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Aim of the research project
Perovskite solar cells (PSCs) is expected as a next-generation solar cell material, promising potential to replace the

traditional silicon solar cell material. The conversion efficiency of the PSCs continues to increase year by year.

The PSCs have stacking structures of the thin films, each of which can be synthesized with spin coating method

operating at room temperature. Currently preparation of efficient and stable PSCs with high stability and long-term

use is a major issue. Therefore, we are conducting research on the deterioration phenomenon of perovskite under

various environment and aim to develop PSCs with high stability, long life and high conversion efficiency.

There are two types perovskite layers in PSCs, i.e., organic-inorganic hybrid and inorganic perovskites. From the
viewpoint of the long-term use, inorganic perovskites are suitable, in which lead-halide perovskites are the best
candidates. Lead halide perovskites have some stable polymorphs depending upon the temperature in, i.e., -, -
and -phases. Among them, - and -phases with cubic and orthorhombic structured perovskites, respectively, have
good optical property for the above applications. However, the stable phase of Cs lead triiodide, CsPbI3, which has
the most suitable electronic structures for the applications among them, at room temperature is orthorhombic
non-perovskite structure. Hence, a lot of attempts have been done to stabilize the - and/or - phases at room
temperature by anion and cation mixings.
In the current study, influence of cation and anion mixings on phase stability and on the electronic structures of the
inorganic lead-halide perovskites are investigated by using the first-principles calculations within a density
functional theory (DFT) level, which will applied to the development of new stable and efficient light absorber for
the next generation solar cell.
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Contents and results of the research

In the current joint research project, we have performed the first-principles calculations within a density functional
theory (DFT) to investigate phase stability and electronic structures of inorganic perovskites using VASP [1] code.
In this year, we focused upon Cs lead tri-halide perovskites mixing the anion halides, Cl, Br and I. In addition to the
static first-principles calculations, lattice dynamics calculations using PHONOPY code was also carried out to
investigate temperature effect on the phase stability. Electronic structures such as band gap and density of states for
a series of Cs lead tri-halides with different anion rations were summarized. Cs lead tri-halide perovskites were
synthesized with pain coating method by a group of Prof. Yamamoto. Experimental phase stability and electronic
structures were discussed by the present DFT calculations.

Details of the DFT calculations can be noted at the following points:
1.We investigated the most stable phase taking into account anionic exchange in CsPbX3 (X = I, Br, Cl) by
constructing 10 models, i.e., CsPbI3; CsPbCl3; CsPbBr3; CsPbBrI2; CsPbClI2; CsPbICl2; CsPbIBr2; CsPbBrCl2;
CsPbClBr2; CsPbIBrCl for there different structures, i.e., -, - and - phases. Phase stability of the models was
determined by calculating the total electronic energy of the systems.
2. The electronic structures, i.e., direct or indirect band gap were carefully determined by the E-k band maps for all
models.
3. Thermodynamic characteristics such as Gibbs free energy, enthalpy, heat capacity of CsPbX3 (X = I, Br, Cl)
models have been obtained using the PHONOPY [2] code with calculated results by VASP.
4. Constructed theoretical phase diagrams for all model compositions based on the thermodynamic calculation
parameters.
5. Cs lead tri-halides were synthesized by the spin coating method.
6. Stability of the synthesized films were monitored by measuring the XRD for 2 weeks.
7. Electronic structures were examined by measuring diffuse reflectance spectra.
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Outputs of the project (publications, presentations, patents)

Results of the current joint research will be reported in the international conference and are under
preparation to be submitted to the international journals as joint papers.


