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Fig. S1. The calculated band gap concerning different o parameters: (a) CsSnBr; and (b) SnS monolayer.
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Fig. S2. Calculated band structures of the CsSnBr; bulk using (a) GGA-PBE, (b) GGA-PBE + SOC, (c)
HSEO06 functional and (d) HSE06 functional + SOC.
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Fig. S3. Calculated band structures of the SnS monolayer using (a) GGA-PBE, (b) GGA-PBE + SOC,
(c) HSE06 functional and (d) HSE06 functional + SOC.
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Fig. S4. Calculated optical absorption of SnS monolayer, CsSnBr; (001), CsSnBrs/SnS heterostructure
(with CsBr terminal) and CsSnBr3/SnS heterostructure (with SnBr, terminal).
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Fig. S5. Optimized crystal structure: top view and side view of the (a) CsSn(BryCly,)3/SnS, (b)
CsSn(BryCly4)3/SnS, (c) CsSn(Br 55Clg 45)3/SnS heterostructure, (cyan, gray, brown, green, and yellow
represent the Cs, Sn, Br, Cl, and S atoms).
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Fig. S6. Optimized crystal structure: top view and side view of the (a) Vgy3.19%)-CsSnBr3/SnS, (b)
Vbi(4.79%)-CsSnBr3/SnS, (¢) Vpy7.5%)-CsSnBrs/SnS heterostructure, (cyan, gray, brown, and yellow

represent the Cs, Sn, Br, and S atoms).
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(a) CsSngg3Tip17Br3/SnS, (b) CsSng67Tig.33Brs/SnS; (c) CsSny 59 Tig.50Brs/SnS,

Fig. S7. Optimized crystal structure: top view and side view of the (a) CsSngg;Tiy7Brs/SnS,, (b)
CsSny ¢7Tig 33Br3/SnS,, (¢) CsSngsoTi50Brs/SnS, heterostructure, (cyan, gray, sky blue, brown, and

yellow represent the Cs, Sn, Ti, Br, and S atoms).
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Fig. S8. Optimized crystal structure: top view and side view of (a) CsSn(Brgs;Cly33)3/SnS,

heterostructure, (cyan, gray, brown, green and yellow represent the Cs, Sn, Br, Cl and S atoms).
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Fig. S9 Calculated: (a) band structure, (b) Projected band structure and PDOS based on HSE06 functional
of the CsSnBr; bulk. The Fermi level is set to 0 eV by a horizontal black dashed line.
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Fig. S10 Calculated band structure: (a) CsSnBr; (001), (b) SnS monolayer, (c) CsSnBr;/SnS, (d)

CsSny g75Tig.125Br3/SnS, (€) Viy(63%)-CsSnBrs/SnS, and (f) CsSn(Br 37Cly.13)3/SnS; heterostructure. The
Fermi level is set to 0 eV by a horizontal black dashed line.
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(a) CSSDBI'3/SIIS (b) CSSH0,875Ti0,125Bl’3/SnS

Fig. S11 Calculated band structure and Projected band structure: (a) CsSnBry/SnS, (b)
CsSny g75T1¢.125Br3/SnS heterostructure with GGA-PBE. The Fermi level is set to 0 eV by a horizontal
black dashed line.
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Fig. S12 Calculated band structure and Projected band structure: (a) CsSn(BrgsCly,)s/SnS, (b)
CsSn(Brj ¢Cly 4)3/SnS, (¢) CsSn(Bry 55Cl 45)3/SnS heterostructure with GGA-PBE. The Fermi level is set
to 0 eV by a horizontal black dashed line.
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Fig. S13 Calculated band structure and Projected band structure: (a) Vpy3.106)-CsSnBr3/SnS, (b) V.70

CsSnBr3/SnS, (¢) Vge.3%)-CsSnBrs/SnS, (d) Viy7.s%)-CsSnBrs/SnS heterostructure with GGA-PBE. The
Fermi level is set to 0 eV by a horizontal black dashed line.
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Fig. S14 Calculated band structure and Projected band structure: (a) CsSngg;Tig17Br3/SnS,, (b)

CsSnyg 7Tig33B1r3/SnS,, (¢) CsSny 50Tig 50Brs/SnS, heterostructure with GGA-PBE. The Fermi level is set
to 0 eV by a horizontal black dashed line.
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(a) CsSn(Br 7Cly.13)3/SnS; (b) CsSn(Br ;Cly 33)3/SnS,

Fig. S15 Calculated band structure and Projected band structure: (a) CsSn(Bryg,Cly 13)3/SnS,, (b)

CsSn(Bry ¢7Cly 33)3/SnS; heterostructure with GGA-PBE. The Fermi level is set to 0 eV by a horizontal
black dashed line.
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Fig. S16 Work function of (a) CsSny g75Ti.12sB13 (001) surface, (b) Vpy.30)-CsSnBr; (001) surface, and

(¢) CsSn(Brg57Cly.13); (001) surface.
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Fig. S17 Device structure of the (a) CsSnBr; perovskite solar cell, (b) Energy level diagram of the

CsSnBr; perovskite device (FTO/SnO,/CsSnBr;/Spiro-OMeTAD/Au), and (¢) Simulated results (Vy, Jic,
FF, and PCE).
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Fig. S18 Solar cells device structure of the (a) CsSnBr3/SnS, (b) CsSng s75T10.125Br3/SnS, and (¢) V.3
CsSnBr;/SnS heterostructure.
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Fig. S19 Solar cells device structure of the (a) CsSnBr;y/SnS,, (b) CsSn(Brgs7Cly13)3/SnS,, and (c)
Vi(3.7%)-CsSnBr3/SnS; heterostructure.



Table S1. Input parameters of the Electron transfer layer, Hole transfer layer, and FTO.

Parameters SnO, B! Spiro- FTO B!
OMeTADH
]
Thickness (nm) 100 200 100
E, (eV) 3.50 3.00 3.50
Electron Affinity, y (eV) 4.00 2.45 4.00
Relative permitivity, &, 9.00 3.00 9.00
Effective CB density of states, Nc (cm™) 2.2x1013 2.2x10'8 2.0x1018
Effective VB density of states, Nv (cm™) 2.2x1018 1.9x10% 1.8x101?
Electron mobility, u, (cm?/Vs) 20 100 20
Hole mobility, x, (cm?/Vs) 10 100 10
Electron Thermal Velocity (cm/s) 1.0x10"7 1.0x10"7 1.0x10"7
Hole Thermal Velocity (cm/s) 1.0x10"7 1.0x107 1.0x10"7
Donor concentration, Np (cm™) 1.0x10"7 0 1.0x10'3
Acceptor concentration, N (cm™) 0 2.0x10" 0
Defect density, N, (1/cm?) 1.0x10'3 1.0x10"3 1.0x10'3




Table S2. Input parameters of the CsSnBr; absorber layer, SnS absorber layer, and SnS, absorber layer.

Parameters CsSnBr;!0 SnS 7] SnS,!8]
Thickness (nm) 470 400 400
Eq(eV) 0.20-1.15 2.13 2.13
Electron Affinity, y (eV) 4.07 4.20 4.24
Relative permitivity, &, 5.90 13.00 10.00
Effective CB density of states, Nc (cm) 1.0x10"? 1.18x10'8  2.2x10'8
Effective VB density of states, Nv (cm™) 1.0x10"? 4.76x1013 1.8x101
Electron mobility, x, (cm?/Vs) 2 30 500
Hole mobility, x, (cm?/Vs) 2 94 500
Electron Thermal Velocity (cm/s) 1.0x10"7 1.0x1017 1.0x1017
Hole Thermal Velocity (cm/s) 1.0x10"7 1.0x10"7 1.0x1017
Donor concentration, Np (cm™) 0 1.0x10"7 1.0x10"7
Acceptor concentration, N (cm™) 1.0x10'3 0 0

Defect density, N; (1/cm?) 1.0x10'3 1.0x1013 1.0x1013




CsSnBr; CIF

data CONTCAR
_audit_creation_date
_audit_creation_method

_symmetry space group name H-M

_symmetry Int Tables number
_symmetry cell setting

loop

_symmetry equiv_pos_as_Xyz

X,y.,Z

_cell length a
_cell length b
_cell length c

_cell angle alpha
_cell angle beta
_cell angle gamma

loop

_atom_site label

_atom_site type symbol

_atom_site fract x
_atom_site fract y
_atom_site fract z
_atom_site U iso_or_equiv
_atom_site adp type

_atom_site occupancy

Csl
Snl
Brl
Br2
Br3

Cs
Sn
Br
Br
Br

0.00000
0.50000
0.00000
0.50000
0.50000

0.00000
0.50000
0.50000
0.00000
0.50000

2024-01-17
'Materials Studio'

VP]Y
1

triclinic

5.8484
5.8484
5.8484
90.0000
90.0000
90.0000

0.00000
0.50000
0.50000
0.50000
0.00000

0.01267
0.01267
0.01267
0.01267
0.01267

Uiso
Uiso
Uiso
Uiso
Uiso

1.00
1.00
1.00
1.00
1.00



SnS CIF

data_SnS
_audit_creation_date 2024-08-27
_audit_creation_method 'Materials Studio'
_symmetry space group name H-M 'PMCN'
_symmetry Int Tables number 62
_symmetry cell setting orthorhombic
loop
_symmetry equiv_pos_as_Xyz

X,Y,Z

-x,y+1/2,-z+1/2

x+1/2,-y,-z

-x+1/2,-y+1/2,z+1/2

-X,-Y,-Z

X,-y+1/2,z+1/2

-x+1/2,y,z

x+1/2,y+1/2,-z+1/2
_cell length a 3.9900
_cell_length b 4.3400
_cell length ¢ 11.2000
_cell _angle alpha 90.0000
_cell angle beta 90.0000
_cell angle gamma 90.0000
loop
_atom_site label
_atom_site type symbol
_atom_site fract x
_atom_site fract y
_atom_site fract z
_atom_site U iso_or_equiv
_atom_site adp type
_atom_site occupancy
Snl Sn 0.25000  0.11500  0.11800  0.00000 Uiso  1.00
S1 S 0.75000  0.52200  0.15000  0.00000 Uiso 1.00



SIISZ CIF

data SnS2
_audit_creation_date
_audit_creation_method

_symmetry space group name H-M

_symmetry Int Tables number
_symmetry cell setting

loop

_symmetry equiv_pos_as_Xyz

X,y.,Z

_cell length a
_cell length b
_cell length c

_cell angle alpha
_cell angle beta
_cell angle gamma

loop

_atom_site label

_atom_site type symbol

_atom_site fract x
_atom_site fract y
_atom_site fract z

_atom_site U iso_or_equiv

_atom_site adp type
_atom_site occupancy

Sn0
Snl
S2
S3
S4
S5

0.33333
0.66667
0.66667
0.33333
0.00000
0.00000

0.66667
0.33333
0.33333
0.66667
0.00000
0.00000

2024-08-27
'Materials Studio'

VP]Y
1

triclinic

3.6758
3.6758
12.3389
90.0000
90.0000

120.0000

0.62501
0.12501
0.74340
0.24340
0.00659
0.50659

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

Uiso
Uiso
Uiso
Uiso
Uiso
Uiso

1.00
1.00
1.00
1.00
1.00
1.00



CsSnBr;/SnS heterostructure CIF

data CsSnBr3SnS
_audit_creation_date 2024-08-27

_audit_creation_method

'Materials Studio'

_symmetry space group name H-M 'P1'

_symmetry Int Tables number 1
_symmetry cell setting triclinic
loop
_symmetry equiv_pos_as_Xyz

X,Y,Z
_cell length a 8.2474
_cell length b 16.6240
_cell length ¢ 32.9157
_cell _angle alpha 90.0000
_cell angle beta 90.0000
_cell angle gamma 90.0000
loop

_atom_site label
_atom_site type symbol
_atom_site fract x
_atom_site fract y
_atom_site fract z
_atom_site U iso_or_equiv
_atom_site adp type
_atom_site occupancy

Snl
Sn2
Sn3
Sn4
Sn5
Sn6
Sn7
Sn8
Sn9
Snl0
Snll
Snl2

Sn 0.00000  0.25000  0.03038  0.01267
Sn 0.50000  0.00000  0.03038  0.01267
Sn 0.01385  0.24550  0.20385  0.01267
Sn 0.51385 0.49550  0.20385  0.01267
Sn 0.13015 0.00459 030019  0.01267
Sn 0.13370  0.26059  0.30081  0.01267
Sn 0.63370  0.01059  0.30081  0.01267
Sn 0.63015  0.25459 030019  0.01267
Sn 0.37938  0.13041 0.38810  0.01267
Sn 0.37663  0.38034 0.38846  0.01267
Sn 0.87663  0.13034 0.38846  0.01267
Sn 0.87938  0.38041 0.38810  0.01267

Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00



Brl3
Brl4
Brl5
Brl6
Br17
Bri8
Br19
Br20
Br21
Br22
Cs23
Cs24
S25

S26

S27

S28

S29

S30

S31

S32

Sn33
Sn34
Sn35
Sn36
Sn37
Sn38
Sn39
Sn40
Sn41
Sn42
Sn43
Sn44
Br45
Br46
Br47
Br48
Br49
Br50
Br51
Br52
Br53
Br54
Cs55
Cs56
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N N NN WNwv Y2.V2 Y2 Y2 LN N
QQEEEEEEEEEESSSSSSSSSSSS

0.25000
0.75000
0.25000
0.75000
0.23408
0.73408
0.23349
0.73349
0.98456
0.48456
0.99761
0.49761
0.38234
0.37640
0.87640
0.88234
0.13032
0.12855
0.62854
0.63032
0.00000
0.50000
0.01385
0.51385
0.13015
0.13370
0.63370
0.63015
0.37938
0.37663
0.87663
0.87938
0.25000
0.75000
0.25000
0.75000
0.23408
0.73408
0.23349
0.73349
0.98456
0.48456
0.99761
0.49761

0.12500
0.37500
0.37500
0.12500
0.12518
0.37518
0.36877
0.11877
0.24925
0.49925
0.49939
0.24939
0.11817
0.36626
0.11626
0.36817
0.49215
0.24053
0.49053
0.24215
0.75000
0.50000
0.74550
0.99550
0.50459
0.76059
0.51059
0.75459
0.63041
0.88034
0.63034
0.88041
0.62500
0.87500
0.87500
0.62500
0.62518
0.87518
0.86877
0.61877
0.74925
0.99925
0.99938
0.74938

0.03038
0.03038
0.03038
0.03038
0.19553
0.19553
0.19671
0.19671
0.11493
0.11493
0.10840
0.10840
0.30984
0.31004
0.31004
0.30984
0.37947
0.37840
0.37840
0.37947
0.03038
0.03038
0.20385
0.20385
0.30019
0.30081
0.30081
0.30019
0.38810
0.38846
0.38846
0.38810
0.03038
0.03038
0.03038
0.03038
0.19553
0.19553
0.19671
0.19671
0.11493
0.11493
0.10840
0.10840

0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267
0.01267

Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso
Uiso

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00



S57
S58
S59
S60
S61
S62
S63
S64

nnun nunvw L2\ L2 »n»

0.38234
0.37640
0.87640
0.88234
0.13032
0.12855
0.62854
0.63032

0.61817
0.86626
0.61626
0.86817
0.99215
0.74053
0.99053
0.74215

0.30984
0.31004
0.31004
0.30984
0.37947
0.37840
0.37840
0.37947

CsSnBr;/SnS, heterostructure CIF

data CsSnBr3SnS2
_audit_creation_date
_audit_creation_method

_symmetry space group name H-M

_symmetry Int Tables number
_symmetry cell setting

loop

_symmetry equiv_pos_as_Xyz

X,y.,Z

_cell length a
_cell length b
_cell length c

_cell angle alpha
_cell angle beta
_cell angle gamma

loop

_atom_site label

_atom_site type symbol

_atom_site fract x
_atom_site fract y
_atom_site fract z

_atom_site U iso_or_equiv

_atom_site adp type
_atom_site occupancy
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1.00
1.00
1.00
1.00
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1.00
1.00
1.00
1.00
1.00
1.00
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Br22
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S53 S 0.35017 0.80362  0.40634  0.02660 Uiso 1.00
S54 S 0.85017 0.90362  0.40634  0.02660 Uiso 1.00
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