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Quantum pumping, rectification, and spin polarization of
gate-confined open quantum dots and 1D channels
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Abstract

We present a systematic study on
the zero-bias conductance peak and its
dependences on the carrier density and
structural geometry in quasi-one-dimensional
quantum wires (QWs). This zero-bias
anomaly (ZBA) is suppressed by either
decreasing the carrier density or increasing
the QW length. The differential conductance
at zero bias decreases with increasing
temperature in  accordance with a
thermal-activation model up to a well-defined
cut-off temperature. We demonstrate that the
activation energy, cut-off temperature, and
width of the ZBA are correlated, and suggest
that these features are controlled by electron
scattering in QWs. Conductance quantization
and the zero bias anomaly (ZBA) are robust
in clean QWs. In contrast, disordered QWSs
show complexities in the ways of onductance
resonance, peak splitting and trace crossing
in source—drain bias spectroscopies. The
experimental  results and  theoretical
predictions are in congruence. Moreover, the
resonant state arising from the impurities
results in either a single peak or
double-splitting peaks in the spectroscopies
from the detailed impurity configurations.
The resonant splitting peaks are found to
influence the ZBA, indicating that a clean
QW is crucial for investigating the intrinsic
characteristics of the ZBA of QWs.

Keywords: gate-confined quantum wire, the
0.7 structure, thermal activated behavior,
differential conductance spectroscopy.
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In a ballistic quasi-one-dimensional (1D)
channel, the linear conductance is quantized
into integer multiples of G,=2e” /h due to the
transmission of spin-degenerate 1D subbands
within a noninteracting electron picture.[1,2]
Peculiar phenomena, however, such as a 0.7
anomaly and a zero-bias Anomaly (ZBA),
referred to as the conductance peak centered
at zero bias in source-drain  bias
spectroscopy, are often observed near the
first quantization plateau and have attracted
much attention.[3,4] The 0.7 anomaly which
usually  accompanies a  conductance
reduction near the first plateau, a lowered
conductance at high temperatures, was
mostly attributed to spin-related
mechanisms.[4-20] One-dimensional Kondo
physics was proposed to describe the
experimental findings, such as the scaling of
conductance to a modified Kondo form and
the splitting of a zero-bias conductance peak
in a parallel magnetic field.[4,17-20] More
recently, however, others have claimed that
1D Kondo physics does not fully explain the
intricate behaviors of the ZBA.[21-23] In
some devices, the splitting of a zero-bias
conductance peak is absent in magnetic fields
as high as 10 T and at G<0.5G,, where the
channel is fully spin-polarized.[22] In a few
devices, splitting occurs in magnetic fields
but two split peaks can resolve back into a
single peak by laterally shifting the quantum
wire(QW).[22,23] Additionally, zero-bias
conductance peak splitting is almost linearly
dependent on the split gate voltage.[23]
These findings indicate that ZBA cannot be
explained by Kondo physics. Thus, the issue
is not yet completely clarified and a
comprehensive  understanding  requires
further study.
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The two dimensional electron gas(2DEG)
which forms at the interface of an

Al,Ga;.«As/GaAs heterostructure was grown
using MBE by Dr. Umansky at Wiezmann
institute in Israel. Shubnikov-de Haas and
Hall measurements were used to determine
the areal electron density n. Mobility p is
about 2.2x10° cm?/V's and n is 1.4x10™cm™

corresponding to the elastic mean free path /¢

of ~15um at low temperatures.

Electron beam lithography along with
thermal deposition were used to fabricate
metallic gates on (100) plane of the substrate.
A quasi-onedimensional quantum wire can be
formed by depleting the 2DEG ~93 nm
beneath the negatively biased split gate pair.
The length of our QWs ranges from
quasi-zero to 5um while the nominal gap
width is kept constant at ~0.45um. A
metallic top gate (tp) was fabricated on top
of the split gates, isolated by a
~100-nm-thick dielectric layer of cross-linked
polymethylmethacrylate, to control the
carrier concentration. Measurements were
performed mainly in a pumped *He cryostat
and occasionally in a dilution refrigerator
with base temperatures of 0.27 K and 40 mK,

respectively. Differential conductance
ol i
(G=av ) measurement was carried out

sd
using a standard four probes ac lock-in
technique at 51 Hz with a

To control the position of the QWs and
impose various impurity configurations, the
split gates were offset by a voltage bias, AV,.
Without being mentioned throughout the
paper, Vy +1/2AVy was applied on one gate
and V, —1/2AV, was applied on the other.
The position displacement is linearly
dependent with AV, [24, 25].

T~ R%BREE

When the negative voltage is applied to a
pair of split gates, the potential depletes
2DEG to form the quasi-1D channel resulting
in the typical quantized conductance. As
shown in Fig. 1, there are conductance
plateaus in units of 2e%h due to the



transmission of 1D sub-bands for a
L=0.45um QW. As known, 1D transport is
sensitive to the carrier density which can be
effectively tuned by biasing top gate voltage
V. The more negative Vi is, the less carrier
density n is. The more positive Vi is, the
more carrier density n is. Quantized
conductance for a series of Vi is also
demonstrated in Fig. 1. The carrier density is
smoothly decreased from left to right
corresponding to that the threshold V, for
pinching off becomes less negative
continuously. The number of plateau is
determined by the number of sub-band with
energy less than Fermi energy Er. As seen in
the inset of Fig. 1, the reduction of V4 leads
to the decrease of the observed plateau
number implying the decrease of Er. Besides,
when carrier density is large, the conductance
plateaus are much clear. Once carrier density
is severely reduced, the plateau disappears.

G (26°h)

v, W

Fig. 1 Quantized conductance of the L=0.45um QW
as a function of split gate voltage at T=0.3K for
different top gate voltages. From left to right: Vi
decreases from +0.4V to -1V in a step of 0.1V Inset:
selected data curves are shown in the large y-scale.

It has been well known that the carrier
density depends on Vy, in heterostructures no
matter in either 1D or 2D [10]. Fermi energy

is determined by carrier density and
dimensionality following that
E. =z°h°n} /8m” in 1D  and

E. =m,,/2m"in 2D where nyp and nyp are

carrier densities in 1D and 2D, respectively.
m’” is the effective mass of carrier. Here, the
transconductance-source drain voltage Vg
characteristic referred as the half-plateau
method based on Glazman and Khaetskii
model[27] is used to obtain the sub-band
energy level spacing and corresponding
Fermi energy [28]. Both V calculated
carrier densities versus Vi in 1D and 2D
models are plotted in Fig. 2. As seen, carrier
density is indeed effectively changed by
tuning Vy .
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Fig. 2 (Top) Calculated two dimensional carrier
density and (Bottom) calculated one dimensional
carrier density versus top gate voltage for the
L=0.45um QW. Sub-band index of the QW is
confined at N=4 (black squares) and N=6 (red
circles), respectively.

By sweeping dc source-drain voltage
V4 across a confined QW and measuring the
dynamic  conductance  G=dl/dVy, the
source-drain  bias  spectroscopy  was
investigated. Figs.3 (a)-(c) show source-drain
bias spectroscopies G(Vs4) against Vg of the
sample in Fig.3 for identical top gate voltages
at T=0.3K. The ZBA characteristic is often
expected. For Vy,=+0.4V in Fig.3(a), the
differential conductance exhibits a clear peak
at zero bias forming ZBA distinctive to the
bell shaped structure contributed from
non-equilibrium transport of sub-bands for
G<G,. From source-drain bias spectroscopies
of numerous samples at a series of Vi, we
find that ZBA becomes weaker with



decreasing carrier density. As shown in
Figs.3(b) and 3(c), ZBA is narrower in width
for Vp=-0.1V and disappears for
V=—1.45V. Here, we characterize the width
of ZBA by AVZP*, the source-drain voltage

difference between the ‘peak’ and ‘bottom’
of ZBA. In Fig.3(a), the width decreases
from ~750uV (the red trace labeled by a star)
to ~280uV (the blue trace labeled by a solid
circle)with decreasing Vg. ZBA is absent for
Vg<—986mV. In Fig.3(b), the ZBA width
decreases from ~250uV (the red trace
labeled by a star) to ~160uV (the blue trace
labeled by a solid circle)with decreasing V.
ZBA is absent for V<-891mV. As to the
lowest carrier density sample in Fig.3(c), no
ZBA is present for all split gate voltages.
Therefore, ZBA is suppressed by decreasing
carrier density. The systematic observation is
in consistence with the other report by Reilly
et al..[12] The authors suggested that carrier
density induced enhancement in spin splitting
results in a strong ZBA. On the other hand,
the scenario may be attributed to
electron-electron interactions (EEI).

\:"_:?+0.4 W

V=01V

0.0+

V_mv) V_(mv) V_(mv)

Fig. 3 Source-drain bias spectroscopies at 0.3K of the
L=0.5um quantum wire for (a)Vyp=+0.4V, (b)
Vp=—0.1V, and (c) Vyp=-1.45V, respectively at
various Vs, (a) Vg ranges from —938 to —-994mV in
steps of 4mV. (b) Vy ranges from -819 to -897mV
in steps of 3mV. (c) Vg ranges from -280 to
—324mV in steps of 2mV.

The temperature dependence of the 0.7
structure has been intensely studied for a
while, however the results are quite diverse.
Among them two types are mostly be
proposed, the Kondo-like and an activated

temperature dependences. As mentioned
above, our samples with very low carrier
density demonstrate a nearly
temperature-insensitive conductance in the
temperature range from 0.28K to 2K. While
increasing Vi (n), conductance indeed
depends on temperature. We plot three G(T)
traces of a quasi-zero QW in the inset of
Fig.4 to show the typical temperature
dependent conductance behavior. Differential
conductance at zero bias decreases with
increasing temperature. Numerical fits using
both Kondo-like[4] and thermal activation
models to data in the inset of Fig.4 are shown
as dotted and solid lines, respectively. Both
models seem describe experimental results
well at low temperatures. However, the
applicable temperature range is wider and the
fitting parameter obtained from the fit
exhibits a systematic variation in the
activation model. Hence, we adopt the
activation model to analyze data.

In order to compare with the
theoretical prediction, we fit the data with a
modified formula, where G(0) is the
measured  conductance at the Dbase
temperature. T, and C are the fitting
parameters.[6] Rearranging the equation, f,

defined as l( —@
C G(0)

Semilogarithmic plots of f; versus 1/T are
presented to confirm such typical activated
behavior. Semilogarithmic plots of f, versus
T,/T for a quasi-zero QW against a series of
Vs, at V=0 are presented in Fig.4 to
confirm such typical thermal activation
behavior. As seen, all traces after scaling T
by T, in this semilogarithmic Arrhenius plot
generally collapse onto an universal curve
following a linear relation up to around
0.1Ta. The dashed line is the least square
root linear fit. Thermal activation behavior is
seen to be valid up to a ““cutoff" temperature,
Te. In Fig.4, many traces of f, show a
downward trend deviating from the linear fit
at low values of T./T. T, can be easily
determined by the fit. As shown in the inset
of Fig.4, the cutoff" temperature, T., for

Jequals to e /.



each Vg is labeled. The evolution of T, with
either Vg or G(0) is obtained for G<G,. As
G(0) decreases, T, decreases and so does T,.
In addition, T, depends on the split gate
voltage and increases from sub-Kelvin near
0.5G, to a few kelvin in the proximity of the
first plateau. Other samples except those with
either low carrier density or long channel
length have the similar behavior exhibiting an
exponential dependence of the activation
energy on split gate voltage in consistence
with  experimental findings by other
groups.[21,22] It has been proposed by
Bruus et al. that the observed activated
behavior in G is related to the thermal
depopulation of a subband with a
gate-voltage dependent subband edge.[29]
Power law relation between the activation

energy and split gate voltage was
experimentally obtained by Bruus et
al..[30,31]
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Fig. 4 Semilogarithmic plot of f; versus T for
sample C with (8) V=0V and Vi,-—0.6V,
respectively. Points are the experimental data and
lines are the linear fits. Inset: Linear plot of one data
G(T). Inset: Three typical traces of measured G(T),
along with the simulated curves of activation
model(solid lines) and Kondo-like model(dotted
lines)\cite{note}. The cutoff temperature that G(T)
deviates from activation behavior is located and
indexed as T, for split voltage Vg

Furthermore, it is quite interesting to
explore that there is not only a correlation
between T, and T, but also a close
relation between them and ZBA width for
G<0.9G,. The relation can be clearly
demonstrated by scaling (G(0), T), (G(0),
T,) extracted from temperature dependent
conductance and (G*™ ek, AVZH )

extracted  from  source-drain  bias
conductance spectroscopy on the same
plot as shown in Figs.5(a) and 5(b) for two
quasi-zero QWs. G is  the
conductance at the ZBA peak at the base
temperature. In Fig.5(a), three traces of
(G(0), 2ksT.), (G(0), 55 kgT,), and
(G*™ ks AVZP ) collapse onto one

curve. Similarly in Fig.5(b), three traces of
(G(0), 3kgTe), (G(0), 7 KkgT,), and
(G™eaks AV.2P*) collapse also onto one

curve. Although the factors are slightly
different, the scenario is robust. Tc, Ta,

and AV decrease monotonically with

decreasing differential conductance at zero
bias. The result confirms that the
temperature induced conductance
reduction is indeed associated with ZBA in
nonlinear conductance spectroscopy. In
consistence with other data, the absence of
ZBA is usually accompanied with
temperature insensitive conductance for
G<G, in QWs with low carrier density.

1.0

[meV] T T T
° (GoeaV™) o ° GV |
10 GO2KT) (G(0)3k,T)
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Fig. 5 (G™ea, € AV S™"), (G(0), scaled kgTe), and

(G(0), scaled kgT,) on the same measures for two
quantum wires of quasi-zero length.

The match of three traces obtained from
two different measurements suggests that the
conductance reductions at finite temperatures

2h)



and at finite biases are strongly correlated.
Here, we provide evidence that ZBA
depends systematically on physical properties
of QWs. The amplitude and width of the
ZBA decrease with either decreasing carrier
density or increasing channel length, wherein
the scattering rate of electrons is expected to
increase. The ZBA is totally suppressed by
strong scattering, in a either very low carrier
density or long QW. The activation model is

preferable for describing the
temperature-dependent conductance
reduction. Moreover, the conductance

dependence on temperature departs from the
activation model at a cutoff. Scaling of the
cut-off energy, activation energy, and ZBA
width indicates that the temperature- and
bias-induced conductance reductions are
affected by the same physics. Theoretical
predictions taking electron backscattering
into account are in accordance with our
results. We believe that electron scattering
play a central role in our observations.

. We also made comparisons of linear
conductance  and  source-drain  bias
spectroscopy between clean and disordered
QWSs. We particularly adopted a lateral
shifting technique to systematically vary the
impurity configurations in disordered QWs.
Laterally shifting the QWSs by independently
biasing the split gate voltage implies spatial
displacement of the confined 1D channel with
an asymmetrically confining potential, which
was supported by theoretical calculations [24,
25].

When both split gates are applied to the
same negative voltage, the confining
potential of the QW is transversely
symmetric and the transport is a typically
quantized  conductance  behavior. By
differentially biasing both gates by AV,
V¢+1/2AV, being applied on one gate (right)
and V4—1/2AV, being applied on the other
gate (left), the confining potential becomes
asymmetric and conductance traces may
evolve  differently. We found that
conductance traces in two separate cooling
processes reveal non-oscillating conductance
and clear quantization steps without

distortions, implying that the sample is less
disordered. In general, the linear conductance
of a clean QW of quasi-zero length is robust
and reproducible in different cooling
processes. Moreover, The ZBA is
reproducible after thermal cycling, too.

Figure 6(a) shows conductance traces
against a series of AVy. The traces are offset
in turn in 50 mV steps for clarity. At AVy =0,
the conductance trace demonstrates more
than 14 clear quantization steps. Since the
pinch-off voltage remains the same, being
independent of AV,, the plotted traces are
certainly uniformly spaced at 50 mV spacing
for the artificial offset. A slight conductance
oscillation appears at the sixth and seventh
steps for AV = +0.2 and +0.4 V. Except for
this small disturbance, the conductance
quantization remains unaltered with respect
to the lateral shifting, confirming that the
device is quite clean. Figures 6(b) and (c)
show the spectroscopies of the QW at two
opposite conditions, AV, = +0.6 and —0.6 V.
The QW is shifted from one side to the other
relative to the symmetrical confinement at
AV, = 0. Both figures demonstrate ZBA for
G < G,. The ZBA s slightly weaker in figure
6(b).

2 o 0 2
v, (mV) v, (mV)

Fig. 6 (a) G(V,) of the clean quantum wire against
the differential voltage difference _Vg. (See text)
From left to right, AVy=+1.0 ~-1.0Vin 0.2 V
steps. The traces are offset in turn by 50 mV for
clarity. The middle red line is for AVy = 0. (b)—(C)
Source—drain bias spectroscopies forAV, = —0.6 and
+0.6 V, respectively. (b) Vg =-1.846 ~-1.934 Vin
4 mV steps. (c) Vq=-1.848 ~-1.964 V in 4 mV
steps.



In figure 7(a) we also plot other
conductance traces of a disordered QW
against a series of AV™g, from +0.5 to —0.5
V in 0.1 V steps. The middle red line labeled
by a triangle is an example that the confining
potential of the QW is transversely
symmetric and the transport is expected to be
a typically quantized conductance behavior.
However, weak conductance oscillations are
discernible along the conductance trace
besides the five conductance plateaus. By
differentially biasing both gates by AV™g, V,
being applied on one gate (right) and V4 +
AV~g being applied on the other gate (left),
the confining potential becomes asymmetric
and conductance traces evolve differently.
Figure 7(b) displays the scanning electron
microscopic (SEM) image of both gates. The
QWis monotonically shifted with AV™g. The
pinch-off voltage decreases (becomes more
negative) with increasing AV™g. The electron
path is shifted slightly towards the right for a
negative AV"g while it shifts to the left for a
positive AV'g. As seen in figure 7(a), the
number of plateaus is reduced by the
asymmetrical confining potential. The
confining potential is higher and steeper for
the more negatively biased gate while being
lower and smoother for the other less
negatively biased gate. A strong resonant
peak emerges by shifting the QW to the right
(lowering the confining potential at the
right-hand side) for AV"g <-0.1 V, while the
peak conductance tends to pin at 0.5G..
Notice that the superimposing resonances are
stronger for the negative AV™g regime.
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Fig.7 (a) G(Vg) against AV"g of a disordered QW
in the presence of strong conductance oscillations at
0.3 K. AV7g = +0.5 (leftmost) and —0.5 V (rightmost)
in 0.1V steps. (b) Micrograph of the disordered QW.
The scale bar has a length of 0.4um. Vj is applied on
the right gate and Vg+AVTg is applied on the left
gate.

The effect of the resonances on the
source—drain bias spectroscopy is presented
in figure 8 (top panel) for three AV'g. The
ZBA, conductance peak at Vg =0, is seen in
all three spectroscopies for G < G,
coexisting with the splitting peaks at nonzero
V4. For instance, two strong satellite peaks
appear at the sides of the ZBA at |V~ 0.8
mV on the dot-labeled curve of V4, =—383
mV in figure 8 (c). Similar phenomena have
been reported by Sfigakis et al. for
dot-coupled QWs [21]. The concurrence of
the ZBA and resonant peaks forming a
triple-peak structure can be attributed to the
resonant states. The characteristics of the
ZBA, i.e. the amplitude and width of the
conductance peak, are affected by the
resonant peaks. The satellite peaks appear at
larger |V for an asymmetric confining
potential, e.g. at ~1.9 mV in figure 8(a) of
AV"g =+0.3 V, and at ~1.8 mV in figure 8(c)
of AV'g = —0.3 V for the dot-labeled curves.
Compared with figures 8(a) and (c), the ZBA
is weaker and suppressed more rapidly with
decreasing V4 for a symmetric confining
potential (AV"g=0) as shown in figure 8(b).
The results indicate that the existence of the



resonant peaks due to the resonant states
near the Vg = 0 suppresses the ZBA. The
evolution of the split peaks with respect to
Vg, indicated by the dashed lines in figure
8(b), resembles the diamond structure of the
tunneling spectroscopy of zero-dimensional
states. A similar evolution of the satellite
peaks is also observable in figure 8(b) in both
conductance ranges, G < G, and G, < G <
1.75G,, for the higher subband.

rasonant

Fig.8. (Top) Source—drain bias spectroscopies for
various AVg. (a) +0.3V, (b) 0 V and (c) 0.3 V.
Dashed lines are visual guides for the evolution of
conductance peaks as a function of V4 and V.
(Bottom) Scenario for the splitting peaks in
source—drain bias spectroscopies. The thick lines
stand for the last two subbands of a QW while the
dotted lines stand for the resonant levels induced by
impurities.

The triple-peak structure appears also
at the higher conductance regime for 1.55G,
< G < 1.75G, at AV'g =—0.3 V as shown in
figure 8(c). The central peak in this range is
weaker compared with the strong single peak
observed in the same conductance range in
the clean QW (see the following paragraphs).
The appearance of the central peak at such a
high conductance regime implies that the
ZBA is not unique for the low conductance
regime on which most research groups

focused. Although there is no resonance in
the linear conductance trace for AV'g = +0.3
V, groups of crossed traces appear in all
three graphs, indicating strong conductance
resonances in the finite Vi regime. Available
levels of a QW in the presence of resonant
states induced by impurities are depicted in
figure 8 (bottom panel). Thick and dotted
lines represent the last two subbands and
impurity-induced resonant levels, respectively.
Alignment of a resonant level with the
chemical potential of either source or drain
increases the transmission probability or the
differential conductance G. The mechanism is
analogous to the resonant tunneling in a
quantum dot. Finite Vs would be required to
align the chemical potential with a resonant
state when the QW is not initially in
resonance, resulting in the evolution of
splitting peaks with respect to Vg4 in
spectroscopy and conductance resonances at
finite V. Although this is an oversimplified
scenario, it provides a qualitatively suitable
explanation for our results. Additionally,
when the QW is shifted by AV™g, the relative
position of the impurity is changed as well as
the details of the resonant state. As expected,
figures 8(a)-(c) present different curve
structures for these three AV™g.

We have studied the linear conductance
and source—drain bias spectroscopies of clean
and disordered quantum wires (QWSs) against
thermal cycling and lateral shifting, which
change  the impurity  configuration.
Conductance quantization and the zero bias
anomaly (ZBA) are robust in clean QWs. In
contrast, disordered QWSs show complexities
in the ways of conductance resonance, peak
splitting and trace crossing in source—drain
bias spectroscopies. The experimental results
and theoretical predictions are in congruence.
Moreover, the resonant state arising from the
impurities results in either a single peak or
double-splitting peaks in the spectroscopies
from the detailed impurity configurations.
The resonant splitting peaks are found to
influence the ZBA, indicating that a clean
QW is crucial for investigating the intrinsic
characteristics of the ZBA of QWs.



In summary, we provide evidence that
ZBA depends systematically on physical
properties of QWs. The amplitude and width
of the ZBA decrease with either decreasing
carrier density or increasing channel length,
wherein the scattering rate of electrons is
expected to increase. The ZBA is totally
suppressed by strong scattering, in a either
very low carrier density or long QW. The
activation model is preferable for describing
the temperature-dependent  conductance
reduction. Moreover, the conductance
dependence on temperature departs from the
activation model at a cutoff. Scaling of the
cut-off energy, activation energy, and ZBA
width indicates that the temperature- and
bias-induced conductance reductions are
affected by the same physics. Theoretical
predictions taking electron backscattering
into account are in accordance with our
results. We believe that electron scattering
play a central role in our observations.

ZBA is robust in clean short QWs
against lateral shifting and thermal cycling.
On the other hand, impurities can cause
resonances leading to the complicated
source—drain spectroscopies. These resonant
features are sensitive to thermal cycling and
lateral shifting of QWs, revealing the random
nature of impurities in ballistic QWs. The
double-split peaks due to resonant levels
affect the characteristics of ZBA. The results
indicate that cleanliness (impurity-free) is
crucial for studying the intrinsic behaviors of
ZBA in one-dimensional systems.
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In SUmMMary, our wires of widins In between 1.0 and
0.6um exhibit distinet magnetzation reversals in dferent
. Although the ceniral part demonstrates the
trplnaiﬂt_pjmpmﬂmg.m:[mmhm
MR curve ocour ai near-end reglons. The local
magnetization at the eoges of he wires
experences addiional shape anisoimopy paralial to the
erige and hence., both near-wire ends. have the slightly
complicated reversal behavior han the central region of
the wire. We suggest that e near-end domain region of
Inhomogeneous magnetzation is dedermined by the
shape Induced anisotropic constant
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	By sweeping dc source-drain voltage Vsd across a confined QW and measuring the dynamic conductance G=dI/dVsd, the source-drain bias spectroscopy was investigated. Figs.3 (a)-(c) show source-drain bias spectroscopies G(Vsd) against Vsg of the sample in...
	Fig. 3 Source-drain bias spectroscopies at 0.3K of the L=0.5(m quantum wire for (a)Vtp=+0.4V, (b) Vtp=(0.1V, and (c) Vtp=(1.45V, respectively at various Vsg. (a) Vsg ranges from (938 to (994mV in steps of 4mV. (b) Vsg ranges from (819 to (897mV in ste...
	Furthermore, it is quite interesting to explore that there is not only a correlation between Ta and Tc, but also a close relation between them and ZBA width for G<0.9Go. The relation can be clearly demonstrated by scaling (G(0), Tc), (G(0), Ta) extrac...
	The match of three traces obtained from two different measurements suggests that the conductance reductions at finite temperatures and at finite biases are strongly correlated.

