Modeling the perovskite solar cell and the ion migration
with physical approach based on FEM from Silvaco
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The hybrid perovskites have emerged as the promising alternative materials of silicon-based
solar cells in PV industry due to high absorption coefficient [1] and long carrier lifetimes and diffusion
lengths [2]. Even though the power conversion efficiency of perovskite solar cells (PSCs) has increased
rapidly to 25.2 % in 2020 [3], PSCs have still drawbacks such as J-V hysteresis of which origins are
not fully understood yet but might be ion migration [4], [5]. Therefore, studying factors causing J-V
hysteresis is required to develop strategies for resolving the issue.
In this work, modeling of ion migration in the PSCs with physical approach based on finite
element method is studied. As the time-transient state is necessary to investigate the hysteresis, the
simulation is performed in time-transient state by using Atlas, Silvaco. The ion migration in
methylammonium lead halide perovskite (CH3NH3PbI3) is described by drift-diffusion model. The ion
migration and accumulation induce the electric field compensation and result in the J-V hysteresis. We
examined the J-V hysteresis dependent on various factors: ion diffusion coefficient, preset voltage time,
and voltage scan rate.

Figure 1. (a) A scheme of PSCs with the compensation of built-in electric field due to the ion migration. The cations represent
the iodine vacancies and they transport to the anode side due to the built-in electric field. (b) The J-V hysteresis dependent on
the voltage scan rate.
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