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Conductance gquantization in an array of

ballistic constrictions
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Abstract  We have investigated the transport properties of
A two-dimensional array of ballistic constrictions and found
that the conductivity as a lunction of gate voltage increases in
approximately equally spaced steps. Surprisingly, the height
of the observed steps is not an integer multiple of 2¢?/h,
but roughly one third of this fundamental wnit. Numerical
simulations strongly suggest that this increase in resistance is
due to coupling between parallel channels in our superlattice.

1 Introduction

Since advances in nanofabrication have made it possible
to access the ballistic transport regime, many interest-
g results associated with electronic transport through
quantuam point contacts {QPCs. i e, short and uarrow
constrictions that are much smaller than the clectron
menn free patl), have been obtained. Single [} al don-
ble QPC’s both in sertal [2] and in pacallel [3] canfigura-
tion have heen investigated. [ most cases, the condue-
tance of rhese systoms is found to be quantized in units
of 2275,

Here. we repott on transport experiments on a large
two diutensional array of such ballistic constrictions and
show that we have rcalized a materjal with a quantized
conductance.

2 Fabrication

The device was fabricated from a GaAs/AlGaAs-hetero-
structire with a shallow two-dimensional electron gas
with typical cacrier density of 6 x 10!t em™? and mobility
of R x 10Pem?/ Vs. High-resolution electron beam lithog-
raphy and wet chemical etching techniques have been
user] to define a lateral superlattice of 55 x 96 quantum
point contacts. i.e. patallel rows of narrow constrictions
that are linked every 700 nm (see right inset of Pig. 2).
A thin NiCr-gate. covering the entire structure allows
us to vary the electron density and thus the number of
occupied one-dimensionad subbands in the constrictions.

3 Experiment

Fig. | shows the gate vollage dependence of the longi-
tidinal conductivity aee ! at two different teinperatures.
As the easurements have been carried out i different
rooling exveles, the two curves are shightly olfset. Sweep-
ing the wnte voltage at sufficiently low temperature (250
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Fig. 1 Lengitudinal conductivity o.» at 250 mK (solid line},
1.5 K (dashed line} and derivative do..(250mK)/dV5
difdVg (dotted line) vs. gate voltage of a lateral superlat-
tice of quantum point contacts. Minima in the differential
transconductance, corresponding to plateaus in the conduc-
tivity, are indicated by arrows.

mK), both in two-terminal (shown here) and in four-
terminal measurements o, reveals a step-like structure
of equally spaced plateaus. Up to seven oscillations can
be identified in the differential transconductance df/dVz
(dotted line in Fig. 1). As the ocurrence of these steps
is qualitatively independent of the actual geometry, our
device can be regarded as the realization of a material
with a quantized conductance.

The height of the observed conductivity steps is &2
0.3 %, and thus not an integer multiple of the funda-
mental unit of conduction. Previous results show that
the conductance of parallel QP(’s is practically additive
3], te. Crorm = (%) 57 ni, where n; is the number of
modes propagaling in contact i. The resistance of two se-
ries point contacts however is not simply additive (2].Tn
this case, the conductance can vary between (/2 and
(3, if (i is the conductance of an individual contact.
Thus, our experituental data is neither consistent with
the simple model of a mesh of Ohmic resistors, cach of
the value 52, which would lead to a conductivity quan-

ned

tized in untts of 2¢*/h, nor with the picture of coherent
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Fig. 2 Traction of particles reflected in the numerical sim-
ulation when sweeping the number of series {solid line, left
scale) and the number of parallel (dotted line, right scale)
point contacts. Right inset: AFM micrograph of a scction of
the fabricated superlactice. Arrows represent. eleciron trajec-
tories Lhat are backscattered by the concave houndaries. Left
insei: Nlustration of the model used in the sirmulation.

transport through a series of quantum point contacts,
which would result i even larger conductance steps.

4 Numerical siinulation

As seliematically indicated in the right inset of Iig 2, a
mechanism that could explain our observations is back-
scattering from the boundaries of the coupled quantum
dots formed hetween the constrictions. Due to the fact
that parallel rows of point contacts are linked every 700
mn, coherent backscattering of electrons should hecome
possible i this svstem {see left inset of Fig. 2).

In order to find out. how the characteristics of an in-
dividual point contact are modified in a large array, we
employ a simple model. stmulating electronic transport
m our structure. As a first approximation, we assume
that an electron entering a dot will leave it through ci-
ther of the “cxits” with equal probability (scc left. inset
of Fig. 2). Thus. coupling of the rows is introduced by
a finile probability for leaving the dot to the sides. If
we now inject particles from one side of the structure,
we can trace their trajectories through the lattice and
determine the fraction K of those that do nol manage
to get to the other side. Fig. 2 shows the results of this
Landauer-Buttiker-type description for two different sit-
vations. When the number n,. of parallel QPC’s is kept
al a fixed value {in this case n, = 2) and the nuinber n;
of series QP (s is swept. we obtain the solid curve. Keep-
ing n, constat fhere n, = 2 again) and sweeping n,,, we
obtain the dotied curve. Obviously, the n.-dependence
of J7 i much more distinet than the dependence on ny,.,
However, the important result is thal a growih of the las-
tice 1 either of the two directions leads to an increase
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Fig. 3 Fraction of particles reflected in the numerical simy)a
tion when sweeping the phase coherence lengih. Inset: Sketc};
of the superlatlice geometry used for this calculation,

To get a more realistic model of the device, in 3 sec.
ond step we introduce a finite phase coherence length
Iy The nember of electrons that, after having travelled
a distance { through the lattice, can stil] be reflected in
a colierent way decays like e 7%, Vig. 3 shows the re-
sult for the special geometry of our sample, 1.e. an array
of b x 96 guantum point contacts. It can be seen that
the fraction of coherently reflected particles strongly de-
pends on the phase coherence length. However, even at
small values of {, the reduction of transmission, com-
pared to an array of totally uncoupled QPC’s, is main-
tained.

OF course, this simple model is not. snitable for mak-
ing quantitative statements. JTowever, it illustrates that
in a superlattice of our size the coupling of adjacent con-
tacts in connection with a sufficiently large phase coher-
ence length cav significantly reduce electronic transport
through the system. It therefore offers an explanation
for the fact thal the height of the experimentally ob-
served conductivity plateaus is smaller than the funda-
mental unit. Magnetotransporl experiments on the same
structure in the classsical regime (I' = 4.2 K) show that
the concave shape of the dot boundaries strongly influ-
ences the transport properties of the device [4]. The con-
ductance measurements discussed here suggest a similar
mechanism.
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