
Supplementary materials

Table S1 Simulated input parameters of each functional layer of Sb2S3 solar cell with perovskite nanogaps

Reference Thickness/
nm Width/nm Band gap/eV Electron

affinity/eV

Dielectric
permittivity
(relative)

CB effective
density of states,

Nc/cm−3

VB effective density
of states, Nv/cm−3

Spiro-MeOT
AD
[1, 2]

80 —— 3 2.2 3 2.2×1018 1.8×1019

MAPbI3
[2, 3]

400
(nanogaps)/
40 (Non-
nanogaps )

50 1.59 4.2 6.5 1.66×1019 5.41×1019

Sb2S3
[2, 4] 400 500 1.65 3.7 7 2×1019 1×1019

TiO2 [1] 100 —— 3.28 4 9 2×1018 1×1019

Reference
Electron
mobility/

(cm2∙V−1∙s−1)

Hole
mobility/

(cm2∙V−1∙s−1)

Donor
concentration,
Nd/cm−3

Acceptor
concentration,
Na/cm−3

Total defeats
concentration,
Nt/cm−3

Radiative
recombination
coefficient,
Brad/(cm3∙s−1)

Auger
recombination
coefficient,

(An/Ap)/(cm6∙s−1)
Spiro-MeOT

AD
[1, 2]

2.1×10−3 1.39×10−4 — 1×1018 1×1016 — —

MAPbI3
[2, 3] 0.38 0.65 —

1×1015
(nanogaps)/
1×1018

(non-nanogaps)

1×1015 3.27×10−11 0.88×10−29

Sb2S3
[2, 4] 10 2.6 — 1×1015 1×1018 — —

TiO2 [1] 20 10 1.0×1017 — 1×1016 — —

Figure S1 Normalized SRH recombination rate (RSRH) distribution profiles of the novel and traditional Sb2S3 solar cells



Figure S2 Electron and hole current density distributions under different electron mobilities: (a) 10−3 cm2/(V·s);
(b) 10−2 cm2/(V·s); (c) 10 cm2/(V·s); (d) 102 cm2/(V·s) (μp=μn/2), where arrows denote the extraction directions of
electrons and holes



Figure S3 (a) J−V curves under representative Na values; (b) J−V curves under representative Nt values; (c) J−V curves
under representative Nit values



Figure S4 Distribution profiles of (a) electric field intensity (E) and (b) SRH recombination rate (RSRH) in the novel
Sb2S3 solar cell at Na=1013 cm−3; Distribution profiles of (c) electric field intensity and (d) SRH recombination rate in the
novel solar cell at Na=1016 cm−3; Distribution profiles of (e) electric field intensity and (f) SRH recombination rate in the
novel structure at Na=1019 cm−3



Figure S5 Distribution profiles of (a) electric field intensity and (b) SRH recombination rate in the traditional Sb2S3 solar
cell at Na=1013 cm−3; Distribution profiles of (c) electric field intensity and (d) SRH recombination rate in the traditional
Sb2S3 solar cell at Na=1016 cm−3; Distribution profiles of (e) electric field intensity and (f) SRH recombination rate in the
traditional Sb2S3 solar cell at Na=1019 cm−3

The calculation formulas of photo-generated carriers
The photo-generated carriers rate g(x, y, z, λ) in this model is expressed as follows [5]:
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where PSx, PSy and PSz 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:
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In Eq. (6), λmin and λmax are the minimum and maximum values of the absorption wavelength, which were
taken as 300 and 1200 nm, respectively.

Figure S6 (a) J−V curves under varying Sb₂S₃ 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

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 χ/eV Eg/eV PCE/%

C60 3.9 1.7 6.64

PCBM 3.9 2 7.22

MAPbI3 4.2 1.59 8.35

CuSbS2 4.2 1.58 8.17

CuO 4.07 1.51 7.73

WS2 3.95 1.8 6.84

CsSnCl3 3.90 1.52 6.78

Sb2S3 3.7 1.65 6.13

ICBA 3.7 2 6.15
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