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Growth Process of GaN on Sapphire at High Growth Temperature by
Gas Source Molecular Beam Epitaxy
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Annealing processes of GaN buffer layer and epitaxial growth processes at a high growth
temperature using NH; gas source molecular beam epitaxy have been observed by in-situ
reflection high energy electron diffraction and atomic force microscopy. It is observed that
the surface morphology of annealed GaN buffer layer is changed to columnar structure with
flat surfaces. It has been found that the growth kinetics of GaN epitaxial layer at 950 C is
different from the oné of GaN epitaxial layer at below 900 C.
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1. INTRODUCTION

The GaN and related compounds of AlGaN are
promising materials for opto-electronic devices in the
ultra violet-wavelength region [1-4]. It is, however,
difficult to obtain the high-quality GaN on a sapphire
substrate with an atomically flat growing surface and
low density of threading dislocation because of the large
misfit of the lattice constants betweert GaN and sapphire
substrate [5-14]. In order to realize the ideal GaN
epitaxial layer on the sapphire substrate, it is essential to
clarify the annealing process of GaN buffer layer and
initial growth stage of GaN at high growth temperatures
of above 900 °C. However, there has been little work on
the in-situ investigation of annealing and growth
processes of GaN at high temperatures using NH; gas
source molecular beam epitaxy [15,16].

In the present work, we have investigated the
annealing process of GaN buffer layer and growth
behavior of GaN  epitaxial layer on
sapphire(1000) substrate with NH; gas source
molecular beam epitaxy (GS-MBE) by in-situ
reflection high-energy  electron  diffraction
(RHEED) and ex-situ atomic force microscopy
(AFM) observations.

2. EXPERIMENT

GaN have been grown by using of a gas source
molecular beam epitaxy equipment with an in-situ
RHEED system. Since details of apparatus equipment
were reported previously [9], we describe the outline in
short. A growth chamber was evacuvated by twin turbo
molecular vacoum pumps mounted in two lines
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individually, and the base pressure was of 1 x 10" Torr.
AL05(1000) wafer was used as substrates after thermal
cleaning at a substrate temperature of 900 °C. There
were chemically cleaned with etching by dipping in a
solution of before HF : H,O = 1 : 50 before being set in
the preparation chamber. The substrate was set on
sample holder with Si substrate using as a thermal heater
by directly passing a dc electric current through
molybdenum electrodes. Prior to keeping growth
temperatures from 600 to 950 °C , the substrates were
thermally cleaned at 950 C .

The substrate temperature was measured by an optical
pyrometer. NH; gas was introduced onto the substrate
surface through a delivery stainless tube. The pressure of
NH; gas during GaN growth was preciously controlled
by a mass-flow controller in the range of 2 x 10%10 2%
10 Torr. The substrate surface and film growth
processes in the initial stage were observed by in-situ the
RHEED system operated at an acceleration voltage 10
KV and ex-situ atomic force microscope (AFM). The
diffraction patterns for GaN growth sequences were
detected by digital still camera with a mega-pixel CCD.

3. RESULTS AND DISCUSSIONS
3.1 GaN buffer layer

In previous study [9], we have reported that the
growth process in the initial stage of GaN epitaxial film
on y-Al,O5/Si hybrid substrate at a growth temperature
of 800 °C by using of GS-MBE and it is essential for
high quality GaN layer to proceed the growth at a high
temperature above 800 °C. Therefore, NH; GS-MBE
experiments have been performed at high growth
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temperatures from 800 to 950 “C.

Figures 1 show AFM images and a RHEED pattern
taken from a GaN buffer layer deposited on Al,0;(1000)
surface at a temperature of 600 “C for 60 min. As seen
in the AFM images shown in fig. 1(a) and (c), we can
observe that the GaN buffer layer is deposited on
substrate in an islanding growth mode. The RHHED
pattern in fig. 1(e) is a spotty pattern consisting of extra
streaks indicated formation of facet structure of GaN
islands [17]. It is considered that the GaN buffer layer is
grown in a single crystal mode.
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Fig. 1 AFM images and RHEED pattern for GaN buffer
layer deposited on Sapphire substrate at 600 “C for 60
min. (a) scanning size is 10 um x 10 um, (b) the
bird’s-eye view of (a), (¢) scanning size is 2 pm x 2 pm
and (d) the bird’s-eye view of (d). (¢) is a RHEED
pattern taking from the same sample.

3.2 Anneal processes of GaN buffer layer

Figures 2 show AFM and in-situ RHEED
observations of GaN buffer layers annealed at fig. 2(a)
800 C, (b) 900 C and (c) 950 °C for 10 min,
respectively.

Fig. 2 AFM images and RHEED patterns taken from
annealed GaN buffer layer at a temperature of (a)
800 C, (b) 900 C and (c) 950 C.

In the case of annealing at a growth of 800 °C, there
exits a marked difference in island shape between the
buffer layers as deposited (fig. 1(a)) and annealed (fig.
2(a)). It is found that the shape of GaN islands change to
anisotropic one. However, it is found no change in
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RHEED patterns between the annealed buffer layer (fig.
1(e)) and epitaxial layer of GaN (fig. 2(a)). It
suggests that it is partially proceeding of solid phase
growth of GaN buffer layer in islanding growth mode by
thermal annealing at 800 °C.

RHEED pattern changes from spotty pattern to
streaky one by annealing at above 900 “C as shown in
fig. 2(b). We can observe the streaks extend from each
spot diffraction perpendicular to the shadow edge. This
means that the flat surface is formed on the top of GaN
islands by thermal annealing.

Tt is noted that sharp streak pattern is observed in fig.
2(c). It is found that the surface morphology of annealed
GaN buffer layer is changed to columnar structure with
flat surfaces as shown in fig. 2(c). These phenomena
mean that the columnar structure of GaN is formed in
solid phase epitaxy mode by the thermal annealing at
950 C.

3.3 Growth processes of GaN at high growth
temperature

GaN epi-layer have been grown on annealed GaN
buffer layer. Growth temperature is same as the
annealing temperature. AFM image and RHEED pattern
of figs. 3(a) is for the sample at a growth temperature of
800 C, (b)at 900 “C and (c) at 950 °C, respectively.

It is found no change between the annealed buffer
Jayer and epitaxial layer of GaN at a growth temperature
of 800 °C. It is suggested that there is no improvement
of GaN epitaxial layer by growth at 800 °C. It is found
that coreless of GaN islands is occurred by growth at
900 °C, but RHEED pattern changed to a ring pattern.
Therefore, it is considered that a polycrystalline GaN
islands is grown on the annealed buffer layer. In the case
of a growth temperature of 950 °C, it found that
columnar structure of GaN islands changed to a
hexagonal pyramid structure with a flat top surface and
faceting shape shown in fig. 3(c).

These results suggest that there are two kinds of
growth mechanisms corresponding to with two kinds of
GaN island shape depending on the growth temperature.
The kinetic process of GaN epitaxial layer growth can
be considered to consist of the various processes of NH;
adsorption, decomposition of adsorbed species and
surface migration of Ga atoms. It is considered that the
factor governing the marked difference of film growth
has the relation to kinetic processes of NH; and Ga
species. Further analysis of the kinetics of the growth
process is in progress to make clear the mechanism of
the present GaN epitaxial growth.
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Fig. 3 AFM images and RHEED patterns GaN epitaxial
layer at a growth temperatute of (a) 800 °C, (b) 900 C
and (c) 950 °C. Growth times are 60 min, respectively.
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4. CONCLUSIONS

Arnnealing processes of GaN buffer layer and epitaxial
growth processes at a high growth temperature using
NH; GS-MBE have been investigated by in-situ RHEED
and ex-situ AFM observations. It has been clarified that
the solid phase regrowth of GaN buffer is occurred by
thermal annealing at above 800 “C. It is observed that
the surface morphology of annealed GaN buffer layer is
changed to columnar structure with flat surfaces. It has
been found that the growth kinetics of GaN epitaxial
layer at 950 °C is difference from the one of GaN
epitaxial layer at below 900 C.
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