Investigation of novel triphenylamine hole transport wide-bandgap perovskite solar cells
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Содержимое, созданное искусственным интеллектом, может быть неверным.]Wide-bandgap perovskite solar cells (wPSCs) with bandgap Eg>1.8 eV are gaining popularity due to possible application in tandem solar cells with improved efficiency. Mostly photovoltaic devices with wide-bandgap perovskites comprise the same hole transport material (HTM) as devices with standard perovskite CH3NH3PbI3 (Eg = 1.4 eV) [1]. This results in a mismatch between the highest occupied molecular orbital (HOMO) energy level of the HTM and the perovskite, which leads to energy losses during charge transfer and entails a significant reduction in device efficiency. Therefore, there is an urgent need for the design of HTMs possessing deeper lying HOMO energy level enabling alignment with wide bandgap perovskites. In this work, we investigated novel triphenylamine based HTMs 5,5',5''-(nitrilotris(benzene-4,1diyl))tris(thiophene-2-carbaldehyde) (TPA-TCO) and 2,4,6-trimethyl-N,N-bis(4-(5'(triisopropylsilyl)-[2,2'-bithiophen]-5-yl)phenyl)aniline (DPMes-TT) with a promising widebandgap perovskite Cs0.05(CH3NH3)0.15(CH(NH2)2)0.8Pb(I0.75Br0.25)3 [2].
Fig. 1. Structure of TPA-TCO and DPMes-TT molecules
First, thin films based on TPA-TCO and DPMes-TT were investigated with a set of techniques to evaluate their suitability for p-i-n wPSCs. The wettability of the thin films by the perovskite solution was evaluated to ensure the formation of high-quality photoactive layers on top. The optical absorbance of the obtained films was analyzed using UV–vis spectroscopy. The quality and uniformity of the HTM films after DMF washing were confirmed by atomic force microscopy.
In the next step, devices with various configurations incorporating the investigated HTMs and wide-bandgap perovskites were fabricated. The best characteristics were achieved with the configuration Indiumtin oxide/NiOx/HTM/Cs0.05(CH3NH3)0.15(CH(NH2)2)0.8Pb(I0.75Br0.25)3/ [6,6]-phenyl-C61-butyric acid methyl ester/Mg/Ag. The study of photoluminescence and timeresolved photoluminescence spectra showed that the higher efficiency of the device with the studied materials may be associated with better passivation of physical impact defects. Our study confirmed the potential of triphenylamine based HTMs for the application in p-i-n wPSCs.
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