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Abstract: A comprehensive analysis of surface texture of gallium nitride (GaN) films grown on the MoS2 layer via 
plasma-assisted molecular beam epitaxy was performed. Scanning electron microscopy (SEM) was used to 
explore the surface morphology of GaN films. The smooth surface with attending the amount of Ga particle 
created on the GaN films. The great of Ga-N bonding elements more than 80 % explored by XPS core level 
(CL) 3d Ga was also obtained in the GaN films. Moreover, investigating the results of surface contour by 
atomic force microscopic (AFM) exhibited a smoother surface texture with RMS of 2.17 nm for scan area 3 
x 3 µm.  Finally, the higher growth temperature served by substrate could facilitate the smoother surface 
with the minimum of Ga metallic. 

1 INTRODUCTION 

Understanding the surface properties of GaN-based 
on semiconductor materials is important things to 
develop the technology for electronic and 
optoelectronic applications (Chen et al., 2019; Tian 
et al., 2019).  Several studies of GaN have been 
devoting continually for applied to those fields like 
HEMTs, LEDs, sensors, solar cells, etc(Chapin et 
al., 2017; Chen et al., 2017; Aissat and Vilcot, 2019; 
Husna Hamza and Nirmal, 2020). In general, the 
GaN thin film grows on foreign material, since the 
creating of bulk GaN has not been effective in cost 
(Liu and Edgar, 2002; Yang et al., 2017). However, 
the growing GaN layer on those substrates could 
generate the defect structure in the interface up to 
the surface films due to residual stress (Kuwano et 
al., 2014; Mynbaeva et al., 2016). Several studies 
continue to be promoted to overcome the existing 
matter by growing the 2D transition-metal 
dichalcogenides (TMDs) layer above the layer that 
has the van der wall epitaxy (Ajayan, Kim and 

Banerjee, 2016). This layer does not have a strong 
bond to the substrate, so the residual stress will be 
released on the surface boundary, and the defects 
can be minimized as the film is cooled to room 
temperature.  

Recently, MoS2 including to TMDs has good 
properties to be applied for next-generation 
electronics and optoelectronics devices in the 
semiconductor materials (Choi et al., 2017). Even 
more interesting, the structure of its material is 
hexagonal with a close lattice-matched with GaN 
(Yamada et al., 1999; Susanto, C.-Y. Tsai, et al., 
2019). Therefore, MoS2 has an opportunity to be 
promising as a substrate for deposition the GaN film. 
So, the growth of GaN layers on the MoS2 layer 
might produce high quality of GaN films which 
could promise for electronics and optoelectronic 
applications. Besides, the MoS2 layer has a van der 
wall bonding that may facilitate to reduce the 
residual stress in the films. More interesting, the 
layer can be also transferred to a foreign substrate to 
attach the GaN layer for another device (Liu et al., 
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2019). Until now, several studies have been 
conducted on growing MoS2 layers on GaN 
materials (Wan et al., 2018; Zhang et al., 2018). 
However the growing layer of GaN films above the 
MoS2 layer has not been observed completely. 

In this report, we investigate surface conditions 
related to morphology, composition, and roughness 
of Ga thin film grown on MoS2 layer which has 
vdW bonding using molecular beam epitaxy. The 
surface texture was further observed in detail trough 
both the 2D scan area and the contour profile of 
AFM. Meanwhile, the surface composition related to 
boding element was examined absolutely with XPS 
spectra. Finally, the surface condition accordance 
with surface roughness for substrate and GaN films 
was analyzed and served according to both AFM 
images and de-convoluted of 3d Ga in the fitting 
curve. 

2 EXPERIMENTAL METHOD 

In the experiment procedure, we grew GaN film on 
2D MoS2 layer by PA-MBE method. The growth 
temperature was carried out for 20 minutes at 600 C 
with a 10 rpm rotation speed of the substrate 
(Susanto et al., 2019). During the growth of the GaN 
layer, the thermal cleaning process was done at 600 
C for 40 minutes to trough out the contaminants on 
the surface substrate. Further, the deposition both of 
Ga and N atoms used K-cell at 800 C and nitrogen 
gun with a flow rate of 0.8 sccm at Rf power 500 
Watt, respectively. Thus, the growth of GaN film 
was carried out in N-rich condition with a flux ratio 
of N/Ga at 161  (Susanto et al., 2017). Other hand, 
MoS2 layer used for growing GaN was a single 
crystal of c-plane sapphire deposited by the PLD 
system (Ho et al., 2015). The deposited temperature 
was served at 800 C with 8 x 10-6 Torr of a 
background pressure. Finally, the ex-situ 
characterizations of SEM and XPS spectra were 
performed to investigate the morphology and surface 
composition of GaN films. While the AFM was 
execute to observe in detail surface texture related to 
the roughness both of MoS2 substrate and GaN 
films. 

3 RESULT AND DISCUSSION 

Morphology and surface composition of GaN films 
served by SEM image and XPS fitting curve was 
presented completely in Figure 1. The GaN films 

grew and covered throughout on the surface of the 
MoS2 layer Figure 1(a). The morphology of GaN 
films seems smooth with a large flat area indicating 
that GaN was grown epitaxial by the 2D mode layer. 
However, several Ga particles spread irregularly on 
the surface with size in the range up to 150 nm. 
Attending the particles associated with low growth 
temperature on the system. The low heat energy 
provided by the substrate might be caused the atoms 
are not sufficiently mobile to reach the favourable 
sites at the step edges (Susanto, Kan and Yu, 2017). 
They are incorporated at random position and 
accumulated to construct the cluster on the surface. 
In Ga-rich growth condition, the particle can be even 
bigger formed like the droplets on the surface. By 
the less energy desorption, both Ga and N atoms 
became retarded to mobilize in creating 2D layer 
epitaxy. Further, the composition of Ga cluster 
related to Ga metallic bonding will be inspected 
carefully by the XPS measurement. 
In Figure 1(b), the XPS result was demonstrated the 
semi-quantitative analysis by the peak fitting of XPS 
spectra. The surface composition of GaN film was 
displayed in detail by de-convoluted Ga-3d core 
level spectra. The peak positions of bonding 
elements were located at 18.25, 20.05, and 23.50 eV 
for Ga-Ga, Ga-N and O-O, respectively (Yu et al., 
2014; Mishra et al., 2015). Meanwhile, the 
percentages of those bonding elements were 8.8, 
81.0 and 10.2 %, serially. According to the results, 
GaN bonding has been constructed on the surface of 
the MoS2 layer with great composition related to a 
higher percentage of 80 %. However, the presenting 
of Ga-Ga bonding was formed due to the 
accumulation of Ga atoms, deposited on the surface 
of GaN films. The result was consistent with the 
SEM result in Figure 1(a) that the Ga-Ga related 
with Ga particles was come on the surface GaN 
films(Susanto et al., 2017; Susanto, Kan and Yu, 
2017). Unfortunately, there is an O-O bonding 
element also detected in higher binding energy. It 
could be related to oxygen absorbed on the GaN 
surface as was contacted to the air. Furthermore, the 
surface features correspond with morphology and 
roughness condition will be observed clearly by 
AFM.  
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Figure 1. (a) SEM images and (b) De-convoluted Ga-3d XPS spectra for the surface composition of the GaN films 

Detail of surface morphology of MoS2 layers and 
GaN films was exhibited clearly by AFM 
observation in Figure 2 (a, c) and (b, d), serially. By 
the scan area of 3 x 3 µm, the bright area likes 
particles and the dark relates with thick striped 
demonstrating the character both of surface feature. 
The bright areas describe the pattern of rising 
surface peaks, and dark areas illustrate the valleys 
formed on the surface. The broader area of dark and 
bright regions with a root mean square (RMS) of 
3.01 nm was exhibited on the surface of MoS2 in 
Figure 2(a). After deposition of GaN films, the 
reduction of those areas with RMS of 2.17 nm was 
demonstrated on Figure 2(b). The reduction in the 
size of these two regions represented that decline 
peak and valley formed on the film’s surface. The 
narrowing of both areas could describe that a 
smoother surface has constructed on the GaN films.  

Moreover, the line roughness will be confirmed 
more clearly with one dimension of contour scan in 
Figure 2(c), (d) demonstrating the profile of the 
valley and peaks feature. They can be compared to 
the results from the striped scan in Figure 2 (c) and 
(d). There are several grooves with a smaller curve 
in Figure 2(c) than in Figure 1(d). The curve relates 
to the peak formed on the surface layer, while the 
groove correlates with the valley constructed on the 
surface as well. The high peak and the deep of the 
valley for both surface contours is 0.51 nm and 0.31 
nm for MoS2 layer, and 1.11 nm and 0.73 nm for 
GaN films, respectively. Based on the AFM results, 
the surface of GaN film was smoother than the MoS2 
layer even though the peak and valley GaN films 
higher and deeper than the MoS2 layer. It could be 
come due to the line roughness of the GaN film 
taken in the highest and the deepest area. 

 
Figure 2. (a) 2D AFM images of the surface of MoS2/Sapphire and (b) GaN films with scan area 3 x 3 µm, while (c) scan 
profile contour as long 3 µm on MoS2/Sapphire and (d) for GaN films. 
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4 CONCLUSIONS 

In conclusion, we are successful to deposit the GaN 
films on the MoS2 layer by the MBE system. The 
surface texture of the GaN films formed was a 
smooth surface with a large flat area correlated with 
the 2D mode layer. The great of Ga-N bonding 
created on the surface with less Ga-Ga and O-O was 
obtained higher than 80 %. The reduction of surface 
roughness was initiated by the GaN layer covered 
the substrate. The RMS of GaN film with scan area 
3 x 3 µm was archived at 2.17 nm. The diminution 
of peak size and groove related to the valley was 
also demonstrated on the contour of the scan profile. 
However, attending several Ga particles spread 
irregularly on the surface with size in the range up to 
150 nm that was constructed due to low growth 
temperature provided by the system. Further, the 
higher growth temperature served by substrate could 
facilitate the smoother surface of GaN film with the 
minimum of Ga metallic.  
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