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Organometal-halide Perovskite Solar Cell: High Efficiency, Up-scaling process and stability   
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Since three years, perovskite-based  photovoltaic devices grew up to 22% in terms of conversion efficiency. Up scaling and stability issues are still under evaluation to validate its role as promising candidate to compete with the other thin-film photovoltaic technologies .     

In this work, we show the results obtained regarding the main hot-topics such as: high efficiency, up-scaling and stability.  Large area (1cm2) test PSCs are fabricated by using an optimized solvent engineering approach achieving an average efficiency of 13.5% with a best efficiency of 15.4%. The scaling up from small area (0.1 cm2) to large area PSCs resulted in an efficiency loss of only 9%, with an efficiency of 17.1% for the best small area PSC. Regarding the up-scaling process, we optimized the realization procedures scaling up the process up to 100cm2. The results show a best efficiency of 13% on 10 cm2 as active area, 12.5% on 60cm2 and  9% on 100cm2, respectively. The issues related to the up-scaling are also discussed by changing the perovskite deposition from spin-coating to blade-coating techniques. Furthermore, we tested the stability of high efficient mesoscopic CH3NH3PbI3 perovskite solar cell (PSCs) after the development of  a cost-effective encapsulation technique. The main degradation factors (temperature, humidity and light exposure) are evaluated using long-term stability tests such as: Shelf Life (>1000h, RT @ 30RH%),  Humidity Test (>100h, 40-50°C @ 95RH%), Thermal Test (>250h, dark condition, 60°C and  85°C) and Light Soaking Test (>200h, MPP condition).
The results show the intrinsic stability of the CH3NH3PbI3 perovskite structure and doped Spiro-OMeTAD. The devices maintain more than 70% of the initial efficiency after Shelf life, Humidity Test, Thermal Test at 60°C and Light Soaking Test. This shows the beneficial effect of the proposed sealing procedure. The intrinsic degradation is still present due to the instability of the active layers. To understand some degradation effects, scanning transmission electron microscope was used and elemental mapping was acquired through energy-dispersive X-ray analysis on aged cells. Finally, we report the main stability issues related to the intrinsic stability of both CH3NH3PbI3 perovskite and Spiro-OmeTAD materials.   
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