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Description
Technical field

[0001] The present invention relates to a switching el-
ement, in particular to a foil-type switching element, also
referred to by some as membrane-type switching ele-
ments.

Background Art

[0002] Switching elements, e.g. of foil-type construc-
tion are well known in the art. Such switching elements
generally comprise a first carrier foil and a second carrier
foil arranged at a certain distance by means of a spacer.
The spacer is provided with at least one opening, which
delimits an active area of the switching element. At least
two electrode arrangements are arranged in the active
area between the first and second carrier foils in such a
way that, in response to a compressive force acting on
the active area of the switching element, the first and
second carrier foils are pressed together against their
reaction force and an electrical contact is established be-
tween the at least two electrode arrangements.

[0003] In a first embodiment of such switching ele-
ments, 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. When
the first and second carrier foils are pressed together in
response to a force acting on the switching element, an
electrical contact s established between the firstand sec-
ond electrode. Pressure sensors in which the first elec-
trode is carried by the first carrier foil and the second
electrode by the second carrier foil are frequently called
to operate in a so called "through mode". Accordingly
one refers to such switching elements as through-mode
switching elements.

[0004] In an alternative embodiment of the switching
elements, a first and a second electrode are arranged in
spaced relationship on one of the first and second carrier
foils. The other carrier foil carries a shunt element, which
is arranged in facing relationship to the first and second
electrodes in such a way that, when the first and second
carrier foils are pressed together in response to a force
acting on the active area of the switching element, the
shunt elements contacts the first and second electrodes
and establishes the electrical contact between them.
Switching elements of this type are often said to operate
in the so-called "shunt mode", and are, therefore, also
simply referred to as shunt-mode switching elements.
[0005] Both through-mode and shunt-mode switching
elements can be manufactured cost-effectively and have
proven to be extremely robust and reliable in practice.
[0006] The electrical response of such a switching el-
ement, i.e. the resistance or the current or voltage across
the switching element as a function of the amount of ap-
plied force, depends on the type of the electrodes, the
design of the electrodes and their arrangement within the
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active area of the switching element and on the physical
contact, which is established between the electrodes in
response to the force acting on the active area.

[0007] Thereis a growing need in industry for foil-type
switching elements with more than two discrete states.
In this context, it should be noted that one usually distin-
guishes between switching elements, which switch be-
tween discrete states in response to changing force ap-
plied thereon, and pressure sensors, whose electrical
response continuously varies with the applied force.
There is a need, in particular, for solutions that do not
rely on pressure sensors with a continuous response
which is converted to a stair-like response by an elec-
tronic circuit but on switching elements that directly out-
put the stair-like response with at least three well-defined
states.

Technical problem

[0008] The object of the present invention is to provide
a switching element with improved electrical response.
This objectis achieved by a switching element as claimed
in claim 1.

General Description of the Invention

[0009] To achieve this object, the present invention
proposes a switching elementwhich generally comprises
a first carrier foil and a second carrier foil and a spacer
arranged between said first and second carrier foils, said
spacer spacing said first and second carrier foils a certain
distance apart from one another. The spacer is provided
with an opening extending from said first to said second
carrier foil, said opening defining an active area for said
switching element in which said first and second carrier
foils can be brought together in response to a compres-
sive force exerted on said switching element. The switch-
ing element further comprises an electrode arrangement
comprising at least a first electrode pattern made of con-
ductive material connected to a first connection terminal
and a second electrode pattern made of conductive ma-
terial connected to a second connection terminal, said
firstand second electrode patterns beingarranged in said
active area on said first and second carrier foils such that
an electrical contactis established between said first and
second electrode pattern when said first and second car-
rier foils are brought together. In accordance with the
invention, the electrode arrangement is configured such
that, within said active area, at least one primary contact
zone and atleast one secondary contact zone are formed
in which an electrical contact can be established between
said first and second electrode pattern, wherein said pri-
mary contact zone is centrally located within said active
area and wherein said at least one secondary contact
zone is located off-centre within said active zone. More-
over at least one first resistive element is associated to
one of said first or second electrode pattern in such a
way that said at least one first resistive element is con-
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nected between the first and second connection termi-
nals if said an electrical contact between said first and
second electrode pattern is established only in said pri-
mary contact zone and that said first electrical resistance
is bypassed if an electrical contact between said first and
second electrode pattern is also established in said sec-
ondary contact zone.

[0010] If no compressive force acts on the switching
element of the present invention, no electrical contact is
established between the first and second electrode pat-
tern and accordingly the resistance between the two con-
nection terminals is extremely high as in conventional
membrane switches. If a compressive force is exerted
on the switching element as defined, the first and second
carrier foils are brought together and an electrical contact
is established between the first and second electrode
pattern. This electrical contact may be detected as a
change in resistance between the first and second con-
nection terminals.

[0011] For small forces above the turn-on point of the
switching element, which act centrally on the active area
of the switching element, the first and second carrier foils
are first brought together in the centrally located region
ofthe active area. Thus for such small forces, an electrical
contactis only established in the centrally located primary
contact zone. In this case, the at least one resistive ele-
ment is connected between the first and second connec-
tion terminals of the switching element so that the resist-
ance between the first and second connection terminal
drops to the resistance of the first resistive element.
[0012] For higher forces acting on the switching ele-
ment and/or for forces acting on a larger surface, the
deflection of the carrier foils and accordingly the area of
the mechanical contact surface between the firstand sec-
ond carrier foil increases. If the deflection of the carrier
foils is sufficiently large so that the contact surface be-
tween the carrier foils extends to or beyond the secondary
contact zone formed by the first and second electrode
pattern, an electrical contract is established between the
firstand seconds electrode pattern also in this secondary
contact zone. In this case, the first resistive element is
bypassed and the resistance between the first and sec-
ond connection terminal of the switching element drops
significantly.

[0013] Depending on the magnitude of the force acting
on the switching element, the switching element accord-
ing to the present invention may thus take one of three
well defined and discrete resistance values, which are
easily detectable without a complex digital discrimination
circuit. Thus the switching element of the present inven-
tion exhibits an inherent step-like response function,
which may be directly used e.g. in data input applications.
[0014] It will be noted that the bypassing of the first
resistive element does not necessarily lead to a resist-
ance value close to zero. In fact, the skilled person will
appreciate the expression "bypassing of the first resistive
element" also encloses an embodiment, in which a sec-
ond resistive element, having a resistance smaller than
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or in the order of the first resistive element, is connected
in parallel to the first resistive element if an electrical con-
tact between the first and second electrode pattern is
established in the secondary contact zone. In this case,
the resulting resistance of the switching element is sub-
stantially equal to the parallel value of the first and the
second resistive element and thus considerably lower
than the resistance of the first resistive element alone. It
will further be appreciated, that the electrode arrange-
ment may be configured such that a further tertiary con-
tact zone is formed, which is arranged between the sec-
ondary contact zone and the periphery of the active area.
The configuration may be such that an electrical contact
between said first and second electrode pattern can be
established in said tertiary contact zone whereby a third
resistive element is connected in parallel to the first and
second resistive element. Such a switching element such
has a step-like response function showing four discrete
steps for different activation forces. In the same way, i.e.
by providing further contact zones of higher order, the
response of the switching element may be tuned to show
even more discrete resistance values.

[0015] The primary contact zone of the switching ele-
mentin accordance with the invention is located centrally
within the active area. The secondary switching zone,
which is arranged off-centre of the active area, may be
localized in any suitable area between the centrally lo-
cated region and the periphery of the active area. In a
preferred embodiment of the invention however, the sec-
ondary contact zone extends on either side of said pri-
mary contact zone and is symmetrically arranged with
respectto said primary contact zone, so thatthe switching
element shows a symmetrical response to a centrally act-
ing force.

[0016] In a preferred embodiment of the invention said
first electrode pattern and said second electrode pattern
are arranged on said first carrier foil and said electrode
arrangement further comprises at least one shunting el-
ement, preferably made of a conductive or semi-conduc-
tive material, which is arranged on said second carrier
foil in such a way that said electrical contact between
said first and second electrode pattern is established via
the shunting element if said first and second carrier foils
are brought together. This embodiment relates to the so-
called "shunt mode" sensor, in which both said first and
second electrode patterns and the corresponding con-
nection terminals are arranged on the same carrier foil.
This arrangement simplifies the connection of the switch-
ing element to an associated evaluation circuit e.g. by a
crimp connection.

[0017] Preferably, said first and second electrode pat-
tern each comprise a first electrode conductor and at
least one second electrode conductor, said first and sec-
ond electrode conductors of said first electrode pattern
being electrically connected to said first connection ter-
minal and said first and second electrode conductors of
said second electrode pattern being electrically connect-
ed to said second connection terminal. The first electrode
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conductors of said first and second electrode pattern ad-
vantageously extend towards a centrally located region
of said active area and are arranged at a certain distance
from each other in said centrally located region of said
active area, and said second electrode conductors of said
first and second electrode pattern extend towards a pe-
ripheral region of said active area. Said at least one
shunting element is then arranged on said second carrier
foil for establishing an electrical contact between the first
electrode conductors of said first and second electrode
pattern in said centrally located region and for establish-
ing an electrical contact between the second electrode
conductors of said first and second electrode pattern in
said peripheral region of said active area. The shunting
element may e.g. comprise a conductive strip, which is
applied onto the second carrier foil and which extends
transversely with respect to said first conductors of said
first and second electrode pattern in the centrally located
region of the active area. The shunting element further
preferably extends towards a peripheral region of said
active area so as to form the secondary contact zone
together with the second conductors of the electrode pat-
terns.

[0018] It should be noted that the second electrode
conductors of said first and second electrode pattern may
extend substantially parallel to the first electrode conduc-
tors and be arranged at a suitable location between the
respective first conductor and the periphery of the active
area. Alternatively the second electrode conductor may
have any other suitable form such as e.g. an arcuate
shape and extend along the periphery of the active area.
The shunting element may likewise comprise any suita-
ble shape which enables to establish a contact between
the first and second electrode pattern in the primary con-
tact zone and the secondary contact zone. The shunting
element may e.g. comprise a rectilinear conductive strip
or an arcuate strip in the general from of a letter S or the
like.

[0019] The at least one first resistive element, e.g. an
electrical resistance, may e.g. be associated to one of
said first conductors of said first or second electrode pat-
tern. The at least one first resistive element may for in-
stance be integrated into the first electrode conductor
and form an integral part of this first electrode conductor.
Alternatively, the first at least one first electrical resist-
ance may be connected between the first electrode con-
ductor and the corresponding connection terminal. In a
possible variant, a first resistive element is associated to
each of said first electrode conductors.

[0020] Ina preferred embodiment ofthe invention, said
electrode arrangement comprises a third electrode pat-
tern arranged on said first carrier foil, and said first elec-
trode pattern and said second electrode pattern each
comprise an electrode conductor extending from a pe-
ripheral region of said active area towards a centrally
located region of said active area and are arranged at a
certain distance from each other in said centrally located
region of said active area. In this embodiment, the third
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electrode pattern comprises a bypass electrode conduc-
tor, which has a first portion arranged in the peripheral
region of said active area at a certain distance from said
electrode conductor of said first electrode pattern and a
second portion arranged in the peripheral region of said
active area at a certain distance from said electrode con-
ductor of said second electrode pattern. The shunting
element comprises a primary shunting portion associat-
ed to the first electrode conductors in the centrally located
region of said active area so as to form said first contact
zone and at least two secondary shunting portions, each
one of said secondary shunting portion being associated
in the peripheral portion of said active area to one of the
conductors of the first and second electrode pattern and
the associated portion of said bypass electrode conduc-
tor so as to from said secondary contact zone. This em-
bodiment of the switching element advantageously ena-
bles a discrimination between forces acting centrally on
the active area and forces which act offset of the central
region. In fact, due to the configuration of the third elec-
trode pattern and the shunting element, an electrical con-
tact between the first and second electrode pattern is
only established in the secondary contact zone, if both
secondary shunting portions of the shunting element are
pressed against the respective electrode pattern.
[0021] For small forces acting centrally on the switch-
ing element, the primary shunting portion establishes a
contact between the first and second electrode pattern
in the centrally located region of the active area. For high-
er forces acting centrally, both secondary shunting por-
tions establish a contact between the one of the conduc-
tors of the first and second electrode pattern and the as-
sociated portion of said bypass electrode conductor in
the peripheral portion of said active area. It follows that
a conducting path is established from the peripheral por-
tion of the electrode conductor of the first electrode pat-
tern via the third electrode pattern to the peripheral por-
tion of the electrode conductor of the second electrode
pattern, so that any resistive element, which is located
between the peripheral portion of one of the electrode
conductors of the first and second electrode pattern and
the centrally located portion of said electrode conductor
is bypassed. If however a force acts off centre so that
only one of said secondary shunting portions establishes
a contact between the first and second electrode pattern,
while the second contact zone remains open, i.e. not
closed, then no conductive path is established via the
third electrode pattern between the first and second con-
nection terminals, and the first resistive element is not
bypassed.

[0022] As already stated above, the first resistive ele-
ment may be bypassed by connecting a further resistive
element in parallel to the first resistive element. In this
case, at least one second resistive element may be as-
sociated to said bypass electrode conductor, such that
said second resistive element is connected between said
first and second connection terminals if an electrical con-
tact is established in the secondary contact zone be-
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tween said first and second electrode pattern via said
secondary shunting portions. In this case, the resulting
resistance of the switching element is substantially equal
to the parallel value of the first and the second resistive
element and thus considerably lower than the resistance
of the first resistive element alone. It will be appreciated
that by adding further bypass connectors and thus in-
creasing the number of contact zones of higher order,
this embodiment enables to adjust the response function
of the switching element so as to show a plurality of dis-
crete states associated to different activation forces.
[0023] In a different embodiment of the invention, in
which the switching element operates in the so called
"through mode", said first electrode pattern is arranged
on said first carrier foil and said second electrode pattern
is arranged on said second carrier foil in such a way that
said first electrode pattern and said second electrode pat-
tern face each other both in said centrally located region
of said active area so as to form said primary contact
zone and in a peripheral zone located off-centre of said
active area so as to form said at least one secondary
contact zone. In this embodiment, one of the connection
terminals and the associated electrode pattern are ar-
ranged on each of said first and second carrier foils and
the electrical contact to be established between the first
and second electrode pattern is established in a direction
transverse to the electrode pattern.

[0024] In a very simple embodiment of the "through
mode" type, the first electrode pattern comprises a cen-
tral electrode portion, a connecting electrode portion,
which is connected to the central electrode portion via a
resistive portion arranged between the central electrode
portion and the connecting electrode portion, and a sec-
ondary electrode portion, which is arranged diametrically
opposed to the connecting electrode portion at a certain
distance from the central electrode portion and which is
electrically connected to the central electrode portion.
Likewise the second electrode pattern comprises a cen-
tral electrode portion, a connecting electrode portion,
which is connected to the central electrode portion via a
resistive portion arranged between the central electrode
portion and the connecting electrode portion, and a sec-
ondary electrode portion, which is arranged diametrically
opposed to the connecting electrode portion at a certain
distance from the central electrode portion and which is
electrically connected to the central electrode portion.
The first and second electrode pattern are arranged on
their respective carrier foils in such a way that said central
electrode portions face each other and that the second-
ary electrode portion of the first electrode pattern faces
the connecting electrode portion of the second electrode
pattern and vice versa. If a small force acts on such a
switching element, an electrical contact is established
between the central electrode portions of the first and
second electrode pattern and the resulting resistance of
the switching element equals substantially the sum of the
resistances of the resistive portions of the first and sec-
ond electrode pattern. If however a larger force acts on
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the switching element, then the secondary electrode por-
tions of the electrode pattern are pressed onto the con-
necting electrode portions of the opposing electrode pat-
tern and the two resistive portions are bypassed.
[0025] In a different embodiment, both said first and
second electrode pattern comprise electrode conduc-
tors, which extend in opposing directions from a periph-
eralregion of the active area through the centrally located
region and extend beyond the centrally located region.
A first resistive element is arranged in the centrally locat-
ed region as an elevation on the electrode conductors of
one of said first and second electrode pattern. If the car-
rier foils are brought together only in the centrally located
region, an electrical contact is established between the
first and second electrode pattern via the resistive ele-
ment. If the activation force increases, the deflection of
the carrier foils will increase and bring the electrode con-
ductors of the first and second electrode pattern into con-
tact in an off-centre region, i.e. in a region in which no
resistive element is applied on the electrode conductors.
It follows that the first and second electrode pattern are
directly contacted and that accordingly the resistive ele-
ment is bypassed in this case. It will be noted that the
resistive element may be surrounded by a patch of die-
lectric material so as to prohibit direct contact between
the first and second electrode pattern in the immediate
vicinity of the resistive element. In this way, the force
threshold, above which a direct contact is established,
may be increased so as to adapt the response of the
switching element to a specific desired shape. In a variant
of this embodiment, a first resistive element is arranged
in the centrally located region on each of said electrode
conductors of the first and second electrode pattern, so
that an electrical contact between the first and second
electrode pattern is established in the primary contact
zone via the two resistive patches. Furthermore, second
resistive patches may be applied on either side of the
central region on one of the electrode conductors, so that
an electrical contact between the first and second elec-
trode pattern is established in the secondary contact
zone via the second resistive patches.

[0026] In a preferred embodiment of a "through mode"
switching element, said first electrode pattern comprises
afirst electrode conductor extending through the central-
ly located region of said active area towards a first loca-
tion of a peripheral region and a second electrode con-
ductor extending towards a second location of a periph-
eral region, said first and second electrode conductors
of said first electrode pattern being electrically connected
to said first connection terminal, and said second elec-
trode pattern comprises a first electrode conductor ex-
tending towards the centrally located region of said active
area so as to face said first electrode conductor of said
first electrode pattern and a second electrode conductor
extending from said first location of said peripheral region
to said second location of said peripheral region, such
that a first end of said second electrode conductor faces
said first electrode conductor of said first electrode pat-
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tern in said first location of said peripheral region and that
a second end of said second electrode conductor faces
said second electrode conductor of said first electrode
pattern in said second location of said peripheral region.
This embodiment of the switching element advanta-
geously enables a discrimination between forces acting
centrally on the active area and forces which act offset
of the central region. In fact, due to the configuration of
the electrode patterns, a conducting path bypassing the
firstresistive elementis only established in the secondary
contact zone, if both the first and second end of the sec-
ond conductor of the second electrode pattern are
pressed against the respective conductor of said first
electrode pattern.

[0027] For small forces acting centrally on the switch-
ing element, an electrical contact is established between
the centrally arranged portion of the first electrode con-
ductor of the first electrode pattern and the first electrode
conductor of the second electrode pattern in the centrally
located region of the active area. For higher forces acting
centrally, an electrical contact is established between the
firstend of said second electrode conductor of the second
electrode pattern and said first electrode conductor of
said first electrode pattern in said first location of said
peripheral region and between the second end of said
second electrode conductor of the second electrode pat-
tern and said second electrode conductor of said first
electrode pattern in said second location of said periph-
eralregion. Itfollows that a conducting path is established
from the first connection terminal via the second conduc-
tor of the first electrode pattern, via the second electrode
conductor of the second electrode pattern, via the portion
of the first electrode conductor of the first electrode pat-
tern extending from the first peripheral location to the
central location and via the first electrode conductor of
the second electrode pattern to the second connection
terminal, so that any resistive element, which is located
in the first conductor of the first electrode pattern "up-
stream" of the centre portion is bypassed. If however a
force acts off centre so that only one end of said second
electrode conductor of the second electrode pattern is
brought into contact with the associated conductor of the
first electrode pattern while the second contact zone re-
mains open, i.e. not closed, then no conductive path is
established via the second electrode conductor of the
second electrode pattern between the first and second
connection terminals, and the first resistive element is
not by-passed.

It will be noted that said first location of said peripheral
region and said second location of said peripheral region
are preferably arranged symmetrically with respect to
said centrally located region of said active area. It will
further be appreciated, that said at least one firstresistive
element is preferably integrated into said first electrode
conductor of said first electrode pattern between said first
connection terminal and said centrally located region of
said active area.

[0028] Finally it will be appreciated that the present
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invention also relates to an input device for an electrical
appliance, such as a keypad or keyboard, comprising
one or more switching elements as described herein-
above.

Brief Description of the Drawings

[0029] Preferred embodiments of the invention will
now be described, by way of example, with reference to
the accompanying drawings in which:

Fig. 1 shows a cross sectional view of one embodi-
ment of a switching elementin the non activated state
and a plan view of the corresponding electrode ar-
rangement in the plane of the electrode pattern;

Fig. 2 shows the behaviour of the switching element
of Fig. 1 for small activation forces;

Fig. 3 shows the behaviour of the switching element
of Fig. 1 for higher activation forces;

Fig. 4-6 show different possible electrode pattern
configurations for switching elements having three
different switching states and operating in "shunt
mode";

Fig. 7-8 show different possible electrode pattern
configurations for switching elements having more
than three different switching states and operating
in "shunt mode";

Fig. 9 shows a possible response function of a
switching element as shown in Figs. 7 and 8;

Fig. 10 shows an electrode pattern configuration of
an embodiment of a "shunt mode" switching element
with three different switching states and discrimina-
tion of off-centre forces;

Fig. 11 shows an electrode pattern configuration of
an embodiment of a "through mode" switching ele-
ment with three different switching states and dis-
crimination of off-centre forces;

Fig. 12 shows a cross sectional view of the switching
element of Fig. 11;

Fig. 13-15 show different possible electrode pattern
configurations for switching elements operating in
"through mode";

Fig. 16 shows an electrode pattern configuration of
an embodiment of a "shunt mode" switching element
similar to the switching element of Fig. 10,but with
more than three different switching states;

Fig. 17-18 show the equivalent electrical circuit for
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a switching element with discrimination of off-centre
forces and with three different switching states or
more than three different switching states.

Description of Preferred Embodiments

[0030] Figs. 1a to 3b illustrate the behaviour of a foil-
type switching element 10 according to the present in-
vention in response to an increasing force applied to the
active area. As can be seen, the switching element 10
comprises two carrier foils 12, 14 (made e.g. of PET,
PEN, PI, and/or like materials), which are maintained at
a certain distance by a spacer 16. The spacer 16 has an
opening 18 therein, which defines the active area 20 of
the switching element 10. The dimension of the opening
18 is adapted to the actuating element which is supposed
to activate the switching element 10 in operation thereof.
For instance if the switching element is intended to be
activated by a human finger 22, then the diameter of the
opening 18 will be in the order of 0,3 to 3 cm.

[0031] Withinthe active area 20, the switching element
10 is provided with an electrode arrangement, including
a first and a second electrode patterns 24 and 26 ar-
ranged on the first carrier foil 12 and a shunting element
28 arranged on the second carrier foil 14. The first and
second electrode patterns 24, 26 are connected to first
and second connection terminals 30 and 32, respective-
ly. They respectively comprise a first conductor 24,26,
which extends into the central region of the active area
20, and a second conductor 24,, 26,, which extends less
far into the centre of the active area. In the illustrated
embodiment, this means that the radial distance between
the centre of the active area and the first conductors is
substantially lower than the radial distance between the
centre of the active area and the second conductors. The
second conductor 24, of the first electrode pattern 24 is
connected to the first terminal 30 via a resistive element
34, e.g. a printed resistor.

[0032] Figs. 1 a and 1b relate to the case when no
force is applied on the switching element 10, or when the
applied force is not sufficient for causing physical contact
between the components on the first and second carrier
foils 12 and 14. The current path between the connection
terminals 30 and 32 is interrupted because the first and
second electrode patterns 24 and 26 are electrically in-
sulated from one another. Consequently, in the situation
illustrated in Fig. 1, the resistance between the first and
second terminals 30 and 32 is virtually infinite (e.g. in the
mega-ohm range or above).

[0033] In Figs. 2a and 2b, the actuating element 22
(here: a user’s finger) exerts a compressive force on the
active area 20 of the switching element. A physical con-
tact is established in the middle of the active area 20
between the centrally arranged first conductors 24, 26,
of the first and second electrode patterns 24, 26 via the
shunting element 28 on the opposite carrier foil. This
physical contact is represented in Fig. 2b by the larger
line 28. This representation, i.e. the thinner lines repre-
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senting the electrode conductors of the lower carrier foil
and the larger lines representing the contacting electrode
conductors of the upper carrier foils, is maintained
throughout the different figures, in which electrode pat-
tern configurations are shown.

[0034] It should be noted that for the amount of com-
pressive force applied in Fig. 2, the zone of physical con-
tact is limited to the central region of the active area.
Those conductors of the first and second electrode pat-
terns that are located outside that contact zone, i.e. the
second conductors 24, and 26,, are not yet in contact
with the shunting element 28. Since the contact is limited
to the first conductors in the central region of the active
area, the electrical resistance that can be measured be-
tween the first and second terminals 30 and 32 corre-
sponds to the resistance of the resistor 34.

[0035] Figs.3aand 3billustrate the case of higher com-
pressive force exerted on the active area 20 of the switch-
ing element 10. The compressive force now is sufficiently
strong so that the physical contact zone extends over the
peripherally arranged second conductors 24,, 26, of the
first and second electrode arrangements. As a conse-
quence, the shunting element 28 provides an electrical
contact between the second conductors 24,, 26,, which
establishes a current path electrically in parallel to the
resistor 34. Consequently, the resistance of the switching
element in the situation of Fig. 3 is low (e.g. a few ohms).
[0036] The skilled reader will appreciate that the
switching element represented in Figs. 1a-3b can switch
between three discrete states, i.e. a low-conductivity
state, an intermediate-conductivity state and a high-con-
ductivity state.

[0037] Fig. 4 shows an alternative electric circuit layout
for a switching element 110 according to the present in-
vention. As will be appreciated, the resistive element 134
interconnecting the first connection terminal 130 and the
first conductor 124, of the first electrode 124 may be
placed outside the active area 120 of the switching ele-
ment 110.

[0038] Figs. 5 and 6 represent further embodiments of
switching elements 160. Both the first conductors 174,
176, of the first and second electrode patterns 174, 176
are connected to the respective terminal 180 and 182 via
aresistive element 184, and 184,. In Fig. 5, the second
conductors 174,, 176, of the first and second electrode
arrangements are substantially bow-shaped and extend
along the border of the active area 170. In Fig. 6, the
second conductors 174,, 176, of the first and second
electrode arrangements extend substantially parallel to
the first conductors 1744, 176,.

[0039] Figs. 7 and 8 represent switching elements with
multiple (more than three) states. The first and second
electrode patterns respectively comprise a first conduc-
tor 224,, 226, extending into the central region of the
active area 220. For each electrode pattern, a number
of further conductors 224,, ..., 224,, 226,, ..., 226,, ex-
tend into the active area. In Fig. 7, these conductors run
substantially in parallel to the first conductors, whereas
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in Fig. 8, they are partial rings arranged substantially con-
centrically with respect to the centre of the active area
220. With an increasing compressive force, an electrical
contact is established first between the first conductors
224,, 226, of the electrode patterns. With the contact
zone progressing further and further to the borders of the
active area, more and more of the further conductors
224,, ..., 224,, 226,, ..., 226, are contacted and further
electrical paths are established in parallel with the initial
path. Consequently, the impedance of the switching el-
ement behaves as illustrated in Fig. 9. As can be seen,
the impedance takes quantized values as a function of
applied force.

Fig. 10 shows an electrode pattern configuration of an
embodiment of a "shunt mode" switching element with
three different switching states and discrimination of off-
centre forces. In this embodiment the first and second
electrode pattern each comprise afirst electrode conduc-
tor 324, and 326, which are connected to the respective
first and second connection terminals 330 and 332, and
which extend towards a central region of said active area
320 where they are arranged at a certain distance from
each other. Athird electrode pattern comprising a bypass
electrode conductor 338, which has a first portion 338,
arranged in the peripheral region of said active area 320
at a certain distance from said electrode conductor 324,
and a second portion 338, arranged in the peripheral
region of said active area at a certain distance from said
electrode conductor 3264. The shunting element com-
prises a primary shunting portion 328, associated to the
first electrode conductors 324, and 326, in the centrally
located region of said active area and at least two sec-
ondary shunting portions 328, and 3285, each one of
said secondary shunting portions 328, and 3285 being
associated in the peripheral portion of said active area
320 to one of the conductors 324, and 326, of the first
and second electrode pattern and the associated portion
338, and 338, of said bypass electrode conductor 338
so as to from said secondary contact zone.

[0040] In this embodiment of the switching element an
electrical contact between the first and second electrode
patternis only established in the secondary contact zone,
if both secondary shunting portions 328, and 3285 are
pressed against the respective electrode pattern. If this
is the case, the resistive element 334, which is integrated
into the first conductor 324, is bypassed by bypass elec-
trode conductor 338. It will be noted that bypass electrode
conductor 338 may also comprise a resistive element
340, which will be connected in parallel to resistive ele-
ment 334 if the contact in the secondary contact zones
is closed.

[0041] Itwill be appreciated that Fig. 16 shows an elec-
trode pattern configuration of an embodiment of a "shunt
mode" switching element similar to the switching element
of Fig. 10, but with more than three different switching
states. Inthis embodiment, a plurality of bypass electrode
conductors 3384, 338, and 3385, each with a respective
resistive element 340, 340,, 3405 are provided and as-
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sociated at different locations to the first and second elec-
trode conductors 324, and 326,. Furthermore a plurality
of shunting portions 328,-328; are provided for enabling
an electrical contact to be established between each one
of said bypass electrode conductors 3384, 338, and 3385
and the associated portion of said first and second elec-
trode conductors 324, and 326,.

An electrode pattern configuration of an embodiment of
a "through mode" switching element with three different
switching states and discrimination of off-centre forces
is shown in Fig. 11 and the cross section of this switching
elementis shown in Fig. 12. In a "trough mode" switching
element the first electrode pattern 424 arranged on said
first carrier foil 412 and said second electrode pattern
426 is arranged on said second carrier foil 414 in such a
way that said first electrode pattern 424 and said second
electrode pattern 426 face each other both in said cen-
trally located region of said active area 420 so as to form
said primary contact zone and in a peripheral zone lo-
cated off-centre of said active area so as to form said at
least one secondary contact zone. Similar to the elec-
trode pattern, the first connection terminal 430 is ar-
ranged on the said first carrier foil 412 and the second
connection terminal 432 is arranged on the said first car-
rier foil 414.

[0042] In the shown embodiment, said first electrode
pattern comprises a first electrode conductor 424, ex-
tending through the centrally located region of said active
area 420 towards a first location 451 of a peripheral re-
gion and a second electrode conductor 424, extending
towards a second location 452 of a peripheral region.
Both the first and second electrode conductors 424, and
424, of said first electrode pattern 424 are electrically
connected to the first connection terminal 430. The sec-
ond electrode pattern 426 comprises a first electrode
conductor 426, extending towards the centrally located
region of said active area 420 so as to face said first
electrode conductor 424, of said first electrode pattern
424. The second electrode pattern 426 also comprises
a second electrode conductor 426, extending from said
first location 451 of said peripheral region to said second
location 452 of said peripheral region, such that a first
end of said second electrode conductor 426, (at 451)
faces said first electrode conductor 424, of said first elec-
trode pattern 424 in said first location 451 of said periph-
eral region and that a second end of said second elec-
trode conductor 426, (at 452) faces said second elec-
trode conductor 424, of said first electrode pattern 424
in said second location 452 of said peripheral region.
[0043] This embodiment of the switching element ad-
vantageously enables a discrimination between forces
acting centrally on the active area and forces which act
offset of the central region. In fact, due to the configura-
tion of the electrode patterns, a conducting path bypass-
ing the first resistive element 434 is only established in
the secondary contact zone, if both the first and second
end of the second conductor 426, of the second electrode
pattern are pressed against the respective conductor of
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said first electrode pattern.

[0044] Fig. 13-15 show different possible electrode
pattern configurations for switching elements operating
in "through mode". In the embodiment of Fig. 13, the first
electrode pattern 524 comprises a central electrode por-
tion 524, a connecting electrode portion 524,, which is
connected to the central electrode portion 524, via a re-
sistive portion 5245 arranged between the central elec-
trode portion 524, and the connecting electrode portion
524,, and a secondary electrode portion 524,. The sec-
ondary electrode portion 524, is arranged diametrically
opposed to the connecting electrode portion 524, at a
certain distance from the central electrode portion 524,
and is electrically connected to the central electrode por-
tion 524,. Likewise the second electrode pattern 526
comprises a central electrode portion 5264, a connecting
electrode portion 526,, which is connected to the central
electrode portion 526, via a resistive portion 5265 ar-
ranged between the central electrode portion 526, and
the connecting electrode portion 526,, and a secondary
electrode portion 526,. The secondary electrode portion
526, is arranged diametrically opposed to the connecting
electrode portion 526, at a certain distance from the cen-
tral electrode portion 526, and is electrically connected
to the central electrode portion 526,. The firstand second
electrode pattern 524 and 526 are arranged on their re-
spective carrier foils 512 and 514 in such a way that said
central electrode portions 524, and 526, face each other
and that the secondary electrode portion 524, of the first
electrode pattern 524 faces the connecting electrode por-
tion 526, of the second electrode pattern 526 and vice
versa. If a small force acts on such a switching element,
an electrical contact is established between the central
electrode portions 254 and 526, of the first and second
electrode pattern and the resulting resistance of the
switching element equals substantially the sum of the
resistances of the resistive portions 5245 and 5265 of the
first and second electrode pattern. If however a larger
force acts on the switching element, then the secondary
electrode portions of the electrode pattern are pressed
onto the connecting electrode portions of the opposing
electrode pattern and the two resistive portions are by-
passed.

[0045] In the embodiment shown in Fig. 14, both said
first and second electrode pattern comprise electrode
conductors 624 and 626, which extend in opposing di-
rections from a peripheral region of the active area
through the centrally located region and extend beyond
the centrally located region. A first resistive element 634
is arranged in the centrally located region as an elevation
on the electrode conductors 624. If the carrier foils 612
and 614 are brought together only in the centrally located
region, an electrical contact is established between the
first and second electrode pattern 624 and 626 via the
resistive element 634. If the activation force increases,
the deflection of the carrier foils will increase and bring
the electrode conductors 624 and 626 of the first and
second electrode pattern into contact in an off-centre re-
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gion, i.e. in a region in which no resistive element is ap-
plied on the electrode conductors. It follows that the first
and second electrode pattern are directly contacted and
that accordingly the resistive element is bypassed in this
case. It will be noted that the resistive element may be
surrounded by a patch of dielectric material 660 so as to
prohibit direct contact between the first and second elec-
trode pattern in the immediate vicinity of the resistive el-
ement. In this way, the force threshold, above which a
direct contact is established, may be increased so as to
adapt the response of the switching element to a specific
desired shape.

[0046] In the variant shown in Fig. 15, a first resistive
element 734, and 734, is arranged in the centrally locat-
ed region on each of said electrode conductors 724 and
726 of the first and second electrode pattern, so that an
electrical contact between the first and second electrode
pattern 724 and 726 is established in the primary contact
zone via the two resistive patches 734, and 734,. Fur-
thermore, second resistive patches 7344 and 734, may
be applied on either side of the central region on the
electrode conductor 724, so that an electrical contact be-
tween the first and second electrode pattern 724 and 726
is established in the secondary contact zone via the sec-
ond resistive patches 7345 and 734,.

[0047] Fig. 17 shows the equivalent electrical circuit
for a switching element with discrimination of off-centre
forces and with three different switching states, Fig. 18
shows the corresponding equivalent electrical circuit for
a switching element with more than three different switch-
ing states. In these equivalent circuits the centrally locat-
ed primary switching zones are represented as single
switch 870 arranged in series with the first resistive ele-
ment 834 between the connection terminals 830 and 832.
The secondary switching zones, which are electrically
coupled in order to be able to discriminate an off-centre
activation, are represented as a series connection of two
individual switches 872 and 874 and a possible second
resistive element 836 between the connection terminals
830 and 832.

Claims
1. A switching element comprising:

a first carrier foil and a second carrier foil;
aspacer arranged between said firstand second
carrier foils, said spacer spacing said first and
second carrier foils a certain distance apart from
one another; said spacer being provided with an
opening, said opening defining an active area
for said switching element in which said first and
second carrier foils can be brought together in
response to acompressive force exerted on said
switching element;

an electrode arrangement comprising at least a
first electrode pattern made of conductive ma-
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terial connected to a first connection terminal
and a second electrode pattern made of con-
ductive material connected to a second connec-
tion terminal, said firstand second electrode pat-
terns being arranged in said active area on said
first and second carrier foils such that an elec-
trical contact is established between said first
and second electrode pattern when said firstand
second carrier foils are brought together; char-
acterised in that

said electrode arrangement is configured such
that, within said active area, at least one primary
contact zone and atleast one secondary contact
zone are formed in which an electrical contact
can be established between said first and sec-
ond electrode pattern, wherein said primary con-
tact zone is centrally located within said active
area and wherein said at least one secondary
contact zone is located off-centre within said ac-
tive zone, and in that at least one first resistive
element is associated to one of said first or sec-
ond electrode pattern in such a way that said at
least one first resistive element is connected be-
tween the first and second connection terminals
if said electrical contact between said first and
second electrode pattern is established only in
said primary contact zone and that said first elec-
trical resistance is bypassed if an electrical con-
tact between said firstand second electrode pat-
tern is also established in said secondary con-
tact zone.

Switching element according to claim 1, wherein said
secondary contact zone extends on either side of
said primary contact zone and is symmetrically ar-
ranged with respect to said primary contact zone.

Switching element according to any one of claims 1
or 2, wherein said first electrode pattern and said
second electrode pattern are arranged on said first
carrier foil and wherein said electrode arrangement
further comprises at least one shunting element ar-
ranged on said second carrier foil in such a way that
said electrical contact between said first and second
electrode pattern is established via the shunting el-
ement if said first and second carrier foils are brought
together.

Switching element according to claim 3, wherein said
first and second electrode pattern each comprise a
first electrode conductor and at least one second
electrode conductor, said first and second electrode
conductors of said first electrode pattern being elec-
trically connected to said first connection terminal
and said first and second electrode conductors of
said second electrode pattern being electrically con-
nected to said second connection terminal, wherein
said first electrode conductors of said first and sec-
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ond electrode pattern extend towards a centrally lo-
cated region of said active area and are arranged at
a certain distance from each other in said centrally
located region of said active area, wherein said sec-
ond electrode conductors of said first and second
electrode pattern extend towards a peripheral region
of said active area, and wherein said at least one
shunting element is arranged on said second carrier
foil for establishing an electrical contact between the
first electrode conductors of said first and second
electrode pattern in said centrally located region and
for establishing an electrical contact between the
second electrode conductors of said first and second
electrode pattern in said peripheral region of said
active area.

Switching element according to claim 4, wherein the
at least one first resistive element is associated to
one of said first conductors of said first or second
electrode pattern.

Switching element according to claim 3, wherein said
electrode arrangement comprises a third electrode
pattern arranged on said first carrier foil,

wherein said first electrode pattern and said second
electrode pattern each comprise an electrode con-
ductor extending from a peripheral region of said ac-
tive area towards a centrally located region of said
active area and are arranged at a certain distance
from each other in said centrally located region of
said active area, wherein said third electrode pattern
comprises a bypass electrode conductor, said by-
pass electrode conductor having a first portion,
which is arranged in the peripheral region of said
active area at a certain distance from said electrode
conductor of said first electrode pattern and a second
portion, which is arranged in the peripheral region of
said active area at a certain distance from said elec-
trode conductor of said second electrode pattern,
and wherein said shunting element comprises a pri-
mary shunting portion associated to the first elec-
trode conductors in the centrally located region of
said active area so as to form said first contact zone
and at least two secondary shunting portions, each
one of said secondary shunting portion being asso-
ciated in the peripheral portion of said active area to
one of the conductors of the first and second elec-
trode pattern and the associated portion of said by-
pass electrode conductor so as to from said second-
ary contact zone.

Switching element according to claim 6, wherein at
least one second resistive element is associated to
said bypass electrode conductor, such that said sec-
ond resistive elementis connected between said first
and second connection terminals if an electrical con-
tactis established in the secondary contact zone be-
tween said first and second electrode pattern via said
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secondary shunting portions.

Switching element according to any one of claims 1
or 2, wherein said first electrode pattern is arranged
on said first carrier foil and said second electrode
patternis arranged on said second carrier foil in such
a way that said first electrode pattern and said sec-
ond electrode pattern face each other both in said
centrally located region of said active area so as to
form said primary contact zone and in a peripheral
zone located off-centre of said active area so as to
form said at least one secondary contact zone.

Switching element according to claim 8,

wherein said first electrode pattern comprises a first
electrode conductor extending through the centrally
located region of said active area towards a first lo-
cation of a peripheral region and a second electrode
conductor extending towards a second location of a
peripheral region, said first and second electrode
conductors of said first electrode pattern being elec-
trically connected to said first connection terminal,
and

wherein said second electrode pattern comprises a
first electrode conductor extending towards the cen-
trally located region of said active area so as to face
said first electrode conductor of said first electrode
pattern and a second electrode conductor extending
from said first location of said peripheral region to
said second location of said peripheral region, such
that a first end of said second electrode conductor
faces said first electrode conductor of said first elec-
trode pattern in said first location of said peripheral
region and that a second end of said second elec-
trode conductor faces said second electrode con-
ductor of said first electrode pattern in said second
location of said peripheral region.

Switching element according to claim 9, wherein said
first location of said peripheral region and said sec-
ond location of said peripheral region are arranged
symmetrically with respect to said centrally located
region of said active area.

Switching element according to claims 9 and 10,
wherein said at least one resistive element is inte-
grated into said first electrode conductor of said first
electrode pattern between said first connection ter-
minal and said centrally located region of said active
area.

Input device for an electrical appliance comprising
one or more switching elements according to any
one of the preceding claims.

10

15

20

25

30

35

40

45

50

55

11

20



EP 1926 114 A1

12



EP 1926 114 A1

13



EP 1926 114 A1

o —1 —
o "::" A 7\\
e }\ T R N\
/g _x—-i< \

14




EP 1926 114 A1

15



EP 1926 114 A1

et

£b+

82104

€d ¢d =

vd

---7 €Y

As)

Lo

souepadw)

16




EP 1926 114 A1

oTN »/.
| BN
pd
A i
N
AN Z.J). , “ rsh 9n
f htnA \ \
71
Wh o WD %

17



EP 1926 114 A1

h St

18



EP 1926 114 A1

S5

19



EP 1926 114 A1

283 IS

377

20



[

EPO FORM 1503 03.82 (P04C01)

9

EP 1926 114 A1

European Patent
Office

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 06 12 4551

Category Citation of g;)::eulemvean;tv‘\;i;zsir;gi::tion, where appropriate, Ee;le;/i;nt glﬁéf%il_ﬁénoup%lj THE
A EP 0 235 517 A (SCHOELLER & CO ELEKTROTECH|1 INV.
[DE]) 9 September 1987 (1987-09-09) HO1H13/803
* figure 1 *
A WO 99/09572 A (HIGH END SYSTEMS INC [US]) |1
25 February 1999 (1999-02-25)
* figures 2-4 *
A US 5 952 629 A (YOSHINAGA KENICHI [JP] ET |1
AL) 14 September 1999 (1999-09-14)
* figure 5B *
A JP 09 017277 A (JAPAN AVIATION ELECTRON) 1
17 January 1997 (1997-01-17)
* figures 1,2,4 *
TECHNICAL FIELDS
SEARCHED  (IPC)
HO1H
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 20 April 2007 Overdijk, Jaco

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

21




EPO FORM P0459

EP 1926 114 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 06 12 4551

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

20-04-2007
Patent document Publication Patent family Publication

cited in search report date member(s) date
EP 0235517 A 09-09-1987 DE 3606666 Al 03-09-1987
WO 9909572 A 25-02-1999  NONE
US 5952629 A 14-09-1999 JP 3000885 B2 17-01-2000

JP 8235952 A 13-09-1996
JP 9017277 A 17-01-1997  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

22



	bibliography
	description
	claims
	drawings
	search report

