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The magnetoresistance of two-dimensio{d) electrons in a periodic
lattice of antidots is found to be substantially influenced by an applied
electric field. The non-Ohmic behavior of the resistance in the region of
commensurability oscillations originates from the electric-field-induced
breakdown of the trajectories skipping along the lattice arrays. In the
region of magnetic fields where the cyclotron diameter is less than the
distance between antidots the breakdown of the orbits skipping around
antidots is responsible for the nonlinear behavior of the magnetoresis-
tance. ©1997 American Institute of Physics.
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PACS numbers: 73.61.Ey, 72.20.My

The transport of a 2D electron gas in a periodic lattice of antidots has been actively
investigated in the last few years. One of the most interesting features of this system is
the commensurability oscillations of the magnetoresistance, which have been observed
and studied in a number of works? In Ref. 2 a “pinball” model was proposed, which
explained these oscillations as being due to the existence of electron cyclotron orbits
which do not collide with antidots at certain magnetic fields. It was later showrat
this model cannot explain all of the features of the magnetoresistance. In Ref. 3 the
diffusion coefficient in a magnetic field was calculated by means of numerical simula-
tions of chaotic dynamics of electron in the lattice of antidots. These calculations were
able to account for all the features of the commensurability oscillations of the magne-
toresistance. Moreover, it was shown in Ref. 3 that the cause of these oscillations is the
appearance of electron trajectories which skip along the lattice arrays. In addition, the
model of dynamical chaos predicts some other interesting effects—for example, non-
Ohmic behavior of magnetoresistance. In the present work the influence of high electric
fields on the electron transport in a periodic lattice of antidots is investigated.

The test samples were Hall bars based on the 2D electron gas in a GaAs/AlGaAs
heterojunction(u=2-10° cn?/V s, ng=4.5-10'* cm™2). The distance between potential
probes was 50«m, and the width of the device was 2@0n. The part of the sample
between the potential probes was covered by a lattice of antidots created by electron
beam lithography and reactive ion etching. Samples with different lattice peribds,
=0.6, 0.7, 0.8, 0.9 and 1.8m, were investigated. The antidot diameter was abaut 2
=0.15-0.2um. The magnetoresistance was measured by the four-terminal method us-
ing an ac bridge operating at 70—700 Hz in magnetic fields up to 0.8 T at temperatures
1.3—-4.2 K. In order to measure nonlinear effects a dc electric Eelgh to 7 V/cm was
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FIG. 1. The magnetoresistance of the sample wlith1.3 um as a function of magnetic field for different
values of applied dc electric field and lattice temperaturg, : a—T,=1.3 K, E=0V/cm; b—T =4.2 K,
E=0V/cm; c—T =13 K, E=0.76 V/cm; d—,=1.3 K, E=2.4 V/cm.

applied. The amplitude of the ac electric field on which the signal was measured was less
than 0.03 V/cm. Thus, the differential magnetoresistance of the samples was measured
experimentally as a function of applied electric fiéld

The magnetoresistance traces for the sample with the lattice pgrdd3 um at
different lattice temperatures and applied electric fields are shown in Fig. 1. Comparison
of curvesa and b in Fig. 1 shows that at low values & the amplitude of the
Shubnikov—de Haa&SdH) oscillations decreases with temperature, while the amplitude
of the commensurability oscillations remains unchanged. This result is consistent with
Ref. 2, where it was shown that the commensurability oscillations do not depend on
temperature up to 50 K. As the applied electric field is increased to 0.8 V/cm, the
amplitude of the SdH oscillations falls to a value corresponding to a temperature of 4.2
K, and the amplitude of the commensurability oscillations falls by a factor of(tmove
¢). In a stronger applied electric field the commensurability oscillations disappear, and in
the region of magnetic fields wherdrg<<d the resistance increasésurve d in Fig. 1},
and an additional small maximutmarked by an arrow on the curvappears, which was
not present at lower electric fields.

It should be noted that an applied electric field increases the electron temperature
T. above the lattice temperatuiig (the overheating of the lattice is negligilbleThe
electron temperature can be determined from the SdH oscillations, and for the(curve
in Fig. 1 it is aboutT,=4.2 K, as is seen from a comparison of the SdH oscillations.
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FIG. 2. The resistance of the sample witk 1.3 «m as a function of applied electric fiel for two different
values of the magnetic fielB: a—B=0.17 T (2R.=d)—commensurability maximum; bB=0.27 T (R,
<d-—2a)—corresponds to rosette-like orbits.

However the commensurability oscillations on curve ¢ in Fig. 1 are strongly suppressed
in comparison with curve b. This leads to the conclusion that the suppression of com-
mensurability oscillations is not due to heating effects.

The sample resistance as a functionkofs presented in Fig. 2 for two different
values of the magnetic field. One can see that for magnetic fields satisfying the commen-
surability condition R.=d (curve 3 the resistance decreases withwhereas for stron-
ger magnetic fields it increases with (curve . It is also seen that at low and high
electric field both curves reach saturation. The same behavior was observed for all of the
samples tested. From the dependence of the magnetoresistaiceverdetermine the
electric fieldE,, at which the commensurability oscillations are suppressed to half their
magnitude. The values &, for the magnetoresistance maximum &2 d are shown
in Fig. 3a for the samples with different lattice periods. One can seeEthafalls off
with increasingd roughly according td,>d 2.

As was mentioned above, there are two models explaining the magnetoresistance
maxima in Fig. 1. One of them is based on the presence of “running trajectories” that
skip along the lattice arrays and which are responsible for the maximum in the diffusion
coefficient and, consequently, in the resistatfoe the magnetic fields under consider-
ation we haver,,> oy, and the maximum iwr,, therefore corresponds to a maximum
in py,). The other explanation involves pinned orbits which do not collide with antidots.
It is important that the running trajectories are substantially more sensitive to the initial
conditions and to possible distortion of the electron orbit. An applied electric field leads
to drift of the cyclotron orbit. For the running trajectories a relatively small drift is
sufficient to shift them off the region of stability and therefore break the stable running
motion. The critical drift distancé, during the time between two successive collisions
with antidots is in any case considerably smaller than the antidot radiuBrecise
estimation of the drift distanck necessary for breaking the running trajectories and of
the dependence df; on the lattice period requires more-detailed theoretical study of
the region of stability of the running trajectories. On the other hand, in order to break the
pinned orbit with R.=d (corresponding to the main commensurability maximuhe
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FIG. 3. a: The electric fieldE,,, resulting in the suppression of the main commensurability oscillgiioa
magnetic field satisfying the conditiorRR=d) to half its value, measured for the samples with differérmts

a function ofd 2. The solid line is drawn as a guide to the eye. b: The experimental dependence of the critical
field EZ corresponding to breakdown of the trajectories skipping around antidots on the cyclotronRatbus

the sample with lattice period=1.3 um.

average drift over the time~2mw/w; (w.=eH/mc) should be of the ordery~d/2
—a.

One can estimaté; from the experimentally measured value of the critical field
Eqip: lg=mvgl/we (g=CE;/H is the drift velocity. At a lattice periodd=1.3 um,
l4 is 0.003um. This value is significantly smaller than the radius of an antidot. There-
fore, taking into account the above discussion, one can conclude that the model based on
the running trajectories more likely explains the main commensurability maximum at
2R.~d, and the breaking of these trajectories by an applied electric field leads to the
experimentally observed suppression of the commensurability oscillations.

At higher magnetic field when R.<d—2a the magnetoresistance also exhibits
nonlinear dependence on the electric field. This dependence has the opposite sign from
that in the region of commensurability oscillations described above. This behavior of the
magnetoresistance can be explained on the assumption that in this region of magnetic
fields the electrons move on rosette-like orbits skipping around antidots. These electrons
are localized and do not contribute to the conductivity. But a high electric @@ddve a
certain critical valueEy ) results in breakdown of the localized motion due to the drift of
the cyclotron orbit by analogy with the trajectories that skip along the arrays. It leads to
an increase in the conductivity and resistance of the samples and thus affects the experi-
mental dependence of the magnetoresistance on the electri¢Higldl).

The experimental dependencekf on R is shown in Fig. 3b. One can see that the
critical field E} does not depend on the cyclotron radius. Theoretical support for this fact
as well as the numerical estimation Bf requires further theoretical consideration.

It should be noted that the electron orbits corresponding to the condifar-d
—2a show a threshold behavior for the applied electric field. For highardelocaliza-
tion of the electrons by the electric field is observed, but for loBethe electron
trajectories become diffusive. Thus a new maximum in the resistance at high electric
fields is observed, as indicated aba¥ag. 1). The corresponding value of the antidot
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radiusa is consistent with the measurementaoby other methods.

Thus in the present work the magnetoresistance of 2D periodic lattices of antidots
with a wide variety of periods has been found to exhibit nonlinear behavior in the applied
electric field. Analysis of the results within the framework of dynamical chaos theory
shows that the model of runaway electron trajectories can explain the suppression of the
main commensurability maximum by the applied electric field for all of the samples
tested. In higher magnetic fields the nonlinear effects are connected with breaking of the
localized rosette motion. More-detailed comparison of some of our findswgh as the
values of the critical electric fields for breaking of the regular motion and their depen-
dence on the lattice peripavith the theory requires further theoretical study of the region
of stability of the runaway and rosette-like orbits.
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