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Abstract: Defects in solids play a vital role on thermoelectric properties through the direct impacts of electronic band structure

and electron/phonon transports, which can improve the electronic and thermal properties of a given thermoelectric semiconductor.

Defects in semiconductors can be divided into four different types depending on their geometric dimensions, and thus

understanding the effects on thermoelectric properties of each type is of a vital importance. This paper reviews the recent

advances in the various thermoelectric semiconductors through defect engineering focusing on the charge carrier and phonon

behaviors. First, we clarify and summarize each type of defects in thermoelectric semiconductors. Then, we review the recent

achievements in thermoelectric properties by applying defect engineering when introducing defects into semiconductor lattices.

This paper ends with a brief discussion on the challenges and future directions of defect engineering in the thermoelectric field.
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Fig. 1. The schematic drawing of various defects in solids and related
effects on electronic and thermal properties.
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Fig. 2. Illustration of representative defects depending on their

geometric dimensions. (a) Common point defects, (b) one-
dimensional edge dislocation, (c) two-dimensional planar defects, and
(d) three-dimensional volume defect.
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Fig. 5. Vacancy-induced dislocation in SnTe rock-salt thermoelectric materials. (a) TEM image of highly dense dislocations with Illustration
of rock-salt structured SnTe with cationic vacancies, (b) room temperature Seebeck coefficient concerning carrier concentration, (c)
temperature-dependent lattice thermal conductivities of various samples, (d) variation in lattice thermal conductivity as a function of the
amounts of Sb2Tes in SnTe matrix with the prediction by Kelemens-Drabble theory (black), and (e) a comparison for the figure of merit (ZT)
of materials with different compositions. Reproduced with permission from Elsevier (2020) Ref. [25].
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Fig. 6. Solution-based synthesis of BixTes-based thermoelectric
nanomaterials. (a) Cross-section transmission electron microscopy
(TEM) image of the interface between BixSe; (BS) and BixTe; (BT)
nanoflakes, (b) band alignment at the interface between BT and BS,
(c,d) temperature-dependent Seebeck coefficient (c) and power factor
(d) of nanocomposites. Reproduced with permission from Elsevier
(2013) Ref. [5], (e) energy dispersive X-ray (EDS) mapping of
Bi>Ses@Biz2Tes core-shell nanoplate, (f-h) TEM images of sintered
pellets showing a large area cross-section (f), a magnified cross-
section, and (h) in-plane of the sample, and (i) comparison of thermal
conductivities of sintered pellets prepared with BixSes (black) and
BixSe;@Bi.Te; synthesized at a molar ratio of [BS]:[BT] =
(BS1BTY, red) and [BS]:[BT] = 2:8 (BS2BTS, blue). Reproduced
with permission from American Chemical Society (2015) Ref. [58].
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