A-cationic modification allows low temperature processing of FAPbI,
perovskite solar cells under an ambient room environment
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Introduction Device structure

Scaling-up of FAPbI; perovskite solar cells (PSCs) over large areas for commercialisation poses several challenges. Current research S{i“ Eg;;“‘Td:D
indicates that the cubic black a-phase of FAPbI; is highly vulnerable to humidity and becomes unstable below 150 °C, converting into a g:r{;& Ifbf
yellow hexagonal 6-phase, which is unsuitable for efficient solar cell performance. Furthermore, the high-temperature requirements and "" =
lengthy annealing process, along with the need for an inert environment, make it difficult to apply this technology to cost-effective, roll-to- ITO

roll production. Our research underscores the pivotal role of compositional engineering in bolstering phase stability and reducing Glass
annealing temperature. Among the various strategies, introducing Cesium (Cs*) ions into FAPbI; has emerged as a particularly promising| | ) 4|
avenue. The addition of Cs* ions changes the Goldschmidt tolerance factor of FAPbIl; from 1.04 to 0.9 -1.0, which is the ideal tolerance uncontrolled ambient environment at 25 °C

factor for the a-phase.The presence of Cs* ions fortifies the interaction between FA* and I~, decreasing residual Pbl, and enhancing the and 40-60% relative humidity, with

operational stability of the PSCs. Our preliminary results indicate that the the power conversion efficiency (PCE) increases from 19.05% annealing temperature of >150 °C, suitable Figure 1: Cs, ,sFA, gsPbl; film

upto ca. 21% and results in signficantly improved stability compared to FAPbI; as evident in Maximum Power Point (MPP) tracking. for future upscaling on flexible susbtrates. on $n0,/ITO/Glass.

device fabrication was done in an

Challenges in FAPbI;
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factor from 1.04 Improved phase Faster phase Improved photo Figure 2: Current-voltage plot for FAPbI; and Cs, ,-FA, ssPbl; devices; and External Quantum Efficiency
towards ideal stability conversion stability (EQE) plot for Cs, ;5FA, 55Pbl; device.
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Table 1: PV parameter for best FAPbI,; and Cs, ,-FA, ;-Pbl; devices measured under 1000 Wm>2, AM 1.5G
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Figure 3: Bar chart of device PV parameters: Open circuit voltage (V, ); Short Figure 4: MPP for Cs, ,-FA, z-Pbl, device; and Storage stability for FAPbI, and Cs,, ,.FA, ;-Pbl, devices.
circuit current density (J_); Fill Factor (FF); Power conversion efficiency (PCE).

J Cs, sFA, gsPbl; devices shows excellent storage stability retaining 100% of PCE after 2000 hours.
J Cs, sFA, gsPbl; devices retaining 88% of initial PCE after 290 hours of MPP.
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30 40 50 60 Figure 6: Scanning Electron Microscope (SEM) of FAPbI; and Cs, ,-FA, 3sPbl; devices spin coated on
20 (degree) corning glass.

Figure 5: XRD pattern of FAPbI; and Cs, ,FA, ,Pbl;and Cs, ,-FA, zsPbl, films spin J The grain size of Csy,FA,s-Pbl; films are smaller than FAPbI, films. However, the photovoltaic
coated on corning glass. parameters show that smaller grain size is not detrimental to PCE, indicating grain boundaries are benign.

Conclusion

J Our preliminary results indicate that the insertion of the Cs* ion is beneficial for ambient processing of FAPbI, formulations, reducing the the annealing temperature and time,
providing phase stability, and increasing the power conversion efficiency(PCE) upto 20.90% and retaining 88% of initial PCE after 290 hours.

) Future work: translation of the process to roll-to-roll fabrication.
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