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Note S1 Parameters for adjusting the EL performance
Ideally, our RE-TriLEDs are equivalent to coplanar plate capacitors with a capacitance (C) proportional to the averaged relative permittivity (εavg) of the layers stacked on the electrodes.
		(S1)
The modulus of the impedance (|Z|) is inversely proportional to C such that
		(S2)
Thus, when polar liquids are added and absorbed into the RTP layer of the RE-TriLEDs, εavg is increased and |Z| is reduced, causing the electric field distribution to convert from in-plane to vertical. The relative permittivity of water (H2O) is higher compared to ethanol (EtOH) or ethylene glycol (EG) (Table S1), which leads to a higher reduction of |Z| and a higher luminance (Figs. S12 and S21).
[bookmark: _Hlk187753800]AC-EL devices involving inorganic phosphors are based on hot electron excitation mechanism [S1], and their EL performance is mainly determined by the voltage input. At fixed temperature and AC frequency, the relationship between the luminance (L) and input voltage (V) can be expressed through the following equation [S1, S2]:
		(S3)
where a and b are constants determined by factors such as particle size, orientation between the particle and applied electric field, concentration of the particles in the dielectric layer, dielectric constant of the dielectric layer, and device thickness. The model fitted well with our experimental results, as shown in the solid lines in Fig. 2g.
Supplementary Table and Figures

Table S1 Parameters used in numerical simulations
	Layer (Material)
	Parameters

	
	Electrical conductivity (S m-1) [S3, S4, S6]
	Relative permittivity [S3, S5, S7]
	Width
(mm)
	Height
(mm)

	RTP layer (PVA)
	1×10-8
	8.0
	11
	0.02

	EL/FL layer (PDMS)
	3.1×10-13
	2.7
	11
	0.1

	Electrode (ITO)
	1.3×104
	1×1010 (Infinite)
	5
	0.05

	Air
	0.0
	1.0
	40
	40

	Polar liquid
	H2O
	2.0
	80
	11
	0.5

	
	EtOH
	5.5×10-5
	24.3
	
	

	
	EG
	1.1×10-4
	37.7
	
	


[bookmark: _Hlk187752230]Table S2 Comparison of multi-light-emitting platforms
	[bookmark: _Hlk187752219]Type
	Material
	Number of modes (Type)
	Mode-selectively operable
	Stimuli-responsive (Stimuli)
	Rewritable
	Time-dependent encryption
	Refs

	AC-EL
	ZnS:Cu and
DPP-BOH-PVA
	3
(FL, RTP, EL)
	O
	O (Polar liquids, Humidity)
	O
	O
	This
work c

	
	ZnS:Cu
	2 (FL, EL)
	X
	O (Low-Z mater.) a
	X
	X
	[S8] c

	
	ZnS:Cu
	2 (FL, EL)
	X
	O (Low-Z mater.)
	X
	X
	[S9]

	
	ZnS:Cu
	2 (FL, EL)
	X
	X
	X
	X
	[S10]

	FL and/or RTP
	PDA organogel
	3 b
(SC, FL, Hol)
	X
	O (ACN, Humidity)
	X
	X
	[S11] c

	
	PS-b-P2VP and Perovskites
	2 (SC, FL)
	X
	O (EtOH, NH4OH)
	O
	O
	[S12]

	
	DPP-BOH-PVA
	2 (FL, RTP)
	X
	O (Humidity)
	X
	O
	[S13] c

	
	Arylboronic acids and PVA
	2 (FL, RTP)
	X
	O (Humidity)
	X
	O
	[S14]

	
	PVA-100-P2-1
	2 (FL, RTP)
	X
	O (Heat)
	X
	O
	[S15]

	
	o-BFT
	2( FL, RTP)
	X
	O (Light)
	X
	X
	[S16]

	
	(ETPP)2ZrCl6
	2 (FL, RTP)
	X
	X
	X
	O
	[S17]

	
	Pb-based MOF and Perovskites
	2 (FL, RTP)
	X
	X
	X
	X
	[S18]

	
	PY16, PY13
	1 (FL)
	X
	O (DMSO, Humidity)
	X
	O
	[S19]

	
	[MnCl4]2-[etpp]+2
	1 (RTP)
	X
	O (Humidity)
	O
	X
	[S20]

	
	CT5-0
	1 (RTP)
	X
	O (DMSO)
	O
	X
	[S21]


[bookmark: _Hlk187752246]a Z = Impedance
b SC = Structural color, Hol = Bright-field hologram
c Presented as representative works in Fig. 1h
[image: ]
Fig. S1 Electric field distribution of RE-TriLED. a, b Numerical simulations of electric field distribution of RE-TriLED with and without H2O (a) and with EtOH or EG (b) acting as a polar electrode bridge, respectively
[image: ]
Fig. S2 Excitation and emission spectra for photoluminescence quantum yield measurements. a-c FL (a), RTP (b), and FLʹ (c) emission spectra together with 254 nm excitation spectra
[image: ]
Fig. S3 Emission spectra of RTP film with and without H2O exposure. Normalized spectra of FL′ (with H2O) and RTP emission (without H2O) from the RTP film under 254 nm excitation

[image: ]
[bookmark: _Hlk187586326]Fig. S4 RTP performance with exposure to different polar liquids. Photographs of RTP films under 254 nm UV irradiation and after removal of UV lamp. RTP emission is retained when exposed to EtOH, EG, or EtOH/EG (polar liquids other than H2O)

[image: ]
[bookmark: _Hlk187750420]Fig. S5 Time-resolved photoluminescence decay profiles with exposure to different polar liquids. Profiles of an RTP film at its initial state, and upon exposure to ethanol or ethylene glycol

[image: ]
Fig. S6 Comparison of FL emission under different excitation wavelengths. a, b Normalized FL emission spectra (a) and CIE coordinates (b) under 365 and 254 nm excitation wavelength

[image: ]
Fig. S7 Spectral differences between RTP film with and without water exposure. a, b UV-Vis absorption spectra (a) and FTIR spectra (b) of an RTP film at initial/heated state or upon H2O exposure. The inset in b is a chemical structure of DPP-BOH-PVA with a covalent bond
[image: ]
Fig. S8 Method of heat exposure for RTP restoration of RE-TriLED. Photograph of a RE-TriLED placed on a 120 °C hotplate to remove water
[image: ]
Fig. S9 Evaluation of thermal stability of the RTP layer. a, b TGA (a) and DSC (b) traces obtained from PVA, RTP, RTP-G, and RTP-R films during continuous heating with a heating rate of 5 K min-1. The RE-TriLED was exposed to temperatures under the short-dashed lines (120 °C), which enabled reversible/rewritable operation without thermal decomposition

[image: ]
[bookmark: _Hlk167243942]Fig. S10 Performance of RTP film by time. Comparison of RTP spectra of an RTP film at its initial state, after 2 days under ambient conditions, and heating the film after 2 days
[image: ]
Fig. S11 RTP characteristics under different relative humidity conditions. RTP spectra of an RTP film under various relative humidity conditions together with the spectra upon H2O and heat exposure
[image: ]
Fig. S12 EL performance of RE-TriLED with different polar liquids. Luminance–voltage curves of a RE-TriLED polar-bridged by ethanol or ethylene glycol



[image: ]
Fig. S13 Comparison of different protective layers of the RE-TriLED. Schematic illustration comparing EL emission of a RE-TriLED when PVA and PEO ion gel is used as a protective layer. RE-TriLED with a PVA layer emits EL only when H2O is added, and the emission area is only where H2O crosses the gap between the two electrodes. RE-TriLED with a PEO ion gel layer emits EL regardless of the presence of H2O



[image: ]
Fig. S14 EL characteristics with different composition ratios of PEO ion gel. a, b Impedance (a) and luminance–voltage (b) curves of a RE-TriLED as a function of PEO to ionic liquid ratio of the PEO ion gel acting as a polar electrode bridge. c Impedance and luminance characteristics at AC 1 kHz and 175 V for different amounts of ionic liquid of the PEO ion gel (ionic liquid/PEO)
[image: ]
Fig. S15 Spectra and CIE coordinates of RE-TriLED emitting two modes simultaneously. a, b Normalized spectra (a) and CIE coordinates (b) of FL and EL emission as a function of AC voltage. c, d Normalized spectra (c) and CIE coordinates (d) of RTP and EL emission as a function of AC voltage. The insets in b and d show a magnified view of the CIE coordinates. As the voltage increases, the spectrum and CIE coordinate shifts toward “EL only”

[image: ]
Fig. S16 Diagram of afterglow mechanism for RTP-G and RTP-R films. Simplified Jablonski diagram showing Förster-resonance energy transfer (FRET) from an energy donor, DPP-BOH-PVA, to an energy acceptor (fluorescein or rhodamine B). Here, energy transfer does not occur from the RTP layer to the EL/FL layer (ZnS:Cu). ISC indicates intersystem crossing


[image: ]
Fig. S17 Spectral overlap between RTP emission and absorbance of fluorescent dyes. RTP emission spectrum and UV-Vis absorption spectra of fluorescein and rhodamine B. The green and red areas indicate spectral overlap between the RTP spectrum and absorption spectra of fluorescein and rhodamine B, respectively
[image: ]
Fig. S18 Mode-selective RE-TriLED with reversible RTP-G and RTP-R. a, b Photographs of RE-TriLEDs with a patterned RTP-G layer (a) or RTP-R layer (b) under UV irradiation and after removal of UV lamp with and without AC field. The RE-TriLEDs were also exposed to either H2O or heat for reversible RTP emission. The two RE-TriLEDs were fabricated through the procedure described in Fig. 3a
[image: ]
Fig. S19 RTP emission of full visible RE-TriLED. Photograph of a full visible RE-TriLED only after removal of UV lamp
[image: ]
Fig. S20 Photographs of EL emission over time. Photographs of EL emission over time with H2O, H2O/EG, EtOH, and EtOH/EG acting as a polar electrode bridge
[image: ]
Fig. S21 EL retention properties of different polar liquids. a-e Impedance curves when H2O (a), EtOH (b), EG (c), H2O/EG (d), and EtOH/EG (e) are dropped on a RE-TriLED, with each of the polar liquids acting as a polar electrode bridge[image: ]
Fig. S22 Photographs of multilevel encryption with a patterned RE-TriLED. a, b Photographs of a patterned RE-TriLED under UV irradiation and after removal of UV lamp before (a) and after exposure (b) to H2O/EG and EtOH/EG mixtures. AC field is also applied for b
[image: ]
Fig. S23 Repetitive writing and erasing on RE-TriLED. Photographs of a nonpatterned RE-TriLED showing different letters by its rewritability
Movie S1 Response of RTP film to different polar liquids and UV exposure
Movie S2 Mode-selective RE-TriLED with reversible RTP
Movie S3 RE-TriLED with full visible RTP
Movie S4 Rewritable RE-TriLED with independent EL and RTP encryption
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