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SINGLE-POLE SINGLE-THROW
MICROELECTRO MECHANICAL SWITCH
WITH ACTIVE OFF-STATE CONTROL

TECHNICAL FIELD

This invention relates to a microelectromechanical switch
and more particularly to a cantilever beam-type microelec-
tromechanical switch for use in microwave applications.

BACKGROUND ART

Microelectromechanical switches are used in a variety of
applications and in particular for satellite communication
systems with architecture that includes switching matrices
and phased array antennas. It is desirable to have a switch
having low-insertion loss, high-isolation, and high-
switching frequency.

Presently, the microelectromechanical switches known in
the prior art include a beam cantilevered from a switch base,
or 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 electrode on the switch
base. In the switch-closing phase, or ON-state, the actuation
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. Ideally, when the actua-
tion voltage is removed, the beam will return to its natural
state, breaking its connection with the contact electrode and
opening the switch.

The switch-opening phase, or OFF-state, is not directly
controlled, however, and relies on the forces of nature
embodied in the spring constant of the beam to effect the
opening of the switch. However, the forces of nature are not
always predictable and therefore unreliable.

For example, in some cases, once the actuation voltage is
removed, stiction forces, (forces of attraction that cause the
beam to stick to the contact electrode), between the beam
and the contact electrode overcome the spring restoring
force of the beam. This results in the free end of the beam
sticking to the contact electrode and keeping the switch
closed when, in fact, it should be open. Prior art cantilever
beam type switches have no mechanism to overcome stic-
tion forces upon switching to the ON-state.

Another problem associated with the cantilever beam type
switch is a problem intrinsic to the beam’s change of state
from open to close. The operation of the beam is inherently
unstable. 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 come crashing down onto the
secondary electrode. This causes the beam to stick as
described above, or causes premature deterioration of the
contact electrode. Both conditions impair the useful life of
the switch and result in premature failure.

There is a need for a microelectromechanical switch that
overcomes the problems associated with prior art cantile-
vered beam-type switches.

SUMMARY OF THE INVENTION

The microelectromechanical switch of the present inven-
tion exploits the repulsive Coulomb electrostatic force
between a cantilevered beam and a contact electrode to
actively induce the beam to its undeflected state, whereby
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2

the OFF-state action of the switch is independent of the
stiffness, or spring constant, of the beam.

According to the present invention, a beam is cantilevered
from a switch base, or substrate. A first control electrode,
having no path to ground, is in contact with the fixed end of
the cantilevered beam. A second control electrode, also
having no path to ground, is mounted to the switch base
underneath the cantilevered beam, but is not in contact with
it. Finally, a contact electrode is located underneath the free
end of the cantilevered beam. The first and second control
electrodes are manipulated to actively effect both the ON
and OFF states of the switch by forcing the beam in and out
of contact with the contact electrode.

The first and second control electrodes are manipulated by
a control circuit that applies a control voltage differentially
to the first and second electrodes to result in an actuation
voltage that causes the beam to deflect and contact the
contact electrode actively effecting the ON-state. The con-
trol circuit, with the control voltage set to zero, applies a
supply voltage simultaneously to the first and second
electrodes, resulting in a Coulomb force of repulsion that
returns the beam to its undeflected state, thereby actively
effecting the OFF-state of the microelectromechanical
switch.

It is an object of the present invention to overcome the
drawbacks associated with prior art beam-type microelec-
tromechanical switches.

A more complete understanding of the present invention
can be determined from the following detailed description of
the preferred embodiment, when taken in view of the
attached drawings and attached claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view of the microelectromechanical switch
of the present invention with the control circuit shown in an
exploded view.

FIG. 2 is a side view of the microelectromechanical
switch of the present invention; and

FIG. 3 is a view of a programmable power supply driving
a plurality of microelectromechanical switching devices of
the present invention.

BEST MODES FOR CARRYING OUT THE
INVENTION

Referring to FIGS. 1 and 2 there is shown a microelec-
tromechanical beam-type switch 10 in accordance with the
present invention. The switch 10 is a single-pole single-
throw switch with active OFF-state control. A base 12 or
substrate is shown having a first control electrode 14
mounted thereto. The first control electrode 14 is in contact
with a beam 16 cantilevered from the base 12. A second
control electrode 18 is mounted to the base 12 directly
underneath, but not in contact with, the cantilevered beam
16. A contact electrode 20 is mounted to the base 12 directly
beneath the free end of the cantilevered beam 16. A control
circuit 30 is connected to both the first control electrode 14
and the second control electrode 18 for manipulating the
electrodes 14, 18 in such a manner to actively induce the ON
and OFF states of the microelectromechanical switch 10.

The control circuit 30 includes a control voltage 32
connected to a first switch 34. The first switch 34 is shown
as a DC switch. However, one skilled in the art would
recognize that the DC switch can be replaced with other
comparable switches, such as a metal oxide semiconductor
pass transistor. The first switch 34 is connected to the input
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of an operational amplifier 36 having two DC supply ter-
minals 38,40, and two output signal terminals 39,41. DC
supply terminal 38 is connected to a second switch 42 and
output signal terminal 39 is connected to the first control
electrode 14. The other DC supply terminal 40 is connected
to a supply voltage 44 and the output signal terminal 41 is
connected to the second control electrode 18.

The first control electrode 14 and the second control
electrode 18 have no path to ground and are therefore
“floating”. This allows the control electrodes 14, 18 to be
driven differentially.

To activate the ON-state, both the first switch 34 and the
second switch 42 must be closed. The control voltage 32 is
increased resulting in an actuation voltage being applied
differentially between the first control electrode 14 and the
second control electrode 18. Once the actuation voltage
reaches a threshold value, the beam 16 will deform and
make contact with the contact electrode 20 thereby actively
effecting the ON-state of the microelectromechanical switch
10.

To activate the OFF-state, the control voltage 32 is set to
zero so that the output differential voltages of the first
control electrode 14 and the second control electrode 18
with respect to ground are also equal to zero. Then, with the
first and second switches 34, 42 open, the supply voltage 44
is increased. The potential at the first and second control
electrodes 14, 18 are increased simultaneously. Because the
first and second control electrodes 14, 18 are at a given
potential with respect to ground and have the same polarity,
they will be acquiring charges of the same type and expe-
rience a Coulomb force of repulsion. The force is deter-
mined by the potential applied to the control electrodes 14,
18 and will be such that the force of repulsion will overcome
the stiction force of the beam 16 and the contact electrode
20, thereby breaking contact between the two elements. As
a result, the beam 16 is returned to its undeflected state and
the microelectromechanical switch 10 will be returned to its
OFF-state.

The microelectromechanical switch 10 of the present
invention exploits the repulsive Coulomb electrostatic force
between the beam 16 and the contact electrode 20 to actively
induce the beam 16 to return to its undeflected state. The
OFF-state switching action is independent of the stiffness, or
spring constant, of the beam 16, thereby avoiding the
inherent instability and unpredictable outcomes associated
with prior art microelectromechanical beam-type switches.

The microelectromechanical switch 10 of the present
invention realizes low-insertion loss, high-isolation, and
high-switching frequency without the drawbacks associated
with prior art switches. The switch 10 of the present inven-
tion actively counters the stiction forces, which, in prior art
switches, may keep the switch in the ON-state even after the
control voltage is removed.

The opening of the switch 10 is controlled by the elec-
trostatic action, or moment, about the fixed end of the
cantilevered beam 16. Because the switch 10 actively con-
trols the restoring force of the beam and does not rely on the
unpredictable, and sometimes unstable, forces of nature, the
problem of sticking that is common in prior art beam-type
switches is overcome.

While the form of the invention herein disclosed is
presently the preferred embodiment, many others are pos-
sible. It is not intended herein to mention all of the possible
equivalent forms or ramifications of the invention. It is
understood that the terms used herein are merely descriptive
rather than limiting, and that various changes may be made
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without departing from the spirit or scope of the invention,
as defined by the appended claims. For example, metal-
oxide semiconductor pass transistors may be used for the
first and second switches 34. Likewise, there are a variety of
operational amplifiers that can be employed, such as a
complementary metal oxide semiconductor (CMOS) opera-
tional amplifier. Finally, it is possible the control voltage is
a programmable supply capable of serving a plurality of
microelectromechanical switches of the present invention as
shown in FIG 3. Other changes and substitutions can also be
made in accordance with the scope of the present invention
as defined by the following claims.

What is claimed is:

1. A device for repeatedly closing and opening an electric
circuit, said device comprising:

a base;

a beam cantilevered from said base, said beam having a

free end and a fixed end;
a first electrode mounted to said base and in contact with
said beam,;

a second electrode mounted to said base;

a contact electrode mounted to said base under said free
end of said beam;

a control voltage;

a first switch connected to said control voltage;

a differential operational amplifier having an input con-
nected to said first switch, said differential operational
amplifier having two supply terminals and at least two
outputs, said first output connected to said first elec-
trode and said second output connected to said second
electrode;

a variable power supply voltage connected to one of said
supply terminals of said operational amplifier and said
first electrode; and

a second switch connected to the other of said supply
terminals of said differential operational amplifier
whereby when said first and second switches are
closed, an increase in said control voltage will result in
said actuation voltage being applied differentially
between said first and second electrodes closing said
electrical circuit and whereby when said control volt-
age is zero and said first and second switches are open,
an increase in said supply voltage will result in said
actuation voltage being applied simultaneously
between said first and second electrodes opening said
electric circuit.

2. The device as claimed in claim 1 wherein said first and

second switches are direct current switches.

3. The device as claimed in claim 1 wherein said first and
second switches are metal-oxide semiconductor pass tran-
sistors.

4. The device as claimed in claim 1 wherein said differ-
ential operational amplifier is a complementary metal oxide
semiconductor operational amplifier.

5. Amicroelectromechanical device for repeatedly closing
and opening an electric circuit, said device comprising:

a base;

a beam cantilevered from said base, said beam having a
free end and a fixed end;

a first electrode mounted to said base an in contact with
said beam,;

a second electrode mounted to said base;

a contact electrode mounted to said base under said free
end of said beam;



5,994,796

5

a control voltage;

a first switch connected to said control voltage;

a differential operational amplifier having an input con-
nected to said first switch, said differential operational
amplifier having two supply terminals and at least two
outputs, one of said at least two outputs connected to
said first electrode and the other of said at least two
outputs connected to said second electrode;

a variable supply voltage connected to one of said two
supply terminals of said operational amplifier; and

a second switch connected to the other of said two supply
terminals of said differential operational amplifier;

whereby when said first and second switches are closed,
an increase in said control voltage will result in said
actuation voltage being applied differentially between
said first and second electrodes closing said electrical
circuit and whereby when said control voltage is zero
and said first and second switches are open, an increase
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in said supply voltage will result in said actuation
voltage being applied simultaneously between said first
and second electrodes opening said electric circuit.

6. The device as claimed in claim 5 wherein said variable
power supply is a programmable power supply.

7. The device as claimed in claim 6 wherein said pro-
grammable power supply drives a plurality of said micro-
electromechanical switching devices.

8. The device as claimed in claim 5 wherein said first and
second switches are direct current switches.

9. The device as claimed in claim 5 wherein said first and
second switches are implemented by a metal-oxide semi-
conductor pass transistor.

10. The device as claimed in claim 5 wherein said
differential operational amplifier is a CMOS operational
amplifier.



