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Unconventional Anomalous Hall Effect in the Canted 
Antiferromagnetic Half-Heusler Compound DyPtBi

Jie Chen, Hang Li, Bei Ding, Peng Chen, Tengyu Guo, Xing Xu, Dongfeng Zheng, 
Hongwei Zhang, Xuekui Xi, and Wenhong Wang*

The interplay between magnetism and the topological band in metamag-
netic materials has attracted researchers’ attentions because these mate-
rials exhibit novel phenomena, such as the anomalous Hall effect (AHE) 
and quantum AHE. Here, the magnetotransport of DyPtBi single crystals 
in out-of-plane and in-of-plane magnetic field configurations is investi-
gated. The results show a large unconventional anomalous Hall signal 
in the canted Type II antiferromagnetic state, indicating the existence of 
significant Berry curvature. This signal evolves into a large hump with 
DyPtBi entering the paramagnetic state and persists up to temperatures 
that are much higher than TN. Out-of-plane and in-of-plane measurements 
indicate that a larger unconventional Hall signal is observed at certain θ 
and φ angles. A giant planar anomalous Hall angle (AHA) of up to 30% 
is achieved in DyPtBi, which is comparable to that in a typical ferromag-
netic Weyl semimetal. The results show that DyPtBi is a good platform for 
investigating the unconventional AHE and other novel physical properties 
in various potentially topologically nontrivial phases due to the interplay 
between canted antiferromagnetic structures and topology.
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important topic because a variety of mag-
netic ordering textures may induce mul-
tiple topological phases.[3] This can also 
be an effective method of tuning the topo-
logical properties. Magnetic materials with 
metamagnetic transitions exhibit a variety 
of magnetic structures under an external 
magnetic field. Combined with the topo-
logical band, this offers a unique oppor-
tunity to study the nontrivial interplay 
between topological properties and spin 
textures in one material, and the coupling 
of conduction electrons and spins can be 
finely controlled by an external magnetic 
field of a few Teslas. Because the mag-
netization direction and symmetry of the 
spin textures in metamagnetic transition 
can be easily changed by an external mag-
netic field, the band of magnetic materials 
based on the symmetry and spin texture 
will be correspondingly tuned.[4] The inter-
play of magnetism and the topological 
band produces plentiful novel topological 
quantum phenomena, such as the AHE.[5] 

For example, in the MnBi2Te4,[3a,6] EuCd2As2,[5a,7] and EuTiO3
[5e] 

compound the metamagnetic transitions modulate the topo-
logical band and induced the nonmonotonic AHE. Research 
on Co2MnAl and MnSi provides a detailed theoretical analysis 
on the tunable effect of symmetry of magnetic structures, dem-
onstrating that it is an effective path to tune the topological 
properties.[2e,4] Magnetic topological materials with metamag-
netic transitions exhibit great prospects in topological physics 
and the unconventional AHE.

Half-Heusler compounds are a great family, and more than 
50 compounds were predicted to be topological materials.[8] 
Except for nonmagnetic compounds, the introduction of mag-
netic rare earth element R makes RPt/PdBi compounds to mag-
netic topological semimetals with an antiferromagnetic (AFM) 
ground state. Under a magnetic field, RPtBi compounds were 
identified to be magnetic-field-induced Weyl semimetals.[9] 
The Berry curvature-related nonlinear AHE was studied.[9a,10] 
Unlike other half-Heusler compounds, DyPtBi shows complex 
metamagnetic transitions under an external magnetic field and 
exhibits two kinds of canted AFM structures.[10c,11] Based on the 
fact that DyPtBi is a topological semimetal candidate,[12] this 
feature indicates that it can be a rare case to study the topo-
logical properties induced by the magneto-band-structure effect 
of the metamagnetic transition on the topological band.

The ORCID identification number(s) for the author(s) of this article 
can be found under https://doi.org/10.1002/adfm.202107526.

1. Introduction

Magnetic topological materials with broken time-reversal sym-
metry, including Weyl semimetals and topological insulators, 
stand out as the best platforms to study unique anomalous 
transport phenomena based on the net Berry curvature, such 
as the intrinsic anomalous Hall effect (AHE), quantum AHE, 
and anomalous Nernst effect.[1,1a,2] In these materials, the inter-
play between magnetism and the nontrivial topology is an 
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In this paper, we systematically research the magnetoelec-
trical transport properties of DyPtBi single crystals. The large 
negative longitudinal magnetoresistance (MR) implies the 
chiral anomaly and Weyl semimetal state of DyPtBi. Interest-
ingly, a significant nonlinear anomalous Hall signal is observed 
when the magnetic field B approaches the direction parallel 
to the current I in the canted AFM phase. The magnetic-field 
dependence of the AHE indicates that the canted AFM phase 
is a key factor to observe the AHE and that the structure of the 
canted AFM phase has a large influence on tuning the AHE. 
The temperature dependence of the unconventional Hall signal 
evolves and persists to T  > TN. This indicates that the uncon-
ventional Hall signal at T  > TN has the same origin as that at 
T < TN. The measurement of B out of and in current plane (111) 
shows a strong anisotropy. In particular, the measurements of 
the planar AHE show a strong dependence on the crystal axis 
with a 2π/3 period in (111) plane. The large anomalous Hall 
angle (AHA) reaches to 30%. The results will motivate further 
researches on metamagnetic topological materials and corre-
sponding tunable topological properties.

2. Results

2.1. Metamagnetic Transition and Phase Diagram

As seen in the left inset of Figure 1a, the half-Heusler com-
pound DyPtBi crystallized in a cubic structure with space group 
F-43m.[13] The orientation of the single crystal was determined 
by X-ray diffraction (XRD). The two peaks, (111) and (222), in 
Figure  1a, correspond to the (111) plane of the single crystal. 

The typical (111) plane usually shows a triangular or hexagonal 
shape, as shown in the right inset. The resistivity ρxx(0 T) 
and magnetization M at 2–90 K are shown in Figure  1b. The 
temperature dependence of the magnetization with B // [111] 
and B  = 0.05 T shows an AFM transition at 3.5 K, which is 
consistent with previous results.[10c,11,13] The abrupt jump in 
ρxx(0 T) around TN from 4.7 to 32.7 mΩ cm, an order of mag-
nitude, suggests strong coupling between conduction electrons 
and the magnetic ordering. Similar to other magnetic RPtBi 
materials, DyPtBi exhibits an AFM ground state. Figure 1c dis-
plays the magnetic field (B) dependence of the magnetization 
(M) in DyPtBi single crystal with B // [1-10] and T = 2 K, which 
reveals two step-like metamagnetic transitions at Bc1  = 1.3 T 
and Bc2 = 3.1 T. Neutron diffraction studies indicate that DyPtBi 
exhibits three kinds of spin texture, type II, canted type I, and 
canted type II with increasing B along [1-10] directions.[10c] The 
insets of Figure 1c show the AFM component of the spin struc-
tures, type II in region I (0 < B < Bc1), canted type I in region II 
(Bc1 < B < Bc2), and canted type II in region III (Bc2 < B). The 
ferromagnetic components are dependent on the external mag-
netic field. The magnetic phase diagram of the magnetic field 
and temperature extracted from the isothermal magnetization 
is exhibited in Figure 1d. This metamagnetic transition is usu-
ally observed in systems with unstable magnetic structures. 
However, the materials with both a metamagnetic transition 
and topological properties are rare. Only a few of systems have 
these characteristics, such as the magnetic topological insu-
lator MnBixTey,[3a,14] magnetic semimetal EuCd2As2

[5a,7a] and 
EuTiO3.[5e] In topological materials, by breaking certain crys-
talline symmetries, topological states can be switched among 
several topological phases, like Weyl semimetals (WSMs), Dirac 

Figure 1. Crystal structure and metamagnetic transition in DyPtBi single crystal. a) The X-ray diffraction of single crystal. The insets show the crystal 
structure and a typical photograph of DyPtBi single crystal with the (111) plane. b) Temperature dependence of magnetization under B = 0.05 T with  
B // [111] and resistivity under zero field and current I // [1-10]. c) Isothermal magnetization curve of DyPtBi single crystal with B // [1-10] and T = 2 K. 
The entire magnetization process is divided into three parts, and the insets show the corresponding antiferromagnetic structures. d) Phase diagram 
of the magnetic structure under an external magnetic field up to 7 T.

Adv. Funct. Mater. 2021, 2107526



www.afm-journal.dewww.advancedsciencenews.com

2107526 (3 of 8) © 2021 Wiley-VCH GmbH

semimetals, and topological insulators.[15] Therefore, the change 
in magnetic symmetries in the metamagnetic transition will 
strongly modulate the topological band and topological physical 
properties, such as the unconventional Hall effect related to the 
net Berry curvature.

2.2. Unconventional Hall Resistivity below and above  
TN at θ = 0°

To further characterize the transport properties, we measured 
the temperature dependence of longitudinal resistivity ρxx(B) 
and Hall resistivity ρxy(B) from 2 to 3.5 K (TN) with θ = 0° 
(magnetic field nominally parallel to the current), as shown 
in Figure 2a. Materials with metamagnetic transitions usually 
exhibit complex Hall behavior that makes the extraction pro-
gress difficult.[5b,10c] Ideally, the normal Hall signal should be 
zero when magnetic field is collinear with the current. There-

fore, the measurement with θ = 0° should contain a smaller 
normal Hall contribution. Because of the strong coupling 
between conduction electrons and the localized 4f moment 
of Dy, longitudinal resistivity ρxx(B) also shows a strong cou-
pling to the magnetic phase. At T < TN, ρxx(B) sharply decreases 
across the lower critical magnetic field (Bc1) and the large nega-
tive MR reaches −80% at 2 K in region I. Rotating B from out-
of-plane to in-of-plane, the large MR is almost unchanged (see 
Figure S7d, Supporting Information) and the negative MR does 
not depend on the direction of the applied field. This also indi-
cates that the negative MR does not share the same origin as the 
negative MR induced by chiral anomaly. ρxy(B) is almost zero 
in the type II states, which is consistent with the fact that the 
collinear AFM state does not have a net Berry curvature. With 
increasing T, ρxy(B) in the type II state shows complex behavior. 
It may be coming from the coupling effect between conduction 
electrons and the localized 4f moment of Dy. However, a sharp 
jump is exhibited at critical point Bc1, which may be related to 

Figure 2. Temperature dependence of the Hall resistivity with θ = 0° and angular θ dependence of the MR and Hall resistivity at T = 4 K. a) The MR 
and Hall resistivity curves with θ = 0° and T ≤ TN. The dash lines are critical magnetic fields of metamagnetic transitions. b) Configuration of the 
magnetic field and current in the out-of-plane measurement, where θ is the angle between B and I. (c) and (d) angular θ dependence of MR and Hall 
resistivity at T = 4 K.
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the intermediate state of the spin texture and requires further 
study to clarify the origin. With increasing B, a small Hall signal 
with a negative slope is observed in region II. The magnetiza-
tion curve in Figure 1c reveals that the canted type I state shows 
a fixed net magnetic moment in the material and it breaks the 
collinear AFM structure and changes symmetries of the AFM 
state. Therefore, the small signal may come from a net Berry 
curvature, analogous to other non-collinear AFM materials, 
such as Mn3Sn and Mn3Ge.[16] ρxx(B) in this region slightly 
increases. Interestingly, with the change in the symmetry of 
magnetic structure (from canted type I to canted type II), a large 
unconventional Hall signal is observed in region III. The large 
difference indicates that the structure of the canted AFM may 
have a large influence on the band structure and corresponding 
AHE. The ρxy hump in region III shows an abrupt jump at Bc2 
and followed by a smooth decrease with increasing B. ρxx shows 
a dip at Bc2 and a decrease in region III. By comparing the Hall 
signals of these three regions, we know that canted spin tex-
ture is a key factor in observing the unconventional Hall signal 
and that the symmetry of spin texture will strong influence the 
AHE. At T  < TN, the critical field of the hump decreases with 
increasing T and disappears at TN. The hump becomes wide 
and smooth as T approaching to TN. The smooth transition in 
this process indicates that the unconventional Hall signal can 
retain to above TN (paramagnetic state), and the signals share 
the same origin of below and above TN. EuCd2As2 is another 
material that exhibits an unconventional AHE both above and 
below the magnetic transition temperature[5a] and was identi-
fied as being in a spin-fluctuation-induced WSM state in para-
magnetic phase by angle-resolved photoemission spectroscopy 
(ARPES) measurements.[7b] The large negative MR in region I 
slowly decreases in magnetic order and disappears at TN.

2.3. Chiral Anomaly and Angular Dependence of the Hall 
Resistivity

RPtBi compounds were predicted to be topological mate-
rials, including topological insulators[8a,b] and magnetic-
field-induced WSMs.[9b,17] In addition to the indication of 
a negative MR in region III, these remind us that the chiral 
anomaly may also exist in DyPtBi single crystal. Because the 
large negative MR at T < TN will strongly influence the obser-
vation of the chiral anomaly. Here, we choose longitudinal 
resistivity at 4 K (T > TN) with I // [1-10] and B rotating in the 
out-of-plane to study the chiral-anomaly-induced negative MR 
(Figure  2b). The MR exhibits a large positive value of 300% 
at 9 T when the magnetic field is perpendicular to the plane 
of current (θ = 90°). When B rotates towards the I direction, 
the MR value decrease and becomes negative when θ  ≤ 60°. 
The maximum negative value is −60% (Figure S3a, Supporting 
Information), larger than that of HoPtBi and lower than that 
of TbPtBi, which is consistent with the principle of RPtBi.[18] 
The evolution of the Hall resistivity under the rotating the 
magnetic field is consistent with that of MR. As shown in 
Figure 2c, ρxy(B) first decreases and then changes the sign and 
forms a hump in low magnetic fields at θ ≤ 60°. The normal 
Hall resistivity induced by the Lorentz force is with respect to 
the vertical component of B. However, the vertical component 

of B maintains a positive value when B rotates from θ = 90° 
to θ ≤ 60°. Therefore, the sign change here means that there 
must be another contribution to the Hall resistivity and that 
the negative contribution is large enough to cover the normal 
Hall signal at θ  ≤ 60°. ρxy(B) shows two peaks at low B and 
high B. The two peaks increase as B rotates from θ = 60° to 
θ = 30°. However, the feature of two peaks disappeared when 
θ  ≤ 15° and the peak at low magnetic fields is retained. It 
first increases with θ from 60° to 15° and then decreases as 
θ approaches zero. The normal Hall signal is small at θ ≤ 15° 
and the unconventional Hall signal dominates the Hall resis-
tivity. The complex Hall behavior implies strong anisotropy in 
DyPtBi. The temperature dependence of the negative MR and 
Hall resistivity with θ = 0° is shown in Figure S3, Supporting 
Information. The negative MR, suggestive of chiral anomaly 
originating from the Weyl points, gradually decreases with 
increasing temperature and persists to 50 K. The unconven-
tional Hall resistivity shows a similar T-dependent behavior. In 
addition to the topological band nature, the close correlation 
between the negative MR and the unconventional Hall signal 
supports the Berry curvature mechanism as the origin of the 
unconventional AHE.

2.4. Detailed Out-of-Plane Unconventional Hall Resistivity

In this part, we focus on the unconventional Hall effect with 
B approaching to the current plane below and above TN. The 
detailed measurement of the Hall resistivity with B approaching 
the current plane at 2 and 4 K are shown in Figure 3. Figure 3a 
shows the ρxy(B) curves at T = 2 K (< TN) and − 4° ≤ θ  ≤ 14°. 
Obviously, ρxy(B) in region III decreases with decreasing θ and 
almost disappears at θ = 5°. A slight misalignment between 
B and the current plane appears in this measurement, and the 
magnetic field is not strictly parallel to the current at θ = 0°. 
Similar behavior is also observed in the topological materials 
Mn3Ge[16a] and ZrTe5.[19] In a certain θ range, there is an obvi-
ously enhancement of the hump in region III. Figure 3b shows 
the angular dependence of the magnitude of the Hall resistivity. 
ρxy(B) smoothly grows as B is tilted away from the current 
plane by a finite angle θ and approaches saturation at θ = 18° 
and θ = − 10°. ρxy(B) reaches 0.89 mΩ cm. The close relation 
between the large ρxy(B) hump in low magnetic fields and the 
direction of the applied field implies that the magnetic field is 
a controlling factor. Note that ρxy(B) exhibits a slight dissym-
metry between θ  >   5° and θ  < 5°. This dissymmetry comes 
from the planar anisotropic anomalous Hall signal introduced 
by the misalignment of B and I in the plane (there is an angle 
between B and I in the current plane). This also means that 
the unconventional Hall resistivity has strong anisotropy in 
the plane. Figure 3c exhibits the ρxy(B) curves at T = 4 K (> TN) 
and − 10°  ≤ θ  ≤ 18°. When B is coplanar with current plane 
(θ = 5°), the ρxy(B) is nearly linear curves paralleling to ρxy (B) 
= 0. This means that the net magnetic moment following the 
external magnetic field lie in the current plane. The angular-
dependent properties of the large hump follow the same prin-
ciple as that at 2 K. However, the dissymmetry between θ >  5° 
and θ  < 5° become more obvious. These results indicate that 
the out-of-plane Hall resistivity shows a large anisotropy. Then, 

Adv. Funct. Mater. 2021, 2107526



www.afm-journal.dewww.advancedsciencenews.com

2107526 (5 of 8) © 2021 Wiley-VCH GmbH

we measured the temperature dependence of the MR and Hall 
resistivity at a certain θ = − 8°. The chiral-anomaly-induced neg-
ative MR contribution maintains to 60 K in Figure 3e, which is 
similar to that of TbPtBi.[18] The anomalous Hall resistivity can 
also be observed at 60 K, which is much higher than TN = 3.5 K. 
The close correlation between the negative MR and the uncon-
ventional Hall resistivity further supports the Weyl node origin 
of the AHE. The inset shows the temperature dependence of 
the ρxy(B) curve. With increasing T, ρxy(B) first increases and 
then decreases.

2.5. Planar AHE and Separation of the Normal and Anomalous 
Hall Resistivities

The configuration of the planar AHE measurement is exhib-
ited in Figure 4a, B lies in the current plane, and φ is the 
angle between B and the normal line of the current direction. 
Figure  4b shows the planar Hall resistivity at T = 4 K and B = 
1 T. In general, the Hall resistivity ρxy of magnetic materials can 
be expressed as ρ ρ ρ= +xy xy

N
xy
A , where Hρ = R Bxy

N  is normal Hall 
resistivity and ρxy

A  is the anomalous Hall resistivity. Here, B is 
perpendicular to the plane of the Hall voltage and current. ρxy

N  
should depend on the angle between B and I. Obviously, there 
are two different period signals when the magnetic field rotates 
in the current plane (see Figure 4b). The (111) plane has been 
identified XRD. The normal line of the (111) plane is a three-
fold rotation axis. Therefore, the Hall signal with a period 2π/3 

should be crystal axis dependent. The Hall signal with a period 
2π depends on the angle between B and I (actually, it depends 
on the vertical component of B). As we all known, the misalign-
ment is inevitable in the actual planar measurement. The mag-
netic field is not strictly coplanar with current. Misalignment 
will introduce a normal Hall signal. Based on this fact, we fur-
ther measured the planar Hall resistivity for different B and fit 
the curves with an equation form:

cos 2 /3 cos 2ρ πϕ πϕ( ) ( )= + + +A c B dxy  (1)

where cos(2 /3 )ρ πϕ= +A cxy
A  and cos(2 )ρ πϕ= +A dxy

N . The 
perfect fitting (red line) for the ρxy(1 T) in Figure  4b indicates 
that the two signals can be separated. Figure 4c shows the two 
separated signals, ρxy

A  and ρxy
N . The oscillation amplitudes of 

ρxy
A  and ρxy

N are A xy
Aρ = Ω( ) 0.58 m cm  and B = 0.18 mΩ cm. 

The AHE contribution is much less sensitive to the tilt angle 
compared with the out-of-plane experiment. Figure  4d shows 
the magnetic field dependence of the Hall resistivity at 0°  ≤ 
φ  ≤ 180°. The remarkably large unconventional Hall signal at 
φ = 0° reaches 1.86 mΩ cm, which is approximately two times 
of the out-of-plane Hall resistivity. Interestingly, the sigh and 
magnitude of ρxy show two different periods. As Figures S4 
and S5, Supporting Information, show, ρxy changes sign with a 
period 2π/3. However, the magnitude of ρxy shows a half period 
with π (period: 2π). Obviously, the hump-like Hall signal has 
the same origin as the planar Hall resistivity with period 2π/3. 
The amplitude of the planar Hall resistivity with period 2π/3 

Figure 3. Out-of-plane Hall resistivity at different angles θ and temperatures. a) Magnetic field dependence of Hall resistivity ρxy at − 4 ○ < θ < 14 ○ and 
T = 2 K. b) Angular dependence of Hall resistivity ρxy obtained from the peak of the curves in (a). c) Magnetic field dependence of Hall resistivity ρxy 
at − 10 ○ < θ < 18 ○ and T = 2 K. d) Angular dependence of Hall resistivity ρxy obtained from the peak of the curves in (c). (e) and (f) are MR and Hall 
resistivity at different temperatures and θ = − 8 ○, respectively. The inset of (f) shows the temperature dependence of the Hall resistivity.
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was extracted by Equation (1) and is shown in Figure  4e. The 
peak reaches to A = 1.31 mΩ cm at 3 T. The hump-like curve 
confirms that the period of the unconventional anomalous Hall 
resistivity is 2π/3 and is not related to the normal Hall resis-
tivity. The unconventional anomalous Hall resistivity is strongly 
dependent on the crystal direction of the applied B. The AHA 
at B = 3 T reaches 30% as shown in Figure 4f. Combining the 
principles of the out-of-plane and in-of-plane Hall resistivity, we 
have reason to believe that a larger unconventional anomalous 
Hall signal and AHA will be got at certain θ and φ. These prop-
erties make DyPtBi compound a good platform to study giant 
AHA.

3. Discussion

Theoretically, RPtBi is predicted to be a topological insulator due 
to the HgTe-like crystal structure and band inversion.[8a] Com-
bined with observations of chiral-anomaly-induced negative MR 
and two step-like metamagnetic transitions, DyPtBi has promise 
as be a good platform to study magnetism-driven multiple top-
ological phase transition. As mentioned in the introduction, 
systems combining the topological bands and metamagnetic 
transitions are rare but exhibit plentiful topological phases and 
excellent physical properties. As a feature of the magnetic top-
ological materials, the AHE related to the net Berry curvature 
usually reflects changes in topological properties. Therefore,  

the magnetic structure dependence of the unconventional 
anomalous Hall resistivity in DyPtBi suggests that different 
topological states are induced by the strong coupling of mag-
netism and the electronic band. The typical magnetism-driven 
topological transition quantum materials, MnBi2Te4

[20] and 
EuCd2As2,[5a] show several topological phases, that is, topolog-
ical insulator, axion insulator, and WSM phases, and exhibit 
a magnetic structure dependence of the AHE.[5a,6b] Moreover, 
the process of the metamagnetic transition is usually a con-
tinuous process in certain magnetic phases. For instance, 
the canting angle of the canted AFM will continuous rotate 
with increasing B, and the AHE usually exhibits nonlinear 
behavior.[21] A nonlinear anomalous Hall resistivity and an 
anomalous Nernst effect have been observed in canted AFM 
WSM EuCd2As2 and attributed to the Weyl points near the 
Fermi level.[5a] The research on EuTiO3 gives the detailed for-
mation process of the nonlinear AHE and the corresponding 
band structure evolution.[5e] In these cases, a net Berry curva-
ture in momentum space can be created in the canted AFM 
state. In addition to the Berry curvature mechanism, the non-
linear behavior of Hall resistivity also observed magnetic skyr-
mion lattice. For instance, in Gd2PdSi3

[22] and GdRu2Si2,[23] a 
skyrmion lattice phase is sandwiched by two incommensurate 
spin-state phases and a nonlinear Hall resistivity is observed in 
this spin texture phase. The topological Hall effect induced by 
topological magnetic textures with a finite Berry curvature in 
real space will emerge when electron couple with the magnetic 

Figure 4. Planar Hall resistivity at 4K. a) Configuration of B and I in the in-plane Hall resistivity measurement. ϕ is defined as the angle between the 
magnetic field and the normal line of the current direction. b) Angular ϕ dependence of ρxy at B = 1 T. The red line is the fitting curve obtained by 
ρxy = Acos(aφ + b) + Bcos(cφ + d). The Hall signal can be divided into two cosine function signals with periods 2π/3 and 2π. c) Normal Hall resistivity 
ρ xy

N  (cosine function signal with period 2π) and anomalous Hall resistivity ρ xy
A  (cosine functional signal with period 2π/3) separated based on the 

fitting line at T = 4 K and B = 1 T. d) Magnetic field dependence of Hall resistivity ρxy at different angles ϕ. e) Magnetic field dependence of amplitude 
ρ=A xy

A . f) Angular ϕ dependence of the AHA at 3 T.
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moment.[22–24] In DyPtBi compound, the Ruderman–Kittel–
Kasuya–Yosida (RKKY) type interaction among the local 4f 
moments dominates and show rich magnetic phases including 
modulated structures. Therefore, the real-space scenario for the 
unconventional Hall signal, as another possible source, should 
be considered in DyPtBi. However, the nonlinear behavior of 
DyPtBi was observed not only at the magnetic ordering temper-
ature, but also in paramagnetic state that is much higher than 
TN. The topological Hall effect can only exist at T < TN.

Another feature is that the AHE emerges above and below 
the magnetic transition temperature. The temperature depend-
ence of the Hall resistivity in Figure 2 implies that the uncon-
ventional Hall effect in these two T ranges has the same origin. 
The AHE has mostly been observed at magnetic ordering tem-
perature. Therefore, the AHE in paramagnetic or nonmagnetic 
states has rarely been observed in several topological systems, 
for example ZrTe5,[19a] EuCd2As2,[10c] and half-Heusler compoun
ds.[9a,10b,17,25] The common feature of these materials is that the 
Weyl nodes are created by an external magnetic field. In par-
ticular, for AFM EuCd2As2, the existence of Weyl nodes in the 
paramagnetic state was identified by angle-resolved photoemis-
sion spectroscopy (ARPES) experiments and attributed to the 
interplay of itinerant electrons and localized moments.[7b] Based 
on the similar conditions of DyPtBi and EuCd2As2, spin fluc-
tuation may induce Weyl points, and the Berry curvature mech-
anism related to Weyl points can explain the AHE in DyPtBi 
single crystal. All the results of DyPtBi support that the uncon-
ventional Hall resistivity originates from the Berry curvature 
mechanism and suggest that it hosts a magnetism-driven topo-
logical transition.

The planar AHE measurement indicate that the unconven-
tional Hall signal shows a strong dependence on the crystal 
axis of the applied B, and the two signals, ρxy

A  and ρxy
N  were suc-

cessful separated. The AHA of 30% reported here at B  = 3 T 
is significant compared to, for example, the typical magnetic 
WSM Co3Sn2S2 with AHA = 20%,[2d] Co2MnAl with AHA = 
22.5%,[2e] and MnGe thin film with Giant AHE, AHA = 18%.[26] 
This means that this compound could exhibit quantum AHE 
in the 2D limit state. Combining the canted type II spin texture 
and axis dependence, we can deduce that the AHE can be easily 
controlled by an external magnetic field. More tunable effects 
can be realized in this compound though the interplay between 
magnetism and the band structure.

4. Conclusion

To summarize, we observed a large unconventional AHE 
with B approaching to the current plane in the metamag-
netic topological materials, DyPtBi single crystal. The abun-
dant magnetic phase strongly influences the band structure 
and topological properties. Then, it further tunes the magne-
totransport and induces a large unconventional Hall signal 
in region III. The evolution of this signal around the mag-
netic ordering temperature (TN = 3.5 K) indicates the humps 
in region III below TN and above TN have the same source, 
which may be related to the topological band of DyPtBi. Our 
findings demonstrate that the band structure of DyPtBi is 
strongly coupled with the magnetic structure and that a net 

Berry curvature in momentum space is created in the canted 
AFM state and paramagnetic state. The unconventional Hall 
signal shows a threefold rotation axis dependence when B 
rotates in the current plane (111) with a period of 2π/3. Our 
results indicate that a higher AHA will be obtained when a 
4π rotation measurement is carried out. DyPtBi is a good plat-
form to study the unconventional AHE. Considering the great 
properties of DyPtBi compound,it is worthy of more attention 
to further research.

5. Experimental Section
Single Crystal Growth: High quality DyPtBi single crystals were 

grown by the Bi flux method.[13] For single crystal growth, a mixture of 
pure elements (molar ratio: Dy:Pt:Bi = 1:1:20) was prepared and placed 
in an alumina crucible. To prevent oxidation at high temperature, the 
whole tube was sealed in an evacuated quartz tube. Crystal growth 
process: first, the tube was heated from room temperature to 1150 °C 
and maintained at this temperature for 1 day, and then slowly cooled 
to 650 °C at a rate of 2 K h−1. The excess Bi flux was removed by 
centrifuging the tube at 650 °C.

Physical Property Characterization: The magnetic properties were 
measured in a Quantum Design Magnetic Properties Measurement 
System (7 T, MPMS 3) and a Physical Property Measurement System 
(9 T, PPMS). The magnetotransport measurement was carried out based 
on the four-probe method in a Physical Property Measurement System 
(9 T, PPMS) with a sample rotator. The crystal structure of single crystals 
was characterized by a Rigaku XRD system with Cu Kα radiation (λ = 
1.5418 Å) at room temperature.
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