Small size, big challenges
The small size of MEMS devices creates design challenges. One of these is
“stiction,” the result of two surfaces not
having great enough stiffness to overcome
surface adhesion. During processing, liquids can stay between layers rather than
drying out, pulling the layers together via
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surface acoustic wave. This wave, also
known as acoustic streaming, causes motion
in the contacting fluid. Electrohydrodynamic
pumps use a traveling electric field to pull
a dielectric fluid along a desired channel
path. This pump and similar electrokinetic pumps are used in biomedical
applications for such things as separating
DNA molecules.

The Institute developed a bi-directional horizontal thermal actuator. This patented device can
move in two directions upon the application of the electrical current.

NEW METHODS
SwRI techniques enhance quality,
reliability in MEMS technology
MEMS technology is entering a critical transition period
from research to widespread commercialization. While several of the simpler devices are being mass-produced, such as
inkjet printer heads and airbag sensors, the more complex
designs of new MEMS applications present significant challenges for manufacturing. Although current semiconductor
processes are well suited to reliability at high volumes,
MEMS devices that require movement are affected by additional parameters, such as fatigue strength, failure strength
and the elastic modulus. A material’s elastic modulus is
determined by calculating the ratio of stress to strain or by
determining the relative stiffness of a material within its
elastic range.
SwRI has developed techniques to assist MEMS designers and manufacturers in these areas. Designers need to validate that their designs can meet lifetime requirements,
while manufacturers need to monitor important properties
to ensure that their processes are producing high-quality
components.
The elastic modulus is one of the most important material properties required for MEMS design. It is used to set
design limits on stress, strain and displacement. SwRI developed a technique that employs a resonating cantilever
beam with an end mass on the MEMS chip. The beam is
driven with a sinusoidal motion from a MEMS actuator
comprised of interdigited fingers, or a comb-drive. As the
drive signal frequency approaches the natural frequency of
the beam, the amplitude of the vibration increases dramati-
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capillary forces. Once the surfaces are held
in contact in this manner, the devices are
useless because the layers are not strong
enough to overcome the capillary forces
holding them together. Even room humidity
can be the source of the liquid agent that
causes this phenomenon. This can happen
in varying degrees, and is most often seen
as a type of friction that requires more
force to overcome than had been planned.
As described earlier, MEMS devices
are designed and fabricated using layers.
The 3-D structures are made from these
layers. Therefore, devices that need to
stand up off the chip, such as mirrors, must
be made flat and be able to lift up on their
own or by an actuator on the chip,
because they are too small to be effectively
handled manually. MEMS devices can be
manually activated using a microscope and
special probes, but it is only practical to do

cally. The natural frequency is detected visually, or by using
a laser-driven, optical system. Using the detailed computer
model developed at SwRI, the elastic modulus can be
determined. The test method was validated using atomic
force microscopy.
Using SwRI’s Displacement Mapping Software (DISMAP),
three-point bending notch specimens are used to perform
strain field measurements. A scratch drive actuator (SDA) MEMS
device is used to apply a load to the beam. The beam deflects
under the load and a digital image is captured before and
after the load application. The digital images are imported
into the DISMAP software to measure the motion of the
grains on the surface of the beam and the strain field of the
material. These parameters are important to understanding
when a device will break under a given mechanical load.
Fatigue strength is most important for MEMS devices
that operate in resonance, such as those in telecommunications applications, where large numbers of operational
cycles are quickly accumulated. The Institute designs
notched beams, attached to comb-drives, to determine this
parameter based on the research of Van Arsdell and Brown1.
The devices are operated at their natural frequency until failure occurs. The test devices are combined with advanced
digital signal processing to automatically measure the natural frequency and amplitude, and to count the elapsed
fatigue cycles. Using probabilistic techniques developed by
SwRI, parameters derived from these devices can be used for
reliability assessment and failure prediction.
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