deformable film either adhesively joined or simply stacked above each other to

form a laminated structure. The elastically deformable film may particularly be

made from a dielectric material which herein is considered to cover any material

which can sustain an electric field without conducting an electric current, such as

a material having a relative permittivity, ε , which is larger than or equal to 2 . It

could be a polymer, e.g. an elastomer, such as a silicone elastomer, such as a



weak adhesive silicone or in general a material which has elatomer like

characteristics with respect to elastic deformation. For example, Elastosil RT 625,

Elastosil RT 622, Elastosil RT 601 all three from Wacker-Chemie could be used

as a dielectric material.

In the present context the term 'dielectric material' should be interpreted in

particular but not exclusively to mean a material having a relative permittivity, ε ,

which is larger than or equal to 2 .

I n the case that a dielectric material which is not an elastomer is used, it should

be noted that the dielectric material should have elastomer-like properties, e.g.

in terms of elasticity. Thus, the dielectric material should be deformable to such

an extent that the composite is capable of deflecting and thereby pushing and/or

pulling due to deformations of the dielectric material.

The film may have a thickness between 10 µ η and 200 µηι , such as between 20

µιτι and 150 µηι , such as between 30 µ η and 100 µηι , such as between 40 µ η

and 80 µιτι .

The film and the electrically conductive layers may have a relatively uniform

thickness, e.g. with a largest thickness which is less than 110 percent of an

average thickness of the film, and a smallest thickness which is at least 90

percent of an average thickness of the film.

Correspondingly, the first and the second electrically conductive layers may have

a largest thickness which is less than 110 percent of an average thickness of the

first electrically conductive layer, and a smallest thickness which is at least 90

percent of an average thickness of the first electrically conductive layer. The

electrically conductive layers may e.g. be applied to one of the polymer film

layers in a very thin layer thickness by a coating technique.

A first conductor may be attached to the first electrically conductive layer in a

first connection point, and the second conductor may be attached to the second

electrically conductive layer in a second connection point. The conductor may be



formed as an elongated body like a traditional wire or cable, formed by a woven

fabric comprising the conductors e.g. formed as conductive coatings on the

surface of the fibers, yarns etc, of the woven fabric. In another embodiment, the

conductors may be formed as pouches being circular, oval, or of another shape

suitable for establishing the electrically communication with one of the

electrodes.

The conductor may e.g. be highly elastically deformable such that the length of

the conductor may be varied, or the conductors may at least be flexibly

bendable.

First and second support layers made from essentially un-elastic material are

arranged to reduce stretchability of at least one of the first and the second,

connection points. This layer may be adhesively attached directly to the surface

of one of the contact points. Since the un-elastic material reduces the

stretchability, it may improve the durability of the transducer by reducing

fatigue and stress. By un-elastic material is herein meant a material with a

higher modulus of elasticity than that of the polymer film. The ratio between a

modulus of elasticity of the un-elastic material and a modulus of elasticity of the

film may be larger than 50, or even larger than 100 or even larger than 200. By

un-elastic material is herein also meant a material though it may be

substantially un-stretchable, at least compared with the dielectric material, it

may still be highly bendable.

As already mentioned, the film structure may comprise any number of layers of

the elastically deformable polymer film. Particularly, the transducer may include

two layers of elastically deformable film which are separated by an intermediate

electrically conductive layer structure. The primary advantage of this structure is

that a potential difference may be applied between the intermediate electrically

conductive layer structure and a common potential of the first and second

electrically conductive layers. Particularly, the common potential may be zero,

i.e. the first and second electrically conductive layers may be connected to zero

or ground, whereas a high potential difference is applied to the intermediate

electrically conductive layer structure. The user of the transducer may thereby



be protected effectively from the high electrical potential by the first and second

electrically conductive layers which form outer surfaces of the transducer.

The intermediate electrically conductive layer structure may comprise at least

one, and preferably two intermediate electrically conductive layers being

stretchable during elastic deformation of the polymer film.

Two intermediate electrically conductive layers may be adhesively bonded by

use of an electrically conductive adhesive, and in that case, an additional

conductor which is connected to the intermediate electrically conductive layer

structure in an intermediate connection point can be fixed in the conductive

adhesive between the intermediate electrically conductive layers.

A further support layer of an essentially un-elastic material may be included in

the electrically conductive adhesive applied between the intermediate electrically

conductive layers. Since the un-elastic material reduces the stretchability inside

the laminated structure between the intermediate electrically conductive layers,

it may improve the durability of the transducer by reducing fatigue and stress.

The above definition of an un-elastic material still applies, i.e. it has a higher

modulus of elasticity than that of the polymer film, e.g. 50 times, or even 100

times, or even 200 times larger.

At least one of the first, the second, and the additional conductors may comprise

bendable conductive elements arranged un-stretched in contact with the

electrically conductive layer or conductive layer structure to which the conductor

is attached. Since the conductors are un-stretched they may be stretched during

deformation of the polymer film, and the conductors can thereby follow the

movement of the transducer in the contact points.

The transducer may further comprise control means adapted to apply an

electrical potential difference between at least one of the intermediate

electrically conductive layer structures and the common potential of the first and

second electrically conductive layers. As already mentioned, applying a zero

potential as the common potential will have the effect of protecting the user



against the potential being present on the intermediate electrically conductive

layer structure.

At least one of the first and second support layers may be bendable or soft

pliable such that it can change shape and easily adapts to the shape of the

product in or to which the transducer is applied. I n one embodiment, the

support layers are as bendable as a piece of cloth or canvas. Particularly, at

least one of the support layers may be constituted by a non-woven fabric

comprising soft bendable but essentially non-stretchable fibers e.g. having a

structure like a soft sheet of cloth etc.

At least one of the first and second support layers may coextend a connection

point to which it is attached. This layer may thereby form a tab which is not

provided with any electrically conductive layer, and the tab may become highly

durable, and it may not suffer from penetration, cutting, stamping or other

processes. The tab may therefore be suitable e.g. for attachment of the

transducer to a product, e.g. by stitching, nailing, riveting, gluing or by other

known processes.

The transducer may further comprise a layer of an elastically deformable and /

or sealing material covering the film structure, at least some of the electrically

conductive layers, and the connection points. Particularly, the transducer may be

completely sealed in an elastically deformable sealing material preventing

intrusion of water and/or vapor, dust and other contaminants.

The transducer may particularly facilitate stretching in one particular direction or

in several particular directions, e.g. in two directions being perpendicular. Herein,

the ability to stretch the transducer in one direction without being able to stretch

the transducer in other directions is referred to as anisotropic stretching

characteristics. The polymer film is already specified as being elastically

deformable, and to provide the anisotropic stretching characteristics, at least

one and preferably all of the electrically conductive layers may therefore have

anisotropic stretching characteristics.



This can be provided by making the aforementioned surface pattern of raised

and depressed surface portions with a particular shape.

The surface pattern may e.g. comprise corrugations which render the length of

the electrically conductive layers in a lengthwise direction longer than the length

of the composite as such in the lengthwise direction. The corrugated shape of

the electrically conductive layer thereby facilitates that the transducer can be

stretched in the lengthwise direction without having to stretch the electrically

conductive layer in that direction, but merely by evening out the corrugated

shape of the electrically conductive layer.

The corrugated pattern may comprise waves forming crests and troughs

extending in one common direction, the waves defining an anisotropic

characteristic facilitating movement in a direction which is perpendicular to the

common direction. According to this embodiment, the crests and troughs

resemble standing waves with essentially parallel wave fronts. However, the

waves are not necessarily sinusoidal, but could have any suitable shape as long

as crests and troughs are defined. According to this embodiment a crest (or a

trough) will define substantially linear contour-lines, i.e. lines along a portion of

the corrugation with equal height relative to the composite in general. This at

least substantially linear line will be at least substantially parallel to similar

contour lines formed by other crest and troughs, and the directions of the at

least substantially linear lines define the common direction. The common

direction defined in this manner has the consequence that anisotropy occurs,

and that movement of the composite in a direction perpendicular to the common

direction is facilitated, i.e. the composite, or at least an electrically conductive

layer arranged on the corrugated surface, is compliant in a direction

perpendicular to the common direction.

The variations of the raised and depressed surface portions may be relatively

macroscopic and easily detected by the naked eye of a human being, and they

may be the result of a deliberate act by the manufacturer. The periodic

variations may include marks or imprints caused by one or more joints formed

on a roller used for manufacturing the film. Alternatively or additionally, the



periodic variations may occur on a substantially microscopic scale. I n this case,

the periodic variations may be of the order of magnitude of manufacturing

tolerances of the tool, such as a roller, used during manufacture of the film.

Each wave in the corrugated surface may define a height being a shortest

distance between a crest and neighboring troughs. In this case, each wave may

define a largest wave having a height of at most 110 percent of an average

wave height, and/or each wave may define a smallest wave having a height of

at least 90 percent of an average wave height. According to this embodiment,

variations in the height of the waves are very small and a very uniform pattern

is obtained.

According to one embodiment, an average wave height of the waves may be

between 1/3 µιτι and 20 µηι , such as between 1 µ ι and 15 µηι , such as

between 2 µ ι and 10 µηι , such as between 4 µ ι and 8 µηι .

Alternatively or additionally, the waves may have a wavelength defined as the

shortest distance between two crests, and the ratio between an average height

of the waves and an average wavelength may be between 1/30 and 2, such as

between 1120 and 1.5, such as between 1/10 and 1 .

The waves may have an average wavelength in the range of 1 µ ι to 20 µ ι ,

such as in the range of 2 µ η to 15 µιη , such as in the range of µ η to 10 µ ι .

A ratio between an average height of the waves and an average thickness of the

film may be between 1/50 and 1/2, such as between 1/40 and 1/3, such as

between 1/30 and 1/4, such as between 1/20 and 1/5.

All electrically conductive layers in the transducer may have identical surface

patterns, and they may be arranged to provide stretchability in identical

direction.

To enable attachment of the transducer to a product, or to enable making of a

transducer with a specific shape, e.g. by cutting the transducer with a knife or



scissor, the transducer may include a void portion having at most one

electrically conductive layer and preferably no electrically conductive layer. This

will enable cutting without destroying the electrically conductive layers and

particularly without the risk of one electrically conductive layer contacting

another electrically conductive layer which could lead to short-circuiting of the

electrical signals carried by those layers. A visual indication on the transducer

may illustrate the void portions.

In as second aspect, the invention provides a method for attaching a polymer

transducer to a product, the transducer comprising :

- a film structure comprising at least one layer of an elastically deformable

polymer film, the film structure having first and second opposite surfaces;

- a first electrically conductive layer arranged on the first surface of the film

structure and being stretchable during elastic deformation of the polymer film;

- a second electrically conductive layer arranged on the second surface of the

polymer film and being stretchable during elastic deformation of the film

structure;

- a first conductor attached to a first connection point of the first electrically

conductive layer to facilitate connection to a power source; and

- a second conductor attached to a second connection point of the second

electrically conductive layer to facilitate connection to the power source;

the method comprising attaching at least one support layer of an essentially un-

elastic material to one of the connection points.

The method may further comprise:

- providing a plurality of first conductors attached to a plurality of first

connection points;



- providing a plurality of second conductors attached to a plurality of second

connection points; and

- separating a first portion of the transducer from a second portion of the

transducer such that both the first portion and the second portion has at

least one first conductor attached to a first connection point, and at least one

second conductor attached to a second connection point.

LIST OF DRAWINGS

Figs l a and l b illustrate a transducer with electrodes on opposite sides of a

polymer film structure;

Fig. 2 illustrates a polymer sheet for making a layer of the transducer;

Fig. 3 illustrates a transducer with two polymer film layers;

Fig. 4 illustrates the transducer with conductors and support layers;

Fig. 5 illustrates an assembled transducer according to the invention;

Fig. 6 illustrates conductors connected in a connection point to a electrically

conductive layer;

Fig. 7 illustrates a transducer according to the present invention being

connected to an object, a product.

Fig. 8 illustrates bendability of the transducer when connected to an object.

Fig. 9 illustrates a further embodiment of the present invention.

Fig. 10 illustrates an embodiment of the present invention where the transducer

may be separated into a plural of individual transducers.



DETAILED DESCRIPTION

It should be understood that the detailed description and specific examples,

while indicating embodiments of the invention, are given by way of illustration

only, since various changes and modifications within the spirit and scope of the

invention will become apparent to those skilled in the art from the detailed

description.

Figs l a and l b illustrate a transducer 1 comprising a film structure 2 comprising

at least one layer of an elastically deformable polymer film arranged between

first and second electrically conductive layers 3, 4 . The first and second

electrically conductive layers thereby form electrodes on opposite sides of the

deformable polymer film. In Fig. la, the transducer is exposed to zero electrical

potential difference, and in Fig. l b the transducer is exposed to a high electrical

potential difference. As illustrated in Fig. lb, the film 2 is expanded, while the

electrically conductive layers 3, 4 are evened out, when exposed to an electrical

potential difference.

Fig. 2 illustrates a sheet 5 forming part of one layer of the film structure 2 . The

sheet has an upper and lower surface 6, 7 . The upper surface is provided with a

pattern of raised and depressed surface portions thereby forming a designed

corrugated profile of the surface. An electrically conductive layer has been

applied to the upper surface, e.g. by a deposition technique facilitating a very

low layer thickness when compared to that of the sheet. I n this way, the

electrically conductive layer is formed with the same pattern of raised and

depressed surface portions as the upper surface of the sheet.

I n terms of everyday physical things, the sheet 5 has a thickness and is pliable

and soft like household film. However, it is more elastically deformable than

such a film and, once the conductive layer is applied to the upper surface, it has

a marked mechanical anisotropy.

Referring again to the transducer in Figs l a and lb, the film structure 2

comprises a single layer of an elastically deformable polymer film. This single



layer can be constituted by two of the sheets 5, each having an electrically

conductive layer deposited on the upper surface. The sheets 5 are arranged with

the lower surfaces 7 against each other. This is illustrated by the dotted line 8 .

Due to the pattern of raised and depressed surface portions, the electrodes 3, 4

may even out as the film 2 expands, and recover its original shape as the film

structure 2 contracts along the direction defined by the arrow 9 without causing

damage to the electrodes 3, 4, this direction thereby defining a direction of

compliance. Accordingly, the laminate 1 is adapted to form part of a compliant

structure capable of withstanding deformation and large strains.

As described above, the corrugated surface profile is directly impressed or

moulded into each sheet 5 of the dielectric film structure 2 before the electrically

conductive layer is deposited. The corrugation allows the manufacturing of a

compliant composite using a material for the electrically conductive layers

having high elastic moduli, e.g. metal. This can be obtained without having to

apply pre-stretch or pre-strain to the dielectric film structure 2 while applying

the electrically conductive layer, i.e. the electrodes 3, 4, and the corrugated

profile of the finished composite does not depend on strain in the dielectric film

2, nor on the elasticity or other characteristics of the electrodes 3, 4 . Accordingly,

the corrugation profile is replicated over substantially the entire upper and lower

surfaces of the film structure 2 in a consistent manner, and it is possible to

control this replication. Furthermore, this approach provides the possibility of

using standard replication and reel-to-reel coating, thereby making the process

suitable for large-scale production. For instance, the electrodes 3, 4 may be

applied to the upper and lower surfaces of the dielectric film structure 2 using

standard commercial physical vapour deposition (PVD) techniques. An

advantage of this approach is that the anisotropy is determined by design, and

that the actual anisotropy is obtained as a consequence of characteristics of the

corrugated profile which is provided on the surfaces of the film structure 2 and

the electrodes 3, 4 which follow the corrugated profile.



The transducer shown in Figs l a and l b is designed to have compliance in the

direction defined by the arrow 9, and stiffness in the range of the stiffness of the

electrically conductive layers 3, 4 in a direction defined by the arrow 10.

Fig. 3 illustrates a transducer with two layers 11, 12 of the elastically deformable

polymer film. The two layers of the film structure are separated by two

intermediate electrically conductive layers 13, 14 in adhesive contact through an

electrically conductive adhesive 15. The joined electrically conductive layers 13,

14 are referred to in the following as one intermediate electrically conductive

layer structure 13, 14, 15.

Fig. 4 illustrates a first conductor 16, a second conductor 17, and an additional

conductor 18 in electrically conductive communication with the electrically

conductive layers 3, 4, and the intermediate electrically conductive layer

structure 13, 14, 15 t o facilitate an electrical potential between the conductive

layers and thereby enable deflection of the film 2 in response to an electrical

field. The conductors of traditional transducers are typically made of a stiff

material, e.g. a rod shaped material. According to the invention, the conductors

may be soft pliable and/or bendable conductors. Each of the conductors 16, 17,

18 may e.g. comprise a plurality of electrically conductive fibers, or yarns.

The areas where the conductors 16, 17, 18 are connected to the electrically

conductive layers or layer structure is referred to herein as the connection points.

The first and second connection points 19, 20 where the first and second

electrically conductive layers 3, 4 are joined to the first and second conductors

16, 17, are covered by first and second support layers 21, 22 attached

adhesively to the connection points. The support layers are made of an

essentially un-elastic material, e.g. a non-woven material. The support layers

thereby reduce stretchability of the transducer in the connection points.

The first and second conductors and thus the first and second electrically

conductive layers 3, 4 are connected to zero or ground of a power supply, and

the intermediate conductor and conductive layer structure 13, 14, 15 is

connected to different electrical potential to cause deformation of the polymer



film. The connection of the outer layers to zero or ground protects the user

against electric shock, and to shield the transducer from external interaction

that e.g. could influence measurements when the transducer acts as a sensor

The conductors form part of a soft pliable or bendable cable 23 made e.g. of a

woven or non-woven fiber material, such as where conductive material are

coated onto the fibers or yarns of a woven material.

Fig. 5 illustrates the completed transducer according to the invention. In this

embodiment one of the support layers coextends the connection point to which it

is attached and forms a tab 24. Neither the first, nor the second electrically

conductive layers extend into the tab, and since the tab has no electrical charge

between electrodes, it is suitable for attachment of the transducer to a product

is simply a piece of a soft bendable.

Fig. 6 illustrates one of the connection points 25 where one of the conductors

comprises bendable conductive elements, yarns or fibers 26 which are arranged

un-stretched in contact with the electrically conductive layer or conductive layer

structure to which the conductor is attached. The un-stretched arrangement of

the elements allows elastic deformation of the contact point since the elements

may move until reaching a completely stretched configuration.

Fig. 7 illustrates an embodiment where one of the support layers 21 or at least

the tab portion 24 thereof is attached to a product 27, e.g. adhesively or by

stitching. Stitching may e.g. be an option when the product 26 is a piece of cloth,

canvas or similar material, e.g. being used in garment.

Fig. 8 illustrates an embodiment where the support layer and accordingly also

the tab portion thereof is of a bendable material which easily takes the form of

the product 27 to which the transducer is attached. In this embodiment, not only

the tab portion 24 but the entire transducer is attached to the product. I t may

e.g. serve to sense deformation of the product etc.



Fig. 9 illustrates an embodiment where the support layer is of a non-bendable

material which herein is defined as a material which is stiffer than the film

structure itself.

Fig. 10 illustrates a transducer with a plurality of conductors each having a

corresponding contact point which is covered with a support layer 28. The

support layers form a plurality of tabs 29. Such a transducer can be cut into a

desired shape of size between the tabs.

As an example, the transducer may be cut along the illustrated cut lines 30.

Leaving each transducer 31, 32, 33 with an individual shape and size. Each of

the defined individual transducers 30, 31, 32 may be operated via the

conductors belonging to that transducer.



CLAIMS

1 . A polymer transducer (1) comprising:

- a film structure (2) comprising at least one layer (11, 12) of an elastically

deformable polymer film, the film structure having first and second opposite

surfaces;

- a first electrically conductive layer (3) arranged on the first surface of the

film structure and being stretchable during elastic deformation of the polymer

film;

- a second electrically conductive layer (4) arranged on the second surface of

the polymer film and being stretchable during elastic deformation of the film

structure;

- a first conductor (16) attached to a first connection point (19) of the first

electrically conductive layer; and

- a second conductor (17) attached to a second connection point (20) of the

second electrically conductive layer;

wherein the transducer further comprises a first support layer (21) of an

essentially un-elastic material arranged to reduce stretchability of at least the

first connection point.

2 . A transducer according to claim 1, where the first support layer is attached to

the first connection point.

3 . A transducer according to claim 1 or 2, further comprising a second support

layer (22) arranged to further reduce stretchability of the second connection

points.



4 . A transducer according to claim 3, where the second support layer is attached

to the second connection point.

5 . A transducer according to any of the preceding claims, where the film

structure comprises at least two layers (11, 12) of the elastically deformable

polymer film, adjacent layers of the film structure being separated by an

intermediate conductive layer structure (13, 14, 15) comprising at least one

intermediate electrically conductive layer being stretchable during elastic

deformation of the polymer film.

6 . A transducer according to claim 5, where the conductive layer structure

comprises two intermediate electrically conductive layers (13, 14) in adhesive

contact through an electrically conductive adhesive (15).

7 . A transducer according to claim 5 or 6, comprising an additional conductor

(18) for each intermediate electrically conductive layer structure, each additional

conductor being attached to an intermediate connection point of a corresponding

one of the intermediate electrically conductive layer structures.

8 . A transducer according to claim 6 and 7, where at least one of the additional

conductors is adhesively joined between the two intermediate electrically

conductive layers by the conductive adhesive.

9 . A transducer according to any of claims 6-8, comprising at least one further

support layer of an essentially un-elastic material arranged between two of the

at least two layers of the elastically deformable polymer film.

10. A transducer according to any of the preceding claims, where at least one of

the first, the second, and the additional conductors comprises bendable

conductive elements (26) arranged un-stretched in contact with the electrically

conductive layer or conductive layer structure to which the conductor is attached.



11. A transducer according to any of the preceding claims, further comprising

control means adapted to apply an electrical potential between two of the first,

second and additional electrically conductive layers.

12. A transducer according to any of claims 5-10 and 11, where the control

means is adapted to provide a common electrical potential on the first and

second electrically conductive layers, and to apply a different electrical potential

to at least one of the intermediate electrically conductive layer structures.

13. A transducer according to claim 12, where the identical electrical potential is

provided by connecting the first and second electrically conductive layers to zero

or ground.

14. A transducer according to any of the preceding claims, where at least one of

the first and second support layers is bendable.

15. A transducer according to any of the preceding claims, where at least one of

the first and second support layers coextends a connection point to which it is

attached and thereby forms a tab (24) without the first and second electrically

conductive layers and therefore being suitable for attachment of the transducer

to a product.

16. A transducer according to any of the preceding claims, further comprising a

layer of an elastically deformable and sealing material covering the film structure,

at least some of the electrically conductive layers, and the connection points.

17. A transducer according to any of the preceding claims where at least one of

the first, second, and additional electrically conductive layers has anisotropic

stretching characteristics.

18. A transducer according to any of the preceding claims, comprising at least

one void portion having at most one electrically conductive layer.



19. A transducer according to any of the preceding claims, comprising a plurality

of first, second and additional connection points.

20. A method for attaching a polymer transducer to a product, the transducer

comprising:

a film structure comprising at least one layer of an elastically deformable

polymer film, the film structure having first and second opposite surfaces;

- a first electrically conductive layer arranged on the first surface of the film

structure and being stretchable during elastic deformation of the polymer film

- a second electrically conductive layer arranged on the second surface of the

polymer film and being stretchable during elastic deformation of the film

structure;

- a first conductor attached to a first connection point of the first electrically

conductive layer to facilitate connection to a power source; and

- a second conductor attached to a second connection point of the second

electrically conductive layer to facilitate connection to the power source;

the method comprising attaching at least one support layer of an essentially un-

elastic material to one of the connection points.

21. A method according to claim 20, further comprising:

- providing a plurality of first conductors attached to a plurality of first

connection points;

- providing a plurality of second conductors attached to a plurality of second

connection points; and



- separating a first portion of the transducer from a second portion of the

transducer such that both the first portion and the second portion has at

least one first conductor attached to a first connection point, and at least one

second conductor attached to a second connection point.
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