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Table S1

The cell-size dependence of the formation energy of Bis;, in a-CsPbls using the PBE without the
SOC effect. The value is presented as the relative value (AE/) relative to the one using a 5x5x5
supercell.

Supercell size AET (Bit}) (eV)
3x3x3 —0.0745
4x4x4 0.0006

5x5%x5 0.0
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Fig S1. Stability regions of different compounds with respect to X and Pb chemical potentials in
CsPbXz [X=I for (a) and Br for (b)]. Chemical potentials of each element referenced to the energy
of their own stable phases are listed in Table S2 for three representative points A (X-poor), B
(intermediate), and C (X-rich).



Table S2

The chemical potentials of each element in eV depending on the growth conditions shown in Fig.
S1. The values for Bi-rich are used for calculating the formation energy of Bip.

a-CsPbls 0-CsPbBr3
Ucs —2.72 —2.93
A Upb 0.00 0.00
Ux —-1.16 —-1.50
Ucs —-3.30 —3.54
B Upp —-1.16 -1.64
Uy —0.58 —0.75
Ucs —3.88 —4.16
C Upp —2.32 —-3.28
Uy 0.00 0.00
Ucs -3.21 —3.50
Bi-rich Upb —-1.00 —1.56

Ly ~0.66 -0.79




Calculation of the equilibrium Fermi level

For the calculation of the equilibrium Fermi level (or the equilibrium concentration of free carriers,
the native acceptors, and ionized Bipp) at a given temperature, we applied the charge neutrality

condition which is given by n = [Bis;,] if the compensation by the native acceptors is negligible.
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Using Egs. 4 and 5 in the text, this neutrality condition can be expressed by N exp( —
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. The consideration of effects of the native acceptors modifies the neutrality

condition as m+ [V 1+ 2x[Vé& 1+ [117]=[Bist] , which can be expressed as
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[Bipp by using Egs. 4-6. For a given [Bixyr], we determined the equilibrium Fermi level
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by evaluating Er to solve the above neutrality equations. For instance, neglecting the
compensation by native acceptors, the equilibrium Fermi level for CsPbBrs including [Bif]=10%
cm3is CBM—0.25 eV, which leads to the equal concentration (~10'* cm™3) of free electrons and

[Bips].



