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ABSTRACT
In this work the existence of a possible percolation transition in a dilute
two dimensional hole gas in GaAs/AlGaAs within a parallel magnetic
field at a fixed temperature T = 260mk is studied. Following the evolu-
tion of the electrical conductivity as a function of magnetic field at high
carrier densities, we have showed the creation of a densitity inhomo-
geneity beyond the critical percolation leading to metallic side. These
resultswereproved in thepresent articleby studying theexponent char-
acterizing the type of transition and the variation of the critical perco-
lation densities, which are considered good indicators to observe the
percolation transition. In this investigation, we have reanalyzed the data
obtained by Kumar et al published in the reference [M. Kumar et al, Solid
State Communications Vol. 135. pp. 57–61 (2005)].

1. Introduction

Two dimensional 2D hole systems at very low temperatures present a database of research to
study the physical effects of Coulomb interactions [1] in the presence of disorder. For years,
several studies have been made on the dependence of the temperature of resistivity describ-
ing the Metal Insulator Transition in semiconductors for low carrier’s densities [2–5]. The
first 2D-MIT was observed in Silicon Metal Oxide Semiconductor Field Effect Transistors
(Si-MOSFETs) [6]. Several concepts have been proposed to explain this finding such as the
quantum phase transition that was challenged by the percolation transition at T = 0, as well
the impact of strong density inhomogeneity near the critical density on the metallic behavior
in 2D [7–10].

To describe the transition of the resistivity from metallic behavior to an apparent low
density insulating behavior, Efros [11] and Nixon [12] suggested a model of percolation
transition in 2D gas. The percolation theory is used in many fields to model the struc-
ture or the information transmission in disordered environment such as the electrical con-
ductivity of a metal grid (percolation of links) or a mixture of insulating particles and
conductive particles (percolation of sites). The problem with the disorder involves the
notion valleys and hills of the potential which are randomly distributed in the flow sur-
face. The charge carriers are fended in the hills and accumulate in the valleys [13]. With
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Figure . The conductivity dependence of the magnetic field for several hole densities in unit of xcm−.
a: .; b: .;c: .; d: .; e: .; f :. ;g :. ; h: ..

increasing carrier density, the accumulation is also done on the hills, so the gas is grad-
ually becoming able to overcome the disorder potential, the electrical contact is ensured
between the continuous conductive paths and thus it will produce the transition metal phase.
Several models have been proposed to describe the percolation MIT (i.g., Meir [14], Shi
et al [15], Tracy et al [16] and Das Sarma et al [17]) which predict that doping impuri-
ties revealed the inhomogeneities of densities created by a long-range potential in the 2D
gas.

In this paper, we try to prove the existence of a percolation transition by studying the behav-
ior of the conductivity with a parallel magnetic field applied in 2D p-GaAs system in a high
mobility and at very low temperature.

2. Results and discussion

MIT is usually brought in heterostructures by varying of an external element (i.e., tempera-
ture, magnetic field, impurities) this can act on transport phenomena, carrier-carrier interac-
tions, weak localization, which can create a transition percolation. Different to studies done
in this context (the effect of the variation of temperature on the formation of the percola-
tion transition), in this work we will study the conductivity behavior as a function of parallel
magnetic field from 0 T to 12 T with carrier densities from 2.9 to 6.1 × 1010 cm−² at a fixed
temperature T = 260 mK.

We have reanalyzed the data obtained by Kumar et al. published in reference [18]. The
magnetic field dependence of the electrical conductivity for various hole densities is shown
in figure 1.
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Figure . Electrical conductivity σ versus hole densities ps at a fixed magnetic field B=  T. The line repre-
sents the adjustment results.

This figure shows that there is a decrease in conductivity by increasing the magnetic field
and the hole density. Below a critical density equal to 3.1 × 1010 cm−², conductivity is almost
constant for all of the magnetic field range, it may be noted that these low densities does not
produce a mobility of charge carriers in the gas.

In the percolation model, the electrical conductivity σ (ps)close to the threshold density is
expressed by

σ
(
ps

) = A
(
ps−psc∗

)δ (1)

where A is a constant of proportionality, psc∗ is critical percolation threshold density. We
note that this can be different than the critical densities obtained by the thermal coefficient of
resistivity (TCR), δ is an exponent characterizing the type of transition. In the case where the
percolation is governed by percolation mechanism, δ = 4/3 for 2D and δ = 2 for 3D [19].

To determinate the value of psc∗, we adjusted the data using Eq. (1), we plotted the variation
of electrical conductivity of hole densities at a fixed value of magnetic field B= 5 T in figure 2.
We observed that the conductivity increases by increasing ps and goes to zero at psc∗ = 2.35
× 1010 cm-². For other magnetic field values from 0 T to 12 T, we adopt the same reasoning
to identify the parameters A, δ and psc∗.

In figure 3 we plotted the variation of the exponent δ as a function of the applied magnetic
field for this sample. It may be noted that in this figure was determined both magnetic field
range. For low densities and formagnetic field between 0 T and 5 T, there was obtained a value
of the exponent δ which varies between 1.73 and 1.55. On the other side, for higher densities
and from 6 T to 12 T, the value of the exponent δ is nearly equal to 1.33. Both findings are
consistent with the percolation mechanism [19].

In figure 4, we presented the variation of the critical percolation threshold density as a func-
tion of the parallel magnetic field.We clearly saw a peak at B= 3 T, below which a nearly con-
stant density is obtained. In this range we cannot determine the metal and insulating phase.
Beyond this value and from the critical percolation threshold density psc∗ = 2.35× 1010 cm-²,
a transition percolation occurs, which is affirmed by the previous result of the exponent δ in
the same range.
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Figure . the exponent δ versus magnetic field from  T to  T.

Figure . the critical percolation threshold density psc∗ versus B(T); The average critical value of the perco-
lation is approximately equal to .× cm−.

Combining the two results, for high values of magnetic field, the density of doped impuri-
ties should be higher than the critical value that is equal to 2.35×1010 cm-², which generates
a high mobility of the charge carriers. Thus, it results a metallic behavior. This effect consists
to homogenize the density of the gas holes 2D and hence occurs the percolation transition
[13]. This mechanism has been observed in a few 2D systems [20–23] as a clear challenge to
the quantum phase transition hypothesis proposed by other authors [7, 8].

3. Conclusions

In conclusion, we demonstrate and explain the appearance of the percolation transition in
2D p-GaAs gas, by adopting a similar study in investigations made on other samples, but by
acting on themagnetic field effect and the hole density. The temperature in our study remains
constant throughout this analysis. The impact of these two factors resides paramount for the
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creation of interactions charge carriers and long-range effects due to random impurities. For
high densities (at beyond the critical value) the gas is able to screen the potential disorder
which includes a metallic behavior.
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