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Research Progress of Flexible Neuromorphic Transistors
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Abstract: In recent years, inspired by the unique operation mode of the human brain, emulation of the perception and
computing functions of synapses and neurons by artificial neuromorphic devices has attracted more and more attention.
So far, many researches have been reported about neuromorphic transistors (NMT), but most devices are fabricated on
rigid substrates. The flexible neuromorphic transistors can not only realize signal transmission and training learning at
the same time, but also carry out nonlinear spatio-temporal integration and cooperative regulation of multiple signals.
It can also closely fit the soft human skin and withstand the high physiological strain of organs and tissues. More
importantly, flexible neuromorphic transistors have unique advantages and application potential in detecting low
amplitude signals at physiologically relevant time scales in biological environments due to their designable flexibility
and excellent biocompatibility. Flexible neuromorphic transistors have been widely used in electronic skin, artificial
vision system, intelligent wearable system, and other fields. At present, it is one of the most important tasks to develop

low-power consumption, high-density integrated flexible neuromorphic transistors. In this paper, the research progress
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of NMT based on different flexible substrates is reviewed. In addition, the bright application prospect of flexible

neuromorphic transistors is prospected. This review provides a reference for the development and application of

flexible neuromorphic transistors in the future.
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Fig. 2 Research on synaptic transistor on PI substrate
(a) Image of In,O; nanofiber synaptic transistor on PI substrate®; (b) Optical response of EPSC triggered by different light
intensities®; (c) Relationship between amplitude of EPSC response to presynaptic peak (2.0 V, 25 ms) and gate pressure®');

(d) Accuracy of simulated neural network for pattern recognition of MNIST small digit (8 X 8 pixels) database®”; Colorful figures are available on website
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Fig. 3 Research on synaptic transistor on PEN substratel*®)
(a) Schematic diagram of a synaptic transistor constructed on a PEN substrate; (b) Variation trend of the postsynaptic current with the number
of bending, and curvature radius at 0.8 cm during the test; (c) Schematic diagram of a pain perception model caused by UV stimulation;
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Fig. 4 Research on synaptic transistor on PET substrate
(a) Physical photograph of the construction of synaptic transistors on a PET substrate; (b) Change of current with time after
20 (4.0 V, 20 ms) pulses being applied to the gate of the synaptic transistor when Vps at 0.5 V B); (¢) Schematic diagram of spatio-temporal
signal integration and memory performed by heterogeneous synapses (with the introduction of noise signals during the transmission of the
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Fig. 5 Research on synaptic transistor on mica substrate
(a) Synaptic plasticity of synaptic transistors constructed on mica substrate!*’); (b) Optical photographs of flexible VO, transistors
constructed on mica substrate; (c) EPSC count chart to assess pain intensity; (d) Simulation identification accuracy of ideal devices

and VO, transistor devices!*”’

; EPSC: Excitatory post-synaptic current
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Fig. 6 Research on synaptic transistor on paper substrate

[52]

(a) Schematic diagram of the chitosan /IZO synaptic transistor constructed on paper substrate; (b) Optical photographs of bent synaptic
transistors on a paper substrate; (¢, d) Simulated biological synaptic function on paper synaptic transistors
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