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Fig. S1 a C 1s, b Tb 4d, c Cl 2p, d Pb 4f, e Cs 3d, and f I 3d core-level XPS spectra of CsPbI3 films based on Me-4PACz with and without TbCl3 doping
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Fig. S2 Cross-section SEM images of the CsPbI3 films based on Me-4PACz a without and b with TbCl3 doping
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[bookmark: _Hlk181969624][bookmark: _Hlk181038580]Fig. S3 AFM images of the CsPbI3 films based on Me-4PACz a without and b with TbCl3 doping
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Fig. S4 Magnified (110) and (220) XRD peaks of CsPbI3 films prepared on Me-4PACz with and without TbCl3 doping
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Fig. S5 PL spectra from the surface side of CsPbI3 films prepared on Me-4PACz with and without TbCl3 doping
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Fig. S6 UPS spectra of Me-4PACz with and without TbCl3 doping
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Fig. S7 Statistical a VOC, b JSC, c FF and d PCE for CsPbI3 PSCs prepared on Me-4PACz with 0.5, 1, 3, and 5 mg/mL TbCl3 doping
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Fig. S8 Light J-V curves recorded under forward voltage scan from -0.1 to 1.3 V and reverse voltage scan from 1.3 to -0.1 V for the champion CsPbI3 PSC prepared without and with TbCl3-doped Me-4PACz
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Fig. S9 Dark J-V curves of CsPbI3 PSCs based on Me-4PACz with and without TbCl3 doping
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Fig. S10 Statistical a VOC and b FF for CsPbI3 PSCs prepared on Me-4PACz without and with TbCl3 doping
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Fig. S11 PL spectral of CsPbI3 films prepared without and with TbCl3-doped Me-4PACz after storing for 5 days in ambient air
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Fig. S12 J-V curves of CsPbI3 PSCs fabricated without and with TbCl3-doped Me-4PACz after storing for 5 days in ambient air
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Fig. S13 a TPC and b TPV curves of CsPbI3 PSCs based on Me-4PACz with and without TbCl3 doping
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[bookmark: _Hlk181038678]Fig. S14 a Nyquist and b M-S plots of CsPbI3 PSCs based on Me-4PACz with and without TbCl3 doping
Table S1 The fitting parameters of TRPL spectra for CsPbI3 films on Me-4PACz with and without TbCl3 doping
	
	A1
	τ1 (ns)
	A1
	τ2 (ns)
	τave (ns)

	w/o TbCl3
	21.93
	0.46
	0.37
	1.66
	2.67

	w/ TbCl3
	2.02
	0.28
	0.59
	2.79
	1.55


Table S2 Photovoltaic parameters of the optimized CsPbI3 PSCs based on Me-4PACz with and without TbCl3 doping
	Samples
	VOC (V)
	JSC (mA/cm2)
	FF
	PCE (%)

	w/o TbCl3
	1.017
	19.9
	0.758
	15.34

	w/ TbCl3
	1.162
	20.12
	0.799
	18.68


[bookmark: _Hlk181038745]Table S3 Photovoltaic parameters of the semitransparent CsPbI3 PSC, the silicon solar cell before and after filtering, and the perovskite/silicon tandem device
	Samples
	JSC (mA/cm2)
	VOC (V)
	FF
	PCE (%)

	Si-Cell
	41.81
	0.72
	0.761
	22.91

	Si-Filtered
	21.93
	0.70
	0.770
	11.83

	Semitransparent PSCs
	19.75
	1.11
	0.802
	17.57

	4T TSCs
	
	
	
	29.40

	2T TSCs
	18.56
	1.75
	0.783
	25.44





Table S4 Performance comparisons of the tandem solar cells based on all-inorganic perovskite materials
	Device structure
	All-inorganic materials
	PCE (%)
	Year
	References

	all-perovskite TSC
	CsPbI1.5Br1.5
	18.07
	2022
	[S1]

	all-perovskite TSC
	CsPbI2Br
	19.61
	2023
	[S2]

	Perovskite/organic TSC
	CsPbI2Br
	17.24
	2020
	[S3]

	Perovskite/organic TSC
	CsPbI2.1Br0.9
	18.06
	2021
	[S4]

	Perovskite/organic TSC
	CsPbI1.8Br1.2
	21.04
	2022
	[S5]

	Perovskite/organic TSC
	CsPbI2Br
	20.2
	2022
	[S6]

	Perovskite/organic TSC
	CsPbI2Br
	21.4
	2022
	[S7]

	Perovskite/organic TSC
	CsPbI2.2Br0.8
	22.43
	2022
	[S8]

	Perovskite/organic TSC
	CsPbI2Br
	23.21
	2023
	[S9]

	Perovskite/organic TSC
	Cs0.99Rb0.01PbI2.2Br0.8
	23.07
	2024
	[S10]

	Perovskite/organic TSC
	CsPbI2.5Br0.5
	23.24
	2024
	[S11]

	Perovskite/organic TSC
	CsPbI2Br
	22.34
	2023
	[S12]

	Perovskite/silicon TSC
	CsPbIxBr3-x
	22.95
	2022
	[S13]

	Perovskite/silicon TSC
	CsPbI2.85Br0.15
	25.31
	2023
	[S14]

	Perovskite/silicon TSC
	CsPbI2.85Br0.15
	27.27
	2024
	[S15]

	2T Perovskite/silicon TSC
	CsPbI3
	25.44
	2024
	This work

	4T Perovskite/silicon TSC
	CsPbI3
	29.40
	2024
	This work
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