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Abstract: Thermoelectric (TE) conversion devices, as a kind of functional devices that can realize direct inter-conversion
between electricity and thermal energy, have important applications in the field of industrial waste-heat recovery, deep-space
and deep-sea power supply, semiconducting cooling, and high-precision bi-directional temperature control. This paper com-
prehensively reviews the recent research progress of six kinds of TE conversion devices in topological structure design, inter-
facial connection control, integrated manufacturing, and performance optimization strategies. These devices include low-tem-
perature , moderate-temperature, high-temperature single-stage TE conversion devices, and low-to-moderate temperature seg-
mented TE conversion devices based on the bulk TE materials; thermo-electro-magnetic all-solid-state cooling devices based
on the thermo-electro-magnetic materials; transverse TE
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Fig. 1 Ilustration of single-stage and segmented thermoelectric conversion devices!®) ; (a) single-stage thermoelectric conversion unit,

(b) single-stage thermoelectric conversion device; (c¢) segmented thermoelectric conversion unit, (d) segmented thermoelectric

conversion device
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Fig. 2 Manufacturing processes, power generation and cooling performance of the Bi, Te;-based thermoelectric conversion devices ) (a) de-

vice manufacturing processes; (b) comparison of device power generation performance; (c, d) changes of device internal resistance

and cooling performance after annealing at 473 K for different days
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Fig. 5 Principle of thermo-electro-magnetic all-solid-state refrigeration device!™ ; (a) illustration of the topological structure of device; (b) the

relation between system entropy change and temperature change during the refrigeration cycles
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Fig. 7 Thermo-electro-magnetic all-solid-state refrigeration device manufacturing and refrigeration performance
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