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Bandwidth Enhancement of a Broadband Ultrasonic Mosaic Transducer
using 48 Tonpilz Transducer Elements with 12 Resonance Frequencies

Dae-Jae Lee*

Division of Marine Production System Management, Pukyong National University, Busan 608-737, Korea

This article describes the design and performance characteristics of a broadband ultrasonic mosaic transducer. We
focus on the improved bandwidth in the high frequency band of a previously designed broadband ultrasonic trans-
ducer (Lee et al., 2014). The improvement in the pulse-echo bandwidth was achieved by employing twelve 2x2 ele-
ment subarrays, operating at different resonance frequencies, and utilizing the mosaic array concept. We found that
the -6 dB and -12 dB bandwidths of the newly developed broadband ultrasonic mosaic transducer, were up to 155%
and 170% of the previously designed model, with a quality factor of 1.71 and 1.25, respectively. The averaged TVR
(transmitting voltage response), SRT (receiving sensitivity), and FOM (figure of merit) values in a nearly flat trans-
mitting response band, from 45 to 105 kHz providing a -12 dB bandwith of 60 kHz, were 163.3 dB (re 1 pPa/V at 1

m), -192.8 dB (re 1 V/uPa), and -30.9 dB, respectively.
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Three-dimensional matrix model
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Fig. 1. Geometric diagrams of design model (a), a five port net-
work of a single piezoelectric ring (b) and the three-dimensional
matrix model (c) of a single tonpilz transducer for use in the devel-
opment of a broadband ultrasonic mosaic transducer (Radmanovic
and Mancic, 2004). The number of network element in the matrix
model indicates the one in the design model.
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Fig. 2. Determination of size parameters for individual tonpilz
transducer elements operating at different resonance frequencies.
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Fig. 3. (a) Concept of creating the broadband mosaic ultrasonic
transducer by combining a multiplicity of subarrays with different
resonance frequencies. (b) A single 2x2 element subarray. The sub-
array is arranged in the configuration of a 2x2 element array on a
polyurethane window. (¢) Geometry of the mosaic array compris-
ing of twelve 2x2 element subarrays operating at different reso-
nance frequencies with a rectangular aperture.
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Fig. 4. Photographs of individual tonpilz transducer elements and
a completed broadband ultrasonic mosaic transducer. (a) 12 ton-
pilz transducer elements with different resonance frequencies. (b)
Actual view of the newly developed broadband ultrasonic mosaic
transducer.
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Fig. 5. Comparison of measured and calculated impedance mag-
nitude curves in air for a single tonpilz transducer element used in
the development of the broadband ultrasonic mosaic transducer.
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Fig. 7. Measured conductance and susceptance curves in water of
the broadband ultrasonic mosaic array comprising of twelve 2x2
element subarrays operating at different resonance frequencies
with a rectangular aperture.
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Fig. 8. Transmitting voltage response (TVR) spectrum of the
broadband ultrasonic mosaic array comprising of twelve 2x2 ele-
ment subarrays operating at different resonance frequencies with a
rectangular aperture.
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Fig. 9. Receiving sensitivity (SRT) spectrum of the broadband ul-
trasonic mosaic array comprising of twelve 2x2 element subarrays
operating at different resonance frequencies with a rectangular ap-
erture.
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Fig. 11. Measured horizontal beam patterns at 50 kHz (a), 60 kHz (b), 70 kHz (c), 80 kHz (d), 90 kHz (e) and 100 kHz (f) for the broadband
ultrasonic mosaic transducer comprising of twelve 2x2 element subarrays operating at different resonance frequencies with a rectangular

aperture.
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Fig. 12. Measured transmitting pulse responses at 50 kHz (a), 60 kHz (b), 70 kHz (c), 80 kHz (d), 90 kHz (e) and 100 kHz (f) for the
broadband ultrasonic mosaic transducer comprising of twelve 2x2 element subarrays operating at different resonance frequencies with a
rectangular aperture. The ringing effect in the acoustic pulse signals was very small with a low Q value of 1.25 and the 10-90% rise time

was about 0.037 ms over the frequency range of 45 kHz to 105 kHz.
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