Multiscale models for perovskite optimisation
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Abstract

Perovskite solar cells have progressed extremely rapidly from 3.8% efficiency' in standard test
conditions in 2009 to 25.2% efficiency” in similar conditions in September 2024. Tandem
efficiencies have furthermore breached the single-junction Shockley-Queisser efficiency limit,
reaching a reported 34.6% efficiency’ in June 2024 awaiting certification. While this rapid increase
is unmatched by any other technology, it remains crippled by stability issues, an obstacle for the
industrial and societal application of these materials. This paper presents a multiscale approach to
evaluate the solar cell performance using perovskite material properties determined at the atomistic
scale from first-principles calculations, in device scale models. The atomistic models provide
optical, electronic, phonon, and structural properties. These properties, including charge transport
parameters, are coupled to a numerical drift-diffusion device model enabling evaluation of the
performance of corresponding single junction devices. Concerning materials, we present results on
both organic and inorganic perovskite materials. For the organic perovskites, a key element is
stability implications of the effect of phase transitions on the nonlocal lattice distribution of organic
moieties through the lattice. The materials phase transitions and chemical composition impacts on
the corresponding materials properties are investigated. The first-principles simulation applies a
hybrid exchange-correlation functional adapted to the studied family of compounds. Validation by
available experimental data is presented from materials properties to device performance, justifying
the use of the approach for predictive evaluation of existing and novel perovskites. The coupling
between atomistic and device models is described in detail by presenting a framework for exchange
of optical, vibrational, and electronic parameters between the two scales. While the main focus of
this work is perovskite materials and therefore of single-junction perovskite solar cells, the
extension to tandem solar cells is included given the importance of multijunction device exceeding
single junction Shockley-Queisser efficiency limits. The result of this theoretical investigation is a
methodology for designing and optimising perovskite materials for both cell performance and
stability, the key obstacle in the societal implementation of these record-breaking new materials.
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