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Note 1: Computational details of effective carrier masses
Effective carrier masses m can be evaluated as
OE(k)]
h - -

Ok

where E(k) are the energy dispersion relation functions described by band structures, and 7 is the reduced

Planck constant.
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Figure S1. Schematic diagrams of the defect levels of Ge; in CsGe;_Snil; (x =0, 0.25, 0.50, 0.75) by (a) the
HSE06 method without SOC and (b) the HSE06 + SOC method. The 1s core level of Cs is used for
alignment and the VBM of CsGels is set to 0. The solid circles in blue represent electrons, while the hollow

circles indicate holes. The Fermi level (Ef) is shown as a black dotted line.
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Figure S2. Schematic diagrams of the defect levels of Ge; and Sn; in CsGe;,Snil; (x = 0.25, 0.50, 0.75) by
the HSE method with different mixing parameter (a): (a) Ge; with o = 0.25 (HSE06), (b) Ge; with a # 0.25,
(c) Sn; with o = 0.25 (HSEO06), and (d) Sn; with a # 0.25. CsGels is also shown for comparison. For HSE
with a # 0.25, the a of CsGels is set to 0.32 to fit the experimental bandgap of 1.6 eV!, and the a of
CsGeg5Sng sl (x = 0.50) is set to 0.45 to fit the experimental bandgap of 1.5 eV2. For CsGeg75Sngsl; (x =
0.25) and CsGeg,5Sng 7515 (x = 0.75), the same o as CsGej sSng sl (x = 0.50) are used, since the experimental
bandgap of them is not available yet. The 1s core level of Cs is used for alignment and the VBM of CsGel;

is set to 0. The solid circles in blue represent electrons and the Fermi level is shown as a black dotted line.
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Figure S3. Volume change with Sn concentration (x) for CsGe;Sn,I5 (x =0, 0.25, 0.5, and 0.75).
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Figure S4. Orbital-projected density of states (DOS) and projected crystal orbital hamilton population

-COHP

Energy (eV) Energy (eV)

(COHP) for CsGe;Snl;: (a) x = 0 (CsGels), (b) x = 0.25 (CsGey75Sn1513), (¢) x = 0.50 (CsGey 5Sny 513),

and (d) x = 0.75 (CsGe,55n¢ 7513). The Fermi level is set to zero.
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Figure S6. HSEOQ6 calculated band structure (top panel) and optical transition dipole moment (bottom panel)
for (a) CsGeg 75Sng 5515 (x = 0.25) and (b) CsGe25Sng 7515 (x = 0.75).
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Figure S7. Calculated formation energies of Ge; and Sn; defects with different charge states q in CsGe;.
Sn,ls as a function of the Fermi level: (a) x = 0.25, (b) x = 0.5, and (¢) x = 0.75. The slope of the line

segments indicates the defect charge states, and the kinks denote the transition energy levels. The Fermi
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level is referenced to the host VBM.

Note 2: Computational details of defect formation energies

The formation energy £ f[X 1 of defect X in charge state g as a function of the Fermi level Eg can be

evaluated as?

E'XY) = EG X =EglP) + Y mitt + qeymy + Er) + Byl X ] (1)

l

EolX "1 gng EialP)

where and are the total energy for defective supercells and the corresponding perfect crystal,

respectively. The number of atoms of type i that have been added to (ni < 0) or removed from (ni > 0) the

u

supercell is indicated by i, %i is the corresponding chemical potential. €VBM is the eigenvalue of valence-

q
band maximum (VBM) in the perfect crystal and Ep is the Fermi level that refers to the VBM. Ealign[X ]

(i.e., 9AV) is a correction term for potential-alignment to correct the finite-size effects in charged systems.* 3

The CTLs &(91/4>) are defined as the Fermi-level positions at which the formation energy of charge states 7

is equal to that of 92: 6.7

71
(Etot[X 1+ E

““g“[qu]) - (Ealx BES: qu])

align[

€ (ql/QZ) = (q p ) — €yBM ()
27 11
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Figure S8. Crystal structures of (a) CsGels and (b) CsSnls. Green, gray, red, and purple balls indicate Cs, Ge,
Sn, and I atoms, respectively. (c) The angles between the basis vectors of CsGe;Sn,l; alloys. For x =0.75,

the average bond angle is shown.
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Figure S9. Calculated transition energy levels for (a) Ge; and (b) Sn; in CsGeSn,I5 (x = 0.25, 0.50, and

0.75). CsGel; and CsSnlj; (space group Pnma) are also shown for comparison. The 1s core level of Cs is

used for alignment and the VBM of CsGels is set to 0.
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