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Design and simulation analysis of flexible vibration-membrane CMUT devices
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[ Abstract] With the rapid development of Micro-Electro-Mechanical Systems (MEMS) technology, Capacitive
Micromachined Ultrasonic Transducers (CMUTs) have demonstrated significant potential in fields such as medical
imaging and non-destructive testing. The vibrating membrane, as the core component of a CMUT, determines the
performance of the device through its material properties and geometric parameters. In this study, a finite element
simulation approach was employed to systematically analyze the effects of membrane material, geometric configuration,
and surface additive processes on the resonant frequency and maximum displacement of the device. The simulation results
indicate that, compared to polysilicon membranes, Kapton membranes exhibit lower resonant frequencies and larger
displacement responses under the same geometric dimensions, making them more suitable for low-frequency, high-
sensitivity application scenarios. This research provides data support and design references for material selection and
structural optimization of CMUT devices tailored to different application requirements.
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Geometrical parameter Value (um) Remarks
Air cavity radius 55 As the membrane radius changes
Thickness of the membrane 0.2-1.3 Tm
Air-gap thickness 0.45 Tg
Outer radius of the cavity wall 66 20% greater than the cavity radius
Substrate length 145.2 60% more than the diameter of the outer radius of cavity wall
Substrate width 1452 Same as substrate length
Bottom electrode height 10 -
Bottom electrode radius 0.5 -
Diaphragm radius 25-200 5% greater than the cavity radius
Hole radius 1 -
Top electrode radius 55 Same as cavity radius
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