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Abstract: The paper presents the analysis on research and development purposes and education purposes for engineering
electromagnetic applied subjects like Engineering Electromagnetic, Optoelectronics, and Semiconductor Physics by utilizing
the Finite Difference Time Domain (FDTD) Techniques. FDTD technique is a powerful tool for understanding the nature of
electromagnetic fields and their various applications for research and development purposes.
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1. Introduction

Yangon Technological University (former Yangon Institute
of Technology (YIT) or Rangoon Institute of Technology
(RIT)) plays a vital role in centre of excellence (COE) for
advancement of engineering education in Myanmar. There
are various engineering courses under the umbrella of
Yangon Technological University ((YTU). Among them, the
Department of Electronic Engineering is one of the best
engineering disciplines at YTU. YTU offers the six-year
course for all engineering disciplines to enhance the
engineering education in Myanmar. At present, all courses
are followed by the credit system which is the advanced
education system in the world. The purposes, mission and
vision of YTU focus only on the establishment of YTU to be
one of theResearch Universities among other research
universities all over the world. The target ofResearch
University is followed the activities of research groups at

university. Figure 1 shows the important activities of research
group at YTU. The research publications are one of the
credits for establishment of Research University.

The curriculum and syllabus of Electronic Engineering
courses have been designed based on the curriculum and
syllabus systems especially in Electronic Engineering from
the numerous prestigious universities all over the world.
There are five main specialized subjects under the
Department of Electronic Engineering. They are
Semiconductor Electronics, Communication Engineering,
Control Engineering, Signal Processing Engineering, and
Electronic Circuit Design Engineering with Embedded
System [1].

In this paper, we report on the analysis of the research and
education purposes for Engineering Electromagnetic applied
subjects by applying the Finite Difference Time Domain
technique under the division of Communication Engineering.
The communication engineering division plays a crucial role
in enhancement of Communication Technologies like
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Telecommunication Systems, Wireless Communication
System, Mobile Communication Systems, and RF and
Microwave Engineering under the Department of Electronic
Engineering. Among them RF and Microwave Technology is
very important and very fundamental technology to develop
the modern communication systems. The RF and Microwave
Engineering subject is supported by the Engineering
Electromagnetic subject because the fundamental concepts
on electric field and magnetic field theories and applications.
The details discussion on the application of FDTD techniques
in Electromagnetic applied subjects will be in the next
sections [2-5].
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Figure 1. Formulation of Research Group Activities at YTU [1].

The rest of the organizations of the paper are as follows.
Section II gives the two portions of overall curriculum map
for the Electronic Engineering courses. Section III describes
the discussion on Engineering FElectromagnetic related
subjects with FDTD techniques. Section IV mentions the talk
with Semiconductor Electronics related subjects with FDTD
Techniques. Section V presents the effects on the FDTD
techniques for advanced research works under the
Department of Electronic Engineering. Section VI
demonstrates the experimental results on FDTD techniques
for Electromagnetic applied subjects. Section VII gives the
concluding remarks and further discussions on the effects of
FDTD techniques for engineering education purposes.

2. Two Portions of Overall Curriculum
Maps

The overall curriculum map has been developed by
Enhancement of Engineering Higher Education Project under
Japan International Cooperation Agency in 2013. The details
curriculum map composes of five specialization courses of
the Department of Electronic Engineering.

2.1. Semiconductor Electronics Courses

The important course under the Department of Electronic
Engineering is Semiconductor Electronics. There are two

main areas focus on the semiconductor electronic courses for
undergraduate program. They are Physical Electronics and
Applied Electronics. Figure 2 shows the classification of
Electronic Engineering courses. The applied electronics like
Microelectronic Circuit subjects have been conducted for
undergraduate and graduate courses under the Department of
Electronic Engineering. The Applied Electronicssubjects
have been familiar with Electronic Engineering students of
YTU since 1960. The Physical Electronics was not familiar
with most Electronic Engineering students of YTU. The
EEHE project has been established at YTU in 2013 and the
advisor of EEHE project suggested to teach the
Semiconductor related subjects and do research in
Semiconductor Electronics for department development plan
in 2013. According to the developed curriculum and syllabus
for Semiconductor Electronics, the following subjects have to
be learnt by Electronic Engineering Students at YTU. They
are:

1. Materials for Electronics

2. Semiconductor Physics

3. Semiconductor Devices

4. Semiconductor Processes

These subjects have to be learnt by second year, third year,

fourth year and fifth year courses of Electronic Engineering
students.

Electronics

Physical

Figure 2. Classification for Electronic Engineering Courses.

2.2. Communication Engineering Courses

Another important subject under the Department of
Electronic Engineering is Communication Engineering
related subjects. For the Communication Engineering
purposes, there are two portions to accomplish the target of
Communication  Engineering  related  specialization.
Communication System Design and Communication Theory
are two classes of Communication Engineering under the
Department of Electronic Engineering of YTU. According to
the developed curriculum and syllabus for Communication
Engineering, the following subjects have to be learnt by
Electronic Engineering Students at YTU. For the
Communication Theory portion, the students have to learn
the following subjects.

1. Analog and Digital Communication (Fundamental
Communication)

2. Data Communication

3. Modern Communication System

For the Communication Theory portions, the students have
to learn the following subjects.

1. Engineering Electromagnetic
2. Electromagnetic Waves and Theory
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3. Modern Communication System
These subjects have to be learnt by third year, fourth year
and fifth year courses of Electronic Engineering students.

3. Engineering Electromagnetic with
FDTD

Traditionally, the course designers from YTU have
developed the curriculum and syllabus based on the
advancement of modern technologies day-by-day. The
important concept for preparing the courses on Engineering
Electromagnetic related subjects based on the famous text
books used in prestigious universities like Massachusetts
Institute of Technology (MIT). The ideas behind the structure
design for Engineering Electromagnetic is followed by the
details mention objectives.

Understand the big ideas of electromagnetic, including:

1. Static and dynamic electromagnetic (EM) fields,
energy, and power

2. EM fields and waves within and at the boundaries of
media

3. EM radiation and propagation in space and within
transmission lines

4. Circuit behaviour of simple EM devices and
transmission lines

5. EM forces on charges, currents, and materials;
mechanically produced fields

6. Photon behaviour

In support of these objectives, students will understand and
calculate EM fields and key physical parameters for:

1. Fields and energies in simple planar, cylindrical, and
spherical geometries

2. Fields within conducting, anisotropic, and plasma
media

3. Resistors, transformers,

capacitors, inductors,

transmission lines, and resonators

4. Electric and magnetic forces on charges, wires, and

media

Electric and magnetic motors and sensor/generators

6. Sinusoids and transients on TEM lines with
mismatched impedances and tuning

7. EM fields at planar boundaries
waveguides, including evanescence

8. Wireless and wired systems for communicating at R
bits/second

9. Wire, aperture, and array antennas for transmission
and reception

10. Simple photonic and acoustic devices

(9,

and within

3.1. Ideas Behind Traditional Course Design

The concept of the Mathematical Foundations for
Electromagnetic Theory is very fundamental courses for
traditional course design but it is very important for
Electronic Engineering students. The traditional techniques
for learning that subjects are based only on the theoretical
approach. The students cannot easily understand the
fundamental concept very well. They have to emphasize to
understand the fundamental concept based on the
mathematical expression like Maxwell’s equations or
something like that. The lecturer could not support any
materials for fulfilment of the teaching methods but they
could only give the demonstration of the concept by using
training kit. It is difficult to explain the fundamental concept
because the electric field and magnetic field cannot be easily
display on the blackboard or whiteboard in the classes. That
teaching methods could not fully support for research
purposes because the researchers have to understand
fundamental concept very well and then they can do
something. Table 1 gives the analysed data on effect of none
simulation tools used in Electromagnetic applied subjects.

Table 1. Analysed Data on Effect of None Simulation Tools Used in Electromagnetic Applied Subjects.

Yangon Technological University

No Subject Concentration Percentage Accuracy of Understanding
1 Engineering Electromagnetic 72% 75%
2 Electromagnetic Waves and Theory 74% 78%
3 Fundamental Communication 71% 74%
4 Data Communication 70% 73%
5 Modern Communication System 70% 73%

3.2. Ideas for Modern Course Design with FDTD
Simulation

Based on the aforementioned data, the lecturer changed the
teaching style for understanding on Engineering
Electromagnetic applied subjects like communication theory
based on advanced simulation tools. The Finite Difference
Time Domain (FDTD) technique is the most powerful
technique for making the understanding the concept of
electromagnetic field and others.

The theory applied to learn the understanding the concept

of electromagnetic field is very important for electronic
engineers. After changing the methodology for teaching
purposes, the analyses based on using the FDTD technique
in the electromagnetic applied subjects have been
performed.

Table 2 gives the predicted data on the effect of simulation
tools like FDTD method used in Electromagnetic applied
subject. These data pointed out the fully understanding on the
subject and the accuracy of understanding is higher than the
previous one.
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Table 2. Predicted Data on Effect of Simulation Tools Used in Electromagnetic Applied Subjects.

Yangon Technological University

No Subject Concentration Percentage Accuracy of Understanding
1 Engineering Electromagnetic 100% 98%
2 Electromagnetic Waves and Theory 100% 98%
3 Fundamental Communication 100% 98%
4 Data Communication 100% 98%
5 Modern Communication System 100% 98%

4. Semiconductor Electronics with FDTD

Conventionally, the course designers for semiconductor
engineering from YTU have improved the curriculum and
syllabus based on the encroachment of contemporary
technologies step-by-step. The significantidea for arranging
the courses on Semiconductor Engineering applied subjects
based on the well-known text books used in high-status
universities like Massachusetts Institute of Technology
(MIT). The ideas behind the structure design for
Semiconductor Engineering is followed by the details
mention objectives.

Understand the big ideas of Semiconductor Electronics,
including:

1. Materials in Electronics
Mathematics for Electronic Engineers
Semiconductor Physics
Quantum Electronics
Semiconductor Devices
Optoelectronic Measurement on Optical, Electronics
and Magnetic Properties

7. Semiconductor Processes

8. Device Fabrication

In support of these objectives, students will understand and
calculate Semiconductor Devices with their measurement
techniques and key physical parameters for:

1. Crystal Structure

2. Properties of Materials

3. Mathematical Modelling of Semiconductor Materials

4. Maxell’s Equations and Schrdodinger Equation for
Quantum Mechanics

5. Semiconductor Devices
Structure Engineering

SAINANE ol N

Structure and Band

6. Optoelectronic and Measurement on Phonon
Measurements, IR Measurement, Spintronics and
TRPL Measurement

7. Crystal Growth with CVD, Mist-CVD, MOSVD,
MBE etc

8. Optical Characteristics Measurement

9. Analyse the Device Performance

10. Analyse the Various properties on the developed
semiconductor devices

11.Semiconductor Manufacturing Process

4.1. Ideas Behind Traditional Course Design

The concept of the Physics for Semiconductor Electronics
and Quantum Mechanics are very essential courses for
conventional course design but it is very important for
Electronic Engineering students. The established techniques
for learning that subjects are based only on the theoretical
approach. The students cannot effortlessly recognize the
primary concept very well. They have to accentuate to realize
the primary concept based on the mathematical expression
like Maxwell’s equations, Schrédinger Equation or
something like that. The lecturer could not sustain any
resources for fulfilment of the teaching technique but they
could only give the demonstration of the concept by using
simple experiment. It is complicated to make clear the
primary concept because the semiconductor physics and
theories are cannot be easily demonstrated on the blackboard
or whiteboard in the classes. That teaching technique could
not completely support for research purposes because the
researchers have to understand original concept very well and
then they can do something for their research works. Table 3
gives the analysed data on effect of none simulation tools
used in Semiconductor Electronics applied subjects [6-10].

Table 3. Analysed Data on Effect of None Simulation Tools Used in Semiconductor Electronics Applied Subjects.

Yangon Technological University

No Subject Concentration Percentage Accuracy of Understanding
1 Materials in Electronics 71% 76%
2 Semiconductor Physics 73% 77%
3 Semiconductor Devices 75% 79%
4 Optoelectronics 74% 78%
5 Semiconductor Fabrication and Processes 70% 75%

4.2. Ideas for New Course Design with FDTD Simulation

According to the above mentioned statistics, the lecturer
changed the teaching style for understanding on Semiconductor
Engineering applied subjects like Semiconductor Measurements

based on sophisticated simulation tools. The Finite Difference
Time Domain (FDTD) technique is the most dominant practice
for making the understanding the concept of measurement on
semiconductor materials field and others.
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Table 4. Predicted Data on Effect of Simulation Tools Used in Semiconductor Electronics Applied Subjects.

Yangon Technological University

No Subject Concentration Percentage Accuracy of Understanding
1 Materials in Electronics 100% 98%
2 Semiconductor Physics 100% 98%
3 Semiconductor Devices 100% 98%
4 Optoelectronics 100% 98%
5 Semiconductor Fabrication and Processes 100% 98%

The hypothesis applied to gain knowledge of the
understanding on concept of semiconductor electronic
measurement is very important for electronic engineers.
After altering the method for teaching purposes, the
analyses based on using the FDTD technique in the
semiconductor measurement applied subjects have been
completed.

Table 4 gives the predicted data on the effect of simulation
tools like FDTD method used in Semiconductor Electronics
applied subject. These data highlighted the effusive
understanding on the subject and the accuracy of
understanding is higher than the earlier one.

5. Effects on the FDTD Techniques for
Advanced Research Works

Finite-Difference Time-Domain (FDTD) method is a
recognized practice for the investigation of quantum devices
in semiconductor technology for research purposes [11]. That
practice can solve a discretized Schrédinger equation in an
iterative progression. Nevertheless, the technique offers only
a second-order exact numerical clarification and needs that
the spatial grid size and time step should convince a very
limited condition in order to avert the numerical clarification
from diverging. The details description on FDTD technique
is discussed in the following sections. The approximating the
time derivatives is given.

An intuitive first guess at approximating the time
derivatives in Maxwell’s Equation is

V(= T2 5B () z-p (M
aE(t) E(t+At)-E(t)
V(e =2 s VxH( e )

We adjust the finite difference equations so that each term
exists at the same point in time.

— A(2)-Aed
PEO= sy E= LD )
VXH(t) @ﬁva( At)ng(t+At)-E(t) (4)
At
These equations will get messy if we include
interpolations.

We stagger E and H in time so that E exists at integer time
steps (0, At, 2At,...) and H exists at half time steps (At/2,
t+At/2, 2t+AL/2,...)

— — At
H | At:Hl At=—
t+7 t-7 n

E|

(V*El)

wa=Elt . (VXH | t+§>
2

)

(6)

We will handle the spatial derivatives in V X next lecture
in a very similar manner. Figure 3 shows the fundamental
algorithm for FDTD technique.

Finished!
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Figure 3. FDTD Algorithm.
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[3 x] The governing equations for finding the finite difference
ot condition are mentioned in the following section. At first, the
aEY] (10)  finite difference equations for Hy, Hy, and H, for magnetic
a?at field expressions. Figure. 4 to 6 show the details concept for
7:] magnetic field calculations from Maxwell’s equations [12].
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Figure 5. Finite Difference Equation for H,.
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y
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Figure 6. Finite Difference Equation for H..
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The second portion is to find the electric field expressions based on Ey, Ey, and E, from Maxwell’s Equations.
y
X ijk-1
Hy

Figure 7. Finite Difference Equation for E..
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Figure 8. Finite Difference Equation for E,.
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Based on these governing equations, the researchers could
do their research works under the electromagnetic applied
system by using FDTD technique. Most researchers could
implement their simulation coding with the help of MATLAB
for one dimensional, two dimensional and three dimensional
purposes. The details development for coding for FDTD

6. Experimental Results on FDTD
Techniques for Electromagnetic
Applied Subjects

There are two portions for analysing the FDTD techniques
applied in Engineering Electromagnetic related subjects and
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Semiconductor Electronics related subjects with the help of
MATLAB. According to the fundamental concept on FDTD
technique, we could develop the MATLAB code for
simulation purposes.

6.1. Approaches for Electromagnetic Field Concepts

Figure 10 shows the 1D FDTD simulations with perfectly
matched layer boundary. The time steps for simulation are
1318 based on the calculated parameters for simulation.
According to the results of 1D FDTD simulation, the students
could easily understand the fundamental concept of the
nature of electromagnetic field in the absorbing boundary
condition in one dimensional point of view.

Field at Step13180f1318

0.2 0.4 06 08 1 1.2

Figure 10. 1D FDTD Simulation with Perfectly Matched Layer Boundary
for Electromagnetic Field.
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Figure 11. 2D FDTD Simulation with Perfectly Matched Layer Boundary
for Electromagnetic Field.

Figure 11 shows the 2D FDTD result with perfectly
matched layer boundary for Electromagnetic Filed
simulation. The time steps for simulation are 1000 based on

the calculated parameters for simulation. Based on the
simulation results of 2D FDTD, the learners could
effortlessly realize the concept of electromagnetic field in the
PML boundary for visualization point of view. These results
say the theoretical concepts of electromagnetic field could be
understood well based on the simulation results or
experimental results.

Figure 12 shows the 1D FDTD simulations with adding a
device between the free space region for measurement of
transmittance and reflectance for semiconductor material
from optical purses source of laser. The time steps for
simulation are 6770based on the specific parameters from the
simulation platform. The researchers could easily understand
the concept of optical properties like transmittance and
reflectance from the semiconductor devices.

6.2. Approaches for Semiconductor Measurement Concepts

Field at Step10200f6770

02 0.25

Reflectance and Transmitance

1.5 T T v T T ,‘ T T T \

05} \ 4

D 1

0 05 1 15 2 25 3 35 4 45 5
8
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Figure 12. 1D FDTD simulations with adding a device between the free
space region for measurement of transmittance and reflectance.

Figure 13 shows the 2D FDTD simulations with adding a
device between the free space region for measurement of
transmittance and reflectance for semiconductor material from
optical purses source of laser. The time steps for simulation are
1000 based on the specific parameters from the simulation
platform. The researchers could easily recognize the idea of
optical properties like transmittance and reflectance and
photon emission from the semiconductor devices.

400 nh o 2

Figure 13. 2D FDTD simulations with adding a device between the free
space region for measurement of transmittance and reflectance.
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7. Statistic Table

The Table 5 gives the statistic table for outcomes of
research works with FDTD theory. Based on the statistic

table, the research outcomes with FDTD theory have been
successfully accomplished in the electromagnetic applied
subjects like communication engineering and semiconductor
engineering at YTU.

Table 5. Statistic Table for Outcomes of Research with FDTD Theory.

Outcomes for Applying FDTD Theory

No ‘Work Done Year Accomplishment
1 Research Paper for Electromagnetic Simulation 2009 100%
2 Master Thesis in Application of RADAR Signal Processing 2010 100%
3 Research works at IIT (Delhi) (Time Reversal Focusing) 2013 100%
4 Research Journal at BUJICT (Time Reversal Mirror) 2013 100%
5 Research Report published in Germany (Time Reversal Focusing) 2015 100%
6 Research Paper for measurement on Semiconductor Materials 2017 100%
7 Research Papers for Optoelectronics Materials Measurement with FDTD Techniques 2018 100%

8. Conclusions

The analysis on the effects of FDTD techniques on the
Electromagnetic applied subjects for research and education
purpose have been completed with the help of MATLAB.
The education is research because original ideas and theories
could help to modify or develop the novel technologies and
vice versus. The research is also education based on the
effective fundamental concept of technologies. The modern
teaching methodologies shall be smart with the help of
computer applications and simulation tools. There are four
results which are based on the FDTD techniques and the
simulation results are carried out from the fundamental
concepts of theories. The learners could effortlessly realize
the real world situations because of the technologies changes
day-by-day. The FDTD techniques can change the teaching
styles and research purposes for various aspects of
electromagnetic applied subjects.
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