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Table S1 Device performance on the concentration of SB12-3 solution

Concentration

 (mg / mL)
VOC (V)

JSC

(mA cm-2)
Fill factor (FF) PCE (%)

0 1.050 21.07 0.766 16.94

0.25 1.076 22.12 0.764 18.18

0.5 1.084 22.32 0.782 18.92

1 1.087 21.54 0.747 17.51
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Table S2 Device performance without SB12-3 modification.

Concentration

 (mg / mL)
VOC (V)

JSC

(mA cm-2)
Fill factor (FF) PCE (%)

1 1.064 21.14 0.708 15.92

2 1.064 20.41 0.704 15.29

3 1.065 21.25 0.730 16.53

4 1.044 21.42 0.710 15.88
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Table S3 Device performance with SB12-3 modification

Concentration

 (mg / mL)
VOC (V)

JSC

(mA cm-2)
Fill factor (FF) PCE (%)
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Table S4. Time constants of the fast (τ1) and slow (τ2) decay components obtained from the TRPL 
spectra of the perovskite films.

Sample τ1 (ns) A1 τ2 (ns) A2 τavg (ns)

NiOx 138.9 0.44 1391 0.32 1253.60

NiOx/ SB12-3 19.74 25.44 1175.78 0.34   854.08

The average lifetime can be calculated with the equation of: τavg = (A1τ1
2+ A2τ2

2 )/( A1τ1 + A2τ2) 
Here, τ1 and τ2 represent trap-assisted and free carrier recombination, respectively, A1 and A2 
represent the decay amplitude.

Table S5. VTFL and Nt from the space charge limited current measurements of the hole-only devices.

Devices
ε0

(×10−12F m−1)
ε

VTFL 
(V)

e
(×10−19 C)

L (nm)
Nt 

(×1015 cm−3)

NiOx 8.85 26 0.25 1.6 715 1.40

NiOx/ SB12-3 8.85 26 0.16 1.6 715 0.39

The trap density Nt is defined as:
Nt = 2εε0 VTFL /eL2

Here, ε0 is the vacuum permittivity, ε is the relative dielectric constant, e is the elementary charge, 
and L is the thickness of perovskite film.

Table S6. Fitting parameters of TPV curve with different devices.
Sample τ1 (μs) A1 τ2 (μs) A2 τavg (μs)

NiOx 4.74 0.30 12.71 0.17 8.19

NiOx/ SB12-3 7.55 0.94 36.04 0.04    12.36



 
Figure S1 Molecule structure of SB12-3.

Figure S2. XPS spectra of O 1s for (a) NiOx and (b) NiOx/SB12-3.



Figure S3: Electron mobility curves of NiOx and NiOx/SB12-3.

Figure S4: Fourier transform infrared (FTIR) spectra of NiOx with or w/o SB12-3.



Figure S5: The contact angles of perovskite solution deposited on NiOx layer with different 
concentration of SB12-3 solution.

Figure S6: Fabircated film photographs of the (a) NiOx/perovskite and (b) NiOx /0.5mg/mL SB12-
3/ perovskite.

500 nm



Figure S7：Histogram of grain size distribution corresponding to the top-view SEM of perovskite 
films deposited on (a) NiOx and (b) NiOx / SB12-3.

Figure S8: Device photographs of the (a) NiOx and (b) NiOx / SB12-3 PSCs.

500 nm



Figure S9: Cross-sectional SEM images of the (a) NiOx and (b) NiOx / SB12-3 PSCs.

Figure S10: J-V curves of the control and modified PSCs measured in forward and reverse scans.

500 nm
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Figure S11: EQE spectra and the corresponding integrated JSC.

Figure S12: Statistical distribution of VOC (a); JSC (b); FF (c) and PCE(d) for 30 devices.



Figure S13: (a) UV-Vis absorption spectra of perovskite films deposited on NiOx and NiOx / 
SB12-3, (b) Tauc plot of perovskite films at NiOx and NiOx / SB12-3 layer.


