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Frequency Bandwidth Control of Ultrasonic Transducer
with Piezoelectric Backing Layer.

Jiyoung Yeom

Department of Physics, The Graduate School,
Pukyong National University

Abstract
A study on the broadband characteristics of ultrasonic transducers
has been reported by many researchers. Many of these studies have
used the sound absorption and scattering effects by the backing
layer attached to the back surface of the piezoelectric vibrator.
These methods, which control the impedance and scattering effect
of the backing layer with mixing the thermosetting resin and the
metal particles, are required to be thick enough for the sound
absorption effect. However, these methods are not suitable for the
transducers needing thin thickness, such as insertion type ultrasonic
diagnosis  probes for human body. In this study, we propose a
transducer with thin thickness and broadband characteristics using
piezoelectric backing layer. The mechanical energy generated from
the driving piezoelectric vibrator can be converted into the electrical

energy by the direct piezoelectric effect in the piezoelectric backing

vil



layer and consumed and controlled by the electrical impedance
connected to the electrical terminals of the piezoelectric backing
layer. In order to obtain the theoretical analysis method, a
calculation method with the equivalent circuit was derived for the
analysis of the input admittance and the transfer function of the
transducer. As a result of the theoretical analysis of the effect of
the electrical impedance connected to the electrical terminals of the
piezoelectric backing layer, it was confirmed that the range of the
mechanical characteristic change was the largest when the electrical
impedance was inductance. The ultrasonic transducer fabricated on
the basis of the theoretical analysis results has the thickness about
three times as large as the driving piezoelectric vibrator. From the
results of the input admittance characteristics, the frequency of the
fundamental resonance mode was changed in range of 59%. In
order to determine the optimum external impedance to be connected
to the electrical terminals of piezoelectric backing layer, the
optimum impedance range was obtained based on the optimization
by the theoretical analysis. It was confirmed that the —6 dB
bandwidth of the fabricated transducer could be widened to about
55% by applying the optimized impedance. The suggested ultrasonic
transducer with piezoelectric backing layer in this study could be
expected to be applicable not only in the field of medical diagnosis
but also in many ultrasonic industries such as nondestructive testing

and underwater wireless communication system.
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Piezoelectric Piezoelectric
g ) Epoxy
vibrator backing layer
Width
10.03 10.03 10.03
(mm)
Length
10.04 10.04 10.04
(mm)
Thickness
1.010 1.005 0.01
(mm)
Resonant frequency
1.70 1.70
(MHz2z)
Density
3 7477.39 7384.55 1466
(kg/m”)
Sound velocity
4244 67 4177.05 2400
(m/s)
P ittivit
CrmIvILY 109 x 10° 100 x 10°
(F/m)
Stress constant 1 11
) 1.34 x 10 1.28 x 10
(C/m?)
Elastic constant
) 22.87 21.97
(N/m?)
Coupling factor 0.59 0.61
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¥ 2. PMN-PT [001] A =9 4%

Capacitance G, (x107° F) 4.8
Coupling factor k, 0.61
Density p (kg/m®) 7300
P (x10° N/m®) 112
by (x10° N/m®) 99
Elastic ¢ty (x10° N/m?) 93
constant C?,E?, (x10° N/m®) 100
b, (x10° N/m®) 62
chs (x10° N/m®) 30
eq5 (C/m?) 10.4
Piezoelectric e, \(C/md) Y
constant
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Relative
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L Piezoelectric
i Acoustic window .
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