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Abstract: An epitaxial GaN layer was grown on a cone-shape-patterned sapphire substrate (PSS) (Sample A) and an
AlN-buffered PSS (Sample B) with two growth steps under the same process conditions by employing the hydride vapor
phase epitaxy (HVPE) method. We have investigated the characteristics of the GaN layer grown on two kinds of
substrates at each growth step. The cross-sectional SEM image of the GaN layer grown on the two types of substrates
showed growth states of GaN layers formed during the 1st and 2nd growth steps with different growth durations.
Dislocation density was obtained by calculation using the FWHM value of the rocking curve for (002) and (102). Sample
A showed 2.62+08E and 6.66+08E and sample B exhibited 5.74+07E and 1.65+08E for two different planes. The red
shift was observed is photoluminescence (PL) analysis and Raman spectroscopy results. GaN layers grown on
AlIN-buffered PSS exhibited better optical and crystallographic properties than GaN layers grown on PSS.
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Table 1. The growth conditions for the GaN layers on PSS and
AIN buffered PSS.
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Fig. 1. SEM image and XRD phase analysis of PSS and AIN
buffered PSS used in the experiment. (a) Top-view of PSS, (b)
cross-sectional view of PSS, (c) PSS data of XRD phase analysis,
(d) top-view of AIN buffered PSS, (e) cross-sectional view of AIN
buffered PSS, and (f) AIN buffered PSS data of XRD phase analysis.
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Fig. 2. Top-view SEM images of according to different growth
time of GaN layers grown on each substrate. (a) Grown on PSS
for 1 minutes, (b) grown on PSS for 3 minutes, (c) grown on PSS
for 5 minutes, (d) grown on AIN buffered PSS for 1 minute, (e)
grown on AIN buffered PSS for 3 minutes, and (f) grown on AIN
buffered PSS for 5 min.
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Fig. 3. Cross-sectional SEM images of according to different growth
time of GaN layers grown on each substrate. (a) Grown on PSS for
1 minutes, (b) grown on PSS for 3 minutes, (c) grown on PSS for
5 minutes, (d) grown on AIN buffered PSS for 1 minute, (e) grown
on AIN buffered PSS for 3 minutes, and (f) grown on AIN buffered
PSS for 5 min.
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Fig. 4. PL spectra at room temperature (300 K) with increasing growth
time of GaN layers on PSS and AIN buffered PSS in 1% growth step.
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Fig. 6. SEM cross-sectional images of GaN layers after the 2™
growth step on each substrate. (a) GaN on PSS, (b) magnified of
(a), and (c¢) GaN on AIN buffered PSS.
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Fig. 7. Raman spectra of GaN layers grown on each substrate
after the 1% and 2" growth step. (a) Raman spectra from 400 to
800 cm™ and (b) Close up Ea(high) peak from 560 to 580 cm™.
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Fig. 8. FWHM values of XRD with (002) and (102) rocking curves
for sample A (GaN on PSS) and B (GaN on AIN buffered PSS).

Table 3. FWHM values and dislocation density of rocking curves
for (002) and (102) of sample A and B.
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