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S1 Supplementary Figures and Tables
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Fig. S1 Photos of blade-coated WBG perovskite films at different stage
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Fig. S2 SEM images of blade-coated WBG perovskite films fabricated using DMF and DMF + IMD solvent systems
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[bookmark: _Hlk195012471]Fig. S3 a SEM images and b XRD patterns of perovskite films with varying RbI concentrations 
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[bookmark: _Hlk193900487]Fig. S4 Time-resolved XRD analysis of phase evolution in control and target perovskite films during ambient drying
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Fig. S5 The dendrite growth during natural drying of WBG precursor films with a RbI, b FAI, and c CsI
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Fig. S6 Dynamic light scattering (DLS) size distributions of perovskite precursor solutions with RbI, FAI, and CsI (test concentration: 1.5 M)
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Fig. S7 SEM images of target films under different conditions: a natural drying, b annealed for 30 s, and c annealed for 15 min
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[bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: _Hlk187697976]Fig. S8 EDS mapping of target films of Cs, Br, and I elements under different conditions: a natural drying, b annealed for 30 s, and c annealed for 15 min
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Fig. S9 Cross-sectional EDS elemental mapping of the target perovskite film
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Fig. S10 a SEM image and b XRD pattern of perovskite film with 3% RbCl
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Fig. S11 XPS spectra of the Rb 3d regions
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Fig. S12 XRD pattern of target perovskite film 
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Fig. S13 XRD patterns of Pb(SCN)2, RbI, and a mixture of Pb(SCN)2 and RbI (the inserted images are photos of the three films)
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Fig. S14 XRD patterns and FWHM of perovskite films
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Fig. S15 XRD patterns of the as-deposited perovskite precursor films before annealing
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Fig. S16 a UV-vis absorption spectra and b Tauc plot of the FA0.8Cs0.2Pb(I0.75Br0.25)3 perovskite films
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Fig. S17 The surface potential (SP) statistics values from KPFM measurements for the control, Pb(SCN)2 only, and target films
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[bookmark: OLE_LINK123][bookmark: OLE_LINK124]Fig. S18 Cross-sectional SEM image of the target device
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Fig. S19 a Mott-Schottky plots of the control and target devices; b Electrochemical impedance spectroscopy (EIS) spectrum of the control and target devices; c Dark J-V curves of the control and target devices
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Fig. S20 a EQE spectra of control and target devices and b Bandgap values of control and target perovskite films, determined from EQE spectra
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Fig. S21 Certification report for small area WBG PSCs
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Fig. S22 a Distribution of PV parameters for the control, Pb(SCN)2 only, and target devices. b Photos of the devices
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Fig. S23 a Photograph of a 5×5 cm2 target film prepared by blade-coating. b XRD patterns and c SEM images collected at 5 different spots on the film
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Fig. S24 a Photos of the mini-module. b The optical image of the P1-P2-P3 patterning of the mini-module
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Fig. S25 MPPT of the mini-module under multiple light/dark cycles
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Fig. S26 XRD patterns of FA0.8Cs0.2Pb(I0.75Br0.25)3 perovskite films before and after heating at 65 oC for 60 minutes under one-sun irradiation
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Fig. S27 The storage stability of the control and target devices in air (at 25 °C with a relative humidity of 30 ± 10%)


Table S1 Blade-coated champion single-junction WBG devices
	Bandgap (eV)
	Component
	Voc
(V)
	Jsc
(mA/cm2)
	FF
(%)
	PCE
(%)
	Area
(cm2)
	Years

	1.65
	Cs0.1MA0.9Pb(I0.9Br0.1)3
	1.167
	21
	82
	20.1
	0.06
	2020 [S1]

	1.65
	Cs0.1FA0.2MA0.7Pb(I0.85Br0.15)3
	1.23
	21.2
	83.8
	21.9
	0.06
	2022 [S2]

	1.61
	FA0.75Cs0.25PbI2.7Br0.3
	1.14
	23.4
	75.6
	20.2
	0.1
	2022 [S3]

	1.65
	Cs0.17FA0.83Pb(I0.8Br0.2)3
	1.24
	20.80
	79.5
	20.56
	0.094
	2022 [S4]

	
	
	1.21
	20.55
	74.0
	18.4
	1.00
	

	1.71
	FA0.9Cs0.1Pb(I0.7Br0.3)3
	1.27
	20.32
	81.22
	20.84
	0.09
	2022 [S5]

	1.68
	(FA0.65MA0.2Cs0.15)Pb(I0.8Br0.2)3
	1.16
	20.94
	81.8
	19.92
	0.07
	2023 [S6]

	1.68
	Cs0.22(FA0.8MA0.2)0.78Pb(I0.83Br0.14Cl0.03)3
	1.21
	21.3
	79.6
	20.9
	0.1
	2024 [S7]

	1.67
	FA0.7Cs0.25MA0.05Pb(I0.8Br0.2)3
	1.25
	21.05
	84.34
	22.06
	0.07
	2024 [S8]

	
	
	1.26
	20.15
	76.98
	19.63
	1.02
	

	1.67
	Cs0.22FA0.63MA0.15PbI0.83Br0.14Cl0.03
	1.23
	21.4
	85.0
	22.4
	0.057
	2024 [S9]

	
	
	4.78
	20.8
	79
	19.6
	9.8
	

	1.66
	(Cs0.22FA0.63MA0.15)Pb(I0.83Br0.14Cl0.03)3
	1.24
	23.1
	82.9
	22.6
	0.1
	2024 [S10]

	1.68
	Cs0.25FA0.75Pb(I0.8Br0.2)3
	1.20
	20.72
	85.37
	21.31
	
	2024 [S11]

	1.68
	Cs0.05FA0.80MA0.15PbI2.25Br0.75
	1.24
	20.6
	84
	21.5
	1.05
	2024 [S12]

	1.69
	FA0.8Cs0.2PbI2.25Br0.75
	1.26
	21.75
	83.94
	23.0
	0.093
	Our work,
2025

	
	
	6.34
	4.16
	76.47
	20.2
	10.5
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