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Abstract. A strong negative magnetoresistance is observed in a high-mobility two-dimensional electron gas in a
GaAs/Al0.3 Ga0.7 As quantum well. We discuss that the negative magnetoresistance consists of a small peak induced by a
combination of two types of disorder and a huge magnetoresistance explained by the interaction correction to the conductivity
for mixed disorder.
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INTRODUCTION

ing low-frequency (13 Hz) lock-in technique.

SAMPLE INFORMATION
Our samples were cleaved from a wafer of high-mobility
GaAs/Al0.3 Ga0.7 As quantum well grown by molecularbeam epitaxy. The quantum well is Si-doped from both
sides and has a width of 30 nm. The 2DEG is located
150 nm beneath the surface and has an electron density of ne = 3.2 · 1011 cm−2 and a mobility of μe =
11.9 · 106 cm2 /Vs. The specimens are Hall bars with a
total length of 1.2 mm, a width of w = 200 μm and a potential probe spacing of l = 275 μm. The Hall geometries
were deﬁned by photolithography and wet etching. We
structured an additional layer of 600 nm PMMA between
the Hall bar and the metallic top-gate to avoid leakage
currents. Our measurements were performed in a dilution refrigerator with a base temperature of 20 mK. The
magnetotransport measurements were carried out by us-
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The increased mobility of the two-dimensional electron
gas (2DEG) has allowed not only the observation of
the fractional quantum Hall effect (FQHE)[1],[2] at low
magnetic ﬁelds but also many new effects. While the
mobility and quality of the samples increases the electron electron interaction becomes more important for the
magnetotransport at low magnetic ﬁelds.
We observe a strong negative magnetoresistance
around zero magnetic ﬁeld which can be divided into
two regions. In the present proceeding we study this two
regions of the strong negative magnetoresistance, a peak
around zero magnetic ﬁeld and a huge magnetoresistance
at larger ﬁelds.
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FIGURE 1. The longitudinal resistivity ρxx vs. the magnetic
ﬁeld B. The strong negative magnetoresistance is divided into
two sections.

PEAK AROUND ZERO MAGNETIC
FIELD
The strong negative magnetoresistance consist of two
regions (Fig. 1). The ﬁrst region (I) contains a peak
around zero magnetic ﬁeld. The huge magnetoresistance
decreases with B2 and is ﬁtted by a parabola. In previous
experiments we observed that the curvature of the peak is
left unchanged by increasing the temperature to 1 K. This
temperature independence of the peak is a sign for the
absence of weak localization. Also for different electron
densities the curavture of the peak is left unchanged.
In accordance with Mirlin et al. [6] we assume that
the peak is induced by an interplay of smooth disorder
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T=100mK
ne= 2.2*1011cm-2
μe= 6.2*106cm/Vs
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and rare strong scatteres. We consider remote scatterers
with a smooth random potential and the transport relaxation time τsm . In the magnetic ﬁeld range of the peak the
cyclotron radius is Rc < 10 μm. The transport scattering
time τS of randomly distributed strong scatteres also includes scattering with the specimens’ edges. The density
of the strong scatterers ns can be determined by the curvature of the peak.
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with c0 = 0.276. The additional factor α is in accordance
with Gornyi et al. [9] expressed by α = 4(τsm /τ)−1/2
with τsm = (kF d)2 τq depending on the quantum scattering time τq .
From the electron interaction induced correction the
curvature is expected to depend on T −1/2 . The HMR
is ﬁtted by a parabola for different temperatures, FIG. 2
shows the resulting curvature of the parabola vs. T −1 . We
observed the expected temperature dependence for temperatures below 400 mK. Above 400 mK the curvature is
approximately proportional to T −1 as long as the HMR
is observable.
A discrepancy between our meausrement and theory
is observed. The factor α determined from the curvature
of the HMR is larger than the expected value.
A possible orgin of the discrepancy between theory
and experiment is that the quantum scattering time τq is
dominated by smooth disorder. We know from the peak
around zero magnetic ﬁeld that there should be also a
inﬂuence of strong scatterers.
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The second region (II) of the strong negative
magnetoresistance (Fig. 1) contains the huge
magnetoresistance (HMR). Previous publictions reported on a strong negative magnetoresistance, which
depends strongly on the temperature [3, 4]. The HMR
vanished by increasing the temperature. Above 1 K we
observed only the peak around zero magnetic ﬁeld. The
HMR becomes more pronounced by decreasing the
electron density, hence the HMR depends also strongly
on the electron density.
We examine the electron interaction correction to the
conductivity in the situation of a long-range ﬂuctuation
potential and in the regime of ballistic transport [5]-[9]
to discribe the HMR. In accordance with Gornyi et al.
[9] we assume a model of mixed disorder for the characterization of the HMR. The electron interaction induced
correction to the conductivity considering the model of
mixed disorder is expressed by

c0
1
ρxx = ρ0 − ρ0
· α · B2
(1)
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FIGURE 2. The curvature of the HMR vs. T−1 .

CONCLUSION
The strong negative magnetoresistance consists of a peak
and the huge magnetoresistance. The huge magnetoresistance depends strongly on the temperature and electron density. We introduce an additional factor α to ﬁt
the huge magnetoresistance considering the electron interaction correction. The peak around zero magnetic ﬁeld
is expressed by the interplay of two typs of disorder.
This work was supported by the Cluster of Excellence
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