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Abstract: In this paper, we investigate few memristor-based analog circuits namely the phase shift 
oscillator, integrator, and differentiator which have been explored numerously using the traditional 
lumped components. We use LTspice-IV platform for simulation of the above-said circuits. The 
investigation resorts to the nonlinear dopant drift model of memristor and the window function portrayed 

in the literature for nonlinearity realization. The results of our investigations depict good agreement with 
the conventional lumped component based phase shift oscillator, integrator, and differentiator circuits. 
The results are evident to showcase the potential of the memristor as a promising candidate for the next 
generation analog circuits. 
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Introduction: 
In contrast to the traditional lumped 

components i.e. R, L and C used for the 

seamless realization of any analog circuit, 

memristor the fourth fundamental circuit 

element realized by HP lab is emerging at 

the forefront for many interesting 

applications [1]. The pinched hysteresis loop 

in the current-voltage plane is the 

fingerprint characteristics of memristor 

which makes it distinct in comparison with 

the existing lumped components [2]. The 

intrinsic memory property makes it a strong 

candidate for novel applications such as 

non-volatile memories, biomedical 

appliances, programmable circuits, chaotic 

circuits, secure communication etc. [3-6]. 

The memristor fundamentally possesses two 

different resistance states viz. low resistance 

state and high resistance state. These 

resistance states are put to use for storing 

logic ‘0’ and logic ‘1’ for memory and logic 

applications [7-9]. The multilevel resistance 

state is yet another significant property of 

memristor which is useful for designing 

programmable analog circuits [10]. There 

are many important topologies of 

memristor-based circuit realizations; few 

selected ones pertinent to the present 

communication are covered in the following 

paragraph. 

Recently, Muthuswamy & Kokate 

reported the memristor based chaotic circuit 

[5]. Shin et al. revealed novel application of 

memristor in programmable analog circuits. 

They have demonstrated the mid band 

differential gain amplifier using memristor 

[11]. Borghetti et al. depicted hybrid 

memristor-transistor logic circuit. The 

reported structure is useful for self-

programming circuits and neuromorphic 

computing [12]. Robinett et al. reported the 

nonvolatile flip-flop circuit based on 

memristor device. Their reported device is 

compatible with the CMOS technology and 

efficient in terms of power and area [13]. 

Kim et al. reported high-performance 

memristor/CMOS system for the memory 

and neuromorphic application [14]. 

Talukdar et al. reported op-amp based 

phased shift oscillator. Their third-

ordermemristor-based phase shift circuit 

produces sustained oscillation which is in 

good agreement with the theoretical results 

[15]. Adzmi et al. reported the SPICE model 

of memristor to design analog circuits [16].   

Our research group is also active in this 

domain for quite some time which is evident 

from our few selected recent publications [3-

4; 7-9; 17-24]. In the backdrop of the 

international scenario and based on above 

investigations, the present manuscript 

investigates the simulation of memristor-

based transistorized phase shift oscillator, 

integrator, and differentiator circuits. The 

basis of these simulations is the reported 
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literature in [15-16]. The simulations are 

carried out using LTspice-IV platform 

considering the nonlinear dopant drift 

model of the memristor. The rest of paper as 

follows, after a brief introduction, the 

second section discusses the simulation of 

transistorized phase shift oscillator. The 

third section reports the simulation of 

memristor-based integrator and 

differentiator circuits and at the end, 

theconclusion is reported. 

Methods: 

The memristor, known for its implicit 

resistor with memory property has a little 

similarity with the simple lumped resistor. 

Basically, it’s a passive device and hence 

has potential applications in the areas 

where lumped resistor can generally be 

used. In this section, we propose a 

memristor-based phase shift oscillator in 

which resistor is replaced by memristor in 

the phase shift arm. The present simulation 

is carried out using LTspice-IV platform. 

Memristor based phase shift oscillator: 

For the present simulation, the subcircuit is 

defined in terms of nonlinear dopant drift 

model of memristor and the window 

function reported by Biolek et al.is used for 

nonlinearity realization [25-26]. The 

mathematical formulations are as follows: 

f(x) = 1− (x – stp (−i)) 2p   ------- (1) 

Where,  

  1,   if     i ≥ 0 

stp (−i) =   

  0,   if    i˂ 0 

 

Where ‘p’ is a positive integer control 

parameter (p ∈ R+) and ‘i’ is memristor 

current. The nonlinear dopant drift can be 

obtained by simply multiplying the state 

equation of memristor with the window 

function f (x). The equation (2) presents the 

closed loop form of nonlinear dopant drift 

model of memristor using Biolek et al. 

window function.  

     

  
 (  

      

 
     ) * (1− (x – stp (−i)) 2p) 

   ------- (2) 

Fig. 1 reveals the memristor based phase 

shift oscillator. The circuit consists of three 

pair of Memristor-Capacitor (MC) arms 

which gives the total 1800 phase shift. 

Additional 1800 phase shift can be obtained 

by CE configured 2N2222 transistor. 

Components R3 and C4 give the stability 

against the negative feedback.  Three 

memristor M1, M2, and M3 with 

corresponding three capacitors C1, C2 and 

C3 forms a feedback network and provide 

the necessary conditions for sustained 

oscillation (Barkhausen stability criteria). 

Since the present circuit comprises of 

three MC arms hence can be treated as a 

third order dynamical system. The 

mathematical modeling of third order 

memristor-based phase shift oscillator is 

given in terms of Linear Time Invariant (LTI) 

representation and the corresponding 

characteristic equations for the third order 

phase shift oscillator system is as follows, 

[15]  

            as3 + bs2 + cs + d = 0           ------ (3) 

Where,  a = M1 M2 M3 C3 (1 + K) 

 b = 3M1 M2 C2 + 2M1 M3 C2 + M2 M3 

C2    ------- (4) 

 c = 2M1 C + 2M2 C + 2M3 C 

 d = 1   

For the sustained oscillation in the phase 

shift oscillator, the gain (α) and frequency of 

oscillation ( f ) calculated is as follows,     

w = 2π f = 
 

 √                   
 ------- (5) 

 

α = 8 + 6 
  

  
 + 6 

  

  
 + 4 

  

  
 + 2 

  

  
 + 2 

  

  
 + 

  

  

   ------- (6) 

 

From equations (5) and (6), results derived 

for the frequency of oscillation (f) and gain 

(α), given the conditions M1 = M2  = M3 = M 

and gain (α) as 29; the frequency of 

oscillation (f) is, 

 f =  
 

    √  
 ------- (7) 

The equation (7) presents the formula for 

the sustained oscillation of phase shift 

oscillator [15]. Fig. 2 shows the output 

oscillation emanated by the phase shift 

oscillator. The result clearly indicates that 

the memristor can be used in the oscillator 

circuit instead of a resistor. Fig. 3 to 5 

presents the current and voltage behavior of 

memristor M1, M2, and M3.  The results 

clearly show that in all the individual 

memristors the current and voltage are in 

phase which is purely resistor like 

characteristics, and therefore in 
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combination with a capacitor, memristor 

form a phase shift network and outputs 

sustained oscillations. It is also seen that 

the magnitude of the voltage and current 

decreases from M1 to M3, which is due to 

fact that each arm provides the loading 

effect on the previous stage.  

Memristor exhibits resistor like 

characteristics at high frequency and hence 

it can be treated as a simple resistor [27]. 

Applying the same argument for memristor-

based phase shift oscillator, we get three 

roots of characteristics equation (3); two 

being complex conjugate roots and other 

one being a purely real root [15]. The state 

space equation for memristor-based phase 

shift oscillator with a transistor in common 

emitter configuration has been derived as 

shown by equation (8). In this case, the 

voltage across C1, C2, and C3 are considered 

as the state variables. The state space 

formulation for memristor-based phase shift 

oscillator is given as, [15] 
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          ------- (8) 

where ‘m’ is a normalized memristance and it is a ratio of R4 and M1[15]. 

Memristor based integrator and 

differentiator circuit: 

The integrator and differentiator circuits are 

quite established amongst the analog circuit 

designers due to their signal transformation 

capabilities. These circuits have tremendous 

applications in power electronics, 

communication, and digital electronics. A 

typical feature of the integrator and 

differentiator circuit is the Resistor placed in 

the feedback path or in the input path. Here 

we have introduced the memristor in the 

place of the resistor and simulated its 

response in the time and frequency domain. 

Fig. 6 and 7 presents the memristor based 

integrator and differentiator circuits 

respectively. In these circuits, input resistor 

and feedback resistor have been replaced by 

memristor. The modified differentiator 

circuit also consists of a small value resistor 

(R1-10 Ω) in parallel with memristor to 

ensure proper circuit operation. Fig. 8(a-c) 

and 9(a-c) represents the time and 

frequency domain output waveform of 

memristor-based integrator and 

differentiator circuits. Fig. 8(a) shows the 

output response (triangular wave) of 

integrator circuits for square wave input 

signal. The triangular waveform is obtained 

due to the charge-discharge property of 

capacitor and MC time constant. The 

present circuit can also be used as an active 

low pass filter [16]. Equation (9) presents 

the mathematical expression of memristor-

based integrator circuit and it is given as,  

VOUT (t) = -
 

  
∫                 
 

 
------ (9)  

The output voltage (VOUT (0)) is a constant of 

integration and it is an initial capacitor 

voltage at a time equal to zero (t=0). The 

memristor-based differentiator circuits 

produce the positive and negative spikes at 

the output stage. The output spikes are 

nothing but the differentiation of square 

wave input signal which is shown in the fig. 

9(a). The equation (10) represents the 

mathematical expression of memristor-

based differentiator circuit and it is given 

as,  

VOUT (t) = - MC 
    

  
  ------- (10)  

Where ‘M’ represents the memristance. The 

differentiator circuits also consist of a small 

value resistor (10 Ω) in parallel with 

memristorfor proper circuit operation. The 

value of R1 is very small; hence can be 

neglected from the output derivation. The 

present circuit can also be used as an active 

high pass filter. The Fast Fourier Transform 

(FFT) results of memristor-based integrator 

and differentiator circuits are in good 

agreement with a conventional resistor 

based integrator and differentiator circuits. 
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Our next aim is to develop the 

programmable analog circuit using thin film 

memristor or using memristor emulator. 

Conclusion: 

In conclusion, memristor-based 

transistorized phase shift oscillator 

produces sustained oscillations and other 

results obtained are too in good agreement 

with the conventional phase shift oscillator. 

Each MC arm produces 600 phase shift with 

a total phase shift equal to 1800. The 

additional 1800 phase shift is achieved by 

common emitter configuration of the 

transistor. The time domain and frequency 

domain results of memristor-based 

integrator and differentiator are also seen to 

be in good agreement with the conventional 

integrator and differentiator circuits. Thus 

LRS, HRS and other finite Intermediate 

Resistance States (IRS) metrics of the 

memristor are very useful for tuning the 

circuit properties. The results are evident to 

showcase the potential of the memristor as 

a promising candidate for the next 

generation analog circuits. 

 
Fig.-1: The Memristor Based Phase Shift 

Oscillator. The circuit consists of three 

Memristor-Capacitor (MC) pairs which give 

total 1800 phase shift.   

 
Fig.-2: Sustained Oscillation in the Phase 

Shift Oscillator. 

 
Fig.-3: Current and Voltage Behaviour of 

Memristor M1 

 

 

Fig.-4: Current and Voltage Behaviour of 

Memristor M2 

 

 

Fig.-5: Current and Voltage Behaviour of 

Memristor M3 
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Fig.-6: Memristor Based Integrator Circuit 

 

Fig.-7: Memristor Based Differentiator 

Circuit 

 

 

 

Fig.-8: Time and Frequency Domain Results 

of Memristor Based Integrator Circuits. (a) 

The triangular waveform is obtained from 

square wave input. (b) Input and output 

relation of square and triangular wave 

signals. (c) Fast Fourier Transform (FFT) 

results of memristor-based integrator 

circuits. 

 
Fig. 9: Time and Frequency Domain Results 

of Memristor Based Differentiator Circuits. 

(a) The spikes waveform is obtained from 

square wave input. (b) Input and output 

relation of square and spikes wave signals. 

(c) Fast Fourier Transform (FFT) results of 

memristor-based differentiator circuits. 
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