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l. Introduction
Semiconductor nanostructures based on two

quantized steps

'

of height

2e2lh, where

e is

the

electronic charge and h is Planck's censtant.

dimensional electron gases (2DEGs) have remarkable

Scanned probe images of the angular dependence

properties. The electron mean free path and the
phase coherence length can exceed the size of the
device. Coherent nanostructures provide new
approaches to sensing and information processing.

. of the electron flow on each conductance step agree
with theory [l]. A QPC sample was constructed
from a GaAs/AlGaAs heterostructure containing a
high mobility (1x106 cmz/Vsec) 2DEG. Figure 2
shows measurements (outside) of electron flow
through the third mode of the QPC at T = l.7K and
sirnulations (inside) of the electron flux. Both the

Although much is known about electron transport in
2DEG nanostructures, the actual pattern of electron
flow in a given device is unclear, and is not specified
by statistical measures such as the mean free path.

experimental and theoretical images have three welldefined lobes oriented at similar angles. Fringes are

2. Images of Electron FIow

observed throughout the measured flow, which are
separated by half the Fermi wavelength. These

Scanning a charged tip above the 2DEG inside a

GaAs/AlGaAs heterostructure can image electron
flow by backscattering electron waves, as illustrated
in Fig. l. A quantum point contact (QpC) is formed
in the 2DEG by two closely spaced gate electrodes.
As the width of the quantum point contact is
increased, its electrical conductance increases in

Fig.

I

fringes demonstrate the coherent nature of electron
flow.

At longer

distances from the quantum point
smcioth lobes develop unexpected

contact, the
dynamical channels l2l. Figure Z shows the
measured flow frorn a QPC at the right of the image.

Schematic diagram of the deflection of electron

Fig. 2 SPM images of electron flow on the third
mnductance step, from the third mode of the epc,

waves flowing from a quantum point contact with a
charged SPM

tip [2].

with theory inside [1].

s60

The electron flow forms persistent, narrow,
branching channels rather than the smoothly
spreading fans seen closer to the QPC. These
1l lrm mean
Fringes spaced by half the Fermi

branches form at distances less than the

free

path.

wavelength are obsenred throughout the image.

Theoretical simulations of flow through a
quantum point contact including small angle
scattering by ionized donor atoms and impurities
agree well with the experimental images [2]. The
channels are not due to deep valleys in the potential,
but rather are caused by the cumulative effect of

Fig.

gentle small angle scattering.

T = 1.7K showing channels at distances well below the

2

SPM image of electron flow from a QPC at

mean free path [2J.
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