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Abstract

Conductances of a quantum point contact (QPC) were measured with asymmetrical bias
conditions. While quantized conductances were observed with the asymmetrical condi-
tions, the width of each quantized plateau was changed. The confinement potentials of the
asymmetrically biased QPC were calculated self-consistently. It was concluded that asym-
metrical bias affected not only the position of the electron path but also the confinement
potential.

1 Introduction

Since the conductance quantization of a
quantum point contact (QPC) was observed [1J,
the warreguide nature in electron transport has

been attracting much attention of researchers.

Therefore, transport properties of QPC's have
been intensively studied worldwide.

The pmition of the path of electrons in a

QPC can be controlled by asymmetrical bias con-
ditions. The theoretical l2l and experimental

[3, 4] demonstrations of such asymmetrically bi-
ased QPC's have already been reportecl. The bias
condition is thought to affect not only the posi-
tion of the electron path but also the shape of the
confinement potential. However, the shape of the
confinement potential in an asymmetrically bi-
ased QPC is not considered so far. In this present
work, the shape of the confinement potential in
an asymmetrically biased QPC is investigated ex-
perimentally and numerically.

2 Experimental

Figure 1 shows schematically the sample
structure with the bias-voltage condition. The
starting wafer consists of 10GA n-type GaAs,
50GA n-type AlGaAs, 20GA undopecl AlGaAs
and 800G4 undoped GaAs grown on the semi-
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Fig. 1. Schematic view of the split-gate quantum
point contact. V1 andV2 are the bias voltage for
the left and right gate, respectively. AV is defined
to be Vz - Vt.

insulating GaAs substrate by molecular beam epi,.

taxy. The electron concentration and mobility
at 4.2 K after illumination is 4.b x 1gr1 "--2
and 4.4 x 105 cm2V-1s-1, respectively. The bG
keV electron beam lithography, Au/Ti evapora-
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Fig. 2. SEM photograph of the split'gate quan-

tum point contact.

tion and lift-off technique were used for the fabri-

cation of the split gates. The distance between the

split gates D was 260 nm. Although there are two

QPC's in serie (Fig. 2), one of them was used for

the present work. The resistance was measured

at 1.4 K by an ac resistance bridge operating at

30 Hz.

3 Results and Discussion

Figure 3 shows the conductances of the a,sym-

metrically biased QPC with the fixed AV as a

function of. Vr, where the conductances are ob
tained from the resistances which are revisecl by

the background reistance. The lateral position of

the potential minimurrll o6ip1 measured from the

center of the QPC is estimated to be [3]

DAV
smln 

- 2 Vr*Vz'

According to this equation, the range of r*i,'
varies 0 - 90 nrn in the present experimental situ-

ation. In Fig. 3 the plateaus were clearly observed

even when the AV became large. This means that

there u/ere no significant scattering centers in the

width of about 180 nm in the QPC in contrast to
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Fig. 3. Conductances of an asymmetrically bi=

ased quantum point contact with fixed AV as a

function of Yl.

the ca,se of ref. 3.

It wa.s observed that the widths of the

plateaus became narrow when AV became large.

This suggests that the asymmetrical gate bias

change not only the path of the electron but also

the confinement potential. The widths of the

plateaus depend on the confinement potential in

both the r and g direction [5]. However, the

change of the shape of the potential in the U di-

rection can be neglected compared to that in the

r direction. In order to estimate the confinement

potential in the r direction, we solved numerically

the twedimensional Schriidinger equation and the

Poisson equation self-consistently. In the calcu-

lation, the temperature, electron effective mass

and conduction band offset between AlGaAs and

GaAs were assumed to be 0 K, 0.067rn. (rn': elec-

tron rest mass) and 300 meV, respmtively.

Some results of the calculations are shown in

Fig. 4. The path of the electron is shifted to the

negative r direction due to the asymmetrical bias.

There are four eigenstates below the Fermi lertel

in both the symmetrically and asymmetrically bi-

ased QPC. The calculated energy separation be
tween the uppermost two eigenenergies in syrrr

metrical and asymmetrical case were 1.36 and 1.21

meV, respectively. These values mean that asym-

metrically bias condition gives the broad confine
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tron path but also the confinement potential, re
sulting in the changes of the width of the plateaus

of the quantized conductance.
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FiS. 4. Calculated confinement potentials
in as5rmmetrically (solid) and symmetrically
(dashed) biased quantum point contacts, where

Vr - -1.0 V and Vz - -2,0 V in the asymmetri-
cal case, and Vr - Vz = -1.4 V in the symmet-

rical case. Four eigenstates are occupied in both
case.

ment potential, resulting in the small separation

of the eigenenergies. Therefore the widths of the
plateaus become narrow with large AI/.

4 Conclusions

We measured the condactances of a QPC
which was biased symmetrically or asymmetri-
cally. The quantized conductances were observed

even when the gates were biased asymmetrically,
suggesting that there were no significant scatter-

ing centers in the QPC. In order to estimate the
confinement potential, we solrred numerically the
SchrirCinger equation and the Poisson equationthe
self-consistently. It was concluded that asymmet-

rical bias afiects not only the position of the elec-
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