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This article uses density functional theory calculations to explore the structural, electronic, and

magnetic features of a ferromagnet/ferroelectric Fe/BaTiO3 heterostructure, which possesses

a complex non-collinear magnetic structure. The presented research focuses on the evolution

of spin systems under the influence of external fields, namely the reorientation of magnetic

moments driven by electric-field-induced polarization switching and lattice strain. We demon-

strated that the electronic and magnetic properties of the thin ferromagnetic Fe film can be

effectively tuned by applying an external electric field – simply by altering the polarization di-

rection of the ferroelectric BaTiO3. By incorporating spin-orbit coupling into the computation

scheme, we evaluated the relative structural distortions, magnetic moments in atomic layers,

atom- and orbital-resolved density of states, magnetic anisotropy energies, and easy magnetiza-

tion directions.

PACS: 73.20.-r, 73.20.At

Keywords: ferroelectric, heterostructure, noncollinear magnetism, density functional theory, ME cou-
pling, reverse magnetostriction.

1. Introduction

Converse magnetoelectric coupling refers to the phenomenon where an applied electric field or

electric polarization induces changes in the magnetization of a material, as opposed to the direct

effect where a magnetic field induces electric polarization. This effect is central to multiferroic

and composite materials that combine ferromagnetic and ferroelectric properties. The converse

magnetoelectric effect influences spin dynamics by enabling electric-field control over spin pre-

cession, domain wall motion, and spin wave excitations. This effect is the topic of many studies

today [1–7] due to its potential applications in modern electronics. This phenomenon enables

the manipulation of a material’s magnetic properties by an external electric field and the con-

trol of the electrical properties by a magnetic field, providing numerous opportunities to solve

problems of modern electronics [8–10].

Materials exhibiting magnetoelectric coupling are promising candidates for components in

magnetoresistive memory devices and spin valves [11–14]. The ability to control magnetic prop-

erties through electric fields can lead to more energy-efficient and scalable memory technolo-

gies. Recent studies have shown that heterostructures, where a magnetic material is epitaxially

grown on a ferroelectric substrate, can exhibit multiferroic properties. For example, ab initio

studies of Fe/BaTiO3, Co/BaTiO3, and Ni/BaTiO3 superlattices have revealed the possibility

of controlling the magnetic properties of a ferromagnet by changing the direction of ferroelectric

polarization [15–17]. Moreover, first-principles calculations predict strong coupling in double

transition metal dichalcogenide NbVS4, where an applied electric field can induce a transition

between ferromagnetic and antiferromagnetic states, offering a promising platform for tunable

spintronic devices [18].
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Another approach to modulating the magnetic properties of thin ferromagnetic films in fer-

romagnet/ferroelectric (FM/FE) heterostructures is reverse magnetostriction. This effect, also

known as the Villari effect, refers to the phenomenon where mechanical stress applied to a

magnetic material alters its magnetization. In other words, stretching or compressing a ferro-

magnetic sample changes the orientation and magnitude of its magnetic domains, thus modifying

its overall magnetization. Studies indicate that mechanical deformation of the ferroelectric layer

generates an electric field, which can modulate the magnetization of the neighboring ferromag-

netic film [19–23]. This opens new possibilities of manipulating spin textures such as domain

walls and skyrmions, making reverse magnetostriction a tool for controlling magnetoelectric

devices.

Recent advancements have expanded the understanding of magnetoelectric coupling mech-

anisms. For example, research on hybrid-improper ferroelectric Ca3Mn1.9Ti0.1O7 has shown

that nonpolar structural distortions can give rise to spontaneous electric polarization and mag-

netization, leading to a pronounced magnetoelectric response [24]. Optical second harmonic

generation in BiFeO3 films has demonstrated robust coupling even in freestanding structures,

stable against thermal fluctuations [25]. Light-induced magnetoelectric effects in Ni/BaTiO3

heterostructures have shown that domain wall motion in the ferroelectric layer can transfer

strain to the ferromagnetic film, enabling remote control of magnetic properties through optical

excitation [26]. Additionally, studies on multiferroic GdFeO3 have revealed a magnetoelectric

caloric effect, where changes in an external electric field induce temperature variations, present-

ing opportunities for energy-efficient solid-state cooling technologies [27].

Building on these developments in the field of spintronic and magnetoelectric materials, this

work focuses on the Fe/BaTiO3 thin film heterostructure by using density functional theory

(DFT) calculations. Fe in the body-centered cubic (bcc) phase is a well-studied ferromagnetic

material with known values of the lattice parameter and magnetic moment in the bulk phase.

BaTiO3 (BTO) has a perovskite crystal structure and exhibits piezoelectric properties and

spontaneous polarization at room temperature. The structures of these two materials have

a small lattice mismatch (1.324% when the unit cell of Fe is rotated by 45 degrees around z-

axis). That makes, among other things, it possible to grow epitaxially the Fe film on a BaTiO3

substrate, which was realized in Refs. [28–30], and which makes the Fe/BTO system suitable

for ab initio studies.

Given the growing interest in controlling ferromagnetic properties via electric and mechanical

means, we studied the impact of ferroelectric polarization switching and mechanical striction on

the magnetization of Fe layers. The specific aim of this research is to investigate the feasibility

of actively controlling the spin dynamics and magnetic anisotropy in ferroelectric/ferromagnetic

heterostructures through external electric field and lattice strain modulation. This approach

leverages magnetoelectric coupling to enable reversible and energy-efficient manipulation of mag-

netic and electronic properties within the magnetic layer by tuning the ferroelectric polarization

or domain structure via applied electric fields. Such electric-field control of spin dynamics holds

significant promise for the development of reconfigurable and low-power magnonic and spintronic

devices.

2. Method and calculation parameters

All calculations were carried out based on the density functional theory (DFT) [31]. Exchange

and correlation effects were taken into account using the generalized gradient approximation

(GGA) with PBE (Purdue, Burke, and Ernzerhoff parameterization) functionals [32]. The
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Figure 1. (a) Bulk structure of BaTiO3, (b) bcc Fe rotated by 45 degrees around z-axis. Titanium (Ti),

oxygen (O), barium (Ba), and iron (Fe) atoms are represented in blue, red, brown, and green,

respectively.

Kohn-Sham equations were solved using projectively extended wave potentials and wave func-

tions [33]. All calculations were performed using the VASP (Vienna ab initio Simulation Package)

program [34], integrated into the MedeA program [35]. The plane wave cutoff was set at 400 eV,

the criterion for the convergence of atomic relaxation was 0.02 eV/Å, and the condition for the

convergence of self-consistent calculations was the invariance of the total energy of the system

with an accuracy of 10−5 eV. Brillouin zones were sampled using Monkhorst-Pack grids [36],

including 7×7×7 k-points for bulk BaTiO3 and bcc Fe structures, and the density of electronic

states was calculated using the linear tetrahedron method [37]. For Fe/BaTiO3 and Fe film het-

erostructures, k-points of 7×7×1 with Gaussian smearing of 0.05 eV were used. To account for

strong correlations between d -shell electrons, calculations were performed within the GGA+U

method using a simplified approach proposed by Dudarev et al., with applied additional local

correlations Ueff equal to 4.4 eV and 4.6 eV for the 3d orbitals of Ti and Fe, respectively [38].

Fig. 1 shows the unit cell of BaTiO3 (Fig. 1a), rotated by 45 degrees around z-axis bcc Fe

(Fig. 1b), used to construct the heterostructure.

This rotation was performed in order to contract the heterostructure with matching lattice

parameters. We will explain that in more detail in the following section, where bulk properties

will be analysed. The Fe/BaTiO3 heterointerface was constructed so that 7 atomic layers of

iron were neighboring 11 layers of BTO without a vacuum region, forming a periodic structure

(we will refer further to Fe/BTO@7/11 notation). In Ref. [19], the Fe thickness dependence

was evaluated, showing a consistency of results above 4 Fe atomic layers (Fig. 2a). The iron

atoms are positioned at the interface so that they are directly above the oxygen atoms of the

TiO2 layer. This type of interface construction has the lowest energy of all possible configu-

rations [15]. All coordinates of atoms in the middle three atomic layers of BaTiO3 were fixed

during the optimization process to simulate substrate conditions as in real experimentally grown

heterostructures [28–30]. Fixing central layers helps to simulate the bulk-like behavior of the

substrate, maintaining its structural integrity while allowing the interface and overlayer lay-

ers to relax and adapt to interactions. This approach reduces computational cost and avoids

unrealistic distortions of the substrate.

The determination of magnetic anisotropy energy (MAE) involves the calculation of the energy

difference for the system with magnetization aligned along various crystallographic axes. For

heterostructure, we examined the in-plane direction [110], as well as the out-of-plane component

Magnetic Resonance in Solids. Electronic Journal. 2025, Vol. 27, No 2, 25203 (13 pp.) 3
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[001]. The MAE for the heterostructure was calculated as a difference in the system’s energies

when spins are oriented along [uvw] and the most favorable direction (easy axis):

MAE = E[uvw] − Eeasy. (1)

3. Results

3.1. Properties of bulk components

First, the structural properties of Fe and BTO in the bulk phase were calculated. The obtained

lattice parameters and the magnetic moment’s value were in good agreement with previous ab

initio and experimental studies [2, 15, 39]. Relaxation was carried out with the possibility of

expanding the volume of the crystal lattice. The obtained values of lattice parameters were used

to simulate the Fe/BaTiO3 heterostructure. For BTO, a = b = 4.00 Å, c = 4.02 Å (experimental

values are a = b = 4.00 Å, c = 4.02 Å) [39]. For Fe, a = b = c = 2.87 Å before rotation along the

z-axis, and after, a = b = 4.05 Å, with the magnetic moment of 2.99µB (experimental values are

a = b = c = 2.87 Å, the magnetic moment of 2.20µB). The Fe lattice parameter was equated

to the BTO lattice parameter to construct the heterostructure, so the mismatch between the

crystal lattice parameters was 1.32%.

3.2. Properties of Fe/BTO@7/11 heterostructure

The Fe/BaTiO3 heterostructure was contracted at the next stage by the procedure described in

Sec. 2. The unit cell used is shown in Fig. 2a, with displacements obtained after optimization

within the parameters used for the bulk phases of BTO and Fe. Note that in contrast to previ-

Figure 2. (a) Optimized Fe/BTO@7/11 heterostructure with (b) specified displacement of atoms and

(c) corresponding atom-resolved density of states. The numbers 1 − 11 show the atomic

layers in the BTO slab, with interfacial layers being 1 and 11. The black arrow indicates the

ferroelectric polarization, denoted as P0, and directed toward the BTO slab on both sides.

Titanium (Ti), oxygen (O), barium (Ba), and iron (Fe) atoms are represented in blue, red,

brown, and green, respectively.

ously published theoretical works for Me/BTO (Me = Fe, Co, Ni) interfaces, in our calculations,
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I.I. Piyanzina, R.M. Burganova, A.A. Kamashev, R.F. Mamin

Figure 3. (a) Relative Ti/Ba–O displacements in BTO layers along z direction (as in Fig. 1c) and Fig. 2a

and (b) distribution of magnetic moments in the Fe slab in all considered cases.

we simulate the substrate conditions of real experimental realization [28–30]. To do that, the

coordinates of the atoms located in layers numbered 5, 6, and 7 were frozen. These layers are

marked with a frame on the graph. In the optimized heterostructure, the intrinsic polarization

is directed toward the central frozen layers of the ferroelectric slab.

The density of states plot with atom resolution is presented in Fig. 2b. The resulting plot

shows the presence of hybridization between Fe and Ti states, as there is an overlap on the

energy scale near the Fermi level. In the graph, the 2p orbitals of oxygen atoms are located

significantly below the Fermi energy and overlap with the 3d states of Fe. The maximum DOS

of 3d states of Ti is located approximately 1.5 eV above the Fermi energy and overlaps well

with the 3d states of Fe. Moreover, Fe and Ti orbitals are only present near the Fermi level,

contributing to the interface conductivity.

Next, the structural analysis, examining Ti-O and Ba-O displacements that appeared after

optimization in the ferroelectric layer (shown in Fig. 3), was carried out. As seen from the plot,

as a result of the optimization process, relative Ti/ Ba-O displacements are found to vary, which

imposes a significant ferroelectric polarization due to the sequence of positively and negatively

charged atomic sub-layers. Note that the 5, 6, and 7 layers have no displacement since they

were frozen. The biggest displacement was found for the interfacial TiO2 layers of 0.15 Å. The

other displacements are of the same order of approximately 0.05 Å. With respect to the middle

layers, the distribution is symmetrical with slight variations. The magnitudes of displacements

were of the same order as in previous publications for Fe/BTO and Ni/BTO interfaces [5, 17].

Similarly, a distribution of magnetic moments of Fe atoms in the ferromagnetic layer was

obtained (Fig. 3b). The mean magnetic moment of Fe ions varies from 2.94µB to a maximum

of 3.1µB, which is 0.11µB more than that of bulk Fe (2.99µB). Maximal values correspond to

the 1 and 7 layers, while for all other layers, the magnetic moment is approximately the same,

with a mean value of 2.98µB.

3.3. Effect of changing the direction of BTO polarization on the magnetic

properties of Fe

To test the effect of changing the direction of ferroelectric polarization on the magnetic properties

of the ferromagnet, the displacement values of the Ti and Ba atoms from the oxygen atoms were

increased first by approximately 0.2 Å, which was denoted as P+ polarization (increased toward

BTO). Fig. 4 presents the resulting unit cell structure and DOSes. It can be seen, atomic states

near the Fermi level changed significantly as a result of varying the direction of ferroelectric

Magnetic Resonance in Solids. Electronic Journal. 2025, Vol. 27, No 2, 25203 (13 pp.) 5
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Figure 4. (a) Fe/BTO@7/11 heterostructure with initial (P0) polarization directed towards ferroelec-

tric slab as in the optimized heterostructure, (b) same heterostructure with increased initial

polarization directed towards the ferroelectric (P+). (c) Partial DOS for Fe, Ti, and O atoms

located at the interface. Titanium (Ti), oxygen (O), barium (Ba), and iron (Fe) atoms are

represented in blue, red, brown, and green, respectively.

polarization. Partial DOSes, presented in Fig. 4b, show increased contribution of Fe states near

the Fermi level and reduced density of Ti states. Besides, a slight increase in total DOS at the

Fermi level is observed, indicating an increase in conductivity with additional polarization.

A distribution of magnetic moments of Fe atoms in the ferromagnetic layer at P+ polarization

is plotted in Fig. 3b. In this case, there is a slight increase in the maximal Fe magnetic moment

near the interface, which reaches 3.37µB and has a 0.38µB difference from that of bulk Fe

(2.99µB). As in the previous P0 polarization case, maximal magnetic moment is observed for

the 1 and 7 layers next to the interface. All other layers have approximately the same magnetic

moment, very close to the initial values.

At the next stage, the oxygen ions were shifted in the opposite direction to the initial optimized

positions with respect to the Ti and Ba atomic planes. That case corresponds to polarization

with opposite (denoted as P−) direction towards the ferromagnetic slab of Fe. The resulting

cell is presented in Fig. 5a. At this polarization, we can observe no significant contribution of

Ti states near the Fermi level, as seen from Fig. 5b. Instead, the Fermi level shifted down in

the energy scale so that now oxygen states are close to the Fermi level with almost symmetrical

spin-up and spin-down components. And since oxygen states cross the Fermi-level, these states

take part in the interface conductivity, whereas Ti states appear only above 1 eV.

A distribution of magnetic moments of Fe atoms in the ferromagnetic layer at P− polarization

is presented in Fig. 3b. The Fe magnetic moment varies in the range 2.96−3.15µB, thus there is

a slight decrease of the maximal Fe magnetic moment with respect to the P0 case, and maximum

corresponds to the interfacial layers, and the difference with the bulk Fe (2.99µB) is 0.16µB.

Inner Fe layers have constant magnetic moments, which are approximately the same.

6 Magnetic Resonance in Solids. Electronic Journal. 2025, Vol. 27, No 2, 25203 (13 pp.)
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Figure 5. (a) Fe/BTO@7/11 heterostructure with opposite (P−) to the optimized (P0) polarization

directed towards ferroelectric slab as in the optimized heterostructure, (b) partial DOS for

Fe, Ti, and O atoms located at the interface. Titanium (Ti), oxygen (O), barium (Ba), and

iron (Fe) atoms are represented in blue, red, brown, and green, respectively.

To sum up, Table 1 contains the DOS contribution at the Fermi level for varied polarizations.

This data is presented to comparatively analyze the conductivity via the change of DOS at the

Fermi level, so that a higher DOS at the Fermi level means more carriers and higher conductiv-

ity. It is seen that the increase of polarization leads to the increase of conductivity, whereas the

change of polarization decreases DOS contribution at the Fermi level and conductivity accord-

ingly.

Table 1. The MAE (E110 − E001) calculated per Fe ion in the Fe/BTO@7/11 heterostructure with

considered polarization types.

DOS at Fermi level, 1/eV MAE/Fe, meV

P0 4.364 6.58

P+ 4.888 41.89

P− 3.976 −3.74

3.4. Magnetic anisotropy characteristics calculations with varied polarization

To analyze the impact of ferroelectric polarization on the magnetic properties of the Fe/BTO@7/11

heterostructure, we calculated the MAE as the energy difference between the magnetization ori-

entations along the [110] and [001] crystallographic directions, defined as (E110 − E001) and

calculated per Fe ion. The calculated data is collected in Table 1. The choice of these particular

axes is motivated by the intrinsic structural and electronic properties of the system. The [001]

direction corresponds to the out-of-plane axis, aligned with the natural polarization axis of BTO,

whereas the [110] direction lies within the interfacial plane, where magnetoelectric and magne-

Magnetic Resonance in Solids. Electronic Journal. 2025, Vol. 27, No 2, 25203 (13 pp.) 7
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Figure 6. Orbital-resolved density of states Fe/BTO@7/11 heterostructure with initial (P0), additional

(P+) and opposite (P−) polarization directions.

tostriction effects are strongly pronounced due to strain and charge redistribution. By comparing

these two directions, we can quantify the competition between in-plane and out-of-plane mag-

netic anisotropies, which is crucial for understanding how electric polarization influences the

magnetic easy axis.

As seen from the MAE/Fe column of Table 1, the heterostructure with initial P0 polarization

possesses out-of-plane anisotropy with respect to the interface plane. The increase of polarization

in the same direction leads to a significant rise in MAE with the same sign. However, the change

of the polarization to the opposite direction towards the ferromagnetic slab of Fe leads to the

reorientation of the magnetization axis to the in-plane direction. The obtained results agree well

with findings from Ref. [19].

The nature of magnetic properties can be understood from the partial density of states (DOS)

plots. Fig. 6 shows the spin-polarized, orbital-resolved density of states for the 3d orbitals of

Ti and Fe of the Fe/BTO@7/11 heterostructure with three considered polarization types. In

the initial optimized Fe/BTO@7/11 heterostructure (Fig. 6 P0), the main contribution to the

electronic states at the Fermi level, which was set to zero in the graphs, comes from the spin-up

component of dxy orbital of Ti and spin-down component of dyz and dxz levels of Fe.

8 Magnetic Resonance in Solids. Electronic Journal. 2025, Vol. 27, No 2, 25203 (13 pp.)
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As a result of increased polarization, Fig. 6 P+, the change of orbital filling is not crucial in

comparison with the previous P0 case. Ti states have a similar case to the previous P0 case;

just dxz and dyz are more pronounced at the Fermi level. Contrarily, Fe states near the Fermi

level changed significantly so that now we see the most contributions from dxz, dyz, and dz2−r2

of the spin-down component. Overall, such an inhomogeneous filling of states does not change

dramatically the easy out-of-plane axis; however, the difference between energies of in-plane and

out-of-plane directions is increased with respect to the P0 case (Table 1).

Further, the polarization direction has been changed to the opposite of the initial (P0) di-

rection. This P− polarization leads to the significant reconstruction of the electronic state. As

seen in Fig. 6, for P− polarization, DOS for Ti ions does not have any pronounced anisotropy of

spin filling, and overall electronic states near the Fermi level are close to zero. As for Fe atoms,

the most contribution is from spin-down dyz and slightly less from dxy orbitals, and almost twice

less from other orbitals. This substantial variation of the local DOSes might be a reason for a

change of the easy magnetization axis from out-of-plane to the in-plane direction. As seen from

Table 1, the strength of MAE is the same order as for the P0 case but with the opposite sign.

Consequently, the change of polarization is capable of influencing the strength and direction of

magnetic anisotropy in the Fe/BTO@7/11 heterostructure.

As we have seen from the total plots for the separate ions, the oxygen levels shift up in the

energy scale forP− polarization, and that is why the orbital-resolved DOS plots were constructed

as well and presented in Fig. 7. It follows from the partial DOS analysis of 2p orbitals of oxygen

that most of these states are degenerated and produce minor magnetization. These states are

located predominantly in the valence band of the Fe/BTO@7/11 heterostructure with initial

P0 and imposed polarization P+ and have a negligible contribution near the Fermi level. The

situation changes drastically as soon as the polarization is directed toward the ferromagnetic

layer. In that situation, the oxygen ions are shifted towards the BTO slab as depicted in Fig. 5

and hybridized with Fe states.

3.5. Reverse magnetostriction effect

To test the effect of striction along the x and y-axes on the magnetic properties of the ferromag-

netic material, the entire Fe/BTO@7/11 heterostructure was simultaneously compressed along

the y-axis by 0.2 Å and expanded along the x-axis (and oppositely) by the same amount. In

Fig. 3b, the distribution of magnetic moments along Fe layers for the heterostructure under

anisotropic striction is shown with a pronounced decrease in the magnetic moments. The val-

ues varied in the 2.28 − 2.77µB range, thus, there is a 0.22µB difference between the maximal

value with the magnetic moment of the bulk Fe (2.99µB). As in the previously considered cases

with varied polarization, maximal magnetic moment is observed for the 1 and 7 layers, while all

other layers have the mean magnetic moment of 2.33µB. Besides, in that case, a big difference

between the magnetic moments of the interface layer and others was obtained.

Further, the easy magnetization axis change was evaluated when the axial stress was applied to

the in-plane x-direction. The MAE was calculated as E[100]-E[010] and equals 3.67meV/Fe. The

easy and hard magnetization axes were found to be [010] and [100], respectively. It means that

applied uniaxial stress in one direction makes that direction the hard axis and the perpendicular

direction – the easy one.

Similarly to the previous section, the change of easy magnetization direction was analyzed

via DOS calculations with orbital resolution as presented in Fig. 8.

Magnetic Resonance in Solids. Electronic Journal. 2025, Vol. 27, No 2, 25203 (13 pp.) 9
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Figure 7. Orbital-resolved DOS for oxygen ions for Fe/BTO@7/11 heterostructure with initial (P0),

additional (P+) and opposite (P−) polarization directions.

Figure 8. Orbital-resolved DOS for Fe and Ti atoms in the Fe/BTO@7/11 heterostructure with uniaxial

striction in x-direction.

For the heterostructure stricted in x-direction, the orbital-resolved DOS shows the most

difference between spin-up and down components for dxz and slightly less for dxy orbitals of Ti,

as well as Fe dxz and Fe dz2−r2 , which generally makes perpendicular to these directions [010]

an easy magnetization axis.

10 Magnetic Resonance in Solids. Electronic Journal. 2025, Vol. 27, No 2, 25203 (13 pp.)
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4. Conclusion

The structural, electronic, and magnetic properties of the Fe/BaTiO3 ferromagnet/ferroelectric

heterostructure have been investigated using density functional theory with inclusion of spin-

orbit coupling. Our results demonstrate that different polarization orientations significantly

influence the electronic charge distribution and, consequently, the magnetic ordering within

the ferromagnetic layer, supporting the concept of ferroelectric control over conductivity and

preferred magnetization direction.

Specifically, we found that the most energetically favorable configuration features polarization

pointing away from the interface with the Fe layer and toward the center of the ferroelectric

BaTiO3 slab. In this state, the heterostructure exhibits metallic behavior at the interface with

predominant contributions from 3d states of Fe and Ti. Moreover, the heterostructure exhibits

uniaxial magnetic anisotropy, with the easy axis of magnetization oriented perpendicularly to

the interface plane. This uniaxial behavior can be modulated by the direction of ferroelectric

polarization, which induces a substantial redistribution of the spin-polarized states.

When additional polarization is imposed in the same direction, it enhances both the interfacial

conductivity and the magnitude of the magnetic anisotropy energy (MAE) while preserving

the out-of-plane orientation of the easy axis. In contrast, reversing the polarization direction

induces a significant redistribution of the electronic states, resulting in a reorientation of the

magnetization easy axis into the plane of the interface.

Finally, the effect of in-plane uniaxial compressive strain applied parallel to the interface was

examined as an additional mechanism of spin-state manipulation. It was found that compression

along the x-direction favors the [010] direction as the easy axis of magnetization, while [100] –

as the hard axis. These results highlight the sensitivity of magnetic anisotropy to spin-lattice

interactions and magnetoelastic coupling, offering an additional route for strain-mediated control

of magnetization orientation in the ferromagnet/ferroelectric heterostructure.

In summary, two spin-related effects were demonstrated in the Fe/BaTiO3 heterostructure.

First, the magnetoelectric coupling enables direct control of spin dynamics using electric fields,

allowing for low-power manipulation of magnetic states and excitations. The second, reverse

magnetostriction provides a direct mechanical route to influence spin dynamics, making it a

crucial effect in modern magnetics and spintronics research. Thus, these results open new

avenues for the creation of devices using control of magnetic states of the films by electric field.
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