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Abstract

In this document, first of all, code sections of memristor window functions (Strukov, Joglekar, Biolek and Prodromakis) were created
in Pspice package program in detail. Then, the design of the wien bridge oscillator circuit with BJT with a memristor with different
window functions was created. Finally, the system's oscillation start time, oscillation band settling time and center oscillation
frequency analysis data were imported into the Matlab program and a comprehensive presentation was made. It was seen that the
output responses of the wien bridge oscillator circuit realized with the Strukov window function were better than the other window
functions. It has also been shown that designs that can be realized with memristor with different window functions in various analog
oscillator circuits that can be made in the future can be obtained with this method.
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Farkl Pencere Fonksiyonlari ile BJT ve Memristor Kullanilarak
Tasarlanan Wien Bridge Osilatoriiniin Analizi

Oz

Bu dokiimanda 6ncelikle memristor pencere fonksiyonlarinin (Strukov, Joglekar, Biolek ve Prodromakis) kod béliimleri Pspice paket
programinda detayli olarak olusturulmustur. Daha sonra farkli pencere fonksiyonlarina sahip memristor kullanarak BJT'li wien koprii
osilator devresinin tasarimi olusturulmustur. Son olarak sistemin osilasyona baslama zamani, osilasyona oturma zamani ve merkez
osilasyon frekansi analiz verileri Matlab programma aktarilarak kapsamli bir sunum yapilmustir. Strukov pencere fonksiyonu ile
gerceklestirilen wien koprii osilatoér devresinin ¢ikis tepkilerinin diger pencere fonksiyonlarina gore daha iyi oldugu goriilmiistiir.

Ayrica gelecekte yapilabilecek cesitli analog osilator devrelerinde farkli pencere fonksiyonlarina sahip memristor ile
gerceklestirilebilecek tasarimlarin bu yontemle elde edilebilecegi de gosterilmistir.

Anahtar Kelimeler: Pencere fonksiyonlari, Wien koprii osilatorii, Memristor, Osilasyon merkez frekansi, Pspice.
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1. Introduction

This study gives important clues about how to use and
implement memristor with different window functions in analog
circuits. To date, many different window functions have been
proposed and continue to be proposed (Strukov et al., 2008;
Joglekar and Wolf, 2009; Biolek et al., 2009; Prodromakis et al.,
2011; Kvatinsky et al., 2012; Yu et al., 2013). Among them,
Strukov, Biolek, Joglekar and Prodromakis, which can be
considered the most important, are the most preferred. Each of
them creates structures suitable for use in different analog
circuits. Especially in analog circuits that require precision, the
usage areas are increasing day by day.

Wien bridge oscillator circuit, which is one of the RC
oscillators, is one of the most preferred signal generators. Other
signals can be derived from this circuit. Generating signals with
the desired amplitude and frequency also necessitates sensitivity.
At this point, memristor window functions come into play. As
with many other methods, this method can be considered
relatively easy to use, perform and apply. In this study, the wien
bridge oscillator circuit with BJT was created by moving away
from the traditional structure. Series and parallel R-C elements
were created with M-C. The rest of the structure was preserved
as it was. At the output of the circuit, the oscillation start time,
the oscillation band settling time and the center frequency were
calculated in detail, and the reliability of the system was verified
with the results. It was seen that the Strukov window function
was faster and more robust than the other window functions. In
the following sections, system design, code part and results will
be discussed.

2. Material and Method

Different window functions were created one by one with the
Pspice code shown in Figure 1. The initial states are exactly the
same, but the only difference is the algebraic expressions of the
functions we use.

2.1. Window Functions

Window function is state variable function. The window
function pushes the element's boundaries and helps it exhibit
non-linear behaviour near these boundaries. Many window
functions have been proposed so far. These window functions
were simulated in the SPICE model, and the differences in
current and voltage were observed. The window functions
applied are mainly: Strukov, Biolek, Joglekar and Prodromakis.

If we consider each window function one by one
mathematically; Strukov window function (Strukov et al., 2008)

f (X) = x—Xx? 1)

This window function lacked flexibility. Later, another
window function was proposed by Joglekar. The system could
be controlled with a positive integer p (Joglekar and Wolf, 2009;
Rak and Cserey, 2010; Chua, 2010).

f(x)=1-(2x-1)"" 2)

An important problem of this model is based on the fact that if
w (the physical length of the memristor) is at any limit (w = 0
or w = D), the device cannot be reset to its original position
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after reaching the endpoints. At this point, we encounter the
Biolek memristor back from the terminal state problem until you
suggest another window function that lets it come through
(Biolek et al., 2009).

f (x) =1—(x—stp(~i))™* ©)

The newest window function was finally suggested by
Prodromakis [4].

f (x) =1-[(x—0.5)* +0.75]" ()

Boundary issues are resolved with the window function that
returns zero on active double-layer edges.

.SUBCKT memristor Plus Minus PARAMS:

+ Ron=100 Roff=16K Rinit=11K D=10N uv=10F
p=10

R i i I b b b S I I I b b b b I b I I b b b b b b b b 2 2 b b b b b b b O S
* Kk kK

* DIFFERENTIAL EQUATION MODELING *

R i i I b b b b I I I b b b b I b I b b b b b b I 2 b b b b b b b i O S
* kK %

Gx 0 x value={

I (Emem) *uv*Ron/D"2*f (V (x) ,p) }

Cx x 0 1 IC={(Roff-Rinit)/ (Roff-Ron) }
Raux x 0 1T

* RESISTIVE PORT OF THE MEMRISTOR *
*Ahkkhkkhkhhkhkhkhkhkkhkhkhkhkhkrhkhhkhkhkhkhhhhhkkkx*k

Emem plus aux value={-I(Emem)*V (x)* (Roff-
Ron) }

Roff aux minus {Roff}
hhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhx

* Kk k%

*Flux computation*

i i i b b b b S I b b b b b b b S dh 2 b b b (ab b (ab S a2 b b i S S i I b b g
* Kk k%

Eflux flux 0 value={SDT(V(plus,minus)) }
hhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhx
* Kk kK

*Charge computation*

PR I I b b b b I b b b b b I b b b I b b I b b b I b I b I b I b b b b b b db b a4
* Kk k%

Echarge charge 0 value={SDT (I (Emem)) }

i i i b b b b S I b b b b b b S S dh b b b (ab b ab S I b b b b b S S i I b b g
* Kk kK

* WINDOW FUNCTIONS
* FOR NONLINEAR DRIFT MODELING *

Rt b b b a2 b 2 b b b b b b b b b b b b b b b b b b b b b b b d b b b b b b b g
* Kk kK

*window function, according to Prodromakis
.func f(x,p)={1-(((x-0.5)"2)+0.75) "p}
*window function, according to Joglekar
.func f(x,p)={1-(2*x-1)"(2*p) }

*window function, according to Strukov
.func f(x,p)={x-x*2}

*window function, according to Biolek
.func f(x,1)={1-(x-stp(-1))"(2*p)}

.ENDS memristor

Figure 1. Memristor Pspice Window Function Code (Strukov et
al., 2008)
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D, R

defined as

Memristor parameter values; UV,
RinimiaL are

10 %cm?s™™ 1, 10nm, 100Q, 16KQ and 11KQ,

respectively. Window function is defined as p =10 for all

models (Strukov et al., 2008; Joglekar and Wolf, 2009; Biolek et
al., 2009).

ons  Rope and

2.2. Proposed Wien Bridge Oscillator

Since the traditional wien bridge oscillator structure, which is
one of the RC oscillators, is preferred in the literature, the serial
and parallel RC structures, which are the main structure, were
preserved by using the double BJT structure instead of this
structure  (Martinez-Garcia, 2013; Namajunas  and
Tamasevicius,1995). Wien bridge oscillator structure with
Memristor is shown in Figure 2. In this structure, resistors in
both series and parallel parts have been replaced by memristor,
which displays different window functions.
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Figure 2. Wien Bridge Oscillator Circuit Designed with
Memristor

In this structure, the gain of the system can be controlled by
compensating the second BJT part from the first part with a
capacitor. Outputs from the collector of each BJT create a phase
difference of 180 degrees and move the output voltage to a
positive point. The general center frequency of this system can
be calculated with 1/ (277(R s = M)C). Here, the center

oscillation frequency of the system can be changed by adjusting
the Ryyma. ® M value. In this study, the center oscillation
frequency was calculated as approximately 723Hz.

3. Results and Discussion
3.1. Output Parameter Analysis

In Figure 3, the settling and oscillating start times of the wien
bridge oscillator designed with a memristor with different
window functions are shown. When both settling time and
oscillation start times are considered, it is clearly seen that the
Strukov window function comes to the prominent.

When looking at the frequency spectrum of the proposed wien
bridge oscillator circuit in Figure 4, it is calculated that the
center oscillation frequency is very close to the theory.
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Figure 4. Center Oscillation Frequency of The Strukov Window
Function
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Figure 3. Effects of Different Window Functions on Settling Time
for Wien Bridge Oscillator Circuit with Memristo

In the table given below, the settling and oscillation start times
of each window functions are given in detail. As can be seen
from the table, the superiority of the Strukov model has been
observed.

Table 1. Oscillation Start and Settling Times of Different
Window Functions on The Proposed Wien Bridge

Oscillation Oscillation
Window Functions/ R Start Settling

Time (ms) Time (ms)
Strukov 40.8 50.8
Prodromakis 42.1 52.0
Joglekar 43.2 52.6
Biolek 43.2 52.6
R (Resistor) 43.0 53.1

When we look at the literature, it is seen that memristor
window functions are generally studied on analog filters. There
are also studies on different analog oscillators, but this study can
be unique in terms of creating a non-traditional wien bridge
oscillator in this way. In addition, comparing with more than one
window function increases the efficiency of the study.

4. Conclusions and Recommendations

As a result, it has been observed that the wien bridge oscillator
circuit with memristor, realized with the Strukov window
function, gives a fast and stable output response compared to
other window functions. The fact that the center oscillation
frequency is very close to the theory has been put forward as
another factor that increases the reliability of the system. With
this study, which will inspire future analog studies, window
functions will be made compatible with electronic cards as
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software, and will occupy a wider place in digital systems where
speed is especially important (Staszewski et al., 2005; Ukhina et
al., 2019).
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