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Abstract Due to their novel properties, GaN based semiconductors and their nanostructures are promising components in a

wide range of nanoscale device applications. In this work, the gallium nitride is deposited on c-axis oriented sapphire and porous

SWCNT substrates by molecular beam epitaxy using a novel single source precursor of Me2Ga(N3)NH2C(CH3)3 with ammonia

as an additional source of nitrogen. The advantage of using a single molecular precursor is possible deposition at low substrate

temperature with good crystal quality. The deposition is carried out in a substrate temperature range of 600-750oC. The

microstructural, structural, and optical properties of the samples were analyzed by scanning electron microscopy, X-ray

diffraction, Raman spectroscopy, and photoluminescence. The results show that substrate oriented columnar-like morphology

is obtained on the sapphire substrate while sword-like GaN nanorods are obtained on porous SWCNT substrates with rough

facets. The crystallinity and surface morphology of the deposited GaN were influenced significantly by deposition temperature

and the nature of the substrate used. The growth mechanism of GaN on sapphire as well as porous SWCNT substrates is

discussed briefly.
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1. Introduction

Because of its wide band gap (3.4 eV) and high exciton
binding energy, gallium nitride (GaN) has attracted much
attention in the past years, notably for optoelectronic
applications such as blue and green LEDs and lasing
devices operating at room temperature, detectors, sensors
and field emitters.1-4) Currently, device quality epitaxial
GaN deposition is being carried out by metal-organic
chemical vapor deposition (MOCVD), molecular beam
epitaxy (MBE), hydride vapour phase epitaxy (HVPE),
etc. In all these methods high temperature processing is the
inevitable problem leading to limited substrate choice. In
recent years, the low temperature synthesis of poly-
crystalline GaN and amorphous GaN has also attracted
towards optoelectronic device application.5,6) One of the
alternative to deposit GaN at low temperature is to employ
single source molecular precursor.7) In principle, single
molecular precursors provide the unique advantage of
preformed Ga-N bonding and controlled composition of
the resulting product. Thus single molecular precursors
have been investigated as an alternative source for the
nitride semiconductors.8,9) For the growth of epi-layers,
however, single molecular precursors seem to be of

limitation in view of optical and structural quality due to
low temperature growth. 

The purpose of this article is to study the growth
mechanism of single source precursor GaN on sapphire
under ammonia atmosphere. Here we demonstrated the
growth of GaN thin films on sapphire and its extension to
growth on porous SWCNT substrates. The substrate
morphology has significant effect on the nature of growth
mechanism. 

2. Experimental Procedure

The unique source for the GaN growth was a single
molecular GaN precursor source of Me2Ga(N3)(NH2t-Bu).
The preparation of single precursor source was explained
in our previous report.10) GaN layers were grown on
sapphire (0001) at a substrate temperature (Ts) of 600oC to
750oC using MBE. The substrates were degreased and etch
cleaned by conventional method before loading into the
MBE chamber. The background pressure of MBE was low
at ~10–9 torr with liquid nitrogen flow. The GaN molecular
precursor of white powder was heated to ~63oC and the
flux was varied in the range of 10–7 - 10–6 torr using a
micro-valve to control the deposition rate. Ammonia with
purity of 99.99% was used in addition to single source
precursor flux. The ammonia flow rate is controlled in the
range of 4-20 sccm. The porous SWCNT substrates used
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in our study is synthesized by modified arc-discharge
method. The detailed procedure for the synthesis of porous
SWCNT templates has been reported previously.11) 

Thickness of the as grown thin films was measured by
an alpha step profiler. The surface morphology of the
grown samples was analyzed by field emission scanning
electron microscopy equipped with EDS (FESEM: JEOL
7000). The structural properties were examined by X-ray
diffraction technique using Rigaku 12KV XRD using Cu
Kα (λ = 1.5406 Å) radiation. Raman spectra were taken at
room temperature using 514.5 nm incident photons from
an Ar ion laser (JY LabRam HR) in a backscattering
geometry. Photoluminescence measurement was also per-
formed at 4K with a 325 nm line of a He-Cd laser as an
exciton source to analyze the optical behavior of the
samples.

3. Results and Discussion

The GaN thin film samples discussed in this article have
been deposited at a fixed working pressure of 4 × 10−6 torr
and substrate temperatures in the range of 600-750oC. Fig.

1 shows graphical representation of growth rate evolution
of GaN thin films as a function of growth temperature on
sapphire substrate. The growth rates of GaN thin films
have been measured by alpha step profiler and SEM. Two
distinct growth temperature regions were observed. This
distinct feature in growth mechanism is observed in CVD
growth of GaN, SiC, ZnO thin films.12-14) The lower tem-
perature region is governed by kinetically controlled
deposition in which the surface decomposition of the
precursor with ammonia is the rate determining step. The
activation energy for the GaN film deposition calculated
experimentally from the slope of Fig. 1b is approximately
46.5 KJ/mol. In the temperature region of above 650oC,
however, the Arrhenius plot shows a positive slope with
negative activation energy of (−37.2 KJ/mol), indicating
that the growth rate is controlled by the mass transport of
reagents through the boundary layer to the growth
surface.13)

Fig. 2(a) shows the θ-2θ XRD patterns for the GaN films
grown on sapphire substrate as a function of deposition
temperature. Note that we have used the logarithm of the
intensities in order to be able to identify even small

Fig. 1. (a) GaN thin film growth rate as a function of substrate temperature and (b) its Arrhenius plot.

Fig. 2. (a) X-ray diffraction pattern of GaN thin films deposited on sapphire at different substrate temperatures and (b) GaN deposited on

porous SWCNT at substrate temperature of 650oC.
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features. The crystallinity of the film strongly depends on
substrate temperature. XRD peaks (0002), (0004) related to
wurtzite structure of GaN (JCPDS file ID 500792) only
appeared at substrate temperature of 600oC and 650oC.
Absence of peaks other than (0002) and (0004) confirms
that a highly substrate oriented growth was resulted. Above
650oC, a weak XRD peak at 36.52o attributed to (10 1) of
wurtzitic GaN begins to appear and becomes stronger at
higher temperature. It should be noted that no low-
temperature buffer layer is employed in our experiment.
By adopting the condition for the highest growth rate at
650oC, deposition of GaN is carried out on porous
SWCNT substrates. The XRD pattern of GaN deposited
on porous SWCNT substrates at Ts = 650oC is presented in

Fig. 2(b). Only the GaN (002) and (101) peaks were found
in the spectrum. A peak originated at 44.9o corresponds to
graphitic CNT. 

Fig. 3(a)-3(d) shows a representative FE-SEM image
and the corresponding cross-section image (inset) of GaN
thin films grown at different substrate temperatures. At
600oC and 650oC morphology of relatively smooth surface
with small grains was observed. Above 650oC grain size
increased abruptly to form crystallites with grain boundary
leading to a rough surface. The rough surface morphology
implies that a complete decomposition of single source
precursor leaves gallium metal droplets which react with
ammonia to form GaN crystallites. It was reported that
decomposition of single source molecular precursor at high

1

Fig. 3. FESEM images of GaN thin films grown at (a) 600oC, (b) 650oC, (c) 700oC and (d) 750oC. (e) Low magnification image of GaN

nanorods grown on SWCNTs at 650oC and (f) highly magnified image of (e).
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temperatures leads to gallium rich GaN.15) It is to be noted
that columnar like morphology is clearly evident from the
cross sectional image. The columnar like grains are grown
normal to the substrate surface which is also confirmed
from the X-ray diffraction pattern. Fig. 3(e) and 3(f) depict
the morphology of GaN deposited on porous CNT sub-
strates. It is clearly shown that most of the nanorods are
grown along the nanotube rather than on the substrate.
From high resolution image shown in Fig. 3(f) verified that
as grown nanorods possess sharp tip with rough surface.
We conclude that growth of nanorods might be due to
nature of the substrate as will be discussed elsewhere.16)

Fig. 4 shows Raman spectra of GaN films grown on
sapphire substrate at various temperatures. In general, for
GaN films grown along c-axis, E2 and A1(LO) modes are
observed normally due to their symmetry selection rule for
the wurtzite crystal.17) It can be seen from the figure that

asymmetric broad band is observed between 435-835 cm−1

which shows highly disordered structure. The characteristic
E2 phonon mode is not clearly observed in our samples.
However, A1 (LO) is clearly seen at 715 cm−1 and the peak
shifting towards higher frequency range indicates enhanced
crystalline quality (568 and 734 cm−1 for E2 and A1 of bulk
crystals). For samples grown at 750oC, A1 (LO) of 735
cm−1 is obtained which is close to the bulk value. 

A broad Raman peak centered at 1373 cm−1 is observed
in samples grown at 600oC. This broad peak split into two
peaks centered at 1347 cm−1 and 1597 cm−1 for the growth
above 650oC. These two peaks are without doubt related
to carbon impurities supplied by single source material
containing carbon. These two peaks are also commonly
observed in carbon nanotube as D- and G-band corres-
ponding to defects on the wall of CNTs and the graphitic
layer of CNTs, respectively. Sun et al.18) reported that the

Fig. 4. Raman Spectra of GaN thin films grown on (a) sapphire substrate and (b) porous SWCNT substrate at 650oC.

Fig. 5. Photoluminescence spectra of GaN thinfims grown on (a) sapphire substrate and (b) porous SWCNT substrate at 650oC.
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GaN samples implanted with carbon and post-annealed
showed sharp peaks at 1350 and 1600 cm−1 due to forma-
tion microcrystalline graphitic layer which could be dis-
appeared above 1100oC. So we conclude that the origin of
carbon impurity is the carbon containing organometallic
precursor which could not be removed even at high tem-
perature growth process. At the deposition temperature of
650oC and above, carbon impurities are diffused into the
grain boundaries and crystallized into graphite. Fig. 4(b)
compares the Raman spectra of porous SWCNTs and GaN/
SWCNTs. A very strong peak at 1596 cm−1 (G-band) is
related to the tangential vibration of carbon atoms and that
at 1354 cm−1 (D-band) is related to disordered sp3 hybridized
carbon as impurities and defects. The observation of an
increased intensity of D-band suggests a breakage of the
graphitic crystallinity upon deposition of GaN.

Fig. 5(a) presents the PL spectrum of the samples
deposited at substrate temperature of 600-750oC. The
spectra consist of an in homogenously broadened band in
the range of 360 nm to 640 nm with a maximum in the
blue-green at 508 nm (2.44 eV). The broad luminescence
spectra might be due to low temperature processing
temperature. Reynolds et al.19) have discussed a source of
the yellow luminescence in GaN and shown that its origin
is best explained by a transition between a shallow donor
and a deep level. The impurities such as carbon and oxygen
were also the source of broad yellow luminescence. The
substrate temperature does not influence the luminescence
behavior significantly as observed. In case of GaN nanorod
on SWCNTs, sharp luminescence peak is observed as
shown in Fig. 5(b). This observation indicates that reduction
of defect density in GaN nanostrucutres compared with
GaN thin films.

4. Conclusion

We demonstrated that the concept of single molecular
precursor could be useful for hybridization of GaN
nanorods with SWCNTs at low temperatures. The surface
morphology analysis by FE-SEM revealed that the as-
deposited thin films grown on sapphire show a substrate
oriented growth (columnar growth) until 650oC while above
650oC, disordered GaN crystal domains are formed with
well separated grain boundaries. On the contrary, sword-like
GaN nanorods structures were obtained on porous SWCNT
substrates. The growth rate and Arrhenius plot presents the
deposition kinetics of GaN thin films. 
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