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Non-linear current-voltage characteristics were observed in the range
of filling factors of 0.3 < v < 0.4 in a two-dimensional electron system in
InGaAs/InP heterostructures with a strong disorder. The observations are
explained qualitatively in terms of magnetic field induced localization and
Wigner solidification. ‘
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1. Introduction

The effect of the disorder on the ground state of a two-dimensional elec-
tron system (2DES) is far from being cleared. A sufficiently strong disorder can
obviously destroy both the fractional quantum Hall effect (FQHE) states and the
Wigner crystal (WC). Due to the disorder magnetic field induced localization takes
place, thus at sufficiently low temperature the diagonal component of the resistiv-
ity (Quz) diverges exponentially as the filling factor (v) is decreased. Furthermore,
poe is thermally activated for v < 1 in the strong (but not yet destructive) disorder
limit. If this is the case, the strength of the disorder (V) is related to the Coulomb
energy (U) as e(V)/U =~ 1, and the ground state of the 2DES is supposed to be a
glass-like condensate (Wigner glass) {1].

tHigh magnetic field experiments were done in the CNRS Laboratoire des Champs
Magnétiques Intenses, Grenoble.
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In the case of a low but finite disorder, (i.e., for e(V)/U < 1) activated
conduction sets in a small but non-zero value of v, and the corresponding ground
state of the 2DES is a WC pinned by the disorder [2-4].

We report here on the first observation of non-linear current-voltage char-
acteristics accompanied by diverging resistivity in a 2DES in a lattice-matched
InGaAs/InP heterostructure with a known and relatively high disorder. Down to
60 mK temperature and for a filling factor of about 0.22 no signs of FQHE were
seen, indicating that the disorder is rather strong. Both the I-V characteristics
and their temperature dependence can be qualitatively understood if we assume
a disorder pinned WC.

2. Experimental

The lattice-matched InGaAs/InP heterostructure was grown by liquid phase
epitaxy [5, 6]. The parameters of the 2DES were ns = 1.2 x 10'* em~2 and g =
3x10% cm? V—1 s~ The rather low mobility was due to the disorder, the physical
origin of which was investigated in our heterostructures in detail in Rels. {7, 8].
The strength of the disorder was estimated from the Landau level broadening to
be about e(V) = 810 meV, which is comparable in magnitude with the Coulomb
interaction energy for the given 2DES concentration.

The magnetotransport experiments were done with a resistive magnet pro-
viding fields up to 23 T. The measurements were performed from 150 mK to
60 mK, the lowest temperature reached in a dilution refrigerator. Magnetic fields
and temperatures were estimated to be correct to about 0.02 T and better than
10%, respectively. Both dc and standard, low frequency (8 IIz) lock-in techniques
were used. '

3. Results and discussion

Both dc and ac measurements revealed that at and below v = 0.4 the re-
sistance of the sample began to increase drastically, approximately exponentially
in the magnetic field, then the measurements of the longitudinal and of the Hall
resistance had to be terminated because of a noisy resistance roll-off, which lead
to the onset of large, out of phase components.

Figure 1 summarizes the two-terminal I~V characteristics for different mag-
netic fields for 70 mK temperature. In the range of filling factors 0.3 < v <04 a
definite non-linearity occurs with a magnetic field dependent “plateau”. For higher
filling factors these features are absent, thus the magnetic field induced localization
sets in at rather high filling, indicating again that the amplitude of the disorder
potential is substantial.

Figure 2 shows the temperature dependence of the I-V characteristics, re-
vealing saturation for higher temperatures (7 > 90 mK) with a lower “threshold
voltage”. Note that this is just the opposite to saturation expected in the case of
excessive electron heating. The heating of the electrons can be neglected in this
regime, since the phase difference between the voltage and the current is close to
x/2, and the contribution of the current to the Joule heat almost vanishes. The
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Fig. 1. I-V characteristics measured by the two-point method at T'= 70 mK in mag-
netic fields increasing from 12 T to 17 T in steps of 1 T from left to right. The corre-

sponding filling factd#8 are 7'=U.214; U38Z, U.354,70.33T, 0.310, anjl 0.292, respectively.
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Fig. 2. I-V characteristics measured at different temperatures as indicated, at the
fixed value of magnetic field of 15 T.

observed saturation behaviour is difficult to reconcile with the assumption of An-
derson localization. On the other hand, it is quite analogous to the one reported
in Ref. [3], where it has been considered as a signature of Wigner solidification.

The observed values of the threshold electric field, i.e., a few tens of V/cm,
are larger than the value expected for an ordinary WC. A possible explanation
of this difference can be based on an assumption of pinning of the crystalline
electron system by the disorder. For all values of the applied temperatures, the
threshold electric field is nearly proportional to the square of the magnetic field.
This disorder, stronger than the usual one encountered in GaAlAs/GaAs, fully
destroys the incompressible fluid state of 2DES, thus FQHE plateaux are not
formed. However, the non-linear current—voltage relationship and its temperature
and magnetic field dependence raises the possibility of the formation of a WC
pinned by the disorder.
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In conclusion we have observed non-linear current—voltage characteristics
and determined the respective threshold fields in two-terminal longitudinal resis-
tivity of 2DES in InGaAs/InP heterostructures in the range of the filling factor
below about 0.4. We have suggested the possibility of the formation of a disorder
pinned Wigner crystal to explain the experimental observations.
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