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ABSTRACT

Over the last decade a plethora of new thermoelectric materials, their alloys, and their nanostructures were
synthesized, while their performance more than doubled. The ZT figure of merit, which quantifies the thermoelectric
efficiency of these materials increased from values of unity to values consistently beyond two across material
families [1]. At the same time, the need to understand their electronic transport properties, and the ability to
identify and optimize such materials, has stressed the need for advanced numerical tools for computing electronic
transport in materials with arbitrary bandstructure complexity and multiple scattering mechanisms. The convenient
and arbitrary use of the constant relaxation time approximation offers limited predictive capabilities in this case,
because the scattering processes are energy, momentum, and band dependent, t(E,k,n). Fully ab initio electron-
phonon scattering methods exist, but they are computationally prohibitive and rarely used.

In this talk | will describe the development of our recently deployed advanced electronic transport simulator
ElecTra [2], which considers arbitrary DFT electronic structures of materials and allows for their full t(E k,n)
dependence, providing accurate and reliable extraction of thermoelectric properties of materials. The electron-
phonon scattering times considered are based on deformation potential scattering, for which however, deformation
potentials are in general unavailable. For this, | will describe a novel method that we have developed to extract the
necessary deformation potentials from first principles [3]. The new methods described, allow for the calculation of
the thermoelectric properties of materials at the same accuracy as fully ab initio methods, but at a fraction of the
computational cost, typically at less than 10%. Finally, a few examples of material performance evaluation studies
are discussed [4, 5].
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