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Abstract. Gallium nitride (GaN) has successfully grown at the short time on the sapphire
substrate by plasma-assisted molecular beam epitaxy (PAMBE). The great regular spotty
pattern associated with the high crystalline structure has generated perfectly on the GaN thin
films monitored by RHEED. The hexagonal structure with the smooth surface condition has
been obtained expressly through the surface morphology of GaN films. Moreover, the stability
of surface composition was obviously achieved on the GaN thin film evidenced by the high
percentage of GaN bonding created on the surface of films. Good quality on the surface
morphology followed by the reliable stability of surface composition might even be reached
through each the high crystalline and smooth surface of the substrate.

Keywords: gallium nitride; thin films; sapphire substrate; semiconductor; molecular
beam epitaxy

Intmduction

Gallium nitride is one amongst the semiconductor material that has been widely used for a few
applications within the optoelectronics and electronic devices [1], [2]. Therefore, it absolutely was
being developed to support for future technology through both electronic and optoelectronic
components like high electrons mobility transistor [3], lead-emitting diode [4], solar cells [5], and
sensor [6]. However, the performance and long live application will be restricted by the defect
attended on the structure and morphology of GaN thin film[7]-[9]. Some reports are devoted to reduce
the defects by molecular beam epitaxy (MBE) method[10]-[13]. Unfortunately, the investigating of
morphology and surface stability of the GaN thin film at the short growth time has not been
demonstrated. The high defect quantity could be generated on the surface closed to the interface
between subtract and thin film. It might be created due to lattice mismatch resulted from both of
materials [11]. As be known for lattice mismatch between the GaN with both c¢-plan and a-plan
sapphire substrate is 13.9% and 2%, respectively [14]. It was confirmed that the defects were initiated
from there site and they creep till the surface of GaN thin films [7], [8]. So, the purpose of this study
was to observe the morphology and surface stability of GaN thin film grown on the short growth time
using PAMBE method.
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2. Metho@hlogy

The GaN thin films were grown on the sapphire substrate using the PA-MBE system. The growth
temperature of GaN thin film was given at 600 °C during 20 minutes in the growth chamber. While,
the thermal cleaning is carried out at the same temperature for 40 minutes to clean up the substrate
from the contaminant. Meanwhile, pre-nitridation has done on the surface of the substrate for 10
minutes to cifffite the bonding connection between substrate and nitrogen atoms. During the above
[EPcess. the in-situ characterization is performed by reflection high energy electron diffraction
(RHEED) operating at 20 kV. Meanwhile, the ex-sifu characterizations are carried out on the GaN thin
film after the growth process. The surface morphology and surface roughness are observed by a JEOL
field emission scanning electron microscopy (FESEM) with accelerating voltage 15 kV and atomic
force microscopy (AFM) by Nano Surt C3000, successively. Whereas th{ surface chemical
composition and character properties are examined by VGS Thermo K-Alpha X-ray photoelectron
spectroscopy (XPS).

3. Result and Discussion

Figure 1. RHEED pattern images from (a) Substrate after thermal cleaning, (b) Substrate after
nitridation and (c) GaN thin films grown on the substrate

Figure 1 display the RHEED pattern images for both substrate and GaN film. RHEED can be used for
monitoring the character each surface condition and growth steps sample during epitxial GaN thin film
inside the growth chamber. The streak closed to spot pattern with strong intensity shown on the Figure
I(a) correspond to crystalline structure which was formed on the surface of the substrate. The
crystalline structure on the surface of substrate could facilitate perfectly the epitaxial growth for both
atom gallium and nitrogen to construct the GaN thin films. While the spot pattern with higher intensity
was also demonstrated by RHEED pattern shown in Figure 1(b). It indicates that the crystalline
structure has consistently created after nitridation process. Its process was carried out to generate the
bonding mechanism between nitrogen atoms and the surface of substrate. As was known that the pre-
nitridation process might facilitate the nitrogen atom to initiate for establishing the nucleation site
since nitrogen has both higher energy migration (1 eV) and higher adsorption (4.6 eV) compared to Ga
[15]. Figure 1(c) shows the spot pattern image on the surface condition after the growth of GaN thin
films. The spot pattern with great intensity show the crystalline structure formed on the GaN thin film.
The pattern also indicate for which 3-dimension stage has been built on the surface of GaN thin film.
The 3-dimension stage of GaN thin film could be constructed due to N-rich condition during epitaxial
growth [16], [17]. Additionally, the great regular spotty pattern was also indicated a single crystal
wurtzite GaN formed on the film [18].
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Figure 2. Surface GaN thin films (a) Line scan and (b) 3-dimension surface using AFM, (c)
Morphology by FE-SEM

Figure 2 show the surface morphology of GaN thin films demonstrated by AFM and FE-SEM image.
The line scan observed throughout 3 pm shown on Figure 2(a) exhibit both the valley and peak value
is obtained at -2.8 and 3.8 nm, serially. Meanwhile, the 3-dimesion image with scan area 3 pm x 3 gm
displayed on the Figure 2(b) demonstrate the peak and valley created in the range 3.5 nm and -1.5 nm,
respectively. Whereas the root mean square (RMS) value scanned in the area hgfJbeen achieved at 1.3
nm. Based on those values, the smooth surface has been constructed iously on the surface of GaN
thin film. In addition, Figure 2(c) display the FE-SEM image from the surface morphology of GaN
thin film. The hexagonal shape with 300 to 400 nm in size corresponded to structure the GaN film has
been created on the thin films. While, the bright particle with irregular shape related to GaN cluster
also appear on the surface of film. The cluster might be created during the growth epitaxial at the low
temperature. As be @ll-known that the low growth temperature could facilitate for creating the
gallium metallic (Ga-Ga) on the surface of films [19].
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Figure 3. Deconvoluted of Ga 3d for GaN thin film by XPS

Figure 3 display the deconvoluted of Ga-3d for chemical surface composition of GaN thin film which
carried out by XPS technique. The XPS spectra was divided into two region namely Ga-N and Ga-Ga
bonding [20], [21]. According to XPS fitting using Advantage software in the area orbital of Ga-3d,
the main peak positions of Ga-N bonding located at 19.96 eV, whereas the Ga-Ga bonding related to
Ga metallic located at 18.58 eV. The percentage of Ga-N bonding was achieved up to 94.6%, while
the Ga-Ga bonding was only 18.5 %. The higher percentage of Ga-N bonding might indicate the more
stable the surface composition of GaN thin films. Thus, the ratio value of Reagucan is 0.03 which
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indicate the strong stability for surface composition. The lower ratio value shows the higher both
purity and stability the surface composition constructed on the GaN thin films.

4. Conclusion

The GaN thin film was successtully grown on the sapphire substrate by plasma assisted molecular
beam epitaxy in the short time of growth. The spotty pattern with strong intensity associated to high
crystalline structure generated on the surface of GaN thin film, was demonstrated trough in-situ
monitoring of RHEED. The smooth surface condition with 1.3 nm of RMS value has been constructed
on the surface of GaN thin film, whereas the hexagonal shape related to GaN structure has also created
on it. High percentage of Ga-N bonding corresponded to stability of surface composition has been
generated on the GaN thin film.
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