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Perovskite solar cells (PSCs) have garnered significant attention in recent years, owing to their cost-
effective solution processing and exceptional optoelectronic properties, such as high absorption 
coefficient, high mobility of charge carriers, low recombination rate, and tunable bandgap.[1] The 
composition of the perovskite significantly influences the power conversion efficiency (PCE) of PSCs. 
Among the studied compositions, the cubic α-phase of formamidinium lead triiodide (FAPbI₃), with 
its optimal bandgap of 1.48 eV approaching the Shockley–Queisser (S–Q) limit of 1.34 eV, shows 
great potential for higher PCE. A record-certified efficiency of 26.21% has already been realized with 
this material,[2] which is close to the maximum efficiency theoretically predicted by the S-Q limit 
(33.16%),[3] proving this to be a highly promising semiconductor for efficient solar cells. With the T80 

(aging time taken for the decay of the initial PCE to 80%) reaching over 9 years,[4] these hybrid PSCs 
have opened the door to further advancement in solar cell technology. 

Scaling-up of FAPbI₃ perovskite solar cells over large areas for commercialisation  poses several 
challenges. Current research indicates that the cubic black α-phase of FAPbI₃ is highly vulnerable 
to humidity and becomes unstable below 150 °C, converting into a yellow hexagonal δ-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-roll production on low-cost flexible substrates like 
polyethylene naphthenate (PEN) and polyethylene terephthalate (PET), which demand lower 
processing temperatures and shorter drying times.[5] Despite these obstacles, our efforts are 
dedicated to the significant objective of developing FAPbI₃ perovskite solar cells that are highly 
efficient, stable, and can be processed at lower temperatures in an ambient room environment. 

Our research underscores the pivotal role of compositional engineering in bolstering phase stability 
and reducing annealing temperatures. Among the various strategies, introducing Cesium (Cs+) ions 
into FAPbI₃ has emerged as a particularly promising avenue. The addition of Cs+ ions changes the 
Goldschmidt tolerance factor of FAPbI₃ from 1.04 to 0.9 -1.0, which is the ideal tolerance factor for 
the α-phase.[6] The presence of Cs+ ions fortifies the interaction between FA+ and I—, decreasing 
residual PbI2 and enhancing the optical stability of the PSCs.[1] 

It is crucial to meticulously regulate the incorporation of Cs+ ions to prevent phase segregation. Our 
ongoing work has carefully fine-tuned the Cs+ and FA+ ratio for α-CsxFA1-xPbI3 to avoid phase 
segregation. Our observations show that introducing Cs+ ions swiftly transforms the polytypes phase 
to α-FAPbI₃ during thermal annealing in an ambient environment. Furthermore, including Cs+ 
enables annealing temperatures below 150 °C, making it a viable option for roll-to-roll fabrication. 

Consequently, we fabricated various α-CsxFA1-xPbI3-based devices by adjusting the ratio of 0≤x≤0.2 
in an n-i-p configuration with the following device structure: Glass/ITO/SnO2/Perovskite/Spiro-
OMeTAD/Au. All device fabrication was done in an uncontrolled ambient environment at 25 °C and 
30-50% relative humidity. The J-V curve for the best α-FAPbI₃ and α-CsxFA1-xPbI3 devices is 
illustrated in Figure 1. All measurements were conducted in ambient conditions (approximately 30-
50% relative humidity), and the best device with composition α-CsxFA1-xPbI3 achieved 20.12% 
efficiency with 1.050 mV Voc, 24.83 mA/cm2 JSC and 77.2% FF.The α-FAPbI₃ based device achieved 
18.20% efficiency, 1.017 mV Voc,24.06 mA/cm2 JSC and 74.4% FF. The improvement in the 
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photovoltaic parameters after the insertion of the Cs+ ion into FAPbI₃ signifies the reduction of defects 
and the improvement of film quality. Figure 2 shows the statistical distribution of photovoltaic 
parameters for various α-FAPbI₃ and  α-CsₓFA₁₋ₓPbI₃ devices, all processed under an ambient 
environment.  

 

Figure 1. J-V curves of the champion device compared with α-FAPbI₃ 

 

 

Figure 2. a) Voc, b) Jsc, c) FF, and (d) PCE distributions for devices fabricated under ambient 
laboratory conditions. The device structure was ITO/SnO2/Perovskite/ Spiro-OMeTAD/Au. 

 

Our preliminary results indicate that the insertion of the Cs+ ion is beneficial for ambient processing 
of FAPbI3 formulations, reducing the the annealing temperature and time, providing phase stability, 
and increasing the device efficiency. The highest efficiency observed was 20.12%. However, the 
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work is ongoing, and we anticipate achieving a better uderstanding of the interaction between 
ambient environnment factors and film formation of FAPbI3 will unveil the critical role of Cs doping, 
which will enable even higher efficiencies and improved stability. Deeper photophysics 
characterisation and ISOS stability measurements are also currently underway. 
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