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Recent intensive studies in metallic kagome systems have revealed various correlated topological and elec-
tronic states, leading to their spintronic applications. The kagome ferromagnetic metal Fe3Sn has been found to
host a topological nodal plane near the Fermi energy and exhibits large transverse transport responses. Here we
report the fabrication of the epitaxial thin films of Fe3Sn and the observation of its large anomalous Nernst effect
(ANE). Structural and magnetic measurements reveal (0001)-orientated epitaxial growth of kagome D019 Fe3Sn
and the magnetic easy plane along the substrate plane. Moreover, transport measurements confirm the large
ANE of 2.4 µV/K at room temperature, comparable to that of the bulk polycrystalline samples. The obtained
Fe3Sn film should be useful for thermoelectric applications, because the binary compound based on inexpensive
elements exhibits large spontaneous ANE voltage under an out-of-plane heat current due to the magnetic and
electronic states stabilized by the magnetic anisotropy.
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I. INTRODUCTION

The kagome lattice, a two-dimensional network of corner-
sharing triangles, has emerged as a fascinating platform to
study exotic electronic phases due to the intricate interplay
among band topology, electronic correlations, and frustrated
magnetism. In particular, metallic kagome systems feature
distinct signatures in their electronic structure, such as the
topological Dirac and Weyl points, flat bands, and van Hove
singularities, leading to fascinating phenomena, including the
emergence of correlated topological states, charge-density-
wave order, and superconductivity. Extensive studies have
revealed a large number of kagome materials, including binary
metal TxSny systems (T = Fe, Mn, Co and x : y = 1 : 1, 3 : 2,
3 : 1) [1–7], Co shandite Co3Sn2S2 [8–11], rare-earth-based
ReT ′

6 Sn6 systems (Re = Gd, Tm, Tb, Y, and T’ = Mn, V)
[12–14], and AV3Sb5 systems (A = K, Cs, Rb) [15–17],
exhibit novel emergent properties and attracted wide-ranging
interest from fundamental to applied fields. Among them,
Mn3Sn is the first metallic kagome magnet that has attracted
tremendous interest for its nontrivial transport properties and
stands out as one of the rare cases where a noncollinear
antiferromagnetic (AFM) state is realized due to its geo-
metrical frustration [1]. The antichiral 120-degree ordering
stabilizes a magnetic Weyl semimetal state [2] and enables
the very exciting observation of anomalous Hall effect (AHE)
[1], anomalous Nernst effect (ANE) [18,19], and magneto-
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optical Kerr and Faraday effects [20,21] in AFM state with
vanishingly small magnetization at room temperature. Re-
cent successful electrical switching [22,23] and readout of
the chiral antiferromagnetic state through tunneling magne-
toresistance [24] have placed the compound as one of the
most promising key materials for developing antiferromag-
netic spintronics [25].

On the other hand, the Fe–Sn families provide a variety of
kagome metals with different dimensionalities of the kagome
Fe3Sn layer, exhibiting interesting phenomena mainly at low
temperatures. For example, the kagome ferromagnet (FM)
Fe3Sn2, composed of the kagome Fe3Sn layer and the hon-
eycomb Sn2 layer, shows the emergence of the massive Dirac
fermions, the Weyl fermions, the flat bands, and skyrmion
spin texture [3,26–29]. An analogous material, FeSn, in which
Fe3Sn and Sn2 layers have different stacking orders, be-
comes AFM and also exhibits the coexistence of the bulk and
surface Dirac fermions, as well as the flat bands [4,30,31].
Furthermore, studies of Fe–Sn films have shown that even the
short-range ordering of the kagome lattice fragments can con-
tribute to the realization of the large AHE [32] and transverse
magneto-thermoelectric effect induced by the Berry curvature
[33].

Recent theoretical and experimental studies on bulk poly-
crystalline samples have revealed that the kagome FM Fe3Sn,
isostructural to the chiral AFM Mn3Sn, hosts a novel topolog-
ical electronic structure, nodal plane near the Fermi energy
[5]. The nodal plane consists of two nearly flat bands that
are closely facing each other in two dimensions. The tiny
energy gap and flat band dispersion enhance both the Berry
curvature and the density of states (DOS), leading to the large
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FIG. 1. (a) Schematic illustration of a thermoelectric device using ANE. Black lines are the magnetic metals, and yellow lines are the
electrodes. (b) Crystal structure of the kagome ferromagnet Fe3Sn. The yellow and gray spheres represent the Fe and Sn atoms, respectively.
Figures of crystal structure are generated with VESTA [77]. (c) X-ray reflectivity results of the Al2O3/Pt/Fe3Sn/SiO2 film. The red curve shows
the fitting result. Inset: Expanded plot between 1 and 3°. (d) X-ray diffraction patterns of the Al2O3/Pt/Fe3Sn/SiO2 film (red line) and the
Al2O3/Pt/SiO2 film (gray line). The arrows indicate the peaks of Fe3Sn (0002) and (0004). Inset: Film structure of Fe3Sn and Pt bilayer on the
Al2O3 (0001) substrate. The number in the bracket of the sample label is the thickness of each layer. (e) In-plane scan of the Fe3Sn {12̄12}
(dark yellow line), Pt {1̄11} (gray line), and Al2O3 {2̄116} (black line) reflections. Measurements are all made at room temperature.

ANE Syx and transverse thermoelectric conductivity αyx. In
fact, the large |Syx| of 2.9 µV/K and |αyx| of 2.3 A/Km were
observed in bulk Fe3Sn polycrystalline samples at room tem-
perature [5]. Fe3Sn has a high Curie temperature above 700 K
and exhibits a large magnetization of 6.8 μB/f.u. aligned
within the kagome layer due to the easy-plane magnetic
anisotropy [34–37]. In this ferromagnetic phase, the magneto-
thermoelectric response increases linearly with temperature at
a rate of ∼0.8 µV/K for every 100 K up to 400 K.

ANE provides the measure of DOS associated with the
Berry curvature at the Fermi energy and thus can be strongly
enhanced in topological magnets [9,18,19,25,38–45]. The
recent discovery of the enhanced ANE in topological mag-
nets has fostered the research and development for applying
ANE to thermoelectric technologies. In comparison with the
Seebeck effect (SE), ANE generates an electromotive force
orthogonal to the temperature gradient and magnetization,
allowing a lateral device structure [Fig. 1(a)], whereas SE
requires a three-dimensional π -shaped device structure. Thus,
compared to the SE-based technology, ANE enables much
lower costs and simpler fabrication processes for large-area
and flexible thermoelectric devices, such as energy harvesters
and heat-flux sensors [46,47].

Recent advances in sample preparation techniques have
enabled the fabrication of bulk single crystals [37,48,49] and
epitaxial thin films of Fe3Sn [50]. No anisotropic thermoelec-
tric properties, however, have been clarified to date for Fe3Sn.
In addition, none of the magneto-thermoelectric properties

have been investigated in any thin-film form of Fe3Sn, while
the magneto-thermoelectric properties in thin-film samples
are essential for device applications. Here, we have fabricated
epitaxial thin films of the nodal plane FM Fe3Sn and investi-
gated their magnetic and magneto-thermoelectric properties.
The large easy-plane magnetic anisotropy and giant Hall
conductivity exceeding previously reported values on bulk
crystals confirm the successful fabrication of high-quality
Fe3Sn epitaxial films. We have also obtained a large ANE
higher than that of bulk polycrystalline samples and confirmed
that this effect shows large spontaneous power output in the
configuration for the perpendicular heat current required for
fabricating thermoelectric devices [46,47,51–53]. These re-
sults pave the way for potential device applications such as
ANE-based energy harvesters and heat-flux sensors.

II. METHODS

Fe3Sn has a hexagonal D019 structure with a space group
of P63/mmc (a = 5.46 Å, c = 4.35 Å) [5,37,48] consisting of
Fe-based kagome lattice stacked along [0001] as shown in
Fig. 1(b). Hereafter, we fix the orthogonal frame x, y, and
z to the crystalline directions [21̄1̄0], [011̄0], and [0001],
respectively [Fig. 1(b)]. We employ an rf sputtering method to
fabricate Fe3Sn epitaxial films on an Al2O3 (0001) substrate
with a Pt buffer layer [50]. The base pressure of the rf sput-
tering chamber is < 3 × 10−4 Pa. First, the Pt layer (4 nm)
is deposited at 550 ◦C on the Al2O3 substrate, followed by
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the Fe3Sn layer deposited at 350 ◦C. After fabrication of each
layer, films are annealed for 30 minutes while maintaining
each deposition temperature. A SiO2 capping layer is finally
fabricated at around room temperature to prevent oxidation.
The mosaic target, which consists of a Fe3Sn alloy target
and additional Sn tips, is used to control the composition
of the Fe3Sn layer, which is confirmed to be Fe3.1Sn0.9 by
x-ray fluorescence measurements. The structural analysis is
performed by x-ray diffraction (XRD) measurements, and
the thickness of the films is estimated by the x-ray reflec-
tivity (XRR) measurement using an automated multipurpose
x-ray diffractometer (Smart Lab, Rigaku) with Cu Kα1 source
(λ = 1.54 Å). The magnetic properties are measured using a
superconducting quantum interference device in a commercial
magnetic property measurement system (MPMS3, Quantum
Design). The electrical and thermal transport properties are
measured by a commercial physical property measurement
system (PPMS, Quantum Design) with thermal transport
options and by a homemade measurement system using a
variable-temperature insert with a superconducting magnet
(Teslatron PT, Oxford Instruments).

III. RESULTS AND DISCUSSION

A. Structural characterization

Figure 1(c) shows the result of XRR measurements for
a Pt/Fe3Sn/SiO2 film on Al2O3 substrate. Fitting the XRR
spectrum shown in Fig. 1(c) reveals that the thicknesses of
the Fe3Sn layer (tFe3Sn), the Pt layer (tPt), and the SiO2 layer
(tSiO2 ) are 68 nm, 4 nm, and 6 nm, respectively [Fig. 1(d)
inset]. In addition, the root mean square (RMS) roughness of
the Fe3Sn layer is estimated to be ∼0.9 nm. The 2θ–θ scans in
XRD measurements confirm the peaks at around 40◦ and 90◦,
respectively corresponding to the (0002) and (0004) peaks of
Fe3Sn and at around 39◦ and 85◦ corresponding to the (111)
and (222) peaks of Pt in the Al2O3/Pt/Fe3Sn/SiO2 film (red
line) and Al2O3/Pt/SiO2 film (gray line), as shown in Fig. 1(d).
Moreover, the φ-scan measurements reveal the sixfold sym-
metry for the {12̄12} peaks of Fe3Sn (dark yellow line), the
{1̄11} peaks of Pt (gray line), and the {2̄116} peaks of Al2O3

(black line) [Fig. 1(e)]. The observed sixfold symmetric peaks
of the Pt layer indicate the presence of a twinning structure of
(111)-oriented Pt grains rotating 180º around the Pt [111] pole
relative to the other grains, consistent with previous reports
[54–56]. (See Fig. S1 in the Supplemental Material [57].)
Moreover, the Fe3Sn peaks are shifted by 30◦ with respect
to the Pt and Al2O3 peaks. These results indicate the epitaxial
growth of the Fe3Sn layer with the crystallographic relation
Al2O3 (0001) 〈21̄1̄0〉|| Pt (111) 〈1̄21̄〉|| Fe3Sn (0001) 〈011̄0〉.

B. Magnetic properties

Figure 2(a) shows the magnetic field dependence of
the magnetization of the Fe3Sn epitaxial film at 300 K.
The field dependence and the saturated magnetization
Ms = 7.6 μB/f.u. (μ0Ms = 1.6 T) are comparable
to that obtained in the bulk samples [5,34,35,37]. In
addition, the easy-plane magnetic anisotropy can be
confirmed by comparing the magnetization parallel and
perpendicular to the kagome plane. The magnetic field

FIG. 2. (a) Field dependence of the magnetization along [21̄1̄0]
(|| x) (red circle) and [0001] (|| z) (blue square) at room temperature
of the Al2O3/Pt/Fe3Sn/SiO2 film. Inset: Schematic illustration of
the magnetization measurement along [21̄1̄0] (|| x) (red circle) and
[0001] (|| z) (blue square) configuration. (b) Temperature depen-
dence of the magnetocrystalline anisotropy (green circle) and the
saturated magnetization (orange square).

required to saturate the magnetization in the perpendicular
direction is μ0Hs = 2.6 T. Even after subtracting the
contribution of the demagnetizing field (μ0Ms = 1.6 T),
the magnetic anisotropy field of ∼1 T, which corresponds
to the magnetocrystalline anisotropy of Eani =
μ0Ms(Hs − Ms)/2 = 0.64 MJ/m3, still aligns the mag-
netization parallel to the kagome layer. In addition, Eani

gradually increases with decreasing temperature and reaches
0.87 MJ/m3 at 10 K [Fig. 2(b)]. These Eani are ∼10 times
larger than the previously reported value for the ultrathin
epitaxial films [50] and are comparable to that confirmed in
the bulk single crystals [37] (Eani = 0.97 (1.27) MJ/m3 at
300 (2) K). These magnetic properties as well as the XRD
measurements indicate the high-quality crystallinity of D019

Fe3Sn film.

C. Electrical transport properties

We now move on to the transport properties of the
Fe3Sn epitaxial film. Figure 3(a) shows the magnetic field
dependence of AHE at room temperature under the field
along the z axis. The observed Hall resistivity ρyx of the
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FIG. 3. Field dependence of (a) the Hall resistivity, (b) the Hall conductivity, (c) ANE, and (d) the transverse thermoelectric conductivity
αyx of the Al2O3/Pt/Fe3Sn/SiO2 film under the out-of-plane field H (|| [0001] || z) and in-plane electric current I or temperature gradient ∇T
(|| [21̄1̄0] || x) configuration at room temperature. (e, f) Temperature dependence of (e) ANE and (f) αyx from 200 to 350 K under μ0H = 5 T.
The colored curves in (a)–(f) are the results of the Pt/Fe3Sn bilayer. On the other hand, the gray curves with open circles represent corrected
data considering the shunting effect. Inset in (e): Schematic illustration of the setup for the AHE (ANE) measurements under the out-of-plane
field H and the in-plane electric current I (temperature gradient ∇T ).

Al2O3/Pt/Fe3Sn/SiO2 film (red circles) shows the saturation at
2.5 T with the saturated Hall resistivity of 4.1 µ� cm. Here we
use the thickness of the Pt/Fe3Sn bilayer (t = tFe3Sn + tPt =
72 nm) for the calculation. However, in a bilayer consist-
ing of a ferromagnetic metal layer and a nonmagnetic metal
layer, the Hall voltage signal generated in the ferromagnetic
layer VFe3Sn is suppressed by the electrical conduction in the
nonmagnetic layer, namely, the shunting effect [69,70]. This
effect can be described in the following equation:

VFe3Sn = Vyx

(
1 + ρFe3Sn

ρPt

tPt

tFe3Sn

)
≡ Vyxζ . (1)

Here, Vyx denotes the experimentally observed Hall volt-
age, ρFe3Sn the resistivity of the Fe3Sn layer, ρPt the resistivity
of the Pt layer, and ζ the factor due to the shunting effect.
Moreover, ignoring the interface resistance, the current flow-
ing in the Fe3Sn layer IFe3Sn is diverted from the applied read
current I and is described as follows:

IFe3Sn = I/ζ . (2)

Therefore, the calculated Hall resistivity in the Fe3Sn layer
ρcalc

yx can be estimated from the equation

ρcalc
yx = VFe3Sn

IFe3Sn
tFe3Sn = Vyx

I
tζ 2 tFe3Sn

t
= ρyxζ

2 tFe3Sn

t
. (3)

To evaluate ζ , we additionally prepared the Pt single-layer
sample with the same fabrication process as that used for the
Pt layer in the Al2O3/Pt/Fe3Sn/SiO2 film and estimated the

longitudinal resistivity of the Pt layer to be ρPt = 24 µ� cm.
This allows us to estimate the resistivity of the Fe3Sn layer and
the shunt factor ζ to be ρFe3Sn = (t/ρxx − tPt/ρPt )−1tFe3Sn =
100 µ� cm and ζ = 1.25, respectively. Here ρxx denotes
the experimentally obtained longitudinal resistivity (ρxx =
85 µ� cm), which corresponds to the resistivity of the metal-
lic bilayer. The gray open circles in Fig. 3(a) present the
calculated Hall resistivity in the Fe3Sn layer ρcalc

yx , taking
into account the shunting effect, and the saturated ρcalc

yx is
estimated to be 6.0 µ� cm. Moreover, we estimate the Hall
conductivity of the bilayer σyx ≈ −ρyx/ρ

2
xx (green circles) and

the calculated Hall conductivity in the Fe3Sn layer σ calc
yx ≈

−ρcalc
yx /ρ2

Fe3Sn (gray open circles), as shown in Fig. 3(b).
Their saturated values are |σyx| = 570 S/cm and |σ calc

yx | =
605 S/cm, much larger than both bulk polycrystalline samples
[5] (490 S/cm) and single-crystal samples [48,49] (485 S/cm
and 500 S/cm), indicating the successful fabrication of the
high-crystallinity epitaxial films of Fe3Sn.

D. Magneto-thermoelectric properties

The intrinsic contribution of AHE originates from the
momentum-space Berry curvature in the occupied bands
below the Fermi energy EF, as described by the equation
σyx = εxyz(e2/h̄) ∫k (2π )−3 ∑

n[Ωn,z(k) f (εn,k)]dk. Here
εxyz, e, h̄, π , Ωn,z, f and εn,k denote the antisymmetric
tensors, the elementary charge, the reduced Planck
constant, the circular constant, the Berry curvature for
the z direction, the Fermi-Dirac distribution function,
and the band energy with band index n and wave vector
k, respectively. On the other hand, the transverse
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magneto-thermoelectric conductivity given by the equation
αyx = (kB/e) ∫ εxyz

∑
n,k[Ωn,z(k)δ(ε − εn,k)]s(ε, T )dε, where

s(ε, T ) is the entropy density, is related to the Berry curvature
around EF, which is found particularly enhanced in the
topological magnetic materials [9,18,19,25,38–45,71–73].
For the highly crystallized Fe3Sn films, giant transverse
responses are also expected in ANE Syx = ρyy(αyx − σyxSxx ),
which consists of contributions from the Hall conductivity
and the transverse magneto-thermoelectric conductivity.
Here Sxx denotes the Seebeck coefficient. Figure 3(c)
shows the magnetic field dependence of ANE at 300 K
under the out-of-plane magnetic field (H || z) and the
in-plane temperature gradient (∇T || x) [Fig. 3(e) inset].
Experimentally, Syx can be calculated by Syx = Vyx/(d∇T ),
where Vyx is the transverse voltage and d is the length between
transverse voltage terminals. The experimentally obtained
Syx of the Al2O3/Pt/Fe3Sn/SiO2 film (blue circles) shows
the large saturated signal of |Syx| = 2.4 µV/K. Unlike in the
case of AHE that requires the electric current, the shunting
effect does not affect ∇T because the heat flow in films is
determined by the substrate [39]. Therefore, the shunting
effect only needs to be considered for the transverse direction
(|| y), where the electromotive force is generated. The
calculated ANE in the Fe3Sn layer can be obtained by
using the equation Scalc

yx = Syxζ . As presented by the gray
open circles in Fig. 3(c), we confirm |Scalc

yx | = 3.0 µV/K,
comparable to or even larger than that obtained in the Fe3Sn
bulk polycrystals (|Syx| = 2.9 µV/K) [5]. Our measurement
finds the Seebeck coefficient to be Sxx = −20 µV/K
(Scalc

xx = −25 µV/K). Using these values, the transverse
thermoelectric conductivity |αyx| = |σxxSyx + σyxSxx| for
the Pt/Fe3Sn bilayer and |αcalc

yx | = |σ calc
xx Scalc

yx + σ calc
yx Scalc

xx |
for the Fe3Sn single layer are estimated to be 1.7 A/Km
and 1.5 A/Km, respectively [Fig. 3(d)]. Here, the electric
conductivities σxx and σ calc

xx are calculated by the equations
σxx = 1/ρxx and σ calc

xx = 1/ρFe3Sn. Interestingly, in contrast to
ρyx, σyx, and Syx, the transverse thermoelectric conductivity is
smaller than that confirmed in the Fe3Sn bulk polycrystalline
samples [5] (|αyx| = 2.3 A/Km) but far larger than those for
the conventional FMs [38]. The large αyx suggests that the
observed ANE is enhanced by the large Berry curvature due
to the nodal plane near the Fermi level. Figures 3(e) and 3(f)
show the temperature dependence of Syx and αyx between 200
and 350 K under 5 T. Both |Syx| and |αyx| (|Scalc

yx | and |αcalc
yx |)

increase monotonically and reach 2.7 µV/K and 2.0 A/Km
(3.3 µV/K and 1.8 A/Km) at 350 K for the Pt/Fe3Sn bilayer
(Fe3Sn single layer), respectively. For future work, it is
important to investigate the thermoelectric performance up
to 600 K, where the thermoelectric devices can be applied to
energy harvesters at the near-room-temperature region where
the waste heat is the most available.

Next, we show ANE under the out-of-plane ∇T
[Fig. 4(a)], where the voltage signal Vxz for the longer
in-plane direction (l = 5.1 mm) was measured under
the magnetic field applied in the shorter in-plane di-
rection (w = 2.0 mm). Figure 4(b) shows the field
dependence of Vxz for the Al2O3(430 µm)/Pt(4 nm)/
Fe3Sn(68 nm)/SiO2(6 nm) film at 300 K. Here, the heater
power is set to produce the temperature difference of 1.5 K
between thermocouples located at the top and bottom of the

FIG. 4. (a) Schematic illustration of ANE measurement
setup under the out-of-plane ∇T (|| [0001] || z) and in-plane field
H (|| [011̄0] || y). (b) Field dependence of the Nernst voltage in
the bilayer Pt/Fe3Sn film under out-of-plane ∇T and in-plane H
configuration at room temperature.

sample [39,52] (See also the Supplemental Material [57]). We
confirm a clear hysteretic behavior of the Nernst voltage Vxz

with the switching field of 20 Oe. Although ∇T is necessary
to estimate ANE from Vxz, it is difficult to directly measure
∇T in the thickness direction of the Fe3Sn layer. Therefore,
we try to estimate ∇T using the heat flux Q and the thermal
conductivity κ based on Fourier’s law (Q = κ∇T ). To obtain
the heat flux flowing perpendicular to the Fe3Sn film QFe3Sn,
ANE of amorphous CoFeB (50 nm) films on Al2O3 (430 µm)
substrates, which should be isotropic in character, is also mea-
sured under the same conditions as for the Fe3Sn film (Fig. S2
in the Supplemental Material [57]). From the detailed exper-
iments and calculations given in the Supplemental Material
[57], it is estimated that a heat flux of about 0.9(2) W/cm2

is flowing through the Fe3Sn film in the measurement
presented in Fig. 4(b). Moreover, using the thermal conduc-
tivity κFe3Sn = 13 W/Km of the bulk polycrystalline sample
[5], the temperature gradient and the temperature differ-
ence through the Fe3Sn layer can be estimated as ∇TFe3Sn =
0.7(1) K/mm and �TFe3Sn = 4.5(8) × 10−5 K, respectively.
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Therefore, we obtain ANE in the out-of-plane ∇T configura-
tion of Vxz/(l∇TFe3Sn) ∼ 2.9(5) µV/K. After shunt correction,
it becomes ∼3.6(7) µV/K, which is nearly the same value as
the out-of-plane component |Scalc

yx | = 3.0 µV/K.
Finally, the thermoelectric properties of the Fe3Sn film

are compared with those of other magnetic materials. The
output voltage directly related to the sensitivity of heat flux
sensors that detect perpendicular heat flux, which is con-
sidered one of the most promising applications of ANE, is
shown by Vxz = (Sxz/κ ) × dall × Q, where dall is the total
length of the magnetic wire parallel to the direction of gen-
erated electromotive force. In other words, a material with a
large Sxz/κ is more suitable for developing a high-sensitivity
sensor. In fact, since Sxz/κ = Vxz/Qdall, the coefficient of
the sensor’s sensitivity can be directly evaluated from the
measurement shown in Fig. 4(b). In the out-of-plane ∇T
configuration, Vxz/Qdall in bilayer Pt/Fe3Sn film is estimated
to be 0.22(4) µVm/W (0.27(5) µVm/W after shunt correc-
tion). For the comparison, we estimate the coefficient of the
sensor’s sensitivity from Sxz/κ for other systems and find
that the coefficient of our Fe3Sn films is larger than one for
other conventional FM materials (e.g., Py [74]: 0.02 µVm/W)
and topological AFM materials (e.g., Mn3Sn [18,75]:
0.08 µVm/W), and comparable to topological FM materi-
als (Fe3Al [39]; 0.22 µVm/W, Fe3Ga [39]: 0.25 µVm/W,
Co2MnGa [38,41,76]: 0.3–0.36 µVm/W).

IV. CONCLUSION

In summary, we have succeeded in fabricating the epitax-
ial Fe3Sn film with high-quality crystallinity and observed
strong in-plane magnetic anisotropy comparable to the bulk
single crystal. Our film shows large AHE and ANE, which
are comparable to or even exceeding those reported for bulk
samples. ANE under out-of-plane ∇T configuration shows
the large spontaneous Nernst voltage. Our successful thin-film
fabrication and findings of the large ANE lay the foundation
for the thermoelectric application of the nodal plane binary
system Fe3Sn based on inexpensive elements.
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