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Thermoelectric Device: Contact Interface and Interface Materials
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Abstract: Thermoelectric power generation via Seebeck effect features an unique advantage in converting large
amount of distributed and low-grade waste heat into electricity. Thermoelectric materials have become a hot topic of
research in the field of new energy materials, guided by the high figure of merit ZT. Although various mid-temperature
thermoelectric materials were discovered, the industrial application of these materials, especially in power generation
applications, progressed very slowly. The staggering interface technology associated with thermoelectric device re-
stricted the advance of thermoelectric conversion technology. In this review, the bottleneck issues of utilizing
Bi,Te;-based devices for power generation were used as an example to illustrate the critical interface technologies. The
key issues at designing electrode contact interfaces were summarized, including low contact resistance, high bonding
strength, and superior thermal chemical stability at high temperature. The recent progress on the metallization and in-
terfacial barrier layer for typical materials of Bi,Te;, PbTe and CoSb; were also reviewed.
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Fig. 1 Schematic diagram of structure of thermoelectric de-
vice (a) and electrode interface (b)
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Table 1 Compositions of some solders as well as the

temperature (T) at liquidus and solidus!®!

T range .. o Liquidus  Solidus
C Compositions/wt% 77°C 77°C
52 In+48 Sn 118 118
85 Sn+10 Bi+5 Zn 190 168
100-200
63 Sn+37 Pb 183 183
91.2 Sn+8.8 Zn 198.5 198.5
50 Sn+50 Pb 212 183
200-300 96.5 Sn+3 Ag+0.5 Cu 220 217
95 Sn+5 Sb 240 232
5 Sn+95 Pb 312 305
300-400 95 Pb+5 Ag 364 305
75 Sn+0.25 Sb+
0.25 Bi+24.5 Pb 380 370
94 Sn+0.2 Pb+5.8 Sb 461 450
400-500 .
88 Pb+11.75 Sb+0.25 Bi 473 473
97 Pb+0.4 Sb +
500—-600 2.35 Ag+0.25 Bi >80 >80

8.5 Sn+90 Pb+1.5 Ag 588 588
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Fig. 2 Interface micrograph of commercial Bi,Te; refrigera-
tion device after the thermal cycle test!!”!
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Fig. 4 Schematic diagram of a scanning voltage probe for
contact resistance measurement, and a Bi,Te;-based leg (inset)
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