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Fig. 1. POP of CCMs: (a) 2-lobe CCM; (b) 4-lobe CCM; (c) 6-lobe CCM.
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Fig. 2. DC V-I curves of CCM and the magnification of their locally-active region: (a) 2-lobe CCM; (b) 4-lobe CCM; (c) 6-lobe

CCM.
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Fig. 3. Electrical characteristics of the simplified CCM: (a) Pinched hysteresis loops; (b) DC V-I curve.
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Fig. 4. Small-signal equivalent circuit of the simplified CCM.
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Fig. 6. Lyapunov exponents diagram: (a) L = 0.5 H, C'= 68 nF, the bifurcation parameter Ve [-3 V, -1 V]; (b) Vp =26V, C =
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Fig. 7. Dynamic map of the neuron circuit defined by parameters Vp and L.
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Table 2. Parameter configuration of the hardware
circuit.
% B 28 8
Vee +15V Vg -5V
Ry, Ry, Ry, 1 kQ R, Ry 5 k2
Rg, Rg 1 kQ Ry 25 kQ2
R;, Ry 9 k2 ) 150 nF
C 68 nF L 500 mH

W22 2 FEURICA (16) 2IF 84T A2
i 015 EL FEL B AR AR AR T R R E

dv, = —uvm VEE v
dt o R501 R4Cl R5C1
1
= (tm+3—1), 17
T5x 10 (m T3 ) 17)
. v _
tm = _RiIn =10 31}3 X U

\
R

Ohm’s law

8 H:T ik CCM Ry &0 i % 45 A HE 151

Fig. 8. Circuit implementation of the neuron circuit based on the simplified CCM.
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Fig. 9. Experimentally measured the simplified CCM electrical characteristics: (a) Time-domain waveforms of v, and v; under sine

excitation; (b) hysteresis curve; (¢) time-domain waveforms of v, and v; under quasi-static state; (d) quasi-static V-I curve.
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Fig. 10. Photo of experimental equipment.
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Fig. 11. Experimentally measured resting state at Vp = —1.2 V: (a) Transient waveforms of v,,, and v,; (b) phase portrait on the

Uput=V, Plane.
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Fig. 12. Experimentally measured periodic spiking phenomenon: (a) Transient waveforms of vy, and v, at Vp = -2.1 V; (b) phase

portrait on the vy,-v, plane at Vi, = —2.1 V; (c) transient waveforms of v,,; and v, at Vp = —2.2 V; (d) phase portrait on the vy,-v,

plane at Vj, = -2.2 V.
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Fig. 13. Experimentally measured chaos state at Vp = —2.8 V: (a) Transient waveforms of v, and v,; (b) phase portrait on the v,

v, plane.
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Fig. 14. Experimentally measured bimodal response at Vp = -2.87 V: (a) Transient waveforms of v,,, and v,; (b) phase portrait on

the v,,-v, plane.
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Fig. 15. Experimentally measured periodic oscillation at V = —2.9 V: (a) Transient waveforms of v, and v,; (b) phase portrait on

the v,,-v, plane.
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Fig. 16. Experimentally measured all-or-nothing behavior.
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Abstract

The Chua corsage memristor (CCM) is a voltage-controlled locally-active memristor, which has complex
dynamic behaviors and potential applications in the field of neuromorphic computing. According to the DC V-1
plot, the CCM can be classified as two-lobe, four-lobe, and six-lobe type. By analyzing their non-volatility and
local activity, it is found that they have the same locally-active region and a common stable equilibrium. The
mathematical models of the three CCMs are simplified based on the mechanism of neuromorphic behavior,
namely, local activity. After the model simplification, the absolute value operation disappears, but the locally-
active domain remains unchanged. For the simplified CCM, its small-signal equivalent circuit at the locally-
active operating point is established, which is consistent with CCMs before being simplified. Hence, the model
simplification does not change the small-signal characteristics of CCMs.

To further investigate the application of voltage-controlled locally-active memristor in modeling the
neuromorphic behavior of neurons, the simplified CCM model is used to connect a capacitor and an inductor to
construct a third-order neuron circuit. By applying theoretical analysis methods such as local activity, edge of
chaos, and Lyapunov exponents, we predict the parameter domains where different neuromorphic behaviors are
generated. The distribution of neuromorphic behaviors is described on a dynamic map determined by the
parameters of applied voltage Vp and external inductance L. When the memristor is biased in the locally-active
region, the system response changes among resting state, periodic spiking oscillation, and chaotic behaviors.

Finally, according to the simplified CCM mathematical model, the corresponding emulator circuit is
designed by using three operational amplifiers, two multipliers, a current conveyor, and several resistors and
capacitors. Based on the presented memristor emulator circuit, the hardware implementation of the neuron
circuit is given. The experimental results verify the correctness and feasibility of the simplified CCM emulator
circuit, and show that the simplified CCM-based neuron circuit can produce a variety of neuromorphic
behaviors, including resting state, periodic spiking, chaotic state, bimodal response, periodic oscillation, all-or-
nothing phenomenon, and spike clustering phenomenon. We expect that this work is helpful in further studying

the mechanism of neuromorphic behaviors of the neuron circuit and its practical applications.
Keywords: memristor, local activity, neuron circuit, chaos, hardware implementation
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