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Experimental Section
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Figure S1. X-ray diffraction (XRD) pattern of the synthesized PbS colloidal quantum dots. 
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Figure S2. X-ray photoelectron spectroscopy (XPS) spectra of the synthesized PbS colloidal quantum dots.
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Figure S3. Ultraviolet photoelectron spectroscopy (UPS) spectra of (a) C60, (b) PbS CQDs, (c) SnO2 and (d) ZnO functional layers.
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Figure S4. Responsivity curves of the n-i-n and p-i-n devices.
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Figure S5. -3 dB bandwidth of the n-i-n and p-i-n devices.
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Figure S6. Noise current power density of the asymmetric n-i-n and the control p-i-n devices.
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Figure S7. Signal to noise ratio of the traditional p-i-n at a signal frequency of 500 Hz.
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Figure S8. Noise equivalent power (NEP) spectra of the traditional p-i-n and asymmetric n-i-n devices.
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Figure S9. (a) J-V curves and (b) EQE curve of the device with the structure of fully symmetric ITO/ZnO/PbS/ZnO/Ag.
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Figure S10. (a) J-V curves and (b) EQE curve of the device with the structure of fully symmetric ITO/SnO₂/PbS/SnO₂/Ag.
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Figure S11. (a) J-V curves and (b) EQE curve of the device with the structure of ITO/PbS/C60/SnO2/Ag.
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Figure S12. (a) J-V curves and (b) EQE curve of the device with the structure of ITO/ZnO/C60/PbS/C60/SnO2/Ag.
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Figure S13. (a) J-V curves and (b) EQE curve of the control n-i-n device utilizing smaller size PbS QDs, with a response at ~980 nm.
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Figure S14. (a) J-V curves and (b) EQE curve of the n-i-n device using the larger PbS QDs with absorption peak at 1650 nm.
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Figure S15. Capacitance-frequency spectrum of the asymmetric n-i-n device.

[image: ]
Figure S16. SCAPS simulated energy band diagram for the n-i-n device lacking the C60 layer under reverse bias.
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Figure S17. (a) J-V curves and (b) EQE curve of the control device utilizing conventional PCBM as the electron transport layer.
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Figure S18. (a) J-V curves and (b) EQE curve of the device incorporating an ultra-thin 3 nm C60 layer.
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Figure S19. COMSOL 3D simulation of electron concentration within the asymmetric n-i-n device under a forward bias of 1 V.
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Figure S20. (a) Scatter plot of the pixel grayscale values under uniform illumination. (b) Scatter plot of the pixel grayscale values in the dark, demonstrating an exceptionally low hot pixel rate of 0.009%.

Table S1. Performance list of PbS CQD photodetectors
	Device structure
	Ligand
	Spectral range (nm)
	Detectivity (Jones)
	Bandwidth
	LDR (dB)
	Light direction
	Year/ Ref.

	ITO/ZnO NCsPbS QD/TAPC/MoO₃/Ag
	BDT
	400–1500
	7.0×10¹³ [M]
	117 Hz
	/
	back
	20151

	ITO/PEDOT:PSS/PbS QD:ZnO QD:P3HT:PCBM/Al
	ZnO QD/P3HT/PCBM(Blend)
	300–1000
	1.01×10¹² [M] 
	[bookmark: OLE_LINK1]2.2 kHz
	70
	back
	20142

	ITO/ ZnO/PbS CQD/Spiro-OMeTAD /Au
	PbI₂/PbBr₂/NH₄Ac
	400–1650
	1.4×10¹² [M]
	16 kHz
	/
	back
	20193

	ITO/PEDOT:PSS/PbS NQD/ZnO/Al
	EDT
	350–1100
	1.45×10¹² [M]
	4.4 kHz
	60
	back
	20124

	ITO/NiO/PbS QD/ZnO/Al
	BDT
	400–1400
	1.2×10¹² [M]
	35 kHz
	67
	[bookmark: OLE_LINK2]back
	20145

	Au/P3HT/Al
	P3HT
	300–1200
	2.1×10¹² [C]
	3 Hz
	/
	back
	20156

	Glass/PbS-TBAI/PBDB-T:PBI-Por/Al
	TBAI
	400–1000
	1.12×10¹³ [C]
	0.83 Hz
	65
	back
	20187

	ITO/ZnO/PbI₂/PbS–TBAI/PbS–EDT/Au
	TBAI/EDT
	300–980
	1.3×10¹³ [C]
	5 kHz
	101
	back
	20178

	ITO/PbS CQD/Al
	BDT
	400–1800
	1×10¹² [C]
	1.2 MHz
	/
	back
	20099

	ITO/PEDOT:PSS/ PbS-QD:P3HT:PCBM/Al
	P3HT/ PCBM (Blend)
	400–1850
	2.3×10⁹ [C]
	2.5 kHz
	/
	top
	200910

	Graphene/PbS
	EDT
	300–2000
	1×10¹² [C]
	350 Hz
	>80
	top
	201711


‘M’ means measured detectivity and ‘C’ means calculated detectivity.
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