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Figure S1. TGA thermograms of FA-I and PMA-I. The decomposition onset temperature of
FA-lis271.4 °C which is higher than that of PMA-I. The resonance structure of FA ion makes
it less acidic than PMA ion.
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Figure S2. XRD pattern of of PA,Pbl, heated at 7= 60°C for 30sec.
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Figure S3. (a) Molecule structure of MPMA-I and DMPMA-I. (b) TGA heating curves of
passivation molecules.
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Figure S4. XRD patterns of (a) MPMA,Pbl, and (b) DMPMA,Pbl,. Films were exposed to
thermal stress in ambient air with relative humidity ranging from 25 to 35%.
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Figure SS. (a) J-V curves of PSCs with 0.5 mol% PMA-I, MPMA-I and DMPMA-I. (b)
Histogram of the Voc values.
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Figure S6. Grain size distribution of perovskite film
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Figure S7. Cross-sectional SEM images of perovskite solar cell (scale bar
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Figure S8. Effect of PMA-I content on photovoltaic parameters. Power conversion efficiency
(PCE), fill factor (FF), short-circuit current density (Jsc), and open circuit voltage (Voc) of
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Figure S9. Effect of PTMA-I content on photovoltaic parameters. Power conversion efficiency
(PCE), fill factor (FF), short-circuit current density (Jsc), and open circuit voltage (Voc) of
(FAPbI;3)g.95(MAPDbBr3) 05 With different amounts of added PTMA,Pbl, perovskite.
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Figure S10. (a) The optical absorption spectra and (b) Tauc plots of perovskite films.
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Figure S11. Planar SEM image of perovskite films incorporating 0.75 mol% and 1 mol%
PTMA-I (Scale bar = 1um)
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Figure S12. White precipitates start to form when 1 mol% amount of PTMA-I salt is added
to the solution. These precipitates are expected to be PTMA,Pbl,.
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Figure S13. (a) Tetragonal perovskite grain used in the model calculation. (b) Minimum

concentration of bulky organic cations required to cover the entire surface of 3D perovskite
grain.
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Figure S14. EDS spectra of the perovskite films

S15



2.83 283 289 288 0.154 0.161 0.153 0.161

2.85-
& 2.70- _95 0.15-
2.55-
2.40- 0.12 ] I

Control PA PMA PTMA Control PA PMA PTMA

%)
)

I/Pb
Br/P

Figure S15. Elemental ratios obtained from the EDS spectrum
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Figure S16. Distribution of photovoltaic performance of PSCs
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Figure S17. J-V curves of best performing PSCs recorded in both reverse and forward scan
directions
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Figure S18. Steady-state PCE measurement of best performing PTMA-I added PSC. The
deice was held at constant potential at maximum power point (V,p,=1 V) to track the
stabilized efficiency.
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Figure S19. External quantum efficiency plot of PSCs. The integrated current density
determined from EQE spectrum is also shown in the right axis.
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Figure S20. Dark current-voltage curves for electron-only devices, showing ohmic region

with n=1 and trap limited region with n>3.
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Figure S21. Steady state PL spectra of perovskite layer deposited on glass substrate
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Figure S22. Schematic diagram of device layers defined for SCAPS-1D simulation.
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Figure S23. Simulation result of photovoltaic parameters with varying defect densities in

perovskite films
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Figure S24. J-V curve of PSCs obtained from drift-diffusion model with varying defect
densities
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Table S1. Photovoltaic characteristics of the best performing PSC

Scan Ve Jse FF PCE HI
direction [V] [mA cm?] [%]

Control Reverse 1.02 24.0 0.78 19.1 0.29
Forward 0.88 24.0 0.64 13.6

PA Reverse 0.88 24.5 0.71 15.3 0.24
Forward 0.83 243 0.58 11.7

PMA Reverse 1.07 24.8 0.77 204 0.17
Forward 0.99 24.7 0.69 17.0

PTMA Reverse 1.11 24.6 0.79 21.6 0.05
Forward 1.06 24.6 0.77 20.6
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Table S2. SCAPS-1D parameters for the perovskite solar cells

Perovskite Perovskite HTL (Spiro-
P t ETL (SnO2
arameter (Sn02) bulk surface OMeTAD)
Thickness (nm) 30 580 10 100
ffC?NBDOS 1.0EIS8 1.0 E18/1.0 1.0EI8 1.0EIS8
criective /1.0 E19 E191) /1.0 E19 /1.0 E19
[em™]
Acceptor /
donor 1.0E18 1.0E 14 1.0E 14 1.0 E19
concentration /1.0 E19 /1.0 E 14121 /1.0E 14 /1.0E18
[cm~]
Dielectric 9 2 2 3
constant
Electron
affinity [eV] 4.0 3.95 3.95 2.4
Band gap [eV] 3.2 1.54 1.54 3
Eler‘:ggﬁ/i?;’le 5.0E-2 s o 5.000E-4
[em2V-1S-1] /5.0E-3 / 5.000E-4
Defect t Neutral Neutral Neutral Neutral
clect type (Gaussian) (Gaussian) (Gaussian) (Gaussian)
Et (eV)/Ech 0.5/0.1 0.5/0.121 0.5/0.1 0.5/0.1
1.0E14 1.0 ElL5
Trap density 1.0E16 ~5.0 E1503] ~1.0 E20B! 1.0EL5
(variable) (variable)
Capture Aross
Section for 5.0E-14 5.0 E-14 5.0 E-14 5.0 E-14
Electrons and /5.0 E-14 /5.0 E-14121 /5.0 E-14 /5.0 E-14

Holes (cm?)
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Table S3. Photovoltaic parameters for the simulated J-V curves

Nr(bulk) Nr(surface) Ve Jse FF PCE
[em?] [em™] [V] [mA cm~] [%0]
1E13 1E15 1.20 26.3 0.87 27.6

1E16 1.16 26.2 0.87 26.6
1E17 1.11 25.5 0.84 24.1
1E18 1.09 23.6 0.79 20.6
1E14 1E15 1.14 26.3 0.84 25.2
1E16 1.13 26.2 0.84 24.9
1E17 1.10 254 0.82 23.1
1E18 1.08 23.5 0.78 19.9
1E15 1E15 1.05 26.1 0.78 21.1
1E16 1.04 25.9 0.77 21.0
1E17 1.04 25.2 0.75 19.8
1E18 1.03 23.3 0.72 17.4
1E16 1E15 0.93 23.9 0.55 12.2
1E16 0.93 23.8 0.55 12.1
1E17 0.92 23.2 0.54 11.6
1E18 0.92 21.5 0.53 10.5

S28



Table S4. Summary of photovoltaic parameters and operational stability of perovskite solar
cells reported in literature.

Year Perovskite Test condition ImtlijﬁsCE Tgo(hrs)  Reference
2020 (FAPDI3)g.95(MAPDbBr3).05 1 Sun, RT, open- ~21 1163 This work
circuit
2018 GUA 1sMA g5Pbl; 1Sun, 60°C, MPP ~18 63 4)
tracking
2017 CSo_1FAO_74MAO_13Pb|2.4gBro_ 1 SUn, RT, MPP ~20 450 (5)
39 tracking
2018 MAPDI; 1 Sun, RT, epen- ~19 391 (6)
circuit
2019 MAPDI; 1 Sun, RT, MPP ~19 400 (7)
tracking
2018 CSg1FAq78MAq.12Pbls 55Brg. 1 Sun, RT, MPP ~20 180 (8)
45 tracking
2019 MAPDI; 1 Sun, RT, MPP ~21 810 (9)
tracking
2020 Csq05(MAg.15FAg.85)0.95Pb(B 1 Sun, RT, MPP ~21 1300 (10)
ro.15l0.85)3 tracking
2018 Csgo5FAq7MAg 25Pbl5 1 Sun, RT, epen- ~20 2400 (11)
circuit
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