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Nontrivial spin structures in itinerant magnets can give rise to the topological Hall effect (THE) due to the
interacting local magnetic moments and conductive electrons. While, in series of materials, THE has mostly
been observed at low temperatures far below room temperature (RT) limiting its potential applications. Here,
we report the anisotropic anomalous Hall effect (AHE) near RT in LaMn2Ge2, a noncollinear ferromagnetic
compound with Curie temperature TC ∼ 325 K. A large topological Hall resistivity of ∼1.0 μ� cm in a broad
temperature range (190 K < T < 300 K) is realized as field (H) is parallel to the ab plane (H//ab) and current
along the c axis (I//c), in contrast to the conventional AHE for H//c and I//ab. The emergence of THE
is attributed to the spin chirality of noncoplanar spin configurations stabilized by thermal fluctuation during
spin-flop process. Moreover, the constructed temperature-field (H-T) phase diagrams based on the isothermal
topological Hall resistivity reveal a field-induced transition from the noncoplanar spin configuration to polarized
ferromagnetic state. Our experimental realization of large THE near RT highlights LaMn2Ge2 as a promising
system for functional applications in novel spintronic devices.
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I. INTRODUCTION

The interplay between charge and spin degrees of free-
dom in itinerant magnets can generate various kinds of
intriguing electromagnetic phenomena. As one typical ex-
ample, the anomalous Hall effect (AHE) characterized by
a transverse voltage generated by longitudinal charge cur-
rent even at zero field in ferromagnetic (FM) metals [1–3],
has attracted considerable attention from both the fundamen-
tal physics of magnetotransport and spintronic applications.
As for its origin, two qualitatively different mechanisms are
widely accepted, extrinsic impurity scattering processes and
intrinsic contribution from band structure [3–5]. The extrin-
sic mechanisms involve the skew-scattering and side-jump
scattering ones [6,7], which produce the AHE due to the
asymmetric scattering of conduction electrons. The intrinsic
Karplus-Luttinger mechanism is related to the spin-orbit in-
teraction (SOI) and perturbation by the electric field initially
proposed by Karplus and Luttinger [8], recent theories have
reinterpreted it by invoking the Berry-phase concepts [9,10].
Compared to the AHE in conventional metallic ferromagnets,
another unconventional Hall signal termed topological Hall
effect (THE) can also arise in materials with nontrivial spin
structures [11–14]. In such systems, the conduction electrons
can acquire a nonzero Berry phase associated with finite scalar

*These authors contributed equally to this work.
†Corresponding author: tianzhaoming@hust.edu.cn

spin chirality χi jk = Si · (S j × Sk ) when passing through the
localized spin moments (Si, Sj, and Sk) [11,12], which acts
as an emergent magnetic field responsible for the THE. In
this mechanism, the magnitude of THE is related to the χi jk

not M. Therefore, the total Hall resistivity (ρxy) in itinerant
magnets should consist of three contributions expressed by
ρxy = R0μ0H + RSM+ρT

xy
, where the first, second, and third

terms represent the normal, anomalous, and topological Hall
resistivity, respectively. R0 and RS are the normal and anoma-
lous Hall coefficients, respectively.

In experiment, THE has been widely reported in different
systems hosting topologically nontrivial spin textures such
as in magnetic skyrmions [13–15], double-exchanged fer-
romagnets [16,17], frustrated magnets [12,18–21], as well
as artificial magnetic heterostructures [22,23]. Among them,
frustrated magnets as ideal platform where the spins usually
form noncollinear or noncoplanar configurations with nonzero
χijk are particularly attractive to explore THE, as reported in
pyrochlore lattice Nd2Mo2O7 and Pr2Ir2O7 [11,12], triangular
lattice PdCrO2, and Gd2PdSi3 [24,25], Kagome lattice Mn3Sn
and Fe3Sn2 [26–28], etc. On the other side, the summation of
χijk over the whole lattice sites in frustrated magnets can also
be macroscopically canceled out due to the lack of chiral mag-
netic symmetry, such as in ideal 120◦ spin structure [18,29],
thereby THE is not a common feature among frustrated mag-
nets. Moreover, limited by the low transition temperature,
THE in most materials appears at temperatures far below
room temperature (RT) hindering its practical applications,
experimental realizations of large THE at RT in new materials

2475-9953/2021/5(3)/034405(7) 034405-1 ©2021 American Physical Society

https://orcid.org/0000-0001-6538-3311
http://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevMaterials.5.034405&domain=pdf&date_stamp=2021-03-09
https://doi.org/10.1103/PhysRevMaterials.5.034405


GONG, XU, BAI, WANG, YUAN, LIU, AND TIAN PHYSICAL REVIEW MATERIALS 5, 034405 (2021)

FIG. 1. (a) The crystal structure of LaMn2Ge2. Purple, green,
and blue balls represent the Mn, Ge, and La atoms, respectively.
(b) Top view of square layer of Mn atoms, (c) Temperature de-
pendence of susceptibility χ (T) with ZFC and FC modes under
μ0H = 0.1 T for H//c and H//a axis, respectively. (d) Temperature
dependence of in-plane (ρxx ) and out-of-plane (ρzz ) longitudinal
resistivity for the I//a and c axis, respectively.

are highly appealing for its direct applications in spintronic
devices.

LaMn2Ge2 belongs to a family of layered intermetallic
compounds RM2X2 crystallized in ThCr2Si2-type structure
with centrosymmetric tetragonal space group I4/mmm (R:
rare-earth element, M: 3d or 4d element and X: Si or Ge) [30],
where magnetic Mn atoms are located on square-lattice sheets
stacked parallelly along the c axis [see Figs. 1(a) and 1(b)].
Previous neutron scattering studies revealed the Mn moments
formed the conical spin structure below Curie temperature
TC ∼ 325 K [31], which couple ferromagnetically along easy
c axis and antiferromagnetically within the ab plane. Con-
sidering the noncollinear magnetic ordering well above RT,
LaMn2Ge2 provides a candidate to identify RT THE, motivat-
ing our present study.

Here, we investigate the anisotropic AHE up to RT in
LaMn2Ge2 single crystals based on the systematical mea-
surements of magnetic and electrical transport for field (H)
along different directions. Compared to the observation of
conventional AHE as H along c axis (H//c) and current (I)
within the ab plane (I//ab), large topological hall resistivity
of ∼1.0 μ� cm extended up to RT is observed under H//ab
and I//c axis. The emergence of THE is attributed to the
scalar spin chirality due to the formation of noncoplanar spin
configurations stabilized by thermal fluctuation during spin
flop process.

II. EXPERIMENTAL DETAILS

Single crystals of LaMn2Ge2 were grown from the In-
dium flux. High-purity elements La(99.9%) and Mn(99.95%),
Ge(99.99%), and In(99.99%) from Alfa Aesar in the molar ra-

tio La : Mn : Ge : In = 1 : 2 : 2 : 20 were put into an alumina
crucible and sealed inside an evacuated ampoule. Then, it was
heated at 1100 °C for 12 h, and cooled at a rate of 4 °C/h to
700 °C. At this temperature, the ampoule was taken out from
the furnace rapidly and the Indium flux was decanted by a cen-
trifuge, platelike crystals were obtained in a typical dimension
of 0.5 × 3 × 3 mm3. The structure was characterized by x-ray
diffraction collected with Cu Kα radiation at room temperature
by using a diffractometer (Rigaku-TTR3), which confirmed
the purity of samples.

Magnetic and electrical transport measurement were car-
ried out using the superconducting quantum interference
device magnetometer (Quantum Design) and commercial
Physical Property Measurement System (Quantum Design),
respectively. A standard four-probe method was used to
perform the longitudinal and transverse electrical transport
measurements with H always perpendicular to the I direc-
tion. Both the out-of-plane (ρzz, ρzx) and in-plane (ρxx, ρxy)
electrical transports were measured with the I//c axis and
I//ab plane, respectively. To eliminate the influence of con-
tact electrode misalignments, Hall resistivity was measured
for both field directions and symmetrized by ρH (μ0H ) =
[ρH (+μ0H ) − ρH (−μ0H )]/2. All electrical transport mea-
surements were repeated using crystals from the same batch
with similar residual resistivity ratio (RRR), guaranteeing the
reliability of experimental results.

III. RESULTS AND DISCUSSIONS

LaMn2Ge2 has a tetragonal structure with lattice con-
stant a = b = 4.19 Å and c = 10.95 Å, where La, Mn, and
Ge atoms occupy the Wyckoff positions 2a (0,0,0) 4d
(0,0.5,0.25), and 4(e) (0,0,0.38), respectively. As depicted in
Fig. 1(a), the La, Mn, and Ge atoms are located on separate
layers alternating along the c axis in a sequence: -Mn-Ge-
La-Ge-Mn-, where magnetic Mn layers are well separated by
the nonmagnetic La and Ge layers [30]. In this structure, the
MnGe4 tetrahedra are connected in an edge-sharing fashion
with the Mn atom at the center of each tetrahedron. Projection
of LaMn2Ge2 on the (001) plane [shown in Fig. 1(b)], one can
see the magnetic Mn atoms lay out on square lattice within
the ab plane. The nearest Mn-Mn intralayer distance given
by a/

√
2 = 2.97 Å is much smaller than that of interlayer

separation c/2 = 5.48 Å. For the crystals, the c axis is normal
to the plane of plate.

Temperature (T) dependences of magnetic susceptibilities
χ (T) for LaMn2Ge2 were measured under H = 0.1 T along
a and c axis (χa and χc), respectively. For both directions,
zero-field-cooled (ZFC) and field-cooled (FC) magnetization
curves nearly overlap with slight differences at low tempera-
tures. As shown in Fig. 1(c), a rapid upturn of χc is observed
as T close to 325 K, characterizing the paramagnetic-
ferromagnetic (PM-FM) transition at Tc ∼ 325 K. Below Tc,

χc is nearly ten times larger than χa, denoting the easy mag-
netization along c axis. The zero-field in-plane ρxx (I//ab)
and out-of-plane resistivity ρzz (I//c) are also presented in
Fig. 1(d), both curves exhibit metallic behaviors in all tem-
perature regimes with large RRR ρ(375 K)/ρ(10 K) ∼ 24. A
clear anomaly at ∼325 K corresponds to the Tc, determined
from χ (T ) curves. The ratio of ρzz(T)/ρxx(T) ∼ 0.6−0.65
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FIG. 2. The isothermal magnetization M(μ0Heff ) curves at dif-
ferent temperatures for (a) H//c axis and (b) H// a axis, respectively.

is almost temperature independent, reveals the in-plane and
out-of-plane transport share the same scattering mechanism.
The weak anisotropy implies three-dimensional (3D) electri-
cal transport property rather than 2D ones.

Figures 2(a) and 2(b) exhibit the isothermal magnetization
(M) curves at different temperatures for H//c and H//a axis,
respectively. The magnetizations are plotted versus effective
magnetic field (μ0Heff ) defined by μ0Heff = μ0(H − Nd M ),
where Nd is the demagnetization factor for samples in rect-
angular shape calculated by a method in Ref. [32]. For both
directions with T � TC , the magnetizations increase linearly
at low fields and become saturated as the field above the
saturation field (μ0Hs). At T = 10 K, different saturation
fields μ0Hc

s = 0.32 T (H//c) and μ0Ha
s = 2.1 T (H//a) re-

veal that LaMn2Ge2 has uniaxial magnetic anisotropy with
easy axis along the c direction. The saturated magnetization
MS ∼ 3.12μB/f.u. is consistent with the previous reported
value [33]. It is worthwhile to mention that we also measure
the isothermal M(μ0Heff ) for H along different directions
within the ab plane, which show almost isotropic behaviors.

LaMn2Ge2 displays strong anisotropic magnetotransport
behaviors as H oriented along the c axis and within the ab
plane. In Figs. 3(a) and 3(b), we firstly present the in-plane
longitudinal magnetoresistance (MR) and Hall resistivity
ρxy(μ0Heff ) data, respectively. During the measurements, the
current is along a axis and field along c axis. Negative MRs
{MR = [ρ(μ0H ) − ρ(0T)]/ρ(0T)} are observed at high tem-
peratures with maximum near Tc, (see Fig. 3(a) and Fig. S1 in
Supplemental Material [34]), due to the suppression of spin-
related scattering as usually observed in magnetic systems. As
decreased temperature, MR changes sign to positive at low
temperatures (T < 60 K), reflecting the dominant contribu-
tion of MR from the Lorenz force induced by H on the carrier
motion. For field dependent Hall resistivity ρxy(μ0Heff ), it has
a linear field dependence at T > TC. Below Tc,, ρxy(μ0Heff )
increases dramatically at low fields, then becomes slow at
high fields with linear field dependence. As comparisons, the
shape of ρxy(μ0Heff ) resembles the M(μ0Heff ) curve, sug-
gesting the dominated conventional AHE as observed in FM
metals. In this respect, Hall resistivity can be described by
ρxy = ρN

xy + ρA
xy = R0μ0H + RSμ0M, where ρN

xy, ρA
xy, R0, and

FIG. 3. Field dependence of (a) magnetoresistance and (b) Hall
resistivity ρxy at selected temperatures under H//c axis and I//a
axis, the inset shows the schematic setup of Hall resistivity measure-
ments. (c) Temperature dependence of ordinary Hall coefficient R0

and anomalous Hall coefficient RS. (d) Temperature dependence of
σ A

xy, inset shows the plot of log ρxy versus log ρxx . (e) Temperature
dependence of scaling coefficient SH. (f) The scaling behavior of
ρxy/μ0Heff versus ρ2

xxM/μ0Heff at indicated temperatures with sub-
sequent offset of 0.02 cm3 C–1 for clarity, solid lines represent linear
fits of the data.

RS represent the normal and anomalous Hall resistivity, and
the normal and anomalous Hall coefficients, respectively. The
value of R0 and ρA

xy can be determined from the linear fit of
ρxy(μ0Heff ) at the high-field regime [see Fig. 3(b)], namely,
the slopes and y-axis intercepts correspond to the R0 and
ρA

xy, respectively. As shown in Fig. 3(c), a positive sign of
R0 in all temperatures reveals the dominant hole-type charge
carrier. The carrier density na can be deduced by the single
band model na ∼ −1/|e|R0, which reaches 5.6 × 1021cm−3

at 10 K corresponding to ∼1.1 carriers per formula unit of
LaMn2Ge2. The extracted RS ∼ 0.2 cm3/C at 300 K from
ρA

xy = RSμ0M is about two order magnitude larger than that
of usual FM materials, such as pure Fe and Ni (T = 300 K)
[35,36]. Furthermore, both RS and ρA

xy show broad humps
at 280 K (see Fig. S2); this temperature is well below Tc,

[∼0.85 TC] similar to the observations in La1−xSrxMnO3 and
Fe3GeTe2 single crystals [37,38].

To help to identify the dominant contribution of AHE,
anomalous hall conductivity (AHC) σ A

xy is evaluated by the
relation σ A

xy = |ρxy/(ρ2
xx + ρ2

xy)|. As shown in Fig. 3(d) and
Fig. S2, σ A

xy at 10 K reaching up ∼730 �−1 cm−1 is close
to the expected value from the intrinsic Berry curvature
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FIG. 4. (a)–(l) Isothermal Hall resistivity ρzx at various temperatures under the H//a axis and I//c axis, respectively. The black solid lines
are the fitting curves including normal and anomalous Hall contributions.

contribution σ A
xy ,in = e2/(haz ) ∼ 704(2) �−1 cm−1 [5,39],

where e is the electronic charge, h is the Plank constant, and
az = c/2 ∼ 5.48(1) Å is the Mn interlayer’s distance. This
large σ A

xy should not be from the extrinsic side-jump mech-

anism because it produces σ A
xy in the order of e2

haz
( ESO

EF
) (ESO

is the energy of SOC, EF is the Fermi energy), where ESO
EF

usually has a value of 10–1 − 10–3 for metallic ferromagnets
[3,7]. In terms of the extrinsic skew-scattering mechanism,
σ A

xy only can induce e2/(haz ) in the ultraclean limit with
ESO � h̄/τ (ESO is the energy of SOC, τ is the scattering
time), whose typical conductivity (Gxx) is ∼10–1 (S/sheet).
[40] However, LaMn2Ge2 has the conductivity of Gxx ∼5 ×
10–3 (S/sheet) at 10 K in the moderately dirty regime (ESO ∼
h̄/τ ). Additionally, the scaling coefficient SH = μ0RS/ρ

2
xx =

σ A
xy/M corresponds to the sensitivity of AHC with respect

to M. As shown in Fig. 3(e), the derived large value of
SH ∼ 0.22(2) V–1 at 10 K also supports that LaMn2Ge2 is
in the moderately dirty region with relatively high conduc-
tivity in ferromagnets such as Fe3Sn2 (SH ∼ 0.1) and PrAlGe
(SH ∼ 0.15 V–1) [41,42]. In this regime, the skew-scattering
contribution is much smaller than the intrinsic mechanism.
Moreover, to discriminate the mechanism of AHE, a scal-
ing relation analysis between ρA

xy and ρα
xx was usually used.

[3,40] For LaMn2Ge2, the variation of log ρA
xy versus log ρxx

fitted by formula ρA
xy ∝ ρα

xx gives the scaling exponent α =
1.81(∼2) [see the inset of Fig. 3(e)], ruling out the skew-
scattering mechanism with a relation ρA

xy ∝ ρxx[6]. To further
check whether ρA

xy has a quadratic dependence on ρxx, we
plot ρA

xy/μ0Heff vs ρ2
xxM/μ0Heff at several temperatures [in

Fig. 3(f)]. For clarification, the curves have been offset subse-
quently by 0.02 cm3 C–1. The good linear scaling of the data
further corroborates dominant intrinsic mechanism of AHE.
Thus, we argue that the main source of AHE is from the intrin-
sic Berry curvature contribution based on the scaling relation
analysis, and future electronic band structure calculations will
help to shed light on its mechanism.

Now, we turn to Hall effect for field oriented within
the ab plane. Figures 4(a)–4(l) show the isothermal Hall
resistivity ρzx(μ0Heff ) data measured under I//c and H//b,
where the black lines represent the fitting curves by relation
ρzx = R0μ0H + SHρ2

zzM with fitting parameter R0 and SH. At
T = 350 K (T > TC), linear field dependence of ρzx(μ0Heff )
indicates the dominant normal Hall effect (NHE). As T ap-
proaches Tc,, ρzx(μ0Heff ) start to deviate from the scaling of
M(μ0Heff ) curves. Below Tc,, this deviation becomes more
obvious. More importantly, ρzx(μ0Heff ) exhibit nontrivial field
dependence with an abnormal broad peak at low-field regions
(H < Ha

s ) at which no anomaly is observed in the M(μ0Heff )
curves. This unconventional behavior strongly supports the
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FIG. 5. (a) Temperature dependence of maximum amplitude of
THE (ρT

Max) and corresponding field position (μ0HMax
C ), (b) Temper-

ature dependence of maximum values of AHE (ρA
Max) and saturated

field (μ0Hab
s ).

existence of an additional THE response besides the NHE
and AHE contributions, different from the Hall response well
described by the NHE and AHE contributions for H//c. By
including THE, the total Hall resistivity ρzx of LaMn2Ge2 can
be depicted by ρzx = ρN

zx + ρA
zx + ρT

zx = R0μ0H + SHρ2
zzM +

ρT
zx, where ρN

zx, ρA
zx and ρT

zx represent the normal, anomalous,
and topological Hall resistivity, respectively. Since ρT

zx
should

vanish when the full-polarized FM state is established as the
field above critical field (μ0HT

S ), we can determine the co-
efficients R0 and SH as the slope and intercept of the curve
ρzx vsρ2

zzM above the critical field μ0Ha
S . Using this analy-

sis, ρA
zx

(second term in above equation, ρA
zx = SHρ2

zzM) can
be obtained. Afterwards, the ρT

zx
component is separated by

subtracting the normal and anomalous parts from measured
ρzx(μ0Heff ) curves (see Fig. S3). The maximum amplitude of
THE (ρT

Max) and AHE (ρA
Max) as function of temperature are

summarized in Figs. 5(a) and 5(b). As seen, ρA
zx reaches a

maximum at the field (μ0HMax
T ) smaller than μ0Ha

s , which
reveals a THE to emerge during the spin-flop process. Re-
markably, large topological Hall resistivity ρT

Max∼ 1.0 μ� cm
over broad temperature regions (190 K < T < 300 K) is ob-
tained, this value is in the same order of magnitude as recent
report in bulk Heusler compound Mn2PtSn (1.5 μ� · cm)
[43] and triangular-lattice Gd3PdSi3 magnet (2.6 μ� cm) [25]
but is nearly 20 times larger than that in noncollinear anti-
ferromagnetic Mn5Si3 films (∼0.05 μ� cm) [19]. Moreover,
the window temperature of THE in LaMn2Ge2 is enhanced
up to RT, making it more attractive for potential spintronic
applications. To more clearly present the variation of THE,
the contour plot of the field-temperature (H-T) phase diagram
using extracted THE data are constructed, shown in Fig. 6(a).
Nonzero ρT

zx is detected at low-field regions (μ0H < μ0HT
S )

and high temperatures. As decreased temperature decreased,
ρT

zx becomes zero at low temperatures (T < ∼70 K).
As for the origin of THE, it is generally attributed to

the spin chirality by noncoplanar spin textures [13–21]. For
LaMn2Ge2, previous neutron diffraction studies reveal it
forms noncollinear conical magnetic structures at zero field
for T < TC [31], where the FM component is along the lon-

FIG. 6. (a) Contour plots of topological Hall resistivity versus
temperature and field for LaMn2Ge2 under H//a axis. The transi-
tion between noncoplanar spin structure and polarized FM order is
marked by orange circles (μ0Hab

s ), (b) The Mn moment projects for
adjacent layers within ab plane (left side), φ is the angle between
two magnetic moments at “1” and “1′” sites in the ab plane. The
schematic spin configurations of Mn moments at μ0H = 0 T, 0 <

μ0H < μ0H ab
s and μ0H > μ0H ab

s for H//a axis (right side).

gitudinal c axis (spin propagation direction) and the helical
AFM component lies within the basal ab plane presented
in Fig. 6(b) [31]. As H is applied along the ab plane, the
conical spin configurations on the Mn sublattice will flop
from c axis to ab plane, then the axis of the spiral structure
has a tilting toward the ab plane and magnetic moments gain
the net component in the ab plane leading to the formation
of noncoplanar spin configurations. It further evolves into
possible transverse conical magnetic structure [See Fig. 6(b)].
During the spin flop, due to the presence of tilted angles
between adjacent Mn layers in the projected ab plane [see
the left side of Fig. 6(b)], nonzero chiral spin configurations
will be formed, producing an emergent magnetic field (Beff )
for conductive electrons responsible for THE. The amplitude
of Beff depends on the configuration of spins on the square
lattice. Considering that topological Hall resistivity generated
by Beff can be expressed by ρT

zx=PR0Beff [13,44], where P
is the spin polarization of charge carriers and R0 denotes the
normal Hall coefficient. At 300 K, the maximum value of Beff

can be estimated ∼95 T if we take P ∼ 0.65 at HMax
T and

R0 = 0.016 μ� cm/T (see Fig. S1). At HMax
T , THE reaches

maximum. Further increasing the field above μ0HT
s , a full

polarized FM state is established leading to the vanishing of
Beff and THE. Thus,μ0HT

S determines the phase boundary of
magnetic transition from the noncoplanar spin configuration
to the polarized FM state in the H-T phase diagram. Addi-
tionally, for the origin of THE, we would like to highlight the
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FIG. 7. Comparisons of ρT
Max for various materials exhibiting RT

THE related to the noncoplanar spin textures. The data are taken from
the open literatures, including Refs. [28,47–52]. The vertical dashed
line represents the position of 300 K.

thermal-driven chiral spin fluctuation mechanism but not the
static noncoplanar spin configuration as reported in triangular-
lattice Gd3PdSi3 [25] and Fe3GeTe2 magnets [38], since a
THE in LaMn2Ge2 is only observed at high temperatures in-
stead of low temperatures. Similar nontrivial skyrmion-lattice
textures stabilized by thermal fluctuation in MnSi [45] and
chiral spin fluctuations in SrRuO3 films [46] have been pro-
posed for a THE. Here, we propose that transverse conical
spin fluctuation may be responsible for a THE in LaMn2Ge2

at elevated temperatures.
In comparison with the low temperature THE observed in

majority of frustrated magnets, the realization of RT THE
is critical to design novel spintronic devices based on THE.
Here, the observed RT THE in LaMn2Ge2 is quite large

when compared to the limited materials hosting THE near
RT, such as bulk Mn3Sn [47], MnPdGa [48], Mn2NiGa [49],
and Fe3Sn2 [28], films of Mn2PtSn [50], FeGe [51], and
MnNiGa [52] (shown in Fig. 7). In LaMn2Ge2, THE com-
ponent dominates the Hall effect at low fields while AHE
reaches a maximum at high-field region. More importantly,
THE has a much larger value than AHE, as example, the
calculated maximum topological Hall conductivity (THC)
σ T

Max ∼ 45 �−1 cm−1 is four times the value of AHC σ A
Max ∼

12�−1cm−1 at 300 K (see Fig. S3). This is also different from
the Hall effect observed in most Heusler compounds hosting
Skyrimion lattice where the AHE is usually larger than THE
[48–51]. Thus, it is a promising material for technological
applications in spintronic devices based on THE.

IV. CONCLUSIONS

In summary, we reported a strong anisotropic Hall effect in
a noncollinear ferromagnetic LaMn2Ge2 with TC ∼ 325 K. As
H//c and I//ab, it exhibits the conventional AHE dominated
by the intrinsic Berry curvature mechanism. While, for H//ab
and I//c, large topological Hall resistivity in a broad field and
temperature (190 K < T < 310 K) window can be observed,
which arise from the formation of noncoplanar spin configu-
ration with finite chirality stabilized by thermal fluctuations.
The realization of large THE near RT in LaMn2Ge2 shows
it to be a candidate material for practical applications in the
THE-based spintronic devices.
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