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Supplementary Figure S1. Optical micrograph of our fabricated EGOST with p(g2T-R)-based polymer film.
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Supplementary Figure S2. Transfer curves for a) p(g2T), b) p(g2T-T), and c) p(2gT-TT) for each of the five devices. d) Comparison of parameter values for each of the 5 p(g2T-R) based devices. 
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Supplementary Figure S3. Long-term plasticity characteristics of artificial synapses based on a) p(g2T), b) p(g2T-T), and c) p(2gT-TT) with 5 devices each. d) Memory level (five devices) about 20 seconds after pulse application to p(g2T-R)-based EOGSTs. 
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Supplementary Figure S4. The decrease in EPSC after applying 10 consecutive pulses to artificial synapses a) p(g2T), b) p(g2T-T), and c) p(g2T-TT) and the curve fitted to the tri-exponential function. d) Tri-exponential function fitting extended to 240 seconds. 
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Supplementary Figure S5. a-c) LTP characteristics over 240 seconds depending on the voltage amplitude (Vpulse = −2, −1.75, −1.5, and −1.25 V) of 10 consecutive pulses (tpulse = 60 ms, tinterval = 60 ms) of p(g2T-R)-based EGOST. d) Comparison of memory level retention 240 seconds after pulse application to each device. 
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Supplementary Figure S6. EPSC responses of a) p(g2T), b) p(g2T-T), and c) p(g2T-TT) EGOSTs depending on the number of pulses applied. EPSC variation depending on the width of 10 consecutive pulses applied to d) p(g2T), e) p(g2T-T), and f) p(g2T-TT) EGOSTs. g-i) Changes in peak EPSC as a function of pulse number and width for EGOSTs based on p(g2T-R). 
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Supplementary Figure S7. Implementations of STDP characteristics according to a) Symmetric Hebbian learning and b) anti-Hebbian learning rules of p(g2T-TT) EGOST. c) Changes in the ratio of A1 and A10 according to frequency changes in the p(g2T-TT) device, meaning high-pass filtering characteristics. Inset: Changes in EPSC due to pulse application at 3 and 12 Hz. 


Note S1. Quantum Chemistry Methods. 
All density functional theory (DFT) calculations were performed using ORCA 6.0.0.S1 All DFT calculations were performed at the B3LYPS2,S3/6-31G(d,p)S4 level of theory. D3BJ for dispersion interactionsS5 and split-RI-J approximationS6,S7 for the Coulomb integrals and chain-of-spheres (RIJCOSX) integration for the Hartree-Fock exchange integrals were used for the geometry optimization and single-point energy calculations. The initial geometries of the structures were generated based on universal force-field (UFF) optimization of all-trans conformers.S8 Geometry optimizations at the DFT level were performed on the low-energy conformers to characterize the single-point energy. The asymmetric structure of p(g2T-T) results in different interchain distances at the upper (u) and lower (l) regions. So, we placed two anions in the structure, one positioned between the upper polymer chains and the other between the lower chains. To calculate adsorption energy, the single-point energy of full structure containing both anions and the polymer was compared with the sum of the single-point energies calculated separately for the polymer with one anion and for the isolated second anion. 

In the case of 2gT-T, due to the difference in the distances between the upper and lower chains, the adsorption energy was calculated as the average of the values obtained when the anion was positioned on the upper chain and the lower chain.
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Supplementary Figure S8. Schematic illustrations of structure optimization results for each polymer with the highest adsorption energy between polymer and 1 anion in validated calculation for backbone without chains.
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Supplementary Figure S9. Schematic of the anion when it is a) parallel to the backbone and b) perpendicular to it.

Supplementary Table S1. Adsorption energy of each polymer without chains based on the input location of the anion in validated calculations.
[image: ]



[image: ]
Supplementary Figure S10. Schematic illustration of structure optimization results for polymers with the highest adsorption energies at different distances between a) p(g2T), b) p(g2T-T), and p(g2T-TT) polymer backbone and parallel anions.
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Supplementary Figure S11. Schematic illustration of structure optimization results for polymers with the highest adsorption energies at different distances between a) p(g2T), b) p(g2T-T), and p(g2T-TT) polymer backbone and perpendicular anions. 
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Supplementary Figure S12. Sites defined as inner, middle, and outer based on distance from Backbone.

Supplementary Table S2. Adsorption energy of each polymer based on the input location of the 2 anions in calculation.
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Supplementary Figure S13. a) Schematic illustration of fragments defined in p(g2T), p(g2T-T), and p(g2T-TT), respectively. b) Hirshfeld Charge distribution in fragments of different polymers.
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Supplementary Figure S14. TOF-SIMS depth profiles of fluorine and silicon after applying a voltage of −2 V for 10 seconds to the a) p(g2T), b) p(g2T-T), and c) p(g2T-TT) films.
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Supplementary Figure S15. Changes in a) π- π stacking distance and b) lamellar stacking distance with doping of p(g2T-R) based polymer films.
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Supplementary Figure S16. a) Diagram of a p(g2T-TT) orientation model with tilted side chains. b) Areal attachment density calculated as a function of side chain angle in p(g2T-R)-based films.
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Supplementary Figure S17. Normalized LTP/D curves for a) p(g2T), b) p(g2T-T), and c)p(g2T-TT) devices. The dotted line indicates the ideal LTP/D curve with NL = 0.



Supplementary Note S2. Parameters for artificial neural network (ANN)-based recognition simulation
In ANN simulation, linearity (NL) in the long-term potentiation/depression (LTP/D) curve is considered to reflect the weight update performance of EGOST. The NL value can be extracted using the following equation; S9,S10 



Where GLTP/D denotes conductance in the LTP and LTD regions. P is the number of pulses, and A is a parameter for fitting the measured LTP/D curve, which is converted to an NL value as shown in Figure S18a. In addition, in order to fully reflect the characteristics of our artificial synapses, we applied calculations considering not only NL but also pulse number, dynamic range, and variation. 
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Supplementary Figure S18. a) Fitting curve based on NL values of LTP/D characteristics. Normalized conductance changes of b) p(g2T), c) p(g2T-T), and d) p(g2T-TT) based on LTP/D curves. The symbols and lines represent the measured conductance and fitted lines, respectively.
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Supplementary Figure S19. a) LTP/D curves and b) NL, Gmax/Gmin, NSeff variation of five p(g2T-TT)-based artificial synapses. c) Variation of LTP/D curves considered in ANN simulation.
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Supplementary Figure S20. State stability for two pulse sets (PPPDDD/PDDPPD) randomly composed of potentiation (−1.5 V) and depression (+1.5 V) pulses.
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