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Since it was found that the optical band-gap energy of
InN isaround 0.7 eV rather than the accepted value of 1.9
eV, the research on InN has attracted much bigger
attentions. However, there are very few reports on thermal
stability of InN. In this paper, we study on thermal
oxidation of InN and discuss influences on chemical
properties of the surface and structural and optical
properties of the films.

InN films were grown on sapphire (0001) substrates
by RF-MBE. Sapphire substrates were thermally cleaned
at 800°C and a nitridation process was carried out at
550°C. After deposition of low-temperature InN buffer
layers, InN films were grown at 550°C. Before and after
oxidation, we investigated the surface properties and
crysaline quality of the InN films by X-ray
photoelectron spectroscopy (XPS), scanning electron
microscopy (SEM) and X-ray diffraction (XRD),
respectively. In addition, the optical properties of InN
were characterized by optical absorption, Raman
scattering and photoluminescence (PL).

First, thermal oxidation of InN in the vacuum was
investigated. After cleaning the surface by exposure to H*,
the samples were oxidized by exposure to O, with the
range of 1,000 L to 200,000 L (1 L = 1.0 x 10° Torr x1 s).
The sample temperature during oxidation process was
varied from 370°C to 530°C. Figure 1 shows the In4d
peaks obtained for the InN film with the oxidation of
100,000 L. The peak at the binding energy of In-N shifted
gradually to the energy of In-O as the temperature
increased. This result shows that the chemical bond on the
surface of InN films changed from In-N into In-O,
suggesting the formation of 1n,0O; at the surface. SEM
results also confirmed that triangular grains of 1n,Os
appeared on the InN surface after oxidation process. In
addition, XRD peak corresponding to 1n,05(222) was
observed together with the InN(0002), indicating that the
formation of 1n,O3 by the oxidation was mainly occurred
only at the surface of InN films.

Secondly, the thermal oxidation of InN in the air for
60 min was investigated. The annealing temperature was
varied from 400°C to 500°C. It is found that even after
the annealing at 400°C the strong XRD peak of
INN(0002) was observed like that observed before
annealing, indicating that InN was thermally stable for the
annealing below 400°C for 60 min. Figure 2 shows the
annealing temperature dependence on optical absorption
spectra of the InN films. The absorption edge shifted from
near 0.7 eV into near 3.4 €V as the annealing temperature
increased. The absorption edge of InN annealed at 500°C
almost corresponds to an absorption edge of 1n,0; [1],
suggesting formation of 1n,O3 by this annealing. These
results confirmed that optical properties of InN films were
strongly influenced by the annealing probably due to the
formation of 1n,0Os.

In summary, influences of therma oxidation of InN
on the chemical properties of the InN surface and the
structural and optical properties have been investigated.

The oxidation of the InN films was confirmed to promote
the formation of 1n,0O3, which had a remarkable influence
on optical properties of the InN films.
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Fig. 1 In4d XPS spectra of the InN films with
oxidation of 100,000 L
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Fig. 2 Optical absorption spectra of InN before
and after annealing at 450°C and 500°C



