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Table S1. Recent development on MA-free inverted perovskite solar cells
Perovskite Structure Voc Jsc FF PCE Stability

Cs0.05FA0.95PbI3

(bandgap ~1.5 eV)

ITO/PTAA/PFN-

P2/perovskite/LiF/C60/BCP/Cu

1.05 25.1 0.75 19.81 N/A

Cs0.03FA0.97PbI3

(bandgap ~1.5 eV)

ITO/PTAA/perovskite/

PCBM/C60/BCP/Ag

1.06 24.7 0.72 18.22 N/A

Cs0.06FA0.94PbI3

(bandgap ~1.5 eV)

ITO/PTAA/perovskite/

PCBM/AZO/SnO2/Ag

1.07 23.1 0.75 18.53 N/A

Cs0.15FA0.85PbI2.7Br0.3

(bandgap ~1.58 eV)

ITO/NiOx/CuGaO2/perovskite/

PCBM/BCP/Ag

1.11 23.19 0.80 20.74 85% under 

85℃ 1000h

Cs0.15FA0.85PbI2.85Br0.15

(bandgap ~1.56 eV)

ITO/NiMgLiO/perovskite/

PCBM/BCP/Ag

1.08 23.23 0.80 20.05 90% under 

85℃ 500h

Cs0.15FA0.85PbI2.7Br0.3

(bandgap ~1.58 eV)

ITO/PTAA/PFN-

P2/perovskite/LiF/C60/BCP/Cu

1.10 22.92 0.81 20.36 80% under 

MPP 230h

Cs0.17FA0.83PbI2.4Br0.6

(bandgap ~1.61 eV)

ITO/PTAA/PFN-Br/perovskite/

bFPI/C60/BCP/Cu

1.15 22.58 0.81 21.17 91% under 

85℃ 500h

Cs0.17FA0.83Pb(I1-xBrx)3

(bandgap ~1.66 eV)

ITO/Poly-TPD 

/perovskite/PCBM/BCP/Cr/Au

1.12 22.8 0.79 20.18 80% under 

60℃1010h

Cs0.15FA0.85PbI3

(bandgap ~1.54 eV)

ITO/NiOx/perovskite/PCBM/

BCP/Cu

1.10 23.54 0.80 20.79 95% under 

1000h

Cs0.05FA0.95PbI3

(bandgap ~1.53 eV)

ITO/PTAA/perovskite/C60/BCP/C

u

1.09 23.54 0.83 21.25 94% under 

85℃ 500h 

(This work)



Figure S1 Forward-Reverse Scan of PSCs

Figure S2 Cross-sectional SEM for control (a) and 0.5% NDAPBF4 (b) perovskite 
film



Figure S3 XRD patterns for NDAPBF4 concentration from 0% - 2%
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Figure S4 XRD patterns from 40° to 41°
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Figure S5. Tauc plot of perovskite films

Figure S6. KPFM images of control films



632 628 620 616

I 3d
In

te
ns

ity
 (a

.u
.)

Binding Energy (eV)

 Control
 0.5% NDAPBF4

0.6 eV

Figure S7 XPS spectra of I 3d.

Figure S8 EDS mapping and TEM spectra of 0.5% NDAPBF4 device

Figure S9 a) Element distribution derived for EDS mapping of 0.5% NDAPBF4 
device b) Element distribution of F



Figure S10 PL spectra for NDAPBF4 concentration from 0% to 2%

 Figure S11 Mott-Schottky plots for control and 0.5% NDAPBF4 devices

 
Figure S12. a-b) Pseudo-color maps of control (a) and NDAPBF4 treated (b) films 

derived by TA



 
Figure S13 XRD before and annealed at 250℃ 3 min for control and 0.5% NDAPBF4 

devices

Figure S14 Operation stability of a) Voc b)Jsc c)FF d)PCE for control and 0.5% 
NDAPBF4 devices



Figure S15 XRD before and after exposing to 60%-75% humidity for 24h for control 
and 0.5% NDAPBF4 devices
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