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Rashba spin-orbit coupling induced modulation of magnetic anisotropy
in canted antiferromagnetic heterostructures
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The combined effect of charge transfer, broken symmetries, and spin-orbit coupling (SOC) yields interfacial
magnetism and transport in spatially asymmetric quantum oxide heterostructures. The polar nature of such
interfaces activates the Rashba effect which provides a platform to modify the electronic band structure, whereas
the presence of competing magnetic anisotropies is essential for deriving the topologically nontrivial spin
textures. Entanglement of these two effects wherein the Rashba physics can be utilized to manipulate magnetic
anisotropy (MA) is contemplated as a pathway to alternative electronic states. Here, using the CaMnO3/CaIrO3

heterostructure as a template, we demonstrate that Rashba SOC modulates the MA and controls the sign and
magnitude of anomalous Hall conductivity consequent to the modification in the electronic band structure via
the reconstruction of Berry curvature. This approach to tune and control the multipronged magnetotransport
phenomena via Rashba SOC (without external bias voltage) is potentially relevant for spin-orbitronics function-
alities.

DOI: 10.1103/PhysRevB.107.064420

In complex quantum materials, spontaneous symmetry
breaking is at the core of emergent phases such as super-
conductivity, antiferromagnetism (AFM), and ferroelectricity
[1,2]. In recent times, breaking of the space inversion sym-
metry in the spin-orbit coupled (SOC) systems has been
explored for the efficient spin-to-charge interconversion—
a feature that is driving the development of the emerging
field of spin-orbitronics [3–5]. Here, spatial asymmetry at
the two-dimensional (2D) interfaces induces the perpendic-
ular built-in electric field which, in the presence of SOC,
lifts the degeneracy of the electronic band structure with the
momentum-dependent spin-split subbands. Charge carriers
passing through this electric field experience an effective mag-
netic field that gives rise to momentum-dependent Zeeman
energy—also known as the Rashba SOC [6,7]. The associated
Rashba Hamiltonian is written as HR = αR(k × σ ) · z, where
σ is the vector of the Pauli spin matrices, z is the unit vector
perpendicular to the interface, k is the momentum, and αR is
the Rashba coefficient which varies linearly with the electric
field and SOC.

In SOC systems, the presence of an electric field perturbs
the trajectory of the electron based on the direction of the
angular momentum. This anomalous contribution to the ve-
locity is induced by the Lorentz force produced by the Berry
curvature �(p) ∝ αR∇p × (σ × p), which depends on the
intrinsic properties of occupied electronic states [8]. Nonva-
nishing Berry curvature in systems with broken time-reversal
symmetry gives rise to off-diagonal conductivity which
contributes to the intrinsic anomalous Hall effect (AHE). Var-
ious intriguing physical properties of Rashba materials are
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explained in the context of Berry curvature and the associated
Berry phase. The resultant modification in the velocity due to
the Rashba effect can be deduced according to Va = ∂pĤR =
−(αR/h̄)z × σ [3].

In 3d−5d transition-metal-based heterostructures, SOC
has been key in realizing varieties of exotic phenomena at the
interface such as spin-momentum locking, magnetic phases,
intrinsic AHE, and topologically nontrivial spin textures
[9–12]. In addition, charge transfer in oxide heterostructures
build voltage potential across the interface that activates the
Rashba effect [13]. The entanglement of the spin and orbital
degrees of freedom in these heterostructures can be executed
through the Rashba effect in controlling and manipulating
the spin currents. Further, SOC along with crystal symmetry
determines the magnetic anisotropy (MA) of the materi-
als. Hence, interfacial spin-based phenomena and magnetic
textures can be controlled and tuned intrinsically by SOC.
The competing MAs can lead to noncollinear spin texture
with topological band structure. Extrinsically, modulation of
MA can be driven by the applied electric field or exchange
bias (EB). However, studies elucidating SOC-controlled MA
are much needed but are rare. Also, the change in the
easy axis is reported for the different heterostructures which
presents hindrance in realizing switching-based memory
devices.

Despite promising transport phenomena induced by
Rashba SOC in the presence of effective bias voltage at the
oxide interfaces [13–15], the challenge is to enhance and
control Rashba SOC in the absence of bias voltage for the
energy-efficient spin-orbitronics application. In this paper, we
present transport studies on CaMnO3/CaIrO3 heterostruc-
tures, having charge transfer from the Ir to the Mn site at
the interface that varies with the constituent layer thickness.
In its ground state, CaIrO3 is a paramagnetic semimetal.
In low dimensions, the CaIrO3 period possesses a larger
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FIG. 1. (a) Magnetoresistance MR(H )% = [ R(H )
R(0) − 1

] × 100% measured at various temperatures for (MI84)5. For H ‖ a, MR was
measured with the current applied along the in-plane (H⊥a) direction. (b) Comparison of MR at 10 K for (MIxy)z superlattices. Dashed
lines in (a) and (b) denote MR% = 0. (c) Quantum-corrected magnetoconductance (�G/G0 )[�G(H ) = G(H ) − G(0)] at T = 10 K with the
fit to the Hikami-Larkin-Nagaoka (HLN) equation. Open symbols show experimental data, whereas solid lines represent the fit to HLN theory.
(d) Variation in effective fields of spin-orbit coupling (SOC; Bso ) scattering terms, and the Rashba SOC coefficient (α).

electron correlation U, resulting in increased resistivity and
a canted AFM phase. Insulating CaMnO3 too is a canted
AFM in the same dimensions. In addition, both layers have
a similar sense of structural distortion of (a−, a−, c+) type
in low dimensions. This combination of similarity of mag-
netic phase and structural distortion is a unique attribute and
can be argued to be a decisive factor for a strong inter-
layer coupling [16]. In these canted AFM heterostructures,
Rashba SOC reconstructs the Berry curvature and enhances
the intrinsic anomalous Hall conductivity by two orders of
magnitude. The heterostructure with the pronounced strength
of Rashba SOC shows the modulation in MA via the rotation
of the magnetization easy axis. This modulation is remarkably
controlled in a single architecture or superlattice and can
be tuned over a broad range of temperatures and magnetic
fields.

X-ray absorption spectroscopy (XAS) reveals that
[(CaMnO3)x/(CaIrO3)y]z heterostructures [labeled (MIxy)z,
where M and I refer to CaMnO3 and CaIrO3, respectively]
exhibit thickness-dependent charge transfer across the
interface. Results of this study reported in Ref. [16] confirm
transfer of charge from Ir at the interface with Mn. These data
further suggest that the charge transfer depends on the number
of both CaIrO3 and CaMnO3 layers (and available carriers).

In this context, three superlattices—(MI84)5, (MI58)4, and
(MI22)8—with the successive decrease in the charge transfer
were chosen to understand the correlation of Rashba SOC
in manipulating MA. Details of XAS and magnetization
measurements are given in Ref. [16].

Figure 1(a) shows the magnetoresistance (MR) measured
at various temperatures for (MI84)5. At 50 K, a cusplike
feature in the low-field region appears with definite but-
terfly hysteresis that broadens with decreasing temperature.
Notably, <30 K, the hysteresis becomes nonmonotonic in
the low-magnetic-field region, and at 20 K, the polarity of
the peak resistivity in butterfly hysteresis reverses [inset,
Fig. 1(a)]. This tentatively suggests a shift in the magneti-
zation easy axis from the out-of-plane [100] to the in-plane
[010] direction. A comparison in Fig. 1(b) reveals that,
at 10 K, all three superlattices exhibit this cusplike fea-
ture. The temperature dependence of MR(H) (Supplemental
Material Fig. S1 [17]) suggests that, with decreasing charge
transfer on moving from (MI84)5 to (MI22)8, the hysteresis
appears at lower temperatures with no sign of peak polarity
reversal.

For 2D systems, SOC is associated with weak antilocal-
ization (WAL) [18,19], wherein the destructive interference
of the backscattered electrons results in the cusplike feature
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at the small magnetic field with positive MR. In contrast,
negative MR in the high-magnetic-field region originates from
weak localization (WL) due to the constructive backscattering
of electrons [20,21]. The crossover from positive to negative
MR with an increasing magnetic field suggests the simultane-
ous presence of SOC and WL in these heterostructures [22]. In
such systems, Rashba SOC can be calculated according to the
quantum correction theory of magnetoconductance associated
with WAL [23]. To deduce charge-transfer-induced interfacial
Rashba SOC in CaMnO3/CaIrO3 heterostructures, we plot-
ted the normalized magnetoconductance �G(H )

G0
[Fig. 1(c)].

The coexistence of WAL and WL results in the minima in
the magnetoconductance. The magnetic field associated with
this minimum (Bmin) is roughly proportional to the strength
of SOC [24]. As expected, with the increase in the charge
transfer from (MI22)8, (MI58)4 to (MI84)5, the cusp fea-
ture becomes more prominent, and the associated Bmin also
increases, suggesting an increase in the Rashba SOC. A sim-
ilar enhancement of the cusp feature has been observed in
LaAlO3/SrTiO3 heterostructures under the application of a
large electric field of 100 V [25,26].

Quantum-corrected magnetoconductance of a 2D sys-
tem with SOC and WL at low perpendicular fields can be
expressed by the Hikami-Larkin-Nagaoka (HLN) equation
[23] as
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Here, ψ is the digamma function, and G0 is the universal
conductance constant; 1.2 × 10−5 S. Also, Be, Bi, and Bso are
effective fields of elastic, inelastic, and SOC-induced scatter-
ing terms, respectively. The HLN fit of magnetoconductance
in Fig. 1(c) depicts good agreement of the data with the
theoretical model. We determined the Rashba SOC coeffi-
cient using the relation α = (eh̄3 BSO )

1/2

m∗ , where m∗ = 3me is
the effective mass of electron [27,28]. For the Ir-based oxide
systems, m∗ of the electron depends on film thickness due to
the quantum confinement [29]. However, for IrO2, the change
in m∗ is found to be only 10–20% for the increase of film
thickness from 3 to 9 monolayers. Similarly, for several other
oxide and nonoxide systems too, m∗ is found to be weakly
dependent on the film thickness [30–36]. Hence, in this paper,
we have considered m∗ to be constant for all three superlat-
tices. Thus, extracted parameters of Bso and α, as presented in
Fig. 1(d), demonstrate the enhancement in Rashba SOC with
the increase in the charge transfer fraction across the interface
in CaMnO3/CaIrO3 heterostructures.

Figures 2(a)–2(b) show the Hall resistivity (ρxy) of
(MI84)5 and (MI58)4 superlattices at various temperatures.
Below 70 K, both heterostructures exhibit AHE with well-
saturated hysteresis. Recent reports suggest that 3d−5d-based
heterostructures with noncollinear AFM structure can exhibit
AHE [37,38]. In materials having broken time-reversal sym-
metry in the presence of strong SOC, the intrinsic or extrinsic

origin of AHE can be deduced from the relationship between
anomalous Hall resistivity (ρAHE

xy ) and longitudinal resistivity
(ρxx ) [10,39]. A scattering rate-independent ρAHE

xy of intrinsic
origin varies quadratically with respect to ρxx, whereas ex-
trinsic AHE arising from the skew scattering varies linearly
with ρxx [40–42]. The intrinsic AHE is associated with the
topology of the electronic band structure via the Berry phase
[39,43].

To deduce the origin of AHE in CaMnO3/CaIrO3

heterostructures, ρAHE
xy (T ) was plotted as a function of

ρ2
xx(T )(μ0H = 0) [Fig. 2(c)]. The value of ρAHE

xy (T ) was
taken for μ0H = 9 T, where both magnetization and ρxy

are saturated. For (MI84)5, a quadratic dependence between
ρAHE

xy (T ) and ρxx indicates the scattering-independent intrin-
sic origin of AHE invoking the Berry phase, whereas for
(MI58)4, ρAHE

xy (T ) deviates from the quadratic dependence.
Speculating the origin in skew scattering for (MI58)4, ρAHE

xy
was fitted linearly as a function of ρxx, but no satisfac-
tory fit was obtained. However, σxx ∼ 150 − 180 �−1 cm−1,
as obtained from scaling behavior, puts (MI58)4 into the
moderately dirty metal limit. Based on the theoretical ap-
proach utilizing Berry curvature for SOC material in a
moderately dirty metal region, the intrinsic scattering from
the Berry phase yields ρAHE

xy independent of ρxx, a sce-
nario that is not followed in the case of (MI58)4 [9,44,45].
However, the (MI58)4 superlattice does not show the ex-
pected scaling between ρAHE

xy (T ) and ρxx; other 3d−5d
heterostructures near the moderately dirty metal limit have
been reported to show characteristic dissipation-less intrinsic
AHE [9,45].

To get further insight into the origin of AHE, angular
dependence of the Hall effect was measured [Fig. 2(d)].
The magnitude of AHE decreases as the magnetic field di-
rection rotates in the yz plane with an angle θ away from
the normal axis, indicating the intrinsic nature of AHE aris-
ing from the Berry phase in both (MI84)5 and (MI58)4

superlattices [46]. Similar behavior manifests in systems
like Co single crystals, too [47]. At higher temperatures,
the angle dependence of AHE decreases, suggesting the
strength of Berry curvature reduces in accordance with the
temperature dependence of AHE (Supplemental Material
Fig. S2 [17]).

To understand the effect of Rashba SOC strength on AHE,
we compare ρAHE

xy at 30 K for (MI22)8, (MI58)4, and (MI84)5

(Fig. 3). AHE for (MI22)8 is positive, with ρAHE
xy > 0 for

M > 0. With an increase in Rashba SOC, the sign of AHE
reverses, and a negative sense of AHE with ρAHE

xy < 0 for
M > 0 is observed with increasing hysteresis coercivity. The
magnitude of AHE also enhances systematically with increas-
ing Rashba SOC. An overall two orders of magnitude increase
from (MI22)8 to (MI84)5. Results of AHE show that inter-
facial Rashba SOC can greatly influence the electronic band
properties of these heterostructures.

The ab initio calculations and XAS measurements reported
in the literature suggest that, for CaMnO3/CaIrO3 interfaces,
Mn-O-Mn interactions along the xy plane are ferromagnetic
(FM) double exchange interaction, whereas Ir-O-Mn inter-
actions are antiparallel superexchanges along the z direction
[11]. Charge transfer across these interfaces can induce spin
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FIG. 2. Transverse Hall resistivity (ρxy ) as a function of the perpendicular magnetic field measured at temperatures in the 10–70 K range
for (a) (MI84)5 and (b) (MI58)4 superlattices. (c) Plots of ρxy vs ρ2

xx . Symbols represent the value of ρxx (T ) at μ0H = 0 and ρAHE
xy (T ) for

μ0H = 9 T, where Hall resistivity is saturated. A solid line represents a straight line fit to the experimental data. (d) Angular dependence of
anomalous Hall effect at T = 10 K. Inset depicts the rotation geometry of the magnetic field with the current applied perpendicular to the
magnetic field.

polarization [Ps = DOS↑(EF )−DOS↓(EF )
DOS↑(EF )+DOS↓(EF ) ] due to larger DOS(EF )

resulting from the different effective masses in t2g and eg

bands. This spin polarization and hence the AHE can be tuned
via the fraction of charge transfer (x) across the interface. For
low x, Ps > 0 results in the positive sense of AHE, while for
higher x, Ps < 0 gives a negative sense of AHE.

The sign reversal of AHE can also be understood in terms
of the relationship between the intrinsic AHE and the integra-
tion of Berry curvature � of all the occupied Bloch bands. In
2D FM materials, the motion of the electrons can be affected
by the nonzero Berry curvature in momentum space, giving
rise to intrinsic AHE. In that case, the Hall conductivity (σxy)
can be calculated by integrating the Berry curvature � in the

FIG. 3. Transverse Hall resistivity for (MI22)8, (MI58)4, and (MI84)5 measured at T = 30 K.
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first Brillouin zone as [39,48]

σxy = − e2

2πh
∫BZ �(�k)d2�k.

Here, e is the elementary charge, h is the Planck constant, and
�k is the momentum wave vector. Under the applied perpen-
dicular magnetic field, the spontaneously ordered magnetic
moments deviate the motion of electrons toward the high
(low) potential side, and the intrinsic AHE with a positive
(negative) sign emerges for

∫
� < 0 (

∫
� > 0). Thus, the

sign reversal of AHE in CaMnO3/CaIrO3 interfaces suggests
that Rashba SOC significantly influences the electronic band
structure via the reconstruction of Berry curvature and the
Berry phase.

Magnetization results on these heterostructures show the
highest saturation moment for a thinner superlattice (MI22),
which decreases with the increase in the thickness [16]. In
contrast to magnetization, the stronger AHE is observed for
the (MI84)5 superlattice having the lowest magnetization.
The fraction of the charge transfer influences the magnetic
superexchange interaction in addition to the spin polarization.
The Hamiltonian that depicts the magnetic moment alignment
is given as [49]

H̃ = −tcos

(
β

2

) ∑
〈i j〉

(a†
i↑a j↑ + H.c.)

∑
〈i j〉

Jex(m̂i · m̂ j ),

which simplifies into an energy equation E =
−4x|t |cos( β

2 ) + Jexcos(β ), where a†/a are the cre-
ation/annihilation operators, t is the hopping integral,
β is the angle deviating from FM alignment, Jex is the
superexchange coupling, and x is the charge transfer fraction.
Hence, the amount of the charge fraction x transferred across
the interface decides the alignment of Mn magnetic moment
in CaMnO3 layers. For adequately high x, Mn and Ir moments
are AFM coupled, while Mn is FM coupled [9,49]. However,
low x results in the canted AFM ordering of Mn moments
along the xy plane. Thus, (MI84)5 has a higher Mn3+ and
Mn4+ ratio with larger FM exchange of Mn moments,
whereas in the bulk part of CaMnO3 where charge transfer
decays exponentially, AFM interactions are dominant. These
results indicate that most of the AHE resides at the interface
and within the CaMnO3 layer.

The observed enhancement in AHE can also be correlated
to the SOC strength. According to the first-order approxima-
tion, AHE is proportional to SOC [39], and therefore, the
successive increase in the magnitude of AHE from (MI22)8

to (MI84)5 also augments the role of Rashba SOC in al-
tering interfacial magnetism and electronic band structure in
CaMnO3/CaIrO3 heterostructures. Similar results on the role
of interface-induced Rashba SOC in modifying AHE have
been reported for p−i−n junctions, magnetic topological in-
sulator heterostructures, etc. [13,50].

To probe the MA of CaMnO3/CaIrO3 heterostructures,
anisotropic MR (AMR) was measured in a detailed tempera-
ture and magnetic field range. The applied magnetic field was
rotated in the yz plane with respect to the superlattice, and
AMR was calculated as

AMR(%) = ρ[B(θ )] − ρ[B(θ = 90◦)]

ρ[B(θ = 90◦)]
× 100%,

where θ denotes the angle between the magnetic field and
axis normal to the heterostructure. AMR measurements were
carried out in the zero-field cooling protocol. Figure 4(a)
presents thus measured AMR for (MI84)5 at 25 K with
varying magnetic field strengths. AMR exhibits twofold si-
nusoidal oscillations, while clockwise and counterclockwise
rotation of the sample exhibits hysteresis in AMR oscillations
(Supplemental Material Fig. S8 [17]).

The most remarkable feature of this AMR is the π /2 phase
shift in the peak position accompanied by the sign reversal.
For a low magnetic field, the minimum around θ = 180◦ sug-
gests that the easy axis is close to the out-of-plane direction
[Fig. 4(a)]. Here, AMR is mostly positive. In the intermediate
magnetic field range, the minima gradually shift toward lower
θ with the positive-to-negative crossover in the AMR sign.
For the higher field >7 T, a maximum phase shift of π /2
with the minima around θ = 90◦ reveals that the easy axis is
close to the in-plane direction. For (MI84)5, this modulation
in the MA is also observed as a function of temperature. The
comparison of AMR polar plots in Fig. 4(b) for T = 2 and
40 K depicts a clear phase shift of π /2. Detailed comparison
of AMR data is given in Supplemental Material Fig. S4 [17].
For (MI84)5, this modulation of MA can be tuned system-
atically over a broad temperature and magnetic field ranges
[Fig. 4(c)]. The scattered data point represents the dominant
AMR% (i.e., dominance of AMR oscillation in the positive
or negative region) in varying temperature and magnetic field
ranges (red symbols for positive AMR and blue for negative
AMR). The inset of Fig. 4(c) suggests that, for 2 K, AMR
is negative throughout the range of magnetic fields. Circular
symbols show the variation in AMR ratio with temperature
for μ0H = 9 T. A transition in the sign reversal starts at
14 K. Magnetic field dependence for 20 and 30 K presented by
square and diamond symbols, respectively, shows shifting of
transition toward the lower magnetic field with increase in the
temperature. A systematic shift in the phase reversal is seen
from the data in Supplemental Material Fig. S4 [17]. For 50 K,
a complete crossover of the easy axis close to the in-plane di-
rection with a positive sign dominates for the entire magnetic
field range [inset of Fig. 4(c)]. A close inspection of AMR
oscillations in the range of 8–20 K reveals the modulation
of MA via the slow and gradual rotation of the magnetiza-
tion easy axis which starts to appear with the difference in
the scattering intensities associated with the [100] and [1̄00]
directions (Supplemental Material Fig. S5 [17]).

In Fig. 5(a), we compare AMR measured at various tem-
peratures for μ0H = 7 T for all three superlattices. With the
decrease in the strength of Rashba SOC from (MI84)5 to
(MI58)4, the transition accommodating phase shift moves
toward higher temperature, whereas no such magnetic-field-
induced transition is observed throughout the temperature
range of measurements for (MI58)4 (Supplemental Material
Fig. S6 [17]). For the weakest strength of Rashba SOC as in
(MI22)8, this transition vanishes completely (Supplemental
Material Fig. S7 [17]). Further, in Supplemental Material
Fig. S8 [17], we show the modulation of anisotropy in the
superlattices with variation in the CaIrO3 thickness. For the
CaIrO3 3 unit cell thickness in (MI33), we do not see any
signature of the change in MA both as a function of magnetic
field and temperature. For (MI44), a clear rotation of the
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FIG. 4. (a) θ -anisotropic magnetoresistance (AMR) of (MI84)5 at 25 K with increasing magnetic field strength. The schematic in the inset
shows the applied magnetic field was rotated in the yz plane with respect to the superlattice and the current was passed along the pseudocubic
[001] direction. A dashed line guides the modulation of the anisotropy with a magnetic field evident from the sign and phase change of AMR.
(b) Polar plots comparing θ -AMR for T = 2 and 40 K (μ0H = 7 T) show a phase shift of π /2. (c) The scattered data point represents the
dominance of AMR oscillation in the positive (red symbols) or negative region (blue symbols). AMR data for 2 and 50 K in the inset suggest
an absence of magnetic-field-mediated rotation of the easy axis. Temperature dependence of AMR for μ0H = 9 T presented by circles.

magnetization easy axis is observed which supports the ob-
servation of modulation of anisotropy in (MI84). Further, we
also present the results of the (MI82) superlattice which is
a low CaIrO3 thickness prototype of the (MI84) superlattice;
no modulation of MA is observed. The shift in the transition
temperature with the strength of Rashba SOC in different

superlattices is demonstrated in the histogram in Fig. 5(b).
To surmise, these data highlight the role of Rashba SOC in
tailoring MA of the oxide heterostructures.

Recent efforts to modulate the magnetization easy axis
have been achieved by tuning SOC, epitaxial strain, oxy-
gen octahedra rotation, switching of noncollinear magnetic

FIG. 5. (a) and (b) Temperature dependence of θ -anisotropic magnetoresistance (AMR) at μ0H = 7 T for (MI84)5, (MI58)4, and (MI22)8

showing shift in the transition temperature with the strength of Rashba spin-orbit coupling (SOC). (c) Retention property of the switching
between on and off states obtained by rotating the magnetization easy axis by magnetic field (T = 30 K, θ = 110◦).
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structure between AFM and FM states, and the spin-flop
transition [51–55]. For example, rotation of the magnetiza-
tion easy axis in La2/3Sr1/3MnO3/SrIrO3 heterostructures has
been attributed to strong SOC mediated through the emer-
gence of a spin-orbit state in SrIrO3 [51]. Previous efforts to
modulate MA were mainly focused on the FM materials or on
the heterostructures interfacing FMs with the SOC materials.
Further, the change in the magnetization easy axis has been
obtained as a function of architecture of the heterostructure—
a demonstration that requires several heterostructures. This
presents a hindrance in realizing the spintronics-based devices
utilizing MA as a key property. In this paper, we highlight
the role of Rashba SOC in manifesting the modulation of MA
in a single architecture of the canted AFM heterostructures
which provides excellent groundwork for the development
of desirable switching memory devices for AFM spintronics
application. In the recent times, AFM materials have been
proven to drive the technological change for their potential
utility in the emerging field of AFM spintronics. On the
other hand, Rashba physics-based phenomena have been the
cynosure of the upcoming field of spin-orbitronics. Both areas
present an opportunity for the development of energy-efficient
devices with faster operationality. In this paper, we combine
these two important features in one system, enhancing the
fundamental understanding for the development of multifunc-
tional devices having unified control of Rashba SOC.

In Fig. 5(c), retention properties of the anisotropic resis-
tive states show nonvolatile switching, where the on and off
states were obtained by reorientation of the easy axis from
the out-of-plane to the in-plane direction by switching the
magnetic field between 1 and 5 T, respectively (Supplemental
Material Figs. S9 and S10 [17]). Extrinsic contributions such

as the presence of an EB field can also alter the MA of the
materials [56]. The role of the EB field of 35 Oe in (MI84)5

is also evaluated in detail in Supplemental Material Figs. S11
and S12 [17]. For two reasons, the contribution of EB can
be expected to be negligible: (i) For the maximum EB at 10
K, (MI84)5 exhibits minimum modulation in anisotropy; and
(ii) absence of EB in the (MI58)4 heterostructure shows the
change in MA.

In conclusion, we show the effective tuning of transport
phenomena at 3d−5d interfaces by Rashba SOC. Berry-
phase-driven spin texture and MA can be engineered by
the pronounced SOC in the absence of an electric field.
Switching between these anisotropy-governed resistance
states offers a perspective to design nonvolatile multifunc-
tional memory devices. In this paper, we also provide the
ground to formulate desirable control of Rashba SOC with-
out applied bias voltage for operational spin-orbitronics
application.
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