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Fig. 1. The equivalent circuit of the flux-controlled meminductor.
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B2 (MARA) eSS IR S b o - TR (a) f = 60 Hz I i-p #HE; (b) f = 80 Hz I
i-o MK (c) f = 160 Hz I i-p #HE; (d) f = 60 Hz I i-p W

Fig. 2. (color online) Some experimental results to emulate i-¢ hysteresis loop of the meminductor device
in conditions of (a) f = 60 Hz; (b) f =80 Hz; (¢) f = 160 Hz; (d) f = 60 Hz.
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Fig. 3. (color online) Some experimental results to emulate v-i hysteresis loop of the meminductor device in
conditions of (a) f = 60 Hz; (b) f =80 Hz; (c¢) f = 160 Hz; (d) f = 60 Hz.
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Fig. 4. The equivalent circuit of the meminductor characterized by Eq. (8).
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Fig. 5. (color online) Some experimental results to emulate g-p hysteresis loop of the meminductor device
in conditions of (a) f = 60 Hz; (b) f = 80 Hz; (¢) f = 160 Hz.
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Fig. 6. Oscillation circuit based on meminductor model.
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Fig. 7. (color online) Chaotic attractors and ¢ — ihysteresis loops of meminductor in the chaotic oscillation

circuit: (a), (b) and (c) chaotic attractors; (d) chaotic ¢-i hysteresis.
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Table 1. Circuit parameters of the meminductor-based

chaotic oscillator.
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Fig. 8. (color online) Chaotic attractors and p-qrhysteresis loops of meminductor in the chaotic oscillation

circuit: (a), (b) and (c) chaotic attractors; (d) chaotic p-gy, hysteresis loops.
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Fig. 9. (color online) Poincaré mappings on z = 0 A section: (a) Projection in z-y plane; (b) the time

domain waveform of z, y and z.
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Fig. 11. (color online) Projections on the x — y phase plane of the attractors observed for different sets of
parameters: (a) f = 3.75; (b) f =3.8; (c) f =3.8198; (d) f =3.95; (e) f =4.2; (f) f =4.8.
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Study on dynamical characteristics of a meminductor
model and its meminductor-based oscillator”

Yuan Fang Wang Guang-Yi! Jin Pei-Pei

(Key Laboratory of RF Circuits and Systems, Ministry of Education of China; Institute of Modern Circuits and Intelligent

Information, Hangzhou Dianzi University, Hangzhou 310018, China)

( Received 17 April 2015; revised manuscript received 26 June 2015 )

Abstract

A meminductor is a new type of nonlinear inductor with memory, which is generalized from the concept of a
memristor and defined by current-flux. This paper presents a flux-controlled meminductor model with a smooth quadratic
function and designs its corresponding equivalent circuit, which can be used as an emulator to imitate the behavior of
a meminductor when actual solid-state meminductor has not yet appeared. Furthermore, a new chaotic oscillator is
designed based on this meminductor model, and the dynamical behaviors of the oscillator are investigated, such as
chaotic attractors, equilibrium points, Lyapunov exponent spectrum, bifurcations and dynamical map of the system,
etc. Bifurcation analysis shows that the meminductor can make the oscillator produce periodic and chaotic oscillations.
Moreover, an analog circuit is designed to confirm the correction of the proposed oscillator using the proposed equivalent
circuit model of meminductor. It is shown that the experimental results are in good agreement with that of the numerical

simulations and the theoretical analysis.

Keywords: meminductor, oscillation, chaos
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