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Fig. 2. Equivalent circuit of fractional memristor with bias

voltage source and symbol of memristor.
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Table 1.  System equilibrium point and its stability.

dfi A HHEN— A, RETE
0,0.1,0.3 P,(0, 0, 0, 0) 0.3773, —0.6886 +5.2293i, -0.0172 851 USF
0,0.1,0.3 P_(-19.7558, 0, 0, 1.9755) 1.2573 +5.88951, -3.5516, —0.0143 542 USF
0 P (19.7558, 0, 0, 1.9755) 1.2573 45.88951, ~3.5516, —0.0143 42 USF
0.1 P,(19.9495, 0, 0, 1.9949) 1.2689 +5.8991i, —3.5751, —0.0143 1842 USF
0.3 P.(20.3363, 0, 0, 2.0336) 1.2918 +5.9182i, -3.6215, -0.0143 542 USF
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Fig. 8. Phase diagram of integer order systems from period to chaos at different bias voltage E,,, where red (4) and green ()
represent initial values of (+£0.45 V, 0V, 0 V, 0 V) for the system: (a) 0 V; (b) 0.2 V; (c) 0.3 V; (d) 0.32 V; (e) 0.35 V; (f) 0.6 V.
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Fig. 10. Bifurcation diagram of fractional order system,
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(a) 5 () 5 PN (© 5 N
/ \ 0 \ [ / 0 I{ \
/ { - I = !
Z of W N Z RS/ Z ip \_ ]
B § ’_." > 5 - > 5 N
R \__/
75 1 1 1 710 1 1 1 1
-4 -3-2-10 1 2 3 4 -4 -3 -2-10 1 2 3 4 4
v1/V v/V
@ 8 (e) 8 —
) — .
/ RN /
< o e Rea Soop | L
) o &) g
\:Ey// H
o o i n i _ N L 720 n L 1 i
-4 -3-2-10 1 2 3 4 -4 -3 -2-10 1 2 4 -4 -3 -2-10 1 2 3 4
’Ul/V vl/V vl/V
16 AREEERIE E, T, B8 RGO & i R ENR AR, R 2@ (+) Mg @ (o) 458 REVER (£0.45 V,
0V,0V,0V) (a)0V;(b)0.2V;(c)0.3V;(d)0.32V;(e) 0.35 V; (f) 0.6 V

Fig. 16. Circuit simulation of integer order system from period to chaos phase diagram at different bias voltage E,,, where red (+)
and green (—) represent initial values of (+£0.45V, 0V, 0V, 0V) for the system: (a) 0 V; (b) 0.2 V; (¢) 0.3V; (d) 0.32V;
(e) 0.35 V; (£) 0.6 V.
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Table 2. Equivalent resistance parameters of fractional capacitor Ci' and 052 .
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3 EHHA CLI M CP? MFIRASE
Table 3. Equivalent capacitance parameters of fractional capacitance CZ! and ng .
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Fig. 19. Schematic diagram of fractional order system circuit simulation.
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Fig. 20. Simulation phase diagram of fractional order system from period to chaos circuit at different bias voltage E,,, where red (+)
and green (—) represent initial values of (+0.45 V, 0 V, 0 V, 0 V) for the system: (a) 0 V; (b) 0.2 V; (¢) 0.3 V; (d) 0.32 V; (e) 0.4 V;

(f) 0.6 V.
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Fig. 21. Fractional order system circuit simulation phase diagrams of each plane: (a) v-vy; (b) vi-vs; (¢) v-vy; (d) vo-v3.
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Fig. 22. Schematic diagram and experimental platform of integer order system experiment.
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Fig. 26. Fractional order experiment phase diagrams of each plane: (a) vi-vy; (b) vi-v3; () vp-vy; (d) vo-v3.
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Dynamic analysis and experiment of chaotic circuit of non-
homogeneous fractional memristor with bias voltage source”
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Abstract

A physical memristor has an asymmetric tight hysteresis loop. In order to simulate the asymmetric tight
hysteresis curve of the physical memristor more conveniently, a fractional-order diode bridge memristor model
with a bias voltage source is proposed in this paper, which can continuously regulate the hysteresis loop. Firstly,
based on fractional calculus theory, a fractional order model of a diode bridge memristor with a bias voltage
source is established, and its electrical characteristics are analyzed. Secondly, by integrating it with the Jerk
chaotic circuit, a non-homogeneous fractional order memristor chaotic circuit model with a bias voltage source
is established, and the influence of bias voltage on its system dynamic behavior is studied. Once again, a
fractional-order equivalent circuit model is built in PSpice and validated through circuit simulation. The
experimental results are basically consistent with the numerical simulation results. Finally, the experiments on
the circuit are completed in LabVIEW to validate the correctness and feasibility of the theoretical analysis. The
results indicate that the fractional order memristor with bias voltage source can continuously obtain asymmetric
tight hysteresis loop by adjusting the voltage of the bias voltage source. As the bias power supply voltage
changes, the non-homogeneous fractional order memristor chaotic system exhibits that the period doubling

bifurcation turns into chaos due to the symmetry breaking.
Keywords: memristor, chaotic circuit, fractional calculus, circuit experiment
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