MWE 2025 FR3B-3

AL =T VT VEGER R &R A

Metamaterial Thermoelectric Conversion and Nonradiative Cooling
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Abstract

Thermoelectric conversion is a potential technology for recycling weak thermal energy existing in the environments,
and the thermal gradient across a thermoelectric device is the key to convert heat energy into electricity. It means
that thermoelectric conversion cannot occur in an environment with uniform thermal radiation where the
thermoelectric element does not experience a thermal gradient owing to thermal equilibrium.

Here, we propose a metamaterial thermoelectric device that can generate electricity even in a uniform-
temperature environment.!* We introduced a metamaterial absorber (MA), which comprised a silver mirror layer
and silver microdisk arrays sandwiching a calcium fluoride layer, at the one end of a thermoelectric device made of
bismuth antimony telluride. The MA absorbs thermal radiation emitted from the surrounding medium, resulting in
local heat generation because of absorption loss. The local heating propagates to the thermoelectric device, leading
to an additional thermal gradient. The heating efficiencies of the MA electrode and the opposite electrode of the
device are unbalanced, which induces the Seebeck effect and results in electricity generation.
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