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Table S1. Comparison of our device with published perovskite solar cells.

PCE
Perovskite composition Nucleus composition w/o W Ref.
nucleus nucleus

FAOAggMAO‘OszI3 5—FAPbI3 21.53% 23.16% This work
(FAPDI3); x(MAPDBI3), 0-CsPbl; 19.16% 20.45% !
FAo‘gIMAO'ngb(IO'ngro_og) 5-CSPbI3/5-RbeI3 2042% 2230% 2
CSo_05FAO'95PbI3 CSPbBr3 20.30% 21.45% 3
FAO'ggMAO‘OszI:), 5-CSPbIzBI' 20.61% 21.63% 4
(FAPbI3)9.96(MAPb3)0.04 Cso.1FA( 7sMA 1,Pb; 55Br 45 19.4% 21.7% 3

FA7sMAg5Pbl; (BDA)PbI, 21.03% 23.95% 6
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Figure S1. XRD patterns of 5-FAPbI;.
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Figure S2. Steady-state PL spectra of Pbl, and Pbl, + 6-FAPDI; films.
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Figure S3. Top-view SEM images of perovskite films with different concentrations of J-FAPbI;.
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Figure S4. XRD patterns of the perovskite films with different amounts of pre-added J-FAPbI; in

Intensity (a.u.)

the precursors.
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Figure S5. J-V curves of the Pero-SCs with different amounts of pre-added J-FAPbI; in the

precursors.

Table S2. Parameters of Pero-SCs based on FA | ;MA,Pbl; with varying amounts of &FAPDI;.

Device Voc (V) Jsc (mA cm?)  FF (%) PCE (%)

Control 111 24.39 79.6 21.53
With 3% 5-FAPbI; 1.13 24.67 79.4 22.23
With 6% 5-FAPbI; 1.15 24.94 80.7 23.16

With 9% 6 -FAPbI, 1.10 24.36 78.3 21.01
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Figure S6. Statistical results of Vo, Jsc, PCE and FF based on 20 cells.

Table S3. Photovoltaic parameters of the Pero-SCs under reverse scan (RS) and forward scan (FS)

directions.
Device Voc (V) Jsc (mA cm?) FF (%) PCE (%)
Control FS 1.09 25.59 78.2 21.79
RS 1.01 25.16 75.5 19.14
FS 1.16 25.43 78.3 23.20
NEG RS 1.14 25.03 76.9 22.01
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Figure S7. UV-vis spectra and Tauc plots for the control and perovskite films prepared with NEG.
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Figure S8. Plots of the absorption coefficient versus the photon energy for the control and

perovskite film with NEG. The inset shows an estimated Urbach energy (Eu).

Figure S9. CLSM images of control and perovskite films prepared with NEG.

Table S4. Fitted parameters from TRPL spectra for perovskite films.

Device 7 (ns) 7 (ns) Tave (05) Si (%) f> (%)
Control 21.08 483.32 447.41 7.78 98.22
NEG 35.87 578.54 557.28 391 96.09

Table S5. Fitted parameters from ACIS of the Pero-SCs.
Device R, (Q) R (Q) Cu (F) Reee (Q) Crec (F)
Control 27.4 67.0 8.0x10° 1.6 1.6x106
NEG 28.0 59.4 9.9%107 7.6 7.6x108
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Figure S10. J—V curves measured in the dark of hole-only devices prepared using control and films
prepared with NEG for SCLC analysis.
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Figure S11. J-V curves of Pero-SCs measured in the dark.
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Figure S12. Normalized TPC decay curves of Pero-SCs.
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Figure S13. PCE evolution of the unencapsulated devices under 20% RH at 25 °C in the dark.
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Figure S14. The UV-vis spectra for (a) the control and (b) the perovskite film prepared with NEG
at 85 °C in the N, glovebox for 192 h, and (c) time dependence curves of the absorbance were

monitored at 778 nm for the control film and perovskite film prepared with NEG.
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