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Supplementary Text 

 

1. Manufacturing process of the FIB-cut transport devices 

 

Figure S1 shows an SEM image of a Mn1.4PtSn single crystal. We now describe the basic 

steps in the fabrication process of FIB-cut transport devices. First, a thin, lamella-shaped slice is 

cut from the crystal using a FIB system. A fine predetermined breaking point is left holding the 

lamella in place attached to the crystal (Fig. S1B). We then transfer the lamella ex-situ, assisted 

by a pneumatic micromanipulator, into a droplet of insulating epoxy (Araldite Fast) on a glass or 

sapphire chip. Sputter deposited gold is applied for electrical contacts (see Fig. S1C). In order to 

obtain multiple electrical leads we locally etch the gold film by FIB. Finally, we connect the gold 

to the measurement setups by silver or copper wires attached with silver epoxy. Further details on 

FIB-cut transport devices can be found in previous works of some of the authors (54, 55).  

 

 

Fig. S1. FIB-microfabrication process. 

False-color SEM images of (a) a Mn1.4PtSn single crystal fixed by silver conductive paste onto an 

aluminum holder; (b) a thin lamella-shaped slice held by a tiny predetermined breaking point 

(green) ; (c) FIB-microstructured Hall-bar device B (green) with a thickness of 1 µm. It is 

embedded in a droplet of insulating epoxy and covered with a 100 nm thick sputter-deposited gold 

film (yellow). We created eight separated leads by locally etching the gold with Ga ions. 
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2. FIB-microstructure devices examined in this work 

Fig. S2. Different FIB-microstructure designs used in our study (see text below). 

 

In this study we investigated the transport properties of at least 5 different transport, covering 

various thicknesses and designs. In Fig. S2 we show SEM images of devices A to E and sketches 

of the respective contact designs. 
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Device A (also shown in Fig. 1b in the main text) is a meander-shaped Hall-bar device, divided 

into steps with different thickness, namely d = 11.2, 8.4, and 2.7 µm. We chose this design to allow 

for simultaneous measurements on different material thicknesses. The crystallographic c axis is 

oriented out-of-plane and the current is applied within the ab plane. Another characteristic of the 

structure is the particular arrangement of the electrical contacts. For each thickness, there are three 

contacts, two on one side and one centered on the opposite side. When measuring on opposite 

sides, the measured signal is a superposition of ρxx(H) and ρxy(H). The latter is antisymmetric to 

magnetic field, and hence, can be separate mathematically after measuring both components 

simultaneously via one diagonal contact pair. We have fabricated various microstructures from 

Mn1.4PtSn, specifically tailored to certain applications. 

 

Devices B, C, E, and F were designed in a classic Hall-bar configuration, with opposing voltage 

contacts on each side. The c axis is oriented out of the plane.  

 

Device B is a Hall-bar device with gold contacts (similar to devices A, C, D, and F), deposited on 

top of a 1.0 µm thick lamella fixed by a droplet of epoxy. The approximately 100 nm thick gold 

film was etched locally into separate leads with the help of Ga ions.  

 

Device C is a Hall-bar device with d = 2.4 µm. We did not cut into the lamella and only deposited 

gold contacts on top. 

 

Device D is a series connected Hall-bar device with the a axis, i.e., the [100] direction, oriented 

perpendicular to the substrate surface. In the two series connected sections with thickness 

d = 1.6 µm, the current is forced along the b axis and along the c axis, respectively. This enables a 

simultaneous Hall measurement of both current configurations. 

 

Device E and F are a Hall-bar devices with d = 0.8 µm and 0.7 µm, respectively. Both lamella 

were transferred onto a glass substrate without additional glue or epoxy. Platinum contacts were 

deposited on the sides by the help of a FIB gas injection system, providing connections to gold 

leads on the glass substrate that were fabricated by sputter deposition. 
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3. Basic transport characterization 

 

When examining structures produced by FIB milling, it is important to ensure that the 

physical properties of the material stay unaltered. Typically, the modification process with Ga ions 

leaves an amorphized, only few nm thick layer on the surface of the specimen. The implantation 

of Ga ions depends on the acceleration voltage. The typical value of 30 eV gives rise to primary 

and secondary effects penetrating the surface with a maximum depth of 10-20 nm. For metallic 

materials used in devices with micron thicknesses, the electrical properties are preserved, since the 

major part of the current flows through damage-free part of the sample. In addition, 

inhomogeneous mechanical stress may affect the devices, specific for each design.  As we will 

exemplify in the following, the main transport characteristics, such as the temperature and field 

dependence of the resistivity and the Hall effect are not altered as compared to the results 

previously reported for bulk single crystals, see Vir et al. (36). 

Fig. S3 shows R(T) for I || a and I || c measured simultaneously in device D. In comparison to 

bulk sample the overall T dependence of R is preserved. Furthermore, the resistivity anisotropy 

remains very weak. Only slight variations between the two current directions are observed that 

may indicate weak differences in the experienced stress induced by the coupling to the substrate. 

Nevertheless, the striking feature, i.e., the kink in the slope at the spin-reorientation transition 

temperature TSR ≈ 170 K, seems not to be altered (see also Fig. S4).  

In Fig. S5, we exemplify the magnetoresistance (MR) in relative units and the Hall resistivity 

measured on device D for the two distinct transport directions, j || a and j || c. It matches previously 

reported bulk data (27, 36). Both transport channels exhibit an overall negative MR of a few 

percent in magnitude for the full T range between 2 and 300 K. At low fields, below the saturation 

field Hs ≈ 1 T, a local variation of the slope is observable, likely related to the helical phase. Once 

we cool down to below TSR, this anomaly grows significantly. In contrast, for H || c the MR changes 

to an almost linear field dependence once T < TSR. 

The low-temperature Hall resistivity (see 150 and 2 K in Fig. S5) exhibits a broad hump for fields 

below 3 T aligned within the ab plane, matching with previous reports for bulk single crystals 

(36).This hump is associated with the topological Hall contribution due to the noncoplanar 

magnetic phase, established below TSR. For field aligned along the c direction, the Hall resistivity 

acquires a nonsaturation positive slope at high fields, above the sharp shoulder at Hs accompanied 

with a small hysteresis as we described in the main text (see Fig. 1c). This hysteretic behavior only 

emerges in thin devices and intensifies the lower the thickness, as we discuss in the main text. 
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Fig. S3. Zero-field resistivity anisotropy. Comparison of Device B with bulk data from ref. (27). 

 

 Fig. 

S4. Temperature dependence of the zero-field resistivity. 

(a) Bulk data from reference Vir et al. (27) (b), (c) Data recorded for devices A and B, respectively. 

The former has three series-connected Hall-bar devices with varying thickness. 
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Fig. S5. Magnetotransport anisotropy of devices D and B recorded at four different 

temperatures with field aligned along the a and c direction, respectively. 
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4. Magnetization of a thin, lamella-shaped sample of Mn1.4PtSn 

 

A reliable measurement of the magnetization is not feasible for the microstructured devices 

due to their small volume. Nevertheless, the basic magnetic behavior of the material is important 

for understanding the magnetotransport experiments. In particular, the analysis of the anomalous 

Hall effect ρxy
AHE, which is proportional to the magnetization, is needed for disentangling the 

various Hall effects. In Fig. S6 we present magnetization data recorded for a FIB-cut lamella with 

(a x b x c) = (60 x 160 x 2.4) µm3, which was later used to fabricate device C. We performed the 

measurements in a Quantum Design 14 T SQUID magnetometer. For H || c, we observe a 

hysteresis close to the saturation field (see Fig. S6a). This feature is similar to what we observed 

in the magnetotransport of the device shown in the main text in Fig. 1d. It, however, does not occur 

in bulk samples (27). Below TSR, we also observed a hysteresis for a high-tilt angle of 85° off the 

c-axis towards the a axis (see Fig. S6b). Note: The 310 K difference plot in Fig. S6c exhibits two 

maxima, which may indicate a nonuniform thickness of the thin (but large in area) lamella sample. 

This may affect the nucleation process of the chiral domains in the magnetizing loop, on the way 

back to zero.  Indeed, we were able to confirm this feature by Kerr effect measurements on the 

same lamella (see Supplementary Note 5). 

 

 
Fig. S6. Magnetization for a 2.4 µm thick lamella of Mn1.4PtSn, respectively. 

(a),(b) Magnetization data recorded at (a) T = 310 K, with θ = 0° (i.e., H || c), and (b) T = 2 K, 

with 𝜃 = 85°. Device C was fabricated from this sample. Insets are zoomed into the hysteretic 

region. (c) Hysteresis in the magnetization. Difference between up and down field sweep for (a) 

and (b). 
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5. Polar magneto-optical Kerr effect (MOKE) details 

 

For our MOKE experiments, we transferred thin platelets prepared by FIB into a glue droplet 

on a glass substrate. We reduced the amorphized surface-layer thickness by an additional Ar-ion 

etching step afterwards. Low Ar-plasma voltages of the order of 1 kV keep the impact-layer 

thickness to a few Nanometers. We exemplify the MOKE imaging process recorded for the 2.4 µm 

thick sample that was used later on for device C. First, we recorded a background image in the 

field-polarized state where no magnetic textures are visible any more. This image is then subtracted 

off for each image taken at lower fields in order to visualize the field-induced contrast changes. In 

Fig. S7 we present a more detailed series of MOKE images complementary to the data shown in 

Fig. 1E in the main text. A water-cooled electromagnet was used. The sample was sitting at a 

distance of approximately 5 mm above the pole of the magnet. Therefore, the absolute field at the 

sample level is approximately 40 to 50 mT lower. Starting from zero the field was ramped to +700 

mT with a ramp rate of 10 mT/sec, where we took an image that was used as reference background. 

Next, we ramped back to zero, further to -700 mT, and back to +500 mT keeping the same rate. 

At 500 mT we continued at a slower rate of 1 mT/sec until +700mT and turned back to zero. 

During this slow ramping process the focus and contrast was manually adjusted to compensate for 

slight drifts. Figure S7A shows how the band domains slowly disintegrate into dotlike objects that 

assemble in a hexagonal structure at around 571 mT. This is exactly the point when the THE 

shoulder feature in the Hall effect, associated with the topological charge of these objects, emerges. 

As we further increase the field, these points remain fixed and gradually reduce in size until they 

vanish within the background noise. This is a first indication for bubble not being the origin of 

these objects. The clear negative sign of the THE provide strong evidence for ASKs. Once we turn 

back to lower fields the sample remains in the field-polarize state until suddenly (within less then 

a milli Tesla) band domains and only few dots reestablish. As the field approaches lower zero these 

patterns turn into longer continuous bands and the distance/width is shrinking with increasing field. 

Figure S8 shows Kerr effect images of the whole lamella during the demagnetization, coming from 

the field-polarized regime. It can be clearly seen that the lamella is divided into two regions. While 

at 410 mT one region already shows the helical phase with domain bands along the ab direction, 

typical for Mn1.4PtSn, the other half is still in the field-polarized state. At 390 mT, the hysteresis 

loop is complete and magnetic spirals have formed throughout the sample. This proofs that the 

origin of the major hysteresis is related to the establishment of the helical spin-spiral phase. 
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Fig. S7. MOKE image series recorded for device C with d = 2.4 µm room temperature at 

selected field values in the vicinity of the hysteretic region. 

 

Fig S8. MOKE images recorded on device C in the hysteretic field range. 

Starting from zero the field was ramped to negative 600 mT, back to zero, to positive 600 mT. and 

to (a) 480 mT, still in the field-polarized state; next to (b) 410 mT, where the helical band domain 

patterns are already observable in one half of the sample; and finally to (c) 390 mT, where the 

helical phase is observable in both parts.  
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6. Atomistic Spin-dynamic simulations 

 

The origin of the noncollinear magnetic textures is due to a competition of classical exchange 

interactions between the inter-site interactions of MnII-8d and MnI-4a and the intra-site 

interactions. This can be modeled by a classical exchange Hamiltonian 

𝐻exch = −𝐽1 ∑ (𝐒𝑖
𝑙 ⋅ 𝐒𝑗

𝑙′
)(1 − 𝛿𝑙,𝑙′)

<𝑖𝑗>,𝑙,𝑙′

− 𝐽2 ∑ (𝐒𝑖
𝑙 ⋅ 𝐒𝑗

𝑙′
)(𝛿𝑙,I𝛿𝑙,𝑙′)

<𝑖𝑗>,𝑙,𝑙′

 

−𝐽3 ∑ (𝐒𝑖
𝑙 ⋅ 𝐒𝑗

𝑙′
)(𝛿𝑙,II𝛿𝑙,𝑙′)<𝑖𝑗>,𝑙,𝑙′ . 

Here, Si is the unit vector of spin for each sublattice (l), J1 is the inter-sublattice interaction, and J2 

and J3 are the MnII-8d and MnI-4a intra-site interactions for each sublattice, respectively. All 

interactions together are necessary for a noncollinear spin texture. The positive MnII-8d 

interactions, J2, align the spins parallel and are the largest contribution to the ordering temperature. 

The MnI-4a interactions, J3, are negative, which favors an antiparallel alignment. Lastly, the inter-

site interaction, J1, is positive and causes a noncoplanar magnetic structure depending on the 

relation with the other interactions. When J1 is weak (J1 < ¼ J2), the coupling between MnII-8d 

and MnI-4a sublattices is weak, and the noncoplanar structure stabilizes as the ground state. When 

J1 is strengthened, the MnI-4a sublattice follows that of the MnII-8d for a collinear alignment and 

is therefore the origin of the spin reorientation. The DMI Hamiltonian is similar 

𝐻DMI = 𝐃1 ⋅ ∑ (𝐒𝑖
𝑙 × 𝐒𝑗

𝑙′
)(1 − 𝛿𝑙,𝑙′)

<𝑖𝑗>,𝑙,𝑙′

+ 𝐃2 ⋅ ∑ (𝐒𝑖
𝑙 × 𝐒𝑗

𝑙′
)(𝛿𝑙,I𝛿𝑙,𝑙′)

<𝑖𝑗>,𝑙,𝑙′

 

+𝐃3 ⋅ ∑ (𝐒𝑖
𝑙 × 𝐒𝑗

𝑙′
)(𝛿𝑙,II𝛿𝑙,𝑙′),

<𝑖𝑗>,𝑙,𝑙′

 

where D2 and D3 are nominally equally and opposite. Lastly, the effective uniaxial-anisotropy field 

and the external magnetic field are modeled by 

𝐻field = −𝑘𝑢 ∑(𝐒𝑖
𝑙 ⋅ 𝒆)

2
  

𝑖,𝑙

− ∑ 𝜇𝑠𝐒𝑖

𝑖

⋅ 𝐇ext. 

ku is the uniaxial anisotropy constant and Hext is the external field. The total Hamiltonian is the 

sum of the previous mentioned contributions 𝐻tot = 𝐻exch + 𝐻DMI + 𝐻field. We map these 

interactions on to the atomistic Landau-Lifshitz-Gibert equation  
𝜕𝐒𝑖

𝜕𝑡
= −

𝛾

1 + 𝜆2
[𝐒𝑖 × 𝐇eff

𝑖 + 𝜆𝐒𝑖 × (𝐒𝑖 × 𝐇eff
𝑖 )]. 

The gyromagnetic ratio is 𝛾 and 𝜆 is the microscopic damping. 𝐇eff
𝑖 = −

1

𝜇𝑠

𝜕𝐻tot

𝜕𝐒𝑖
+ 𝐇th

𝑖  is the 

effective field with thermodynamic fluctuations (𝐇th
𝑖 ) modeled by Langevin dynamics and 𝐻tot, 

which includes the exchange interactions, a uniaxial anisotropy and the external magnetic field. 

Within the vampire code, we simulate a 50 x 50 nm trilayer of Mn1.4PtSn for periodic boundary 

conditions in the a direction and an open boundary in the b and c crystal axis. The lattice constant 

is chosen to be 0.2715 nm. In Fig. S9 we plot the M(H) loops of the spin texture as a function of 

the field along the z direction for both the polar angles (top) and azimuthal angles (bottom). In 

high field the Antiskyrmion (ASK) state begins to form. In Fig. S10 we show similar plots of the 

Skyrmion state as a function of temperature and field.  
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Fig. S9. Spin configurations for an increasing-field sweep of Mn1.4PtSn model. 

For the polar angle, θ we plot a contour density of each spin (top row) as cos(θ), correspondingly 

for the azimuthal angle, φ we plot it (bottom row) as sin(φ). Red marks spins that align with the 

magnetic field, whose direction points out of the plane and blue marks spins pointing into the 

plane. In a field range between 1.6 and 2.6 the ASK state forms from the low-field helical phase 

and is destroyed at higher field. The ASK state is confirmed by the pin-wheeled shape of the 

azimuthal plots, where red and blue mark positive and negative in-plane components. 
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Fig. S10. Calculated ASK states as a function of two uniaxial anisotropy constants (K1 = 0.6 

and 50 µeV) and three temperatures (T = 1.7, 3.4, 4.3 meV).  

For the polar angle, θ we plot a contour density of each spin as cos(θ), correspondingly for the 

azimuthal angle, φ we plot sin(φ). For larger anisotropy the ASK state becomes more stable.  
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7. Extraction of the THE component associated with Antiskyrmions 

 

In order to extract the topological contribution to the Hall effect, 𝜌𝑥𝑦
THE, we need to determine 

the ordinary (orbital) and anomalous (magnetic) components, 𝜌𝑥𝑦
AHE(M) and 𝜌𝑥𝑦

THE, respectively 

(see Eq. 1 in the main text). The former can be obtained from the high-field slope in the saturated 

(polarized) state. The latter is proportional to the magnetization, 𝑀(𝐻),  However, due to the tiny 

volume of the microstructured devices, and thus the hardly resolvable magnetic moment, we had 

to choose another approach. As we have shown in Supplementary Note S4, we observe a hysteresis 

in the magnetization in a thin platelet of Mn1.4PtSn. Apparently, there is a direct relation to the 

Hall response. In Fig. S11 we show four examples recorded at 300, 180, 150, and 2 K, respectively. 

Interestingly, there is a shoulderlike feature in the up sweeps right before saturation is reached. 

Supported by polar MOKE microscopy and MFM measurements we attribute this to the formation 

of the ASK lattice and the associated 𝜌𝑥𝑦
THE.  

With increasing field the ASK lattice establishes from the helical phase at field 𝐻c1. It is 

stable up to the transition to the field-polarized state at 𝐻c2,  . As we decreases the field, no spin 

textures are observed in the MOKE measurements until the hysteresis closes. Thus, the difference 

∆𝜌𝑥𝑦 directly reflects the influence of the spin textures compared to the field polarized state (see 

Fig. S11c, d). Our in-situ measurements in combination with MOKE on devices C and E provide 

unambiguous evidence for the ASK lattice as the origin of this sudden change in Hall. Furthermore, 

this feature seems absent/strongly suppressed in the magnetization data. We associate this feature 

with the topological contribution to the Hall effect originating from the ASKs. As the topological 

charge for these magnetic excitations is opposite to that of Bloch- and Néel-type Skyrmions a 

negative THE is a direct confirmation. Thus, we extract 𝜌𝑥𝑦
THE from ∆𝜌𝑥𝑦 by subtracting off a linear 

fit as demonstrated in Figs. S11c, d, e, and f. Here, we also present the magnetoresistivity data. 

Although the overall magnitude with 10-3% is rather small, we observe a hysteretic feature as well. 

Similar to the magnetization, no separate feature is discernible in the respective field range of the 

THE, marked by the yellow regions in Fig. S12. For temperatures below TSR, where the 

noncoplanar phase is completely dominant, the overall hysteretic behavior reduces and additional 

steplike changes occur. 

To visualize the cross over around TSR we show the maximum of ∆𝜌𝑥𝑦 plotted against the 

temperature in Fig. S12a. This demonstrates the gradual change of the overall behavior of the 

observed hysteresis near the spin-reorientation transition region (shaded region) associated with 

the onset of noncoplanar order and a reorientation of the magnetic easy axis. Figure S12b shows 

extracted 𝜌𝑥𝑦
THE over the entire temperature range studied. Above 170 K, the picture is consistent 

and the shoulderlike feature can be distinctively traced. However, below and down to base 

temperature we cannot directly link our data to ASKs.  It becomes clear that TSR has a significant 

effect on the THE signature. It recently has been demonstrated for electron-transparent lamellas 

that at low temperature Bloch–type Skyrmions emerge (33). The presence of skyrmionics textures 

with varying topological winding would result in compensating/varying THE components. The 

schematic temperature dependence of the THE region is highlighted in Fig. S12a. MFM confirmed 

ASKs for temperatures as indicated (blue diamonds) above TSR (43). Further detailed magneto-

optical measurements are necessary to reveal the origin of the observed low-temperature behavior. 

In Fig. S12b we show ρxy
𝑇𝐻𝐸 extracted for device B with 1 µm thickness at various angles and at T 

= 180 and 150 K. Apparently the THE contribution is maintained also for tilts away from H || c. 

Even at 150 K we were able to trace it until 70° tilted off the c direction. 
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Fig. S11. THE extraction for the 1 µm device B. 

(a,b) Hall resistivity at T = 300, 180, 70, and 2 K. (c,d) Difference between up and down sweep 

of (A,B). (e,f) difference between linear fits and ∆𝜌𝑥𝑦. (g,h) Magnetoresistance scaled by a factor 

of 1000. 

 



 

 

16 

 

 
Fig. S12 Temperature dependence of the hysteresis in Hall and of the THE component for 

device B. 

(a) Maximum magnitude of 𝛥𝜌𝑥𝑦 for devices A, B and E, respectively. The shaded region 

highlights the gradual decrease below the spin-reorientation transition at TSR. (b) THE component, 

𝜌𝑥𝑦
𝑇𝐻𝐸, extracted for device B at various temperatures. 

 

Fig. S13. Schematic phase diagram of the THE and angle dependence. 

(a) black and red data are the field value at which 𝜌𝑥𝑦
𝑇𝐻𝐸 presented in Fig. S12B starts deviating 

from zero. The blue diamonds mark temperature and field values at where we confirmed the 

presence of an ASK lattice by MFM in a 1 µm thick sample. (b) Angle dependence of 𝜌𝑥𝑦
𝑇𝐻𝐸 

extracted for 180 and 150 K. 
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8. Angle-resolved transport measurement 

  

We investigated the Hall resistivity for various devices. In Fig. S14a we show a detailed study 

of the angle- and field-dependent Hall resistivity conducted on device B with 1 µm thickness. The 

measurements were performed as illustrated in Fig. S14b by performing a field sweep at an angular 

configuration and then increasing the tilt angle. As expected, the general intensity of the Hall signal 

decreases with higher tilt angles. However, the characteristic transport properties of the material 

are clearly visible. Particularly striking is the THE of the noncoplanar spin structure, which starts 

to develop its effect at 180 K and becomes even stronger at lower temperatures. It manifests itself 

in an increasingly pronounced maximum at higher tilt angles. The overall Hall signal exhibits a 

peculiar temperature dependence: Its high-field slope changes sign for 𝑇 < 𝑇SR as the field 

orientation is approaching the in-plane direction. In Fig. 3 of the main text we show the AHE 

component plotted against 𝜃. The deviation from the conventional  cos𝜃 dependence is a 

consequence of the slope change at low temperature. 

For 𝑇 < 𝑇SR, a hysteresis in the Hall effect is observable at almost any field orientation, even 

close to H || b (𝜃 = 90°). The hysteretic field range shifts to higher field values with increasing tilt 

angle away from the c direction. Figure S14c shows field sweeps with H close to the b direction. 

At 2 K, the hysteresis is particularly pronounced and small steps can be resolved in both up and 

down sweeps.  

To highlight the distinct behavior of the hysteresis above and below TSR, Fig. S15 shows plots 

of ∆𝜌𝑥𝑦  for 180 and 2 K. At 180 K, the peak due to the hysteresis is clearly visible. (see Fig. 

S15a). To higher angles, there is a drastic reduction in the intensity of this peak until it disappears 

completely near 80°. To illustrate the disappearance of the peak and hence of the hysteresis at high 

tilt angle, Fig. S15b shows ∆𝜌𝑥𝑦 for field orientations close to H || b. The behavior at 2 K shows 

distinct differences (see Fig. S15c). First, the reduction of the intensity of the peak in the difference 

is clearly attenuated. Second, a sign change of the peak occurs above 80° (see Fig. 15d). As the 

angle approaches the b axis, the intensity of the negative peak and the step field increase 

drastically. Once θ passes the 90°, the sign is reversed, which is expected for the sign change in 

the out-of-plane component of the field with respect to the current. 
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Fig. S14. Angle- and temperature-dependent Hall resistivity of device B. 

(a) Hall resistivity recorded for T = 310, 180, 150, and 2 K at various tilt angles. (b) Sketch of the 

sample configuration with respect to the current and field orientation. (c) Detailed Hall resistivity 

close to the in-plane orientation, i.e., 𝐻 ∥ 𝒃, recorded at 180, 150, and 2 K. 
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Fig. S15. Angle dependence of the hysteretic part in the Hall effect. 

Difference ∆𝜌𝑥𝑦 between the Hall resistivity for increasing fields 𝜌𝑥𝑦
𝑢𝑝

 and decreasing fields 𝜌𝑥𝑦
𝑑𝑜𝑤𝑛 

for measurements at different angles and the selected temperatures (a,b) 180 K and (c,d) 2 K. 
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9. Ferro magnetic resonance results 

In order to learn more about the magnetic properties of the micron-sized samples we looked 

for ferromagnetic resonances depending on temperature and angle. A thin FIB-cut and FIB-

polished lamella was transferred ex situ onto the central lead of a coplanar wave-guide on a silicon 

chip. The standard signature of a FMR absorption peak consists of a dip in the magnitude of the 

FMR forward-transmission-parameter S21 that exhibits a Lorentzian-like shape when measured as 

a function of magnetic field. The center of the Lorentzian curve indicates the resonance field and 

the half-width at half maximum of the linewidth. In other words, the magnetic field that satisfies 

the resonance condition at the applied RF frequency (20 GHz). In Fig. S16, we exemplify FMR 

results for a thin ~ 800 nm thick lamella of Mn1.4PtSn for two temperatures, T = 260 and 10 K, 

recorded for various field orientations between the c and b direction (θ = 0° and 90°). Clearly, the 

main resonance exhibits a shift depending on the field orientation. At 260 K, we observe a sharp 

peak shifting slightly as we increase θ, with a maximum at around 25° (black arrow in Fig. S16B). 

In contrast, at low temperature the main resonance is very broad for H || c and exhibits a much 

stronger shift from approximately 1 T to 0.1 T as we rotate towards H || a. This indicates strong 

changes of the magnetic anisotropy depending on temperature. The field asymmetry of the FMR 

spectra is consistent with the hysteretic behavior caused by the field driven dynamics of the non-

collinear magnetic textures (regardless of the nature of the textures), which is known to be 

asymmetric with regards to zero magnetic field. In order to extract the magnetic anisotropy 

constant, K, we used the FMR fields as indicated by the white circles in Fig. S16a. Lorentzian fits 

were performed for both +H and –H data, but only +H is plotted in Fig. S16b. For the fits to the 

260 K data, we used a weak uniaxial anisotropy term and an in-plane cubic anisotropy term. Note 

here that the cubic anisotropy is shifted by 24° with respect to the symmetry of the measurements. 

From these fits, we obtained Kuni = -7 kJ/m3 and Kcubic = 110 kJ/m3 (in-plane component). For the 

10 K data, we approximated the divergence of the resonance at 0° by an out-of-plane uniaxial 

anisotropy term yielding an estimated anisotropy value Kuni = -630 kJ/m3. The interpretation of the 

FMR values is only sensitive to a net ferromagnetic magnetization of the frustrated magnetism in 

Mn1.4PtSn. Nevertheless, we see a preferred in-plane orientation that can be affected by rather 

small changes of an external field, necessary for the formation of ASKs. Furthermore, the low-

temperature results with higher effective anisotropy are in favor of the observed vanishing 

signatures of ASKs. 
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 Fig. 

S16. FMR above and below TSR, at 260 and 10 K, respectively. 

(a) Color maps of the FMR forward-transmission-parameter, S21, recorded for fixed frequency 

(20 GHz) and field ramps from negative to positive at various tilt angles θ. White circles mark the 

resonance peak values used for our fittings. (b) Resonance field plotted against the angle for 10 

(blue) and 260 K (red). Black solid lines are fits. The inset shows the full fit for 10 K. 

 

  



 

 

22 

 

Movie S1. 

In-situ Hall measurement combined with polar MOKE microscopy on device E (d = 800 nm). 

We start in the field-polarized state in order to take a background image without any magnetic 

domain structures. The field was swept from -600 mT to zero (blue arrows) and back (orange) 

until ~ -500 mT in steps of 5 mT, as indicated by the “moving” vertical bar in the inset (showing 

Hall resistivity plotted against the external field). At approximately -500 mT the sweep rate was 

reduced to 1 mT per step until the field polarized state was reached again. Domain bands 

(associated with the spin-spiral phase) are visible on the way towards zero, right below the steplike 

change in the Hall resistivity at approximately -460 mT. For increasing field, the domain bands 

slowly disintegrate into pointlike objects (ASKs). The moment all bands have disappeared and the 

ASKs organize in a triangular lattice structure the Hall resistivity exhibits a clear change in slope. 

This additional Hall contribution is the topological Hall effect from the ASKs (for further details 

see main text). 


