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Fig. 1. Pinch hysteresis curves of S-type NbO, LAM in re-
sponse to sinusoidal signals at 1 MHz, 10 MHz and 1 GHz.
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Fig. 2. DC V-I plot of NbO, LAM: (a) The light blue part
is the NDR region of the memristor; (b) the red line is the
load line and the inset is the bias circuit with DC voltage

supply.
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Fig. 3. Relationship between h (V; , T) and temperature 7.
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Fig. 4. (a) Small-signal equivalent circuit model of NbO,Mott memristor at the operating point ¢ (0.008 A, 0.3003 V); (b) the de-

pendence of R, on the operating point; (c) the dependence of L, on the operating point; (d) the dependence of R, on the operating
point.
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Fig. 5. (a) Frequency responses of the real and imaginary parts at I = 0.008 A; (b) Nyquist plot.
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Fig. 6. Second-order oscillator circuit.
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Fig. 8. Simulation results of the NbO, LAM second-order oscillator: (a) The transient waveforms of v,, T and 4, at I = 0.008 A and
C = 0.3 nF; (b) the stable equilibrium on 4,-T phase plane at I = 0.008 A and C = 0.3 nF; (c) the transient waveforms of v,, T
and 4, at I = 0.008 A and C = 0.8 nF; (d) the limit cycle on the 4,-T phase plane at / = 0.008 A and C = 0.8 nF.
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Fig. 9. (a) The time-domain waveforms of 4, at different input DC current excitations of 10, 30 and 50 mA; (b) the number of

spikes corresponding to different current excitations.
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Fig. 10. Neuron circuit based on NbO, memristor.
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Fig. 11. (a) The time-domain waveforms of V;; and v, when the memristive synapse is at ON state; (b) the time-domain wave-

forms of 7, at ON state; (c) the time-domain waveforms of V;; and v, when the memristive synapse is at OFF state; (d) the time-

domain waveforms of 4, at OFF state.
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Fig. 13. Implementation of voltage synapse circuit.
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Fig. 14. A spiking neural network consisting of a 25x10 synaptic array and 10 output neurons.
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Fig. 15. (a) The time-domain waveforms of 4, of 10 output neurons when “2” mode is input to SNN; (b) the output current fre-

quencies of each output neuron when ten modes are input to the spiking neural network.
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Fig. 17. (a) The simulation results with the single-spike circuit; (b) the simulation results without the single-spike circuit.
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Abstract

NbO, memristors show great application prospect in neuromorphic computing due to its nanoscale size,

threshold switching, and locally active properties. The in-depth analysis and study of NbO, memristors’s

dynamic properties are beneficial to the design and optimization of memristive neuron circuits. In this paper,

based on the local active theory, the physical model of NbO, memristor is studied by using the small signal

analysis method, and the region and conditions of the peak oscillation are quantitatively analyzed, and the

quantitative relationship between the excitation signal amplitude and the peak frequency is determined. Based

on the above theoretical analysis, NbO, memristor neurons are further designed and combined with the

memristive synaptic crisscross array in order to construct a 25x10 spiking neural network (SNN). Finally, the

recognitional function of digital 0 to 9 patterns is effectively realized by using frequency coding and time coding

respectively.
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