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Fig. S1 a FESEM image of the self-cracking template after deposition of IZVO. b Low and c high magnification SEM images of mIZVO
[bookmark: _Hlk172209058][image: ]

Fig. S2 Optical microscopy images showcasing the cracked template a with and b without oxygen plasma treatment. The adhesion appears to be enhanced following the treatment judging from the increase in pattern size, which is probably due to either dry etching or the surface modification effect. The optical images were captured at the same magnification using a 50× objective lens
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Fig. S3 SEM images of mIZVO a before and b after oxygen plasma treatment, prior to being coated with egg white
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[bookmark: _Hlk172209211][bookmark: _Hlk165582290]Fig. S4 Optical microscopic images of mesh electrodes before and after a peel test (using 3M scotch tape), b scratch test (eraser), c shear test (100 bending cycles), and d ultrasonic exposure test (sonication time 5 min). All the optical images were captured using a 50× objective lens
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Fig. S5 a XPS survey spectra of the IZO and IZVO thin films. b Area ratios calculated using the area of deconvoluted spectra of In, O, and Zn
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Fig. S6 Transmittance spectra of the IZVO thin films with variation in deposition parameters: a vanadium doping concentration, b oxygen partial pressure, c process pressure, and d electrode thickness
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Fig. S7 Transmittance spectra of mIZVO electrode measured a for 10 cycles and b at 10 different positions
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Fig. S8 Area-to-area variability of sheet resistance of mIZVO electrode on PEN substrate
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Fig. S9 a UPS spectra of electrodes around the secondary electron cut-off (measured at 21.22 eV). b Valence band maxima of electrodes by UPS
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Fig. S10 TEM image of mIZVO electrode and EDS mapping images of each element
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 Fig. S11 AFM image of mesh electrode with height line profile
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 Fig. S12 Schematic illustration of organic solar cell fabrication protocol
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Fig. S13 Optical transmittance of FT memristor device. The inset shows a photograph of an FT memristor device
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Fig. S14 The possible switching mechanism of FT memristive device at a no bias, b LRS, and c HRS
Based on the results of conduction model fitting, the mechanisms of filament growth and destruction are elucidated in Fig. S14. When a positive bias was applied to the top electrode, the accumulation of oxygen vacancies within ZnO facilitated the formation of a conductive path linking the top and bottom electrodes [S1, S2]. Furthermore, the ionized state of In (represented by In3+ cations) migrated to the active switching layer, where it combined with electrons to create In atoms. Continuous ionization and migration of In3+ cations aided in filament formation, with the smaller ionic radii of In3+ facilitating path assessment through the switching layer [S3]. Conversely, during the reset process, applying a negative bias to the top electrode initiated the movement of In3+ ions back to the top electrode. Additionally, the filament formed by the aggregation of oxygen vacancies ceased due to joule heating. In this manner, the formation and rupture of the conductive filament governed resistive switching.
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Fig. S15 a Schematic of a biological synapse. b Potentiation and depression, c symmetric Hebbian (SH), and d symmetric anti-Hebbian (SAH) learning rules mimicked by a transparent flexible device
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Fig. S16 Spike applied to measure a symmetric Hebbian (SH), b symmetric anti-Hebbian (SAH), c asymmetric Hebbian (ASH), and d asymmetric anti-Hebbian (ASAH) learning rules by a transparent flexible device
Table S1 Magnetron sputtering deposition conditions
	Electrode
	Target
	Working pressure
(mTorr)
	Forward power
(W)
	Base pressure
(Torr)
	Gas
	Gas flow
	Deposition rate (nm s-1)

	ITO
	ITO
	2
	70
	2 × 10−6
	Ar
	40
	0.1408

	IZO
	IZO
	2
	100
	2 × 10−6
	Ar/O2
	20/0.3
	0.1923

	IZVO
	IZO/V
	2
	100/8
	2 × 10−6
	Ar/O2
	20/0.3
	0.2083


Table S2 Performance of IZVO thin films with various process parameters
	Parameters
	
	Rs (Ω/sq)
	µ Hall (cm2/Vs)
	Conductivity (/Ω cm)
	Transmittance @ 550 nm
	Work function
(eV)

	
Process pressure
(mTorr)
	2
	22.85
	6.45
	87.98
	94.78
	5.05

	
	5
	30.25
	8.30
	68.40
	89.80
	5.05

	
	10
	41.78
	2.84
	48.05
	85.19
	5.03

	
	30
	56.23
	4.91
	37.05
	88.41
	4.96

	
Oxygen (O2) partial 
pressure
(sccm)
	0.2
	19.86
	7.92
	100.03
	85.08
	4.95

	
	0.3
	22.85
	6.45
	87.98
	95.64
	5.05

	
	0.4
	21.09
	5.15
	93.29
	83.07
	5.15

	
	0.5
	23.15
	8.8
	85.94
	91.42
	5.17

	

Film thickness (nm)
	50
	91.5
	7.5
	101
	84.51
	4.73

	
	75
	49.05
	6.3
	97.25
	83.20
	4.84

	
	100
	35.98
	5.2
	93.55
	89.23
	4.89

	
	125
	28.05
	8.1
	87.95
	96.11
	4.97

	
	150
	23.57
	6.45
	80.98
	94.76
	5.05

	
	200
	16.67
	6.51
	68.98
	81.81
	5.14

	

Vanadium doping power
	0
	23.95
	6.59
	84.72
	94.92
	4.81

	
	4
	22.40
	6.78
	88.78
	93.04
	4.93

	
	8
	22.86
	6.45
	87.98
	95.18
	5.05

	
	12
	30.12
	4.14
	67.89
	90.24
	5.07

	
	16
	39.33
	2.55
	53.03
	76.33
	5.15



Table S3 Comparison of optimized mIZVO TCEs and existing flexible transparent electrodes in terms of transmittance, sheet resistance, FoM values, and mechanical flexibility
	Electrodes
	Transmittance
[%, 550 nm]
	Sheet resistance
[Ω sq-1]
	FoM [Ω-1]
	Mechanical stabilitya)
	Refs.

	MXene
	82
	108
	0.12
	-
	[S4]

	ITO mesh
	70.5
	151
	0.02
	6.85 mm, 1000 cycles
	[S5]

	Au/Graphene
	74.6
	24.6
	0.22
	5 mm, 1800 cycles
	[S6]

	Ag mesh
	84.4
	12.50
	1.46
	10 mm, 10000 cycles
	[S7]

	Graphene/CNTs /PEDOT:PSS
	≥80
	43.2
	0.25
	10 mm, 1000 cycles
	[S8]

	Ag NW
	≥80
	15.2
	0.71
	5 mm, 10000 cycles
	[S9]

	AgNW:ZnO
	84.5
	20.5
	0.91
	3 mm, 1500 cycles
	[S10]

	mNIZO
	95.1
	28.4
	2.12
	2 mm, 2000 cycles
	[S11]

	V2O5 Graded IZO
	82.15
	42.14
	0.29
	10 mm, 10000 cycles
	[S12]

	Al mesh
	80
	24
	0.45
	1 mm, 500 cycles
	[S13]

	Ag mesh
	93.7
	1.4
	3.7
	4mm, 800 cycles
	[S14]

	Cu mesh
	93
	13.4
	3.6
	9 mm, 600 cycles
	[S15]

	Ag mesh
	86.39
	6.08
	3.8
	1 cm, 1000 cycles
	[S16]

	Cu-Ag mesh
	87.2
	9.3
	2.7
	5 mm, 1000 cycles
	[S17]

	mIZVO
	97.39
	21.24
	3.61
	2 mm, 2000 cycles
	This work


Table S4 Comparison between fabricated and existing FTCEs for OSCs
	FTCE
	Rsh
(Ω/□)
	T (%)
@550nm
	Jsc
(mA cm−2)
	Voc
(V)
	FF
(%)
	PCE
(%)
	Refs.

	Graphitic carbon film
	1.7 × 103
	-
	4.76
	0.55
	45.16
	1.19
	[S18]

	Zn:MXene/Ag/MXene
	9.7
	84
	33.49
	0.641
	71.38
	13.86
	[S19]

	AgNW/MXene/Gr
	18.1
	88.1
	7.44
	0.561
	25.83
	1.12
	[S20]

	GO/AgNW
	18
	87
	19.84
	0.68
	57
	7.62
	[S21]

	Gr-AgNWs
	103
	66
	21.07
	0.77
	58
	9.45
	[S22]

	NIZO
	250
	91.5
	0.9
	0.305
	22.1
	0.21
	[S23]

	V2O5-graded IZO
	42.15
	82.15
	8.104
	0.571
	59.48
	2.753
	[S12]

	ITO
	14.1
	93.04
	27.71
	0.689
	69
	13.17
	This work

	IZO
	28.30
	85.16
	28.37
	0.668
	68
	12.89
	This work

	mIZVO
	21.24
	97.39
	28.39
	0.724
	70
	14.38
	This work


Table S5 Performance comparison between fabricated and existing FTCEs for OLEDs
	Substrate
	Electrode
	Von [V]a)
	CEmax
[cd/A] b)
	PEmax
[Im/W] c)
	ηext, max
[%]d)
	Lmax
[Cd/m2]e)
	λEL [nm]f)
	Refs.

	PET
	Ag NW microgrid
	2.9
	27.7
	-
	-
	-
	510
	[S24]

	PET
	PEDOT:PSS/RM
	4.1
	28.1
	25.6
	-
	-
	-
	[S25]

	PET-PVA
	Cu NW
	3.5
	28.3
	-
	-
	14130
	-
	[S26]

	PEN
	Te–W
	3.2
	29.1
	24.7
	15.7
	2150
	484
	[S27]

	CPI
	IGTO/APC/IGTO
	3.0
	-
	-
	7.8
	2000
	460
	[S28]

	PEN
	Au mesh
	3.4
	-
	1.4
	3.6
	4000
	-
	[S29]

	NOA
	IZO mesh
	4
	-
	-
	11.7
	1300
	480
	[S30]

	NOA
	Ti/IZO mesh
	4
	-
	-
	13.2
	1400
	480
	[S30]

	PEN
	mIZVO
	3.0
	37.14
	29.17
	18.06
	3086.7
	480
	This work


a) Turn on voltage; b) Maximum CE; c) Maximum PE; d) Maximum EQE; e) Maximum luminance; f) EL peak wavelength 
Table S6 Performance comparison between mIZVO FTCE-based and existing memristors based on oxide electrodes
	Device structure
	VSET/
VRESET
	Endurance (cycles)
	Retention
(s)
	Flexibility
	Synaptic 
learning
	Refs.

	ITO/ZnO/ITO
	+2, −2
	-
	-
	-
	PD, PPF
	[S1]

	ITO/ZnO/ITO
	+2, −1.5
	100
	-
	-
	-
	[S31]

	ITO/TaOx/ITO
	+4, −4
	800
	103
	103 cycles at 4 mm
	-
	[S3]

	AZO/NiO/AZO/muscovite
	+3, −4
	1000
	104
	103 cycles at 6.5 mm
	-
	[S32]

	ITO/boehmite/ITO
	+2, −3
	300
	104
	250 cycles at 3.82 mm
	-
	[S33]

	AZO/ZnO/ITO
	+5, −2.5
	100
	-
	-
	-
	[S34]

	GZO/ZnO2/ZnO/ITO
	+5, −2.5
	100
	7×103
	-
	PD
	[S35]

	IZVO/ZnO/mIZVO
	+0.97, −1.57
	500
	~104
	103 cycles at 4 mm
	PD, STDP
	This work
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