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Wurtzite structure InN films were prepared on Si(100) substrates using radio-frequency metal-organic molecular beam epitaxy
(RF-MOMBE) system. Ga-doped ZnO (GZO) and Amorphous AlN (a-AlN) film were used as buffer layers for InN films growth.
Structural, surface morphology and optical properties of InN films were investigated by X-ray diffraction (XRD), field emission
scanning electron microscopy (FE-SEM), transmission electron microscopy (TEM), and photoluminescence (PL). XRD results
indicated that all InN films exhibited preferred growth orientation along the c-axis with different intermediate buffers. TEM
images exhibit the InN/GZO growth by two-dimensional mode and thickness about 900 nm. Also, the InN films can be obtained
by growth rate about∼1.8 μm/h. Optical properties indicated that the band gap of InN/GZO is about 0.79 eV. These results indicate
that the control of buffer layer is essential for engineering the growth of InN on silicon wafer.

1. Introduction

Indium nitride (InN) is a potentially important material for
optoelectronic and high speed electronic devices, due to its
narrow band gap (<0.7 eV) [1] and superior properties [2],
such as high electron mobility [3], small electron effective
mass [4], and low carrier concentration [5, 6]. The theo-
retical maximum mobility calculated for wurtzite (2H) InN
at 300 K is ∼14000 cm2/V-s [7], while at 77 K the limits are
beyond 30000 cm2/V-s. InN is expected to be used for fabri-
cation of high performance high electron mobility transistors
(HEMTS), light-emitting diodes (LEDs) and high efficiency
solar cells [8]. The early studies reporting the InN band gap
to be∼2 eV were limited by material grown by RF-sputtering
[9]. Recent experiments performed on high-quality InN InN
films grown by molecular-beam epitaxy MBE have shown
unambiguously that the fundamental band gap of InN is
about 0.7 eV [10]. The discrepancy in band-gap could be
attributed to the crystallinity, carrier concentration, defects,
and impurities present in the InN material (such as O, H, C)
[11, 12]. Although explanations including the incorporation

of oxygen and the Burstein-Moss shift have been proposed,
the actual roles of these effects have not been clarified. With
the improvement of growth techniques in the past few years,
as such as high-quality InN epilayers grown by molecular
beam epitaxy (MBE) [13], radio-frequency metal-organic
molecular beam epitaxy (RF-MOMBE) [14], sputtering [15],
and metal organic chemical vapor deposition (MOCVD)
[16] are now readily available. However, the growth of high
quality InN films is known to be difficult due to a lack of
suitable substrates materials that are matched with InN
in terms of both lattice constant and thermal expansion
coefficient. Also, the main problems of producing InN thin
films are low dissociation temperature of InN [17], and
the high equilibrium vapor pressure of nitrogen and lattice
mismatch between film and substrate. A variety of templates,
namely, GaN and AlN buffer layers on Si and sapphire
substrates have been employed for the growth of InN
continuous film [18]. However, the lattice mismatch between
InN and ZnO, AlN are about 8.9% and 13%, respectively.
Compared with InN and sapphire is far below the mismatch
of 25.4%. As the result of large lattice mismatch, these
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structures contain a very high density of various defects.
The effect of growth parameters of InN films such as the
substrate temperature, RF power, and In/N flow ratio has
been investigated to optimize sample quality [19]. Previous
studies of InN deposition on oxide layer show that InN has
the highly oriented in the c-axis direction [20]. The oxide
buffer layer could be a suitable buffer layer for the growth
of high-quality InN films. Therefore, low lattice mismatch
layer improved the InN nucleation with a high quality [21].
Also, silicon is a very promising material for the growth of
III-V materials. With its good thermal conductivity which is
especially interesting for electronic applications [22] but also
for low-cost high brightness light emitting diodes (LEDs)
applications [23]. However, few studies report indicated
that InN thin films growth on Si(100) substrate using
radio-frequency metal-organic molecular-beam epitaxy (RF-
MOMBE).

In this work, we studied the effect of different buffer
layers on the growth of InN by radio-frequency metal-
organic molecular-beam epitaxy (RF-MOMBE). As a result
of these investigations, we found that the high quality InN
layers on a Si(100) substrate is obtained using the GZO buffer
layer. Characterization of crystallinity, surface morphology,
and emission property was investigated by X-ray diffraction
(XRD), scanning electron microscopy (SEM), transmission
electron microscopy (TEM), and photoluminescence (PL)
measurement. Also, the influence of growth parameters on
the InN samples was discussed in detail.

2. Experiment

InN films were grown by radio-frequency metal-organic
molecular beam epitaxy (RF-MOMBE) with Ga-doped ZnO
(GZO) layer, amorphous AlN (a-AlN) layer, and direct
growth on Si(100) substrate. The growth chamber of RF-
MOMBE system was vacuumed to a base pressure of 10−7 Pa
by a turbo molecular pump. Trimethylaluminum (TMA),
trimethylindium (TMI) were used as the group-III precur-
sors without any carrier gas. The temperatures of precursors
were kept at 65◦C for TMI and 20◦C for TMAl. Atomic nitro-
gen generated by radio-frequency (RF) plasma was used as
the group-V source. The 240 nm-GZO film was deposited on
Si(100) using RF-sputtering at 300◦C with working pressure
∼10−1 Pa. Before loading substrate into the chamber, the
Si(100) substrates were cleaned in an ultrasonic bath with
acetone and ethanol, and the Si(100) substrates were also
etched in a 5% HF solution for 3 min to remove the oxide
on the surface.

Before the a-AlN growth, silicon substrate was thermally
cleaned at 900◦C for 30 min in vacuum chamber with
10−7 Pa. Then, the substrate temperature was decreased to
850◦C at 5 min for nitridation, followed by the growth of
a-AlN layer at 750◦C. Finally, the InN films were deposited
on GZO, a-AlN buffer layers and Si(100) substrate at 500◦C
for 30 min. During the deposition, the substrate temperature
was monitored by a thermocouple.

X-ray diffraction (XRD) including θ-2θ scan was carried
out on a Bede D1 X-ray diffractometer with a CuKα radiation

source. The surface morphologies and cross-section of InN
films were obtained by field-emission scanning electron
microscopy (FE-SEM) (Hitachi S4300). The microstructures
of the InN films were investigated in detail by transmission
electron microscopy (TEM) in cross-sectional configuration
(TEM, Philips Tecnai 20). The optical property was per-
formed by photoluminescence (PL) measurements. A diode
laser operating at a wavelength of 976 nm was used as the
excitation source.

3. Results

Figure 1(a) shows that the XRD pattern of high preferred
orientation GZO thin film grown on Si(100) substrate by RF-
sputtering which narrow full-width half maximum (FWHM)
of (0002) diffraction peak is about 400 arcsec. Also, selected-
area diffraction pattern (SAD) observed the nearly-single
crystal structure. Figure 1(b) shows the θ-2θ XRD pattern of
the InN films growth on GZO, a-AlN, and direct deposition
on Si(100) substrate, respectively. The observed diffraction
peak exhibited dominant InN (0002) peak at ∼31.3◦ for all
samples, revealing that the InN films mainly consisted of the
hexagonal InN phase. Diffraction peaks corresponding to the
(0002) and (0004) from InN film, (0002) form GZO film,
and the (400) diffraction peak from Si(100) are observed
for InN/GZO sample. Compared with direct deposition
on Si(100) substrate, the InN/GZO exhibited highly c-axis
preferred orientation indicating that it have relative narrow
peak with good crystalline quality. In addition, InN grown
on a-AlN and Si(100) exhibited polycrystalline structure
and random growth. Also, a smaller peak corresponding
to the indium metal detected in the XRD pattern for InN/
AlN and InN/Si(100) samples, which is probably due to
the slightly In-rich conditions. Also, three prominent XRD
peaks, corresponding to InN (100), (0002), (101), and
In(101) were observed for InN film grown directly on the
Si(100) substrate, while there is no indium oxide peak in the
XRD spectra. According to these results, the GZO buffer layer
can be provided InN nucleation and improvement quality
due to smaller lattice mismatch (∼8.9 %). From the observed
(0002) diffraction the lattice parameter c can be obtained.
InN/GZO shows the large than the value of the bulk crystal
[24] attributed to the residual strain in the InN film.

Figure 2 shows the 30◦ Plan-view and cross-sectional
SEM images of InN films grown on various buffer layers.
Cross-section image of InN/GZO film indicated that thick-
ness of GZO film is about 240 nm. The image reveals that the
InN/GZO film exhibits a pronounced columnar-structure
at 500◦C. Also, surface morphology of InN film shows the
needle-like nanocrystals. In addition, an InN/a-AlN film
reveals the granular structure of surface morphology. Also,
surface roughness is larger than InN growth on GZO layer
due to high density grain boundaries and island growth. The
InN film directly grown on Si(100) exhibits surface morphol-
ogy of noncontinuous and rough features. The result is due
to a stress induced 3D-growth mechanism caused by a lattice
strain and/or higher desorption rate (>1.5 μm/hr). Also, the
formation of metallic In on the surface was observed which
corresponding to XRD result.
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Figure 1: (a) XRD pattern of a sputtered GZO film and (b) θ-2θ XRD patterns of InN film deposited on various buffer layers.
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Figure 2: SEM cross-sectional and surface morphologies images of InN film were grown on various buffer layers.

Figure 3 shows a cross-sectional bright-field TEM images
for the InN films growth on GZO and a-AlN buffer
layers. Figure 3(a) shows that 900 nm-thick InN film grown
on GZO buffer layer clearly observed that the threading
dislocations (TDs) and stacking faults are near the interface.
Also, no obvious indium metal precipitates are seen in
image. Besides, cross-sectional bright-field TEM image of
InN/GZO film observed along the [1010] direction. The
lattice fringes reveal that the c-axis lattice parameter of
the InN/GZO is about 0.588 nm, which is larger than bulk
InN [25], suggesting that the lattice strain of InN is not
significantly relaxed after the growth may be due to oxygen
content in the films, toward the formation of In2O3 [26].

Figure 3(b) shows InN film grown on Si(100) with a-AlN
buffer layer. The c-axis lattice parameter of InN/AlN film was
measured to be about 0.57 nm which is matched to the value
of bulk InN, suggesting that the InN is near fully-relaxed
at after growth. This result is in good agreement with the
theoretical calculated values from XRD measurement. Also,
selected-area electron diffraction pattern (SAED) of all InN
films reveals a hexagonal wurtzite structure with an incident
beam direction of <0001> is clearly observed. No additional
diffraction spots were observed in the pattern. On the other
hand, the SAED of InN/AlN shows a typical characteristic of
a nearly-single crystalline. Also, it can be seen clearly that the
film was 3D growth mode.
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Figure 3: Cross-sectional TEM image of typical InN area with the corresponding SAED pattern shows from (a) InN/GZO film and (b)
InN/a-AlN film.
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Figure 4: Room temperature PL spectra of InN films grown on Si(100) with different buffer layers.

Figure 4 shows the PL spectra measurement at room
temperature from an InN film deposited on GZO and AlN
layer at 500◦C. The PL result indicated sample fundamental
band gap was located at InN/GZO about 0.79 eV and
InN/AlN about 0.65 eV. In contrast with our previous studies
[27], InN grown on oxide layer exhibited large band gap due
to high carrier density and oxygen incorporation [28]. Also,
the origin of the higher measured band gaps in these films

can be attributed to the presence of In2O3 (Eg = 3.75 eV)
[29] inclusions and, perhaps, to a blue-shift of the absorption
edge from quantum-size effects caused by the needle-like
[30]. In addition, the intrinsic defects such as N vacancies
and/or dislocations could be important additional sources
for free electrons in these samples. The Hall measurements of
the InN/GZO exhibited a high carrier concentration of 2.6×
1020 cm−3 and electron mobility of 78 cm2/V-s. Therefore,
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we infer that fewer defects and the low background carrier
concentration were cause of influence high quality InN.

4. Conclusion

In summary, the high quality InN grown on Si(100) substrate
with the GZO buffer layer is critical to achieve nucleation
and duplicate orientation. The XRD measurement indi-
cates that the InN films are highly oriented in the c-axis
direction. According to XRD and TEM results, the GZO
buffer layer improved the crystal quality effectively which
was smaller surface roughness. The PL results reveal that
band gap was located at InN/GZO about 0.79 eV. Also, the
high background-carrier concentration may be caused by a
structural defect and/or oxygen incorporation.
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