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Multiferroicity in Ga-substituted LuFeO3: A first-principles study
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We report a theoretical design of multiferroic Lu1−xGaxFeO3 based on density functional theory calcula-
tions. While bulk LuFeO3 stabilizes in a nonpolar Pnma structure, varying the concentration of Ga inside
Lu1−xGaxFeO3 is predicted to result in the following structural transitions: Pnma (x = 0 − 0.29) → P63cm
(x = 0.29 − 0.81) → Pna21 (x = 0.81 − 1). The hexagonal P63cm phase possesses both a finite polarization
and weak ferromagnetic moment, while the Pna21 phase is ferroelectric and antiferromagnetic. Moreover,
noncollinear magnetism (associated with spin-orbit coupling) is found to be critical for the stabilization of this
P63cm phase. Variation of the electronic properties, such as density of states and band gap, are also reported.
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I. INTRODUCTION

Multiferroic materials exhibiting both ferroelectric and
magnetic orders are not only promising for designing novel
spintronic devices but are also of fundamental interest [1–3].
To date, hexagonal LuFeO3 (h-LuFeO3, space group P63cm)
has gained much attention due to its room-temperature
multiferroic properties [2,4–6]. In h-LuFeO3, the inversion
symmetry is broken due to the tilts of FeO5 trigonal bipyra-
mids, giving rise to ferroelectricity with a polarization value
around 10 µC/cm2 and with a high Curie temperature of
1050 K [2,6–9]. Moreover, h-LuFeO3 film has an antiferro-
magnetic (AFM) order with a Néel temperature of 440 K
[6]. Interestingly, for temperatures below 130 K, the magnetic
moments carried by Fe ions are mostly aligned in the a-b
plane in a 120◦ antiferromagnetic order, but with an additional
small canting of the spins in the out-of-plane direction leading
to a weak magnetization [6,10–12]. However, preparation of
high-quality single-phase h-LuFeO3 (P63cm) is challenging
due to its metastable nature, i.e., the synthesis of LuFeO3 often
results in the nonpolar orthorhombic Pnma perovskite phase
or a mixture of the two phases [13,14].

Various efforts have been devoted to stabilize the multifer-
roic h-LuFeO3 phase. For instance, h-LuFeO3 in a thin-film
form can be stable under epitaxial strain [6,12,15]. Dop-
ing is also found to be effective for such stabilization with,
e.g., Mn doping at the Fe site or Sc doping at the Lu site
[16]. Specifically, the hexagonal state of Lu1−xScxFeO3 is
stabilized when the composition x is between 0.4 and 0.6
[16,17], and multiferroicity with noncollinear magnetic order
and ferroelectricity was predicted based on first-principles
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calculations [18]. In addition, the P63cm phase can also
be realized experimentally in Lu1−xInxFeO3 (x = 0.4 − 0.6)
ceramics [19]. Therefore, a rule of thumb for creating the
hexagonal phase with A-site substitution is to introduce chem-
ical pressure with a trivalent element of a smaller ionic radius
than Lu3+ (0.861 Å with a coordination of 6); for example,
the radii of Sc3+ and In3+ are 0.745 and 0.8 Å, respectively.
Sc is the smallest IIIB-group element, while, for the IIIA
group, there are elements smaller than In, such as Ga that
has an ionic radius of 0.62 Å. On the other hand, note that
GaFeO3 has an orthorhombic ground state of Pna21 space
group, which can also be regarded as multiferroic in a broader
sense, as it exhibits both antiferromagnetic (AFM) and ferro-
electric orderings [20–22]. It is therefore interesting to check
if Lu1−xGaxFeO3 can be stabilized in the P63cm phase with
intermediate compositions in between the Pnma phase of pure
LuFeO3 and the Pna21 phase of pure GaFeO3, and to also
check if it can be multiferroic.

In this paper, we aim to explore structural phase transitions
and multiferroic properties in Lu1−xGaxFeO3 with x ranging
from 0 to 1 via first-principles simulations. We predict that
bulk Lu1−xGaxFeO3 undergoes a Pnma (x = 0 − 0.29) →
P63cm (x = 0.29 − 0.81) → Pna21 (x = 0.81 − 1) structural
phase sequence, with noncollinear magnetism arising from
spin-orbit coupling (SOC) being crucial for that sequence.
Also, both the polarization and magnetism are affected by
varying the concentration of Ga, and the ferroelectric polar-
ization of Lu1−xGaxFeO3 (x = 0.92) in the Pna21 phase can
be slightly enhanced to 29 µC/cm2 with respect to that of the
P63cm phase (about 17 µC/cm2). The electronic properties of
Lu1−xGaxFeO3 are also investigated.

This paper is organized as follows. Section II provides
details about the computational methods. In Sec. III, the
crystal and magnetic structures of the Pnma, P63cm, and
Pna21 phases are presented, followed by the prediction of
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the structural evolution in Lu1−xGaxFeO3 with increasing Ga
composition, and the multiferroic and electronic properties of
Lu1−xGaxFeO3 are also reported. Finally, Sec. IV summarizes
the main findings.

II. COMPUTATIONAL METHOD

Density functional theory (DFT) calculations were carried
out using the Vienna ab initio simulation package (VASP)
[23,24]. A plane-wave basis set with an energy cutoff of
500 eV was used with the projector augmented wave (PAW)
method to mimic electron-ion interactions [24]. Generalized
gradient approximation plus U (GGA + U) with Perdew-
Burke-Ernzerhof functionals revised for solids (PBEsol) was
adopted to get reliable exchange and correlation of electrons
[25]. Valence electrons of 5p6 5d1 6s2, 4s2 4p1, 3d6 4s2, and
2s2 2p4 were considered for Lu, Ga, Fe, and O, respectively.
The localized Fe 3d electrons were treated with an effective
Hubbard Ueff = U − J = 4.0 eV, which was also adopted in
Refs. [9,18,26–28] for iron oxides, and such Ueff yields a mag-
netic moment of ∼4 μB on Fe, being in quantitative agreement
with calculations employing hybrid functionals [9], and yields
band gaps of Lu(Ga)FeO3 in the Pnma, P63cm, and Pna21

phases being 2.3, 1.3, and 2.23 eV, respectively, which also
agree with previous theoretical calculations (2.0, 1.3–1.4, and
2.2 eV, respectively) [18,22,29–31].

The lattice constants and atomic positions were opti-
mized until the Hellmann-Feynman forces were less than
0.001 eV/Å. The Brillouin zone was sampled by 2 × 2 ×
2 (Pnma and P63cm phases) and 2 × 3 × 3 (Pna21 phase)
�-centered k-point grids. The electric polarization was calcu-
lated using the Berry phase method [32,33]. The calculations
of density of states (DOS) and band gaps adopted the
tetrahedron method and considered the SOC effect that en-
ables possible noncollinear spins. It is important to know
that, if only collinear spins were considered, the band
gap of the P63cm phase was found to be significantly
underestimated.

The solid solutions of Lu1−xGaxFeO3 (with x ranging be-
tween 0 and 1) are simulated with 120-atom supercells for all
three aforementioned phases, i.e., 3 × 2 × 1 for Pnma (that
has 20 atoms per primitive cell), 2 × 2 × 1 for P63cm (that
has 30 atoms per primitive cell), and 3 × 1 × 1 for Pna21

(that has 40 atoms per primitive cell), in terms of their respec-
tive primitive unit cells. Note that an alternative hexagonal
phase, i.e., the antipolar P3̄c1 structure, which was proposed
in Ref. [34], is not considered here, as it is numerically found
to have higher energy than the polar P63cm phase. In each
supercell, there are 24 A-site atoms, which are occupied by Lu
or Ga with a random distribution. In practice, we generated
24 × x (rounded to the closest integer) random integers be-
tween 1 and 24 without repetition, where x is the composition
of Ga in Lu1−xGaxFeO3. Then, the A sites on these randomly
chosen positions are occupied by Ga, and the rest of the A-site
positions are occupied by Lu. Here, only A-site substitution
is considered, because (1) test calculations show that B-site
substitution in the 120-atom supercell yields higher formation
energy than A-site substitution, (2) GaFeO3 has been syn-
thesized experimentally [20–22], while to our knowledge the
existence of LuGaO3 was rarely reported, and (3) the doping

site could be managed by controlling the composition of each
atomic species. Note that we numerically find that ordered dis-
tributions have higher energies than disordered ones. For each
composition, a few disordered configurations are considered,
and the one with the lowest energy is used, as it is statistically
most probable to occur. Also note that calculated formation
energies of Lu1−xGaxFeO3 solid solution upon decomposition
into Pnma LuFeO3 and Pna21 GaFeO3 indicate that this is an
immiscible binary alloy system, however, we focus on 0-K
properties and therefore temperature effects that can stabilize
the solid solution phase are not considered here.

The magnetic configurations of the Pnma, P63cm, and
Pna21 phases are G-type AFM (G-AFM), 120◦ noncollinear
magnetic order (denoted as Y-AFM), and AFM, respectively,
as consistent with previous studies [9,18,29]. Other magnetic
orderings, such as ferromagnetism, A-type AFM, and C-type
AFM are numerically found to yield higher energies. To allow
noncollinear magnetic structures, SOC was taken into account
in all calculations. Note that different random Ga distribution
of the same composition may slightly affect the energetics, but
test calculations on Lu0.5Ga0.5FeO3 indicate that this effect is
apparently much less than the energy change when varying
Ga composition. We also note that Ga substitution may result
in a slightly different magnetic ground state in the hexagonal
phase, such as another Y-AFM configuration with rotated
magnetic moments. These magnetic phases can be regarded
as similar and their very small energy differences [9] would
not affect the structural transitions.

III. RESULTS

A. Crystal and magnetic structures

Crystal structures of the Pnma, P63cm, and Pna21 phases
are shown in Fig. 1. The Pnma phase [Fig. 1(a)] belongs
to the perovskite family, which has octahedrally coordinated
Fe3+ ions. The octahedra have antiphase in-plane tiltings and
in-phase out-of-plane rotations, i.e., they adopt the a−a−c+
pattern in Glazer’s notation, and the cations have antipolar
displacements along the pseudocubic [110] direction. Our
DFT relaxed lattice constants of the Pnma phase of pure
LuFeO3 (a = 5.14 Å, b = 5.51 Å, c = 7.49 Å) are in good
agreement with previous theoretical values (a = 5.15 Å, b =
5.48 Å, c = 7.47 Å) [29].

In contrast, P63cm and Pna21 phases are nonperovskites.
The unit cell of the P63cm phase consists of two Lu-O and Fe-
O layers, and the Lu and Fe atoms form respective triangular
lattice [Fig. 1(b)]. Each Fe is surrounded by five oxygen atoms
(two apical and three equatorial) forming a FeO5 trigonal
bipyramid, while each Lu (or Ga) is surrounded by eight
oxygen atoms. These Lu (or Ga) and FeO5 trigonal bipyramid
layers are alternately stacked along the c axis. The inversion
symmetry of this lattice structure is lifted by the tiltings of
the FeO5 triangular bipyramids, generating ferroelectricity in
h-LuFeO3 [15]. The calculated lattice constants of P63cm
LuFeO3 (a = b = 5.94 Å, c = 11.53 Å) are consistent with
previous experimental (a = b = 5.965 Å, c = 11.702 Å) [2]
and theoretical values (a = b = 5.915 Å, c = 11.572 Å) [9].

Figure 1(c) shows the polar Pna21 structure, which has
four different cation sublattices labeled Fe1, Fe2 and Ga1,
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FIG. 1. The optimized crystal structures of Lu(Ga)FeO3. (a) The orthorhombic Pnma perovskite phase with octahedrally coordinated Fe3+.
(b) The hexagonal P63cm phase with FeO5 trigonal bipyramids. (c) The orthorhombic Pna21 phase with octahedrally coordinated Fe3+. The
bright green, brown, and red spheres represent the Lu(Ga), Fe, and O atoms, respectively.

Ga2 (or occupied by Lu), respectively. The Ga2 site is
surrounded by six oxygen ions forming a FeO6 oxygen oc-
tahedron. The Ga1 site is distinctly different from Ga2, which
is surrounded by four oxygen ions, i.e., being located in-
side an oxygen tetrahedron. The Fe1 and Fe2 ions are in an
oxygen distorted octahedral environment surrounded by six
oxygen atoms. Our relaxed lattice constants of Pna21 GaFeO3

(a = 5.14 Å, b = 8.85 Å, c = 9.51 Å) agree quite well with
previous DFT calculations (a = 5.14 Å, b = 8.82 Å, c =
9.50 Å) and experimental values (a = 5.08 Å, b = 8.74 Å,
c = 9.38 Å) [20,35].

The magnetic ground states for the Pnma, P63cm, and
Pna21 phases are shown in Fig. 2. In the orthorhombic pure
LuFeO3 Pnma phase, the ground state corresponds primarily
to G-AFM configuration on the Fe sites with the magnetic
moments aligned along the pseudocubic [1–10] direction in
the a-b plane, together with a small canting toward the c
axis yielding a weak magnetization [Fig. 2(a)] [13,15,29,36].
The same magnetic order retains with Ga substitution, while
in h-LuFeO3 (P63cm phase), the �2 magnetic state has the
lowest energy [9]. As illustrated in Fig. 2(b), the spins on
the Fe sites of the same layer are aligned in the a-b plane in
a 120◦ antiferromagnetic order named Y-AFM, and a small
canting of the spins out of the a-b plane leading to a weak
ferromagnetic vector further happens [9,15]. Between adja-
cent layers along the c axis, magnetic moments on the Fe
atoms in the top layer are opposite to those in the bottom
layer, indicated by red and blue arrows, respectively. Since
collinear magnetic configurations are often adopted in DFT
calculations, we also consider a collinear AFM structure with-
out SOC for comparison, as shown in Fig. 2(b). Moreover, the

magnetic ground-state structure of Pna21 GaFeO3 is known to
be AFM, which originates from superexchange mediated via
the Fe-O-Fe bonds [20,29] that leads to a layered magnetic
ordering [Fig. 2(c)]. The magnetic moments of the Fe ions
occupying the Fe1 sites are oriented in opposite directions to
those of the Fe2 sites.

B. Structural evolution in Lu1−xGaxFeO3

For the above-mentioned three structures, let us first in-
vestigate the energetics in pure LuFeO3. Since the magnetic
structures can be noncollinear, the SOC effect is taken into
consideration. The obtained energies of the Pnma, P63cm,
and Pna21 phases are −40.764, −40.737, and −40.329 eV
per formula unit, respectively, i.e., the Pna21 phase has much
higher energy, while the Pnma phase has slightly lower energy
than that of the P63cm phase by 27.19 meV/f.u.; hence the
Pnma phase is the ground state, which is consistent with
previous studies [18,37].

To explore the structural changes upon Ga substitution of
Lu, we calculated the total energies of Lu1−xGaxFeO3 with
increasing composition and explicit doping in a 120-atom
supercell for the three candidate structures, viz., the Pnma,
P63cm, and Pna21 phases. The magnetic structures mentioned
in Sec. A are adopted as initial configurations, and note that
the relative energy change due to varied magnetic orientations
(such as the different arrangements in the P63cm phase that
result in �E ∼ 1.2 meV [9]) is much smaller than that due
to structural changes. Therefore, the magnetic effect on the
critical composition of phase transitions should be neglige-
able. However, the energy difference between collinear and

FIG. 2. Magnetic configurations in the three phases of Lu(Ga)FeO3: (a) G-AFM for the Pnma phase; (b) top view of Y-AFM and side
view of collinear AFM for the P63cm phase; (c) AFM for the Pna21 phase. The arrows represent the directions of magnetic moments on the
Fe atoms. For clarity, Lu(Ga) and O ions are not shown.

114406-3



WANG, ZHANG, XU, CHEN, BELLAICHE, AND XU PHYSICAL REVIEW MATERIALS 7, 114406 (2023)

FIG. 3. DFT calculated energies of the Pnma, P63cm, and Pna21

phases of Lu1−xGaxFeO3 as a function of Ga composition, with the
energies of the Pnma phase as reference. (a) Noncollinear spins
considered. (b) Collinear spins considered. The solid lines are guide
to the eye from second-order polynomial fitting.

noncollinear magnetic configurations in the P63cm phase can
be significant due to the hexagonal lattice and the strong
antiferromagnetic exchange coupling of the nearest planar Fe
neighbors [9], which will be discussed next.

The calculated relative energies are presented in Fig. 3(a),
taking the Pnma phase as reference, and the following transi-
tions are obtained. First, the nonpolar Pnma state remains to
be the most stable phase when the Ga concentration is below
29%. With increasing composition, both the P63cm and Pna21

phases have decreased energies with respect to Pnma, albeit
the stronger the decrease from the Pna21 phases, the polar
P63cm phase starts with a much lower energy and becomes
the ground state in the range of 29% < x < 81%. Further
increasing Ga composition results in a second transition from
P63cm to Pna21 for Ga compositions above 81%.

It is worthwhile to point out that the noncollinear Y-AFM
magnetic structure in the P63cm phase is very important for
the stabilization of this structure. As a matter of fact, and as
shown in Fig. 3(b), if only collinear spin structures [without
SOC, see Fig. 2(b) right panel] are considered in the compu-
tations, there will be only a single transition from Pnma to
Pna21 at 69.4%. The relative energies of the Pnma and Pna21

phases are much less affected since their AFM structures are
close to be collinear, whereas for the P63cm phase the energy
increases for nearly 0.2 eV/f.u. Therefore, only results with
noncollinear spins (with SOC effect) will be discussed in the
following.

FIG. 4. DFT calculated polarization of Lu1−xGaxFeO3 as a func-
tion of Ga composition. For each composition, only the structure with
the lowest energy, i.e., the ground state, is considered.

C. Multiferroic properties

Next, let us check whether Ga substitution can tune
LuFeO3 to be both ferroelectric and ferromagnetic. The
change of electric polarization as a function of Ga compo-
sition is shown in Fig. 4, where only the ground state of each
case is considered. One can see that, while Lu1−xGaxFeO3 is
in the Pnma state, i.e., when 0 < x < 29%, the polarization
is zero. Such phase may be paraelectric or antiferroelectric,
depending on if a first-order transition to a ferroelectric phase
can occur upon application of a feasible electric field. With
the composition being between 29% and 81%, the most sta-
ble P63cm phase has a sizable polarization approximately of
17.4 µC/cm2 at 42% due to up-down-down displacements of
Lu3+ (Ga3+) ions, which basically saturates with further in-
crease of x within this phase. Note that the polarization of the
metastable pure h-LuFeO3 is calculated to be 10.5 µC/cm2,
being consistent with other theoretical values [9,18]. After Ga
doping, the same structure thus has an increased polarization.
Upon further increase of composition, the Pna21 phase be-
comes the ground state, which also exhibits a spontaneous
polarization of about 26 µC/cm2, being in agreement with

FIG. 5. DFT calculated weak magnetization of Lu1−xGaxFeO3

(120-atom supercell) as a function of Ga composition. For each com-
position, only the structure with the lowest energy, i.e., the ground
state, is considered.
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FIG. 6. DFT calculated density of states of LuFeO3, Lu0.5Ga0.5FeO3, and GaFeO3 in the Pnma, P63cm, and Pna21 phase, respectively.
(a) Total DOS. (b) Partial DOS for Lu/Ga. (c) Partial DOS for Fe. (d) Partial DOS for O. (e) Orbital resolved partial DOS for Fe. The zero
energy is set as the top of the valence band.

reported experimental and theoretical data [22] and slightly
larger than that of the P63cm phase.

While Lu1−xGaxFeO3 undergoes the Pnma → P63cm →
Pna21 phase transitions, the magnetic structure changes ac-
cordingly in the sequence of G-AFM, Y-AFM, and AFM, all
with canted weak magnetization being allowed in our calcu-
lations. Figure 5 reports the calculated ferromagnetic moment
as a function of composition for the stable structures.

Similar to pure Pnma LuFeO3, the spins on the Fe sites
of the Pnma Lu1−xGaxFeO3 (x = 0.0 − 0.29) order antifer-
romagnetically along the [1–10] direction; a canting towards
the z-axis generates a weak ferromagnetism. As presented in
Fig. 5, when Lu1−xGaxFeO3 is in the Pnma state, the mag-
netization along the x and y directions are both zero while
the magnetization along the z direction basically remains to
be around −0.5 μB. For pure h-LuFeO3 of the 120-atom
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FIG. 7. DFT calculated band gap of Lu1−xGaxFeO3 as a function
of Ga composition. For each composition, only the structure with the
lowest energy, i.e., the ground state, is considered.

supercell, there is only a weak magnetization along the
z direction with zero in-plane component, and it is about
−0.15 μB. For 120-atom supercell h-Lu1−xGaxFeO3, how-
ever, due to the irregular positions of Ga atoms that break
the hexagonal symmetry, small mx and my can occur. Since
this is a computational limitation that the in-plane compo-
nents should vanish in real samples or very large supercells
if averaged over sufficient number of random distributions,
mx and my are reported to be zero in Fig. 5. mz in P63cm
Lu1−xGaxFeO3 at x = 0.42 (−0.06 μB) is smaller than the
value in pure h-LuFeO3 (−0.15 μB) [10,12,38]. Such weak
magnetization slowly decreases with increasing Ga doping
until x = 0.81. When Lu1−xGaxFeO3 is in the Pna21 phase
(x = 0.81 − 1.0), the magnetization is essentially close to
zero, as was also reported in Ref. [20] for pure GaFeO3.

D. Electronic properties

The electronic properties also evolve with the structural
phase transitions, as indicated by the variations of DOS and
band gaps. As representative examples, the DOS of pure
LuFeO3 of Pnma phase, Lu0.5Ga0.5FeO3 of the P63cm phase
and GaFeO3 of the Pna21 phase are shown in Fig. 6. The
total DOS [Fig. 6(a)] shows similarity of the valence band
for the three phases, but the conduction band minimum is
significantly reduced in the P63cm phase as compared to the
other two structures, which very much resemble each other.
Specifically, the valence band maximum is contributed mostly
by O and slightly by Fe [Figs. 6(b), 6(c), and 6(d)], while the
conduction band minimum is dominated by the Fe dxy orbital,
as illustrated by the partial DOS of Fe in Fig. 6(e).

The variation of the band gap Eg of Lu1−xGaxFeO3 is
reported in Fig. 7, as determined by the separation between
valence band maximum and conduction band minimum from
the DOS calculations. With all phases being semiconductors,
the band gaps of LuFeO3, Lu0.5Ga0.5FeO3, and GaFeO3 in
respectively the Pnma, P63cm, and Pna21 phases are 2.3,
1.09, and 2.23 eV. The values of pure LuFeO3 (Pnma phase)
and pure GaFeO3 (Pna21 phase) are in good agreement with

previous theoretical calculations (2.0 and 2.2 eV, respectively)
[22,29,30]. The computed band gap of pure h-LuFeO3 is
1.30 eV, which is also consistent with reported theoretical
values of 1.3–1.4 eV [18,31], and h-Lu0.5Ga0.5FeO3 has a
similar value of Eg = 1.09 eV, suggesting that the electronic
structure around the Fermi level is rather insensitive to Ga
doping, since the Lu (or Ga) bands are not significant in this
energy range [see Fig. 6(b)].

Therefore, interestingly, the band gap is mainly determined
by the overall structure, i.e., Eg is around 2.3 eV when
Lu1−xGaxFeO3 is in the Pnma phase (0 < x < 29%); Eg de-
creases abruptly in the P63cm phase to about 1.0 eV; and Eg

recovers abruptly to 2.23 eV in the Pna21 phase. Therefore,
this further indicates that different Ga compositions cause
changes in the structure of Lu1−xGaxFeO3 and then different
structural states lead to different values of Eg. In addition,
when Lu1−xGaxFeO3 is in the same phase, the values of Eg

are basically very close to each other and do not change
significantly, nearly irrespective of the Ga composition.

IV. CONCLUSIONS

In summary, we have investigated bulk Lu1−xGaxFeO3 for
its structural phase transitions as a function of Ga composition
and its multiferroic properties, using ab initio calculations. We
find that Lu1−xGaxFeO3 undergoes the transitions of Pnma
(x = 0 − 0.29) → P63cm (x = 0.29 − 0.81) → Pna21 (x =
0.81 − 1) by varying the concentration of Ga. Associated with
such transitions, the electric polarization changes from zero in
the nonpolar Pnma phase to 17 µC/cm2 in the P63cm phase,
and then to as large as 29 µC/cm2 in the Pna21 phase; mean-
while, the magnetization decreases from −0.5 μB (Pnma)
to −0.06 μB (P63cm) and nearly zero (Pna21). Within each
phase, the polarization and magnetization are found to be
rather insensitive to Ga composition. The P63cm phase is
both ferroelectric and weakly ferromagnetic. The electronic
band gaps are also found to vary with the phase transitions,
with a significant drop from about 2.3 eV in the Pnma and
Pna21 phases to 1.09 eV in the P63cm phase. Therefore, we
believe that Ga substitution is an effective means to tune the
multiferroic, electronic, and optical properties of LuFeO3 and
hope that our findings can be verified by future experiments.
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