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Abstract

We report on a novel switchable corner
micromirror for wide free-space optical
applications. The corner mirror, composed
of two mutually orthogona reflective
surfaces, may reflect incident light beam at
any angle back to its incoming direction. In
this report the corner micromirrors are able
to be batch fabricated. Each micromachined
corner mirror is constituted by three
elements: a vertica mirror, a movable
horizontal mirror, and a bottom electrode.
Incorporated with a grating and other optical
components, the new device may provide
simultaneous wavelength selection in free
space and switching function for wavelength
as wel as intensity. Thus, the corner
micromirror may alleviate aignment
problems and simplify assembly procedure.

I . Introduction

In the recent years, micro optics has
gradually been playing an important role in
optical communication, imaging and
instrumentation. A corner mirror, composed
of two orthogonal surfaces, can be used to
reflect incident light back to its incoming
direction. In this report a micromachined
corner mirrors is first reported to manipulate
light beam in free space. With the merits of
MEMS technology in miniaturization and
batch fabrication [1], the corner micromirror
allows to provide actuation on one of the
reflective planes, causing destruction of
preset orthogonal planes. In a sense of optics,
a switchable micro corner mirror is thus
achieved as depicted in Fig. 1.
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Fig. 1 The concept of an optically switchable
micro corner mirror

Flat mirror

Fig. 2 The schematic of a switchable micro
corner mirror

II. Fabrication and assembly

A micro corner mirror requires two
orthogonal planes with virtually flat and
reflective surfaces. Fig. 2 demonstrates the
schematic drawing of a switchable micro
corner mirror that is constituted by three
elements: a vertica mirror, a movable
in-plane mirror, and a bottom electrode.

The switchable micro corner mirror is
able to be batch fabricated. Fig. 3 shows the
entire fabrication and assembly processes. In
such a fabrication, all the microstructures
are individualy bulk-micromachined and
then formed together in assembly.
Meanwhile, the vertical mirror is made with
a S (110) wafer as the in-plane mirror and
bottom electrode are anisotropicaly



micromachined from Si (100) wafers.

To gan mirror reflectivity and
electrode conductivity, the thin gold films
are evaporated onto the mirror surfaces and
electrodes. In the first assembly procedure,
the anodic bonding of both the in-plane
mirror and bottom electrode onto the same
glass carrier was used to form the actuated
in-plane mirror. Meanwhile, the gap for
electrostatic actuation is critical, which

determines atilted angle and applied voltage.

Although the gap control can be achieved by
the sacrificial-layer technique in surface
micromachining, especialy, the assembly
required for sophisticated or out-of-plane

structures still remains challenge. In gaining
the precise gap beyond the achievable
sacrificial thickness, the fabrication of both
in-plane mirror and the bottom electrode
were made from the same wafer. Additional
dry etch of the bottom electrode to a
required depth was used.



The opto-mechanical property of e gradually load

mirror flatness was inspected through the 0 (degree) aradually unload
instrumental interferometer, WYKO MHT °
[11. The fabricated in-plane mirror in size of 4]
700 umx700 um x 12 um is more even 31
critical in radius of curvature than the 150 2

pum-thick vertical mirror. Fig. 6 shows the
result of 34.31 mm in radius of curvature. S
The curvature radius becomes larger as it 0 v w0 @ w w w wYvoltage)
increases thickness.
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In the ssimple optical setup of Fig.7, the
relationship between loading voltage and Fig. 8 The relationship between rotation angles of
. . in-plane mirror and driving voltage diagram of
rotation angle of the electrostatically actuator
switchable micromirror can be obtained. As
shown in Fig. 8, the pull-in voltage was

measured around 110 volt in which the yrpiude (dearee)
critica angle was approximately 2°. In e
addition, Fig. 9 demonstrates its resonance 8] i
a 2.9 kHz in a close agreement with the o6t
calculated resonance of 3.2 kHz. .
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Fig. 9 The resonant frequency measurement of
actuator at forced vibration by 75V driving
voltage

To characterize its optica response
under the mechanical actuation, Fig. 10
shows the optical setup that the switchable

3 corner mirror is placed in the light path. As
Fig. 6 The 3D surface profileimage of an the corner mirror is actuated, the optical
in-plane actuator. response can be detected in an optical power

record screen

meter.

The experiment was conducted in a
range of 50 — 125 volt. In the actuation of
100 volt as shown in Fig. 11, the fal time
and rise time in optica response are
approximately 1.5 ms and 2 ms, respectively.
mele The result corresponds to a usual micro

power supply mechanical dynamic behavior in a range of
millisecond.
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Fig. 7 The optical setup which is used to measure
the relationship between driving voltage and
rotation angle.
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Fig. 10 The optical setup in measuring optical
responsein an actuated micro corner mirror.



