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Abstract: Mimicking of brain perceptual processing mode is of great importance for the design of bionic
intelligent perceptual system. On the meantime, adopting functional materials with biocompatibility and
biodegradability to construct environment-friendly neuromorphic devices is also an important aspect for synaptic
electronics. Here, gelatin/carboxylated chitosan (GEL/C-CS) composite electrolyte film was adopted as gate
dielectrics in oxide neuromorphic transistors. Synaptic plasticities, including excitory post synaptic current and
paired pulse facilitation, were mimicked on the oxide neuromorphic transistor under different humidities. A
quantitative processing method for tactile recognition of objects was proposed based on the spike number dependent
synaptic plasticity. An artificial neural network was built in further. Recognition accuracy of MNIST handwritten
digits is above 90%. Data from above evaluation show that the proposed GEL/C-CS gated neuromorphic device has
a promising application potential in the design of bionic intelligent perceptual systems and brain inspired
neuromorphic systems.
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Fig. 1

Device processing for GEL/C-CS gated ITO neuromorphic transistor and characterization

of GEL/C-CS composite electrolyte film
(a) GEL/C-CS composite hydrogel at room temperature with inset showing molecular structures of GEL and C-CS; (b) Schematic diagram of
fabricating ITO neuromorphic transistors with insets showing SEM images for cross-sectional and surface morphologies of the electrolyte film; (c)
Schematic diagram of the mechanism of electric-double-layer formation; (d) Impedance spectroscopy data of the electrolyte film
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Fig. 2 Electrical performances for GEL/C-CS gated ITO neuromorphic transistor at different relative humidities
(a) Transfer curves; (b) Electric double layer capacitors (Cgpr) for GEL/C-CS based electrolyte;
(c) Carrier mobility (u); (d) Subthreshold swing (SS); Colorful figures are available on website

> [
@ A Pre-synaptic spike 1 E 600 ®)
120 0@ /%
450 ¥
E 90 [ 40%RH E’- Vos@0.2V
9 Vs@0.2 V Q
& 60f o 300F v
__a
30k j 1s0r ,e—°
. 1 . L . L ) L A L ! L L | L
0 0.2 0.4 0.6 0.8 40 50 60 70 80
400 Time /s Relative humidity / %
< 9 spike2 40%RH 200[@
PPF index=197.1% °  Exp. data (40%RH)
160 F Fitting curve
Vps@0.2 V o\\° 1201
>
2160
80%RH .g
§400 PPF index=145.5% & 140 o Exp. data (80%RE)
5400 - e
2 120 - Fitting curve
[sa]
0 | : 100 o d
10.4 10.6 10.8 11.0 0 200 400 600 800 1000 1200
Time /s At/ ms

K3 ITO FPL 25 dh VR IR 58 M 82 4T
Fig. 3 Synaptic responses of ITO neuromorphic transistor
(a) EPSC responses triggered by a presynaptic spike (1 V, 10 ms) at relative humidity of 40%; (b) Peak EPSC value
at different humidities; (c) EPSC responses triggered by two successive presynaptic spikes (1 V, 10 ms) at humidities of 40% and 80%;
(d) At dependent PPF indexes at humidities of 40% and 80%
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Fig. 4 Bionic quantitative processing of finger tactile to object recognition
(a) Cross sectional sketch of skin tissue for unfolded fingers when touching objects; (b) EPSC triggered by pre-synaptic spike

train at humidities of 40% and 80% with inset showing the definition of 4,; (c) AW, as a function of n; (d, e) Degrees of recognition (R)

at humidities of (d) 40% and (e) 80%, respectively
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Fig. 5 MNIST pattern recognition
(a, b) Synaptic weights updating obtained at humidities of (a) 40% and (b) 80%, respectively; (c) Schematic diagram of
the two-layer MLP simulator; (d) Recognition accuracies at humidities of 40% and 80%; Colorful figures are available on website
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Fig. S1 AFM surface morphology of GEL/C-CS electrolyte film
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Fig. S2  Electrical performances for GEL/C-CS gated ITO neuromorphic transistor at different relative humidities
(a) Output curves; (b) On/off ratio; (c) Hysteresis
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Fig. S3 Modulation of EPSC responses for ITO neuromorphic transistor
(a) EPSC responses under different spike amplitude with spike duration time fixed at 10 ms; (b) EPSC responses
under different spike duration time with spike amplitude fixed at 1 V
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Fig. S4 Schematic diagram of the spike trains for synaptic weight updating



