MEMS

*1 *2 *2 *1

Development of a simple test method for torsional strength of
MEMS micromirror
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MEMS micromirrors have been used in optical switches and scanning devices. In these kinds of applications, the
beams supporting the micromirror are twisted and deformed to a large extent. Consequently, these single crystal
silicon beams have failed catastrophically from brittle fractures. In this paper, a simple fracture test method for the
torsional strength of MEMS micromirror has been proposed. This method can be realized through the
improvement of the previously proposed bending-torsion combined loading test with respect to the specimen
dimensions and loading configuration. The developed method was applied to the actual specimens and it was
obtained that shape parameter is 4.40 and scale parameter is 1575MPa. From the observation of fracture initiation
point, it was found that the torsional fracture has taken place competitively at the sidewall subjected to high stress
and the notching region involving high etching damage. Therefore, the proposed simple torsional test realizes the
evaluation of the torsional strength of MEMS micromirror, which is governed by inhomogeneous defect and stress
distributions.
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2a: Height of beam

2b: Width of beam

¢: Distance between hole
d: Width of plate

L: Length of beam

R: Curvature radius of
fillet

w: Diameter of hole

Fig. 2 Schematics of beam subjected to torsional or
combined loading. Definitions of area and path are shown
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Fig. 1 (3) Schematics of designed specimen (b) 1
Experimental setup and illustration of the notching region
Table 1 Dimensions of specimens [mm]
PDF
L d 2a 2b c R w
Previous work 2 2 015 024 1875 072 05
Proposed dim. 15 2 01 01 1.875 0.3 05 PDF
Thiswork 1.5 2 0.1 015 1875 0.3 0.5 (1)
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Fig. 3 Load factor PDF along path B (notching region) in the
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Fig. 4 (a) Stress contours of combined and torsional test on
the area 2 shown in Fig.2. (b) Load factor PDF

along path H.
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Fig.5 Displacement-load curves of FEM and experimental
results (previous method)
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Fig. 7 (@) Schematic view of contact state between needle and
specimen. (b) Photographs of hole-needle contact region.
(Proposed method)
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Fig. 6 (a) Schematic view of contact state between needle and Fig. 8 Displacement-Load curves of FEM and experimental
specimen. (b): Photograph of hole-needle contact region. results (Proposed method)

(Previous method)
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Fig. 9 Load factor PDFs along path B (hotching region) in
the case of combined and torsional loadings (2b=0.15mm
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Fig. 10 Load factor PDFs along path H (center of the beam).
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Fig. 11 Weibull plots of fracture stress

Table 2 Scale and shape parameters of simple torsional test

Scale
Shape  parameter

#sample  parameter  [MPa]
back 27 5.26 1541
front 29 4.08 1598

front and back 56 4.4 1575
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Fig. 13 SEM photograph of side wall of the beam
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Fig. 12 Photographs of two typical fracture points (Upper:
center of beam, Lowver: fillet region of beam) MEMS
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