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Development of Transducer for Photoacoustic Imaging
Employing Sol-Gel Composite Spraying Technique
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1. Introduction

Photoacoustic (PA) imaging is a novel
imaging technique which provides optical absorption
and acoustic penetration, and it has experienced with
many applications in biomedicine field*. Although
various shapes of transducers have been developed
to obatin ultrasonic wave efficiently in optical-
resolution photoacsoustic microscope (OR-PAM),
there remains room for improvement. When using a
single element transducer in OR-PAM, the beam axis
should be the same as the optical beam axis and the
receiving surface should fit with the wave front the
emitted point-shape wave. Recently, we have
developed piezoelectric transducers emplying sol-
gel composite spraying technique in several fields®®.
In this paper, we present an improved transducer for
PA imaging by employing automatic spraying
machine.

2. Method

2.1 Fabrication of transducer

In this study, the PZT/PZT Ilayer was
fabricated by sol-gel composite spray method. The
mixture of PZT powder and PZT sol-gel solution was
sprayed on a stainless-steel rod by an automatic
spraying machine. The rod is 13 mm diameter and 5
mm height stainless steel rod with a hole of 3 mm
diameter and curved surface which curvature rate is
Smm diameter and 2 mm depth. After each spraying
the PZT/PZT composite, drying at 150°C and firing
at 650 °C for 5 min each were performed. These
spraying, drying and firing processes were repeated
to the desired thickness. After PZT/PZT fabrication
process, corona poling was performed at room
temperature. Subsequently, colloidal silver was
sprayed on the curvature area by an air brush and
wires were bonded. Consequently, the transducer
was coated with parylene for waterproof. Fabricated
transducer is shown in Fig. 1. The piezoelectric d
constant, d33 is approximately 70 pC/N.
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2.2 Experimental conditions

A pulse-echo experiment was conducted to
evaluate the fundamental performance of the
fabricated transducer. The PA experiment was also
conducted, as shown in Fig. 2. Pulsed laser with a
wavelength of 532 nm and an energy of 0.6 pJ, was
used to generate the PA signal. Human hairs
embedded in a phantom with a sound velocity
approximately 1500 m/s were used as the target. The
receiver preamp gain was set to 60 dB.
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Fig. 1 Fabricated transducer. (a)(b) Designs of transducer.
(c) Photos after connecting wires.
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Fig.2 Experimental setup.
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3. Results

The obtained echo signal from stainless block
in pulse-echo experiment is shown in Fig. 4. Two-
dimensional maximum amplitude projection (MAP)
images of hairs using at various depths were also
obtained, as shown in Fig. 5. An example of PA signal
is shown in Fig. 6.
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Fig. 4 Echo signal from stainless block in pulse-echo
experiment in time (solid line) and frequency (dash line)
domains.
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Fig. 5 MAP images of hairs at depth of (a)0.5, (b)1.0,
(c)1.5,(d)2.0, (e)2.5, (£)3.0, (g)3.5 and (h)4.0 mm.
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Fig. 6 PA signals from hair.

4. Conclusion

In this study, a concave transducer employing
sol-gel composite spray technique was fabricated
using the automatic spraying machine, and a
fundamental pulse-echo and PA experiments were
conducted.
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