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Supplementary Figures and Tables 

 

Fig. S1 UV transmittance for three hole-contact films: FTO/Li:NiOx, FTO/Li:NiOx/NiOx and 

FTO/Li:NiOx/NiOx 

 

Fig. S2 UV-vis spectra for three perovskite films: 3D, F4TCNQ-3D and F4TCNQ-2D-3D 

composites 
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Fig. S3 (a) X-ray diffraction patterns, (b) peak (110), (c) peak (220) and (d) corresponding FWHM 

values for three perovskite films: 3D, F4TCNQ-3D and F4TCNQ-2D-3D composites 

 

Fig. S4 SEM images for surface morphology of three perovskite films: (a) 3D, (b) F4TCNQ-3D 

and (c) F4TCNQ-2D-3D composites, respectively 

 

Fig. S5 The FIB-cutted cross-sectional images for (a) 2D/3D heterointerface, (b) selected region 

of HR-TEM and (c) corresponding inverse FFT images for 2D crystals, respectively 
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Fig. S6 (a) PL spectra, (b) 2D peak and (c) TRPL spectra for three perovskite films: 3D (orange), 

F4TCNQ-3D (royal) and F4TCNQ-2D-3D composites (dark cyan), respectively 

 

Fig. S7 (a-b) GIXRD spectra at different tilt angles for 2θ at 14.07°, (c) linear fit of residual strain 

as a function of sin2ψ for pristine 3D perovskite and F4TCNQ-2D-3D composite films, 

respectively 

 

Fig. S8 XPS spectra of (a) Cl 2p, (b) Br 3d and (c) F 1s for 3D (orange), F4TCNQ-3D (royal) and 

F4TCNQ-2D-3D composites (dark cyan), respectively 

 

Fig. S9 J-V curves of solar cells based on various contents of F4TCNQ 
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Table S1 Photovoltaic parameters of perovskite solar cells for different contents of F4TCNQ 

Contents of F4TCNQ Voc (V) Jsc (mA/cm2) FF PCE (%) 

0.05 wt% 1.134 22.70 0.81 20.85 

0.1 wt% 1.159 23.20 0.84 22.48 

0.2 wt% 1.160 23.47 0.79 21.50 

Table S2 Photovoltaic parameters of perovskite solar cells based on different contents of Li 

ratios 

Ratio of VLi/VNi precursor Voc (V) Jsc (mA/cm2) FF PCE (%) 

1:2 1.135 22.70 0.81 20.85 

1:3 1.148 23.42 0.81 21.77 

1:4 1.162 23.60 0.82 22.49 

1:5 1.160 23.47 0.79 21.50 

 

Fig. S10 J-V curves of solar cells based on various contents of lithium in Li:NiOx precursors 
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Table S3 Summary of photovoltaic parameters of NiOx-based inverted perovskites solar cells with 

PCEs over 22% based on different band gaps of perovskites 

Perovskite Eg (eV) PCE (%) 
Voc 

(V) 

Jsc 

(mA/cm2) 
FF Ref. 

FA0.93MA0.07Pb(I0.92Br0.08)3-xClx 1.56 23.06 1.162 23.62 0.84 This work 

Cs0.05FA0.85MA0.1PbI3 1.55 22.90 1.170 23.42 0.82 [S1] 

(FAPbI3)0.92(MAPbBr3)0.08 1.57 24.09 1.204 23.70 0.84 [S2] 

Cs0.05(MA0.15FA0.85)0.95Pb(I0.85Br0.15)3 1.59 22.62 1.130 23.75 0.84 [S3] 

Cs0.05FA0.83MA0.12PbI2.62Br0.38 1.60 22.21 1.161 23.50 0.82 [S4] 

Cs0.05FA0.85MA0.1PbI3 1.55 23.91 1.151 24.90 0.83 [S5] 

Cs0.03(FA0.85MA0.15)0.97Pb(I0.85Br0.15)3 1.60 22.00 1.160 23.31 0.81 [S6] 

Cs0.05(FA0.85MA0.15)0.95Pb(I0.85Br0.15)3 1.59 22.11 1.131 23.24 0.84 [S7] 

MAPbI3 nanocapsules 1.63 22.10 1.150 23.25 0.82 [S8] 

Cs0.05(FA0.9MA0.1)0.95Pb(I0.9Br0.1)3 1.57 22.10 1.130 24.30 0.81 [S9] 

FA0.95Cs0.05PbI3 1.53 23.49 1.138 25.38 0.84 [S10] 

FA0.92Cs0.08PbI3 1.54 23.40 1.160 24.80 0.81 [S11] 

 

Fig. S11 I-V curves of (a) electron-only devices and (b) hole-only devices based on pristine 3D 

(orange), F4TCNQ composite-3D (royal) and F4TCNQ-2D-3D composites (dark cyan) composite 

films 

 

Fig. S12 XRD of NiOx/3D-perovskite (orange), Li:NiOx/NiOx/PTAA/3D-perovskite (violet) and 

Li:NiOx/NiOx/PTAA/2D-3D-F4TCNQ perovskite (dark cyan) films treated at 85℃ temperature 

for different time (a) 0 h and (b) 96 h, respectively 

https://www.springer.com/journal/40820


Nano-Micro Letters 

S6/S7 

 

Fig. S13 XPS spectra of I 3d (a-c) and Pb 4f (d-f) for NiOx/3D-perovskite, 

Li:NiOx/NiOx/PTAA/3D-perovskite and Li:NiOx/NiOx/PTAA/2D-3D-F4TCNQ perovskite films 

treated at 85℃ temperature for different time, respectively 
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