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Research Progress on Antimony Telluride Based Thermoelectric Thin Films
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(1. School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. School of Materials Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Micro thermoelectric devices based on thermoelectric films have promising applications in various fields such as
micro-zone refrigeration and power generation. Thermoelectric films with high power factor and large Z7 values are critical materials
in these devices. Sb,Tes;-based materials are outstanding p-type thermoelectric materials at room temperature. However, the
thermoelectric properties of Sb,Tes-based thin films cannot meet the requirement of practical applications. The research background
of thermoelectric materials is briefly introduced, the crystal structure of Sb,Te; is discussed, the preparation techniques of
Sb,Tes-based thin films are outlined, and the methods of improving the power factor and reducing the thermal conductivity of
Sb,Te;-based thin films are summarized. In particular, the effects of microstructure on thermoelectric properties are focused on to
clucidate the mechanism of improving thermoelectric properties of the films, which includes defects, preferential orientation,
nanoparticles, superlattice, organic-inorganic hybridization, and so on. In addition, the future research directions for Sb,Te;-based
thermoelectric thin films are discussed.
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Table 1 Thermoelectric properties of Sb,Te; based thin films deposited by different preparation techniques

) ) ) Film thickness/ ol S/ S/ K/
Film Preparation technique Substrate O 4 s o 2T Reference
nm (S:em ) (WV-K) (mWm K (Wm K
Sb,Tes Evaporation Si0,/Si(100) 1000 628.14 230.07 3.32 [48]
Sb,Te; Evaporation Si0, glass 2 500 790.00 187.00 2.76 0.94 0.88 [49]
Bio4Sb; 6Tes Evaporation Glass 190 640.00 236.00 3.56 [50]
Bi; 5Sbg sTes Evaporation SiO; glass 5000 760.00 226.00 3.88 0.91 1.28 [51]
Sb,Te; Magnetron sputtering Conductive glass 1500 779.42 261.56 533 0.91 1.75 [25]
BigsSb; sTes Magnetron sputtering Glass 563 800.00 219.00 3.80 [52]
BigsSb; sTes Magnetron sputtering AIN 1300 1230.00 198.00 4.82 [53]
Sb,Te; Magnetron sputtering SiO; glass 1000 820.00 229.00 4.30 1.06 1.22 [54]
BigsSb; sTes Magnetron sputtering AIN 490 1 460.00 191.30 5.34 [55]
Sb,Te; Ton beam sputtering BK7 glass 330 2361.00 161.00 6.12 [56]
Electrochemical . o
Sb,Tes . Ti/Cu/Ti/Si 10 000 281.69 441.20 5.48 [57]
deposition
Electrochemical .
Sb,Tes . Cr/Au/Si 50 000 400.00 170.00 1.12 [58]
deposition
Electrochemical Stainless steel
Sb,Tes . 300 1032.00 115.00 1.36 [41]
deposition (SUS304)
. Electrochemical Au/Pt/Cr/Si or
(Bi,Sb;_,)Te; . . 20 000 400.00 182.00 1.32 1.00 0.40 [59]
deposition stainless steel
Sb,Tes MBE GaSb/Si(111) 200 3238.30 138.00 6.17 [60]
BaF,(111) and
Sb,Tes MBE . . 1000 1 696.00 130.00 2.90 [61]
Si0,/Si
Big sSby sTes PLD Fused silica 180 736.98 194.00 2.78 [62]
Big4Sb ¢Tes PLD Si0,/Si 1250 2759.36 94.90 2.49 1.00 0.75 [63]
Big sSb; sTes PLD MgO 575 361.00 250.00 222 1.09 0.61 [24]
Graphene/SiO,/
Sb,Tes Plasma-enhanced CVD $i(001) >200 1 854.41 139.17 3.59 [64]
il

MBE is molecular beam epitaxy; PLD is pulsed laser deposition; CVD is chemical vapor deposition.
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Table 2 Optimal annealing temperatures of Sb,Te; thin films and corresponding thermoelectric properties at room temperature

Film Preparation technique Optimal annealing temperature/K o/(S-em™) S/(uv-Kh S2o/(mW-m K%  Reference
Sb,Te; Magnetron sputtering 573 650.00 125.00 1.02 [39]
Sb,Tes Electrodeposition 573 1 304.00 100.00 1.36 [41]
Sb,Tes Magnetron sputtering 523 1170.00 123.90 1.80 [70]
Sb,Te; Ion beam sputtering 673 2010.00 106.00 2.26 [68]
BigsSb;sTe;  Magnetron sputtering 673 380.00 178.00 1.20 [76]

#3 ShyTe; R RENRE RERNE R
Table 3 Optimal deposition temperatures of Sb,Te; thin films and corresponding thermoelectric properties at room temperature

Film Preparation technique Optimal deposition temperature/K o/(S-em™) S/(uV-K™) S2o/(mW-m K ?) Reference
Sb,Te; Magnetron sputtering 523 2 660.00 113.00 3.26 [77]
Sb,Te; Evaporation 493 1 .000.00 133.00 1.78 [78]
Sb,Te; Evaporation 503 960.00 171.00 2.80 [79]
Sb,Te; Evaporation 543 800.00 149.00 1.78 [80]
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Table 4 Thermoelectric properties of Sb,Te; thin films with different preferential orientations at room temperature

Reference Preferential orientation nx10"/cm™ w(em*V s o/(S-em™) S/(uV-K ™ S*o/AmW-m-K?)
[54] Ordinary 12.60 13.00 250.00 113.00 0.32
015) 9.50 27.00 410.00 157.00 1.01
000 3.10 161.00 820.00 229.00 4.30
[97] Ordinary 9.10 20.00 280.00 175.00 0.86
015)
000 4.20 89.00 670.00 214.00 3.07
[52] Ordinary 5.20 4.00 30.00 189.00 0.10
015) 7.00 16.40 180.00 189.00 0.60
000 7.90 62.50 800.00 219.00 3.80
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schematic diagram of (0 0 /) and (0 1 5) planes for Sb,Te;

thermoelectric properties of Sb,Tes thin films with different preferential orientations at room temperature®>>**” and the
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Table 5 Effects of Cu doping on the thermoelectric properties of Sb,Te; based materials
Reference Material nx10"%/cm o/(S-cm™") S%6/(mW-m ™K ?) zZT Type
[94] BigsSb 5Tes 2.00 400.00 2.03 0.70
Bulk
Cuy,005Bio.sSb 495Tes 4.00 1400.00 3.36 0.95
[95] BijsSb; sTe; 2.50 90.00 0.25 0.15
Bulk
Cuyg 6(Big.sSbi.sTes)g9.4 6.50 1 100.00 2.50 1.20
[96] Sb,Te; 12.69 320.00 0.27 (480 K)
Thin film
Cuy.4(SbyTes)os 6 19.46 460.00 0.38 (480 K)
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