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Abstract Optoelectronic devices have been a difficult subject to grasp for many university students who 
undertake electronic engineering. Many students find it difficult to understand the operation principle of the 

optoelectronic devices, for instance, how a solar cell device converts solar energy into electric energy or 
electricity, or the difference between types of semiconductor devices in terms of interaction between photons 
and electrons. Thus, the purpose of this paper is to design and implement an interactive and animated 
software package to aid students in understanding the concepts of the following optoelectronic devices:  solar 
cell, p-n junction photodiode, p-i-n photodiode, light emitting diode and semiconductor laser. The software 
package was designed to be user friendly and easy to use requiring minimum learning time. The 

implementation of the software package was achieved using the MATLAB program which is an interactive 
software package for scientific and engineering numeric computation. The outcome is a series of MATLAB 
programs that can be used to help students learn the concepts of optoelectronic devices. 
Keywords: Semiconductor devices, optoelectronic devices, MATLAB program, interactive and animated 
software package. 
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Introduction 
Computer-based learning has become a more 
attractive and modern way of learning. This 
method of learning moves away from the 
classroom or lecture theatre, where the presence 

of a teacher is not compulsory, to the comfort of 

student’s own home or wherever there is a 
computer with the relevant software package 
installed. Computer-based learning has many 
advantages, notably enhanced flexibility and 
effectiveness of learning process. The flexibility 
with respect to place and time makes it very 
appropriate for distance learning; the students 
can work in their own home, in their own time. 
The enhanced effectiveness of computer- based 
learning is mainly the result of extensive sensory 
stimulation using text, graphics, animations and 
sound [1-3]. In fact, during the past decade, 
several notable efforts to develop interactive based 

computer animation applied to engineering 
education related courses are proposed [4-6]. A 
literature review on characterizing design-based 
learning in engineering education is presented in 

[7]. Author in [8] presents the principle of 

semiconductors devices using interactive MATLAB 
animations. Authors in [ 9] describes the design 
and implementation, of a set of experiments in 
optoelectronics for first-year engineering students. 
These experiments are comprised of five 
inexpensive and transportable modules that 
provide a hands-on introduction to 
optoelectronics. these modules include different 
types of emitters, light-emitting diode (LED) 
colors, optical voice link, total internal reflection, 
and wave guiding. Authors in [10] presented a 
learning environment for an optoelectronic e-
course. They focus on the implementation of 
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practical remote work on light emitting diodes. 

The development of MATLAB -based learning tools 
has also been a subject of great interest in the 
signal processing and control engineering 
education. The authors in [11] suggest to use 
MATLAB Live Scripts for building exercise 
material to support control engineering learning 
and based on the obtained student feedback, the 
implications of visual learning material in the 
course development can be analyzed in brief. To 
improve the quality of electromagnetic education 
by utilizing computer, the authors in [12] 
described the development of a MATLAB-based 
GUI for visualization plane wave polarization, 
electromagnetic wave propagation, plane 
wavefronts and spherical wavefronts. The authors 
in [13] proposed MATLAB Based Learn FFT tool 
for Constructive and Graphical Understanding of 
FFT. 

In this paper a set of simple animated solutions is 
proposed, offering a simple and graphical platform 
to aid students to understand the concepts of the 
optoelectronic devices. The proposed interactive 
and animated software package address the 
following objectives: 1) provide quick and better 
learning capabilities to aid students in electrical 
and electronic engineering in understanding the 

concepts of the following optoelectronic devices:  
solar cell, p-n junction photodiode, p-i-n 
photodiode, light emitting diode and laser diode; 
2) enhance learning by exposing students to 
hands-on manipulation of tasks using animation; 
3) provide intuition and complementary 
information about optoelectronic devices, this 
information is displayed at the beginning of each 
task. 
The rest of this paper is structured as follows. 
Section 2 and Section 3 cover the details of the 
design and the implementation of the proposed 
software package, respectively. Section 4 presents 
the evaluation and results process. Conclusions 
are drawn in Section 5. 
 

The design of the proposed interactive and 
animated software package  
The main step in the design stage of the proposed 
software is to define the design guidelines and 
methods that can be used to design the software 
package. With these methods it could be ensured 
that the final product would satisfy the 
requirement specifications. So, the software 
engineering principle must be used to build a 
“Well engineered software”, that is software which 

does what the user wants. It also should be 

maintainable, reliable, efficient and user friendly 
[14,15]. Design guidelines are a set of strong, 
reasonable suggestions that should be followed 
throughout the design and implementation of the 
software package. It helps the designers stay on 
the right track and not be easily swayed away 
from the goals. The list of guidelines that were 
followed in proposed software system are be 
consistent, get user’s attention, provide 
information to help user, use animation more 
than text, provide easy to start or stop animation, 
and speed of animation can be controlled. There 
are many software development models that can 

be used to develop a software package; such as 

Waterfall, Exploratory programming, Prototyping 
models, the detailed description of these models 
can be found in [ 15]. “Waterfall model” is the 
initial and classic approach for software 
engineering. This approach consists of five stages 
that are the requirements collection where the 
information is processed and converted into a 
design that translates requirements for software 
into a set of representations that describe data 
structure, architecture, algorithms and interface 
characteristics. In the implementation stage the 
software design is translated into a program in 
machine form. The testing stage is used to test the 
programs to ensure that they function correctly 
and meet the demands of the software 
requirements. The maintenance stage may be 
used to adapted the software to meet change in 
environment, or because the customer required 

extra functional requirements. 
In the proposed software package, the 
requirements and details of input, processing and 
output can be identified explicitly. For this reason, 
the Waterfall model was chosen as the approach 
to develop the software package. 
 

1. Logic flow diagram of design structure  
The block diagram shown in figure 1 provides an 
overview of the design structure of the proposed  
software package that is composed of the main 
user interface and seven tasks. These tasks are p-
n junction, solar cell, schema of light emitting 
diode, energy band of light emitting diode, p-n 
junction photodiode, p-i-n photodiode and laser 
diode. As shown in Figure 1, each task consists of 
three stages. The first stage is to display 
information about the task in order to help a user 
to understand the concept of the task. The second 
stage is to draw the schema and the energy band 
of a device. The third stage is to create animation 
to illustrate the operation of a device. Animation is 
used in task 1 to show the basic principle of the 
p-n junction, and in particular to show the effect 
of increasing the depletion region width and the 
corresponding changes of the energy band 
diagram.  In task 2 animations is used to show 
the operation principle of a solar cell in terms of 
how electrons and holes can be generated in the 
junction space charge region and how they are 
separated by the built junction field to produce 
the photovoltaic effect. Also, animation is used in 
task 3, which is the energy band of light emitting 
diode in order to show movement of electrons 

from n side to p side and the movement of holes 

from p side to n side. Also, animation shows the 
recombination of the electron and hole that may 
cause the radiation of light. In task 4 animations 
is used to show how light emission can be 
produced when a current pass through the light 
emitting diode. Animation is used in tasks 5 and 6 
in order to show how absorption of light can 
create electron-hole pairs and how the drift of 
these charge carriers generates a photocurrent. In 
task 7, which covers the principle operation of 
laser diode, animation shows recombination of an 
electron and a hole to produce light. The main 
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user interface is used to link the tasks and to allow users to select a task from the main menu. 
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Fig. 1:  Block diagram of design structure of the proposed software package

2 Logic flow diagram of a task 
As shown in Figure 2, the logic flow diagram of a 
task describes the steps of the design of a task 
that will be implemented using the MATLAB 
program. The first step is to display information 
about the task; this information will be displayed 
as text on the screen, then a schematic and 
energy band of a device will be displayed on the 
screen, and third step allows a user to select to 
start animation or to close the task. The last stage 
is to play the animation and change the speed of 
it. Animation also can be stopped and started at 
any time.  
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Fig. 2:  logic diagram of a task 

3 The Main user interface 
The main user interface is designed to make the 
software package easy to use. It is designed to be 
a graphical user interfaces for all operations  and 
composed of the main window, the list box that 
contains the list of tasks to allow a user to select a 
task from this list, the start button   that is used 
to run   a program that has   been chosen from 
the list box and the close   button   which is used 
to close the software package. Figure 3 illustrates 
the main user interface design. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: The main user interface design 
 

4 The Screen0 design of a task  
 

This screen was designed for all tasks in order to 
show the result of the execution of the task.  It 
contains the main title, which describes the task, 
and three control buttons that are start, stop and 
speed; these buttons are used to control the 
animation. Also, it contains graphs that illustrate 
the energy band and schematic of the device. 
When a user clicks the start button, animation 
will play to show the behavior of the device. The 
speed of animation can be changed at any time 
using the speed button; animation can be stopped 
using the stop button. The close button is used to 
allow a user to close the task and return to the 
main user interface. Figure 4 shows the screen 
design of a task. 
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 Fig. 4: The screen design of a task 

 

Implementation of the propose interactive and 

animated software package 
 
In the implementation stage, the design is 
transferred into a programming language. In the 
propose software system,  the MATLAB program 

was used to develop the software package, which 
is divided into models that are the main program 
and several functions; the aim of the main 
program is to make an interface between a user 
and the functions; each function is used to 
implement a task in order to illustrate the energy 
band and schema of a device. Also, animation is 
used to show the operations of devices. For 
example, the movement and the recombination of 
an electron and hole are shown by using 
animation. There are three ways that can be used 
to create animation using the MATLAB program. 
These are Erase mode method, creating movies 
and using AVI files. The second and the third are 
suited to situations where the frame is fairly 
complex and cannot be redrawn rapidly [16].  
In the propose software package, the animation is 
required to show the movement and 
recombination of electrons and holes so, the first 
approach was chosen to implement the animation 
because it allows faster redrawing for an electron 
and hole.   

As shown in Figure 5, the main user interface was 
designed and implemented to be easy to use. It is 
composed of the main title, list box, start and stop 
buttons. 

 
Fig. 5: Main user interface 
 
The figure 6,7,8,9,10 show the implementation of 
solar cell, Energy band of light emitting diode, p-n 
photodiode and p-i-n photodiode, Laser diode 

tasks, respectively. The implementation of Solar 

cell task illustrates the behavior of a solar cell. It 
is composed of the energy band and the schematic 
of a solar cell in order to show the operation 
principle of it, and in particular, to show how 
diffusion of light can generate electrons and holes. 
Also, it consists of three control buttons, which 
are the start button which is used to start 
animation, the stop button which is used to stop 
animation and the speed button that is used to 
control the speed of animation. 

 
Fig. 6: Task of Solar cell  

 
The implementation of the behavior of the energy 
band of the light emitting diode (LED) is shown in 
figure 7. The user can start animation by clicking 
on the start button or stop animation by clicking 
on the stop button. When animation is started a 
few electrons in the n-region will move into the p-
region and a few holes will move into the n-region; 
recombination of the electrons and holes may 
cause the radiation of a photon. The speed of 
animation can be control to be low or high using 
the speed button. 

 
Fig. 7: Task of Energy band of light emitting 
diode4 

 
Figure 8 shows the implementation of the p-n 
photodiode task, in which the operation principle 
of the p-n junction photodiode is illustrated. It 
consists of the energy band and schematic of the 
p-n photodiode. As shown in Figure 8, blue 
indicates the p type whereas red color indicates n 
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the type. Three control buttons are used to control 

the animation; these buttons are start, stop and 
speed.  The task shows how a light can be 
converted into a signal current. When a light is 
absorbed by the device, electron-hole pairs are 
generated within the junction; electrons drift to 
the n-region and holes to the p-region, 
consequently a signal current will be generated. 
Animation is used in this task to show the 
movement of electrons and holes that are 
generated as a result of the absorption of light. 
Also, animation shows a photocurrent that flows 
from the n type region to the p type region of the 
device. This photocurrent can be measured 
related to the amount of light absorbed by the 
detector. 

 
Fig. 8: Task of p-n photodiode 

 
As shown in Figure 9, the p-i-n photodiode is 
made of the p region, n region and i region. The i 
region is sandwiched between the p and n region. 
Three types of colours are used to draw the 

schema of the device: red for the n region, blue for 
the p region and white for the i region.  Animation 
is used to show the movement of electron-hole 
pairs that are generated within the i region. When 
radiation is absorbed, electrons drift to the n 
region and holes drift to the p region under the 
reverse bias, adding to the reverse signal current. 

 
Fig. 9: Task of p-i-n photodiode 

 

Figure 10 shows the stimulated emission and 

schematic of a semiconductor laser diode that 
consists of a thin layer of active material which is 
sandwiched between the p-region and n- region of 
the p-n junction. Animation in this task can be 
controlled by using the start, stop and speed 
buttons. When the animation starts, it will show 
the recombination of electrons and holes that 
cause radiation of light. 

 
Fig. 10: Task of Laser diode 

 
Evaluation process and results 
Evaluation is a process of systematic data 
collection to shed light on some aspects of a 
project. It is required in order to ensure that the 
final product meets the user’s requirements. Any 
software product should be evaluated according to 
many aspects:  correctness, accuracy, reliability, 
maintainability, readability, understandability, 
testability, expandability, usability, and design 
cost [15]. Evaluation can take place in many 
stages of the development of the design. It can 
either be made during the early design stage in 
order to predict the usability of the final product 
and user’s requirements or it can be carried out 
during later design stages where the result of it 
can be used for further modifications.  The 
evaluation of the proposed software package was 
carried out by users who were asked to use the 
software and try to note their opinions about it. 

The users had to complete the questionnaire. The 
measurement scale of this questionnaire was from 
1 to 7 where 1 represents a negative view and 7 
represents a positive view. The questions of the 
questionnaire were divided into three sections. 

The first section measured the overall impression 
of the users about the software; the second 
section measured their impression about the 
screen design and layout of the software package, 
and the third section measured contents. 
Twenty students who have an electronic 
background or science background with certain 
knowledge about electronic science were asked to 
evaluate the software package. 
In general, users were satisfied with the software 
package, and they suggested some adjustments to 
be made to it. The proposed suggestions were 
implemented to improve the software package 
were: increase the font size of the text to 13; 
adding a button to control the speed of animation; 
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modifying the colors; adding buttons to start or 

stop animation. The results of each section of the 
questionnaire are shown in the following charts: 
Figure 11 shows the results of the questions 
about overall impression of the software package. 
It can be seen that the users in general had a 
good impression about the software package and 
their scores users over 5 out of seven in questions 
1 and 3, and over 4 in question 3.  
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Fig. 11: The average scores for the questions in 
section 1 
 
Figure 12 shows the result of the questions in 
section 2 that are about screen design and layout. 
The chart shows the users were satisfied in 
general with the screen design and layout. 
However, the users noted that the size of the text 
was not appropriate. Also, some users noted that 
the speed of the animation was fast and some of 
them noted the speed was slow. The first 
suggestion was implemented by increasing the 
font size. The second suggestion was implemented 
by adding a button to control the speed of the 
animation so users can select appropriate speed 
for the animation. 
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Fig. 12: The average scores for the questions in 
section 2 

 
Figure 13 shows the result of the questions in 
section 3 that are about contents. As can be seen 
from chart, the users were satisfied with contents 
of the software package and they believe that it 
will help students to understand the operation 
principle of optoelectronic devices.  
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Fig. 13: The average scores for the questions in 
section 3 
 

Conclusion 
This paper presents the design and 
implementation of an interactive and animated 
software package using the MATLAB program in 

order to aid Electrical and Electronic Engineering 
students to understand the concept of 
optoelectronic devices. The software package was 
designed and implemented to be user friendly. It 
may be used as a part of a lecture or as self-study 
material to aid students. The software package is 
composed of a series of MATLAB programs that 
cover the principal operations of several types of 
optoelectronic devices using graphic and 
animation.  Based on the student feedback, the 
implications of visual learning material can 
enhance the teaching process and help students 

to understand the relevant concepts better.  
Naturally, the same principles can be adopted for 
other electronic devices and applications of 
optoelectronic devices to promote the interactive 
learning material.  
 Further  investigation  for  increasing robustness  
by  using  adaptive  embedding  strength  α  
depending  on  
blocks characteristics is on the way. 
  Further  investigation  for  increasing robustness  
by  using  adaptive  embedding  strength  α  
depending  on  
blocks characteristics is on the way.
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