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Growth and structural properties of B-Ga,O; thin films on GaN substrates by an
oxygen plasma treatment
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B-Ga,0; thin films were successfully fabricated on the surface of GaN substrates by an oxygen plasma treatment. The thickness
of the films was measured by scanning electron microscopy (SEM). The monoclinic structure and chemical composition of the
B-Ga,0; crystals were confirmed by X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS). In addition, the
surface morphology of the films was investigated by atomic force microscopy (AFM). The results obtained for the p-Ga,0O;
thin films indicated the potential use of GaN crystals.
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Introduction Experimental
Gallium nitride (GaN)-based materials are used in a The B-Ga,O; thin films were grown on GaN substrates
wide variety of applications, including the fabrication using an oxygen plasma treatment. A schematic of the
of blue/green/ultra-violet emitters (light emitting diodes oxygen plasma treatment system is shown in Fig. 1.

(LED) and lasers) and high-temperature, high power electrical The substrates were transferred to the reaction chamber
devices [1-3]. In particular, growth of good quality through a load lock. The reaction system was a parallel

oxide on GaN is required for the fabrication of metal- planar discharge system that used a rectangular rf electrode
oxide-semiconductor (MOS) devices [4]. The structural (lower) and a substrate electrode (upper). The upper
and electrical characteristics of oxide prepared by dry electrode, which supports the substrate, was connected
thermal oxidation of GaN have been reported [5-7]. to a 13.56 MHz rf bias power supply. The substrate
The method reveals a slow oxidation rate with the was placed on a tray with the surface to be coated facing
possibility of surface degradation because of the high downward in order to minimize the deposition of dust
temperature treatment [8]. And the photoenhanced wet particles and flakes.
oxidation of GaN has also been studied [9, 10]. However, Before the growth of the B-Ga,0s thin films, a short
direct plasma oxidation of GaN has not been explored pre-cleaning of the samples was performed in situ to
in detail as yet. improve film adhesion to the substrate using a H, discharge
In the present study, f-Ga,O; thin films were grown with an rf power of 60 W. The samples were oxidized
on GaN substrates by an oxygen plasma treatment. The in oxygen plasma with a flow rate of 100 sccm for 30,
cross-section of 3-Ga,0; thin films was observed using 60, 90 and 120 minutes. The working pressure (133.32
environmental scanning electron microscopy (ESEM). pPa) and the substrate temperature of the samples were
The chemical and structural characterizations of -Ga,0; held constant at 300°C.
thin films were confirmed by X-ray photoelectron After the main growth, the oxidized GaN substrates
spectroscopy (XPS) and high-resolution X-ray diffraction were cooled naturally to room temperature (RT) and
(HR-XRD). The surface roughness of the films was analyzed by high-resolution X-ray diffraction (HR-XRD,
measured by atomic force microscopy (AFM). The Bruker D8 Discover system) with Cu Ka radiation.
main purpose of the present study is to report the The cross-section of the the B-Ga,O; thin films was
structural characteristics of B-Ga,O; thin films in an observed using environmental scanning electron micros-
oxygen plasma with an increase in the oxidation time. copy (ESEM, XL30 ESEM-FEG). The chemical change

of the oxidized GaN substrate was confirmed by X-ray
photoelectron spectroscopy (XPS, ECSA 2000). The
surface morphological properties of all of the samples
were characterized by atomic force microscopy (AFM,
Thero-Microscopes CP Research).
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Fig. 1. Schematic of the oxygen plasma treatment system.
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Results and discussion

Fig. 2 (a), (b), (¢) and (d) show cross-sectional SEM
images of 3-Ga,Oj; thin films on GaN substrates for 30,
60, 90 and 120 minutes oxidation time, respectively. In
addition, EDX analysis was carried out to identify the
oxidation region. Fig. 2(e) shows the EDX spectra
taken from the cross-section of the a-Ga,Os film and
GaN substrate. The oxygen peak increased remarkably,

3 — 300 um

kV: 15 Tilt: 0 Mag: S0000x

Fig. 2. The cross-sectional SEM micrographs of the B-Ga,O;
films: (a) 30 minutes oxidation; (b) 60 minutes oxidation; (c) 90
minutes oxidation; (d) 120 minutes oxidation; (¢) EDX spectra.
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while the gallium peak decreased slightly due to the
stoichiometric atomic ratio Ga : O =2 : 3. The thicknesses
of the B-Ga,O; films increased from 170 to 204 nm
with increasing oxidation time. Fig. 3 shows the thickness
change of B-Ga,0O; films with increasing oxidation
time. First, the thickness of films increased to 200 nm
up to 60 minutes oxidation time. Thereafter, the thickness
of films was not observed to change beyond 60 minutes
oxidation time. This was because of the fixed oxygen
plasma density.

Fig. 4(a) shows the XRD spectra (6-26) of a GaN
substrate. As shown Fig. 4(a), the pattern of the sample
contained a strong diffraction peak with a (002) orientation
originating from GaN crystalline substrate. However,
no crystalline oxide phase was detected in the B-Ga,O;
films using a 0-20 scan because the B-Ga,O; films
were too thin. So, the XRD patterns of the B-Ga,O;
films were obtained using a fixed 6 =2.5°-26 scan. The
reflection peaks at 20 = 69.8° (Fig. 4b) and 66.3° (Fig.
4c) correspond to the (421) and (004) planes of the
monoclinic structure of B-Ga,0O;, respectively, and were
well matched with the JCPDS data (41-1103). Thus,
the B-Ga,0Os films obtained were determined to have a
monoclinic structure with diffraction planes of (4 21)
and (004).

Fig. 5 shows the XPS spectra from the O 1s core
level (Fig. 5a) and N 1s (Fig. 5b) of the p-Ga,O; film
surface and GaN substrate. The intensity of the O 1s
peaks at 533.3 eV (Fig. 5a) was observed to increase
significantly after plasma oxidation, while the N 1s
peaks at 396.7 eV (Fig. 5b) diminished after the plasma
oxidation of the GaN surface. This indicates that N
atoms on top of the surface have been substituted by O
atoms. These results clearly reveal a more gradual change
in composition in the near surface region of the GaN
substrate, as a function of the oxidation time at 300°C.

The surface morphology of the GaN substrate and [3-
Ga,0; films was observed by AFM in the contact mode
at room temperature. Fig. 6 shows the AFM images (20
X 20 um?) with the root-mean-square (rms) surface
roughness. Fig. 6(a) shows the surface morphology of
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Fig. 3. The thickness of
B-Ga,0; films with increasing oxidation time.
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Fig. 4. The XRD patterns of (a) GaN substrate; (b) and (c) B-
Ga,0; films after 30 and 60 minutes oxidation.
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Fig. 5. The XPS spectra: (a) O Is core level; (b) N 1s core level.

the GaN substrate before the growth of B-Ga,O; films,
and Fig. 7(b) and 7(c) show the surface morphology of
B-Ga,O; films with increasing plasma treatment time.
The rms roughness of the GaN substrate was 2.87 nm.
In contrast, the rms roughness of the B-Ga,O; films
exposed to the oxygen plasma for 30 and 60 minutes
were 1.98 nm and 1.96 nm, respectively.

Conclusions

It was demonstrated that monoclinic B-Ga,O; has
been successfully grown on the surface of a GaN
substrate by an oxygen plasma treatment. The thicknesses
of films measured approximately from 170 to 204 nm
by SEM. While the thickness of the films increased
from 30 to 60 minutes oxidation time, there was no

Fig. 6. The AFM images: (a) GaN substrate; (b) and (c) B-Ga,0; films after 30 and 60 minutes oxidation.
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change of thickness beyond 60 minutes oxidation time
because of the fixed oxygen plasma density. XRD results
revealed that the synthesized 3-Ga,O; films were identified
as having the monoclinic structure with diffraction
planes of (421) and (004). The XPS data confirm the
chemical composition of B-Ga,Os thin films after plasma
treatment. The intensity of the O 1s peaks are observed
to increase significantly after the oxygen plasma treatment,
while the N 1s peaks are almost undetectable upon
plasma oxidation of GaN surface. The rms roughness
of the GaN substrate was 2.87 nm and that of the -
Ga,0; films were 1.98 nm and 1.96 nm. After the oxygen
plasma treatment, the surface morphology of B-Ga,O;
films were more advanced than that of the GaN substrate.
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