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A 3 × 3 hydrophone array for low frequency applications was constructed from retic-
ulated PZT ceramic foams. The hydrophone array was tested for receiving sensitivity
and compared with single element PZT-air and dense PZT hydrophones. The com-
posite array showed a flat response in the 20 kHz–100 kHz frequency range while the
single element hydrophone displayed broadening radial resonance around 50 kHz.
The flat, broadband response indicates that the radial resonance is suppressed by
both porous nature of the PZT-air composites and the array construction of the hy-
drophone. The sensitivity of the array hydrophone was –205 dB re 1 VµPa−1.
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INTRODUCTION

Piezocomposites with an active ceramic and passive polymer phase have
found many applications as transducers. By introducing a passive polymer
phase, radial resonances are suppressed which allows a flat, broadband re-
sponse at low frequencies (1 Hz–100 kHz). The composites can be configured
by various methods [1], the most popular being a 1–3 configuration where
the polymer decouples the lateral piezoelectric charge coefficients (d31 and
d32) between individual ceramic pillars and maximise the contribution of the
d33 axial charge coefficient [2].

These advantages can also be obtained using a 3–3 configuration of in-
terpenetrating ceramic and polymer [3]. Porous PZT and PZT-polymer 3–3
piezocomposites have shown high hydrophone figures of merit (HFOM)
compared with dense PZT [3, 4, 6], with optimum HFOM values at ∼80%
porosity [4]. This is achieved in a porous or cellular ceramic matrix impreg-
nated with a polymer [4]. One advantage is that manufacturing of low cost
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cellular ceramics is well developed due to their use in molten metal filtering
applications [5].

In this work, the construction of a hydrophone array based on cellular
PZT ceramic foams is reported which enables high pore fractions to be
obtained with high reproducibility. The array device was tested underwater
and compared with single element hydrophones of the same material and
conventional dense PZT ceramic.

CERAMIC AND HYDROPHONE CONSTRUCTION

The foam replication technique involves dipping polyethylene foam into a
PZT-5H ceramic slurry and heat treating to remove the foam. The remaining
ceramic skeleton is then sintered at 1200◦C for 2 hours. Figure 1a shows
examples of the structures manufactured from this technique. Ceramics were
produced using a 20 ppi polyethylene foam which gave a ceramic volume
fraction of 22.7% (±1%). The ceramics sections of the array were attached
to both sides of a 150 µm thick copper electrode in series (i.e. same pol-
ing direction), as in Fig. 1b. Each row, composed of three pieces, was then
attached to a small of copper electrode. A copper mesh was attached to elec-
trodes for shielding and soldered to a 1.5 m cable of capacitance 42 pFm−1.
The assembly was finally moulded in polyurethane rubber for water
isolation.

FIGURE 1 (a) Manufactured PZT-air and PZT-polymer piezocomposites from
reticulated PZT ceramics. The square samples (PZT-air) were used in the hydrophone
array in (b).
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The hydrophones were tested between 20–100 kHz in a water tank using
an impulse technique [7]. A truncated parametric array was used as the
acoustic source to enable measurements over a wide frequency range without
interference from surface/wall reflections. Hydrophone sensitivities were
measured by comparing hydrophone outputs with a calibrated Brüel and
Kjær 8103 hydrophone.

RESULTS AND DISCUSSION

Figure 2 shows that both the hydrostatic voltage constant (gh) and receive sen-
sitivity of the 3-3 piezocomposite increase with increasing porosity/polymer
content. The receiving sensitivity reaches an optimum between 90 and 80%
porosity by volume [4], above which the material permittivity and device
capacitance it too low for practical applications. Higher sensitivity values
are obtained using polymer free composites (PZT-air) due to improved stress
transfer into the active piezoelectric phase. The 22.7% ceramic volume PZT-
air composite was therefore chosen as the hydrophone material. Table I
compares the properties of dense PZT-5H and the ceramic piezocompos-
ite in the array, showing the composite has higher hydrostatic coefficients
(gh and dh), lower permittivity and lower hydrophone capacitance.

The results of the acoustic measurements in the form of time-domain
signals are shown in Fig. 3. The waveform for the piezocomposite device
is sharp (Fig. 3a) but for a dense PZT hydrophone (Fig. 3b) is extended
over a longer period of time. The short pulse duration is of use for high-
resolution applications, such as a hydrophone. Higher voltage outputs are
also observed for the composite. Free field voltage sensitivities of the array

FIGURE 2 Composite (a) gh and (b) calculated sensitivity increasing as a function
of ceramic content. At low ceramic contents the permittivity and device capacitance
is too low for practical applications.
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FIGURE 3 Time domain signals of (a) single element hydrophone (b) dense PZT
hydrophone.

and single piezocomposite hydrophone are shown in Fig. 4a as a func-
tion of frequency. The sensitivities of the single element and array hy-
drophone are fairly constant over the frequency range studied. The dense
PZT-5H shows sharp radial resonance in this frequency range (Fig. 4b).
The array hydrophone showed the flattest response, while the PZT-air sin-
gle element hydrophone displayed a broadening radial resonance at around
50 kHz. This indicates that the radial resonance is further suppressed by
construction of an array. The sensitivity of the array hydrophone was
−205 dB re 1 VµPa−1. In summary, 3–3 composites show potential for
high sensitivity, high resolution, broadband hydrophones. Further work
will investigate the devices at lower frequencies, i.e. an omni-directional
response.

FIGURE 4 The receiving sensitivity of (a) single element and array hydrophones
(b) dense PZT hydrophone.
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