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AIN and ZnO, two wide band-gap semiconductors extensively used in the display industry, crystallize in the
wurtzite structure, which can favor the formation of epitaxial interfaces to close-packed common ferromagnets.
Here we explore these semiconductors as material for insulating barriers in magnetic tunnel junctions. In
particular, the ab initio quantum transport code SMEAGOL is used to model the X[111]/Y[0001]/X[111] (X =
Co and Fe, Y = AIN and ZnO) family of junctions. Both semiconductors display a valance-band top with
p-orbital character, while the conduction-band bottom exhibits s-type symmetry. The smallest complex-band
decay coefficient in the forbidden energy-gap along the [0001] direction is associated with the A; symmetry,
and connects across the band gap at the I" point in 2D Brillouin zones. This feature enables spin filtering and
may result in a large tunneling magnetoresistance. In general, we find that Co-based junctions present limited
spin filtering and little magnetoresistance at low bias, since both spin subbands cross the Fermi level with A
symmetry. This contrasts the situation of Fe, where only the minority A; band is available. However, even in the
case of Fe the magnitude of the magnetoresistance at low bias remains relatively small, mostly due to conduction
away from the I" point and through complex bands with symmetry different than A;. The only exception is for

the Fe/AIN/Fe junction, where we predict a magnetoresistance of around 1000% at low bias.
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I. INTRODUCTION

The magnetoresistance effect represents the backbone
of many spin-based devices [1], enabling the function of
magnetic random-access memories [2], sensors [3], spin-
transfer-torque devices [4], microwave generators [5], and
next-generation spin-based neuromorphic computing [6,7].
The most prototypical device exploiting magnetoresistance is
the magnetic tunnel junction (MTJ), where two ferromagnetic
electrodes are separated by an insulating barrier. This can
operate as a binary unit, since typically its electrical resistance
is minimal when the magnetization vectors of the two elec-
trodes are parallel to each other, while it is maximized for an
antiparallel orientation. The magnitude of the MTJ sensitivity
is conventionally measured by the tunneling magnetoresis-
tance (TMR) ratio, defined as TMR = (Rap — Rp)/Rp, where
Rp and Rpp are the resistances of the MTJ in parallel and
antiparallel configuration, respectively.

Although the magnetic data storage industry was revolu-
tionized first by the giant magnetoresistance effect in metallic
magnetic multilayers [8,9], TMR-based MTJs today represent
the state-of-the-art technology, owing to their large TMR ra-
tios, reaching up to 200% at room temperature [10,11]. Early
MT]J devices were based on amorphous tunneling barriers,
mostly Al,O3 [12,13], for which the magnitude of the TMR
is determined by the spin polarization of the density of states
(DOS) [14], P = Z:;Zi , where n; (n}) is the spin-up (down)
DOS at Fermi energy, Er. For these structures the TMR ratio

can be estimated by Julliere’s relation, TMR = lzf;,f;,z, where
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P; and P, are the DOS spin polarizations of the ferromagnetic
electrodes [15]. Since in transition metals P hardly exceeds
50%, the expected TMR ratios for amorphous barriers remain
limited. A different situation, however, is encountered for epi-
taxial MTJs, where the transverse wave vector K| is conserved
during tunneling thus remaining a good quantum number. The
tunneling probability is then determined by the symmetry of
the wave function. As this can be different for the two differ-
ent subbands of a magnetic metal, spin filtering is expected
and hence arbitrary large TMR ratios [16,17]. Such spin-
filtering effect has been confirmed experimentally [10,11] and
it is at the foundation of modern high-performance TMR-
based devices. Inspired by these initial works a multitude
of materials compositions offering spin filtering have been
proposed [18-23].

Interestingly, although the symmetry-filtering argument is
applicable to many all-epitaxial junctions, only a particular
stack has shown its potential in the real world, namely the
Fe/MgO/Fe MTIJ. There are several arguments in favor of
Fe/MgO: (1) an epitaxial growth with strong suppression of
the interface defects, which arise due to the lattice mismatch
between the metal and the insulator; (2) a well-consolidated
growth recipe, which can scale up to large surface areas;
(3) a large in-plane/perpendicular magnetocrystalline
anisotropy for FeCoB magnetic electrodes; (4) the
robust and wide band gap of MgO, which ensures
ideal tunneling. Nonetheless, the FeCoB/MgO system
also presents some disadvantages at the fabrication
and operation level. In particular, the growth a typ-
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ical Fe/MgO-based MTJ requires several layers of
lithographic process for different materials with various
optimal thickness to pin the reference layer magnetic
moments in a certain direction.

In fact, most ferromagnetic materials crystallize with a
sixfold rotation symmetry (Cg), whereas insulating barrier
materials, such as MgO, are only fourfold (Cy4). In general,
it is difficult to grow epitaxially C4 MgO on Cg substrates
with a minimum interface vacancy content. For this reason, we
explore here the possibility of creating high-performing MTJs
with sixfold rotation symmetry. Our work is not motivated by
the will of replacing Fe/MgO, which will probably remain
the workhorse materials combination for high-performance
spintronics devices, but simply by the possibility of enlarging
the palette of heterostructures available to MTJs. As such
we investigate a family of MTJs constructed with the wide-
gap wurtzite insulators, AIN and ZnO. Importantly, these
are widely used as light-emitting-diode materials in the mi-
croelectronics industry. Should they work at polarizing the
current, one may also imagine the possibility of realizing
spin-polarized current-based displays with circular-polarized
light for high-viewing angle [24].

In the Sec. IT we present first our computational method
and the details of the present work. Then, in Sec. III, we dis-
cuss our calculated real band structures of the ferromagnetic
electrodes and the complex bands of the insulating barriers,
before moving to an analysis of the transmission coefficients
and the associated TMR. Finally we conclude in Sec. IV.

II. COMPUTATIONAL DETAILS

The electronic structure of the various materials forming
our MTJs is calculated with the density functional theory
(DFT) formalism using the SIESTA code [25]. SIESTA employs
norm-conserving pseudopotentials and a numerical atom-
centered local-orbital basis set. The many-body interacting
problem is solved through an auxiliary effective single-body
noninteracting Kohn-Sham potential, where the exchange-
correlation functional is treated at the level of local density
approximation (LDA) with the Ceperly-Alder parametrization
[26]. Quantum transport is computed with the nonequi-
librium Green’s function method, implemented within the
Kohn-Sham DFT Hamiltonian (the so-called NEGF+DFT
scheme) in the SMEAGOL code [27-29]. SMEAGOL uses SIESTA
as DFT engine.

The complex-band structures [30] of AIN and ZnO are
calculated by taking [0001] as the transport direction (z axis),
and we restrict ourselves to the special lines with k;; = 0 (k,
is the wave vector in the plane transverse to the transport
direction). This choice is justified by the evaluation of the
minimum complex decay coefficient along z over the entire
transverse Brillouin zone. In all cases we set the real mesh
cutoff to 700 Ryd and take an 8 x8x8 k-point mesh for the
Monkhorst-Pack sampling. The Bloch orbitals are expanded
with a basis set of double-¢ quality for the s, p, and d shells of
Co and Fe, while a double-¢ plus polarization one is employed
for the s and p orbitals of Al, N, Zn, and O.

We then design four different MTJs, namely Fe/AIN/Fe,
Co/AIN/Co, Fe/ZnO/Fe, and Co/ZnO/Co. The experimen-
tal in-plane lattice constants of bulk AIN and ZnO are

3.09 A and 3.25 A, respectively. In order to obtain commensu-
rate junctions we adjust the in-plane lattice constants to 3.34
A for both the insulators and take 2.73 A for bee-Fe and bec-
Co. The interface is then formed by matching a 2x2 (0001)
surface of the semiconductors with a 3x3 one for the metals.
Thus, the hexagonal (0001) plane (lattice constant 6.69 A) of
the semiconductor is epitaxial to the (111) one of Fe and Co
after a 30° rotation about the [111] direction. This matching
requires 8% and 6% tensile strain on AIN and ZnO, respec-
tively. At the same time Fe is under a compressive strain of
about 3%. When we compare the electronic band structures of
the various materials at such lattice parameters we notice little
qualitative variation due to the strain. This allows us to obtain
quantitative results for junctions having a computationally
manageable cells. We then relax all the atomic coordinates
using conjugate gradient until the forces are smaller than
0.01 eV/A. After relaxation, the structure of both AIN and
ZnO transforms from bulk wurtzite into a graphite-like one.

In general, both ZnO- and AIN-based MTJs turn out to be
symmetric about the plane located in the middle of layer. We
select 12.5 A and 24.5 A thick barriers for AIN and ZnO,
respectively.

Next we use SMEAGOL to perform electron transport cal-
culations. At a given bias voltage, V, SMEAGOL calculates
the electrical current, I, for both spins o (¢ =7, |) using the
Landauer-Biittiker coherent transport formalism as

1°(V) = %de T?(EVILE, ) — RE, W], (1)

where e is the electron charge, & the Plank constant, 77 (E; V)
the energy- and bias-dependent transmission coefficient, and
fi. (fr) the Fermi function associated to the left-hand (right-
hand) side electrode. This is evaluated at £ — up. (E — ur),
where upr = Ep £ % is the chemical potential for the
left/right electrode. Since the junction is translationally in-
variant over the x-y plane (periodic boundary conditions), the
transmission coefficient can be written over the 2D Brillouin
zones as

1
T(E;V) = o fBZ dk) T¢ (E; V), 2)

where Qpz is the volume of the two-dimensional first
Brillouin zone. The kj-dependent transmission coefficient is
then obtained as

T (E:V) = Tr[[{ (E; V)G (E; VIR (E: V)GL(E: V)]
3

with the retarded Green’s function of the scattering re-
gion given by GZ(E;V) = lirr})[E +in—Hec — X0 (E; V) —
n—

XR(E; V)]~!, where Hc is Hamiltonian of device scattering
region and the coupling matrices I'y  are related to the lead
self-energy matrices by I'f p = X{ g — EE‘/’R. The transport
calculation is then performed in the zero-bias limit with the
electrons distribution converged on an 8x8x 1 k-point grid,
while the transmission coefficient integration is performed
over 50x50x1 k mesh. We have also carried out additional
tests for a 100x100x1 mesh without noting any notable
change in 77 (E; V') or in TMR.
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III. RESULTS AND DISCUSSION

A. AIN and ZnO as tunneling barriers

AIN and ZnO are two wide band-gap semiconductors
mostly used in the optoelectronics industry for light-emitting
diodes. For AIN the LDA calculates a band gap of 4.15 eV
directly at the I' point, a value that is ~2 eV smaller than
the experimental one (6.1 eV). An even more severe under-
estimation is found for ZnO, with an LDA gap of 0.61 eV
(directly at I') against the experimental measure of 3.25 eV. In
order to overcome the well-known band gap underestimation
problem of the LDA, we employ the atomic self-interaction
correction (ASIC) scheme [31,32]. This returns us a band
gap of ~5.6 eV for AIN and ~3.2 eV for ZnO, which are
close to the aforementioned experimental values. The ASIC
is then used for the transport calculations. Note that the ASIC
correction has here the only effect of increasing the band gap,
typically by lowering down in energy the valence band, but
does not alter the orbital symmetry of either the conduction
and the valence band.

We begin our investigation by computing the complex-
band structure [30] of the two insulators used as tunnel barrier.
Recalling that z is the direction of the electron transport, the
conventional band equation, £ = e(k, k;), can be extended
to energies, E, within the forbidden band gap, by contin-
uing k, over the complex axis, namely by taking k, = ix.
Here, € is a function of the wave vector (K|, k;) and so that
k describes the exponential decay of the wave function for
a given energy E in the band gap and a particular trans-
verse wave vector, Kj. The transmission coefficient across
an insulating barrier of thickness d will then be T'(E, kj) ~
To(E, ky)e 2 EXd " where To(E, K)) in general depends on
the nature of the interface between the metal and the insula-
tor. The decay constant « (E, k) varies with the magnitude
of transverse wave vector and the orbital symmetry [33] as

(P12 + 22 16))
k= \/(ZhL;)(V —E) + ki — —5m—
(Laplacian) describes the transverse oscillation of tunnel-
ing wave functions. One can then plot k(Ef, k;) in the 2D
Brillouin zone spanned by the transverse wave vector k; and
establish which portions of the Brillouin zone contribute the
most to the tunneling current. The higher value of « (Er, k)
corresponds to smaller transmission probability amplitude.

This exercise is presented in Fig. 1, where we show
the « (Er, k) contour maps of AIN and ZnO over the first
Brillouin zone of the 2D transverse hexagonal lattice. The
figure clearly shows that both AIN and ZnO exhibit the small-
est wave-vector decay coefficient at the I' point. This is the
situation corresponding to a tunneling electron approaching
the barrier along the transport direction normal to the surface,
namely when the effective distance traveled by the electrons
across the barrier region is minimal. Symmetry analysis fur-
ther suggests that the Bloch states available around the I" point
have A| symmetry. Comparing the two compounds, we found
that AIN presents relatively large decay coefficients over the
entire Brillouin zone, except for regions around I', K, and M,
with I" being the most transmissive point in the Brillouin zone.
In contrast for ZnO large transmission is found only at I", with
little contribution from the rest of the k; plane. The decay
constants are generally rather small, owing to the large band

, where the last term

3.97 (A1) 2.4 (A1) 2.44 (A1)

FIG. 1. Heat color plots of the wave-function decay coefficient,
k(Eg, k), as a function of the transverse wave vector, k;, for AIN
(left-hand side panel) and ZnO (right-hand side panel). Calculations
are carried out for Er placed in the middle of the band gap. The black
and red boxes mark the 2D Brillouin zones and the color code is blue
to green to red as « gets larger. In both cases the decay coefficient is
plotted in linear scale with the following limit: AIN ki, = 2.4 A*I,
Kmax = 3.97 A7 Zn0 ki = 1.52 A7 ko = 2.44 A1

gaps of these two compounds. Note that the distribution of
the decay coefficients over the Brillouin zone is not expected
to change with the choice of the DFT functional, which just
modifies the band gap, but not the symmetry of the Kohn-
Sham states.

Having established that most of the transmission is likely
to take place at I, next we analyze in more detail the complex-
band structure along the transport direction for ky = 0. In
epitaxial junctions, where k| is conserved, the largest con-
tribution to the transmission coefficient in Eq. (2) originates
from a region of the Brillouin zone around k; = 0. Further-
more, one has to assign the symmetry of the tunneling wave
function, since this is also conserved in the phase-coherent
tunneling process. Such assignment is performed by pro-
jecting the wave function onto the transverse plane and by
characterizing it according to its orbital composition. More
specifically, a A; symmetry is assigned to Bloch states having
zero angular momentum about the transport direction, the
z axis. This means that the A; symmetry is associated to s,
Pz, and ds2_,2 orbitals. In contrast, the py, py, dy;, and dy,
orbitals are assigned to As symmetry, while A, corresponds
to the d,>_,» orbital. Finally, the Ay symmetry is characteristic
of the d,, orbital.

The real and complex band structures at k; = I', for both
AIN and ZnO, are presented in Fig. 2 and Fig. 3, respectively.
In both cases there is a continuous semicircular band that
connects the conduction-band bottom to the valence-band top
across the gap. No low-lying spurious flat bands are observed
in our calculations, at variance to what may happen with
nonorthogonal basis sets [30,34]. For both insulators such
semicircular band is characterized by A symmetry, a feature
expected since the conduction-band bottom is mainly s-like.
Notably, there is another band at the valance band maximum
with A5 symmetry. However, this has a rather large imaginary
wave vector (decay rate) and will contribute little to the trans-
port, unless the Fermi level of the junction is pinned very close
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FIG. 2. Real (right-hand side panel) and complex (left-hand side
panel) band structure of AIN calculated at the I" point in the 2D trans-
verse Brillouin zone. The symmetry labels, A,, where n € [1, 5],
have been described in the text and the energy is measured from the
Fermi energy Ef.

to the top edge of the valence band. In that case both the A
and As symmetry states will compete to the transmission.

B. Symmetry of the magnetic electrodes

We now perform the same symmetry analysis for the real
band structures of the ferromagnetic electrodes. Given the
structure of our proposed MTJs the relevant direction is [111].
Ideally, the best situation we can encounter is that where there
is only one spin subband crossing the Fermi level with the
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FIG. 3. Real (right-hand side panel) and complex (left-hand side
panel) band structure of ZnO calculated at the I" point in the 2D trans-
verse Brillouin zone. The symmetry labels, A,, where n € [1, 5],
have been described in the text and the energy is measured from the
Fermi energy Er.
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FIG. 4. Real band structure of bce Co is plotted along the [111]
direction (the direction of transport). The majority spin subband is in
red and the minority one in black.

symmetry matching that of the most transmissive complex
band, A in this case. In such case only one spin channel
(either up or down) can be transmitted with high probability,
so that the junction effectively behaves as a half metal with
an almost 100% spin-polarized current in the parallel configu-
ration, and a magnetoresistance ratio increasing exponentially
with the barrier thickness. This favorable band alignment is
encountered for a band with A; symmetry in Fe/MgO [16,17]
and Fe/HfO, [23] MTIJs along the [001] transport direction.
The real band structure of bee-Co and bece-Fe is here plot-
ted along the [111] direction in Fig. 4 and Fig. 5, respectively.
Unfortunately we find that in both ferromagnets, the A; sym-
metry is available at Fermi energy along [111] for both spins.
This means that spin filtering across the A; complex band is
unlikely, since the difference between the two spin subbands
remains only in the details of the band curvature. Fe seems to
offer the most favorable condition, since the A band edge for
the minority subband is only about 0.5 eV below the Fermi
level. This may suggest that under moderate bias conditions
there will be regions in the energy window where only one
spin can be transmitted. Together with the very broad A
bands we also observe two flat bands with As and A, sym-
metry, which distribute across Er depending on the compound
and the spin. The most relevant for transport appears to be the
minority As for Co, which is positioned rather close to Eg.

C. Tunnel magnetoresistance

Finally, we turn our attention toward the transmission coef-
ficients and the TMR of the proposed MTJs. Let us begin with
AlN-based junctions. Figure 6 shows T (E) for both the spin
channels (4, |) in the parallel and antiparallel configuration
of the Co/AIN/Co MTIJ. As expected, T(E) drops drasti-
cally in an energy region approximately 6 eV wide, which
corresponds to the calculated AIN band gap (note that the
transmission coefficient is plotted on a log scale). The Fermi

184427-4



FE- AND CO-BASED MAGNETIC TUNNEL JUNCTIONS ...

PHYSICAL REVIEW B 105, 184427 (2022)

HIII IIIIIIIIIIIIIIIIIIIIIII

7

—

[111] P

FIG. 5. Real band structure of bcc Fe plotted along the [111]
direction (the direction of transport). The majority spin subband is
in red and the minority one in black.

level of the junction is positioned at about 2 eV above the
AIN valence band so that the MTJ at low bias is deep in
the tunneling regime and away from any band edge. This
means that there is little contribution to the transmission from
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FIG. 6. Transmission coefficient as a function of energy for the
Co/AIN/Co MT]J. The parallel and antiparallel configurations are
plotted in panels (a) and (b), respectively. T(E) for the majority
(minority) spins is plotted in red (black). For the antiparallel case the
spin direction is set by the right-hand side electrode. The transmis-
sion coefficient is plotted on a logarithmic scale. In the lower panel
(c) we present the calculated zero-bias TMR as a function of energy
in the same energy window of the transmission coefficients.

any band with symmetry different from A;. Such observation
is corroborated by the shape of log,,[7(E)] as a function
of E, which resembles closely the complex band of AIN
(see Fig. 2).

Panel (a) of Fig. 6 presents the T (E) of Co/AIN/Co in the
parallel spin configuration. One can notice that by large the
transmission is similar for the two spins. This is expected from
the fact that the highest A; band edge for Co along [111] is
about 2 eV below Er and corresponds to the minority spin (the
one for the majority is well below 4 eV), meaning that across
the band-gap region both A; spin subbands are available to
transport. Differences, however, appear as well, with two en-
ergy regions where the transmission is dominated by one spin
only. This happens in the ranges Er — 1.5 to Eg — 1 eV for the
majority A subbands, Er — 1 to Er + 0.5 eV for the minority
Ay, Eg 4+ 0.5 to Eg + 1.5 eV for the majority Aj, and finally
between Er + 1.5 and Ef + 2 eV the minority A; subband
dominates. As expected, the flat minority As subbands with
nearly zero bandwidth have negligible contribution to trans-
mission around Ef.

The resulting TMR as a function of energy is then plotted
in the lower panel of Fig. 6 for an energy window of 3 eV
around Ep. As expected from our transmission coefficient
analysis we find a significant TMR in a region of 2 eV be-
low the Fermi level. The maximum value of ~15 000% is
reached at E = Ep — 1.5 eV. This is indeed larger than what
is expected from the simple product of the spin-polarized DOS
as from Julliere’s analysis, indicating that some spin-filtering
effect is at work (note that this energy window is relatively
near to the minority A; band edge of Co). Unfortunately,
this effect takes place far away from the Fermi level so that
it will be accessible only at extremely large bias voltages.
Unfortunately, other energy regions of large TMR, such as the
sharp peak at about 0.2 eV below Ef, are likely to arise from
surface states and are expected to be washed away at finite
bias, and by scattering at defects.

A similar situation is found for the Fe/AIN/Fe MTJ, whose
transmission coefficients and TMR are presented in Fig. 7.
Also, in this case panel (a) helps us in understanding the
tunneling process. This time one expects a similar transmis-
sion for both spins, down to about 0.5 eV from the Fermi
level, a position corresponding to the minority A; edge of
Fe. In fact, a relatively sharp peak in the TMR is found
around that energy [see panel (c)], together with some other
peaks scattered across the energy window investigated. No-
tably, we did not find a large energy window where the TMR
is consistently large, not even for E < Eg — 0.5 eV. This
seems to suggest that the A; transmission away from the
I' point contributes sensibly to the tunneling current by re-
ducing the spin polarization. Note that for both the AIN-based
junctions the transmission in the antiparallel configuration is
spin-independent, owning to the inversion symmetry of the
junction.

Finally we move to the ZnO-based junctions, whose trans-
port quantities, T (E) and TMR(E), are presented in Fig. 8
and Fig. 9, respectively, for Co and Fe electrodes. The main
feature of these two junctions is that the Fermi energy just
pins at the conduction-band bottom, so that the transport is
essentially metallic. In this situation, clearly the spin-filtering
effect is not at play and the magnetotransport response of the
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FIG. 7. Transmission coefficient as a function of energy for the
Fe/AIN/Fe MTJ. The parallel and antiparallel configurations are
plotted in panels (a) and (b), respectively. T(E) for the majority
(minority) spins is plotted in red (black). For the antiparallel case the
spin direction is set by the right-hand side electrode. The transmis-
sion coefficient is plotted on a logarithmic scale. In the lower panel
(c) we present the calculated zero-bias TMR as a function of energy
in the same energy window of the transmission coefficients.

device is determined by the electrodes’ density of states and
the bonding at the interface. As a result, the TMR at the Fermi
level remains always below 100%; namely, it is relatively
limited. Furthermore, since we are away from the tunneling
limit, we do not expect that the magnetoresistance will depend
drastically on the barrier thickness.
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FIG. 8. Transmission coefficient as a function of energy for the
Co/ZnO/Co MTIJ. The parallel and antiparallel configurations are
plotted in panels (a) and (b), respectively. T(E) for the majority
(minority) spins is plotted in red (black). For the antiparallel case the
spin direction is set by the right-hand side electrode. The transmis-
sion coefficient is plotted on a logarithmic scale. In the lower panel
(c) we present the calculated zero-bias TMR as a function of energy
in the same energy window of the transmission coefficients.
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FIG. 9. Transmission coefficient as a function of energy for the
Fe/ZnO/Fe MTJ. The parallel and antiparallel configurations are
plotted in panels (a) and (b), respectively. T(E) for the majority
(minority) spins is plotted in red (black). For the antiparallel case the
spin direction is set by the right-hand side electrode. The transmis-
sion coefficient is plotted on a logarithmic scale. In the lower panel
(c) we present the calculated zero-bias TMR as a function of energy
in the same energy window of the transmission coefficients.

Interestingly, for both Co/ZnO/Co and Fe/ZnO/Fe MTIJs
we find energy regions corresponding to the ZnO band gap,
where the transmission indeed displays a spin-filtering effect.
For instance, in Co/ZnO/Co there is a clear dominance of
the majority A; transmission in an energy range going from
Er —2 eV to Er — 1 eV, where the Co minority band instead
has a strong A, character (this is a low-conducting band).
As a consequence, a substantial TMR is found over this en-
ergy range. Similar behaviors are also found for Fe/ZnO/Fe,
whose transmission spectrum for the parallel configuration
[Fig. 9(a)] presents several energy sections with a spin sub-
band dominating over the other. This is for instance the
case in the interval Ep — 3eV < E < Er — 2 eV, where the
high-transmission A; minority band coexists with the ma-
jority low-transmission A,. An opposite situation is found
for Ep —2eV < E < Ep — 1 eV, where now the majority A,
dominates over the transmission of the minority A,. Unfortu-
nately, these energy regions are not accessible in practice by
the unfavorable pinning of the Fermi energy at the bottom of
the ZnO conduction band.

IV. CONCLUSION

In summary, we have explored the possibility of using
display materials AIN and ZnO as tunnel barriers in novel
magnetic tunnel junctions. Both of these compounds are cur-
rently used in the microelectronic industry, so that their MTJs
have the potential to be integrated in hybrid memory/logic
components or spin-polarized-based display devices. When
incorporated in an MTJ, we found that both AIN and ZnO
change their crystal structure from bulk wurzite to a layered
planar one. This, however, does not affect drastically their
electronic structure and insulating nature. A complex-band
structure analysis has allowed us to identify the dominant
symmetry of the tunneling states. In both cases the smallest
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wave-function decay coefficient is found at the I" point in
the 2D transverse Brillouin zone, although for AIN other
high-symmetry points present low transmission as well. When
looking along the transport direction we find that the symme-
try of the complex-band structure is Aj, as suggested by the
s-type character of the insulators’ conduction band and by the
fact that the lowest complex-band structure connects directly
across the gap.

We have then investigated four potential MTJs, namely
Co/AIN/Co, Fe/AIN/Fe, Co/ZnO/Co, and Fe/ZnO/Fe,
where the insulators are oriented along the [0001] direction
and the metals along [111]. When ZnO is used as tunnel
barrier the Fermi level pins at the bottom of the conduction
band and the transport are therefore metallic. In this case
the TMR is not determined by spin filtering and it remains
limited. This is unfortunate, since deep in the band gap spin
filtering is active and robust. The situation is more favorable
for AIN-based junctions, in particular when the electrode is

Fe. In this case, in fact, there is an energy window around the
Fermi level where the majority transmission is A -dominated,
but the same band is not available in the minority subband. As
a consequence a large TMR at Er is found. Our work thus
shows that it is possible to potentially achieve large TMRs
even in junctions with Cg planar symmetry, although new
magnetic electrodes may turn out to be more suitable than the
simple Co and Fe investigated here.
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