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Abstract
We have performed electrical transport measurements on InN films. Our results show that the electron transport in our InN films is
metallic-like, that is, within the experimental error the carrier density is temperature-independent over a wide temperature range
(4 K%T%290 K). At low temperatures, the resistivities of our InN devices appear to saturate and show gradual increase with increasing
temperatures. We suggest that residue impurity scattering limits the electron mobility in InN films. We compare our results with existing
theoretical models.
q 2005 Elsevier Ltd. All rights reserved.
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1. Introduction
InN, a semiconductor, has been attracting a great deal of
both theoretical and experimental interest recently [1].
Advancing growth techniques have made it possible to
prepare higher-quality InN samples [2,3], leading to the
revision of the fundamental band gap energy from
1.8–2.1 eV to 0.7–0.8 eV [4,10]. As a result, the band gap
of InGaN is known to span from the near infrared (InN) to
the ultraviolet (GaN) [5]. This allows the entire solar
spectrum to be covered by a single material system.
Therefore, the alloys of InN are considered promising
materials to be used in a wide range of optoelectronic
devices such as light-emitting diodes and solar cells.
In this paper, we report transport measurements on InN
films over a wide range of temperature. We show that the
electron transport in our InN films is metallic-like [8,9], that
is, within the experimental error the carrier density is
temperature-independent over a wide temperature range.
This is in line with the seminal work by Mahboob et al. [7]
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which showed the Fermi energy is above the conduction
band bottom in InN.

2. Experimental
The InN samples used in this study were grown with
unintentional n-type doping by an Aixtron 200/4RF-S
metal-organic vapour phase epitaxy (MOVPE) system
[12]. The large lattice mismatch between InN and
a-Al2O3 (0001) substrate (25%) can result in an extremely
high density of structure defects which lowers the electron
mobility in an InN system. One way to overcome this is to
insert an intermediate buffer layer [6] between a-Al2O3 and
subsequent InN film. In our case, a GaN buffer layer was
used. The thicknesses of all our InN films are approximately
200 nm. The photoluminescence (PL) measurements on our
devices showed a broad emission peak around 0.78 eV,
consistent with those reported in other high-quality InN
systems of comparable electron densities and mobilities. All
the electrical transport measurements were performed on
cleaved squares (2–3 mm) on a side. Au or Al electrodes on
the samples were connected to the outer electrodes by
conductive silver paste. Four-terminal transport measurements were performed in a continuous-flow He4 system.
The low-field electron densities were determined by Hall
measurements whereas the resistance and the resistivities of
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our samples were determined by van der Pauw measurements. Data were taken in a rapid succession (z1 s) while
the samples slowly drifted in temperature over the course of
several hours. Measurements performed on three devices
are presented in this paper. Sample A has a carrier density of
1.23!1025 mK3 with a mobility of 1000 cm2/Vs at room
temperature (RT). At RT, Sample B has a carrier density of
1.37!1025 mK3 with a mobility of 980 cm2/Vs. Sample C
has a carrier density of 1.35!1025 mK3 with a mobility of
710 cm2/Vs at RT.
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3. Results and discussion
Fig. 1 shows the measured carrier density n as a function
of temperature for three different samples A, B and C. We can
see that within the experimental errors, the carrier concentrations are temperature-independent, reminiscent of those
for a metal. Therefore, our InN systems could be considered
degenerate semiconductors in which the Fermi level is above
the conduction band bottom over the whole measurement
range. This is in line with the data obtained by Mahboob and
co-workers. Using the effective mass in InN, we estimate the
Fermi energies of Samples A, B and C are 283, 304 and
300 meV, respectively. The largest thermal smearing in
our system is about 25 meV, which is considerably smaller
than the Fermi energy in all our samples.
Having demonstrated that n is temperature-independent
and therefore our InN devices are degenerate electron
systems [11], we now turn our attention to the resistivity
measurements. Fig. 2 shows the measured resistivity as a
function of temperature for three different samples A, B and
C. We can see that at low temperatures, the measured
resistivities tend to saturate. The reason for this is that at low
temperatures, electron–phonon scattering is negligible. In
this regime, residue impurity and dislocation scattering is
temperature-independent for a truly degenerate electron
system, causing the resistivity to saturate. With increasing
temperature, electron–acoustic phonon scattering increases,
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Fig. 2. The measured electrical resistivities rxx as a function of temperature
for three different samples A, B and C.

decreasing the electron mobility in our system. We can see
that the ratio rRT =r4 K is z1.1. This is in sharp contrast to
that (O103) for a ultra-high-quality degenerate two-dimensional electron gas at the interface of the modulation-doped
GaAs/AlGaAs heterostructure [12]. Our results suggest that
the dominant scattering mechanism is residue imperfection
scattering since rRT is only z10% larger than r4 K.
In order to provide further understanding of the transport
properties of our InN films, we have measured the mobilities
of all our samples. We calculate the mobility using the
averaged carrier concentration through the relation
mZ 1=nre. This is the quantity which is generally referred
to in charge transport in semiconductors. Fig. 3 shows the
measured mobilities as a function of temperature for three
different samples A, B and C. We can see that the mobility
decreases with increasing temperature. This is consistent
with the fact that electron–acoustic phonon scattering
increases with increasing temperatures.
4. Conclusions
In conclusion, we have performed transport measurements on InN films over a wide temperature range.
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Fig. 1. The measured carrier densities n as a function of temperature for
three different samples A, B and C.
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Fig. 3. The measured mobilities m as a function of temperature for three
different samples A, B and C.
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Our results show that the carrier densities are, within the
experimental error, temperature-independent, similar to
those in a metal. Therefore, our InN systems can be
considered as a degenerate electron system in which the
Fermi level is much higher than the conduction band bottom
over the whole measurement range. Our results suggest that
over wide temperature range, the dominant scattering
mechanism is residue imperfection scattering since mRT is
only z10% smaller than m4 K. Our experimental data
clearly demonstrate that in order to obtain higher-mobility
InN systems, one needs to substantially reduce the number
of background impurities and defects during the growth.
Our data demonstrate that electron transport in InN is
metallic-like.
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