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Fig. 1. Pinched hysteresis loop of the novel locally active memristor: (a) Different amplitudes for f = 20 GHz; (b) different frequen-

cies for V,=1V.
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Fig. 4. (a) Switching from the state (1 to the state 2 (a positive voltage pulse with amplitude V,,= 1 V); (b) switching from the

low-level memductance G (1) to the high-level memductance G (p2) (a positive voltage pulse with amplitude V,,= 1 V).
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Fig. 5. (a) Switching from the state 2 to the state ¢1 (a negative voltage pulse with amplitude V= -2 V); (b) switching from

the high-level memductance G (p2) to the low-level memductance G (1) (a negative voltage pulse with amplitude V,,= -2 V).
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Fig. 6. Bifurcation diagram and Lyapunov exponents with the coupling strength k changing: (a) Bifurcation diagram with the

coupling strength k changing; (b) Lyapunov exponents with the coupling strength k changing.
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Fig. 7. Phase diagrams and time domain waveform diagrams of spiking firing modes, with different coupling strengths & .
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Fig. 8. Phase diagrams and domain waveform diagrams of bursting firing modes, with different coupling strengths k .
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Table 1.  Firing modes.
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Fig. 9. Bifurcation diagram with the initial state ¢ (0)
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Fig. 10. Lyapunov exponents.
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Fig. 12. Circuit implementations: (a) Circuit implementation of the novel locally active memristor; (b) circuit implementation of the

HR neuron; (c) circuit implementation of the FHN neuron.
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Fig. 13. Phase diagram and time domain waveform diagram of circuit implementation (period-2 spiking firing mode): (a) Phase dia-

gram; (b) time domain waveform.
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Fig. 14. Phase diagram and time domain waveform diagram of circuit implementation (chaotic spiking firing mode): (a) Phase dia-

gram; (b) time domain waveform.
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Fig. 15. Response curves of sliding mode surfaces and synchronization errors when the finite-time synchronization strategy acts:

(a) Finite-time sliding mode surfaces s1, s2, s3, sa, s5; (b) synchronization errors e, ez, e3, esa, €5.
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Fig. 16. Response curves of sliding mode surfaces and synchronization errors when the fixed-time synchronization strategy acts:

(a) Fixed-time sliding mode surfaces s1, s2, s3, s4, ss5; (b) synchronization errors e1, ez, e3, es, €5.
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Fig. 17. Response curves of sliding mode surfaces and synchronization errors when the novel predefined-time synchronization

strategy acts: (a) Novel predefined-time sliding mode surfaces s1, s2, s3, sa, ss; (b) synchronization errors ey, ez, e3, e4, e5.
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Fig. 19. Response curves of sliding mode surfaces and synchronization errors when the traditional predefined-time synchronization

strategy acts: (a) Traditional predefined-time sliding mode surfaces s1, s2, s3, s4, s5 ; (b) synchronization errors e, ez, es3,eq, €5 .
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Abstract

The processing and transmission of biological neural information are realized via firing activities of neurons

in different regions of brain. Memristors are regarded as ideal devices for emulating biological synapses because
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of their nanoscale size, non-volatility and synapse-like plasticity. Hence, investigating firing modes of memristor-
coupled heterogeneous neurons is significant. This work focuses on modelling, firing modes and chaos
synchronization of a memristor-coupled heterogeneous neuron. First, a novel locally active memristor is
proposed, and its frequency characteristics, local activity, and non-volatility are analyzed. Then, the novel
locally active memristor is introduced into the two-dimensional HR neuron and the two-dimensional FHN
neuron to construct a novel memristor-coupled heterogeneous neuron model. In numerical simulations, by
changing the coupling strength, it is found that the model exhibits the periodic spike firing mode, the chaotic
spike firing mode, the periodic burst firing mode, and the random burst firing mode. Besides, the dynamic
behavior of the novel memristor-coupled heterogeneous neuron can switch between periodic behavior and
chaotic behavior by changing the initial state. Finally, based on the Lyapunov stability theory and the
predefined-time stability theory, a novel predefined-time synchronization strategy is proposed and used to
realize the chaos synchronization of the novel memristor-coupled heterogeneous neuron. The results show that
compared with a finite-time synchronization strategy, a fixed-time synchronization strategy and a traditional
predefined-time synchronization strategy, the novel predefined-time synchronization strategy has a short actual
convergence time. Studying the firing modes and chaotic synchronization of the novel memristor-coupled
heterogeneous neuron can help explore the neural functions of the brain and is also important in processing the

neural signal and secure communication fields.
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