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ABSTRACT

The use of micromachining has risen in popularity due to an increasing need to reduce the
size, cost, and power consumption of electromechanical devices. By using these miniature
devices, or MicroElectroMechanical Systems (MEMS) devices, bulky and expensive optical
systems that are currently used in many industries can be replaced. This paper presents a novel
method of fabricating moving gate optical attenuators on a single chip. Using MEMS
technology, remote sensing and satellite-to-satellite communication, with on-board independent
optical and signal processing systems, are now possible.

INTRODUCTION

The idea behind micromachining is to provide a method of designing and fabricating
miniature structures for space applications. Due to the inaccessibility of aircrafts, spacecrafts, or
satellites, it is necessary to develop miniature, light-weight systems that are independent of
ground control. An area that has a great potential for this technology is remote sensing. There
are an unlimited number of applications, including the Mars Pathfinder, taking air-borne
measurements of the ozone layer, volcano emission monitoring, crop analyzing, and urban
expansion tracking (Hardin, 1999).

MEMS device fabrication uses the same technology as Integrated Circuit (IC) device
fabrication. Therefore, funds do not need to go toward the development of fabrication processes,
as the same equipment 1s used. The dimensions of MEMS devices are on the order of
micrometers, which means that several devices can fit on a single die of 1 cmx 1 cm. MEMS
devices rival in size with spider mites (Figure 1) and are fabricated one layer at a time two
dimensionally. Depending on whether the attenuator gates are positioned together or apart, all,
some, or none of the signal passes through the system.

Figure 1

A spider mite overshadows the gears

of a MEMS device
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METHODS

Computer Simulation & Scale Modeling

In designing MEMS devices, computer simulation software is used in conjunction with
physical three-dimensional scale modeling. Since the designs rendered in the software program
L-Edit are two-dimensional, there is a need to represent the structure three-dimensionally for
analysis. Using L-Edit, it is possible to construct the design of the different components of a
MEMS optical attenuator, layer by layer. This project focuses on the design and fabrication of
two movable polysilicon gates, which are each held with two supports and three latches and have
the capability of rotating on hinges (Figures 2a — 5).
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Figure 4
Support with hinges
(top view)
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Figure 5

Movable gate with
hinges & latches
(top view)

Gray dots (gate and support) represent the Polyl layer
Solid black (hinges & latches) represents the Poly2 layer

Solid gray (gate) represents the metal layer
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