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Molecular beam epitaxy of phase pure cubic InN
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Cubic InN layers were grown by plasma assisted molecular beam epitaxy on 3C-SiC (001)
substrates at growth temperatures from 419 to 490 °C. X-ray diffraction investigations show that
the layers have zinc blende structure with only a small fraction of wurtzite phase inclusions on the
(111) facets of the cubic layer. The full width at half maximum of the ¢-InN (002) x-ray rocking
curve is less than 50 arc min. The lattice constant is 5.01+0.01 A. Low temperature
photoluminescence measurements yield a c-InN band gap of 0.61 eV. At room temperature the band
gap is about 0.56 eV and the free electron concentration is about n~1.7X 10! cm™. © 2006
American Institute of Physics. [DOI: 10.1063/1.2422913]

Recently, great interest in nonpolar IIl-nitrides—
including cubic II-nitrides—has risen due to the absence of
the built-in electrostatic field, which can limit the perfor-
mance of devices. Within this family of semiconductors InN
is the material with the smallest band gap, smallest effective
mass, and highest electron mobility.l’2 Therefore a great po-
tential of application in electronic and optoelectronic devices
of pure InN is expected. However, up to now the crystal
quality of InN epilayers led to a strong and controversial
debate of even fundamental parameters such as the band gap
energy.3 The development and improvement of InN growth
techniques led to a reexamination of the band gap and evi-
denced a narrow fundamental band gap of hexagonal InN of
about 0.9 (Ref. 4) or between 0.6 and 0.7 eV.”~’ For cubic
InN (c-InN) an even lower band gap energy of around
0.58 eV is expected,8 which would expand the applications
of group Ill-nitrides towards the infrared range. However,
the cubic IIl-nitride polytype is metastable and can only be
grown in a narrow window of process conditions.”'® Under
nonoptimum growth conditions phase mixing between the
metastable cubic and hexagonal phases may severely influ-
ence the determination of the fundamental material
parameters.

In this letter we report on the growth, the structural, and
optical properties of c-InN epitaxial layers on c-GaN/3C-
SiC hybride substrates. A decrease of hexagonal inclusions
on the (111) facets with decreasing growth temperature was
observed. Optical properties were derived by photolumines-
cence (PL) and spectroscopic ellipsometry measurements.

Cubic InN films were grown on top of a c-GaN buffer
layer (600 nm) by rf-plasma assisted molecular beam epitaxy
at different growth temperatures. The c-GaN buffer layer
was deposited on a free standing 3C-SiC (001) substrate at a
growth temperature of 720 °C. To reduce the thermal disso-
ciation of In—N bonds the growth temperature was decreased
for InN growth. The substrate temperature was varied in the
range of 419-490 °C. We started the InN growth under In-
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rich conditions at an In-beam equivalent pressure of 6.8
X 1078 mbar which was decreased to 3.1 X 1078 mbar after
2 min of growth. The thicknesses of the InN layers were at
least 130 nm and the growth was continuously monitored by
reflection high energy electron diffraction (RHEED). Struc-
tural characterization was carried out by high resolution
x-ray diffraction (HRXRD). Optical properties were obtained
from room temperature spectroscopic ellipsometry measure-
ments and photoluminescence measurements at 10 K using
the 488 nm line of an Ar* laser. The luminescence signal was
detected with an InAs photodiode with a cutoff wavelength
of 3.6 um.

HRXRD investigations were performed to determine the
phase purity of our c-InN layers. All w-20 scans confirmed
the formation of the cubic phase of InN. Bragg peaks ob-
served at 35.8°, 39.9°, and 41.3° correspond to ¢-InN (002),
c-GaN (002), and 3C-SiC (002), respectively. No additional
reflexion of 4-InN grown in (0002) direction (at 31.4°) was
detected. The full width at half maximum (FWHM) of the
c-InN (002) rocking curve was 48 arc min. The lattice con-
stant derived from the w-20 scan is 5.01+0.01 A, which is
in good agreement with the value derived from the streak
distance of the RHEED pattern and with values published by
Bagayoko et al."' However, it is well known from ¢-GaN
that hexagonal inclusions mainly grow on (111) facets and
cannot be detected in w-20 scans. Therefore reciprocal
space maps (RSMs) of the GaN (002) Bragg reflex were
measured. The RSM along the (-110) azimuth is shown in
Fig. 1. The growth temperature of this InN sample was
419 °C. From the intensity ratio of the cubic (002) reflex and
the hexagonal (10-11) reflex, we estimate 95% cubic phase
in this InN layer, which is one of the best values reported for
c-InN. Recently, some authors report on phase purities of
65% and 82% on c-InN.'*"? Reciprocal space maps of the
asymmetric GaN (-1-13) reflex show that the lattice of our
c-InN layers is fully relaxed with respect to the c-GaN
buffer.

In Fig. 2 we plot the ratio of the intensities of the
h-(10-11) Bragg reflex and the ¢-(002) reflex versus the
growth temperature of different InN layers. We observe a
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FIG. 1. Reciprocal space map of a ¢-InN layer. High intensity (002) Bragg
reflexes of c-InN, ¢-GaN, and the 3C-SiC substrates are observed. Only a
very weak (10-11) reflex from A-InN inclusions is measured yielding a
content of hexagonal inclusion of about 5%.

strong decrease of hexagonal inclusions with decreasing
growth temperature up to a minimum value of 5%. Our in-
terpretation is that with decreasing growth temperature the
sticking coefficient of In is increasing, resulting in a higher
density of nuclei on the surface which can reduce the forma-
tion of (111) facets.

Figure 3 shows the low temperature PL spectrum of an
InN layer grown at 419 °C. All ¢-InN films measured show
a PL band around 0.69 eV with a FWHM of 170 meV. We
suppose that the broadening of the luminescence is due to the
fact that we have a degenerated semiconductor where the
transition of the electrons from the conduction band can hap-
pen in a large energy range. The high density of dislocations
(~10'"" cm™) in our c-InN layer is responsible for the rela-
tively weak intensity. The line shape of the luminescence
which is also shown in Fig. 3 (full curve) was calculated
using Eq. (1) of Ref. 14. As shown in Ref. 14, the low energy
onset of the PL fitting curve defines the renormalized band
gap E,(n), which approaches the band gap E, at vanishing
free carrier concentration n=0. We find a value of Eg(n),
which is close to 0.56 eV. Assuming a difference of about
50 meV between E, and Eg(n),14 we get a low temperature
band gap of c-InN close to 0.61 eV. If we take into account
a temperature shift of about 50 meV (Ref. 15) between low
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FIG. 2. Intensity of the (10-11) reflex of hexagonal inclusions over the
intensity of the (002) Bragg reflex of cubic InN vs growth temperature of
c-InN layers.
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FIG. 3. Experimental and calculated photoluminescence spectra of a
c-InN layer at 10 K. The position of E,(n) is indicated.

and room temperature the room temperature band gap of
c-InN is about 0.56 eV.

The real (g;) and imaginary (&,) parts of complex di-
electric function (g) for cubic InN were determined by spec-
troscopic ellipsometry at room temperature using the
multilayer approach described in Ref. 16. No assumption
was made concerning the spectral dependence of € yielding
parameter-free values for &, and &, at all photon energies.
The results are shown in Fig. 4. The imaginary part is zero
below 0.7 eV, it increases up to ~1.3 eV and becomes
nearly constant at higher photon energy. A similar behavior
was previously found for 2-InN (Ref. 17) and is typical for a
degenerated semiconductor. Applying the line shape analysis
for &, as described in Ref. 17, the position of the Fermi
energy is estimated with 0.93 eV for this sample. The maxi-
mum of & at 0.93 eV mirrors the shape of &, which is ex-
pected due to the Kramers-Kronig relation between both
parts of the dielectric function. We can use Eq. (1) to calcu-
late the carrier concentration from the observed Burstein-
Moss shift Eggy of 0.37 eV,

2 (m,+m
EBMS=AEC+|AEV|=E< e_h>(3772")2/3, (1)
el™'h
where n is the free carrier concentration. The effective
masses of electrons and holes in ¢-InN are m,=0.07m (Ref.
18) and mh=0.84m0,2 respectively. Assuming a room tem-
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FIG. 4. Real and imaginary parts of the complex dielectric function of cubic
InN. The Fermi energy lies about 0.93 eV above the valence band edge.
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perature band-gap energy of c-InN of about 0.56 eV a carrier
concentration of n~ 1.7 X 10'* cm™ is obtained.

In summary cubic InN layers were grown on c-GaN
buffer layers at different growth temperatures. The phase pu-
rity of our c-InN layers increases with decreasing growth
temperature. Cubic InN layers with only 5% hexagonal in-
clusions were grown at a substrate temperature of 419 °C. A
minimum half width of the (002) XRD rocking curve of
48 arc min and a lattice constant of 5.01£0.01 A were mea-
sured. Low temperature (10 K) photoluminescence measure-
ments reveal a c-InN band gap of about 0.61 eV. Spectro-
scopic ellipsometry measurements yield a Burstein shift of
370 meV and a respective carrier concentration of about
1.7x 10" cm™.
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