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Design and experimental study on acoustic properties of (0-3) composite materials for
acoustic matching layer of air-coupled ultrasonic transducer

Kazuki Sarrot, Morimasa NisuiHIRA T, Kazuhiko Imanot

The acoustic properties of (0-3) composite materials for acoustic matching layer of MHz-
range air-coupled ultrasonic transducer are studied experimentally. The composite materials are
formed from a mixture of silicone rubber and hollow thermoplastic microspheres. The acoustic
properties of the composite materials are measured and compared with Reuss model, which is
theoretical model for elastic properties of composite materials. The measured values of velocity
and characteristic acoustic impedance of the composite materials agreed well with the theoretical
estimation up to 109 weight fractions of hollow thermoplastic microspheres. The optimal value
of characteristic acoustic impedance for acoustic matching layer of air-coupled ultrasonic
transducer was calculated using transmission line model. The acoustic matching layer having the
optimal value was obtained from the composite material, for which the weight percentage of
hollow thermoplastic microspheres is 5%6. Transmission of air-coupled ultrasonic wave of 1 MHz
using piezoceramic transducer with the acoustic matching layer is demonstrated, and the
sensitivity of transmission was improved by 10 dB using the optimal composite material.

Key Words : composite material, hollow thermoplastic microsphere, acoustic property, acoustic
matching layer, MHz-range air-coupled ultrasonic transducer, Reuss model
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Figure 1 Air-coupled ultrasonic transmitting system with
an acoustic matching layer. Zs is the electrical
source impedance [Q].
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Figure 2 Electrical equivalent circuit of Figure 1 using
transmission lines.
Z.: characteristic acoustic impedance of piezoelec-
tric transducer [Ns/m®]; h: thickness of piezoe-
lectric transducer [m]; Z.: characteristic acoustic
impedance of acoustic matching layer [Ns/m’];
hx: thickness of acoustic matching layer [m]; Z.:
characteristic acoustic impedance of air [Ns/m®];
Zy: characteristic acoustic impedance of backing
[Ns/m®]; Cs: damped capacitance [F]; ¢: force
factor [N/V1; E:: electrical input voltage function
in frequency domain [V]; F: mechanical output
force function in frequency domain [N]
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Figure 3 Electrical equivalent circuit of Figure 2 using T-
type two-terminal pair circuit.
c.. velocity of piezoelectric transducer [m/sl; cm:
velocity of acoustic matching layer [m/s]
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Figure 4 Electrical equivalent circuit of Figure 3 using
four terminal network.
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Table 1 Characteristic acoustic impedance of various ma-

terials

Materials Characteristic acoustic impedance
X106 Ns/m3

Copper 45

Iron 38

Magnesium 10

Epoxy resin 3.0

Water 1.5

Silicone rubber 1.2

Air 0.0004
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Figure 5 Dependency of air-coupled ultrasonic amplitude
on normalized characteristic acoustic impedance
Zw/Z; of the acoustic matching layer.
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Figure 6 SEM images for composite materials. Weight
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