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Anomalous Conductance Quantization Observed in a Quantum Point Contact
with an Asymmetric Conﬁnement Potential
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The conductance through a quantum point contact with an asymmetric conﬁnement potential
has been studied. Multiple anomalous conductance plateaus were observed, around 0.5G0 and
0.9G0 , when the conﬁnement potential of the QPC was set to be asymmetric. Also, resonance-like
conductance peaks were observed in some devices for highly asymmetric conﬁnement potentials
while some of the peaks evolved into anomalous conductance plateaus when the asymmetry was
reduced. We found that the spin polarization model based on spin-orbit coupling in an asymmetric
conﬁnement potential could not directly explain our data.
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I. INTRODUCTION

The conductance through a quantum point contact
(QPC) is quantized at integer multiples of G0 = 2e2 /h
due to ballistic transport through a spin-degenerate noninteracting conduction channel [1,2]. The phenomenon is
well explained by using quantum transport theory based
on a single-particle picture developed by Landauer and
Buttiker [3]. In addition to the usual integer conductance
plateaus, an anomalous plateau was observed at around
0.7G0 [4]. The phenomenon is called the ‘0.7 structure’
and cannot be explained by using the single-particle picture. To explain this unusual conductance plateau, theoretical explanations based on electron-electron interactions, spin eﬀects, luttinger liquids, and others eﬀects
have been suggested [5–10]. Among them, the spontaneous spin-polarization model [5,6] and the Kondorelated model [8], which were supported experimentally
by Thomas et al. [4] and Cronenwett et al. [11], respectively, are the most popular. Thomas et al. have
shown that the 0.7 plateau observed at zero magnetic
ﬁeld evolves into a 0.5 plateau when a magnetic ﬁeld
strong enough to lift spin degeneracy is applied. From
the result, they concluded that the electron spin in a
QPC is partially polarized to lift the spin degeneracy
even at zero external magnetic ﬁeld.
Recently, Crook et al. observed a 0.5 plateau, which
is the signature of full spin polarization, when the electrostatic potential nearby a QPC was locally modiﬁed
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by the scanning-probe tip [12]. They suggested that the
technique could be used to generated spin-polarized electrons without an external magnetic ﬁeld, which is very
useful for spintronics applications. Another observation
of a 0.5 plateau has been reported in an InAs-based QPC
where the spin-orbit coupling is much higher than that
of GaAs [13]. It has been shown that a completely spinpolarized current can be generated by a QPC without an
external magnetic ﬁeld when its lateral conﬁnement potential is made highly asymmetric. These observations
make the possibility of using a QPC as a spin-polarizer
very high. However, to use a QPC as a possible spin
polarizer, more systematic research has to be done because the 0.7 structure is not always observed in a QPC
although the phenomenon is regarded to be an intrinsic property of a 1D conduction channel. In this work,
we have studied the 0.7 structure formed in a new kind
of QPC [14] with an asymmetric conﬁnement potential.
We found that the 0.7 plateau could be tuned on and oﬀ
by changing the symmetry of the conﬁnement potential.
Also, multiple conductance plateaus below 2e2 /h, which
cannot be explained by the spin-polarization model [13],
have been observed.

II. EXPERIMENT AND DISCUSSION
A new kind of QPC that has an extra gate in the gap
of a conventional QPC [14] has been used for the experiment. Figure 1(a) is a SEM picture of the 3-gate
QPC device. In a conventional QPC, the shape of the
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Fig. 1. (a) SEM picture of a 3-gate QPC device. (b)
Schematic diagram of the 3-gate QPC used in our experiment.
An extra gate is placed in the gap of a conventional QPC to
control the potential in the channel. (c) The asymmetry of
the transverse conﬁnement potential can be adjusted by using
the gate voltages on the QPC. (d) Schematic representation of
the eﬀective magnetic ﬁeld induced by the spin-orbit coupling
in a QPC [13]. The U-shaped line represents the transverse
conﬁnement potential of a QPC.

conﬁnement potential of the device is determined by the
potential drawn by both gates on a QPC. Thus, it is not
easy to control the asymmetry of the conﬁnement potential independently. In a 3-gate QPC, the middle gate
sets the potential in the channel and helps to separate
the potentials drawn by the left and the right QPC gates,
as shown in Fig. 1(b). This scheme helps us to control
the potential gradients on the edges of the channel separately. In addition, it is easier to observe conductance
quantization at higher temperature in a 3-gate QPC than
in a conventional QPC. If a positive voltage is applied on
the middle gate, the shape of the conﬁnement potential
can be made deeper and sharper to make subband energy
spacings larger than those of a conventional QPC.
The QPC was fabricated on a conventional uniform
doped GaAs/GaAlAs heterostructure grown by molecular beam epitaxy (MBE). The 2DEG is buried 77 nm below the surface of the GaAs/Al0.34 Ga0.66 As heterostructure. The carrier density was 1.9 × 1011 cm2 and the mobility was 1.1 × 106 cm2 /Vs at a temperature of 4.2 K.
The 3-gate QPC structure was deﬁned by using electron beam lithography, and 15/30-nm-thick Ti/Au were
used for the gates. The length of QPC gate was 200
nm, and the width of the middle gate was 100 nm. The
gaps between the middle gate and the QPC gates were
100 nm. All the measurements were done at a temperature of 4.2 K in liquid helium. The conductances G =
dIsd /dVsd were measured with an excitation voltage of

Fig. 2. Conductance through a 3-gate QPC device as a
function of the left QPC gate voltage VLQ . The middle gate
voltage is ﬁxed at +0.7 V, and the right QPC gate voltage
VRQ is varied from −1.0 V to −2.0 V (left to right) in 0.05 V
steps. The thick solid line (VRQ = −1.3 V) shows anomalous
conductance plateaus while the dashed line (VRQ = −1.65
V) shows no conductance anomaly.

100 µVrms by using the standard lock-in technique.
Figure 2 shows the quantization of the conductance
observed at 4.2 K. The conductances were measured as
a function of the left QPC gate voltage (VLQ ) at various
ﬁxed right QPC gate voltages (VRQ ) to change the degree of the asymmetry in the conﬁnement potential. The
degree of asymmetry increases as the right QPC gate
voltage VRQ become more negative. The middle gate
voltage was set to +0.7 V to make the conductance quantization observable at 4.2 K [14]. Two-terminal measurement technique was used to measure the conductance
through a QPC. The two-terminal conductance is given
by 1/(RQP C + Rs ), where Rs and RQP C are the series and QPC resistance, respectively. The sources of the
series resistance are the electrical contacts, the measurement wires etc. These series resistances are measured together with QPC resistance and cannot be distinguished
during the measurement. Hence, the two-terminal measurement does not give the correct conductance through
a QPC. To compensate for the series resistance, a ﬁnite resistance, which makes the conductance of the ﬁrst
quantized plateau 2e2 /h, is subtracted from the raw data
[15].
As it can be seen from the Fig. 2, the usual conductance plateaus at G0 and 2G0 are observed. However, the
conductance traces measured at some certain ﬁxed right
QPC voltages show unusual conductance plateaus below
G0 . When the right gate voltage VRQ is set to −1.3 V,
two anomalous conductance plateaus, around 0.5G0 and
0.9G0 , are observed. Since the right QPC gate voltage
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VRQ is set to −1.3 V and the 0.5 plateau appears around
−1.055 V for the left QPC voltage. We expect that
the conﬁnement potential is asymmetric when the 0.5
plateau is formed. Debray et al. observed a 0.5 plateau in
an InAs-based QPC when the transverse conﬁnement potential of the QPC was set to be asymmetric [13]. They
explained that the origin of the 0.5 plateau was the spin
polarization caused by the asymmetric conﬁnement potential of the QPC. Figure 1(d) shows a schematic of
the potential proﬁle of the conﬁnement potential formed
in the transverse direction (y direction) of a QPC. The
Hamiltonian describing the spin-orbit (SO) coupling in (y)),where β is
teraction is given by HSO = βσ · (kx × ∇U
the intrinsic SO coupling parameter of the channel material and σ is the vector of the Pauli spin matrices. Because the spatial gradients of the potential on the edges
of the conduction channel are opposite in direction, the
eﬀective magnetic ﬁelds induced by the SO coupling are
opposite at diﬀerent edges. For a symmetric conﬁnement
potential, the population of spin up and down electrons
will be the same; thus, the net spin will be zero. However, the net spin for an asymmetric potential will be
non-zero even though the resulting net spin is not big
enough to cause full spin polarization in a QPC. Debray
et al. took a strong repulsive electron-electron interaction
into consideration and found that the spin could be fully
polarized to give a 0.5 plateau when there was a ﬁnite
net spin due to spin-orbit coupling. According to their
explanation, strong SO coupling is one of the key ingredients that causes spin polarization in a QPC. In our
experiment, the QPC was fabricated on a 2DEG based
on GaAs/GaAlAs heterostructure in which the 2DEG
lies in GaAs layer. The intrinsic SO coupling in GaAs is
an order of magnitude smaller than that of InAs. Hence,
it is quite diﬃcult to explain the 0.5 plateau observed in
our device by using the spin-orbit coupling model. The
conductance measured for VRQ = −1.65 V (marked as
the dashed line in the ﬁgure) shows no signature of an
anomalous conductance plateau except for the regular
subband plateaus. The degree of asymmetry in the conﬁnement potential is much higher for the dashed trace
because VRQ is −1.65 V and VLQ for 0.5G0 is −0.73 V.
According to the model suggested by Debray et al., the
0.5 plateau should be more pronounced due to the higher
asymmetry in the conﬁnement potential. Also, the additional plateau around 0.9G0 cannot be explained by
using the spin-polarization model because the spin has
only two species.
The gray-scale plot of the transconductance dG/dVLQ
for various ﬁxed source-drain voltages are shown in
Fig. 3. The black region surrounded by the diamond
in Fig. 3(c) is the conductance plateau region formed
between the ﬁrst and the second subband of the conﬁnement potential when there is no conductance anomaly in
a QPC. When the right QPC gate voltage is set to VRQ
= −1.3 V, three diamond-like structures were found, as
denoted by the arrows in Fig. 4(d). The structures corre-
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Fig. 3. The diﬀerential conductance traces G(VQP C ) were
measured for various ﬁxed source-drain voltages Vsd . The
gray-scale plot of the transconductance traces dG/dVLQ were
obtained by numerical diﬀerentiation of the measured data.
The transconductance is higher for the lighter colors. The
conductance were measured when the right QPC gate voltage was set to (a)VRQ = −1.65 V and (b)VRQ = −1.3 V for
zero source-drain bias. The gray-scale plot of the transconductance traces are shown for the right QPC gate voltages of
(c)VRQ = −1.65 V and (d)VRQ = −1.3 V.

spond to the 0.5G0 , 0.9G0 , and G0 conductance plateau
regions, respectively. The observations of these multiple anomalous plateaus may be thought to be the result of transport through multiple subbands. From the
transconductance plot, the subband energy spacings can
be estimated [15]. The ﬁrst subband energy spacing (E2
− E1 ) has been found to be around 7 meV while (E3 −
E2 ) and (E4 − E3 ) were around 5 meV and 4 meV. If the
thermal excitation kB T (kB is the Boltzmann constant
and T is the temperature) of electrons is much small than
the subband energy spacings, transport through multiple
subbands will be suppressed. At 4.2 K, kB T is around
0.36 meV, which is an order of magnitude smaller than
the subband energy spacings in our sample. Hence, the
transport through multiple subbands is highly unlikely
in our device.
Several 3-gate QPC devices have been measured, and
similar results have been observed. However, in some devices, resonance-like peaks have been observed when the
conﬁnement potential is highly asymmetric, as shown in
Fig. 4. At VRQ is −2.0 V, where the asymmetry of the
conﬁnement potential is the highest, a few resonance-like
peaks are observed while some of the peaks evolve into
conductance plateaus as the asymmetry is reduced. It
is well known that randomly-distributed ionized donor
impurities (depicted as Qdonor in the Fig. 1(c)) in the
modulation doping layer can cause potential ﬂuctuations
along the channel, thus creating local scattering barriers.
If there are multiple barriers along the longitudinal direction of a QPC, fabry-perot type interference can happen
in a cavity formed between two local barriers. Hence,

-1910-

Journal of the Korean Physical Society, Vol. 60, No. 11, June 2012

tential barriers in a QPC, is partially responsible for the
anomalous conductance plateaus observed in our device.
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