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Experimental Section 

Materials and Synthesis. Trimethyltin chloride and diethylmethyl (2-methoxyethyl) 

ammonium bis(trifluoromethylsulfonyl) imide were purchased from Sigma-Aldrich. 

Thiophene was purchased from Tokyo Chemical Industry (TCI). 3,6-bis(5-bromothiophenyl)-

2,5-bis(2-octyldodecyl) pyrrolopyrrole-1,4-dione was purchased from SunaTech. The 3-NIPS 

crosslinker ((oxybis(ethane-2,1-diyl)) bis(oxy)) (ethane-2,1-diyl) bis(4-azido2,3,5,6-tetra 

fluorobenzoate), was synthesized using the Steglich esterification method.1,2 To synthesize 2, 

5-bis(trimethylstannyl)thiophene. Thiophene (0.370 g) and tetramethyl ethylenediamine (1.071 

g) were dissolved in 20 mL hexane, followed by the addition of 5.8 mL of n-butyllithium. The 

mixture was treated at 70 ℃ for 45 minutes and then cooled to 0 ℃. 9.3 mL of trimethyltin 

chloride was dropped to the solution in droplets. The solution was then stirred. The resulting 

solution was extracted with hexane. After washing with deionized water, it was dried over 

magnesium sulfate and vacuumed in a 10-2 torr vacuum oven for 24 hours to remove residual 

moisture and volatiles. Methanol was used for the recrystallization. PDPP3T was prepared by 

stille polycondensation using 0.180 g of 2, 5-bis(trimethyl stannyl)thiophene and 0.446 g of 3, 

6-bis(5-bromothiophenyl)-2, 5-bis(2-octyldodecyl) pyrrolopyrrole-1, 4-diene dissolved in 15 

mL of degassed toluene. A solution containing tri (o-tolyl)phosphine (0.12 eq) and Pd2(dba)3 

(0.03 eq) was stirred for 12 h. Finally, the product was partitioned using methanol, hexane, and 

chloroform to obtain the chloroform fraction. 

Device fabrications. The devices were fabricated on a p-type Si wafer with 285 nm of thermally 

grown SiO2. The wafers, cut to a size of 1.5 cm ⅹ 1.5 cm, were cleaned by ultrasonication in 

ethanol for 20 minutes and dried by nitrogen blowing. To change the surface characteristics, 

the wafers were exposed to UV/ozone at 250 ℃ for 4 minutes. The solution for spin-coating 

was prepared by dissolving PDPP3T in chlorobenzene at a concentration of 7 μg/mL and 

stirring at 300 rpm for 20 minutes at 120 ℃. For PDPP3T/NIPS devices, 1 mg of 3-NIPS was 

added. The solution was spin-coated onto a SiO2 substrate at 1500 rpm for 60 s and then 

exposed to UV light for 5 s for crosslinking. The devices were covered with shadow masks to 

deposit the electrodes. The channel length is 100 μm and width is 800 μm, and the gate 

electrode is 500 μm away from the channel. The source, drain, and gate electrodes were 

deposited with gold to a thickness of 40 nm using a thermal evaporator under 10-4 Pa. Finally, 

30 μL of DEME-TFSI was dropped using a micropipette to cover the source, drain, and gate 

electrodes.



Measurement and analysis. The electrical properties of the devices were measured in a dark 

room in the air using a 4200A-SCS (Keithley Instruments) and B2902B (Keysight 

Technologies) semiconductor analyzer. GIWAXS measurements were performed at the 9A 

Ultra Small Angle X-ray Scattering Beamline of the PLS-II beamline at the Pohang Accelerator 

Research Center. X-ray photoelectron spectroscopy (XPS) was performed using a VersaProbe 

lll (ULVAC-PHI) microprobe. 

Simulation of neural networks. The CNN simulation was performed in deep neural networks 
(DNN)+ NeuroSim. The VGG-8 structure for calculating the group classification accuracy 
consisted of six convolution and pooling layers and two fully connected layers. The CIFAR-
10 image set was used for recognition training with 50000 images and classification training 
with 10000 images for 250 trials. To measure the device, the read voltage, pulse voltage, pulse 
width, NL, minimum and maximum conductances, and number of conductance states were 
used as parameters. ANN simulations were performed using NeuroSim ver. 3.0. The multilayer 
perceptron consists of 400 input neurons, 100 hidden neurons, and 10 output neurons, 
representing 0–9. Based on 60000 MNIST digits, 20000 training images were recognized, and 
the recognition accuracy was 10000 test images for 125 trials. The following parameters were 
used for the device measurement: read voltage, pulse voltage, pulse width, NL, minimum and 
maximum conductance, number of conductance states, and device variation. 



Fig. S1 Optical microscope images of (a) PDPP3T and (b) crosslinked PDPP3T/NIPS-based 

artificial synapses. The light purple circle with dashed lines represents the area occupied by 

DEME-TFSI ionic liquid.



Fig. S2 Molecular structures of DEME cation (left) and TFSI anion (right) that make up ionic 

liquid.



Fig. S3 Structural change in PDPP3T/NIPS blend upon UV crosslinking at a wavelength of 

254 nm. The N3 resonance of NIPS is changed by UV.



Table S1. Surface energy components of the polar and non-polar regions of the test liquids 
used for contact angle measurement.3

𝛾𝑙 (𝑚𝐽 𝑚2) 𝛾𝑝
𝑙  (𝑚𝐽 𝑚2) 𝛾𝑛

𝑙  (𝑚𝐽 𝑚2)
Deionized water 72.8 51.0 21.8

Diiodomethane 50.8 0.0 50.8



 Fig. S4 GIWAXS mapping images of (a) PDPP3T, (b) blended PDPP3T/NIPS, and (c) 

crosslinked PDPP3T/NIPS.



Fig. S5 Transfer curve of (a) PDPP3T and (b) PDPP3T/NIPS as shown by gate voltage double 

sweep from 2 V to -3 V at VDS = -1 V.



Fig. S6 Short-term plasticity behavior for the 80 ms single pulse with different amplitudes in 

(a) PDPP3T and (b) PDPP3T/NIPS based devices at VDS = -1 V. Inset: decay tendencies 

magnified view.



Fig. S7 Short-term plasticity of (a) PDPP3T and (b) PDPP3T/NIPS based synaptic devices 

upon application of low drain voltage (VDS = -0.1 mV) and short electrical pulses 

(-2V, 20ms).



Fig. S8 EPSC behavior of PDPP3T/NIPS device by applying pulses (20 ms width, Vpre = - 2 

V, VDS = - 1 V) with different frequencies.



Fig. S9 Fitting curve to quantify the NL and the change in conductance as 50 negative (-2 V) 

and positive (+2 V) pulses are applied to the (a) PDPP3T and (b) PDPP3T/NIPS based device 

at VDS = -0.7 V. 



 Fig. S10 Repetitive PSC changes over 50 cycles of operation on (a) PDPP3T and (b) 

PDPP3T/NIPS based devices. Each cycle consisted of 50 negative and positive pulses with 

width and interval of 80 ms at VDS = -0.7 V



Fig. S11 Mean (red & blue dot) and standard deviation (bar) of PSCs recorded over 50 

consecutive cycles in (a) PDPP3T and (b) PDPP3T/NIPS based devices.



Fig. S12 PSC change in cycles of 50 consecutive negative and positive pulses selected in (a) 

PDPP3T and (b) PDPP3T/NIPS based devices



Fig. S13 Mean(red & blue dot) and standard deviation (bar) of PSC over 50 programming and 

erasing pulses on 10 devices of (a) PDPP3T and (b) PDPP3T/NIPS based devices, respectively.



Table S2. Benchmark table of reported various synaptic devices.
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