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Figure S1. SEM histogram of grain number of perovskite films different PbCl2 contents.
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Figure S2. AFM diagram, 3D AFM diagram and RMS of PbI2 films with different PbCl2 contents.
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Figure S3. SEM diagram of PbI2 films with different PbCl2 contents.
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Figure S4. SEM cross-section of perovskite films with different PbCl2 contents.
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Figure S5. Thickness diagram of target device with different molar concentration.
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Figure S6. The statistical diagram of VOC, JSC, FF and PCE parameters of control devices with different molar concentrations.
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Figure S7. The statistical diagram of VOC, JSC, FF and PCE parameters of target devices with different molar concentrations.
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Figure S8. Full XPS spectra of control and target perovskite films
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Figure S9. Ultraviolet-visible absorption spectra and Tauc-plots of perovskite films with different PbCl2 contents.
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Figure S10. The statistical diagram of VOC, JSC, FF and PCE parameters of different PbCl2 contents devices under 1.4 mM process.
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[bookmark: OLE_LINK4]Figure S11. Hysteresis diagram of control and target optimal device.

Supplementary Table
Table S1. Parameter table for the preparation of perovskite films with different thicknesses
	Lead halide precursor concentration
(mmol/mL)
	Concentration of FAI
(mg/mL)
	Concentration of MACl
(mg/mL)

	1.2
	50
	5.0

	1.3
	60
	6.0

	1.4
	75
	7.5

	1.5
	90
	9.0





Table S2. Fs-TA carrier kinetics plots fitting results chart at 790 nm wavelength.
	Samples
	τ0 (ps)
	τ1 (ps)
	A1
	τ2 (ps)
	A2
	τ3 (ps)
	A3
	τave (ps)

	0% PbCl2
	0.33
	88.9
	0.32
	236
	0.20
	950
	0.48
	840.8

	5% PbCl2
	0.37
	6.56
	0.43
	819
	0.21
	841
	0.36
	828.5

	10% PbCl2
	0.46
	693
	0.20
	8.23
	0.30
	1300
	0.50
	1190.1


Note: The fitting of TA carrier dynamics curve is consistent with the following formula:
+
where A1, A2 and A3 are the relative amplitudes and , and are the time constants. Average lifetime , where .

Table S3. TRPL plots fitting results chart.
	Samples
	A1
	τ1（ns）
	A2
	τ2（ns）
	τave（ns）

	0% PbCl2
	0.37 
	61.27 
	0.63 
	325.56 
	188.17 

	5% PbCl2
	0.28 
	114.54 
	0.72 
	838.90 
	[bookmark: _Hlk193461226]571.92 

	10% PbCl2
	0.85 
	20.25 
	0.15 
	144.07 
	19.71 


Note: The fitting of TRPL plots conforms to the following equation:

where A1 and A2 are the relative amplitudes and  and  are the time constants. Average lifetime , where .

Table S4. EIS plots fitting results chart.
	Samples
	Rs（Ω）
	Rtr（Ω）
	Ctr（F）
	Rrec（Ω）
	Crec（F）

	Control
	2.92
	1.46104
	2.9410-8
	8289
	3.6510-7

	Target
	1.76 
	1.14105 
	5.4910-7 
	9097
	5.7810-8 





Table S5. Parameter table of optimal device hysteresis test results for control and target.
	Samples
	Scan
direction
	JSC
(mA/cm2)
	VOC
(V)
	FF
(%)
	PCE
(%)

	Target
	Forward
	24.79
	1.15
	80.59
	23.15

	
	Reverse
	23.53
	1.15
	79.81
	21.74

	Control 
	Forward
	23.79
	1.12
	78.08
	20.88

	
	Reverse
	21.59
	1.11
	71.59
	17.23
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