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Epitaxial growth of hexagonal and cubic InN films
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We have grown InN films on 3C-SiC (001) substrates with and without cubic GaN underlayers by RF-N,
plasma MBE. It was found that, in the case of direct growth on 3C-SiC (001), hexagonal InN grows with
the crystal orientation as hexagonal InN (1 100)//3C-SiC (110), while, in the case of the growth on cubic
GaN underlayers, cubic InN grows with the crystal orientation as cubic InN (110)//cubic GaN (110). Pho-
toluminescence emissions from the cubic and hexagonal InN films were clearly observed at around
0.7 eV.
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1 Introduction

It is well known that group III nitrides have hexagonal wurtzite crystal structure, differing from other
[II-V compounds which usually crystallize in the cubic zincblende structure. However, cubic III nitrides
can be obtained when (001) surfaces of cubic crystals, such as GaAs and 3C-SiC, are used as substrates.
It has been expected that cubic nitrides have some advantages for optical and electrical device applica-
tions compared with hexagonal ones, including higher carrier mobility due to less lattice scattering, bet-
ter doping properties and superior optical properties [1]. Cubic GaN, AIN and their alloy films have been
grown on GaAs, 3C-SiC, Si and MgO by MBE and MOCVD and their physical properties, including
their bandgap energies, have been reported by many authors [2, 3]. It has recently been reported on the
results of ab initio calculations of the bandgap energies of hexagonal and cubic InN as 0.81 and 0.58 eV,
respectively [4]. Cubic InN films have been reported to grow on GaAs (001) substrates with InAs under-
layers [5] and on r-plane sapphire substrates [6]. However, little has been reported on the crystal qualities
of grown cubic InN films and their physical properties. In this paper, we report on the epitaxial growth of
InN films on 3C-SiC (001) substrates with and without cubic GaN (c-GaN) underlayers and discuss on
the growth conditions of c- and hexagonal InN (h-InN) films. We also report on the luminescent proper-
ties of the InN films obtained.

2 Experimental procedures

We have grown InN films on 3C-SiC (001) substrates by gas source MBE using a RF-N, plasma source.
3C-SiC (001) epilayers were obtained by CVD growth on Si (001) substrates at around 1300 °C. Details
of the growth of 3C-SiC on Si have been described elsewhere [7]. We have tried to grow InN films with
and without c-GaN underlayers. In the former case, prior to the growth of InN, c-GaN epilayers, around
0.5 pm in thickness, were grown on 3C-SiC at 760 °C. The hexagonal GaN phase content of the epilay-
ers was around 2—3%, and c-GaN single crystal films grow with the crystal orientation parallel to that of
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3C-SiC. InN buffer layers were grown at 300 °C for 2 min directly on 3C-SiC or on c-GaN underlayers.
After the growth of buffer layers, the substrates were heated up to 400—550 °C, and then InN films were
grown for 1 hour. The crystal structures were monitored during growth by use of reflection high-energy
electron diffraction (RHEED). We have studied the crystal structures and morphologies by X-ray diffrac-
tion (XRD) and scanning electron microscope (SEM), respectively. We have measured photolumines-
cence (PL) spectra of the InN films at 5 K using the 633 nm line of a He-Ne laser.

3 Results and discussion

3.1 Direct growth on 3C-SiC substrates

We have grown InN films directly on 3C-SiC (001) substrates. The thicknesses of the films were around
0.3 um for 1-hour growth. SEM observation revealed that the surfaces were almost smooth, but some-
times had round pits. RHEED patterns showed a streak feature during and after the InN growth. The
interval of the streak lines was almost unchanged by the growth of InN films. An XRD pattern (6-26
scan) for an InN film directly grown on 3C-SiC at 550 °C is shown in Fig. 1(a). The diffraction peak
assigned to h-InN (0002) is seen as well as that from 3C-SiC substrate, and no peak assigned to cubic
phase is seen at all. Fig. 1(b) shows XRD ¢ scan patterns for asymmetric h-InN {1102} and 3C-SiC
{111} planes. The diffraction pattern for hexagonal InN {1102} show peaks at every 60°, i.e., 6-fold
symmetry and the peaks for hexagonal InN {1102} coincide with those for 3C-SiC {111} every 180°.
These results, as well as those of RHEED observation, suggest that in the case of the direct growth on
3C-SiC, h-InN grows with the crystal orientation as h-InN (1100)//3C-SiC (110), and h-InN films
grown on 3C-SiC (001) do not show double positioning, but are composed of single domain. The full
widths at half maximum (FWHM) of XRD rocking curve for h-InN (0002) peak were around 15 arcmin.
We have tried to grow c-InN directly on 3C-SiC (001) substrates with various growth conditions. How-
ever, we have failed to obtained c-InN directly on 3C-SiC (001) substrates.

The lattice mismatch between 3C-SiC (001)/c-InN (001) is calculated as 14%, which is much larger
than that in the case of 3C-SiC/c-GaN, i.e., 3.8%. On the contrary, the lattice mismatch between 3C-SiC
(110) and h-InN (1100) is as small as 0.3%, which can explain the experimental results that the interval
of the streak lines was almost unchanged by the growth of InN films. These may result in the preferential
growth of not cubic but hexagonal InN on 3C-SiC (001) substrates. It was found that the preferential
crystal orientation of h-InN on 3C-SiC has not 12-fold symmetry but 6-fold symmetry for the axis nor-
mal to the substrate surface. We can explain this by the consideration that 3C-SiC has zincblende struc-
ture and the 3C-SiC substrates we used are composed of single domain, which means the crystal symme-
try is not 4-fold but 2-fold [7].

3.2 Growth on cubic GaN underlayers

We have grown InN films on 3C-SiC with c-GaN underlayers. First, c-GaN films were epitaxially grown
at 760 °C, around 0.5 pm in thickness, on 3C-SiC (001) substrates. Subsequently, InN films were grown
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Fig. 1 X-ray diffraction patterns from an InN film grown directly on 3C-SiC (001); (a) 6—26 scan and (b) ¢ scan.
The Solid and dotted lines in (b) are diffraction patterns for asymmetric hexagonal InN {1 102} and 3C-SiC {111},
respectively.
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Fig.2 X-ray diffraction patterns from an InN film grown on a cubic GaN underlayer; (a) 6-26 scan
and (b) pole figure for h-InN (1 101) diffraction condition.

on the c-GaN underlayers for 1 hour. RHEED patterns changed from streak c-GalN patterns to-spotty c-
InN patterns. RHEED observation suggests that c-InN single crystal films grow with the crystal orienta-
tion parallel to that of c-GaN in the case of the growth on c-GaN underlayers.

An XRD pattern (6—26 scan) for an InN film on a c-GaN underlayer is shown in Fig. 2(a). Only the
diffraction peak assigned to c-InN (002) is seen, and no peak assigned to hexagonal phase is seen. The
XRD measurements also suggest that c-InN films grow on c-GaN underlayer. Figure 2(b) shows the
XRD pole figure for h-InN (1101) Bragg diffraction conditions of an InN film grown on c-GaN under-
layer. The figure suggests that c-axis of h-InN crystals contained in the film are parallel to the (111) axis
of c-InN crystals.

It has been reported that the comparison of the XRD peak intensity for c-GaN (002) with that for h-
GaN (1 TOl) is useful for estimating the h-GaN phase content of c-GaN films [8]. However, in the case
of InN, it is difficult to use the XRD peak intensity for h-InN (1101) to estimate the hexagonal phase
content of the films correctly, since the lattice plane spacing of h-InN (1101) is almost the same as those
of Si (002) and In (101). Therefore, we have estimated the hexagonal phase content of the films from the
XRD intensity ratio of the peaks for c-InN (002) and h-InN (1102) . In the calculation of the content, we
have taken into account that the XRD scattering factor for c-InN (002) is 3.5 times as that for h-InN
(1102). The hexagonal phase contents of the InN films grown on c-GaN underlayers at 400 °C, 440 °C,
450 °C and 500 °C, the thicknesses of which were around 0.44 um, were estimated to be 84%, 42%, 35%
and 90%, respectively. The FWHM of XRD rocking curve for c-InN (002) was 76 arcmin.
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Fig. 3 Photoluminescence spectra for InN films grown (a) directly on 3C-SiC (001) at 550 °C (solid line) and
470 °C (dotted line), and (b) on cubic GaN underlayers at 450 °C (solid line) and 440 °C (dotted line). The meas-
urements were performed at 5 K.
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3.3 PL measurements of cubic and hexagonal InN films

Low temperature PL spectra of InN films grown directly on 3C-SiC at 470 °C and 550 °C, and those on
c-GaN underlayers at 440 °C and 450 °C, the hexagonal phase content of which are lower compared with
the films grown at other temperatures, are shown in Figs. 3(a) and (b). All the InN films measured show
a peak at around 0.7 eV. Especially, the h-InN film grown at 550 °C shows a very sharp peak at 0.69 eV.
Although the PL peaks in c-InN films are observed at somewhat lower energies than those in h-InN, the
effects of the Burstein-Moss shift and hexagonal phase contained in c-InN films have to be taken into
account in order to discuss the difference in the bandgap energies between c- and h-InN from PL spectra.

4 Conclusion

We have successfully grown cubic and hexagonal InN films on 3C-SiC (001) substrates with and without
c-GaN underlayers by RF-N, plasma MBE, respectively. In the case of the direct growth on 3C-SiC
(001), h-InN grows with the crystal orientation as h-InN (1 100)//3C-SiC (110) while, in the case of the
growth on c-GaN underlayers, c-InN grows with the crystal orientation as c-InN (110)//c-GaN (110). PL
emission was clearly observed at around 0.7 eV from c- and h-InN films obtained. To discuss the differ-
ence in the bandgap energies between c- and h-InN, further studies on the electrical properties of InN
films are required as well as the efforts to reduce the hexagonal phase content of c-InN films.
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