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Abstract: Thermoelectric materials that realize the direct energy conversion between heat and electricity, have been con-
sidered as promising alternatives to meet the challenges of the global energy dilemma. However, the low energy conversion
efficiency limits its wide application. The properties of thermoelectric materials are closely related to its microstructure ( such
as point defects, dislocations, interfaces, second phase particles, pores, etc. ), the precise microstructure characterization
of thermoelectric materials not only is crucial to profoundly understanding the material itself, but also helps to design new
materials with properties. In this review, we illustrate the structure-property correlations from the perspective of calculation
formula of electrical and thermal transport performance, and show how to tune the electrical and thermal transport perform-
ance of thermoelectric materials through structure control. The application of transmission electron microscope in thermoelec-
tric materials is reviewed, including the characterization of atomic, nano and mesoscopic full-scale defect structures.
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Fig. 2 Electron diffraction patterns for crystal-structure determination: (a) grain boundary, (b) phase boundary[“ ; (¢, d) twins and

twin boundary of Bi 4Sb, ¢Tes [4]. (&) nanoscale layered precipitates with 1/3 superlattices of K-doped PbTe-PbS™* ; (f~h)

nanoscale layered precipitates with 1/2 superlattices of BiAgSeSHSV
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Fig. 3 High resolution transmission electron microscope structure imaging for nanoscale or atomic-scale defect; (a, b) edge dislocations

at grain boundary and phase boundary of K-doped PbTe-Pbs'* ;

ry of SnTe matrix and InTe precipitation“ﬂ

cubical precipitates in K-doped PbTe-Pbs'*

; () stacking fault along (001) of Gey g Sh  Ing o Tel**

(¢, d) twin boundary of Bi,Te, ;Seq ;%) ; () phase bounda-

; (g, h) platelet-like and
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Fig. 4 Scanning transmission electron microscopy technology for Z-contrast imaging: (a) ABF image for nano-scale cubic Cu,Te precipitates in

PbTe Matrix'*!; (b) ABF images for high-density dislocations in PbSe+2Na+10Te+0. 5Cul™; (¢)HAADF image for nanoprecipitates

segregated at grain boundaries !

! ; (d)HAADF image for layered MnTe nanoprecipitates in SnTe matrix

[52]
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Fig. 5 Characterization of atomic defects by spherical aberration corrected scanning transmission electron microscope: (a~c) high-density

Pb vacancies in PbTe[*); (d) Se atoms replace S atoms in SnSy ¢;Seq 09'>*; (e, f) Cu interstitial atoms in PbTe-5. 5%
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