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[bookmark: OLE_LINK2]Fig. S1. The PCE statistics of flexible CZTSSe solar cells with (a) different Li/(Cu+Zn+Sn) and (b) different Na/(Cu+Zn+Sn) ratios based on the optimal Li/(Cu+Zn+Sn).
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Fig. S2. (a)The SCLC of three films. The I-V cures of (b) No doped, (c) Li doped and (d) Li &Na doped CZTSSe films in the temperature range of 100-320 K.




Table S1. Summary of the average photovoltaic parameters with standard deviations for flexible CZTSSe devices.
	Solar cell
	Voc (mV)
	Jsc (mA/cm2)
	FF (%)
	PCE (%)

	No doped
	410±5.2
	31.76±0.80
	60.47±1.35
	7.78±0.27

	Li doped
	469±8.1
	30.13±0.94
	63.29±1.48
	8.94±0.34

	Li&Na doped
	499±7.2
	30.94±0.90
	65.19±1.36
	10.06±0.27
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Fig. S3. The certified results of the Li&Na co-doped flexible CZTSSe solar cell measured at by Fujian Metrology Institute/National PV Industry Measurement and Testing Center (NPVM). The certified illuminated area is 0.2025 cm2 , and certified PCE is 10.12% (VOC = 0.4951 V, JSC = 31.49 mA/cm2, FF = 64.93%). 
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Fig. S4. The statistical performance box plots for the small (0.205 cm2) and large (2.38 cm2) area Li&Na doped flexible CZTSSe devices: (a) Voc and (b) Jsc.
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Figure 1. 1-V and P-V characteristic curves of the measured sample under STC
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Figure 2. Relative spectral responsivity curve of the measured sample
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Figure 4. Reverse side of the measured sample

Uncertainty of measurement results:
Short-Circuit Current: Ui=1.4% (k=2); Open-Circuit Voltage: Uni=1.0% (k=2);

Maximum Power: Uw=2.2% (k=2); Efficiency: U=2.2% (k=2); Fill Factor: U=3.2% (k=2).

Relative Spectral Responsivity:
(300~400) nm: U = 2.2% (k=2);
(400~1100) nm: Urer = 1.8% (k=2);
(1100~1200) nm: Ui = 2.6% (k=2).

15%B:  The designated illuminated area of the measured sample was 0.2025 cm? .
Explanation

Testing Method (Code and Name) for This Test

1EC 60904-1: 2020 Photovoltaic devices- Part 1: Measurement of photovoltaic current-voltage characteristics

IEC 60904-8: 2014 Photovoltaic devices- Part 8: Measurement of spectral responsivity of a photovoltaic (PV)
device
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