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Novel contributions
• Model and simulations made starting from the gas theory in a close chamber, considering

only adiabatic expansions.

• The frequency behavior was evaluated modeling the structure as a second order
oscillator, neglecting the damping at first.

• Theoretically using a module design with multiple 1 mm2 active squares, it’d possible to
uncouple the area from the total mass, resulting in a larger resonance frequency 𝜔!,#$$
given by the area of a single module, but with the same displacement 𝑥!,#%$$ given by
the correspondent 16 mm2 area. Also the total power is reduced over the linear frequency
range.

Addressed research questions/problems
• MEMS-based loudspeaker are classified based on their transduction mechanism.

• The lumped element modeling is the fastest way to extrapolate some preliminary figures of
merit from the device.

• The most important parameters to consider in a preliminary analysis are schematized
here.

Research context and motivation

Future work
• Future work will focus on static FEM analysis using one or multiple CAD softwares, in order to describe the structure as a whole, looking at the force generated by the magnetic circuit and

the relative displacement generated in the membrane.
• A careful review of the most prominent out-of-plane springs designs will also be conducted in order to guarentee the required standard from a mechanical point of view. It may be necessary

to review different technologies too in case the electrodynamic will not prove able to reach the objectives set.
• Plan first PoC to characterize the response of a membrane in a magnetic circuit and possibly modify the design accordingly.
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16 mm^2 active area

• MEMS market size is expected to be worth
USD 18.88 billion by 2022, at a CAGR of 9.8%
between 2017 and 2022.
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• MEMS-based audio product are expected to grow consistently next years, with MEMS
microspeaker industry forecasted to worth almost $11B itself.
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Second order oscillator:
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Module design (16 x 1 mm2):
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