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Abstract - Spin transport in nano structured devices depends
on interface resistance, electrode resistance, Spin polarization
and Spin diffusion length. Spin Hall Effect (SHE), caused by
Spin—orbit scattering in nonmagnetic conductors, gives rise to
the conversion between Spin and charge currents in a non
local device. Recently, SHE has been observed using non
local Spin injection in metal-based nanostructured devices,
which paves the way for future Spin electronic applications.
In present work we have theoretically analyzed the SHE
phenomena based on experimental results obtained till date.
We have used the Hamiltonian of two dimensional electron
systems with Rashba Spin-orbit coupling. We undertake the
quantitative analysis of Spin Hall Effect in low dimensional
materials using Spin dynamical equations and Spin Hall
conductivity.
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1. INTRODUCTION

Spin-dependent transport phenomena in nanostructures are of
great interest in the potential applications to Spin electronic
devices [1]. Recently much attention has been paid to the Spin
Hall Effect, which allows the polarization of electron Spins in
nanomaterials [2-6]. In the Spin Hall Effect, electrically
induced Spin polarization accumulates near the edges of a
channel and is zero in its central region. This effect is caused
by deflection of carriers, moving along an applied electric field,
by extrinsic [3] and/or intrinsic [4] mechanisms. In a non-
magnetic homogeneous system, Spin accumulation is not
accompanied by a charge voltage, because two Spin Hall
currents due to Spin-up and Spin-down electrons cancel each
other [2]. The absence of transverse voltage leads to difficulties
in probing the Spin Hall Effect: measuring a charge
accumulation is much easier than measuring a Spin
accumulation.

Recently, the Spin Hall Effect has been observed both optically
[5] and electrically [6]. Valenzuel and Tinkham [6] have
reported the electrical measurements of the Spin Hall effect in a
diffusive metallic conductor, using a ferromagnetic electrode in
combination with a tunnel barrier to inject a Spin-polarized
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current. An induced voltage has observed that results
exclusively from the conversion of the injected Spin current
into charge imbalance through the Spin Hall Effect. Such a
voltage is proportional to the component of the injected Spins
that is perpendicular to the plane defined by the Spin current
direction and the voltage probes. In a Spin—orbit-coupled
system, a non-zero Spin current is predicted in a direction
perpendicular to the applied electric field, giving rise to a Spin
Hall Effect [7, 8]. Consistent with this effect, electrically
induced Spin polarization was recently detected by optical
techniques at the edges of a semiconductor channel [9] and in
two-dimensional electron gases in semiconductor hetero
structures [10, 11].

Efficient Spin injection, Spin accumulation, Spins transfer and
Spin detection are key factors in utilizing the Spin degree of
freedom as a new functionality in Spin electronic devices. By
analyzing the Spin transport in the structure, we obtain the
optimal conditions for Spin accumulation and Spin current. The
injection of Spin-polarized electrons and the detection of Spin
accumulation depend strongly on the nature of the junction
interface.

The theoretical studies on quantum Spin Hall Effect in solid
systems are mainly included in metallic graphene and
semiconductor system with strain gradient sand. However,
since the Spin-orbit interaction in graphene is too small, the
theoretical proposals in such systems are difficult to be
achieved in experiment. Quantum Spin Hall regime is also very
difficult to achieve in semiconductor systems with strain
gradients, due to the demanding requirement of a large strain
gradient with special configuration and a very low electron
density with a clean environment. Spintronics in
semiconductors is richer scientifically than Spintronics in
metals because doping, gating, and hetero junction formation
can be used to engineer key material properties and because of
the intimate relationship in semiconductors between optical and
transport properties. Spin transport in nano structured devices
depends on interface resistance, electrode resistance, Spin
polarization and Spin diffusion length. Spin Hall Effect (SHE),
caused by Spin—orbit scattering in nonmagnetic conductors,
gives rise to the conversion between Spin and charge currents
in a non local device.

Optical coherent control method provides a remarkable
controllability in the dynamics of atomic Spin states.
Furthermore, parameters of cold atomic systems, e.g. atomic
number, atom-atom interacting strength, can be well controlled
in current experiments. This makes it possible to control the
atomic Spin propagation through optical methods, and further
demonstrate the quantum Spin hall effect (SHE) in neutral
atomic system.
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Also the quantitative analysis of the Spin Hall Effect can be
done by measuring electrically in completely non-magnetic
systems and without injection of Spin-polarized electrons. A
comparative study of requirement tools showing trends in the
use of methodology for gathering, analyzing, specifying and
validating the software requirements has been used in
[17],which has helped us in theoretically analyzing the Spin
Hall Effect in low dimensional materials using Spin dynamical
equations and Spin Hall conductivity.

2. RESULTS AND DISCUSSIONS
In high mobility two-dimensional electron systems (2DES) that
have substantial Rashba Spin-orbit coupling [12], Spin currents
always accompany charge currents. The Hamiltonian of a
2DES with Rashba Spin-orbit coupling is given by

P A .

H=—-—0.(2xp) (1)

2m h

Where 2 is the Rashba coupling constant, & refresh the Pauli

matrices, m is the electron effective mass, and Z is the unit
vector perpendicular to the 2DES plane. The Rashba coupling
strength in a 2DES can be modified by as much as half, by a
gate field [13]. The above discussion is valid even when the
atomic number, Z, is not equal to one (hydrogen). Recent
observations of a Spin-galvanic effect and a Spin-orbit
coupling induced metal-insulator transition in these systems
[14], illustrate the potential importance of this tunable
interaction in semiconductor Spintronics [115].

The dynamics of an electron Spin in the presence of time-
dependent Zeeman coupling is described by the Bloch
equation:

@zﬁxﬁ(t)Jra@xﬁ )
dt dt

Where 7 is direction of the Spin and & is a damping
parameter, that we assume is small. For the application we have
in mind, the p dependent Zeeman coupling term in the Spin

Hamiltonian is— 5.A /71, where A = 2A/h(Zx% p). The Spin

orbit interaction is a purely relativistic effect, which is derived
from the Dirac equation.

The Spin Hall (SH) conductivity Oy, can be given by the

following equation [4]:

Js, e
Oy === ®)
E. 8r
Which is independent of both, the Rashba coupling strength
and of the 2DES density.

But in homogeneous charge and current densities conditions:-

Jr1) = OypEy+ eDVmy) 2y Loy,
Where Spin conductivity is

Oy = ey
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where 64( 6 ) is Spin conductivity due to Spin up (1) and Spin
down () electrons respectively and ny('n |) is electrons density
of states for Spin up (1) and Spin down (]) alignment.
Current /I, 4. coupled to the electric field E,
responsible for the Spin hall Effect is

Loy) = enyHEo.

Thus,

Loy = ony Eo S .
Show that Spin conductivity is directly depending upon
Electric field and the current I.

O1()= Lor)/Eo _

Which when integrated to get the Hall Voltage ,we gives

Vi = auwnPyJs

Where oy is the width of the Spin hall device N

Thus Transverse Hall Voltage as a function of the longitudinal
Electric field E, is plotted as:-

which is
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Figure 1: “Traverse Voltage as a function of the
longitudinal electric field”

The above result shows an understanding that the average
profile curve between the Hall voltage and the longitudinal
electric field is normally linear in nature. Certain other Models
for the above have also been proposed by the [18], in which
novel approaches for developing more efficient relationship
model between time and efficiency, have motivated us to
model the above work.

In diffusive normal metals, the SHE is known to be induced by
the Spin-orbit scattering originating as an extrinsic effect due to
impurities or defects [16]. Since the optical detection technique
is limited for semiconductor systems, the electrical detection is
the only way to access the SHE in diffusive metals. Nonlocal
Spin injection in nanostructured devices, provides a new
opportunity for observing Spin Hall Effect. If Spin-polarized
electrons flow in nonmagnetic electrode, these electrons are
deflected by Spin—orbit scattering, to induce Spin and charge
Hall currents in the transverse direction and accumulate Spin
and charge at the edges.

3. FUTURE SCOPE & CONCLUSION

In nano devices the distribution of the current across the
interface depends on the relative magnitude of the interface
resistance to the electrode resistance. When the interface
resistance is much larger than the electrode resistance as in
tunnel junctions, the current distribution is uniform in the
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contact area, which validates the assumption of uniform
interface current. However, when the interface resistance is
comparable to or smaller than the electrode resistance as in
metallic contact junctions, the interface current has
inhomogeneous distribution with a high current density around
a corner of the contact. Using the nonlocal Spin injection, a
pure Spin current is created in nonmagnetic conductors, so that
we have the opportunity to observe the Spin-current induced
SHE in nonmagnetic conductors via the Spin—orbit scattering
by nonmagnetic impurities. The observation of the SHE
provides direct verification of the existence of Spin current
flowing in nonmagnetic conductors. In a reversible way, the
electrical current creates the Spin current via the SHE, which
provides a Spin-generating source without the need to use
ferromagnetic materials. The nonlocal Spin injection also
makes it possible to realize a nonlocal Spin manipulation. The
advantages of nonlocal lateral structures are flexibility of the
layout and the relative ease of fabricating multi terminal
devices with different functionalities. The development of
nonlocal Spin devices is a new challenge in the research field
of Spin electronics.

This result opens up a new possibility to use normal metals
with high Spin-orbit coupling as Spin current sources operating
at room temperature for the future Spintronic applications.
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