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Growth of Highly Crystalline GaN at High Growth Rate by Trihalide Vapor-Phase Epitaxy
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In the attempt of reducing cost of manufacturing GaN substrate, tri-halide vapor phase epitaxy(THVPE) is

investigated to explore the effect of high-temperature growth up to 1400°C. High growth rate and high

crystal quality are achieved simultaneously using THVPE. High quality GaN with a comparable XRC

FWHM as that of a seed substrate was obtained at the growth rate of more than 300 pm/h. Dark spot density

(DSD) by cathode luminescence measurement decreases to seed substrate level at growth temperatures

above 1300 °C. There is hardly any yellow peak in the PL spectra of 2-inch-diameter sample, indicating

very small amounts of carbon impurities in the crystal. SIMS measurement revealed oxygen,

silicon,

carbon and chlorine impurities were at low level. In addition to high purity materials growth, parasitic

polycrystal growth around the wafer and the reactor wall is eliminated, which can improve productivity of

the THVPE thanks to very little down time of the reactor.
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Figure 1 Fabrication of GaN substrate by HVPE and
THVPE. The growth scheme in (b) cannot be realized by
conventional HVPE.
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Figure 2 The schematic and photograph of THVPE reactor
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Figure 3 Dependence of growth rate and XRC FWHM of

(002) on growth temperature.
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Figure 4 Comparison of morphology at different upper
growth rate limit points.
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Figure 5 Comparison of DSD at different upper growth
rate limit points. Comparison of DSD at different upper
growth rate limit points. The DSD of initial GaN substrate:
10°-10% cm
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Figure 6 Photograph of THVPE susceptor after growth.
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Figure7 Calculated equilibrium partial — pressure
calculation result in a system of quartz, hydrogen, and

nitrogen at 1000 K.
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Figure 8 Photograph of THVPE reactor after three years of

use (just after washing with water)
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Table 1 Redidual impurity concentrations in the 250um

thickness GaN sample by SIMS measurement

Impurity Atoms (cm™) Detection limit (cm™)
Oxygen 3x10"7 2x10'6
Silicon 1x10"7 3x10%
Carbon <3x10"3 3x101
Chlorine <3x10' 3x10M

4580 5220
Wavelength [nm]

586.0

il | 1 ul1lN
3300 39840 4580 5220 5860 6500
Wavelength [vm] Wavelength [nm)

Figure 9 Comparison of PL spectra at each position on a 2-

inch-diameter wafer.
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