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Abstract of Thesis

Since its inception, the development of thermoelectric (TE) technology has made remarkable strides,
producing devices that not only have higher TE performance but are also smaller and cheaper. The idea of compact,
wearable, and environmentally friendly personal electronic devices that are capable of self—charging has become
more feasible in recent years. Accordingly, wearable devices can directly convert the waste heat of the human
body or environment into electricity via flexible TE generators. Nevertheless, the development of this
technology is strongly dependent on TE material that must have ductility and high TE performance at
low—temperature ranges. Studies of traditional TE materials over recent decades have shown that only a few
perform well at human body temperatures. Even those that perform well often have disadvantages including
heaviness, rigidity, and in particular, a lack of ductility. Recently, an experimental work uncovered the
extraordinary ductility of the inorganic semiconductor Ag,S, potentially paving the way for the development
of flexible TE materials. In the dissertation, the electronic structure and transport properties of potential
materials belonging to Ag and Cu chalcogenides are theoretically elucidated by using first—principles
calculations combined with the Boltzmann transport equation, aiming to understand the properties and then
improving their TE performance for flexible TE device applications

In the first topic, the electronic and transport properties of Ag,S are investigated. For the crystal
structure of Ag,S, we realize that the vdW force contribution significantly affects the stability of the Ag,S
structure due to its layered structure with a zig—zag shape. In addition, the formation of intrinsic defects
in the system is also discussed, revealing the effect of interstitial Ag defects on the n—type conductive
behavior of Ag,S. For optimizing the TE properties, the doping of transition metals (Ti, V, Fe, Mn, Cu, Au)
is used for tuning the electronic band structure of Ag,S. However, our results suggest that transition metal
doping at Ag-site is not really effective in improving the TE performance of AgsS.

In the second topic, we tried to improve the TE performance of Ag:;S by substituting Se impurity for S—site.
Accordingly, the presence of Se in the system not only reduces the band gap energy but also minimizes the
effective mass of the carrier. More importantly, the increased Se concentration in the lattice makes
interstitial Ag defects easier to form, contributing to a significant increase in the n—type carrier
concentration in the system. Thereby, suggesting the crucial role of Se in improving TE properties of Ag,S.

In the third topic, the electronic and transport properties of Cu,S are investigated. The sensitivity to
the temperature of Cu atoms in the lattice makes them really mobile and disorderly, which is considered a
liquidlike behavior. To overcome the complexity of the real structure, we used a theoretical model called
an acanthite—like for Cu,S, which is derived from a similar low—temperature phase of Ag,S. As a result, the
indirect bandgap nature of Cu,S observed in previous experiment works is confirmed in this work. In addition,
the formation of Cu vacancy was also indicated as the main cause of the p—type conductive behavior of the
system. Lastly, the use of the electron—phonon scattering approximation allows us to reasonably reproduce
transport properties, suggesting that the acanthite—like model is ideally suitable and can be used for TE

material design related to the low—temperature phase of Cu,S.
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