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Fig. 1. (color online) Gibbs energy of GagPO7 crystal as

a function of strain for different deformation tensors.

®1 GazPOr dhiAR st S BRI 4 AT BB THE 45 R
Table 1. Measured and calculated parameters of GagPO7 single crystal.

Exp.221 300 K Exp.?3 300 K Cal.24(GGA) 0 K  This work 0 K This work 273 K

a=b/ A 7.8973 7.8890
c/ A 6.7576 6.7314
v/ A3 364.9 362.8
p/g-cm™3 4807 4835

7.971 7.8806 7.8854
6.764 6.707 6.706
372.2 359.5 361.1
4795 4856 4853.4
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Fig. 2. (color online) The temperature dependent of

density (a) and lattice constant for GazPO7 crystal.
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Fig. 3. (color online) The thermal expansion coef-
ficient (a) alonga, ¢ axis and heat capacity (b) of
GaszPOr crystal.
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Fig. 4. (color online) The elastic constants Cj; and
bulk modules B of GagPOr7 crystal at the tempera-
ture from 0 °C to 1200 °C.

# 2 GagPOr SR B Sei (5 BB E X Eh

Table 2. The comparison of experiment and calculated elastic constants of GagPO7 crystal.

Exp. 221 273 K Exp. 23] 273 K Cal.[24 0 K This work 0 K This work 273 K
Cn 176 178.2 237 228.2 255
Cs3 223 221.8 310 306.2 285
o 81 102.4 70.5 68.9 60
Ceo 97 82.1 64 71 78
Cia2 21 —14.1 109 104.5 110
Ci3 —5.9 32.5 141 139.2 180
Cua 11 11.5 —11.5 —6.9 -5
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Fig. 5. (color online) SAW velocity (a), electromechanical coupling coefficient (b) and energy flow angles (c)

for Y-cut GazgPO7 crystal at different temperature and different propagation angle.

%3 Y UIH GagPO7 MIRTEREN A 0° I SAW 95 ML ERRR £ ZR 3Bt P 10 A8 Ak DA B T P R 8K

Table 3. The SAW velocity, electromechanical coupling coefficient and temperature coefficient of GazPO~

crystal at different temperature in Y-cut with 0° energy flow angle.

SAW 7 SAW & /m-s~! PR S RH K2/ % AR /K
g/ C
0 400 800 1200 0 400 800 1200 —
Heflifa/(°)
28 3552 3530 3508 3469 0.578 0.628 0.644 0.702 9.7
79 3230 3206 3199 3230 0.270 0.276 0.279 0.285 1.2
90 3235 3212 3207 3237 0.383 0.383 0.386 0.386 3
100 3230 3206 3199 3230 0.268 0.276 0.283 0.290 1.62
151 3553 3536 3509 3467 0.7 0.706 0.714 0.721 1.13
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Abstract

The high-temperature piezoelectric crystal GasPOz is a versatile functional material widely used in many elec-
tromechanical devices. As the Curie temperature of this crystal is as high as 1364 °C, it can break through the current
temperature limitations (1200 °C) and then be used in extremely high-temperature condition. However, it is very difficult
to explore its properties in such a high-temperature environment. Moreover, the relevant theoretical research has not
been reported to date. Aiming at this problem, the density function theory combined with quasi harmonic approximation
theory is used to investigate the structural, thermal and surface acoustic wave (SAW) properties of GazPO7. Firstly,
the Gibbs energies of GagPO~r crystal with different stains are calculated, and the equilibrium structures of GasPO~
crystal at different temperatures (from 0 °C to 1200 °C) are found according to minimal energy principle. Secondly,
based on the result above, we optimize GasPO~r crystal at different temperatures, and then, the thermal and elastic
properties of GagPO7 crystal within 0-1200 °C are calculated using CASTEP package based on the density functional
theory in the generalized gradient approximation. The results show that its lattice constants increase almost linearly as
temperature increases while its density decreases. Owing to anisotropy, its lattice constant along the ¢ axis increases
much more greatly than along the a axis. The coefficients of thermal expansion along the a and c axis are evaluated to
be 1.67 x 107% K~ and 3.58 x 107% K™™', respectively, and the volumetric heat capacity is evaluated to be 2.067 J/g-K.
These values all agree well with the experimental values. Finally, the elastic constants, bulk modulus and SAW proper-
ties of GagPO7 crystal at different temperatures (from 0 °C to 1200 °C) are calculated. The results show that the bulk
modulus can reach 175 GPa, and it changes very little as temperature increases. The fluctuation of elastic constants
has slight influences on SAW velocity and the electric-mechanical coupling factor. When the propagation angle is 151°,
it possesses the stablest SAW properties and the largest electric-mechanical coupling factor which can reach 0.7%. The
comprehensive analyses of the thermal, mechanical and SAW properties show that Y-cut GasPO7 possesses a greater

potential application in high temperature environment.

Keywords: GazPO7; crystal, density functional theory combined with quasi harmonic approximation,

thermal properties, acoustic surface wave
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