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Abstract: We use time resolved THz spectroscopy to measure the doping density
in tin-based perovskites, where tin oxidation results in a significant background
hole population and analyze its effect on carrier phonon coupling and polaron
formation.

Tin-based halide perovskites (THPs) have emerged as promising candidates for both
photovoltaics and near - IR light emitting applications thanks to their high carrier mobilities
low band gap, ideal for pairing with Silicon in tandem solar cells [1]. A key characteristic
of THPs is the remarkable stability of acceptor defects such as Sn vacancies and |
interstitials, resulting in a large population of self — doping holes that can negatively impact
device performance if not adequately managed. As such, it is of critical importance to
devise strategies to both quantify and control the dopant hole densities in THPs by
compensating the oxidation state of Sn during material fabrication using additives such
as Snk2[2].

In this context, terahertz (THz) spectroscopy represents a powerful tool to characterize
the carrier populations and dynamics in THPs [3]. THz radiation is sensitive to mobile
charge carriers [4], as well as their coupling with lattice phonons [5]: this can shed light
on charge transport properties in THPs, as low frequency phonons in the THz range have
been shown to limit their thermal and electrical conductivity. However, as the doping
density affects both transparency to THz radiation and carrier phonon coupling, THz
absorption spectroscopies can be used as a sensitive, contactless probe to characterize
the self — doping density even in samples where it has been brought down to levels
comparable to background carrier densities suitable for device applications (e.g. 10 -
1016 cm®), and that could be challenging to characterize by traditional Hall effect
measurements. Furthermore, time resolved THz spectroscopy after optical excitation of
the material allows to follow the dynamics of photogenerated carriers with fs temporal
resolution enabling the retrieval of radiative and nonradiative carrier recombination rates
and identifying the additives effect on defect-assisted carrier recombination.

In this work, we study FACsSnls thin films with both high and low doping concentrations
with time resolved THz spectroscopy, and develop a robust technique to study doping
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hole density by fitting the THz conductivity with a Drude — Smith model. By supporting our
results with DFT calculations, we also investigate the effect of doping concentration and
defect states on optical phonon frequencies and their coupling to charge carriers.
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