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ABSTRACT

The application of wireless distributed micro-sensor systems range from equipment

diagnostic and control to real time biomedical monitoring. A major obstacle in

developing autonomous micro-sensor networks is the need for local, autonomous

electric power supply, since using a battery is often not a viable solution. This void

has sparked significant interest in micro-scale power generators based on electro-

static, piezoelectric and electromagnetic energy conversion that can scavenge am-

bient energy from the environment. In comparison to available energy harvesting

techniques, electrostatic-based power generation is most attractive as it can be in-

tegrated in mainstream silicon technologies. However the power output of existing

electrostatic micro-generators do not meet the communication and computation re-

quirements of wireless sensor nodes. The objective of this thesis is to investigate and

model novel architectures for electrostatic converters, that can be directly fabricated

with standard fabrication techniques, and would generate order of magnitude higher

power than existing electro-static converters.

The electrostatic converter studied in this thesis employs a comb-like variable

capacitor, with a switchable dielectric constant. It is designed to operate in an

in-plane, gap closing, charge constrained configuration. Enhanced power levels are

obtained by switching the dielectric constant of the variable capacitor between air

and liquid via liquid dielectrophoresis (DEP) effect. A tri-plate variable capacitor

structure is chosen for the micro-generator to further increase its energy conversion

efficiency, which results in approximately doubling of total harvested power. A

lumped element model is formulated to investigate the performance of the device and

the effect of variation of key parameters on its dynamic behavior. The analysis takes

into account the change in squeeze film damping and electrostatic force induced by

the varying spatial distribution of dielectric medium. The effect of the initial voltage

and capacitor geometry on the device’s output power is included. For a conservative

device geometry, the model predicts a power output of up to 400 µW which is

well within the power demands of emerging transceivers while being four orders of
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magnitude larger than that predicted by air-based variable capacitor converters of

similar size.
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