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Design of piezoelectric micro-machined ultrasonic transducer for
wideband ultasonic radiation in air
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ABSTRACT: In this paper, the design of piezoelectric Micro-machined Ultrasonic Transducer (pMUT) for
wideband ultrasonic radiation in air was investigated. One of the methods to achieve wide frequency bandwidth
in single device is modeling the transducer to multi-resonance system. The new pMUT was designed as a
multi-resonance system with the addition of a suitable acoustic structure to the front and back of a thin film
structure. A new pMUT consisting of thin film parts, radiation parts, and packaging parts is designed with a
Lumped Parameter Model (L.P.M). Finally, it was validated as a Finite Element Method (FEM) simulation. The
final designed pMUT achieved a frequency band of 102 kHz ~ 132 kHz (-3 dB).
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Fig. 1. (Color available online) Schematic of single
pMUT module.

Fig. 2. Lumped parameter model of new single pMUT
unit.
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Fig. 3. Schematic of volume velocity of single pMUT
unit.
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Table 1. Properties of SiO..
The properties Values
Density, p 2300 [kg/m’]
Young’s modulus, E 70 [GPa]
Poisson ratio, v 0.17
Mechanical quality factor 50
Table 2. Properties of air.
The properties Values
Density, p 1.21 [kg/m’]
Sound speed, ¢ 343 [m/s]
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Table 3. Properties of PZT-5H.

The properties Values
Density, p 7500 [kg/m’]
Poisson ratio, v 0.31
Permittivity, €33 3400¢,
Loss tangent, tand 0.02
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Table 4. Tuned design parameters.

The properties Values
Radius of membrane, a 310 [um]

Thickness of membrane, t 3 [um]
Radius of PZT, a, 124 [um]
Thickness of PZT, ¢, 0.8 [um]
Length of waveguide, I, 500 [um]
Length of closed cavity, |, 50 [um]

Volume velocity [m3/s]
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Frequency [kHz]
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g. 21. Volume velocity by finite element simulation.
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Fig. 23. (Color available online) Fabrication concepts
of designed pMUT: (a) The bonding surface of both
wafers, (b) the cross section schematics of both wafers,
(c) the 3D schematics of Au-Sn eutectic bonding.
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