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The in�uence of electric �eld on the structure parameters and magnetic states in BiFeO3 multiferroic is
studied using the Landau theory of phase transitions taking into account experimental data and results of ab initio
calculations. Main features of structure transitions near critical electric �elds and a concomitant rearrangement
of the magnetic structure are discussed.
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1. Introduction

Multiferroics like BiFeO3 (BFO) having spontaneous
polarization and magnetic ordering attract a wide at-
tention due to theirs possible applications in UHF elec-
tronics, computing techniques and optoelectronics [1, 2].
Substantial part of researches of BFO magnetoelectric
properties is based on phenomenological approach using
invariants which are obtained from the symmetry of fer-
roelectric crystal phase [3]. It is interesting to consider
interplay between structural phase transformations and
concomitant magnetic changes on the basis of multipara-
metric Landau�Ginzburg theory of phase transitions in
BFO single crystal taking into account ab initio calcula-
tions and experimental data.

2. Thermodynamic potential

Considered multiferroic corresponds to the R3c sym-
metry group, but its paraphase is close to a perovskite-
like structure having Pm3M symmetry group. It is con-
venient to present original thermodynamic potential in
the form [4]:

Φ(P ,ω,M ,L)=Φme(P ,ω,M ,L)+Φst(P ,ω,E), (1)

where Φme(P ,ω,M ,L) is the potential of magnetoelec-
tric interaction, Φst(P ,ω,E) is the potential of ferro-
electric ordering, P is the polarization vector, ω is the
rotation vector of oxygen octahedrons, M is the magne-
tization vector, and L is the antiferromagnetic vector.
For the coordinate system Ox|| [100], Oy|| [010], and
Oz|| [001] the actual part of Φst(P ,ω,E) can be writ-
ten as follows:
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Invariant parameters can be considered here as the con-
stants having ferroelastic renormalization.

3. Structure transitions in electric �eld

We assume that the anisotropy of the crystal is such
that in the absence of electric �eld, the equilibrium po-
larization direction will be given along the diagonals of
the cube. Potential minimum conditions for E 6= 0 allow
to �nd the equilibrium values of P and ω. Figure 1 shows
an example of calculation of hysteretic changes of equilib-
rium orientation of the spontaneous polarization in the
electric �eld in the case E||[1̄1̄0]. In this case the equilib-
rium azimuthal direction of polarization P is coinciding
with the electric �eld azimuth. In the region |E| < Ec1

a monotonic change of electric polarization is going close
to the original direction along one of the diagonals of the
perovskite cube.
At the point |E| = Ec1 there is an abrupt change of

polarization vector component which is parallel to the
direction of electric �eld.
After that a smooth increase of parallel component

of polarization and decrease of perpendicular component
are coming in the region Ec1 < |E| < Ec2 until its com-
plete disappearance at the second critical �eld |E| = Ec2.
The change of polarization components leads to the

change of rotation axis of octahedrons ω(P ). Perpen-
dicular component of polarization vector P (E) plays the
same role of an external force for the axial vector ω(P )
as the electric �eld for the polarization P (E). Figure 2
shows an expected hysteresis loop of concomitant change
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Fig. 1. Hysteresis of polarization P in electric �eld
E||[1̄1̄0]. Solid line shows components Px, Py, dashed
line shows Pz.

of parallel and perpendicular components of ω(E) vec-
tor. The �rst critical �eld Ec1 is responsible for a jump
of polarization to the closest anisotropy axis. At the
second critical �eld Ec2 the perpendicular components
of polarization and rotation vector of octahedrons van-
ish. In the region Ec2 < |E| < Ec3 polarization vec-
tor and rotation axis of octahedrons are not coincident.
At last, above Ec3 the rotation vector of octahedron
fully vanishes. Sharp change of polarization vector ac-
companies with a jump of the rotation axis. For given
values of the parameters P0 = 1 C/m2, ω0 = 0.2 rad,
β1 = −3 × 108 J/m3, β2 = 0, β11 = −1.3 × 109 J/m3,
β12 = −1.9×109 J/m3, α1 = −8.05×107 Jm/C2, α2 = 0,
α11 = −5.22 × 107 Jm/C2, α12 = −6.87 × 107 Jm/C2,
t11 = −2.6 × 108 Jm/C2, t12 = −2.5 × 108 Jm/C2,
t44 = 5 × 107 Jm/C2 the critical �elds of phase tran-
sitions Ec1, Ec2, Ec3 are close to the values 16.2 MV/m,
42.6 MV/m, 55.0 MV/m, respectively, which are ob-
tained in Ref. [3] from ab initio calculations of BFO in
the electric �eld.

Fig. 2. Hysteresis of rotation angle of octahedrons in
electric �eld E||[1̄1̄0]. Solid line shows ωx, ωy; dashed
line shows ωz.

4. Concomitant change of spatially modulated

antiferromagnetic structure

Rearrangement of ω and P give an appropriate
change of magnetization vectorM and antiferromagnetic
vector l. A free energy of magnetoelectric interaction
of multiferroic can be presented in the form [5, 6]:

Φ(P ,ω,m, l) = Φ0(P ,ω) +A
∑

i=x,y,z

(∇li)2

+βep × [l(∇× l)− (l×∇)l]

−1

2
χ⊥H

2
D(eω × l)2 +Kul

2
z , (3)

where HD is a Dzyaloshinskii �eld, β is a magnetoelec-
tric constant, ep = P /P0, eω = ω/ω0, P0 = P (E = 0),
ω0 = ω(E = 0).
At low magnetic �elds the ground state of BFO-like

single crystal is characterized by the presence of incom-
mensurate spatially modulated spin structure in a form of
antiferromagnetic cycloid. In this state the plane of spin
rotation passes through the equilibrium polarization vec-
tor P0|| [111] and the direction of spin spatial modulation
(see e.g. [5]).
When electric �eld is applied in the [001̄]-direction, an-

tiferromagnetic cycloid modulated along [11̄0]-direction
with the turn in the (112̄)-plane at the �rst critical �eld
E = Ec1 is abruptly transformed into a cycloid with the
turn in the (112)-plane (see Fig. 3). With further increase
of the �eld to the second critical value E = Ec2, the cy-
cloid gradually becomes �at with the plane turn (110).
In (001)-oriented �lms with high anisotropy constant

(for values Ku ≥ 1.8 Merg/cm3) at �elds exceeding the
critical value E = Ec2, cycloid may be suppressed up to
its complete disappearance. Note that the anisotropy
constant can change in a wide range in doped BFO
by rare earth ions [7].
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Fig. 3. Projections of antiferromagnetic vector tra-
jectory for antiferromagnetic cycloid modulated along
[11̄0]-direction on Cartesian coordinate planes. (a) E is
close to Ec1, E < Ec1, (b) E is close to Ec1, E >
Ec1. Calculated with the values HD = 1.4 × 105 Oe,
M0 = 640 Gs, A = 2 × 10−7 erg/cm, χ⊥ = 5 × 10−5,
β = 0.6 erg/cm2.
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5. Conclusion

Thus, we have shown that when an electric �eld is ap-
plied in the pseudocubic BFO-like multiferroic, the reori-
entation of ferroelectric ordering parameters occurs, and
the symmetry of the crystal may decline to monoclinic
in the process of multiferroic repolarization. In a region
below the �rst critical �eld the metastable domains of
polarization can appear for a given ω vector. These do-
mains can signi�cantly decrease the critical �elds of tran-
sitions. The coupling constants of the polarizing mode
and of the oxygen octahedrons rotation mode can be
varied, when an elastic stress are induced in the mul-
tiferroic �lm. In this case, a di�erent types of hystere-
sis, and di�erent types of symmetry of the crystal can
be realized in the �lms with variation of the mismatch
in the lattice parameters of the �lm and the substrate.
Abrupt change of the polarization that occurs under the
action of electric �eld at the critical point is accompa-
nied by the sudden change of the plane of spatial mod-
ulation of the antiferromagnetic vector. Change in the
magnetic anisotropy induced by electrostrictive stresses
may alter the degree of cycloid anharmonicity and lead
to the full disappearance of the cycloid in the electric
�eld after the transformation of the rhombohedral crystal
to the tetragonal.
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