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Fig. S1 (a) UPS spectra of high binding energy secondary-electron cutoff (left) and valence band edge regions of perovskite film (right). (b) Perovskite film upon the incident photon energy (hv).

The energy levels of the perovskite layer were calculated from the UV/Vis absorption and Ultraviolet photoelectron spectroscopy (UPS) spectra (Figure S1). UPS spectra are conducted to explore the influence of the perovskite film with LiF interlayer. From the secondary electron cutoff (Ecutoff) region in following figures, the work functions (WF = 21.2 eV - Ecutoff) of the perovskite film with LiF interlayer are 4.64 eV. The corresponding valence band maxima (VBM) is 5.38 eV (VBM = - (Ecutoff + Eonset)). And the conduction band minimum (CBM) is 3.01 eV (CBM = - (VBM - Eg)).
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Fig. S2 Photoluminescence quantum yields (PLQYs) of the films without or with LiF interlayer.
[bookmark: _GoBack]
Table S1 Performance parameters of PeLEDs based on LiF interlayer of different thicknesses
	Sample
	Wavelength (nm)
	Max. Luminance (cd m-2)
	Max. EQE (%)

	control
	514
	23984
	20.68

	1.0 nm
	514
	26779
	22.12

	2.0 nm
	514
	29443
	23.61

	3.0 nm
	514
	20663
	20.68



[bookmark: _Hlk164685749]Table S2 Performance parameters of PeLEDs based on LiF interlayer of different location
	Sample
	Wavelength (nm)
	Max. Luminance (cd m-2)
	Max. EQE (%)

	device Ⅰ
	514
	30845
	24.03

	device Ⅱ
	514
	26962
	22.34

	device Ⅲ
	514
	21075
	20.75




Table S3 PL lifetime summary with or without LiF interlayer
	devices
	τ1
(ns)
	A1
(%)
	τ2
(ns)
	A2 (%)
	τ3
(ns)
	A3
(%)
	τavg 
(ns)

	w/o LiF
	10
	10
	44
	42
	214
	48
	122.20

	w/LiF
	8
	12
	57
	37
	278
	55
	174.95


τavg is calculated by the fitted data of the PL decay curves as follows

in which A1, A2, and A3 are the amplitudes of each component while τ1, τ2, and τ3 are the corresponding lifetime constants.
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Figure S1. (a) UPS spectra of high binding energy secondary-electron cutoff (left)
and valence band edge regions of perovskite film (right). (b) Perovskite film
upon the incident photon energy (hv).
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