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Abstract

Cubic GaN films have been grown on (0 0 1) GaAs substrates by using RF plasma assisted gas source MBE. The

cubic GaN films were deposited at different Ga-flux to N-flux ratios that were determined by deposition rates directly.

Three growth regimes are defined in the cubic GaN growth diagram. The optical quality of these films was measured by

photoluminescence (PL). Micro-Raman scattering was performed to analyze the crystallization of the films. The

optimal flux ratio for cubic GaN grown at Ts ¼ 7201C is on the boundary between intermediate Ga stable regime and

Ga droplet regime. r 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

As a wide band gap semiconductor, hexagonal
GaN has been shown, during the past few years, to
be a very useful material for developing both
short-wavelength optoelectronic devices and high
power electronic devices. Another crystallographic
phase of GaN, cubic GaN, is predicted to have
several advantages over hexagonal GaN for device
applications, including higher carrier mobility,

easy cleavage, and higher p-type doping efficiency
[1–3]. However, epitaxial thin films of this material
are difficult to grow and so far their quality has
been inferior to hexagonal GaN.
The development of techniques for growing high

quality cubic GaN has been underway for several
years. Because cubic GaN is metastable, its growth
conditions are somewhat different from those of
hexagonal GaN. The growth of cubic GaN usually
utilizes cubic phase (0 0 1) substrates to force the
deposited GaN into the cubic phase. Cubic GaN
has been grown on cubic lattice substrates such as
GaAs [4–6], Si [4,7], 3C-SiC [3], and MgO [8]. For
the cubic group III-Nitrides, most effort has been
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focussed on the epitaxial growth [1–4,9] and
physical property investigation [10,11] of cubic
GaN films. Research on alloys of cubic nitride
semiconductors, specifically AlGaN [12] and In-
GaN [13,14] are also in progress. Recently cubic
GaN LEDs have been successfully realized [15,16].
Attempts to optimize the cubic GaN growth

conditions, such as the choice of the V/III ratio,
have generally been based on knowledge obtained
from hexagonal GaN growth. However, high
quality cubic GaN epitaxy can only be done at
growth temperatures in the range 700–9001C [1],
which is much lower than that usually used for
hexagonal GaN. In most reports, the transition of
RHEED reconstruction patterns from (2� 2) to
c(2� 2) [3,4,9,17] were used to identify stoichio-
metric surface conditions [2,9]. However, the
actual effect of the V/III ratio on the epitaxial
growth of cubic GaN has not yet been reported. In
this study, we report the effect of the Ga/N flux
ratio on the optical and crystal quality of cubic
GaN films.

2. Experiment procedure

In this study, cubic GaN was grown on GaAs
(0 0 1) substrates by using an VG Semicon V-80
gas source molecular beam epitaxy (GSMBE)
system equipped with an EPI unit-bulb RF plasma
cell. Substrate temperature was monitored using
an IRCON pyrometer. A typical growth proce-
dure is as follows. Substrate oxide desorption was
firstly carried out at 6001C under As overpressure
with the assistance of atomic hydrogen irradiation.
Before the GaN deposition, a 200-nm thick GaAs
buffer layer was deposited to flatten the surface.
Then, a low temperature cubic GaN buffer layer
was deposited on the GaAs surface at 6001C at a
growth rate of 125 nm/h. Following the bulk layer
growth was proceeded at the substrate tempera-
ture ranging from 7101C to 7501C, at a growth rate
of B0.35 mm/h. The V/III ratio was adjusted by
changing the Ga flux and keeping the N flux
constant, while the N-plasma power was fixed at
300W and the corresponding beam-equivalent
pressure of the N species was 1� 10�4mbar.
Photoluminescence (PL) and micro-Raman mea-

surements were performed to investigate the
epitaxial films. The samples were excited at 12K
by using a 325 nm He–Cd laser and their PL
spectra were recorded with a PMT detector
through a SPEX 500M spectrometer. The excita-
tion source of the micro-Raman was a 514.5 nm
Ar+ laser, and the spectra were recorded with a
CCD through a DILOR XY spectrometer.

3. Results and discussion

To investigate the V/III effect on the cubic GaN
deposited by MBE, a series of samples were grown
at different V/III ratios. Fig. 1 shows the growth
conditions of those samples. Samples marked with
open circles represent the films exhibiting Ga
droplets on the surface, and the growth conditions
are assigned to be in ‘‘Ga droplet’’ regime. In the
‘‘intermediate Ga stable’’ regime, no excessive Ga
accumulates on the sample surface. They are
marked with close circles. The boundary between
‘‘Ga-droplet’’ and ‘‘intermediate Ga stable’’ re-
gimes is fitted using the 2.83 eV activation energy
reported for the excess Ga desorption [18]. On this
boundary, the Ga flux was still to be found higher
than the N flux. Therefore, the region below the
Ga-droplet regime can be further divided into two
regimes, namely, N-stable regime and Ga stable
intermediate regime, as can be seen in Fig. 1. Their

Fig. 1. Surface structure diagram of cubic GaN grown by RF

plasma assisted GSMBE. The open circles refer to samples with

Ga droplets. The close circles refer to samples without Ga

droplets.

L.-W. Sung et al. / Journal of Crystal Growth 241 (2002) 320–324 321



boundary was determined by the growth condition
that Ga flux is equal to N flux. The V/III ratio
is equal to unity. To measure the flux ratio,
cubic GaN film was deposited under the nominal
growth procedure but without substrate rotation.
In our VG V-80 GSMBE system, the effusion
cells are aimed at the edge of the 3 in substrate
holder and the deposition uniformity was achieved
by rotation. Through the calibration growth, the
Ga flux shows B40% variation and the N flux
shows B60% variation through a 3 in substrate.
The RF-plasma cell was located opposite to
the Ga source on the MBE source flange, as shown
in the inset in Fig. 2. The results of sample
deposited with identical V/III ratio to sample
E are displayed in Fig. 2. Curve (a) is the deposited
film thickness along scan axis. Curve (b) and (c)
are estimated effective N beam flux and Ga
beam flux, respectively. In the nitrogen stable
regime, the N flux is higher than the Ga flux. When
the growth is Ga deficient, Ga flux limits the
GaN growth rate. When the growth is under Ga
stable regime, available nitrogen limits the
growth rate. By fitting the film thickness,
the boundary between the N-stable regime and
the Ga stable regime was determined. While the
Ga droplet regime is distinguished by the appear-
ance of excess Ga droplets accumulated on
surface.

To investigate the effect of the V/III ratio on the
optical characteristics of cubic GaN, low tempera-
ture PL measurements were performed. The PL
results are shown in Fig. 3. The growth conditions
of the samples are indicated in Fig. 1. In the PL
spectra, peaks at 357 and 363 nm are assigned to
the hexagonal GaN bound exciton and DAP
emission peaks [5,19], respectively. The peak at
379 nm is assigned to the cubic GaN bound
exciton peak. The emissions around 393 and
403 nm are cubic GaN DAP peaks [5,19,20]. The
PL spectra of sample A and B grown in the Ga
droplet regime show the hexagonal GaN related
emission peaks, while the other samples do not.
This suggests that hexagonal phase incorporation
may result from the Ga droplets. Among the cubic

Fig. 2. Curve (a) is the film thickness vs. wafer position result

of sample deposited with identical V/III ratio to sample E.

Curve (b) is the effective Nitrogen beam flux. Curve (c) is the

effective Gallium flux. The inset shows the schematic diagram

of RF-plasma cell and Ga cell location on the MBE source

flange and scan axis.

Fig. 3. 12 k PL spectrums of cubic GaN samples A–F. Peaks at

357 and 363 nm are assigned to the hexagonal GaN bound

exiciton and DAP emission peaks, respectively. Peak at 379 nm

is assigned to the cubic GaN bound exiciton peak. The

emissions around 393 and 403 nm are cubic GaN DAP peaks.
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GaN related emissions, the bound exciton gets
stronger in intensity and narrower in full-width at
half-maximum (FWHM) with lower V/III ratio. In
addition, the intensity related to the cubic DAP
emission peak also decreases with increasing Ga
flux. These all reveal that the optical quality of
the cubic GaN films can be improved by lowering
the V/III ratio.
Raman scattering measurements were also used

to characterize the crystallinity of the deposited
films. Fig. 4 shows the Raman scattering spectra of
the six samples. For sample A and B, the Raman
measurements were taken from the surface region
without Ga droplets. The peak observed at
738 cm�1 is identified as the longitudinal optical
(LO) mode of cubic GaN [21]. The peak at

553 cm�1 is assigned to the cubic GaN transverse
optical (TO) mode [21]. The peak at 506 cm�1 is
the GaAs substrate related scattering. In the
spectra, the LO peak shifts toward lower fre-
quency with increasing V/III ratio. It is attributed
to the finite crystal effect [22]. In an infinite crystal,
only phonons near the center of Brillouin zone
contribute to the Raman spectrum. However,
when phonon is confined in a space by crystal
defects, its momentum becomes uncertain, and
phonons with wavevectors deviating from the
Brillouin zone center are allowed to contribute to
the Raman spectrum. It reveals that crystal defect
density increases with increasing V/III ratio. The
quality of the cubic GaN samples can also be
evaluated from the FWHM of the LO peaks [23].
The result shows the same trend. We attribute the
quality improvement of the epitaxial films to
higher Ga surface mobility resulting from a
decrease in the V/III ratio. When decreasing the
V/III ratio, the surface coverage of the Ga adlayer
will be enhanced. Under this condition, the Ga
adatoms are held to the surface by weak,
delocalized metallic Ga–Ga bonds and thus have
higher surface mobility. Therefore, the crystal
quality is improved. Similar results had been
reported for hexagonal phase GaN grown on
sapphire substrate by using MBE [18].
From the PL spectra of samples A and B, the

peaks related to hexagonal phase GaN clearly
indicate its incorporation. However, as can be seen
in Fig. 4, no hexagonal phase GaN related E2 peak
(568 cm�1) [21,23] was observed. This is because
the measurement was taken from the surface
region without Ga droplet. To confirm this point,
the Raman spectrum taken from the regime under
Ga droplets (removed during measurement) is
shown in Fig. 5. A strong and sharp hexagonal E2
peak shows that hexagonal phase of GaN has
grown under the Ga droplets [24].

4. Conclusion

The effects of the Ga to N flux ratio on the film
quality of cubic GaN grown by RF plasma
assisted GSMBE, has been investigated. This
study shows that rather than growing under

Fig. 4. Room temperature Raman scattering measurement

results. The peak observed at 738 cm�1 is identified as the

longitudinal optical (LO) mode of cubic GaN. The peak at

553 cm�1 is assigned to the cubic GaN transverse optical (TO)

mode.
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stoichiometric growth condition, growth at the
boundary between intermediate Ga stable regime
and Ga droplet regime results in better film quality
and without hexagonal phase incorporation.
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