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The last few years have been mainly marked by exponential increase in the usage of smartphones
and mobile phones in particular and various mobile communication terminals in general.
This increase has led to a depletion of frequencies allocated for wireless communication. To
overcome this issue, higher frequencies need to be used. Since the frequency of an acoustic
device is set by the velocity of the wave propagating along it and the designed interdigital
transducer (IDT) wavelength, two options are possible to increase frequency. The first is to
narrow the wavelength: with common waves propagating at velocities around 4000 m/s, to
achieve at least 4 GHz, the line and space (L&S) needs to be 250 nm or smaller. High electric
power properties of acoustic devices for mobile phones is required, however, a narrow IDT
L&S cannot satisfy this criterion. The second possibility is to use higher velocities. However,
available substrates (LiNbO;, LiTaOs, ...) for conventional surface acoustic waves (SAW) do
not offer velocities high enough for the intended frequency.

It has been reported that plate waves in (0°, 0°, 0°) LiINbO; propagates at velocities lower
than 15,000 m/s, which is not suitable for high frequency devices, because the temperature
coefficient of frequency (TCF) is not good. Usually, for SAWs, the TCF of LiTaO; is superior
to that of LINbOs.

This paper investigates plate waves in LiTaOs, aiming to find a mode suitable for high
frequency acoustic devices, with a small TCF. Phase velocities and electromechanical coupling
factors (k?) have been investigated for various plate wave modes, Euler angles and plate
thicknesses. High frequency resonators of 5 and 5.8 GHz with large impedance ratios of 72
and 48 dB, respectively, have been fabricated using a (0°, 42°, 0°) LiTaOj thin plate (0.4pm).
The measured TCFs of resonance and anti-resonance frequencies were -43 and -45 ppm/°C,
which were almost similar to those reported on SAW devices on generally used (0°, 132°, 0°)

LiTaOs; So, the TCFs are adequate for practical use.
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There are two kinds of plate waves on a thin
plate, Lamb and shear horizontal (SH) waves.
There are two kinds of Lamb wave, anti-symmet-
ric mode (fundamental mode Ay and its higher
mode Ay, A,,...)and symmetric mode (fundamen-
tal mode Spand its higher mode Sy, S,,...) with
longitudinal and shear vertical displacements.
The SH plate wave has mainly an SH displace-
ment.

Authors investigated phase velocities and elec-
tromechanical coupling factors (k?)of the above-
mentioned plate wave in LiTaOs; plate as function
of Euler angle and plate thickness of the LiTaOs.

Among various plate waves in thin LiTaO3
plate, A mode Lamb wave in (0°,42°, 0°) LiTaOs
thin plates has high velocity (higher than 15,000
m/s) and suitable coupling factor.

High frequency resonators using A; mode
Lamb wavesin (0°,42°,0°) LiTaOs; thin plates
have been fabricated and optimized. The reso-
nance frequency as high as 5 GHz, with arelative
bandwidth of 7.3% and an impedance ratio of 72
dB was obtained. Finally, the TCFsof (0°,42°,
0°) LiTaOs of -43 and -45 ppm/°C at resonant and
anti-resonant frequencies, respectively, were
measured, which are as same as SAW resonators
on conventionally used (0°, 132°,0°) LiTaOssub-
strate. Therefore, it is proven that A; mode Lamb
wave propagating in LiTaOz atan Euler angle
closeto (0°,42°,0°) is suitable for high frequency

devices.
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