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In recent years, magnetic tunnel junctions (MTJs) have attracted strong research interest due
to their potential use in nonvolatile memory technologies, such as magnetoresistive random access

memory, and magnetic logic applications.

Half-metallic materials have been proposed as ideal

electrode materials for MTJs to achieve large tunnel magnetoresistance (TMR) effects. Here, we
design and investigate a spin-filter MTJ (sf-MTJ) consisting of a ferrimagnetic inverse Heusler alloy,
Mn,CoSi as the electrode and CaS as the insulating tunnel barrier using ab initio quantum transport
calculations. Our results demonstrate a high zero-bias voltage TMR ratio that initially oscillated
before decreasing as the bias voltage increased. Despite the oscillatory TMR under bias voltage, the
spin injection remains high and stable, highlighting the potential of st-MTJs formed by MnsCoSi

electrodes for practical applications.
I. INTRODUCTION

Magnetic tunnel junctions (MTJs) have garnered sig-
nificant research attention in recent years due to their
crucial role in the development of spintronics as they
have a wide range of potential applications, including
read-head sensors, nonvolatile memory devices such as
STT MRAM and SOT MRAM, and nonvolatile logic
and logic-in-memory computing™ However, designing
magnetic materials that meet the requirements for high-
performance spintronic devices, such as high spin polar-
ization, high Curie temperature, low magnetic moment,
and high tunneling magnetoresistance (TMR) ratio, is
challenging due to the inefficiency of spin injection® .
In the past two decades, significant advancements have
been made in identifying material properties that opti-
mize the design of spintronic devices beyond conventional
magnetic tunnel diodes and transistors” 14, For example,
spin-gapless semiconductors and half-metallic magnets
have been incorporated into magnetic tunnel diode and
transistor concepts, resulting in a substantial improve-
ment in TMR ratio!®2, The use of ferromagnetic elec-
trodes, such as Fe and Co, has enabled symmetric filter-
ing, leading to improved TMR ratio® However, compen-
sated antiferromagnetic materials are currently preferred
over ferromagnetic electrodes due to their faster informa-
tion processing, robustness against perturbing magnetic
fields, and spin-momentum coupling T4

Heusler alloys!®2V have emerged as promising ma-
terials for designing high-performance MTJs due to
their novel properties such as high Curie tempera-
ture 2128 Recent studies of MTJs based on Heusler com-
pounds with MgO spaces have reported a high TMR ra-
ti0.8’29 A fully epitaxial CO2 CI‘O.GF60A4A1/MgO/CO50F650
MTJ exhibited a TMR ratio of 90 and 240% at

room temperature and 4.2 K, respectively. By doping
CoaMnSi/MgO/CosMnSi MTJs with Fe, Liu et al. re-
ported an enhanced TMR ratio of ~429% at 290 K=Y,
Though some Heusler-based materials have shown high
TMR ratios, their fabrication process cannot be improved
further due to their high resistance area!3l The main
cause of this problem is the lattice mismatch at the con-
tact with MgO that destroys the half-metallicity. To
maintain a high TMR ratio while reducing the electrical
resistance at the barrier interface, alternative tunneling
materials need to be explored.

In this paper, we investigate the spin-dependent trans-
port properties of magnetic tunnel junction consisting
of the [001] CaS barriers sandwiched between two fer-
rimagnetic inverse Heusler alloy (THA), MnyCoSi elec-
trodes using first-principles quantum transport calcula-
tions. Mn-based inverse Heusler (HgyCuZ-type, with
Z = Al, Ga, In, Si, Ge, Sn, Sb) alloy is promising for
integration into MTJ devices due to their low saturation
magnetization and half-metallic properties. Their elec-
tronic properties have been extensively studied 3458, In
particular, ferrimagnetic IHA MnyCoSi exhibits a robust
half-metallicity over a wide range of structural tunabil-
ity, within the lattice constant of the CaS barrier layer *?
Ferrimagnetic half-metallic magnets electrodes in mag-
netic tunnel junctions offer unique advantages over con-
ventional magnetic tunnel diodes and transistors, such
as reconfigurability, while addressing limitations such as
less asymmetric current-voltage characteristics in diodes,
and base-collector leakage currents in transistors; these
limitations often lead to high power dissipation. Despite
their potential advantages, to the best of our knowledge,
there have been no computational studies on the het-
erostructure configuration of MnyCoSi surfaces and in-
terfaces and their incorporation as an electrode in MTJs.
Further research utilizing first-principles calculations to



analyze the surface states and interfacial electronic prop-
erties is necessary for successful experimental synthesis
and future studies. Our quantum transport calculations
reveal a high zero-bias TMR ratio of ~15000%, an os-
cillatory TMR ratio due to bias voltage, but stable spin
injection efficiency.

II. COMPUTATIONAL METHOD

The face center cubic inverse Heusler MnsCoSi alloy
crystallizes in the X A-structure (HgoCuTi-type) and be-
longs to space group F43m. The atomic position is de-
scribed by the Wyckoff position: 4a (0, 0, 0), 4b (1/2,
1/2, 1/2), 4c (1/4, 1/4, 1/4), and 4d (3/4, 3/4, 3/4),
where Mn atoms are located at 4b and 4d, Co and Si
atoms occupy the 4a and 4c sites, respectively. Our ab
initio calculations of MnyCoSi/CaS/MnyCoSi magnetic
tunnel junction are based on spin-polarized density func-
tional theory (DFT)*” using the QuantumATK electronic
structure code (version 2019.12SP1) %Y We employed lin-
ear combinations of atomic orbitals as the basis set to-
gether with the norm conversing pseudopotentials with
the Perdew-Burke-Ernzerhof (PBE) parametrization of
the exchange-correlation functional. To accurately ac-
count for the strong electron interactions in our system,
we used an onsite effective Hubbard interaction (Uef f)
within the DFT+U approximation, with a fully screened
Coulomb and exchange interaction parameters (.J) as fol-
lows: Ugo, = 1.83 eV, Jo, = 0.53 eV, Uy, = 1.71 €V,
and Jpr, = 0.46 eV42, The ground state properties are
determined using a 12 x 12 x 12 (12 x 12 x 1) Monkhorst-
Pack k-point grid for the bulk ([001] surface) and a den-
sity mesh cutoff of 95 Hartree. The structural optimiza-
tion is performed using the conjugate gradient algorithm
by minimizing the energy and atomic forces until all the
forces converge to at least 0.01 eV /A and self-consistency
is achieved when the energies between the two steps of
the self-consistency field cycle differ by less than 1076
eV. Two terminated MnSi and MnCo relaxed thin films
of Mn2CoSi [001] with 13 diatomic layers were designed
to determine the most stable configuration and termi-
nation. A 6 diatomic layer of CaS [001] and 11 layers of
Mn;CoSi [001] with Ca-Mn on top and Ca-Si on top con-
figurations were designed for the interfacial heterostruc-
tures with CaS [001]. Because of the higher relaxation
energy, we ignored the Ca-Si configuration. The quantum
transport calculations are performed using the nonequi-
librium Green’s function (NEGF) approach®*#¥ using a
10x10x 200 k-point mesh with a smearing of 26 meV and
cutoff energy of 120 Hartree. To obtain the I —V charac-
teristics, QuantumATK employs the Landauer-Bittiker
method*® I(V) = (e/h)Y., [T°(E,V)[fL(E,V) —
fr(E,V)]dE, where fr(E,V) (fr(E,V)) is the Fermi-
Dirac distribution of the left (right) electrode, T7(E,V)
is the transmission coefficient, which depends on the spin
o of the electrons, an applied bias voltage V' and energy
E. For the calculation of the T?(E, V'), we choose a dense
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FIG. 1. Calculated spin polarized density of states and orbital
projected density of states of bulk Mn,CoSi obtained with (a)
PBE and (b) PBE+U functional. The vertical dashed line is
the Fermi energy.

200x200 k-point mesh to integrate the 2D Brillouin zone
along the transverse Bloch wave vectors K (ka,kp).

III. RESULTS AND DISCUSSION
A. Bulk electronic and magnetic properties

To ensure the structural integrity of the electrode chan-
nel, we determine the lattice constants, magnetic mo-
ments of the bulk inverse Heusler alloy MnyCoSi using
PBE functional. We obtained a lattice constant a of
5.62+0.10 A and total magnetic moment of ~ 3.0 up.
The calculated values are within the previous reported
values of 5.4 - 5.9 AB283346l a1 d 3.00 g 33 Detailed result
of the lattice parameter calculations are in the Figure S1
and Table S1 in the Supplemental Material (SM). 2" We
also verified the dynamical stability of the bulk struc-
ture by calculating the phonon dispersion and vibra-
tional properties using density functional perturbation
theory*¥ The absence of imaginary frequency confirms
the dynamical stability of the structure (Figure S4%7).
We present in Figure I the calculated spin polarized elec-



tronic structure using PBE and PBE+U. We note that
the magnetic moment of the two inequivalent Mn atoms
(Mn; and Mny) is anti-parallel to each other with values
of -0.75 (-1.99 up) and 3.00 (3.88 up) for Mn; (Mng) as
obtained within our PBE and PBE+U calculations. The
antiferromagnetic coupling between two Mn sub lattices
with net nonzero total magnetic moment revealed the
ferrimagnetic ground state of MnyCoSi; this is consistent
with previous studies333%46 The spin-majority channel
is characterized by a metallic solution, while the spin-
minority channel has an energy bandgap of 0.83 and 0.89
eV within our PBE and PBE+U calculations. Our anal-
ysis shows that the minority spin gap originated from
the strong hybridization between Mns — d states and
its neighboring Mn; — d and Co-d states. The wider
bandgap of Mny atom to Mn; and Co atoms supports
larger exchange splitting induced by large localized spin
moment on the Mn, site22 The strong hybridization be-
tween Mny — d and Co-d states led to the occupation of
the bonding majority spin (1) states, whereas the bond-
ing minority spin (]) states are mainly contributed by
the Mn; — d and Co-d states hybridizing with the tq,
states. An overlapping doubly degenerated e, states of
Mn; — d and Co-d atoms occupied at the edges of the
minority conduction bands in the minority spin chan-
nel. This suggests reasonably strong d — d hybridization
occurs only between Mn; and Co atoms. Thus, the half-
metallicity is determined by a narrower d — d bandgap
of Mn; and Co atom over a wider covalent-like Mny — d
bandgap. Interestingly, instead of the usual es-to, split-
ting of d — d bandgap observed in full Heusler alloys,
Mn,CoSi bandgap is due to the energy splitting of the
€y-t14 from the d—d hybridization of Mn; and Co atoms.
To determine the spin polarization at the Fermi level Er,
we use Py = [Nt(Ep) — Ny (EF)|/[Nt(Er) + Ny (EF)],
where N4(Er) and N (Er) are the density of states at
Er. X2Y7Z type Heusler alloys follow the Slater-Pauling
rule: py = Zy — 24, where p, is the total magnetic mo-
ment and Z; is the total number of valence electrons 2249
The total magnetic moment for 27 total valence electron
system of MnyCoSi is expected to be ~ 3 up in basic
agreement with our computed value.

B. Surface structure and electronic properties

To understand the interfacial properties of ferrimag-
netic IHA MnyCoSi/semiconductor heterostructure, we
construct free-standing surface slabs of MnyCoSi [001].
To achieve this, we exfoliated two terminations: MnSi
and MnCo from the optimized bulk structure using (1x1)
supercell method. We modeled the slabs with 13 di-
atomic layers with a vacuum of 15 A along the z-direction
to prevent slab interactions. The generated in-plane lat-
tice of the slabs is estimated with a+/2 /2, where a is the
equilibrium lattice constant. In all the structural relax-
ation the top five layers are relaxed while the three core
layers are fixed. The optimized structural and energetic

properties of the two energetically favorable terminations
are presented in Table [[]

TABLE I. The calculated optimized atomic displacement of
the surface, subsurface, and third layer in the percentage of
the equilibrium bulk lattice constant, surface energy 7 (eV),
the relaxation energy E,.; (eV), and the pressure P (GPa)
exerted during the structural relaxation. See further details
in Tables 52 & $37

Termination Layer  di—y(%) 7 (eV) E,e (eV) P(GPa)

Mn;/Si 3.35/-1.24

MnSi  Mn;/Co -0.16/0.02 -2.40 -0.27  -1.17
Mn,/Si  0.26/0.50
Mn; /Co -1.13/-1.96

MnCo  Mny/Si 1.54/1.02 -2.31 -0.34  -1.10

Mn;/Co -0.03/-0.19

In the MnSi termination, a minimal inward relaxation
for the surface Si and an outward relaxation for the Mn;
atoms led to a surface buckling of ~0.26 A. We attribute
this to the surface and near-surface layer rearrangement
of the valence displaced electrons®® which drove the ionic
force towards the vacuum resulting in outward relaxation
of the surface Mn atoms 2350 For MnCo terminated sur-
face, both the surface Mn and Co atoms relax inward
during the structural optimization. The negative values
of pressure exerted by the systems during the relaxation
indicated structural compression in both surface termi-
nations. Based on the energetics characterized by the
surface energy v = (Esjap — NEbulk)/2A and the re-
laxation energy F,.cjqz, the MnSi termination is slightly
more stable and preserves the half-metallicity predicted
in the bulk.
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FIG. 2. Calculated spin polarized density of states of
Mn;CoSi [001] surface for the (a)MnSi and (b)MnCo termi-
nations showing the atomic projected density of states of the
dominant atoms in the surface layer Sy, subsurface layer Sy,
and the central layer Cr.

We investigate the surface structure by analyzing the
spin-polarized electronic structure characterized by the
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FIG. 3. Calculated spin polarized electronic band struc-
ture of Mn2CoSi [001] surface for MnSi termination: (a) spin
majority channel and (b) spin minority channel, and MnCo
termination: (c) spin majority channel and (d) spin minority
channel. The Fermi energy is represented by the horizontal
dashed line.

density of states (Figure [2] and the dispersion spectra
(Figure [3). The surface states in both terminations
behaved differently. In the MnSi terminated surface,
the half-metallicity is preserved with a minority spin
(J) direct energy bandgap around Er and an adjacent
metallic solution in the majority spin (1) channel (Fig-
ures [2a)& [3(a)). On the contrary, the MnCo termi-
nated surface exhibited a gapless solution in both spin
channels. Half-metallicity is lost at the surface due to
the delocalization of Mn and Co d-states. However, the
central region of the system maintains half-metallicity
in both MnSi and MnCo terminations (see Figure [2),
indicating that the slab thickness is sufficient to pre-
serve strong magnetic and electronic properties in the
bulk. Table S2 in the Supplemental Material*” presents
the calculated atomic-resolved magnetic moments for the
surface and subsurface atoms. We see an increase in
spin magnetic moments (> 3.0 up) of surface Mn atoms
in MnSi-terminated surfaces. The broken translational
symmetry at the surface causes a rearrangement of va-
lence electrons, leading to stronger intra-atomic exchange
interactions and larger localized spin magnetic moments
for surface Mn atoms as compared to the bulk. The

anti-parallel spin moment of surface Si atoms slightly
increases, likely due to direct exchange between the P-
orbital of surface Si atoms and the d-orbital of subsurface
Mn atoms. Subsurface Co atoms are less affected by the
surface, showing a negligible change in the magnetic mo-
ment from the bulk value. In the MnCo-terminated sur-
face, the Mn atoms in the third layer are terminated and
we observe a parallel spin between the surface and sub-
surface Mn states, which is unexpected. We suspect that
the antiparallel moment found in the subsurface Si atoms
is caused mainly by the second subsurface Mn atoms.
The intricate nature of the surface and subsurface mag-
netic states may be the result of a competition between
direct exchange and antiferromagnetic superexchange in-
teractions.

C. MTJ Device structure and Central region
optimization

In this section, we examine the quantum spin transport
properties of MnyCoSi/CaS/Mn;CoSi magnetic tunnel
junction device designed with MnyCoSi [001] electrodes
and a semiconducting CaS [001] barrier layer. We se-
lected CaS as the barrier layer because it not only shares
the same crystal symmetry with MnyCoSi, but also main-
tains stable structural integrity over a wide range of lat-
tice tunability (from ~5.40 to 5.72 A 5458) which encom-
passes our calculated MnsCoSi lattice constant of ~5.62
A. This will significantly reduce interfacial resistance and
increase the active area of the device. The interface is
modeled by matching the two in-plane lattices using the
coincidence site lattice method with an nV; + mV, grid
size search, where Vi and V, are the basis of the first
lattice, and —(n,m)™** < (m,n) < (n,m)™** are in-
tegers. We used a symmetric atomic termination with
length 11.22 A for both the left and right principal layer
electrodes, and a length of 47.54 A for the central re-
gion, maintaining an in-plane lattice constant of 3.97 A
throughout the device. Thus, the M'TJ device can be said
to be periodic in the x —y plane and the z direction is the
transport direction. The atomic positions of the central
region are fully relaxed with an optimized Mn-Ca bond
length of ~ 2.52 A. The schematic of the MTJ device
is presented in Figure [d] The spin-dependent transport
properties were then computed using NEGF for both un-
biased voltage and the application of finite bias voltage.

The spin-dependent transport in magnetic tunnel junc-
tions is driven by quantum mechanical tunneling. As
a result, the characterization of the tunnel magnetore-
sistance ratio and the conductance (or the tunnel cur-
rent) are crucial for device applications. In general, the
resistance of these devices varies in two configurations:
when the magnetization of the left and right electrodes
is oriented parallel (P) and when it’s switched to an-
tiparallel (AP), resulting in the TMR effect. To ex-
plore these and gain further insight into the quantum
spin transport of the designed MTJ, we compute the



TABLE II. The calculated spin-polarized quantum conductance (in Siemens) for parallel magnetization ( G', G*) and
anti-parallel magnetization (G™, G*") configurations and total spin polarised current 15°*% 14%% (in nA) for P and AP

configurations.
Bias voltage (V) GTT GH GH 5ol 1h%tal TMR ratio (%)
0.0 1.54x1077 1.17x107 1 4.53x107 Y 4.51x10~1° - - 1.5 x 10%
0.2 1.43%x1077 1.05x1071° 3.14x107'° 3.35x107% 22.84 3.14 628
0.4 8.64x107% 2.61x1071° 3.42x107° 1.75x1077 15.45 23.79 -35
0.6 1.26x1077 1.16x1071° 3.75x1071° 5.08x107% 79.08 12.56 529
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FIG. 4.  Schematic representation of the magnetic tunnel
junction device based on a ferrimagnetic inverse half-Heusler,
half-metallic magnet and a semiconductor showing the initial
spin degrees of freedom for (a) parallel configuration (P) and
(b) antiparallel configuration (AP). L.E(R.E) denotes the
left(right) electrode and E.FE is electrode extension layer up
to the dashed—Ifor both the left and right electrodes.

transmission coefficient from the retarded Green’s func-
tion as T(E) = Tr[G(E)I'L(B)GHE)YTE(E)] 5 where

G(E) = [(E+i6,)S — H— S (E) — S5(E)] ™ is the
retarded Green’s function matrix for the central region
and TLUR) = (1/4) [ZL(R) —(ZL(R))T] is the broadening
function of the electrodes. A ferrimagnetic MTJ device
is more likely due to the ferrimagnetic ground state of
the electrodes. As a result, the initial spin degrees of
freedom are constrained to an antiferromagnetic config-
uration. The minority spin channel in the THA ferri-
magnetic MnyCoSi electrode has a gap near the Fermi
energy, resulting in a zero transmission coeflicient for
minority spin electrons. As a result, the MTJ is in an
“oft” state, where no current flows through it when un-
der forward bias. The transmission spectra (Figures [5)
and consequently the I — V curves (Figure [6) of the
Mn;CoSi/CaS/MnyCoSi MTJ device can be explained
based on the density of states (Figure . At zero tem-
perature, when the magnetization directions of the elec-
trodes are parallel, the majority spin electrons in the left
THA half-metallic electrode are blocked from tunneling
through the insulating barrier layer into the right THA
half-metallic electrode due to the absence of states above
the Fermi energy in the majority spin channel. The
transport of minority spin electrons is also blocked as
the electrode behaves like an insulator. A certain bias
voltage is required for electron transport to occur. As

a result, the tunneling current through the MTJ is fully
(100%) spin-polarized. The same applies when the mag-
netization directions of the IHA half-metallic electrodes
are oriented in an antiparallel manner. However, at fi-
nite temperatures, thermally activated electrons through
processes such as non-spin flip stemming from e.g., spin-
orbit coupling and electron-magnon interaction can be
transmitted from one electrode to the other in the off
states; this generally reduces the TMR ratios. We note
that the non-spin-flip processes can be significantly re-
duced by increasing the bandgap of both the electrodes
and the barrier. Our results indicate that, in the parallel
configuration, the Fermi level has a small transmission
coefficient with a spin-dependent transmission peak at
~1.8 eV above Ep for majority spin states. This orig-
inated from low-energy conduction states composed of
Mn-d and Si-p states near the I' point. However, the
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FIG. 5. Transmission coefficient (in log scale) as a function
of bias voltage for parallel P (Left panel) and antiparallel AP
(Right panel)-configuration within electron energy range -4
to 4 eV, direction of blue and red arrows indicate spin-up and
spin-down states.
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FIG. 6. The calculated I-V characteristic curve of the spin
polarized current(nA) and bias voltage(V) for the (a) parallel
and (b) antiparallel magnetic configurations. The insert is a
zoomed view of the I-V curve.

minority spin channel shows a sharp decrease in trans-
mission probability near the Fermi level due to the half-
metallic minority gap of the electrode, preventing any
minority-spin Bloch states and resulting in coherent tun-
neling. However, in the antiparallel configuration, almost
identical transmission curves (especially at zero bias volt-
age) are observed for both spin channels due to the mirror
symmetry of the device. The symmetric nature is broken
as the bias voltage is increased due to inelastic scatter-
ing emanating from the non-spin flip processes.®Y We can
further quantify this by exploring the contour plots of
the Kj/(ka,kp) resolved transmission coefficient around
I-point (Figures S6&S747). A circularly polarized trans-
mission is observed in both magnetic configurations and
spin channels. However, as can be seen from the full 2D
Brillouin zone, in the parallel configuration, in addition
to the transmission around the zone center, there are
other contributions from the special point in the vicinity
of the 2D Brillouin zone edges (Figure S5). From our cal-
culations, we can further infer that the current for both
spin majority and minority channel in the parallel config-
uration initially decreased until 0.4 V before increasing
with increasing bias voltage, but at different magnitudes
(as seen in the inset of Figure[6](a)). The reverse in terms
of trend is true in the antiparallel configuration where the
current initially increased peaking at ~ 0.4 V before de-
creasing monotonically with the bias voltage.

To determine the TMR, we first computed the spin-
polarized quantum transport conductance G and G+
for both the parallel and antiparallel magnetic configu-
rations (Table . Using the conductance, we compute
the TMR (within the optimistic approach) as TMR=
(Gp — Gap)/Gap, where G, and G, are the conductance
in parallel and antiparallel configurations, respectively
(Table [[I). Note that for finite bias, the conductance is
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FIG. 7. The calculated spin injection efficiency (SIE) as a
function of the bias voltage. The SIE remained high as the
bias voltage was increased.

replaced with the equivalent tunneling current through
the device ™2 Due to the large difference ~ 3 orders
of magnitude of the conductance between the parallel
and antiparallel configurations, we obtain large tunnel-
ing magnetoresistance ~ 1.5 x 10* % at zero-bias volt-
age. The conductance experiences a substantial reduc-
tion of up to 2 orders of magnitude at finite bias volt-
age. At a bias voltage of 0.4 V, the conductance of the
spin majority states increases rapidly, resulting in an un-
usual oscillatory behavior that produces a negative TMR
effect. Although such oscillatory TMR effects are typi-
cally observed in structurally asymmetric junctions inde-
pendent of the bias voltage,®¥ our design features sym-
metric electrodes, leading us to attribute the oscillating
tunneling conductance under bias voltage to a nonmono-
tonic energy dependence of the transmission coefficients
that splits the molecular field of the electrode®¥ This
phenomenon occurs when the barrier at the insulator-
electrode interface decreases at a certain bias voltage,
causing partial over-barrier transfer and fluctuations in
the transmission coefficient at energies below the bar-
rier height. The barrier height and width, as well as the
likelihood of over-barrier transmission, are influenced by
the magnetization direction of the ferrimagnetic electrode
and the relative orientation of the magnetic moments of
the two electrodes. The magnitude of the TMR oscilla-
tion is approximately 103. Despite the oscillating behav-
ior of the TMR ratio, it is noteworthy that the spin injec-
tion efficiency S, = |g+;ﬁ| x 100% remained relatively
high with increasing bias voltage. In the parallel con-
figuration, the spin injection efficiency is constant with
increasing bias voltage while in the antiparallel configu-
ration, it is within 98 - 99% (Figure [7).



IV. CONCLUSION

In conclusion, our first-principle calculations of the fer-
rimagnetic inverse Heusler alloy, MnyCoSi, demonstrate
its potential as a promising electrode in magnetic tun-
nel junction (MTJ) devices. Our calculations show that
the half-metallic character of MnyCoSi is retained only
along the [001] MnSi-terminated surface, making it a
suitable candidate for spin injection. Our quantum spin
transport calculations show that the designed MTJ de-
vice with MnyCoSi/CaS/MnyCoSi exhibits a large tun-
nel magnetoresistance (TMR) at equilibrium and an os-
cillating TMR under a finite bias voltage. Despite this
oscillation, our calculations reveal that the spin injec-
tion efficiency remains relatively constant in the parallel
configuration and only changes by less than 1% (98.20 -
98.92%) in the antiparallel configuration. These results

highlight the potential of half-metallic, ferrimagnetic in-
verse Heusler alloys as spin injectors for further explo-
ration of tunneling anisotropic magnetoresistance, spin
texture, and spin dynamics for potential spintronic appli-
cations. The half-metallic nature of Mn;CoSi along with
its large TMR value and constant spin injection efficiency
make it a promising material for further investigation and
characterization in experimental studies.
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