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Abstract—In this paper the traditional and state-of-the-art 
educational methods and experience in teaching of power 
electronic devices for undergraduate students are described. 
The main attention is dedicated to possibilities how to improve 
the study using e-learning methods. The interactive screens 
with animations created for better understanding features of 
power semiconductor devices are presented. 
 

Index Terms—Semiconductor devices, power electronics, 
power electronic teaching, e-learning. 

I. INTRODUCTION 
OOD understanding of power semiconductor devices 
performance presents a good starting basis for 

development of power semiconductor converters, their 
proper design and dimensioning. The books like [1]-[3] 
give the students the basic ideas providing the excellent 
support for laboratory experiments and projects. One of the 
ways how to support power electronics lecture course and 
motivate the increase of interest in power electronics is a 
project-oriented power electronics educational laboratory 
described in [4]. Another form of learning, which 
complements and supplements the lecture course is the 
simulation of power electronics devices using various 
simulation programs like Saber®, PSpice®, Caspoc®, etc., as 
it is used in [5], [6]. There are also learning methods 
combining the simulation results and animations at the 
same screen as it is in [7], [8]. E-learning materials 
presented in this paper were originally and primarily 
designed for teachers and to be used during traditional 
lectures. However it was found out, that these e-learning 
materials could be used very well also for self-study 
purposes in the case that good instructions and clear 
assignments are provided. Despite of these facts, the 
materials are recommended for self-study, especially for 
the students who have passed at least a basic course of 
power electronic devices. 

II. ACTUAL STATUS IN TEACHING OF POWER 
SEMICONDUCTOR DEVICES 

First-time students are acquainted with power 
semiconductor devices in the 3rd year summer semester at 
the subject Power Electronics within the range 3 hours of 
lectures and 3 hours of exercises weekly. It is the basic 
subject of the Electrical Drives branch and is obligatory for 
all the students of this branch. Except some introductory 
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sections, lectures in this subject start with the description of 
properties and parameters of individual non-controlled and 
controlled semiconductor devices (diode, SCR, triac, GTO, 
IGCT, BJT, MOSFET, IGBT, MCT, SITH, SIT). The 
theory of power semiconductor devices is being explained 
as introduction to the basic course of power electronics. 
Lectures as well as exercises of power electronics subjects 
are already well established at the department. The 
practices go out from topology analysis and synthesis of 
given converter in distinct intervals of its operation, during 
which the status of any semiconductor device is not 
changed. In that case the equivalent circuit of the converter 
for given interval can be linearized and thus described by 
linear differential formula. Connecting quantities between 
individual discrete intervals are quantities; those values 
cannot be changed immediately, e.g. capacitor voltage and 
inductor current. The ideal semiconductor devices are 
usually assumed at analysis converter operation, which is 
sufficient for given purpose. 

However, it is no match for design of converter. 
Therefore, we need to know well actual facilities and 
parameters for the individual semiconductor devices. As 
the power semiconductor devices belong to the basic 
structural elements of the converters, their right selection 
and design can markedly influence facilities and parameters 
of the whole converter.  

Just solid knowledge of power semiconductor devices 
permits us to determine to what rate it is possible to 
idealize individual parameters of devices. There are shown 
possibilities of their applications in converters, this basic 
sorting was made in the introduction of the subject Power 
Electronics. Lectures are classic, blackboard and slides 
during the explanation are usually used. We struggle so that 
the lectures with their contents are ahead of the content of 
exercises, in order that the students are already familiar 
with the problems before the following exercise where they 
are required to practice them.  

The exercises are divided into three-week cycles. In the 
first week of the cycle there is a calculating exercise, where 
the typical examples are calculated. The calculated 
examples are related to the measurements following in the 
next two weeks. The maximum number of the students in 
the group at measurement exercises is ten. Besides, the 
group is divided into two subgroups measuring different 
tasks according the curriculum. All basic types of 
converters are included in the curriculum of exercises. The 
majority of laboratory models for exercises for the Power 
Electronics subject were made at the department. The 
substantial share on these models had our students, either 
under the framework of semester projects or diploma 
thesis. The majority of the laboratory models have modular 
construction  with the possibility  to create various types of  
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Fig. 1.  Principal properties of thyristor-static main screen. 
 
converters. Students work on their own according to given 
tasks in the measurement propositions. 

There are measuring models for measuring static and 
dynamic properties of power semiconductor devices like 
thyristor, triac, bipolar junction transistor, MOSFET and 
IGBT. The restricted time is the reason why mainly 
switching properties of MOSFET and IGBT and 
possibilities of their influence are measured.  

In the father eligible subjects from the field of Power 
Electronics (Power Semiconductor Converters, Power 
Semiconductor Converters Applications, Control Circuits 
for Power Electronics, Applied Software in Electrical 
Engineering) the students are dealing with evaluation of 
switching losses and the ways of their reduction, protection 
against over current and over voltage as well as with 
various types of drivers for semiconductor devices. 

The simulations in PSpice® are also used for properties 
verification of power semiconductor devices. In these 
subjects the students are divided into small subgroups of 
two or three, they get common task, which they have to 
solve within their subgroup. Usual line of solution is like 
the following. 

The design is done and the required values are calculated 
at first, then verification by simulation program follows and 
afterwards practical measurement on the laboratory model 
of switch or converter is done. Important event is 
evaluation of the obtained results and the following defense 
in front of the whole group acting as opponent and 
evaluator of the subgroup work. 

III. E-LEARNING METHODS IN TEACHING OF THE POWER 
SEMICONDUCTOR DEVICES 

Fast development of power electronics brings along such 
a big quantum of new knowledge that it is difficult to make 
the one's acquaintance with them in more and more 
constraint time. In effort to acquaint the students with new 
knowledge from given area, despite sorting and omitting 
less relevant relations we are getting into the temporal 
stress. One of the possibilities how to speed up process 
of receiving new knowledge and simultaneously to 
make them more attractive is usage of the new system 
of teaching.  

E-learning is one of the new prospective education 
directions with fast tendency of development. Its expansion 
through Internet using multimedia means ensures its easy 
availability for wide range of persons interested. 

 
(a) 

 

 
(b) 

Fig. 2.  Static properties of thyristor–animation, (a) forward blocking state 
, and (b) forward on-state. 
 

For the time being indeed the visions how the e-learning 
educational material would actually had to look like and 
what for it would had to serve, are considerably different. 

Department of Electrical Drives and Mechatronics, 
Faculty of Electrical Engineering and Informatics, 
Technical University of Košice is a coordinator of the 
international project "Interactive and Unified E-based 
Education and Training in Electrical Engineering, 
INETELE", in which 11 partners from Netherlands, Poland, 
Czech republic, Hungary, French, Greek and Slovakia are 
involved.  

One of the project modules, which have to be created 
under the framework of this project, is also the module of 
Power Semiconductor Devices. 

The module itself should have main screens assigned for 
lectures and sub-screens assigned for self-study.  
Main screens shall comprise only substantial parts-
principal schemes and diagrams, substantial terms,  
brief information, basic equations, animations. and 
interactive screens.  

Letters and pictures should be large, well 
distinguishable. Main screens can be static, where the 
explanation of the problem is made by the classic form 
(Fig. 1) or animated, where individual facilities and 
functions are presented in a visual form (Figs. 2-4). 

Sub-screens bear detailed information about the problem 
and they are available after clicking on the cross-reference 
(icons) on the main screen and they have in principle the 
similar structure, which is usual in textbooks (Fig. 5).  
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(a) 

 

 
(b) 

 

 
(c) 

Fig. 3.  (a) Dynamic properties at turn-on of thyristor – off-state,  
(b) dynamic properties at turn-on of thyristor – turn-on process, and  
(c) dynamic properties at turn-on of thyristor – changed parameters R, L, 
IG at turn-on process. 
 

Animations were created in the Macromedia Director®. 
At the creation of the animation for the power 
semiconductor devices we especially focused on their static 
and dynamic facilities. The basic structures of the power 
semiconductor devices and equivalent circuits are made 
as static screens presented in a classic style as shown 
in Fig. 1.  

It is possible to enter parameters and instructions and 
watch changes and actions in demo scheme as well as 
operating point movement in current-voltage characteristic 
or in safe operating area (Fig. 2) at the presentation of static 
properties of the power semiconductor devices. As an  

 
(a) 

 

 
(b) 

 

 
(c) 

Fig. 4.  (a) Dynamic properties at turn-off of thyristor – on-state,  
(b) dynamic properties at turn-off of thyristor – turn-off process, and  
(c) dynamic properties at turn-off of thyristor – too short reverse 
bias time. 
 
example, some main screens are presented. Fig. 2 presents 
the static current-voltage characteristic of the thyristor. The 
working point of the thyristor could be in forward blocking 
state as shown in Fig. 2(a). When the gate current is applied 
by the click of the mouse the thyristor starts to conduct 
anode current and working point is transferred to forward 
on-state characteristic Fig. 2(b). After the conduction is 
established, the gate signal is no longer required to 
maintain the anode current. Load resistor R, which can be 
changed by the mouse, determines the value of the anode 
current. 
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Fig. 5.  Thyristor I-A characteristic - static sub-screen. 
 

Fig. 3 shows turn-on properties of the thyristor. The 
thyristor  must be in a forward blocking state before to 
begin to conduct, what can be caused by applied gate 
current as shown in Fig. 3(a). The magnitude and longitude 
of the gate signal, value of the load resistor and load 
inductance and thus load time constant can be changed as it 
is evident from Figs. 3(b) and 3(c). The delay time tgd is 
changed dependently on the magnitude of the gate signal. 
Dragging of the temporal ledge by the  
mouse can be found out the instantaneous states of the turn-
on process. 

The dynamic properties at turn-off of the thyristor are 
explained in Fig. 4. The thyristor states can be observed by 
moving of the temporal ledge. Fig. 4(c) shows the situation 
when the length of the reverse voltage during the turn-off is 
not enough for recovery of blocking capabilities of 
the thyristor. 

Because the waveforms, illustrating properties of power 
semiconductor devices cannot be in most cases described 
by equations, the changes in waveforms could be 
performed only by alternation of magnitude and position of 
vector figures. As a result more labor content was needed at 
their creation. The problem laid also in the fact that 
waveforms were drawn for real devices under real 
circumstances in circuit and thus the appropriate intervals 
of operation were not sharp bounded. For all that e.g. at 
movement of temporal ledge in Figs. 3 or 4, some changes 
of statuses in pertinent scheme  (especially details) was not 
possible to designate completely, correctly, and temporally 
neither functionally depicted. Besides, some very small 
values were neglected, as for instance, leakage currents at 
off-state of semiconductor devices. In figures there is 
possible to change different parameters. For example, in 

schemes it is possible to change value of feeding voltage, 
resistance, inductance, etc. and consequently follow 
corresponding changes at time dependent waveforms. It is 
possible to change parameters of some required quantities, 
e.g., temperature, rate of rise, rate of fall, etc. at animate 
time dependent waveforms and consequently watch 
particular changes of others quantities.  

IV. CONCLUSION 
E-learning methods utilizing animations and interactivity 

can markedly assist at faster absorption of knowledge and 
new information. This is a form of study, which students 
are already prepared to undertake and which is also able to 
increase interest in study branches, which are considered 
difficult, demanding technical and logical thinking. Object 
teaching of this method permits faster and superior 
understanding of given problems. It pays in full extent also 
for teaching of power electronics and power semiconductor 
devices, those good understanding stands for a nice base 
for understanding operation of converters, their right design 
and dimensioning. 
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