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& (57) Abstract: A foil-type switching element comprises a first carrier foil and a second carrier foil arranged at a certain distance from
each other by means of a spacer, said spacer comprising at least one recess defining an active area of the switching element. At least
two electrodes are arranged in the active area of the switching element between said first and second carrier foils in such a way that, in
response to a pressure acting on the active area of the switching element, the first and second carrier foils are pressed together against
the reaction force of the elastic carrier foils and an electrical contact is established between the at least two electrodes. According to
the invention, at least one of said carrier foils comprises a multi-layered configuration with at least two layers of different materials.
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Foil-type Switching element with multi-layered carrier foil

Introduction

The present invention relates to a foil-type switching element comprising a first
carrier foil and a second carrier foil arranged at a certain distance from each
other by means of a spacer. The spacer comprises at least one recess, which
defines an active area of the switching element. At least two electrodes are
arranged in the active area of the switching element between said first and
second carrier foils in such a way that, in response to a pressure acting on the
active area of the switching element, the first and second carrier foils are
pressed together against the reaction force of the elastic carrier foils and an
electrical contact is established between the at least two electrodes.

Several embodiments of such foil-type switching elements are well known in the
art. Some of these switching elements are configured as simple switches
comprising e.g. a first electrode arranged on the first carrier foil and a second
electrode arranged on the second carmier foil in a facing relationship with the
first planar electrode. The electrodes may be of a planar configuration covering
essentially the entire surface of the respective carrier foil inside of the active

area.

Other switching elements known in the art are configured as pressure sensors
having an electrical resistance, which varies with the amount of pressure
applied. In" a first embodiment of such pressure sensors, a first electrode is
arranged on the first carrier foil and a second electrode is arranged on the
second carrier foil in facing relationship with the first electrode. At least one of
the electrodes is covered by a layer of pressure sensitive material, e.g. a semi-
conducting material, such that when the first and second carrier foils are
pressed together in response of a force acting on the switching element, an
electrical contact is established between the first and second electrode via the
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layer of pressure sensitive material. The pressure sensors of this type are
frequently called to operate in a so called “through mode™.

In an alternative embodiment of the pressure sensors, a first and a second
electrode are arranged in spaced relationship on one of the first and second
carrier foils while the other carrier foil is covered with a layer of pressure
sensitive material. The layer of pressure sensitive material is arranged in facing
relationship to the first and second electrode such that, when said first and
second carrier foils are pressed together in response to a force acting on the
active area of the switching element, the layer of pressure sensitive material
shunts the first and second electrode. These sensors are called to operate in
the so-called “shunt mode”.

The above-described switching elements can be manufactured cost-effectively
and have proven to be extremely robust and reliable in practice.

The electrical response of such a switching element depends on the type of the
electrodes, the presence of a possible layer of pressure sensitive material, the
design of the electrodes and their arrangement within the active area of the
switching element and finally on the physical contact, which is established
between the electrodes in response to a force acting on the active area. The
physical contact between the electrodes is determined by the mechanical
response of the switching element in case of a force acting on the active area.
This mechanical response depends on the elastic properties of the carrier foils,
usually a PET foil, the lateral dimension of the active area and the distance
between the two opposed carrier foils.

For a given size and configuration of the switching element, the mechanical
response of the switching element can accordingly be adapted by adjusting the
mechanical properties of the carrier foils. This can be done by suitably choosing
the material of the carrier foil and by adapting the thickness of the carrier foil to
the desired mechanical response. The choice of the carrier foil material is
governed by several requirements. The material to be used should first of all
have a high and constant elasticity modulus and provide a good mechanical
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robustness and a high chemical resistance to the switching element. Further-
more a high resistance against humidity is preferable. Besides these require-
ments, the material should provide a good adhesion to the conductive ink of the
electrodes and resist to the ink stresses during the curing of the ink in order to
minimise deformation of the carrier foil. The material should also allow an
adequate coating with semi-conducting materials and should not be susceptible
to electrical discharging. Finally the costs for the material to be used should be

low.

Unfortunately no substrate material in the market fulfils all these requirements
so that the choice of the material finally constitutes a compromise between the
desired properties and costs for the material.

Object of the invention

The object of the present invention is to provide an improved foil-type switching
element. '

General description of the invention

This object is achieved by a foil-type switching element according to claim 1.
This foil-type switching element comprises a first carrier foil and a second
carrier foil arranged at a certain distance from each other by means of a spacer,
said spacer comprising at least one recess defining an active area of the
switching element. At least two electrodes are arranged in the active area of the
switching element between said first and second carrier foils in such a way that,
in response to a pressure acting on the active area of the switching element, the
first and second carrier foils are pressed together against the reaction force of
the elastic carrier foils and an electrical contact is established between the at
least two electrodes. According to the invention, at least one of said carrier foils
comprises a multi-layered configuration with at least two layers of different
materials.
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The properties of the switching element of the present invention can be ad-
justed freely to the requirements of the application of the switching element. In
fact, the multi-layered configuration of the carrier foil enables to combine the
different mechanical, chemical and electrical properties of the different materials
in order to provide a carrier foil having the required combined properties. The
need for compromise between several properties is thus no longer given and
the switching element can be precisely adapted to its actual application. it will
be appreciated that even the cost factor may be satisfactorily controlled, as
even high price materials are only used in very thin layers, the thickness of
which are only a fraction of the thickness of the entire carrier foil.

Each of the different layers of the multi-layered carrier foil has specific dominant
properties, which will be conferred to the combined carrier foil. It follows that if a
specific property of the carrier foil is to be increased in order to provide a
desired mechanical response of the switching element, a material layer provid-
ing this property will be added to the carrier foil or the thickness of an already
present layer can be increased.

For an application, where a switching element is mounted with its lower face on
a rigid support and a force acts only on the upper face of the switching element,
it may be interesting to provide only the upper one of the first and second carrier
foils with a multi-layered configuration. Such an embodiment of the switching
element is very inexpensive. However if the sensor or switching element is to be
mounted on a soft support, the reaction of the support will contribute to the
mechanical response of the sensor. It follows that in a preferred embodiment of
the invention each of said first and said second carrier foils comprises a multi-
layered configuration with at least two layers of different materials.

It will be appreciated, that depending on the application of the switching ele-
ment, an asymmetric behaviour of the switching element may be desirable. In
such a case, the properties of the first and second carrier foils are preferably
different from one another. Such an asymmetric behaviour can e.g. be provided
by a foil-type switching element wherein the number of layers in the muiti-
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layered configurations of said first and second carrier foils are different and/or
wherein the layers of the multi-layered configuration of said first carrier foil are
made of materials which are different from the materials of the layers of the
multi-layered configuration of said second carrier foil. These embodiments allow
for instance to provide a sensor or switching element, the upper side of which
has a specific electrical property whereas the lower side of the sensor is
specifically adapted in order to be mounted in a chemically aggressive environ-
ment.

In a preferred embodiment of the invention, the layers of said multi-layered
carrier foil comprise materials having different mechanical properties. The
different layers of e.g. made of plastic foils having different moduluses of
elasticity or materials, which have a dominant modulus of elasticity in different
temperature ranges. The so formed carrier foil will then e.g. exhibit a higher
modulus of elasticity or a more constant modulus over a wide temperature
range. In this way, the mechanical response of the switching element over the
temperature may be adjusted to the need of the sensor or switching element
application.

The different layers of the multi-layered carrier foil may comprise different
plastic foils. Alternatively one or more of said layers comprises a cured dielectric
resin layer and/or a metal foil. The use of a metal foil as one of the layers of the
carrier foil enables to shield the switching element against electromagnetic
radiation in the environment of the switching element. Furthermore, the pres-
ence of a metal foil enables the switching element to be used simultaneously in
a capacitive sensing system.

in an advantageous embodiment using metal layers, the multi-layered carrier
foil comprises two layers of different metals. The two different metals allow
using the bimetal effect in order to deform the carrier foil in the region of the
active area into a dome shape. Such a dome shaped carrier foil allows to adjust
the sensor sensitivity and to increase the homogeneity of the sensor response
over a specific temperature range. It should be noted that a kind of “bimetal”
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effect may also be obtained with two plastic films having respective coefficients
of thermal expansion which are strongly different.

If the switching element is designed to be used in a chemically aggressive
environment, one of said layers of said multi-layered carrier foil, e.g. the outer
layer, preferably comprises a material with a high chemical resistance. in
another embodiment, where the switching element is used in a environment
with high fire risk, one of said layers of said multi-layered carrier foil advanta-
geously comprises a flame-retarding material.

it will be noted by the skilled person, that the different layers of said multi-
layered carrier foil can have a different thickness. The thickness of the different
layers may e.g. be adapted in order to adjust the "amount” of their dominant
property in the multi-layered carrier foil.

The multi-layered carrier foil may be produced by several different processes. In
a first embodiment, the layers of said multi-layered carrier foil are e.g. laminated
together by means of an adhesive. Alternatively the layers of said multi-layered
carrier foil are extruded one onto the other. A further possibility, especially with
metallic layers or cured resin layers, is to deposit the layers on a base layer. In
a multi-layered configuration with several layers, a combination of these
assembly techniques is also possible, i.e. several of the layers being laminated
while others are deposited or extruded onto the laminate.

The skilled person will appreciate, that the present invention is applicable to
simple membrane switches as well as to pressure sensitive switches. In case of
a simple membrane switch a first electrode is arranged on an inner surface of
said first carrier foil and a second electrode is arranged on an inner surface of
the second carrier foil in a facing relationship with said first electrode. In a
variant of a simple switch, a first and a second electrode are arranged side by
side on an inner surface of said first carrier foil and a shunt element is arranged
on an inner surface of the second carrier foil in facing relationship with said first
and second electrodes. The two electrodes may e.g. comprise a comb shaped
configuration, with the teeth of the two electrodes being arranged in an interdigi-
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tating relationship. Foil-type pressure sensors are similarly configured as the
above described switches. In contrast to the switches, at least one of said first
and second electrode is covered by a pressure-sensitive resistive material. In
an alternative embodiment, the said shunt element comprises a resistive
material. Due to the pressure-sensitive resistive or semi-conducting material,
the electrical resistance between the electrodes of these pressure sensors
depends on the pressure with which the two carrier foils are pressed together.

Detailed description with respect to the figures

The present invention will be more apparent from the following description of
several not limiting embodiments with reference to the attached drawings,

wherein

Fig.1: generally shows a section of a foil-type switching element;

Fig.2: shows the dependence on temperature of the modulus of elasticity for
different carrier foil materials;

Fig.3: shows the electrical response function of a typical pressure sensor with
Pl carrier foils for different temperatures;

Fig.4: shows the electrical response function of a typical pressure sensor with
PET carrier foils for different temperatures;

Fig.5: shows a first embodiment of a camier foil of a switching element
according to the present invention;

Fig.6: shows a second embodiment of a carrier foil of a switching element
according to the present invention;

Fig.7: shows a third embodiment of a carrier foil of a switching element
according to the present invention;

Fig.8: shows a fourth embodiment of a carrier foil of a switching element
according to the present invention.

A section of a typical foil-type switching element 10 is represented in fig. 1. The
switching element 10 comprises a first carrier foil 12 and a second carrier foil
14, which are arranged at a certain distance by means of a spacer 16. The
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spacer 16 may e.g. comprise a double-sided bonding sheet. In an active area,
generally referenced as 18, of the switching element 10, the spacer 16 com-
prises a recess or cut-out 20 such that, in the active area 18, the two carrier
foils 12 and 14 face each other at a certain distance.

Contact arrangements 22 and 24 are arranged in the active area 18 on the
inner surfaces of the carrier foils 12 and 14 in such a way that an electrical
contact is established between the contact arrangements 22 and 24 if said
carrier foils are pressed together. In the shown embodiment, one contact
arrangement 22 or 24 is arranged on each of said carrier foils 12 and 14 in a
facing relationship. It should however be noted that other layouts, e.g. with two
spaced contact arrangements 22 and 24 amranged on one of the carrier foils and
a shunt element arranged on the second carrier foil, are also possible.

The contact arangements may comprise electrodes, wherein at least one of the
contact arrangements comprises a layer of pressure sensitive material. Such a
layer of pressure sensitive material confers a pressure depending behaviour to
the switching element such that the switching element can be used as pressure
sensor. It should be noted that the contact arrangements are usually printed
onto the respective carrier foils using a screen-printing process prior to the
laminating process, in which the camier foils and the spacer are laminated
together. ’

The carrier foil of prior art foil-type switching elements consists usually of a
plastic sheet material such as PET, Pl or PEN, which if necessary has under-
gone a surface treatment in order to enhance the adhesion on the printed
electrodes.

The elastic properties of such single sheet materials do not always correspond
to the requirements with respect to the mechanical response of the switching
element. For instance, the dependency of the elastic modulus of PET or PEN
shows a significant step at respective threshold temperature, which confers a
non-optimum behaviour to the switching element. Fig. 2 displays the modulus of
elasticity versus temperature for different substrate materials obtained by DMA
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analyses in the range of -50°C up to +200°C. For low temperatures the elasticity
of PET (HSPL) (graph referenced by 26) is about 6 GPa and exhibits a signifi-
cant step around T = 90°C down to a value < 1 GPa above +175°C. Contrary to
that, the temperature dependent elasticity modulus E(T) of PEN (Kaladex)
(referenced as 28) decreases monotonously showing a final step around T =
140°C and the modulus of elasticity of Pl (Kapton) (reference sign 30) indicates
only little variations over the complete temperature range (< 50% / 250°C).

The resulting temperature dependences of the electrical response function for a
typical pressure sensor formed by PI/Pl or PET/PET carrier foil systems are
presented in fig. 3 resp. fig. 4. These graphs show the electrical resistance R of
typical pressure sensors comprising two carrier foils with a thickness of 125 pm
separated by a 90 um spacer for different pressures acting on the respective
active areas. The respective graphs are shown for different temperatures of -
50°C (32), +100°C (34) and +175°C (36).

Because of the thermal stability of the elasticity of Pl the corresponding array of
response curves R(p,T) covers a well localised R-p-region. The tum-on-point
ranges between 20 mbar (for +175°C) and 40 mbar (for -50°C). The plot of
PET/PET system demonstrates the strong increase of the sensitivity of the cell
as soon as the temperature exceeds 75°C. The tum-on-point of about 70 mbar
at RT merges a theoretical value of 5 mbar above 150°C.

To guarantee the same sensor response over the automotive temperature
range (-40 °C to 105 °C), the use of a substrate with a constant elasticity
modulus over this temperature range is a needed. Furthermore the film should
posses the following properties to fulfil e.g. the automobile and sensor manufac-
turing requirements:

- very good mechanical robustness,
- - high chemical resistance,

- - high resistance against humidity
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- - quick relaxation after a submission to high stress at high temperature
(creep),

- -high and constant elasticity modulus

- -good ink adhesion or allow an adequate coating,

- -resist the ink stress during the ink curing (no deformation)
- -no electrical discharging (static electricity)

- -low price

In order to overcome this problem, the present invention proposes the use of
multi-layered carrier foils comprising at least two layers of different materials.
Such a multi-layered carrier foil 12, 14 is schematically represented in fig. 5.
The shown embodiment comprises two layers 38 and 40 of different materials,
e.g. one PET sheet and one Pl sheet or one PET sheet and one cured resin
layer or metal layer, which are solidly fixed together. The two layers 38 and 40
may be fixed by any suitable process. The resulting multilayered carrier foil 12,
14 exhibits mechanical, chemical or electrical properties which are a combina-
tion of the individual properties of the two layers 38 and 40.

It should be noted that the overall thickness of the combined carrier foil does not
need to be increased with respect to prior art carrier foils. In fact the individual
layers 38 and 40 will usually have a thickness, which is only a fraction of the
thickness of a classical carrier foil.

A second embodiment of a carrier foil 12,14 is shown in fig. 6. in this embodi-
ment, two layers 38 and 40 of suitable material are laminated together by
means of an adhesive layer 42. The adhesive layer 42 in the shown embodi-
ment has a thickness comparable to the one of the two layers 38 and 40. It will
however be noted, that the thickness of the adhesive layer 42 may as well be
much smaller than the thickness of the layers 38 and 40. Altematively the
adhesive layer may be thicker than each of the layers 38 and 40. Furthermore,
while the two layers 38 and 40 are shown to have the same thickness, it will be
understood, that the different layers may have a different thickness each.
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An embodiment having three layers 44, 46 and 48 is shown in fig. 7. Each of the
three layers 44, 46 and 48 can comprise one of plastic foil, metal or a dielectric
resin. The three layers are assembled together without the use of an adhesive.
Coextrusion or depaosition techniques could be used. The different layers could
have the same thickness or a different thickness each. Furthermore the layers
44 and 48 may be made of the same material or of different materials. It will be
noted that the use of a metal layer enables the sensor to be used also as a
capacitive sensor. It will further be appreciated that the use of two layers of
different metals allow using the bimetal effect in order to deform the carier foil
in the region of the active area into a dome shape. Such a dome shaped carrier
foil allows to adjust the sensor sensitivity and to increase the homogeneity of
the sensor response over a specific temperature range. A similar “bimetal”
effect may also be obtained with two plastic films, provided that the coefficient
of thermal expansion of the two film materials is strongly different.

An embodiment of the carrier foil with three layers 44, 46 and 48, which are
assembled together by lamination is represented in fig. 8. The different layers
are laminated together by use of adhesive layers 50 and 52. The adhesive
layers may comprise the same adhesive of different adhesives, which are
adapted to the different materials to be laminated. Furthermore the layers 44
and 48 may be made of the same material or of different materials. As stated
above, each of the different layers may have a thickness, which is different from
that of the other layers. The thickness of the different layers may e.g. be
adapted in order to adjust the influence of their dominant property in the
combined muliti-layered carrier foil properties.

List of reference signs

10 switching element 18 active area

12 first carrier foil 20 recess or cut-out

14 second carrier foil 22,24 contact arrangements

16 spacer 38,40 layers
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42 adhesive layer 50,52 adhesive layers
44, 46, 48 different layers
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Claims

Foil-type switching element comprising

a first carrier foil and a second carrier foil arranged at a certain distance
from each other by means of a spacer, said spacer comprising at least one
recess defining an active area of the switching element, and

at least two electrodes arranged in the active area of the switching element
between said first and second carrier foils in such a way that, in response to
a pressure acting on the active area of the switching element, the first and
second carrier foils are pressed together against the reaction force of the
elastic carrier foils and an electrical contact is established between the at
least two electrodes,

characterized in that at least one of said carrier foils comprises a multi-
layered configuration with at least two layers of different materials.

Foil-type switching element according to claim 1, wherein each of said first
and said second carrier foils comprises a multi-layered configuration with at
least two layers of different materials.

Foil-type switching element according to claim 2, wherein the number of
layers in the multi-layered configurations of said first and second carrier foils
are different.

Foil-type switching element according to claim 2 or 3, wherein the layers of
the multi-layered configuration of said first carrier foil are made of materials
which are different from the materials of the layers of the multi-layered con-
figuration of said second carrier foil. '

Foil-type switching element according to any one of claims 1 to 4, wherein
said layers of said multi-layered carrier foil comprise materials having differ-
ent mechanical properties.
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Foil-type switching element according to claim 5, wherein said layers of said
multi-layered carrier foil comprise materials having a different modulus of
elasticity.

Foil-type switching element according to any one of claims 1 to 6, wherein
one of said layers of said multi-layered carrier foil comprises a dielectric
resin layer.

Foil-type switching element according to any one of claims 1 to 7, wherein
one of said layers of said multi-layered carrier foil comprises a metal foil.

Foil-type switching element according to any one of claims 1 to 8, wherein
the multi-layered carrier foil comprises two layers of different metals.

Foil-type switching element according to any one of claims 1 to 9, wherein
one of said layers of said multi-layered carrier foil comprises a material with
a high chemical resistance.

. Foil-type switching element according to any one of claims 1 to 10, wherein

one of said layers of said multi-layered carrier foil comprises a flame-
retarding material.

Foil-type switching element according to any one of claims 1 to 11, wherein
the different layers of said multi-layered carrier foil have a different thick-
ness.

Foil-type switching element according to any one of claims 1 to 12, wherein
layers of said multi-layered carrier foil are extruded one onto the other.

Foil-type switching element according to any one of claims 1 to 13, wherein
layers of said multi-layered carrier foil are laminated together.

Foil-type switching element according to any one of claims 1 to 14, wherein
layers of said multi-layered carrier foil are deposited on top of one another.
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