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Supplementary Figure. 1 Illustration of synthetic routes to NCPC.
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Supplementary Figure. 2 FTIR spectra of NCPC and CS.
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Supplementary Figure. 3 31P NMR spectra of NCPC in D2O.
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Supplementary Figure. 4 The TGA curve of NCPC and CS.
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Supplementary Figure. 5 2D GIWAXS images of (a) PEDOT:PSS and (b) NCPC.
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Supplementary Figure. 6 Film thickness of NCPC film.
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Supplementary Figure. 7 UV–vis absorption spectra of ITO、ITO/PEDOT:PSS and ITO/NCPC.







[image: ]


Supplementary Figure. 8 The optimized geometric molecular configuration and dipole moments of NCPC.
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Supplementary Figure. 9 UV–vis absorption spectra of green perovskite film on NCPC/PVK and PEDOT:PSS/PVK.
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Supplementary Figure. 10 UV–vis absorption spectra of blue perovskite film on NCPC/PVK and PEDOT:PSS/PVK.
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Supplementary Figure. 11 TA measurements for green perovskite film following excitation at 330 nm. (a) TA spectra at selected probe delay times. (b) Pseudocolar TA spectra.
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Supplementary Figure. 12 TA measurements for blue perovskite film following excitation at 330 nm. (a) TA spectra at selected probe delay times. (b) Pseudocolar TA spectra.
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Supplementary Figure. 13 Fluorescence images of red perovskite films on ITO/NCPC/PVK and ITO/PEDOT:PSS/PVK under 365 nm UV excitation.
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Supplementary Figure. 14  The PL spectra of green perovskite films deposited on different HILs.
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Supplementary Figure. 15 The PL spectra of blue perovskite films deposited on different HILs.
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Supplementary Figure. 16 Fluorescence images of green perovskite films on ITO/NCPC/PVK and ITO/PEDOT:PSS/PVK under 365 nm UV excitation.
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Supplementary Figure. 17 Fluorescence images of blue perovskite films on ITO/NCPC/PVK and ITO/PEDOT:PSS/PVK under 365 nm UV excitation.
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Supplementary Figure. 18 XRD patterns of green perovskite films on PEDOT:PSS/PVK and NCPC/PVK.
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Supplementary Figure. 19 XRD patterns of blue perovskite films on PEDOT:PSS/PVK and NCPC/PVK.
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Supplementary Figure. 20 Ultraviolet photoelectron spectroscopy (UPS) spectra of the ITO/NCPC (a) and ITO/PEDOT:PSS (b) film surfaces.
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Supplementary Figure. 21 Tauc plot analysis of NCPC film.
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Supplementary Figure. 22 Current density–voltage–luminance (J–V–L) curves of green PeLEDs with different HILs.
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Supplementary Figure. 23 EL spectra of NCPC-based green PeLEDs under various bias voltages.
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Supplementary Figure. 24 Current density–voltage–luminance (J–V–L) curves of blue PeLEDs with different HILs.
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Supplementary Figure. 25 EL spectra of NCPC-based blue PeLEDs under various bias voltages.
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Supplementary Figure. 26 Electronic band structure top view and conduction schematic of ITO/NCPC/PVK, showing direct hole transport (white) and tunneling (purple) regions.


Table S1. PL lifetime fitting parameters of the red perovskite films on different substrates.
	Sample
	τ1 (ns)
	A1
	τ2 (ns)
	A2
	τAVE (ns) 

	w/ NCPC
	6.67
	977.74
	86.13
	328.63
	71.3

	w/ PEDOT:PSS
	5.86
	978.37
	72.14
	399.06
	61.0



Table S2. An overview of the performance characteristics for red PeLEDs from previous literature and our work.
	Emission layer
	Emission peak [nm]
	Maximum EQE [%]
	Maximum Luminance 
(cd m-2 )
	Ref.

	PEABr-CsPbI3
	672
	19.6
	6078
	[1]

	Phenylbutanammonium iodide (PBAI)-CsPbBr0.6I2.4-PEOXA
	670
	9.1
	1359
	[2]

	CsPbI3
	675
	6.4
	204
	[3]

	FAxCs1−xPbIyBr3−y
	670
	9.0
	1524
	[4]

	PEIE-MAxCs1−xPb(I1−yBry)3
	670
	16.0
	~180
	[5]

	CsPb(I0.8Br0.2)-PEOXA
	668
	6.55
	338
	[6]

	PEA2Csn−1Pbn(Br/I)3n+1
	668
	30.08
	140
	[7]

	EDABr2/CsPbI3−xBrx
	671
	17.03
	10745
	[8]

	PEABr-CsPbI3
	670
	25.35
	222
	This work
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