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CHARGE TRANSFER BETWEEN PERCOLATION LEVELS IN A SYSTEM WITH AN ARTIFICIAL,
STRONGLY DISORDERED POTENTIAL.
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We observe a hysteresis in the magnetoresistance of mesoscopic samples with a
disordered antidot lattice. When the Fermi level lies in between two Landau levels, the
Faraday electric field induces a change in the charge of two closed, intercalated electron
trajectories in the artificial strongly disordered potential. The total transferred charge is
approximately equal to 40e. Depending on whether this transfer is towards the inner or
outer closed trajectory (which is determined by the direction of the magnetic field sweep}
the potential barrier for trajectortes that traverse the sample will increase or decrease.

There are still many open questions pertaining to the
electron transport in the quantum Hall regime One of
these is the role of charge transfer through delocalised
states in the bulk 2-dimensional electron gas(2DEG)
When the Fermi level lies between two Landau levels, the
current is carried by the edge states, or by delocalised bulk
states [1]. Since the scattering between these is suppressed,
the resistance is close to zero. As the Fermi level
approaches a bulk Landau level, the scattering through this
state gives rise to an increase in the resistance. A more
complicated situation is found in a sample with a Corbino
geometry In this device the azimuthal Faraday electric
field will lead to a charge transfer between the concentric
contacts via the delocalised bulk states. This charge
depends on the number of flux quanta that are passing
through the structure, and hence is determined by
fundamental constants [2]; it has been measured in a
(2DEG), both in macroscopic MOS transistors and in
AlGaAs/GaAs heterostructures [3]. However, the Corbino
geometry may not be the only case where charge transfers
are of importance, but they are likely to play a role also in
the mesoscopic closed, intercalated bulk-trajectories that
can be present in a macroscopic sample in the percolation
regime of the quantum Hall effect Here, a local change in
the charge may significantly alter the 'landscape' of the
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disordered potential, and the charging effects may be seen
in the percolation trajectories through the sample. As
percolation paths are difficult to control, a more favourable
system to study this effect in, is a mesoscopic sample with
an artificial, strongly disordered potential, such as a 2DEG
with a disordered lattice of antidots [4]. Small deviations
of the antidots from the regular lattice positions will give
rise to a random, strongly disordered potential, provided
that the diameter of the antidots (including the width of the
depletion region around them) is comparable with the
periodicity of the lattice. In this work we report on the
magetoresistance of such a system in a strong magnetic
field.

The samples consist of Hall bridges on standard
AlGaAs/GaAs heterostructures with a (2DEG) with a
carrier density =4x 10!l em2 and an electron mobility =
2% 107 em2/Vs before the fabrication of antidots. A lattice
of holes (antidots) was patterned in the bridge of size 2 x2
pm?, using electron beam lithography with a Proxy Writer
system. The lattice period d is 0.3 um, and the lithographic
antidot size 0 1-0.15 um. The disordering of the antidot
lattice was accomplished using a random number generator
to determine the shift in the positions of each antidot with
respect to the position in an ordered lattice. The standard
deviations of their shifts is 0038 pm  The
magnetoresistance measurements were performed in a
magnetic field up to B = 15 T at a temperature of 0.3 K,
using conventional four probe and lock-in techniques.
Irradiation by light pulses was employed to persistently
decrease the depletion width around each antidot, thus
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changing the strongly disordered potential, and increasing
the conductivity.

Fig. la shows the magnetoresistance as a function of B
for one sample, after a short period of illumination, In a
magnetic field up to B < 3 T reproducible aperiodic
fluctuations are seen, that may be caused by interference
of electron trajectories. As the magnetic field increases,
the amplitude of the fluctuations decreases. In the region
B =2 T - 3.5 T the oscillations become quasiperiodic with
aperiod =.0.275 T, which is much larger than the period
corresponding to the flux ¢ = h/e through the area d2. A
possible explanation is that the interference around small
accidental potential maxima with size = 0.07 upm is
responsible for this period. When sweeping the field up to
higher values, two peaks are observed on the linear
background of the magnetoresistance. The slope of the
background is slightly decreased after the second peak. The
position of the peaks in magnetic field differs by a factor of
two, and is in good agreement with the Landau level filling
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Fig. la. Magnetoresistance of the sample at 360 mK after

a short period of illumination. The direction of the

magnetic field sweep is marked with arrows. The two
hysteresis peaks are indicated in the figure.

Fig. 1b. The magnetoresistance for a smaller magnetic

field range.
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factors n = 2 and 4 (without spin splitting), assuming that
the electron density is unaltered by the fabrication of the
antidot lattice. When the magnetic field is swept down, the
peaks change into two minima with almost the same
amplitude. We should note, that the sweep up and sweep
down curves in fig. 1a are shifted relatively to each other,
because of the jump in the resistance, which occurs at 13
T. This shift between the curves gradually disappears as B
is decreased. Numerous magnetic field sweeps were
carried out in order to verify that these effects were
reproducible,. We find that the resistance jump may
occasionally be towards a lower, instead of a higher
resistance value (fig. 1b). and can be explained by a
magnetic field induced impurity switching [4]. Fig. 1b
shows the dependence of the magnetoresistance on B for
the second peak in more detail.

In order to explain the observed hysteresis in the
magnetoresistance we consider the picture of the electron
trajectories in a disordered antidot lattice, as depicted in
fig. 2. For simplicity, only one trajectory traversing the
sample through one tunnelling barrier is shown. The
absence of the Shubnikov oscillations, which are due to an
increased backscattering when the Fermi level is close to a
bulk Landau level, indicates that the traversing trajectory is
a hybnid between the edge and bulk states. In this case the
tunnelling through one barrier {or at most a few barriers)
between antidots will play a dominant rele in the transport
in our system. The linear increase in the magnetoresistance
suggests a suppression of the tunnelling in the strongly
correlated system [5]. In addition to the trajectory
traversing the disordered antidot lattice, closed trajectories
exist also, as is shown in fig. 2. When the Fermi level lies
in between Landau levels, so that scattering into the bulk
states is suppressed, it is stifl possible to have tunnelling
between two closely spaced trajectories. The Faraday
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Fig. 2. Schematic illustration of a percolation trajectory
(full ling) in the antidot lattice. An inner closed trajectory
(dotted line) and an outer closed trajectory (dashed line)
are depicted. A tunnelling barrier, influenced by the charge
of the outer trajectory is also marked.
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electric field generated by closed trajectories will then give
rise to a charge transfer from the internal trajectory to an
external trajectory [2]: Since V(1) = l/c d¢/dt and dQ=Idt,
we have U/V=c¢/S dQ/dB, where dQ is the transferred
charge , and ¢ is the flux through the area § between
closed trajectories. If the closed trajectories are the Landau
level one-dimensional edge states (with the filling factor n),
we have

2
nh ¢

As the magnetic field is swept down, the Faraday field
changes sign, and the charge is instead transferred from the
internal to the external closed trajectory. Thus the direction
of the magnetic field sweep {up or down) will determine
whether the change in charge of the extemnal electron
trajectory is positive or negative. When the Fermi level lies
in a bulk Landau level, the charge on the electron closed
path is not stored, but is scattered through the bulk.
Equation (1) can be used to calculaie the total charge
transferred between the two trajectories. A reasonable
assumption for the area § is, as in fig. 2, that the inner
trajectory goes around one antidot, whereas the outer
trajectory encircles two antidots. This gives AQ = 100e for
the peak at n=2 and AQ = 44e at n = 4. It is possible to
compare these values with the observed resistance peaks
The tunnelling barrier for the traversing trajectory will be
influenced by the line charge of the edge state (fig. 2),
which leads to the observed hysteresis in the
magnetoresistance (fig. 1a, b). When the Fermi level lies in
the gap between Landau levels, the screening of the line
charge is not complete, and the barrier shows fluctuations,
AV. If these are small, then AV/V = AQ/V<r>, where <r>
is the average distance from the barrier to the charge on the
edge state. Assuming a simple triangular barrier, we can
calculate the change in resistance due to the fluctuations in
the barrier height. The conductance of the system with the
singie tunnel barrier is given by o = Te?/h, where T is the
transparency of the barrier, and can be written as [6]

_E(V-E)
=——
where a:[2m*(V-E)]”2/h, m" is the effective mass, b is
the thickness of the barrier, and V-E is the difference
between the barrier height and the electron energy. As the
resistance is small, of the order of the quantum resistance
hfeZ, we can assume that the transparency T =~ 1,ie. V =~
E. The induced change in the tunnelling is then given by
AT = 4AV/V, and hence

T exp( 2ab) {2)

AR ~ AQ/V<r> (3)

9%

Since the change in V is small, and <r> will vary only
slightly for different Landau levels, we can now compare
the ratio between the two magnetoresistance peak heights
with the ratio of the corresponding charge transfer:
AR(n=2) / ARm=4 ) = 2.6, and AQ(n=2) / AQ(n=4) =24
This is a reasonably good agreement, considering that we
have assumed that the induced change in the barrier is
small, whereas in actual fact AR/R = 30% We should
also note, that the total number of electrons on the internal
trajectory, N = 2qaly/x/y? = 2aliy = 70 (where a is a
radius of the trajectory, and /i is the magnetic length), is
slightly less than the transferred charge at n = 2. The
discrepancy may be because the area between the closed
trajectories in fact is somewhat larger than d2. In this case
the internal fine is either completely emptied or charged,
and the filling of the next Landau level commences.

In summary, in a disordered antidot lattice, charge can
be transferred between different closed trajectories This
charge significantly perturbs the local potential landscape
around trajectories: in particular, a jump in the resistance is
found (fig. 1a). A decrease in the diameter of the antidots
and in the average periodicity of the laitice may even make
it possible to observe a single electron transfer, tuned by
the magnetic field. A ZDEG in a disordered antidot lattice
may therefore be a new tool for the study of the
equilibrium tunnelling in the strong magnetic field, and
further experiments with this system are now in progress.
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