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Design and Development of a Broadband Ultrasonic Transducer Operat-
ing over the Frequency Range of 40 to 75 kHz
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The objective of this study was to design and develop a broadband ultrasonic transducer that has both wide band-
width and high sensitivity to measure broadband echoes related to identifying fish species. A broadband ultrasonic
transducer providing a nearly flat transmitting response band of 40.2-75.5 kHz with a -12 dB bandwidth of 35.3 kHz
was achieved by integrating 12 tonpilz transducer elements operating at different resonance frequencies. The average
transmitting voltage response, receiving sensitivity, and figure of merit values in this frequency band were 168.4 dB
(re 1 pPa/V at 1 m), -196.8 dB (re 1 V/uPa), and -28.4 dB, respectively. The results suggest that bandwidth and sen-
sitivity can be widened and improved by adjusting the array pattern and the structure of tonpilz transducer elements.
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Fig. 1. Geometric diagrams of design model (a), the equivalent
circuit of a single piezoelectric ring (b) and the one-dimensional
electro-mechanical model (c) of the ultrasonic tonpilz transducer
(Radmanovic and Mancic, 2004).
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Fig. 2. Determination of size parameters (L1-L4: length, D1-D5:
diameter) for individual tonpilz transducer elements operating at
different resonance frequencies.
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Fig. 3. Schematic diagram of the experimental setup for measur-

ing the underwater performance characteristics of a multiple reso-
nance broadband ultrasonic transducer developed in this study. (a):
diagram of time and frequency, (b): transmitted chirp pulse, (c): re-
ceived chirp response, PA: pre-amplifier, MN: matching network,
AFG: arbitrary function generator.
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Fig. 4. Photographs of individual tonpilz transducer elements op-
erating at different resonance frequencies (a) and a multiple reso-
nance broadband ultrasonic transducer (b) developed in this study.
The tonpilz transducer elements were arranged in a 3x4 array con-
figuration with the inter-element spacing of 3 mm on the acoustic
window of polyurethane.
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Fig. 5. Comparison of measured and simulated resonance frequen-
cies as a function of mass length for tonpilz transducer elements
used in the development of multiple resonance broadband ultra-
sonic transducer.
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Fig. 6. Comparison of measured admittance curves in air before molding (al, a2) and in water after molding (b1, b2) for the multiple reso-
nance broadband ultrasonic transducer with 12 different resonances in the frequency band from 30 kHz to 70 kHz.
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tonpilz tranducer elements operating at different resonance fre-
quencies. The TVR spectrum in the frequency band from 45 kHz
to 70 kHz has a ripple of less than 6 dB.
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