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Figure S1. Current losses contributed from the different sources for (a) conventional and (b) 

inverted structure, respectively. 



Figure S2. Spatial distribution of SRH recombination in conventional and inverted structures at  Nt 

= 1019 cm-3.



Figure S3. Spatial distribution of SRH recombination in conventional and inverted structures at  

Dit_ETL = 1014 cm-2.



Figure S4. Spatial distribution of SRH recombination in conventional and inverted structures at  

Dit_HTL = 1014 cm-2.



Figure S5 (a) Variation of PCE with Nt under different μn conditions; (b) Variation of PCE with 

Dit_ETL under different μn conditions; (c) Variation of PCE with Dit_HTL under different μn 

conditions. ( μp=μn/2)[1]



Figure S6. PCE as a function of VBO and CBO for (a) conventional structure and (b) inverted 

structure, respectively.



Figure S7. (a) PCE dependence on perovskite layer thickness for both conventional and inverted 

structures. (b) PCE versus transport layer thickness in the conventional structure. (c) PCE versus 

transport layer thickness in inverted structure.



Figure S8 (a) Variation of PCE with Nt under different VBO conditions; (b) Variation of PCE 

with Nt under different CBO conditions; (c) Variation of PCE with μn under different VBO 

conditions; (d) Variation of PCE with μn under different CBO conditions. (μp=μn/2)[1]



Figure S9. Average SRH recombination rates of conventional and inverted structures under 

forward/reverse voltage scans and different operating bias conditions.



Figure S10. The distribution of electron current density (Jn), hole current density (Jp), and current 

density (J) in conventional and inverted structures.



Figure S11. The variation of average device temperature with time at MPP.



Figure S12. The variation of PCE of the two structures with temperature.



Table 1 Simulated input parameters of conventional structure[2-6]

Parameters SnO2 Perovskite Spiro-MeOTAD

Thickness (nm) 10 650 30

Band gap (eV) 3.6 1.6 3

Electron affinity (eV) 4 3.9 2.2

Dielectric 

permittivity(relative)
9 6.5 3

Electron mobility 

(cm2/Vs)
100 12.5 2.1×10-3

Hole mobility 

(cm2/Vs)
25 7.5 2.16×10-3

Donor density-ND 

(cm-3)
1.0×1018 —— ——

Acceptor density-

NA（cm-3）
—— —— 1×1018

Total defeats density-

Nt（cm-3）
—— 5.7×1015 ——

SRH recombination 

life [μs]
10 —— 10

Radiative 

recombination 

coefficient, Brad

(cm3s-1)

—— 3.27×10-11 ——

Auger recombination 

coefficient, An/Ap

(cm6s-1)

—— 0.88×10-29 ——

Density, ρ

(g·cm−3)
3.8 4 1.2

conductivity, 
2 0.01 0.3



(W·m−1·K−1)

Heat capacity

(J·g−1·K−1)
0.7 0.5 0.2



Table 2 Simulated input parameters of inverted structure[2-6]

Parameters
Spiro-

MeOTAD
Perovskite SnO2 

Thickness (nm) 10 650 30

Band gap (eV) 3 1.6 3.6

Electron affinity (eV) 2.2 3.9 4

Dielectric 

permittivity(relative)
3 6.5 9

Electron mobility 

(cm2/Vs)
2.1×10-3 12.5 100

Hole mobility 

(cm2/Vs)
2.16×10-3 7.5 25

Donor density-ND 

(cm-3)
—— —— 1.0×1018

Acceptor density-

NA（cm-3）
1×1018 —— ——

Total defeats density-

Nt（cm-3）
—— 5.7×1015 ——

SRH recombination 

life [μs]
10 —— 10

Radiative 

recombination 

coefficient, Brad

(cm3s-1)

—— 3.27×10-11 ——

Auger recombination 

coefficient, An/Ap

(cm6s-1)

—— 0.88×10-29 ——

Density, ρ

(g·cm−3)
1.2 4 3.8



conductivity, 

(W·m−1·K−1)
0.3 0.01 2

Heat capacity

(J·g−1·K−1)
0.2 0.5 0.7
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