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1. Introduction

Abnormal characteristics sputter-growth of epitaxial
films of Pb(ZrTiix)Os; (PZT) family such as higher
Curie temperature than that of bulk PZT [1] and
monotonic increase of electromechanical coupling
coefficient &? with increasing concentration of Ti [2]
were reported. These characteristics are peculiar to
sputter-epitaxial PZT films but not to PZT in bulk
ceramic form. These differences may be caused by
epitaxial substrate constraints [3]. However, it is
reasonable to assume that stress relaxation occurs in very
thick epitaxial films more than a few gm. In this study,
we fabricated free-standing epitaxial PbTiO; (PTO)
plates by RF sputtering. Resonance characteristics were
measured to examine the effect of substrate removing.

2. Epitaxial growth of PbTiO; plates

PTO plates were grown on a single crystalline
La-STO substrate by RF magnetron sputtering. The
thickness of the PTO epitaxial plates was 46 um.
Fig. 1 shows the XRD patterns of PTO plates. (002)
peak rocking curve FWHM of the PTO was measured
to be 1.1°. As shown in Fig. 2 X-ray, pole figure
analysis shows four folds symmetry indicating an
epitaxial growth of the PTO plates on the STO

substrate.
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Fig. 1 26-wscan XRD pattern and rocking curve

of the PTO plates.
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Fig. 2 Pole figure of the PTO plates of plane
orientation (101).

3. Electromechanical coupling coefficient k¢

3.1 PTO/STO structure without removing substrate

The high-overtone bulk acoustic resonator
(HBAR)  structure  (Au/PTO/La-STO)  were
fabricated. Longitudinal wave conversion loss (CL)
was calculated using Si; parameter measured by a
network analyzer (ES071C, Agilent Technology).
Fig. 3 shows experimental CL and theoretical one
simulated by Mason’s model. The minimum CL of
3.7 dB was found at 42 MHz where is thickness
extensional mode frequency. A’ estimated by
comparison of experimental and theoretical CLs
was 16.9%.
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Fig. 3 Comparison of experimental and theoretical

conversion losses simulated by Mason’s model.
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3.2 Free-standing plate structure.

Next, we obtained the free-standing PTO plates by
peeling off the plates from the substrates to estimate &
by resonance-antiresonance method. The real part of
admittance (Yrea) and the real part of impedance (Zrca)
were measured using a network analyzer. Fig. 4 shows
the experimental admittance and the Y e and the Zea of
the PTO free-standing plates. k? of the PTO were
estimated to be 35% by substituting the resonance
frequency (£:91.03 MHz) and the anti-resonance
frequency (f,:108.9 MHz) into Eq. (1).
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Fig. 4 Resonance characteristics of the
free-standing PTO plates.

These results suggest that removing substrate may
increase k¢ of the PTO plates, but further investigation
are needed in order to determine the certain
mechanism. k* of 35% of the free-standing PTO
plates is higher than that of polycrystal bulk PTO
(k=21% [4]).

4. Temperature characteristic

The temperature coefficient of frequency (TCF)
for resonance and anti-resonance frequencies in the
range of 140-35 °C were measured to be -25
ppm/°C and -21 ppm/°C, respectively. These values
compare well with those of AIN (-28 ppm/°C [5])
and ZnO (-61.5 ppm/°C [6]).
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Fig. 5 The shift of the fundamental resonance

frequency with temperature.
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Fig. 6 TCF of the fundamental resonance
frequency.

4. Conclusion

we achieved PTO free-standing sputter-epitaxial
growth by RF magnetron sputtering. The
electromechanical coupling kZ of the free-standing
PTO plates of 35% is high compared with that of
HBAR structure. Moreover, this PTO plates
exhibits lower TCF of -25ppm/°C and -21ppm/°C
than those of AIN, ZnO, and Pb (Zro4Tios) O3 in
bulk ceramic form (TCF=-60 ppm/°C [7], k, mode).
Further experiments are needed to examine these
unexpected results.

The low-frequency resonance of 90 MHz were
also achieved in this PTO plate. The frequency
range of 20-100 MHz ultrasonics are promising for
photoacoustic imaging, which is useful to observe
blood in vivo at high resolution. However, kZ of
PVDF commonly used for transducers in the
20-100 MHz is too low for practical application.
Therefore, PTO free-standing sputter-epitaxial films
have a bright promise for photoacoustic imaging
and medical ultrasonic applications.
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