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Fig. 1. (a) Schematic diagram of thermoelectric joint Fe/
PbTe interface contact resistance test; (b) schematic dia-
gram of thermoelectric joint PbTe/Fe shear strength test.
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Fig. 2. (a), (b), (c) PbTe, PbygTeyg gy, PbdgggTesq and

literature intrinsic PbTe! resistivity, Seebeck coefficient

and power factor with temperature schematic diagram.
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Fig. 3. (a) EDS spectrum analysis of sample 1 (Pbsg g1 Tey90/Fe); (b), (c), (d) scan pictures of sample 2 (Pbsg o Tes9.99/FeqsPbg s
Teg.05)s 3 (Pbso.o1Tes9.00/FeqsPbo.1sTen15), 4 (Pbso.oiTesn.go/FeocPbo15Te.25)-
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Table 1.  EDS spectrum analysis of region I and re-
gion IT in Fig. 3(b).
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Fig. 4. Comparison of Gibbs free energy of Te reacting with
Fe and Pb respectively.
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Fig. 5. (PbTe)ysFeq 5 and sample 3 (Pbsg g1 Te49.99/Feo7Pbg 15
Tey15) XRD pattern of interlayer material.
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Fig. 6. Scanning diagram of sample 3 (Pbsg g Te9.99/Fegr
Pby.15Tey15) at 500 C for 10 d.
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Fig. 7. Energy band changes of Fe electrode and PbTe

before and after contact.
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Fig. 8. Samples 1 (Pbsg g1 Tesggo/Fe), 2 (PbsgoiTes900/Feos
PbgisTegos); 3 (PbsooiTesngo/FeorPboisTeos), 4 (Pbsoor
Teyg.90/FegsPbo1sTegas) contact resistance before and after
aging at 500 °C, 10 d.
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Fig. 9. (a) XRD patterns of the electrode side of thermoelec-
tric connectors 2 (Pbsg 01 Teag g9/Feq sPbo15Teq ), 3 (Pbsoor
Teug 99/ Feq 7Pbo1sTeq1s), 4 (Pbsg o1 Tes-g0/ FegsPboisTeqas);
(b) variation of the resistivity of PbTe, PbyggTeqg g9,
(PbTe)ysFeg 5 PbsgosTeqggs with temperature.
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Fig. 10. Pbsg o1 Tesg.99/Feq7Pbg15Teg 15 microstructure and
element surface division at the connection interface: (a) Mi-

crostructure; (b) Pb element; (c) Te element; (d) Fe element.
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Fig. 11. Shear strength comparison of samples 1 (Pbgy;
Teyg.90/Fe), 2 (PbsgiTesgg0/FeosPboisTeons); 3 (Pbsoor
Teyg.99/Feq1Pbo15Teqs5), 4 (Pbso.oiTesggo/ FeoePboisTeas)
before and after aging at 500 C 10 d.
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Interface performance of PbTe-based thermoelectric joints”
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Abstract

The conversion efficiency of thermoelectric material PbTe is high. A high-quality and high-conversion-
efficiency PbTe thermoelectric connector is investigated systematically. Excess Pb in composition can increase
the carrier concentration and improve the thermoelectric performance of PbTe. The composite electrode can
improve the interface barrier and reduce the contact resistance. Traditional processes of making contacts onto
bulk crystalline PbTe-based materials do not work for reducing the contact resistance by inhibiting element
diffusion and increasing the shear strength at the same time. In this study, we consider a composite electrode
which can form an intermediate layer to suppress the diffusion of the Pb element on the PbTe side. This work
not only reduces the contact resistance, but also increases the shear strength. The sample Pbsg g Te g9 is
obtained by adjusting the stoichiometric ratio of PbTe; Te and Pb are mixed in the Fe electrode. The composite
electrode and Pbgg g Tey g 99 are hot-pressed and sintered in one step to obtain the required PbTe thermoelectric
electrode joint. We find that the contact resistance of the composite electrode is reduced by nearly 75%
compared with that of metallization layer (Fe) connection. The smallest value is 26.610 pQ-cm? which is closer
to the lowest 10 p€-cm? reported in the literature than the counterpart of pure Fe electrode, and the shear
strength is also greatly improved simultaneously. This work provides a new idea for obtaining PbTe

thermoelectric connectors with excellent performance.
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