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Abstract- Memristor is a passive circuit element whose theory developed by Leon Chua in 1971 and implemented by 
Stanley Williams and his team in 2008. In this study, a new frequency-dependent memristor model is proposed. The 
behavior of this model at different frequency values is examined and the results are shared. In addition, the proposed model 
of the memristor is compared with the results of other studies. 
 
Index terms- Memristor, Memristance-voltage characteristics, PWL memristor model, frequency-dependent model. 
 
I. INTRODUCTION 
 
Known passive circuit components are resistor, 
capacitor and inductor which are defined by the 
relationship between current, flux, voltage and 
charge. The resistance is derived from the relation 
between voltage and current, the capacitor is the 

relation between charge and voltage, and the inductor 
is the relation between current and flux. There was no 
connection between charge and flux until Leon Chua 
defined this missing link in 1971 [1]. In Table I, basic 
passive circuit elements, characteristic features and 
differential equations are given.  

Table 1. Passive Circuit Elements 

 
 

Chua identified this missing link as (1) and gave it the 
name of memristor. The memristor is characterized 
by memristance and the electrical unit is ohm. 
Memristor is a combination of memory and resistor 
words. The value of the memristance varies according 
to the energy applied to it, and when the energy is cut 
off, it keeps the last memristance value in memory. 
Therefore, memory feature is available. When the 
equation in (1) is written in terms of voltage and 
current, a charge-dependent resistance is obtained as 
shown in (2), which is the definition of the 
memristor. Therefore, it shows resistance feature. 

 
In 2008, 37 years after defining Chua's memristor, 
Stanley Williams and the work team of HP labs 
announced the physical realization of the memristor 
[2]. After this development, interest in memristor has 
increased considerably [3-5]. Since the memristor is 
not a standard model, researchers have concentrated 

on developing this model produced by HP and also 
working on different memristor models. In addition, 
different applications have been made with these 
obtained models of memristor. Especially in 
applications where resistance is used, the publications 
obtained by using the memristor instead of resistance 
have been multiplied.  
 
In this study, a new frequency dependent piecewise 
linear (FDPWL) model obtained by optimizing the 
PWL memristor model is presented. Current-voltage 
and memristance-voltage characteristics of this model 
are presented and compared with different 
publications. In addition, the frequency-dependent 
changes of the current-voltage and memristance-
voltage characteristics of the model are shared.  
 
II. METHODOLOGY  
 
In this section, the PWL memristor model from the 
memristor models will be briefly mentioned and then 
the proposed model will be presented.  
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2.1 PWL(Piece Wise Linear) Memristor Model  
The basic memristor models available in the literature 
are linear ion drift [2], nonlinear ion drift [2-4], 
Simmons tunnel barrier [2, 5] and threshold adaptive 
memristor (TEAM) model [5]. These models are 
derived from the structure of the memristor in 
general. The linear ion drift model is a generalized 
version of the HP memristor model and other models 
are derived from this model.  
The PWL memristor model deals with the current-
voltage characteristic, not the structural 
characteristics of the memristor. In other words, in 
this model, it is essential to obtain an equivalent 
circuit model of the memristor by linearizing the 
hysteresis curve of the current-voltage characteristic 
of the memristor. Fig. 1 shows the current-voltage 
characteristics of the PWL memristor model. 

 
Figure. 1: PWL memristor current-voltage characteristic 

 
2.2 Proposed Model  
There are different PWL memristor models in the 
literature [6-8]. In this study, the frequency 
dependence of the PWL memristor model, which is 
not found in previous works, is added. The current-
voltage characteristic of the memristor were 
investigated at different frequency values. The model 
of the built-in memristor is installed in MATLAB 
Simulink environment. Fig.2 shows the structure of 
the proposed memristor model. 

 
Figure. 2: Simulink model of proposed memristor model 

 
This structure consists of signal generator, derivative, 
embedded matlab function, workspace blocks and 
scopes. In this model, signals were produced at 

different frequencies with the same amplitude 
produced by the signal generator. According to these 
signals, the values of voltage, derivative of voltage, 
current and memristance were observed from the 
scopes. The obtained data are explained in more 
detail in the results section. The characteristics of the 
PWL memristor model proposed by the code in the 
embedded MATLAB function are determined and the 
incoming signal is processed according to these 
criteria to obtain the current and the memristance 
values at the output. These data values for different 
frequency values are compared with each other and 
with other studies. Comparisons and results are 
interpreted in the conclusion section.  
 
III. RESULTS AND COMPARISONS 
 
In this section, the results obtained by the study of the 
proposed model with different frequencies are given. 
The obtained results were compared with different 
memristor models.  
3.2 Results  
The signal generator is initially set to a sinusoidal 
wave with an amplitude 4 V and angular frequency ω 
= 1 rad / s. At this value, the observed value of 
voltage in Fig. 3, the current and the memristance 
values are also shown in Fig. 4, respectively. 

 

 

 
Figure. 4: Current and memristance changes of memristor 

model 
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Then the signals in the scope for different ω values 
are observed. As ω value increases, no change is 
observed in voltage. Therefore, the voltage can be 
referenced to the graph in Fig.3. Current and 
memristance values showed a visible change. For 
ω=105, ω=1015 values, current and memristance 
graphs were observed. Fig. 5 and Fig. 6 show current 
and memristance outputs for these ω values, 
respectively. 

 

 

 

 
Figure. 6: Current and memristance graphs of the Memristor 

model for ω = 1015 
 
As can be seen in the above figures, as the ω value 
increases, the memristance graph becomes narrower 
and eventually becomes a straight line for the ω = 
1015 value. This is similar to the ideal graph of 
resistance and it is observed that the memristor 
resembles a linear resistor at high frequencies. In 

addition, the current graph changes depending on the 
changing memristance and becomes increasingly 
sinusoidal. For these ω values, current-voltage and 
memristance-voltage characteristics of the memristor 
are also investigated. These graphs are compared with 
other current-voltage and memristance-voltage graphs 
in the comparison section. Fig.7 and Fig. 8 show 
these graphs respectively. 

 

 
Figure.7:  Graphs of I-V and M-V for ω= 105 

 

 
Figure.8: Graphs of I-V and M-V for ω = 1015 

 
In Fig.7, graphs I-V and M-V are plotted for the value 
ω= 105. Here, on the I-V graph, the characteristic of 
the hysteresis of the memristor is linearized as PWL. 
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In the same way, the M-V chart gives us the M-V 
characteristic of the memristor. In Fig. 8, when ω = 
1015 is taken, the I-V characteristic is similar to a 
resistive current-voltage characteristic that is 
linearized. At this frequency value, the M-V 
characteristic becomes a constant resistance 
characteristic and M=2.82 kΩ. The same 
characteristics were obtained for ω values greater 
than this value. 
3.2 Comparisons  
In this section, I-V and M-V characteristics given in 
the results section are compared with other studies in 
the literature and I-V and M-V characteristics at 
different ω values.  
Firstly, I-V and M-V characteristics for different ω 
values are given in Fig. 9 and Fig. 10, respectively. 
When these characteristics are examined, the I-V 
characteristic decreases gradually as ω increases and 
eventually becomes a linear line, which gives the 
resistive current-voltage characteristic. Thus, the 
theory that is mentioned in the theory of the 
memristor becomes a linear line of the I-V 
characteristic as the frequency rises is being verified. 
Similarly, in Fig. 8, the graph of the M-V 
characteristic narrows steadily as the frequency 
increases and takes a constant memristance value 
after a certain frequency value. These two 
characteristics proves the correctness of the proposed 
model of the memristor. 

 

 
 
Then, I-V and M-V characteristics of the proposed 
model of the memristor were compared with other 
studies [9, 10]. When these comparisons are made, 
graphs are drawn taking into consideration the 

characteristic parameters used in the comparative 
publications. Fig. 11 and Fig. 12 show the 
comparison of I-V and M-V characteristics, 
respectively. The I-V and M-V characteristics are 
close to each other, as can be seen in these graphs. 
The differences are due to the fact that the 
characteristics used in comparison are plotted against 
the HP memristor model rather than the PWL model. 

 

 
 
CONCLUSION 
 
In this paper, a new frequency dependent PWL 
memristor model is proposed. The structure and 
working principle of this model is given in 
methodology section. In the results section, first of 
all, voltage, current, and memristance graphs of this 
model for ω=1 rad/s are given. The current and the 
memristance values are then plotted separately for 
different ω values. The results obtained are shared. In 
the comparison section, I-V and M-V characteristics 
obtained at different ω values of the model are 
investigated. As can be seen from these 
characteristics, as the ω value increases, the curves of 
the I-V and M-V characteristics gradually become 
narrower and eventually become linear. This is in 
agreement with the I-V characteristic of the 
memristor and thus the proposed model has been 
verified. Also in this section, the proposed model is 
compared with different studies and the results are 
interpreted.  
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