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Optimization of Bismuth-Based Inorganic Thin Films for Eco-Friend,
Pb-Free Perovskite Solar Cells
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Absgract: Perovskite solar cells have received increasing attention in recent years because of their outstanding power
conversion efficiency (exceeding 22%). However, they typicdly contain toxic Pb, which is a limiting factor for
industrialization. We focused on preparing Pb-free perovskite films of Ag-Bi-I trivalent compounds. Perovskite thin films with
improved optical properties were obtained by applying an anti-solvent (toluene) washing technique during the spin coating of
perovskites. In addition, the surface condition of the perovskite film was optimized using a multi-step therma annealing
treatment. Using the optimized process parameters, AgBi2l; perovskite films with good absorption and improved planar surface
topography (root mean sguare roughness decreased from 80 to 26 nm) were obtained. This study is expected to open up new
possibilities for the development of high performance AgBi.l; perovskite solar cells for applications in Pb-free energy

conversion devices.
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Fig. 1. Schematic of Glass/ITO/Perovskite layer structure.
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Fig. 2. Absorption spectra of perovskite films washed with
chlorobenzene (CBZ), ether, toluene anti-solvents.
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Fig. 3. Optica band gap(Eg) extraction curve through the
onset wavelength of the perovskite thin film (AgBial7).

4001 "
350
300
250
200
150
100

50

AgBi,l]

intensity(a.u.)

T T T T T T ——
10 20 30 40 50 60 70
2 theta

Fig. 4. XRD measurement of AgBi.l; perovskite films.
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Fig. 5. AFM topography and 3D- surfaces of AgBi,l; Perovskite
films made (a b) without anti-solvent treatment and (c, d) with
toluene treatment.
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Fig. 6. AFM topography and 3D- surfaces of AgBil; Perovskite
films made (a, b) with single-step annedling and (c, d) multi-step
annealing.
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