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We have previously used a hydrothermal
synthesis method to fabricate various devices,
including a cavitation sensor?, hydrophone,>?
ultrasound probe,® and ultrasound micromo-
tor,” from a lead zirconate titanate (PZT) film
on a Ti substrate. The hydrothermal synthesis
method is used to precipitate crystals at high
temperatures and pressures. Recently, hydro-
thermal synthesis of piezoelectric materials,
such as PZT, potassium niobate, and potas-
sium sodium niobate, has been reported.® ”
Additionally, hydrothermally synthesized PZT
polycrystalline films have various advantages:
the film can be deposited on small or complex
shaped Ti substrates; it adheres well to the sur-
face of the Ti substrate; and poling and anneal-
ing are not required.®? However, it is difficult to
deposit the PZT film on a specific portion of the

surface of the Ti substrate. This is a significant
limitation in manufacturing piezoelectric devic-
es with hydrothermally synthesized PZT poly-
crystalline films and it is important to develop
a technique for controlling the film deposition.
In previous studies, the deposition area of
the hydrothermally synthesized PZT polycrys-
talline film has been controlled by masking
methods using a PTFE plate or PTFE film.
However, these masking methods were not suf-
ficient.! 'V In hydrothermal synthesis, the PZT
polycrystalline film is deposited by the chemical
reaction between metal ions in solution and the
surface of the Ti substrate. Therefore, we ex-
pected that it would be possible to control the
deposition area of the film by inhibiting the film
synthesis through coating the surface of the Ti
substrate with an Au film.'? The hydrothermal
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We have previously fabricated various devices with lead zirconate titanate (PZT) film on Ti substrate by using a hydrothermal
synthesis method. However, in hydrothermal synthesis, it is difficult to control the deposition area for PZT polycrystalline film. In
this study, we propose a masking method with Au sputtering for controlling the deposition area for hydrothermally synthesized

PZT polycrystalline film.
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Table I. Source materials for the hydrothermal
synthesis of PZT polycrystalline films.

Concentration

Material [mol/L] Quantity
ZrOCl,-8H,0 0.25 60 mL
Pb(NO,), 0.5 100 mL
KOH 4 200 mL
TiO, Powder lg

Table I1. Hydrothermal synthesis conditions for
polycrystalline PZT films.

NC

Temperature [°C] 160
Pressure [MPa] 0.5
Stirring speed [rpm] 160
Deposition time [h] 24

synthesis of the PZT polycrystalline film is car-
ried out at high temperature and high pressure
in a strongly alkaline solution. Au is stable even
under these harsh conditions. In addition, it is
necessary to control the deposition area arbi-
trarily.

In this work, the PZT polycrystalline film
was deposited on the Ti substrate by using ded-
icated apparatus for hydrothermal synthesis.
The relationship among the deposition time,
temperature, and pressure is important for the
hydrothermal synthesis of the PZT polycrys-
talline films. Table I shows the source materials
and Table II shows the setup of the apparatus.
The hydrothermal synthesis proceeds according
to the reaction in Eq (1).

Pb>* + (1-x)Zr* + xTi* + 60H —
Pb(Zr, , Ti)O, +3H,0, (1)

1-x

Pb’" and Zr* ions are supplied from the
starting material solution, and Ti*" ions are sup-
plied from TiO, particles in the starting materi-
al solution and eluted from the Ti substrate.'®

Hydrothermal synthesis usually consists of
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Fig. 1. SEM image of the surface of the PZT

polycrystalline film deposited on the Ti
substrate by hydrothermal synthesis.

the crystal growth process and nucleation pro-
cess.'*19 However, only the nucleation process
was performed to confirm whether nucleation
could be inhibited by the Au masking tech-
nique. First, we sputtered Au on the front and
back surfaces of the Ti substrate. The thickness,
width, and length of the Ti substrate were 0.05
X 20 X 25 mm, respectively. The thicknesses of
the sputtered Au films were 0.1, 0.5, and 1.0

g

Fig. 2. Deposition on the Ti substrate of the Au
film with thickness of (a) 0.1 pm, (b) 0.5
um, and (c) 1.0 pm.
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Fig. 3. SEM image of the surface of the PZT
polycrystalline film after deposition of an
Au film with a thickness of 0.1 um on the
Ti substrate.

o 79
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Fig. 4. SEM image of the surface of the PZT
polycrystalline film after deposition of an
Au film with a thickness of 0.5 um on the
Ti substrate.

um. Subsequently, we attempted to deposit the
hydrothermal PZT on the Au film on the Ti
substrate. Figure 1 shows a scanning electron
microscope (SEM) image of a hydrothermally
synthesized PZT polycrystalline film for com-
parison.

Figures 2 (a)-(c) show the thickness (0.1,
0.5, and 1.0 um) of the sputtered Au after hy-
drothermal synthesis. We confirmed a whitish
dullness on the Au after PZT deposition. Fig-
ures 3—5 show SEM images of the sputtered Au
surfaces after PZT deposition. Crystalline ma-
terial was observed on the Au surface in Fig. 3,
and small crystals were also confirmed on the
Au surface in Figs. 4 and 5. However, the sur-
face in Fig. 5 showed small sparsely distributed

The sputtered Au area, which was
still sparsely deposited PZT crystals.

18kV X1, 86808 18mm

Fig. 5. SEM image of the surface of the PZT
polycrystalline film after deposition of an
Au film with a thickness of 1.0 um on the
Ti substrate.

The sputtered Au area, which was
still sparsely deposited PZT crystals.

The Ti substrate area after the
peel of the sputtered Au film

Fig. 6. SEM image of the boundary between the
Ti substrate and peeling of Au with PZT
crystals.

crystals, and the crystals were peeled away from

the Ti substrate together with the sputtered Au

by using carbon tape. Figure 6 shows an SEM
image of the Ti substrate area after the peel of
the sputtered Au film and the sputtered Au area,
which was still sparsely deposited PZT crystals.

The SEM images indicate that the nucle-
ation of hydrothermal PZT was inhibited by
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masking with a sputtered Au film. However,
some PZT crystals still formed on the Au mask,
suggesting that this technique requires modifi-
cation. We expect that this masking technique
will eventually be applied to various devices,
such as ultrasound sensors, hydrophones, and
ultrasound micromotors with sophisticated

structures.
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