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Development of SnS for

the next generation thermoelectric applications
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Development of SnS for the Next Generation Thermoelectric Applications

Kuei-Hsien Chen (Institute of Atomic and Molecular Sciences, Academia Sinica)
Yang-Yuan Chen (Institute of Physics, Academia Sinica)

INTRODUCTION
Thermoelectric power generation (Seebeck effect) and cooling (Peltier effect) have been discovered about 200 years ago.
Substantial understanding and thermoelectric devices have been developed.
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Thermoelectric power generation has been demonstrated to be reliable in NASA’s space missions and and future Mars rovers.
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HOLDBACKS

Due to the cost of the TE materials, thermoelectric devices are only implemented 1n niche applications such as space missions
and defense industries.
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Recent TE cooler and wine cheerer have been
available on the market, but with limited revenue.
Low-cost and high-performance materials are
needed to contribute to the energy arena.

OUR APPROACHES

Design and synthesis of high performance TE materials based on low-cost earth-abundant materials such as Tin Sulfide (SnS).
We applied Bridgeman single crystal growth method, solid state reaction technique, magnetron sputtering, spark plasma
sintering (SPS), and various doping technique to produce SnS of different thermoelectric properties.
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Results

e Single crystal growth: High performance p-type SnS with ZT~3.0 has been achieved via Na and Pb co-doping.
e Polycrystal growth: Significant enhancement in ZT up to 0.3 has been demonstrated via Na and Ag co-doping.
e N-type SnS growth: Up to ZT~0.35 has been achieved via S-poor/Sn-rich sample using SPS technique.
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Conclusions

e Record high thermoelectric performance of ZT~3.0 near room temperature has been demonstrated via co-doping of SnS,
which 1s very attractive for TE cooling applications.

e Major progresses has been achieved in polycrystalline and n-type SnS, which important for future device fabrication.

e Further device fabrication 1s underway for power generation and cooling applications.
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