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Supplementary Notes
[bookmark: _Toc58407320]Note S1 Materials
[bookmark: OLE_LINK2]Tungsten chloride (WCl6, 99.5%) was obtained from Energy Chemical (3A) Company. Zinc sulfate heptahydrate (ZnSO4·7H2O, 99%) was purchased from Macklin Company. Oleic acid (OA, 90%) was purchased from Alfa Aesar. Oleylamine (OAm, C18: 80-90%) and n-hexane (≥98%) were purchased from Aladdin Reagent Company. Toluene and isopropanol were obtained from Sinopharm Chemical Reagent Co., Ltd. PAGs including MBT (2-(4-methoxystyryl)-4,6-bis(trichloromethyl)-1,3,5-triazine, 98%), PAG-1 ((4-methylthiophenyl)methyl phenyl sulfonium triflate), PAG-2 (triphenylsulfonium trifluoromethanesulfonate) and PAG-3 (diphenyliodonium triflate, ≥99%) were obtained from Sigma Aldrich. Zn foil (>99.9%) was purchased from Yuqian Metal Materials, Hebei province, China.
ITO (10 Ω sq-1) and PET-ITO (15 Ω sq-1) were obtained from HUAYI ELECTRONIC Co., Ltd, Southern China Xiang's Science & Technology, and Liaoning Advanced Election Technology, respectively. ITO was cleaned with deionized water, and then washed with acetone and isopropanol for 15 min before use.
[bookmark: _Toc58407321]Note S2 Instrument characterization
UV-vis spectra were measured using a Shimadzu UV-2600i double-beam spectrophotometer. Electrochemistry experiments were performed using a Bio-logic electrochemical workstation at room temperature unless other mentioned. The morphology was observed with a Hitachi SU8200 scanning electron microscope (SEM), Bruker DIMENSION Icon (AFM), and Talos F200X Transmission Electron Microscope (TEM). Thermogravimetric analysis (TGA) was determined with a TGA209F1 (NETZSCH) at a heating rate of 10 oC/min under a flow of nitrogen. X-ray diffraction (XRD) analysis was determined with ADVANCE D8 (Bruker). X-ray photoelectron spectroscopy (XPS) was performed using an AXIS SUPRA+. Fourier transform infrared (FT-IR) spectra were performed using a IS50 (Thermo Fisher Scientific).
Direct photolithography was performed with a UV LED lamp (centered at 365 nm, 60 mW/cm2) from Yanxizao Factory, Zhongshan, China. The power density was measured by UV-Integrator from Yeguan Factory, Shenzhen, China. EC materials were coated on the substrate by EZ4 SPIN COATER (Schwan technology).
Note S3 Size calculation of WOx nanoparticles
The size of WOx nanoparticles was calculated using Scherrer equation (D = K λ / (β cosθ) (Ref S2). Here, K is a numerical factor frequently referred to as the crystallite-shape factor (~0.89). λ is the wavelength of the X-rays. β is the width (full-width at half-maximum) of the X-ray diffraction peak in radians and θ is the Bragg angle. And D is the crystallite size. Here, the clear XRD peak at 23.7 (2θ) was used to calculate the size of WOx nanoparticles.
Note S4 Adhesion test
[bookmark: _Hlk176505349]The adhesion of WOx films with ITO electrode was measured by the coat tester (EDKORS QFH-A). And a transparent tape (3M-600) was used to assist in peeling, as shown in Fig. S7.
Based on the international cross-cut method of Standard Test Methods for Rating Adhesion by Tape Test in ASTM-3359, the classification represents different film removal percent including 5B (None), 4B (less than 5%), 3B (5% - 15%), 2B (15% - 35%), 1B (35% - 65%) and 0B (greater than 65%).
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[bookmark: _Hlk77411970]Fig. S1 STEM image (a) and corresponding EDS elemental mapping of W and O elements (b)
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Fig. S2 Result of thermogravimetry of as-synthesized WOx NPs
Note: the content of surface ligand might be slightly lower than the actual value due to the loss of ligand during multiple post-processing and drying preparation for the test sample.
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Fig. S3 UV-vis spectra (a) and corresponding photos (b) of MBT (0.01 mg/mL in toluene) under a UV radiation (centered at 365 nm) for different times
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Fig. S4 Photos of WOx NPs (3 mg/mL in toluene) without (a) and with (b) 10 wt% MBT before and after UV radiation (centered at 365 nm). The insoluble precipitations were marked
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Fig. S5 XPS survey spectra of pristine WOx, WOx with 20.0 wt% MBT, and photolithographic WOx
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Fig. S6 The schematic of direct photolithography of WOx NPs via in situ ligand exchange from organic ligands, taking oleic acid (OA) as an example, to chlorine (Cl) ligand
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[bookmark: _Hlk176505394]Fig. S7 The schematic of the adhesion test of WOx films on ITO electrode by the coat tester
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[bookmark: _Hlk176505410]Fig. S8 The microscopic images of pristine WOx and photolithographic WOx films treated by the coat tester
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Fig. S9 The absorption spectra in visible region of pristine WOx film under different electrochemical stimulations and corresponding photos
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[bookmark: _Hlk176505176]Fig. S10 The CV data of pristine WOx and photolithographic WOx. Scan rate: 100 mV/s. A zinc foil was used as the counter electrode. 1.0 mol/L ZnSO4 in deionized water was used as the electrolyte solution
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[bookmark: OLE_LINK1]Fig. S11 Photos (a) and transmittance spectra (b) of the self-powered EC device prepared by photolithographic WOx NPs in different optical states
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Fig. S12 Photos of the photomask (left) and as-prepared EC devices (right) under different optical states with different MBT contents. Scale bar: 50 μm
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Fig. S13 Photos of as-prepared EC devices under different optical states with different UV times. Scale bar: 50 μm
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[bookmark: _Hlk176504553]Fig. S14 The visible spectra of EC devices based on photolithographic WOx film with different MBT contents (a) and UV times (b). Note that the WOx film could be dissolved by the developer when the UV time was 0 s, resulting a large spectral difference with other devices
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[bookmark: _Hlk156399280]Fig. S15 The UV-vis spectra (a) and photos (b) of the EC device based on photolithographic WOx film (thickness: ~53 nm) under electrical stimulations of 0 V for different times. Scale bar: 1 cm
[image: ]
Fig. S16 The CV data of the device at different cycles. Scan rate: 500 mV/s. Insert: photos of the device at the colored state and colorless state in CV tests. Scale bar: 1 cm
[image: ]
Fig. S17 Transmittance at 633 nm of the EC device after cyclic stability test under the electrical stimulations of 0 V 1 s in coloring processes. And +1 V was used for corresponding bleaching processes. Insert: photos of the device at the colored state and colorless state. Scale bar: 1 cm.
[bookmark: _Hlk156569310]Note: the device still had a remarkable optical modulation after cyclic stability test (ΔT = 22.4%). Compared with its optical modulation before cyclic stability test (ΔT = 28.7%), its optical modulation was well maintained (maintain ratio = ~78%).
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Fig. S18 Reported resolution (pattern size or line width) of EC patterns. Corresponding data were listed on Table S3
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Fig. S19 Galvanostatic charge and discharge curves (bottom) of EC devices based on photolithographic WOx film and corresponding transmittance changes at 633 nm (top)
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Fig. S20 Long-term cycling performance at 1.0 mA/cm2 between 0 V and +1 V for 2000 cycles
[image: ]
Fig. S21 Photochemical reaction processes of PAGs under deep UV radiation
Supplementary Tables
Table S1 The thickness of photolithographic WOx film via different spin speeds
	Spin speed (rpm)
	Thickness (nm)

	5000
	~18

	3000
	~30

	1000
	~53

	500
	~71

	200
	~90


Table S2 EC performance of devices or films based on WOx
	Refs.
	EC materials
	EC electrode or device
	Coloring voltage (V)
	Response
Speed (s)
	Cyclic
stability
	Optical
Modulation (%)
	Coloration
efficiency
(cm2/C)

	[S1]
	WOx
	Device
	0 V
	4.5 s
	1000
	76% at 633 nm
	97.7

	[S3]
	WO3
	Device
	−3.0 V
	2.4 s
	2000
	<20% (reflection mode)
	-

	[S4]
	WO3
	Device
	+0.1 V
	4.0 s
	1000
	72.6%
	101.6

	[S5]
	WO3
	Device
	2.4 V
	0.7 s
	3000
	90% at 650 nm
	109

	[S6]
	WO3
	Device
	1.2 V
	5.7 s
	200
	~77%
	-

	[S7]
	m-WO3-x
	Film
	−0.9 V (vs. Ag/Ag+)
	16 s
	2000
	93.2%
	121

	[S8]
	a-WO3
	Device
	−3.5 V
	12 s
	1000
	70%
	133

	[S9]
	WO3 and NiO 
nanostructured 
films
	Device
	−2.5 V
	10 s
	100
	75.4%
	131.9

	[S10]
	WO3
	Electrode
	2.0 - 4.0 V (vs. Li/Li+)
	-
	400
	50%
	-

	[S11]
	WO3
	Electrode
	−1.2 V
	-
	~8
	~60%
	65.5

	This work
	WOx
	Device
	0 V
	< 1 s
	>3600
	55.9% at 633 nm
	119.5




Table S3 Reported resolution of EC patterns
	Refs.
	Patterning method
	EC materials
	Pattern size or line width

	[S12]
	Inkjet printing
	Metallo-supramolecular polymers
	70 μm

	[S13]
	
	Conjugated polymer
	140 μm

	[S11]
	
	WO3
	< 5 mm

	[S14]
	Dispensing printing
	WO3
	< 250 μm

	[S15]
	
	Viologen
	258 μm

	[S16]
	Screen printing
	Conjugated polymer
	≥ 1 cm2

	[S17]
	
	Conjugated polymer
	< 1 cm2

	[S18]
	
	Conjugated polymer
	5 × 5 mm2

	[S19]
	Template
	Viologen
	1 × 1 mm2

	[S20]
	
	Conjugated polymer
	500 μm

	[S21]
	Thermal curing
	Conjugated polymer
	≥ 10 μm

	[S22]
	Direct photolithography
	[bookmark: OLE_LINK16]Organic materials based on proton-coupled electron transfer
	~ 2 μm

	[S23]
	
	Viologen
	200 μm

	[S24]
	
	Conjugated polymer
	1 × 1 mm2

	[S25]
	
	Conjugated polymer
	50 μm

	[S26]
	
	PProDOT (conjugated polymer)
	< 50 μm

	[S27]
	
	PEDOT:PSS
	< 50 μm

	This work
	
	WOx NPs
	< 4 μm
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