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Abstract 

Memristors, a fundamental electronic component first proposed by Leon Chua in 1971, have garnered 

significant attention due to their unique electrical behavior and promising applications in various 
fields. This paper provides a comprehensive overview of memristors, covering their basic principles, 

characteristics, fabrication methods, and applications of Memristor and it’s significance with flux 

charge linkage. The paper also shows study of a grounded memristor emulator and it’s working as a 
memristor emulator. Memoristors have the potential to alter the technological landscape significantly 

and unexpectedly by transforming memory storage, computing, artificial intelligence, and brain-

inspired computing, among other areas. Through investigating memristor dynamics, comprehending 

their workings, simulating their behaviour, and harnessing their diverse range of uses, we set out on an 
innovative and exploratory adventure that will hopefully redefine the limits of what is possible in the 

field of electronics and beyond. 
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INTRODUCTION 

Memristors are an intriguing addition to the realm of electrical circuits. They belong to a unique 

category alongside resistors, capacitors, and inductors. Operating at the nanoscale level, Memristive 

systems exhibit distinctive properties. Derived from the term “memory resistors”, these passive 
components play a vital role in preserving the relationship between voltage and the time integrals of 

current. As a result, the resistance of a memristor, or its state, varies based on its memristance capacity 

M(q). This allows for the assessment of past voltage or current through subtle read levels, providing 
insight into the device’s history. It is worth noting that the material performance of memristors can be 

influenced by factors such as hysteresis, which is the rate of change as the object’s state transitions. The 

effects of IMPLY on the memristor’s material execution can be regulated by qualities such as hysteresis, 

which should be less abnormality than a fundamental property of passive circuits. Currently, Researcher 
Stanley Williams is leading a team at HP Labs that 

has created the first reliable, stable, and practical 

model called memristance. The symbol of 
memristor is shown in Figure 1.  

 

The impact of memristor is overshadowed by the 
effects of electronics and other field impacts at 

larger scales until nanometer technology gains 

popularity in scaling and material fabrication. 

However, these properties at the nanoscale have 
been observed prior to the development of HP Labs’ 

models. 

 
The memristance M, which is the fundamental 

property of memristors, ties the flux and charge by 

following relationship Pinched Hysteresis nature:  
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Figure 1. Symbol of Memristor. 
 

 
Figure 2. Hysteresis Nature of Memristor. 

 

A Memristor Shows a Pinched Hysteresis nature of VI characteristics through the origin as shown in 
Figure 2. Memristors typically have two stable resistance states, one high and one low. When voltage 

is applied, they can switch between these states, and the history of applied voltage or current influences 

the transition. Memristors typically have two stable resistance states, one high and one low. When a 

voltage is applied, they can switch between these states, and the history of applied voltage or current 
influences the transition.  

 

Fundamentals of Memristors 
It's important to understand the fundamentals of memristors and their operation before diving into 

their hysteresis nature. Memristors are distinguished from other passive circuit components by their 

capacity to "remember" the amount of charge that has flowed through them, unlike resistors, capacitors, 

and inductors. The physical processes controlling the passage of electrical current through specific kinds 
of materials, most notably transition metal oxides, are responsible for this memory-like behaviour. 

 

A thin layer of a substance that changes resistance in response to an electrical current flow is the core 
component of a memristor. Ions in the material move when a voltage is placed across the memristor, 

changing the resistance of the material. Importantly, these modifications continue even after the power 

is turned off, thereby preserving the device's state. Its usefulness in a variety of programmes, including 
programmable logic, neuromorphic computing, and memory that is not volatile, stems from this 

characteristic. 

 

Researchers have created mathematical models that characterise the behaviour of memristors under 
various operating situations in order to reflect the complex dynamics of these devices. The nonlinear 

drift-diffusion model, which takes into consideration ion migration and vacancy dynamics within the 

memristive material, is one of the most used models. Memristor-based circuits and systems can be 
designed and optimised with the help of this model, which enables researchers to simulate and anticipate 

the behaviour of memristors under different voltage or current stimuli.  
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Figure 3. Flux Charge Linkage of Memristors. 

 
More insights into the physics underpinning memristive events are provided by other mathematical 

frameworks, including as the boundary-layer model and the state-dependent memristor model, which 

makes it easier to design more precise and effective modelling tools for memristor-based devices. 

Memristors, a combination of "memory" and "resistor," are a cutting-edge technology that have the 
potential to revolutionise a number of industries, including artificial intelligence, computers, and 

neuroscience-inspired computing. Leon Chua originally proposed these nanoscale devices in 1971. 

They have special electrical characteristics that allow them to "remember" the amount of charge that 
has gone through them and change resistance accordingly. 

 

Flux Charge Linkage of Memristors 
Flux charge linkage is a fundamental concept in memristor theory, proposed by Leon Chua in 1971. 

It describes the relationship between magnetic flux (Φ) and electric charge (q) in the device, defining 

the Memristive behavior was observed in some materials. Flux charge linkage refers to the correlation 

between the magnetic flux passing through the Memristive material and the electric charge flowing 
through it. In other words, changes in the magnetic flux induce changes in the electrical properties of 

the device, leading to variations in resistance.  

 
It is given by the formula 

𝑑𝑓 = 𝑀𝑑𝑞  

Where, M is memristance. 

 if we divide it by dq then we get – 

𝑀(𝑞) =  
𝑑𝑓

𝑑𝑞
  

And that yields,  

𝑉 = 𝑀(𝑞)𝐼  

The above conditions demonstrate that memristors are resistive components in reality, with the 

property of varying resistance called memristance, this fluctuating resistance is a function of the current 

(or charge) which went through the component. So the resistor along with memory derives the 
memristor. Memristor as a new component is exceptionally alluring for substitution of memory cells. 

Memristor is non-volatile, so it devours no static power, and decreases die area. The diagrammatic 

represeatation of flux charge linkage of memristor is given in Figure 3,  

 

GROUNDED MEMRISTOR EMULATOR  

Building upon the foundational understanding of memristors and their proposed models presented in 

the literature survey, it becomes evident that memristors offer a fascinating array of features, including 
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their ability to exhibit multiple states and modes such as SET and RESET. However, there viewed 
literature primarily focuses on the theoretical aspects and analyses of memristors [1, 2], leaving a 

significant gap in the practical implementation of memristors within CMOS designs and logic gates. In 

light of this gap, our methodology endeavors to bridge the divide between theory and application by 
selecting the Grounded Memristive Emulator [3] as a key element to be implemented. This choice is 

driven by the desire to gain a deeper understanding of the nature and practical utility of memristors. The 

approach extends beyond theoretical discussions and delves into the practical aspects of memristor 
utilization. The core focus of the methodology is to explore the implementation, operation, and analysis 

of memristors within the realm of logic gates, adders, and CMOS inverters, as extensively detailed in 

the relevant research papers [4–7]. By doing so, the paper aims to address the identified problem 

statement and initiate a comprehensive analysis of memristor circuits within the context of traditional 
CMOS technology. 

 

Proposed grounded memristor emulator consisting of two MOSFETs (one nMOS and one pMOS). 
All MOSFETs in these two propositions are forced to operate in the saturation region due to their 

connection arrangement [8]. Dynamic threshold configuration (body connected to the gate) for one 

MOSFET has been incorporated for decreasing the threshold effect at low input voltage, which helps 
realize memristor emulation in the absence of any external bias. 

 

The theoretical analysis considering the above has been done to establish the functionality of the 

memristor. The finding of which is summarized in the following equation: 

𝐼𝑁1 = 𝐶𝑢𝑓 . 𝜇𝑝1. (2.
𝑊

𝐿
) . (

𝑉𝑖𝑛(𝑡)

2
)2  

Where,  

𝐶𝑢𝑓 = Upper Floating Memristor 

µ𝑝1 = Trans conductance parameter 

𝑊/𝐿= Aspect ratio 

 
This circuit was implemented in Cadence Virtuoso schematic editor using 180 nm technology as 

shown in Figure 4 The amplitude and frequency used for calculation were determined with the help of 

parameterization feature of Cadence Virtuoso [9]. The considered scaling and input parameters are as 
shown in Table 1 and Table 2. Circuit Diagram of the Grounded Memristor Emulator as shown in  

Figure 5. 

 

 
Figure 4. Grounded Memristor Emulator Model. 

 

Table 1. W/L Ratios of MOSFETs. 

MOSFET (𝑾/𝑳) 

P1 100 µm/1 µm 

N1 200 µm/1 µm 
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Table 2. Input Parameters of Emulator 

Parameters  Values 

Technology 180 nm 

Amplitude 600 mV 

Frequency 1 MHz 

Step Size 0.01 

Analysis Conservative (For Better Accuracy) 

 

 
Figure 5. Grounded Memristor Emulator Circuit Diagram. 

 

RESULTS AND ANALYSIS  
In order to validate the theoretical affirmations, the simulation has been performed on the ADE L 

tool of Cadence Virtuoso using 180 nm gpdk parameter file. The transient DC analysis simulation 

results are presented in Figure 6. [10] The considered aspect ratio for P1 is 100 µm/1 µm, and N1 is 200 
µm/1 µm. Figure 6, depicts the Set & Reset process of a Memristor which highlights its unique property 

of multiple operating voltage levels. The V–I graph represents the pinched hysteresis loop of the 

Memristor Emulator. 

 
The transient DC analysis explains behavior of the current flow in the circuit depicting the switching 

process of the memristor emulator; the current graph at the end of positive half cycle of the sinusoidal 

voltage input depicts the saturation of the emulator and hence showing the SET process of the memristor 
emulator. The SET process refers to the memristor emulator “registering” amount of current flow 

through it. The negative half cycle of the graph denotes the RESET process of the memristor which 

denotes the process of the memristor emulator altering its internal resistance to accommodate the new 
current flow as per the user’s desire. The SET and REST process signifies the memristor’s ability to 

“remember”. 

 

Hysteresis loop of memristor precisely illustrates the non-linearity and the non-volatile memory of 
the emulator circuit. This loop indicates that the resistance change in the memristor is result of previous 

as well as the current input levels. The loop passing through the origin signifies the non-volatile nature 

of the memristor emulator, meaning it will stay in current state until intentionally changed, even if 
power is removed. This non-volatile nature makes the memristor ideal for next generation storage 

devices. 



 

 

Exploring the Dynamics of Memristors                                                                                                Ganage et al. 

 

 

© STM Journals 2024. All Rights Reserved 6  
 

 
Figure 6. Simulation and Analysis of Memristor Emulator. 

 

Differentiated Uses for Memristors 

Memristors' special qualities have sparked interest in a variety of applications in a wide range of 
industries: 

 

Non-Volatile Memory: Compared to traditional flash memory technologies, memristors offer higher 

density, lower power consumption, and shorter access times, making them promise as next-generation 
non-volatile memory devices. Memristive memory architectures are being actively investigated by 

businesses and academic institutions for usage in data storage, embedded machines, and Internet of 

Things devices. 

 

Neuromorphic Computing: To mimic the parallelism, adaptability, and energy efficiency of 

biological neural networks, memristors are being included into neuromorphic computing systems, 

drawing inspiration from the brain's synaptic plasticity. Artificial neural networks with spiking neurons 
can be implemented using memristor-based synaptic devices, opening new possibilities for pattern 

recognition, image processing, and computational neuroscience. 

 
Reconfigurable Logic Circuits: By acting as programmable switches in reconfigurable logic circuits, 

memristors enable adjustable digital circuit setup and dynamic signal routing. The creation of adaptive 

hardware platforms for fault-tolerant systems, reconfigurable computing, and adaptive signal 
processing is made possible by this capacity. 

 

Brain-Inspired Computing: The implementation of brain-inspired computing architectures, such 

reservoir computing systems and spiking neural networks, depends heavily on memristors. For 
problems involving learning, inference, and pattern recognition, memristor-based computer systems 

provide intriguing solutions because they mirror the synaptic plasticity and neuronal dynamics of the 

brain. 

 

CONCLUSION 

This paper has provided a comprehensive overview and fundamental understanding of memristors, a 

fascinating electronic component that proves to be the missing link between flux and charge. Through 
an exploration of its history, theory, characteristics, and applications, we have gained insight into the 

unique properties of the memristor. The potential of memristors in various domains, including memory 
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devices, neuromorphic computing, and beyond is depicted. Furthermore, the implementation and 
analysis of a grounded memristor emulator have demonstrated such as its SET & RESET process and 

its non-volatile nature. By examining the behavior and performance of the emulator, we have deepened 

our understanding of memristor dynamics, and the complexities involved in their real-world application. 
 

As we look to the future, it is evident that memristors hold tremendous promise in the nano-scaling 

of the electronic industry. However, there are still many avenues for research and development to fully 
exploit their capabilities and address existing limitations. Continued exploration into memristor 

materials, fabrication techniques, and circuit designs will undoubtedly contribute to unlocking their full 

potential and ushering in a new era of computing and beyond. 
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