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ABSTRACT

In this study, the growth and characterization of aluminum gallium nitride (AlGaN) thin
film grown on aluminum nitride on silicon (111) template via sol-gel spin coating
method were reported. The structural, morphological and optical properties of
Alo1GaogN thin film were compared with GaN thin film which prepared using the same
method. The structural and surface morphological properties of the deposited films
were characterized using X-ray diffraction (XRD), field-emission scanning electron
microscope (FESEM) and atomic force microscopy (AFM). XRD results revealed that
all the deposited GaN and AlGaN thin films have wurtzite structure and with preferred
growth orientation of (002). The FESEM and AFM revealed that the deposited GaN
and AlGaN thin films have uniform and smooth surface. The optical characteristics of
the GaN and AlGaN thin films were excessed by using Fourier transform infrared (IR)
spectrometer. It was observed from the IR results that the E1(TO) peak was shifted to
higher wavenumber for the AlGaN sample.

Keywords : Aluminum gallium nitride; sol-gel, spin coating; structural properties;
optical properties

INTRODUCTION

Group-I1l nitride ternary alloys, in particular aluminum gallium nitride (AlGaN)
semiconductors have been recognized to have the potential applications in
semiconductor light emitting devices and solar-blind ultra-violet detectors [1-3] as well
as sensor devices, particularly for operating under harsh environment conditions. These
are strongly driven by their superior physical properties such as excellent thermal,
mechanical, and chemical stability, as well as unique optical properties like direct and
tune able band gap energy (ranging from 3.4 to 6.2 eV).

Traditionally, metal organic chemical vapor deposition, molecular beam epitaxy and
hydride vapor phase epitaxy methods were employed as the preferred manufacturing
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technology for growing the epitaxial AlIGaN thin films [4-6]. However, these methods
involved complicated set up and high in production cost. Apart from that, some of these
method also involved with toxic chemicals. Therefore, technique such as sol-gel
method which is simple and cost effective is highly desirable [7-9].

Synthesizing of GaN and AIGaN using sol-gel method have been reported by
Kuppulingam et al. (2014) using ethylene diamine tetra acetic acid complex route [10].
However, in this work, we reported for the first time the growth of the AlGaN thin film
using the sol-gel spin coating method where a simple ethanol-based precursor with the
addition of diethanolamine (DEA) was used. The structural, morphological and optical
properties of the deposited thin films were characterized with various characterization
tools. Finally, the obtained results were compared with those obtained from the sol-gel
spin coating growth of the GaN thin film.

EXPERIMENTAL

In this work, the GaN and Alo.1GaooN thin films were grown on aluminum nitride on
silicon (111) [AIN/Si (111)] template via sol-gel spin coating method. The precursor
material for the GaN and AlGaN are gallium nitrate hydrate (Ga(NO3)3.xH20) and
aluminum nitrate nonahydrate (AI(NOz)3.xH20), respectively. Ethanol (99.7%),
distilled water and DEA were used as the solvent and surfactant, respectively. Firstly,
the Ga(NO3)3.xH20 powder and AI(NO3)z.xH20 powder were dissolved in ethanol and
distilled water. Then, DEA was slowly added into the solution. The resulting precursor
is stirred to obtain a clear and homogeneous solution. Next, the spin coating process
was done by dropping the prepared precursor onto the AIN/Si (111) substrate and spun
in ambient condition. The spin process was repeated a few times to obtain the desired

thickness, roughly ~300 nm. The thin films were annealed at 950°C with the flow of
nitrogen gas. Finally, the GaN and AlGaN coated films were nitridated under ammonia

gas ambient at 950°C for 75 min.

The structural characteristics of the deposited thin films were studied by using high
resolution X-ray diffraction (XRD) phase analysis using a PANalytical X Pert system
with CuKa (A = 1.5406 A) X-ray source. The surface morphologies of thin films were
evaluated by field-emission scanning electron microscopy (FESEM, FEI Nova
NanoSEM 450) and atomic force microscopy (AFM, Dimension EDGE, Bruker).
Moreover, the optical properties were accessed by means of Fourier-transform infrared
(FTIR) spectroscopy (Spectrum GX FT-IR, Perkin-Elmer).

RESULTS AND DISCUSSION

Figure 1 shows the XRD diffraction patterns of GaN and Alp1GaosN thin films
prepared using sol-gel spin coating method. The XRD pattern of the GaN and
Alo1GaogN thin films on AIN/Si(111) were measured under the 2theta-omega (26-o)
scan mode. For GaN (Alo.1GaogN) thin film, two predominent diffraction peaks
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correspond to the GaN(002) [Alo.1GaogN(002)] and GaN(004) [Alo.1GaogN(004)] can
be observed at 34.55° (34.65°) and 72.95° (73.05°), respectively. Apart from that,
diffraction peaks correspond to the AIN(002) and Si(111) can be clearly observed in
Figure 1.

The XRD results indicate that the deposited GaN and Alo1GaogN thin films have
wurtzite structure with (002) preferential orientation. Due to the incorporation of Al
contents in the GaN crystal lattice, it was found the diffraction that peaks of

Alo1GaosN(002) and Alo1GaogN(004) were shifted towards higher angle by 0.10°. In
fact, the incorporation of Al will causes the lattice structure of GaN changes,
subsequently affect its lattice constant. From Figure 1, it can be seen that the intensity
of the (002) diffraction peak for the GaN is about 4 times higher than that of the
Alo1GaosN sample. This indicates that GaN thin film has better crystalline quality as
compared to that of the AlGaN thin film. Similar trend has been reported by
Kuppulingam, et al. [10] where it is quite difficult to grow high quality of AlGaN thin
films as compared with GaN due to its intrinsic properties [11]. The intrinsic properties
of AlGaN has caused the crystalline quality of AlGaN deteriorates as the Al
composition increases.
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Figure 1: XRD diffraction patterns of (a) GaN and (b) Alo1GaooN thin films on
AIN/Si(111) substrate prepared using sol-gel spin coating method

Figure 2 shows the FESEM images of the GaN and Alo.1Gao N thin films deposited on
AIN/Si(111) substrate. Both samples exhibit smooth and uniform surface without any
significant crack. In addition, densely packed grains is formed in GaN thin film sample
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and it is in good agreement with the XRD result, where higher intensity of XRD
diffraction peak is observed for GaN (002) peak as compared with Alo1Gao9N sample.
However, it is found that the formation of the AlGaN grains size is larger than the GaN
samples with the present of some pinholes [12]. According to Fong et al. [7], the
present of some pinholes was mainly due to the grains not fully packed. Moreover,
some grains are agglomerated to form grains with rose-like structure which is observed
in the inset of Fig 2 (b). The formation of rose-like structure and larger AlGaN grain
size is likely due to the incorporation of Al into the lattice structure of GaN.

Figure 2: Lower magnification (x10K) of FESEM images of the deposited (a) GaN and
(b) Alo1GaosN thin films deposited on AIN/Si (111) substrate. Inset are the higher-
magnification (x100K) of FESEM images
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Figure 3: AFM surface morphologies and roughness analysis (under 5 um x 5 pum scans
area) of the (a) GaN and (b) Alo.1GaogN thin films deposited on AIN/Si (111) substrate
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For further study of surface morphology, the AFM measurements are conducted. Figure
3 shows the three-dimensional (3D) AFM images of GaN and Alo.1GaooN thin films
deposited on AIN/Si (111) substrate under 5 um x 5um scan area. The AFM images
reveal that the deposited AlGaN thin film has larger grain and higher root-means-
square (rms) surface roughness as compared to that of the GaN thin film. The rms
surface roughness for GaN and Alo1GaooN thin films are 68 nm and 73 nm,
respectively. The obtained results are consistent with the FESEM results as discussed
previously.

Figure 4 shows the p-polarized IR reflectance spectra of the GaN and Alo.1GaosN thin
films deposited on AIN/Si (111) substrate over the spectral range of 400 cm* to 1000
cm?. A strong restsrahlen peak corresponds to Ei transverse-optical (TO) phonon
modes of wurtzite GaN and Alo1GaogN can be clearly seen at 559 cm™ and 563 cm™,
respectively. In addition, a weak pronounced dip corresponds to A; longitudinal-optical
(LO) phonon modes of wurtzite GaN and AlGaN can be detected at around 737 cm™
and 751 cm™, respectively. The detected E1(TO) and A1(LO) phonon modes of wurtzite
GaN are in reasonable agreement with the reported results [9, 13]. Apart from that, a
strong reflectance peak located at 670 cm and a weak dip located around 885 cm™ can
be observed. The origin of these features is corresponds to E1(TO) and A1(LO) optical
phonon mode of the AIN buffer layer.
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Figure 4: P-polarized IR reflectance spectra of the (a) GaN and (b) Alo1GaogN thin
films deposited on AIN/Si (111) substrate
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CONCLUSION

In this work, GaN and Alo.1GaogN thin films were grown on AIN/Si (111) substrate via
sol-gel spin coating method. The obtained results of XRD revealed that the wurtzite
GaN and AloiGaogN thin films has preferred growth orientation of (002). The
deposited GaN and AlGaN thin films exhibit smooth and uniform surface. From p-
polarized IR reflectance measurements, all the predominant features of AlGaN are
detected. Finally, the obtained results demonstrated that AlGaN thin film can be grown
by using sol-gel spin coating method, i.e., a rather simple and cheap method.
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