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Wide bandgap semiconductors have been an area of
research that received great amount of attention from
researchers due to their potential application in
solid-state lighting, high power devices, ultraviolet
region optoelectronic devices and efficiency host
materials for rare earth (RE) ions. Among various wide
bandgap materials, f-Ga;O3 stands out due to its large
bandgap, chemical and physical stabilities, and
robustness in extreme environment (high temperatures,
intense radiation, and corrosion). However, development
in deposition technology for B-Ga,Os still largely in
laboratory phase. Pulsed laser deposition (PLD)
technology is a potential useful for B-Ga,Os deposition.
Problems in PLD such as crystalline quality and growth
rate can be resolved by adding a remote plasma generator
to provide radical oxygen growth background.

In Chapter 1, background information will be provided
relating to topic in this dissertation.

In Chapter 2, growth mechanism and film
characterization method used in this dissertation are
introduced.

In Chapter 3, we investigate gallium oxide deposited

on c-plane sapphire substrates by oxygen plasma-assisted

pulsed laser deposition. Oxygen radical was generated by an
inductively coupled plasma source and effect of radio
frequency (RF) power on growth rate was investigated. Film
grown with plasma assistance showed 2.7 times faster
growth rate. X-ray diffraction and Raman spectroscopy
analysis showed that B-GayO; films can be grown with
plasma assistance at 500°C is single crystal. Roughness of
films decreased when the RF power of plasma treatment
increased. Transmittance of these films was at least 80%
and showed sharp absorption edge at 250 nm which was
consistent with data previously reported.

In Chapter 4, monoclinic B-Ga;O3 thin films with
(-201) orientation have been fabricated at substrate
temperature as low as 200°C by using plasma assisted pulsed
laser deposition. The film showed high transmittance of
over 80% with clear fringes in the wavelength range from
300 to 1000 nm. Structural characterization from X-ray
diffraction as well as Raman spectra analysis demonstrated
the monoclinic structure of the films grown at a substrate
temperature of 200°C. Crystalline B-Ga,Os film deposited
at 200°C showed similar growth rate as well as optical
bandgap values with films grown at higher temperatures
from 300 to 500°C, indicating the enhanced reaction between
gallium and oxygen species during the deposition process
with the assistant of plasma at low temperature. The low
temperature growth of B-Ga,Os film paves the way to be
compatible with the established lithography  of
semiconductor microfabrication processes.

In Chapter 5, we report on impacts of oxygen radical
(AlGa).0; films

substrates by pulsed laser deposition. All the films

ambient  for grown on sapphire

showed monoclinic  crystal  structure and  high
transmittance in the ultraviolet and visible wavelength
range. The surface roughness was less than 3 nm for all

films and the surface morphology has changed by



applying oxygen radical ambient. The growth rate was faster
in oxygen radical ambient comparing with conventional
oxygen ambient. Oxygen radical ambient has influences on
the crystal quality of the (AlGa),Os films. The Ga content in
B-(AlGa),0s films grown with oxygen plasma assistance was
higher than that without oxygen plasma, indicating the
suppression of the re-evaporation of Ga related species from
the film surface by plasma assistance during the PLD
process.

In Chapter 6, low temperature growth of B-(AlGa),0;
films has been realized by oxygen radical assisted pulsed
laser deposition. The prepared films show good (-201)
orientation perpendicular to the (0001) sapphire substrate
even at a deposition temperature as low as 200°C. The
influences of substrate temperature on structural and optical
properties of the films have been systematically investigated.
All the films grown at substrate temperatures from 100 to
500°C possess high transmittance of over 90% in the
ultraviolet and visible range. Abrupt bandgap value variation
has been observed for films deposited at substrate
temperatures higher than 100 °C, which agrees with the
amorphous to crystalline transition temperature evidenced by
X-ray diffraction. The film thickness decreasing speed with
substrate temperature is much slower for (AlGa),O3 films
grown with oxygen radical assistance, indicating the
suppressing of the evaporation of volatile species with the
help of oxygen radical. The low temperature growth of f-
(AlGa),0s film paves the way to be compatible with the
established lithography of semiconductor microfabrication
processes.

In Chapter 7, a summary of this dissertation is

presented.
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Copper and copper oxide thin films are studied due to
their potential application in semiconductor electronics
as photovoltaic device application, long before the Ge
and Si era started. The n-type window layer such as ZnO
or GaN semiconductors with large bandgap energies, are
transparent with respect to visible and IR spectral range
and own outstanding electronic transport properties.
Consequently, the effort of detecting new, prospective
p-type absorber layers for heterojunction solar cells has
led to intensive study. Copper oxide appears to be an
attractive substitute in terms of sustainability, abundance,
nontoxicity of the elements, and numerous methods for
thin film deposition that facilitate low-cost production.
However, the future and prospect of a copper oxide
based thin film solar cell system has to be established by
a critical look at its recognized physical properties, and
at those that essential to be further investigated and
developed, and by spotting properties that are unsettled
so far. Therefore, as a part of continuous development,
the improvement of new CusO3 photovoltaic devices are
necessary for employing cheap, abundant, and non-toxic
materials prepared by energy efficient techniques.

In the beginning of this research, Cu oxide thin films
have been deposited by radio frequency (RF) magnetron
sputtering in an ambient of Ar and O using a pure Cu
target. The structural, electrical and optical properties
were investigated systematically as a function of O, flow
rate and substrate positions, revealing that the O, flow
rate and substrate positions have a strong influence on
both composition and functional properties of the
resulting Cu oxide films. Particularly, the films tend to
change towards Cu,O, CusO3; and CuO single- and
bi-phases with increasing the O, flow rate. Optical
absorption properties were analyzed for the single phase
Cuz0, Cus403, and CuO films prepared in this study,
demonstrating the potential of CusO3; and CuO as an
absorber material for the photovoltaic application.
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Secondly, Cu4O3 thin films have been synthesized in
an ambient of Ar and O, plasma using a pure Cu target
by RF magnetron sputtering. The structural, electrical,
and optical properties of the films were studied
systematically as a function of O, gas flow. The study
reveals that O, flow rate during sputtering has major
impacts on both the composition and functional
properties of the resultant CusOs thin films. X-ray
diffraction and Raman spectroscopy measurements
suggest that the parameter window for the growth of
single-phase Cu4QOj3 thin films was very narrow. Oxygen
partial pressure of 7.9%— 9.1% was required to grow the
pure phase of CusO3. From optical absorption analyses,
pure phase CusO3 films exhibited a direct transition at
Eq = 1.52~1.62 eV. All the CusOs3 thin films showed
p-type conductivity with resistivities in the order of
10?~10% Qcm. An increase of the O flow rate resulted in
the increase of the Hall mobility from 0.01 to 0.25
cm?/Vs, which is the highest mobility reported so far for
this material.

Then, N-doped Cu,O3 thin films have been deposited
by RF magnetron sputtering in an ambient of Ar, O, and
N2 using a pure Cu target. The structural, electrical, and
optical properties were investigated systematically with
the variation of N gas flow during deposition. Results
revealed that N, flow rate has a strong influence on both
the composition and functional properties of the resulting
Cu.03 films. X-ray diffraction and Raman spectroscopy
indicated the formation of the single phase of N-doped
Cu403 at a low N flow rate of up to 4.3 sccm. From the
optical absorption analyses, both undoped and N-doped
Cu403 films showed a direct forbidden transition at Eq =
1.34~1.44 eV. All the undoped and N-doped CusO3 thin
films showed p-type conductivity, and N-doped CusO3
showed lower resistivity on the order of 10'~10% Q cm.

Finally, the insertion effect of Cu thin layer during
Cu403 thin film deposition on the structural, surface,
electrical and optical properties were investigated
systematically as a function of the insertion time of Cu
thin layer. Results revealed that the insertion of Cu thin
layer has a strong influence on both composition and
functional properties of the resulting CusO3 thin films.
From the optical absorption analyses, the CusOs3 films
showed a direct allowed transition at Eg = 1.52 ~1.72 eV.
All the Cu4Os; thin films with or without the insertion
showed p-type conductivity. The resistivity of the CusO3
thin films were gradually decreased with increasing the
thickness of insertion time of Cu layer. The Hall mobility
of the films were increased from 0.01 to 6.12 cm?/Vs
with the increase of the insertion time of Cu layer, which
is the highest mobility reported so far for CusO3. These
results indicate clearly that the insertion of Cu thin layer
during CusO3 deposition increases the potentiality of the
material and renovate it to a promising material for the
absorber in low-cost thin film photovoltaics.
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In this study, three—-dimensional low flow rate
heat transfer has been analyzed for the flow in
Slinky—coil Ground Source Heat Exchanger (GHE)
with the addition of Discrete Double Inclined
Ribs (DDIR) to several geometry configurations
This study is divided into two parts, namely the
analysis of the flow of phenomena in the pipe
(ideal conditions, no heat loss and steady-state)
and the analysis of phenomena in the flow of water
in the pipe and heat transfer on the ground
(transient). The continuity, momentum, energy,
turbulence equation is solved by a commercial
software Computational Fluid Dynamics ANSYS
Fluent 17.2.

In the first analysis, the study aimed to look
at the potential use of DDIR in several geometry
configurations, namely ribs height, axial ribs
pitch, angle of ribs, and curvature coil.

Two pairs of DDIR-coil on one perimeter only
produce one pair of vortex compared to
DDIR-straight, which is capable of producing two
pairs of the vortex. DDIR-coil can
distort secondary flow and strengthen turbulent
flow. Heat Flux on the DDIR-coil wall experiences
significant fluctuations compared to DDIR—coil.
the heat flux in the plain coil

However,

In general,

becomes smaller with increasing axial length coil.

This phenomenon is due to the difference between
Bulk and wall temperature. The bulk temperature
becomes closer to the set point than that of
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plain—coil.

The effect of increasing Ground Source Heat
Pump (GSHP) performance due to GHE modification
was evaluated using COP Improvement Factor, which
is calculated based on energy loss due to pressure
drop and energy saving due to heat transfer
enhancement. CopP
increased along with increasing ribs height.

Improvement Factor has
However, the COP improvement factor decreases
with increasing flow rate.

Based on the DDIR-coil flow structure, the
longitudinal vortex is clearly visible around the
ribs and has almost the same strength as
DDIR-straight. The combination of secondary flow
from coil and flow generated causes the path of
water particles to be longer than plain—coil.
This flow increases better thermal mixing than
plain—coil.

DDIR-coil performance is always lower than
DDIR-straight with the same axial tube length.
This behavior is because in DDIR-straight flow is
only dominated by primary and secondary flow due
to curvature coil, while in DDIR-coil water flow
is a combination of primary, secondary flow from
the coil and flow generated by ribs. These three
other.  COP
improvement factor increases with decrease in
axial pitch between ribs. DDIR has the highest COP
improvement factor at an angle of 20 ° ribs.
Whereas the 2. 66 /m curvature coil has the highest
COP Improvement factors among the other curvature

streams interfere with each

coils.

The second analysis looks at the thermal
behavior of GHE and its impact on the soil. In this
DDIR-coil
superior during 149 minutes of operation compared
to turbulent flow plain—coil. Whereas the
DDIR-coil laminar flow has higher performance
than plain—coil at all operating times

research, performance was only

GHE operation is carried out in continuous and
120-minute intermittent mode variations. At the
end of the operation, intermittent operation
showed a heat transfer rate of 17. 3% greater than
that of continuous operation. The intermittent
mode also gives time to the ground for thermal
recovery.

Three pipe materials, namely copper, composite
and HDPE, is tested to determine the effect on
coil performance. Copper has the best thermal
performance compared to the other two materials,
especially in the first 60 minutes of operation.
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However, the remaining operating time of the
copper coil has almost the same performance as
other materials. It was found that the use of pipe
material did not significantly influence the
performance of DDIR-coil and plain—coil.

Based on observing the flow structure in the
pipe, DDIR-coil should have a higher performance
than plain—coil. However, the effect of soil
conductivity is so large that DDIR-coil does not
have a significant effect on GHE slinky-coil
performance in general.
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The aim of this research is to clarify the role
of urban morphological elements from perspective
of thermal environment mitigation for grid
pattern city in tropical zone. This study had
focused in two main parts (1) evaluation of
colonial grid pattern city by effect of types of
colonial style building facets and effect of tree
pattern with different types of tree species
shading condition and  (2)
correlation between urban morphology and thermal
mitigation through building
morphology and green morphology considering

considering
environment

study area is
Kyauktada township, which is one of the central
business districts of Yangon, Myanmar. The
significant of study area is the city is designed
by British Planner in British colonial time and
recognized as historical area of Yangon City.
Also, the city is similar to New York grid pattern
city planning

In this research, firstly, different types of
building’ s facets which are existing in colonial

urban thermal comfort. The

grid pattern city and trees pattern and types were
categorized and calculated the shading magnitude
ratio. After that, the result of calculated data
came out and the hierarchical orders of shading
magnitude ratio along to North to South direction
and East to West direction were proposed. It can
be strongly proved that the hierarchical orders
of the effect of facet types on shading are
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In addition, the hypothesis of the
relationship between building height and type of
building facet were investigated by statistical
analysis. Moreover, according to the result of
statistical analysis, the height of
building is not highly influencing on the shading
magnitude of grid pattern city in tropical zone
and it is highly relying on the type of building
facets. Therefore, facet design is very important

correct.

anova

for tropical city which has strong sunshine

In order to explore the effect of tree pattern
and tree species of colonial grid pattern city,
tree species of the study area were categorized
Overlay method and buffer method of QGIS program
were used to analyze the tree pattern and planning
From the result of calculation, the
hierarchical of the
different kind of tree species was resulted and
found that big tree which has a big crown area can

system.

order shaded area of

give more shading. Banyan tree is the highest tree
and crown area and its leaves are also big so that
its shaded area is wider than the other trees
Moreover, the magnitude of shaded area by tree
species 1is depending on the tree height as
percentage of R square value is high. The results
of the anova strongly prove that hypothesis of
finding the relationship between tree height and
shaded area magnitude is correct

To prove that different tree species has
different shading street
direction, the shaded
magnitude was continued by anova single factor

magnitude along

exploration of tree
analysis and result of Various (one way) presents
F normal is greater than F critical and P-value
is lower than 0.05. Therefore, hypothesis of
differences in tree species is correct and the
study area has differences in receiving shadow
highly depending on the different tree species.

This study could reveal the original image of
tree pattern of Yangon grid pattern city. Tree
shadings are very useful for helping to cool the
street platformand it is the most cost effective.
This research will give better design guideline
to achieve enough shading in the area.

The investigation of evaluating Yangon grid
pattern city is
overall shading map. Frommap, it can be said that
Yangon grid pattern city has continuity of
shading in narrow street along North to South
direction as

executed through preparing

shading can get alternatively
depending on building. So, pedestrians can get
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shading in one side in the morning and another
side in the evening. However, at noon, area which
has big canopy and shaded tree can only get
shading. Along East to West direction, the middle
main street has enough shading from trees, and it
has large tree as well. Most of the platform of
main street has continuous tree shading and
secondary and tertiary streets do not have trees.

Numerical analysis 1is carried out for
investigating the correlation between urban
morphology and microclimate considering human
thermal comfort in ENVI-met 4.4 science license.
Simulated hour is 11 hours from 7:00am to 5:00pm
as peak of the
especially from 12:00am to 3:00pm and total
simulation hours took about 30 to 48 hours
depending
(temperature, wind
relative humidity) from Yangon meteorological

temperature 1is 1in daytime

on model. Measured weather data

speed, wind direction,
department was used

Two reference points; point A and B were
selected from the study area. A is the current
trending building type which is more than 6
stories and few neem trees are surrounding and B
is the original grid pattern city building type
which is not more than 6 stories which is around
big shaded trees. Those two reference points were

simulated and compared by thermal comfort indices.

Buildings of point B have low floor area ratio
than point A. By mean of point B, MRT at 15:00 pm
was 20’ C and lower than point A. The results have
proven that the point that has original building
type which has more big shaded trees surrounding
can give better thermal comfort. Since, it is
difficult to distinguish the main causes whether
it is due to building height or trees, two
scenarios and comparisons; (1) comparing point A
with current condition and point A with low
building height, 6 stories and (2) comparing
point A with current condition and point A with
more shaded trees were conducted. Thermal comfort
indices were calculated in Biomet and simulated
data were analyzed in ENVI-met Leonardo analysis.
The stimulation results showed prompt reduced PMV
value when comparing with point A with some more
shaded trees although there were only small
changes when point A with lower building height

Then, current main road conditions for N=-S and E-W
directions and two scenarios with recommended
tree species for the main road of N-S and E-W
simulated and

directions are compared

respectively. Therefore, the simulation result
again reaffirms that building height is not
governing human thermal comfort same as shading
and trees can control the microclimate.

the benefit and
detriment of existing condition of Yangon grid

According to the result

pattern city and requirements are generalized
Therefore, this study provides suitable design
suggestion considering urban microclimate to
inhabitants and local government for future
development. These suggestions are offered to be
supportive data for designing the ancient grid
pattern city which is in tropical zone to get
comfort in old urban area.
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Air conditioning, refrigeration and heat pump
significant contribution to
greenhouse gas emissions, equipment with both
global potential (GWP)
refrigerants and a higher level of performance
should be wused. So far, of the AC
manufacturers have used refrigerants with a high
GWP such as R134a for stationary and automotive
AC and R410A for room and packaged AC. However,
R134a is gradually phasing out due to its high GWP
and R1234yf could be a viable low GWP alternative.
The study of heat transfer and pressure drop
characteristics of R1234yf is of great importance
and is necessary because reliable data are not
available in the open literature. In this study,
the heat transfer and pressure drop performance
of R134a and R1234yf are tested

Additionally, the trend for the last couple of
years in refrigeration and air—conditioning
systems have been to use small diameter tubes

systems make a

lower warming

many

because they are advantageous in many respects

Mostly because they provide higher heat transfer
performance and require less refrigerant.

Moreover, microfin tubes are a better option to
increase heat transfer than smooth tubes. However,
in small diameter tubes the effects of gravity,

surface tension, shear stress and flow regime are
different than that of large diameter tubes. In
open literature, some studies on heat transfer
and pressure drop performance in small diameter

tubes are available although some of the results
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are discrepant with one another. In this study,
heat transfer and pressure drop performance of
small diameter tubes are studied. Comparison
between microfin tube and
reported in terms of heat transfer and pressure
drop.

To precisely investigate the pressure drop and
heat transfer coefficient of refrigerants with
horizontal smooth and microfin tubes,
facility is fabricated. The total test section
length is 852 mm and the effective heat transfer
length is 744 mm. Test tubes are made of copper.
Smooth tube with an outer diameter of 2.5 mm and
microfin tubes with an outer diameter of 2.5 mm
and 3.0 mm are used for this study.

In this present study,
transfer

smooth tube are

a test

huge new boiling
condensation heat coefficient and
frictional pressure drop data of smooth and
microfin tubes are presented using R134a and
R1234yf refrigerants. For pressure drop study

the mass velocity is varied between 50 and 200 kg
! saturation temperature ranges 20 to 30 °C,
vapor quality varies 0.1-0.9. For boiling study,
the mass velocity is varied between 50 and 200 kg
m?2s!, heat flux from 5 to 30 kW m2, vapor quality
from 0. 05 to 0.95. The saturation temperature is
13 °C. Condensation tests are carried out for
mass velocities from 50 to 300 kg m?s™, vapor

mZs”

qualities from 0.1 to 0.95, saturation
temperature ranges 20 C to 30 “C. The effect of
mass velocity, vapor quality, saturation
temperature, tube diameter and refrigerant

performance on heat transfer and pressure drop
are clarified

Finally,
drop and condensation heat transfer correlations

new two—phase frictional pressure

are developed for small diameter smooth and
microfin tubes based on the experimental data

The proposed correlations showed good agreement
with the experimental data as well as other
researcher’ s data. The proposed correlation can
be applied to the small diameter smooth and
microfin tubes in a wide range of mass velocities
and for many kinds of refrigerants. Furthermore

some literature correlations are implemented to
drop, boiling and
condensation data and their deviations are

predict the pressure

reported.
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