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            Abstract
Dye-sensitized solar cells based on titanium dioxide (TiO2) are promising low-cost alternatives to conventional solid-state photovoltaic devices based on materials such as Si, CdTe and CuIn1âˆ’xGa x Se2 (refs 1, 2). Despite offering relatively high conversion efficiencies for solar energy, typical dye-sensitized solar cells suffer from durability problems that result from their use of organic liquid electrolytes containing the iodide/tri-iodide redox couple, which causes serious problems such as electrode corrosion and electrolyte leakage3. Replacements for iodine-based liquid electrolytes have been extensively studied, but the efficiencies of the resulting devices remain low3,4,5,6,7,8,9. Here we show that the solution-processable p-type direct bandgap semiconductor CsSnI3 can be used for hole conduction in lieu of a liquid electrolyte. The resulting solid-state dye-sensitized solar cells consist of CsSnI2.95F0.05 doped with SnF2, nanoporous TiO2 and the dye N719, and show conversion efficiencies of up to 10.2 per cent (8.51 per cent with a mask). With a bandgap of 1.3 electronvolts, CsSnI3 enhances visible light absorption on the red side of the spectrum to outperform the typical dye-sensitized solar cells in this spectral region.
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                    Figure 1: Crystal structure and optical and electrical transport properties of CsSnI3. [image: ]


Figure 2: 
                        Energy levels of the components of the CsSnI
                        
                        3
                         solid-state solar cell.
                      [image: ]


Figure 3: 
                        Cross-sectional electron microscopy image of a CsSnI
                        
                        3
                        /TiO
                        
                        2
                         cell on Si.
                      [image: ]


Figure 4: 
                        Optical response of the CsSnI
                        
                        2.95
                        F
                        
                        0.05
                         cell and a conventional GrÃ¤tzel cell.
                      [image: ]


Figure 5: 
                        Photocurrent densityâ€“voltage (
                        J
                        â€“
                        V
                        ) characteristics of the solar cell devices under irradiation of 100â€‰mWâ€‰cm
                        â€“2
                         simulated AM 1.5 sunlight.
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        Editorial Summary
Solid progress for dye-sensitized solar cells
The efficiency and low cost of dye-sensitized solar cells based on titanium dioxide make them attractive for renewable-energy applications, but the use of organic electrolytes in the device structures renders them susceptible to leakage and corrosion. Mercouri Kanatzidis and colleagues have now identified a solution-processable inorganic semiconductor consisting of CsSnI3- xFx compounds that can replace the liquid electrolyte, yielding all-solid-state solar cells with impressive energy-conversion efficiencies, especially in the red region of the spectrum, where they outperform conventional dye-sensitized solar cells. These new compounds consist of inexpensive, Earth-abundant elements and can be processed at room temperature. With further optimization and improved dyes, much higher efficiencies should be achievable.
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