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Abstract

The difference in lattice parameter and thermal expansion coefficient between GaN and Si which results
in many defects into the grown GaN is larger than that between GaN and sapphire. In order to obtain high
quality GaN films on Si substrate, it is essential to understand growth characteristics of GaN. In this study,
GaN layers were grown on Si(111) substrates by MOCVD at three different GaN growth temperatures (900
C, 1,000°C and 1,1007C), using AIN and LT -GaN buffer layers. Using TEM, we carried out the comparative
investigation of growth characteristics of GaN by characterizing lattice coherency, crystallinity, orientation
relationship and defects formed (transition region, stacking fault, dislocation, etc). The localized region with
high defect density was formed due to the lattice mismatch between AIN buffer layer and GaN.

As the growth temperature of GaN increases, the defect density and surface roughness of GaN are de-
creased. In the case of GaN grown at 1,100°, growth thickness is decreased, and columns with out-plane

misorientation are formed.

Keywords : Gallium nitride (GaN), Aluminum nitride (AIN), Metalorganic chemical vapor deposition (MO-
CVD), Semiconductor, Transmission electron microscopy (TEM)
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Table 1. Fundamental properties of materials involved in GaN growth
Material Crystal Lattice constant Thermal miamatch Lattice
structure (a~axis) A (c-axis) (a) 107%/K (c) mismatch (%)
GaN Hexagonal 3.18 518 5.59 3.17 0
AIN Hexagonal 3.104 4.966 4.2 -2.7
Si Diamond 5.43 5.43 3.59 16.9
Sapphire Hexagonal 4.758 12.99 7.5 85 16.1
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Table 2. Specimens used in this study
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Fig. 1. A cross-sectional high-resolution TEM
image of AIN buffer layer grown on Si (111)
substrate by MOCVD. Inset is a SADP taken
from plan-view specimen. The diffraction
pattern consists of [111] Si zone axis pat-
tern and double diffracted [0001] AIN zone
axis pattern.
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Fig. 2. A cross -sectiona TEM bright filed image of
LT - GaN/AIN/Si specimen. The transition re-
gion is formed on LT -GaN region.

Specimen Growth Method Growth Temperature
A AIN/Si(111) MOCVD 1020°C
B LT -GaN/AIN/Si (on A) MOCVD 525C
C GaN/LT - GaN/AIN/Si (on A) MOCVD 525C—900°C
D GaN/LT - GaN/AIN/Si (on A) MOCVD 526 C—1000°C
E GaN/LT - GaN/AIN/Si (on A) MOCVD 525C—1100°C
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Fig. 4. A cross-sectional TEM dark filed image of =22 1
900°C GaN/LT -GaN/AIN/Si specimen. The - T
image using the diffracted beams of = -1 AIN/Si 7] 9] MOCVD Ho=z
0002. Inset is a SADP taken from GaN/LT - LT-GaN& A#AAZl & 1,100°CollA GaNE A
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Fig. 5. A cross-sectional TEM dark filed image of o= S altE o] A A = o

1.000°C GaN/LT - GaN/AIN/S! specimen. The SE7h RETS GaNel 4% £E7h T ™
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Fig. 6. A cross-sectional TEM dark filed image of
1,100°C GaN/LT - GaN/AIN/Si specimen. The
Image using the diffracted beams of =
0002. Inset is a SADP taken from GaN/LT -
GaN/AIN/SI. The diffraction pattern consi-
sts of S zone axis pattern and GaN zone
axis pattern.
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