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MEMS/ELECTROSTATIC MICROVALVE/GAS FLOW CONTROL

Micro-Electro Mechanical System (MEMS) has played a significant role in
flow control of gas and liquid. One form of MEMS devices used to control flow of
fluids through microchannels is microvalve. In this thesis electrostatic actuation is
used to enable or disable fluid flow in microscale. Novel microstructures and
materials of a curl-up type electrostatic microvalve have been proposed in order to
reduce fabrication cost and activation voltage. The microvalve is designed to have two
major parts, a conductive substrate with a UV LIGA fabricated gas inlet orifice, and a
polymer-based curl-up closure plate. Fabrication of the conductive substrate was done
by UV lithography of an SU-8 photoresist column on copper or graphite sacrificial
materials followed by electroforming of nickel thick layer. After removal of SU-8
column, a 70 pm x 70 pum gas inlet hole was obtained. The gas inlet hole was filled
with AZ P4620 photoresist baked and planarized. Subsequently, a 1,040 pm % 720 pm
sacrificial aluminum layer was deposited above the planarized gas inlet hold.
Polymeric closure plate was then fabricated by spin coating of 2.5 um-thick SU-8
photoresist and patterning with UV lithography so that a 940 um x 620 pm area of
SU-8 film was on top of the sacrificial aluminum layer while another large area
anchored on nickel substrate. Conductive composite layers of thin
chromium/copper/nickel were then deposited on top of SU-8 closure plate. After

removal of all sacrificial materials, the SU-8 closure plate was forced to curl away



removal of all sacrificial materials, the SU-8 closure plate was forced to curl away
from the substrate due to different thermal expansion between SU-8 and composite
metal layers. At room temperature the free standing tip of the released closure plate

was raised up from the nickel substrate for 273 pum.

The completed microvalve was tested by applying a positive DC voltage to the
composite metal layer on the closure plate and a ground to the nickel substrate. In
absence of gas flow through the orifice, a voltage of 200 V was needed to pull down
the closure plate. This pull-in voltage was in agreement with calculations based-on
finite difference method. This voltage was less than the one required by a microvalve
with silicon substrate and silicon dioxide closure plate for the same size. The test with
presence of gas flow was done by feeding gas pressure of 69 kPa through the inlet
hole and applying a voltage to the microvalve. The applied voltage between 100 V to
180 V could pull the closure plate down to a certain distance but not fully. Applying a
voltage greater than 180 V caused a severe short circuit and destroyed the device.
Nevertheless, a microvalve of novel structure and materials with lower pull-in voltage
and fabrication cost has been successfully demonstrated. Better controls of fabrication
processes and testing apparatus are needed in order realized a fully functioning

microvalve in presence of gas flow.
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