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Fig. S1 Photographs of perovskite films at various steps of the fabrication process,
prepared using the control and LTAG-based processes
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Fig. S2 Schematic representation of the fabrication processes of perovskite films.
Route 1: The control process without aging, resulting in too much Pbl, on the
perovskite surface. Route 2: The LTAG method, resulting in a lower amount of Pbl,
on the PVK surface
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Fig. S3 XRD patterns revealing the Pbl> (001) and perovskite (100) peaks obtained
after applying the control process and the LTAG process at aging temperatures of 30,
50, and 70 °C

Fig. S4 High-power scanning electron microscopy (SEM) image of the perovskite
film obtained after aging treatment at 30 <C, revealing relatively large grains with
sizes of up to 1.15 pum
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Fig. S5 (a) Grain size distribution obtained from SEM images for perovskite films.
Average perovskite size for the film without (control) and LTAG-treated films (at 30,
50, and 70 =C) are 606 nm, 871 nm, 810 nm, 730 nm, respectively. (b) Grain
statistics and Guassian distribution fitting for control and LTAG-30 based films
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Fig. S6 Absorption spectra of FAMAPbDI3 films prepared without (control) and with
LTAG treatment (at 30, 50, and 70 <C). Perovskite with LTAG-treated film shows a
red shift near 810nm, indicating the visible band gaps of the LTAG-based FAMAPbI;
perovskite films was slightly shifted to narrow bandgap (ca. 1.53 eV) with the
decreased Pbl> contents.
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Fig. S7 Cross-sectional SEM image of a completed perovskite device having the
structure glass/ITO/SnO2/FAMAPDIs/Spiro-OMeTAD/Au
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Fig. S8 Top-view SEM images of annealed perovskite films with low-temperature
aging process at varies time for (a) 2 min, (b) 5 min, (c) 10 min, and (d) 15 min
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Fig. S9 J-V curves of devices prepared using LTAG method with different aging time
(at 2 min, 5 min, 10 min and 15 min)

Table S1 Device performance parameters for solar cells with low-temperature aging
processed at varies aging time

Aging time Voe (V) Jse (MA cm??) FF (%) PCE (%)
2 min 1.08 24.12 79.16 20.63
5 min 1.12 24.62 78.20 21.57
10 min 1.12 24.24 79.25 21.52
15 min 1.10 2431 80.03 21.40
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Table S2 Reported results for passivation layer—free FAPbIsz-based planar PSCs

ETL Perovskite composition Br content | PCE (%) Year Refs.
SC-CBD SnO2 | Cs(FAPbI3)o.s3(MAPbBr3)o.17 17 % 20.7 2016 [S1]
SnOz (FAPbI3)0.97(MAPbBTr3)0.03 3% 20.51 2016 [S2]
TiO2-Cl FAo0.8sMAo.15Pbl2.55Bro.4s 15 % 214 2017 [S3]
SnO2@a-TiO2 FAo0.8sMAo.15Pbl2.55Bro.4s 15 % 21.1 2017 [S4]
SnO2 MA0.03FA0.97Pb(T0.97Br0.03)3 3% 21.6 2017 [S5]
Co-Sn0O2 (FAPbI3)x(MAPbBI3)1x 10 % 21.3 2018 [S6]
SnO2+KOH Cs0.05(FA0.85sMAo.15)0.95Pb(lo.85Bro.15)3 15 % 20.5 2018 [S7]
SnO2 Cs0.02MA0.03FA0.95Pb(l0.95Bro.0s5)3 5% 22.0 2019 [S8]
NH4ClI-SnO: (FAPbI3)0.97(MAPbBTr3)0.03 3% 21.38 2019 [S9]
ZnO FA0.83Cs0.17Pb(l0.83Br0.17)3 17 % 21.1 2019 [S10]
SnO2 (FAPbI3)9s(MAPbBr3)s-MACI 5% 22.51 2019 [S11]
Sn0-KCl (FAPbI3)x(MAPDbBI3)1-x 3% 222 2020 [S12]
SnO2 (FAPDI3)0.92(MAPbBTr3)0.08 8% 22.6 2020 [S13]
Cs0.05(FA0.92MA0.08)0.95Pb(
PTAA 8% 22.3 2020 [S14]
lo.92Bro.s)3
SnO2 FA0.95Cs0.05Pbl3 21.6 2018 [S15]
SnOz FA1.xMAPbI3 21.24 2019 [S16]
TiO2 FAo.1sMAo.85Pbl3 21.38 2019 [S17]
Br-free
In203/Sn02 FA1.xMAPbI3 22.54 2020 [S18]
SnO:2 FA1xMAxPbI;3 2241 2020 This
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Fig. S10 Effects of relative humidity on control (without LTAG) and LTAG-based
perovskite devices
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Fig. S11 J-V curves for perovskite samples prepared through LTAG treatment under
various gases

Table S3 Device performance parameters obtained from the J-V curves of PSCs
prepared through LTAG treatment under various gases

LTAG-Perovskite Voe (V) Jse (MA cm?) FF (%) PCE (%)
Control 1.06 23.70 74.47 18.71
N» 1.12 24.28 78.95 21.47
Ar 1.12 24.52 77.50 21.28
0> 1.1 24.21 78.42 20.89

Table S4 Photovoltaic parameters obtained from the J—JV curves (both reverse and

forward scans) of the control device and the LTAG-based solar cells. H-index was
calculated using the equation H-index = (PCEreverse — PCEforward)/PCEreverse, Where
PCE- everse and PCEforward are the PCEs measured in the reverse and forward scan

directions
Scan Direction Vo Jsc FF PCE H-index
V) (mA cm) (%) (%) (%)
Control Reverse 1.06 23.78 7698 19.41 10.2
Forward 1.04 23.50 7132 17.43
LTAG Reverse 1.12 24.39 80.34 2195 3.1
Forward 1.1 24.29 79.58 21.26

S6/512


https://link.springer.com/journal/volumesAndIssues/40820

Nano-Micro Letters

Table SS J-V parameters of LTAG-30 devices recorded under illumination of 1 sun
(AM1.5, 100 mW cm2)

Sample Voe (V) Jse (MA cm) FF (%) PCE (%)
1 1.12 24.38 79.27 21.64
2 1.12 24.63 78.207 21.57
3 1.12 24.24 79.257 21.52
4 1.10 23.86 79.85 20.95
5 1.10 24.71 80.15 21.78
6 1.14 24.42 78.89 21.94
7 1.12 24.39 80.35 21.95
8 1.10 24.29 79.59 21.26
9 1.12 24.79 80.70 22.40
10 1.08 24.80 76.75 20.56
11 1.12 24.40 76.29 20.84
12 1.12 24.52 77.50 21.28
13 1.12 24.28 78.95 21.46
14 1.10 24.41 79.06 21.23
15 1.12 24.14 80.05 21.64
16 1.12 23.61 79.67 21.06
17 1.10 23.08 78.89 20.03
18 1.12 24.77 79.34 22.01
19 1.10 2431 80.03 21.40
20 1.08 24.12 79.16 20.63
21 1.10 22.71 80.14 20.02
22 1.08 2451 78.95 20.89
23 1.10 24.67 81.38 22.08
24 1.10 24.60 78.53 21.25
25 1.12 24.35 79.98 21.82
26 1.13 24.44 80.52 22.24
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27 1.10 24.56 80.04 21.62
28 1.12 24.82 78.00 21.68
29 1.10 24.65 79.42 21.72
30 1.11 24.60 78.56 21.45
31 1.10 24.53 77.88 21.02
32 1.10 24.29 79.59 21.26
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Fig. S12 External quantum efficiency (EQE) spectra of the control device and the
30 °C-aged device featuring FAMAPI; as the absorber. The current densities for the
control and LTAG-based devices, calculated from these curves, are 23.33 and 24.24
mA cm2, respectively. Both values match well with the current densities measured
from the J-V curves
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Fig. S13 Steady state power outputs of the champion control and LTAG-based
devices, measured close to the maximum power point. The stabilized current densities
for the control and LTAG devices were 21.2 and 22.24 mA cm™2, respectively; their
maximum voltages were 0.92 and 0.96 V, respectively. The steady state output
increased from 19.5 to 21.4% after applying the LTAG process.
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Fig. S14 Storage stability tests for the control and LTAG-based perovskite devices,
placed in a dry oven without encapsulation

Table S6 Parameters obtained from time-resolved photoluminescence (TRPL) spectra
of the control and LTAG-based perovskite films

71 (ns) A1 (%) 7 (ns) Az (%) Tave (NS)
Control 157.59 47.03 579.9 52.97 497.81
LTAG 201.51 70.19 1119.26 29.81 846.03
RS Rtl‘ Rre
I | | |
| I
C C

tr

Fig. S15 Equivalent circuit model for EIS. The equivalent circuit composed of series
resistance and charge-recombination resistance

Table S7 EIS parameters for the control and LTAG-based perovskite devices

Perovskite Ry (QY) R, (Q)
Control 32665 146900
LTAG 32325 170500
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Fig. S16 (a) Secondary electron cut-off region of the UPS spectra of the control and
LTAG devices. (b) Valence band region of the UPS spectra of the control and LTAG

devices. (¢) Energy band alignments for perovskite films prepared with and without
aging treatment
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