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Electrical transport in multiple gated quantum point contacts
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Abstract
A mesoscopic ballistic system on the GaAs/AlGaAs heterostructures at low temperature
can be obtained by the lithographic technology In this work, we study the electron transport
properties of various geometries systems in the reduced dimensions.

When a negative bias is applied to a pair of split gate, the underlying two dimensional
electron gas is electrostatically squeezed intora.quasi=1D channel. By changing the negative
bias, the channel width and corresponding occupied subband number n below Ep are varied.
The phenomenon of conductance quantization-is observed. In the structure of the QPC’s in
series, we find the electron transport changes with distance between two QPC’s. When two
QPC’s are close to each other <1.1pm , transport demonstrates the adiabatic behavior, and
there is resonant structure superimposed on conductance plateaus. With increasing the
distance, transport behaves Ohmically and hence, QPC’s in series act as two individual QPC’s.
Besides, we find that when two QPC’s are close to each other and n is less than 1 the
quantized conductance vanishes.

In the aspect of quantum pumping, we obtain a pumping system of the bi-layer gate
structure  Two finger gates are arranged atop a pair of split gate. A negative bias is applied to
split gates to control the channel width. Two high frequency AC signals with the same
frequency and amplitude but different phases are applied to two finger gates. By changing the

phase difference, the system can generate a dc current spontaneously without external bias.
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Experimentally, we transform the pumping current into the voltage Vpc. The Vpc
demonstrate sinusoidal dependence on phase difference ¢ and becomes larger with increasing
pumping frequency. When the channel is not confined to form a quasi-1D system, the Vpc
is close to zero, the background noise <107V ,and is independent of phase difference ¢.
Thus we confirm that a DC current can be generated spontaneously in a 1D channel with

time-varied high frequency electrostatic potential.
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