US 20030006125A1

a9 United States

a2 Patent Application Publication (o) Pub. No.: US 2003/0006125 A1l

Hallbjorner

43) Pub. Date: Jan. 9, 2003

(549) MICRO ELECTROMECHANICAL

SWITCHES

(76) Inventor: Paul Hallbjorner, Goteborg (SE)

Correspondence Address:
NIXON & VANDERHYE P.C.

8th Floor

1100 North Glebe Road
Arlington, VA 22201 (US)

(21) Appl. No.: 10/112,035
(22) Filed: Apr. 1, 2002
(30) Foreign Application Priority Data

Apr. 2,2001 (SE)

104

0101183-2

101

Publication Classification

(1) Int.CL7 .. HO1H 7/08
(52) US.ClL oo 200/36

(7) ABSTRACT

a micro electromechanical switch structure with a continu-
ously controllable beam. The beam is continuously control-
lable by adding an actuation electrode proximate to, but
outside a beam projection. The beam projection is onto and
perpendicular to a plane of the actuation electrode. By
placing an actuation electrode beside a beam instead of
underneath the beam, the actuation electrode can continu-
ously control the movement of the beam from a rest position
to a complete actuation.
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MICRO ELECTROMECHANICAL SWITCHES

TECHNICAL FIELD

[0001] The invention concerns micro electromechanical
switches and more particularly micro electromechanical
switch structures.

BACKGROUND

[0002] Micro electromechanical switches are used in a
variety of applications up to the microwave frequency range.
A micro electromechanical switch is usually a beam with
support at one or both ends. The support will normally either
extend above a substrate surface or be level with the
substrate surface, i.e. a micro electromechanical switch is
normally built on top of the substrate surface or into the
substrate. The beam acts as one plate of a parallel-plate
capacitor. A voltage, known as an actuation voltage, is
applied between the beam and an actuation electrode, the
other plate, on the switch base. In the switch-closing phase,
or ON-state, for a normally open switch, an actuation on
voltage exerts an electrostatic force of attraction on the beam
large enough to overcome the stiffness of the beam. As a
result of the electrostatic force of attraction, the beam
deflects and makes a connection with a contact electrode on
the switch base, closing the switch. When the actuation on
voltage is removed, the beam will return to its natural state,
breaking its connection with the contact electrode and
opening the switch. A basic micro electromechanical switch
is a single pole single throw switch. The beam’s change from
open to close or from closed to open is inherently unstable
and only controllable up to a certain point. For example,
when closing, the beam deforms gradually and predictably,
up to a certain point, as a function of the actuation voltage
being applied to the switch. Beyond that point, control is lost
and the beam’s operation becomes unstable causing the
beam to flick down towards the actuation electrode. This
behaviour is electrically suitable for simple on/off operation
but is usually undesirable if there is a desire to avoid the
uncontrollable flick towards the actuation electrode, i.e to
control the beam’s movement, and there is therefore room
for improvement of micro electromechanical switches.

SUMMARY

[0003] An object of the invention is to define a manner to
control the movement of a beam of a micro electromechani-
cal switch.

[0004] Another object of the invention is to define a micro
electromechanical switch comprising a beam that is predict-
ably controllable.

[0005] A further object of the invention is to define a micro
electromechanical continuously variable capacitance.

[0006] A still further object of the invention is to define a
micro electromechanical power sensor.

[0007] Still another object of the invention is to define a
micro electromechanical switch with a continuously con-
trollable beam.

[0008] Still a further object of the invention is to define a
reliable electromechanical switch.

[0009] The aforementioned objects are achieved accord-
ing to the invention by a micro electromechanical switch
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structure with a continuously controllable beam. The beam
is continuously controllable by adding an actuation electrode
proximate to, but outside a beam projection. The beam
projection is onto and perpendicular to a plane of the
actuation electrode. By placing an actuation electrode beside
a beam instead of underneath the beam, the actuation
electrode can continuously control the movement of the
beam from a rest position to a complete actuation.

[0010] The aforementioned objects are also achieved
according to the invention by a micro electromechanical
switching structure comprising a first switching support and
a switching beam having a first end and a second end, the
first end of the switching beam being supported by the first
switching support. According to the invention the micro
electromechanical switching structure further comprises a
first displaced actuation electrode, spaced apart from a
projection of the switching beam, the projection being onto
a same plane as the first displaced actuation electrode. This
enables a continuous control of the beam gap by applying a
continuously variable actuation voltage on the displaced
actuation electrode.

[0011] The first displaced actuation electrode can in some
embodiments be arranged at least partly at the second end of
the switching beam. In other embodiments the first displaced
actuation electrode can suitably be arranged at least partly
parallel to a longitudinal axis of the switching beam. The
micro electromechanical switching structure can the suitably
further comprise a second displaced actuation electrode
arranged substantially in the same plane as the first actuation
electrode, spaced apart from the projection of the switching
beam, at least in part parallel to a logitudinal axis of the
switching beam, and spaced apart from the first actuation
electrode by the projection of the switching beam. In some
embodiments the micro electromechanical switching struc-
ture further comprises a second switching support, the
second end of the switching beam being supported by the
second switching support, i.e. it is of a bridge type. In other
embodiments it can suitably be of a cantilever type.

[0012] The micro electromechanical switching structure
can suitably further comprise a signal electrode arranged to
at least partly coincide with the projection of the switching
beam, and/or an actuation electrode arranged to at least
partly coincide with the projection of the switching beam,
and/or a first capacitor plate arranged on the switching beam
of the micro electromechanical switching structure and a
second capacitor plate arranged on the base of the micro
electromechanical switching structure facing the first
capacitor plate.

[0013] The aforementioned objects are also achieved
according to the invention by a continuously variable
capacitor comprising a first connection and a second con-
nection, where the variable capacitor comprises a micro
electromechanical switching structure according to any
above described embodiment comprising a first and a second
capacitor plate and where the first connection is connected
to the first capacitor plate and the second connection is
connected to the second capacitor plate. In some applica-
tions switching beam of the controllable variable capacitor
can be offset by biasing the first and/or the second displaced
actuation electrode.

[0014] The aforementioned objects are also achieved
according to the invention by a controllable variable capaci-
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tor where the capacitance is controlled by a control voltage.
The controllable variable capacitor comprises a continu-
ously variable capacitor according to any above described
variable capacitor embodiment where the control voltage is
connected to the first and or the second displaced actuation
electrode.

[0015] The aforementioned objects are also achieved
according to the invention by a micro electromechanical
switching structure beam measurement device comprising a
beam measurement element, included in for example a
Wheatstone bridge. The measurement device comprises a
first continuously variable capacitor according to any above
described embodiment as the beam measurement element,
and where a measured beam is the switching beam. The
device can in some applications further comprise a second
continuously variable capacitor according to any above
described embodiment as a reference element of the Wheat-
stone bridge for the beam measurement element.

[0016] The aforementioned objects are also achieved
according to the invention by a power measurement unit
which measures power flowing through a power signal
electrode. The power measurement unit comprises a micro
electromechanical switching structure beam measurement
device according to any above described embodiment,
where the power signal electrode is at least partly arranged
under the beam that the micro electromechanical switching
structure beam measurement device measures.

[0017] By providing a micro electromechanical switching
circuit according to the invention a plurality of advantages
over prior art micro electromechanical switching circuits are
obtained. A primary purpose of the invention is to provide a
means to be able to continuously control the beam gap of a
micro electromechanical switch element. This is achieved
by providing a displaced actuation electrode which is not in
any part underneath the beam of a micro electromechanical
switch in question. By varying the distance of the displaced
actuation electrode from the beam, different control charac-
teristics of the beam gap to displaced actuation electrode
voltage can be attained. This will extend the use of micro
electromechanical switch elements to analog control and
measurement devices such as continuoulsy variable capaci-
tors, both as measurement devices and as a controllable
capacitor. The invention is easy to implement and does not
need any special manufacturing concerns.

[0018] Other advantages of this invention will become
apparent from the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The invention will now be described in more detail
for explanatory, and in no sense limiting, purposes, with
reference to the following figures, in which

[0020] FIGS. 1A-1B shows a bridge type micro electro-
mechanical switch,

[0021] FIGS. 2A-2B shows a cantilever type micro elec-
tromechanical switch,

[0022] FIG. 3 shows a continuously controllable beam of
a bridge type micro electromechanical switch,

[0023] FIG. 4 shows a continuously controllable beam of
a cantilever type micro electromechanical switch,
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[0024] FIG. 5 shows a first embodiment of a micro
electromechanical switch structure according to the inven-
tion,

[0025] FIG. 6 shows a second embodiment of a micro
electromechanical switch structure according to the inven-
tion,

[0026] FIG. 7 shows a top view of for example the micro
electromechanical switch of FIG. 6,

[0027] FIG. 8 shows a detail of a micro electromechanical
switch structure according to the invention,

[0028] FIG. 9 shows beam position in relation to actuation
voltage for a number of different actuation electrode con-
figurations according to the invention,

[0029] FIG. 10 shows a suitable wheatstone bridge
arrangement for a power sensor according to the invention.

DETAILED DESCRIPTION

[0030] In order to clarify the method and device according
to the invention, some examples of its use will now be
described in connection with FIGS. 1A to 10.

[0031] FIGS. 1A and 1B show a bridge type micro
electromechanical system (MEMS) switch comprising a
beam 100 supported two supports 104, 106. A MEMS switch
can be manufactured to look somewhat as illustrated in
FIGS. 1A and 1B, with the supports 104, 106 being on top
of a substrate 199, i.e. protruding from the substrate 199, in
which case the substrate 199 coincides with a base of the
switch. Additionally a MEMS switch can be manufactured
by creating a depression in the substrate under a beam,
which is then supported at one or both ends by the surround-
ing substrate. The base of the switch will in these MEMS
switches not coincide with the substrate, but be located at the
bottom of the depression under the beam.

[0032] The actuation electrode 109 in a MEMS switch is
sometimes combined with the signal electrode, especially
when utilized with high frequencies, the commonly used DC
voltage as actuation voltage is then easily separated from the
signal. A single pole single throw switch can be classified
into two basic types, the normally open (NO) and the
normally closed (NC). The normally open will not conduct
any signal from its input to its output when in its resting
state, i.e. when there is no actuation voltage present. The
normally open will only conduct a signal from its input to its
output when in its active state, i.e. when there is an actuation
voltage present. The normally closed will conduct a signal
from its input to its output when in its resting state, but not
when in its active state. A MEMS switch can accomplish
these different types in a number of ways.

[0033] A normally open MEMS switch can be accom-
plished by dividing a signal electrode directly underneath a
beam, i.e. creating a gap in the signal electrode, such that a
conductive surface underneath the beam is able to over-
bridge the gap when the MEMS switch is active. When the
MEMS switch is inactive the signal path is broken and when
the MEMS switch is active the signal path is complete.

[0034] A normally closed MEMS switch can be accom-
plished by having at least a part of the beam that comes into
contact with a signal electrode, being conductive to ground.
When the MEMS switch is inactive, the signal path is
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complete and will thus transmit any desired signals. When
the MEMS switch is active, the signal electrode will be
grounded, thus breaking the signal path.

[0035] The actuation electrode 109 possibly combined
with a signal electrode is placed underneath the beam 100 on
the switch base, which in this type coincides with the
substrate 199. When there is no actuation voltage applied to
the actuation electrode 109, the beam 100 is in a state of rest
as is shown in FIG. 1A. When an actuation voltage is
applied between the actuation electrode 109 and the beam
100, a force on the beam 100 will cause it to move in the
direction of the force onto the actuation electrode 109, as is
shown in FIG. 1B with the bent beam 101.

[0036] As was mentioned before, the movement of the
beam 100, 101 is not stable, nor in a predetermined rela-
tionship to the actuation voltage during the complete bend-
ing of the beam 100, 101. Up to a certain flick point, during
approximately the first 30% of the total bending, go, from
the state of rest, there is a predictable relationship between
the actuation voltage and the amount of bending. When the
voltage and thus the resulting bending is beyond the flick
point, the beam will uncontrollably flick towards the actua-
tion electrode. This will only give less than approximately
30% of g, of continuous control of the beam 100. This
means that a traditional MEMS switch is only suitable as a
switch with two distinct states, on and off.

[0037] FIG. 2A shows a basic cantilever type MEMS
switch built on a substrate 299. The MEMS switch com-
prises a beam 200 held in place by a single support 204 over
an actuation/signal electrode 209. The basic functioning is
otherwise the same as that of the basic bridge type MEMS
switch described above. The same 30% controlled move-
ment and then a flick onto the actuation electrode, see FIG.
2B, of the beam 201.

[0038] There are several ways to solve this problem. In a
first example, as shown in FIG. 3, one or two actuation
electrodes 309 are put into wells 308, 310 in the substrate
399. A separated signal electrode 312 is approximately
two-thirds up from the actuation electrodes 309 in the wells
308, 310, towards the beam 300. The beam 300, supported
in this example by two supports 304, 306, can thus be
positionally controlled all the way to the signal electrode
312 in relationship to the actuation voltage. A MEMS switch
of this type should be very carefully constructed so that the
flick point is located below the signal electrode 312, i.e. on
the actuation electrode 309 side of the signal electrode 312.
The beam’s first approximately 30% bending distance
towards the actuation electrode 309 is utilized, i.e. the signal
electrode 312 will meet the beam 300 before the beam 300
reaches the flick point. A disadvantage of this type of MEMS
switch could be argued to be a relatively small controllable
bending distance or a very large distance to the actuation
electrode, and possibly a certain difficulty to reach high
production yields due to difficulties in manufacturing the
accurate placement of the signal electrode above the flick
point and at the same time as close to the actuation electrode
as possible.

[0039] In a second example, as shown in FIG. 4, a
cantilever type MEMS switch is used with an elongated
beam 400 supported by one support 404. The principle of
this MEMS switch, to attain a controllable beam movement,
iS to separate an actuation electrode 409 and a signal
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electrode 412 on a substrate 499. The actuation electrode
409 and the signal electrode 412 are separated under the
elongated beam 400 such that when the beam 400 reaches
the signal electrode 412, then the beam 400 has not yet
reached the flick point above the actuation electrode 409. In
this example the leverage difference between the signal
electrode 412 and the actuation electrode 409 creates a ratio
of approximately 3:1, i.e. the switch becomes sensitive to
variation in the actuation voltage which “amplifies” a small
movement of the beam above the actuation electrode 409
into a much greater movement of the beam above the signal
electrodet 412. Apart from difficulties with the increased
sensitivity of the actuation voltage, the elongated beam will
most probably present immense manufacturing difficulties.

[0040] To further improve micro electromechanical
switches and to further increase the area of use of micro
electromechanical switches a new method of controlling
bending of beams of micro electromechanical switches has
been invented. According to the invention at least one
actuation electrode, to be referred to as a displaced actuation
electrode, is added to a micro electromechanical switch
structure outside but proximate to a projection of the beam,
instead of or in addition to an ordinary actuation electrode
underneath the beam in question, i.e. within the projection.
The projection is a representation of the beam in question
onto a same plane as the displaced actuation electrode. The
projection could be said to be a perpendicular movement in
relation to a plane of the beam in a rest position, of the beam
onto a plane of the displaced actuation electrode. The
placement of a displaced actuation electrode is never
touched by a beam in question, even however much the
beam is actuated, i.e. the beam does not bend towards the
actuation electrode, at least not to such a degree that when
the beam hits the plane of the displaced actuation electrode,
the beam hits the displaced actuation electrode. As men-
tioned, a displaced actuation electrode can either replace or
be a complement to a traditional actuation electrode. The
traditional actuation electrode can provide a micro electro-
mechanical switch with reliable on/off functionality, and/or
be a complement to a displaced actuation electrode to
properly force the beam onto a signal electrode to provide a
reliable contact between beam and signal electrode.

[0041] A micro electromechanical switch structure
according to the invention can suitably be provided with
capacitor plates/electrodes, one on or integrated with the
beam and one suitably on a same plane as a displaced
actuation electrode. This will provide the micro electrome-
chanical switch structure with a continuously variable
capacitance controllable by the displaced actuation elec-
trode. The displaced actuation electrode can also provide a
bias, moving the beam into a position where a small varia-
tion of a signal to be measured will result in a large
movement of the beam, which movement is suitably mea-
sured with the capacitor electrodes.

[0042] FIG. 5 shows a first embodiment of a micro
electromechanical switch structure according to the inven-
tion. The micro electromechanical switch according to the
first embodiment is built on a substrate/switch base 599 and
comprises a cantilever beam 500 with a corresponding beam
support 504, a displaced actuation electrode 595 arranged at
an extension of the beam 500 beyond a line 590 of an edge
of the beam 500. The micro electromechanical switch can
suitably also comprise a signal electrode 512 underneath the
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beam 500. The line 590 is perpendicular to a plane of the
beam 500 and on the edge of the beam 500, a projection of
the beam 500 onto a plane of the displaced actuation
electrode 595 will thus not cross the line 590. Nor will a
displaced actuation electrode according to the invention
cross the line 590, i.e. the projection will be on one side of
the line 590 and the displaced actuation electrode will be on
the other side of the line 590. The displaced actuation
electrode according to this first embodiment can either be in
a direct extension of the beam, or, as is shown in FIG. 5,
perpendicular to the extension of the beam.

[0043] FIG. 6 shows a second embodiment of a micro
electromechanical switch structure according to the inven-
tion. FIG. 6 is a view in the extension of a beam 600 of a
micro electromechanical switch built on a substrate/switch
base 699. The second embodiment comprises either only one
displaced actuation electrode, for example a first displaced
actuation electrode 695, or two displaced actuation elec-
trodes, for example also a second displaced actuation elec-
trode 696. According to this second embodiment the one or
two actuation electrodes 695, 696, are parallel to an exten-
sion of the beam each arranged beyond a respective first line
691 of an edge of the beam 600 and a respective second line
692 of an edge of the beam 600.

[0044] FIG. 7 shows a top view of for example the micro
electromechanical switch of FIG. 6 with a beam 700, a first
displaced actuation electrode 795, and a second displaced
actuation electrode 796.

[0045] FIG. 8 shows a detail of a micro electromechanical
switch structure according to the invention built on a sub-
strate 899. A displaced actuation electrode 895 is laterally
displaced 835 from a line 890 defining an edge of a
projection of a beam 800. The beam 800 has a rest state
distance, a beam gap, g 834. The amount that the beam will
bend depends on a spring constant of the beam 800, a
dielectric constant of the gap between the beam 800 and the
displaced actuation electrode 895, an effective area, and a
voltage between the beam 800 and the displaced actuation
electrode 895. In turn the effective area depends on the
geometry of the beam 800, the geometry of the displaced
actuation electrode 895, and a spatial relationship between
the beam 800 and the displaced actuation electrode 895,
which in turn in most cases will provide the only usable
variable, the lateral displacement 835.

[0046] FIG. 9 shows a beam position/bending in relation
to an actuation voltage for a number of different actuation
electrode configurations according to the invention. The
diagram shows a beam gap g factor scale 920 in relation to
an actuation electrode voltage factor scale 921 for a number
of, for example, different lateral displacements of a dis-
placed actuation electrode. A first voltage to gap curve 940
of a first lateral displacement which is approximately a 0%
effective displacement of the maximum beam gap g,. The
effective displacement will be in some sort of dependency on
the displacement of the displaced actuation electrode, but is
perhaps better also related to the effective area, see above. A
second voltage to gap curve 941 of a second lateral dis-
placement which is approximately a 25% effective displace-
ment of the maximum beam gap g, . A third voltage to gap
curve 942 of a third lateral displacement which is approxi-
mately a 50% effective displacement of the maximum beam
gap g,. A fourth voltage to gap curve 943 of a fourth lateral

Jan. 9, 2003

displacement which is approximately a 75% effective dis-
placement of the maximum beam gap g . A fifth voltage to
gap curve 944 of a fifth lateral displacement which is
approximately a 100% effective displacement of the maxi-
mum beam gap g,. A sixth voltage to gap curve 945 of a
sixth lateral displacement which is approximately a 125%
effective displacement of the maximum beam gap g . As can
be seen, the further displaced the displaced actuation elec-
trode is, i.e the smaller the relative effective area becomes,
the larger actuation voltage is necessary for the same bend-
ing of the beam. At the same time the relationship between
actuation voltage squared and beam gap can be described
with a linear equation, i.e. a line with a constant slope.

[0047] As mentioned before, a MEMS switch according to
the invention is suitable to use as a power sensor. By
displacing the displaced actuation electrode such that a
actuation voltage to beam position curve has a section which
is very steep, such as the third voltage to gap curve 942, then
the displace actuation electrode or electrodes can be biased
such that the beam attains a suitable operating/working point
948 in or near the middle of the steep section of the curve.
A power sensor will then attain a very high sensitivity and
a relatively large measurement range. The measurements are
made by measuring the beam’s position, or rather the beam’s
positional deviation from the operating point 948. The
measurements of the beam’s position and/or deviations can
suitably be done by adding one capacitor plate to the beam
and a corresponding capacitor plate on the switch base,
making a variable capacitance that varies with the move-
ment of the beam.

[0048] FIG. 10 shows a suitable Wheatstone bridge
arrangement when using a beam coupled variable capaci-
tance in for example a power sensor according to the
invention.

[0049] The Wheatstone bridge comprising a power feed
1047 of the Wheatstone bridge, a signal exit 1048 giving a
beam positional value, a beam gap/positional measurement
element 1081, a beam gap measurement reference 1085, and
a further two bridge elements, a first bridge element 1083,
and a second bridge element 1087. The beam gap measure-
ment reference element 1085 is suitably of a same type as
the beam gap/positional measurement element 1081 but
arranged on a similar but unused MEMS switch. The first
bridge element 1083 and the second bridge element 1087 are
preferably of the same kind and type. The positional mea-
surement element 1081 suitably comprises a first electrode
plate on a beam whose position is to be measured, and a
second electrode plate underneath the first plate on the beam
thus creating a capacitor whose capacitance will vary with
the position of the beam in question.

[0050] The basic principle of the invention is to continu-
ously vary the position/bending of a beam of a MEMS
switch by means of one or more displaced actuation elec-
trodes. The displaced actuation electrodes are displaced in
such a way that they are not underneath a beam in question.
The MEMS switch can further comprise a signal electrode
underneath the beam, and/or an additional actuation elec-
trode for, for example, on/off operation, and/or a beam
positional measurement element such as capacitor plates. A
MEMS switch according to the invention can be used in a
variety of applications where a continuously variable beam
is of an advantage, such as a continuously variable capacitor,
a POWer sensor.



US 2003/0006125 Al Jan. 9, 2003

[0051] The invention is not restricted to the above [0056]
described embodiments, but may be varied within the scope
of the following claims.

FIG. 6, a second embodiment of a micro electromechanical switch
structure according to the invention,

FIG. 1, a bridge type micro electromechanical switch

600 beam

100 beam, 691 first line.of edge of beam to first actuation ele.:ctrode,
101 actuated beam, 692 secon(.i line of edge c.yf beam to second actuation electrode,
104 first beam support, 695 first d1sp1.aced actuanon. electrode,
106 second beam support, 696 se;ond d1sp1.ac;dbactuat1on electrode,
109 actuation/signal electrode, 699 substrate/switch base.
199 substrate/switch base.

[0057]

[0052]

FIG. 7, a top view of for example the micro electromechanical
switch of FIG. 6,

FIG. 2, a cantilever type micro electromechanical switch,

- 700 beam,
200 cantilever beam, 795 first displaced actuation electrode,
201 actuated beam, 796 second displaced actuation electrode.
204 beam support,
209 actuation/signal electrode,
299 substrate/switch base.
[0058]
[0053]
FIG. 8, a detail of a micro electromechanical switch
structure according to the invention,
FIG. 3, a continuously controllable beam of a bridge type micro 800 beam .
electromechanical switch, 834 distance from switch base to beam, beam gap g,
835 distance from line of edge of beam to actuation electrode, i.e.
300 beam, lateral displacement of actuation electrode,
304 first beam support, 890 line of edge of beam,
306 second beam support, 895 displaced actuation electrode,
308 first actuation electrode well 899 substrate/switch base.
309 actuation electrode,
310 second actuation electrode well,
312 signal electrode, [0059]
399 substrate.
[0054] FIG. 9, beam position in relation to actuation voltage for a number of
different actuation electrode configurations according to the
invention
. . . 920 beam gap g factor scale,
FIG. 4, a continuously controllable beam of a cantilever type micro 921 actuation electrode voltage factor scale,
electromechanical switch, 940 voltage to gap curve of first lateral displacement,
400 extended cantilever beam, 941 voltage to gap curve of se.cond lateral.displacement,
942 voltage to gap curve of third lateral displacement,
404 beam support, :
: 943 voltage to gap curve of fourth lateral displacement,
409 actuation electrode, .
) 944 voltage to gap curve of fifth lateral displacement,
412 signal electrode, . )
) 945 voltage to gap curve of sixth lateral displacement,
499 substrate/switch base. . . . .
948 suitable operating/working point of power sensor.
[0055] [0060]
FIG. 5, a first embodiment of a micro electromechanical FIG. 10, a suitable wheatstone bridge arrangement for a power sensor
switch structure according to the invention, according to the invention,
500 cantilever beam, 1047 bridge power entry,
504 beam suppott, 1048 signal exit from bridge,
512 possible signal electrode, 1081 beam gap measurement,
590 line of edge of beam 1083 first bridge element,
595 displaced actuation electrode, 1084 beam gap measurement reference,

599 substrate/switch base. 1087 second bridge element.
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1. A micro electromechanical switching structure com-
prising a first switching support and a switching beam
having a first end and a second end, the first end of the
switching beam being supported by the first switching
support, characterized in that the micro electromechanical
switching structure further comprises:

a first displaced actuation electrode, spaced apart from a
projection of the switching beam, the projection being
onto a same plane as the first displaced actuation
electrode.

2. The micro electromechanical switching structure

according to claim 1, characterized in that:

the first displaced actuation electrode is arranged at least
partly at the second end of the switching beam.
3. The micro electromechanical switching structure
according to claim 1, characterized in that:

the first displaced actuation electrode is arranged at least
partly parallel to a longitudinal axis of the switching
beam.
4. The micro electromechanical switching structure
according to claim 3, characterized in that the micro elec-
tromechanical switching structure further comprises:

a second displaced actuation electrode arranged substan-
tially in the same plane as the first actuation electrode,
spaced apart from the projection of the switching beam,
at least in part parallel to a logitudinal axis of the
switching beam, and spaced apart from the first actua-
tion electrode by the projection of the switching beam.

5. The micro electromechanical switching structure

according to claim 3 or 4, characterized in that the micro
electromechanical switching structure further comprises:

a second switching support, the second end of the switch-
ing beam being supported by the second switching
support.

6. The micro electromechanical switching structure
according to any one of claims 1 to 5, characterized in that
the micro electromechanical switching structure further
comprises:

a signal electrode arranged to at least partly coincide with

the projection of the switching beam.

7. The micro electromechanical switching structure
according to any one of claims 1 to 6, characterized in that
the micro electromechanical switching structure further
comprises:

an actuation electrode arranged to at least partly coincide

with the projection of the switching beam.

8. The micro electromechanical switching structure
according to any one of claims 1 to 7, characterized in that
the micro electromechanical switching structure further
comprises:

Jan. 9, 2003

a first capacitor plate arranged on the switching beam;

a second capacitor plate arranged on the base of the micro
electromechanical switching structure facing the first
capacitor plate.

9. A continuously variable capacitor comprising a first
connection and a second connection, characterized in that
the variable capacitor comprises a micro electromechanical
switching structure according to claim 8 and where the first
connection is connected to the first capacitor plate and the
second connection is connected to the second capacitor
plate.

10. A continuously variable capacitor according to claim
9, characterized in that switching beam of the controllable
variable capacitor is offset by biasing the first displaced
actuation electrode.

11. A controllable variable capacitor where the capaci-
tance is controlled by a control voltage, characterized in that
the controllable variable capacitor comprises a continuously
variable capacitor according to claim 9 where the control
voltage is connected to the first displaced actuation elec-
trode.

12. A micro electromechanical switching structure beam
measurement device comprising a beam measurement ele-
ment, characterized in that the measurement device com-
prises a first continuously variable capacitor according to
claim 9 or 10 as the beam measurement element, and where
a measured beam is the switching beam.

13. The micro electromechanical switching structure
beam measurement device according claim 12, character-
ized in that: the device further comprises a Wheatstone
bridge of which the beam measuring element is a bridge
element.

14. The micro electromechanical switching structure
beam measurement device according claim 13, character-
ized in that: the device further comprises a second continu-
ously variable capacitor according to claim 9 or 10 as a
reference element of the Wheatstone bridge for the beam
measurement element.

15. A power measurement unit which measures power
flowing through a power signal electrode, characterized in
that: the power measurement unit comprises a micro elec-
tromechanical switching structure beam measurement
device according to claim 12 or 13, where the power signal
electrode is at least partly arranged under the beam that the
micro electromechanical switching structure beam measure-
ment device measures.



