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The interplay between linearly dispersing, or Dirac-like, and flat electronic bands, for instance, in the kagome
ferromagnets, has attracted attention due to a possible interplay between topology and electronic correlations.
Here, we report the synthesis, structural, electrical, and magnetic properties of a single-crystalline ferromagnetic
compound, namely Fe1/3CrTe2 or FeCr3Te6, which crystallizes in the P3̄m1 space group instead of the I2/m
previously reported for FeCr2Te4. Electronic band structure calculations reveal type-II Dirac nodes and relatively
flat bands near the Fermi level (εF ). This compound shows onset Curie temperature Tc � 120 K, followed by an
additional ferromagnetic transition near Tc2 ∼ 92.5 K. Below Tc, FeCr3Te6 displays a pronounced anomalous
Hall effect, as well as sizable coercive fields that exceed μ0H = 1 T at low T s. However, a scaling analysis
indicates that the anomalous Hall effect results from a significant intrinsic contribution, as expected from the
calculations, and also from the extrinsic mechanism, i.e., scattering. The extrinsic contribution probably results
from occupational disorder at the 1b Fe-site within the van der Waals gap of the CrTe2 host. We also observe
evidence for a topological Hall component superimposed onto the overall Hall response, suggesting the presence
of chiral spin textures akin to skyrmions in this centrosymmetric system. Their possible presence will require
experimental confirmation.
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I. INTRODUCTION

The search for rare-earth-free ferromagnets is an endeavor
of current technological importance [1,2]. Topological mag-
netic compounds are predicted to support chiral electronic
channels with perfect conduction, which could be used for
an array of applications, ranging from information storage
to dissipationless charge and spin transport [3]. A notable
example is the quantum anomalous Hall effect observed on
the surface of topological insulators once the Dirac node is
gapped via the introduction of magnetic impurities [4,5].

The Hall response of ferromagnets is frequently charac-
terized by several contributions, i.e., the conventional Hall,
the anomalous Hall [6], and the topological Hall effect [7].
The conventional Hall response results from the Lorentz force
acting on the charge carriers and deflecting their trajectories
under a magnetic field. The anomalous Hall effect (AHE),
on the other hand, occurs in broken time-reversal symmetry
systems, e.g., ferromagnets, as a consequence of the spin-
orbit coupling [8]. Karpus and Luttinger [9] showed that
under an external electric field, electrons acquire an addi-
tional contribution to their group velocity or an anomalous
velocity perpendicular to the electric field that contributes
to the Hall response. In ferromagnetic conductors, the sum
of this anomalous velocity over all occupied bands can be
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nonzero, implying a net contribution to the Hall conductivity
σxy. Since this contribution depends solely on the material’s
band structure, it is referred to as the intrinsic contribution
to the AHE. The intrinsic mechanism can be interpreted as a
manifestation of the Berry phase acting on the Bloch state of
the charge carriers [10,11]. We must also mention scattering-
related contributions to the AHE, namely the side jump and
the skew-scattering mechanisms. The former results from
electron velocities that are deflected in opposite directions by
the opposite electric fields acting on them upon approaching
and leaving an impurity [12]. The latter results from electrons
asymmetrically scattered by impurities due to the spin-orbit
interaction, which causes electrons with different spins to
scatter in different directions [13,14].

Here, we report on a new member of the FeCr2X4 (where
X is a chalcogen) family of compounds, which are said to be
characterized by a competition between spin-orbit coupling
and exchange interactions [15,16]. For example, FeCr2S4

and FeCr2Se4 are insulators, with the former compound re-
ported to become a ferrimagnet below Tc = 165 K [17,18],
and the latter an antiferromagnet at TN = 218 K displaying
small moment ferrimagnetism below 75 K [19,20]. In con-
trast, FeCr2Te4, which is derived from Cr3Te4 and crystallizes
in the space group I2/m, is reported to be metallic [21] and to
display an Ising-like ferrimagnetic state with a Curie temper-
ature Tc � 124 K [16]. This compound displays an anomalous
Hall response ρA

xy ∝ ρxx, implying that it is in the dirty regime
and likely dominated by the skew-scattering mechanism [21].

2475-9953/2025/9(4)/044203(8) 044203-1 ©2025 American Physical Society

https://orcid.org/0009-0008-1250-6902
https://orcid.org/0000-0001-8427-6167
https://orcid.org/0009-0008-2822-5056
https://orcid.org/0000-0002-5566-2656
https://orcid.org/0000-0002-7827-6117
https://orcid.org/0000-0003-4434-2160
https://orcid.org/0000-0002-5209-0293
https://ror.org/03s53g630
https://ror.org/05g3dte14
https://ror.org/005781934
https://ror.org/01n78t774
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevMaterials.9.044203&domain=pdf&date_stamp=2025-04-18
https://doi.org/10.1103/PhysRevMaterials.9.044203


SHYAM RAJ KARULLITHODI et al. PHYSICAL REVIEW MATERIALS 9, 044203 (2025)

FIG. 1. (a) Indexed precession images of X-ray diffraction collected along the h0l , 0kl , and hk0 planes, used to refine its crystallographic
structure. (b) Crystal structure and lattice parameters of FeCr3Te6.

The compound synthesized herein crystallizes in the space
group P3̄m1 with the nominal composition Fe1/3CrTe2 and
can be seen as another intercalated variant of CrTe2, but
with random Fe distribution. In this manuscript, we provide
a detailed structural analysis, concomitant band structure cal-
culations, and the study of the band structure’s magnetic
and electrical transport properties. Band structure calculations
reveal relatively flat bands near the Fermi level εF coexist-
ing with a type-II Dirac/Weyl node located precisely at εF .
Type-II Weyl node(s) would be stabilized by two ferromag-
netic transitions observed upon cooling. A scaling analysis
of its anomalous Hall effect indeed points to a sizeable in-
trinsic contribution (Berry phase dominated) albeit subjected
to extrinsic contributions from scattering mechanisms, likely
resulting from structural disorder. Remarkably, despite the
centrosymmetric nature of this compound, we find evidence
for a topological Hall signal at low temperatures, once the
anomalous Hall component is subtracted from the raw Hall
signal. This suggests the possible existence of non-co-planar
spin textures, such as skyrmions.

II. RESULTS

A. Synthesis

We grew single crystals of Fe1/3CrTe2 via a solid-state re-
action followed by a chemical vapor transport (CVT) method.
High-purity Fe, Cr, and Te powders in the 1:3:6 ratio were
loaded into an evacuated quartz ampoule and subsequently
sealed. The ampoule was placed in a furnace, heated to
900 ◦C, and maintained at this temperature for 24 hours. The
product was then ground in an agate mortar. For single-crystal
growth, the powder was reintroduced into an ampoule, with
100 mg of I2 as the transport agent. Subsequently, the evac-
uated ampoule was placed into a two-zone tubular furnace,
with the temperature of the source kept at 760 ◦C and that
of the crystallization zone at 700 ◦C, for seven days. As the
final step, the quartz ampoule was quenched in ice water to
preclude possible structural phase transitions at intermediate
temperatures.

B. Single crystal X-ray diffraction

Room temperature single-crystal X-ray diffraction data
[see Fig. 1(a)] were collected on a single crystal fragment
of Fe0.67Cr2Te4 mounted on glass fibers with two-part epoxy

using a Bruker Kappa D8 Quest diffractometer with an IμS
microfocus source (Mo Kα radiation, λ = 0.71073 Å), PHO-
TON III CPAD detector, and a HELIOS optics monochro-
mator. Integration was performed using the Bruker SAINT
program, and absorption correction was done using the
SADABS 2016/2 program [22]. SHELXL was used to
anisotropically refine the preliminary model obtained from
SHELXT by intrinsic phasing [23,24]. Preliminary indexing
of diffraction reflections led to a hexagonal unit cell closely
related to the NiAs structure-type, but after considering sys-
tematic absence violations, a better model was found using
the trigonal P3̄m1 space group. Due to the nature of X-ray
diffraction, the similar structure factors of Fe and Cr make
it difficult to quantify the amount of site mixing and would
require further investigations via other techniques, such as
neutron diffraction. The Wyckoff site 1a was modeled as a
fully occupied Cr transition metal layer, with the Wyckoff
site 1b modeled as a partially occupied Fe transition metal
(TM) layer. This modeling is in line with the literature [25].
The model was allowed to refine freely, without constraints
to fit the EDS data, and similar compositions of Fe and Cr
were obtained between both techniques. Therefore, FexCr2Te4

could be grown in 2 distinct crystallographic phases, I2/m
and P3̄m1, although Fe2/3Cr2Te4 has a distinct stoichiometry
with respect to FeCr2Te4, i.e., with the nominal composition
FeCr3Te6.

Refinement of the lattice parameters of FeCr3Te6 yields
a = 3.9313(7) Å, and c = 5.9158(16) Å, for a V =
79.18(4) Å3. The bulk crystallographic structure of FeCr3Te6

is illustrated in Fig. 1(b). For additional discussion, as well
as the crystallographic data, atomic coordinates, and atomic
displacement parameters, see the Supplemental Material [26]
and Refs. [27–36] therein.

C. Electronic band structure calculations

First-principles density functional theory (DFT) calcula-
tions were performed using the projector augmented-wave
(PAW) potentials [37] implemented in the Vienna Ab-initio
Simulation Package (VASP) [38–40].

For the exchange-correlation energy, the generalized gra-
dient approximation (GGA) in the Perdew–Burke–Ernzerhof
(PBE) parametrization was used [41]. The energy cutoff for
the plane-wave expansion was set to 400 eV. Optimization
of the lattice constants and atomic positions was performed
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in the presence of spin-orbit coupling (SOC). The structure
was optimized using a 10 × 10 × 5 k-point Monkhorst–Pack
grid [42]. As for the convergence criterion of the optimization
loop, we chose an energy change inferior to 10−6 eV and
10−8 eV for the ionic and electronic degrees of freedom,
respectively.

The symmetry of the structures after optimization was
analyzed with FINDSYM [43] and SPGLIB [44], while the
momentum space analysis was performed within SEEK-PATH

[45].
Motivated by a previous study on CrTe2 [46], we chose to

apply the DFT+U scheme. The U parameter for the DFT+U
treatment of Cr d-electrons in CrTe2 within the linear response
ansatz of Cococcioni et al. [47] can be expressed as:

Ueff = 1

χ
− 1

χ0
, (1)

where χ ≈ ∂NSCF/∂U and χ0 ≈ ∂NNSCF/∂U correspond to
the self-consistent (SCF) and non-self-consistent (NSCF) re-
sponse function. These calculations were performed within
a supercell 2 × 2 × 2 and reduced to a 6 × 6 × 3	-centered
k-grid. From the DFT calculations we found χ ≈ 0.17 eV−1

and χ0 ≈ 0.81 eV−1, which corresponds to an effective U
of ∼4.5 eV. However, the lattice parameters were found to
depend strongly on U (see Fig. S2 in the SM [26]). Thus, we
apply the DFT + U approach introduced by Dudarev et al.
[48], with U ≈ 4 eV, which is closer to the linear response
interpolated value.

After optimization of the clean system, we obtain a = b =
4.00 Å and c = 6.14 Å, which are relatively close to the exper-
imental values a = b � 3.93 Å and c � 5.92 Å [49]. Atomic
sites at high symmetry Wyckoff positions are Cr 1a (0,0,0)
and Te 2d (1/3,2/3,zTe), where the free parameter converged
to zTe = 0.250.

Magnetic order—Cr-Te compounds typically are ferro-
magnets with out-of-the-plane magnetic moments [50–52],
with strong magnetic anisotropy [53,54]. The magnetic
ground state was found to display M ‖ c, which is in agree-
ment with a previous study in CrTe2 [55] and, as we will see
below, with the fact that the c-axis is the magnetic easy axis
for FeCr3Te6.

The resulting electronic band structure both with (blue
lines) and without (orange lines) spin-orbit coupling (SOC)
is shown in Fig. 2. Salient features are the nearly linear and
tilted crossings (indicated by magenta circles) along the M-	,
A-H, and L-A directions, with the first crossing occurring
precisely at the Fermi level. These crossings at or very close to
εF , classified as type-II Dirac nodes, ought to become type-II
Weyl nodes [56,57], once the system breaks time-reversal
symmetry upon entering its ferromagnetic ground-state, as
will be discussed below. Another feature is the presence of
a rather flat band along the M-A direction that crosses εF .
Therefore, FeCr3Te6 presents a certain similarity with kagome
systems, which exhibit the coexistence between flat and lin-
early dispersing bands [58]. The flat bands in kagomes are said
to become topological in character due to spin-orbit coupling
[58] under broken time-reversal symmetry, leading, in cer-
tain compounds, to a large intrinsic anomalous Hall response
[59]. Under these conditions, the flat bands could acquire

FIG. 2. The electronic band structures for well-ordered
FeCr3Te6. Results in the absence and presence of the spin-orbit
coupling (orange and blue lines, respectively).

a nonzero Chern number associated with a nontrivial Berry
phase that would support interacting topological phases [60].
The experimental confirmation of the calculated electronic
band structure, for example, to expose the presence of flat
bands and Dirac/Weyl dispersions would require measure-
ments of quantum oscillatory phenomena, or angle-resolved
photoemission spectroscopy experiments (ARPES). Current
levels of disorder in our crystals preclude the observation of
quantum oscillations. ARPES measurements will have to be
performed in collaborative mode; therefore, these will be left
for a future report.

Here, the fundamental question is whether the coexistence
between type-II Weyl fermions and flat bands intersecting
the Fermi level in FeCr3Te6, which are subjected to spin-
orbit interaction, would lead to a very large anomalous Hall
response under broken time-reversal symmetry. As for the
kagome compounds, this would point to nontrivial band topol-
ogy. To address this question, we performed detailed transport
and magnetization measurements as a function of temperature
and magnetic field. Notice that the calculations above assume
an ordered FeCr3Te6 structure, when in reality, single-crystal
X-ray diffraction points to a random occupation of the Fe site.
Such disorder and associated scattering are likely to affect the
transport properties of this compound.

D. Magnetization measurements

DC magnetization (M) measurements were performed in
a superconducting quantum interference device-based mag-
netometer (Quantum Design MPMS-XL). We studied the
magnetization of FeCr3Te6 single-crystals as a function of
temperature T for T ranging from 1.8 K to 300 K under
external magnetic fields −7 T � μ0H � 7 T. M as a function
of T was collected using the zero-field-cooled (ZFC) and
field-cooled (FC under μ0H = 300 Oe) protocols.

Figures 3(a) and 3(b) show M as a function of T when
an external field μ0H = 300 Oe is applied along either the
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FIG. 3. (a) Magnetization M (in μB per f.u.) collected under a
magnetic field (μ0H = 300 Oe) applied along the ab-plane of the
crystal as a function of temperature T. Magenta circles and blue lines
correspond to zero-field-cooled (ZFC) and field-cooled (FC) condi-
tions, respectively. (b) Magnetization M for fields aligned along the
c-axis of the crystal. This panel also includes the in-plane resistivity
ρxx (black trace) as a function of T. Dashed red line is a fit to a Fermi
liquid like, T 2 dependence for the resistivity at low temperatures.
(c) Inverse magnetic susceptibility χ−1 as a function of T. The red
dashed line is a linear or Curie-Weiss fit. (d) χ−1 as a function of T
for fields along the c-axis. See Fig. S4 [26] for M as a function of T
from a second crystal also displaying a two-step transition.

ab-plane or the c-axis of the crystal, respectively. For both
orientations, we found a two-step ferromagnetic transition
below Tc � 120 K. The values of M for fields applied along
the c-axis are larger than those collected under fields ap-
plied along the ab-plane, reflecting the magneto-crystalline
anisotropy of FeCr3Te6. Figures 3(c) and 3(d) plot the inverse
magnetic susceptibility χ−1(T ) as a function of T for both
field orientations. A Curie-Weiss fit [Fig. 3(c)] is used to ex-
tract the effective magnetic moment yielding μeff = 1.34 μB

per formula unit when the external field is applied along the
ab-plane. For reasons that remain unclear to us, we cannot
observe a clear Curie-Weiss behavior for μ0H ‖ to c-axis.

To more clearly expose the existence of two ferromag-
netic transitions upon cooling, we took the derivative of the
DC magnetization M with respect to T under field-cooling
conditions (see Fig. 4). As seen in both Figs. 3 and 4, the

FIG. 4. Derivative of the magnetization M with respect to tem-
perature T collected under field-cooling conditions, for fields applied
along (a) the ab-plane and (b) the c-axis of the crystal.

FIG. 5. DC magnetization M (in μB per f.u.) as a function of the
magnetic field μ0H for several temperatures with the field oriented
along (a) the ab-plane and (b) the c-axis, respectively. (c) Anomalous
Hall conductivity as a function of the magnetic field at various T s,
with μ0H applied along the c-axis of the crystal. (d) Dependence of
the anomalous Hall resistivity as a function of M.

ferromagnetic transition at higher temperatures is sharper for
μ0H ‖ to c-axis, while the lower T one is slightly sharper for
fields along the ab-plane. ∂M/∂T yields two transition tem-
peratures, whose middle transition points are Tc1 � 125 K and
Tc2 � 92.5 K. At first glance, the existence of two Curie tem-
peratures would suggest two magnetic sub-lattices ordering at
distinct temperatures. Neutron-scattering measurements will
be required to clarify the origin of both Curie temperatures.

M as a function of the magnetic field orientation for several
T s is shown in Figs. 5(a) and 5(b) for μ0H ranging from −7 T
to 7 T. Notice that lower fields are required to saturate M for
fields along the c-axis with respect to fields applied along the
ab-plane. Furthermore, at the lowest T s, under μ0H = 7 T,
M becomes nearly saturated, reaching a value of 1.2 μB per
formula unit (f.u), which is nearly ∼50% higher than the
value observed for fields along the ab-plane under the same
field and temperature conditions. This means that the c-axis
is the magnetization easy axis and FeCr3Te6 presents a mild
magneto-crystalline anisotropy.

At the lowest T = 1.8 K, we extracted slightly larger coer-
cive fields μ0H ab

c � 1.3 T for fields along the ab-plane relative
to fields along the c-axis, i.e., μ0H c

c � 0.85 T. For both field
orientations, we observe small steps around the coercive field
associated with ferromagnetic domain reorientation.

E. Electrical transport measurements

Subsequently, we proceeded with measurements of the
Hall resistivity ρxy, as well as magneto-resistivity ρxx col-
lected in a Physical Property Measurement System (PPMS)
from Quantum Design. Single crystals were locally etched via
Ar ions to remove a possible oxidation layer. Subsequently, a
layer of Au was deposited via magnetron sputtering to im-
prove the electrical contacts. Platinum wires, with a diameter
φ = 25 µm, were attached to these contacts with silver paint.
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Resistivity as a function of the temperature was measured
for T ranging from 300 K to 1.8 K. Hexagonal-shaped crys-
tals were used for these measurements with the magnetic
field applied along the c-axis. To eliminate the contribution
of ρxx into ρxy due to contact misalignment, or of ρxy into
ρxx, we anti-symmetrized the ρxy(μ0H ) traces for both field
orientations and averaged the ρxx(μ0H ) ones collected at
each T .

The resistivity ρxx as a function of the T is also shown
in Fig. 3(b). ρxx(T ) exhibits metallic behavior with a change
in its slope near Tc ∼ 125 K associated with the paramag-
netic (PM) to ferromagnetic (FM) transition. This sample
yields a residual resistivity ratio (RRR = ρ(300 K)/ρ(1.8 K))
of ∼1.84. This small value, when combined with the large
residual resistivity of 750 µ� cm, suggests that the electrical
transport in this compound is dominated by the disorder in-
herent in the Fe distribution in the compound.

The Hall conductivity σxy = ρxy/(ρ2
xx + ρ2

xy), where ρxy is
the Hall resistivity, is shown in Fig. 5(c) for fields oriented
along the c-axis of the crystal and for several Ts. σxy mimics
the behavior of M shown in Fig. 5(b), indicating a pronounced
anomalous Hall component. The maximum value attained by
σxy is 40.68 �−1 cm−1 at 2 K under μ0H � 1 T (which is
considerably smaller than ∼823 �−1 cm−1 for thin Fe films
[61] at room T) decreases as the temperature increases. Such
modest values for σxy suggest that the anomalous Hall is not
dominated by the intrinsic but rather the extrinsic scattering-
dominated contribution [8]. Similarly to the magnetization
[Fig. 5(b)], σxy displays coercive fields below T � 75 K. We
confirmed that the Hall signal is proportional to the magne-
tization of the crystal, as expected for the anomalous Hall
response. Figure 5(d) shows that the value of ρxy(μ0H = 2 T)
just above the coercive fields scales linearly with M. The
coercive fields are also evident in the magnetoresistivity of
FeCr3Te6, which decreases as the temperature increases (see
SM [26]).

As previously mentioned, and as discussed in Ref. [8],
the anomalous Hall signal originates from both intrinsic and
extrinsic contributions. The intrinsic contribution results from
the deflection of the trajectory of the charge carriers due to the
Berry curvature in momentum space [7], which is intrinsic to
the electronic bands of a given compound. The extrinsic con-
tributions are provided by the skew, or asymmetric scattering,
and by side jumps in the presence of spin-orbit coupling and
impurities. We followed the scaling analysis of the Hall signal,
as proposed by Ref. [61], to evaluate the relative strengths
of the intrinsic and extrinsic contributions. In Fig. 6(a), the
anomalous Hall resistivity is plotted as a function of the square
of the magnetoresistivity:

σ A
xy = ρA

xy
(
ρA

xy

)2 + ρ2
xx

= −(
ασ−1

xx0 + βσ−2
xx0

)
σ 2

xx − b. (2)

Here, ρA
xy = ρxy(μ0H = 2 T), since the Hall signal becomes

saturated at this field value, although it is dominated by a
linear component inherent to the conventional Hall response.
According to Ref. [61], the intercept would yield the size of
the intrinsic contribution, with the slope providing the magni-
tude of the extrinsic one.

FIG. 6. (a) Anomalous Hall conductivity σ A
xy as a function of the

square of the magnetoconductivity σ 2
xx . (b) Conventional Hall con-

stant R0 (blue markers) and anomalous Hall coefficient SH (magenta
markers) as functions of the temperature.

A linear fit yields a slope of 6.23 � cm and an intercept
of ∼ 21.9 (� cm)−1. Therefore, the anomalous Hall effect of
FeCr3Te6 has a sizable intrinsic contribution, as implied by
the calculations, although with a large superimposed extrinsic
contribution due to disorder. To place the value of the intercept
in perspective, thin films of Fe yielded ∼1100 (� cm)−1 [61].

It has been assumed by the scientific community—and
recently shown theoretically [7]—that the Hall response of
magnetic compounds, in particular those displaying noncopla-
nar spin textures, can be treated as the summation of three
contributions:

ρxy = ρN
xy + ρA

xy + ρT
xy, (3)

ρxy = R0B + SH Mρ2
xx + ρT

xy. (4)

The first term corresponds to the conventional Hall effect,
with R0 being the Hall coefficient; the second term ρA

xy cor-
responds to the anomalous Hall contribution which, as shown
in Fig. 5(d), scales linearly with M, and, as shown in Fig. 6(a),
also with ρ2

xx � σ−2
xx . SH is the proportionality constant be-

tween these physical variables. Figure 6(b) displays both R0

and SH as functions of T , with R0 increasing upon cooling,
suggesting an increase in carrier mobilities. In contrast SH

emerges below Tc and remains nearly constant below T =
100 K.

The topological Hall contribution to the Hall response [7]
can be extracted from Eq. (3) by subtracting both the conven-
tional and anomalous Hall contributions. Such a subtraction
requires a precise determination of SH, or a plot of ρxy as
a function of Mρ2

xx [see Fig. 7(a)], to confirm their linear
relation. From this plot, SH is extracted from a simple linear
fit. Once SH is determined, one can subtract the anomalous
Hall component from the raw ρxy. Figure 7(b) displays the
remnant of this subtraction, or the topological Hall signal ρT

xy
(in addition to a small conventional Hall component) from
FeCr3Te6 for μ0H || c-axis and for different temperatures.
Below T = 25 K, one observes the sudden emergence of a
peak displaying a maximum � 1 µ� cm, whose position is
displaced from μ0H p � 0.3 T at T = 25 K to μ0H p � 1.0 T at
T = 5 K. ρT

xy displays a complex structure at T = 1.8 K, likely
resulting from contamination by the large hysteresis observed
in both magnetization and Hall response at this temperature.
Notice that these peaks are reproducible among different
crystals; see Fig. S5 [26], which displays ρT

xy for a second

044203-5



SHYAM RAJ KARULLITHODI et al. PHYSICAL REVIEW MATERIALS 9, 044203 (2025)

FIG. 7. (a) Anomalous Hall resistivity ρxy as a function of the
product of the magnetization by the square of the magnetoresistivity.
Red lines are linear fits from which we extract the values of SH.
(b) Topological Hall signal for FeCr3Te6 for fields μ0H || c-axis and
for different T s after subtracting SHMρ2

xx from the raw ρxy.

crystal whose ρT
xy peaks display considerably larger ampli-

tudes, i.e., surpassing 2 µ� cm.
The presence of chiral spin textures and a concomitant

topological Hall signal is usually associated with the absence
of inversion symmetry, or the presence of the Dzyaloshinskii–
Moriya interaction in ferromagnetic systems [62]. Notice that
our X-ray diffraction refinement yields the P3̄m1 space group
for FeCr3Te6, which, by contrast, is centrosymmetric. Here,
the situation seems to be akin to those of the Fe3−xGeTe2

and Fe3GaTe2 compounds, which were reported to crystallize
in the centrosymmetric P63/mmc space group [63,64], while
still displaying skyrmions [65–68]. It was proposed that Fe
vacancy order might contribute to locally breaking the inver-
sion symmetry contributing to the stabilization of skyrmions
in, for instance, Fe3−xGeTe2 [69].

In FeCr3Te6 the presence of chiral spin textures at rel-
atively high magnetic fields will have to be confirmed via
imaging techniques like magnetic force microscopy. If con-
firmed, one would still have to understand the physical
mechanism(s) leading to their formation.

III. CONCLUSIONS

In conclusion, we explored the structural, electrical trans-
port and magnetic properties of a new crystallographic phase
within the Cr-Fe-Te series, namely ferromagnetic Fe1/3CrTe2,
which can be grown in single-crystalline form. According
to electronic band structure calculations, FeCr3Te6 displays
type-II Dirac nodes along with electronic flat bands near or at
the Fermi level. This makes FeCr3Te6 a good candidate for
novel transport properties, such as a large anomalous Hall

response. FeCr3Te6 displays a pronounced anomalous Hall
effect below the Curie temperature Tc = 120 K, which is char-
acterized by a significant intrinsic contribution dominated by
the Berry phase, according to a scaling analysis, and as ex-
pected from the calculations. A sizable extrinsic contribution
is also superimposed on the anomalous Hall response accord-
ing to the same scaling analysis. Therefore, we conclude that
the transport properties of FeCr3Te6 are also affected by the
occupational disorder at the 1b Fe-site within the van der
Waals gap of the CrTe2 host.

Upon cooling, FeCr3Te6 displays a second ferromagnetic
transition at Tc2 ∼ 92.5 K. By further cooling this compound,
we observe the emergence of a clear topological Hall signal
below T = 25 K, pointing to the possible presence of chiral
spin textures, such as skyrmions. This signal is reproducible
among several crystals. However, their presence would be
inconsistent with the inversion symmetry inherent in the re-
fined structure of FeCr3Te6. Advanced imaging techniques,
such as Lorentz transmission electron microscopy (unlikely
given the low temperatures and high magnetic fields required
for their observation) and magnetic force microscopy, will
be required to expose their presence [70]. If their presence
were confirmed, an intriguing aspect to be studied would be
their evolution as a function of field and temperature, given
that at liquid helium temperatures, the topological Hall effect
peaks at fields as large as μ0H = 1 T, indicating a particular
resilience with respect to field application. One would also
need to understand the mechanism(s) leading to skyrmion
formation in this compound.
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