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MEMS (Microelectromechanical Systems) resonators are expected to be essential in future wireless
communication equipment. As electronics and mechanics are combined together in MEMS devices, the design
technologies based on both these fields are necessary. Conventional structure analysis software programs can be
applied, using a scaling rule, to the MEMS devices, which have less than several mm in size. However, no link
among different physical systems in these simulators sets limitation on MEMS analysis. Recently, multi-physics
simulators have been available to provide MEMS devices with sophisticated analysis and design.

In this thesis, device simulations on MEMS resonators are researched. For a fixed-fixed beam resonator, three
dimensional mechanical vibrations are generated by two dimensional electric fields. The comparison with
experimental results clarifies the device structure and driving scheme for improved characteristics.

For electrostatic MEMS devices, gap narrowing is very important, because electromechanical transduction
efficiency mostly depends on gap length. Two types of devices are evaluated: one is fabricated by a fine pattern
fabrication process and the other by moving a driving electrode in post-process to form a sub-micron narrow gap.
In both devices the transduction efficiency are greatly improved owing to the narrow gap.

The induced forces in a fishbone-shaped resonator are precisely analyzed by using a multi-physics simulator.
The success in demonstration of resonant frequency selections is also shown.

A simple cantilever type actuator, which belongs to the newly proposed MEMS device that has solid gap
instead of air narrow gap, is evaluated. In this device, a depletion layer in pn junction acts as a gap for the
resonators. Multi-physics simulation results qualitatively agree with the experimental ones.

Many kinds of MEMS resonators, contributing improvements in wireless equipment, will be proposed and
developed from now on. The research results obtained in this thesis give useful knowledge to realize these
MEMS devices.



