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Summary:

This work focuses on the design and analysis of piezoelectric micromachined ultrasonic transducers
(PMUTs) and capacitive micromachined ultrasonic transducers (CMUTs). Both device types are
designed and simulated using finite element methods (FEM). In addition, fabricated microsystems are
experimentally characterized to compare design target specifications with measured results.
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Motivation

In this work, we simulate and systematically
validate the technical performance of PMUTs
and CMUTs. Owing to a complete in-house
MEMS development chain at Fraunhofer ENAS,
including design, fabrication, and
characterization - experimental data from
fabricated arrays are available for design
validation. Accordingly, this study has two main
objectives. First, to investigate the sensitivity of
key design parameters (e.g., film thickness and
membrane geometry) on device performance.
Second, to compare different modeling
approaches with experimental data, identifying
discrepancies and their underlying causes.

PMUT

MEMS PMUTs [1-3] are used for portable
medical imaging, haptic feedback,
non-destructive  testing, and  microfluidic
sensing. PMUT chip cross-section as well as
fabricated at Fhl ENAS PMUT array is shown in

PCB - fabricated at Fhl ENAS; (b) Cross-section of a
representative PMUT cell.

Finite element (FE) simulations are performed
using Quanscient's Allsolve multiphysics
platform  [8-9], leveraging the domain
decomposition method to facilitate the
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parallelization of large-scale array simulations.
Figure 2a-2b shows a PMUT quarter cell
modelled in Allsolve and the resonance
response in air is plotted in Figure. 3.

(b)

(a) (©

Fig 2. a) A quarter PMUT unit cell with acoustic
domain. b) Voltage drive applied on the outer ring of
the piezo. c) Membrane deflection (first mode)

PMUT in air - Allsolve vs LDV experiment
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Fig 3. Frequency response of the PMUT cell in air.

PMUT 7-cell array - Allsolve transient response in oil
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Fig 4. Transient response of 7-cell hex PMUT array.
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CMUT

Capacitive micromachined ultrasonic
transducers (CMUTs) are widely recognized as
key enabling devices for next-generation
ultrasonic systems, particularly in medical
imaging, non-destructive evaluation, and
immersion-based sensing applications [3-6].
Due to their flexural membrane operation,
CMUTs exhibit low mechanical impedance and
efficient acoustic coupling to liquids, making
them well suited for broadband ultrasonic
transmission and reception.

The CMUT structure [3-7] consists of a
composite membrane suspended over a
vacuum gap, forming a variable capacitor
between the top membrane electrode and the
bottom fixed electrode. The electrostatic gap is
defined by sacrificial-layer processing and
sealed to form a cavity (see Fig. 4).

sq. ¢ 60 um

Si0, sealing layer 1.5 jm

Vacuum 200 nm

sq. ¢ 70 um

Fig. 5. a) Cross section layer stacks of CMUT [7].
b) Membrane deflection (first mode)

The same model is implemented in Quanscient
Allsolve, with its response shown in Fig. 6-7;
experimental mechanical and  acoustic
characterization  enables comparison  of
resonance frequency, quality factor, and
transient response.

CMUT quarter cell in FC+84 - Allsolve vs experiment
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Figure 6. Frequency and transient response of the
quarter cell CMUT [7]. Drive voltage: Vpc = -160V,
Vpulse =-60V.

CMUT 4x4 array - Allsolve transient response in air
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Figure 7. Transient response of a CMUT 4x4 array.
Drive voltage: Vpc = -160V, Ve = -60V.
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Conclusion

The presented work demonstrates an
experimentally validated methodology for the
design and simulation of PMUT and CMUT
devices. The study compares results from
different  simulation software and with
experimental data.
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