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A finite element model was developed to validate the physical feasibility of flexible
polyimide-based CMUTs and enable application-specific design by tuning their natural
oscillation frequencies.

Flexible Ultrasound (FLEXUS):
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Parameter | Value Description

R 25 um Radius of the device

th 2.5um Bottom dielectric layer

te bot 100nm Bottom electrode thickness

I bot 200nm Passivation between cavity and bottom electrode
. 200nm Cavity thickness

Ip top 200nm Passivation between top electrode and cavity
Le top 100nm Top electrode thickness

fmem 2.5 um Top plate thickness

Felec.end R(1—13) | End position of the ground electrode

Feav.end R(1—¢) | End position of the cavity
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Results and Discussion

Stationary Analysis: Pull-In, Pull-Out Voltage Extraction and Membrane Displacement Theoretical Pull-In Validation
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Physical Validation: Von Mises Stress and Dielectric Breakdown
Vdc =-63.646 V Electric Field vs Breakdown Voltage Comparison (no cavity)
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The Impedance Resonance and Antiresonance Peaks
First Harmonic Eigenfrequency Prestressed
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Parameter Extraction
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Parameter | Initial Value | Optimized Value b d =0(0.788 ‘uC / m J Parameter | Initial Value | Optimized Value
L, [H] 78.612 35.931
ket [N/m] 16088.45 15110.24 17 17
11 11 Cn [F] 1.844 x 10 4.035 x 10
megr [kg] | 2.335 x 10 2.191 x 10 7 7
s _s R, [Q] 2.841 x 10 2.842 x 10
dy [N-s/m] | 1.294 x 10 1.758 x 10 14 14
_ — _ Co [F] 3.854 x 10 3.852x 10
Parameter | Mason’s Model Calculation | Optimized BVYD Value | Relative Error
L,, [H] 35.26 35.93 ~ 1.8%
C,, [F] 4.111 x 1077 4.035 x 107" ~ 1.8%
R, [Q] 2.829 x 107 2.842 x 107 ~ 0.4%

Conclusions

 Pull-In Voltage Validation: Simulated pull-in voltage using an inverse displacement-
controlled solver, validating it against the theoretical d /3 value.

 Dynamic Analysis: Successfully conducted eigenfrequency analysis and modeled the spring-
softening effect.

* Physical Safety: Confirmed the structural validity of the device through the Von Mises Stress
and dielectric breakdown analysis.

* High-Precision Modeling: Achieved a negligible relative error (less than 2%) when mapping
mechanical variables into the electrical domain via Mason’s ideal transformer compared to
the BVD model.

 Future Impact: Proves the viability of flexible CMUTs, providing a foundation for fluid-
coupled vibroacoustic optimization and the fabrication of arrays for continuous, deep-tissue
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