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We report on theoretical investigations of carrier scattering asymmetry at ferromagnet-semiconductor junc-
tions. By an analytical 2 × 2 spin model, we show that, when Dresselhaus interactions is included in the
conduction band of III-V Td symmetry group semiconductors, the electrons may undergo a difference of trans-
mission vs. the sign of their incident parallel wavevector normal to the in-plane magnetization. This asymmetry
is universally scaled by a unique function independent of the spin-orbit strength. This particular feature is re-
produced by a multiband k ·p tunneling transport model. Astonishingly, the asymmetry of transmission persists
in the valence band of semiconductors owing to the inner atomic spin-orbit strength and free of asymmetric
potentials . We present multiband 14× 14 and 30× 30 k ·p tunneling models together with tunneling transport
perturbation calculations corroborating these results. Those demonstrate that a tunnel spin-current normal to the
interface can generate a surface transverse charge current, the so-called Anomalous Tunnel Hall Effect.

PACS numbers: 72.25.Mk, 75.70.Tj, 75.76.+j

I - INTRODUCTION

Spinorbitronics is a science that uses the spin degree of
freedom together with the spin-orbit interactions (SOI) to gen-
erate spin-currents without the need of a ferromagnetic mate-
rial. Those spin-currents become essential in view to control
the magnetization state of a nanomagnet, via the spin-Hall
effect of heavy material either semiconductor [1–5] or met-
als [6, 12–15]. The interplay between particle spin and orbital
motion is currently at the basis of a new family of effects like
the Anomalous Tunnel Hall effect described by the generation
of a charge current transverse to a tunneling spin-current [7–
10] or the spin-galvanic effects [11]. SOI at an interface with
broken inversion symmetry may lead to the observation of
Rashba-split states [16, 17] which may be used to convert a
flow of spin-current into a transverse charge current by inverse
Edelstein effect (IEE) [18, 19]. Recent magnetoresistance
(MR) measurements with an unidirectional character (UMR)
have been evidenced in metallic [20] and semiconductor bi-
layers [21] as well as with topological insulator (TI) [22].
It was ascribed to the asymmetric scattering of electrons by
magnons absorption-emission processes at ferromagnet-TI in-
terfaces. It clearly reveals a novel symmetry in the field of
MR explained by a certain carrier scattering asymmetry in-
corporated in the Boltzmann transport equation developed at
the second order. An anisotropy of electronic diffusion on the
Fermi surface along the current direction leads to a supple-
mentary non-linear contribution of MR proportional to the
current.

In this article, as an extension to our previous work [9],
we study unconventional quantum effects resulting in a giant
transport asymmetry of carriers in semiconductor heterostruc-
tures, interfaces, tunnel barriers or quantum wells. Those

are composed of ferromagnets and spin-orbit split electrodes
made of semiconductors, e. g. III-V compounds, with mag-
netizations of opposite direction (AP). The symmetry of the
structure allows a difference of transmission upon positive or
negative incidence (that we will note ξ = ±k‖) with respect
to the reflection plane defined by the magnetization and the
surface normal. However, this quantum process departs from
the effect of a beam deviation by the action of the Lorentz
force [23] and, unlike spin-filtering effects [24, 25], the scat-
tering asymmetry requires the simultaneous action of both in-
plane and out-of plane spin-orbit fields in the case of Dres-
selhaus interaction in the condution band (CB). In a second
part of the paper, we emphasize on the perturbation calcula-
tion techniques needed to understand this phenomena as well
as the case of intrinsic SOI in the valence band (VB).

II - CASE OF THE CONDUCTION BAND OF
SEMICONDUCTORS OF Td SYMMETRY GROUP.

We first consider the Dresselhaus interactions [26], ĤD =
(γ̂χ) · σ̂,

ĤD =

(
−γ̃ξ2k −iγξk2

iγξk2 γ̃ξ2k

)
(1)

in the conduction band of a semiconductor junction made of
two magnetic materials in theAP state. We refer the structure
to the x, y, z cubic axes (unit vectors x̂, ŷ, ẑ) and assume that
electron transport occurs along the z axis, whereas the magne-
tization lies along x. One then introduces (0, ξ, k) the electron
wavevector; σ̂ the Pauli operator, and χ =

[
0, ξk2,−ξ2k

]
the D’yakonov-Perel’ (DP) internal field responsible for the
spin splitting [26, 27]. One introduces the tensor γ̂ = (γiδij)
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Figure 1. Scheme of the transmission process at an exchange-SOI
step with AP magnetizations. k1 are the propagative wavevec-
tor whereas ±ξ are the parallel ones. Carriers with +ξ in-plane
wavevector component are more easily transmitted than those car-
rying −ξ. (Top right inset): Energy profile of the exchange step; E
is the longitudinal kinetic energy and 2w is the exchange splitting. b)
Asymmetry in the CB: 2D-map of the transmission coefficient T in
a 2×2 and 14×14 k ·p band model. γ = −24 eV Å3. c) Asymme-
try in the VB: 2D-map of the transmission coefficient T of a tunnel
junction within a 6 × 6, 14 × 14, 18 × 18 and 30 × 30 k · p band
models. In both CB and VB, the exchange strength is 0.3 eV and the
total kinetic energy E = 0.23 eV. For VB, the barrier thickness is 3
nm. The respective 14-band and 30-band parameters are taken from
Refs. [[35]] and [[38]]

which characterizes the DP-field strength, with γx = γy = γ,
γz = γ̃, and δij the Kronecker symbol. We consider the two
cases γ̃ = γ and γ̃ = 0 on switching off the ξ2 perturbation.

We study the transmission asymmetry when the wavevector
component along y is changed from ξ to −ξ. Electrons are
injected from the first conduction band of material I to the
left (ε = 1) into the first conduction band of material II to
the right (ε = −1). Then, the relevant 2 × 2 Hamiltonians
respectively write:

ĤI,II = γc
(
k2 + ξ2

)
Î + wm · σ̂ + ĤD

=

(
γc(k

2 + ξ2)− γ̃ξ2k −iγξk2 + εw
iγξk2 + εw γc(k

2 + ξ2) + γ̃ξ2k

)
(2)

where Î is the identity matrix, γc the conduction effective
mass, m is the unit magnetization, 2w the exchange strength.

Transmission from quantum boundary conditions (quantum
wavefunction matching).

The two energies in the electrodes are given by E1 =
γc
(
k2

1 + ξ2
)
− w and E2 = γc(k

2
2 + ξ2) + w, where k1

(k2 − pure imaginary−) is the z-component of the wavevec-
tor in the lower (upper) subband. The two eigenvectors write:

uε,1 (ξ, k1) =
[
1− 2εiµk2

1,−ε (1− 2µ̃ξk1)
]
/
√

2, (3)

uε,2 (ξ, k2) =
[
1− 2εiµk2

2, ε (1 + 2µ̃ξk2)
]
/
√

2, (4)

where µ = γξ/(2w) and µ̃ = γ̃ξ/(2w). Note that the
form of the eigenvectors does not foresee any tunneling trans-
mission asymmetry in usual tunneling models [9] based on
the density of states [28, 29]. The asymmetry arises from a
full-quantum treatment discussed in terms of chirality. Be-
cause k‖ is conserved, we are dealing with states with the
same longitudinal kinetic energy E along z and a total ki-
netic energy E = E + γcξ

2. The boundary conditions are
the continuity of the wavefunction and of the current wave
ĴΨI,II = (1/~) (∂ĤI,II/∂k)ΨI,II because ĤI,II contains
no more than quadratic k terms [30–34].

The transmission of a pure up-spin incident electron into a
pure down-spin state is only possible under oblique incidence
via SOI which introduces off-diagonal matrix elements. The
spin-orbit field is also responsible for a discontinuity of the
spin-current between incident (inc) and transmitted (trans.)
waves. Moreover, a non-vanishing diagonal part of SOI is
necessary to obtain a non-zero asymmetry although the z
component of the DP field along z does not depend on the
sign of k‖ [9]. Then, from now on, we take γ̃ = γ. The
wavevector k1 in the lower subband has to be real so that
we can define K = k1 > 0. We introduce the parame-
ter λ > 0 with k2 = iλK, the reduced longitudinal energy
η = E/w =

(
1− λ2

)
/
(
1 + λ2

)
, and the incidence parame-

ter t = ξ/K. One finally obtains the transmission T (t, η) and
its average T upon ±ξ incidence t and asymmetry A:

T (|t|, η) =
γ2

γ3
c

wt2 (1 + η)2
[
4η2 (1− η) + t2(1 + η)(2η − 1)2

]
,(5)

A (t, η) =
4tη
√

1− η2 (2η − 1)

4η2 (1− η) + t2 (1 + η) (2η − 1)2
.(6)

where A = [T (t, η)− T (−t, η)] / [T (t, η) + T (−t, η)],
emphasizing the increase of T (t, η) with t and γ. The ana-
lytical asymmetry A is plotted in Fig. 2a for several values of
t (full lines), where the symbols refer to the 2 × 2 numerical
calculations, showing an excellent agreement. It is a remark-
able result thatA (t, η) does not depend either on the material
parameters or on the sign of γ, thus conferring toA a universal
character. Reversing the magnetization (changing w into−w)
makes transport occur in the k2 channel leading to a change of
A (t, η) into −A (t, η). Our convention is that A is positive,
at small energy η (or averaged over the energy band) when
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(m, ξ,k) forms a direct frame and negative otherwise. An-
other striking feature is that an arbitrarily small perturbation
is able to produce a 100% transport asymmetry i.e., a total
quenching of transmission in the CB. Fig. 1b display the 2-
dimensional map of the electron transmission at a given total
energy in the reciprocal space calculated using both a 2 × 2
effective Hamiltonian and a full 14× 14 band k · p treatment
involving odd-potential coupling terms P

′
and ∆

′
[35–37].

These calculations are based on the multiband transfer matrix
technique detailed in Refs. [30, 31].

Transverse Surface Currents.

The transmitted current summed, J [t, η] = Jξ [ΨII (z)] +
J−ξ [ΨII (z)], originates from incident waves of equal ampli-
tude and opposite k‖. To the lowest order in γ, we find

Jy,z [t, η] =
4 (γcw)

1/2

~
(1 + η)

1/2
T (t, η) [A (t, η) tŷ+ẑ]

(7)
A non-zero A gives rise to a transverse carrier momentum
and then to a tunneling surface current (per unit length) jy =
Jy × `mfp (`mfp is the electron mean free path), of the form
JC = m × JS,z (C for current and S for spin-current),
leading to a potentially large Anomalous Tunnel Hall Effect
(ATHE). The ratio of the surface transverse to the longitudi-
nal current density, jy [t, η] /Jz [t, η] = tA (t, η) `mfp, leads
to the ATHE length, or ATHE angles [9], in the spirit of
the work dealing with IEE phenomenon [18, 19].

III - CASE OF THE CB: PERTURBATION CALCULATIONS
INVOLVING SOI.

Using advanced perturbation procedures, one may give a
general expression for the change of the transmission ampli-
tude δtσσ

′
of a propagative spin-↑ wave from the left trans-

mitted into a propagative spin-↓ wave to the right, after hav-
ing experienced a SOI potential V σσ

′
(spin-flip) in a confined

region of space. The calculation is based on Ref. [41] and we
will demonstrate in fine that,

δΨ0σ
in (z) =

∫ a

0

Gσσ0 (z, z′)V σσ
′
(z′)Ψ0σ′

in (z′)dz′, (8)

and from the expression of G0, that t↑↓ may be written:

δtσσ
′

=
−im∗

~2k

∫ a

0

Ψ0σ
out(z

′)V σσ
′
(z′)Ψ0σ′

in (z′)dz′, (9)

where (in) and (out) refer respectively to the unperturbed in-
coming wave at left and outgoing wave at right [41]. Gσσ0 is
the (spin-diagonal) Green’s function (GF) to consider and we
are searching for. Such perturbative scattering approach has
hardly been employed to investigate the role of the evanes-
cent waves in transport like investigated here. The method

is particularly suitable for the case of non-degenerate or-
bital systems but however could be applied, in a future
work, to the case of the valence band (VB). We consider the
Green’s function (GF) G0 of an hamiltonian system Ĥ0 =(

~2

2

)
∂
∂z

1
m∗(z)

∂
∂z − U(z) in a homogenous potential U1 for

z < 0, and U2 for z > 0 satisfying:

(
E − Ĥ0

)
Gσσ0 (z, z′) = δ (z − z′) , (10)

Green’s function without orbital degeneracy.

The strategy to find the GF is then i) to find two different
ground states

{
Ψ0,↑↓
L ,Ψ0,↑↓

R

}
of the homogenous Schrödinger

equation
(
E − Ĥ0

)
Ψ = 0 (L for left and R for right whith

characteristic wavevector kI and kII ), ii) to find the relevant
linear combinations of Ψ0

L and Ψ0
R that make y1 and y2 so-

lution of the equation
(
E − Ĥ0

)
y = 0 finite at z = −∞

[y1(z)] and z = +∞ [y2(z)] depending on the use of the re-
tarded or advanced quantities, and iii) to define the correct GF
by making use of:

Gσσ0 (z, z′) =

{
yσ1 (z)yσ2 (z′)
W (y1,y2) −∞ < z < z′ < +∞
yσ1 (z′)yσ2 (z)
W (y1,y2) −∞ < z′ < z < +∞

, (11)

where W (y1, y2) = ~2

2m∗

[
y1(z′)∂y2(z′)

∂z′ −
∂y1(z′)
∂z′ y2(z′)

]
is

the Wronskian. The homogenous Schrödinger equation,(
E − Ĥ0

)
Ψ = 0, admits the solutions:

Ψ0,σ
L =

(
eik

σ
I z< + rσLe

−ikσI z< + tσLe
ikσIIz>

)
|σ >

Ψ0,σ
R =

(
e−ik

σ
IIz> + rσRe

ikσIIz> + tσRe
ikσI z<

)
|σ > (12)

where z< and z> stand for z < 0 and z > 0. If we chose
y1 = Ψ0,σ

R and y2 = Ψ0,σ
L , Eq. 10 admits a particular solution:

G
σσ
0 (z, z

′
) =

Ψ0,σ
R (z′)Ψ0,σ

L (z)Θ(z − z′) + Ψ0,σ
R (z)Ψ0,σ

L (z′)Θ(z′ − z)
W (Ψ0

R,Ψ
0
L)

,

(13)

On the assumption of a same effective mass, the Wronskian
W = ~2

2m∗
4ikσI k

σ
II

kσII+kσI
is a constant (∂W/∂z′ = 0) and we recover

the retarded GF introduced in Ref. [42] according to:

G0(z<, z
′
>) =

2m∗

~2
tL

2ikσI
e−ik

σ
I zeik

σ
IIz
′
,

G0(z>, z
′
<) =

2m∗

~2
tR

2ikσII
e−ik

σ
I z
′
eik

σ
IIz,

G0(z<, z
′
<) =

2m∗

~2
1

2ikσ1

[
eik

σ
I |z−z′| + rσLe

−ikσI (z+z
′)
]
,

G0(z>, z
′
>) =

2m∗

~2
1

2ikσII

[
eik

σ
II |z−z′| + rσRe

−ikσII (z+z
′)
]
(14)

that we will use henceforth.
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Figure 2. (a) Universal asymmetry coefficient A vs. reduced energy
η = E/w obtained for an exchange-step with different values of t =
ξ/K [t = 0.01 (black; circles), t = 0.5 (blue; squares), t = 1 (red;
stars), and t = 2 (purple; triangles) by 2-band analytical (full line)
and numerical (symbols) calculations. (b) Transmission coefficients
and asymmetry coefficientA vs. reduced energy η = E/w obtained
for a 3 nm tunnel junction (TJ) with different values of t = ξ/K
[t = 1 (black), t = 2 (red), by perturbative scattering (pert.: full
lines) method and numerical k · p calculations (Calc.: symbols).

Case of the exchange-step in the CB: perturbation calculations.

We revisit here the issue and results of section II (exchange-
step) with Ĥ0, eigenvectors and eigenvalues given in section
II. We recall that the current is along ẑ and magnetizations
along x̂. The incident wavevector is k = (0, ξ, k).

Reflection, transmission and perturbating SOI potential

We consider the electron transmission within an energy
window in the exchange step, −w < E < w, where the
transmission asymmetry takes place, so that k↑I and k↓II are
real whereas k↓I and and k↑II are pure imaginary. In the right
contact, the spin ↑ state admits a pure propagative character
whereas the spin ↓ state is purely evanescent. It is then quite
convenient to define k↑I = k↓II = k1 and k↓I = k↑II = ik2.
The two solutions of the homogeneous Schrödinger equa-
tion, Ψ0,↑

L , and Ψ0,↓
R are given by Eq.[ 12] with reflection,

rL↑ = rR↓ = k1−ik2
k1+ik2

, and transmission, tL↑ = tR↓ = 2k1
k1+ik2

(tR↑ = tL↓ = 2k2
k2−ik1 ), amplitudes found via the matching

conditions at z = 0. This allows possible transmission from
propagative to evanescent states (tR↓ and tL↑) and vice-versa

(tL↑ and tL↓).
The SOI, Ĥσσ′

D , is then introduced as a perturbation poten-
tial according to:

ĤD = −
[
ξ2σz

2

(
γk + k+γ(z)

)
− ξσy

2

(
γk2 +

(
k+
)2
γ
)]

=
iξ2σz

2

(
γ

−→
∂

∂z
−
←−
∂

∂z
γ

)
− ξσy

2

(
γ

−−→
∂2

∂z2
+

←−
∂2

∂z2
γ

)
, (15)

with γ = γ(z). ĤD acquires a pure non-diagonal form like:

V
↑↓

= 〈↑ |ĤD| ↓〉,

= 〈↑ |

 iξ2σz

2

(
γ

−→
∂

∂z
−
←−
∂

∂z
γ

)
−
ξσy

2

γ−−→∂2

∂z2
+

←−
∂2

∂z2
γ

 | ↓〉,
=

 iξ2
2
γ

−→
∂

∂z
−
iξ

2
γ

−−→
∂2

∂z2

−
 iξ2

2

←−
∂

∂z
γ +

iξ

2

←−
∂2

∂z2
γ

 , (16)

and

V
↓↑

=

 iξ2
2
γ

−→
∂

∂z
+
iξ

2
γ

−−→
∂2

∂z2

−
 iξ2

2

←−
∂

∂z
γ −

iξ

2

←−
∂2

∂z2
γ

 (17)

From Eq. [8] and W = i~
2k1
m∗ tR↑, the correction to the am-

plitude of transmission is:

δt↑↓ = − m∗

i~2k1

∫ +∞

−∞
Ψ0↑
R (z′){− iξ

2

2
γ
∂Ψ↓0L (z′)

∂z
+
iξ

2
γ
∂2Ψ↓0L (z′)

∂z2
−

− iξ
2

2
γ
∂Ψ0↑

R (z′)

∂z
+
iξ

2
γ
∂2Ψ0↑

R (z′)

∂z2
}Ψ↓0L (z′)dz′.

(18)

We are now going to calculate the properties of the carrier
transmission A for the different SOI configurations: at left, at
right, and SOI in both contacts for an incoming left electron.

SOI at left for electrons incoming from left.

We first note that the zeroth-order transmission coefficient,
t↑↓0 = 0 is zero without spin-mixing interactions. Then, from
Eq. 18, the transmission amplitude, t↑↓L , with SOI at left is:

δt
↑↓

= −
m∗

i~2k1

∫ 0

−∞
Ψ

0↑
R (z

′
){−

iξ2

2
γ
∂Ψ↓0L (z′)

∂z
+
iξ

2
γ
∂2Ψ↓0L (z′)

∂z2
−

−
iξ2

2
γ
∂Ψ0↑

R (z′)

∂z
+
iξ

2
γ
∂2Ψ0↑

R (z′)

∂z2
}Ψ↓0L (z

′
)dz
′
.

(19)

By considering k1 = K (incoming propagative wavevec-
tor) and k2 = λK (imaginary transmitted wavevector), one
then obtains:

t↑↓L = − 1

2w

γξK2

(1 + iλ)
2

{
ξ

K
(3λ2 − 1) + 2λ

(
λ2 − 1

)}
(20)

SOI at right for electrons incoming from left.

The transmission changes from the previous case by chang-
ing the integral from

∫ 0

−∞ into
∫ +∞

0
giving t↑↓R = t↑↓L .
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Figure 3. Asymmetry coefficient A vs. reduced energy calculated in
the VB of GaMnAs/GaAs/GaMnAs 3 nm thick tunnel junction with
an exchange strength of 0.3 eV and k‖ = 0.05 nm−1. The barrier
height is -0.55 eV.

SOI at left and right side for electrons incoming from left.

With SOI in the whole space (left and right), we find from
Eq. [18] the transmission amplitude t↑↓:

t
↑↓

= −
(
γξK2

w

)
ξ
K (3λ2 − 1) + 2λ

(
λ2 − 1

)
(1 + iλ)2

(21)

From T (t, η) = |t↑↓|2, we recover transmission T (t, η) and
asymmetry A derived from the application of the pure match-
ing conditions (Eqs. [6]). This proves the power of this pertur-
bation methodology involving mixed propagative and evanes-
cent electronic states.

Case of a tunnel junction in the CB: perturbation calculations.

We focus now on the case of a tunnel junction, of thick-
ness a, made of two ferromagnetic contacts (in the AP state)
and separated by a thin semiconductor belonging to the Td -
symmetry. The contacts are free of SOI. The incident energy
in the CB lies in the range of the exchange step,−w < E < w,
with a single incident propagative wave of a pure spin ↑ char-
acter. However, the electrons may scatter, now, at the two
different interfaces of the junction and this makes the prob-
lem generally different from the previous treatment. One then
considers a particular value for the barrier height equal to the
exchange potential, V0 = |w| , so as to prevent any back and
forth scattering. The calculation of the most general shape of
the GF is given in Ref. [43]. To the first order of perturbation,
the transmission, δt↓↑, now equals:

δt
↑↓

=
m∗

i~2k1

∫ a

0

Ψ
0↑
L (z

′
){−

iγξ2

2

∂Ψ↓0R (z′)

∂z
+
iγξ

2

∂2Ψ↓0R (z′)

∂z2
−

−
iγξ2

2

∂Ψ0↑
L (z′)

∂z
+
iγξ

2

∂2Ψ0↑
L (z′)

∂z2
}Ψ↓0R (z

′
)dz
′
,

(22)

The coefficient of the wave functions Ψ0↓
R , and Ψ0↑

L , with-
out SOI, are found from the relevant matching condition in a
similar way to the case of the exchange step to give:

Ψ0↑
L = tL↑e

−k2z =
2k1

k1 + ik2
e−k2z, for z > 0

Ψ0↓
R = tL↑e

k2(z−a) =
2k1

k1 + ik2
ek2(z−a), for z < a (23)

Detailed calculations give out the transmission coefficient we
are searching for:

δt↑↓ =
e−k2a

γc

2γξk2k1a

(k1 + ik2)
2 (ξ + k2). (24)

where we remind that a is the barrier thickness.
Without SOI perturbation, the transmission coefficient is

also zero in the situation of pure spin states, and consequently,
T ↑↓ =

∣∣δt↑↓∣∣2 . If one defines again the incidence parameter
t = tan θ = ξ/K for and η = 1−λ2

1+λ2 = E
w the reduced in-

cident kinetic energy, we find the asymmetry of transmission
for the tunnel barrier like:

A =
|ξ + k2|2 − |−ξ + k2|2

|ξ − k2|2 + |−ξ − k2|2
= 2

√
(1− η)(1 + η)t

t2(1 + η) + (1− η)
.

(25)
One obtains a perfect agreement between the perturbative

scattering method and our multiband calculations for |t↑↓|2
andA (Fig. 2b). The transmission coefficient for an incoming
propagative spin-↑ electron into an outgoing propagative spin-
↓ electron is non-zero after SOI is branched on. The transmis-
sion vs. incident kinetic energy and incident angle is different
from the case of a simple exchange-step. The maximum of
transmission depends also on the incidence angle or t param-
eter. The k · p theory gives a maximum of asymmetry when
the evanescent wavevector equals in magnitude the parallel
incoming wavevectors in the CB.

IV - CASE OF INTRINSIC CORE SOI IN THE VALENCE
BAND: CHIRALITY

We now turn on the case of the VB of a tunnel junction
composed of two p-type ferromagnets separated by a thin tun-
nel barrier (3 nm in the present case). The barrier height
have been chosen so as to match with the exchange strength
(0.3 eV). The structure is free of any odd-potential k-terms
(ĤD=0) and only includes core SOI (p-orbitals). Results are
displayed in Fig. 1c for the transmission maps and Fig. 2c
for the corresponding asymmetry resulting from a multiband
k ·p treatment. In the 2D-map calculation procedures obtained
for a hole kinetic energy of ε = 0.23 eV, we have checked
(Fig. 1c) that the whole numerical approaches (6, 14, 18 and
30-bands models) provide about exact similar data. The trans-
mission scales within the range 15− 45× 10−3 with (P

′
= 0
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and ∆
′

= 0. Those results demonstrate that the absence of in-
version symmetry (Td) is not mandatory to observe an asym-
metry A. Fig. 2c displays the asymmetry A vs. hole energy
E for k‖ = 0.05 nm−1. The energy range covers the spin-↑, ↓
heavy (HH) and light (LH)-hole subbands whereas the re-
spective spin ↑ and ↓ split-off bands are not represented here.
We refer to points (1) to (4) marked by vertical arrows in the
following discussion. Here, the energy of the HH ↑ (HH ↓)
corresponds to 0.15 eV [−0.15 eV] as indicated by point (1)
[(4)], the energy zero being taken at the top of the VB of the
non-magnetic material. Correspondingly, one observes a large
negative transmission asymmetry (−60%) in this energy range
for predominant majority spin ↑ injection as far as HH ↓
does not contribute to the current. At more negative energy
[E < −0.15 eV: point (4)], a sign change of A occurs at the
onset ofHH ↓ to reach about +20%. From Ref. [9]A changes
sign two times at characteristic energy points corresponding to
a sign change of the injected particle spin. Also, we have per-
formed similar calculation for a simple contact [9]. Remark-
ably, A, although smaller, keeps the same trends as for the
tunnel junction, except for a change of sign. Without tunnel
junctions, A abruptly disappears as soon as SO ↓ contributes
to tunneling i.e., when evanescent states disappear. In the case
of tunnel junction, A, although small, subsists in this energy
range and this should be related to the evanescent character of
the wavefunction in the barrier.

V - CONCLUSIONS

We have presented theoretical evidence for large interfa-
cial tunneling asymmetry of carriers (scattering), electrons or
holes, vs. their incidence in exchange-split semiconductor
structures. The effect of transmission asymmetry occurs in
the CB via the SOI Dresselhaus interactions whereas intrinsic
SOI of the p-type VB is sufficient. This transmission asymme-
try have been revealed by taking into account boundary wave-
functions matching, advanced multiband k · p calculations as
well as scattering perturbation theory. After averaging over
incoming states, a large surface current parallel to the barrier
is results in an Anomalous Tunnel Hall effect.

THD acknowledges Idex Paris-Saclay and Triangle de la
Physique for funding.
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