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Fig. S1 Optical microscopy images of the PLE with the resolution interval down to 5 μm. Note the minimum feature of 2 μm is shown in the main text (Fig. 2a)
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Fig. S2 Array-level demonstration of ICAP-patterned OECTs with various channel lengths (e.g., 5 μm, 10 μm, 15 μm, 20 μm, 25 μm): (a) Photograph of the photolithographically patterned WO3-OECT array; (b) Optical image of the WO3-OECT array; (c) Enlarged optical microscopy image of an individual WO3-OECT, with the dashed region indicating the photolithographically patterned WO3
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Fig. S3 Frequency-dependent capacitance of the PLE in 50 mg/mL LiCl solution

[image: ]
Fig. S4 Capacitance-frequency response of the PLE at different temperatures
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[bookmark: _Hlk230442027]Fig. S5 Thermal validation of PEDOT:PSS-OECTs with ICAP-patterned electrolyte
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Fig. S6 Images of the PLE sol-gel transition under ultraviolet radiation
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Fig. S7 Surface morphology of the HPC-gel framework: (a) Representative SEM image of HPC-gel; (b) Statistical analysis of pore/free-volume features extracted from SEM images
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Fig. S8 XPS O1s spectrum of HPC and PLE
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Fig. S9 Comparison of contact angles for HPC and PLE
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Fig. S10 Stability of patterned ICAP electrolyte during development and ion compensation. (a) Optical images of line-patterned electrolyte arrays before development, after development, and after ICAP treatment; (b) Profilometer height profiles of the line-patterned electrolyte arrays
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Fig. S11 Stability of the patterned electrolyte under prolonged water immersion: (a) Optical images of patterned electrolyte after development, after 24 h soaking in DI water, and after DI-water flushing; (b) Profilometer height/thickness profiles of a single electrolyte pattern after development, after 24 h DI-water soaking, and after DI-water flushing
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Fig. S12 Cryo-fractured cross-sectional SEM images and corresponding C, O, and Cl elemental mapping of ICAP electrolyte films on SiO2 substrates before (a) and after (b) ICAP treatment



Fig. S13 XPS Li 1s and Cl 2p spectra of the PLE before and after immersion in LiCl solution
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Fig. S14 Differential scanning calorimetry (DSC) thermogram of the PLE
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Fig. S15 Transfer curves of PEDOT-OECTs measured in the initial flat state and after 200 bending cycles: (a) bending parallel to the channel-length. (b) bending perpendicular to the channel-length
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Fig. S16 (a) IPSC response of PEDOT-OECT under voltage stimulation with varying intensities. (b) Paired-pulse facilitation (PPF) effect and synaptic weight change at VD=−0.6V, VP=1.5V, and tP=100 ms. (c) Long-term plasticity (LTP) under 50 ms repetitive stimulations at VD=−0.6V, VP=1V, and Δt=150 ms
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Fig. S17 (a) EPSC response of BBL-OECT under voltage stimulation with various pulse intensities. (b) PPF and synaptic weight change at VD=0.6V, VP=2V, and tP=100 ms. (c) LTP under 50 ms repetitive stimulation at VD=0.6V, VP=2V, and Δt=100 ms


[image: ]
Fig. S18 Transmission spectra of WO3-OECT at various gate voltages
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Fig. S19 Conductance response of WO3-OECT at various pulse numbers (VD = 0.5 V, tP = 0.75 s, Δt = 2 s)
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Fig. S20 Schematic of ANN simulations with device conductance mapped as synaptic weights
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Fig. S21 (a) Recognition accuracy and average loss for the PEDOT-OECT over 50 training epochs on hand-written digits (MNIST). (b) Recognition accuracy and average loss for the BBL-OECT over 50 training epochs on MNIST. (c) Recognition accuracy and average loss for the WO3-OECT over 50 training epochs on MNIST


Supplementary Tables
[bookmark: _Hlk137976746][bookmark: _Hlk138793282]Table S1 Comparison of patterning resolution, capacitance, and ionic conductivity of ICAP-fabricated electrolytes with reported electrolytes
	Year
	Material
	Pattern Size
	Technique
	Capacitance
(μF/cm2)
	Conductivity
(mS/cm)
	Ref.

	2018
	PDA
	100 μm
	electrospinning
	N/A
	2
	[S1]

	2018
	PEGDA 
	50 μm
	photolithography
	N/A
	0.047
	[S2]

	2019
	PVDF-HFP
	40 μm
	printing
	5
	1.1
	[S3]

	2020
	PMMA
	5 μm
	tape-casting
	N/A
	N/A
	[S4]

	2020
	PTFE
	0.5 mm
	inkjet printing
	N/A
	N/A
	[S5]

	2021
	Nafion
	50 μm
	imprint lithography
	N/A
	N/A
	[S6]

	2022
	8YSZ
	125 μm
	mesh pressing
	N/A
	N/A
	[S7]

	2022
	BCZYYb
	39.5 μm
	soft lithography
	0.003
	5
	[S8]

	2022
	Nafion/PDMS
	5 μm
	soft lithography
	N/A
	43.06
	[S9]

	2022
	NIPAM
	10 μm
	photolithography
	N/A
	24
	[S10]

	2023
	PAN 
	16 μm
	electrospinning
	N/A
	0.367
	[S11]

	2023
	PVA/PAAM
	400 μm
	photolithography
	1.6
	0.03
	[S12] 

	2023
	8YSZ 
	100 μm
	3D printing
	N/A
	36.6
	[S13] 

	2024
	HACC 
	20 μm
	photolithography
	1.6
	4×10-4
	[S14] 

	2025
	PEGDMA
	15 μm
	photolithography
	N/A
	10
	[S15] 

	2025
	CS-PHEA
	300–400 μm
	photolithography
	N/A
	0.258
	[S16]

	2025
	pDADMAC
	25 μm
	photolithography
	N/A
	N/A
	[S17]

	2025
	NBR/LiTFSI
	200 μm
	photolithography
	10
	1.95×10-4
	[S18] 

	2026
	SU-8
	25 μm
	photolithography
	N/A
	17.1
	[S19]

	2026
	PVA/PAAm
	66.2 μm
	inkjet printing
	N/A
	N/A
	[S20] 

	2026
	HPC
	2 μm
	photolithography
	15.6
	6.7
	This work





Table S2 Semi-quantitative EDS elemental composition of electrolyte film surfaces before and after ICAP treatment
	Sample
	C
Atomic %
	O
Atomic %
	Cl
Atomic %
	C
Weight %
	O
Weight %
	Cl
Weight %

	Before ICAP
	58.06
	41.87
	0.08
	50.90
	48.90
	0.20

	After 
ICAP
	56.85
	38.27
	4.89
	46.50
	41.70
	11.80



Table S3 Semi-quantitative EDS elemental composition of cryo-fractured cross-sections of electrolyte films before and after ICAP treatment

	Sample
	C
Atomic %
	O
Atomic %
	Cl
Atomic %
	C
Weight %
	O
Weight %
	Cl
Weight %

	Before ICAP
	2.08
	97.92
	0.00
	1.57
	98.43
	0.00

	After 
ICAP
	2.99
	90.79
	6.22
	2.10
	84.99
	12.91



Table S4 The parameters used in the simulations of a transistor
	Symbol
	Value
	Unit
	Description

	telec
	100
	nm
	Thickness of the electrolyte layer

	tsemi
	70
	nm
	Thickness of the semiconductor layer

	tox
	100
	nm
	Thickness of the insulating layer

	W
	400
	μm
	Width of the channel

	L
	1-10
	μm
	Length of the channel

	c+0
	1020
	cm-3
	Initial cation concentration in electrolyte

	c-0
	1020
	cm-3
	Initial anion concentration in electrolyte

	
	6.67e-6
	cm2/s
	Diffusion coefficient in electrolyte layer

	
	6.67e-8
	cm2/s
	Diffusion coefficient in semiconductor layer

	εe
	3.9
	/
	Relative dielectric constant of the electrolyte layer

	εs
	10
	/
	Relative dielectric constant of the semiconductor layer

	Eg
	3.7
	eV
	The bandgap of the semiconductor

	WF
	4.17
	eV
	Workfunction of source/drain electrodes

	φs
	4.16
	eV
	Affinity of the semiconductor

	μsemi
	15
	cm2/Vs
	Mobility of the semiconductor



Table S5 Compared with reported electrolyte-gated transistor in prior studies
	Channel 
	Material 
type
	Electrolyte 
	on/off ratio
	gm
(mS)
	μC*
(F cm-1V-1s-1)
	Stability
	Ref.

	PEDOT:PSS
	p
	0.1 M NaCl 
	102
	20.2 
	N/A
	N/A
	[S21]

	PEDOT:PSS
	p
	PVA-hydrogel
	1.5 × 103
	54 
	91 ± 19 
	1000
	[S22]

	PEDOT:PSS
	p
	LiClO4
	0.3 × 103
	0.416 
	0.35
	N/A
	[S23]

	g2T-T
	p
	0.1 M NaCl 
	104
	12.29 
	288.9 
	1000
	[S24]

	g2T-S
	p
	
	104
	14.45 
	332.7 
	1000
	

	g2T-SVS
	p
	
	105
	10.33 
	285.0 
	1000
	

	pgBTTT
	p
	E300-RISE
	1.6 × 104
	0.32 
	15 
	7200
	[S25]

	p(g3C2T2-T)
	p
	PBS 
	5.4 × 103
	29.7 
	800 
	360
	[S26]

	BBL-H
	n
	0.1 M KCl
	1.59 × 104
	10.8 
	9.27 ± 0.03
	100
	[S27]

	BBL-L
	n
	
	1.23 × 104
	0.41 
	0.28 ± 0.01 
	100
	

	Cl2-BAL
	n
	0.1 M NaCl 
	105
	0.45
	6.20 ± 1.25 
	50000
	[S28]

	f-BTI2g-TVTF
	n
	0.1 M NaCl 
	105
	1.062 
	90.2 ± 10.5 
	100
	[S29]

	PDPPODT-TT
	n
	AuCl3
	2.34 × 105
	1.51 × 10-2
	0.21
	N/A
	[S30]

	gNDI-EDBT
	n
	0.1 M NaCl
	103
	5.2 × 10-2
	0.02 ± 0.01
	360
	[S31]

	gNDI-BT
	n
	
	104
	0.3
	0.09 ± 0.01 
	360
	

	gNDI-FBT
	n
	
	104
	0.8
	0.12 ± 0.02 
	360
	

	p(NDI-T2-L2)
	n
	0.1 M NaCl
	2.2 × 102
	2.4 × 10-3
	0.0023
	100
	[S32]

	BBL
	n
	0.1 M NaCl
	1.6 × 103
	6.51 × 10-2
	1.99 
	N/A
	[S33]

	BBL15
	n
	0.1 M NaCl
	2.9 × 103
	2.47 × 10-3
	1.94 ± 0.05 
	1000
	[S34] 

	BBL60
	n
	
	8.3 × 104
	7.68 × 10-3
	4.90 ± 0.16
	1000
	

	BBL98
	n
	
	2.0 × 105
	1.62 × 10-2
	10.2 ± 0.4 
	1000
	

	BBL152
	n
	
	4.4 × 105
	4.44 × 10-2
	25.9 ± 0.9 
	1000
	

	LixTiO2
	Metal oxide
	LiClO4/PEO
	1.7
	7.5 × 10-2
	66.7
	1000
	[S35] 

	LiCoO2
	Metal oxide
	Li3POxSex
	19.3
	4.06 × 10-5
	0.02
	720
	[S36]

	W-InOx
	Metal oxide
	AlOx
	104
	N/A
	N/A
	N/A
	[S37]

	In2O3
	Metal oxide
	SiO2
	103
	1.77
	N/A
	N/A
	[S38]

	WO3
	Metal oxide
	HfOx
	679
	5.8 × 10-4
	4.5 
	1000
	[S39]

	WO3-x
	Metal oxide
	HfO2
	112
	5.6 × 10-3
	3.8 
	2000
	[S40]

	WO3
	Metal oxide
	ZrO2
	20
	N/A
	N/A
	107
	[S41]

	WO3
	Metal oxide
	Nafion
	105
	N/A
	N/A
	N/A
	[S42]

	PEDOT:PSS
	p
	ICAP-electrolyte
	104
	16.5
	23.8 
	10000
	This work

	BBL
	n
	
	105
	4 × 10-2
	0.282
	5000
	

	WO3
	Metal oxide
	
	105
	3.4
	60.7
	3000
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