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ZnSe and ZnTe as tunnel barriers for Fe-based
spin valves
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Owing to their use in the optoelectronic industry, we investigate whether ZnSe and ZnTe can be utilised

as tunnel barrier materials in magnetic spin valves. We perform ab initio electronic structure and linear

response transport calculations based on self-interaction-corrected density functional theory for both

Fe/ZnSe/Fe and Fe/ZnTe/Fe junctions. In the Fe/ZnSe/Fe junction the transport is tunneling-like and a

symmetry-filtering mechanism is at play, implying that only the majority spin electrons with D1 symmetry

are transmitted with large probability, resulting in a potentially large tunneling magnetoresistance (TMR)

ratio. As such, the transport characteristics are similar to those of the Fe/MgO/Fe junction, although the

TMR ratio is lower for tunnel barriers of similar thickness due to the smaller bandgap of ZnSe as

compared to that of MgO. In the Fe/ZnTe/Fe junction the Fermi level is pinned at the bottom of the

conduction band of ZnTe and only a giant magnetoresistance effect is found. Our results provide

evidence that chalcogenide-based tunnel barriers can be utilised in spintronics devices.

I. Introduction

ZnSe and ZnTe are extensively used semiconductors in thin-
film solar cells and optoelectronics devices operating in the
blue and green regions of the visible spectrum.1–3 Both compounds
exhibit high electron mobility (ZnSe, 200–280 cm2 V�1 s�1; ZnTe,
340 cm2 V�1 s�1) and low reflectance4 for large photo-generated
currents for both p and n-type dopants.5–10 In addition, these
semiconductors possess a small carrier effective mass at the
G-point, a property used for the enhancement of infrared-laser
optical gains by Cr doping11,12 and high energy X-ray and gamma-
ray detectors.1,10,13,14 Here we explore the possibility to integrate the
materials into spintronics devices.

In spintronics one controls the device operation and perfor-
mance using both the electron charge and spin.15,16 The most
common device is perhaps the magnetic tunnel junction (MTJ),
which consists of two ferromagnetic leads separated by a thin
tunnel barrier. An MTJ exhibits low (high) resistance when the
magnetic vectors of the two leads are oriented parallel (anti-
parallel). There is the possibility to swap the sign of the signal
by appropriate choice of the leads and tunnel barrier.17 In
binary terms, a low (high) resistance maps to a 0 (1). The

magnetoresistance effect in MTJs is the backbone of current spin-
tronics devices, such as magnetic random access memories
(MRAMs),18 microwave generators,19 stochastic oscillators,20 neuro-
morphic computers,21–24 MRAM-based ultrafast embedded
memories,25 spin-based NANDs,26 non-volatile flip-flops,27–29 non-
volatile full adders,30 non-uniform clock generators,31 radio fre-
quency spectrum optimizers,32 spin transfer torque devices,33,34

magnetic sensors,35 comparators,36 thermal sensors,37 and analog-
to-digital converters.38–40 Non-volatility,18 low power consumption,41

large area scalability,41 and practically infinite endurance42 make
MTJs promising candidates for memory elements in nano-
electronics.

The main quality factor of a MTJ is the tunneling magneto

resistance ratio, TMR ¼ GP � GAP

GAP
, where GP (GAP) is the total

conductance in the parallel (P) (anti-parallel; AP) configuration.
The total conductance can be written as sum of the spin-
majority and spin-minority contributions, following a two-
spin-fluid approximation that neglects spin-flip scattering,
GP(AP) = GP(AP)

m + GP(AP)
k , with GP(AP)

s being the conductance for
spin s. In the nineties, MTJs were mostly based on amorphous
Al2O3 tunnel barriers.43,44 The TMR ratio in these devices is
2P1P2

1� P1P2
in Julliere’s model, which is valid for thick and high

enough tunnel barriers. P1 and P2 denote the spin-polarized
densities of states in the two magnetic leads at the Fermi level,

EF.45 In general, P ¼ n" � n#
n" þ n#

, where ns is the density of states at

EF for spin s.46 Since P in most transition-metal ferromagnets
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b Aix-Marseille Université, CNRS, CINaM, Marseille, France
c School of Physics, AMBER and CRANN Institute, Trinity College, Dublin 2, Ireland.

E-mail: sanvitos@tcd.ie

Received 22nd February 2023,
Accepted 17th April 2023

DOI: 10.1039/d3cp00833a

rsc.li/pccp

PCCP

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

3 
M

ay
 2

02
3.

 D
ow

nl
oa

de
d 

on
 5

/2
1/

20
26

 1
1:

24
:3

1 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue

https://orcid.org/0000-0002-4768-293X
https://orcid.org/0000-0003-4179-7231
http://crossmark.crossref.org/dialog/?doi=10.1039/d3cp00833a&domain=pdf&date_stamp=2023-05-01
https://rsc.li/pccp
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3cp00833a
https://pubs.rsc.org/en/journals/journal/CP
https://pubs.rsc.org/en/journals/journal/CP?issueid=CP025019


13534 |  Phys. Chem. Chem. Phys., 2023, 25, 13533–13541 This journal is © the Owner Societies 2023

hardly exceeds 50%, the TMR ratio of an amorphous tunnel
barrier is limited to B70%. This, however, does not apply to
crystalline tunnel barriers in which the TMR ratio is deter-
mined by the symmetry-filtering mechanism.47,48

In a crystalline tunnel barrier the transverse wave vector, k8,
remains a good quantum number. This means that only the
longitudinal kz component of the wave vector (which is complex
in an insulator) changes across the barrier, while the transverse
component is conserved. Symmetry-filtering then allows Bloch
states with a certain angular momentum to tunnel with higher
probability than others.47,49,50 The angular-momentum-
dependent tunneling probability is mainly governed by the
overlap integral between the wavefunction of the incident
electron and the wavefunctions at the valence band maximum
and conduction band minimum of the tunneling barrier.49 In
the case of exact symmetry matching the overlap integral is
maximal, resulting in high tunneling probability.49 Notably, the
current commercial MTJs are mostly based on the Fe/MgO/Fe
junction,51,52 in which the exact symmetry matching condition
is fulfilled. In this case the D1m states tunnel with higher
probability than the D5m and D2k states, while the D1k states
are not available in Fe at EF.47 This means that the tunnel
current is completely spin-polarized for a thick enough MgO
tunnel barrier.

In addition to the Fe/MgO/Fe junction, the symmetry-
filtering argument has been tested in various wide bandgap
oxide and multiferroic MTJs.53–62 There are many reasons
behind the success of the Fe/MgO/Fe junction in spintronics,
particularly the ease of lattice-matched crystalline growth, the
large in-plane/perpendicular magneto-crystalline anisotropy,
the wide bandgap of MgO, and the availability of a controlled
lithographic process for large area. However, the Fe/MgO/Fe
junction also encounters limitations at the fabrication level. In
particular, growing a compound with four-fold rotation sym-
metry (C4) on a compound with six-fold rotation symmetry (C6)
requires intermediate layers for interface strain minimization,
demanding high-end lithographic processes. Therefore, it is
imperative to explore other MTJs, which may require less
expensive lithographic steps. Here we investigate ZnSe and
ZnTe as tunnel barriers in MTJs. These are unlikely to replace
the Fe/MgO/Fe junction for data-storage applications, but we
argue that they may be integrated into system on chip and
internet of things applications63,64 for their low power dissipa-
tion due to small interfacial resistance (B1 O mm2).65

ZnSe and ZnTe exist in zinc blende (cubic) and hexagonal
close-packed (hcp) crystal structures, the zinc blende structure
being more stable at room temperature and crystallographically
better compatible with the elementary ferromagnets bcc-Fe,
hcp-Co, and fcc-Ni. A large in-plane lattice mismatch with the
ferromagnet could result in a high interfacial defect concen-
tration, which changes the Coulomb potential profile across
the MTJ and assists spin flipping through a Rashba field or
through spin–orbit coupling. As for the ferromagnet, we con-
sider Fe, since it has a high Curie temperature and provides a
100% spin-polarized tunnel current for D1-selecting tunnel
barriers. Our study thus extends previous theoretical work on

the Fe/ZnSe/Fe junction54,66 and introduces the Fe/ZnTe/Fe
junction.

The paper is organized as follows. We first present our
computational method and details of the systems investigated.
Then, we discuss our results using the real and complex band
structures of ZnSe, ZnTe, and Fe. Next, we analyze the TMR
ratio. In the end, we conclude and summarize our main
findings.

II. Computational details

The ground-state electronic properties of ZnSe, ZnTe, and Fe
are calculated by density functional theory (DFT) with the
exchange–correlation energy taken in the local density approxi-
mation (LDA) as parametrised by Ceperly and Alder.67 We use
the siesta DFT code, which is based on norm-conserving
pseudo-potentials and a numerical atom-centered localized
basis set.68 The s, p, and d orbitals of Fe are expanded in a
double-z basis set, while the s and p orbitals of Zn, Se, and Te
are expanded in a double-z plus polarization basis set. We take
400 Ry as a real-space energy cutoff and employ a 8 � 8 � 8
Monkhorst–Pack k-point mesh. To correct the underestimation
of the bandgap in the LDA we apply the atomic self-interaction
correction (ASIC)69,70 to both ZnSe and ZnTe when computing
the band structure and transport properties.

We construct C4-symmetric Fe/ZnSe/Fe and Fe/ZnTe/Fe junc-
tions with lattice parameters of 5.7 Å, 6.1 Å, and 2.9 Å for
ZnSe,65 ZnTe,71 and Fe,65 respectively (see Fig. 1). A 2 � 2 (001)
Fe cell is adopted. The lattice mismatch at the Fe/ZnSe interface
is 1.6% with Fe being compressed and ZnSe left free of strain.
The lattice mismatch at the Fe/ZnTe interface is 5% with Fe
being stretched and ZnTe left free of strain. We absorb the
strain at the interface entirely into Fe, since its electronic
properties (work function, band structure, etc.) do not change
significantly. The tunnel barriers are then 31.07 Å (ZnSe) and
39.93 Å (ZnTe) thick. Note that there exist several MTJs made
from materials with large lattice mismatch, including Co/ZnO/
Co,72 CoFe/AlN/CoFe,73 and Co/ZnO/Ni,74 indicating that also
Fe/ZnSe/Fe and Fe/ZnTe/Fe junctions can be fabricated. Our
MTJs are asymmetric with different interfaces to the two
electrodes. Such broken inversion symmetry is likely to occur
in an actual MTJ and lifts the spin degeneracy for the AP
configuration. Using the conjugate gradient method, we relax

Fig. 1 Simulation cells of the scattering regions of the (a) Fe/ZnSe/Fe and
(b) Fe/ZnTe/Fe junctions. The junctions are asymmetric with broken
inversion symmetry, which results in different chemical environments at
the two ends of the tunnel barrier. Color code: Fe red, Zn magenta, Se
yellow, and Te grey.
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the atomic coordinates in the scattering region until the forces
on each atom become less than 0.01 eV Å�1. Since ZnSe and
ZnTe also crystallize in hcp crystal structures, we perform
additional complex band structure calculations to verify that
our results remain robust in this case. However, we do not
perform quantum transport calculations for the hcp crystal
structures due to the large lattice mismatch with Fe.

For the quantum transport calculations we use the non-
equilibrium Green’s functions method with Kohn–Sham
Hamiltonian (NEGF + DFT) scheme as implemented in the
SMEAGOL code,75–77 which integrates SIESTA as DFT en-
gine. The spin-dependent current in the Landauer–Büttiker
formalism is

IsðVÞ ¼ e

h

ð
dE TsðE;VÞ½fL � fR�; (1)

where e is the electron charge, h is the Planck constant, and
Ts(E; V) is the energy- and voltage-dependent total transmission
coefficient. Moreover, fL (fR) is the Fermi–Dirac distribution
function of the left (right) lead, which is evaluated at E � mL (E

� mR), where mL=R ¼ EF �
eV

2
is the chemical potential of the

left/right lead at bias voltage V.
Since the MTJs are translationally invariant perpendicular to

the transport direction, we integrate over the 2D Brillouin zone
(BZ) in the transverse plane to obtain

TsðE;VÞ ¼ 1

OBZ

ð
BZ

dkkT
s
kk
ðE;VÞ; (2)

where OBZ is the volume of the 2D BZ and Ts
kk
ðE;VÞ is the

k8-dependent transmission coefficient. In terms of the coupling
matrix of the leads, Gs

a(E; V) (a = L and R), and the effective
Green’s function of the scattering region, Gs

C(E; V), we can write

Ts
kk
ðE;VÞ ¼ Tr½Gs

LðE;VÞGsy
C ðE;VÞGs

RðE;VÞGs
CðE;VÞ�; (3)

where Tr is the trace operation and all quantities are assumed
to be k8-dependent. Gs

C(E; V) is related to the Kohn–Sham
Hamiltonian, Hs

C, as

Gs
CðE; VÞ ¼ lim

Z!0
½E þ iZ�Hs

C � Ss
LðE; VÞ � Ss

RðE; VÞ��1: (4)

The self-energy of the leads, Ss
a(E; V), is related to the coupling

matrix as

Gs
a(E; V) = i(Ss+

a (E; V) � Ss�
a (E; V)), (5)

where a superscript + (�) indicates the retarded (advanced) part
of the self-energy. The quantum transport calculations are
performed in the zero bias limit after converging the charge
density on a 8 � 8 � 1 k-point mesh with a density matrix
tolerance of 10�4. The transmission coefficient is then inte-
grated on a 50 � 50 � 1 k-point mesh. Integration on a
100 � 100 � 1 k-point mesh yields no significant change in
T s(E; V) or in the TMR ratio.

III. Results and discussion
A. ZnSe and ZnTe as tunnel barriers

Fe is a high-temperature ferromagnet, while ZnSe and ZnTe are
II–VI chalcogenide semiconductors.10 The optical bandgaps of
zinc blende ZnSe and ZnTe are 2.7 eV and 2.3 eV, respectively,10

values that match well our ASIC69,70 direct bandgaps of 2.2 eV
and 2.0 eV. We examine the decay of the complex wave vector of
the tunneling electrons, kz = ik. In general, kz does not only
depend on the barrier height, energy, and transverse wave
vector but also on the curvature of the wavefunction in the
plane perpendicular to the transport direction.49 We can write49

kðE; kkÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2m

�h2
ðU � EÞ þ kjj2 �

f
@2

dx2
þ @2

dy2

����
����f

� �

fjfh i

vuuut
(6)

where U is the barrier height and f the wavefunction. The
higher the contribution of the Laplacian, the larger is k(E,k||)
and the smaller is the tunneling probability through the

barrier. We can write Ts
kk
ðE;VÞ ¼ Ts

0;kk
ðE;VÞe�2kðE;kkÞd , where

Ts
0;kk
ðE;VÞ is the interfacial transmission probability, which

strongly depends on the atomic composition and crystallinity
of the interface, and d is the effective thickness of the tunnel
barrier.51,52

In the two semiconductors considered, the valence band
maximum and conduction band minimum at the G-point are
predominantly made of Zn s and chalcogenide p orbitals,
respectively, so that one expects a complex band with D1

symmetry to connect the real bands across the bandgap. This
is verified by calculating the map of k over the (kx,ky)-plane at
EF, as presented in Fig. 2 for zinc blende ZnSe and ZnTe in
panels (a) and (b) and for hcp ZnSe and ZnTe in panels (c) and
(d), respectively. In all cases we find the minimal k at the
G-point, as expected from the bandgap position in k-space.
Furthermore, the variation of k in the 2D BZ is similar in all the
cases investigated. In more detail, we find k to vary between
0.8 Å�1 and 2.3 Å�1 for zinc blende ZnSe, between 0.8 Å�1 and
2.0 Å�1 for zinc blende ZnTe, between 0.8 Å�1 and 2.1 Å�1 for
hcp ZnSe, and between 0.8 Å�1 and 2.1 Å�1 for hcp ZnTe.
Analysis based on the symmetry-filtering argument is only
semi-quantitative, since Ts(E;V) is not only calculated at the
G-point but in the entire 2D BZ. However, the fact that k is
always minimal at the G-point indicates that in all cases most of
the current is due to electrons incident to the barrier with
k8 = 0.

B. Symmetry of the complex bands

Having established that the transport is dominated by the center
of the BZ, we now investigate the angular momentum symmetry
of the complex bands at the G-point and EF. This is done by
projecting the Bloch wavefunctions onto the plane perpendicular
to the transport direction, and then by visual inspection of the
spatial distribution. The D1 symmetry corresponds to states
carrying zero angular momentum about the transport direction,
therefore presenting s, pz, and d3z2�r2 distributions. Similarly,
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wavefunctions with px, py, dxz, and dyz distributions are mapped to
the D5 symmetry, while those with dx2�y2 and dxy distributions are
mapped to the D2 and D20 symmetries, respectively.78

The calculated real and complex bands are presented in
Fig. 2. We also report the symmetries of the bands most
relevant for the tunneling. The complex band with the smallest
k across the bandgap has always D1 symmetry. For both zinc
blende ZnSe and ZnTe the bands of D2 and D5 symmetries are
also present at the top of the valence band, i.e., there are
branches of complex bands with low k close to the bottom of
the bandgap. These are relevant for the transport only for
energies at the lower end of the bandgap. A different situation
is encountered for the hcp crystal structures, where the real
bands with D1 and D5 symmetries are almost degenerate at the
top of the valence band. Note that in no case we find so-called
spurious flat bands, which may arise when using non-
orthogonal atom-centered localised orbitals.78

C. Real bands of Fe

The real bands of Fe are plotted along the transport direction in
Fig. 3. Bands of D5 symmetry are present at EF for both spin
directions, although they just touch EF in the majority spin
channel. The exchange splitting of these bands is about 2 eV.
The band of D2 symmetry crosses EF only in the minority spin
channel, while it remains completely occupied in the majority
spin channel. Most important for the transport are the bands of
D1 symmetry. Here, only a highly dispersive majority spin band
crosses EF, while the minority spin bands remain empty. This
band alignment suggests that the transport in the Fe/ZnSe/Fe
and Fe/ZnTe/Fe junctions is characterized by symmetry-
filtering of the band of D1 symmetry, similar to the case of
the Fe/MgO/Fe junction.

Additional information can be obtained from the distribu-
tion of the open scattering channels at EF in the 2D BZ. As

Fig. 2 Electronic structure analysis of (a) zinc blende ZnSe, (b) zinc blende ZnTe, (c) hcp ZnSe, and (d) hcp ZnTe. The left panel always shows the map of
the decay coefficient, k(E,k8), as a function of the transverse wavevector, k8, at EF. The black box marks the 2D BZ. The value of k is encoded as a heat map
from the minimal to the maximal value. The right panel always shows the real (red) and complex (black) band structures along the [001] direction. The
results are obtained by LDA + ASIC calculations.
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expected, the maps shown in Fig. 3 for the two spin channels
exhibit a four-fold rotational symmetry around the G-point. In
the case of the majority spin channel the open scattering
channels are distributed across the entire 2D BZ, with some
concentration around the G-point. In contrast, in the case of
the minority spin channel most of the open scattering channels
are found around the G-point and there are large regions of the
2D BZ where no open scattering channels are available.

D. Zero bias transmission and TMR ratio

We now analyse the zero bias transmission coefficients at EF in
the 2D BZ, shown as heat maps in Fig. 4 for both the Fe/ZnSe/Fe
and Fe/ZnTe/Fe junctions. The heat maps display a two-fold
rotation symmetry, reflecting the two-fold rotation symmetry of
the zinc blende structure about the transport direction. The
broken inversion symmetry of the junctions lifts the spin
degeneracy in the AP configurations, i.e., the transmission
profile is different for the two spin channels. We set the spin
quantization axis with respect to the right lead.

EF of the Fe/ZnSe/Fe junction is close to midgap, i.e., the low
bias transport is determined by electron tunneling and the
symmetry-filtering argument comes into play. As a conse-
quence, for both spin channels and magnetic configurations
the maximal transmission is found around the G-point. Differ-
ences, however, emerge between the spin-dependent transmis-
sion functions. We consider first the P configuration and the
majority spin channel. In this case the complex band of D1

symmetry determines the minimal k (see Fig. 2(a)), i.e., the

maximal transmission appears exactly at the G-point with a
rapid decay away from the center of the 2D BZ. The band of D1

symmetry, however, is not available in the Fe band structure for
the minority spin channel. Therefore, the transmission pro-
ceeds mainly through the bands of D2 and D5 symmetries,
and the amplitude is maximal in an annular region around the
G-point, but not exactly at the G-point, meaning that the
tunneling electrons in the minority spin channel have a non-
vanishing transverse wave vector. In addition, a minor contri-
bution to the transmission (about 1% of the maximum)
originates from two arc regions placed along the diagonal of
the 2D BZ. Thus, the maximal transmission appears in an
annular region around the G-point, with a minor contribution
from the arc regions placed along the diagonal of the 2D BZ.

A different situation is encountered for the Fe/ZnTe/Fe
junction. Here, EF lies just at the edge of the conduction band
of ZnTe, i.e., the transport is not dominated by electron
tunneling but by hopping conduction. As a consequence, the
transmission coefficients approach unity and symmetry-
filtering is no longer at play (being still at play away from EF,
where electron tunneling takes place). The zero bias transmis-
sion maps in Fig. 4(b) indeed reveal significant amplitudes in
different regions of the 2D BZ, particularly in a star-shaped
region around the G-point and close to the corners.

Next, we analyze Ts(E;V = 0) and the resulting TMR ratio as
functions of the energy, which are plotted for both spin
channels and magnetic configurations in Fig. 5. EF of the Fe/
ZnSe/Fe junction lies close to the middle of the bandgap of
ZnSe and the transport thus is tunneling-like. For the P
configuration we notice that the transmission coefficient is
larger for the majority spin channel than for the minority spin
channel between �0.3 eV and 0.3 eV (EF = 0 eV). This is the
region where the majority spin band with D1 symmetry of Fe
overlaps with the complex band of minimal k, which also has
D1 symmetry. In the rest of the bandgap the tunneling current
is carried by bands of D2 and D5 symmetries, resulting in a
lower transmission. For E o �0.3 eV the minority spin current
has a predominant D2 character and the majority spin current
has a predominant D5 character. There is a resonant transmis-
sion peak near �0.3 eV, associated with a majority spin surface
state. For the AP configuration, as expected, the transmission
coefficient is almost spin-degenerate (not exactly, because the
inversion symmetry is broken). We observe a strong energy
dependence of the TMR ratio. Interestingly, we find that the
TMR ratio at EF is about 200% and relatively constant within
0.4 eV around EF. This suggests that a large TMR ratio is
realized in the typical bias range applied to MTJs. Note that
our calculated TMR ratio is lower than what usually is found for
the Fe/MgO/Fe junction with a barrier of similar thickness. This
is due to the fact that the bandgap of ZnSe is significantly
smaller than that of MgO, meaning that the wavefunction decay
in ZnSe is slower than in MgO and the symmetry-filtering is less
effective. Since symmetry-filtering is at play, one expects the
TMR ratio to grow with the thickness of the tunnel barrier.

According to Fig. 5(d), unfortunately, EF of the Fe/ZnTe/Fe
junction is placed at the bottom of the conduction band of

Fig. 3 Electronic structure analysis of bcc-Fe. The left panel shows the
real band structure along the [001] direction for both the majority (red
lines) and minority (black lines) spin channels. The symmetry of the bands
is established as described in the text. The right panels show maps of the
number of open majority (top) and minority (bottom) spin scattering
channels at EF over the 2D BZ. Note that the real band structure refers
to the primitive unit cell of bcc-Fe, while the total number of open spin
scattering channels refers to the 16 atom cubic cell used in the transport
calculations.
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ZnTe, i.e., symmetry-filtering is not at play at EF. Therefore, the
junction is similar to a standard giant magnetoresistance
(GMR) spin valve and the zero bias GMR ratio is mainly
determined by the spin polarisation of the leads. This results

in a zero bias GMR of around 60%, which is a modest value. We
expect this result to be rather robust, since the bottom of the
conduction band is characterised by electrons with s symmetry,
i.e., spin–orbit coupling is not at play. There is spin-filtering in
the bandgap region, in particular for energies between �1 eV
and �1.7 eV, where the transmission coefficient in the P
configuration is dominated by the minority spin channel. This
is associated with the band of D2 symmetry, which has its
maximal dispersion in this energy window for the minority spin
channel. The resulting TMR ratio for �1.7 eV o E o �1.0 eV
touches 200%, but this is not accessible experimentally under
normal bias.

IV. Conclusion

We have explored the potential of chalcogenide semiconduc-
tors as tunnel barriers in future MTJs. Specifically, we have
studied ZnSe and ZnTe, which are extensively used in the solar
cell and display industries, opening the possibility for integra-
tion in optical technologies. Our theoretical analysis, based on
density functional theory and the non-equilibrium Green’s
functions method, relates the tunneling properties of the
junctions to the electronic structures of the constituent com-
pounds. In particular, we find for the Fe/ZnSe/Fe junction that
the transport is tunneling-like, while in the case of the Fe/ZnTe/
Fe junction EF is pinned to the conduction band of ZnTe and
only a GMR effect with a modest GMR ratio of around 60% is
achieved. In contrast, symmetry-filtering is at play in the case of
the Fe/ZnSe/Fe junction, resulting in a TMR ratio of the order of
200% at EF, due to the predominant transmission of electrons
with D1 symmetry, similar to the celebrated Fe/MgO/Fe plat-
form. Unfortunately, since the bandgap of ZnSe is smaller than
that of MgO, the TMR ratio never reaches very large values, but

Fig. 4 Zero bias transmission coefficient at EF for the (a) Fe/ZnSe/Fe and (b) Fe/ZnTe/Fe junctions plotted in the 2D BZ, i.e., as a function of k8 = (kx, ky).
Results are shown for the two spin channels and the P and AP configurations.

Fig. 5 Total transmission coefficient of the Fe/ZnSe/Fe junction in the (a)
P and (b) AP configurations and of the Fe/ZnTe/Fe junction in the (d) P and
(e) AP configurations. For the AP configuration the spin quantization axis is
set with respect to the right lead. Panels (c) and (f) show the energy
dependence of the zero bias TMR ratio for the Fe/ZnSe/Fe and Fe/ZnTe/Fe
junctions, respectively.
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it is still useful for applications, particularly when considering
that the current density achievable by this junction is large.
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