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Bionic Research on Multistage Pain Sensitization Based on
lonic Oxide Transistor Array
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410083, China)

Abstract: Multistage pain perception is of great significance for surviving the outside harmful stimuli for
organisms. In this work, using a sodium alginate biopolymer electrolyte as neurotransmitter layer, a 5x5 array of
junctionless transistoris successfully fabricated for pain perception. The device operates well at low voltage (2 V)
with a large current on-off ratio (>10*) and on-state current (>10 pA). This coplanar-gate array can not only emulate
the important functions of synapses, such as excitatory postsynaptic current, paired-pulse facilitation, and dynamic
filtering, but also successfully mimic pain-perception and sensitization abilities of the artificial nociceptor network.
Furthermore, this work also successfully emulates the multistage spatio-temporal sensitization in the nociceptor
network. Construction of this kind of network system provides a new way for the application of the next-generation
neuromorphic brain-like system.
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Fig. 1 (a) Diagram of device structure and test process, (b) transfer curve and
(c) corresponding output curve of single transistor
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Fig. 2 (a) Schematic image of a biological synapse, (b) EPSC and (c) PPF triggered by a presynaptic spike
with amplitude at 2.10 V, duration at 10 ms, (d) PPF index fitting, and (e) EPSCs recorded in
response to the different stimulus train with frequency ranging from 2 Hz to 50 Hz
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Fig. 3 Characteristics of the artificial painful perceptual neuron
(a) Structural diagram of painful perceptual neuron; (b) EPSC response by the device applying ten electrical pulses with 10 ms pulse width and
different pulse amplitudes from 1.30 V to 4.00 V,which cannot reach threshold current (/;, = 1 pA) until the pulse amplitude up to 2.64 V; (c) Fitting
curve of pain threshold voltage; (d) EPSC output by the device with fixed pulse amplitude (2.10 V) and the width increasing from 10 ms to 400 ms;
(e) Response of device to continuous multiple pulses with different amplitudes; (f) Fitting for response of device to continuous multiple pulses with
different amplitudes (2.00, 2.20, 3.00 and 3.60 V);
Colorful figures are available on website
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(a) Schematic diagram of the junctionless transistor array used to construct the nociceptor network; (b) Transfer curves of channel C; corresponding
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