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Description

[0001] The presentinvention is related to a microelec-
tromechanical switch and a method for manufacturing
the same. The present invention is further related to a
device for controlled distribution of radio frequency (RF)
signals and in particular small size switching devices for
broadband signals in a single pole single throw (SPST)
and in a single pole double throw (SPDT) configuration
with metal contacts.

[0002] Known switches according to prior art will be
described in the following while making reference to Fig.
7 showing a schematic typical cross section view of the
layer thickness. Contact surfaces 102a and 102b of con-
tact elements 104a and 104b of typical switches with in-
plane actuation are vertically (with respect to a horizontal
moving direction of a contact element) oriented and
spread over the side walls and over the top surface of
the movable contact element 106 and of the fixed contact
element 108 and they are connected to the signal lines
112a and 112b arranged at the top surface. The material
of the contacts forming the contact surfaces 104a and
104b can differ from the material of the signal lines 112a
and 112b. Either electroforming, physical vapor deposi-
tion (PVD) or a chemical vapor deposition (CVD) is used
as a method for forming such metal-metal contacts con-
sisting of a special contact material in most cases. Con-
tact surfaces of contact elements 106 and 108 of typical
switches with in-plane actuation are vertically oriented
and spread over the side walls and over the top surface
of the movable contact element 106 and of the fixed con-
tact element 108 and may be connected to signal lines
112a, 112b, respectively.

[0003] The precision of the contact geometry needs to
be high in order to control the contact forces and to define
the gap between the contacts in an open state of the
switch. From electroforming and CVD it is known that the
side wall surfaces are coated by the metal with a similar
thickness in comparison to the top surface of the contact
elements 104a and 104b. However, electroforming and
CVD processes are not applicable in case of already free-
ly movable structures after release etching or due to lim-
ited compatibility of the following fabrication processes.
The deposition of the contact metal by PVD using a shad-
ow mask is applied in such cases. From electroforming
and PVD it is known that the thickness of the deposited
material depends more or less on the orientation of the
coated surface and on the distance of the surface to other
opposing surfaces. In the case of the contact material of
a switch, the thickness of the contact material 114a and
114b at the top surface is higher in comparison to the
surface at the side walls that form the contact surface. A
roughness of the contact surface at the side walls is sub-
stantially higher in comparison to a roughness on the top
surface. It leads to a more or less undefined location of
the contact when the switch is operated and the contacts
are closed. As a consequence, the stroke of the motion
of the movable part is influenced by the contact material
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thickness and by the surface topology and by the rough-
ness of the contact surface at the side walls and will vary
accordingly, which leads to deviations of the switch char-
acteristics from switch to switch when manufacturing.
[0004] MEMS switch according to EP 2 365 499 A1
comprise contact surfaces being parallel along a growing
direction. The surfaces being parallel is obtained by etch-
ing. A high roughness of the surfaces may lead to unde-
fined contact forces and/or pressures between the sur-
faces.

[0005] MEMS switches according to DE 10 2007 035
633 B4 comprise a metallic contact part that is movable
for providing into an electronic contact between two seg-
ments of a signal line. The metallic contact part formed
by a galvanic process requires high accuracies during
manufacturing of the switch.

[0006] A MEMS switch according to the characterising
portion of claim 1 and a method for manufacturing a
MEMS switch according to the characterising portion of
claim 15 is known from US 2004/0216988 A1.

[0007] Thus, there exists a need for enhanced micro-
electromechanical switches.

[0008] An object of the present invention, therefore, is
to provide a microelectromechanical switch and a meth-
od for manufacturing the same, the microelectromechan-
ical switch comprising a precise switching behavior when
switching the electric contact.

[0009] This object is achieved by a microelectrome-
chanical switch in accordance with claim 1 and a method
for manufacturing the same in accordance with claim 15.
[0010] The present invention is based on the finding
that an enhanced microelectromechanical (MEM) switch
forming a microelectromechanical system (MEMS), com-
prising contact surfaces with a low roughness and a de-
fined distance between the contact elements in an open-
state of the switch may be obtained by implementing a
tear-off edge at a first or a second contact arrangement
for providing the electric contact. The tear-off edge allows
for interrupting and/or reducing a deposition of contact
materials at surfaces recessed by the tear-off edge with
respect to projected surfaces such that a surface area
influencing the contact behavior may be reduced when
compared to known concepts and/or may be arranged
with low tolerances such as a low roughness of the con-
tact material. A small area in which the contact may occur
allows for a low deviations between switches. Defined
material extensions (thickness and/or roughness) of the
contact material at the side comprising the tear-off edge
allows for a defined and precise switching behavior of
the switch.

[0011] An embodiment of the present invention pro-
vides a MEMS switch comprising a first and a second
contact arrangement having a side facing each other.
The first and the second contact arrangement are mov-
able with respect to each other and configured for pro-
viding an electric contact in a first state and for not pro-
viding the electric contactin a second state. A first contact
material is arranged at the side of the first contact ar-
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rangement. A second contact material is arranged at the
side of the second contact arrangement. The side of the
firstand the side of the second contact arrangement com-
prise a recessed region and a projected region projected
with respect to the recessed region. The projected region
and the recessed region are separated from each other
by a tear-off edge, wherein the first and the second con-
tact material are arranged at the recessed region and the
projected region of the respective side. The electric con-
tact is provided between the first and the second contact
material in the projected region of the sides and not pro-
vided in the recessed region in the first state. This allows
for avoiding influences of the contact materials to the
electric contact and/or the switching behavior of the
switch in the recessed region and for a defined switching
behavior of the switch in the projected region.

[0012] A further embodiment provides a MEMS switch
comprising the contact materials having a curved surface
such that an area in which the electric contact is provided
is low such that a highly defined switching behavior is
obtained. A further embodiment of the present invention
provides a method for manufacturing a MEMS switch.
The method comprises an arrangement of a first and a
second contact arrangement such that a side of the first
and of the second contact arrangement face each other
such that the first and the second contact arrangement
are movable with respect to each other and provide an
electric contact in a first state and do not provide the
electric contact in a second state. The method further
comprises an arrangement of a first contact material at
the side of the first contact arrangement and an arrange-
ment of a second contact material at the side of the sec-
ond contact arrangement. The side of the first and the
side of the second contact arrangement comprise a re-
cessed region and a projected region projected with re-
spect to the recessed region, the projected region and
the recessed region separated from each other by atear-
off edge. The first and the second contact material are
arranged at the recessed region and at the projected re-
gion of the respective side. The electric contact is pro-
vided between the first and the second contact material
in the projected region of the sides and not provided in
the recessed region in the first state.

[0013] Further embodiments are the subject matter of
the dependent claims.

[0014] Subsequently, preferred embodiments of the
present invention are described with respect to the ac-
companying drawings, in which:

Fig. 1 shows a schematic cross-sectional view of a
MEMS switch according to an embodiment;
Fig. 2 shows a schematic perspective view of a mod-

ified contact arrangement modified with re-
spect to Fig. 1 and comprising an insulating
layer forming a tear-off edge according to an
embodiment;
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shows a schematic cross-sectional view of a
MEMS switch comprising two contact ar-
rangements having insulating layers each
forming a tear-off edge forming according to
an embodiment;

Fig. 3a

shows a schematic cross-sectional view of a
MEMS switch which comprises a modified ar-
rangement of signal lines when being com-
pared to the MEMS switch shown in Fig. 3a;

Fig. 3b

Fig. 4 shows a schematic block diagram of a MEMS
switch comprising a single pole single throw
configuration according to an embodiment;
Fig. 5 shows a schematic block diagram of a MEMS
switch comprising a single pole double throw
configuration according to an embodiment;
Fig. 6 shows a schematic block diagram of a MEMS
switch comprising a modified actuator part for
enabling a two-dimensional movement of a
contact plunger according to an embodiment;
and

shows a schematic cross-sectional view of a
MEMS switch according to prior art.

Fig. 7

[0015] Equal or equivalent elements or elements with
equal or equivalent functionality are denoted in the fol-
lowing description by equal or equivalent reference nu-
merals even if occurring in different figures.

[0016] In the following description, a plurality of details
is set forth to provide a more thorough explanation of
embodiments of the present invention. However, it will
be apparent to those skilled in the art that embodiments
of the present invention may be practiced without these
specific details. In other instances, well known structures
and devices are shown in block diagram form rather than
in detail in order to avoid obscuring embodiments of the
present invention. In addition, features of the different
embodiments described hereinafter may be combined
with each other, unless specifically noted otherwise.
[0017] In the following, reference will be made to mi-
croelectromechanical (MEMS) switches which are actu-
ated (electro-)mechanically. For providing the mechani-
cal actuation, an actuator may be arranged such that a
microelectromechanical system (MEMS) switch is ob-
tained.

[0018] Fig. 1 shows a schematic cross-sectional view
of a MEMS switch 10. The MEMS switch 10 comprises
a first contact arrangement 12 and a second contact ar-
rangement 14, the contactarrangements 12 and 14 being
movable with respect to each other along a moving di-
rection 16 and/or an opposing direction, e.g., in terms of
moving back and forth. The movement allows for obtain-
ing (closing) and/or opening an mechanic and electric
contact between the contact arrangements 12 and 14
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and thus for the MEMS switch 10 comprising a closed
state or an open state.

[0019] Movement of the contact arrangement(s) may
be obtained by actuating one, e.g., the second, contact
arrangement 14 with an actuator with respect to the first
contact arrangement 12 being arranged statically. The
actuator may be, for example, an electrostatic, an elec-
trodynamic, a piezoelectric actuator or the like. Alterna-
tively or in addition, the first contact arrangement 12 may
be movable with respect to the second contact arrange-
ment 14. Simplified, the first contact arrangement 12 may
be arranged at or be a part of a substrate 18 of the MEMS
switch 10. The second contact arrangement 14 may be
moved with respect to the first contact arrangement 12,
for example, by a contact plunger of an actuator.
[0020] The first and the second contact arrangements
12 and 14 each comprise a side (side wall) 22, 24, re-
spectively. Each side 22 and 24 comprises a recessed
portion 22a or 24a and a projected portion 22b or 24b.
The projected portions 22b and 24b are projected with
respect to the respective recessed portion 22a or 24a,
preferably at least partially along a direction parallel to
the movement direction 16.

[0021] The first contact arrangement 12 comprises a
tear-off edge 26 separating the recessed portion 22a
from the projected portion 22b of the side 22. The second
contact arrangement 14 comprises a tear-off edge 28
separating the recessed portion 24a and the projected
portion 24b of the side 24. A first contact material 32a is
arranged at a first signal line 34a, the first signal line 34a
forming an overhung 36a with respect to the substrate
18. The overhung 36a (i.e., a portion of the first signal
line 34a laterally extending beyond the substrate 18
along the movement direction 16) forms a corresponding
distance between the recessed portion 22a and the pro-
jected portion 22b of the side 22 along a direction along
which the signal line 34a extends beyond the substrate
18. During the deposition of the contact material 32a the
contact material 32a may be arranged (deposited) at the
first signal line 34a and at the projected portion 22b and
at the recessed portion 22a. Deposition of the first and/or
the second contact material 32a and/or 32b may be ex-
ecuted by any appropriate process, for example, an elec-
troforming process, a CVD process or a PVD process.
The tear-off edge 26 and/or the overhung 36a allow for
the contact material 32a arranged at the recessed portion
22a not influencing the switching behavior of the MEMS
switch 10.

[0022] The second contact arrangement 14 comprises
a second signal line 34b arranged at a substrate 19, for
example a movable contact plunger comprising a silicon
material. The second signal line 34b is configured for
providing and/or receiving an electric current or voltage
from or to the first signal line 34a when an electric contact
is present between the first contact material 32a and a
second contact material 32b arranged at the second sig-
nal line 34b. The second signal line 34b forms an over-
hung 36b and a corresponding distance between the re-
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cessed portion 24 and the projected portion 24b. The
substrate 19 of the second contact arrangement 14 may
comprise same materials when compared to the sub-
strate 18, e.g., when both contact arrangements are
formed of a same wafer. Alternatively, both substrates
18 and 19 may be different, e.g., when the second contact
arrangement 14 and the first contact arrangement 12 are
manufactured separated from each other and combined
after manufacturing.

[0023] Thefirst contact material 32aforms an (second)
overhung 38a with respect to the first signal line 34a. and
thus with respect to the overhung 36a. The overhung 38a
may be obtained, for example, during deposition of the
first contact material 32a. The first contact material 32a
and/or the second contact material 32b are formed of a
conductive material such as a doped semiconductor ma-
terial (for example, a doped silicon) or a metal material
such as gold, silver, copper, platinum, aluminum, ruthe-
nium or the like and/or a combination thereof.

[0024] The first contact material 32a may be different
from the second contact material 32b, but is preferably
equal to obtain symmetric contact behavior between the
first and the second contact arrangement 12 and 14. The
overhung 36a and 36b define an overhung distance from
the respective recessed portion 22a or 24a to the pro-
jected portion 22b, 24b, respectively. The overhung dis-
tance is at least 2 %, at least 5 % or at least 10% of a
thickness of the contact material 32a or 32b along a thick-
ness direction 42. The thickness direction 42 may be re-
garded as a height or thickness of the MEMS switch 10
and/or as a dimension of the MEMS switch 10 along a
direction along which different layers of the stack (sub-
strate, signal line, contact material, etc.) are arranged.
Alternatively, the overhung distance defined by the over-
hung 36a or 36b may be at least 50%, at least 70% or at
least 100% of the thickness of the first or second contact
material 32a or 32b. The overhung distance may be de-
pendent from a type of process for depositing the contact
material 32a and/or 32b. In case, the process leads to a
low deposition of the contact material 32a and/or 32b at
the side 22 or 24 along the movement direction, a lower
overhung distance may be sufficient when compared to
a process leading to a high deposition of the contact ma-
terial 32a and/or 32b at the side 22 or 24.

[0025] An extension of the overhung 38a and/or 38b
along the movement direction 16 may be different from
each other, but is preferably equal within a tolerance
range of 100%, 50% or 10% of one of both extensions
of the overhung 38a or 38b.

[0026] Based on the overhung 36a, 36b, 38a and 38b,
the contact materials 32a and 32b may be arranged such
that the contact materials 32a and 32b comprise a (con-
vex) curvature along the thickness direction 42, leading
to a small area or nearly a point of the contact material
32a and 32b having a minimum distance to each other
and allowing for low influences of a roughness of the
contact material 32a and 32b at a surface thereof and
when contacting each other.
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[0027] The contact materials 32a and 32b allow for de-
fined contact surfaces, e.g., comprising a low roughness
and a defined shape. This allows for a defined distance
between the contact arrangements 12 and 14 in an open
state of the MEMS switch 10. The defined distance allows
for defined (known) forces that are applied to the contact
arrangements. The forces and distances may berelevant
parameters with respect to a switching speed and/or to
contact resistance of the switch.

[0028] Although the MEMS 10 comprises the tear-off
edges 26 and 28 are implemented at both, the first and
the second contact arrangement 12 and 14, an arrange-
ment of the tear-off edge 26 or 28, of the overhung 36a
and 36b, or of the overhung 38a or 38b at only one of
the contact arrangements 12 or 14 may be sufficient to
obtain these effects, for example, when the recessed por-
tion of the side of a contact arrangement is recessed with
a distance such far that a probably not recessed portion
ofthe other contact arrangement from providing mechan-
ic and/or electric contact to the recessed portion.
[0029] The MEMS switch 10 may be obtained, for ex-
ample, by a manufacturing process comprising etching
of a silicon substrate and arranging different layers at the
substrate. This allows for a high accuracy and avoids a
subsequent arrangement of further parts.

[0030] Although the MEMS 10 is described as the sig-
nal lines 34a and 34b being arranged at the respective
substrate 18 or 19, in addition, between one or both sub-
strates 18 and/or 19 and the respective signal line 34a
and/or 34b an insulating layer may be arranged. The in-
sulating layer and/or the signal line may then define the
overhung 36a and 36b solely or in combination. Arrang-
ing an insulating layer may be advantageous in case the
substrate 18 and/or 19 comprise conductive materials,
wherein the arrangement of the insulating layer may not
be necessary, in case the substrate 18 and/or 19 are
formed insulating themselves.

[0031] Fig. 2 shows a schematic perspective view of a
modified contact arrangement 14’ comprising an insulat-
ing layer 44 arranged between the substrate 19 and the
second signal line 34b. The insulating layer 44 may com-
prise a silicon(di)oxide material and/or other insulating
materials. The contact material arranged at the recessed
portion 24a and the projected portion 24b and the second
signal line 34b is not shown. A surface of the insulating
layer 44 averted from the substrate 19 defines a main
surface 46 of the contact arrangement 14°. The main sur-
face 46 may be arranged along any direction but is pref-
erably arranged such that a lateral extension of the main
surface 46 is at predominantly (i.e., within a tolerance
range of 30°, 20° or 10°) along the moving direction 16.
This allows for implementing an in-plane principle of the
MEMS switch.

[0032] The signal line 34b is arranged at the main sur-
face 46. The distance 36b is defined by the overhung
36b ofthe insulating layer 44 with respect to the substrate
19. A surface 45 of the insulating layer 44 that is uncov-
ered by the substrate 19 is indicated as a shaded flat
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arranged at a side (surface) of the insulating layer 44
opposing the main surface 44, i.e., facing the substrate
19. The contact material may be arranged at the main
surface 46 and may contact the signal line 34b and the
projected portion 24b. The contact material may also be
arranged at the recessed portion 24a, wherein this por-
tion of the contact material may be excluded from influ-
encing the electric or mechanic contact with another con-
tact arrangement.

[0033] Although the arrangement of the insulating lay-
er 44 is described with respect to the second contact
arrangement 14’, alternatively orin addition, an insulating
layer may also be arranged at the first (static) contact
arrangement or at another movable contact arrange-
ment.

[0034] Fig. 3ashows a schematic cross-sectional view
of aMEMS switch 30 according to an embodiment. When
compared to the MEMS switch 10, the MEMS switch 30
comprises a modified first contact arrangement 12’ and
the modified contact arrangement 14’, wherein the mod-
ified contact arrangement 12’ s modified as described
with respect to the modified contact arrangement 14’
[0035] The substrate 19 may be, for example, part of
acontact plunger as will be described with respect to Fig.
4. An insulating layer 44b, e.g., the insulating layer 44,
is arranged at the substrate 19 and defines the overhung
36b. When compared to Fig. 2, the contact materials 32a
and 32b are equal and may be, for example, the contact
material 32a or 32b, which is arranged at the contact
arrangement 14’ such that it forms the overhung 38b
along the movement direction 16, allowing for contacting
the first contact arrangement 12’ by the contact material
32 instead of the insulating layer 44b or the signal line
34b.

[0036] The first contact arrangement 12’ is formed at
the substrate 18. At the substrate 18 a contact carrier 46
is arranged. The contact carrier 46 may be, for example,
a layer grown at the substrate 18 during manufacturing.
The contact carrier 46 may comprise a silicon material,
a doped silicon material or a silicon oxide, but may also
comprise other materials. Alternatively, the contact car-
rier 46 may also comprise materials comprised by the
substrate 18 or may be the substrate 18, i.e., the contact
carrier 46 may be formed integrally with the substrate 18.
Atthe contact area 46 an insulating layer 44a comprising
insulating materials such as a silicon(di)oxide is arranged
forming the overhung 36a with respect to the contact car-
rier 46.

[0037] The first signal line 34a is arranged at the insu-
lating layer 44a, wherein the insulating layer 44a allows
an insulation of the first signal line 34a with respect to
the contact carrier 46 and/or the substrate 18 and vice
versa. The contact material 32 is arranged at the insu-
lating layer 44a and the first signal line 34a and forms
the overhung 38a with respect to the insulating layer 44a.
Thus, the electric contact between the first and the sec-
ond contact arrangement 12" and 14’ is provided by the
respective contact material 32, wherein the equal type
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of contact material 32 at both contact arrangements 12’
and 14’ allows for symmetricforces and a simple arrange-
ment during manufacturing as only one material has to
be applied at different locations.

[0038] Fig. 3b shows a schematic cross-sectional view
of a MEMS switch 30’ which comprises a modified ar-
rangement of the signal lines 34a and 34b when being
compared to the MEMS switch 30, The signal lines 34a
and 34b extend to a side of the insulating layer 44a, 44b
respectively, the side forming at least partially the pro-
jected portion 22a, 24a respectively. The projected por-
tion 22a comprises a side of the first signal line 34a being
parallel to the side of the insulating layer 44a partially
forming the projected portion 22a. The projected portion
24a comprises a side of the second signal line 34b being
parallel to the side of the insulating layer 44b forming
partially the projected portion 24a. The overhung 36a
may be formed by the insulating layer 44a in combination
with the first signal line 34a with respect to the contact
carrier 46. The overhung 36b may be formed by the in-
sulating layer 44b in combination with the second signal
line 34b with respect to the substrate 19. Alternatively,
the firstand/or the second signal line 34a and/or 34b may
form an overhung with respect to the insulating layer 44a,
44b respectively. Alternatively or in addition, the insulat-
ing layer 44a and/or 44b may form no overhung with re-
spect to the contact carrier, the substrate 19 respectively,
wherein an overhung of the signal line 34a or 34b is
formed with respect to the contact carrier 46, the sub-
strate 19 respectively. The respective overhung 36a or
36b and the respective tear-off edge may be understood
as atotal overhung (tear-off edge) of the respective signal
line 34a or 34b and/or the insulating layer 44a or 44b with
respect to the contact carrier 46, the substrate 19 respec-
tively.

[0039] The projected portion 22a or 24b comprising
the insulating layer 44a, 44b respectively and the signal
line 34a, 34b respectively allows for a mutual support of
the insulating layer and the signal line when receiving
forces and/or pressures when the electric and mechanic
contact is obtained to the other contact arrangement 12’
or 14’. This allows for an increased number of options
when selecting a type of the contact material 32a and/or
32b as the contact pressures and forces are not only
received by a single layer.

[0040] Fig. 4 shows a schematic block diagram of a
MEMS switch 40 comprising an electrostatic (micro) ac-
tuator 48. The MEMS switch 40 is, for example, config-
ured as an in-plane actuated switch, i.e., the movement
direction 16 is predominantly perpendicular to the thick-
ness direction of the MEMS stack. The electrostatic ac-
tuator 48 comprises static electrodes 52 and movable
electrodes 54, which are movable with respectto the stat-
ic electrodes 52 when applying a voltage 56 between the
static and the movable electrodes 52 and 54. The elec-
trodes 52 and 54 may be arranged, for example, as comb-
shaped electrodes but may also comprise a different con-
figuration.
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[0041] The electrostatic actuator comprises a push rod
58 connected to the movable electrodes 54 allowing for
a movement of the push rod 58 along the movement di-
rection 16 based on an attraction or repulsion of the mov-
able electrodes 54 with respect to the static electrodes
52. The electrostatic actuator further comprises a restor-
ing arrangement 62, for example having a spring element
or the like for restoring a state obtained when applying
no voltage 56 or a voltage 56 according to zero. The
restoring arrangement 62 may be arranged between a
substrate or another fixed section of the MEMS switch
40 and the push rod 58 and be configured for applying a
restoring force to the push rod 58. Simplified, applying a
voltage 56 may lead to a movement, probably along the
movement direction 16 or an opposing direction for open-
ing or closing electric contacts, wherein the restoring ar-
rangement 62 enhances or provides closing or opening
the electric content, i.e., obtaining the initial state. The
restoring arrangement may also be arranged at a contact
plunger 64 connected to the push rod 58.

[0042] At the push rod 58, the contact plunger 64 is
arranged, i.e. connected thereto and moved according
to the movement of the push rod 58. The push rod may
be formed as a rod or a flat or the like and may comprise
a surface arranged towards the (static) contact arrange-
ments 12a and 12b to be connected. At the surface of
the push rod, the contact arrangements 14a and 14b are
arranged opposing the contact arrangements 12a, 12b
respectively. Two movable contact arrangements 14a
and 14b are arranged at the contact plunger 64. The mov-
able contact arrangements 14a and 14b are electrically
interconnected, for example, by the second signal line
34b. The contact plunger 64 may provide or be the sub-
strate 19 depicted in Fig. 1.

[0043] The MEMS switch 40 further comprises two
static contact arrangements 12a and 12b. The MEMS
switch 40 is configured for providing a mechanicand elec-
tric contact between the contact arrangements 12a and
14a and between the contact arrangements 12b and 14b
in afirst state (closed contact). In the first state the contact
arrangements 12a and 12b are electrically interconnect-
ed by the electric contact to the contact arrangements
14a and 14b and a first segment 34a-1 and a second
segment 34a-2 of the first signal line 34a are electrically
interconnected, i.e., the MEMS switch 40 is closed.
[0044] Simplified, the MEMS switch 40 shows a single
pole single throw (SPST) switch allowing for closing and
interrupting (opening) the signal line 34a by electrically
connecting or separating segments 34a-1 and 34a-2
thereof. A further signal line 66, for example, a reference
signal or ground line or ground plate may be arranged.
The further signal line 66 and the signal line 34a may
form a (switched) wiring system, e.g., supplying a
switched device.

[0045] The configuration shown allows for separating
the MEMS switch 40 into an actuator part 68 and a radio
frequency (RF) signal part 72. The actuator part 68 and
the RF signal part 72 are separated from each other by
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the push rod 58, i.e., the push rod 58 may be used for
mechanically linking both parts 68 and 72 and for trans-
ferring the actuation force to the contact mechanism.
[0046] Although the MEMS switch 40 is shown having
two movable contact arrangements 14a and 14b, ar-
ranged at the contact plunger 64, also one, three or more
contact arrangements 14 and/or 14’ may be arranged.
For example, one of the segments 34a-1 or 34-2 may
comprises a constant contact with the push rod 58 and
with a single contact arrangement 14 wherein the push
rod is configured for mechanically and electrically con-
necting to a single contact arrangement 12.

[0047] Although movement direction 16 is depicted as
a straight (linear) direction, the movement direction 16
may also comprise a curved pathway. For example, the
push rod 58 may be configured for providing a wiping
movement, e.g., when one end is hinged to afixed section
and a free end is configured for opening and closing the
electric contact.

[0048] Although the MEMS switch 40 comprises the
contact arrangements 12a and 12b, one or both of them
may be formed as a modified contact arrangement as
described with respect to Fig. 2. Alternatively or in addi-
tion, the MEMS switch 40 may comprise a different
number of contact arrangements 12 and/or 12’

[0049] In other words, Fig. 4 shows an electrostatically
actuated micro-mechanical switching device with mova-
ble elements for making and breaking at least one Ohmic
contact by motion predominantly in the plane of a first
substrate surface. The MEMS switch 40 comprises a mi-
cro actuator 48 with comb-shaped interacting fixed elec-
trodes 52 and movable electrodes 54, the push rod 58
being mechanically connected with the movable elec-
trodes 54 and extending through the area of the elec-
trodes. The micro-actuator 48 comprises the movable
contact plunger 64 comprising at least one movable con-
tact element (contact arrangement) 14a and/or 14b and
at least one restoring spring 62 being mechanically con-
nected with the push rod 58 or with the movable contact
plunger 64. At least one fixed contact arrangement is
configured for interacting with the at least one movable
contact arrangement for making and breaking an electric
contact. The MEMS switch 40 further comprises a wiring
system, which is electrically connected to at least one of
the fixed contact arrangements, and which comprises at
least one electric signal line.

[0050] At least one of the contact arrangements is
formed on a layer of insulating material that is part of the
contact plunger 64 or that is part of the fixed contact car-
rier 46 and is freestanding for a certain dimension (over-
hung 36a and/or 36b) that is large enough to exclude the
surface of the contact material of the side wall (recessed
portion) of the contact plunger 64, and of the fixed contact
carrier 46 from contact forming. The segments 34a-1 and
34a-2 and the further signal line 66 form a signal path
that is configured for being switched on or off by the
MEMS switch 40.

[0051] Fig. 5 shows a schematic block diagram of a
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MEMS switch 50 being modified when compared to the
MEMS switch 40. The MEMS switch 50 comprises a mod-
ified RF signal part 72" and comprises three movable
contact arrangements 14a-c arranged at the contact
plunger 64, wherein the movable contact arrangements
14a and 14b are arranged at an external section of the
contact plunger 64, wherein the movable contact ar-
rangement 14c is arranged at a central (inner) area of
the contact plunger 64, i.e., of the surface thereof. The
movable contact arrangements 14a-c are electrically in-
terconnected. The MEMS switch 50 comprises three stat-
ic contact arrangements 12a-c arranged opposing the
movable contact arrangements 14a-c, wherein the con-
tact arrangements 12a and 14a are associated to each
other, wherein the contact arrangements 12b and 14b
are associated to each other and wherein the contact
arrangements 12c and 14c are associated to each other.
[0052] In an initial state of the MEMS switch 50 the
contact arrangements 12a-c and 14a-c and the contact
arrangements 12b and 14b form an electric contact such
that the segments 34a-1 and 34a-2 are electrically inter-
connected. The initial state may be obtained for example
as a first actuated state that is, when being compared to
an unactuated state (e.g., voltage 56 of approximately
zero), obtained when applying the voltage 56 at a first
level, such that the push rod 58 and the contact plunger
64 are moved towards the contact arrangements 12a-c
and to allow for the mechanical contact between the ar-
rangements 12a/14a and 12b/14b. This allows for ob-
taining a state of the MEMS switch 50 in which no contact
between staticand moveable contact arrangements 12a-
cand 14a-cis provided. Alternatively, the initial state may
be obtained by moving, e.g., biasing, the push rod 58
and the contact plunger 62 into a position in which the
electric contact between the contact arrangements
12a-/14a and 12b/14b is obtained. This position may be
locked or fixed in terms that in case no voltage 56 is
applied, the position may be maintained while switching
to another contact scenario when applying the voltage
56.

[0053] The contactplunger 64 is elastic and configured
for bending when applying a mechanic force thereto. In
an actuated state, the push rod 58 and therefore the con-
tact plunger 64 are moved along the movement direction
16, for example when the voltage 56 is increased or re-
duced resulting in a bending of the contact plunger 64.
The static contact arrangement 12c¢ and the movable
contact arrangement 14c¢ are configured for providing an
electric contactin the second state. A first mechanic con-
tact arrangement 74a is arranged fixed or static with re-
spect to the contact plunger 64. A second mechanic con-
tact arrangement 74b is arranged at the contact plunger
64 between the movable contact arrangements 14c and
14b opposing the first mechanic contact arrangement
74a. A distance between the mechanic contact arrange-
ments 74a and 74b may be lower when compared to a
distance between the contact arrangements 12c and 14c
in the initial state such that, when switching from the initial
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state to the actuated state, the mechanic contact be-
tween the mechanic contact arrangement 74a and 74b
is provided applying a force to the contact plunger 64
leading to an opening of the electric contact between the
contact arrangements 12b and 14b while maintaining the
electric contact between the contact arrangements 12a
and 14a. By movement of the push rod 58 and of the
contact arrangement 14c along the movement direction
16, the electric contact between the contact arrange-
ments 12c and 14c is provided such that the segment
34a-1 is connected to a segment 34a-3 of the signal line.
[0054] Thus, in the initial state a signal path between
the segments 34a-1 and 34a-2 is provided and in the
actuated state a second signal path between the seg-
ments 34a-1 and 34a-3 is provided. The mechanic con-
tact arrangements 74a and 74b may comprise any ap-
propriate shape and/or materials. The mechanic contact
arrangements 74a and/or 74b may be formed according
to the contact arrangements 12a-c, 14a-c, respectively,
probably without electrically connecting one or both of
the contact arrangements 74a and 74b to a signal path.
[0055] Simplified, a common signal port 76a connect-
ed to the segment 34a-1 may be connected to a first
switched signal port 76b connected to the segment 34a-
2 in the initial state and to a second switched signal port
76¢ connected to the segment 34-3 in the actuated state
while opening thefirstsignal path. This may also be called
a single pole double throw (SPDT) configuration and/or
a SPDT lift-configuration as the movable contact ar-
rangement 14b is lifted with respect to the static contact
arrangement 12b when switching from the initial state to
the actuated state. The contact arrangements 12a and
14a may be referred to as a permanently switched con-
tact pair. The contact arrangements 12b and 14b may
be referred to as a normally (in the initial state) closed
contact pair. The contact arrangements 12c and 14c may
be referred to as a normally opened contact pair, wherein
normally open and normally closed may be read in term
of an unactuated micro actuator 48. The terms normally
opened and normally closed may be exchanged in case
the initial state is obtained when actuating the micro ac-
tuator 48.

[0056] In other words, the MEMS switch 50 comprises
signal lines 34a-1, 34a-2 and 34a-3, the movable contact
elements 14a-c, the fixed contact elements 12a-c and
the movable contact plunger 64. The mentioned ele-
ments are building one of two possible signal paths de-
pending on the actuation state of the switch that way that
the movable contact plunger 64 is elastic and contains
four movable contact elements 12-c and 47b opposite to
fixed contact elements 12a-c and 74a building the per-
manently closed electric contact pair 12a/14a. The nor-
mally closed electric contact pair 12b/14b, the normally
opened electric contact pair 12c/14c and the normally
opened mechanical contact pair 74a-74b build a me-
chanical stopper. In the non-actuated state of the micro
actuator the permanently closed electric contact pair 12a-
14a and the normally closed electric contact pair 12b/14b
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establish the (first) signal path between the common sig-
nal port 76a and the first switched signal port 76b. In the
actuated state the permanently closed electric contact
pair 12a/14a and the normally opened electric contact
pair 12c/14c establish the signal path between the com-
mon signal port 76a and the second switched signal port
76c¢. In the actuated state the movable contact element
14b and the fixed contact element 12b of the normally
closed electric contact pair is mechanically separated to
each other by bending the contact plunger 64 due to the
mechanical force originating from the micro actuator 48
and the counter force originating from the normally
opened electric contact pair 12c/14c and the normally
opened mechanical contact pair 74a/74b.

[0057] Alternatively, the mechanic contact arrange-
ments 74a and 74b may also be configured for performing
an electric contactaccording to the contact arrangements
12a-c and 14a-c, i.e., a further signal line may be ar-
ranged at the contact arrangement 74a.

[0058] Fig. 6 shows a schematic block diagram of a
MEMS switch 60 comprising a modified actuator part 68’
and a modified RF signal part 72" when compared to the
MEMS switch 40 and the MEMS switch 50. The MEMS
switch 60 comprises a micro actuator 78 which is extend-
ed (modified) when compared to the micro actuator 48.
The micro actuator 78 comprises the micro actuator 48
and comprises additional oblique fixed electrodes 82a
and 82b and oblique movable electrodes 84a and 84b,
wherein the oblique movable electrodes 84a and 84b are
mechanically connected or linked to the push rod 58. The
oblique electrodes 82a and 84a may be arranged, for
example, comb-shaped, and/or comparable to the elec-
trodes 52 and 54 and form port selecting electrodes 85a
for selecting a first port to be connected (port 1 selecting
electrodes). The oblique electrodes 82b and 84b may be
arranged, for example, comb-shaped, and/or compara-
ble to the electrodes 52 and 54 and form port selecting
electrodes 85b for selecting a second port to be connect-
ed (port 2 selecting electrodes). Simplified a two-dimen-
sional movement of the contact plunger 64 is enabled.
[0059] A voltage 86a or 86b between the oblique elec-
trodes 82a and 84a (actuation of the port 1 selecting elec-
trodes 85a), between the oblique electrodes 82b and 84b
(actuation of the second port), respectively, allows for a
displacement of the push rod and thus for a displacement
of the contact plunger 64 along a lateral direction 88a or
88b oriented essentially perpendicular to the moving di-
rection 16. When, for example and without limitation, the
moving direction is referred to as a forward direction, the
lateral directions 88a and 88b may be referred to as left
and right or up and down. By combining an application
of the voltage 56 and of the voltage 68a or 68b effective
obligue movement directions 16a or 16b of the contact
plunger 64 may be obtained, the oblique movement di-
rections 16a and 16b comprising an angle of larger than
zero with respect to the movement direction 16, prefer-
ably between 0° and 90°, between 10° and 80° or be-
tween 20° and 70°. The oblique electrodes 82a, 82b, 84a
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and 84b are arranged obliquely with respect to the mov-
ing direction 16.

[0060] The movable contact arrangements 14a and
14b are arranged at the external or outer regions of the
contact plunger 64 with respect to an inner portion there-
of, wherein the movable contact arrangement 14c is ar-
ranged at the inner portion of the contact plunger. The
MEMS switch 60 comprises the fixed contact arrange-
ments 12a-c arranged opposing the moveable contact
arrangements 14a-c along the movement direction 16
and in an unactuated state of the MEMS switch 60.
[0061] One or more of the contact arrangements 12a-
¢ and/or 14a-c may also be arranged obliquely with re-
spect to the movement direction 16, for example to en-
able a parallel or almost parallel arrangement of the sides
of two contact arrangements brought into contact with
each other, when contacting to each other. Alternatively,
the contact arrangements may also be arranged as such
that the sides comprise an oblique angle with respect to
each other.

[0062] In a first actuated state, in which the oblique
electrodes 82a and 84a are attracted with respectto each
other and/or the oblique electrodes 82b and 84b are not
providing an electrostatic force (or a low force) with re-
spect to each other, the MEMS switch 60 is configured
for providing a movement of the push rod 58 along the
directions 88a and/or 16a such that an electric contact
between the contact arrangements 12a and 14a and be-
tween the contact arrangements 12c and 14cis obtained.
This allows for electrically interconnecting the segments
34a-1 and 34a-3 and thus the signal ports 76a and 76¢
which form a first pair of signal ports. The contact ar-
rangements 12c and 14c may remain unconnected to
each other in the first actuation state.

[0063] In asecond actuated state of the MEMS switch
60 in which the oblique electrodes 82a and 84a are not
providing an electrostatic force (or a low force) with re-
spect to each other and/orin which the oblique electrodes
82b and 84b are attracted with respect to each other, the
MEMS switch 60 is configured for providing a movement
of the push rod 58 along the directions 88b and/or 16b
such that the electric contact between the contact ar-
rangements 12b and 14b and between the contact ar-
rangements 12c and 14c is obtained. This allows for in-
terconnecting the segments 34a-2 and 34a-3, the signal
ports 76b and 76c¢, respectively which form a second pair
of signal ports. The contact arrangements 12a and 14a
may remain unconnected to each other in the second
actuation state.

[0064] In an optional third actuated state of the MEMS
switch 60, the voltages 86a and 86b may be almost equal
or zero such that a (straight) movement of the push rod
58 along the movement direction 16 is obtained. This
allows for interconnecting the segments 34a-1 and 34a-
2, the signal ports 76a and 76b, respectively which form
a third pair of signal ports. The contact arrangements 12c
and 14c may remain unconnected to each other in the
third actuation state.
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[0065] Inanunactuated state, for example, the voltage
56 may be zero or that low that no contact at the contact
plunger is obtained. Alternatively or in addition the volt-
ages 86a and 86b may be almost equal or zero such that
a movement along the direction 88a or 88b is prevented
and such that the segments 34a-1, 34a-2 and 34a-3 are
electrically separated with respect to each other.

[0066] This allows for four states to be obtained by the
MEMS switch 60, three actuated states and one probably
passive state such that the MEMS switch 60 may be re-
ferred to as a 4-state SPDT (SPDT 4-state).

[0067] Although the MEMS switch 60 is described as
being actuated for moving the movable push rod 58 along
one of the movement directions 16, 16 or 16b by applying
the voltage 56 or by the voltage 56 in combination with
the voltage 86a and/or 86b, the MEMS 60 may for moving
the pushrod along the directions 88a or 88b, i.e., to obtain
a lateral movement perpendicular to the movement di-
rection 16 with a low voltage 56 or even a voltage 56 of
zero. This allows for avoiding the oblique movement 16a
and/or 16b.

[0068] Inotherwords, the MEMS switch 60 is a switch-
ing device comprising the signal lines (segments) 34a-
1, 34a-2 and 34a-3, the movable contact elements 14a-
c, the fixed contact elements 12a-c and the movable con-
tact plunger 64. The mentioned elements are configured
for building one of two (or optionally three) possible signal
paths depending on the actuation state of the switch 60
that way that the push rod 58 and the movable contact
plunger 64 are driven by the micro-actuator 78 consisting
of fixed electrode fingers 52, 82a and 84b and of movable
electrode fingers 54, 84a and 84b. The electrode fingers
are arranged in the electrode field (of the actuator 48) for
switch closing motion (switching first pair of signal ports)
by the voltage 56, in an electrode field for the port 1 se-
lecting electrodes 85a to be selected (selection motion)
by applying the voltage 86a and in an electrode field of
the port 2 selecting electrodes 85b to be selected (selec-
tion motion) by applying the voltage 86b.

[0069] The MEMS switch is configured for either clos-
ing the common electric contact pair by contacting the
static contact arrangement 12c with the movable contact
plunger, i.e., with the movable contact arrangement 14a
or 14b, and to contact the moveable contact plunger to
the signal port 76a to enable the first pair of signal ports
in case that an actuation voltage is applied to the elec-
trode field (electrodes 82a/84a). The MEMS switch is fur-
ther configured for actuating the electrode field for port
selection motion (voltage 56).

[0070] In another state the MEMS switch 60 is config-
ured for closing the common electric contact pair, i.e. to
provide the electric contact between the contactarrange-
ments 12a and 14a and between the contact arrange-
ments 12b and 14c while not connecting the contact ar-
rangements 12c and 14c, for example, by only applying
the voltage 56 while not applying the voltages 86a and
86b or by applying equal voltages 86a and 86b to obtain
a movement of the contact plunger 64 along the move-
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ment direction 16.

[0071] Although the above described MEMS switches
are described as having exclusively contact arrange-
ments according to one or more embodiments, there may
also be embodiments comprising a hybrid form in which
only some of the electric contacts are formed as de-
scribed above.

[0072] The above described embodiments provide
switching devices with a defined contact surface and de-
fined open contact distance that is less influenced by
roughness and varying thickness in the configuration of
an SPST switch or in the configuration of a SPDT switch
with one movable contact part that connects both signal
ports of an SPST switch or the common signal port either
to the first or to the second signal portin case of an SPDT
switch.

[0073] The described concept combines relatively
strong forces for making and breaking the metal contacts
consisting of movable contact elements (contact ar-
rangements) and fixed contact elements (contact ar-
rangements) with relatively low actuation voltage and
may be fabricated by MEMS technologies. Low voltage
operation may lead to a necessity to apply an in-plane
actuation principle with large electrode areas and to spa-
tially separate the RF signal part from the micro actuator.
Above-described embodiments provide a solution for
such a necessity.

[0074] Although the MEMS switches 40, 50 and 60
have been described as comprising the contact arrange-
ments 12 and 14, some or all of the contact arrangements
may also be formed as a modified version thereof de-
scribed with respect to Fig. 2.

[0075] Further embodiments provide MEMS switches
having more than three fixed contact arrangements or
more than three movable contact arrangements. The
MEMS switches may be driven by actuators comprising
two, three or more states to obtain any switching behav-
ior.

[0076] Although the above described MEMS switches
have been described as switching a signal line from one
static contact arrangement to another, wherein the mov-
able contact arrangements are electrically interconnect-
ed, also the static contact arrangements may be electri-
callyinterconnected, wherein a signal path to be switched
or implemented may be defined by signal lines of the
movable contact arrangements not or only partially elec-
trically interconnected.

[0077] Although some aspects have been described
in the context of an apparatus, it is clear that these as-
pects also represent a description of the corresponding
method, where a block or device corresponds to a meth-
od step or a feature of a method step. Analogously, as-
pects described in the context of a method step also rep-
resent a description of a corresponding block or item or
feature of a corresponding apparatus.

[0078] The above described embodiments are merely
illustrative for the principles of the present invention. Itis
understood that modifications and variations of the ar-
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rangements and the details described herein will be ap-
parent to others skilled in the art. Itis the intent, therefore,
to be limited only by the scope of the impending patent
claims and not by the specific details presented by way
of description and explanation of the embodiments here-
in.

Claims
1. MEMS (10; 30; 40; 50; 60) switch comprising:

afirst (12; 12a-c) and a second (14; 14a-c; 14")
contact arrangement having a side (22, 24) fac-
ing each other, the first (12; 12a-c) and the sec-
ond contact arrangement (14; 14a-c; 14") mov-
able with respect to each other and configured
for providing an electric contact in a first state
and for not providing the electric contact in a
second state;

a first contact material (32; 32a) arranged at the
side (22) of the first contact arrangement (12;
12a-c);

a second contact material (32; 32b) arranged at
the side (24) of the second contact arrangement
(14; 14a-c; 14");

wherein the side (22) of the first (12; 12a-c)
and/or the side (24) of the second contact ar-
rangement (14; 14a-c; 14") comprises a re-
cessed region (22a, 24a) and a projected region
(22b, 24b), projected with respect to the re-
cessed region (22a, 24a);

wherein the electric contact is provided between
the first (32; 32a) and the second contact mate-
rial (32; 32b) in the projected region (22b, 24b)
of the side (22, 24) and not provided in the re-
cessed region (22a, 24a) in the first state,
characterisedin that the projectedregion (22b,
24b) and the recessed region (22a, 24a) are
separated from each other by a tear-off edge
(26, 28), wherein the first (32; 32a) and/or the
second contact material (32; 32b) is arranged
atthe recessed region (22a, 24a) and at the pro-
jected region(22b, 24b) of the respective side
(22, 24).

2. MEMS switch according to claim 1, wherein the tear-
off edge (26, 28) of the side (22, 24) of the first (12;
12a-c) or the second contact arrangement (14; 14a-
c; 14") defines a first overhung (36a, 36b) of the re-
spective projected portion (22b, 24b) with respect to
the respective recessed portion (22a, 24a), wherein
the respective contact material (32; 32a, 32b) is ar-
ranged such that it forms a second overhung (38a,
38b) with respect to the respective projected portion
(22b, 24b).

3. MEMS switch according to claim 2, wherein the first
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(12; 12a-c) or the second contact arrangement (14;
14a-c; 14") comprises a substrate layer (19) and an
insulating layer (44a, 44b) arranged at the substrate
layer (19), wherein the insulating layer (44a, 44b)
forms the first overhung (36a, 36b) and comprises a
first surface (24b) that is projected with respect to a
surface (24a) of the substrate layer (19) along a mov-
ing direction (16) along which the first (12; 12a-c)
and the second contact arrangement(14; 14a-c; 14")
are movable with respect to each other, wherein a
second surface (45) of the insulating layer (44) facing
the substrate layer (19) and uncovered from the sub-
strate layer (19) defines the tear-off edge (28).

MEMS switch according to claim 2 or 3, wherein the
first overhung (36a, 36b) defines an overhung dis-
tance from the recessed portion (22a, 24a) to the
projected portion (22b, 24b), the overhung distance
being at least 30 % of a thickness of the first or the
second contact material (32; 32a, 32b) along a thick-
ness direction (42) perpendicular to a moving direc-
tion (16) along which the first (12; 12a-c) and the
second contact arrangement (14; 14a-c; 14") are
movable with respect to each other.

MEMS switch according to one of previous claims,
wherein the first contact material (32; 32a) is electri-
cally connected to afirstsignalline (34a) and wherein
the second contact material (32; 32b) is electrically
connected to a second signal line (34b), wherein the
MEMS switch is configured for electrically connect-
ing thefirstand the second signal line in the first state.

MEMS switch according to one of previous claims,
wherein the first signal line (34a) or the second signal
line (34b) is arranged at a main surface (46) of the
first (12; 12a-c) or the second contact arrangement
(14; 14a-c; 14"), the main surface (46) being pre-
dominantly parallel along a moving direction (16)
along which the first (12; 12a-c) and the second con-
tact arrangement (14; 14a-c; 14") are movable with
respect to each other, wherein the first (32; 32a) or
the second contact material (32; 32b) is arranged at
the main surface (46) and the side (22, 24) of the
first contact arrangement (12; 12a-c), the second
contact arrangement (14; 14a-c; 14") respectively.

MEMS switch according to one of previous claims,
wherein a contact surface of the first (32; 32a) or the
second contact material (32; 32b) is configured for
providing the electric contact and comprises a cur-
vature along a thickness direction (42) perpendicular
to a moving direction (16) along which the first (12;
12a-c) and the second contact arrangement (14;
14a-c; 14") are movable with respect to each other.

MEMS switch according to one of the previous
claims, wherein the second contact arrangement
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10.

1.

12.

13.

14.

20

(14; 14a-c; 14") is part of a movable contact plunger
(64) configured for being moved by an actuator (48,
78) of the MEMS switch to obtain the first state or
the second state.

MEMS switch according to claim 8, wherein the ac-
tuator (48; 78) is an electrostatic actuator comprising
static electrodes (52, 82a, 82b) and movable elec-
trodes (54, 84a, 84b) movable with respect to the
static electrodes (52, 82a, 82b) based on an electro-
static field, a movement of the movable electrodes
(54, 84a, 84b) configured for moving the contact
plunger (64).

MEMS switch according to of claim 8 or 9, wherein
the actuator ((48; 78) is arranged predominantly in-
plane with the contact plunger (64) and with the first
contact arrangement (12; 12a-c) such that an in-
plane actuation of the MEMS switch is obtained.

MEMS switch according to one of claims 8-10, fur-
ther comprising areset arrangement (62) configured
for resetting the MEMS switch;

wherein the actuator (48; 78) is configured for mov-
ing the contact plunger (64) such that the first state
is obtained when the actuator (48; 78) is being ac-
tuated and wherein the reset arrangement (62) is
configured for resetting the contact plunger to obtain
the second state; or

wherein the actuator (48; 78) is configured for mov-
ing the contact plunger (64) such that the second
state is obtained when the actuator (48; 78) is being
actuated and wherein the reset arrangement (62) is
configured for resetting the contact plunger (64) to
obtain the first state.

MEMS switch according to claim 11, wherein the re-
set arrangement (62) comprises a spring element.

MEMS switch according to claim 8-12, wherein the
actuator (78) comprises a first and a second actua-
tion state, wherein the movable contact plunger (64)
is configured for being movable along a first oblique
moving direction (16a) for obtaining the first actua-
tion state and for being movable along a second ob-
ligue moving direction (16b) for obtaining the second
actuation state, wherein the moveable contact
plunger (64) is configured for electrically intercon-
necting afifth (12c) and a sixth (12a) contactarrange-
ment in the first actuation state and for electrically
interconnecting the fifth (12c) and a seventh (12b)
contact arrangement in the second actuation state.

MEMS switch according to claim 13, wherein the ac-
tuator (78) comprises a third actuation state, wherein
the movable contact plunger (64) is configured for
being movable along moving direction (16), for ob-
taining the third actuation state, wherein the movable
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contact plunger (64) is configured forinterconnecting
the sixth (12a) and the seventh (12b) contact ar-
rangement and for not interconnecting the fifth (12c)
and the sixth (12a) contact arrangement and for not
interconnecting the fifth (12c) and the seventh (12b)
contact arrangement in the third actuation state.

Method for manufacturinga MEMS switch, the meth-
od comprising:

Arranging a first (12; 12a-c) and a second (14;
14a-c; 14") contact arrangement such thata side
(22, 24) of the first (12; 12a-c) and of the second
(14; 14a-c; 14") contact arrangement face each
other and such that the first (12; 12a-c) and the
second (14; 14a-c; 14") contact arrangement
are movable with respect to each other and pro-
vide an electric contact in a first state and not
provide the electric contact in a second state;
Arranging afirst contact material (32; 32a) at the
side (22) of the first contact arrangement (12;
12a-c);

Arranging a second contact material (32; 32b)
at the side (24) of the second contact arrange-
ment (14; 14a-c; 14");

wherein the side (22) of the first and the side
(24) of the second contact arrangement (14;
14a-c; 14") comprise a recessed region (22a,
24a) and a projected region (22b, 24b) projected
with respect to the recessed region (22a, 24a);
wherein the electric contact is provided between
the first (32; 32a) and the second contact mate-
rial (32; 32b) in the projected region (22b, 24b)
of the sides (22, 24) and not provided in the re-
cessed region (22a, 24a) in the first state,
characterised in that the projected region(22b,
24b) and the recessed region (22a, 24a) are
separated from each other by a tear off edge
(26, 28), wherein the first (32, 32a) and the sec-
ond (32, 32b) contact material are arranged at
the recessed region (22a, 24a) and at the pro-
jected region (22b, 24b) of the respective side
(22, 24).

Patentanspriiche

1.

MEMS-Schalter (10; 30; 40; 50; 60), der folgende
Merkmale aufweist:

eine erste (12; 12a-c) und eine zweite (14; 14a-
c; 14") Kontaktanordnung mit jeweils einer Seite
(22, 24), die einander zugewandt sind, wobei
die erste (12; 12a-c) und die zweite Kontaktan-
ordnung (14; 14a-c; 14") in Bezug aufeinander
beweglich sind und zum Bereitstellen eines
elektrischen Kontakts in einem ersten Zustand
und zum Nicht-Bereitstellen des elektrischen

10

15

20

25

30

35

40

45

50

55

12

Kontakts in einem zweiten Zustand ausgebildet
sind;

ein erstes Kontaktmaterial (32; 32a), das an der
Seite (22) der ersten Kontaktanordnung (12;
12a-c) angeordnet ist;

ein zweites Kontaktmaterial (32; 32b), das an
der Seite (24) der zweiten Kontaktanordnung
(14; 14a-c; 14") angeordnet ist;

wobei die Seite (22) der ersten (12; 12a-c)
und/oder die Seite (24) der zweiten Kontaktan-
ordnung (14; 14a-c; 14") eine zuriickgesetzte
Region (22a, 24a) und eine vorstehende Region
(22b, 24b) aufweist/en, die in Bezug auf die zu-
rickgesetzte Region (22a, 24a) vorsteht;
wobei der elektrische Kontakt in dem ersten Zu-
stand zwischen dem ersten (32; 32a) und dem
zweiten Kontaktmaterial (32; 32b) in der vorste-
henden Region (22b, 24b) der Seite (22, 24) vor-
gesehen ist und in der zurlickgesetzten Region
(22a, 24a) nicht vorgesehen ist,

dadurch gekennzeichnet, dass die vorstehen-
de Region (22b, 24b) und die zuriickgesetzte
Region (22a, 24a) durch einen abreilRbaren
Rand (26, 28) voneinander getrennt sind, wobei
das erste (32; 32a) und/oder das zweite Kon-
taktmaterial (32; 32b) an der zuriickgesetzten
Region (22a, 24a) und an der vorstehenden Re-
gion (22b, 24b) der jeweiligen Seite (22, 24) an-
geordnet ist/sind.

2. MEMS-Schalter gemaR Anspruch 1, beidem der ab-

reilbare Rand (26, 28) der Seite (22, 24) der ersten
(12; 12a-c) oder der zweiten Kontaktanordnung (14;
14a-c; 14") einen ersten Uberhang (36a, 36b) des
jeweiligen vorstehenden Abschnitts (22b, 24b) in Be-
zug auf den jeweiligen zurilickgesetzten Abschnitt
(22a, 24a) definiert, wobei das jeweilige Kontaktma-
terial (32; 32a, 32b) derart angeordnet ist, dass es
einen zweiten Uberhang (38a, 38b) in Bezug aufden
jeweiligen vorstehenden Abschnitt (22b, 24b) bildet.

MEMS-Schalter gemafR Anspruch 2, beidem die ers-
te (12; 12a-c) oder die zweite Kontaktanordnung (14;
14a-c; 14") eine Substratschicht (19) und eine Iso-
lierschicht (44a, 44b), die an der Substratschicht (19)
angeordnet ist, aufweist, wobei die Isolierschicht
(44a, 44b) den ersten Uberhang (36a, 36b) bildet
und eine erste Oberflache (24b) aufweist, die in Be-
zug auf eine Oberflache (24a) der Substratschicht
(19) entlang einer Bewegungsrichtung (16) vorsteht,
entlang der die erste (12; 12a-c) und die zweite Kon-
taktanordnung (14; 14a-c; 14") in Bezug aufeinander
beweglich sind, wobei eine zweite Oberflache (45)
der Isolierschicht (44), die der Substratschicht (19)
zugewandtist und von der Substratschicht (19) nicht
bedeckt ist, den abreiRbaren Rand (28) definiert.

4. MEMS-Schalter gemaR Anspruch 2 oder 3, bei dem



23

der erste Uberhang (36a, 36b) eine Uberhangstre-
cke von dem zurtickgesetzten Abschnitt (22a, 24a)
zu dem vorstehenden Abschnitt (22b, 24b) definiert,
wobei die Uberhangstrecke zumindest 30 % einer
Dicke des ersten oder des zweiten Kontaktmaterials
(32; 32a, 32b) entlang einer Dickenrichtung (42)
senkrecht zu einer Bewegungsrichtung (16) betragt,
entlang der die erste (12; 12a-c) und die zweite Kon-
taktanordnung (14; 14a-c; 14") in Bezug aufeinander
beweglich sind.

MEMS-Schalter gemaR einem der vorherigen An-
spriche, bei dem das erste Kontaktmaterial (32;
32a) elektrisch mit einer ersten Signalleitung (34a)
verbunden ist, und bei dem das zweite Kontaktma-
terial (32; 32b) elektrisch mit einer zweiten Signal-
leitung (34b) verbunden ist, wobei der MEMS-Schal-
ter zum elektrischen Verbinden der ersten und der
zweiten Signalleitung in dem ersten Zustand ausge-
bildet ist.

MEMS-Schalter gemaR einem der vorherigen An-
spriiche, bei dem die erste Signalleitung (34a) oder
die zweite Signalleitung (34b) an einer Hauptober-
flache (46) der ersten (12; 12a-c) oder der zweiten
Kontaktanordnung (14; 14a-c; 14") angeordnet ist,
wobei die Hauptoberflache (46) hauptsachlich par-
allel entlang einer Bewegungsrichtung (16) verlauft,
entlang der die erste (12; 12a-c) und die zweite Kon-
taktanordnung (14; 14a-c; 14") in Bezug aufeinander
beweglich sind, wobei das erste (32; 32a) oder das
zweite Kontaktmaterial (32; 32b) an der Hauptober-
flache (46) und der Seite (22, 24) der ersten Kontak-
tanordnung (12; 12a-c) bzw. der zweiten Kontakta-
nordnung (14; 14a-c; 14") angeordnet ist.

MEMS-Schalter gemaR einem der vorherigen An-
spriiche, bei dem eine Kontaktoberflache des ersten
(32; 32a) oder des zweiten Kontaktmaterials (32;
32b) zum Bereitstellen des elektrischen Kontakts
ausgebildet ist und eine Krimmung entlang einer
Dickenrichtung (42) senkrecht zu einer Bewegungs-
richtung (16) aufweist, entlang der die erste (12; 12a-
c) und die zweite Kontaktanordnung (14; 14a-c; 14")
in Bezug aufeinander beweglich sind.

MEMS-Schalter gemaR einem der vorherigen An-
spriiche, bei dem die zweite Kontaktanordnung (14;
14a-c; 14") Teil eines beweglichen Kontaktkolbens
(64) ist, der ausgebildet ist, um durch ein Betati-
gungselement (48, 78) des MEMS-Schalters bewegt
zuwerden, um den ersten Zustand oder den zweiten
Zustand zu erhalten.

MEMS-Schalter gemaR Anspruch 8, bei dem das
Betatigungselement (48; 78) ein elektrostatisches
Betatigungselement ist, das statische Elektroden
(52, 82a, 82b) und bewegliche Elektroden (54, 84a,

10

15

20

25

30

35

40

45

50

55

13

EP 3 227 895 B1

10.

1.

12.

13.

14.

24

84b) aufweist, die in Bezug auf die statischen Elek-
troden (52, 82a, 82b) basierend auf einem elektro-
statischen Feld beweglich sind, wobei eine Bewe-
gung derbeweglichen Elektroden (54, 84a, 84b) zum
Bewegen des Kontaktkolbens (64) ausgebildet ist.

MEMS-Schalter gemaR Anspruch 8 oder 9, bei dem
das Betatigungselement (48; 78) hauptsachlich in
einer Ebene mit dem Kontaktkolben (64) und mit der
ersten Kontaktanordnung (12; 12a-c) angeordnetiist,
derart, dass eine In-Ebene-Betatigung des MEMS-
Schalters erlangt wird.

MEMS-Schalter gemaR einem der Anspriiche 8 bis
10, der ferner eine Ricksetzanordnung (62) auf-
weist, die zum Zurlicksetzen des MEMS-Schalters
ausgebildet ist;

wobei das Betatigungselement (48; 78) zum derar-
tigen Bewegen des Kontaktkolbens (64) ausgebildet
ist, dass der erste Zustand erhalten wird, wenn das
Betatigungselement (48; 78) gerade betétigt wird,
und wobei die Riicksetzanordnung (62) zum Zuriick-
setzen des Kontaktkolbens ausgebildet ist, um den
zweiten Zustand zu erhalten; oder

wobei das Betatigungselement (48; 78) zum derar-
tigen Bewegen des Kontaktkolbens (64) ausgebildet
ist, dass der zweite Zustand erhalten wird, wenn das
Betatigungselement (48; 78) gerade betétigt wird,
und wobei die Riicksetzanordnung (62) zum Zuriick-
setzen des Kontaktkolbens (64) ausgebildet ist, um
den ersten Zustand zu erhalten.

MEMS-Schalter gemaf Anspruch 11, bei dem die
Rucksetzanordnung (62) ein Federelement auf-
weist.

MEMS-Schalter gemaR einem der Anspriiche 8 bis
12, bei dem das Betatigungselement (78) einen ers-
ten und einen zweiten Betatigungszustand aufweist,
wobei der bewegliche Kontaktkolben (64) dazu aus-
gebildet ist, zum Erhalten des ersten Betatigungs-
zustands entlang einer ersten schrdgen Bewe-
gungsrichtung (16a) beweglich zu sein und zum Er-
halten des zweiten Betatigungszustands entlang ei-
ner zweiten schragen Bewegungsrichtung (16b) be-
weglich zu sein, wobei der bewegliche Kontaktkol-
ben (64) zum elektrischen Verbinden einer flinften
(12c¢) und einer sechsten (12a) Kontaktanordnung
in dem ersten Betatigungszustand und zum elektri-
schen Verbinden der flinften (12c) und einer siebten
(12b) Kontaktanordnung in dem zweiten Betati-
gungszustand ausgebildet ist.

MEMS-Schalter gemaR Anspruch 13, bei dem das
Betatigungselement (78) einen dritten Betatigungs-
zustand aufweist, wobei der bewegliche Kontaktkol-
ben (64) dazu ausgebildet ist, zum Erhalten des drit-
ten Betatigungszustands entlang einer Bewegungs-
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richtung (16) beweglich zu sein, wobei der bewegli-
che Kontaktkolben (64) zum Verbinden der sechsten
(12a) und der siebten (12b) Kontaktanordnung und
zum Nicht-Verbinden der fiinften (12c) und der
sechsten (12a) Kontaktanordnung und zum Nicht-
Verbinden der fiinften (12c) und der siebten (12b)
Kontaktanordnung in dem dritten Betatigungszu-
stand ausgebildet ist.

Verfahren zum Herstellen eines MEMS-Schalters,
wobei das Verfahren folgende Schritte aufweist:

Anordnen einer ersten (12; 12a-c) und einer
zweiten (14; 14a-c; 14") Kontaktanordnung auf
eine derartige Weise, dass eine Seite (22, 24)
der ersten (12; 12a-c) und der zweiten (14; 14a-
c; 14") Kontaktanordnung einander zugewandt
sind und

dass die erste (12; 12a-c) und die zweite (14;
14a-c; 14") Kontaktanordnung in Bezug aufein-
ander beweglich sind und in einem ersten Zu-
stand einen elektrischen Kontakt bereitstellen
und in einem zweiten Zustand den elektrischen
Kontakt nicht bereitstellen;

Anordnen eines ersten Kontaktmaterials (32;
32a) an der Seite (22) der ersten Kontaktanord-
nung (12; 12a-c);

Anordnen eines zweiten Kontaktmaterials (32;
32b) an der Seite (24) der zweiten Kontaktan-
ordnung (14; 14a-c; 14");

wobei die Seite (22) der ersten und die Seite
(24) der zweiten Kontaktanordnung (14; 14a-c;
14") eine zuriickgesetzte Region (22a, 24a) und
eine vorstehende Region (22b, 24b) aufweisen,
die in Bezug auf die zurlickgesetzte Region
(22a, 24a) vorsteht;

wobei der elektrische Kontakt in dem ersten Zu-
stand zwischen dem ersten (32;

32a) und dem zweiten Kontaktmaterial (32; 32b)
in der vorstehenden Region (22b, 24b) der Sei-
ten (22, 24) vorgesehen ist und in der zurtick-
gesetzten Region (22a, 24a) nicht vorgesehen
ist,

dadurch gekennzeichnet, dass die vorstehen-
de Region (22b, 24b) und die zuriickgesetzte
Region (22a, 24a) voneinander durch einen ab-
reiBbaren Rand (26, 28) getrennt sind, wobei
das erste (32, 32a) und das zweite Kontaktma-
terial (32, 32b) an der zurtickgesetzten Region
(22a, 24a) und an der vorstehenden Region
(22b, 24b) der jeweiligen Seite (22, 24) ange-
ordnet sind.

Revendications

1.

Interrupteur MEMS (10; 30; 40; 50; 60), comprenant:
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un premier (12; 12a a c) et un deuxieme (14;
14a a c; 14") aménagement de contact présen-
tant un cété (22, 24) se faisant face, le premier
(12; 12a a c) et le deuxieme aménagement de
contact (14; 14a a c; 14") étant déplagables I'un
par rapport a I'autre et configurés pour créer un
contact électrique dans un premier état et pour
ne pas créer le contact électrique dans un
deuxiéme état;

un premier matériau de contact (32; 32a) dispo-
sé sur le coté (22) du premier aménagement de
contact (12; 12a a c);

un deuxiéme matériau de contact (32; 32b) dis-
posé sur le cété (24) du deuxieme aménage-
ment de contact (14; 14a a c; 14");

dans lequel le cété (22) du premier (12; 12a a
c) et/ou le coté (24) du deuxieme aménagement
de contact (14; 14a a c; 14") comprend une ré-
gion en retrait (22a, 24a) et une région en saillie
(22b, 24b) par rapport a la région en retrait (22a,
243);

dans lequel le contact électrique est prévu entre
le premier (32; 32a) et le deuxiéme matériau de
contact (32; 32b) dans la région en saillie (22b,
24b) du cote (22, 24) et n’est pas prévu dans la
région enretrait (22a, 24a) dans le premier état,
caractérisé par le fait que la région en saillie
(22b, 24b) et la région en retrait (22a, 24a) sont
séparées I'une de l'autre par un bord d’arrache-
ment (26, 28), ou le premier (32; 32a) et/ou le
deuxiéme matériau de contact (32; 32b) est dis-
posé dans larégion en retrait (22a, 24a) et dans
la région en saillie (22b, 24b) du cbté respectif
(22, 24).

Interrupteur MEMS selon la revendication 1, dans
lequel le bord d’arrachement (26, 28) du cété (22,
24) du premier (12; 12a a c) ou du deuxiéme amé-
nagement de contact (14; 14a a c; 14") définit un
premier surplomb (36a, 36b) de la partie en saillie
respective (22b, 24b) par rapport a la partie en retrait
respective (22a, 24a), dans lequel le matériau de
contact respectif (32; 32a, 32b) est disposé de sorte
qu’ilforme un deuxiéme surplomb (38a, 38b) par rap-
port a la partie en saillie respective (22b, 24b).

Interrupteur MEMS selon la revendication 2, dans
lequel le premier (12; 12a a c¢) ou le deuxieme amé-
nagement de contact (14; 14a a c; 14") comprend
une couche de substrat (19) et une couche isolante
(44a, 44b) disposée sur la couche de substrat (19),
dans lequel la couche isolante (44a, 44b) forme le
premier surplomb (36a, 36b) et comprend une pre-
miére surface (24b) qui fait saillie par rapport a une
surface (24a) de la couche de substrat (19) dans une
direction de déplacement (16) dans laquelle le pre-
mier (12; 12a a c) et le deuxieme aménagement de
contact (14; 14a a c; 14") sont déplagables 'un par
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rapport a 'autre, dans lequel une deuxiéme surface
(45) de la couche isolante (44) faisant face a la cou-
che de substrat (19) et non recouverte par la couche
de substrat (19) définit le bord d’arrachement (28).

Interrupteur MEMS selon la revendication 2 ou 3,
dans lequel le premier surplomb (36a, 36b) définit
une distance de surplomb entre la partie en retrait
(223, 24a) et la partie en saillie (22b, 24b), ladistance
de surplomb étant d’au moins 30 % d’une épaisseur
du premier ou du deuxi€me matériau de contact (32;
32a, 32b) dans une direction d’épaisseur (42) per-
pendiculaire a une direction de déplacement (16)
dans laquelle le premier (12; 12a a c) et le deuxieme
aménagement de contact (14; 14a a c; 14") sont dé-
plagables I'un par rapport a I'autre.

Interrupteur MEMS selon I'une des revendications
précédentes, dans lequel le premier matériau de
contact (32; 32a) est connecté électriquement a une
premiere ligne de signal (34a) et dans lequel le
deuxiéme matériau de contact (32; 32b) est connec-
té électriquement a une deuxieme ligne de signal
(34b), dans lequel I'interrupteur MEMS est configuré
pour connecter électriquement la premiére et la
deuxieéme ligne de signal dans le premier état.

Interrupteur MEMS selon I'une des revendications
précédentes, dans lequel la premiére ligne de signal
(34a) ou la deuxieme ligne de signal (34b) est dis-
posée sur une surface principale (46) du premier (12;
12a a c) ou du deuxiéeme aménagement de contact
(14; 14a a c; 14"), la surface principale (46) étant de
maniere prédominante paralléle dans une direction
de déplacement (16) dans laquelle le premier (12;
12a a c) et le deuxieme aménagement de contact
(14; 14a a c; 14") sont déplagables I'un par rapport
a lautre, dans lequel le premier (32; 32a) ou le
deuxiéme matériau de contact (32; 32b) est disposé
sur la surface principale (46) et le coté (22, 24) res-
pectivement du premier aménagement de contact
(12; 12a a c), du deuxieme aménagement de contact
(14; 14a ac; 14").

Interrupteur MEMS selon I'une des revendications
précédentes, dans lequel une surface de contact du
premier (32; 32a) ou du deuxiéme matériau de con-
tact (32; 32b) est configurée pour créer le contact
électrique et comprend une courbure dans la direc-
tion de I’épaisseur (42) perpendiculaire a une direc-
tion de déplacement (16) dans laquelle le premier
(12; 12a a c) et le deuxieme aménagement de con-
tact (14; 14a a c; 14") sont déplagables I'un par rap-
port a l'autre.

Interrupteur MEMS selon I'une des revendications
précédentes, dans lequel le deuxiéeme aménage-
ment de contact (14; 14a a c; 14") fait partie d’un
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piston de contact déplagable (64) configuré pour étre
déplacé par un actionneur (48, 78) de l'interrupteur
MEMS pour obtenir le premier état ou le deuxiéme
état.

Interrupteur MEMS selon la revendication 8, dans
lequel I'actionneur (48; 78) est un actionneur élec-
trostatique comprenant des électrodes statiques
(52, 82a, 82b) et des électrodes déplagables (54,
84a, 84b) qui sont déplagables par rapport aux élec-
trodes statiques (52, 82a, 82b) sur base d’'un champ
électrostatique, un mouvement des électrodes mo-
biles (54, 84a, 84b) étant configuré pour déplacer le
piston de contact (64).

Interrupteur MEMS selon la revendication 8 ou 9,
dans lequel I'actionneur (48; 78) est disposé de ma-
niére prédominante dans le méme plan que le piston
de contact (64) et que le premier aménagement de
contact (12; 12a a c) de sorte que soit obtenu un
actionnement dans le plan de l'interrupteur MEMS.

Interrupteur MEMS selon I'une des revendications 8
a 10, comprenant par ailleurs un aménagement de
réinitialisation (62) configuré pour réinitialiser I'inter-
rupteur MEMS;

dans lequel I'actionneur (48; 78) est configuré pour
déplacer le piston de contact (64) de sorte que soit
obtenu le premier état lorsque I'actionneur (48; 78)
est actionné et dans lequel 'aménagement de réini-
tialisation (62) est configuré pour réinitialiser le pis-
ton de contact pour obtenir le deuxiéme état; ou
dans lequel I'actionneur (48; 78) est configuré pour
déplacer le piston de contact (64) de sorte que soit
obtenu le deuxiéme état lorsque I'actionneur (48; 78)
est actionné et dans lequel 'aménagement de réini-
tialisation (62) est configuré pour réinitialiser le pis-
ton de contact (64) pour obtenir le premier état.

Interrupteur MEMS selon la revendication 11, dans
lequel 'aménagement de réinitialisation (62) com-
prend un élément de ressort.

Interrupteur MEMS selon les revendications 8 a 12,
dans lequel I'actionneur (78) comprend un premier
et un deuxiéme état d’actionnement, dans lequel le
piston de contact déplagable (64) est configuré pour
étre déplacé dans une premiére direction de dépla-
cement oblique (16a) pour obtenir le premier état
d’actionnement et pour étre déplacé dans une
deuxieme direction de déplacement oblique (16b)
pour obtenir le deuxiéme état d’actionnement, dans
lequel le piston de contact déplagable (64) est con-
figuré pour interconnecter électriquement un cin-
quieme (12c) et un sixiéme (12a) aménagement de
contact dans le premier état d’actionnement et pour
interconnecter électriquement le cinquiéme (12c) et
un septiéme (12b) aménagement de contact dans
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le deuxiéme état d’actionnement.

Interrupteur MEMS selon la revendication 13, dans
lequel I'actionneur (78) comprend un troisieme état
d’actionnement, dans lequel le piston de contact dé-
placable (64) est configuré pour étre déplagable
dans la direction de déplacement (16) pour obtenir
le troisiéme état d’actionnement, dans lequel le pis-
ton de contact déplagable (64) est configuré pour
interconnecter le sixieme (12a) et le septieme (12b)
aménagement de contact et pour ne pas intercon-
necter le cinquieme (12c) et le sixieme (12a) amé-
nagement de contact et pour ne pas interconnecter
le cinquiéme (12c) et le septieme (12b) aménage-
ment de contact dans le troisieme état d’actionne-
ment.

Procédé de fabrication d’'un interrupteur MEMS, le
procédé comprenant le fait de:

disposerun premier (12; 12aa c) etun deuxieme
(14; 14a a c; 14") aménagement de contact de
sorte qu’un coté (22, 24) du premier (12; 12a a
c) et du deuxiéme (14 ; 14a a c; 14") aménage-
ment de contact se fassent face et de sorte que
le premier (12; 12a a c) et le deuxiéme (14; 14a
ac; 14") aménagement de contact soient dépla-
cables I'un par rapport a I'autre et créent un con-
tact électrique dans un premier état et ne créent
pas le contact électrique dans un deuxiéme état;
disposer un premier matériau de contact (32;
32a) sur le cété (22) du premier aménagement
de contact (12; 12a a c);

disposer un deuxiéme matériau de contact (32;
32b) surle coté (24) du deuxieme aménagement
de contact (14; 14a a c; 14");

dans lequel le c6té (22) du premier et le coté
(24) du deuxiéme aménagement de contact (14;
14a a c; 14") comprennent une région en retrait
(22a, 24a) et une région en saillie (22b, 24b) qui
fait saillie par rapport a la région en retrait (22a,
24a);

dans lequel le contact électrique est prévu entre
le premier (32; 32a) et le deuxieme matériau de
contact (32; 32b) dans la région en saillie (22b,
24b) des cétés (22, 24) et n’est pas prévu dans
la région en retrait (22a, 24a) dans le premier
état,

caractérisé par le fait que la région en saillie
(22b, 24b) et la région en retrait (22a, 24a) sont
séparées I'une de l'autre par un bord d’arrache-
ment (26, 28), dans lequel le premier (32, 32a)
et le deuxieme matériau de contact (32, 32b)
sont disposés sur la région en retrait (22a, 24a)
et sur la région en saillie (22b, 24b) du cbté res-
pectif (22, 24).
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