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Abstract: This paper describes the new tools, used in the education of 
”Semiconductor Devices”, developed at the Technological School 
“Electronic Systems”, Department of the Technical University, Sofia. The 
software and hardware tools give the opportunity to achieve the right 
balance between theory and practice, and the students are given the 
chance to accumulate valuable “hands-on” skills. The main purpose of the 
developed lab exercises is to demonstrate the use of some electronic 
components and practice with them. 
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1. INTRODUCTION 

Almost every Electrical Engineering department teaches the 
fundamental concepts of semiconductor devices. These concepts typically 
include lattices, crystal structure, bandstructure, band models, carrier 
distributions, drift, diffusion, pn junctions, solar cells,light-emitting diodes, 
bipolar junction transistors (BJT), metal-oxide semiconductor capacitors 
(MOS-cap), and multi-acronym-device field effect transistors (mad-FETs).  

Semiconductors are one of the most important devices 
implementing electronic control systems. By this reason, semiconductor 
applications learning is essential not only for electrical engineers but also 
for mechanical, chemical, industrial, etc. But there is a need a different way 
of learning, combining theoretical and practical approaches. This paper 
presents a new approach which combines a media software running on a 
personal computer with a hardware tools. This approach constitutes an 
innovative way of learning in the sense that involves a hardware tool with an 
user-friendly media tutorial and can be used by electrical engineers as well 

as by other engineers.  

2. THE GOAL OF THE COURSE  

The educational system has to support a way of learning, combining 
theoretical and practical approaches. The investigations prove that active 
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learning, using development tools is effective way of receiving knowledge. 
The proper hardware platform and the animations are good teaching tools 
and the students find the course motivating. It offers knowledge that cannot 
be learned at classical lectures. The aim of present paper is to propose lab 
module for practice with semiconductors and animation tools running on a 
personal computer. In this course we introduce some of the concepts 
involved in semiconductor devices as well as some of the devices themself. 
There is no math involved, this is strictly a course for the introduction of the 
concepts; Semiconductors, IV Curves, the pn junction, the Diode - the PN 
Junction Diode, the Zener Diode, the Tunnel Diode, the Transistor - the 
PNP Transistor, the NPN Transistor, the Field Effect Transistor, the 
MOSFET. 

3. NEW SOFTWARE AND HARDWARE DIDACTIC TOOLS 

 3.1. Hardware lab tool 

  The developed lab module is presented in fig. 1 and describes its 
components: 1 – a multi meter for input voltage measuring of investigated 
scheme; 2 - a multi meter for input current; measuring; 3 – a voltage 
generator; 4 – pin for output  voltage measuring. 

 The students can examine the basic concepts of the semiconductors -
different variants of connection bipolar transistors, thyristors, photodiodes 
and etc. 

 In fig. 1 is presented the bipolar junction lab. It allows to investigate 
npn or pnp type of the Bipolar Junction Transistor (BJT). Different modes of 
junction can be realized and results can be obtained from the students. 
Students are asked to find the current gain, the input and output resistance, 
and the Early voltage effect is observed, too.  

Additionally to the hardware tool, here is proposed using 
development boards with MCU for some exercises. Using MCU, it is easy to 
demonstrate how the devices work, for example: light sensors, LED’s, 
seven-segment indicators, optrons and etc.  The developed labs are: 
luxmeter (fig.2), PWM control of the DC motor using optron, control of the 
LED indication. 

3.2. Software animation tool 

Everything you need to explore and teach the basic concepts of  
semiconductor devices. As the learning material itself suggests a big 
quantity of pictures it's obviously animations of each subject to create  and 
the students can see the effects of how  the inverse layer channel is 
created in MOSFET for example as shown in fig. 3. 
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Fig. 1. Bipolar Junction Lab 

 
 
 

 

 
 
Fig. 2. Using MCU and light sensor 

The pictures and the animation easily show and demonstrate the 
physical action of the semiconductor devices, also IV characteristics with 
multiple curves are easy to be shown. Having a PC in the classroom to 
show how the device works and having the lab module to measure the IV 
characteristics at one and the same class has the effect that can not be 
achieved by teaching at the black board and drowing IV curves by chalk. 
The lab gives the opportunity to measure static IV characteristcs poin by 
point and different factors influence are observed.  

light sensor refference 
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Fig. 3. MOSFET - the inverse layer channel 

 
The lab module from one hand and  the PC presentation from the 

other hand lead to effortlessness in understanding and to assuring the 
theory is the same as the results measured by multimeters. As the dynamic 
characteristics are a great part of the study most of the modules are 
designed to have inputs and outputs on the purpose of connecting to the 
osciloscope. So the input and the output voltage are observed and 
important dynamic characteristics can easily be seen and remembered - for 
example if a phase difference occurs between the input and output signal 
and  some the  dynamic characteristics can easily be calculated as voltage 
gain ratio. 

 
 

         

 
Fig. 4. PN junction lab animation. 
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The thirth lab modules emphasizes on the semiconductor devices  
applications. Knowing the divice characteristics and parameters is the 
nessessary precondition for making a scheme design, so some first steps 
with simple device applications are observed: diode rectifier, variety diode 
clipper schemes, bipolar transistor amplifier circuit. 

One of the basic learning module, entitled PN Junction Theory and 
Modeling, walks students through the PN junction theory (fig. 4). 

The animation of the Carrier Statistics Lab demonstrates electron 
and hole density distributions based on the Fermi-Dirac and Maxwell 
Boltzmann equations. This tool shows the dependence of carrier density, 
density of states and occupation factor on temperature and fermi level. 
Silicon, Germanium, and GaAs can be studied as a function of doping or 
Fermi level, and temperature. It is supported by a homework assigment in 
which students are asked to explore the differences between Fermi-Dirac 
and Maxwell-Boltzmann distributions, compute electron and hole 
concentrations, study temperature dependences, and study freeze-out 
(fig.4). Here are included the following exercises: PN Diode, Series 
Resistance, PIN Diode, PN diode, Basic Operation of a PN diode, Basic 
operation of a PN diode - Theoretical exercise and etc. 

Another software animation is for Drift Diffusion Lab which enables a 
student to understand the basic concepts of drift and diffusion of carriers 
inside a semiconductor slab using different kinds of experiments. This tool 
provides important information about carrier densities, transient and steady 
state currents, fermi-levels and electrostatic potentials. It is supported by 
two related lab work in which students are asked to explore the concepts of 
drift, diffusion, quasi Fermi levels, and the response to light.  

4. RESULTS 

Our experience shows that these didactic tools indeed invigorate 
students and facilitate active learning. Leading with practice has provided a 
great motivation for students to learn the applicable theory, and students 
are  now  more  comfortable  in  learning with animation software. The 
inquiry after the course shows that the level of their satisfying is increased.   

It can be concluded that with the use of appropriate methodologies, 
with software and hardware support, help the student to understand 
contents of the training unit better through interfaces that provide a quicker 
or deeper gathering of information of the semiconductors. The visual 
aspect, the movement, the images’ color created with realism, all provide an 
environment of incentive and a high level of attraction of the trainee’s 
attention and therefore better learning. 
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The use of informative boards that come with the images and arouse 
the trainee’s curiosity stimulates the trainee’s motivation to deepen his/her 
understanding of the details of production technologies of this kind of 
components, to accede easily to this basis facets.  
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