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Abstract—Due to its small band-gap and its high
mobility, InN is a promising material for a large number
of key applications like band-gap engineering for high
efficiency solar cells, light emitting diodes, and high
speed devices. Unfortunately, it has been reported that
this material exhibits strong surface charge accumula-
tion which may depend on the type of surface. Current
investigations are conducted in order to explain the
mechanisms which govern such a behavior and to look
for ways of avoiding it and/or finding applications
that may use such an effect. In this framework, low
frequency noise measurements have been performed
at different temperatures on patterned MBE grown
InN layers. The evolution of the 1/f noise level with
temperature in the 77 K-300 K range is consistent
with carrier number fluctuations thus indicating sur-
face mechanisms: the surface charge accumulation is
confirmed by the noise measurements.

I. Introduction

During the last decade Indium Nitride (InN) has been
the subject of intense research which led to the redefinition
of its band gap from 1.89 to 0.69 eV and investigations
of its many interesting properties like electron effective
mass [1], [2], the largest mobility [3], the highest peak and
saturation electron drift velocities [2]. This has made InN
a promising candidate for high speed electronic devices
and optoelectronic applications up to terahertz frequency
range [4], [5]. Despite these novel properties of InN, there
are still many challenges for device fabrication which are
related to material’s quality, but also to the presence of an
intrinsic charge accumulation at surfaces [6].

In this paper, low frequency noise measurements per-
formed at different temperatures from 100 K up to 300 K
on MBE grown InN thin films are shown and discussed.
First experimental conditions and samples are presented.
Results are then shown and a model proposed to explain
the evolution of the 1/f noise level with the temperature
is then given. Finally, some conclusions are proposed.

II. Experimental conditions

The studied InN films were grown on a 5 µm thick
GaN template on top of a 300 µm thick Al2O3 substrate.
The thickness Z of the InN layer was 345 nm. For elec-
trical measurements versus temperature, we used classical
Transmission Line Method (TLM) structures : the size of
the pads was 94 x 48 µm2 and the distances between the
metallic pads were 38 µm, 57 µm, 114 µm, 170 µm and
210 µm. The width was W=94 µm. The same structure
has been reproduced over the wafer. A photograph of
the sample is given in figure 1. Using the whole range of
length in the TLM structures, it has been checked that the
contact resistances were negligible at all the temperatures.

Fig. 1. Photograph of the sample used for the mapping and the
temperature studies.

DC and noise measurements were performed only with
the L=210 µm length sample at different bias current for
each temperature. A four probe configuration technique
was used with a home-made read-out set-up. Due to
the high output impedance and low noise level of the



DC current source used, the current contact noise can
be neglected [7]. The electrical resistivity of the samples
were extracted from the DC measurement and finally the
voltage noise spectral density SV was estimated from 10
Hz up to 100 kHz using an HP3562A spectrum analyzer.

III. Results

First a mapping of the noise level as well as the electrical
resistivity was performed at room temperature. Each po-
sition was referenced by the (X,Y) position on the sample
as indicated in figure 1. Results for electrical resistivity
and 1/f noise level at 1 Hz, 1V (defined as K in equation
1) are given in the figure 2.
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Fig. 2. Result of the ”mapping” done at room temperature. No clear
dependency with the position on the sample, the electrical resistivity
and 1/f noise level at 1 Hz was found

From this figure, no clear dependency between the
position and the electrical resistivity and the 1/f noise
at 1Hz 1V was found. Due to the small dispersions in
the values for electrical resistivity and even noise level
(less than two orders of magnitude in the 1/f noise level
dispersion is not a important value 1/f noise !), it indicates
a good homogeneity of the film as well as a good level of
confidence in the film growth deposition. In the following,
the sample X1Y1 which exhibits a ”mean” behavior has
been chosen for the temperature investigation.

At each temperature, it was found that the electrical
resistivity ρ does not depend on the bias current showing
both a good ohmic contact as well as no self heating effect.
It was also found that SV consists mainly of a white
noise due to the thermal noise and 1/f noise figure 3.
Some lorentzian contributions has been observed at low
temperature but it will not be discussed here. The 1/f
noise level has a quadratic dependence with the voltage
across the sample [8]. Finally, one can write for the 1/f
noise:

SV 1/f =
K · V 2

f
(1)

A clear increase in the 1/f noise level K with the
temperature has been observed (factor between 10 and
100) . In the next section, a description of the model used
to explain this increase is presented.
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Fig. 3. Noise spectral density for the same DC current (I=10 mA)
and for 3 different temperatures 100 K, 200 K and 300 K. Noise
spectral density mainly consists in 1/f noise and white noise and 1/f
noise level increases when the temperature increases.

IV. Model description and discussion

A. Background

It is well known that in homogeneous sample, the
electrical conductivity σ is given by σ = n · q · µ with
q=1.6 ·10−19 C, n the free carrier concentration and µ the
free carrier mobility. Thus, 1/f current noise fluctuations
can arise from either fluctuations in the carrier mobility
(∆µ model) or fluctuations in the carrier number (∆N
model). It follows that the voltage fluctuation spectral
density depends on either mobility fluctuation spectral
density Sµ or number fluctuation spectral density SN

respectively given by :

SV

V 2
=

Sµ

µ2
or

SV

V 2
=

SN

N2
(2)

with N the total number of carriers in the sample which
can be linked to the carrier concentration since N = n ·

W · L · Z.
In the following, the two model of 1/f noise are compared

and the evolution of the 1/f noise level with temperature
is predicted using K = f · SV 1/f/V 2

B. Mobility fluctuations

Following the semi empirical approach proposed by
Hooge fifty years ago [9], one can write:

Sµ

µ2
=

α

f · N
(3)

with α a constant which may depend on the mobility if
one assumes that only ”lattice scattering causes 1/f noise”
[10].



In the present context, it is also assumed that the
total number of carriers is constant over the whole range
of temperature. It follows that K(300 K)/K(T) can be
modeled using the electrical resistance measurements with
the temperature:

K(T )

K(300 K)
=

(

µ(T )

µ(300 K)

)2

=

(

R(300 K)

R(T )

)2

(4)

C. Number fluctuations

It is well known that generation-recombination fluctu-
ations arising from one trap of energy level E in the
bandgap with a time constant τ give a spectral density
given by [11]:

SN =

∫

E

∫

τ

4 · τ · Nt(E)ft(E)(1 − ft(E))

1 + (2 · π · f · τ)2
dE · dτ (5)

In this equation, Nt is the trap density and ft(E) is
the Fermi distribution that depends on the Fermi level

Ef given by ft(E) = 1/
(

1 + exp
(

E−Ef

kB ·T

))

with kB the

boltzmann constant. Assuming that the trap density is
constant over the band-gap (thus taking a surface origin
for the traps), that the time constants are equally spaced
between τ1 and τ2 and that the total number of carriers
does not depend on the temperature, one can finally
predict that K(300 K)/K(T) can be expressed by:

K(T )

K(300 K)
=

(

T

300

)

(6)

D. Discussion

The results for the two models are plotted in figure 4
as well as some experimental data. Even if the proposed
model is not able to fit in a consistent manner all the
experimental measurements, it can be proposed that 1/f
noise in our MBE grown thin films arises from number
fluctuations. Only the number fluctuations model due to
the surface could predict an increase of the 1/f noise
level with the temperature. The differences between the
proposed model and the measurements may come from
the numbers of simplified assumptions : constant carriers
concentration over the temperature range ; constant trap
density of the band-gap, etc. A more confident model is
under progress.

V. Conclusions

In this paper, it has been shown that in MBE grown InN
films, no clear dependency between the position on the
sample, the electrical resistivity and the 1/f noise level at
1 Hz has been observed at room temperature thus showing
a good reliability in the process technology. From the
temperature study in the 100 K-300 K range, it has also
been shown that only the surface origin of the noise due
to number fluctuations could explain the increase of the
noise level with the temperature. This results is coherent
with the surface charge accumulation already mentioned
by other studies.
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Fig. 4. Ratio K(T)/K(300 K) with K defined by equation 1 as a
function of temperature. An increase of the noise level is observed.
The two solid lines in the figure are related to mobility fluctuations
(equation 4) and to numbers fluctuations (equation 6). Only the
number fluctuation assumption is able to account for the observed
1/f noise level increase with the temperature.
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