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First-principle Study of Electronic and
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Abstract; In recent years, Cs,Snl, has been used in solar cells as a non-toxic and stable new per-
ovskite material. The power conversion efficiency (PCE) has exceeded 8.5% since the PCE of 1%
was first reported in 2014, making the perovskite solar cells the best potential candidate of the new
generation solar cells to replace the lead-based perovskite solar cells in the future. The electronic
structures and absorption spectra of the defect perovskites Cs,Snl, were investigated by first-princi-
ples calcuation using PBE and HSEQ6 hybrid functional. The results show that optic band gaps
based on HSEQ6 are 1.023 eV for Cs,Snl; at the I'-point, illustrating a direct band gap. Electronic
structures calculations show that the conduction band mainly consists of hybridization between the
halogen p orbitals and Sn 5s orbitals, whereas the valence band is composed of the halogen p orbit-
als. The Cs,Snl; film is adopted as a light absorber layer for a lead-free perovskite solar cell and the
power conversion efficiency 26. 1% with open-circuit voltage of 0. 91 V and short-circuit current of
32.86 mA/cm’ is realized by optimizing the perovskite absorber thickness of 10 wm. It provides a

reference for the experimental preparation of high-efficiency Cs,Snl; perovskite solar cells.
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Fig. 1 Crystal structure of Cs,Snlg
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Tab.1 Comparison of our work with experimental and theo-
retical values
Structural
Band gap
Method parameters
a/nm E,/eV
PBE 1.203 6 0.344
This work
HSEO06 1.201 2 1.023
[13] 1.163 8 1.26
Experimental [14] 1.162 7 1.26
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PBE! " 1.201 6 0.346
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Theoretical mb]
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Fig.2  Projected band structures and orbital projected densi-
ties of states for Cs,Snl;, showing the contributions
of the I 5p states in blue, the Sn 5s states in red,

and the Sn 5p states in green.
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Tab.2 Calculated effective mass of Cs,Snl

Plane  my/ my,,/ m,/
Method o
directions  m, m, m,
r-x 0.682 20.471 0.279
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This work
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Theortical

HSE06!?7!  T-L.  0.643 1.491  0.306
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Fig.3 (a)Refractive index n( ) and extinction coefficient

k(w) as a function of the photon energy. (b) Real

part and imaginary part of the dielectric coefficient as

a function of the photon energy.
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Fig.4  Absorption spectra of Cs,Snlg
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Fig.5 Absorption of Cs,Snlg
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Fig.6 J-V curves of the Cs,Snlg perovskite solar cells
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Tab.3 Electrical properties of Cs,Snlg materials at different

thicknesses
A/ FIREHREE R, HIE T ks
pm  (mA - cm™?) AY % %
1 14 0.89 87.6 11.1
5 30.8 0.91 86.1 24.1
10 32.8 0.91 87.4 26.1
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Fig.7 Changes in the relationship of the short-circuit current

with the Cs,Snlg thickness
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