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MnBi2Te4 (MBT) materials are a promising class of antiferromagnetic topological insulators whose
films provides access to novel and technologically important topological phases, including quantum
anomalous Hall states and axion insulators. MBT device behavior is expected to be sensitive to the
various collinear and non-collinear magnetic phases that are accessible in applied magnetic fields.
Here, we use classical Monte Carlo simulations and electronic structure models to calculate the
ground state magnetic phase diagram as well as topological and optical properties for few layer
films with up to six septuple layers. Using magnetic interaction parameters appropriate for MBT,
we find that it is possible to prepare a variety of different magnetic stacking sequences, some of which
have sufficient symmetry to disallow non-reciprocal optical response and Hall transport coefficients.
Other stacking arrangements do yield large Faraday and Kerr signals, even when the ground state
Chern number vanishes.

I. INTRODUCTION

MnBi2Te4 (MBT) is a promising platform for the de-
velopment of unique devices based on topological elec-
tronic bands1–28. The utility of MBT is a consequence
of its natural layered structure, which consists of stacks
of ferromagnetic septuple layers (SLs) with out-of-plane
magnetization and with inverted electronic bands with
non-trivial topology1–3. There is great interest in con-
trolling the sequence of magnetic and topological layers
as a means to control phenomena related to the band
topology9. Bulk MBT adopts a staggered antiferromag-
netic (AF) stacking of the FM SLs3,10,12,18 shown in
Fig. 1, providing the first realization of an AF topolog-
ical insulator, which is predicted to host unique axion
electrodynamics29,30. Weak interlayer magnetic interac-
tions across the van der Waals gap and uniaxial magnetic
anisotropy allow for facile control of the magnetic struc-
ture. For example, a bulk Weyl semimetallic phase is
predicted when all FM layers in MBT are field-polarized
with a small applied magnetic field9,15,16.

Perhaps the most exciting opportunity in MBT ma-
terials is the possibility of developing thin film devices
with precisely controlled magnetic stacking sequences.
In this context, devices with even and odd numbers of
AF stacked layers offer qualitatively different topological
phase possibilities11,23,28,31–33. An odd number of mag-
netic layers necessarily has partially compensated mag-
netization that is beneficial for the observation of the
quantum anomalous Hall (QAH) effect11. On the other
hand, fully compensated magnetization occurs in even
layer devices with zero applied magnetic field and pro-
vides an ideal platform to search for axion insulators
with quantized magnetoelectric coupling13,23. However,
there are also much richer possibilities in both odd or
even layer samples33 since the application of a magnetic
field can result in different collinear magnetic stackings
with partially compensated magnetization, or even to

non-collinear (canted) magnetic phases. The possibility
to stabilize such phases and the potential for realizing
unique topological phases in this scenario has not been
considered.

The magnetization behavior of AF multilayers displays
rich metamagnetic behavior with features, such as sur-
face spin-flop transitions, that are not observed in bulk
antiferromagnets34,35. This complex behavior is a con-
sequence of competition between single-ion anisotropy,
interlayer magnetic exchange, and Zeeman energy. For
topological materials, whether the symmetry of different
magnetic layer stacking sequences can affect the topo-
logical properties of the bands is an open question. For
example, collinear metamagnetic phases with the same
net magnetization can result from magnetic layer stack-
ings that may or may not break mirror symmetry (M).
Here we use classical Monte Carlo simulations to show
that it is generally possible to tune-in different stacking
sequences with distinct symmetries using an applied mag-
netic field. We find that realistic values of the single-ion
anisotropy and exchange place MBT close to this tunabil-
ity regime. Finally, we discuss the topological properties
of accessible field-tuned states and strategies to identify
them experimentally.

II. MONTE CARLO SIMULATIONS OF BULK
MnBi2Te4

The spin lattice of MBT consists of triangular FM lay-
ers which are stacked in a close-packed fashion along the
direction perpendicular to the layers. Interlayer inter-
actions are antiferromagnetic, resulting in the zero-field
A-type ground state [see the full and schematic struc-
tures in Figs. 1 and 2(a), respectively]. Magnetization
and neutron diffraction experiments find Mn moments
oriented perpendicular to the layers consistent with uni-
axial magnetic anisotropy18. These features suggest that
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Figure 1. Bulk crystal and magnetic structure of MnBi2Te4. Red
and blue arrows and planes denote the ferromagnetic layers with
staggered magnetization, forming an A-type structure. Gray rect-
angles identify septuple layers that are separated by a van der
Waals (vdW) gap. Septuple layers are staggered in a close-packed
ABC stacking. Principal antiferromagnetic interlayer (J) and ferro-
magnetic intralayer (J ′) interactions are indicated by black arrows.

a simple spin model can be used to study the magnetiza-
tion behavior of MBT in an applied magnetic field

H = J ′
∑
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∑
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i,z−gµBH·

∑
i

Si.

(1)
Here, Si is the Mn spin at site i (S = 5/2), J ′ < 0
is the intralayer FM exchange, J > 0 is the interlayer
AF exchange and D is the uniaxial single-ion anisotropy.
Each Mn ion has six interlayer and intralayer nearest-
neighbors (z = 6). A representative and consistent set of
coupling parameter values for MBT have been obtained
from magnetization18 and inelastic neutron scattering
experiments17; SJ ′ = −0.35 meV, SJ = 0.088 meV, and
SD = 0.07 meV.

Using these nominal values, classical Monte Carlo
(MC) simulations on bulk and few layer MBT sys-
tems have been performed using both UppASD36 and
Vampire37 software packages. MC simulations are first
performed on bulk MBT with a 21× 21× 12 system size
(14553 spins) with periodic boundary conditions. MC
simulations are run with the field pointed perpendicular

to the layers using 50000 MC steps per field to equilibrate
the structure and an additional 20000 steps to calculate
the average magnetic properties. To account for hys-
teresis and history dependence, we begin the simulations
with the field polarized state at H = 12 T and T = 0.1
K and ramp the field down in equal steps, using the final
state from the previous field as the initial state for the
current field.

Figure 2(b) summarizes typical MC simulation results
for bulk MBT that reveal a Néel temperature of 22 K
and magnetization curves with field-polarized saturation
fields (µ0H

sat
ab = 10.3 T and µ0H

sat
c = 7.9 T), and

a spin-flop field (µ0HSF = 3.7 T), in agreement with
bulk measurements10,12,18. The hysteresis of the spin-flop
transition is noticeably absent in the experimental data
of bulk single-crystals, which suggests that the spin-flop
transition in real crystals does not occur by coherent layer
rotation and could occur instead by surface nucleation38.

For a general bulk uniaxial AF with a dominant FM
intralayer coupling J ′, critical values of the ratio D/zJ
determine the magnetization behavior when the field is
applied along the c-axis. Only three phases are pos-
sible, the AF phase, the canted spin-flop phase (SF),
and the field-polarized phase (FM). For relatively weak
anisotropy D/zJ < 1/3, a first-order spin-flop transi-
tion phase is expected, followed by a second-order tran-
sition to the field polarized state (AF → SF → FM).
The nominal MBT parameters yield D/zJ ≈ 0.13 which
is well within the spin-flop regime. For dominant single-
ion anisotropy D/zJ > 1, the virgin AF state is swept
out by a weak applied field and a FM hysteresis loop
develops. This behavior is observed in MnBi4Te7, in
which the addition of a non-magnetic Bi2Te3 spacer be-
tween MnBi2Te4 layers dramatically weakens the inter-
layer magnetic exchange39,40. In the intermediate regime
1/3 < D/zJ < 1, the AF → FM transition occurs di-
rectly (a spin-flip transition), whereas the field-reversed
transition goes through the spin-flop regime (FM → SF
→ AF).

III. FIELD-TUNED FEW-LAYER
MAGNETIZATION

We now consider the behavior of the magnetization in
thin film samples consisting of N magnetic layers, with
N = 3, 4, 5 and 6. The phase diagram of N -layer sys-
tems is much more complex than the bulk phase dia-
gram because regions of stability exist (as described in de-
tail below) that correspond to collinear magnetic phases
with partially compensated magnetization (ferrimagnetic
phases). In this respect, significant differences occur be-
tween odd or even layer systems because the net magne-
tization cannot be fully compensated in odd layer films.
Fig. 2 (c)-(f) shows the magnetization for N = 3, 4, 5,
and 6-layer MBT obtained from MC simulations using a
11 × 11 system size for the basal layer and the nominal
MBT Heisenberg parameters. Select simulations with a
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Figure 2. (a) Schematic magnetic layer structure of MBT in the
crystallographic unit cell with close-packed stacking of septuple
blocks. The intralayer (J ′) and interlayer (J) magnetic interactions
are indicated. The gray shaded boxes indicate the full septuple lay-
ers separated by a vdW gap. (b) Monte Carlo simulations of the
bulk magnetization of MBT with field applied perpendicular and
parallel to the Mn layers. Inset shows the order parameter (OP)
of the staggered A-type AF order, which is defined as (s1 − s2)/2,
with si the magnetization in each Mn layer, as a function of tem-
perature. (c)-(f) Monte Carlo simulations of the magnetization of
3, 4, 5, and 6 layer MBT, respectively, using the nominal Heisen-
berg parameters. For N = 4 and 6, the ”∗” indicates an additional
phase transition.

larger 21× 21 basal layer produce no significant changes
in the magnetization sweeps.

For N = 3 and 5 layer simulations with the nominal
MBT parameters, we find the expected FM hysteresis
loop corresponding to the magnetization of a single un-
compensated layer (M = ±1). In addition, we find a hys-
teretic spin-flop-like transition from the M = ±1 phase
to the fully polarized FM phase. For N = 4 and N = 6,
magnetization curves resemble bulk MBT with a AF →
SF → FM sequence of transitions. However, one notices
evidence for an additional transition [indicated with a ”∗”
in Fig. 2(d) and (f)] within the spin-flop phase near 3 T.
As we will show below, this transition demonstrates that
the nominal parameters of MBT are close to a critical
point in the phase diagram at which the M = 2 collinear
phase becomes stable. We note that experimental evi-
dence exists for M = 2 magnetization plateaus in the
N = 4 and 6-layer films based on reflective magnetic cir-
cular dichroism experiments in some samples32,33. We
hypothesize that sample-to-sample variations in the ob-
served transport and magnetic properties of these films
may be due to the combined role of defects, disorder and
the proximity of MBT to M = 2 critical point. The
experimental results in Refs.32,33 are analyzed using nu-
merical methods similar to the Mills model41 described
below.

To explore the nature of this critical point and param-
eter regimes beyond the nominal values chosen to repre-
sent MBT, we calculated the phase diagrams for the 3, 4,
5, and 6-layer systems as a function of field and the single-
ion anisotropy parameter (D), as shown in Fig. 3. Gener-

ally, these phase diagrams show regions of collinear mag-
netism separated by non-collinear (spin-flop-like) phases.
For the largest uniaxial anisotropy values, the system ap-
proaches the behavior of a finite Ising chain where succes-
sive first-order transitions occur via random single-layer
spin-flips. We label the collinear ground state phases as;
AF (M = 0, N = even only), Mn (M = n, with n − 1
broken AF bonds), and FM (M = N , field-polarized with
all AF bonds broken). Their time-reversed states are in-
dicated by a bar (eg. M2) and states that have identical
ground state energies within our model, when they oc-
cur, are differentiated by a prime symbol (eg. M2′, M2′′).
Metastable excited states, when they occur, are labeled
with an asterisk (eg. M0∗).

Figure 3. Phase diagrams obtained by MC simulation showing
the layer magnetization of a uniaxial layered antiferromagnet vs.
magnetic field applied perpendicular to the layers and single-ion
anisotropy strength (SD) for (a) 3 layers, (b) 4 layers, (c) 5 layers
and (d) 6 layers. Simulations start in the FM phase at 10 T and the
field strength is reduced in equal steps of 0.2 T to -10 T. The solid
lines are phase boundaries and metastability limits obtained from
the Mills model, the dashed lines are guides to the eye. Collinear
phases are labeled as described in the text and non-collinear spin-
flop-like phases are labeled as SF. For N = 6, panel (d) indicates
a metastability limit below which only the M2′ phase is stabilized
out of the SF phase.

IV. METAMAGNETIC STATES

The distinct collinear ground states that occur for
N = 3 and N = 4 are illustrated in Fig. 4(a) and (b).
For N = 4, the MC phase diagram in Fig. 3(b) is con-
sistent with the phase boundaries, critical points, and
metastability limits obtained using the Mills model35,41.
As expected, slightly increasing D from the nominal
MBT value of SD = 0.07 meV stabilizes the M2 collinear
phase, replacing the inflection in Fig. 2(d) with a magne-
tization plateau. Analysis of 4-layer Mills model reveals
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that this critical point occurs at (SD, µ0H)β = (0.082
meV, 3.59 T)35.

Figure 4. Possible collinear magnetic ground states forN = 3, 4, 5,
and 6-layer systems, labeled as either FM, AF or Mn, where n is the
uncompensated net layer magnetization. Red dashed lines indicate
broken AF bonds that cost an exchange energy of 3J each. Shaded
green rectangles enclose degenerate states with the same magne-
tization, but different stacking sequences indicated by the prime
symbol. Shaded blue rectangles enclose the states with odd-parity
magnetic configuration (i.e. TM symmetrized magnetic configura-
tion, with T time-reversal andM mirror symmetry). The integers
below each state denote their Chern numbers calculated from a the
simplified Dirac-cone model and (e) are the calculated band gaps
vs. the magnetic stacking sequences of few-layer MBT thin films,
here we assigne a negative sign for the phase with non- zero Chern
number.

For odd thin film thicknesses (N = 3 and 5), the mag-
netization sequence at low D/zJ reveals M1 and M1
phases that form a hysteresis loop. For N = 5, larger
D/zJ reveals two M3 states occur, labelled as M3′ and
M3′′ in Fig. 4 (c), which have identical energies in our
model but are distinguished by the presence (M3′) or ab-
sence (M3′′) of mirror symmetry. Analysis of the sublat-
tice magnetization from our simulations shows that only
the mirror symmetric M3′ phase appears in the range of
D/zJ studied.

Much more interesting and complex behavior is ob-
tained for thin films with N = 6, where collinear phases
appear that have equal uncompensated magnetizations
but different symmetries. These phases appear beyond
the critical point, as in the N = 4 case, which is esti-
mated to be (SD, µ0H)β = (0.084 meV, 3.46 T) from
the 6-layer Mills model35. Close to the critical point,
two different M2 phases appear at positive and negative
fields, labeled M2′ and M2′′ as shown in Fig. 4(d). The
mirror symmetric M2′ phase has a single broken AF bond
in the center of the stack and is found emerging out of the
spin-flop phase (FM→SF→M2′). The mirror symmetry
broken M2′′ has a broken AF bond on the surface and is
always stabilized out of the AF state (AF→ M2′′).

The preference for the AF→M2′′ transition over the
AF→M2′ transition can be understood from metastabil-

Figure 5. (a)-(b) Twelve MC simulations for N = 6 repeated
under identical starting conditions near the metastability limit for
formation of the M2′ phase. Curves have a slight vertical offset for
clarity. (a) For SD = 0.11 meV, only the M2′ phase appears. (b)
For SD = 0.12 meV, either the M2′ or M2′′ phase appears. (c)-(e)
show the evolution of the magnetization angle for each layer for
different simulations. (c) For SD = 0.11 meV, which is below the
metastability limit, the angle of layers 2 and 5 in the spin-flop phase
approaches 90◦ before flipping into the M2′ phase. For SD = 0.12
meV, different simulations (labeled #1 and #2) result in either (d)
M2′ with layers 2 and 5 flipping or (e) M2′′ with layers 3 and 5
flipping.

ity arguments related to the barrier height per Mn (EB)
for layer flips that is determined primarily from the uni-
axial anisotropy. The AF→M2′′ transition requires a
coherent spin flip of the surface layer only (EB ∼ D),
whereas AF→M2′ requires three layer flips (EB ∼ 3D).
From the FM side, both M2′ and M2′′ require two layer
flips (EB ∼ 2D) and, for this reason, either phase is
equally likely to appear above the metastability limit
when D/zJ >∼ 0.2, as indicated by the purple dotted
line in Fig. 3(d).

Due to its larger barrier height, M2′ has a lower
metastability field to enter the AF phase than M2′′ as
the field is reduced. To illustrate the metastability limit,
Fig. 5(a) and 5(b) show that repeated simulations in
which the field is reduced starting the FM phase will
always generate M2′ with SD = 0.11 meV, whereas ei-
ther M2′ or M2′′ may appear with SD = 0.12 meV. This
metastability limit at intermediate D/zJ originates from
the intervening spin-flop phase that selectively lowers the
barrier to the mirror symmetric M2′ phase when layers 2
and 5 have a large spin-flop angle, as shown in Fig. 5(c)-
(e).

At large D/zJ , metastability issues with the MC sim-
ulations reveal that even excited states (such as the M0∗

state with stacking sequence up-down-up-down-down-
up) can be trapped in a local minimum. The occurrence
of the M0∗ phase is dependent of whether the M2′ or
M2′′ phase appears when lowering the field out of the
FM phase. As described above, when the M2′′ phase
appears, the AF phase is favored since only a spin flip
of the surface layer is required. When the M2′ phase
appears, transition to the AF phase has a high barrier
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requiring three layer spin flips. It is therefore more likely
for the M2′ phase to transition to the metastable M0∗

state in which the barrier height is set by a single layer
flip. While this large-anisotropy regime is not applicable
for MnBi2Te4, where D/zJ ≈ 0.13, it may be applicable
to MnBi4Te7 in which non-magnetic Bi2Te3 spacer layers
dramatically reduce J .

V. TOPOLOGICAL AND OPTICAL
PROPERTIES

A very interesting question is how the stacking se-
quence of the magnetic layers in MBT thin films and the
possible concomitant breaking of symmetries affect ob-
servable electronic properties, particular those related to
the topological classification of the electronic structure.
To gain insight, we used a simple model of stacked 2D
Dirac metals, two for each MBT layer, to calculate the
band structure, Chern numbers, and magneto-optical re-
sponses of different magnetic states. Previous work9 has
shown that with appropriate coupling between the Dirac
metals, models of this type provide a reasonable descrip-
tion of MBT thin films. In this coupled Dirac model, the
Hamiltonian is

H =
∑
k⊥,ij

[(
(−)i~v

D
(ẑ × σ) · k⊥ +miσz

)
δij

+ ∆ij(1− δij)
]
c†k⊥i

ck⊥j ,

(2)

where the first term is the spin-orbit term while spin-
labels have been left implicit, ∆ij is the hybridization
between the Dirac cones at the surface of septuple lay-
ers with i and j the Dirac cone labels, ~ is the reduced
Planck constant, and v

D
is the velocity of the Dirac cones.

mi =
∑
α JiαMα are the mass gaps of individual Dirac

cones resulting from exchange interactions with Mn lo-
cal moments, in which α is a layer label and Mα = ±1
specifies the direction of the magnetization (up or down)
on layer α. The most important hybridization parame-
ters are the hopping within the same septuple layer (∆S),
hopping across the van der Waals gap between adjacent
septuple layers (∆D), exchange coupling from Mn mo-
ments in the same septuple layer with exchange splitting
JS , and from Mn in the adjacent septuple layer with ex-
change splitting JD. In the following, we will retain these
four parameters whose values are set to be ∆S = 84 meV,
∆D = −127 meV, JS = 36 meV, and JD = 29 meV.

As summarized in Fig. 4, we find that for N > 3 all
states have unity-magnitude Chern numbers whenever
they have uncompensated magnetization, signaling non-
trivial topological states. The calculated Chern numbers
are listed below each state. The N = 3 M1 state is la-
belled as 0/1 because it has an extremely small gap and
can be on either side of the topological phase transition
depending on exchange interaction parameters and on
the residual electric field that is likely to be present in
any MBT thin films42. Odd-layer systems with N > 3

are therefore always QAH insulators. The gaps of the
various magnetic states we have identified are shown in
Fig. 4(e), with a negative sign attached to distinguish
cases in which the Chern number is 1 from cases in
which the Chern number is 0. The QAH gaps are gener-
ally larger for FM magnetic configurations for MBT thin
films, except for the M4′ and M4′′ states of N = 6 films,
which have larger gaps than theFM state.

Symmetries play an important role in film electronic
properties. We define odd-parity magnetic configurations
as ones that have the property that the magnetic mo-
ments reverse upon layer reversal (i.e. TM symmetrized
magnetic configurations with T the time-reversal oper-
ator). Odd-parity magnetic configurations can be read
from the cartoons enclosed with shaded blue rectan-
gles in Fig. 4, and include even N AF configurations.
Whenever the magnetic configuration has odd parity,
the band Hamiltonian is invariant under the product
of time-reversal symmetry T and inversion symmetry
I. (Note that the spin-orbit coupling terms in the cou-
pled Dirac-cone model on the top and bottom surfaces of
each septuple layer differ by a sign.) For many observ-
ables, the consequences of T I invariance are the same
as the consequences separate T and I invariance. For
example, T I invariance implies that the Berry curvature
Ωn(k) = −Ωn(k) = 0. The Berry curvature therefore
vanishes identically and a generalized Kramer’s theorem
implies that all bands are doubly degenerate. It follows
that the Chern number vanishes for odd-parity magnetic
configurations.

N = 4-layer thin films have three possible metamag-
netic states (and three time-reversal partners) as shown
in Fig. 3(b), i.e. FM, M2′ and AF. N = 6-layer thin films
host a richer variety of metamagnetic states. We find that
all magnetic configurations in N = 4/6-layer thin films
with a non-zero net spin magnetization (FM, M2′/M2′′

or M4′/M4′′) have total Chern number equal to 1 and
are therefore QAH insulators. The states cannot be dis-
tinguished by performing DC Hall effect measurements.
Those properties that are not quantized are distinct for
each of these states however. For example, the Berry cur-
vature has a different dependence on momentum in each
case, although the total Chern number is always equal
to one. As shown in Fig. 6, their optical conductivi-
ties differ at finite frequencies. In Fig. 6 (a)-(f) the real
and imaginary part of longitudinal optical conductivi-
ties σxx(ω) and transvere optical conductivities σxy(ω),
calculated using the Kubo-Greenwood formula,43,44 are
shown. In these plots solid curves represent the real part
of the conductivity (<σxx/xy) while dashed curves repre-
sent the corresponding imaginary parts (=σxx/xy). Each
panel represents one metamagnetic states. We show that
the external magnetic field drives the 6-layer thin films
from their axion insulator states to M2, M2′ or M2′′

Chern insulators.

In the DC limit of 6-layer films, Fig. 6 shows that all
optical conductivities vanish except for <σxy in the case
of a QAH insulator. <σxx and =σxy have peaks when
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Figure 6. Non-reciprocal optical response in 6-layer MBT thin films. Panels (a)-(f) show plots of optical longitudinal (σxx) and Hall
(σxy) conductivities vs. optical frequency calculated from the Kubo-Greenwood formula using the simplified Dirac cone electronic structure
model. In these plots the solid curves show the real part of a conductivity tensor element while the dashed curves show the imaginary
part. In panels (g) and (h), in which the Faraday and Kerr rotation angles in N=6 thin films are plotted vs. optical frequency, different
colors represent different metamagnetic states.

the optical frequencies exceeds the two-dimensional band
gaps of the thin film. =σxx and <σxy are, on the other
hand, non-zero for frequencies in the thin-film gaps. The
frequency dependence of <σxy and =σxy in the FM states
differs from that of other magnetic states in that <σxy
initially decreases with frequency and =σxy is negative
below the band gap. This abnormal behavior is caused
by the negative Berry curvature around the Γ point in
the 2D-band structure.

The optical conductivity tensor components can be
converted to frequency-dependent Faraday and Kerr ro-
tation angles commonly measured in experiment. The
Faraday and Kerr rotation angles are the relative rota-
tions of left-handed and right-handed circularly polar-
ized light45 for transmission and reflection respectively,
and these can be connected to the optical conductivity
by combining electromagnetic wave boundary conditions
and Maxwell equations. The Faraday and Kerr rotation
angle vs. optical frequency for various metamagnetic
states of 6-layer thin film are shown in Fig. 6 (g) and
(h) correspondingly, from which we see that the opti-
cal responses of all metamagnetic states with the same
Chern number are indistinguishable in the DC limit. As
frequency increases, the Faraday and Kerr rotation an-
gles of different metamagnetic states differ substantially.
It follows that different metamagnetic states can be dis-
tinguished magneto-optically.

VI. DISCUSSION

Generally, MnBi2Te4 (MBT) thin films with uncom-
pensated magnetic layers are topologically non-trivial.
For N odd and larger than 3, all collinear MBT thin
film states are QAH insulators. For even N , the ground
states are axion insulators in the absence of an exter-
nal magnetic field. In our studies, we have identified
the metamagnetic states that can be induced in MBT
thin films with up to N = 6 septuple layers by applying
external magnetic fields. Collinear metamagnetic states
that are Chern insulators can be induced by applying
external magnetic field provided that the single-ion mag-
netic anisotropy is large enough compared with the inter-
layer exchange interactions. Both M2 and M4 states are
Chern insulators with QAH gaps comparable to those
of the FM state for 4-layer and 6-layer thin films, and
appear at a much smaller magnetic fields. These metam-
agnetic states are not distinguished in transport experi-
ments since they all have the same Chern number as the
FM state. However, they may be distinguished by their
magneto-optical Kerr and Faraday rotation angles.

Thicker films, especially for even-layer systems and for
the thin films with high Chern number FM states (that is
N = 9 layers thick or thicker), await further exploration.
Interesting questions arise when the thickness increases:
is it possible, for example, to have a high-Chern-number
state at a weaker magnetic field? For MBT thin films
the magnetic anisotropy seems to be comparable with
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the interlayer exchange interaction, it may therefore be
interesting to explore other intrinsic magnetic topolog-
ical insulators, such as MnBi4Te7 that have relatively
larger magnetic anisotropy to induce more metamagnetic
states, or to find tools, such as electric field, that may in-
crease the magnetic anisotropy.
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