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Fig. S1 AFM morphology and corresponding RMS roughness of perovskite a without
and b with APTA additive

S1/59


https://springer.com/40820
mailto:weijun.ke@whu.edu.cn
mailto:taochen635@whu.edu.cn
mailto:gjfang@whu.edu.cn

Nano-Micro Letters

a- b =~ v
g Control g APTA e
A S’
@@ @n
=] =
e &
= =
L) L]
- )
A =%
= =
(2 P
S E
] ]
= =
B I
=] (=
Z T T T Z — T T T R
650 700 750 800 850 650 700 750 800 850
Wavelength (nm) Wavelength (nm)

Fig. S2 PL peak changes of perovskite film a without and b with APTA under
continuous laser irradiation

Table S1 Fitted Parameters of TRPL Spectra

samples T1 (ns) Ay T2 (ns) Az Tavg (NS)
Control 30.23 33.88 254.62 66.12 241.75
APTA 65.14 23.20 852.44 76.80 834.46

200 nm EHT = 500 kV Signal A = InLens Date :16 May 2022 zElssI

EHT = 5.00kV Signal A = InLens Date :16 May 2022 ZEISS|
WD = 63 mm Mag= 50.00KX Time :16:26:05

WD = 56 mm Mag = 50.00KX Time :16:18:33

Fig. S3 Cross-sectional SEM image of PSC a without and b with APTA additive
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Fig. S4 The statistic performance parameters of a Voc, b Jsc, ¢ FF and d PCE for
inverted WBG PSCs with different concentration of APTA
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Fig. S5 J-V curves of the champion PSCs prepared a without or b with APTA measured
in both reverse and forward directions, respectively. The photovoltaic parameters of the
devices are both shown in each picture
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Fig. S6 The first derivative of the EQE curve

a 1.20 b 22
115 P : .
o [ 2 20 .
2O 1,10 =
%
H
| 194
1.05 1
T T 18 T T
Control APTA Control APTA
C ss
= ‘
=3
80
76 T T
Control APTA

Fig. S7 Statistical data of a Voc, b Jsc and ¢ FF for WBG devices
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Table S2 Standard deviations of the photovoltaic parameters of the WBG devices

Voc Jsc PCE
sample FF (%)
%) (mA cm?) (%)
control 1.09+0.034 20.7+0.16 82.4+0.5 19.02+0.32
APTA 1.13+0.023 20.8+0.15 84.3+0.3 20.124+0.33
a Control 13d b Control Br 3d

Intensity (a.u.)
Intensity (a.u.)

635 630 625 620 615 72 70 68
Binding Energy (eV) Binding Energy (eV)

Fig. S8 a I 3d and b Br 3d XPS spectra for perovskite film w/o and with APTA
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Fig. S9 UV-vis absorbance spectra of perovskite films w/o and with APTA
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Fig. S10 UPS spectra of perovskite films w/o or with APTA

Table S3 Energy level parameters of different perovskites

E Er
samples (egV) Eonset (€V)  Ecuorr(€V)  Evem(eV) Ecsm(eV) V)
Control 1.67 1.41 17.09 5.53 3.86 4.12
APTA 1.67 1.49 17.01 5.69 4.02 4.20
as b s
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Fig. S11 The derivative of capacitance spectra of WBG devices a without and b with

APTA incorporation
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Table S4 EIS Parameters for the PSCs based on different perovskite

samples Rs(Q) Rrec(Q)

Control 70.1 491.2

APTA 49.8 1274.5
Cu

PEDOT:PSS
ITO

Fig. S12 Schematic device configuration of Sn-Pb NBG perovskite solar cell
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Fig. S13 Transmittance spectrum of semi-transparent perovskite top cell
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Fig. S14 J-V curves of the semi-transparent WBG PSC a without and b with APTA

Table S5 Summary of all-perovskite 4-T tandem solar cells

PCE of 4-T
year  subcells Device structure tandem solar REFs
cells (%)
top ITO/NiOx/MAPDI:/PCBM/C60/ITO
2016 19.08 [S1]
bottom ITO/PEDOTZPSS/MAo‘sFAo‘sSno_zspbo‘7513/PCBM/C60/Ag
tOp ITO/NiOX/FA0,33CSo, 1 7Pb10,33BI‘0, 1 7/PCBM/SI’102/ZTO/ITO
2016 20.1 [S2]
bottom  ITO/PEDOT:PSS/FA¢.75Cs0.25Sn0.5sPbo sI3/PCBM/BCP/Ag
top FTO/Sn0,/C60-SAM/MA.7FA ¢ 3Pbl3/spiro-OMeTAD/MoO./Au/MoOx
2017 21.2 [S3]
bottom ITO/PEDOT:PSS/(FASnl3)o.s(MAPbI3)04/PCBM/BCP/Ag
top ITO/NiOX/MAogCSo_1Pb(Io_6Bro_4)3/C60/ C60/ITO
2017 16.7 [S4]
bottom ITO/PEDOT:PSS/MASng 5Pbg 515/ I1CsoBA/ C60/Ag
tOp FTO/SnOz/Cﬁo-SAM/FA()‘3CSo_2Pb(Io_7BI‘0‘3)3/Spir0-OMeTAD/MOOX/ITO
2018 23.1 [S5]

bottom  ITO/PEDOT:PSS/(FASnI3)o6(MAPbI;)o.4/PCBM/BCP/Ag

¢ ITO/SnO%/Cso 1 (MA(), 1 7FAO_83)0,9Pb(I(),83BI'0, 1 7)3/spir0—
op

bottom ITO/PEDOT:PSS/FA0.8MAO0.2Sn0.5Pb0.513/PCBM/C60/BCP/Ag.

tOp ITO/MeO—szCZ/FA0_3CSo,2PbIo,gBI‘0‘2/ C(,o/ SHOQ/ ITO
2022 26.0 [S7]
bottom  ITO/PEDOT:PSS/FA¢.7MA¢3Sng sPbo s13/Cso/BCP/Ag.
top ITO/MeO-2PACz/FA.75Cs0.25Pblo sBro 2/Cs0/SnO2/ITO This
2023 26.3
bottom ITO/PEDOT:PSS/FA0,7MA0,3Sno_5Pbo_5I3/C6O/BCP/Ag. work
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