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The recent demonstration of topological states in antiferromagnets (AFMs) provides an exciting platform for
exploring prominent physical phenomena and applications of antiferromagnetic spintronics. A famous example
is the AFM topological insulator (TI) state, which, however, was still not observed in two dimensions. Here,
using a tight-binding model and first-principles calculations, we show that in contrast to previously observed
AFM topological insulators in three dimensions, an AFM TI can emerge in two dimensions as a result of a
non-symmorphic symmetry that combines the two-fold rotation symmetry and half-lattice translation. Based
on the spin Chern number, Wannier charge centers, and gapless edge states analysis, we identify intrinsic AFM
XMnY (X = Sr and Ba; Y = Sn and Pb) quintuple layers as experimentally feasible examples of predicted topo-
logical states with stable crystal structure and giant magnitude of the non-trivial band gaps, reaching as much
as 186 meV for SrMnPb, thereby promoting these systems as promising candidates for innovative spintronics
applications.

The interplay between symmetry and topology has been the
focus of recent interest with a variety of topological states con-
stantly proposed and intensively explored [1–5]. Z2 topologi-
cal insulator (TI) state, ensured by the time-reversal symmetry
T [6, 7], has been a conceptual milestone of complex topolog-
ical states, laying out appealing strategies for achieving exotic
topological phenomena and realizing novel families of spin-
tronic devices [8–10]. Manifestly, T -symmetry breaking (T -
breaking), associated with the coexistence of topology with
magnetism, plays a central role in achieving these goals via
realization of e.g. quantum anomalous Hall effect [11, 12],
Majorana fermions [13], magnetic Weyl semimetals [14, 15],
and mixed topological semimetals [16, 17].

Antiferromagnetism (AFM), on the other hand, acting as
a distinct flavor of magnetic order and yielding T -breaking,
has recently drawn significant attention with respect to var-
ious spintronics applications, thereby launching off the field
of AFM spintronics [18–20]. The experimental observation
of electrical switching of an AFM by spin-orbit torque [21],
the achievement of large spin and anomalous Hall effects [22–
24], and the giant magneto-optical Kerr effect [25, 26] repre-
sent promising perspectives for the implementation of AFMs
in spintronic devices. Remarkably, involving the interplay
between AFM, symmetry, and topology, several AFM topo-
logical states with novel physical properties have been pro-
posed [27–33]. A notable example is the AFM TI [33–
38], the concept of which has been worked out some years
ago in seminal works by Mong et al. [33], and which was
recently observed experimentally in three-dimensional (3D)
MnBi2Te4 [37, 38]. For latter AFM TIs, even though T is
broken, the T1/2T symmetry (where T1/2 is the operator of
translation by half a lattice constant) protects the topologi-
cal phase and gives rise to the Z2 classification of insulating
AFM phases. Furthermore, as reported for MnBi2Te4, the ax-
ion state as well as the quantized topological magnetoelectric
effect could be allowed in AFM TIs [34–36].

In two dimensions (2D), where the 2D materials have

emerged as promising candidates for high-efficiency, high-
density, and low power-consuming spintronic devices, an
AFM topological phase exhibiting quantum spin Hall effect is
reported to coexist with the superconductivity in FeSe mono-
layers [39]. However, the inverted gap lies below the Fermi
level for FeSe and no realistic material candidate for 2D AFM
TI has been reported yet [39, 40]. This is despite the fact that
it has been proposed some years ago to emerge from model
considerations as a result of conserved combination of T1/2T
and space inversion P symmetries [41]. On the other hand,
non-symmorphic symmetry has been shown theoretically to
be an alternative foundation for providing a Z2 classification
of insulating phases of 3D AFMs [42]. In the latter case the
non-symmporphic symmetry results in the formation of effec-
tive doublet pairs of states which replace the T1/2T -originated
Kramers pairs in giving rise to TI classification. Therefore,
a natural question arises as to whether the non-symmorphic
symmetry can result in the emergence of the AFM TI in two
dimensions.

In the present work, we predict that XMnY (X = Sr and
Ba; Y = Sn and Pb) quintuple layers (QLs) are a family of
long-waited intrinsic non-symmorphic 2D AFM TIs. Remark-
ably, unlike the previous AFM TIs that are protected by T1/2T
symmetry, the topological phase of XMnY QLs is protected
by the non-symmorphic symmetry. We find that the nontriv-
ial gap and Néel temperature can be as large as 186 meV and
340 K, respectively, for SrMnPb, indicating the high possibil-
ity for room-temperature observation of the non-symmorphic
AFM TI state. A four-band tight-binding model is constructed
to demonstrate the feasibility of attaining this type of 2D AFM
TI. Our results indicate that 2D antiferromagnets provide a
very promising platform to achieve the topologically complex
insulating materials for AFM spintronics.

It has long been known that a TI phase can be obtained
through a gap opening induced in a topological semimetal.
The most famous example is graphene, where the Dirac point
is protected by symmetry, but only when the spin-orbit cou-
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FIG. 1. (a) Sketch of the tight-binding model for a 2D antiferro-
magnet on a square lattice. C2x represents a twofold screw sym-
metry and ( 1

2
0) denotes a half of the lattice translation along the

x axis. Band structures (b) without and (c) with out-of-plane anti-
ferromagnetism. Dirac semimetal with the conduction and valence
bands touching at X is obtained without antiferromagnetism, while
a nontrivial gap opens for the case with antiferromagnetism. (d) and
(e) display the Wannier charge centers (WCC) and edge states with
the non-symmorphic symmetry {C2x| 120}. (f) A gap opens up in
the spectrum of a one-dimensional nanoribbon without {C2x| 120}.
Color from red to blue represents the weight of atoms located from
the middle to one edge of the ribbon structures.

pling (SOC) is neglected, and a 2D TI is obtained when
switching the SOC on [6]. Following this line of thought, we
start with a 2D Dirac semimetal with SOC, in which the ap-
pearance of Dirac point strongly depends on the combination
of T and non-symmorphic symmetry [43], and argue that the
topologically nontrivial insulators can indeed be obtained by
introducing the AFM ordering to break T . Below we show
that in this way the non-symmorphic symmetry can give rise
to nontrivial band topology as manifested in the 2D antifer-
romagnet. To do this, we start from a 4-band tight-binding
model with an intralayer out-of-plane AFM ordering [43, 44]:

H =[Re(M)τx − Im(M)τy]σ0 − 2tin(cos kx + cos ky)τzσz

+ tsocτz(σy sin kx − σx sin ky) + λmagτzσz ,

(1)

which is sketched in Fig. 1(a). Here, M = (t1 + t2e
iky )(1 +

e−ikx). τα and σα are the Pauli matrices of the sublattices
(A and B) and spin degrees of freedom. Clearly, T1/2T sym-
metry is broken when the hopping energy t1 6= t2 in the first
term, and thus t1 = 0.7 eV and t2 = 0.4 eV are used in our
model calculations. The second and third terms represent the
intrinsic and Rashba SOC, respectively, and the fourth term
represents the AFM ordering with an out-of-plane easy axis.

First, we show that neglecting the AFM ordering, λmag =
0 eV , the above model hosts a Dirac semimetal phase as

FIG. 2. (a) Bulk ternary manganese compounds XMnY (X = Sr
and Ba; Y = Sn and Pb) in space group P4/nmm with a layered
structure consisting of stacked quintuple layers (QLs). (b) Top view
of a QL with AFM ordering of Mn atoms. The arrows denote the
atomic spin moments aligned or anti-aligned with the z-axis. (c) 2D
Brillouin zones for the unit cell (solid square) and

√
2×
√

2 supercell
(dashed square), and projected 1D Brillouin zone with marked high
symmetry points. (d) Phonon dispersion of SrMnPb QL, showing
that the QL is dynamically stable.

shown in Fig. 1(b) with one Dirac point at the X point. In
our case, the Dirac point relies on the non-symmorphic sym-
metry {C2x| 120}, where C2x is the twofold screw symme-
try and ( 1

20) is a half of the lattice translation along the x
axis [43]. To analyze the role of T -breaking, we switch on
the AFM term (λmag = −0.4 eV ). We find that the con-
duction and valence bands are no longer degenerate at the X
point, as illustrated in Fig. 1(c). It is clear that the effect of
T -breaking is to lift the four-fold Dirac band crossing, re-
sulting in the presence of an insulating state. As displayed
in Figs. 1(d) and 1(e), the topologically nontrivial nature of
the gap can be explicitly confirmed via calculations of the
Wannier charge center (WCC) which result in Z2 = 1 [42],
and the emergence of the exotic edge states in the nanorib-
bons with {C2x| 120} symmetry at the edges. Moreover, a gap
opens up in the edge states when the protecting symmetry is
not compatible with the termination of the one-dimensional
nanoribbon, shown in Fig. 1(f), and/or is broken under dis-
tortions such as Hc = tcτx sin(kx2 ) sin(

ky
2 ) [45]. Therefore,

starting from a 2D Dirac semimetal, the system undergoes a
topological metal-insulator transition when the AFM order is
introduced, leading to the non-symmorphic 2D AFM TI state.

Having demonstrated the possibility of a non-symmorphic
2D AFM TI from a generic model, we aim now at the real-
ization of 2D intrinsic antiferromagnets that exhibit the antici-
pated effect. The first-principles calculations with the DFT+U
method, that is extensively applied for the investigations of
2D magnetic materials [46–48], have been performed using
the full-potential linearized augmented-plane-wave method as
implemented in the FLEUR code [49] with the lattice param-
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TABLE I. Relaxed lattice constant a0 (Å) of XMnY QLs (X = Sr
and Ba; Y = Sn and Pb), and their binding energy EB (meV/Å2),
exchange energy Eex (meV), Eex = EFM − EAFM, magnetic
anisotropy EMAE (meV), Néel temperature TN (K), band gaps with
SOC based on PBEEPBE (meV) and HSE06EHSE (meV), and spin
Chern number CS at the corresponding lattice constant.

compounds a0 EB Eex EMAE TN EPBE EHSE CS

SrMnSn 4.44 20 453 0.33 290 88 101 1
SrMnPb 4.65 39 531 1.28 340 147 186 1
BaMnSn 4.61 26 334 0.67 210 51 66 1
BaMnPb 4.68 27 401 0.48 260 94 118 1

eters obtained using the Vienna ab initio simulation package
(VASP) [50]. The generalized gradient approximation (GGA)
of Perdew-Burke-Ernzerhof (PBE) is used for the exchange
correlation potential [51]. The phonon calculations are car-
ried out by using the density functional perturbation theory
as implemented in the PHONOPY package [52]. The maxi-
mally localized Wannier functions (MLWFs) are constructed
using the wannier90 code in conjunction with the FLEUR
code [53, 54].

In the past, numerous investigations have been directed
at manganese compounds due to diverse magnetic properties
that they give rise to, among which one has to mention the
observation of the giant spin-orbit torque, unusual anoma-
lous Hall effect, and Dirac semimetal states [27, 28, 55–58].
Ternary manganese compounds XMnY (X = Sr and Ba;
Y = Sn and Pb) with SrMnSn has already been synthe-
sized experimentally [59] crystallize in tetragonal crystal
structure with space group P4/nmm, and exhibits a lay-
ered structure stacked along the z-axis of the square lat-
tice, shown in Fig. 2(a), consisting of six atoms with two
Mn atoms in the middle of each quintuple layer (QL). The
van der Waals interaction between the QLs provides a natural
weak interlayer interaction which makes XMnY good candi-
dates for exfoliation. We have calculated the interlayer bind-
ing energies EB for all XMnY compounds, presenting the
results in Table I. The calculated binding energies, which are
further confirmed by performing DFT calculations with
van der Waals corrections, are in the typical range for the
van der Waals layered compounds and similar to those of
graphite and MoS2 (∼12 meV/Å2 and ∼26 meV/Å2, re-
spectively [60, 61]). The comparably small values ofEB sug-
gest that the experimental fabrication of XMnY QLs is pos-
sible simply by exfoliation from the layered bulk [62]. Their
dynamic stability was further investigated through the phonon
spectrum calculations. All phonon branches are positive in
the entire Brillouin zone as shown in Fig. 2(d) for SrMnPb,
indicating that the XMnY QLs are dynamically stable and
difficult to destroy once formed [45].

The calculations of magnetic properties of XMnY QLs
show that the magnetic moments on each Mn are about 5µB ,

FIG. 3. Orbitally resolved band structures for SrMnPb QL (a) with-
out and (b) with SOC, weighted with the contribution of Mn-dyz/zx
and Mn-dz2 states. The Fermi level is indicated with a dashed line.
(c) Energy dependence of the spin Hall conductivity σS

xy , showing
a quantized value within the energy window of the SOC gap. In-
set shows the K-space distribution of spin Berry curvature within the
SOC gap. (d) Evolution of WCC for SrMnPb QL along ky , confirm-
ing the topological nature of the gap with Z2 = 1.

and therefore, the Mn are in a half filled 3d5 configuration,
leading to intrinsic antiferromagnetism. This is further veri-
fied by the calculations of the total energy difference between
the ferromagnetic (FM) and AFM states of XMnY QLs as
listed in Table I. The large values of the exchange energy dif-
ference Eex = EFM−EAFM indicate that the observed AFM
ordering is strong and robust. Taking into account the SOC,
magnetic anisotropy energy EMAE was also calculated. For
allXMnY QLs, AFM ordering with an out-of-plane direction
of staggered magnetization is shown to be the most energeti-
cally stable. Furthermore, based on a Heisenberg Hamilto-
nian with nearest-neighbor AFM interaction, the Néel tem-
perature of the studied compounds was estimated from Monte
Carlo simulations to be as large as 340 K, implying the possi-
bility of potential applications at room temperature [45].

Given the AFM ground state, taking SrMnPb QL as an
example, we present in Figs. 3(a) and 3(b) the orbitally re-
solved band structure without and with SOC. The minor-
ity and majority spin bands are degenerate in the absence
of SOC, confirming the AFM ordering without net mag-
netic moments [45]. Mn-dyz and Mn-dzx orbitals are dou-
bly degenerate as a result of the D2d symmetry of the crystal
group, and contribute to the valence-band maximum, while
the conduction-band minimum is dominated by single Mn-
dz2 orbital with a small direct band gap of 12 meV. Switching
on SOC leads to the inversion of the orbital character around
the Γ point, and a d-d band inversion occurs, which is quali-
tatively different from the s-p or p-p band inversions in non-
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magnetic TIs [8–10]. In electronic systems, although it is
not a sufficient condition, such band inversion is an im-
portant mechanism for the formation of a nontrivial topo-
logical phase [63]. The bands remain doubly degenerate in
this case, and, remarkably, the insulating character is pre-
served with a band gap of 147 meV, implying that SrMnPb
is potentially a topologically nontrivial insulator. As summa-
rized in Table I, the insulating states emerge in all of the stud-
ied XMnY QLs [45]. To further confirm our results, band
structures are checked by using the more sophisticated Heyd-
Scuseria-Ernzerhof hybrid functional method (HSE06) [64].
Larger band gaps are obtained for all XMnY QLs with the
band inversions remaining intact at the Γ point, as shown in
Table I.

To confirm the topologically non-trivial character of the
gap, the spin Hall conductivity σSxy is calculated using the
Kubo formula [65]

σSxy = e~
∫

d2k

(2π)2
ΩS(k),

ΩS(k) = −2Im
∑
m 6=n

〈ψmk|Jsx|ψnk〉〈ψnk|υy|ψmk〉
(Enk − Emk)2

. (2)

Here, υi is the ith Cartesian component of the velocity op-
erator, |ψnk〉 is an eigenstate of the lattice-periodic Hamilto-
nian with energy Enk, and Jsx = (~/4){σz, υx} describes a
spin current flowing into x direction with spin polarization
perpendicular to the plane. In the respective insulating re-
gions, σSxy is analogous to the spin Chern number CS , where
CS = (C+ − C−)/2 with C+ and C− as Chern numbers of
the spin-up and spin-down manifolds, allowing for the alter-
native representation σSxy = CSe/(2π) and leading to a Z2-
classification of the electronic structure [66]. Figure 3(c) dis-
plays the σSxy as a function of the Fermi level in SrMnPb QL.
The quantization of σSxy within the insulating region, which
arises mainly from the spin Berry curvature ΩS(k) near the
Γ point as shown in the insert of Fig. 3(c), is clearly visible,
demonstrating the nontrivial band topology of SrMn2Bi2 QL.
The nonzero σSxy (CS) is further confirmed by our WCC cal-
culations as plotted in Fig. 3(d) [67], where the number of
crossings between the WCC and reference horizontal line is
odd.

While the previously reported AFM TIs are usually associ-
ated with T1/2T and, in addition, it is expected that crystalline
mirror symmetries can give rise to an AFM TI state [68] (al-
though the material realization is still missing here), both of
them are broken in AFM XMnY QLs as shown in Figs. 2(a)
and 2(b). Rearkably, as we show below, the non-symmorphic
{C2x| 120} symmetry is preserved in XMnY QLs, and it pro-
tects their TI state. To validate the symmetry protection of
the discovered AFM TI state, different AFM configurations
which either keep or break the {C2x| 120} symmetry were con-
sidered. We first consider changing the electronic structure via
the magnetization direction, which has been demonstrated to
have a dramatic impact on topology [16, 17, 28]. When we
change the direction of the staggered magnetization from out-

FIG. 4. Calculated LDOS of edge states terminated by Sr/Ba and
Sn/Pb atoms for (a) SrMnSn, (b) SrMnPb, (c) BaMnSn and (d) BaM-
nPb QLs with SOC. Colors range from blue to red represent the
higher LDOS. Topological edge states can be clearly seen for all con-
sidered QLs around the Γ̄ point.

of-plane to in-plane, the electronic bands remain doubly de-
generate and the AFM TI state in XMnY remains intact since
the {C2x| 120} symmetry survives in this case. We then con-
sider an AFM configuration with Mn atoms coupling antifer-
romagnetically along the x and y directions, thus breaking the
{C2x| 120} symmetry. A trivial metallic state is obtained in this
case, confirming clearly that the AFM TI is protected by the
{C2x| 120} symmetry [45]. It is interesting to note that while
the strain is an effective approach to modulate the electronic
and topological properties, the hydrostatic strain can go up to
as much as ±6% before it destroys the AFM TI state [45].
Such robust against lattice deformation AFM topology makes
XMnY and attractive stable candidate for experimental ob-
servation and device applications.

As a further confirmation of the topologically nontrivial
phase, the edge states are calculated using the MLWFs of√

2 ×
√

2 supercells of XMnY QLs, in which the non-
symmorphic {C2x| 120} symmetry survives [67]. Figure 4 dis-
plays the results for the semi-infinite XMnY QLs terminated
by Sr/Ba and Sn/Pb atoms. One can clearly see that a pair of
gapless edge states crosses at the Γ̄ point for all of the XMnY
QLs. This is in direct agreement with the calculated values of
spin Chern number CS = 1. Their spin polarization is then
checked by computing the matrix elements of the Pauli matri-
ces σz in the basis of the MLWFs. Similar to the helical edge
states in 2D TIs, the edge states of 2D AFM TIs that we found
are spin-polarized with the spin polarization direction locked
with their momentum.

In summary, we theoretically demonstrated thatXMnY (X
= Sr and Ba; Y = Sn and Pb) QLs are a family of promising
material candidates for non-symmorphic 2D AFM TIs. On
one hand, XMnY QLs are stable 2D AFM materials, which
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are experimentally feasible to be achieved from layered van
der Waals compounds. On the other hand, XMnY QLs hold
topologically insulating states with a giant energy gap. Their
nontrivial topology can be characterized by spin Chern num-
ber CS = 1, Wannier charge centers, as well as gapless heli-
cal edge states, and it is robust against perturbations preserv-
ing the {C2x| 120} symmetry. The presented results not only
advance our general understanding of magnetic topological
states but also put forward potential applications in topologi-
cal AFM spintronics.
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S. Blügel, and Y. Mokrousov, arXiv:1705.07035 (2017).

[41] C. Fang, M. J. Gilbert, and B. A. Bernevig, Phys. Rev. B 88,
085406 (2013).

[42] C.-X. Liu, R.-X. Zhang, and B. K. VanLeeuwen, Phys. Rev. B
90, 085304 (2014).

[43] S. M. Young and C. L. Kane, Phys. Rev. Lett. 115, 126803
(2015).

[44] C.-C. Liu, H. Jiang, and Y. Yao, Phys. Rev. B 84, 195430
(2011).

[45] See Supplemental Material for phonon dispersions, density of
states, and band structures of additional tight-binding and first-
principles results.

[46] Y. Ma, Y. Dai, M. Guo, C. Niu, Y. Zhu, and B. Huang, ACS
Nano 6, 1695 (2012).

[47] N. Sivadas, S. Okamoto, X. Xu, C. J. Fennie, and D. Xiao,
Nano Lett. 18, 7658 (2018).

[48] P. Jiang, C. Wang, D. Chen, Z. Zhong, Z. Yuan, Z.-Y. Lu, and
W. Ji, Phys. Rev. B 99, 144401 (2019).

[49] See http://www.flapw.de.
[50] G. Kresse and J. Furthmüller, Phys. Rev. B 54, 11169 (1996).
[51] J. P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett. 77,

3865 (1996).
[52] A. Togo and I. Tanaka, Scr. Mater. 108, 1 (2015).
[53] A. A. Mostofi, J. R. Yates, Y.-S. Lee, I. Souza, D. Vanderbilt,

and N. Marzari, Comput. Phys. Commun. 178, 685 (2008).
[54] F. Freimuth, Y. Mokrousov, D. Wortmann, S. Heinze, and
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