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Numerical investigation of the effect of interface conditions in HTM-free and printable WOx based perovskite solar cells
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One of the remaining issues, impeding the commercialization of the low cost and high efficiency perovskite solar cells (PSCs) is the stability of the halide perovskite materials, including the light-induced degradation and the hysteresis effect. The perovskite/TiO x and perovskite/Au interfaces are numerically investigated, simulating the current-voltage (J-V) and capacitance-voltage (C-V) characteristics. Furthermore, a new approach is proposed for the modelling of Kelvin Probe Force Microscopy (KPFM). It is applied to hetero-structures in dark and under illumination, aiming at estimating the surface states on the top of the electron transport materials and understanding the charge carrier behavior inside the cells.
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 2 Experimental results from Etgar's group [4], (collaboration with Hebrew University of Jerusalem) Contact Potential Difference (CPD.Dark) and work-function as a function of the doping level, n(tTiO 2 ) and the surface trap density, its(TiO 2 ). b) Schematic representation of the static band alignment with acceptorlike trap density equal to 1E19cm -3 on the top of a 5E18cm -3 doped TiO 2 . Illustration of the basic measurement setup of Contact Potential Difference (CPD). Tip and sample are a) separated, b) connected at short circuit and c) under bias of V CPD . a) Experimental and simulated Surface Photovoltage (SPV). The simulated light power is 1 W/cm 2 . b) Computed surface work-function and Surface PhotoVoltage (SPV) as a function of the thickness of CH 3 NH 3 PbI 3 . The external light source is one sun. A new approach to modelling Kelvin Probe Force Microscopy for hetero-structures in the dark and under illumination has been presented. The approach has been tested by examining FTO/TiO 2 and FTO/TiO 2 /MAPbI 3 structures. Unexpected surface states on the top of TiO 2 layer are inferred by the combination of theoretical computation and experimental results. The basic applications of KPFM under illumination are analyzed as well. V oc Losses in PSCs a) Experimental J-V properties of TiO x /MAPbI 3 /Spiro-OMeTAD solar cells; black solid and red dash lines indicate forward and backward scan, respectively. The computed ideal case with only bimolecular recombination is drawn as blue dots. The curve shift to violet dash dot line with taking into account the local trap states, and it becomes worse with interface trap states as the green dot dot dash line. b) Experiment data in comparison with the computation with ITS and mobile ions. The tick labels of a) and b) are on the top𝑝 𝑛 + 𝑛 𝑖 + t 𝑛 (𝑝 + 𝑛 𝑖 ) -𝑞𝑛𝜇 𝑛 𝐸 𝑛 + 𝑞𝐷 𝑛 𝛻𝑛(𝑥) 𝐽 𝑝 = -𝑞𝑝𝜇 𝑛 𝐸 𝑛 -𝑞𝐷 𝑝 𝛻𝑝(𝑥) Interfacial heavily ndoped layer needed to fit experimental data The V OC loss of standard TiO x /CH 3 NH 3 PbI 3 /Spiro-OMeTAD PSCs could mainly come from the local trapassisted recombination in the bulk, besides the interface trap recombination and ion migration.V bi : built-in potential loss Yong HUANG et al , EPJ Photovoltaics 8, 85501 (2017) Yong HUANG et al , OQE, submitted Yong HUANG et al , NUSOD international conference (2017)
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