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ABSTRACT

Structural optimization methods applied to the design of micro-electro-mechanical systems
(MEMS) has been studied with successful outcome for the past two decades. To extend the
applicability of density based structural optimization methods we explore the possibility of de-
signing MEMS systems for specific acoustic pressure properties. Adding the acoustics to the
already multiphysical problem setting, paves the way to solve design problems including trans-
ducers, hearing aid receivers, microphones and other audio based MEMS devices in sensing,
mobile phones, etc.

Figure 1: Illustration of the density based topology optimization process for an electro-mechanical-acoustic design
problem.

The proposed methodology is an extension of a monolithic mechanical-electrical model (e.g.
[1]). Here, the electric field is coupled, non-linearly, to the mechanics through the Maxwell
stress tensor, which depends on the intensity of the electric field, and the other way by the
deformation gradient. The vibroacoustic coupling is linear and is introduced using a stable
mixed u-p finite element formulation [2, 3]. Using a fixed grid approach, the same mesh is
used for both the electric field and the displacement/pressure fields. As can be seen in Fig. 1,
the design variable is introduced as the interpolation between a conducting/solid material and a
dielectric/acoustic media. For the interpolation we apply a RAMP type interpolation scheme.
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The goal of the study is to solve the electro-mechanical-acoustic problem in the frequency do-
main. This is done by first solving the electro-mechanical problem to find a static equilibrium.
We then linearize the dynamic system about the deformed state and assume that the electric
time-scale is much faster than the acoustic-mechanical. We can then perturb the system by
a time-harmonic mechanical/acoustic excitation and obtain the complete dynamic system re-
sponse.

We demonstrate the capabilities of the proposed design formulation by solving a model elec-
trode design problem as presented in Eq. (1) using the discretize-then-optimize approach.
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γ∈Rn

:
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∑
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V ∗ − 1 ≤ 0
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(1)

Here the objective is recognized as the sound pressure level and the first constraint is fulfilment
of the state residual. The inputs to the state problem are as follows; ω denotes the frequency,
u the displacements, p the pressure and φ the electric potential. The design variables, γi, are
continuous and bounded between 0 and 1 and a third constraint is included to put an upper bound
on the available material. The optimization problem is solved using the Method of Moving
Asymptotes [4].

Though the presented monolithic formulation is capable of producing optimized, functional
designs, the approach is not without complications. Therefore, a relevant and obvious outlook
would be to apply an extended discretization to the state problems, and to develop a combined
shape and topology optimization methodology.
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