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We present an infrared spectroscopy study of the magnetic topological insulator MnBi4Te7 with antiferromagnetic
(AFM) order below the Néel temperature TN = 13 K. Our investigation reveals that the low-frequency optical conductivity
consists of two Drude peaks, indicating a response of free carriers involving multiple bands. Interestingly, the narrow
Drude peak grows strongly as the temperature decreases, while the broad Drude peak remains relatively unchanged. The
onset of interband transitions starts around 2000 cm−1, followed by two prominent absorption peaks around 10000 cm−1

and 20000 cm−1. Upon cooling, there is a notable transfer of spectral weight from the interband transitions to the Drude
response. Below TN, the AFM transition gives rise to small anomalies of the charge response due to a band reconstruction.
These findings provide valuable insights into the interplay between magnetism and the electronic properties in MnBi4Te7.

Keywords: infrared spectroscopy, magnetic topological insulator, Drude model, band reconstruction
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1. Introduction
Finding various new electronic states and unusual quan-

tum phases has been an important subject in condensed matter
physics. Since the nontrivial dissipationless edge state was ob-
served in topological insulators (TIs), significant research ef-
forts have been devoted to introducing magnetism into TIs to
form magnetic TIs over the past few years. With the interplay
between magnetism and nontrivial band topologies, magnetic
TIs can be an ideal materials playground for realization of var-
ious peculiar quantum states, such as the quantum anomalous
Hall (QAH) state[1–4] and axion insulator.[5–9] In 2013, the
QAH effect was realized for the first time in Cr-doped topo-
logical (Bi,Sb)2Te3 film at about 100 mK.[3] Such a low work-
ing temperature is due to the inhomogeneous distribution of
magnetic dopants. However, stoichiometric topological mate-
rials with intrinsic magnetic order can avoid this problem and
may be promising systems to find QAH effect at higher tem-
perature.

Recently, the van der Waals layer compound MnBi2Te4

with antiferromagnetic (AFM) order below TN = 24 K has
been proposed to be an intrinsic AFM TI.[10–15] Its rhom-
bohedral crystal structure can be viewed as a stacking of
septuple layers along the c axis. Of which one septu-
ple layer contains a magnetic Mn–Te layer inserted into
a quintuple layer of topological insulator Bi2Te3. Mag-
netotransport experiments on few-layer flakes of MnBi2Te4

have revealed signatures of QAH state and axion insula-

tor phase.[16–18] Furthermore, angle-resolved photoemission
spectroscopy (ARPES) studies on bulk crystals have observed
topological gapless Dirac cone surface states,[19–23] although
some research groups have reported gapped Dirac cone surface
states.[12,24–26] MnBi2Te4 can also constitute the progenitor of
a modular (Bi2Te3)n(MnBi2Te4) series compounds, where the
interlayer antiferromagnetic exchange coupling can be weak-
ened by increasing the separation of the magnetic septuple lay-
ers with nonmagnetic quintuple layers along the c axis. This
offers a new approach to manipulating the band topology. In
the case of MnBi4Te7 with n = 1, it exhibits an A-type antifer-
romagnetic structure, similar to MnBi2Te4, with in-plane fer-
romagnetic arrangement coupled antiferromagnetically along
the c-axis below TN = 13 K, as revealed by single-crystal
neutron diffraction measurement.[27,28] ARPES studies have
provided strong evidences of topological surface states on
both surface terminations of Bi2Te3 and MnBi2Te4.[13,22,29–36]

A gap induced by hybridization effect was identified on the
Bi2Te3-termination, while a gapless Dirac-cone band structure
was observed on the MnBi2Te4-termination. This suggests
different surface magnetic orders on the two terminations and
calls for further detailed studies.[34] Meanwhile, the influence
of bulk magnetic order on the low-energy excitations is still
not fully understood.

In this study, we investigate the bulk electronic proper-
ties of MnBi4Te7 both above and below TN using infrared
spectroscopy. Our optical results reveal the presence of two
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Drude peaks in the low-frequency optical conductivity with a
free-carrier response of multiple bands. The interband tran-
sitions start above 2000 cm−1 and the spectral weight anal-
ysis supports the transfer of spectral weight from the inter-
band transitions to the Drude response with decreasing tem-
perature. Furthermore, below TN, we observe anomalies in the
low-frequency optical conductivity, which serve as signatures
of a band reconstruction induced by the antiferromagnetic or-
der.

2. Experiment
High-quality single crystals of MnBi4Te7 were syn-

thesized by a flux method.[19] We measured the ab-plane
frequency-dependent reflectivity R(ω) of MnBi4Te7 with
fresh surface at a near-normal angle of incidence, using a
Bruker 80v Fourier transform infrared (FTIR) spectrometer.
An in situ gold evaporation technique[37] was used for obtain-
ing the absolute reflectivity of the sample. Data from 30 cm−1

to 12000 cm−1 were collected at varying temperatures with
a commercial ARS-Helitran cryostat. We obtained the real
part of the optical conductivity σ1(ω) through a Kramers–
Kronig analysis of R(ω). A Hagen–Rubens relation R(ω) =

1− A
√

ω was applied for low-frequency extrapolation. On
the high-frequency side, we used the room-temperature data
from 4000 cm−1 to 50000 cm−1 via a commercial ellipsometer
(Woollam VASE). Meanwhile, the high-frequency extrapola-
tion was anchored by the ellipsometry data, where we assumed
a constant reflectivity up to 110000 cm−1 (13.6 eV), followed
by a free-electron (ω−4) response.

3. Results and discussion
The temperature (T ) dependence of in-plane resistivity

ρ(T ) for MnBi4Te7 shows a metallic characteristic with an
anomaly around TN = 13 K due to the AFM phase transi-
tion, as shown in the upper inset of Fig. 1(a). This is con-
sistent with the previous results.[27,38,39] Figure 1(a) displays
the in-plane reflectivity R(ω) of MnBi4Te7 at different temper-
ature up to 6000 cm−1. The lower inset shows the spectrum
up to 50000 cm−1 at 300 K. It shows a typical metallic re-
sponse: toward zero frequency R(ω) approaches nearly unity
and increases upon cooling. At higher frequency the reflec-
tivity gradually decreases and drops rapidly near 1500 cm−1,
forming a plasma edge. This plasma edge shifts to higher fre-
quency toward lower T .

Figure 1(b) shows the corresponding T -dependent spec-
tra of the real part of the complex dielectric function ε1(ω).
The negative value of ε1(ω) at low frequency is another
hallmark of metallic response. The zero-crossing in ε1(ω)

(marked by the horizontal dashed line) corresponds to the
screened plasma frequency ωscr

p = ωp/
√

ε∞, where ωp is the
free-carriers plasma frequency and ε∞ is the high-frequency

dielectric constant. The inset shows the detailed T evolution
of ωscr

p . With decreasing T , ωscr
p has a remarkable increase

from about 1250 cm−1 at 300 K to near 1500 cm−1 at 20 K.
Moreover, there is a small decrease below TN, indicating that
the AFM order has a weak effect on the charge response.
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Fig. 1. The measured optical reflectivity and the corresponding real part
of the complex dielectric function. (a) T dependence of in-plane reflec-
tivity up to 6000 cm−1 for MnBi4Te7. Insets: T -dependent resistivity
(top panel) and reflectivity spectrum up to 50000 cm−1 at 300 K (bot-
tom panel). (b) T dependence of the real part of the complex dielectric
function ε1(ω). Inset: temperature evolution of the screened plasma
frequency extracted from the zero crossing of ε1(ω).

Figure 2(a) displays the T dependence of the real part of
the complex optical conductivity σ1(ω) up to 6000 cm−1. It
consists of a narrow Drude peak centered at the origin with
a tail extending to about 2000 cm−1. The direct current (dc)
conductivity data at 5 K and 300 K (represented by filled cir-
cles on the y-axis) obtained from ρ(T ) in the upper inset of
Fig. 1(a) agree well with the zero-frequency extrapolation of
σ1(ω). Toward higher frequency above 2000 cm−1, σ1(ω)

turns to increase due to the onset of electronic interband tran-
sitions. Notably, upon cooling, the Drude peak grows strongly
while the onset of region of the interband transitions is sup-
pressed. As shown in the inset, we also compare the full-range
spectrum of σ1(ω) at 300 K between MnBi4Te7 and the previ-
ously reported MnBi2Te4.[40] The overall feature of the spec-
trum is very similar for both compounds, consisting of a Drude
response at low frequency and two dominant interband transi-
tion peaks around 10000 cm−1 and 20000 cm−1. Note that the
low-frequency of σ1(ω) for MnBi4Te7 is higher than that of
MnBi2Te4, indicating a better carrier conduction in the former
compound.
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To have a further analysis of the spectral change in
MnBi4Te7, we calculate the integrated spectral weight (SW),
S(ωc) =

∫
ωc
0 σ1(ω)dω , where ωc is the cutoff frequency. Fig-

ure 2(b) shows the T evolution of SW within two selected in-
tegrating ranges. Firstly, the SW below 1500 cm−1 is mainly
contributed by the intraband response of free carriers. It grad-
ually increases with decreasing T and exhibits a slight de-
crease below TN, aligning with the changes of ωscr

p observed
in Fig. 1(b). In contrast, the SW between 1500 cm−1 and
4500 cm−1 dominated by the interband transitions, decreases
upon cooling and shows a small increase below TN. Moreover,
the total SW from 0 to 4500 cm−1 keeps nearly a constant
under varying T , as is depicted in Fig. 2(c). This suggests
a redistribution of spectral weight between the interband and
intraband transitions.

Next, we analyze quantitatively the temperature evolution
of the free carriers response. A Drude model is introduced to
fit the low-frequency σ1(ω) spectra at all measured tempera-
tures. In this model, the formula writes

σ1(ω) =
2π

Z0
∑

j

ω2
p, j

τ j(ω2 + τ
−2
j )

, (1)

where Z0 = 377 Ω is the vacuum impedance. ωp =√
4πne2/m∗ is the plasma frequency with n and m∗ the con-

centration and effective mass of charge carries, respectively.
And 1/τ describes the scattering rate of carriers.

Figure 3(a) shows an example of the Drude fit for the
data at 5 K. The fitting curve is composed of two Drude

terms (referred to as Drude 1 and Drude 2) characterized by
small and large scattering rates, respectively. Such a fitting
method by multiple Drude terms has been widely used in
iron-based superconductors[41–43] and the recently discovered
kagome superconductors[44] due to the multiband response.
The two-Drude fit indicates that MnBi4Te7 has two types of
charge carriers with very different scattering rates. This obser-
vation is consistent with the multiband characteristic near the
Fermi level (EF), as supported by the ARPES measurements
and band structure calculations in MnBi4Te7.[34] The fitting
parameters, ωp and 1/τ , for the two Drude terms are plot-
ted against temperature in Figs. 3(b) and 3(c), respectively.
The narrow Drude term (Drude 1) exhibits strong tempera-
ture dependence with an enhanced ωp and a reduced 1/τ at
lower temperature. The broad Drude term (Drude 2) with
ωp = 9000 cm−1 and 1/τ = 850 cm−1 does not change with T ,
which can also be inferred by the nearly unchange of the Drude
tail in T -dependent σ1(ω), as shown in Fig. 2(a). To further
understand the responses of these two types of free carriers, we
outlined the band structure of MnBi4Te7 in inset of Fig. 3(a).
This schematic highlights the presence of two distinct conduc-
tion bands, denoted as CB1 and CB2. Accordingly, we can
attribute the narrow Drude peak to the intraband transitions
of CB1, as CB1 is located shallowly below the Fermi level,
making it highly sensitive to the thermal effect. In contrast,
the broad Drude peak corresponds to intraband transitions of
CB2, which is located deeper below the Fermi level and thus
is less sensitive to the thermal effect. Additionally, the optical
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excitations at higher energy involve transitions across the di-
rect band gap, from the valence band (VB) to the empty states
in CB1 and CB2, as indicated by the green arrows.
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Fig. 3. Drude fitting and the fitting parameters. (a) Drude fitting of
σ1(ω) at 5 K for MnBi4Te7. Inset: schematic of the band structure.
(b) and (c) The T dependence of the two fitting parameters, plasma fre-
quency and the scattering rate, respectively.

Next, we focus on the influence of antiferromagnetic or-
der on the carrier response. Figure 4(a) presents the σ1(ω)

up to 2500 cm−1 at three temperatures above and below TN =

13 K for MnBi4Te7. Above TN, σ1(ω) is nearly unchanged.
However, below TN, we observe a slight decrease in σ1(ω) be-
low 1000 cm−1 and an increase at higher frequencies. These
features can be seen clearly in the difference spectra of σ1(ω)

in Fig. 4(b). The anomalous change highlights a transfer of
spectral weight and suggests a band reconstruction occurring
in the presence of antiferromagnetic order. This band recon-
struction is caused by the band folding along kz and splitting
of conduction and valence bands, which lifts the band degen-
eracy due to the unit cell doubling in the AFM state. Such a
band splitting is also seen in recent ARPES study.[22]

Finally, it is worthy to compare the results between
MnBi4Te7 and MnBi2Te4. In Fig. 4(a), we also plot σ1(ω)

of MnBi2Te4 at three temperatures above and below TN =

24 K. In MnBi2Te4, a clear bump-like feature can be observed
around 1100 cm−1, while it is not discernible in MnBi4Te7.
This feature is attributed to the interband transitions between
the CB1 and CB2. Here, the featureless response in MnBi4Te7

suggests a lower joint density of states for such interband
transitions. Another different spectral feature is the change
of low-frequency σ1(ω) below TN, which is enhanced below
500 cm−1 in MnBi2Te4 while it is suppressed in MnBi4Te7.
This result is consistent with the enhancement of Drude SW
below TN for MnBi2Te4 and the suppression of which for
MnBi4Te7. As outlined in MnBi2Te4,[40] the anomalous
change of Drude SW is related to the shift of center of the

splitting conduction bands below TN with respect to the con-
duction band above TN. Thus, the opposite change of Drude
weight implies an opposite shift of center of the splitting con-
duction bands in MnBi4Te7.
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Fig. 4. Anomaly of the optical conductivity across TN. (a) The σ1(ω)
spectra below 2500 cm−1 at selected temperature above and below TN
for MnBi4Te7 and MnBi2Te4. (b) The difference plots of σ1(ω) for
MnBi4Te7 and MnBi2Te4.

4. Conclusion
In summary, we measured the optical conductivity of the

antiferromagnetic topological insulator MnBi4Te7 over a wide
frequency range both above and below TN. Our optical data re-
veal the presence of two Drude peaks in the low-frequency re-
gion, providing evidence for a multiband free carrier response.
Meanwhile, we observe a series of interband transitions orig-
inating from valence band states to unoccupied states above
the Fermi level, with an onset of interband transitions around
2000 cm−1. With decreasing temperature, we find a transfer
of spectral weight from interband transitions to the Drude re-
sponse. Moreover, the antiferromagnetic transition leads to
anomalies in the charge response, affecting the plasma fre-
quency and the transfer of spectral weight below TN due to the
band reconstruction. Our study provides a deep understanding
of the interplay between magnetism and electronic properties,
and is also helpful in discovering more magnetic topological
insulators.
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