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The ability to integrate micro-optical elements with movable structures and microactuators has

" opened up many new opportunities for optical and optoelectronic systems'?. It allows us to
manipulate optical beams more effectively than conventional methods, and is scalable to large
optical systems Optlcal MEMS (MlcroElectroMechamcal Systems) have applications in
display®*”, sensing®, and optical data storage™®. Recently, telecommunications have become the
market driver for Optical MEMS. Many different kinds of devxces and systems have been
reported, 1nclud1ng optical switches™' opt1cal crossconnect'! wavelen%th division add/drop
multiplexers'®, tunable ﬁlters/lasers/detectors dispersion compensators and polarization
dispersion compensators16.

Surface-micromachining technology offers many advantages for implementing Optical MEMS.
It is versatile; many different types of optical MEMS devices can be fabricated by the same
process. This enables monolithic integration of an entire free-space optical system onto a single
chip. In the past several years, we have shown that refractive and diffractive microlenses,
micropositioners with multiple degrees of freedom (e.g., rotary or XYZ stages), and precision
microactuators can be fabricated by standard three-layer polysilicon surface-micromachining
process (e.g., Cronos’ Multi-User MEMS Processes or MUMPs). Post-processing steps are
employed to fabricate microlenses and other optical elements. By combining these building
blocks, single-chip optical disk pickup head® and femtosecond optical autocorrelator'” have been
demonstrated. Another advantage of using standard processes is fast prototyping and
commercialization. New devices are based on new designs rather than development of new
processes. Establishment of design libraries can further shorten the design cycle.

One of the key challenges for surface-micromachined Optical MEMS is the quality of
micromirrors. Surface-micromachined micromirrors often exhibit some curvature due to the
residue stress or stress gradient of the de Posited thin films. They also suffer from dynamic
distortion under high frequency scanmng Bulk micromachining has been shown to produce
optically flat single crystalline micromirrors.'>?® However, it does not have the flexibility and
versatility of surface-micromachined structures Efforts have been reported to increase the mirror
flatness of polysilicon micromirrors.”'® Recently, we have developed a wafer-scale mirror
bonding process to fabricate high performance single-crystalline Si micromirrors on surface-
micromachined actuators. This technique combines the advantages of single-crystalline optical
elements and the Versatlllty of surface- mlcromachlned structures. 2D optical scanners with
optically flat micromirrors have been demonstrated Honeycomb micromirrors have also been
developed to reduce the mass of micromirrors.?? Detailed performance will be presented at the
conference.
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