
 

Demonstration of unconventional transverse
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Figure. (a) Schematic diagram showing the concept of Seebeck-driven transverse
thermoelectric generation (STTG). The charge current induced by the Seebeck
effect in the thermoelectric material generates a large thermoelectric voltage in
the magnetic material in the direction perpendicular to a temperature gradient.
(b) Transverse thermoelectric voltage as a function of the size ratio between the
thermoelectric and magnetic materials. The solid curves were calculated using
our phenomenological models describing the STTG and the square symbols were
measured in the experiments. (c) Schematic of the sample structure. (d)
Comparison between the transverse thermopower for plain Co2MnGa, in which
only the anomalous Nernst effect (ANE) appears, and the Co2MnGa-Si hybrid
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structure, in which both STTG and ANE appear simultaneously. Credit: National
Institute for Materials Science

A NIMS research team devised a new thermoelectric generation
mechanism with a hybrid structure composed of thermoelectric and
magnetic materials. The team then actually fabricated this structure and
observed the record-high thermopower appearing in the direction
perpendicular to a temperature gradient (i.e., transverse thermoelectric
generation). These results may offer insights into new mechanisms and
structural designs applicable to the development of versatile energy
harvesting technologies and highly sensitive heat flux sensors.

The Seebeck effect is a phenomenon in which a temperature gradient
across a metal or semiconductor is converted into a thermoelectric
voltage. Because this effect can be used to convert waste heat into 
electrical energy, its potential applications (e.g., autonomous power
sources for IoT devices) have been extensively studied. However,
Seebeck-effect-driven thermoelectric generation has disadvantages: a
thermopower is generated along the direction of a temperature gradient
(i.e., longitudinal thermoelectric generation). Because of this parallel
relationship, a thermoelectric material needs to be extended in the
direction of a temperature gradient to create large temperature
differences and resultant large thermoelectric voltage. Furthermore, in
conventional Seebeck devices, a complex structure composed of a serial
connection of many pairs of two different thermoelectric materials is
necessary to enhance a thermoelectric voltage. However, these
arrangements increase production cost, make the material/structure less
durable, and limit its practical applicability. In contrast, the anomalous
Nernst effect—a thermoelectric phenomenon that occurs only in 
magnetic materials—can generate a thermoelectric voltage perpendicular
to the direction of a temperature gradient. This effect may thus enable
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generation of a thermopower in a transverse direction, and the
thermoelectric voltage can be enhanced simply by increasing the length
of the material in the direction perpendicular to a temperature gradient.
Transversely extended thermoelectric materials are expected to have
significantly greater flexibility when integrated into modules and to
offset the aforementioned disadvantages related to the Seebeck effect.
However, the anomalous Nernst effect has been shown to generate only a
very small thermopower—less than 10 μV/K at near room
temperature—making its practical application difficult.

In this research project, the research team devised and demonstrated a
new thermoelectric generation mechanism in which a longitudinal
thermopower induced by the Seebeck effect in a thermoelectric material
can be converted into a transverse thermopower in a magnetic material
via the anomalous Hall effect. The team then simulated this mechanism
based on phenomenological model calculations and found it potentially
capable of generating very high thermopower beyond 100 μV/K
perpendicular to the direction of a temperature gradient when materials
and structures are optimized. To experimentally verify this result, the
team fabricated a hybrid structure composed of Co2MnGa—a magnetic
compound capable of producing the large anomalous Hall effect—and
semiconducting Si capable of producing the large Seebeck effect. This 
structure generated the record-high positive and negative transverse
thermopowers (+82 μV/K and -41 μV/K). The magnitude and sign of the
measured thermopowers are well reproduced by the prediction based on
the model calculations. The thermoelectric generation capability of the
composite can further be improved by material and structural
optimization.

The thermopower observed in this project was more than 10 times larger
than the previously recorded highest thermopower generated by the
anomalous Nernst effect. This result is expected to significantly advance
R&D efforts aiming to put transverse thermoelectric generation into
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practical use. In future studies, we plan to research and develop effective
magnetic and thermoelectric materials, create composite structures using
these materials, and optimize their structures. We will then use these
hybrid materials to develop energy harvesting technologies capable of
powering IoT devices and heat flux sensors that can be used for energy-
saving purposes.

This research was published in the online version of Nature Materials, a
British scientific journal, at 1:00 am on January 19, 2021, Japan Time
(4:00 pm on January 18, GMT).

  More information: Weinan Zhou et al. Seebeck-driven transverse
thermoelectric generation, Nature Materials (2021). DOI:
10.1038/s41563-020-00884-2
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