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The calculation detail for the decomposition energy:

In order to investigate their thermal stabilities, the decomposition
energies of BaSnS, with group-IlIA element doping at Sn site at 25%
doping concentration were calculated. The decomposition energies (2£p)
are calculated by the total energy of BaSn ;s11IA ,5S,(IIIA = Al, Ga and
In) subtracting the sum of the total energies of the decomposition
products.

Six different decomposition pathways are considered to calculate the
decomposition energy:

Path-I:

3 1 1

(BEp=20.70 eV)
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3 1 1
BaSnO.75GaO_ZS.S'Z—ZBaSnS2 + gBaGaZS4 + §Ba AE

(BEp=_0.82 eV)

3 1 1
BaSnO.751710_2552—>ZBaSnS2 + §Ba1n254 + gBa AE

(BEDp=0.92 eV)

Path-11:

3 1 1 1

(BEDp=0.63 eV)

3 1 1 1
BaSnO.75GaO_ZS.S'Z—ZBaSnS2 + gGa253 + §BaS + gBa AE

(BEDp=0.76 eV)

3 1 1 1
BaSnO.751710_2552—>ZBaSnS2 + §In253 + §Ba5 + §Ba AE

(PEp=10.83 eV)

Path-111:

7 1 3 1

(BEp=_0.76 eV)

7 1 3 1
8BaSn0_7SGaO.2552—>§BaS + §Ga253 + Z.S‘n.S'2 + gBa AE

(BEDp=_1.04 eV)

7 1 3 1

(BEp=0.81eV)

Path-1V:

3 1 1 1

(BEp=_1.54 ¢V)

3 1 1 1
BaSnO.75GaO_ZS.S'Z—ZBaSnS2 + EGa253 + ZBaS + gGa AE

BEp=12.09 eV)

3 1 1 1
BaSnO.751710_2552—>ZBaSnS2 + ﬁlnzS3 + ZBaS +—-In AE

(BEp=_1.82 V)

Path-V

3 1 1 1

(BEDp=_0.66 ¢V)



3 1 1 1
BaSnO_75Ga0_255'2—236151152 + EBaGa4S7 + —BaS + —Ba (AE

Lack since no crystal structure information of Baln,S; is found.

Path-VI

p=-0.79eV)

Lack since no crystal structure information of Ba,Al,Ss is found.

5 1 1 1
BaSnO_751710_2552—>§BaSnS2 + §Ba21n2.5'5 + §SnS + §Ba AE

BEp=_1.11 eV)

5 1 1 1
BaSnO_75Ga0_255'2—>§BaSnS2 + gBazGaZS5 + gSnS + gBa AE

(BEp=_1.01 eV)
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Fig. S1. Fluctuation of the free energy of BaSnS, with Al doping at Sn
site at 25% doping concentration during the Ab initio molecular dynamic

simulation at 300 K within 10 ps.
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Fig. S2. Fluctuation of the free energy of BaSnS, with Ga doping at Sn

site at 25% doping concentration during the Ab initio molecular dynamic

simulation at 300 K within 10 ps.
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Fig. S3. Fluctuation of the free energy of BaSnS, with In doping at Sn

site at 25% doping concentration during the Ab initio molecular dynamic

simulation at 300 K within 10 ps.
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substitution defects and their

complexes in group-IIIA element doped BaSnS, by using 2x1x1

Fig. S4. The formation energies of

supercells.
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Fig. S5. The band structures of BaSnS, with Al doping at Sn site after the

implementation of the strain in the range of -4%-4%.
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Fig. S6. The band structures of BaSnS, with Ga doping at Sn site after the

implementation of the strain in the range of -4%-4%.
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structures of BaSnS, with In doping at Sn site after the

Fig. S7. The band

4%.

implementation of the strain in the range of -4%
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Fig. S8. The theoretical efficiencies of BaSnS, with group-1IIA element

doping at Sn site at 25% doping concentration as a function of absorber

thickness after considering the strain engineering in the range of -4%-4%.
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Fig. S9. The band structures of BaSnS, with group-IIIA element doping at

Ba site at 25% doping concentration.



