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Supplementary Fig. 1 | Schematic of series-connected PSC. The gray color with hatch means patterned FTO electrode. Brown color means patterned layer of ETL/MAPbI3/HTL. And dark gray color means Ag electrode.
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Supplementary Fig. 2 | Schematic illustration and linear sweep voltage graph of ionogel. a, Black is polymerized PUA while red and blue represent the cations and anions of EMITFSI, respectively. b, LSV of ionogel with a scan rate of 10 mV s−1.
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Supplementary Fig. 3 | GCD profile of SC with different current densities.
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Supplementary Fig. 4 | The performance of 4-PSCD with different discharging current densities under AM 1.5 G illumination. a, specific capacitance. b, storage efficiency.
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Supplementary Fig. 5 | Ragone plot of 4-PSCD.
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Supplementary Fig. 6 | Photo-charging and galvanostatic discharging profile. a, single-PCSD. b, 2-PCSD. c, 3-PCSD. d, 4-PCSD.
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Supplementary Fig. 7 | Overall efficiency depending on the number of series cell at 1 mA cm−2 discharging.
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Supplementary Fig. 8 | The performance of 4-PSCD with different discharging current densities under 0.1 sun illumination. a, the specific capacitance. b, storage efficiency. c, overall efficiency.

[image: ]
Supplementary Fig. 9 | The voltage profile of photo-charging and galvanostatic discharging of 20 mA cm−2 for 100 cycles.
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Supplementary Fig. 10 | The weekly specific energy density of encapsulated 4-PCSD under ambient condition.

	Device
	Jsc [mA cm−2]
	Voc [V]
	FF [%]
	PCE [%]

	Small area
	21.84
	0.99
	69.50
	15.07

	Large area
	21.56
	1.02
	66.33
	14.60



[bookmark: _Hlk101292263]Supplementary Table 1 | Photovoltaic performance parameters of PSC using small size electrode and large size electrode.

	Device
	Isc [mA]
	Voc [V]
	FF [%]
	PCE [%]

	Series
	5.74
	4.07
	64.40
	14.46

	Individual
	5.58
	1.02
	66.33
	14.60



Supplementary Table 2 | Photovoltaic performance parameters of series-connected PSC and single PSC.

	Light intensity
	Jsc [mA cm−2]
	Voc [V]
	FF [%]
	PCE [%]

	0.1 sun
	1.97
	0.93
	70.15
	12.88



Supplementary Table 3 | Photovoltaic performance parameters of PSC under 0.1sun illumination.

	Current density
[A g−1]
	Energy density
[Wh kg−1]
	Power density
[W kg−1]

	0.1
	4.27
	147.94

	0.2
	4.04
	285.70

	0.5
	3.45
	622.66

	1
	2.68
	1073.30



Supplementary Table 4 | The specific energy density and specific power density of SC.

	Condition
	Device
	Rs [Ω]
	Rct [Ω]
	Rrec [Ω]
	Cdl [F]
	Wo

	Dark
	PSC
	4.57×101
	1.80×105
	1.10×105
	-
	-

	
	SC 
	3.55×101
	1.10×102
	-
	1.65×10-6
	8.53×10-1

	
	4-PCSD
	7.69×101
	2.04×104
	2.13×104
	-
	-

	Light
	PSC
	7.06×101
	3.50×102
	-
	-
	-

	
	SC 
	3.34×101
	8.98×101
	-
	1.30×10-6
	3.21×10-3

	
	4-PCSD
	3.56×101
	9.53×101
	-
	1.74×10-6
	5.70×10-3



Supplementary Table 5 | The parameters of EIS of PSC, SC, and 4-PCSD with light/dark condition.
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	PV cell
	Supercapacitor
	Current density
[mA cm–2]
	Storage efficiency
[%]
	Conversion efficiency
[%]
	Overall efficiency
[%]
	Working Voltage
[V]
	Ref

	
	Electrode
	Electrolyte
	
	
	
	
	
	

	GaAs solar cell
	MnO2@C//VN
	MgSO4/PAM
	1
	67.90
	25.88 
	17.57
	2.2
	1

	SiNW/PEDOT:PSS solar cell
	laser-scribed graphene
	1.0 M H2SO4 /
porous separator
	5.48 A g–1
	-
	12.37
	2.92
	0.45
	2

	SiNW/PEDOT:PSS hybrid solar cell
	polypyrrole plate
	H3PO4/PVA
	3
	-
	13.39
	10.5
	0.55
	3

	Perovskite solar cell
	PANI/CNT
	H2SO4/PVA
	1
	70.9
	22.1
	-
	0.7
	4

	Perovskite solar cell
	PEDOT-carbon
	1 M LiClO4/ tetramethylammonium iodide in isopropanol
	1
	73.77
	6.37
	4.70
	0.71
	5

	Perovskite solar cell
	mesoporous N-doped carbon nanospheres
	H2SO4/PVA
	0.5
	92
	12.5
	11.5
	1.05
	6

	Perovskite solar cell
	Activated carbon
	EMITFSI/PUA
	1
	94.08
	14.46
	13.17
	3
	This work



Supplementary Table 6 | Comparisons between prepared PSCD and other reported integration of solar cell-SC.
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