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Thermal gradient for LiTaO; single crystal growth: A simulation study
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Abstract LiTaO, (Lithium Tantalate) single crystals are widely used in Surface Acoustic Wave (SAW) filters due to their
excellent piezoelectric and optical properties. High-quality LiTaO; single crystals were preferably grown by czochralski
methods for RF Saw filter applications. However, if the growth conditions are not optimized, internal cracks and defects
which degrade piezoelectric performance tend to occur. To solve these problems, we should consider temperature gradient
and thermal insulation to decrease thermal stress. In this study, an iridium cover was added above the iridium crucible to
decrease temperature gradients and improve thermal insulation. The simulation results indicated that the temperature in the
central region of the melt increased by up to 8.6 K in the vertical direction and up to 6.4 K in the radial direction. The
addition of the iridium cover resulted in increases in both the maximum and minimum temperatures. In the vertical
direction, the maximum temperature increased by 6.4 K and the minimum temperature by 8.5 K. In the horizontal direction,
the maximum temperature increased by 2.6 K, and the minimum temperature rose by 2.2 K after applying the cover. The
temperature gradient was also reduced with the addition of the iridium cover. The vertical temperature gradient decreased
by approximately 39 %, while the radial temperature gradient decreased by 50 %. These results indicate that the iridium
cover improves the thermal insulation and reduces the temperature gradient in the furnace.
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Fig. 1. Schematic diagram of czochralski system for simulation.
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Table 1

Materials properties set-up for simulation
Properties/Materials Al O, Crucible rod cover LiTaO; crystals LiTaO; melt Zr0O, Steel N,
Heat capacity (J/kg) 915 915 424 800 915 915 500
Heat conductivity (W/m) 2.15 147 5 5 1.14 15 0.025
Viscosity (Pa*s) - - - 0.04 - - -
Density (kg/m’) - - 7450 5638 - - -
Wetting angle (degree) - - - 15 - - -
Surface tension (N/m) - - - 0.7 - - -
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Table 2

Growth conditions set-up for simulation
Crystal position (mm) Power (kW) Frequency (Hz) Growth rate (mm/h) RPM Atmosphere
50 4,150 2,820 1.2 9.5 N,
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Fig. 2. Simulation result of temperature distribution in LiTaO,
growth furnace (a) without iridium cover (b) with iridium.
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Fig. 3. (a) Vertical and (b) radial temperature distribution with
and without iridium cover.
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Fig. 4. Maximum and minimum temperature with and without
iridium cover in (a) vertical and (b) radial direction (c) tempera-
ture gradient in the vertical, radial direction.
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Table 3
Maximum and minimum temperature and temperature gradient
with and without iridium cover

Vertical direction (z : 90 mm)

W/O cover W/ cover
Max. Temp. [K] 1,943 1,949.4
Min. Temp. [K] 1,902.5 1,911
Temperature gradient [K/mm)] 0.19 0.12
Radial direction (r: 70 mm)
W/O cover W/ cover
Max. Temp. [K] 1,956 1,958.6
Min. Temp. [K] 1,930.4 1,932.4
Temperature gradient [K/mm] 0.16 0.08
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