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We have investigated spin-related physical quantities
systematically in negatively biased gate-confined
quantum wires and other mesoscopic electron systems.
[t has been suggested that either intrinsic spin
bound state or spin-orbit coupling may generate spin
polarization current in nanostructures without
ferromagnetic contacts and applied magnetic fields.
The dependence of spin orbit interaction parameters
on carrier density in a two dimensional electron gas
and a quasi-one dimensional wire are explored
independently. The influence of spin-orbit
interaction on 0.7 anomaly and zero bias anomaly is
studied. Spin polarization of carriers in
nanostructures can results from strongly enhanced
many-body interactions, which arise when the carriers
are confined in a quantum wire or a quantum dot. Many
body interactions are predominantly influenced by
carrier density in quantum wires. Our earlier work
showed that electron backscattering depends on the
wire geometry. Meanwhile, quantum wires of different
carrier density and geometry with different
arrangements of gate voltage will have different
values of spin polarization. The degree of spin



polarization among samples will be cataloged. Through
this, we would figure out the origin of 0.7
structures and ground state of a one dimensional
interacting wire. Through this work, we expect to
learn how effectively create, manipulate, and detect
spin polarized currents by electrical means.

Rashba spin-orbit interaction, spin polarization,
quantum wires and mesoscopic systems, magnetic
focusing technique.
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Spin-related physical properties of gate confined
mesoscopic system
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Abstract
We have investigated spin-related physical
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quantities systematically in negatively biased
gate-confined quantum wires and other
mesoscopic electron systems. It has been
suggested that either intrinsic spin bound
state or spin-orbit coupling may generate
spin polarization current in nanostructures
without ferromagnetic contacts and applied
magnetic fields. The dependence of spin orbit
interaction parameters on carrier density in a
two dimensional electron gas and a quasi-one
dimensional wire are explored independently.
The influence of spin-orbit interaction on 0.7
anomaly and zero bias anomaly is studied.
Spin polarization of  carriers in
nanostructures can results from strongly
enhanced many-body interactions, which
arise when the carriers are confined in a
quantum wire or a quantum dot. Many body
interactions are predominantly influenced by
carrier density in quantum wires. Our earlier
work showed that electron backscattering
depends on the wire geometry. Meanwhile,
quantum wires of different carrier density and
geometry with different arrangements of gate
voltage will have different values of spin
polarization. The degree of spin polarization
among samples will be cataloged. Through
this, we would figure out the origin of 0.7
structures and ground state of a one
dimensional interacting wire. Through this
work, we expect to learn how effectively
create, manipulate, and detect spin polarized
currents by electrical means.
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spin polarization, quantum wires and
mesoscopic  systems, magnetic focusing
technique.

= ~4d 2P0

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
sub-bands within a non-interacting electron
picture.*? 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.>* Some
may argue that the spin polarization is
originated from the spin-orbit coupling and
may be responsible for the 0.7 structure.’
The electron-spin-precession is theoretically
expected in quasi-one dimensional electron
gas system in the presence of spin-orbit
interaction.>” For a GaAs based two

dimensional electron gas (2DEG), the
spin-dependent part of the Hamiltonian is
given by

Hso :a(kay _Gykx)—i_ﬂ(o-xkx _O-yky)

The first term is called the Rashba spin-orbit
interaction which originates from the
asymmetry of the electron confinement in the
z-direction (normal to the 2DEG plane). The
second term is named the Dresselhaus
spin-orbit interaction which originates from
the absence of inversion symmetry in the
bulk GaAs. Both interactions can result in
the spin splitting of band giving rise to a
variety of spin-dependent phenomena. It has
reported that the spin-orbit interaction
related parameter can be tuned by carrier
density for a high mobility GaAs/AlGaAs
two dimensional electron gas.®

During the past decades, the quantum
devices have attracted considerable interest
providing important insights in topics of
electron-electron interaction, wavefunction

interference, decoherence, and localization
effects in addition to the charge and size
quantization.® Moreover, both spin orbit
interactions can result in the spin splitting of
band giving rise to a variety of
spin-dependent phenomena. Much greater
sensitivity to spin properties can be achieved
by measuring pure spin currents resulting
from spin-resolved charge transport, but
such measurements have not yet been
integrated with gate-defined mesoscopic
systems.

Z RE%

The 2DEG which forms at the interface
of an AlLGa;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 1.2~0.8x10° cm*/Vs and
n is 1.6~1.7x10"cm? corresponding to the

elastic mean free path ¢ of 5~12um at low

temperatures. There are slight variations
among devices.

Electron beam lithography along with
thermal deposition were used to fabricate
metallic gates on (100) plane of the substrate.
There are numerous configurations employed
in this work as shown in Fig.1l: (a) a
quasi-zero and a 1um long QWSs with
edge_to_edge spacing D=1um, (b) two
0.25um long and a 2um long QWSs with
spacing D=0.5um and D=1.0um. (c) four
metal gates to form a two QWs coupled by a
~0.8 long QW. (previous design) (d) six
metal gates to form four QWs coupled by a
longer QW (current design). Isolating from
an insulating layer (PMMA), a top gate is
also fabricated on top of the quantum wires
to modify the electron densities in the
guantum wires and the two dimensional
electron gas as well.

Measurements were performed in a
pumped *He cryostat with base temperatures
of 0.27K.  Differential  conductance
measurement was carried out using standard



four terminal ac lock-in techniques at 17 Hz
with a small excitation voltage of 5uV.

either side of the 1D channel in the adiabatic
regime.* As shown in Fig.1, at large enough
V4, the conductance plateau occurs at
(n+1/2) 2e’/h due to the sub-band number
difference below the chemical potentials at
two ends of QW. The bottom panel of Fig.1
exhibits the grey-scale plot of dG/dVy, as a
function of Vy, and V. The large black areas
are plateaus that dG/dVy,=0. The source
drain bias at which two bands intercept is
about the energy level spacing of closest
nearby sub-bands. Our data conclude that

 AEy=2.33mV, AEx=2.13mV, AE3,=2.10mV,

Fig 1. SEM images of two metal gate configurations.
(@ A quasi-zero and a 1um long QWs. (b) Three
QWs of two 0.25um and one 2um long QWSs. (c)
Four metal gates to form a two QWs coupled by a
~0.8 long QW. (d) Six metal gates to form four QWs
coupled by a longer QW.*°

T~ R%BREE

When a negative voltage is applied on a
pair of split gates, the potential depletes
2DEG to form the 1D channel and the
conductance is typically quantized as the
integer multiples of 2e’h due to the
transmission of 1D sub-bands. In the other
hand, by biasing top gate Vi, the carrier
concentration can be effectively changed. As
shown in top panel of Fig.1, the quantized
conductance curve can be obtained by
sweeping V, instead of V. The leftmost
curve represents the zero bias conductance.
The carrier concentration n;p decreases
smoothly with decreasing V. Fermi energy
is determined by n;p following that
E. =z°h°n}, /8m” for a 1D QW.

When a dc voltage is applied across a
QW, the energy of the source relative to
drain opens up and IV characteristic becomes
non-linear and a new plateau at the half
integer multiples of 2e’’h would appear.
These can be described in terms of a model
proposed by Glazman incorporating the
effect of bias on the chemical potentials on

and AE;s=1.99mV, respectively.
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Fig. 2 (Top) Conductance G versus the top gate
voltage Vi, against the source drain voltage for a
2um long QW (W2) at T=300mK. Vg is from 0 to
2.5 mV in 0.1 mV steps. Curves are horizontally
offset for clarity. (Bottom) Grey-scale diagram of
dG/dVy, as a function of Vi and V. Dark line
represents conductance plateau while white line
correspond to the sharp conductance change.™

Since the top gate voltage Vi, indeed
influences the carrier concentration of our
QWs and 2DEG, the transport properties are
expected to change due to the carrier



concentration dependent spin-orbit
interaction. In the top panel of fig.3, we plot
the conductance of a narrow QW as a
function of Vr_g (Vr = Vs = Vg_s) While gate
L and A have no function in device C. Gy
shows several plateaus. When a gate voltage
Va is applied in addition to Vr-g, a wider
QW is formed next to the narrow QPC. In
contrast to devices A and B, the 2DEG
separating both QWs is absent and the two
QWs are coupled via another QW directly. In
the quantum regime, G;, should be sensitive
to the nearby environment.
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Fig. 3 (Top) Zero bias conductance of a single QW
confined by gates B and R of Device C as a function
of gate voltage Vp_gr. Lower inset: illustration of
energy states when two QWSs coexist. (Bottom) The
conductance variation measured by lead 1 and 2 as a
function of V4 for various Vi, while two QWs are
next to each other. The imposed Vg is for Gy, ~2.67
(2e2/h) when V, is not functioning. Vi, = 0, —0.5,
-0.8, -1.2, and -1.5 V, respectively. Curves are
vertically offset for clarity.'

Keeping Vs a constant value, the
conductance G;, oscillates as a function of
Va. The bottom panel of Fig.3 demonstrates

the conductance variation AG,, =G,,—G,,

against Vi, while Vg g is set to keep the
conductance of the narrov QW at Gy~
2.7(2¢°/h). For V=0, AGy, has about seven

conductance oscillations of ~ 0.067(2¢e/h) in
amplitude. With reducing the density by
decreasing Vi, from 0 to -1.5 V, the
oscillations are getting weaker and smoother.
For Vp,=—1.5 V, oscillations almost disappear
except a slight peak at Vo ~ —0.35 V. Since
quantum interference requires the coherence
of electrons, the data conclude that the
coherence is strongly destroyed in low carrier
concentration (large negative Vy,).

Various types of impurity potential have
been employed for studying resonant electric
transport in QWs. It was proposed that there
are self-consistently realized bound states in
strongly pinched-off QWs.**** The bound
states may give rise to a robust confinement
of single spins. Earlier work of Bird group
suggest that a resonant conductance of
detector QW appears due to the interaction
between spin polarized bound state and a
quasi-one dimensional QW.'?** A special
arrangement of six metal gates is chosen as
shown in Fig.1(d) that there are numerous
configurations  with  different  distances
between bound state and the quasi-one
dimensional narrow QW.*

As sketched in the inset of Fig.4, the pair
of blue gates which are biased at a fixed
voltage serve as a detector QW of a constant
channel width. Conductance of this detector
QW is measured by sweeping bias on the red
metal gate. Three gates on left are floated
with no function on the device. Because the
middle blue gate is already negatively biased,
the sweeping QW becomes narrower by
applying more negatively Vs on the red one.
A spin polarized bound state is expected to
form as the sweeping QW close to pinch off.
In fig.4 the red curve (right axis label)
represents the conductance of the sweeping
QW against V. Although the plateaus are
smeared out, the confinement of QW is
present and pinch off of the sweeping QW
occurs at Vs~ —0.15V. Six black lines (left
axis label) are conductance traces of the
detector QW Gp against Vs for different
widths. From top down the detector QW is
set to narrower. Even taking a closer look at
each line, The detector QW conductance



stays almost constant, ~GD(1i 0.4%) no

matter the channel width. In addition, no
resonant conductance peak of the detector
NC appears when nearby bound state is
created for different channel widths.
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Fig.4 Conductances G (red trace-right axis) and Gp
(black traces-left axis) versus sweeping QW gate
voltage V; for the device sketched in the inset. The
measurement details are indicated in the text.”

Moreover, there is no significant change
of the QW conductance in the presence of
nearby bound state, insensitive to the channel
width and the distance between the bound
state and the narrow QW. It is quite
surprising for the disagreement with the
observation of Bird’s group.’*** This indeed
requires further investigation.

In summary, when the two QWs are coupled
directly to each other, the conductance
oscillations reveal the interference between
the incident and backscattered electrons. The
quantum interference is suppressed by either
decreasing the electron density or increasing
the bias voltage Vg. We suggest that low
carrier density may enhances
electron-electron interaction resulting in
short coherence length which is detrimental
to ballistic transport. On the other hand,
there is no evidence that spin polarization
play important role in this work.
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