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Memristor Modelling

B. Muthuswamy?!”, J. Jevticl, H. H. C. lu?, C.K. Subramaniam3, K. Ganesan?, V. Sankaranarayanan*, K. Sethupathi#4, H. Kim®°, M. Pd. Shah® and L. O. Chua®.
1. {muthuswamy,jevtic}@msoe.edu, Department of Electrical Engineering and Compute Sciences, Milwaukee School of Engineering (MSOE), Milwaukee, U.S.A.
2. herbert.iu@uwa.edu.au, School of Electrical, Electronic and Computer Engineering, University of Western Australia (UWA), Perth, Australia.
3. {subramaniam,kganesan}@vit.ac.in, Vellore Institute of Technology, Vellore, India.
4. {vsn,ksethu}@1iitm.ac.in, Department of Physics, Indian Institute of Technology, Chennai, India.
5. {hskim,maheshwarsah}@jbnu.ac.kr, Division of Electronics Engineering, Chonbuk National University, Jeonju, Republic of Korea.
6. chua@eecs.berkeley.edu, Department of Electrical Engineering and Computer Sciences, University of California, Berkeley, Berkeley, U.S.A.
*Corresponding author

1. Introduction

The memristor was postulated as the fourth fundamental circuit element by Dr. Leon
O. Chua iIn 1971 [2]. Figure 1 illustrates how the memristor completes the
fundamental 2-terminal circuit elements in electrical engineering.

Figure 3. Simulation versus experimental result for memristor pinched-hysteresis
(Lissajous) figure. v,, ,1,, are indicated on the plot. Parameters used for simulation:
£=0.1a=01F =1 »=0.063 The discharge tube is a Phillips 15 W F15T8.

v (V)

Figure 1. The four fundamental 2-terminal circuit elements [4].

This work provides a simple experimental setup for plotting the v-1 pinched-hysteresis
fingerprint of an ubiquitous physical memristor (the discharge tube) and hence
confirming the fundamental theorem for memristor model-validation.

2. Method

The fundamental theorem for memristor modelling [3] Is:

Theorem: Under a large-signal sinusoidal current excitation, the Lissajous figure Figure 4. Simulation versus experimental result for memristor pinched-hysteresis

assoclated with the periodic voltage response v,,(t) and the excitation current I,,(t) Is (Lissajous) figure. For simulation, we used a 5 H inductor. For the physical setup, we

generally a double-valued function which passes through the origin. used a 300 H inductor and “zoomed-in” at the origin since the transformer has a

For a proof, please refer to [3]. Figure 2 shows a very simple circuit that helps us plot measured secondary Inductance of 1400 H at 60 Hz.

the v-1 of a discharge tube. vm (V)
T,
Vu@ |

Figure 2. A Gaseous (Neon) Tube Transformer based setup for plotting the v-1 characteristic
of adischarge tube at 60 Hz.

Figure 5. Simulation versus experimental result for memristor pinched-hysteresis
(Lissajous) figure. For simulation, we used a 1 F capacitor; for the physical experiment,
we show a 100 nF capacitor in parallel.

3. Results 4. Discussions and Conclusions
The definition of a current-controlled memristor and the memristive model of the In this work, we showed a simple experimental setup to plot the Lissajous v-iI of a
discharge tube [3] is shown in Egs. (1) through (4). physical memristor — the discharge tube. We also illustrated the deviation of the
pinched-hysteresis loop from the origin, in the presence of parasitic components.
V = R(X, |)| (1) One improvement to the circuit could be to make a variable frequency input, to
confirm other memristor fingerprints, such as decrease in hysteresis lobe area with
X' — f (X |) (2) Increasing frequency [1].
]
_ The physical memristor that we used has a non-transversal pinched-hysteresis loop
v=M (n)| (3) [1]. A natural extension of this work would be for memristors with transversal

pinched-hysteresis loops [1].
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