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SUMMARY
A fully integrated magnetically actuated micromachined
relay has been realized. This particular device uses a single layer
coil to actuate a movable upper magnetically responsive
platform. The minimum current for actuation was 180 mA,
resulting in an actuation power of 33 mW. Devices have been
tested which can make and break 1.2 A of current through the
relay contacts when the relay is electromagnetically switched.
Operational lifetimes in excess of 300,000 operations have been
observed. A normally closed relay has also been developed
through the addition of permanent magnets to the microrelay.
These devices have also been able to electromagnetically switch
1.2 A of current. Multi-pole devices, which contain more than
one pair of contacts per coil have also been realized, and possess
comparable performance characteristics to single-pole devices.
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INTRODUCTION
Electromechanical relays remain widely used for a number
of applications including automotive control circuitry, test
equipment, and the switching of high frequency signals.
Historically the manufacturing process of electromechanical
relays has been serial, i.e., devices are built one at a time, which
can result in production bottlenecks and make it difficult to
produce large relay arrays. Solid state relays (SSRs) have been
one solution to this production problem. SSRs allow for devices
to be batch fabricated; however, in some cases they may also
have higher offset voltage injection, lower maximum off-state
resistance, and higher contact power dissipation than their
electromagnetic counterparts. Micromachined relays are
produced by the application of batch fabrication techniques to
electromechanical relays in an attempt to combine the best
attributes of both electromechanical relays and SSRs.
Microfabrication techniques have been used for the
fabrication of electromechanical relays for many years. Petersen
[1] demonstrated electrostatically actuated microrelays in 1979.
Those devices used metallic contact materials to reduce the
contact resistance and increase the current carrying capacity.
Since that time polysilicon electrostatic microrelays on CMOS
have been demonstrated [2-3]. These devices had a relatively
low carry current of approximately 10 mA. Other versions of
electrostatic microrelays have also been

demonstrated and have shown lower contact resistance through
the use of metallic contact materials {4-7]. One electrostatically
actuated device reported lifetimes in excess of 108 [5].
Mercury is used in electromechanical relays to improve
lifetimes by reducing the contact wear. A microrelay with
mercury contacts has been demonstrated by Simon et al. [8]. This
device had contact resistance lower than 1 Q, with a maximum
carry current of 20 mA.
Low actuation voltages may be desirable in applications
such as automotive circuits, where voltages are low, but currents
may be high. Magnetically-driven microrelays are very desirable
in such an environment as they are compatible with these
require ments. Previously reported magnetic microrelays do not
have fully integrated coils [9-11]. The schemes presented have
used either an external electromagnet [9-10], or an integrated
heating element [11]. Previously we reported a fully integrated
magnetically actuated micromachined relay [12]. The use of a
fully integrated magnetically actuated microrelay design has
several advantages. Minimum sized relays may be obtained, and
the devices do not require any assembly of a coil to an actuator
plate, thus allowing for further advantages of batch fabrication.
Our approach has been to use a fully integrated magnetic
actuation design to realize integrated microrelays.

DEVICE CONCEPT
In the design of these microrelays a single layer coil was used to
reduce fabrication complexity and eliminate the via connections
required in a multilayer coil. Figure I shows a schematic view of a
double-pole single-throw (DPST) microrelay. A DPST relay is one in
which two electrically isolated contact pairs are actuated by the same
electromagnet. This is a common commercial relay configuration, and
is easily achieved with this microrelay design by patterning multiple
contact pairs over a single electromagnet. This may increase the size of
the electromagnet depending on the required power rating of the
contacts.
In addition to double-pole devices, normally-closed relays have
also been investigated. A normally-closed relay is "ON" allowing a
current to flow between the two contacts when no current flows through
the coil; instead, the magnetic plate is held in contact by a permanent
magnet. When a current passes through the coil a sufficient magnetic
flux is generated that opposes the magnetic flux provided by the
permanent magnet. In this situation, the mechanical restoring force of
the

