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a b s t r a c t

Exchange-coupled BiFeO3/ferromagnet thin film heterostructures are promising for a fast and power effi-
cient control of magnetization of the ferromagnetic layer. In the paper, the results of the study of mag-
netic properties of the epitaxial Fe2B/BiFeO3 heterostructure on (001)-SrTiO3 substrate with
ferromagnetic resonance (FMR) spectroscopy are presented. The hierarchy of magnetic anisotropies that
determine the angular variation of the resonance field in-plane and in-/out-of the plane of the system
include the tetragonal four-fold and uniaxial terms for the Fe2B layer, uniaxial term for antiferromagnetic
BiFeO3 layer and the exchange coupling at the interface. We find out that the exchange bias direction can
be switched by a strong enough applied magnetic field. Both the exchange bias and an in-plane FMR res-
onance field of the heterostructure are strongly affected by the illumination with k = 405 nm light. An
optical tunability of the exchange bias and ferromagnetic resonance fields of the heterostructure has been
demonstrated.

� 2018 Elsevier B.V. All rights reserved.

1. Introduction

Nowadays due to applications in information storage, sensor,
spintronic and tunable microwave magnetic devices, fast, compact
and low-power approaches for tuning of magnetic properties of
materials are of great technological and scientific importance.
Much of the recent research has been devoted to the use of multi-
ferroic heterostructures for a control of the magnetic properties by
electric field instead of the electric current [1–8]. Among different
kinds of these heterostructures, exchange-coupled BiFeO3 (BFO)/-
ferromagnet (FM) bilayers attracted a lot of the attention in the last
decade [9–15]. These studies have already provided the commu-
nity with the means for a magnetization reversal by electric field
which obviously is of great significance for information storage
[11,14,16]. With the trends towards further device miniaturization,
requirement to use electrical contacts however makes these
approaches too complex. Therefore, the search for alternative
non-contact methods is of great interest.

Recently, optical control of magnetic properties has been stud-
ied based on photostriction of BFO in the strain-coupled BFO/Ni
structure [17]. BFO is an amazing multiferroic material that in

addition to ferroelectricity, antiferromagnetism and weak canted
magnetic moment [18–20] demonstrates an advanced susceptibil-
ity to illumination with light [21,22]. Namely, a combination of the
photovoltaic effect and ferroelectricity results in a photostriction
effect in BFO [23]. Ultrafast and large-magnitude photo-induced
strain has been observed recently in BFO films grown on (001)-
SrTiO3 substrate [24–27]. The crystal structure of bulk BFO is a
rhombohedrally distorted perovskite (pseudo-cubic), with the lat-
tice constant 3.965 Å and rhombohedral angle of 89.3–89.4
degrees at room temperature [28]. It has been found that in epitax-
ial BFO film grown on the (001) oriented SrTiO3 (STO) the mono-
clinic (pseudo-tetragonal) phase of BFO was stabilized due to the
substrate-induced strain related to a significant lattice mismatch
[19,29]. In addition to the crystal structure modification, epitaxial
constraint results in the destruction of a spatially modulated spin
structure in BFO film. The transition between cycloidal and homo-
geneous antiferromagnetic spin states releases a latent canted
antiferromagnetic component locked within the cycloid [30]. Also
it was reported that canted antiferromagnetic magnetization in
BFO film is modified under different strain conditions [19]. These
properties of BFO may be used in exchange-coupled BFO/FM thin
film heterostructures to establish a contactless and fast approach
to control magnetic properties of a FM film.

Here we will first describe the synthesis of the Fe2B/BFO
heterostructure and its characterization. Then ferromagnetic reso-

https://doi.org/10.1016/j.jmmm.2018.04.053
0304-8853/� 2018 Elsevier B.V. All rights reserved.

⇑ Corresponding author at: Physics Department, Shahid Beheshti University,
Tehran, Iran.

E-mail address: teranchi@sbu.ac.ir (M.M. Tehranchi).

Journal of Magnetism and Magnetic Materials 462 (2018) 160–166

Contents lists available at ScienceDirect

Journal of Magnetism and Magnetic Materials

journal homepage: www.elsevier .com/ locate/ jmmm

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Kazan Federal University Digital Repository

https://core.ac.uk/display/197477867?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

