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A Study for Characteristics Improvement of Thickness Mode

Piezoelectric Vibrator Using a Negative Impedance Converter Circuit

Sung-Phil, Hwang

Interdisciplinary Program of Acoustic and Vibration Engineering, Graduate School.

Pukyong National University

Abstract

In underwater, ultrasonics transducer is a sensor that it detects the object by
generating and receiving ultrasonic and the characteristics of transducer is defined as
output, frequency and directivity. In general, ultrasonic transducer is shared at high
frequency transducer and low frequency transducer in underwater. In the case of low
frequency transducer, it has detection distance of long range but it is difficult to identify
of the object by low resolution. In the case of high frequency transducer, it has high
direction resolution by focusing acoustic wave but it is a week point that the
attenuation is serious. Therefore, high frequency transducer with high sensitivity is
required in underwater ultrasonic system.

In this paper, we apply the NIC (negative impedance converter) circuit to a
two-layered thickness mode piezoelectric vibrator and investigate its electro-mechanical
characteristics such as input admittance, particle velocity, electro-acoustic efficiency and
receiving sensitivity of the vibrator. From th.e theoretical and experimental results, the
quality factor, particle velocity and electro-acoustic efficiency is improved as large as
the vibrator without the NIC circuit. Also, in underwater, the receiving sensitivity of the

vibrator is improved in small voltage.
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Fig. 3 Thickness mode piezoelectric vibrator
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Table L. Constants of thickness mode piezoelectric vibrator

Items Values
Radius 250 mm
Thickness 3.05 mm
Density 7975 kg/m’
Center frequency 332 kHz
Phase velocity 4235 m/s
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‘Table II. Constants used in PSpice simulation

Items Values
R 325 Q
L 3.835 mH
C 589 pF

Cdl 6.0 nF
cdz 6.01 nF
Ro 50 @

R, R 13 kR
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Table III. Comparison of the quality factor

Crigin value Maximum value
(without the NIC) (with the NIC)
lit
Qualty 246 4672
factor
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Fig. 16 Voltage of the receiver of the various Rs
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