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Fe3Snj, a ferromagnetic metal with a kagome lattice, serves as an ideal platform for exploring topological elec-
tronic states and Berry curvature due to its unique band structure. However, systematic reports on the transport proper-
ties of Fe3Sn, nanosheets remain scarce. We present temperature-dependent transport property measurements of FezSny
nanosheets synthesized via chemical vapor deposition on Si/SiO; substrates. The samples exhibit a robust anomalous Hall
effect from 40 K to 300 K, along with a magnetoresistance sign reversal at 40 K at high magnetic fields, indicating a spin
reorientation from in-plane to out-of-plane. Notably, a sharp crossover in the dominant transport contribution from elec-
trons to holes near 200 K is observed, accompanied by distinct anomalous Hall behaviors in the two regimes, indicating a
temperature-induced Lifshitz transition within the multi-band system. This divergence is potentially linked to a topological
reconstruction of the Fermi surface across the transition. Our findings highlight the tunability of topological transport in
two-dimensional kagome magnets and provide new insights into the interplay between band topology, dimensionality and

magnetic order.
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1. Introduction

The kagome lattice, characterized by its corner-sharing
triangular geometry, has emerged as a prototypical platform
for investigating geometrical frustration and topological quan-
tum states.!!?! Its unique band structure — featuring Dirac
nodes, flat bands, and van Hove singularities!>* — inter-
twines with magnetic order to give rise to emergent phe-
nomena, notably the Berry-curvature driven anomalous Hall
effect (AHE).>-71 When the Fermi level approaches these
singularities, even modest perturbations such as tempera-
ture variation, external magnetic fields, or carrier doping
can induce a Lifshitz transition (a topological reconstruc-
tion of the Fermi surface),®-!! resulting in abrupt changes
in transport and magnetic properties. Temperature-driven
Lifshitz transitions have been observed in kagome materi-
als including Mns ;. Fe,Geo.o,!"?! Mn3Ge,!"3! LiMngSng, '
and Nd3ALU] These discoveries demonstrate the tunabil-
ity of Berry curvature in kagome systems and broaden their
prospects for applications in topological spintronics.
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Among magnetic kagome metals, Fe3Sn; is particularly
notable for its high Curie temperature (7¢ ~ 650 K) and strong
electronic correlations.!'-18] Angle-resolved photoemission
spectroscopy (ARPES) has confirmed the presence of mas-
sive Dirac fermions and a flat band near the Fermi level in
bulk samples.!'”! It exhibits a robust AHE persisting up to
room temperature, alongside a spin reorientation transition
around 80 K."?2!1 Above 100 K, a characteristic hump in the
Hall signal suggests the presence of a topological Hall effect
(THE) associated with non-collinear spin textures, >3 sup-
ported by Lorentz transmission electron microscopy (LTEM)
observations of skyrmionic bubbles in a similar temperature
range.'?*261 While most previous studies have focused on
bulk crystals or films synthesized via chemical vapor transport
(CVT)[2227] or molecular beam epitaxy (MBE)!?$?°1 meth-
ods, only a single report by Zhu et al. has investigated
chemical vapor deposition (CVD)-grown Fe3Sn, nanosheets
(~ 10-20 nm) and their transport behavior.*"! Notably, the
temperature-driven Lifshitz transition remains largely unex-
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plored in this two-dimensional limit, despite its potential im-
pact on the electronic structure and topological transport in
reduced dimensions.

In this work, we systematically report the temperature-
dependent transport properties of Fe3Sn; nanosheets synthe-
sized via CVD on Si/SiO; substrates. The AHE emerges
above 40 K and persists up to room temperature, while the
magnetoresistance undergoes a transition from positive to neg-
ative at high fields around 40 K, suggesting a reorientation of
magnetic moments from in-plane to out-of-plane, consistent
with prior observations in bulk Fe3Sn;. Furthermore, a clear
switch in the dominant charge carrier from electrons to holes
is observed near 200 K, signifying a temperature-driven Lif-
shitz transition within the multi-band system. Through scal-
ing analysis, we identify that both skew scattering and intrin-
sic Berry curvature contribute to the AHE and reveal contrast-
ing anomalous Hall behaviors across the transition. This di-
vergence further supports the presence of a Lifshitz transition
and possibly originates from the underlying reconstruction of
the Fermi surface topology. These findings establish a foun-
dation for further exploration of topological phase transitions
and anomalous transport in low-dimensional kagome systems.

2. Experimental details

The Fe3Sn, nanosheets were synthesized via CVD
method. Stoichiometric amounts of Fe and Sn were sealed
in an evacuated quartz tube, with a silicon substrate placed
in the deposition zone. The elemental composition was ver-
ified by energy-dispersive x-ray spectroscopy (EDS), and the
thickness of nanosheets was determined with atomic force mi-
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croscopy (AFM). Multiple Hall-bar devices were fabricated
using electron-beam lithography (EBL) followed by Ti/Au
(5/60 nm) electrode deposition. Electrical transport measure-
ments were performed in a Quantum Design physical property
measurement system (PPMS) at temperatures ranging from
2 K to 300 K and magnetic fields up to 9 T.

3. Results and discussion

Fe3Sn, is a centrosymmetric magnet belonging to the
space group R3m. Its crystal structure consists of an alter-
nating stack of Fe—Sn bilayers and Sn honeycomb layers, as
illustrated in Fig. 1(a). Each Fe—Sn bilayer features a Fe-based
kagome lattice with a central Sn atom located at the center of
the hexagon. In the Sn honeycomb layer, all Sn atoms occupy
the honeycomb lattice sites. EDS analysis (Fig. 1(b)) yields
an Fe:Sn atomic ratio of 1.43:1 for the hexagonal Fe3Sn; sam-
ple. The slight deviation from the ideal stoichiometric ratio of
1.5:1 may be attributed to Fe deficiency, which can regulate
Fe3Sn, sample morphology and the coercivity of AHE, in line
with previous observations.3%) AFM results (Fig. 1(c)) reveal
that the Fe3Sn, nanoflakes have a thickness of approximately
25 nm. Figure 1(d) shows the temperature dependence of the
longitudinal resistivity (Ry,) measured with current (/) applied
within the ab-plane. The monotonic decrease in R, upon
cooling confirms a highly metallic ground state. Furthermore,
the residual resistivity ratio (RRR = Rag0 k /R2 k) is 38.73, ex-
ceeding values reported for previous Fe3Sny samples. [23-30-31]
Collectively, these characterization results demonstrate that
the CVD-grown Fes3Sn, nanosheets exhibit a well-defined
morphology and significant electrical transport properties.
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Fig. 1. (a) Crystal structure of Fe3Sn,, in which the Fe—Sn bilayers and Sn layers stack along the c-axis alternatively. The upper panel shows the side view
of the Fe3Sn; crystal, while the lower panel presents the top view of the Fe3Sn layer, highlighting the kagome lattice. Brown and blue balls represent Fe and
Sn atoms, respectively. (b) EDS spectrum of the hexagonal FezSn,, which shows an Fe:Sn atomic ratio of 1.43:1, close to the ideal stoichiometric ratio of 1.5.
The inset shows an image of a hexagonal Fe3Sn, captured by scanning electron microscopy. (c) AFM mapping of Fe3Sny with a thickness of about 25 nm; the
inset shows the tested FezSn, sample. (d) Temperature-dependent longitudinal resistance (Ry,) of Fe3Sn,.The device diagram is shown in the lower right inset.
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Figure 2(a) presents the magnetoresistance (MR) mea-
sured with the magnetic field (uoH) applied perpendicular to
sample plane (along the c-direction), swept from —3 Tto 3 T
at various temperatures. Our measurements reveal a parabolic
positive MR persisting up to 40 K at high fields. Above this
temperature, the high-field MR gradually turns negative, and a
well-defined MR valley deepens with decreasing temperature
at low fields, indicating a progressive spin reorientation transi-
tion. This transition reflects the rotation of the magnetic easy
axis from the c-axis towards the ab-plane, eventually align-
ing in-plane below 80 K.!?°! The low-field MR valley origi-
nates from incomplete spin alignment, where enhanced scat-
tering from defects and magnons leads to positive MR.13233]
As the field increases and spins align, spin-disorder and orbital
scattering are suppressed, resulting in negative MR.3+331 Ag
the temperature rises, spin reorientation becomes more pro-
nounced, gradually diminishing the MR valley. These charac-
teristic features align with prior magnetoresistance studies, 136!
highlighting the intrinsic properties that differentiate our thin
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film samples from the bulk materials.

The Hall resistivity (pyy) of Fe3Sn, nanosheets measured
from 2 K to 300 K is displayed in Fig. 2(b). At high magnetic
fields, px, exhibits a linear dependence on piH, attributed to
the ordinary Hall effect. Below 20 K, the Hall resistivity re-
mains linear with a negative slope, indicating that electron car-
riers dominate the transport. As the temperature increases, a
noticeable deviation from linearity emerges at low fields, par-
ticularly above 40 K, signifying the onset of a pronounced
AHE. Importantly, the magnetic field at which p,, saturates
coincides with the point where the MR curve transitions from
a low-field valley to negative magnetoresistance, further sug-
gesting that this MR transition is governed by the spin align-
ment associated with the AHE. As the temperature rises fur-
ther to approximately 200 K, the sign of the high-field slope
of p,y reverses from negative to positive, indicating a shift in
the dominant carrier type from electrons to holes. This phe-
nomenon has not been specifically observed and studied in the
bulk/film Fe3Sn;.
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pay (u2-cm)
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—

— 300K
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Fig. 2. (a) Magnetoresistance (MR = [pxx (H) — pxx (0 T)] /pxx (0 T)) measured under an out-of-plane field from 2 K to 300 K. (b) Hall
resistivity (pxy) as a function of the magnetic field across the same temperature range. (c) Kohler’s rule for the magnetoresistance (MR). The
MR data are replotted as MR versus (uoH)?/R2,(0). (d) Extracted anomalous Hall resistivity (pg,) from 40 K to 300 K, obtained by subtracting

the linear ordinary Hall background.

The total Hall resistivity p,, can be decomposed into or-
dinary (pg (H)) and anomalous (p;}(H )) components as fol-
lows:

Puy(H) = p3 (H)+pp (H) =RoH +pJ(H), (1)

where R is the ordinary Hall coefficient and p;} represents the
anomalous Hall resistivity. To elucidate the origin of the high-
field Hall slope reversal, we consider two possible mecha-

nisms: a multiband scattering effect or a Lifshitz transition in-
volving Fermi surface reconstruction. To distinguish between
these scenarios, we examined Kohler’s rule, which predicts a
unified scaling of MR curves when a single carrier type with
constant scattering dominates.*”l As shown in Fig. 2(c), the
MR curves at different temperatures deviate significantly from
Kohler’s rule. The invalidity is frequently associated with al-

terations in the Fermi surface and structure. 38!
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To decouple the contributions from different carriers in
the complex Fermi surface of Fe3Sn,, we consider the multi-
band Drude model, the conductance component of each band
can be expressed as

i niel;
Ox (H) = 7‘12;
1+ (HitoH)
: sinjell2 uoH
O-)l(y (H) = #02. )
1+ (WitoH )
The total conductance is
. nell;
GXX (H) = G)éx (H) = : ) (3)
Zi' zz" 1+ (HipoH)*
2
i sinjepl; UoH
oyH)=YY ol (H) =) ——1—03, 4)
() Z () ;H(uiuoH)z

where n; and y; are the carrier concentrations and mobilities,
s; = 1 for holes and s; = —1 for electrons, and to eliminate
the influence of anomalous Hall effect, the fitting is restricted
in the region beyond the saturated magnetic field. With the
mobility in FezSny much lower than 10* cm?/V-s,[1930] the
low-field approximation (u;oH < 1) is satisfied, and the Hall

—
coefficient is approximated as Ry ~ % . (Zz"’in;f)’z Therefore, the
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slope of the linear ordinary Hall effect at high magnetic field
depends on the weighted carrier concentration (s;m;u?). Af-
ter subtracting this linear ordinary background, the anomalous
Hall resistivity p;} is obtained, as shown in Fig. 2(d).
Furthermore, the sign of Ry directly reflects the dominant
carrier type: Ry > 0 (i.e., nhug > nep) corresponds to hole-
dominated transport, while Ry < 0 (nyu? < nep?) corresponds
As plotted in Fig. 3(a),
Rp remains negative below 200 K, consistent with electron-

to electron-dominated transport.

dominated behavior. As the temperature rises above 200 K,
Ry reverses sign. Supported by DFT and ARPES studies con-
firming that the Fermi level lies near topological flat bands and
mixed electron-hole pockets,***!1 we attribute the observed
transport behavior primarily to a Lifshitz transition. *>*3! Such
a transition involves a reconstruction of the Fermi surface,
likely including the emergence of new hole pockets, which
can simultaneously account for the carrier-type reversal and
the concomitant changes in the scattering behavior. The rever-
sal of Ry provides a clear evidence of the temperature-driven
Lifshitz transition likely associated with a continuous evolu-

tion of the Fermi surface topology.[**!
12
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Fig. 3. (a) Temperature dependence of the ordinary Hall coefficient Ry extracted from the high-field linear component of p,,. The blue circle
represents the Ry below 200 K, which are negative, while the red triangle represents the Ry from 220 K-300 K, which are positive. (b) Weighted
carrier concentration § (black hexagon) as a function of temperature, derived from the extracted Ry values. (c) Temperature dependence of the
anomalous Hall conductivity ('FQ. The blue hexagon represents the G){} below 200 K, and the red hexagon represents the G){} from 220 K-300 K.

(d) An enlarged view of 6)’3 in the low conductivity (high temperature) region. Inset: extracted 6)‘3‘, as a function of 62, from 40 K to 300 K. The
solid black and green lines represent the fitting results for the high- and low-conductivity regimes, respectively, based on the scaling relation
in Eq. (5). The red and blue shaded regions correspond to hole- and electron-dominated transport, respectively, with the data point at 200 K

marking the crossover boundary.

42
Given 6 = %, which reflects the competition be-

i Sili

tween npi? and nel?, it can be regarded as an effective

weighted carrier concentration. This quantity can be esti-

mated from the relation 6 = 1/(Rpe), as shown in Fig. 3(b).
As temperature increases, 0 initially rises gradually, followed

by a sharp increase above ~ 150 K, reaching a peak electron
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concentration of —10.16 x 10?2 ¢cm™3 near 200 K, which is
slightly larger than the carrier concentration in the Fe3Sn; bulk

18,361 Beyond this point, § exhibits a divergence and

crystal.!
sign reversal above 20 K, at this critical temperature, § attains
a maximum positive value of 6.91 x 10> cm™3, indicating a
transition from electron-dominated to hole-dominated trans-
port. With further increases in temperature, 8 gradually de-
creases toward 300 K. The divergence and polarity reversal of
0 further confirm the scenario of Lifshitz transition within the
multi-band system.

To further evaluate the AHE in Fe3Sn, nanosheets, the
anomalous Hall conductivity O'f}‘, is calculated using the rela-
tion G)‘g, = pyé/ (pxx(O)2 +py’}2), where py(0) is the longi-
tudinal resistivity in the absence of a magnetic field, and pg
is the intercept extracted by fitting the high-field linear com-
ponent of py,.[!%*] Figure 3(c) presents the temperature de-
pendence of 0')@, over the range of 2-300 K. At T = 2 K,

o, reaches a maximum of 140 Q~'-cm™!
ature increases, Gf‘, steadily decreases, reaching a minimum

. As the temper-

around 200 K. Beyond 200 K, Gg gradually rises, attaining
higher values at 300 K. This temperature-dependent evolution
of Gg suggests a potential crossover in the dominant mecha-
nism driving the AHE across different temperature regimes.
Fe3Sn; is a magnetic system with strong spin—orbit cou-
pling, which provides the essential conditions for the AHE. In
Fig. 3(d), 0';; is plotted against 62, to examine the scaling re-
lationship, aiming to elucidate the dominant AHE mechanism
in Fe3Sny nanosheets. Considering both intrinsic and extrinsic

contributions, GQ, can be expressed as!40]
A _ —1.2 int

Oy = 00, (O + Oyy 5

where o, 0,0, and G}C‘y“ represent the skew-scattering

coefficient, residual longitudinal conductivity, and intrin-
sic anomalous Hall conductivity, respectively. Fitting the
data yields o = 0.00544 and o' ~ 40.61 Q~'.cm™!
in the high-conductivity regime, and o = —0.07635 and
th ~ 61.36 Q7' .cm™! in the low-conductivity regime,
which are comparable to values reported for bulk Fe;Snp
(200 Q~'.em™1).["%1 The negative « implies that the skew-
scattering term opposes the intrinsic contribution, clarifying
why the extracted G)i(“,‘ can exceed the measured total con-
ductivity G)@ in certain temperature ranges. Notably, G)ﬁ} ap-
proaches G}C‘;‘ around 150-200 K, suggesting that the intrinsic
Berry curvature contribution dominates in this regime. The
sign change of o and the change in O'}C;f‘ around 200 K fur-
ther supports the hypothesis of Fermi surface reconstruction
across the Lifshitz phase transition. These findings are corrob-
orated by additional measurements on a 30-nm-thick sample,
as detailed in Fig. S1. While transport signatures — includ-
ing the sign reversal of Ry and the distinct evolution of the

AHE — strongly indicate a Lifshitz transition at 200 K, direct
spectroscopic confirmation through techniques such as angle-
resolved photoemission spectroscopy (ARPES) would be in-
valuable and remains a goal for future investigation.

Finally, to demonstrate the reliability of our re-
sults, we compare the anomalous Hall conductivity ny
of Fe3Sn, nanosheets with various reported ferromagnetic
materials, #7521 including bulk Fe3Sn, crystals,['”! by plot-
ting GQ, versus Oy, on a double-logarithmic scale, as shown
in Fig. 4. According to the established unified theory for
ferromagnets with dilute impurities, the scaling of G;} with
Oy, exhibits three distinct regimes: (i) in the superclean limit
(0 > 10 Q7 1.cm™), G)@ o< Oy, dominated by extrin-
sic skew scattering;!33! (i) in the moderately dirty regime
(10* @ '.em ! < 6, < 10° Q71 em ™Y, G)g, is nearly in-
dependent of oy, characteristic of the intrinsic Berry curva-
ture mechanism;®* and (iii) in the bad-metal regime (G <
10* Q'-cm™), ¢} follows the relation 65 ~ ¢,10.17] The
observation of a quadratic scaling (6 ~ 62,) in our CVD-
grown Fe3Sn; nanosheets, which resides in the intrinsic re-
gion, signals the coexistence of skew scattering and intrinsic
Berry curvature mechanisms. Compared with bulk Fe3Sn,,!*!
our nanosheets exhibit a clear Lifshitz transition and a lower
onset temperature for spin reorientation, but also a reduced

oA

- likely due to enhanced scattering or strain effects intro-

duced during the CVD growth process. Nevertheless, these
differences highlight the critical influence of reduced dimen-
sionality and growth conditions on kagome metals, thereby of-
fering a promising avenue for further tuning topological trans-

port properties through nanoscale engineering and substrate

coupling.
W Cu;_,Zn,CrsSey MnSi
@ Ndy(Mo;_Nb,),0 Co film
A COgSHQSQ Ni film
Mn3Sn ® Fe film
MnsGe B KV;Sbs
FesSn, crystal @ FesSny nano flake
10° - -
s F
To10%% r &
g Localized ¢ E
H\. 102k hopping 9 ! Skew
(] opy~okd 'scattering|
<ﬁ$ 101g , i Intrinsic :aIyNJ”
® i opy~Const. i
0 ¢ . !

101 L s
10t 102 10® 10* 10° 10 107

Fig. 4. Scaling plot of 6}3 VS. Oy, for various materials, illustrating the

different regimes of the AHE ranging from the side-jump mechanism
through the intrinsic and skew scattering regimes.!!%47-521
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4. Conclusion and perspectives

In conclusion, we have systematically investigated

the temperature-dependent transport properties in Fe3Snp
nanosheets synthesized via chemical vapor deposition (CVD).
A sharp reversal of the dominant transport contribution from
electrons to holes near 200 K provides key evidence for a
temperature-induced Lifshitz transition within the multi-band
system. This interpretation is further supported by the distinct
evolution of the anomalous Hall effect across the transition,
where scaling analysis reveals a significant redistribution be-
tween intrinsic Berry curvature and skew scattering contribu-
tions across the transition. These observations are consistent
with a Lifshitz transition in a multiband system and suggest
a potential reconstruction of the Fermi surface topology. Our
results highlight the sensitivity of anomalous Hall transport
to temperature-driven band evolution in kagome magnets, and
emphasize the potential of CVD-grown Fe3Sn, nanosheets for
scalable spintronic applications.
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