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ABSTRACT

With the rapid development of the precision positioning field, the demand for piezoelectric
actuators with high accuracy, quick response, and large stroke is increasing. Various non-resonant
piezoelectric actuators have emerged in recent decades and have been applied successfully in many
industrial fields, such as biological technology, optical instruments, micro/nano positioning platforms,
and semiconductor technologies. However, existing non-resonant piezoelectric actuators still have
limitations. They cannot be used in some specific precision positioning applications requiring (1) a
low speed with a large stroke, (2) no backward motion, and (3) high positioning resolution, such as
the driving of the aperture of a scanning electron microscope (SEM) used to monitor lithography
process in semiconductor manufacturing. This research aims to develop a new type of piezoelectric
linear actuator to overcome the limitations of the existing piezoelectric actuators and meet the driving
requirements of the aperture plate in the optical system of SEM and other precision positioning fields.

First, a dual-side drive walking-type piezoelectric linear actuator with the parallel-arrangement dual
stator was proposed. The operating principles and elliptical trajectory of the driving feet of a single-
stator design were analyzed. A prototype was fabricated for the experimental evaluation; the results
indicate that the actuator has a problem with backward motion.

Then, to solve the backward motion of the dual-side drive walking-type piezoelectric linear actuator,
a simple stator structure with triangular-compliant mechanisms was further developed (single-side
drive). Dynamic models in the x- and y-directions were established to evaluate the output

characteristics of the single-side drive piezoelectric actuator.

Finally, a prototype of the single-side drive piezoelectric actuator was manufactured, and a series of
experiments were carried out for comparison with simulation results. As a result, the feasibility of the
dynamic models was verified. The experimental results indicate that the actuator realizes superior
multiple performances of a wide range of velocity, stepping without backward motion, and high-
precision positioning. Therefore, the possibility of driving the objective lens aperture plate in scanning

electron microscopes was implied.
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