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Structure-dependent magnetoresistance and spin-transfer torque in antiferromagnetic
Fe|MgO|FeMn|Cu tunnel junctions
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We predict large magnetoresistance (MR) and spin transfer torque (STT) in antiferromagnetic
Fe|MgO|FeMn|Cu tunnel junctions based on first-principles scattering theory. MR as large as ∼100% is found
in one junction. Magnetic dynamic simulations show that STT acting on the antiferromagnetic order parameter
dominates the spin dynamics, and an electronic bias of order 10−1 mV and current density of order 105 Acm−2 can
switches a junction of three-layer MgO, they are about one order smaller than that in Fe|MgO|Fe junction with
the same barrier thickness, respectively. The multiple scattering in the antiferromagnetic region is considered to
be responsible for the enhanced spin torque and smaller switching current density.
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I. INTRODUCTION

Due to high stability to a parasitic magnetic field and high
working frequency, antiferromagnet (AFM)-based spintronics
[1–3] has attracted much attention both experimentally [4–16]
and theoretically [17–29]. Similar to ferromagnet (FM)-
based magnetic structures, AFM-based structures also have
magnetoresistances (MR) [8–12] to distinguish information
states that can be controlled by spin transfer torque (STT)
[16–27], photomagnetic pulses [4–7], and spin wave [30].
Relativistic spin-orbit torques provide a new powerful tool
to control the magnetization [31–33]. A field-driven AFM
domain-wall velocity induced by Néel spin-orbit torques can
be two orders of magnitude larger than that of the FM
domain wall [34]. Sizable spin torque from enhanced spin Hall
effects in a AFM|normal metal (NM)|FM spin valve (SV) has
been demonstrated [35,36]. However, the poor size-scalability
overshadows the application of the spin-orbit effect [2].

Anisotropic MR (AMR) in AFM-based magnetic structures
such as NM|AFM [8–11] and FM|AFM [35,36] contacts is
relatively small (∼1%). However, if a MgO barrier is inserted
between NM and AMF, a large AMR of up to 100% is
observed at low temperatures [12]. Similar to FM-based SVs,
a reference (ferromagnetic or antiferromagnetic) polarizer
can be introduced to form an antiferromagnetic SV, where
a nonrelativistic structure-dependent MR dominates over the
relativistic MR [12,17,18]. Indeed, antiferromagnetic SVs,
especially perpendicular ones, show merit for large MR,
electronic control, and size-scalability.

Recently, an ultralow switching current density below
106 Acm−2 was predicted in the antiferromagnetic metal-based
SVs [17,37], where the spin torque acting on the antiferromag-
netic order parameter in the whole AFM region. Generally,
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switching current density is proportional to Gilbert damping
coefficient, but inversely proportional to spin transfer effi-
ciency [17]. Enhanced spin transfer efficiency from multiple
reflection was demonstrated in a MgO-based tunnel junctions
[38]. Because multiple reflection can exist naturally in the
AFM, enhanced spin transfer and lower switching current
density are expected in the AFM-based magnetic structures.

Here, we focus on the antiferromagnetic Fe|MgO|FeMn|Cu
junctions, for which γ -FeMn is a well-studied AFM system
with fcc crystal structure and a 3Q noncollinear spin structure.
Under exchange coupling with a magnet, a collinear A|B|A|B
spin structure forms [39]. As a good spin filter, MgO is used to
enhance MR and STT in FM-based junctions, where both the
charge current and spin current are carried mainly by a small
portion of the k|| points in the two-dimensional Brillouin zone
(2D BZ) [38,40]. The transport scheme in the AFM junctions
has advantages over that in AFM|NM|AFM SVs [18], in which
both the charge current and spin current are carried by almost
all the k|| points in the 2D BZ. In this calculation based on first
principles, we predict large MR and STT in Fe|MgO|FeMn|Cu
junctions. Specifically, MR ∼ 100% is predicted in a junction.
Spin-dynamic simulations show that a current density of order
105 Acm−2 can switch a junction of 3-layered (3L) MgO.

This paper is organized as follows. In Sec. II, we provide our
calculation details based on first-principle scattering theory. In
Sec. III, we present our results on Fe|MgO|FeMn|Cu junctions
with ordered and disordered crystal structures. Section IV
presents our summary.

II. METHODS

In this work, we study the spin-dependent transport of the
two terminal multilayers Fe|MgO|FeMn|Cu (see Fig. 1). Two
magnetic structures with different spin structures (L-type and
G-type) in the FeMn layer are considered. In detail, the L-type
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FIG. 1. Schematic two-terminal Fe|MgO|FeMn|Cu junction used
in the calculations. Red arrow in the left lead indicates the fixed
magnetization along the z axis; blue or pink arrow in FeMn indicates
the sublattice magnetization M1/2. We define the antiferromagnetic
order parameter as l = M1 − M2, which is free in the x-z plane with
relative angle θ with respective to the z axis.

is a higher symmetric A|B|A|B structure (upper panel of Fig. 1)
in which the magnetization of layer A is compensated with
that of layer B along the transport direction. The G-type is a
lower symmetric structure (lower panel of Fig. 1) in which the
magnetization of one sublattice is compensated both in-plane
and out-of-plane with that of the another sublattice. The lateral
supercell is used to match MgO with bcc-Fe and fcc-FeMn.
The crystal MgO is reduced by 4% and rotated 45◦ to match
the bcc-Fe. A 5 × 5 lateral supercell of Fe|MgO matches well
with the 4 × 4 lateral supercell of fcc-FeMn (the mismatch is
about 0.5%). A very small mismatch between the fcc-FeMn
and fcc-Cu is neglected, and both FeMn and Cu are compressed
along the epitaxial direction to maintain a volume equal to that
of the bulk to match with Fe|MgO. The coherent potential
approximation (CPA) is used for the potential of the FeMn
alloys, and bulky potentials calculated self-consistently are
put into a wave-function-matching (WFM) transport package
[41]. During transport calculations, we consider the particle
current along the (010) material growth direction, and a 40 ×
40 k-mesh in the full 2D BZ is used to ensure good transport
convergence. Two kinds of imperfects, spin flip (SF) in the
site-ordered FeMn and oxygen vacancy (OV) at the interface
close to MgO, are considered. Over 30 configurations are used
in averaging the configuration convergence. More numerical
details of the electronic structure and transport calculations
can be found elsewhere [18,38,40].

III. RESULTS AND DISCUSSIONS

We next focus on the nonrelativistic structure-dependent
MR, and then shift to STT in the antiferromagnetic region,
and analyze the spin dynamics finally. Therein, two kinds of
defects, OV and SF, are discussed.

A. Structure-dependent magnetoresistance

Figure 2 gives the MR in antiferromagnetic Fe|MgO|Fe0.5

Mn0.5(16)|Cu junctions with clean interface as a function of
MgO thickness; the numbers in the bracket indicate the thick-
ness in atomic layers. We define MR = [G(P ) − G(AP )]/
G(AP ) with conductance G = (e2/h)/A

∫
T r[t(k)t◦(k)]dk

summarized in the 2D BZ at the Fermi level EF . Here, P/AP
denotes the parallel and/or antiparallel structure defined by the
relative angle of 0/π between the magnetic order parameters
of Fe and FeMn, t is the transmission part of the scattering

FIG. 2. Magnetoresistance as function of MgO thickness in
the L-type and G-type antiferromagnetic Fe|MgO|Fe0.5Mn0.5(16)|Cu
junctions with clean interface. The error bar is ∼5%.

matrix s, and A is the section area of the supercell. Both
the site-ordered L-type and G-type junctions show notable
MR, which is also sensitive to the thickness of MgO. The
presence of the MR in the G-type junctions is related to
the reduced symmetry, where only one Oxygen atom sitting
directly on top of the Fe(Mn) atom of FeMn layer in one cell,
and the change of antiferromagnetic order parameter would
change the spin structure. Comparatively, we find zero MR
(and negligible STT on the antiferromagnetic order parameter
at relative angle of 90◦) in a highly symmetric site-ordered
G-type Fe|MgO(3)|bcc-Fe0.5Mn0.5(16)|bcc-Cu junction with
one oxygen atom sitting directly on top of one up-spin Fe
in the FeMn layer and another oxygen atom sitting on top
of one down-spin Fe in one cell, where the reversal of the
antiferromagnetic order parameter does not change the spin
structure. When crystal sites are disordered, an enhanced
MR is found in the L-type junctions, whereas a near-to-zero
MR is obtained in the G-type junctions. With the exception
of the site-disordered G-type junctions, MR increases as
the barrier thickness increases. In detail, for site-ordered
G-type junctions, MR increases from 12% in the 3L MgO
case to 24% in the 9L MgO case. Comparatively, MR in the
site-ordered L-type junctions increases quickly from 22% in
the 3L MgO case to 71% in the 9L MgO case. If the crystal
sites are disordered, an enhancement of 70%/20% is predicted
in the L-type 3/9 L MgO junctions. Enhanced MR is also
found in the L-type junctions with FeMn alloys of different

TABLE I. MR in site-disordered L-type Fe|MgO(n)|FeMn(16)
|Cu junctions with clean interface at θ = 90◦.

n 3 5 7 9

Fe0.25Mn0.75 5 − 26 − 18 31
Fe0.5Mn0.5 35 39 53 84
7Fe0.75Mn0.25 10 101 135 100
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concentrations (see Table I), where a MR ∼135% is found in
a Fe|MgO(7)|Fe0.75Mn0.25(16)|Cu junction.

Similar to the well-studied MgO-based junctions, MR in
the antiferromagnetic Fe|MgO|FeMn|Cu junctions is sensitive
to OV. For the L-type junctions (including both site-ordered
and site-disordered) and the site-disordered G-type junctions,
about 10% OV at the interfaces near to MgO degrade the MR
in Fe|MgO(3)|Fe0.5Mn0.5(16)|Cu by one order of magnitude
compared with clean junctions (several ten percent for clean
junctions to several percent for dirty junctions; see Table II).
For thicker MgO junctions, we get similar results. Hence, to
achieve larger MR, the junctions should be as clean as possible.

Spin disorder, such as SF, changes the magnetization and
shows up in effects on spin-dependent transport. In Table II,
we list MR in Fe|MgO(3)|Fe0.5Mn0.5(16)|Cu with 10% SFs
in FeMn alloy. The SF shows less effect on the MR in the
L-type junctions than in the G-type junctions. For thicker MgO
junctions, we obtain similar results.

B. Spin transfer torques

In driving the magnetic order parameter [42,43], STT is
the favored means as they can be induced by a bias voltage
and thermal gradient [38,44]. With small bias voltages, STT
is almost linear with bias voltage, especially in the MTJs [45],
for which “torkance” (τ ) can be introduced. The magnetic
structure of an AFM can be described by the sublattice
magnetizations Mj (j = 1,2 for the simplest case) with total
magnetization m = M1 + M2 and antiferromagnetic order
parameter l = M1 − M2. Indeed, STT can also be used to drive
the antiferromagnetic order parameter [17–27]. We denote the
STT acting on the total magnetization m and antiferromagnetic
order parameter l as τm (τm = τm1 + τm2 ) and τl (τl = τm1 −
τm2 ), respectively. First, let us take a look at a simple model
with a thin antiferromagnetic layer interacting with a spin
current. For one sublattice magnetization Mj in AFM, the STT
applied to Mj is proportional to Mj × M′ × Mj (in-plane)
and Mj × M′(out-of-plane) with M′ the spin current source.
For the simplest AFM, the in-plane/out-of-plane STT on
M1(2) follows the same/opposite direction as that on M2(1).
Hence, the out-of-plane component of τl (τ⊥

l ) and the in-plane
component of τm (τ ||

m) would be enhanced, whereas the in-plane
component of τl (τ ||

l ) and the out-of-plane component of
τm (τ⊥

m ) would vanish. The model analysis is suitable for a
classical system but is invalid [19] in structures with quantum
states dominating. In classical cases, for which τl/τm → 0, the
spin dynamics are dominated by τm with ultrahigh working
frequencies [20–27]. The spin-glass state can be considered as
classical. A large deviation from the model analysis is observed
in the Fe|MgO|FeMn|Cu junction, as shown in below, where
the spin transport is dominated by quantum states.

From the dependence of STT on MgO thickness
[Fig. 3(a)] for both the site-ordered and site-disordered
Fe|MgO|Fe0.5Mn0.5|Cu junctions with clean interface at rela-
tive angle of 90◦, we find that: (1) both τl and τm exponentially
decrease as the MgO thickness is larger than 3 L. The enhanced
STT from the interfacial resonance states in the ultra-thin (3L)
barrier appears responsible for this deviation. The marked τl (at
relative angle of 90◦) in the site-ordered G-type junction is re-
lated to the reduced symmetry in the lateral supercell structure,

FIG. 3. Spin transfer torque as a function of MgO thickness
(a) in site-ordered antiferromagnetic Fe|MgO|Fe0.5Mn0.5(16)|Cu
junctions with clean interface at relative angle of 90◦ (Inset:
similarly for site-disordered Fe|MgO(3)|Fe0.5Mn0.5(16)|Cu junctions
with clean interface). (b) Layer-dependent spin transfer torque
in site-ordered G-type Fe|MgO(3)|Fe0.5Mn0.5(16)|Cu junctions at
relative angle of 90◦ (Inset: similarly for site-disordered G-type
Fe|MgO(3)|Fe0.5Mn0.5(48)|Cu junctions).

as discussed in the above section, which follows a simple sine
relation with respect to the relative angle rather than a sin(2θ )
relation [19] presented in a simple FM|NM|AFM model. (2) τl

is comparable to τm for both site-ordered and site-disordered
junctions of L-type and G-type. Consequently, the dynamics of
the antiferromagnetic-order parameter would be driven by τl

rather than τm [17,28], with working frequency ωA = γHA

controlled by the anisotropic effective field HA. Note that
ωA is considerably lower than that for the τm-driven case
ω = √

2ωAωE with ωE = γHE and HE is the exchange field.
In detail, τl in the site-ordered and site-disordered L/G-type
Fe|MgO(3)|Fe0.5Mn0.5(16)|Cu junctions are 71/382 × 1014τ0

(τ0 ≡ h̄
2e

k�−1m−2) and 22/122 × 1014τ0, respectively; see list
in Table II. Specifically, τl in the G-type junctions is several
times larger than that in the L-type junctions, and is sensitive
to site disorder. In comparison, τ

||
m is not only stable to site

disorder but also to spin configurations, as demonstrated in
Table II. Furthermore, τ

||
m calculated by the WFM method is

consistent well with that estimated from transmissions via a
free-electron model [46].

Moreover, τl is strongly dependent on the thickness of
FeMn, whereas τm is almost constant. The behavior of τl (as a
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TABLE II. In-plane spin transfer torque in site-ordered and site-disordered L-/G-type Fe|MgO(n)| Fe0.5Mn0.5(16)|Cu junctions with clean
interface with θ = 90◦. The resistance area RA = 1/G(EF ). ηm and ηl are the spin transfer efficiency of STT on the total magnetization
m and antiferromagnetic order parameter l, respectively. VC and JC are the critical bias voltage and critical current density to switch the
antiferromagnetic order parameter, circularly. We assess VC and JC by choosing easy uniaxial anisotropy field of 20 mT and Gilbert damping
coefficient of 0.01 in the spin dynamics simulations.

n (L) MR (%) RA (�μm2) τm (τ0) τl (τ0) ηm (h̄/2e) η
l

(h̄/2e) VC (mV) JC (105 Acm−2)

Site-ordered cases
3 22/12 0.11/0.093 73/93 71/381 0.75/0.80 0.74/3.3 0.17/0.03 1.5/0.35
5 23/16 3.6/2.2 2.4/4.2 2.9/3.9 0.80/0.85 0.96/0.79 4.2/3.2 1.2/1.4
7 46/22 39/26 0.21/0.37 0.25/0.56 0.76/0.88 0.89/1.3 49/22 1.3/0.86
9 71/24 352/245 0.02/0.04 0.02/0.08 0.72/0.89 0.68/1.9 593/147 1.7/0.60
3a 4/2 0.036/0.034 92/97 74/20 0.31/0.30 0.25/0.061 0.17/0.63 4.5/19
3b 22/3 0.11/0.098 80/94 20/4 0.81/0.85 0.20//0.034 0.62/3.3 5.7/34

Site-disordered cases
3 35/0.56 0.13/0.11 72/76 22/6.3 0.83/0.77 0.25//0.064 0.56/2.0 4.5/18
5 39/0.71 3.7/2.3 0.92/1.07 0.91/0.13 0.31/0.23 0.31/0.028 13.5/93 3.7/41
7 53/−0.49 34/27 0.31/0.36 0.21/0.23 0.99/0.83 0.65/0.54 60/53 1.7/2.1
9 84/−1.59 313//239 0.035/0.04 0.14/0.18 0.98/0.91 3.8/4.1 89/66 0.30/0.29
31 4/3 0.039/0.042 88/74 35/33 0.32/0.29 0.13/0.13 0.35/0.36 8.9/8.8
32 27/5.7 0.12/0.12 75/75 37/20 0.81/0.75 0.39/0.20 0.34/0.61 2.9/5.6

a10% OV at interfaces close to MgO.
b10% SF in Fe0.5Mn0.5.

function of FeMn thickness) is different from the recent model
calculations [17,28], where a AFM|NM|AFM spin valve was
studied with the spin torque acting on the antiferromagnetic
order parameter increasing linearly with the thickness of AFM
layers. The difference seems to be the combination effect of an
interfacial effect (as shown in Fig. 3) and multiple scattering
(as shown in Fig. 4).

FIG. 4. (a, b) k|| resolved STT and (c, d) spin transfer efficiency
η = τ (k)/G(k) in units of h̄/2e with G(k) = (e2/h)T r[t(k)t †(k)]
in site-ordered G-type Fe|MgO(3)|Fe0.5Mn0.5(16)|Cu junction with
clean interface at relative angle of 90◦.

To check the spin-transfer behavior in the antiferromagnetic
FeMn, we present the layer-dependent spin torque in the
site-ordered G-type Fe|MgO(3)|Fe0.5Mn0.5(16)|Cu junctions
with clean interface in Fig. 3(b). Here, both τl and τm decrease
quickly with distance from the MgO|FeMn interface [the
behavior is more clear for thicker FeMn layers; see inset
of Fig. 3(b)], indicating that the spin torque may be an
interfacial effect. The behavior is very similar to spin transfer
in FMs. In comparison, the spin torque in an antiferromagnetic
metal-based spin valve spans the whole antiferromagnetic
region [17,18,28].

Of equal importance as the magnitude of spin torque is the
spin transfer efficiency in assessing the spin transfer process.
We give the spin transfer efficiency in Table II for both
STTs as applied to total magnetization and antiferromagnetic
order parameter. The spin transfer efficiency of the STT
on the total magnetization (ηm) is seen to be close to but
less than one unit for most cases, which is quite stable in
the presence of defects such as OV and SF. The high-spin
transfer efficiency is related to strong spin filtering of the MgO
barrier. However, the spin transfer efficiency of the STT for
the antiferromagnetic order parameter (ηl) is sensitive to not
only barrier thickness but also defects (Table II). Surprisingly,
we find ηl is larger than one unit in several junctions. For
example, ηl of 3.3 h̄/2e is observed in the site-ordered G-type
Fe|MgO(3)|Fe0.5Mn0.5(16)|Cu junction with clean interface at
the relative angle of 90◦. By comparing the STT with η in the
junctions, we find that high η contributes largely in enhancing
STT.

To check the enhanced τl and ηl , we give k||-resolved τ and
η in the site-ordered G-type Fe|MgO(3)|Fe0.5Mn0.5(16)|Cu
junction with clean interface at relative angle of 90◦ (Fig. 4).
Both τm and τl are mainly from hot spots in the 2D BZ, and
the pattern of the former is close to that of the transmission,
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indicating that spin transfer is carried mainly by resonance
states. Hot k|| points with maximum ηm ∼ 1.4h̄/2e and ηl ∼
85h̄/2e are observed, indicating that spin transfer occurs more
than once. Considering the relative angle of 90◦ between the
magnetization of the left lead and the order parameter of FeMn,
the spin transfer efficiency contributed by the MgO|FeMn
interface does not exceed one unit, and multiple spin transfer
may stem from the FeMn region.

Replacing Mn by Fe, a Fe|MgO|AFM-Fe|Cu junction is
formed. We find τl in both the L-type and G-type junctions
are several times larger than τm. In detail, τm ∼ 146/81 ×
1014τ0 and τl ∼ 486/346 × 1014τ0 are observed in the L-/G-
type Fe|MgO(3)|AFM-Fe(16)|Cu junctions at relative angle of
90◦. That is, multiple spin transfer is found in both the L-type
and G-type junctions.

Furthermore, OV shows less effect on τm for both
site-ordered and site-disordered junctions. τm of 97/92 ×
1014τ0 and 88/74 × 1014τ0 are found in the site-ordered and
site-disordered G − /L − type Fe|MgO(3)|Fe0.5Mn0.5(16)|Cu
junctions with 10% OV at Fe|MgO and FeMn|MgO interfaces,
respectively; see Table II. They are slightly larger than those
in the correspondingly clean junctions, respectively. The
enhancement in spin-dependent transmissions from vertex
scattering in the dirty junctions may be responsible for the
enhanced spin torque. In comparison, OV at interfaces would
enhance τl in the G-type junctions but suppress τl in the L-type
junctions.

Similar to OV, τl /τm is sensitive/insensitive to SF in
the antiferromagnetic region. τm of 80/94 × 1014τ0, and
75/75 × 1014τ0 and τl of 20/4 × 1014τ0 and 37/20 × 1014τ0

are found in the site-ordered and site-disordered L-/G-type
Fe|MgO(3)|Fe0.5Mn0.5(16)|Cu junction in the presence of 10%
SF, respectively. Hence, to achieve large τl , spin disorder
should be avoided.

From angular-dependent STT, we can estimate the critical
switching bias voltage and current by a phenomenological
Landau-Lifshitz-Gilbert (LLG) equation [17]. We find that
the angular dependency in STT for both L-type and G-type
junctions follows simple trigonometric functions. Consider-
ing a single AFM domain with easy uniaxial anisotropic
field HK ∼ 20 mT along the z direction and Gilbert damp-
ing coefficient of 0.01, we estimated the critical switch-
ing bias voltage VC and critical current density JC in
Fe|MgO|Fe0.5Mn0.5(16)|Cu junctions (Table II). As barrier
thickness increases, VC increases exponentially. Also G(EF )
(G = 1/RA) decreases exponentially, while JC , the product
of VC and G(EF ), is of order 105 Acm−2 and changes less with
MgO thickness. For example, VC of 0.17/0.032 mV and JC

of 1.5/0.35 × 105 Acm−2 is found in site-ordered L-/G-type
Fe|MgO(3)|Fe0.5Mn0.5(16)|Cu junctions. Both VC and JC are
about one order smaller than those in Fe|MgO|Fe junctions
[38,47] with the same barrier thickness, respectively. The
reduction in VC and JC , compared with those in Fe|MgO|Fe
junctions, should be related with: (1) enhanced spin torque by
multiple spin transfers in the AFM region (Fig. 4), (2) absence
of shape anisotropy, and (3) symmetric angular dependence
in spin torque. Furthermore, the uniaxial anisotropy in AFM
depends on thickness. This is similar to that in FM. A small
HK of less than 1 mT in thin FeMn has been estimated in

the NiFe|FeMn|CoFe multilayer [48]. Using this parameter
value, VC and JC would be one order smaller than the numbers
above.

So far, we conclude that the spin dynamics in the antifer-
romagnetic Fe|MgO|FeMn|Cu junctions is driven by τl with
low working frequency. The conclusion is weakly contingent
on the right lead materials, and similar spin dynamic behaviors
are observed in junctions with the right Cu lead replaced by
metals such as bcc-Cr, fcc-Ag, and fcc-pt. Moreover, the spin
dynamics in an AFM driven by τm is as effective as that driven
by τl . For example, the spin Hall effect [49,50] at the NM|AFM
interface can induce pure τm in the absence of a particle current
across the AFM, which driving the spin dynamics at very high
working frequency.

However, it is hard to observe MR in FeMn-based
structures experimentally, partly because the spin structure
is complex [51–54] in FeMn. If the spin structure in
FeMn is simply collinear, MR would be easily observed
experimentally. An experimental study [39] shows that the
introduction of an exchange bias in the FeMn|Co interface
can collinearly stabilize the antiferromagnetic order parameter.
Moreover, the collinear spin structure is also experimen-
tally demonstrated in bulky antiferromagnetic Mn2Au [55]
and CuMnAs [56]. We expect an experimentally observed
nonrelativistic MR in this collinear antiferromagnetic spin
structure.

IV. SUMMARY

Based on first-principles scattering theory, we predict
large MR and STT in antiferromagnetic Fe|MgO|FeMn|Cu
junctions. A larger MR ∼ 100% was found in one junction.
Spin torque acting on antiferromagnetic order parameters τl

is the same order as that acting on the total magnetization τm.
The marked MR and τl in the site-ordered G-type junctions
are related to reduced symmetry in the system. Both MR
and STT are sensitive to interfacial OV and SF in the FeMn
region. Spin dynamics, studied using a phenomenological
LLG equation, suggest that τl rather than τm drives the
magnetic dynamics. An electronic bias of order 10−1 mV and
current density of order 105 Acm−2 are predicted to efficiently
switch a junction with a 3L MgO barrier, which are one
order smaller than those in the Fe|MgO|Fe junction with the
same barrier thickness, respectively. Multiple spin transfer
existing in the antiferromagnetic region may be responsible
for the enhanced spin torque and small switching current
density.
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