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Half-metallicity is very important in spintronics due to its ability to realize fully spin polarized transport. Due
to the rise of two-dimensional (2D) materials, how to achieve half-metallicity in 2D materials has attracted great
attention in recent years and various schemes have been proposed for this goal in intrinsically non-half-metallic
magnetic systems, whereas these schemes are primarily limited to antiferromagnetic systems. It is desirable
and significant to turn ferromagnets into half-metals. In this work, by taking magnetic LaBr2 monolayer as an
example, based on density functional theory calculations, we propose a scheme to achieve half-metallicity in a
kind of ferromagnetic systems called spin semiconductors by forming a van der Waals (vdW) heterostructure
with a 2D ferroelectric material α-In2Se3. It is found that not only half-metallicity can be achieved in LaBr2,
but it can also switch between half-metal and semiconductor accompanying with ferroelectric polarization
reversal under the external electric field. The switching is interpreted by the interlayer charge transfer due to
the appropriate work function differences between the contacted two surfaces. Further the obtained extremely
high spin polarization (99.94%), tunnel electroresistance ratio (2.11 × 105%), and tunnel magnetoresistance
ratio (1.62 × 104%) in the subsequent transport study of the multiferroic tunnel junction constructed with
LaBr2/α-In2Se3 vdW heterostructure demonstrates that this provides a novel scheme for the new multifunctional
applications of spin semiconductors such as LaBr2, either as a spin filter generator, or as a building block of data
storage units based on giant tunnel electroresistance effect or giant tunnel magnetoresistance effect.

DOI: 10.1103/PhysRevB.110.115439

I. INTRODUCTION

Since the discovery of giant magnetoresistance (GMR) in
magnetic tunnel junctions in the late 1980s [1,2], the spin
degree of freedom of electrons started to play a very important
role in data storage, which led to the naissance of spintronics
and greatly increased the storage density of memory devices
[3–9]. The central goal of spintronics is to attain high spin po-
larization, and especially half-metallicity [10], which means
100% spin polarization is greatly desired. In terms of band
structure, half-metallicity is characterized by a single spin
channel crossing the Fermi level, with the other spin chan-
nel far from it [11–13]. For a material to be half-metallic,
a prerequisite is that it should be magnetic. Some magnetic
materials are intrinsically half-metallic, such as iron dihalide
[14], transition-metal (TM) dihydride [15], TM dinitride [16],
and Cr3X4 (X = S, Se, Te) [17], while the majority of them
are not half-metallic.

With the rise of the two-dimensional (2D) materials,
marked by the fabrication of graphene in 2004 [18], a lot of 2D
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magnetic materials have been predicted and/or synthesized
[19–26]. However, most of them are also non-half-metallic.
A natural interesting question is whether they can be tuned
to be half-metallic by certain external means. Fortunately,
thus far, a few schemes have been proposed to realize half-
metallicity in 2D materials. The first and most prominent
example is zigzag-edge graphene nanoribbons (ZGNRs) in
which half-metallicity is achieved by applying an external
transverse electric field by Louie et al. [27]. Due to the energy
degeneracy breaking of the spin resolved edge states in the
two spin channels induced by the electrostatic potential energy
drop along the electric field direction, both the valence band
and conduction band in one spin channel will be shifted to
the Fermi level while those of the other spin channel will
shift far away from it simultaneously. Since the electrical field
needs to be extremely strong to induce the half-metallicity,
which is basically unavailable in laboratory, alternative meth-
ods have been proposed by many other groups. For example,
Kan et al. proposed the edge decoration scheme to achieve
half-metallicity in ZGNRs [28]. The -CH3 group and -NO2

group were used to saturate the dangling bonds of the edge
carbon atoms on the different edges, which lower the local
potential energy of one edge and increase it at the other edge,
effectively generating a potential energy gradient between the
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two edges and inducing half-metallicity in the ZGNRs. Two
other typical examples are contributed by Dutta et al., [29]
who replaced the central part of ZGNRs by BN nanoribbons
(BNNRs), and by Zheng et al., [30] who doped B atoms at
one edge and N atoms at the other edge. The BN nanoribbon
substitution scheme also causes potential difference along the
transverse direction due to the asymmetry of BN nanoribbons,
while the B-N codping scheme at opposite edges directly
control the depletion of electrons of the valence band edge
state in one spin channel at one edge by B acceptor and
the filling of electrons into the conduction band edge states
localized at the other edge of the same spin channel by N
donor due to their one more (N) or less (B) electron than the
C atom. Based on the fact that the edge states of one spin
channel is solely distributed at one carbon sublattice and those
of the other spin channel are localized completely on the other
carbon sublattice, Tao et al. proposed another scheme by AA
stacking of a BN nanoribbon on the ZGNR, which generate a
stagger potential energy distribution that increases the poten-
tial energy of one sublattice and decreases the potential energy
of the other sublattice, ultimately shift the energy of the edge
states of different spin channels towards opposite directions,
and thus leading to a decreased band gap for one spin channel
and an increased band gap for the other one. Then combined
with photogalvanic effect, half-metallic transport is achieved
in such a BNNR/ZGNR van der Waals (vdW) heterostructure
[31].

The study of half-metallicity is then extended from the one
dimensional ZGNRs to 2D materials that are periodic in the
two in-plane directions. Stimulated by Louie et al.’s idea of
applying a transverse electrical field to tune the energy of the
electronic states localized at different spatial locations, Gong
et al. realized half-metallicity in A-type antiferromagnetic
bilayer VSe2 system [32], in which the valence band states
of the two spin channels are localized at different layers and
those states in the conduction band are also localized at differ-
ent layers. A vertical electrical field will play the same role as
a transverse electrical field does in the ZGNRs, and thus half-
metallicity is generated in the bilayer VSe2. The same idea
has also been applied to achieve half-metallicity in the A type
antiferromagnetic bilayer LaBr2 by Chen et al. [33]. However,
all the schemes above are limited only to the antiferromag-
netic systems where the examples mentioned previously such
as ZGNRs [27], bilayer VSe2 [28–32], and bilayer LaBr2

[33] are all antiferromagnetic, with states of different spin
channels distributed at different locations. For systems that
are ferromagnetic and the states of different spin channels
are not spatially separated, none of the schemes previously
mentioned are applicable. How to achieve half-metallicity in
such systems, especially in ferromagnetic monolayers, is both
challenging and significant.

In this work, we propose a scheme to realize half-
metallicity in a special type of ferromagnetic 2D materials
called spin semiconductors. Spin semiconductors are ferro-
magnets characterized by the two bands right above and below
the Fermi level coming from different spin channels and both
bands are separated from all other bands above or below
them by an energy gap [34]. Such kinds of ferromagnets are
proved to be very useful in many fields, especially in pure spin
current generation by thermoelectric effect [35] or photogal-

vanic effect [36]. Obviously, to get half-metallicity, we have
to tune these bands to cross the Fermi level. Since the states
from the spin up channel and spin down channels are evenly
distributed in the whole systems, we can not use the methods
that generate potential energy difference any more. However,
a straightforward idea is to dope electrons or holes into the
system, which may lead to partially filled valence band or
conduction band. Since either the valence band or the con-
duction band takes only one spin channel, it will shift either
the valence band or the conduction band to the Fermi level by
either doping holes or doping electrons and finally makes it
half-metallic. Such dopings can be implemented by stacking
another 2D material on it to form vdW heterostructure. Due
to the work function difference between the two contacted
materials, charge transfer may occur. Either the amount or
the direction of the charge transfer will be directly determined
by the relative magnitudes of the work functions of the two
materials. By taking the spin-semiconducting LaBr2 mono-
layer [37,38] as an example, we intend to make it half-metallic
based on charge transfer by stacking a ferroelectric 2D ma-
terial α-In2Se3 onto it [39–41]. Since the ferroelectric 2D
materials have different work functions on different sides as a
result from the internal ferroelectric polarization, it will have
more degree of freedom for charge transfer tuning, at least it
can provide two different work functions and thus two possi-
bilities of band alignment with that of LaBr2 and the different
contacts can be conveniently switched by the ferroelectric
polarization reversal. Our density functional calculations in-
dicate that half-metallicity can be generated in LaBr2. More
interestingly, half-metal and semiconductor will be exchanged
upon the reversal of the ferroelectric polarization due to the
different band alignment resulting from the different work
function differences. Transport calculations in a multiferroic
tunnel junction (MTJ) constructed from the LaBr2/α-In2Se3

vdW heterostructure demontrate 99.94% spin polarization,
giant tunnel electroresistance (TER) ratio (2.11 × 105%), and
giant tunnel magnetoresistance (TMR) ratio (1.62 × 104%),
realizing excellent performances in multiple purposes with the
same functional material.

II. COMPUTATIONAL DETAILS

The structure relaxations and electronic structure calcula-
tions are performed by density functional theory as imple-
mented in the Vienna ab initio Simulation Package (VASP)
[42]. The exchange-correlation functional is described by the
Perdew-Burke-Ernzerhof (PBE) form of the generalized gra-
dient approximation (GGA) [43] and the projector-augmented
plane wave potentials [44]. The fineness of the real-space grid
is determined by the energy cutoff of 600 eV. A Hubbard U
value of 5.5 eV is considered for the 4 f orbitals of the La
atoms to take into its correlation effect [45]. A 12 × 12 × 1
Monkhorst-Pack k-point grid is chosen to sample the first
Brillouin zone in the reciprocal space. The vacuum layer
thickness is chosen as 15.0 Å. The van der Waals force was
considered through the DFT-D2 method [46,47] in all the
structural optimizations. The dipole correction has also been
taken into account. The convergence criteria for force and total
energy are chosen as 0.001 eV/Å and 10−8 eV, respectively.
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The transport calculations are performed by the QUANTU-
MATK package [48–50], which combines density functional
theory and nonequilibrium Green’s function, as implemented
with linear combinations of atomic orbitals (LCAO). The
exchange-correlation potential is described by GGA-PBE.
Both the pseudopotentials and LCAO basis sets take the Pseu-
doDojo form [49]. The k-point grid in the self-consistent
calculation is set to 13 × 1 × 1, whereas it is chosen as
100 × 1 × 1 in the calculation of the transmission function
since it demands a much denser k grid along the transverse
periodic direction. The tunneling equilibrium conductance of
the system is obtained by

G = G0

∑

kx

T (kx, E ), (1)

where T (kx, E ) is the transmission function of the electronic
state at k = kx for energy E , and G0 = 2e2/h is the conduc-
tance quanta. Further, the TER ratio of the system is calculated
by [51]

TER = |G↑ − G↓|
min(G↑, G↓)

× 100%, (2)

where G↑ and G↓ are the tunneling equilibrium conductance
of the FTJ when the ferroelectric layer is in the polarization
up (P↑) and polarization down (P↓) states, respectively. The
TMR ratio is defined as [52]

TMR = GP − GAP

GAP
× 100%, (3)

where GP and GAP are the tunneling equilibrium conductance
of the magnetic tunnel junction in the parallel (P) magnetiza-
tion and antiparallel (AP) magnetization states, respectively.

III. RESULTS AND DISCUSSION

A. Electronic structure of freestanding LaBr2 and α-In2Se3

First of all, before the formation of the vdW multiferroic
heterostructure, the electronic structures of the free monolayer
LaBr2 and In2Se3 are revisited. The fully relaxed structures
of them indicate that their primitive cells are both hexagonal,
with the lattice constants as 4.09 Å and 4.11 Å, respectively,
with the lattice mismatch between them as small as 0.4%.
In the primitive cell, LaBr2 includes one La atom and two
Br atoms, while In2Se3 includes two In atoms and three Se
atoms. The nearly perfect lattice commensuration between
the two lattices makes them ideal for constructing vdW het-
erostructures, as shown in Fig. 1. The band structures of these
two materials are shown in Figs. 2(a) and 2(b), respectively.
Figure 2(a) indicates that LaBr2 is a spin semiconductor,
with the valence band contributed by spin up channel and
the conduction band contributed by spin down channel. The
spin gap defined by the distance between the spin up valence
band maximum (VBM) and the spin down conduction band
minimum (CBM) is 0.45 eV. In addition, the band gap of
the spin up channel is 1.27 eV, while that for the spin down
channel is 4.05 eV. Note that this is achieved with a U value of
5.5 eV for the 4 f orbitals. Without U consideration, the flat 4 f
bands will lower down to mix with the spin down conduction
band (not shown). More accurate calculations with hybrid
functional HSE06 also indicate that the 4 f orbitals should

FIG. 1. The LaBr2/α-In2Se3 vdW heterostructure with the fer-
roelectric polarization: (a), (c) pointing up; (b), (d) pointing down.
(a) and (b) are top views, while (c) and (d) are side views. The
rhombus indicates the primitive cell.

be far above the spin down conduction band (beyond +3 eV)
[38]. The PBE + U reproduces this feature well. Figure 2(b)
indicates that In2Se3 is a semiconductor with an indirect band
gap of 0.76 eV and its electrical dipole moment is obtained as
0.095 e Å/unit cell. In2Se3 is a five-atomic-layer structure and
the polarization reversal is switched by exchanging the central
Se atom between two positions that are right below the upper
layer In atom and right above the lower layer In atom in the
unit cell [see Figs. 1(c) and 1(d)]. The magnetic moment of
each La atom is 0.38 μB, but located in the interstitial region
formed by three La atoms, a feature in line with the unique
behavior of electride electrons, which is seen from the spin
density shown in Figs. 2(c) and 2(d). These results are in good
agreement with the literature [33,41].

FIG. 2. The band structure of the isolated 2D material: (a) LaBr2;
(b) In2Se3, UP stands for spin up and DN for spin down. The spin
density of LaBr2: (c) top view; (d) side view, where the rhombus
indicates a unit cell.
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FIG. 3. The layer projected band structure of the LaBr2/α-In2Se3 vdW heterostructure: (a) and (b) for the P↑ case while (c) and (d) for the
P↓ case, with up and dn standing for spin up and spin down, respectively.

B. Electronic structure of LaBr2/α-In2Se3 vdW heterostructure

After considering all possible stacking modes of the two
materials, full relaxations reveal that the lowest-energy struc-
ture of the LaBr2/α-In2Se3 takes a common lattice constant
of 4.09 Å, with the outmost Se atoms in In2Se3 right above
the La atoms in LaBr2, which can be seen from the top
view and side view in the polarization up and down cases
shown in Figs. 1(a)–1(d). The interlayer distance between the
LaBr2 and In2Se3 is obtained as 3.081 Å, with the electri-
cal dipole moment decreasing to −0.02 e Å/unit cell in the
polarization up (P↑) case and increasing to 0.12 e Å/unit cell
in the polarization down (P↓) case. The great difference in
the polarization strength in the two polarization states implies
great changes in the electronic structure of the heterostructure
accompanying with the polarization reversal. Such a change
is first reflected in the layer-resolved band structure shown
in Fig. 3. In the P↑ case, the spin up VBM of LaBr2 gets
higher than the CBM of In2Se3 and the Fermi level crosses the
two bands [see Fig. 3(a)]. However, the spin down conduction
band of LaBr2 is above the Fermi level [see Fig. 3(b)], thus
LaBr2 becomes half-metallic and In2Se3 becomes metallic.
The metallicity in In2Se3 greatly decreases the polarization
strength from 0.095 to 0.02 e Å/unit cell due to the screening
effects of free electrons. In contrast, in the P↓ case, both
LaBr2 and In2Se3 are insulators since there is a band gap for
both materials. Therefore, with the ferroelectric polarization
reversal, a metal to insulator transition occurs for both LaBr2

and In2Se3. Accordingly, the polarization strength slightly
increases from 0.095 to 0.12 e Å/unit cell. Obviously, from
Fig. 3(a), the spin up valence band of LaBr2 becomes par-
tially unfilled while the conduction band of In2Se3 becomes

partially filled, which suggests there is charge transfer from
LaBr2 to In2Se3. This is seen more clearly from the dif-
ferential charge density as shown in Fig. 4. In both the P↑
[Fig. 4(a)] and P↓ [Fig. 4(b)] cases, there is charge depletion
from inside of LaBr2 to the interface region. The difference
between the two cases is that, charge transfer from LaBr2

goes inside In2Se3 in the P↑ while it is not seen in the P↓
[Fig. 4(b)] case. Conversely, it may be interpreted that it is

FIG. 4. The differential charge density of the LaBr2/α-In2Se3

vdW heterostructure in: (a) the P↑ case; (b) the P↓ case.

115439-4



FERROELECTRICALLY INDUCED HALF-METALLICITY, … PHYSICAL REVIEW B 110, 115439 (2024)

FIG. 5. The averaged electrostatic potential distribution along
the vertical direction for: (a) In2Se3; (b) LaBr2.

the charge transfer that induces the metal-insulator transition.
Then what is the origin of the charge transfer? It is well known
that the work function measures the work that has to be done
to take an electron from the Fermi level to the vacuum level.
The relative work function difference will generate a contact
potential difference, which acts as the driving force of charge
transfer between two materials. Thus, next, the work functions
of the two materials are studied. To get the vacuum level, the
Hartree potential is averaged in the xy plane and its function as
z along the vertical direction is calculated and shown in Fig. 5.
It is found that the vacuum level of In2Se3 is different for both
sides, with a potential energy drop of 1.18 eV, which leads to
the two work functions of 5.20 eV and 6.38 eV for the two
surfaces. Note that in the calculation of work functions with
W = Evac − EF , although for intrinsic semiconductors or in-
sulators the Fermi level is not well defined, it is reasonable to
take it as the VBM for the ground state [41,53,54]. For LaBr2,
for each spin channel, there will be a work function due to
their different VBM. The work function for spin up channel
is 4.20 eV, while that for the spin down channel is 7.80 eV.
All these work functions lead to the initial band alignments as
shown in Fig. 6. When the P− side of In2Se3 [negative charge
side of the dipole, also the higher potential energy side and the
higher work function side, marked by “In2Se3(–)” in Fig. 6]
is contacted with LaBr2, the band alignment between spin up
of LaBr2 and In2Se3 belongs to type III, which leads to charge
transfer from the spin up VBM of LaBr2 to the CBM of In2Se3

and the transfer amount is rather large. In the meantime, the

FIG. 6. The initial band alignments of the vdW heterostructure.
The horizontal dashed line indicates the vacuum level, the blue solid
line indicates the CBM, while the red solid line indicates the VBM,
which also marks the work function since for insulators, the work
function is calculated by the difference of vacuum level and the
VBM at zero temperature. The arrows indicate spin up and spin down
channels in LaBr2.

spin down channel of LaBr2 forms a type I band alignment
with In2Se3, thus there is no charge transfer between them.
The band alignments of the two spin channels finally lead to
the spin up valence band of LaBr2 becoming partially filled
and LaBr2 becomes half-metallic. When the P+ side [marked
by “In2Se3(+)” in Fig. 6] of In2Se3 is contacted with LaBr2,
we find that the spin down channel of LaBr2 stills forms the
type-I initial band alignment with In2Se3, which leads to no
charge transfer between them. The spin up channel forms with
type-III band alignment with In2Se3, which ideally should
lead to charge transfer between them. However, the spin up
VBM of LaBr2 is only slightly (0.24 eV) above the In2Se3

CBM. Due to the large interface tunnel barrier, the charge
transfer is negligibly small. That is why LaBr2 and In2Se3 are
both insulators. Nevertheless, the spin up VBM of LaBr2 and
spin down CBM of In2Se3 get very close. Interestingly, for
In2Se3, the spin up CBM is higher than the spin down CBM,
which leads to spin splitting of LaBr2.

C. Transport properties in LaBr2/α-In2Se3 vdW MTJ

Although LaBr2 becomes half-metallic in the P↑ case,
how to utilize the half-metallicity in it is an important ques-
tion to ask since the vdW heterostructure as a whole is not
half-metallic and the projected bands of LaBr2 and In2Se3

are mixed around the Fermi level. In order to utilize the
half-metallicity in LaBr2, we construct a multiferroic tunnel
junction as shown in Fig. 7, which has LaBr2/α-In2Se3 as the
leads and LaBr2 as the channel region, with LaBr2 of the three
regions as a whole sheet. Both the leads and the central region
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FIG. 7. The structure of the multiferroic tunnel junction con-
structed with the LaBr2/α-In2Se3 vdW heterostructure. Transport is
along the z direction.

are composed by periodically repeating the smallest rectangu-
lar supercell, which is about 7.080 Å in the x direction and
4.088 Å in z (transport) direction, as marked by the left and
right dashed line box in Fig. 7. The central region includes two
supercells of LaBr2 as the channel region and three supercells
of LaBr2/α-In2Se3 vdW heterostructure in both the left and
right buffer layers. Figure 7 shows the case with the P↑ ferro-
electric polarization case, with the polarization revertible by
an opposite electric field. In addition, we may apply different
magnetic fields to control the parallel or antiparallel magneti-
zation directions of the two leads. Thus, we may realize tunnel
electroresistance and tunnel magnetoresistance in this same
MTJ. We care how much the TER ratio and the TMR ratio
will be achieved. Our transport calculations are performed
with PBE functional, namely, without considering U . This
is reasonable since we have compared the band structures
with and without U (not shown) and we get basically the
same band structure in the energy range below +1 eV, while
the electron transport properties are determined only by the
electrons nearby the Fermi level.

First, we study the case with uniform magnetization in
LaBr2 under different ferroelectric polarization directions of
In2Se3. The transmission functions of the P↓ and the P↑
cases are given in Figs. 8(a) and 8(b), respectively. We find
that there are a wide spin up transmission peak below the
Fermi level and a wide spin down transmission peak above
the Fermi level [Fig. 8(a)]. These two peaks actually arise
from the LaBr2 spin semiconducting bands since the Bloch

states from the In2Se3 are almost completely blocked due to
the vacuum gap between the two leads. However, around the
Fermi level, there is a transmission gap, which is consistent
with band gap in Figs. 3(c) and 3(d). It means it lies in a
poorly conducting state. Note the appearance of a small spin
up peak in Fig. 8(a) right above the Fermi level. Due to the
In2Se3 channel being blocked by the gap, there should be
no spin up contribution above the Fermi energy up to 1 eV.
However, if we inspect the layer-projected band structure
carefully, we will see some contribution from LaBr2 around
the CBM in the spin up channel [see Fig. 3(c)]. This is due to
orbital hybridization between LaBr2 and In2Se3. This can be
seen from the charge accumulation at the interface as seen in
Fig. 4(b). From Fig. 3(c), we also see that, when approaching
the � point along the spin down conduction band, the weight
of In2Se3 gets increasingly smaller while that of the spin up
channel of LaBr2 gets bigger. Thus, we believe that the spin
up transmission contribution above the Fermi level in Fig. 8(a)
should originate from this hybridization induced spin up
LaBr2 states.

On the contrary, in the P↑ case, a wide spin up transmission
peak crosses the Fermi level. Thus, half-metallic transport is
realized. We get at the Fermi level Tup = 3.7944 × 10−1 and
Tdn = 1.1395 × 10−4 in the P↑ case and Tup = 7.3997 × 10−5

and Tdn = 1.0580 × 10−4 in the P↓, which leads to spin po-
larization as high as 99.94% in the P↑ state and a TER
ratio of 2.11 × 105% in the MTJ. In the conducting P↑ case,
when we revert the magnetization of the right lead with a
magnetic field to have antiparallel magnetic configuration,
we will see that in the energy range studied, the transmis-
sions are almost completely suppressed, especially around
the Fermi level. We get an actual transmission at the Fermi
level of Tdn = 4.2041 × 10−4 and Tdn = 1.9060 × 10−3 for
the spin up and spin down channels, respectively. Combined
with the P↑ case in parallel magnetic configuration, we will
get a giant TMR ratio of 1.62 × 104%. This can be un-
derstood as follows. With reversal of the magnetization of
the right lead, the spin indices of the LaBr2 in both leads
are exchanged. Due to spin mismatching in LaBr2 and al-
most complete blocking in the In2Se3 due to the existence
of the gap, the transmission around the Fermi level will be-
come negligible in the AP case, leading to an extremely low
conductance state.

FIG. 8. The transmission function of the MTJ in: (a) P↓ polarization and P magnetization configuration; (b) P↑ polarization and P
magnetization configuration; (c) P↑ polarization and AP magnetization configuration.
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IV. CONCLUSION

In summary, by taking LaBr2 as an example, we have
proposed a scheme to realize electron half-metallicity in 2D
spin-semiconducting ferromagnetic materials by stacking a
2D ferroelectric material with out-of-plane ferroelectric po-
larization. This scheme works with charge transfer due to
work function differences of the contacted surfaces of the two
materials. No matter whether the magnetic material receives
electrons or loses electrons, half-metallicity will be achieved.
The key requirement is that the two contacted materials have
type-III initial band alignment, where work functions of the
materials are the most important physical quantity to con-
sider. In our example, LaBr2 loses electrons so that the spin
up valence band becomes partially filled in the P↑ case and
thus becomes half-metallic. Interestingly, with the ferroelec-
tric polarization reversal, LaBr2 will recover semiconductor
again. Such a switching can lead to interesting transport
behaviors. In the multiferroic tunnel junction constructed
with LaBr2/α-In2Se3 vdW heterostructure, 99.94% spin

polarization equilibrium conductance, 2.11 × 105% tunnel
electroresistance ratio and 1.62 × 104% tunnel magnetore-
sistance ratio are observed. For other spin semiconductors,
by proper choice of the stacked 2D ferroelectric material
with appropriate ferroelectric polarization and work functions,
spin up half-metal, spin down half-metal, or bipolar half-
metal can be achieved due to the ferroelectric polarization
reversal under external electric field. The findings suggest
a novel scheme for designing high performance multifunc-
tional multiferroic tunnel junctions based on ferromagnetic
spin semiconductors.
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