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Abstract

GaN films are grown on [0 0 1] GaAs substrates by plasma-assisted molecular beam epitaxy using a three-step process that consists of a

substrate nitridation, deposition of a low-temperature buffer layer, and a high-temperature overgrowth. X-ray diffraction and

transmission electron microscopy indicate that this method promotes prismatic growth of c-oriented a-GaN. Photoluminescence studies

show that the emission from cubic b-GaN inclusions dominates the spectrum.

r 2006 Elsevier Ltd. All rights reserved.
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GaN materials are technologically important for a
variety of device application [1,2]. They are ideal candi-
dates for fabrication of high power microwave devices,
high-frequency field effect transistors, high electron mobi-
lity transistors, light emitters and detectors operating in the
visible to UV spectral range. High-quality hexagonal GaN
(a-GaN) films and heterostructures are usually grown
either by metal organic chemical vapor deposition
(MOCVD) or by molecular beam epitaxy (MBE) on
sapphire (a-Al2O3) and 6H-SiC substrates [3,4]. Growth
on [0 0 1] GaAs is much less studied, although these
substrates provide several advantages, such as, low cost,
easy cleavage along [0 1 1] direction, closer thermal expan-
sion coefficient matching, and possibility to stabilize cubic
b-GaN.

When GaN is grown on GaAs, an optimization of the
GaAs surface, by growing a GaAs buffer layer, always
precedes GaN deposition [5–7]. However, As gets incorpo-
rated into the GaN alloy, degrading luminescent and
transport properties of the film [8,9]. Therefore, it is of
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interest to explore GaN growth in the As-free environment.
We have previously observed that direct deposition on a
thermally desorbed GaAs results in the growth of a
polycrystalline poorly oriented a-GaN containing misor-
iented domains and large cubic inclusions. However, a
significant improvement of the crystallinity is achieved by
adopting the growth procedure that consists of a substrate
nitridation, deposition of a low-temperature buffer layer,
and epitaxial overgrowth at elevated temperature. These
steps effectively suppress misorientation and improve
morphology of the film [10].
Here we present a detailed study on the structural and

optical properties of the GaN grown under these condi-
tions. The crystalline quality and the morphology of the
films are examined with X-ray diffraction (XRD), trans-
mission electron and atomic force microscopes (TEM and
AFM). Optical properties are evaluated with the contin-
uous wave photoluminescence (PL).
The samples are fabricated in a custom-built MBE

system equipped with a Ga effusion cell, a radio frequency
excited nitrogen plasma source, a retractable ion gauge for
flux calibration, and a reflection high-energy electron
diffraction (RHEED) system. For the growth we use
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semi-insulating epi-ready [0 0 1] GaAs substrates indium
mounted to molybdenum holders. To prevent As incor-
poration, the oxide layer is desorbed at 500 1C in the
absence of As flux. The GaAs wafer is exposed every 30 s to
sub-monolayer Ga pulses to facilitate oxide desorption
through the conversion of Ga2O3 to a more volatile Ga2O
[11]. The progress of oxide removal is monitored in situ
with RHEED.

Fig. 1 shows a plot of specular RHEED intensity as a
function of time. Prior to wafer exposure to Ga flux, we
observe a diffused halo pattern typical for the amorphous
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Fig. 1. Time dependence of a specular RHEED reflection.

Fig. 2. RHEED patterns for: (A) GaAs substrate after oxide desorption, (B) Ga

annealing at 600 1C and (D) GaN film grown at 750 1C.
oxide layer. This layer is stable at 500 1C since there is no
significant change in the RHEED pattern if the wafer is
kept at this temperature for a prolonged time. Initially, Ga
pulses result in a slow increase of specular RHEED
intensity due to the thinning of the oxide layer. Then,
after a set �15 pulses, we start to observe a different
behavior, with spot intensity immediately dropping in the
response to Ga exposure and slowly recovering to a higher
level during the pulses. This behavior is due to the
formation of oxide-free patches at the wafer surface and
migration of Ga to the remaining oxide patches [11]. We
terminate Ga deposition at this point to prevent oversupply
of Ga and formation of droplets. This process results in a
slightly distorted GaAs surface characterized by a (2� 2)
reconstruction. Kikuchi lines are clearly evident, indicating
that GaAs surface is free of oxide layer, Fig. 2A.
Next, we decrease wafer temperature to 400 1C to

perform substrate ‘‘nitridation’’. Surface reconstruction
disappears during the first few minutes of wafer exposure
to nitrogen plasma suggesting formation of an amorphous
GaAsN layer. We observe an arc pattern after approxi-
mately 5min indicating development of a preferred
orientation in a disordered layer, Fig. 2B. Spot-like
features with hexagonal symmetry develop by the end of
nitridation. Annealing at 600 1C sharpens diffraction spots
demonstrating recrystallization of a-GaN phase, Fig. 2C.
The diffraction spots are relatively broad signifying that
very defective GaN layer forms at the beginning. However,
they become significantly sharper and elongated during the
growth of a relatively thin (50-nm) buffer layer, indicating
that final GaN film has a better crystalline quality and a
smoother surface. Finally, we raise wafer temperature to
As substrate after 5min of nitridation, (C) nitridated GaAs substrate after
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750 1C for further GaN growth. When the growth
is initiated, we observe a streaky (1� 1) reconstruction,
Fig. 2D.

A XRD y22y scan of GaN film grown under these
conditions is shown in Fig. 3. The main diffraction peak is
0 0 0 2h i a-GaN. A very weak 0 0 2h i b-GaN diffraction is
also present. AFM images, Fig. 4A and B, show that GaN
surface consists of uniform, oriented grains that coalesce
well to each other. Cross-sectional bright-field TEM image,
Fig. 5, demonstrates a highly ordered columnar structure
of the film while selective area diffraction pattern, see inset,
verifies that a-GaN is a dominant phase. (The TEM study
is performed in a Joel 2000 microscope and the sample is
prepared by mechanical polishing followed by ion milling.)
These results suggest that nitridated GaAs serves as a
nucleation layer for prismatic growth of c-oriented a-GaN.
A weak diffraction from b-GaN can be attributed either to
cubic grains at the GaN/GaAs interface, that can develop
during the nitridation–annealing process, or to the small
cubic inclusions randomly distributed throughout the film.
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Fig. 3. XRD y22y scan of a �2mm thick GaN films grown on a GaAs

substrate.

Fig. 4. AFM images of a �2 mm thick G
Fig. 6 shows low temperature (10K) and room
temperature (300K) PL spectra. A 325-nm line of He–Cd
laser is used for excitation. At room temperature one can
see a relatively narrow, full-width at half-maximum
�76meV, emission line at 3.2 eV and a broad band at
�2.3 eV. The 3.2 eV line can be assigned as a band-edge
emission of b-GaN [12]. The low-energy band is often
observed in GaN samples with a high dislocation density
and is due to optical transitions involving defect levels in
the forbidden energy band. The 10K PL spectrum is
dominated by emission lines at 3.26 and 3.16 eV. They are
assigned as donor bound exciton and donor–acceptor pair
(DAP) transitions of b-GaN [13,14]. A few LO–phonon
replicas of DAP line are also evident. Thus, although film is
aN film grown on a GaAs substrate.

Fig. 5. Cross-sectional bright-field TEM image of a�2mm thick GaN film

grown on a GaAs substrate. The inset is a selective area diffraction

pattern.
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Fig. 6. Low (10K) and room-temperature photoluminescence spectra of a

�2mm thick GaN films grown on a GaAs substrate.
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predominantly a-GaN, emission from cubic b-GaN inclu-
sions dominates the spectrum.

The probing depth of PL is around 200 nm, while the
GaN film is �2 mm thick. Therefore, b-GaN inclusions,
whose presence is demonstrated with XRD, are not
localized at the substrate/epilayer interface but propagate
throughout the film. It is suggested that since b-GaN has
lower band gap than a-GaN (DEg�0.2 eV) the inclusions
can trap photogenerated carriers [15]. Then, they will serve
as very efficient recombination sites in the expense of the
dominant a-GaN.
In conclusion, GaN films are grown by MBE on [0 0 1]
GaAs substrates. Their structural properties are studied
with XRD and TEM; optical properties are evaluated by
PL. Although the film grows as a c-oriented a-GaN,
emission from cubic inclusion dominates the spectrum. We
explain this fact by effective localization of photogenerated
carriers at lower band gap b-GaN inclusions.

The work is supported by ONR (Dr. C.E.C. Wood).
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