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1. Introduction

For next-generation mobile communication
systems, high-performance surface acoustic wave
(SAW) devices are required. Recently, an
“incredible high-performance SAW resonator” with
a large Q factor and a small temperature coefficient
of frequency (TCF) for a shear horizontal-type
SAW (SH-SAW) has been reported, the structure of
which is a combination of LiTaO; (LT), aluminum
nitride (AIN), and SiO, thin films." Moreover, a
“hetero acoustic layer (HAL) SAW device” with a
wide fractional bandwidth and a large impedance
ratio for SH-SAWs,> and a high-frequency
longitudinal leaky SAW (LLSAW) resonator with a
LiNbO; (LN) thin plate and a multilayered acoustic
reflector comprising a SiO,/Pt layer’ have been
reported. The authors have reported that, in a
bonded structure comprising a quartz substrate and
an LT or LN thin plate with a thickness less than
one wavelengths, a large electromechanical
coupling factor (K?) and a small TCF for SH-SAWs
and LLSAWs can be obtained simultaneously.*®
However, differences between the measured and
theoretical values of the resonance Q and TCF were
observed owing to the inhomogeneity of the bond
strength.

On the other hand, a line-focus-beam ultrasonic
material characterization (LFB-UMC) system is
suitable for highly accurate, nondestructive, and
noncontact measurement of the elastic properties of
materials.” It provides the velocity and normalized
attenuation factor of leaky surface acoustic waves
(LSAWs) excited on a water-loaded material
surface. The normalized attenuation factor includes
leakage loss into water. We previously reported the
possibility of evaluating acoustical loss from the
difference between the measured and calculated
normalized attenuation of LSAWs.*’

In this study, using an LFB-UMC system, we
investigated the velocity and normalized attenuation
factor of LSAWs on a water-loaded LT/quartz
bonded structure.

2. Theoretical Calculation

The calculated phase velocity and normalized
attenuation factor of LSAWSs on water-loaded 36°YX
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Fig. 1 Calculated dispersion curves of

water-loaded 36°YX-LT/AT0°X-quartz: (a) phase
velocity and (b) normalized attenuation factor.

-LT/AT0°X-quartz as a function of the LT thin-plate
thickness normalized by the wavelength (H/A) are
shown in Figs. 1(a) and 1(b), respectively. The
number of propagation modes increases with
increasing H/A. The Oth and 1st modes correspond
to the Rayleigh-type SAW and SH-SAW on the
air/LT/quartz structure, respectively, and the 2nd
and 3rd modes correspond to the higher modes of
the SH-SAW. The phase velocity of the modes
higher than the 1st mode monotonically decreases
with increasing H/A and converges to the value on
single LT. On the other hand, the phase velocity of
the Oth mode becomes lower than that on a single
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LT at around H/A=0.2. Such phenomena have been
observed on an air/LT/quartz structure for an
LLSAW.**

As shown in Fig. 1(b), the higher modes have a
smaller attenuation factor than that of the Oth mode.
Therefore, the higher modes are considered to be
useful for evaluating acoustical loss due to
inhomogeneity of the bond strength. Unfortunately,
in the measurement described in the next section,
no propagation modes other than the Oth mode were
observed.

3. Measured Propagation Properties

We prepared two samples of 36°YX-LT/AT0°X
-quartz with LT thin-plate thicknesses H of 2.2 pm
and 63 um by the surface-activated
room-temperature bonding technique.

The phase velocity and normalized attenuation
factor of the Oth LSAW on these samples were
measured using the LFB-UMC system in the
frequency range from 100 to 300 MHz. The
measured phase velocity and normalized
attenuation factor are shown in Figs. 2(a) and 2(b),
respectively, as a function of the product of the
frequency f and H, together with the calculated
values. The propagation directions in the
measurement were 0°X and 90°X.

As shown in Fig. 2(a), the measured phase
velocity of the LSAW was in good agreement with
the calculated value for both cases. Moreover, the
phenomenon in which the phase velocity of the Oth
mode became lower than that on a single LT was
observed experimentally. From Fig. 2(b), at
JH=600-1,200 for the 90°X propagation of the
sample of H=6.3 pm, the measured normalized
attenuation factor was slightly larger than the
calculated value. However, it was judged that
acoustical loss due to inhomogeneity of the bond
strength was not observed in the measured
frequency range because the measurements for the
90°X propagation in the fH range other than
600-1,200 and for the 0°X propagation were in
good agreement with the calculated values.

4. Conclusions

The phase velocity and normalized attenuation
factor of the Oth LSAW on a water-loaded
36°YX-LT/AT0°X-quartz bonded structure were
measured using an LFB-UMC system and were in
good agreement with the calculated values for both
the 0°X and 90°X propagation directions.
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Fig. 2 Measured and calculated dispersion curves
of water-loaded 36°YX-LT/AT0°X-quartz for 0°X
and 90°X propagation directions: (a) phase velocity
and (b) normalized attenuation factor.
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