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Abstract: With the development of environmental compatibility, thermoeleciric materials are required high performance
coupled with environmental friendly elements. Therefore, GeTe materials have been widely studied as an ideal alternative to
PbTe alloys owing to their non-toxic characteristics. In recent years, the doping method is considered to be the main way. Due
to the limitations of single element doping, double elements doping have become the leading ways. Meanwhile, the Pb
elements have gradually replaced by Sb, Bi and etc. This paper has introduced the crystal structures as well as band
structures. Moreover, the optimization methods have been summarized as well, including carrier concentration optimization,
energy band engineering and structure control. Nowadays, the GeTe thermoelectric devices are mainly p-type legs, while the
n-type of GeTe-based alloys are required for further research. Furthermore, the fracture of the interface in thermoelectric
devices caused by phase transition should be solved in the near future.
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Table 1 Research progress on GeTe-based thermoelectric materials in recent years

Author Year  Elements Melt Anneal Sinter 7T 7T,..(T/K)
Yaniv Gelbstein!'¢) 2013 Pb 1000 C/1 h 600 °C/96 h 550 °C/60 min/25 MPa 2.2 /
Kanishka Biswas!'®! 2015 Sh 950 C/6 h / testing ingots 1.85 0.85 (AT =400)
Yanzhong Peil””) 2016 Bi 800 °C/6 h 600 C/72 h HP-580 °C/80 MPa/40 min 1.8 /

JQ Ll 2016 Se 1 000 °C/24 h 700 °C/26 h SPS-550 °C./50 MPa/5 min 1.17 /

Lihua Wul2! 2017 In 1050 °C/24 h 500 C/70 h SPS45 MPa 1.3 0.7 (300-773)
Oliver Oeckler®) 2013 Sb/Li 700 C/1 h 550 C/12 h 700 °C/10 min 1.0 /
Yanzhong Peil®) 2016 Sb/Se 800 °C/6 h 650 C/72 h HP-630 °C/80 MPa/40 min 2 /

Suresh Perumal ') 2017  Sb/Bi 950 °C/6 h / HP-600 °C /45 MPa/7 min 1.8 1.24(300-725)
Ho Seong Lee!*?) 2018 Sb/Si 950 C/3 h 550 «C/10 h / 0.67 /

Jin Zou!?! 2018 Sb/In 950 C/6 h 650 C72 h SPS-500 °C./55 MPa/5 min 2.3 1.6 (300-780)
Qingyu Yan!®' 2018  Sb/Pb 1 050 °C/6 h 600 °C/48 h SPS-600 °C./40 MPa/10 min 1.38 1.04 (300-773)
Bhuvanesh 3! 2018  Sb/Ga 950 C/12 h / SPS450 °C/85 MPa/5 min 1.95 1.85 (600-773)
Xianli Sul?] 2018  Sh/Mn 1100 °C/24 h 500 °C/72 h SPS-500 °C./50 MPa/5 min 1.61 1.09 (400-800)

Sankar Raman!®) 2018 Sh/P 600 C/12 h 590 C/24 h HP-500 °C /45 MPa/30 min 1.72 /

Luo Yue '?! 2019  Sb/Cu 1 000 °C/6 h /72 h SPS-500 °C/5 min 1.62 0.85(300-773)
Tong Xing 2! 2019 Sh/Mg 1100 °C/12 h 600 C/120 h  SPS-550 °C/60 MPa/10 min 1.84 1.2(300-800)
Eden Hazan®! 2015  Bi/Cu 1 000 °C/15 min / HP-550 °C /25 MPa/30 min 1.65 /
Zihang Liu[?°! 2018  Bi/Mn Ball milling 5 h / HP-500 °C/90 MPa/2 min 1.5 1.1 (300-773)

Jin Zou!"! 2018  Bi/Cd 950 C/6 h 650 °C/72 h SPS-550 °C./55 MPa/5 min 2.2 /

Yanzhong Peil®! 2018  Bi/Pb 850 C/6 h 700 °C/72 h HP-600 °C/80 MPa/40min 2.4 1.5 (300-600)

J. Q. Lif¥] 2014 Pb/Yb 1 050 °C/20 h 600 C/10 h SPS-500 °C/50 MPa/5 min 1.4 /

Yanzhong Peil*) 2017 Pb/Se 950 C/6 h 600 C/72 h HP-580 °C/80 MPa/40 min 2.2 >1.2

Chaohua Zhang'*') 2018 Pb/Se/Sm 1 050 °C/20 h / SPS-500 °C/50 MPa/5 min 1.03 /
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