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Transverse thermoelectric conversion, in which a 
temperature gradient induces a transverse electric field, 
represents a promising avenue for next-generation 
energy harvesting technologies.  Unlike conventional 
longitudinal thermoelectric systems, transverse 
thermoelectric devices offer simpler structures and 
enhanced thermal energy harvesting efficiency due to 
minimized electrical and thermal contact resistance. 
Among transverse thermoelectric effects, the anomalous 
Nernst effect (ANE) in magnetic materials stands out as 
a key phenomenon. The performance of transverse 
thermoelectric conversion for ANE is characterized 
using the figure of merit zTT (= ST2σyyT/κxx), where ST, 
σyy, κxx, and T denote the transverse thermoelectric 
coefficient, electrical conductivity, thermal conductivity, 
and absolute temperature, respectively. Previous 
studies have demonstrated that metallic superlattices 
can enhance ST [1, 2]. In addition, the inherent structural 
anisotropy of superlattices, as illustrated in Fig. 1(a), 
holds potential to reduce out-of-plane κxx while 
maintaining in-plane σyy, leading to an enhancement of 
zTT. Despite these advantages, a reliable method to 
evaluate zTT in thin films, including superlattices, had 
not been established.

To address this challenge, we proposed and 
demonstrated a novel methodology for accurately 
evaluating zTT in thin-film forms [3]. Our approach 
involves measuring κxx, ST, and σyy using the time-
domain thermoreflectance, the heat flux method, and 
the four-terminal method, respectively. This technique 
was applied to epitaxial and polycrystalline Fe/Pt 
superlattices with varying stacking repetitions N. The 
high-angle annular dark-field (HAADF) scanning 
transmission electron microscopy (STEM) images 
indicated that all the Fe/Pt superlattices successfully 
formed layer stackings with clear interfaces [inset of Fig. 
1(b)]. We systematically investigated the dependence of 
κxx, ST, and σyy on N, and evaluated zTT using three 
parameters. We found that the superlattice structure 
effectively suppresses κxx, while ST drastically increases 
with increasing N, resulting in a significant enhancement 
of zTT as shown in Fig. 1(b). Furthermore, we clarified 
epitaxial superlattices have higher transverse 

thermoelectric conversion performance than 
polycrystalline superlattices. This study represents a 
pioneering effort in the evaluation of zTT in thin-film 
forms. Our proposed method will provide design 
guidelines for thin film materials that exhibit high 
transverse thermoelectric conversion performance. We 
anticipate that this approach will accelerate materials 
research in thermoelectricity and spin caloritronics, 
paving the way to advanced energy harvesting solutions.
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Quantitative Evaluation of Figure of Merit for Transverse 
Thermoelectric Conversion in Fe/Pt Metallic Superlattices
Transverse thermoelectric conversion, driven by the anomalous Nernst effect in magnetic materials, offers simplified 
structures for applications, and attracts much attention as an efficient energy harvesting technique. We developed a 
novel method to evaluate the transverse thermoelectric figure of merit zTT in thin films and applied it to Fe/Pt superlattices. 
Our method clarified that a larger repetition number and the epitaxial growth of superlattice significantly enhance zTT.
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Fig. 1 (a) Schematic illustration of transverse thermoelectric 
conversion due to ANE in a metallic superlattice. (b) N 
dependence of zTT for epitaxial and polycrystalline Fe/Pt 
metallic superlattices. The inset shows cross-sectional 
HAADF-STEM images of the Fe/Pt superlattice.
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