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Fig. S1 a SEM image of the Pbl> film deposited by the doctor-blading. b XRD pattern
of the Pbl film
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Fig. S2 SEM images of perovskite films at 10000 x magnification. The insets show the
distribution of particle grain sizes
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Fig. S3 a XRD patterns of the unannealed perovskite films with adding MAI or FACI.
b XRD patterns of the annealed perovskite films with adding MAI or FACI
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Fig. S4 a XRD patterns of pure MACI with various annealing times. b FWHM of (001)
peak and a (011) to (001) diffraction peak ratio belonging to Pbl> extracted from the
XRD patterns of pure MACI with various annealing times
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Fig. S5 XRD patterns of a MACI-0, b MACI-10%, ¢ MACI-20%, and d MACI-30%
with various annealing times
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Fig. S6 a Normalized XRD patterns of the annealed films with various ratios of MACI.
b FWHM and intensity of (100) peak with various ratios of MACI. ¢ XRD diffraction
peaks of (100) and (200) crystal planes for perovskite films with the different MACI
ratios. With increasing the MACI ratio, the diffraction peak of (100) and (200)
perovskite crystal plane gradually shifts to high diffraction angle because of the
increased proportion of small-sized MA" in the perovskite phase

S3/S10


https://springer.com/journal/40820

Nano-Micro Letters

—Pbl,
——MACI-0

—— MACI-10%
—— MACI-20%
—— MACI-30%

« Pbl, (001)

Intensity (a.u.)

A=

125 130 135 140 145
2 Theta (deg)

e

Fig. S7 Characteristic XRD diffraction peaks of Pbl,. The intensity of Pbl, diffraction
peaks increases with the MACI ratio
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Fig. S8 a UV-Vis absorbance spectra. b Tauc plots of the perovskite films with the
different MACI ratios

Table S1 Band gap was extracted from the Tauc-plot

MACI-0 MACI-10% MACI-20% MACI-30%
E, (V) 1.556 1.556 1.558 1.561

Table S2 PL carrier lifetimes were extracted from the TRPL decay measurements

Aq 71 (ns) A, T2 (ns) Az 73 (ns) Tave (DS)

MACI-0 0.15 15.75 0.59 88.26 0.22 300.98 203.52
MACI-10% 0.21 21.60 0.54 112.22 0.21 401.86 271.80
MACI-20% 0.10 23.60 0.58 131.03 0.30 462.93 342.78
MACI-30% 0.28 32.23 0.56 114.76 0.17 451.04 281.22
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Fig. S9 Angular-integrated diffraction patterns of the perovskite films calculated from
the 2D GIWAXS patterns
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Fig. S10 a Azimuth integration at q = 1.0 A™! for perovskite films obtained from 2D
GIWAXS patterns. b The (100) peak as a function of the azimuth angle () for a series
of perovskite films with various ratios of MACI. The analysis shows a corner-up
orientation for the low MACI ratio, but a predominant face-up orientation for films with
20% or more excess MACI
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Fig. S11 Azimuth integration at q = 0.9 A™! (represent Pbl,) for perovskite films

Table S3 Summary of photovoltaic parameters devices with different MACl ratios (Fig.

4a)

Jse Voc FF PCE Ave. PCE
(mA cm?) V) (%) (%) (%)
MACI-0 21.84 1.06 74.47 17.32 16.62+0.49
MACI-10% 22.89 1.11 79.77 20.09 19.25+0.67
MACI-20% 23.27 1.15 82.91 22.19 21.73£0.26
MACI-30% 23.04 1.14 79.50 20.96 20.28+0.37
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Fig. S12 Statistics of photovoltaic parameters (Jsc, Voc, FF, and PCE, respectively) of
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Table S4 A summary PCEs for PSCs prepared by two-step doctor blading or two-step
slot die

Year Structures Techniques PCE Refs
. two-step
2019 ITO/NiO,/MAPbl:/PCBM/BCP/ Ag ) 16.71 [S1]
doctor blading
FTO/SnO/(FAPbI3)1.«(MAPbLBr3),/ two-st
2020 nO/(FAPBLs)1-A( 2 wosstep 2049 [S2]
Spiro-OMeTAD/Au doctor blading
ITO/NiO,-NPs/CH3NH;3Pbls/ two-step
2020 ) 19.01 [S3]
PCsiBM/BCP/Ag doctor blading
. two-step
2020 ITO/NiO./FAPbI;/PCsiBM/BCP/ Ag ) 18.41 [S4]
doctor blading
two-step
2021 ITO/PTAA/MAPBLI;/PCBM/BCP/Ag i 20.33 [S5]
doctor blading
FTO/SnO2/FA.MA.Pbls/ two-step
2022 ) . 22.77 [Se6]
Spiro-OMeTAD/Au doctor blading
FTO/c-TiO2/Sn0O»/CsFA 1 <MA.Pbl,.,Br,/ two-step
2021 ) ) 19.00 [S7]
Spiro-OMeTAD/Au slot die
ITO/SnO,/Csp.0sMAg.4FA¢.55Pb(Ip.0sB / two-st
2022 nO, So..os 0.4FA0.55Pb(10.96B10.04)3 0-S .ep 19.20 [S8]
Spiro-OMeTAD/Au slot die
ITO/SnO»/CsFA1..MA,Pbl;,Br,/ two-step
2022 ) . 18.13 [S9]
Spiro-OMeTAD/Ag slot die
ITO/SnO2/FA.:MA/Pbl;,Br,/ two-step This
2023 ) . 23.14
Spiro-OMeTAD/Ag doctor blading work
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Fig. S13 Statistics of photovoltaic parameters of PSCs (Js, Voc, FF, PCE, respectively)
after OAI modification
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Fig. S14 EQE spectra and corresponding integrated Jsc of the OAI-modified PSC
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Fig. S15 The images of perovskite films with different MACI ratios. The top images
are fresh perovskites, and the bottom images are the perovskites after 70 days of aging
in ambient conditions under a humidity of 40% RH
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Fig. S16 XRD patterns of fresh and aged perovskite films under 40% RH. a MACI-O0.
b MACI-10%. ¢ MACI-20%. d MACI1-30%
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