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ABSTRACT

This paper describes a study to characterize the performance of surface micromachined electrostatic
actuators, with a brief introduction to some MEMS (microelectromechanical systems) mirrors developed
at BU incorporating these actuators. Fixed-fixed actuators were extensively tested to determine suitability
for optical applications, and specffically for an adaptive optics imagining system. The critical issues
relating to device performance, namely yield (indicating robustness and process reliability), position
repeatability, precision and frequency response, were quantified in the research effort described here. The
study demonstrated 95% device yield, 10 nm position repeatability (99% confidence levels), and greater
than 66 kHz frequency bandwidth.
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2. INTRODUCTION

A new class of silicon-based deformable mirror for use in adaptive optics and other optical applications
is being developed' . The mirror is supported on an array of electrostatically-controlled microactuators
that can be coordinated to achieve precise actuation and control at a macroscopic level. Several types of
actuators as well as parallel arrays of actuators with segmented and continuous mirrors have been
designed, fabricated and tested. Fig. 1 is a schematic of the cross-section through a three-element
continuous mirror, with the central actuator deflected. The continuous mirror is actuated at discrete
points, the deformation being normal to the surface and continuous over the actuation range. The
actuators are fixed-fixed beams and the mirror is attached to each actuator at midspan by a post. When
voltage is applied between an actuator and the substrate or an address pad, the electrostatic force
developed deflects the actuator toward the substrate. The targeted applications for this MEMS deformable
mirror include adaptive optical imaging and projection systems, and optical correlators for pattern
recognition systems. The motivation for a detailed study and statistical analysis of actuator behavior stems
from the requirements for high repeatability and resolution in these applications.
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Figure 1: Schematic cross-section of a section of deformable mirror array showing actuator deflection
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