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ABSTRACT
On the insulating side of the metal-insulator transition (MIT), the study of the effect of low Temperatures T on the electrical transport in amorphous silicon-nickel alloys a-Si1–yNiy:H exhibits that the electrical conductivity follows, at the
beginning, the Efros-Shklovskii Variable Range Hopping regime (ES VRH) with T−1/2. This behaviour showed that long
range electron-electron interaction reduces the Density of State of carriers (DOS) at the Fermi level and creates the
Coulomb gap (CG). For T higher than a critical value of temperature TC, we obtained the Mott Variable Range Hopping
regime with T−1/4, indicating that the DOS becomes almost constant in the vicinity of the Fermi level. The critical temperature TC decreases with nickel content in the alloys.
Keywords: Amorphous Silicon-Nickel Alloys a-Si1–yNiy:H; Variable Range Hopping Conductivity; Transport
Phenomenon; Metal Insulator Transition

1. Introduction
Experimental results on resistivity in amorphous siliconnickel alloys a-Si1–yNiy:H at low temperature, have been
analysed in the insulating side of the Metal-Insulator
Transition (MIT). The resistivity measurements were
obtained for the insulating samples, Si0.85Ni0.15:H and
Si0.83Ni0.17:H, in the range of temperature 1 - 140 K.
The samples were prepared by radio-frequency sputtering from silicon target. The subtracts (Corning 7059
glass) were at room temperature during deposition and
the sputtering gaz was a 90% Ar and 10% H2. The hydrogen was added to saturate silicon dangling bonds that
might caused by the disorder.
Compositions of the samples were determined by energy dispersive analysis with x-rays (EDAX). Film thickness which were about 1 µm, were measured to an accuracy of 0.1 µm using a Talysurf stylus. The amorphous
nature was demonstrated by electron diffraction measurements in a transmission electron microscope.
For the sample Si0.83Ni0.17:H, the electrical resistivity
was measured using standard four-terminal AC tech*
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niques. However, this method gave rise to very long out
of phase signal in the sample the most resistive (i.e.,
Si0.85Ni0.15:H), why the measurements were made using
four-terminal DC technique .
It is known that the Variable Range Hopping (VRH)
conductivity of the three dimensional disordered systems,
was shown by Mott [1,2] to behave like Ln(σ)α(T/T0).
This dependence was obtained by optimizing the hopping
probability and assuming a slowly varying Density of
State (DOS) in the vicinity of the Fermi level.
On the contrary, Efros and Shklovskii (ES) [3,4] have
predicted that long range electron-electron interaction
reduces the DOS at the Fermi level and creates a soft
Coulomb Gap (CG), which takes the form N(E)α(E −
EF)ν, with ν = 2. The existence of the CG leads to the ES
VRH regime of the conductivity, which is written:
p
   0 exp   T0 T  





(1)

With p = (ν + 1)/(ν + 4) is an exponent that allows to
conclude the profile of the DOS. In fact, Equation (1)
remains quite universal since, when ν = 0, the DOS is
constant and p = 0.25, corresponding to the Mott regime.
But when ν = 2, the DOS varies in the vicinity of the
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TES in ES VRH regime were obtained by fitting the
curves representing the experimental temperature dependence of the conductivity respectively for T < TC (ES
VRH regime) and for T > TC (Mott VRH regime). These
values were compared to those proposed by Rosenbaum
et al. [10] (see Table 1).

Fermi level and p = 0.5 corresponding to ES VRH regime. The experimental situation has been confusing for
some time, with both values of p being observed. Mott
VRH and ES VRH regimes have been widely observed
in many types of disordered materials [5-8].
Our aim in this paper is to characterize the DOS in vicinity of Fermi level in our samples by studying the proposed variable range hopping conduction at very low
temperature.

Tc 

TES
T
and Mott  81
TES
5.06

(3)

3. Results and Discussion

where TC is the critical value of temperature for which
we observed the crossover from ES VRH regime to Mott
VRH regime (change of slope in Figure 1).
In Table 1, we present the results of calculation of
experimental and theoretical values of TC, TMott , TES, and
the ratio TMott/TES. We noticed that for the sample
Si0.85Ni0.15:H, the value of the ratio TMott/TES is comparable to that given by Rosenbaum [10], and theoretical
value of TC is substantially equal to the experimental
value. But for the sample Si0.83Ni0.17:H, the value of the
ratio TMott/TES is roughly four times smaller than that
given by Rosenbaum [10], and theoretical value of TC is
almost ten times lower than the experimental value.
To confirm these results, the experimental values of
the conductivity σi at different temperatures Ti were fitted
to an expression given by Equation (1), using σ0 and T0
as adjustable parameters.
The fitting procedure was as follows: p was varied
from 0.01 to 1 with a step of 0.01, for each value of p the

To highlight the regime that governs the electrical conductance, a plot of Ln(dLn(σ)/dLn(T)) versus Ln(T) is
shown in Figure 1.
For sample Si0.85Ni0.15:H, we noticed that for values of
temperature smaller than TC = 54 K the slope is very
close to the value 0.5 indicating the existence of ES VRH
conduction regime (p = 0.49). For T > TC, we observed a
change of slope who becomes very close to the value
0.25 suggesting a crossover from ES VRH regime to the
Mott VRH regime (p = 0.2).
For sample Si0.83Ni0.17:H, we have obtained the same
behaviours. For T < TC (TC = 38 K), the slope is very
close to the value 0.5 (p = 0.56) indicating the existence
of ES VRH regime. For T > TC, the slope becomes very
close to the value 0.25 (p = 0.22) corresponding to the
Mott VRH regime.
For both samples, the values of Mott temperature TMott
in Mott VRH regime, and Efros Shklovskii temperature

Figure 1. Function w(T) versus Ln(T) in Equation (2) for
samples (Si0.85Ni0.15:H and Si0.83Ni0.17:H).

2. Study of the Electrical Conductivity at
Zero Magnetic Field
When the magnetic field B = 0 T, we used Zabrodskii et
al. [9] method to determine which of the both VRH regimes is observed in the samples, Mott VRH regime or
ES VRH regime.
Using Equation (1), Zabrodskii et al. [9] give the following function w(T) varying with temperature T as:
 dLn   
w T   Ln 

 dLn T  

(2)

 Ln  p   pLn T0   pLn T 

where σ is the electrical conductivity (σ = 1/ρ). ρ is the
electrical resistivity.

Table 1. Results of calculation of experimental and theoretical values of TC, TMott, TES, and the ratio TMott/TES.
Samples

Exponent p in
Equation (1) T < TC

Exponent p in
Equation (1) T > TC

TMott (K)

TES (K)

Experimental
Value of TC (K)

Theoretical
Value of TC (K)

TMott/TES

Si0.83Ni0.17:H

0.56

0.22

385.1

17.09

38

3.378

21.5

Si0.85Ni0.15:H

0.49

0.2

21864.2

274

54

54.15

79.8

Copyright © 2012 SciRes.

JMP

A. NARJIS

data were fitted to Equation (1), and σ0 and T0 were obtained by standard linear regression methods. The goodness of the fit was tested with the estimation of the percentage deviation Dev(%):
1/2

2
 1 n  100
 
p


Dev(%)    
 0 exp  T0 T    i  


 n i 1   i
 





(4)

In Figures 2 and 3, we plot Dev(%) against the exponent p in Equation (1) for several ranges of temperature
respectively for samples Si0.85Ni0.15:H and Si0.83Ni0.17:H.
For sample Si0.85Ni0.15:H, when T < TC (TC = 54 K) the
minimum of Dev(%) is obtained for p = 0.54. This value
is too close to 0.5 suggesting the existence of the ES
VRH conduction regime in this range of temperature, and
indicates that long range electron-electron interaction
reduces the DOS at the Fermi level and creates a soft
Coulomb Gap (CG). When T > TC, the minimum of

Figure 2. Percentage deviation Dev(%) versus exponent p in
Equation (1) in all the range of temperature 1 - 140 K for
sample Si0.85Ni0.15:H.

Figure 3. Percentage deviation Dev(%) versus exponent p in
Equation (1) in all the range of temperature 1 - 140 K for
sample Si0.83Ni0.17:H.
Copyright © 2012 SciRes.
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Dev(%) is obtained for p = 0.22. This value is too close
to 0.25 indicating the existence of Mott VRH conduction
regime. This suggests the slowly varying of the DOS at
the Fermi level.
We noticed the same behaviours in the sample
Si0.83Ni0.17:H depending on whether T > TC or T < TC.
When T < TC (TC = 38 K) the minimum of Dev(%) is
obtained for p = 0.55 indicating the existence of ES VRH
conduction regime. When T > TC the minimum of Dev(%)
is obtained for p = 0.23 showing the existence of Mott
VRH conduction regime.
In this work, we have provided the crossover phenomenon from ES VRH regime (T < Tc) to Mott VRH regime (T > TC) in samples Si0.85Ni0.15:H and Si0.83Ni0.17:H.
The VRH conduction depends essentially on the relative
magnitude of the hopping energies of Mott ∆Mott, of ES
∆ES, and on CG ∆CG. The parameter p in Equation (1) is
equal to 0.25 in the relatively high temperature limit,
while at very low temperature, it is expected to be 0.5.
Very close to the MIT, the CG becomes so narrow that
the temperature range where the ES regime occurs cannot be reached and only the Mott regime is expected.
Iqbal [11] et al. have observed the same behaviour in
Si:(P,B) samples. In previous work [12] we have exhibited the crossover phenomenon from Mott VRH regime
to ES VRH regime in presence of magnetic fields in
n-type InP sample.
The physical signification of the relationship between
the parameters (TES, TMott and TC) is that the crossover
seen occurs when ∆Mott = ∆ES in the sample Si0.85Ni0.15:H.
But we can not explicate the disagreement shown in the
sample Si0.83Ni0.17:H.
In Figures 4 and 5, we have plotted Ln(ρ) versus temperature respectively for samples Si0.85 Ni0.15:H and
Si0.83Ni0.17:H. We notice that for low values of temperature (T < TC), the experimental resistivity follows the ES
VRH regime whereas for higher values of temperature (T

Figure 4. Ln(ρ) versus temperature for sample Si0.85Ni0.15:H.
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> TC), electrical resistivity follows the Mott VRH regime.
In summary, our results shows the variable range hopping regime in both the samples Si0.85Ni0.15:H and
Si0.83Ni0.17:H. The density of states is found to be characterized by Coulomb Gap at very low temperature and
become constant above a critical temperature TC. The
agreement with Rosenbaum predictions for the sample
Si0.85Ni0.15:H indicates that the crossover Efros Shklovskii to Mott regime occurs when the relative magnitude of the hopping energies ∆Mott and ∆ES becomes
comparables. While this property is not shown in the
sample Si0.83Ni0.17:H.
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