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Abstract--Finite-Element-Methods (FEM) has been used to
study the behavior of a non-planar composite diaphragm,
which is to be used in a tanable Fabry-Perot-based silicon
microinterferometer. The composite (Ag-mirrorflow-stress
SiN membrane/Si-frame) diaphragm used exhibits: excellent
fiatness, high mechanical strength for large and thin
structures, good optical properties and low-voltage
electrostatic actnation. Moreover, FEM simulations show that
highest stress occurs at the middle of the four outer edges of
the diaphragm and maximom stress levels are below the
fracture limit of the membrane. The load-deflection behavior
of the (membrane/Si-frame) composite diaphragm is
presented. The analysis takes into account the shape of the
frame and that of the electrodes. The influence of the frame
convex cormer overetch on the stress profile was also
investizated. Resnlts from FEM simulations were
‘subsequently confirmed experimentally. Surface profilometer
measurements were used to verify the load-deflection behavior
of the diaphragm. The resulting error is less than 10%. This
work is restricted to square diaphragms, whick can be
fabricated using simple bulk-micromachining.

Index Terms—load-deflection, dizphragms, silicon nitride
membrane, Fabry-Perot microinterferometer, LPCVD silicon
nitride, residual stress, high flatness, strain.

I. INTRODUCTION

High performance diaphragm structures are not only
very important in MEMS applications (e.g. pressure sen-
sors, microphones and accelerometers), but also in
micro-opto-electro-mechanical devices. Thin electrostati-
cally driven diaphragm-mirrors have been used for imaging
applications, because of their high stability at small deflec-
tions. Also, adaptive mirrors based on large area silicon
nitride diaphragms were applied for comection of optical
aberrations in real time [1].

To avoid expensive “trial and error” process runms, it is
important to be able to predict the mechanical behavior of
the diaphragm as well to optimize its design according to
application réquirements. The load-deflection function of
silicon diaphragms can be predicted using simple calcula-
tions based on approximate analytical methods. But, these
lack the ability to deal with corrugation profiles, complex
shapes, effects arising from internal stress and stress discon-
tinuities. Therefore, use of finite element methods becomes
necessary in modeling and simulating more complex dia-
phragms.

The authors are with the Lab. for Electronic instrumentation/Dimes,
ITS-Dept. of Electrical Engineering, Delfi University of Technology,

Mekelweg 4, 2628 CD Delft, The Netherlands.

The mechanical behavior of diaphragms is govemed
mainty by their geometry (thickness, shape) and material
properties (residual buili-in stress, Young’s modulus, Pois-
son ratio). The material data depends strongly on the fabri-
cation process conditions. Therefore, for accurate resuits,
reliable data extracted for a particular process is required.

In this paper the load-deflection behavior of a composite
diaphragm (Ag-mirror/SiN-membrane/Si-frame), which is
to be used in a Fabry-Perot microinterferometer, has been
studied.

[I. DIAPHRAGM DESIGN

A. Fabry-Perot microinterferometer requirements

A Fabry-Perot microinterferometer (schemarically
shown in Fig. 1) consists of a vertically integrated structure
composed of two mirrors separated by an air gap (optical
resonance cavity). One of the mirrors is fixed, the other is
deflected (for instance electrostatically) for wavelength
tuning. Successful operation of a tunable Fabry-Perot
device requires: parallelism of the mirrors, flatness and
stability in the optically active region, low tuning voltage
and good optical properties (mirrors with high reflectivity
and low absorption). Therefore, the diaphragm must feature
high transparency in the wavelengths region required,
flatness over the entire region of operation, elasticity and
high mechanical strength to allow fabrication of large and
thin structures.
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Fig. 1: Fabry-Perot microinterferometer requirements.
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