
Bi-plane thermal actuator is a
promising MEMS device that
will lead to many applications
such as micro-manipulation,
nanofabrication and
microrobots. A DTA is
designed to be fabricated in
MUMPs process and combines
two thermal actuation
mechanisms to operate in two
space planes. An analytical
model was developed to
characterize the amplitude
behavior of this device. Finite
element modeling was
performed to determine the
right temperature distribution
along the actuator and give
insights of possible overlooked
variables. Both analytical and
numerical finite element
models will be verified with
experimental data.

Conclusion

The main limitation of the
analytical model is that it does
not consider a variable gap
under the bimorph side of the
DTA. Despite this limitation the
analytical model shown
reasonable accurate results in
vertical and lateral
displacements. A finite element
model was constructed to
perform more detailed analysis
of the temperature distribution
along the actuator.

The mesh consisted of stacked
layers of 27-node solid
elements with thickness that
corresponded to the actual
second structural layer of
polysilicon.

The material properties were
assumed to be constant but the
coefficient of thermal
expansion of polisilicon. The
modeling/simulation consisted
of an eletro-mech-thermal
analysis at constant voltage to
obtain the vertical and lateral
displacements. 

Analytical and FEM
models

In MEMS, two movable parts
usually have to be fused
together instead of been
joined by some hinge or
mechanism that allows them
to rotate. The fabrication of 
connections or movable joints
using surface macromachining
techniques is very difficult due
to the nature of its planar
deposition process. Also,
fabrication process (MUMPs)
doesn’t provide many
structural layers that can be
used to create complex parts.
As a consequence, when two
actuators or movable parts are
fused together they tend to
restrain the motion of one
over the other. This effect of
motion restriction of a movable
part over another one is
known as a coupling effect. To
avoid this coupling effect, a
lateral and a bimorph thermal
actuator were combined in
series deliver maximum
amplitude in the vertical and
horizontal direction.
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Synthesis and Device 
ConfigurationA dual thermoactuator is a

combination of a lateral and a
bimorph thermal actuator with
different rectangular conductive
arms, widths and materials. A
lateral thermoactuator consists
of two parallel conductive arms
with different dimensions,
length and width. Its
actuation mechanism relies on
the fact that current density in
the hot arm is higher, resulting
in a higher thermal expansion
than the cold arm.
The difference in thermal
expansion is due to ohmic
heating in both arms when the
same current flows through
them. Thus, a lateral deflection
occurs at the tip of the thermal
actuator where both arms are
connected. A bimorph thermo-
actuator moves by means of
using two materials of different
thermal coefficient expansion.
When there is a change in
temperature, one element will
expand more than the other
resulting in a displacement at
one of the ends of this actuator.

Definition:

Thermal actuators have the
ability to provide large
deflections and great force
compared to electrostatic
actuators. Previous work has
been done in lateral and
bimorph thermal actuators,
both having displacements in
one plane only. Despite the
advantages and performance
of these devices, there is a
need for an actuator that
enables motion in two planes.
A Dual Thermal Actuator (DTA)
combines a lateral and a
bimorph thermal actuator to
allow for specific patterns of
displacement in two planes.
A heuristic optimization of this
device considers seven
different designs in which the
ratio of one actuator becomes
larger related to the other in
each design. This device
can be optimized for maximum
amplitude for a given voltage.
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