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Abstract

The use of SOI wafers in the design of micromirror systems has become popular the last 15+
years due to the simplicity and uniformity in fabrication offered in comparison to micromirrors
fabricated using surface micromachining methods with thin films. These systems typically
leverage the optically flat (radius of curvature > 0.5 m) surfaces available in the SOI device
layer to fabricate the mirrors. However, when reflective coatings (usually metallic Au or Al) are
applied to these surfaces in order to meet optical reflectivity requirements the resulting film
stress (usually tensile) can be substantial. To compensate for the additional stress induced
curvature the thickness of the mirror is usually increased substantially (often 50 jim or more) in
order to maintain near optical flatness. The resulting mass of these mirrors can be a limiting factor
in the dynamic performance of the devices for particularly demanding applications such as beam
steering and adaptive optics. In order to address this issue, various approaches to mass reduction
of micromirrors by backside etching have been offered in the literature [1-3]. While the trade
between curvature and mass, or moment of inertia for tip/tilt systems, is often mentioned in the
literature, a comprehensive quantitative comparison of the different approaches has been absent.
This work provides such a comparison across three different approaches (hemispherical, square,
and triangular) using a 1.1mm square plate tip/tilt/piston micromirror element as the representative
example (Figure 1).

COMSOL Multiphysics® simulation software was used to parameterize the baseline element
design, and designs with each of the three different mass reduction approaches. The Solid
Mechanics module was then used to apply experimentally measured stress values and
representative boundary conditions to the example design and generate 3D steady state
deflection profiles of the mirror surface (ex. Figure 2). The selected geometric conditions
pursued in the study did not span the entire design space but instead focused on establishing
trends in parameters and capturing the tradespace boundaries imposed by realistic limitations in
fabrication resolution. Deflection data was exported to MS Excel for postprocessing (least
squares fitting) of curvature profiles and verification of analytical mass estimates.

Trends in radius of curvature and mass in individual geometric parameters were successfully
identified (Figure 3) for different mass reduction approaches. A graphical depiction of the design
trade between curvature and mass was successfully generated for the selected geometry
conditions to show direct comparison of each approach (Figure 4).



The mass reduction approaches examined each offer access to reduced mass and curvature
values not attainable by micromirror plate thinning alone. The isotropic (hemispherical) etch
pattern is likely the simplest to fabricate and offers some improved design space. The square
etch pattern offers the most potential benefit in mass reduction of the three, as it most efficiently
uses the area. The triangular pattern may be appropriate for particularly curvature sensitive
applications.
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Figures used in the abstract

Figure 1: (a) Solid model of square solid plate micromirror with center post, inset shows metal
layer (b-d) show different example backside etch profiles
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Figure 2: Representative steady-state deflection profile for Al coated SOI based micromirror
with square mass reduction backside etch pattern
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Figure 3: Effect of etch depth/etch radius on radius of curvature for different mass reduction
patterns



Al 300nm Coating = +400 MPa
Si DL = +25 MPa, BOX = =300 MPa,

Wpost = Variable
iR =]
gy w Spm -
— 050 - 4
E P |
E .:m;.:num ™ ..{i
g 040 : ¥
[ [ ] "'I f Bl
=] Ang hyudSum ' al
O 0.30 | o ttam o Mk
o A W& # il ro 48 pm
E y o, s
X [ ] -
-= 0.20 P B 3
[+ 4 neld, bye 4% pm, F
W, = 105 um . = Scild Plate
0.10 ,4" & Hamisphare FPatiem
by, w & pm L B Sguare Pattem
* J;i" & Trangular Pattem
0.00 —*
0.0 50,00 100,00 150,00

Hus {pg. xl!(lﬂmm"ll

Figure 4: Depiction of trade space between curvature and plate mass for the different designs
simulated



