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This contribution first covers the use of polystyrene beads as hard templating sacrificial agents
for the design of inverse-opal electron-conducting TiO, [1] and of CHsNH3Pbls perovskite
porous layers [2] through spin coating protocols, from which full solid-state architectures of
perovskite solar cells are consecutively assembled. The positive effect of the porous
structuration of the photoactive layers in comparison with dense, unstructured counterparts is
demonstrated. Moreover, the specific impact of the pore dimensions on the morphological and
optoelectronic properties of the structured layers is studied through structural (SEM, XRD),
optical (UV-VIS-NIR, ellipsometry) and electronic/electrochemical analyses (I-V curves, EIS).
The influence of the photon absorption intensity and lifetime on the charge recombination
mechanisms within structured and unstructured active layers is further discussed. Ultimately,
optimums of structural configurations are experimentally established in terms of light
harvesting and of power conversion efficiency, in good correspondence with numerical studies
[3,4]. Maximized light absorption is reached for 500 nm diameter pores structure, with photonic
enhancement factors as high as 9% with inverse opal TiO, photoanodes and 16% with inverse
opal perovskite layers, compared to unstructured compact benchmarks.

As other formulation of interest for solar cells, Cs,AgBiBrs double perovskite is considered as
a promising alternative, lead-free photovoltaic absorber due to its easy processability, high
stability, and reduced toxicity. In this context, our recent works have shown that spray-coating
could be used advantageously for depositing high quality Cs,AgBiBre double perovskite thin
films [5]. Microstructural and optoelectronic properties of spray-coated layers are compared
with spin-coated benchmarks, and consecutively assembled devices lead to 2.3%
photoconversion efficiency with high open-circuit voltage of 1.09 V. Further optimization is
considered through the design of combined layers of tetracene and Spiro-OMeTAD so to
strengthen the perovskite - hole transport material interface [6].

References

[1] A. Maho et al., ACS Applied Energy Materials 2021 4 1108, DOI: 10.1021/acsaem.0c02124
[2] N. Daem et al., ACS Applied Nano Materials 2022 5 13583, DOI: 10.1021/acsanm.2c03274
[3] M. Lobet et al., Optics Express 2019 27 32308, DOI: 10.1364/0OE.27.032308

[4] M. Lobet et al., Applied Sciences 2020 10 1783, DOI: 10.3390/app10051783

[5] N. Daem et al., Solar RRL 2021 5 2100422, DOI: 10.1002/s0lr.202100422

[6] N. Daem, J. Dewalque, D. K. Kim, G. Spronck, C. Henrist, P. Colson, S. Heutz, R. Cloots,
and A. Maho. Improved photovoltaic performance of lead-free Cs;AgBiBrs double perovskite
solar cells incorporating tetracene as co-hole transport layer. In preparation 2023.



-

o ] INI S :
ms) ism @ iRip b

m] 3 R Au n Grand Programme de Recherche (J |VerS]té
PPM | Matériaux post-pétrole *BORDEAUX

C_ D R Groupement
de recherche
2022 HPero Halide perovskites ’ \’ &

2026 CNRS think tank on halide perovskites






