
S1 
 

Supporting Information  

 

Modulating Neuromorphic Behavior of Organic 

Synaptic Electrolyte-Gated Transistors Through 

Microstructure Engineering and Potential Applications 

 

Fu-Chiao Wu, † Chun-Yu Chen, † Yu-Wu Wang, § Chun-Bin You, † Li-Yun Wang, † Jrjeng Ruan,‡ Wei-

Yang Chou, † Wei-Chih Lai, † and Horng-Long Cheng†,* 

† Department of Photonics, Meta-nanoPhotonics Center, National Cheng Kung University, Tainan 

701, Taiwan 

‡ Department of Materials Science and Engineering, National Cheng Kung University, Tainan 701, 

Taiwan  

§ Institute of Photonics, National Changhua University of Education, Changhua 500, Taiwan  

 

Corresponding Author 

*Horng-Long Cheng, Email: shlcheng@ncku.edu.tw 

Outline  

1. Supplementary electrical characterization of organic synaptic transistors 

2. Supplementary absorption spectra  

3. Comparison of electrical and synaptic characteristics of the most related references and the 

current study 

4. Supplementary artificial synaptic characteristics of organic synaptic transistors 

5. Application in the simulation of neural networks 

 



S2 
 

1. Supplementary electrical characterization of organic synaptic transistors 

 

Table S1. Comparison of threshold voltage (Vt), subthreshold swing (S), on/off ratio, 

and maximum channel conductance (Gmax) for various P3HT/PMMA PB-ESD-based 

organic synaptic transistors operated at VD = −0.5 V.  

 
Ps. At least 5 batches of devices were used to observe the standard deviation. 

 

 

 

 
Figure S1. Comparison of channel conductance (G) value as a function of gate voltage (VG). The G 

ratio is calculated as the G value of the DS device divided by the G values of the SS and ST devices, 

respectively, represented as GDS/GSS and GDS/GST.  
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2. Supplementary absorption spectra  

 

 

 
 

Figure S2. Absorption spectra of different P3HT specimens. 
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3. Comparison of electrical and synaptic characteristics of the most related references and the 

current study 

 

Table S2. Comparison of electrical parameters [threshold voltage (Vt), subthreshold swing (S), on/off 

ratio, maximum channel conductance (Gmax), and field-effect mobility] between previous reports on 

P3HT-based electrolyte-gated transistors and the current study. 

 
a W/L: channel width and channel length of transistors. 

 

  

Method, solvent,

concentration, W/L a V th (V) S  (mV/dec) On/off ratio G max (S/m) Mobility (cm2/Vs) Ref.

Spin-coating, chlorobenzene,
0.91 wt%, 1000 mm/50 mm

-0.94 - > 103 13.3 5.04 at V D = -1.5 V (s1)

Spin-coating, chlorobenzene,
0.91 wt%,  1 mm/50 mm

-1.18 - > 104 -  104 50 3.97 at V D = -1.0 V (s2)

Spin-coating, chlorobenzene,
0.91 wt%, 3 mm/70-90 mm

> -0.6 100-150 > 6  103 15.6 20.24 at V D = -0.4 V (s3)

Spin-coating, chloroform,
0.2 wt%, 1000 mm/100 mm - - > 105 20 2.83 at V D = -0.1 V (s4)

Spin-coating, chlorobenzene,
0.91-0.09 wt%, 1 mm/10
mm

 -0.55 200 ~ 106 80 2.25 at V D = -1.5 V (s5)

Spin-coating, chloroform,
0.68 wt%, 1 mm/100 mm

-0.13 - ~ 5  103 ~10 1.13 at V D = -1.0 V (s6)

Spin-coating & Transfer-
stamping, chloroform,
0.2 wt%, 1000 mm/100 mm

0.19 - >  104 16 2.81 at V D = -0.5 V (s7)

Electrohydrodynamic jet
printing, toluene,
0.2 wt%, 150 mm/300 mm

-0.83 73 ± 11 ~ 105 22 0.12 at V D = -0.1 V (s8)

Drop-casting, p-xylene,
0.1 wt%, 2000 mm/200 mm

-0.13 95 ± 2.1 > 5  104 > 100 > 10 at V D = -0.5 V This work
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Table S3. Comparison between previous reports on polymer-based electrolyte-gated transistors and 

the current study. 

 
a Long-term memory (LTM) is defined as the ability of a device to maintain the change in its conductance for 

an extended period after the stimulation is stopped, without spontaneous decay or reverting back to its initial 

state, or the ability to sustain the change for a relatively long duration, ranging from a few hours to several 

days or even longer. 
b Abbreviations of polymer materials: PDPP-DTT: poly[2,5-(2-octyldodecyl)-3,6-diketopyrrolopyrrole-alt-

5,5-(2,5-di(thien-2-yl)thieno [3,2-b]thiophene)]; DPP: diketopyrrolopyrrole; DPP-DTT: poly[2,5-(2-

octyldodecyl)-3,6-diketopyrrolopyrrole-alt-5,5-(2,5-di(thien-2-yl)thieno[3,2-bthiophene)]; PDPP-TTVTT-𝛽-

C10C12: poly[2,5-bis(2-decyltetradecyl)pyrrolo[3,4-c]pyrrole-1,4-(2H,5H)-dione-(E)−1,2-di(2,2’-bithiophen-5-

yl)ethene]; PDPP-TTVTT-C12-TEG: poly[2,5-bis(2,5,8,11-tetraoxatricosan-23-yl)pyrrolo[3,4-c]pyrrole-1,4-

(2H,5H)-dione-(E)−1,2-di(2,2’-bithiophen-5-yl)ethene]).  

 

 

 

 

  

Seimconductors
Method,
concentration

Minmum spkie
voltage with width

V DS  (V) PPF (%)
Long-term

potentition and

memory a

Maximun pulse
number of

multiple spike
Ref.

PDPP-DTT b
Spin-coating,
0.27 wt%

-3 V, 200 ms -0.2 194 LTP 500 (s9)

DPP-based polymers b
Spin-coating
and transfer
0.42 wt%

-0.7 V, 100 ms -0.5 265 LTP 70 (s10)

P3HT
Spin-coating,
1.15 wt%

-1.0 V, 100 ms -0.5 195 LTM 100 (s11)

P3HT with azide
crosslinker

Spin-coating,
0.2 -0.87  wt%

-3.0 V, 50 ms -0.01 200 LTP 100 (s12)

DPP-DTT b Spin-coating,
0.62 wt%

-3.0 V,  130 ms -0.1 ~ 95 LTP 75 (s13)

P3HT with 2Bx
crosslinker

Spin-coating,
0.34 wt%

-3.0 V,   30 ms -0.01 - LTM 50 (s14)

PDPP-TTVTT b
Spin-coating,
0.34 wt%

-2.0 V,  100 ms -0.1 160 – 180 LTM 50 (s15)

P3HT
Drop-casting,
0.1 wt%

-0.5 V, 5  ms -0.5 220 LTM 800 This work
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4. Supplementary artificial synaptic characteristics of organic synaptic transistors 

 
Figure S3. EPSC characteristics of (a) ST, (b) SS, and (c) DS devices stimulated by a single spike (VG 

= −0.5 V) and using a source-drain voltage (VD) of −0.5 V for reading. Left panels: EPSC responses 

for the selected spike durations (ton). Right panels: Device-to-device variations of EPSC responses 

under the application of different spike durations.  

 

Figure S4. Comparison of EPSC curves of the ST and DS devices under a single spike (VG = −0.5 V) 

for the selected on-time (ton). The EPSC curve of the DS device exhibits significant short-term 

potentiation.  
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Figure S5. PSC variations of (a) SS, (b) DS, and (c) ST devices stimulated by 10 spikes (VG = −0.5 V) 

with a time duration of 5 ms. The time interval between spikes is shown in the Figure. The PSC was 

read using a source-drain voltage (VD) of −0.5 V. 
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Figure S6. Demonstration of LTP characteristics of the DS device under the application of a large 

number of stimuli (VG = −1.0 V), up to 800 times. The channel conductance (G) was read using a VD 

of −0.5 V. The data can be well-fitted using the common model of the conductance change of LTP 

with the number of pulses (P). The extracted nonlinearity (NL) is also shown. 
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5. Application in the simulation of neural networks 

 

Figure S7. (a) Schematic of a three-layer artificial neural network with input, hidden, and output layers. 

Simulation of recognition accuracy as a function of training epoch for the (b) ST and (c) DS devices, 

considering the synaptic characteristics of a single device under two stimulus conditions: a spike 

duration of 5 ms at VG = −0.5 V and different time intervals between spikes (toff). 
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