Supplementary materials

Table S1 Simulated input parameters of each functional layer of SboS3 solar cell with perovskite nanogaps
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Figure S1 Normalized SRH recombination rate (Rsru) distribution profiles of the novel and traditional Sb,S3 solar cells
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Figure S2 Electron and hole current density distributions under different electron mobilities: (a) 1073 cm?/(V-s);
(b) 1072 cm?/(V-s); (c) 10 cm?/(V-s); (d) 10> ecm?/(V-s) (up=tn/2), where arrows denote the extraction directions of
electrons and holes
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Figure S3 (a) J-V curves under representative N, values; (b) J—V curves under representative N; values; (c) J—V curves
under representative Vi values
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Figure S4 Distribution profiles of (a) electric field intensity (£) and (b) SRH recombination rate (Rsru) in the novel
SbS3 solar cell at N,=10'3 em™3; Distribution profiles of (c) electric field intensity and (d) SRH recombination rate in the
novel solar cell at N;=10'® cm™3; Distribution profiles of (e) electric field intensity and (f) SRH recombination rate in the
novel structure at N.=10"° cm™
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Figure S5 Distribution profiles of (a) electric field intensity and (b) SRH recombination rate in the traditional Sb,S3 solar
cell at N;=10'3 cm3; Distribution profiles of (c) electric field intensity and (d) SRH recombination rate in the traditional
SbS3 solar cell at N;=10'® cm™3; Distribution profiles of () electric field intensity and (f) SRH recombination rate in the

traditional Sb,S; solar cell at N;=10'° cm™

The calculation formulas of photo-generated carriers
The photo-generated carriers rate g(x, y, z, 4) in this model is expressed as follows [5]:

B(x.y.2.2) = | B2, 0) > +] By (5.3.2.2) * +| B(x.y.2. )| (1)
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Ry (x,9,2,2) = %Re(EZH; —E.H)) (3)
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where Ps;, Ps, and Ps: are the power flux components in the x, y and z directions, respectively; E/H is the
frequency and spatially dependent electric/magnetic field; ‘Re’ and © ** are the operators used to obtain the real
component and the complex conjugate, respectively. Therefore, the spatially dependent generation (G) can be

expressed as:

ﬂ’max
G(x,y,2) = Iam» g(x,y,2,A)dA (5)

In Eq. (6), Amin and Amax are the minimum and maximum values of the absorption wavelength, which were
taken as 300 and 1200 nm, respectively.
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Figure S6 (a) J—V curves under varying Sb.Ss widths (Ws) with the perovskite width (Wper) fixed at 5 nm; (b) Evolution
of the SRH recombination rate distribution as Ws increases from 5 nm to 105 nm
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Figure S7 (a) PCE as a function of the excess perovskite layer thickness, and (b) the corresponding J—V curves



Table S2 Simulated PCE for different nanogap materials

Material x/eV EyJ/eV PCE/%
Ceo 3.9 1.7 6.64
PCBM 3.9 2 7.22
MAPbDI3 4.2 1.59 8.35
CuSbS: 4.2 1.58 8.17
CuO 4.07 1.51 7.73
WS, 3.95 1.8 6.84
CsSnCl3 3.90 1.52 6.78
SbaS; 3.7 1.65 6.13
ICBA 3.7 2 6.15
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