
Chapter 7

Spin transport in the presence of the
Rashba interaction

In this chapter the impact of the presence of the Rashba spin-orbit interaction on
spin transport properties will be discussed. It has been recently suggested [1] and
claimed to be measured experimentally by Hammar et al. [2] that the spin splitting
due to Rashba interaction can be used as a detection mechanism of spin injec-
tion. However, we will show that within the linear transport the Rashba interac-
tion does not provide any spin detection mechanism. Assuming that the predicted
rectification could be present, the issue of separating any experimental evidence of
this effect from the local Hall effect based on symmetry considerations will also be
discussed.
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7.1 Rashba interaction and spin subband conductivities

In a recent article [2], P.R. Hammar and M. Johnson claim the detection of a spin
accumulation in a two dimensional electron gas (2DEG) by using a novel approach.
The physics of the detection mechanism is presented within the framework of a
diffusive band transport model described in the same paper [3]. The interesting idea
put forward by Hammar and Johnson is that the spin splitting present in a 2DEG
due to the Rashba spin orbit interaction leads in the presence of an applied voltage
to a splitting in the chemical potential which can be detected by a ferromagnetic
probe. However, in this work we show that their model is based on flawed initial
assumptions and within linear transport the Rashba spin orbit splitting does not
provide any mechanism to detect a spin accumulation. Therefore the measured
signal in the experiment of Hammar and Johnson is unrelated to spin transport.

Due to the Rashba spin-orbit interaction, in a 2DEG where an interfacial elec-
tric field arising from an asymmetric confining potential is present, a momentum
dependent splitting between the two spin directions appears. Assuming the simple
1D case, this splitting is linear in k, and leads to non-equal total densities of states
for each spin direction for positive and negative k vectors. The energy dispersion
relation for motion in the x direction is given by

εk =
h̄2k2

x

2m
± αkx (7.1)

The argument of Hammar et al. is that the presence of an electric field leads
to a shift of the Fermi surface with δk, and due to different densities in the two
spin subbbands, the shift of the Fermi energies will be non-equal, leading to finite
difference between the chemical potentials of the two spin channels. However one
should realize that the relevant quantity for charge transport is the group velocity,

vk =
1
h̄
∇kεk (7.2)

(where ∇k denotes the k-space gradient) and not the phase velocity h̄k/m∗ [4].
Assuming standard band transport and within the usual relaxation time approxima-
tion, the application of an electric field leads to a drift velocity for electrons [5]. In
the general case the drift velocity can be computed as

δvk · ∇kεk = eτ(vk · E) (7.3)
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where e is the electron charge, and τ the electron scattering time. Only in the simple
case of non-shifted parabolic bands the effect of the applied £eld can be understood
in terms of a shift in k-vector δk.

One can see by substituting in the dispersion relation in the presence of the
Rashba interaction (7.1) that the Fermi-level group velocities for the two spin di-
rections are equal vkF ,↑ = vkF ,↓ =

√
2εF /m∗. The total densities of states in the

two spin subbands for positive and respectively negative group velocities are also
equal. Actually the latter is a very general requirement, and is due to particle con-
servation: in equilibrium the total left and right going particle current in each spin
subband must be equal. As a consequence, the shifts of the Fermi surfaces when an
electric field is applied will be equal, thus no imbalance in the chemical potentials
of the two spin channels will be induced by the application of an electric field.
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FIGURE 7.1. a) the dispersion for an 1D channel in the presence of the Rashba inter-
action. The shift of the two spin bands is exaggerated for visibility. The hashed region
corresponds to electrons with positive k vector but with negative group velocity, therefore
transporting charge in the opposite direction.

In a different formulation [3], it was implied that the presence of the Rashba
interaction and the corresponding shifts in energy for the two spin directions give
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a direction and spin dependent conductance g+,↑ = g−,↓ �= g+,↓. However, within
linear response, the general definition for conductivity in the x direction for an
arbitrary Fermi surface reads [5]

σxx =
e2τ

4π3h̄

∫
dSF

(vk)2x
|vk| (7.4)

where the integration is performed over the Fermi surface and (vk)x is the x com-
ponent of the group velocity. This shows again that the only relevant quantity for
transport is the group velocity and not the wave vector. The presence of a linear
shift in the dispersion relation due to the Rashba term modi£es neither the group
velocities nor the conductivities of the two spin subbands. Therefore no detection
of spin injection is possible.

In conclusion, we have shown that the shift in the Fermi surfaces induced by
the Rashba spin orbit interaction does not produce within linear response regime
any splitting in the chemical potentials. Therefore the experimental observations of
Hammar and Johnson are unrelated to the spin valve effect.

7.2 diffusion equation and spin injection

Another approach to look at the validity of the claims of Hammar et al. [2] would
be to use a ”reductio ad absurdum” argument. Let us assume for the moment that
indeed there exist a finite difference in the chemical potentials of the two spin
bands. In equilibrium, the spin transport is governed by the diffusion equation [6]:

D
∂2(µ↑ − µ↓)

∂x2
=

µ↑ − µ↓
τsf

(7.5)

with D the averaged diffusion constant and τsf the spin flip time. The predicted
difference in chemical potentials [1] is space independent so the left side of the
equation is zero. In the presence of spin flip scattering, independent of how large
the spin life time τsf is, the only space independent solution allowed is the trivial
solution µ↑ − µ↓ = 0. This result is inconsistent with the prediction of Hammar
and Johnson. Even if one considers the ideal case when no spin flip scattering
is present, then the two spin populations are completely non-interacting, therefore
the spin densities must be conserved independent of each other. As a direct con-
sequence, the local chemical potentials, as they are a measure of the local spin
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densities, must remain constant when a voltage is applied, thus no spitting in the
chemical potentials is possible.

One final note: a more detailed quantum mechanical description on how the
Rashba interaction can be treated can be found in a recent paper by Molenkamp
et al. [10]. They also point out that the Rashba interaction is very different from
a Zeeman type splitting as it does not break time reversal symmetry, therefore it
cannot produce a splitting in the chemical potentials. However, the spin orbit inter-
action in a region where spin current are present might induce a Hall voltage, but
not produce a spin valve effect [11]

7.3 Hall effect and symmetry considerations

The natural question is whether one can understand the experimental results of
Hammar and Johnson. As in their experiment transport through takes place through
a semiconductor-metal interface, acting as a barrier, it cannot be excluded that some
sort of rectification is possible, leading to V (I) �= −V (−I). This effect, if present,
obviously does not depend on the direction of the magnetization M, since the elec-
tron spin is not relevant for rectification in metal-semiconductor junctions. On
the other side, the presence of the ferromagnetic wire might lead to stray fields
and, consequently to stay-fields induced local Hall effect. This local Hall contri-
bution will be magnetizatioon dependent. The presented data do not exclude that
the observed effects are due to a combination of a (magnetization-independent)
rectification at the metal-semiconductor interface, combined with a magnetoresis-
tive (local Hall) effect due to the presence of stray fields [7].

It is, however, possible to distinguish between this explanation and that of Ham-
mar and Johnson. To support their case they should show that the rectification be-
havior observed in the V characteristics changes sign, when the magnetization M
is reversed. In other words, for a fixed configuration of current and voltage leads,
they should show explicitly that the relation V (I)M = −V (−I)−M is obeyed, for
the full current range. In particular, this implies that when M switches direction
when the coercive field is exceeded, and a change ∆R is observed for positive cur-
rents, an opposite change ∆R should be observed at negative I (see fig 7.2 for the
details). This behavior can then clearly be distinguished from a Hall effect, which
predicts that the change in resistance ∆R will have the same sign for both current
directions.
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FIGURE 7.2. a) expected change in IV due to the presence of the claimed spin dependant
rectification effect b) expected change in IV due to the presence of a local Hall effect.
Measuring the absolute sign of the voltage change when the magnetization is flipped for
both positive and negative current would allow to separate between the two effect. The
dashed line give the original current-voltage characteristic (CVC) and the solid line the
CVC after magnetization has switched. The changes in the CVC were exaggerated for
visibility reasons
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