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Abstract. The article discusses the research issues and methods of analysis of semiconductor 
circuits used in electronic circuits of contactless switching devices, provides analytical, graphic and 
numerical methods for the analysis of nonlinear semiconductor resistive circuits. The 
approximations of the Volt-Ampere characteristics (VACh) of semiconductor elements and the 
solution of the differential equations of state of electrical circuits by a numerical method using a 
computer are given. Diode, thyristor semiconductor nonlinear resistive circuits with active and 
inductive loads are considered. In the analysis of steady-state modes and transient processes, 
numerical methods for solving differential equations of states by the Euler method were used. 

1 Introduction 
In connection with the widespread automation of 
production processes, the introduction of automatic 
control systems, the requirements for reliability, speed 
and durability of electrical devices and apparatus have 
significantly increased. These requirements are largely 
met by devices based on the use of properties and 
phenomena inherent in nonlinear resistive circuits. 
Therefore, the theory of nonlinear resistive circuits and 
systems is of great importance in the creation of highly 
efficient electrical devices. Currently, semiconductor 
circuits are usually used as power switches for 
switching, regulating and converting devices [1-4]. To 
improve existing and create new highly efficient and 
energy-saving technical devices, it is necessary to 
theoretically and experimentally investigate 
semiconductor resistive circuits. On the basis of 
theoretical analyzes and experimental studies of 
nonlinear resistive circuits, it has been established that in 
order to ensure high-quality power supply to consumers, 
it is necessary to use such circuits as power contactless 
switching devices, current and voltage regulators. 
Circuits based on nonlinear resistive circuits allow 
switching power loads at the best dynamic modes, 
namely, when a sinusoidal current passes through zero, 
which improves the transient process mode [5-8]. 

2 Analysis of diode resistive circuits 
An uncontrolled semiconductor diode, as an element of 
an electrical circuit, is a nonlinear asymmetric active 
resistance, its value depends on the polarity and the 
magnitude of the potential applied to it. Quite often, 
when considering the operation of rectifier circuits, in 
which, as a rule, diodes are used, they use the term "ideal 

diode", this concept means some kind of asymmetric 
resistance, the value of which in the positive direction of 
the current is zero, and in the opposite direction is equal 
to infinity [6-8]. The VACh of a diode can be obtained 
experimentally or from reference data for a given 
semiconductor element. In the analytical study of circuits 
with valves, an important issue is the choice of the 
approximating function of the nonlinear element [10]. 
The VACh of the forward current of a semiconductor 
diode can be described by a function of the form 

2
daui =  (fig.1). 

 

 
Fig.1. Volt-ampere characteristics 
 

Here, а - coefficient of the approximating function, 
which is determined by the method of selected points. 
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Taking into account the VAC of the diode, type D226 
for the selected point M, we have, а=0,41 [11-14]. 

Suppose that a diode with a series-connected 
resistance R (Fig.2) is connected to a network with a 
voltage tSinUu m ω=  

 

 
Fig. 2. Diode-resistor circuit 
 

According to the second Kirchhoff's law: 
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in the approximating function, you can write: 
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After some transformations, we get the following 

equation: 

012 222 =+





 +− u

a
uii RR  

where 
( )

a
auaui

R
RR

22
1412 +−+

=    (3) 

 
Here the minus sign, taken before the radical, takes 

into account that under stress u=0 the current will also be 
zero [15-18]. On the basis of equation (3) with the use of 
a computer, a graph of the change in current as a 
function of time is calculated and built. Figure 3. these 
dependences are presented for various values of the load 
resistance R for input voltage u=100Sin wt. 

 

 
Fig. 3. Current ramps 
 

Let us carry out a theoretical analysis of the circuit 
shown in Fig. 4, where a diode, inductive and active 
resistance are connected in series. To analyze this chain, 
it is proposed to use the numerical solution of the 
equation of state of the chain by the Euler method [19]. 

The equations for this chain are as follows: 

Ri
dt
diLuu d ++=    (4) 

 
Using a more accurate approximating function 

4
daui = , where а=0,8 we get [3-4]. 
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Fig.  4. Half-wave circuit 

 
While tSinUu m ω=  we have: 
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To solve this equation, according to Euler's method, 

we take: 
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where h-step of integration; in- instantaneous current 
value for a step n; in-1 - instantaneous current value for 
the п-1 step Figure 5. the current curves are shown, 
constructed on the basis of solving the equation by a 
numerical method, using a computer [20-24]. From this 
dependence it can be seen that there is a relative 
smoothing of the current curve. The shape of the current 
curve depends on the ratio of the parameters of the L and 
R circuit. 
 

 
Fig. 5. Current curves 
 

The proposed technique makes it possible to analyze 
the steady-state modes and transient processes of such 
circuits for various variations of the parameters L and R. 

Let us analyze the circuit shown in Fig. 6, where 
inductive and active resistances are connected in series 
to a full-wave diode bridge circuit. To analyze this chain, 
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we propose to use the numerical solution of the equation 
of state for the chain [25-26]. 

 

 
Fig. 6. Bridge rectifier circuit 
 

The equation for this chain is as follows: 
 

Ri
dt
diLabu +=     (8) 

 
Hence 
 

( )Riabu
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di −=
1  

 
To solve this equation, we use the numerical Euler 

method. 
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Based on the results of solving this equation, the 

current and voltage curves were obtained (Fig. 7). 
 

 
Fig. 7. Curves of current and voltage 

 
When calculating on a computer, the following were 

taken: uаb=100Sin wt; R=200 Ohm; L=1 H. 

3 Analysis of thyristor resistive circuits 
Thyristor semiconductor circuits have two stable 
electrical states (open and closed), have high speed and 
can switch large load currents. The main property of a 
thyristor is the ability to delay the moment of its firing in 
the presence of direct voltage on it. This property of the 
thyristor makes it possible to create devices with 
regulation of the value of the output voltage. Using the 
control current, you can control the moment when the 

thyristor turns on. The on-state current of the thyristor 
also flows after the control current is removed. It is 
possible, among other things, to turn off the anode 
current and restore the off state of the thyristor by 
reducing the current in the semiconductor device below 
the critical value. For thyristors, in the same way as for 
diodes, there is the concept of "ideal thyristor" [5-7]. 
Therefore, we can assume that the resistance of an ideal 
thyristor in the opposite direction, as well as in the 
forward closed state, is equal to infinity. In the open 
state, the forward resistance of an ideal thyristor is zero. 

The way thyristors are switched by the gate current is 
of great importance. First, it allows, due to the control 
signal, to turn on the thyristor at different values of the 
anode voltage. Secondly, this method makes it possible 
to switch large currents with a low-power control signal. 

We are investigating a circuit consisting of a series-
connected thyristor and an active resistance (Fig. 8.) 
which is connected to an alternating voltage source. To 
analyze the operation of the considered circuit, you 
should use the load characteristic and the characteristic 
of the thyristors [12-14]. 

 

 
Fig. 8. Thyristor-resistive circuit 

 
An analytical expression of the load characteristic 

can be obtained based on the second Kirchhoff's law. 
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This is the equation of a straight line cutting off 

segments on the coordinate axes LUU =  while 0=I  
and I=Uin/RLoad при 0=U . (Fig.9.). The points of 
intersection of the load lines with the thyristor 
characteristic determine the operating modes of the 
circuit. 

 

 
Fig. 9. VACh thyristor and load lines 
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To display the load line and current-voltage 
characteristics, consider the operating mode of the KU 
202K thyristor with an active load of 820 Ohm. In the 
absence of a control signal, the thyristor is blocked in 
both directions and is under the influence of the source 
voltage. When the voltage of the source reaches a certain 
value, the thyristor turns on at the moment 1/2. In this 
case, the voltage across the resistance will change 
abruptly to the amplitude value of the alternating voltage 
[22-23]. The voltage across the thyristor at the moment 
of switching on changes abruptly to almost zero. The 
duration of the current through the thyristor and the 
voltage across the load resistance is a quarter of the 
period. The values of the currents are determined by the 
following formulas: 

 

tSinItSin
R
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for 090=α   we get,    
22

mI
I =  

Thus, the considered circuit can be analyzed using 
the characteristics of the thyristor and load lines. 
Consider the operating mode of a circuit consisting of a 
series-connected thyristor, an inductive coil and an 
active resistance (Fig. 10). 
 

 
Fig. 10. The investigated scheme 
 

The equation for this chain is as follows: 
 

Ri
dt
diLuu thyin ++=    (14) 

 
We accept the characteristic of the thyristor ideal for 

the open state of the thyristor, while equation (14) will 
take the form: 
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For different values of t, setting the integration step 

h, we have: 
 

hi
L
R

L
tCosUii n

nm
nn 






 −+= −

−
− 1

1
1

ω  (17) 

 
The curves of voltage and current at the terminals of 

the elements L and R and current, constructed by solving 
equation (17) by a numerical method, are presented. 

It can be seen from the figure that the current 
gradually increases and the moment of termination of the 
current is delayed relative to the moment of transition of 
the phase voltage through the zero value. It should be 
noted that the shape of the current curve depends on the 
ratio of the circuit parameters L and R [7-8, 17-18]. 

4 Conclusions 
Thus, a diode-resistor circuit can be investigated 
analytically, using an even-order power function to 
approximate the VACh of a diode, using the obtained 
expression for constructing a change in the load current 
over time, and a theoretical analysis of a circuit 
consisting of a series-connected diode, inductance and 
active resistance is given which is carried out using the 
fourth-order power function as an approximation of the 
diode characteristics.  

By studying the circuit of a thyristor resistive circuit, 
it was found that the graphical method of analysis used 
in calculating transistor circuits can also be 
recommended for calculating a circuit consisting of a 
series-connected thyristor and an active resistance. In 
this case, the VACh of the thyristor is considered to be 
known for various control currents, and load lines are 
drawn on it. For the case of active-inductive load, the 
ideal characteristic of the thyristor is adopted. In this 
case, the nonlinear differential equations of state of the 
circuit in all cases were solved by the numerical Euler 
method using a computer. The proposed methods allow 
for a qualitative analysis of steady-state modes and 
transient processes in semiconductor circuits. 
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