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Message from the SAIP President

Dear Colleagues,

| am delighted to welcome you to the 8th South African Conference on Photonic Materials (SACPM
2019) hosted by the University of the Free State, the University of Pretoria and Nelson Mandela
University, under the auspices of the Division for Condensed Matter Physics and Materials, and the
Division of Applied Physics, of the South African Institute of Physics. The organisers have selected a
wonderful venue for this conference, the Kariega Game Reserve in the Eastern Cape Province; a
unique location that allows the scientific program to be integrated with a social activities that reflect
the uniquely South African setting of the conference.

The South African Institute of Physics (SAIP), through its Division for Condensed Matter Physics and
Materials, and its Division of Applied Physics, is very proud to be associated with this conference
series. Both divisions of the SAIP are very active and regularly organise international conferences on
Photonic Materials. SACPM 2019 is the 8th conference in this successful conference series dating
back to 2004, when the first meeting of the SACPM was held, also at Kariega Game Reserve. | want
to my express my sincere gratitude to the conference chair, Prof Andre Venter, and all the members
of the organising committee, for putting together a very exciting program, featuring an excellent mix
of South African and international experts in the field of Photonic Materials. | particularly appreciate
the call out to senior students (PhD) and emerging researchers (postdocs) to participate in this
conference through a reduced registration fee.

A special welcome to the international invited speakers, who travelled from all across the globe (USA,
Italy, Sweden, Germany, Poland, Brazil and Norway) to present their latest research highlights in the
field of Photonic Materials. | encourage all, especially the students and emerging researchers, to
engage in discussions with these world-renowned experts. Thank you for joining our vibrant research
community this week, and for sharing your scientific expertise with the students and the emerging
researchers.

On behalf of the South African Institute of Physics, it is my distinct pleasure to welcome you to the
8th South African Conference on Photonic Materials. | wish you all a very successful conference and
hope that the networking and discussions at this conference - both during the formal program as well
as during the social program - will be the start of many long lasting collaborations.

Patrick Woudt
SAIP President



Message from the Dean of the Faculty of Science,
Nelson Mandela University

Dear Delegate,

It is indeed a great pleasure and honour for me as the Executive Dean of the Faculty of Science
at the Nelson Mandela University, to welcome you all to the 8™ biennial South African Conference
on Photonics Materials (SACPM 2019). The conference, as you may know, is co-organised by
the University of Pretoria, the University of the Free State and the Nelson Mandela University,
under the auspices of the Division for Physics of Condensed Matter and the Applied Physics
Division of the South African Institute of Physics (SAIP). The location for this conference is unique
and | cannot think of a more relaxed and naturally more beautiful location in which to discuss and
advance Photonics related matters.

The continued search for better and more efficient way of generating and harnessing light and
other forms of radiation will undoubtedly continue to stimulate the development of novel
technologies needed to facilitate the demands of the 4" and 5" industrial revolution. Advances
in consumer electronics, telecommunications, the health manufacturing industry, defence and
security, and entertainment, are but afew examples. Itis therefore no surprise then that all around
the world, scientists, engineers and technicians eagerly engage in progressive research in
Photonics. South Africa is no exception in this regard, as many of our researchers are playing an
active leading role in Photonic materials research. A brief overview of the programme for SACPM
2019 suggests an exciting range of oral and poster presentations on very relevant and current
issues related to the properties and development of advanced Photonic materials and its
applications.

| sincerely hope that you will find the conference academically stimulating, and that the beautiful
surroundings and the overwhelming natural beauty of the Eastern Cape, will contribute to the
SACPM 2019 Conference being forever engraved in your “fondest memories” folder. A special
word of welcome also to all our invited guests and international participants. Thank you for being
willing to travel far, even across the globe for some, to share your expertise with us. This is
sincerely appreciated. | encourage our students to take this opportunity to interact with our
international delegates.

On behalf of the Nelson Mandela University, the Faculty of Science, welcomes you to this
momentous event.

Azwinndini Muronga
Executive Dean,

Faculty of Science

Nelson Mandela University



Invited speakers

Marco Bettinelli

Professor of Inorganic Chemistry, Luminescent Materials Laboratory,
Department of Biotechnology University of Verona.

Prof Bettinelli’s scientific interests deal with numerous aspects of luminescent
materials, and in particular with the synthesis, characterization and
spectroscopic (luminescence and upconversion) properties of crystalline,
nanocrystalline and amorphous systems containing lanthanide and transition
metal ions.

Abstract: A further look at Th3*—Eu3* energy transfer processes in
luminescent materials

Energy transfer processes in condensed matter have been studied for a long
time and a huge number of studies have appeared in the literature. However, they remain today very
interesting phenomena, especially when they involve trivalent lanthanide ions. In fact, energy transfer
is important for the development of phosphors, scintillators, materials for solar cells,
nanothermometers, materials for optical bioimaging and many other light emitting materials. | will
present and discuss recent results based on these processes in the case of the Th®*—Eu®* transfer
in inorganic hosts. As a matter of fact, very different types of behaviour can be observed in different
materials, depending on their structural peculiarities. The Th**—Eu®* transfer processes have also
potential applications in the field of luminescent devices.



Vanya Darakchieva

Professor of Materials, Linkdping University, Sweden.

Prof Darakchieva is working on the development of novel semiconductor and
nanoscale materials, and spectroscopic metrology for ultra-fast electronics
and optoelectronics that will greatly improve computation and communication
capabilities.

Abstract: Free Charge Carriers and Phonon-Plasmon Coupling in
=~ Ultrawide Bandgap Semiconductors

Ultra-high bandgap semiconductors, such as high-Al content wurtzite AlIGaN and monoclinic B-Ga>Os
have gained substantial interest most recently for their potential use in high voltage electronic
applications. Correct and accurate characterization of free charge carrier properties in bulk and
heteroepitaxial layer structures is a crucial step in successful design of semiconductor heterostructure
devices. Long-wavelength (infrared and far infrared) optical spectroscopy, in particular ellipsometry,
is a traditional tool to investigate the effect of free charge carriers onto the optical response of
semiconductor materials, even if part of complex layer structures. At long wavelengths, specifically in
materials with polar lattice resonances, collective free charge carrier excitations, plasmons, couple
with the lattice vibration modes.

In this work, a set of n-type single crystals of monoclinic symmetry 3-Ga.Os and crack-free high-Al
content AlGaN epitaxial films with different free electron concentration values were investigated by
generalized far infrared and infrared spectroscopic ellipsometry. For the case of AlGaN, coupling of
longitudinal optical (LO) phonons with collective plasma oscillations occurs along high-symmetry
directions of the lattice. The coupled modes, while changing their frequencies with increasing free
charge carrier density maintain the polarization direction of the LO phonons at zero free charge carrier
density [1]. In the case of monoclinic B-Ga,03 as predicted by our model [2,3], all modes change
amplitude and frequency with the free electron concentration [4]. In excellent agreement with our
model prediction, we find that longitudinal-phonon-plasmon coupled modes are polarized either within
the monoclinic plane or perpendicular to the monoclinic plane. The most important observation is that
all longitudinal-phonon-plasmon coupled modes polarized within the monoclinic plane continuously
change their direction as a function of free electron concentration.
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UNIVERSITAT Vl ad i m i r Dyako n OV

Bl Chair of Experimental Physics VI, Julius-Maximilian University of Wirzburg,
| Germany.

Prof Dyakonov holds the Chair of Experimental Physics (Energy research) in
the Faculty of Physics and Astronomy of Julius-Maximilian University of
Wirzburg, Germany since 2004 and he is the Scientific Director of the
y Bavarian Centre of Applied Energy Research (ZAE Bayern) since 2005. His

‘ main research interests are in the fields of thin-film photovoltaics,
| \ { semiconductor spectroscopy and functional energy materials, in general.

' : . Abstract: Defects in wide gap silicon carbide for quantum applications

Atom-scale colour centres in silicon carbide (SiC) are promising candidates for quantum application
at room temperature. [1,2] This spin system has many attributes similar to the NV centres in diamond,
e.g. it shows high spin polarization and can be initialized and read out by means of magnetic
resonance. On the other hand, spin defects in SiC offer many unique advantages: These are intrinsic
lattice defects and since there are many different SiC polytypes, a variety of colour centre types such
as silicon vacancies, divacancies, carbon antisite carbon vacancy pairs are identified in this
technologically mature wide gap semiconductor and can therefore be considered for different
application scenarios. The challenge is to achieve a long electron spin coherence with the natural
isotope abundance as well as the controlled generation of quantum centres in SiC in the
nanostructures.

Here | will mainly focus on silicon vacancies (VSi). VSi are intrinsic lattice defects with semi-integer
spin (S = 3/2) [3], which makes them immune to non-axial strains and enables high-precision vector
magnetometry and thermometry. [4] We investigate the coherence properties of VSi in a commercial
4H-SiC wafer with natural isotope abundance using the pulsed-ODMR technique. [5] Applying Rabi,
Ramsey-, spin-echo- and CPMG pulse sequences, the characteristic times of spin-lattice (T1) and
spin spin-spin (T2) relaxation in the temperature range from 10 to 300 K and at magnetic field
strengths of up to 30 mT were determined. It is remarkable that long spin-spin relaxation times in the
millisecond range are achieved by dynamic decoupling of the electron spin system from the nuclear
spin baths. In addition, the technologically advanced SiC enabled us to realize single p-n junctions
and to demonstrate that the ensemble of VSi defects can be electrically driven, leading to efficient
electroluminescence. [6]

Finally, we will discuss the generation of optically active VSi in a controlled manner. Using electron
and neutron irradiation it is possible to control the defect density over eight orders of magnitude within
an accuracy down to a single defect level. [7] However, in order to position the defects more
deterministically and in 3D, we have introduced a simple, maskless method for write VSi centres in
SiC nanostructures with focused proton beam. [8]

vii



Chris van de Walle

Professor of Materials, University of California, Santa Barbara, USA.

Prof van de Walle’s research interests include first-principles calculations for
materials, defects and doping in semiconductors and oxides, surfaces and
interfaces, and the physics of hydrogen in materials.

Abstract: First-principles studies of loss mechanisms in light emitters

Nitride semiconductors are the key materials for solid-state lighting; however,
their efficiency is still limited, caused by loss mechanisms that are
experimentally difficult to probe. | will discuss the theoretical advances that
are enabling us to quantitatively evaluate the rate of nonradiative processes
such as Auger recombination [1] and defect-assisted carrier recombination
[2]. Our approach allows us to suggest specific strategies for increasing the efficiency of nitride light
emitters, and is also transferable to other materials systems.

In this talk, I will focus on point-defect-assisted recombination, often referred to as Shockley-Read-
Hall recombination. The recombination centers could be point defects, but unintentional impurities
often play an equally important role. For instance, carbon that is unavoidably incorporated during
metal-organic chemical vapor deposition can act as a source of yellow luminescence [3], and we have
found iron to be a strong nonradiative recombination center in GaN [4]. Theoretical advances now
enable us to calculate the energetics as well as electronic and optical properties of point defects with
unprecedented accuracy [5]. We have developed a first-principles methodology to determine
nonradiative carrier capture coefficients. Accurate calculations of electron-phonon coupling,
combined with results for defect formation energies and charge-state transition levels, enable the
calculation of nonradiative capture rates for electrons and holes [6] and the evaluation of Shockley-
Read-Hall coefficients [2,7]. This approach allows us to identify specific defects that play a key role
in limiting the efficiency of nitride semiconductor devices.

Work performed in collaboration with A. Alkauskas, C. Dreyer, A. Janotti, E. Kioupakis, G. Kresse, J.
Lyons, J. Shen, J. Speck, J. Varley, D. Wickramaratne, and Q. Yan, and supported by DOE and NSF.

viii



Lasse Vines

Associate Professor at the Department of Semiconductor Physics, University
of Oslo, Norway.

Prof Vine has an interest in semiconductor physics and materials physics in
bulk, thin films and nanostructures, especially point defects, doping and
diffusion in semiconductors. His research interests include thin-film solar
cells based on Cu2ZnSn(S,Se)4 and Cu2Zn(Sn,Ge,Si)S4 and wide bandgap
semiconductors and transparent conductive oxides (especially, ZnO, SiC and
ITO).

Abstract: Electrically Active Defects in B-Ga203

The physics of gallium oxide (Ga:0s) — an interesting wide bandgap
semiconductor — is currently under intensive investigations within a broad
research community. This interest is due to the intriguing fundamental properties of Ga»Os , with
potential use in a range of other applications, e.g. in power electronics, solar blind photodetectors,
scintillators for medical diagnostics, transparent and passivating layers in solar cells, detectors
tolerating high radiation/temperature, etc. The most stable phase at ambient conditions, -Ga203,
has wide band gap of E5 ~4.8 eV, and a high breakdown field, estimated at ~8 MV/cm, which is a
major advantage in power electronics. Already, a significant progress has been made with depletion
mode and enhancement-mode devices attaining off-state breakdown voltages of over 750 V and 600
V, respectively.

One of the issues slowing down the development of Ga,Os is the lack of fundamental understanding
and difficulties in controlling electrically active point defects and defect complexes. Indeed, starting
from “simplest” point defects, due to the low symmetry of typically used monoclinic B-Ga,Os, there
are two different configurations of Ga in the unit cell (tetragonal and octagonal, Gar and Gao,
respectively) and three different environments in the O sub-lattice in -Ga0s. Such complexity results
in equally many different vacancy configurations and sites for extrinsic impurities to reside, provoking
a number of electronic states in the bandgap. Further, taking into consideration potential extrinsic
impurities and corresponding defect complexes, the result is a plethora of potential localized
electronic states.

Here, the present status of understanding electrically active defects in f-Ga203 will be reviewed, and
recent results will be discussed related to the formation and thermal behavior of irradiation induced
defects centers. Indeed, deep level transient spectroscopy (DLTS) and steady state
photocapacitance spectroscopy (SSPC) show that several electrically active defect levels are present
in as grown material, or arise after processing. In particular, recent results combining DLTS with
secondary ion mass spectrometry (SIMS) and ion irradiation on a range of different samples will be
shown. The results reveal both intrinsic and extrinsic defects present in the samples, and give insight
into the nature new and previously reported energy levels. For example, iron is shown to be an
important impurity in bulk samples with an energy level position around 0.78 eV below the conduction
band edge, acting as a deep compensating center, while irradiation demonstrate the appearance of
a nearby intrinsic defect level, and the results are further supported by density functional calculations.
Further, a reorganization occur after irradiation at temperatures below 300°C, indicating a high
diffusivity among some of the prominent defects.



Olga Shenderova

President of Adamas Nanotecnologies Inc., Raleigh, USA.

Prof Shenderova received her Ph.D. in Materials Science from the St.
Petersburg State Technical University, Russia (1991). She did atomistic
modeling studies of nanocarbon structures at North Carolina State University
(1995-2001) initially as a postdoctoral researcher and then as a Research
Assistant Professor. Since 2001 she has worked at International Technology
Center, Raleigh, NC on applied research projects in the areas of
nanodiamonds. She started Adamas Nanotecnologies Inc. for the
commercialization of nanodiamond particles and related technologies. She
has given more than 100 invited talks and authored over 190 papers. She
has more than 20 patents/patent applications on nanodiamond. She received
the Nerken Award, 2014 for scientific and technological developments of nanodiamond from the
American Vacuum Society.

Abstract: Fluorescent Diamond Particles: Synthesis, Properties, and Applications

Diamond particles containing color centers, the crystallographic defects embedded within the
diamond lattice, outperform other classes of fluorophores by providing a combination of outstanding
photostability, magneto-optical properties and intrinsic biocompatibility. Within the N-related family
of optical defects, the nitrogen-vacancy defect (NV) has received the greatest consideration due to
numerous applications in both emerging and mature technologies: background-free and long-term
cell imaging in the red/near infrared spectral region, super-resolution imaging, correlative and
multiphoton microscopy. The spin properties of NV centers in nanodiamonds promise exciting
applications in ultrasensitive metrology at the nanoscale detecting changes in magnetic and electric
fields, temperature and pressure. A breakthrough recent discovery that *C polarization can be
strongly enhanced in diamond at room temperature based on optical pumping of NV centers
advocates nanodiamonds as a new paradigm for optical hyperpolarization in magnetic resonance
(MRI) clinical imaging. Recently, our group succeeded in large-scale production of fluorescent
diamond particles (FDP) containing NV centers in hundred-gram per batch scales using irradiation
with 2-3 MeV electrons. Major factors influencing the efficiency of color centers production in diamond
particles as well as compromises between brightness and particles size will be discussed. One
limitation in FND production has been the narrow fluorescent color palette while one of the important
requirements for fluorescent bioprobes is multicolor emission for multiplexed imaging of few markers
in a single study. Our recent achievements in production of multicolor diamonds (from blue to NIR
emission) will be reported as well as our efforts toward their adaptation for use in the biological
science community will be reviewed.

Acknowledgment: NIH NHLBI SBIR Phase | and Phase Il Contract HHSN268201500010C; NIH NCI
Phase | SBIR grant R43CA232901.



" 7« Otwin Breitenstein

Researcher, Max Planck Institute; Associate Professor, University Halle

As an Associate Professor at Halle University he lectures on the physics of
solar cells. He is the author of a book on Lock-in Thermography and has
published more than 200 contributions about his research in scientific
journals and at international conferences. Since 1999 he is using lock-in
thermography for detecting internal shunts in silicon solar cells. Since 2001
he has introduced this technique on a microscopic scale for isolating faults
in ICs.

Abstract: The Role of Inhomogeneities for Understanding Current-Voltage Characteristics of
Solar Cells

All solar cells show inhomogeneous electronic properties. These inhomogeneities degrade the
conversion efficiency of the cells. This holds in particular for multicrystalline (mc) silicon cells, where
local differences of the lifetime of more than an order of magnitude exist. This contribution
summarizes our research in this field in the last two decades. It explains how these inhomogeneities
can be imaged and quantified, and the physical origins and the efficiency degradation potential of
JO1, JO2, and ohmic current inhomogeneities are reviewed. Recent STEM investigations have
revealed that the dominant defect-induced recombination in mc material is due to so-called Lomer
dislocations, dominating the recombination in small-angle grain boundaries. J02 currents are flowing
in positions where extended defects like scratches or the cell edge are crossing the pn-junction.
Therefore JO2 currents are always highly localized, in contrast to JO1 currents. Also the nature of
ohmic currents, which are also always localized, is reviewed. Hence, for describing most of the area
of silicon solar cells, a one-diode model is sufficient, but J02 and ohmic currents reduce the efficiency
in particular at low illumination intensity. Examples for quantitatively estimating the degradation
potential of local JO1, JO2, and ohmic currents are given for two typical solar cells under two
illumination intensities. Finally, different pre-breakdown mechanisms are reviewed. Except of the
three previously known mechanisms, one new mechanism is described, which is dominant for
monocrystalline cells.

Xi



Wieslaw Strék

Institute of Low Temperature and Structure Research, Polish Academy of
Sciences, Wroclaw.

The scope of Prof Strék’s research activities encompasses optical properties
of rare earth compounds and transition metals, electron relaxation theory
(radiative, non-radial transitions, cooperative reactions), laser spectroscopy,
optical sensor and biosensors, laser materials, photodynamic therapy,
technologies of luminescent materials (nanophosphors), transparent
ceramics, porous thermoinsulation materials, nanoceramic materials for fuel
cells, criotherapy.

Abstract: Emission spectra of RE doped nanocrystals under high density excitation

The Stokes and anti-Stokes emission spectra of RE doped nanocrystals were investigated under
irradiation with focused beam of CW laser diodes. It was found that apart of f-f transitions there
appeared the intense broadband white emission the intense broad band white emission under high
density excitation in IR as well as UV range. The intensity of broadband white emission was
characterized by excitation density threshold. It increases exponentially with excitation power. It was
observed decreasing of f-f transitions with simultaneous increasing white emission. In particular the
effect of excitation density and concentration of RE3+ ions were investigated. In particular the efficient
photocurrent co-occurs with appearance of white emission was investigated. It increased
exponentially with excitation power density. The mechanism of white light emission is discussed in
terms of intervalence charge transfer (IVCT) within the (RE2+,RE3+) ion pair. The possibilities of
application of white light emission for optoelectronic devices are presented.

Xii



Oscar L. Malta

Professor at the Department of Fundamental Chemistry of the Federal
University of Pernambuco (UFPE), Brazil.

Over the course of four decades, Prof Malta has made important
contributions to the research on lanthanides, both in the fundamental and
applied fields. In 2015, Malta received the Ricardo Ferreira Award for
Scientific Merit, recently created by the Foundation for Science and
Technology of Pernambuco, Facepe. In 2014, he received the Professor
Paulo José Duarte Medal from the Brazilian Chemistry Association.

Abstract: Modelling the Luminescence due to 4f — 4f transitions in rare
earth based materials: Recent advances

An overview of our recent work on the nature and behavior of the intraconfigurational 4f — 4f transitions
in chemical environments of controllable characteristics, as well as on non-radiative energy transfer
processes involving trivalent rare earth ions (both ion-to-ion and intramolecular) and their emission
guantum yields, is presented. Perspectives and challenges on this fascinating subject is discussed.

Xiii
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Energy transfer processes in condensed matter have been studied for a long time and a huge number of studies
have appeared in the literature. However, these phenomena are still very interesting, especially when they involve
trivalent lanthanide ions. In fact, energy transfer is important for the development of phosphors, scintillators,
materials for solar cells, nanothermometers, materials for optical bioimaging and many other light emitting
materials. | will present and discuss recent results based on these processes in the case of the Tb*—Eu®* transfer
in inorganic hosts containing large quantities of terbium ions, in particular phosphates, silicates and germanates.
As a matter of fact, different types of behaviour are observed in different materials, depending on their structural
peculiarities. The Th3**—Eu®" transfer processes have also potential applications in the field of luminescent
devices.
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1. Introduction

Conventional solid-state (CSS) synthesis is the most common method nowadays to obtain a variety of advanced
materials such as persistent and LED phosphors. However, the CSS process suffers from low diffusion of the ions
as well as increased temperature gradients in particles during the heating. These drawbacks can lead to potentially
inhomogeneous materials, showing deviating optical properties. In order to overcome the diffusion limits in the
synthesis and the temperature gradients during the heating, microwave-assisted solid-state (MASS) synthesis is
proposed. MASS synthesis is based on dielectric heating, which is a selective heating and depends on the dielectric
properties of the materials such as the dielectric constant (&) and the tangent loss (8). Due to the direct interaction
of the solid particles with incident electromagnetic radiation, MASS synthesis is characterized by increased
diffusion of ions that travel long distances within the crystals [1]. In this work, we study systematically the
dopants’ homogeneity and phase purity in the MASS method through cathodoluminescence imaging in a scanning
electron microscope (SEM-CL), quantum yield, and photon counting techniques in order to achieve high-quality
materials with improved performance. Comparisons for both CSS-obtained and available commercial materials
are also presented.

2. Results

The materials obtained by both CSS and MASS methods have a melilite-type tetragonal structure (P42;m)
composed of sheets of corner-linked tetrahedra (Si,O7 and MgQ4) connected by an interlayer of Sr?* cations. All
doped materials have a broad emission band centered at 470 nm when excited by UV-blue light, attributed to Eu?*
4f85d! — 4f7 transitions. Regarding the emission performance, the experimental quantum efficiency of the MASS-
obtained material (®mass = 27 %) is higher when compared to the CSS one (®css = 17 %). The SEM-CL analysis
indicates that the MASS material has a more homogeneous dopant distribution among different sets of grains as
well as better overall compositional purity, leading to increased emission homogeneity at the microscopic level
(Figure). However, the reduction of Eu®* to Eu?* seems to be more efficient in the CSS method. After an additional
reduction step, the storage capacity [2] of the MASS (N,: 4.84x10%" photons/g) material achieved higher values
than the CSS (7.18x10% photons/g) and even the commercial Sr.MgSi>O7 phosphor (6.52x10% photons/g).
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Figure. SEM-CL hyperspectral images of the Sr,MgSi»O7:Eu?*,Dy** materials obtained by MASS (a, b) and CSS
(d, e) method. The numbers in the images (a, and d) correspond to the area of the local spectra extracted for the
MASS (c) and CSS (f) materials.
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In the field of photovoltaics, a luminescent solar concentrator (LSC) refers to a device that is used as a large area
solar radiation collector, which then converts and emits radiation and directs it to solar cells that are located at the
small side area of the LSC. However, a transparent luminescent solar concentrator (TLSC) is a hew approach for
collecting only solar radiation that is invisible to the human eye and utilizing it for energy generation as illustrated
in Figure 1. This approach is an attractive solution to address the energy demands of buildings and mobile
electronics without affecting their appearance [1]. As illustrated in Figure 1 the basic design of TLSC is a
luminescent material that is embedded into a transparent waveguide. A portion of the solar spectrum is absorbed
by the luminescent material and this energy is then emitted at a different wavelength. Some of this emitted
radiation is then trapped inside the waveguide due to internal reflection and is directed towards the edges of the
TLSC where the energy can be converted into electric power by the use of solar cells [1].

Ultraviolet Radiation Visible Radiation

Waveguide

Escape Cone

Infrared
Radiation

Solar Cell Solar Cell

Human Eye

Fig. 1: Schematic explaining the basic principle of a TLSC. Radiation from the visible region passes through the material without being
absorbed, while radiation from the ultraviolet region is absorbed by the material. This energy is then transferred, down converted/shifted and
emitted in the infrared region. Some of this radiation is guided towards the edges of the material where solar cells are used for energy
conversion while some of the radiation is lost through the escape cones.

In order to maximize the overall power conversion efficiency of an TLSC device there are challenges that need to
be addressed. These include the reflection from the front of the waveguide, the spectrum absorption efficiency of
the luminescent material, the quantum efficiency of the luminescent material, the waveguide’s efficiency to trap
emitted photons and the ability of the luminescent material to suppress reabsorption [1]. All these parameters must
be taken in consideration when choosing a suitable material for a TLSC device. Rare-earth doped phosphor
materials are especially of interest for this study because of their relatively narrow emission bands (5-20 nm) and
the inorganic hosts, which are more chemically- and photo-stable than their organic counterparts [2]. Another
important criterium is that there must be a complete spectral separation between emission and absorption bands
of the phosphor material. In this contribution a suitable rare earth doped phosphor material was identified and the
results for the synthesis process of this material will be given.
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1. Introduction

Phosphate lattices doped with Eu®* ions form one of the most important inorganic luminescent materials due
to their ability to exhibit optical properties relevant to several scientific analysis and applications. One of the
unique properties of Eu®* ions is that it has a non-degenerate ground state (“Fo) and the emitting excited state (°Do)
that do not undergo crystal-field splitting. Subsequently, several biomedical and biochemical applications employ
Eus*-activated hosts as luminescent probes. Doping of trivalent lanthanide ions like Eu®* often lead to charge-
imbalance in the host lattice, if they are unable to locate a favourable trivalent site within the host. Unfortunately,
a majority of the phosphate lattices provide only a divalent site for accommodating trivalent lanthanide ions [1,2].
Under such a circumstance, the extra charge of the trivalent ion remains uncompensated and it acts as a
luminescence quencher within the host by promoting non-radiative transitions. Reports suggest that compensation
of this extra charge can improve the luminescence emission effectively. This can be achieved by codoping a
suitable monovalent alkali ion or by introducing a divalent ion-vacancy into the host.
This work focuses on the charge-compensation effects produced by different monovalent alkali ions, viz. Li*, Na*,
K*, and the vacancy defects in the Eu®*-activated CasMgs(PO4)4 host. To compensate the extra charge produced
due to doping of Eu®* ions in the Ca?* site, two approaches were adopted. In the first approach, a Ca?* vacancy
(o*) was deliberately created in such a way that three Ca®* ions were removed for doping of every two Eu®* ions.
In the second case, a monovalent alkali ion (Li*, Na* or K*) was incorporated along with one Eu®* ion to replace
two Ca?* sites in the host. Sol-gel/Pechini method was employed for the synthesis of CazMgs(PO4)s;EU* M (M =
o, Li*, Na* and K*) phosphor. The photoluminescence properties were compared between the uncompensated
and the charge-compensated samples of CasMgs(POs)4;EU®* phosphor. The luminescence emissions of
CasMgs(PO4)4;EU®* phosphor significantly improved with the introduction of charge-compensators. The
remarkable enhancement in the emission intensity of the charge-compensated samples was accompanied by
noteworthy improvement in the color purity of their emissions.

2. Results

Fig. 1 shows the PL emission spectra, respectively, for the charge-compensated CasMgs(PO4)4:0.1Eu*, M (where,
M = o*, Li*, Na* and K*) phosphors and the uncompensated CasMgs(PO4)4:0.1Eu®* phosphor. The PL emission
intensity enhanced significantly with the introduction of charge-compensators. The photoluminescence emission
showed maximum improvement in case of Na* doped sample.

o '—— (a) Without any Charge-compensation
Ca,Mg,(PO)Eu™M | () vacancy

—— (c) Li* charge-compensator
~—— (d) Na* charge-compensator
W T —— () K* charge-compensator

1.259 Emission Spectra
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Fig. 1: Photoluminescence emission spectra of uncompensated and charge-compensated CasMgs(PO,)4:0.1Eu%*, M
(where, M = o, Li*, Na* and K*) phosphors excited at 394 nm.
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1. Introduction
In recent years, alkaline earth aluminates materials have been extensively studied as one of the most important

advanced phosphor materials. Magnesium aluminate phosphor (MgAlI.O4) is one of the most promising alkaline
earth aluminates with a possible application as blue light emitting [1]. This study presents the effect of varying
Tb% concentration on the structural and luminescence properties of MgisAlO45:x% Tb3* (0 < x < 2)
nanophosphor prepared by citrate sol-gel technique. The proposed excitation and emission channels are outlined
in details. The main aim of this study is to provide an alternative phosphor material for practical application such

as in light emitting diodes (LEDs).

2. Results
Highly crystalline Mg15A1,045:x% Tbh% (0 < x < 2) nano-powders were successfully synthesized via citrate sol-

gel method. The X-ray diffraction (XRD) data revealed that Mg: sAl,045:x% Th® could be indexed to the single
cubic phase of MgAl,O.. The energy dispersive X-ray spectroscope (EDS) confirmed the presents of all expected
elements (Mg, Al, O and Th). The scanning electron microscope (SEM) showed that varying the Tb3%*
concentration insignificantly influences the morphology of the prepared samples. When the samples were excited
at 273 nm as shown in Fig. 1, the photoluminescence (PL) results showed that the host has emissions at 384, 401,
550 and 690 nm that are attributed to intrinsic defects within the host material. The Th®" doped samples showed
extra emissions located at 490, 541, 588 and 620 nm which attributed to the Th®* transition °Ds — "Fs, °Ds — "Fs,
Dy — “F4 and °Dys — ’Fs, respectively [2]. The International Commission on Illumination (CIE) colour
chromaticity showed a shift from blue to green when varying Th®* concentration and visa verse when varying the

excitation wavelength on x = 0.8% sample.
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Fig. 2: The excitation and emission spectra of the Mg; sAl045:x% Tb*" (0 < x < 2) series.
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1. Introduction

From the beginning of phosphor research history, up to the present time, we still do not know how to efficiently
search for novel phosphors with superior spectroscopic properties. Development of phosphor with desirable
properties reminds more roaming around instead heading straight to the target. This situation takes place because
we still do not know how some factors ie: how crystal structure impact on material spectroscopic properties.
Nowadays no one could predict with high certainty which material will have high absorption cross-section values
or high luminescence quantum efficiency. Systematic studies are needed to receive base information and
dependencies between material structure and spectroscopic properties. In this paper we would like to present
results of our preliminary studies in this area.

The study of yttrium orthooxides YXO4 (X =P, As and V) is a subject of increasing interest within the scientific
community due to their structural properties and potential applications as host materials for optically active ions
[1,2,3]. They crystallize in two different structural types (zircon or monazite) depending on the trivalent metal
and the X element. In particular, YPO4, YAsO, and YVQO4 have an isomorphic crystal zircon structure and belong
to the tetragonal space group 141/amd with four formula units per unit-cell (Z = 4) (see Table 1).

Table 1. Crystallographic data for orthophosphates Y XO,

YVO4 YPO4 YASO4
cryst. syst. zircon tetragonal zircon tetragonal zircon tetragonal
space group 14,/amd (no.141) 14,/amd (no.141) 14,/amd (no.141)
a (A) 7.1183(1) 6.8947(6) 6.9040(1)
c(A) 6.2893(1) 6.0276(6) 6.2820(1)
a(®) 90 90 90
point-group symmetry Dan Dan Dy
coordination no. Y(8); V(4); O(3) Y(8); P(4); O(3) Y(8); As(4); O(3)

2. Results

The luminescence thermal quenching measurements were performed for all samples. In Fig. 1 the integrated
intensity of 2 mol% Eu®*:YXO, is presented in function of ambient temperature. The most interesting is case of
2 mol% Eu®:YVO, sample, where from 80 to 450 K emission intensity remains stable, while above this
temperature it starts do increase very fast achieving its maximum at 725 K and then quickly decrease. Emission
intensity at 80 K has only 5% of maximum value at 725 K.
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Fig. 3. Representative emission intensity of the °Dy level of 2 Fig. 2. Representative emission spectra of 2 mol%
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375 nm. excitation at 395 nm.
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Ultra-high bandgap semiconductors, such as high-Al content wurtzite AIGaN and monoclinic B-Ga;Os; have
gained substantial interest most recently for their potential use in high voltage electronic applications. Correct and
accurate characterization of free charge carrier properties in bulk and heteroepitaxial layer structures is a crucial
step in successful design of semiconductor heterostructure devices. Long-wavelength (infrared and far infrared)
optical spectroscopy, in particular ellipsometry, is a traditional tool to investigate the effect of free charge carriers
onto the optical response of semiconductor materials, even if part of complex layer structures. At long
wavelengths, specifically in materials with polar lattice resonances, collective free charge carrier excitations,
plasmons, couple with the lattice vibration modes.

In this work, a set of n-type single crystals of monoclinic symmetry B-Ga,O3z and crack-free high-Al content
AlGaN epitaxial films with different free electron concentration values were investigated by generalized far
infrared and infrared spectroscopic ellipsometry. For the case of AlGaN, coupling of longitudinal optical (LO)
phonons with collective plasma oscillations occurs along high-symmetry directions of the lattice. The coupled
modes, while changing their frequencies with increasing free charge carrier density maintain the polarization
direction of the LO phonons at zero free charge carrier density [1]. In the case of monoclinic B-Ga,Os as predicted
by our model [2,3], all modes change amplitude and frequency with the free electron concentration [4]. In
excellent agreement with our model prediction, we find that longitudinal-phonon-plasmon coupled modes are
polarized either within the monoclinic plane or perpendicular to the monoclinic plane. The most important
observation is that all longitudinal-phonon-plasmon coupled modes polarized within the monoclinic plane
continuously change their direction as a function of free electron concentration.
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1. Introduction

Group-111 nitrides have been intensively investigated and widely employed in optoelectronic and electronic
devices. Recently, nitrogen(N)-polar group-1ll nitrides have drawn much attention due to their unique
characteristics compared with gallium(Ga)-polar nitrides in the application of high electron mobility transistors
(HEMTS), such as the feasibility to fabricate low ohmic contacts, an enhanced carrier confinement with a natural
back barrier, as well as high device scalability.

Growth of N-polar group-111 nitrides layers are expected on C-face SiC substrates. However, according to previous
studies, the initial AIN nucleation step is critical to the polarity control of AIN and GaN layers on SiC substrates.
The presence of hexagonal hillocks onto the surface of N-polar GaN epilayers was identified as a common
problem for the growth on on-axis substrates. The formation of hexagonal hillocks can be suppressed or eliminated
by employing vicinal GaN, sapphire or SiC substrates with different misorientation angles. Much work has been
focused on the experimental development of N-polar I11-Nitride materials. Despite intense investigations, device-
grade high-quality N-polar GaN epitaxial layers remain challenging.

2. Results

In this work, we study in a comparative manner epitaxial GaN layers grown onto on-axis and 4o off-axis SiC
(0001") substrates by hot-wall MOCVD. GaN epilayers are grown simultaneously on both substrates employing
N-polar AIN nucleation layers (AIN-NLs). We investigate the difference in surface morphology and crystal
quality of the GaN epilayers on the two substrates. Growth mechanisms leading to different polarities on the two
types of substrates are discussed based on transmission electron microscopy (TEM) findings. ‘V’ shape inversion
domain boundaries are observed between N-polar and Al-polar at AIN-NLs at on-axis substrate while metal rich
Al-Al bonding layers are observed on off-axis substrates. The nature of AIN-NLs and its interfaces with the
substrates and GaN epilayer is discussed. Atomic arrangement at the interface and possible bonding configurations
are also analysed. Furthermore, the stain and free charge carriers of GaN layers are investigated by infrared
spectroscopic ellipsometry.
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1. Introduction

With the increasing demand for high-power capabilities, microwave devices are being pushed towards the limits
where thermal management of devices becomes more critical. Conventionally, high purity semi-insulating (HPSI)
4H-SiC(0001) on-axis wafers are used as substrates for SiC/lll-nitride based high electron mobility transistors
(HEMT) structures for microwave applications [1]. Such substrates are quite difficult to grow and are extremely
expansive. Also, it has been reported that HEMT devices based on SiC/lll-nitride materials system have shown
degradation of device characteristics due to an elevated temperature of the device active region [3]. In this study,
we demonstrate the possibility to grow wafer-scale V-doped Sl thick epilayers on standard low-cost n-type on-
axis 4H-SiC(0001) substrates (widely used by the power electronics and LED industries). Such layers can be used
as low-cost Sl substrates for heteroepitaxial growth of I11-nitrides based HEMT devices. We further demonstrate
the possibility to grow such layers using isotopically enriched source gasses. Theoretically, it has been shown that
isotopically enriched 2Si*2C can have about 30% higher thermal conductivity compared to natural SiC with a
natural abundance of different isotopes of Si and C.

2. Results

For on-axis homoepitaxial growth, one of the major challenges has been to control the spontaneous formation of
3C-SiC inclusions on the Si-face of 4H-SiC substrates. The other issues involve inhomogeneous surface
morphology and rough surface. The inhomogeneous surface morphology is mainly related to the lack of the
control of the growth mechanism which is mainly dominant by the spiral growth mode around threading screw
dislocations (TSDs). In this study, we have also developed on-axis growth process to obtain thick epilayers that
are free of 3C polytype inclusions on 100 mm diameter 4H-SiC(0001) substrates. We have further developed the
growth process to achieve control over the growth mode. Through the optimization of the growth process and in-
situ surface preparation of the substrate, the growth mode was limited to the step-flow growth. This leads to more
homogeneous surface morphology and the surface roughness is improved by an order of magnitude. In-situ doping
of the epilayers with VV was made to achieve S| properties. A room temperature resistivity better than 1x10° Q-cm
is estimated in the epilayers doped with an extremely low concentration of V (2x10® cm®). The crystalline quality
of V-doped Sl epilayers is confirmed to be much better than the conventional bulk grown HPSI substrates. For
the growth of isotopically enriched epilayers, a new on-axis growth process was developed A new on-axis growth
process based on chlorinated chemistry was developed for the growth of VV-doped isotopically enriched layer. The
isotopic purity of 2Si and 2C in the epilayers, measured by SIMS, is confirmed to be similar to the isotopic purity
of the source gasses. Thermal conductivity measurements performed through thermo-reflectance technique show
about 17% improvements in the thermal conductivity of the isotopically enriched epilayers compared to the
natural layers.
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Fig. 1 (Left) optical image of a 100 mm diameter 4H-SiC wafer with 100 um thick \VV-doped Sl isotopically enriched epilayer, high
magnification optical images at the bottom show regions grown through spiral growth, step-flow growth and the edge of the wafer with
defects. (Right) SIMS analysis of isotopically enriched epilayer, the purity of 28Si is 99.85 and >C 99.98, similar to the isotopic purity of
the source gases.
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1. Introduction

Over the last decade, solution based growth of ZnO nanostructure have been considered as a promising building
block for a large number of electronic, optoelectronic, and photovoltaic devices [1]. In particular, because of its
being cheap, low temperature and ability to produce high optical and crystal quality, the growth of ZnO
nanostructures by chemical bath deposition (CBD) is of great potential for their integration into nanoscale devices
[1-4]. CBD method of ZnO basically involves hydrothermal reaction of hexamethylenetetramine (HMTA) and
zinc salts [3]. The main role of HMTA is accepted to be as a pH buffer and creates a steric interference [1,2].
However, its effect on the optical and structural properties of ZnO nanostructures, are still under debate. This
present study gives a deeper insight into the multiple roles of HMTA on the structural and optical properties of
Zn0 nanorods grown by CBD. In addition, a comparison between HTMA and ammonia for the yield of high
quality ZnO nanorods will be presented.

2. Results

Fig.1 (a) shows a low magnification scanning electron (SEM) micrograph of ZnO nanostructures grown by CBD
with a [HMTA]/[Zn(NOs3).] ratio of : a) 0.25:1,b) 0.33:1,c) 0.5:1and d) 1:1. The insets are the corresponding
higher magnification SEM images. As can be seen from these micrograph, a lower ratio of the HMTA ( (a))
results in nanosheets with a thickens around 20 nm, whereas the 1:1 ratio produced nanorods, indicating the ratio
clearly control the morphology of the nanostructures. Increasing the molar concentration of HMTA found to
affect the aspect ratio of the rods. Preliminary photoluminesce (PL) and x-ray diffraction (XRD) studies revealed
that in spite of the differences in morphology, the optical and structural properties of these nanostructures are
more or less similar.

Detailed results showing the effect of [HMTA]/[Zn(NOs3); ratio and effect of replacing HTMA with ammonia on
the optical and structural properties of the ZnO nanorods will be presented in the paper.

Fig. 1: Top-view low magnification SEM
images of ZnO nanorods grown by CBD
with a [HMTA)/[Zn(NOs);] ratio of :
a) 0.25:1,
b) 0.33: 1,
c) 05:1,
d) 1:1.
The insets are the corresponding higher
magnification SEM images.
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1. Introduction

Two-dimensional materials (2DMs) are recognized as promising components of next-generation miniaturized
devices, and in the future [1], they will become even more important, playing a great role in the development of
smart and biocompatible applications in biomedicine, sustainable electronics and environmental sensorics.
Nowadays, 2DMs research activities are at the forefront of scientific attainments, promoting the discovery of
unusual physical phenomena and offering avenues of novel technical concepts. Special focus is placed on the
investigation of graphene as a main star of the 2DMs family [2], which potentially may become a multifunctional
platform for on-demand design of different devices. In this regard, an integration of graphene with traditional
semiconductors materials and metals may not only complement graphene for advanced technologies, but also may
allow to design new hybrid materials with extraordinary performance in catalysis, sensing, optics and electronics.
Here we present a representative example of such integration by combining the epitaxial graphene on SiC with
silver nano-coatings.

2. Results

We have carried out a comprehensive investigation of the formation of ultra-thin Ag films deposited on epitaxial
graphene/SiC by magnetron sputtering technique and their influence on the Raman spectra of graphene. Ag films
were grown at room temperature with varying thicknesses from 2 nm to 30 nm. Morphology and structure of the
metal nano-deposits were explored by SEM, XRD, C-AFM and HRTEM. In-depth Raman mapping analysis has
been applied to reveal the effect of silver on shape, amplitude and position of the main characteristic vibrational
modes of graphene (namely G and 2D). A significant enhancement of the Raman signals of graphene is observed
after silver deposition and can be explained in terms of electromagnetic mechanism of SERS. Average SERS
enhancement factor for G mode increased with the increase of the Ag film thickness, reaching the maximum value
for the 15 nm film (a factor of 73). By applying optical separation method, we investigate the strain and doping
effects in graphene arising from silver decoration. The observed red-shift of G peak of graphene is originating
from the charge transfer between silver and graphene, pointing to n-type doping. The presented hybrid system
may find applications in optical sensing and Raman imaging, in which the analysis of molecules and biomaterials
is facilitated by the surface enhanced Raman scattering (SERS) effect provided by the plasmonic silver
nanoparticles. Furthermore, a formation of atomically thin silver films on graphene surface is a promising
approach to reach uniform doping in graphene, which is highly demanded for transistor technologies.
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Fig. 4: 2D contour plot of Raman spectra of as-grown Fig. 2: 2D contour plot of Raman spectra of
epitaxial graphene on 4H-SiC. graphene after deposition of 15 nm Ag film.
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Review of SiC defects
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1. Introduction

4H-SiC epitaxial layers were irradiated using various radioactive sources and particle accelerators. The electronic
properties of induced defects were characterized by means of deep-level transient spectroscopy (DLTS) and
Laplace DLTS. This paper is a review of various observations due to processing and various particles used in
irradiation of 4H-SiC. From the results it was evident that the same defects were induced by various radiation
sources. Irradiation induced the acceptor level of the Z; center and the donor level of the Z, center. The
concentration of the native defects, which originate from impurities encountered in the growth process increased.
DLTS spectra observed after irradiation were exhibited sitting on skewed baselines which in some instances

inhibited accurate Laplace-DLTS resolution.

2. Results
DLTS spectra of the as-grown 4H-SiC is presented in figure 1, showing the Z1/and Z2 at Eo.11 and Eoes. Due to
other processes, other induced defects are presented in the figure.
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Fig. 5: The DLTS spectra of (a) the control sample obtained from Ni/4H-Sic Schottky barrier diodes fabricated by
resistive deposition; (b) W/4H-Sic Schottky barrier diodes fabricated by sputter deposition..
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1. Introduction

Atom-scale colour centres in silicon carbide (SiC) are promising candidates for quantum application at room
temperature. [1,2] This spin system has many attributes similar to the NV centres in diamond, e.g. it shows high
spin polarization and can be initialized and read out by means of magnetic resonance. On the other hand, spin
defects in SiC offer many unique advantages: These are intrinsic lattice defects and since there are many different
SiC polytypes, a variety of colour centre types such as silicon vacancies, divacancies, carbon antisite carbon
vacancy pairs are identified in this technologically mature wide gap semiconductor and can therefore be
considered for different application scenarios. The challenge is to achieve a long electron spin coherence with the
natural isotope abundance as well as the controlled generation of quantum centres in SiC in the nanostructures.

2. Results

Here I will mainly focus on silicon vacancies (VSi). VSi are intrinsic lattice defects with semi-integer spin (S =
3/2) [3], which makes them immune to non-axial strains and enables high-precision vector magnetometry and
thermometry. [4] We investigate the coherence properties of VSi in a commercial 4H-SiC wafer with natural
isotope abundance using the pulsed-ODMR technique. [5] Applying Rabi-, Ramsey-, spin-echo- and CPMG pulse
sequences, the characteristic times of spin-lattice (T1) and spin spin-spin (T2) relaxation in the temperature range
from 10 to 300 K and at magnetic field strengths of up to 30 mT were determined. It is remarkable that long spin-
spin relaxation times in the millisecond range are achieved by dynamic decoupling of the electron spin system
from the nuclear spin baths. In addition, the technologically advanced SiC enabled us to realize single p-n
junctions and to demonstrate that the ensemble of VSi defects can be electrically driven, leading to efficient
electroluminescence. [6]

Finally, we will discuss the generation of optically active VSi in a controlled manner. Using electron and neutron
irradiation it is possible to control the defect density over eight orders of magnitude within an accuracy down to
a single defect level. [7] However, in order to position the defects more deterministically and in 3D, we have
introduced a simple, maskless method for write VSi centres in SiC nanostructures with focused proton beam. [8]
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1. Introduction

The binary InShyAs:.x alloy finds application in mid-infrared optoelectronic devices, including lasers [1,2], light
emitting diodes [3,4] photodetectors [5,6] and quantum well heterostructures [7]. Consequently, a knowledge of
the optical parameters of the alloy, in particular the refractive index n, is a requirement for the design of the optical
devices. A literature survey revealed very few references are available for the refractive index of InShyAsix [7-
9], including a theoretical model based on the Kramers-Kronig dispersion relation for calculating the refractive
index [9].

An assessment of the current status of the refractive index of intrinsic InSbyAs:.x [9] was made, and compared to
refractive indices of InAs and InSh [10] — see example in Fig. 1. This leads to the proposal of an alternative semi-
empirical formula to calculate the refractive index of InShyAsix as a function of both antimony mole fraction x
and the wavelength/wavenumber. The formula was assessed against previously published values of the refractive
indices.

2. Results

The results from Seraphin and Bennet [10] for the refractive indices of InSb and InAs were used to extract slopes
m ands cut-offs ¢ for the assumed linear relations of the refractive index as function of antimony mole fraction x
(Fig. 1). Relations were then found for both the slopes and cut-off values as function of wavenumber (or
wavelength). These relations were then condensed in the form of a linear relation y = mx + c. Refractive index
values for InSb and InAs are in good agreement with those from other researchers (Fig. 2). Further proof is that
the thickness of an epilayer of InkSbi-xAs determined using the relevant refractive indices from the proposed model
agreed very well with the grown thickness.
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Several visible-light emitting persistent phosphors have been developed in recent years, and are now widely used
as self-sustained night-vision materials ranging from toys, decoration to safety signage and road markings. The
growing demand for medical imaging and night-vision surveillance has also led to an interest in exploring deep-
red or near-infrared emitting persistent phosphors.[1] Manganese in its 4+ state is considered as a promising
alternative for europium or chromium for the design of deep-red or near-infrared emitters.[2,3] To achieve the
effective doping of Mn** ions, several classes of hosts (aluminates, germanates, titanates, etc.) with octahedral
symmetry are explored (see Figure 1). Strategies such as compositional modification and co-doping are adopted
to optimize the optical properties. Temperature dependence of trap filling process and afterglow behavior is
discussed in LaAlOs:Mn*" phosphor (Figure 2). Despite the trial-and-error nature of the persistent luminescence
research, we are presenting a series of temperature dependent charging, afterglow experiments and
thermoluminescence measurements trying to give clear information on the afterglow behavior and shed more light
on the nature of the traps.
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with different fading times.
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First-principles studies of loss mechanisms in light emitters

Chris G. Van de Walle
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Nitride semiconductors are the key materials for solid-state lighting; however, their efficiency is still limited,
caused by loss mechanisms that are experimentally difficult to probe. | will discuss the theoretical advances that
are enabling us to quantitatively evaluate the rate of nonradiative processes such as Auger recombination [1] and
defect-assisted carrier recombination [2]. Our approach allows us to suggest specific strategies for increasing the
efficiency of nitride light emitters, and is also transferable to other materials systems.

In this talk, 1 will focus on point-defect-assisted recombination, often referred to as Shockley-Read-Hall
recombination. The recombination centers could be point defects, but unintentional impurities often play an
equally important role. For instance, carbon that is unavoidably incorporated during metal-organic chemical vapor
deposition can act as a source of yellow luminescence [3], and we have found iron to be a strong nonradiative
recombination center in GaN [4]. Theoretical advances now enable us to calculate the energetics as well as
electronic and optical properties of point defects with unprecedented accuracy [5]. We have developed a first-
principles methodology to determine nonradiative carrier capture coefficients. Accurate calculations of electron-
phonon coupling, combined with results for defect formation energies and charge-state transition levels, enable
the calculation of nonradiative capture rates for electrons and holes [6] and the evaluation of Shockley-Read-Hall
coefficients [2,7]. This approach allows us to identify specific defects that play a key role in limiting the efficiency
of nitride semiconductor devices.

Work performed in collaboration with A. Alkauskas, C. Dreyer, A. Janotti, E. Kioupakis, G. Kresse, J. Lyons, J.
Shen, J. Speck, J. Varley, D. Wickramaratne, and Q. Yan, and supported by DOE and NSF.
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1. Introduction

Using deep-level transient spectroscopy, it was observed that a different set of unknown deep levels were observed
depending on whether a sample was irradiated before or after the fabrication of Schottky contacts. This is
counterintuitive to the popular belief that vapour deposition of Schottky diodes would not have an effect on the
radiation induced traps within the substrate. This effect was only observed with Pd, while other metals (e.g. gold,
platinum) had no observable effect on the irradiation induced complexes in Si. Thermal effects were also ruled
out. Through careful experiments, it was possible to correlate the defects observed in the two procedures, giving
insight in the physics involved. Since silicon is technologically a very important material, and the manipulation
of radiation-induced defects could have many uses, we believe that this, as yet unreported phenomenon, might
find significant applications in defect engineering.

2. Method

P-doped Si was irradiated by electron irradiation either before or after deposition of Pd Schottky diodes with a
thickness of 400 nm. These procedures will be referred to as pre- and post-irradiation, respectively. In the case of
post-irradiation, irradiation was performed through the Schottky diodes, which were thin enough to allow most of
the radiation to pass through unimpeded. The experiment was repeated a number of times on samples with
different carbon and oxygen concentrations as well as after annealing procedures. By looking for correlations
between defects, it was possible to identify which peaks in the pre-irradiated sample corresponded with which in
the post-irradiated sample.

2. Results

The first of a series of experiments is shown below in Figure 1. In the post-irradiated samples, DLTS peaks due
to the well-known radiation induced complexes (Ci, CiCs, CiOi", OiV, VV-, VV~ and PsV) [1-4] were observed
(Curves (a - d)), while a different set of DLTS peaks were observed in the pre-irradiated samples (Curves (e - h)).
Samples a and e were irradiated at room temperature (297 K) and immediately processed and measured, while
samples b and f were left at room temperature for a week after irradiation before processing and measurement,
Samples c and g were irradiated at 275 K and Samples d and h were irradiated 303 K. By comparing curves (a)
and (b), it is clear that the Ci and CiO;" anneals out when the sample is left at room temperature. When comparing
curves (e) and (f), it is clear that the peaks at 55 K and 80 K has this same property. By comparing curves (c) and
(9), it is clear that the CiO;" and the peak at 55 K are not present. We therefore conclude that the C; is transformed
to a defect with a peak at 80 K by the deposition of Pd. Similarly, by comparing curves (d) and (h), it follows that
the CiO;" is converted to a defect with a DLTS peak at 55 K. By corroborating this evidence with depth profiles
and further experiments, we were able to show that the deposition of Pd does in deed transform the well-known
radiation-induced defects. We postulate that this could be due to hydrogen passivation of the defects and show
that there is some correspondence between the defects observed in this study and those observed in hydrogen
passivation studies in other studies.
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The divacancy (DV) in 4H-SiC, consisting of nearest-neighbour Si and C vacancies, has been considered recently
as one of the prospective defects for quantum bits and/or single-photon sources. Due to the presence of
inequivalent sites, the DV possesses four configurations in 4H-SiC giving rise to the PL1 — PL4 no-phonon lines
shown in Fig. 1. Recent work [1-3] has studied the quenching of the DV photoluminescence (PL) observable at
excitation photon energies below ~1.3 eV, and its recovery under higher-energy illumination. The effect of
quenching is interpreted in terms of charge-state switching of the defect.

We provide quite exhaustive explanation of the quenching/recovery effect, based on comparison with first-
principles theoretical calculations of the energy levels of the DV in different charge states. We show that the
quenching is due to conversion of the neutral DV to the negatively-charged one and provide evidence that the
charge conversion occurs because of capture of electrons emitted from other defects (traps). A dynamic model
built on the idea that the DV captures electrons emitted from other defects (traps) is in excellent agreement with
the experimentally observed quenching dynamics. The use of much lower laser power excitation density than in
other work enables us to rule out two-photon processes proposed earlier [2,3] as a possible mechanism for charge
conversion.

We compare also the results from the PL measurements with results from electron paramagnetic resonance (EPR)
conducted on the same samples in illumination conditions similar to those in PL. The comparison allows us to
draw some conclusions on the nature of the traps involved in the charge conversion.

We study also the temperature dependence of the quenching/recovery dynamics. In contrast to other work
concluding that quenching/recovery is only observed at temperatures below ~ 150 K, we show that the effect can
be observed up to room temperature provided that low enough laser energies are used for excitation, as illustrated
in Fig. 2. The physics underlying the temperature dependence is discussed in terms of phonon-assisted
photoionization of the negatively-charged DV. The notion of phonon-assisted photoionization is confirmed
experimentally.

We will discuss briefly also the potential for implementing new concepts in quantum technology based on the
observed charge-state conversion. In particular, we shall discuss the realization of an all-optical quantum bit
(optical initialization and readout) for information storage, as well as an “on demand” single-photon source which
can be prepared in “dark” or “luminescent” state using suitable optical excitation.
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divacancy after ~ %2 hour excitation with laser at 1000
nm (1.24 eV, bottom spectrum). The top spectrum is
obtained in non-quenching conditions and shows the
zero-phonon PL1 — PL4 lines associated with the DV in
the neutral charge state. Note the vertical scale change.
The rest of the peaks are due to unknown defects.

Fig. 2: Illustration of the quenching behavior at 200 K with
two different excitations, 977 and 1053 nm (both cause
quenching at 2 K). The blue curves are recorded in non-

quenching conditions, the red are the “quenched” spectra. No
quenching can be seen with 977-nm excitation, whereas it is
well pronounced when 1053-nm excitation is used.
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The realisation of optically and electrically driven single photon generation in high purity silicon carbide has
presented a promising foundation in the fields of quantum metrology, computing and cryptography [1]. Using
defect engineering, this technology is set to surpass other similar systems because it is being developed on existing
standard industrial fabrication protocols. In addition, SiC has outstanding semiconductor properties which favour
device fabrication. In order to implement quantum applications, efficient and high quality single-photon sources
are needed. Activation and control of photo-stable and bright sources has already been achieved in SiC through
dry oxidation [2]. However, it is still vital to investigate other physical factors contributing to the creation of
defects and their properties with the aim of both identifying its atomic origin and using it as a quantum sensor.

The source is composed of an intrinsic defect, known as the carbon antisite—vacancy pair, created by carefully
optimized electron irradiation and annealing of ultrapure SiC. Initially the silicon vacancy has been induced but
it can be transformed to the carbon antisite—vacancy pair through high temperature annealing [3]. The relative
ease with which devices can be formed in SiC using standard industrial fabrication techniques also provides
promising avenues for further electrical and optical device development.

In this study, we present the results on inducing the single photon sources in electronics grade wafers which were
observed using a confocal microscope connected to a single-photon sensitive avalanche photodiode. Past studies
have emphasized that the photon sources can be realised only in high purity semi insulating wafers. We
successfully induced clusters and isolated the single defects using standard industrial practices. Our method of
inducing these defects does not require expensive equipment like beam writers [4]. On electronic grade wafers,
contacts can be deposited in-order to do Laplace-DLTS and identify the “signatures” of the defect. The generation
and detection of single photons play a central role in the experimental foundation of quantum mechanics.

Fig 1. A typical confocal map showing the photoluminescence of single defects in silicon carbide at 3 W laser power and 633 nm wavelength
excitation.
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1. Introduction

The physics of gallium oxide (Ga,03) — an interesting wide bandgap semiconductor — is currently under
intensive investigations within a broad research community. This interest is due to the intriguing fundamental
properties of Ga,03 , with potential use in a range of other applications, e.g. in power electronics, solar blind
photodetectors, scintillators for medical diagnostics, transparent and passivating layers in solar cells, detectors
tolerating high radiation/temperature, etc. The most stable phase at ambient conditions, p-Ga203, has wide band
gap of Eq ~4.8 eV, and a high breakdown field, estimated at ~8 MV/cm, which is a major advantage in power
electronics. Already, a significant progress has been made with depletion mode and enhancement-mode devices
attaining off-state breakdown voltages of over 750 V and 600 V, respectively.

One of the issues slowing down the development of Ga,Os is the lack of fundamental understanding and
difficulties in controlling electrically active point defects and defect complexes. Indeed, starting from “simplest”
point defects, due to the low symmetry of typically used monoclinic B-Ga;Os, there are two different
configurations of Ga in the unit cell (tetragonal and octagonal, Gar and Gao, respectively) and three different
environments in the O sub-lattice in B-Ga,Osz. Such complexity results in equally many different vacancy
configurations and sites for extrinsic impurities to reside, provoking a number of electronic states in the bandgap.
Further, taking into consideration potential extrinsic impurities and corresponding defect complexes, the result is
a plethora of potential localized electronic states.

Here, the present status of understanding electrically active defects in B-Ga203 will be reviewed, and recent
results will be discussed related to the formation and thermal behavior of irradiation induced defects centers.
Indeed, deep level transient spectroscopy (DLTS) and steady state photocapacitance spectroscopy (SSPC) show
that several electrically active defect levels are present in as grown material, or arise after processing. In particular,
recent results combining DLTS with secondary ion mass spectrometry (SIMS) and ion irradiation on a range of
different samples will be shown. The results reveal both intrinsic and extrinsic defects present in the samples, and
give insight into the nature new and previously reported energy levels. For example, iron is shown to be an
important impurity in bulk samples with an energy level position around 0.78 eV below the conduction band edge,
acting as a deep compensating center, while irradiation demonstrate the appearance of a nearby intrinsic defect
level, and the results are further supported by density functional calculations. Further, a reorganization occur after
irradiation at temperatures below 300°C, indicating a high diffusivity among some of the prominent defects.
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Fluorescent Diamond Particles: Synthesis, Properties, and Applications
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Diamond particles containing color centers, the crystallographic defects embedded within the diamond lattice,
outperform other classes of fluorophores by providing a combination of outstanding photostability, magneto-
optical properties and intrinsic biocompatibility. Within the N-related family of optical defects, the nitrogen-
vacancy defect (NV) has received the greatest consideration due to numerous applications in both emerging and
mature technologies: background-free and long-term cell imaging in the red/near infrared spectral region, super-
resolution imaging, correlative and multiphoton microscopy. The spin properties of NV centers in nanodiamonds
promise exciting applications in ultrasensitive metrology at the nanoscale detecting changes in magnetic and
electric fields, temperature and pressure. An exciting recent discovery that 3C polarization can be strongly
enhanced in diamond at room temperature based on optical pumping of NV centers advocates nanodiamonds as
a new paradigm for optical hyperpolarization in magnetic resonance (MRI) clinical imaging. Recently, our group
succeeded in large-scale production of fluorescent diamond particles (FDP) containing NV centers in hundred-
gram per batch scales using irradiation with 2-3 MeV electrons. Major factors influencing the efficiency of color
centers production in diamond particles as well as compromises between brightness and particles size will be
discussed. One limitation in FND production has been the narrow fluorescent color palette while one of the
important requirements for fluorescent bioprobes is multicolor emission for multiplexed imaging of few markers
in a single study. Our recent achievements in production of multicolor diamonds (from blue to NIR emission) will
be reported as well as our efforts toward their adaptation for use in the biological science community will be
reviewed.
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1. Introduction

The density and diameter of pores in a TiO. nanotube array film determine its specific surface area, which is a
critical factor in applications such as photo electrochemical water splitting. In this work, we show that while both
anodization voltage and etchant quantity determine the TiO2 nanostructure pore distribution [1], it is the quantity
of the etchant that has a greater effect on pore density. Two sets of experiments were carried out, each involving
four samples. In one set, titanium foils were anodized for an hour at different anodic voltages in ethylene glycol
containing 0.5 wt% of NH4F. In the next set, the anodic voltage was fixed at 50 V for an hour, while the quantity
of NH4F was varied. The results showed an increase in pore diameter in both experiments. With an increase in
anodic voltage, the higher pore diameters resulted in a decrease in nanotube density. However, with an increase
in etchant quantity, the development of inter-pore voids that create tubular structures, was much faster, resulting
in a remarkable increase in pore density. The study shows that at lower quantities of NH.F, the pore density can
be significantly reduced. Based on these findings a mechanism of preparing Ti foil templates that are suitable for
the development of spatially distributed nanotubes by multiple-step-anodization techniques [2] is proposed.

2. Results

Figures 1 and 2 show nano-pores obtained in 0.1 and 0.3 wt% of NH4F respectively. The nano-pore density
increased significantly from 45 pores/um? in figure 1 to 75 pores/um? in figure 2. In this work, we show that the
nano-pore density is affected more strongly by the etchant quantity than by the anodization voltage.

50 V| 0.1wt% | Th~ 50 V- 0.3mt% | 1h

\—\/

Fig. 1: FESEM micrograph Fig. 2: FESEM micrograph
of the sample anodized in 0.1 wt% of NH,4F. of the sample anodized in 0.3 wt% of NH,F.
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The optical Hall effect (OHE) is a physical phenomenon which manifests itself as optical birefringence caused by
a static external magnetic field acting on free charge carriers. An excellent tool to quantify the OHE is generalized
spectroscopic ellipsometry. Depending on the free charge carrier parameter i.e. carrier concentration, mobility
and effective mass, the optimal spectral range to detect the OHE may lay between the mid-infrared to the terahertz
(THz). For free charge carriers in 2-D materials or in 2-dimensional electron gases, the OHE is best studied at
THz frequencies. Furthermore, for the effective masses in common semiconductors, such as silicon, germanium
or group-111 nitrides, the cyclotron frequency falls into the THz spectral range for magnetic fields of several tesla.

Here we employed the THz Frequency-Domain Ellipsometer of the Terahertz Materials Analysis Center at
Link6ping University [1] to determine temperature and magnetic field dependent free charge carrier properties in
GaN based high electron mobility structures (HEMTS). The results reveal strong changes in the effective mass
and mobility parameters that are assigned to the penetration of the electron wave function into the barrier [2,3].
We study the influence of the barrier material (AlGaN vs. AlInN) on the electron confinement and analyze the
temperature-dependence of the carrier scattering, employing models that include the temperature dependence of
the effective mass. In addition, in order to disentangle effects from the magnetic field and the temperature on the
effective mass parameter the magnetic field dependence of the OHE is measured and analyzed.
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Figure 10: Experimental OHE data (symbols) and best model calculations (lines) from a GaN based HEMT structure. While panels
a) and b) depict the magnetic field dependency, show panels ¢) and d) the temperature dependency of the OHE, each for a
representative on-block-diagonal (panel a and c) and off-block-diagonal element (panel b and d) of the Mueller matrix. Best model
parameter for the mobility range from 1350Vs/cm? to 30200Vs/cm and a strong temperature dependence of the effective mass is
observed and used to analyze the temperature-dependence of the carrier scattering.
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1. Introduction

Semiconductor nanostructures have been extensively applied in the development of photovoltaic devices, for
example in dye sensitized solar cells, [1], and hybrid nanocrystal-polymer composite solar cells [2], and all-
inorganic nanoparticle solar cells [3]. The challenge arise Challenges of such developments arise in the aptitude
to find a semiconductor nanocrystal with a suitable bandgap, near 1 eV for a conventional, single-gap device
having unique characteristics such as being an earth-abundant element and of environmentally benign
composition. Due to their high stability, low toxicity and unique properties, copper(l) sulfide(Cu,S) supersedes
these challenging requirements making it a suitable candidate for applications in such devices. Wu and co-workers
[4] successfully synthesized hexagonal Cu.S nanocrystals exhibiting near-infrared emission in a mixed anhydrous
solvent of dodecanethiol and oleic acid. These Cu.S nanocrystals in combination with CdS nanorods demonstrated
their application as an active light absorbing component in solution -processed solar cells. Cu2S is a p-type
semiconducting materials with a both an indirect and direct band gap materials, with Egbulk = 1.2 eV and 1.8 eV,
respectively [4]. Although significant promises in thin film studies of Cu,S/CdS have been reported on, however,
to the best of our knowledge, a little detailed information is available on a solvent-less synthesis for stable near-
infrared (NIR) emitting Cu,S QDs with dodecanethiol as capping ligand.

Motivated to improve the structural and optical properties of Cu,S nanocrystals, we present on the synthesis and
characterization of copper sulphide quantum dots and demonstrates their significant potential in photovoltaic
devices.

2. Results
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1. Introduction

Zinc oxide (ZnO) nanoparticles have been recognized as a good electron transport layer material in solution-
processed quantum dots (QDs) light-emitting diodes (Q-LEDs). The layer has been found to improve stability and
efficiency of the Q-LED devices. However, due to the high work function of ZnO, charge transfer occurs at the
QD/zZnO0 interface resulting in reduced performance of such LED devices [1]. To weaken charge transfer at the
interface, we prepared magnesium(Mg)/gallium (Ga) doped ZnO nanoparticles with low work function and
tailored the band structures. We fabricated LED devices on ITO coated glass consisting of poly(3,4-
ethylenedioxythiophene)polystyrene sulfonate or PEDOT PSS hole injection layer (HIL), poly[(9,9-
dioctylfluorenyl-2,7-diyl)-co-(4,4-(4-sec-butylephenyl)diphenylamine)] or TFB hole transport layer (HTL), CdSe
quantum dots emission layer (QD EML) MgZnO/GazZnO electron transport layer (ETL) and aluminium (Al) top
electrode acting as cathode. We observed remarkable improved in luminances and efficiencies of our layered Q-
LED devices with Mg/Ga doped ZnO nanoparticles. This improvement is ascribed to reduced electron injection
barrier between the ETL and the QD EML that is enabled by the upshift of their conduction band minimum levels

[2].

2. Results

Fig. 1 shows the layered structure of Q-LED with MgZnO ETL, while Fig 2 shows the electroluminescence (EL)
spectra measured from the Q-LED device with MgZnO ETL inserted between the QD EML and the top Al
electrode. The spectra were measured at different voltages and the highest EL intensity and luminance of 334.7
Cd/m? were obtained at a voltage of 4.0 V. The inset of Fig 2 is the EL spectrum of the Q-LED device with ZnO
ETL measured at 4.0 V with luminance of 241.1 Cd/m2. The difference in the luminance of ZnO versus MgZnO
ETLs and the improvement in efficiency of the Q-LED devices will be discussed.
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1. Introduction

ZnO having a wide bandgap (3.37 eV at room temperature) and exciton binding energy of 60 meV has been
studied extensively in the past 50 years because of its useful properties, which resulted in many applications [1].
Eu3* doped ZnO thin films were successfully prepared by a sol-gel method using the spin coating technique. The
Eu®* concentration was varied from 0 to 4 mol%. After the coating process, the films were annealed in air for two
hours at 500 °C. The structure, morphology and luminescence properties of the films were studied.

2. Results

The crystallite size, particle size, root mean square roughness and the optical band gap were found to
systematically decrease with increasing the Eu®* concentration from 0, 1, 2, 3 and 4 mol%. The films were excited
using different excitation sources; a 325 nm He-Cd laser, resonant excitation for the Eu®* ions using a 464 nm
xenon lamp, and impact ionization using a high-energy electron beam (2000 eV). The 325 nm laser excitation
revealed that the films exhibited ZnO exciton emission around 376 nm, broad defects related emission and the
Eu®* characteristic emission at ~ 590 nm, 614 nm, 654 nm and 704 nm protruding from the broad defect’s emission
of ZnO. For the resonant excitation, the doped samples exhibited only the characteristic emission of the 4f-4f
transitions of Eu®* ions due to the °Do-"F; (J=0, 1, 2, 3, 4) transitions, respectively. The Eu®* emission intensity
has increased with increasing the Eu®* concentration up to 3 mol% and was then quenched. Multipole-multipole
interaction was the major mechanism behind the quenching. When the samples were excited with a high-energy
electron beam, a bright red emission was observed even with the naked eye for the doped samples.
Cathodoluminescence (CL) spectra showed only Eu®* emission originated from the °Do-"F; (J=0, 1, 2, 3, 4)
transitions. The undoped sample did not exhibit any emission from the electron beam excitation. Judd-Ofelt
intensity parameters (€22 and Q.) were performed based on the PL spectra excited at 464 nm. The value of Q, was
found to be higher than Q4 and increased with increasing the Eu* concentration until 3 mol% and then decreased,
whereas the Q4 value decreased with increasing the Eu®* concentration. This indicates strong covalency between
Eu=0 and higher asymmetry near the Eu®* ions. The sample with the highest Eu®* emission intensity (3 mol%)
was degraded in vacuum under electron beam for 160 C/cm? (about 22 hours). The CL intensity showed a slight
decrease at the initial electron dose at ~ 30 C/cm? and then stabilized at further electron dosages. These films can
be useful as red emissive material for lighting applications that utilizes blue light/electron beam as excitation
sources.
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1. Introduction

Since more than two decades, efficient and long afterglow persistent luminescent materials are available for
emergency signalization, road markings and toys. Available emission colors range from violet to red, but longer
wavelengths are hard to achieve with rare earth dopants. While near-infrared emitting phosphors could be useful
in night vision or security applications, they are especially promising for medical imaging. Next to Mn** [1], Cr®*
is an excellent dopant for emission in the so-called first optical window for bio-imaging, from 650 to 950 nm [2].
In this work, the spinel LiGasOs is used as the host for Cr3* ions, leading to a combination of broadband and
narrowband emission around 720 nm [3,4]. Even without any co-dopants, afterglow can be measured for several
hours.

2. Results

A combination of the initial rise and Tsop-Tmax Methods was shown to be an efficient way to retrieve the
distribution of trap depths in the persistent phosphor LiGasOs:Cr*. A large data set was produced by making a
series of TL (thermoluminescence) measurements at different excitation temperatures. All these data were fitted
simultaneously using a single set of trapping parameters. The traps were found to consist of three broad Gaussian
trap distributions, see figure 1 [5]. This single set of model parameters allowed to accurately describe the
experimental afterglow characteristics of the phosphor, as shown in figure 2. In addition, the parameters can be
used to predict other effects of fading and the temperature dependence of the afterglow, which was measured
independently.
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Fig. 14: Trap distribution calculated from the TL data. Fig. 2: Experimental (markers) and predicted afterglow
The expected trap filling factor at 20°C is also indicated. (full line), based on the calculated trap distributions.
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1. Introduction

Yttrium oxyfluoride (YOF) is a promising host for many applications such as biosensing, optical nanodevices,
field-emission-driven phosphors, X-ray detectors, and efficient solar cells. It has unique properties, which are
similar to yttrium fluoride (YFs3) and yttrium oxide (Y203), because of the low phonon energy ~400cm™. They are
thermally and chemically more stable than YF; [1]. YOF can be considered a good candidate for studying of the
photoluminescence (PL) properties of trivalent bismuth (Bi®*). The room temperature PL emission of YOF:Bi%*
has been investigated and reported with different doping concentration (0%,0.2%,0.3%,0.4%,0.5%,0.6% and
0.8%) of Bi®*. The prepared samples were synthesized using the reported pyrolysis of the trifluoroacetate
precursor [2] and showed a rhombohedral structure at 900 °C (space group: R3m (166)) [3]. The PL revealed a
broad UV emission at 314 nm originated from the A band 3P; — S with an excitation of 267 nm corresponding
to the 1Sy — 3Py level of Bi®* with an optimum concentration of 0.4% of Bi®". Also the theoretical investigation
on the position of the high energy C band (So — P1) confirmed the occurrence of the C band at 183 nm (6.79
eV) in the VUV region. The investigation of the existence of the MMCT band resulted in a value at 262 nm, which
matched well with our experimental value. The deconvolution of the broad excitation and the emission bands of
YOF:Bi®* yielded three excitation peaks, corresponding to the transitions (:So — MMCT) at 258 nm, (1So — *P1)
at 270 nm and to the oxygen vacancies at 282 nm and three peaks for the emission (3P1 — !Sg) at 306 nm, (MMCT
— 1Sp) at 318 nm and (°Po — 1So) at 336 nm. The previous report by G. Blasse and A. Brill [4] on YOF:Bi®*
revealed the emission centered at 330 nm, which was ascribed to the transition P; — S with no investigations
of the occurrence of the C band in the excitation spectrum. The prepared samples were investigated during the
excitation at 267 nm, with an optimum concentration of 0.4 %. Whereas, the variation of the excitation band to
the reported value is due to the nature of the surrounding ligands [4]. The decay time of the prepared samples was
also investigated in the range of ns. The quantum yield of the optimum concentration 0.4% was also recorded
upon excitation of 267 nm with a high quantum yield of about 60 %.

2. Results

The PL excitation and emission were done for the prepared samples YOF:xBi%* (x=0%, 0.2%, 0.3%, 0.4%,
0.5%, 0.6% and 0.8%). The excitation and emission spectra consist of two broad bands centered at 267 nm (*So
— 3Py) for excitation and 314 nm (3P; — 1So) for emission in fig. 1. The PL shows a broad UV emission, which
can be used as a sensitizer for lanthanide ions through the energy transfer mechanism.
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1. Introduction
The Y3AIs012 (YAG) as well as the gallium offshoots Y3(Als.x,Gax)O12 (YAGG) are among the most known

optical materials yielding strong luminescence rated high in e.g. laser applications. Since the design of persistent
(nano)phosphors is still based on the trial and error (most frequently) methods [1], the idea of combining a strong
luminescence center/host (YAG) modified with defects to produce strong persistent luminescence sounds
seducing. The main problem of YAG is the low solid solubility of the dopants such as Nd3* (too big to replace the
Y3 host cation) which could be used as red/NIR emitting dopant for bioimaging applications. Though replacing
Y3+ with Ga®* may remove this solubility problem, the use of gallium seems to enhance, in a presently unknown
manner, the persistent luminescence, as well. The Nd®* dopant may also be replaced with Cr3* which allows the
persistent emission of these nanocrystalline materials to shift even further into the IR region. The present work
focuses on the study of the energy transfer to Nd®* and/or Cr®* from Ce®* the latter thus acting as a sensitizer; the
entire process may be called as persistent energy transfer. The effect of gallium in Y3Al,GaszO12, is investigated,
too. The methods of research included, but were not restricted to X-ray powder diffraction, emission and excitation
spectroscopies and thermoluminescence (TL). The final aim, in order to facilitate a systematic development of
persistent luminescence materials, was to generate a model/mechanism of persistent luminescence (of Ce® and
Nd3*/Cr3*) and energy transfer (from Ce3* to Cr®*).

2. Results
To start with Nd®*, the persistent luminescence most probably originates from Ce3* absorbing and storing the

energy followed by Ce®*—Nd®* energy transfer. The process is not efficient, at least at present. The TL glow
curves (Fig. 1) reveal only one trap for each dopant; the Ce®* trap being rather shallow (@ 61 °C) explaining the
weak persistent luminescence of Ce®* (and subsequently that of Nd®*). The TL band @ 98 °C associated with Cr3*
is the strongest one and situates close to the optimum position for room temperature persistent luminescence. An
interesting detail found was the principle of one trap feeding only one dopant. This is probably due to low
concentrations of the dopants and indicates local trapping. The symmetric band shapes indicate retrapping and
local processes, as well.

As to the mechanism of persistent luminescence, the electron trapping model is the most probable for Ce3* and
Cr* since there are deep electron traps created by the antisite occupation of AI** and Ga®*. Though originally not
considered feasible, several Rietveld refinement studies have shown that the large Ga®* occupies not only the
larger octahedral site but also the smaller tetrahedral site usually accepting the smaller AI**. The two sites formed
constitute the essence of the model providing both the electron and hole trap, i.e. AI** in octahedral and Ga®* in
the tetrahedral site (Fig. 2). No cumbersome and much energy requiring redox processes [2] are thus needed.
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The Role of Inhomogeneities for Understanding Current-Voltage
Characteristics of Solar Cells

O. Breitenstein, Max Planck Institute of Microstructure Physics, Halle, Germany

All solar cells show inhomogeneous electronic properties. These inhomogeneities degrade the conversion
efficiency of the cells. This holds in particular for multicrystalline (mc) silicon cells, where local differences of
the lifetime of more than an order of magnitude exist. This contribution summarizes our research in this field in
the last two decades. It explains how these inhomogeneities can be imaged and quantified, and the physical
origins and the efficiency degradation potential of J01, J02, and ohmic current inhomogeneities are reviewed.
Recent STEM investigations have revealed that the dominant defect-induced recombination in mc material is
due to so-called Lomer dislocations, dominating the recombination in small-angle grain boundaries. J02
currents are flowing in positions where extended defects like scratches or the cell edge are crossing the pn-
junction. Therefore JO2 currents are always highly localized, in contrast to JO1 currents. Also the nature of
ohmic currents, which are also always localized, is reviewed. Hence, for describing most of the area of silicon
solar cells, a one-diode model is sufficient, but J02 and ohmic currents reduce the efficiency in particular at
low illumination intensity. Examples for quantitatively estimating the degradation potential of local J01, J02,
and ohmic currents are given for two typical solar cells under two illumination intensities. Finally, different
pre-breakdown mechanisms are reviewed. Except of the three previously known mechanisms, one new
mechanism is described, which is dominant for monocrystalline cells.
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1. Introduction

Potential induced degradation (PID) is a performance limiting defect that profoundly impacts the output of
Photovoltaic (PV) modules. PID occurs as a result of small leakage current between the solar cells and the
aluminium frame. The leakage current develops due to high potential difference between the string voltage and
the ground (aluminium frame). In this study, two PV modules, one Mono (module A) and one Multi-Crystalline
Silicon (module B) were subjected to PID stressing by placing them in a conditioned environment (35+2°C and
70+5%RH), was confirmed by Dark Current-Voltage measurements (I-V), light 1-V measurements and
Electroluminescence (EL) imaging.

I-V characteristic curves show a decrease in shunt resistance (Rsh) and power output after PID induction. EL
imaging is a powerful tool in giving information on the state of a module. EL relies on the same principle as a
light emitting diode, when current is injected into the cell radiative recombination takes place and the CCD
camera detects a luminescence. Non uniform luminescence may occur due to impurities in the cells, cell regions
that are inactive or cells affected by PID [1][2]. EL images of cells recorded at a current equal to Isc may often
not detect PID. EL imaging at 10% of short circuit (Isc) effectively maps out individual cells affected by PID,
which manifest itself as a checker-board like distribution of intensity and may be confirmed by two distinct
peaks in the image histogram. At Isc EL imaging, sufficient number of (electron-holes) e-h recombination is
responsible for uniform luminescence, while at 10% Isc e-h recombination’s are either lacking or insufficient.

Keywords: Potential Induced Degradation (PID), Electroluminescence, Degradation, Shunt Resistance, Series
Resistance,

2. Results

Figures 1 shows light and dark 1-V characteristic curves for the Multi-Crystalline module before and after the
induction of PID. The performance parameters were extracted by PSO (Particle Swarm Optimization) and in both
modules it is noticed that there is a decrease in Shunt Resistance from large (> G Q) for both modules to 1119 Q
and 489 Q for modules Multi-Crystalline and Mono-Crystalline, respectively, while the power also dropped by
14.0% for module A and 18.7% for modules B.

Figure 2 shows EL images, the Multi-Crystalline module taken before and after PID was induced. The images
were recorded at Isc and in the case of after PID induction, at 10% (Isc) as well.

The images taken at Isc Fig 2 (i and ii) indicates that PID may be present and is confirmed by the checker-board
pattern observed in the 10 % Isc post-PID image (iii). From the images it is also observed that there is a very
high possibility of not detecting PID in an EL image taken Isc.

The reduced power output (14%) shows that the degradation caused by PID has the potential to have a large

effect on the performance of a PV power plant if the modules in the plant suffer PID as the performance of the
modules directly impacts on the power output of a PV power plant.
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1. Introduction

Recently, group 11-VI semiconductor compounds have received substantial attention from researchers due to their
potential applications especially in the fabrication of n-type in solar cells and other optoelectronic devices [1].
Cadmium sulphide (CdS) is one of the compounds that belong to this group with band gap energy of 2.42 eV
which has been found as the best n-type window material for the fabrication of CdTe, Culn(Se,S), and
Cu(In,Ga)Se; solar cell films [2]. Although CdS is a promising window material, it has high absorption coefficient
which results in window absorption loss when used as solar cell window material. To avoid such loss, CdS can
be replaced with materials with wider energy band gap as well as lower absorption coefficient, such as the ternary
compound CdixZnS can lead to decrease in window absorption loss. Various techniques such as
electrodeposition [3], chemical bath deposition [4], and close space sublimation (CSS) [5] have been employed
for the synthesis of CdixZnxS thin films. Among these techniques electrodeposition has been used due to its
numerous advantages such as use in large area deposition, easy process control, minimum waste generation and
self-purification of electrolytes. It is reported that, in the deposition of thin films using electrodeposition method
for application in macroelectronic and nanotechnology based devices, parameters such as concentration of ions in
the electrolytic bath, deposition time, electrolytic bath temperature, stirring, pH, electrodes used and applied
voltage play a vital role in the quality of the film produced. If these parameters are optimized, efficient Cd1.xZn,S
thin films which can be applied for different applications will be produced. Among these deposition parameters,
influence of electrolytic solution pH on physic-chemical properties of thin film has not been investigated
adequately. Hence, in this paper, the effect of deposition voltage on structural, optical and morphological
properties of electroplated Cd1-xZnyS thin films is investigated using cadmium chloride (CdCly), zinc chloride
(ZnCly) and sodium thiosulphate (Na,S20s) as Cd, Zn and S source respectively.

2. Results

The structural, optical and morphological properties of Cd1xZnyS thin films grown at three different electrolytic
solution pH (1.8, 2.7 and 3.5) were investigated using glancing incidence X-ray diffraction (GIXRD), Raman
spectroscopy, UV-Vis spectrophotometry, scanning electron microscopy (SEM) and energy-dispersive X-ray
(EDX) spectroscopy. The films are deposited at 85 °C electrolytic bath temperature for 60 min deposition time,
and annealed at 400 °C for 20 min. From the structural measurement it is observed that the films have only
hexagonal phases. With increase in pH the intensity of peaks decrease because of more Zn ions incorporated into
the film. According to optical band gap measurement the band gap increases from 2.43 to 2.55 eV. SEM image
show uniform and densely packed surface morphology while EDX results reveal that increase in pH increases
zinc ions incorporation into CdixZnyS thin film.
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Fig. 16: GIXRD patterns of Cd1.Zn,S thin films grown at 1.8, 2.7 and 3.5 pH
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1. Introduction

Despite the many advantages solar cells have over other forms of renewable energy sources, solar energy
efficiency still has major drawbacks such as energy loss that limit their operation and commercialization. One of
the main reasons for the energy loss is the ineffective utilization of short wavelength photons, especially within
the ultraviolet (UV) region [1, 2] of the sunlight spectrum. Therefore, we have prepared and investigated down-
converting nanophosphors composed of SiO; co-doped with Ce and Th. These nanophosphors act to harvest high
energy UV photons from the sunlight spectrum and down-covert them to low energy visible photons where they
could be conveniently absorbed by solar cell devices and improve their power conversion efficiency. The
phosphors synthesised were incorporated into poly-ethylene-vinyl acetate film (poly-EVA) by dissolving the
poweder phosphors in chloroform with 1 g of the poly-EVA added. The films prepared were dried and later
overlaid on a commercial crystalline silicon (c-Si) solar cell and the photocurrent efficiency of the device was
measured.

2. Results

The scheme in Fig. 1(a) represent the device setup with a layer of EVA film with the nanophosphor, while Fig.
1(b) shows the current-voltage curve measurements for both the plain EVA and the EV A with the silica phosphors
films overlaid on a c¢-Si solar cell. The phosphor films recorded a significantly good transmittance (>76%) and
also displayed a UV absorption capacity compared to that of the plain poly-EVA film. The film that was prepared
from 15 mg of SiO,: 1% Ce, 0.8% Tb recorded an increase in the photocurrent efficiency when overlaid on the
solar cell, while the film with SiO.: 1% Ce, 1% Tb phosphor recorded marginal decrease in the power conversion
efficiency compared to that of the plain EVA film. The effect of a down-converting SiO.: 1% Ce, 0.8% Tb layer
on the power conversion efficiency of the commercial c-Si solar cell device will be discussed.
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Fig 1: (a) c-Si solar cell with EVA-SiO,:Ce, Tb DC layer (b) IV curves of EVA and EVA- SiO,:Ce* , Th**DC layers on c-Si solar cell
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1. Introduction

Recently, many researchers are focusing on the synthesis of different nanocrystals with sizes ranging from 1 to
100 nm. This type of nanocrystals presents interest due to the interesting size-dependent physical, chemical,
electrical, magnetic and optical properties in comparison with those of their bulk crystals [1]. Previous studies
have shown that the mixed oxide ZnO/ZnAl;O4 has excellent stability and much higher photocatalytic activity
than their bulk oxide counterparts [2]. The primary aim of this study is to synthesize a phosphor material based
on mixed oxides for practical applications such as in light emitting diodes (LEDs). This study investigates the
effect of Mn?* on the structure and photoluminescence (PL) of the mixed phases
SrAl,04/Sr3Al,06/ZnAl,04/Zn0:x% Mn?* (0 < x < 2) (SSZZ:x% Mn?*) nanophosphor. The emission channels
associated with the observed PL emissions are also proposed.

2. Results

SSZZ:x% Mn?* nanophosphors were successfully prepared using sol-gel technique. The X-ray diffraction (XRD)
patterns showed that the prepared material is composed of the mixed phases of cubic SrAl,Q4, Sr3Al20s, ZNAIO4
and hexagonal ZnO as shown in Fig. 1. The scanning electron microscope (SEM) showed that the prepared
nanophosphor consists of some nanorods. Energy dispersive X-ray spectroscope (EDS) confirmed the presents of
all expected elements (Sr, Zn, Al, O and Mn). The ultraviolet visible spectrophotometer (UV-vis) results showed
that the band gap of the prepared nanophosphor can be tuned. The PL results reveals that when SSZZ:x%Mn?*
samples were excited with 374 nm wavelength, two emission peaks at 580 and 600 nm (with some shoulders at
414 and 435 nm) were observed. The emission at 580 is due to the presence of oxygen interstitials (O;) within the
ZnO whereas the 600 nm emission is due to the *T14(G) — 8A14(S) transitions of Mn2* [3].
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Fig. 1: XRD patterns of SrAl,04/Sr3Al,0s/ZnAl,04/Zn0O nanophosphor
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1. Introduction

ZnSe is a direct and wide band gap (2.7 eV) chalchogenide material with a large exciton binding energy (21 meV)
[1]. It has wide transmittance range and its excellent transparency to infrared, low dispersion and absorption
coefficient, high luminescence efficiency and highly resistant to thermal shock, make ZnSe an excellent candidate
for lenses, lasers, light emitting diodes, window materials for solar cells and infrared cameras [1]. These properties
could however be influenced by many factors such as deposition method, deposition time, annealing temperature,
annealing time, complexing agent, deposition pH and substrates. Photo-assisted Chemical bath deposition
(PACBD) was adopted in this work based on its numerous advantages found in the literature [2].

2. Results

ZnSe thin films were deposited using photo-assisted chemical bath deposition technique at different time intervals.
Zinc acetate ( Zn(CH;00C),) and sodium selenosulphate (Na,SeS0;) were used as the source of Zn2* and
Se?* ions respectively while hydrazine hydrate ( N,H,. H,0) was used as the complexing agent. The deposited
films were annealed at 300 °C for 2 hours and the structure, morphology and optical properties of the films were
investigated. The X-ray diffraction (XRD) measurement revealed nanocrystalline with peaks indexed to the face-
centered cubic phase of ZnSe according to the JCPDS file n0.800021. Fig.1 shows the XRD patterns of (a) as-
deposited and (b) annealed ZnSe thin films. Average crystallite sizes D (hm) were observed to increase with
increase in deposition time and decreases in size after annealing. The cell parameters were estimated and found
to be in agreement with the standard values according to the JCPDS file no. 80-0021. The scanning electron
microscopy (SEM) revealed uniform grain nanoparticles which gradually turned to nanoflakes as the deposition
time increase. The presence of Zn and Se was detected by energy dispersive X-ray and the elemental mappings
showed uniform distribution of the elements in the films. UV-Vis spectra showed red shift when the deposition
time was increase while the energy band gap and transmittance decrease as the deposition time increased. The
annealed samples showed higher transmittance when compared with the as-deposited. The samples showed two
emission bands in the green and red region of the spectrum. The XRD showed that the crystallinity of the films
increased with increase in deposition time and the materials became more nano-particulates after annealing as
indicated by broader peaks in Fig.1 (b).
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Fig. 17: XRD of (a) as-deposited and (b) annealed samples of the ZnSe thin films deposited at different time intervals
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1. Introduction

In the matter of white light (WL) generation, considerable scientific interest has been recently devoted to the
studies of carbon materials where laser light or electrical current are used for incandescence or light emission.
Experiments have been performed on a number of structures, including carbon nanotubes, fullerenes, graphene,
and graphene QDs, which are being considered as materials for next-generation light sources. The broadband anti-
Stokes white emission was observed for the first time by Tanner in 2010 from fully concentrated lanthanide oxides
[1]. To obtain such emission special conditions such as high power excitation source operating under near infrared
region and reduced pressure are required.

2. Results

The investigations considering WL emission observed from graphene-based materials such as foam [2] or ceramic
[3] are reported. The intense broadband white luminescence was obtained in vacuum atmosphere upon a focused
beam of CW laser diodes operating at various excitation lines, from the visible to the near infrared range (Fig. 1).
It was found that the WL emission from graphene materials was a threshold process exhibiting supralinear
behavior. The intensity was strongly dependent on the surroundings pressure. Relatively low temperature of the
sample was estimated to be around 600 °C. The WL emission was accompanied by efficient photoconductivity
that increased with increasing excitation power density of the laser beam. The possible mechanism of white light
generation will be discussed as a photoinduced, transient, domain-like sp>—sp® phase transitions.

Figure 1. Broadband anti-Stokes white emission observed from graphene upon 975 excitation line in vacuum.
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1. Introduction

Strict regulations are being implemented by the government for environmental monitoring such as air quality in
offices and working spaces, carbon emission and other pollutant emitted into the air by vehicle and industries.
Chemirestive gas sensors based on nanostructured semiconducting oxides such as TiO, are mostly used due to
ease in synthesis and low cost. TiO, nanostructure are known for large surface to volume ratio, high porosity and
electroptical properties that are highly influential to gas sensing [1]. In this work we explore the effect of
morphology, surface area and defect state of hydrothermally synthesized TiO, nanostructure for CO gas sensing.

2. Results

The scanning electron microscope (SEM) images shown in the insert of figure 1 (a) depict the different
morphologies of the hydrothermally synthesized TiO, nanoparticles and nanoflowers. The nanoflowers have a
significantly higher specific surface area and broad distribution in pore diameter of about 95.38 m?g* and 31.44
nm respectively where else the nanoparticles have 71.33 m?g* and 21.52 nm respectively. Increase in intensity of
the emission peak is observed from figure 1 (b). Due to use of hydrothermal method for synthesis, oxygen
vacancies and surface hydroxyl groups are dominant sites for trapped charges. An intense emission peak at 423
nm was observed which signals that the TiO, nanostructures are dominated by surface states compared to excitonic
emissions.
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Figure 1: (a) N, adsorption desorption isotherms. insert: SEM images of the TiO, nanostructures. (b) Emission spectra of the TiO,
nanostructures.
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1. Introduction

Cerium oxide (CeQy) is a rare earth compound with various properties including abundant oxygen vacancy
defects, remarkable redox properties and ability to uptake and release oxygen via the transformation between Ce®*
and Ce**. It has been extensively studied and employed in many applications, including solid oxide fuel cells,
catalysts for CO oxidation and high temperature gas sensors.[1-4] Limited gas sensing studies have focussed on
low operating conditions (ranging from room temperature to 200 °C).[1, 5] In the presence of 10 and 50 ppm
NO; gas responses of 1.7 and 5.5 % were observed for CeO; nanofibers and nanoparticles at room temperature
and 200 °C, respectively.[3, 5] Previous studies have reported that the gas sensing properties, of the metal oxide
based sensing layer, are dependent on the point defects (i.e. oxygen and metal vacancies) and crystallite sizes.[6-
9] In this work, we report on the low temperature gas sensing of as-prepared CeO; nanoparticles that were
characterized using various analytical techniques, including X-ray diffraction, X-ray photoelectron and
photoluminescence spectroscopy (PL) etc., to probe the structure, chemical state, optical band gap and point
defects properties. To give further insight into what governs the gas sensing mechanism of the CeO, nanostructure-
based sensors, the calculated structural and defect properties was then correlated with the sensing performance of
each sensor.

2. Results

A series of CeO; nanoparticles with crystallite sizes in the range of 6 to 8 nm and defect levels below 10 % was
synthesized at room temperature in the presence of various concentrations of ethanol (A-0 mL, B 10 mL, C 20
mL up to F 50 mL).. The band-gap narrowing of around 0.4 eV was observed for the products compared to
reported bulk CeO, attributed to the concentration defects (Ce®* and oxygen vacancies) present in the products.
Upon exposure to various gases at room temperature, the sensors were found to be sensitive to H,S and NO,
compared to previously reported cases. This was attributed to the synergistic effect of the small crystallite size
and concentration of surface oxygen vacancies (Vo), as seen in Figs. 1 and 2. At higher operating temperatures of
100 and 200 °C, improved selectivity was witnessed for the C-CeO2 and F-CeO2 based sensors, respectively. The
observed variation on the optimal operating temperatures among the sensors with the crystallite sizes variation
implied that the gas selectivity is morphology and crystallite size dependent. The D-CeO2 based sensor’s response
towards H,S was dependent on relative concentration of Ce®* and Vo, while the NO, response of the F-CeQ:
based sensor was dependent on the surface area and relative concentration of Vo.
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1. Introduction

Lanthanum oxide (La;O3) and lanthanum oxysulphide (La20-S) have attracted significant research interest due to
their use as phosphor hosts [1,2]. However, it has been difficult to compare their potential because most studies
consider only one or the other. The luminescence from Bi ions in various hosts has recently been surveyed [3] and
Bi ions offer the possibility of replacing expensive lanthanide ions as phosphor activators for certain applications.
Freshly prepared La,Os:Bi emitted slightly stronger blue photoluminescence (PL) emission than La,O,S:Bi
samples, but this host quickly underwent hydroxylation and loss of luminescence when exposed to that
atmosphere, suggesting that La,0,S:Bi is more useful for general PL applications. In the present work,
cathodoluminescence (CL) of the two phosphors was compared and they were assessed for possible application
in field emission displays (FEDSs). Since the phosphor is not exposed to the atmosphere during this application,
bulk hydroxylation of the La>O3:Bi cannot occur. However, electron-stimulated surface chemical reactions caused
by the electron beam are known to induce changes on the surface of phosphors that can lead to CL degradation
[4]. Simultaneous CL and Auger electron spectroscopy (AES) measurements were performed during long term
exposure of the samples to an electron beam to assess the CL degradation and chemical changes on the surface.
X-ray photoelectron spectroscopy (XPS) measurements were also made on the samples before and after CL
degradation.

2. Results

La,0s:Bi and La,0,S:Bi phosphor powders, both having the same Bi doping concentration which was optimized
for blue PL emission, were prepared using citric acid sol-gel combustion and ethanol-assisted solution
combustion, respectively. They were excited by a 2.5 keV electron beam of current 4 pA in a chamber pumped to
a vacuum pressure of 1.3x10® Torr. It was found that after a small amount of initial CL degradation, associated
with removal of contamination from the surface, the La>Os:Bi sample (Fig. 1) remained stable under the electron
beam and it may be suitable for use in FEDs. However, the La>0,S:Bi (Fig. 2) showed continuous and severe CL
degradation and is not suitable for CL applications. During electron beam exposure the AES measurements
showed that there was a decrease in the surface concentration of S, suggesting the formation of a non-luminescent
La,O3 surface layer which was responsible for degradation. However, some S remained on the surface and XPS
spectra revealed that a sulphate, possibly La;0,SO4, was present on the surface, which may have contributed to
the degradation.
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MODELLING THE LUMINESCENCE DUE TO 4f-4f TRANSITIONS
INRARE EARTH BASED MATERIALS: RECENT ADVANCES

Oscar Malta

An overview of our recent work on the nature and behavior of the intraconfigurational 4f — 4f transitions in
chemical environments of controllable characteristics, as well as on non-radiative energy transfer processes
involving trivalent rare earth ions (both ion-to-ion and intramolecular) and their emission quantum yields, is
presented. Perspectives and challenges on this fascinating subject is discussed.
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Red fluoride phosphors such as K,SiFe:Mn** 12 has recently gained a lot of attention as the red component of
white light-emitting diodes (WLEDs). They incorporate [MnFg]? complexes which show a narrow luminescence
band centred at around 630 nm upon blue excitation at 450 nm. Therefore, fluoride phosphors have distinct
advantages over the frequently used Eu?*-based nitride phosphors. The latter suffer from reabsorption issues due
to a rather small Stokes shift combined with broad excitation and emission bands. Moreover, a considerable
fraction of the Eu?* emission in nitrides extends above 650 nm, a spectral region in which the human eye sensitivity
is negligible. The attainable luminous efficacy of a red nitride based wLED is therefore limited.

Despite the excellent optical properties and the high attainable internal quantum efficiency of many fluoride
phosphors, their sensitivity to moisture is hindering their wide-spread commercial use. Several methods have been
investigated in the past to passivate the surface of fluoride phosphorss's. However, common wet chemical methods
lower the efficiency of the moisture-sensitive phosphor after treatment. Moreover, for heterogeneous core-shell
structures, the fluorine terminated surface of the core shows a lack of functional sites (e.g. hydroxyl groups)
inhibiting efficient bonding with typical shell materials.

In this work we investigate the use of atomic layer deposition (ALD) for growth of Al,O3; and TiO- seed layers
that can functionalize the fluoride phosphor surface. The coated phosphors have hydroxyl-saturated surfaces that
are compatible for further bonding with hydrophobic shells. It was found that an Al,O; seed layer cannot
straightforwardly be grown on K;SiFg:Mn**. Pore-formation and blistering led to delamination of the film. In
contrast, conformal layers of TiO, can be grown without delamination. Unlike the uncoated phosphor, the TiO;
coated phosphor could easily be further treated with a hydrophobic adhesive.
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1. Introduction

One of the main factors influencing the low solar to electrical energy conversion efficiency of silicon based solar
cells is due to the loss of energy due to thermalisation [1]. For many years researchers have been looking at using
phosphor materials to alter the solar spectrum in order to enhance the efficiency of solar cells [2]. Although
phosphor are generally available in the form of powders, they serve their greatest potential as thin films.
Y,03:Bi%*, Yb** thin films were synthesised using the pulsed laser deposition (PLD) and spin coating techniques
to study their effects on the morphology and luminescence properties of the thin films. The PLD prepared thin
films were deposited using two different lasers, a Nd:YAG laser (266 nm, 10 Hz and 40 mJ) and a KrF laser (248
nm, 10 Hz and 200 mJ) to investigate how the increased laser powder would affect the surface morphology of the
thin films. The background gas pressure within the PLD chamber and substrate temperature were also varied to
test their effects on the surface morphology and luminescence properties. The spin coating prepared thin films
were synthesised with the aid of the sol-gel technique. The sol-gel preparation method was used to convert the
Y03:Bi®*, Yb** powder into a solution, making it possible to control the viscosity of the gel solution. The thin
films were characterised using X-ray diffraction (XRD), scanning electron microscopy (SEM) and
photoluminescence (PL) spectroscopy.

2. Results

The XRD patterns revealed that the Y,0s3:Bi®",Yb®* thin films were successfully deposited using both the PLD
and spin coating methods. The patterns showed that thin films prepared using the spin coating technique
crystallised as a single phase cubic structure similar to that of the initial powder sample, while films prepared
using the PLD technique contained a mixture of different phases namely the single phase cubic structure and the
monoclinic phase. The SEM images (Fig 1) showed that films prepared using the Nd:YAG laser were rough and
consisted of round particle of varying sizes. The particles were present due to the laser ablation process, which
has an explosive-like nature that causes particles to eject from the target. However, under the same parameters
(background gas and substrate temperature) the KrF laser was capable of producing significantly smoother films
with only a few particles present on the surface. Films prepared using the spin coating technique produced the
smoothest films but suffered from poor adhesion between the film and substrate. The PL spectra indicated that
the smoother films had low emission intensities as compared to the rougher films. This was due to the effect of
total internal reflection, which is more prominent in smoother surfaces.

100°C, 1 hr 102 mTorr 3 Coats

x5,000 15.0kVLED SEM WD 10.0 mm == 1um x 10,000 15.0kVLED SEM WD 10.0 mm wesm 1pum x100 10.0kVLED SEM WD 10.0 mm mwmmm 100 pm

Fig 1: Surface morphology of thin films prepared using, (a) a Nd:YAG laser,(b) a KrF laser for PLD and (c)
the spin coating technique.
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1. Introduction

The binary In,Gai-xAs alloy, with an bandgap that can be varied from 0.36 to 1.425 eV, finds many applications
in semiconductor optical devices such as lasers, photodiodes and detectors with important applications in optical
fibre communication systems [1,2]. Knowledge of the refractive index n is hence essential for the design of such
optical devices. A recent literature survey yielded only limited information about the refractive index of InyGas-
¥As in the infrared region, and an assessment of theoretical models to calculate the refractive index was performed
[3]. Results of the theoretical models were extrapolated to the infrared range, and a preliminary indication of the
value of possible theoretical models when compared to available experimental results was obtained.

The current investigation reports on a further evaluation of the refractive index of InxGai-xAs as obtained from
simulations of the reflectance spectra obtained from a range of samples with varying indium content. InsGai-xAs
epilayers of various compositions were grown by metalorganic chemical vapour phase epitaxial deposition
(MOCVD) on n* and semi-insulating GaAs substrates orientated 2° off (001) towards <110> at deposition
temperatures of 610 - 690°C. The compositions were determined using photoluminescence (PL), while layer
thicknesses were determined from capacitance-voltage (CV) measurements and Nomarski interference
spectroscopy [4]. Infrared reflectance spectra of the InxGai-xAs epilayers were measured using a Magma 550
FTIR spectrometer with horizontal stage reflection attachment, which allowed for near-normal angle of incidence,
taking 200 scans at a resolution of 8 cm™®. A front surface Al mirror was used as reference. Theoretical reflectance
spectra were simulated using the multi-oscillator [5], one and two epilayers models [6]. BMPD®, a nonlinear
regression statistical software package, was employed for curve fitting to obtain the best fit between theory and
experiment. These simulations allowed for an evaluation of the refractive indices obtained, while a final
assessment was found from determining the epilayer thicknesses from interference fringe analysis [7].

2. Results
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1. Introduction

Nickel oxide (NiO) is one of the transition metal oxides, it has a wide optical band gap between 3.6 and 4.0 eV
[1] and it crystallizes in the cubic rock-salt structure. Stoichiometric NiO is an insulator, it has a resistivity of
about 10%2 Q.cm therefore has not been used extensively as a semiconductor. P-type conductivity in NiO has been
attributed to nickel vacancies or oxygen interstitials. Due to interesting properties of nickel oxide such as chemical
stability, wide and tunable optical band gap, transparency and p-type conductivity, it has been found suitable for
use in many applications such as electrochromic display, p-type conducting oxide, active layer in chemical sensor,
hole transporting layer in solar cells, ultra violet detectors, light emitting diode and photoelectrolysis.

Several methods have been used to produce thin films of nickel oxide; such methods include sputtering, thermal
evaporation, electron beam evaporation, pulsed laser deposition, chemical bath deposition, sol-gel spin-coating
and dip-coating and spray pyrolysis. Properties of these films that make them suitable for specific applications
depend on conditions and techniques of deposition [2]. Some of the advantages of sol-gel over other methods
include simplicity, low cost, low temperature of deposition and ease of control of the microstructure of the
deposited film.

NiO thin films have been produced through sol-gel spin coating method by many research groups. Hydrated nickel
acetate being a common precursor, 2-methoxy ethanol and monoethanolamine (MEA) are often used as solvent
and stabilizer respectively. The films are usually subjected to two thermal processes during fabrication: drying to
evaporate organic solvents and annealing for the transformation of precursor or any intermediate products formed
during drying into NiO. Three temperature regions have been identified in the thermal decomposition of hydrated
metal acetates: (a) temperature of dehydration (80 — 130°C), temperature at which intermediates are formed (105
—230°C) and the decomposition temperature at which intermediates are converted to final products (100 — 440°C)
[3]. To the best of our knowledge, there is no report on the effects of thermal processing on the properties of NiO
thin films. In this study, effects of different temperature of drying and annealing on structural optical and electrical
properties of nickel oxide thin films deposited on glass substrates were investigated.

2. Results
The XRD patterns of the films (a) dried at 160°C (b) dried at 200°C and (c) dried at 250°C are shown in Figure 1.
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XRD patterns of the films (a) dried at 160 °C (b) dried at 200 °C and (c) dried at 250°C.
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1. Introduction

ZnO is a promising tunable wide band gap semiconductor for ultraviolet (UV) and visible light optoelectronics
applications. Because of the simple and low production costs, ZnO nanoparticles have a lot of potentials
applications for light emitting diodes (LEDs), solar cells and luminescence materials. Herein, a simple, high yield
with superior quality, refluxed sol-gel method is used to prepare ZnO for solar cell application by varying the
percentage of solvent volume ratio of ethanol to water from 0:1 to 1:0. It is known that solvent type and volume
ratio significantly affect the morphology, structural and photo-luminescence properties of ZnO[1]. For this study
XRD, SEM with EDX, UV-Vis spectroscopy and photoluminescence measurements were taken to investigate the
properties of the produced material.

The size of nanocrystallite ZnO is calculated from XRD measurement results using Scherrer equation[2]
D KA
Beos(6p)

where A is the wavelength of the incident x-ray (1.5406 A), K is Scherrer constant (0.9) and £3 is the full width
at half maximum of the given plane with the corresponding angle 9[;

1)

2. Results

All the prepared ZnO samples have spherical and nanorod like structures in their morphology (Fig. 1) and pure
single phase hexagonal wurtzite in structure. The crystallite size varies from 23.20 to 18.68 nm by changing the
amount of ethanol in solvent from 0:1 to 1:0 and the average lattice parameters are calculated as a=0.3246 nm and
¢=0.5202 nm. The room temperature PL spectra in Fig. 2 showed that both near bandgap emission(NBE) at around
380nm and Deep Level Emission(DLE) between 432 and 628 nm centered at 539 nm are displayed with the
excitation wavelength of 248.6nm from NeCu laser source. The ratio of the intensities Inge t0 IoLe decreases as
the amount of ethanol increases in the solvent. Both NBE and DLE of the prepared ZnO samples were blue shifted
and the the emitted photon energy also increases from 3.23 to 3.27 eV as ethanol amount increases in the solvent.
The Free and donor-bound excitonic emissions also studied using low temperature PL measurements and quantum
quenching effects are observed from the results. The result from UV-Vis measurement also showed that the energy
band gap increases with increase the volume of ethanol in the solvent solvent. Thiis result also consistent with
XRD results.
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Fig. 1: SEM image of sol-gel synthesized ZnO with 0:1 Fig. 2: PL spectra of refluxed sol-gel synthesized ZnO at
ethanol to water solvent volume ratio. varying ethanol to water solvent volume ratio.
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Influence of annealing temperature on structural, morphological and
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1. Introduction

Tin oxide(SnOy) is a wide band gap n-type semiconductor. Its unique optical and electrical properties makes it
very useful in many fields such as gas sensor, lithium ion storage batteries, optoelectronic devices, etc. The
practical performance of SnO; is dependent on its crystallinity, morphology, crystallite size, crystal defects and
surface properties[1]. These properties can be tuned by varying synthesis methods and conditions. A number of
factors such as solution PH, reaction time, dopant material and type of solvent affect the properties of synthesized
SnO; nanostructures. In addition, the structure , morphology and optical properties of the tin oxide nanoparticles
can be effectively modified by the process of annealing [2]. In the present work, a rutile tetragonal phase SnO-
nanoparticles were synthesized by the reaction of SnCl».2H,0 in DI water via sol-gel method and the Tin oxide
nanopowder was annealed at various temperatures(400°c-800°% ) to investigate the modification in their
properties.

= 1
Bcosb ()
where D is average Scherrer crystallite size; / is X-ray wavelength (A=1.5406A); k is shape factor (0.9) ; 8 is
full width at half maximum of the diffraction peak in radians and @ is Bragg diffraction angle.

2. Results

The microstructural changes, surface morphology, compositional and optical properties of SnO due to thermal
annealing were studied by using different characterization techniques. The XRD result showed well crystallized
single phase tetragonal rutile structure of all SnO, samples. The average crystalline size was calculated from the
Debye-Scherrer’s equation (eqn.1) and it was found to increase with increasing annealing temperature. The
Williamson—Hall plot confirms the strain value decreases whereas the particle size increases with increasing
annealing temperature. The obtained values for the lattice parameters a and c are in good agreement with the
reported values (JCPDS card no. 72-1147). The SEM image(Fig.3) showed nearly spherical and some
agglomerated nanostructures that increase in size with annealing temperature. The EDX analysis showed that our
samples are purely Tin and Oxygen. Optical properties of the nanoparticle were studied by means of UV-vis
spectroscopy. The band gap energies were calculated using Tauc’s method and it was found to decrease from
3.68eV to 3.43eV/(Fig.2) with the increase of annealing temperature. The photoluminescence measurement result
revealed that both UV and visible emissions were displayed at excitation wavelength of 280nm. The PL spectra
revealed five different emission bands including strong ultraviolent emission peaks at 363.7 nm and 383.7nm
along with a weak band edge emission peak at 345.4nm, a violet emission peak at 410.2nm and a shoulder peak
at 393.3nm.
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1. Introduction

Tin Oxide (SnO,) is n-type wide band gap semiconductor which possesses good electrical, optical and
electrochemical properties. Due to these properties SnO, nanoparticles have been used for numerous practical
applications such as solar cells, field-effect transistors, lithium batteries, transparent conductive electrodes, photo
conductors, gas sensor etc [1]. The crystallite, morphology, crystallite size, crystal defects and surface properties
influence practical performance of SnO,. These properties can be tuned by a number of factors such as solution
PH, reaction time, reaction temperature, solute concentration, dopant material type of solvent, etc. In this work,
tetragonal phase polycrystalline SnO, nanoparticles of nearly spherical morphologies were synthesized using
simple sol-gel method. The PH value of the solution was varied from 6-11 and its influence on structural,
morphological and optical properties of SnO, nanoparticles was studied.

1 _hz+k2+l2 )
diy @ c?
Where dj,;, is the inter planer spacing given by the Bragg’s law (nd= 2dna sin(Gna)). n is the order of diffraction
(usually n =1 for first order and h, k and I are Miller indices).

2. Results

The XRD result indicated that all samples were well crystallized tetragonal rutile structure with strong peaks of
(110), (101) and (211) plane. The lattice parameters (a=b, and c) for the tetragonal phase structure was calculated
from the XRD peaks using equation (1).These values are in good agreement with the reported values (JCPDS card
no. 72-1147). The SEM image (Fig.2) showed nearly spherical and some agglomerated nanostructures which
changes with the PH of the solution. The average crystalline size was calculated from the Debye-Scherrer’s
formula and it was found to increase with increasing PH of the solution. When the solution PH increases further
to 11.6 the crystal size was found to decreases. The optical properties of the nanoparticle were characterized by
means of UV-vis spectroscopy. The band gap energies were calculated using Tauc’s method and it was found to
decrease when the PH increases. The observed variation of the band gap is attributed to the structural defects
arisen during synthesis of SnO; nanoparticles, giving rise to the allowed energy states near the conduction band.
The EDX analysis showed that our samples are purely Tin and Oxygen. Room temperature photoluminescence
measurements are made at an excitation wavelength of 280 nm. The PL spectra showed strong and weak emission
peaks in the UV and Visible regions. These peaks are attributed to a recombination of free excitons and defect
energy levels originated due to oxygen vacancies and Tin interstitials present in the band gap [2].
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Fig. 21: The XRD patterns of SnO, nanoparticles Fig 2. SEM image of nanocrystalline SnO, samples at
synthesized at different solution PH solution PH of 9.65
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1. Introduction

3C-SiC is used as containment layer in the TRISO particles used in the new generation nuclear reactors [1]. It is
a potential material for wall protection of fusion reactors due to its chemical and environmental inertness as well
as its impeccable irradiation stability [2]. The knowledge of the contributing factors to the reflectivity of such SiC
wafers is imperative for the understanding of the operating tendencies of these wafers in nuclear reactors. IR
reflectivity data was obtained to observe any existing trends when 3C-SiC is irradiated at various fluences and
irradiation temperatures.

The ongoing investigation reports on the assessment of the reflectivity spectra obtained for 3C-SiC samples of
various neutron fluence and irradiation temperatures and their reflectivity of electromagnetic radiation and if there
exists any correspondence to the grain size of the sample irradiated. Sample reflectivity, surface roughness and
grain size were all measured both prior and post-polishing of the samples. Analysis of data preliminary suggests
that for the initial samples tested, that a trend persists between average grain size and maximum reflectivity of the
sample. While no coherent trend exists between reflectivity and irradiation temperature, nor between reflectivity
and fluence. Measurements of maximum reflectivity were performed using Bruker 80V FTIR/Raman
spectrometer taking 32 scans at 8cm™ resolution. Grain size determination was performed using a Scanning
Electron Microscope and surface roughness determination was performed using CSM Instruments Nano-indenter
fitted with an atomic force microscope (AFM). Testing for similar trends is underway for additional samples.

2. Results
Reflectivity as a function of irradiation temperature and surface roughness (post-polishing), alongside the
relationship between average grain size and reflectivity is shown in Figure 1.
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Figure 22 - Correlations between maximum reflectivity and surface roughness, grain

size as a function of irradiation temperature. V-shaped curves for both maximum
reflectivity and average grain sizes indicated a coherency between the two.
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1. Introduction

Rare earth elements like europium (111) are important in this this study of doping zinc oxide (ZnO) nanoparticles
because they can efficiently adjust their electrical, optical and luminescence properties, and result in various
applications of ZnO based nano particles [1]. ZnO semiconductors are of much interest because of its attractive
optical properties based on its direct wide band gap of 3.37 eV. Undoped ZnO, Eu®* or Ce**doped and co-doped
were synthesized by chemical bath deposition method (CBD) at synthesis temperature of 80 °C and the entire
sample where annealed at 800 °C for two (2) hrs using furnace.

2. Results

The co-doped ZnO powders have the aggregated flower-like particles making it to have irregular particle
structures. UV-Vis reflectance spectroscopy displays a slight red shift in singly doped ZnO with reference to
undoped ZnO. The photoluminescence results showed that undoped ZnO exhibit luminescence band around 620
nm. The emissions decreased with Ce3* doping while increased with Eu3* doping. The peaks observed at around
580, 533 and 465 nm might be due to the respective electronic transitions of 5Dy — "Fo, °Do = "F1, °Dg — F2 and
Dy — F4 that correspond to the Eu®* intra-4f transitions presence. The luminescence of the co-doped
nanoparticles were more efficient at lower excitation wavelengths of 217 and 386 nm.
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Fig3ure 23. UV;Vis reflectance spectra of ZnO, ZnO:1 % Figure 24. PL spectra excitation (em = 622 nm) and
Ce and_ Eu’* doped ZnO co-doped with various emissions of ZnO: 1 % Ce3 2 % Eu3* at various
concentrations of Eu®* excitation
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1. Introduction

Carbon and oxygen complexes are common defects in silicon and are well investigated by DLTS as well as studied
theoretically by means of density functional theory (DFT) using the generalized gradient approximation. However, some
of these defects were not yet investigate by means of hybrid functional. In this work we used DFT with the Heyd,
Scuseria and Ernzerhof hybrid functional to investigate the formation energy, binding energy, and the thermodynamic
transition energy levels of the O;H;, C;0;H;, C.C;H;, C;0;, and C,0;H; defect complexes.

2. Results

All the complexes had positive binding energy for the neutral charge states, indicating that the defects are stable. We
found that the oxygen interstitial was more stable at the bond center, while the hydrogen interstitial had a lower energy
in the tetrahedral site and was found to shift the defect levels to the conduction band, thereby passivating the defects.
The results were compared with the available experimental data and a reasonable agreement was found.

For O;H; (1/0) and (0/-1) as found at E. — 0.08 eV and at E; — 0.36 eV which was compared to the measure value
of (1/0) and (0/-1) at E; — 0.17 eV and at E; — 0.68 eV [1]. For C;0;H; (0/-1) defect level was at E,, + 0.28 eV
which is very close to the same level measure at E, + 0.38 eV [1]. For C,C;H; defect (1/2) defect level was
calculated at E,, + 0.19 eV, and for C4C; (0/-1) is measure at E, + 0.79 eV [2], for C4C; there is no any donor level
reported but when hydrogen is passivated the acceptor levels disappears and a donor level appears as above. For
C,0; with the oxygen at the bond center (1/2) and (0/-1) defect levels are calculated at E, + 0.06 eV and E;, + 0.89
eV, but when hydrogen is introduced the (1/2) and (0/-1) defect levels shift to E,, + 0.26 eV and E, + 0.95 eV.
Finally for C;0; with the oxygen at the tetrahedral site (1/0) defect level was calculated at E;, + 0.67 eV and when
hydrogen is introduced the (1/0) defect level shifts to E,, + 0.9 eV.
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Fig. 25: The thermodynamic stable region of the defect complexes as a function of Fermi energy
is presented above (The formation energies are calculated at zero Fermi energy).
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1. Introduction

Group IlI-nitride semiconductor materials such as GaN, AIN and InN are promising materials since their properties
are ideal for use in optoelectronic devices, high power and high temperature electronic devices. These materials have
wide energy band gaps between 1.9 to 6.3 eV and, for electronic applications, these materials are usually synthesised
by means of chemical vapour deposition or molecular beam epitaxy, however, recently K. al-Heuseen and M.R.
Hashim (J. Cryst. Growth 324 274 (2011)) investigated room-temperature electrochemical growth . In this study, room
temperature electrochemical deposition has been used to synthesis GaN on Si (100) as well as ITO glass with the aim
to determine its electrical properties. Different voltages and deposition times were used with a mixture of gallium
nitrate and ammonium nitrate as electrolyte.

2. Results

The XRD results of GaN thin films grown under the different conditions are shown in Figure 1. Sample a and b were
prepared at room temperature at an electrodeposition current of 3 mA for 3 and 12 hours respectively. Sample ¢ was
prepared at room tempreature at 2 mA for 3 hours. The XRD analysis showed the presence of hexagonal and cubic
structure with crystallite sizes ranging from 130 to 600 nm. Figure 2 and 3 depict the AFM and SEM images, however,
the results varied with growth conditions and substrate.

The band gap of the thin films as determined by UV-vis spectroscopy varied from 3.30 eV to 3.48 eV. Resistivity, as
determined by four point probe measurements varied from 1.2x107to 9x10-*ohm.cm. Good quality Schottky diodes
could be fabricated on the material and DLTS measurements were performed. Figure 4 shows the DLTS spectrum of
a sample grown on Si before and after irradiation by a-particles.
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1. Abstract

ZnO/TiO. nanostructured composites were synthesized via the facile sol-gel route in varying molar-based sol ratios
of ZnO/TiO; ranging 1:3, 1:2, 1:1, 2:1 and 3:1 (v/v) leading to gel formation and subsequent drying at 100°C for
2hours. A similar synthesis procedure was applied for pure TiO» as well as bare ZnO nanoparticles for comparison
purposes. The nano-structural crystallinity measurements for the powder were determined by the XRD diffraction
technique for 20° < 26 < 70° whereas the Scanning Electron Microscopy (SEM) was used for the analyses of the
nanomorphological images for grain size and shape. Further characterization on the samples was done by various
techniques such as the Diffuse Reflectance UV-vis Spectroscopy (DRS) for the reflectance data in 200nm <A <600nm
range, the Photoluminescent (PL) emission spectroscopy and the Fourier Transform Infra-Red (FT-IR) for the
molecular vibrational bending modes the range 400-4000 cm-. The obtained Physicochemical characterization results
indicated a direct influence of Zn:Ti ratio on the Microstructural, Morphological, Optical properties as well as the
Photodegradation performance of the composites. The XRD revealed a strong peak at 20 = 24.96° indicating
crystallization of the TiO; anatase phase with more peaks at 31.77, 34.42 and 36.25 corresponding to the ZnO wurtzite
structure thus a confirmation of the mobilization of ZnO nanoparticles on TiO,. The crystallite size estimated by
FWHM ranged between 40 to 50 nm which agreed with the values in literature. The SEM images for the lone ZnO
revealed aggregates of ZnO granules while those of TiO, had smaller particles with enlarged conglomerates. Obvious,
ZnO/TiO, composite was an express combination of both ZnO and TiO, morphologies. Further study carried on the
particle distribution of TiO, particles in the mixture of aggregated ZnO granules noted that as the ratio approached
ZnO:TiO, = 1:3, the TiO; particles gained fairly uniform distribution with uniform spherical shapes. The elemental
composition per atomic percentages was further confirmed via the Energy Dispersive X-ray Spectroscopy (EDX).
This was supported by the FT-IR analyses as evidence of strong hybridization of the composites. Compared to either
the pure ZnO or TiO, samples, the composites revealed a stronger absorption in UV combined by a slight shift towards
the visible range and a variation of band gap depended on the ratio of Zn to Ti attaining Eq = 3.24eV for Zn:Ti = (1:3).
The composites showed enhanced photocatalytic degradation compared to either bare TiO2 or pure ZnO with the
highest activity being ZnO:TiO, = 1:4. This is as a result of the band gaps for ZnO and TiO- being nearly similar at
3.37eV and 3.2 eV respectively, meaning a possible electrons transfer from the ZnO conduction band to that of TiO»
with concurrent hole transfer from TiO, valence to that of ZnO hence efficient charge separation and reduced
recombination thus increased charge carrier life time.

2. Results
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1. Introduction

Optimized ratios Zn:Ti (1:3) of ZnO/TiO, nanocomposites were synthesised via the sol-gel technique by direct mixing
of ZnO and TiO; sols at room temperature, followed by gelation, ageing and subsequent drying. Heat treatment was
done by annealing the samples at temperatures; 500°C, 600°C, 700°C and 800°C. The structural changes provoked by
thermal treatment at different temperatures were characterized by the X-ray Diffraction (XRD) Spectroscopy for phase
detection, Scanning Electron Microscopy (SEM) for grain size and surface morphology as well as the Energy
Dispersive X-ray Spectroscopy (EDX) for the percentage elemental composition. Optical properties were determined
by Diffuse Reflectance UV-vis Spectroscopy (DRS) while the Photoluminescence Emission spectroscopy (PL) used
detect defects hence quality of the samples. The photodegradation mechanisms were carried out by determination of
the decomposition rate of Methyl Orange (MO) dye through decrease in absorbance peak intensity with time. XRD
revealed the crystalline phases for both ZnO and TiO; indicating hybridization for the two composites. Further,
annealed samples observed more intense peaks due to temperature induced crystallization compared to as-deposited.
SEM results for annealed powders at different temperatures differed from as-synthesised in their surface morphology
namely grain size and shape. Different ZnO/TiO, heat treated systems at various temperatures reveal agglomerates
with spherical primary particles of less than 100 nm with less distinct edges compared to those annealed at > 600°C.
The nature of the composites as depicted by EDX portrayed the expected elemental percentages at a lower temperature
with alteration that may be attributed to carbon decomposition of solvent remnants for post annealed at 600°C, 700°C
and 800°C. The reflectance spectra for ZnO-TiO; resembled that of ZnO and TiO; with sharp decrease in spectra at
about 367nm and 380nm owing to the individual fundamental absorption band edges with a slight shift in optical
absorption edge at about 380nm redshifted for the ZnO and blue shifted with respect to TiO. absorption edges.
Compared to as-synthesised, annealed composites revealed a slight decrease in band gap with lowest as 3.18eV most
probably attributed to Zn tuned Eq of highly concentrated TiO, in the composite. Photodegradation of MO conducted
by the application of the composite powder under UV irradiation indicated enhanced performance with increase in
calcination temperatures. This could be attributed to increased surface area with annealing temperatures associated
with spheroid shape of the grain in line with SEM results.

2. Results
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Fig. 27: SEM image for ZnO/TiO, nanocomposite Fig. 2: SEM image for ZnO/TiO,
annealed at 500°C nanocomposite annealed at 600°C

3. References

[1] C. Ashok and K. V. Rao. Superlattices and Microstructures. 76 (2014) 46-54.

[2] J. Wang, W. Mi, J. Tian, J. Dai, X. Wang, and X. Liu. Composites: Part B. 45 (2013) 758-767

[3] T. Ivanova, A. Harizanova, T. Koutzarova, and B. Vertruyen. Journal of Non-Crystalline Solids. 357 (2011) 2840-2845

61



The influence of post heat treatment on the morphological behavior and
particle sizes of nano-crystalline TiO> for solar cell applications

Malevu TD

School of Chemistry and Physics, Westville Campus, University of KwaZulu-Natal, Private Bag X54001, Durban 4000, South Africa

Corresponding Author:MalevuT@ukzn.ac.za

1. Introduction

The current, high interest in the nanostructures of titanium dioxide (TiO>) is being driven in part by the abundance of
low cost processing methods, which have been shown to impact the resultant morphology, and in part by the fact that
a given technology device may perform better when built using a given morphology. The importance of morphology-
differentiated behavior is only now being understood. For these reasons, TiO, nanostructures are finding applications
in photocatalytic processes, photovoltaic and photonic and other sensors [1-3]. In the present work, we have
successfully synthesized TiO, nanocrystals that have exposed {001} and {101} facets using a hydrothermal method.
The influence of post heat treatment on the morphological behavior, particle sizes and thermal stability was
investigated.

2. Results

In this study, four samples having different morphologies were used. It was found that the micrographs suggest that
synthesized nanostructures are good candidates for solar cell applications because large crystalline islands and the
associated large, spatial gaps are thought to improve film uniformity and quality over wider expanses of the surface.
Fig. 1 shows SEM images of TiO- structures of annealed at 600 °C with exposed {001} and {101} and Fig. 2 shows
the corresponding HR-Tem images. Other physical properties like crystal structure, chemical and optical the
properties including XRD, PL, UV-Vis transmittance and absorbance will be discussed.

SEM HV: 5.0 kV. WD: 13.48 mm
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Fig.1: SEM image of TiO, structures. Fig.1: HR TEM image of TiO, with exposed {001}
and {101} facet
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1. Introduction

The Au Schottky contacts were sputter deposited on Si-doped n-type GaAs at a power of 150 W at Ar pressure of 8 x
102 mbar with a DC bias for 5 minutes, for two different carrier density samples (1.0 x 10> cm= and 1.0 x 106 cm’3).
The diode properties were studied by I-V and C-V measurements. The electrical properties of the sputter induced
defects were measured by DLTS and Laplace DLTS.

2. Results

From DLTS spectra we observed five defects (S1, S3, S4, S5 and S6) as shown in Fig. 1, however from Laplace DLTS
results we found that there are six defects because one of them have two components, which we labeled S6a and Séb.
According to the results there are three defects which are metastable (S1, S3 and S5). From the Arrhenius plots we
calculated the energy levels and apparent capture cross sections of all defects, found that these defects do not have
same origin as electron irradiation induced defects. Interestingly, two of the metastable defects (S3 and S5) are similar
to sputter-etching induced defects reported by Venter et al. [1] and nitride encapsulation [2]. The depth profile, electric
field (Fig. 2) and real capture cross section measurements were performed to characterize the electrical properties of
these defects.
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1. Introduction

Zin oxide (ZnQ) is a wide band gap material with advantages such as large exciton binding energy, high conductivity,
high thermal stability in hydrogen plasma atmosphere and high chemical/physical stability [1]. ZnO thin films have
been deposited with a number of different techniques such as atom beam sputtering, pulse laser deposition (PLD),
radio frequency magnetron sputtering and sol-gel spin coating. Among these techniques, the PLD is preferable and
provides unique growth of oxide material due to the oxygen plasma created by the pulsed laser, is very energetic and
its density is easily controllable by the oxygen pressure [2]. Doping of ZnO with selective elements has become an
important route for enhancing and tuning optical, electrical, and magnetic properties, which are usually crucial for
their practical applications. It is well known that rare earth (RE) ions are better candidates as luminescent centres
because their special 4f intra-shell transitions usually have rich spectral lines. The density of the oxygen vacancy in
ZnO was easily controlled by varying the oxygen partial pressure during film deposition. In this work, we investigated
the effect of oxygen partial pressure during PLD on the structural, morphological and optical properties of ZnO:Eu®*
thin films. A new approach is reported in this work by controlling the oxygen vacancy in the ZnO and by merging the
red emission of Eu®* for white light application.

2. Results

The XRD peaks of ZnO:Eu®* films prepared by the PLD technique at different oxygen partial pressures were found
to be oriented along the (002) plane. This is in line with the characteristics of the hexagonal ZnO wurtzite structure
where the c-axis is perpendicular to the substrate plane. The three dimension atomic force microscopy (AFM) images
of the ZnO:Eu®* films deposited at different oxygen partial pressures on the Si (100) substrates are shown in Fig. 1.
The surface roughness of the ZnO:Eu®* thin film changed severely with a change in the partial pressure during the
deposition of the films by PLD. The defect related emission due to oxygen vacancy/interstitial varied with oxygen
partial pressure during deposition of the films, as confirmed by photoluminescence results. The oxygen partial pressure
influenced the structural and optical properties of ZnO due to the oxygen defects in the ZnO thin films and is directly
correlated to the deposition partial pressure [3].
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Fig. 29: The effect of oxygen partial pressure on the morphology of ZnO:Eu®* thin films prepared by
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1. Introduction

The conversion of solar energy of water into clean fuel hydrogen (H.) is a promising approach for sustainable energy
production and storage. Molecular hydrogen (H) is considered an ideal candidate as an energy carrier to be used as
an alternative to fossil fuels. In nature, natural hydrogenases (H;ases) have unique active sites with earth abundant
elements (such as Fe, Ni) able to catalyze the reversible reduction of protons to H, with remarkable catalytic activity.
By mimicking nature, scientists have been working hard to develop artificial photosynthetic systems using [FeFe]—
Hoase mimics for photocatalytic H, generation. Most photocatalytic systems for the H, evolution consist of a
photosensitizer, a catalyst, and a sacrificial electron donor to provide electrons. [FeFe] hydrogenases are known to
have very high catalytic activity. For these reasons and due to the fact that the synthetic chemistry is relatively well
established, we focus on the catalysis process of [FeFe] hydrogenases for sustainable production of hydrogen. The
challenge is to overcome the troublesome negative reduction potential of [FeFe]-Hzase mimics for proton reduction
[1]. In addition, typically photosensitizers are based on rare and expensive transition metal complexes with insufficient
stability during photocatalysis to achieve high performances [1].

Quantum dots display unique size-dependant optoelectronic properties, high photostability, broad absorption in the
visible domain, multiple exciton effects and efficient charge separation,[14-16] have been recently combined with
[FeFe]-Hzase mimics. However, most systems most of these ‘‘hybrid’’ systems use toxic and heavy metal-based
quantum dots such as CdS, CdSe and CdTe, limiting their practical utilization. A promising alternative is to replace
these molecular photosensitizers with semiconductor nanocrystals and to employ them in combination with noble
metal-free H,-evolving catalysts. CIS QDs are very well-suited for visible light-driven photocatalysis with a band gap
of 1.55 eV for the bulk, a broad size-tunable absorption spectrum in the UV-visible range combined with a high
absorption coefficient and long-living excitons [2-3].

In this work, we have investigate a hybrid assembly for photocatalytic H, evolution in water with CulnS/ZnS QDs as
visible-light-absorbing photosensitizers for photocatalytic H, generation in combination with a molecular [FeFe]-
Hase mimics Hz-evolving catalyst.

2. Results
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Fig. 30: PL emission spectra of CuInS, and CulnS-Fe Fig. 2: CVs of a [Fe,S,(CO)e in the presence of
assembly nanocrystals, recorded in water/dcm at room acid of 1-10 molar equivalents, scan rate 0.25
VIs, glassy carbon electrode.
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1. Introduction

Upconversion (UC) films are widely used in photovoltaic cells, optical storage discs and luminescent screens for
optically written displays [1]. Several attempts have been made to develop UC luminescence films using different
preparation techniques with various lanthanide activated materials. In this study, SrWO4:Er®*-Yb%* thin films were
prepared by the radio frequency (RF) magnetron sputtering method. Previously we reported UC emission
characteristics of SrWO4:Er®*-Yb** powder phosphor for optical thermometry [2]. The strong visible emission excited
by near infrared (NIR) excitation of this phosphor, prepared by the solid state technique, encouraged the present study.
Thin film deposition by RF magnetron sputtering is cost-effective and produces controlled uniform deposition over
the entire surface. High purity (99.9-99.99%) precursors WQOs, SrCOs, Er,Oz and Yb,0s3 (purchased from Sigma
Aldrich) were used to prepare SrWO4:Er®*-Yb3* powder which was used to make a target for producing the thin films.
The base pressure was 9.6 x 107° Torr and the chamber was back filled with argon gas to a pressure of 3.7 x 1072 Torr.
The RF power was varied from 160 to 240 W and the deposition time was fixed.

2. Results

The prepared films were characterized by X-ray diffraction (XRD), atomic force microscopy (AFM) and UC
photoluminescence (PL). The XRD study showed the tetragonal phase of SrWO, with improved crystallinity at higher
RF power. The 3D AFM images of the films prepared at different RF powers are shown in Fig. 1. The images
demonstrate the homogeneity of the grains on the surface and the increase of grain size with RF power. The UC
emission spectra of the films prepared at different RF powers were measured under identical conditions upon 980 nm
laser excitation as shown in Fig. 2. Three emission bands were observed and assigned to the 2H11/2/*Ssz—*1152 (two
green bands) and *Fg2—*l152 (one red band) transitions of Er®* ions. By comparing the UC spectra, the maximum
intensity was observed in the case of the 240 W RF power. The origin of the green and red UC emissions is explained
on the basis of pump power dependence and a schematic energy level diagram.
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Fig. 31: 3D AFM image of SrWO,:Er**-Yb® thin films Fig. 2: Comparison of UC emission spectra of
prepared at 160, 200 and 240 W RF powers. SIWO,:Er¥*-Yb®* thin films prepared at different RF

powers.
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1. Introduction

Recently, Zinc Gallate (ZnGa204) with a cubic spinel structure has been an attractive rare earth free phosphor material,
due to its stable luminescent properties in the blue and ultraviolet region. It has a bandgap energy of 4.4-5.0 eV [1].
ZnGa 04 exhibits superior chemical and thermal stability under high electric field and high vacuum conditions, and it
is explored for wide applications ranging from vacuum fluorescent display (VFDs), field emission displays (FEDs) to
electroluminescent devices (ELDs) [2]. The luminescence of the material, originates from the corner sharing GaOs
with an appreciable number of defects, which lead to the displayed defect emission [3]

In this work we employed solid-state chemical reaction technique to synthesize ZnGa,O, particles, and they were
produced by mixing/milling stoichiometric amounts of ZnO and Ga,O3; ingredients followed by thermal treatment at
1200 °C for 8 hours. Optical properties were propped using the UV-vis-NIR absorption, Photoluminescence (PL) and
Thermoluminescence (TL) spectroscopic techniques. The band gap of 4.68 eV was approximated from diffuse
reflectance spectra using the Kubelka-Munk model. Thermoluminescence measurements were carried out and proved
that the electron trapping and detrapping mechanism followed the general-order kinetics. Several methods were used
to determine the depth of the electron trapping centres.

2. Results

The X-ray diffraction pattern (Fig. 1) showed that ZnGa.O4 was successfully synthesized into a single phase, with the
diffraction peaks corresponding to JCPDS 38-140 card number. Fig. 2 presents a 3-D emission spectrum of ZnGa,04
recorded after exciting the sample with several different wavelengths. The spectra show two broad peaks; a strong
blue emission centered at 528 nm and a relatively weaker peak centered at 704 nm. The Blue emission originates from
self-activation center of Ga-O octahedral group.
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Fig. 32: X-ray diffraction pattern of ZnGa,O, prepared Fig. 2: 3-D Photoluminescence
by solid-state chemical reaction at 1200 °C for 8 hrs. emission spectrum of ZnGa, 0.
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1. Introduction

Considering the growing importance of energy saving and environmental friendliness, rare-earth ions (RE) and
transition metal ions-doped phosphors have attracted extensive research interest. This is because they are efficient
luminescent materials and widely used in light-emitting devices such as plasma display panels (PDPs), field emission
display (FEDs), fluorescent lamps (FLs) and white light emitting diodes (WLEDS) [1, 2]. WLEDs are considered to
be next generation solid state lighting devices owing to their merits of high energy efficiencies, long operation lifetime,
lower power consumption and eco-friendliness [2]. This study, is aimed at investigating the luminescent properties
(photolumiscence and thermoluminescence) of Dy3* ions in borate host lattices. During the past years, there was an
upsurge of using borates as host lattices for phosphors because of their large band gap, high thermal and chemical
stability, high luminescence efficiency and low cost [3].

LiBaBO3: xDy®* (x = 0.003, 0.005, 0.009, 0.01, 0.03 and 0.05) powder phosphors were prepared by solid state method
at 800 £ 10 °C, for ~5 hours in air. The resulting powder phosphors were then characterized using different techniques.

2. Results

The PL emission spectra of LiBaBOs: xDy** (x = 0.003, 0.005, 0.009, 0.01, 0.03 and 0.05) powder phosphors excited
at 354 nm are shown in Fig. 1. In addition to the well-known sharp lines peaked at 482 (blue) and 575nm (yellow), a
minor line emission at 664 nm (red). These peaks are associated with the transitions of Dy®* from the excited state
4Far2— ®His2, *Farz — SH132 and *Fer2— ®Huas2, respectively. The highest PL intensity was observed from LiBaBOs: xDy®*
(x = 0.01) powder phosphor. The TL glow curves of LiBaBOs: xDy®* (x = 0.01) powder phosphor under different
heating rates of 2 °C/sec, 4 °C/sec and 6 °C/sec at constant UV exposure time of 5 min are shown in Fig. 2. It can be
seen that with the increase in the heating rate from 2 °C/sec - 6 °C/sec the peak intensities of the TL glow curves
decreases. Also a shift in the peak towards the higher temperature side is observed with the increase in the heating
rate. This behaviour in the TL glow curve may be due to the well-known effect of thermal quenching of TL due to the
increase in the heating rate.
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Fig. 33: PL emission spectra of the LiBaBOs: xDy** (x = 0.003, Fig. 2: TL glow curve of LiBaBOs: xDy** (x = 0.01)
0.005, 0.009, 0.01, 0.03 and 0.05) powder phosphors. powder phosphor for different heating rates.
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1. Introduction

In recent years, rare earth ion doped inorganic luminescent materials have been extensively studied in the fields of
materials science, physics, chemistry and life sciences due to their various potential applications in light emitting
devices [1]. Among these applications, white light emitting diodes (w-LEDs) have been considered to be the next
generation illumination sources in the field of solid-state lighting instead of traditional incandescent and fluorescent
lamps due to their numerous advantages such as small size, high energy efficiency, robustness, high brightness, fast
switching, longer life time (>100000 h) and environmental friendliness [2]. Nowadays, single-phase full-color
phosphors are being developed as sources of white in LEDs. White light emission resulting from a single-phase
phosphor is expected to obtain high luminous efficacy in comparison with that from two or three phosphors, because
it does not show multi-phosphors re-absorption of emission colors. Therefore, single phase white-emitting phosphors
are required for UV-pumped w-LEDs to improve the luminescence reproducibility and efficiency [3]. In this work,
photoluminescent properties of BaBsO13 doped dysprosium was studied in order to be used as a potential in single
phase white-emitting phosphors.

BaBsO13: xDy** powder phosphors were prepared by solution combustion method using urea (CH4N,0) as a fuel. The
powders were prepared at 600°C and annealed for 5 hours in a muffle furnace at 800°C. The resulting powders were
then characterized using different techniques.

2. Results

PL excitation and PL emission spectra of BaBgO13: XDy** (x = 0.005) powder phosphors are shown in Fig. 1. The
excitation spectrum consists of several peaks in the range of 250 — 500 nm obtained by monitoring the emission at
574 nm. The excitation peak at 350 nm corresponding to the ®His;» — ®P72 transition was found to be dominant among
the other 4f-4f transition peaks in the excitation spectrum. The emission spectrum of BaBgO13: xDy®* (x = 0.005)
powder phosphor under the excitation of 350 nm shows two intense emission peaks at 480 nm and 574 nm, and other
less intense peaks at 661 nm and 752 nm. The blue emission at 480 nm and yellow emission at 574 nm are due to *Fop
— BH35and *Fgi — BHaap transitions of Dy®*, respectively. The PL emission spectrum of BaBgO13: xDy®* (x = 0.005)
powder phosphor excited by 325 nm He-Cd laser is shown in Fig. 2. The spectrum consists of a broad band in the
range of 360 — 465 nm, which is attributed to the self-trapped exciton (STE) emission of BaBgOi3 host. Intense
emission peaks located at 478 nm and 572 nm together with the less intense peaks located at 660 nm and 751 nm were
observed. These observed results indicate that the BaBsO13: XDy** phosphor shows potential application in NUV white
LEDs.
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Fig. 34: PL excitation and PL emission spectra of BaBgOi3: XxDy** Fig. 2: PL emission spectrum of of BaBgOs3: XDy** (x =
(x = 0.005) powder phosphor. 0.005) powder phosphor excited by 325 nm He-Cd laser.
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1. Introduction

In recent years, halide perovskites (HAPSs) solar cells have seen tremendous improvements in certified power
conversion efficiency (PCE) with reported values over 22% [1]. Despite this rapid development, there are many
unresolved issues such as the identification and characterization of defects aiding or deleterious to device
performance. This dearth of knowledge is inhibiting the commercialization of HAP solar cells. The migration of
ionic species in HAPs influences the degradation of perovskite solar cells, and in turn, their PCE, long-term
reliability and robustness [2]. Other influences are ferroelectric and charge-trapping effects that produce the
switchable photovoltaic effect observed by Xiao et al [3].

We investigated ion migration in methylammonium lead bromide C/MAPbBr3/Au solar cells in the dark using
current-mode Deep Level Transient Spectroscopy (DLTS) in the temperature range 240 K < T < 310 K and for
various bias pulse sequences.

2. Results

Figure 1 shows multi-exponential decay curves which we modelled as double-exponentials. We constructed
Arrhenius plots from the data and determined ion migration activation energies for the various ion species. We
observe an atypical temperature dependency of the current transients: fast transients at low temperature and slower
ones at elevated temperatures. In addition, characteristic features typical of ion migration such as light and bias
sensitivity, hysteresis accompanying temperature cycling were also observed in the solar cells. The ion transport
mechanisms in the C/MAPDbBIr3/Au perovskite crystals agree with observations by Eames et al [2] in the MAPbI3
analogue. We conclude that the fast exponential corresponds to the migration of the negatively charged halide
species, Br, with activation energy of 0.44 eV; and, the slower exponential is due to the positively charged
methylammonium (MA-) species with activation energy of 0.84 eV.
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Fig. 1: Typical current transients from MAPbBI3 (sample 2nd Q) crystals under -4V reverse bias and 1V forward bias for a duration of 10 ms
recorded at various temperatures.
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1. Introduction

BaAl,04:Eu?*,Dy?* is the heaviest but the least efficient persistent luminescent material in the MAI,O4:Eu?*,R3* series.
Low efficiency may be due to the hygroscopic host material and/or polymorphic structure [1] which may deteriorate
the persistent excitation and emission changing the trap structure thus shortening the persistent duration. The 3D
persistent excitation spectroscopy may through more light on the persistent properties of BaAl,04:Eu?*,Dy** under
and UV irradiation than the simple thermoluminescence (TL) measurements.

2. Results

Charging of the persistent luminescence of BaAl,04:Eu?*,Dy** is rather fast a process: a steady state can be achieved
already after 30 s. Deconvolution of the TL glow curves (Fig. 1) yields a single trap with a depth of 0.8 eV after UV
and P irradiation. Results agree well with studies on the BaAl,O4:Eu?*,Dy** materials prepared with solid state and
combustion methods [2]. The irradiation of BaAl,O4:Eu?*,Dy** with 200 to 500 nm UV-vis radiation has no effect on
the shape of the TL glow curves consisting still only of a single band centered at 57 °C (Fig. 2). The excitation spectra
show little fine structure though at least two bands can be observed at 280 and 330 nm (max) with a shoulder at 380
nm. This structure may be due to the splitting of the 2D excited level of Eu?*. The use of free solar energy for excitation
in visible is thus limited. The 3D TL emission spectra show only one broad band at 500 nm despite two Ba?* sites.
The BaAl,O4:Eu?*,Dy®* materials are interesting persistent phosphors though UV excitation is required. The relatively
shallow trap at 0.8 eV yields weak and short persistent luminescence at room temperature. A stable crystal structure
would be an advantage as is the case with the analogous CaAl,O4 / SrAl,O4 hosts.
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1. Introduction

Hematite has been reported as a good semiconductor photocathode for photoelectrochemical cells used in water
splitting. This is because of its small optical band gap of 1.9 eV-2.2 eV, non-toxicity, stability in aqueous solutions,
low cost of production and abundance [1]. However, hematite has some limitations which are related to electrical
conduction. This includes low conductivity, fast recombination rates and short hole diffusion lengths [2]. Several
experiments have been done to address these challenges such as nanostructuring, elemental doping and use of
interfacial layers. L-arginine has been reported to improve the efficiency of photocurrent production by altering the
shape from nanoparticles to nanocubes, nanorods and nanospheres [3]. The effects of L-arginine on hematite
nanostructures were demonstrated. In this study, hematite nanostructures were synthesized by chemical spray
pyrolysis[4]. L-arginine was used to transform hematite nanoparticles with no definite shape to hematite nanospheres
using chemical bath deposition for 48 hours.

2. Results

Fig. 1 shows the surface morphology of hematite nanoparticles which were evenly distributed on the sample with an
average nanoparticle size of 41 nm and Fig. 2 shows the Raman spectrum with all the phonon modes associated with
pure hematite. Other optical and electrical properties including photoelectrochemical measurements, transmittance
and absorbance will be discussed.
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Fig.l: FE-SEM image of hematite Fig.2: Raman spectrum of hematite nanoparticles
nanoparticles prepared by spray pyrolysis with excitation wavelength of 532 nm
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1. Introduction

The alkali-earth oxide phosphor SrO:Bi offers a potential low-cost alternative to lanthanide-based blue phosphors. It
has been extensively reported in the powder form due to its properties and applicability in several types of
optoelectronic devices in different phosphor fields, such as light-emitting diodes and display devices [1]. Pulsed laser
deposition (PLD) can be used to grow thin films without a change in the stoichiometry from a multi-component
ablation target. Sr1.xO:Bix=0.002 powder optimized for blue luminescence [2] from the 3P1—1S, transition of Bi®* ions
was first prepared by sol-gel combustion synthesis and pressed into a PLD target which was annealed at 200 °C for 2
h in air to remove all adventitious water containing species. Thin films were then successfully fabricated by PLD in
vacuum or an O, working atmosphere on Si (100) substrates. Films were deposited at different substrate temperatures
using a Nd:YAG laser (266 nm) with energy 33.3 mJ/pulse or deposited using different types of excimer lasers i.e. a
KrF laser (248 nm) with energy 300 mJ/pulse or a ArF laser (193 nm) with energy 150 mJ/pulse.

2. Results

The X-ray diffraction (XRD) of the films deposited using the Nd:YAG laser in O, showed that the crystallinity
increased with an increase in the substrate temperature, changing from amorphous to a cubic structure. At the highest
temperature of 500 °C, the 111 and 200 SrO peaks were almost the same height, as in the powder. However, for 350
°C and 200 °C, the 200 peak was much smaller, which suggests some preferential orientation for films prepared at
lower substrate temperatures. All films deposited in vacuum were amorphous. Atomic force microscopy results
showed that the surface roughness decreased as the substrate temperature increased. The optimum substrate
temperatures for the maximum luminescence (both photoluminescence (PL) and cathodoluminescence (CL)) were
200 °C and 50 °C for deposition in Oz and vacuum, respectively. The main PL emission peak position of the thin films
showed a shift to shorter wavelengths at 427 nm, when compared to the powder (445 nm). The difference in
wavelength was attributed to the Bi3* ions, which are very sensitive towards the environment [3]. Time of flight
secondary ion mass spectroscopy depth profiles for the samples deposited in O, or vacuum at different substrate
temperatures look similar, except for a slight thickness variation. XRD of the thin films obtained with the different
types of excimer lasers showed the thin films also had a strong (111) preferential orientation on the cubic phase. PL
spectra showed blue emissions at 425 nm with a small shift to shorter wavelength compared with the powder, which
was attributed to Si diffusion in the films.
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1. Introduction
Recent development of nanocrytalline MgO in modern nanotechnology created comprehensive applications,
particularly as a base catalyst in organic reactions, electronic and optical devices, medicine, toxic waste remediation,
etc [1, 2]. In this research, we report the investigations on the thermoluminescence (TL) and structural properties of
MgO nano-particles co-doped with AI** and Li* ions, prepared by microwave-assisted solution combustion synthesis
using glycine as fuel. The sample was studied for dosimetry applications.

2. Results
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The XRD pattern revealed that MgO:AI®*,Li* nano-particles were obtained. The TL glow curve of MgO:AI®* Li*
showed the main peak at ~50°C under beta irradiation, and further studies on the dose response and sensitivity were
carried out (Fig. 1&2). The involved electron kinetics were investigated and the corresponding depth of the electron

trapping centers was determined.
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1. Introduction

Methyl ammonium lead tribromide (CH:;NH;Br;) perovskite was synthesized by sequential physical vapour deposition
of lead (I1) bromide and methyl ammonium bromide. The structural, optical, morphological, and topological properties
were found to be highly dependent on the thickness of methyl ammonium bromide. X-ray diffraction patterns
confirmed that the cubic methyl ammonium lead tribromide crystals were successfully synthesize [1], and the sample
with 100 nm thickness of lead (II) bromide and 300 nm thickness of methyl ammonium bromide contained the
smallest amount of impurities as presented in fig. 1. UV-visible spectra revealed broad absorption bands with
absorption onset at about 550 nm as shown in fig. 2, giving a large bandgap of 2.3 eV which is suitable for tandem
solar cell application. Scanning electron microscopy images showed densely packed, randomly distributed grains with
large coverage and without pinhole-like defects. Atomic force microscopy validated that the films were smooth with
root mean square roughness less than 4 nm, indicating better quality of vapour deposited films as opposed to solution
processed films [2]. This method simple and can be applied in large scale synthesis of quality halide perovskites thin
films for solar cell applications.

2. Results
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Fig. 1: XRD Patterns of CH3NH;Br; film for different thicknesses Fig. 2: UV-vis spectra of CH3NH;Br; for different thicknesses
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1. Introduction

- ZnO is one of the 11-VI group semiconductor materials with a wide direct band gap of approximately 3.4 eV and
large exciton binding energy of 60 meV at room temperature.

- ZnO as a very attractive host lattice for doping of different kinds of dopants, due to having excellent physical and
chemical stability.

Recently, there have been extensive studies on rare earth doped semiconductors for using in optoelectronic devices
such as visible and infrared luminescent devices.

- Undoped, Ert(3 at%) and Yb*3(3 at%) doped ZnO thin films were prepared using the sol-gel spin coating after
annealing at 600 °c. The morphology was investigated using scanning electron microscopy (SEM). The optical
properties studied using photoluminescence (PL) spectroscopy. The Schottky barrier diodes were fabricated on the
synthesized undoped, Er*® and Yb*® doped ZnO thin films. The Schottky barrier height (SBH) calculated from current-
voltage (I-V) measurements were 0.73 eV, 0.95 eV and 1.06 eV for undoped, Er*® and Yb*3 doped ZnO thin films
respectively. The optical and electrical properties will be discussed.

2. Results
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Figure 37: SEM images of (a) undoped ZnO (b) Er*3 doped ZnO and (c) Figure 2: PL spectra for doped and undoped ZnO thin films
Yb*® doped ZnO thin films deposited on glass substrate showing significant at room temperature. A strong UV emission around 379 nm

and green emission centers at 506 nm are observed in all
samples, with the undoped ZnO sample showing weaker
green emission.

differences in the morphologies.

Table 38: The Schottky diodes parameters from I-V

<
g Events SBH Ideality ~ Saturation Series
5 (eV) factor  current (Is) resistance
© (n) (A x10%(Q)
Undoped Zno  0.73 2.69 5.0 x10°6 0.19
- Yb3at%
7 Er 106 188  9.0x10% 54
20 15 -10 -05 00 05 10 15 20 Yb 0.95 211 706x1072 3.0
Voltage (V)
Figure 3: Room temperature semi-logarithmic plot of 1-V . .
measurements of Pd/doped ZnO/n-Si/AuSb Schottky diode. The diodes parameters shown in Table 1 were calculated by -
The rectification were 1.5, 3 and 4 orders of magnitude for performing a linear fit in forward bias region using thermionic
undoped, Er*3 and Yb*? doped ZnO thin films respectively. emission theory [1].

Er*® and Yb*® doped ZnO result in an increase in the SBH as
well as decreased in ideality factor.
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1. Introduction

Sputter deposition is a widely used technique to deposit thin films on substrates. The technique is based on ion
bombardment of a source material known as the target. lon bombardment results in a vapour due to a purely physical
process, that is, the sputtering of the target material. This technique is part of the class of physical vapour deposition
techniques, which includes thermal evaporation and pulsed laser deposition. The most common method of depositing
thin films by sputter deposition is the use of a magnetron source in which positive ions present in the plasma of a
magnetically enhanced glow discharge bombard the target. The target can be powered in different ways, ranging from
direct current (DC) for conductive targets to radio frequency (RF) for nonconductive targets [1].

Process induced damage occurring during the deposition of Schottky barrier diodes (SBDs) has been shown to
intensely influence the quality and characteristics of these devices. The introduction of electrically active defects in
the substrate at and near the metal-semiconductor interface has been reported for contacts deposited by DC, ion beam
sputtering and RF sputtering. The effect of these defects changes the barrier properties of the SBDs [2].

In this work, we investigate the damage induced in the substrate when Ti Schottky barrier diodes (SBD's) are sputter
deposited. The effect of the damage on the properties of the rectifying junctions is obtained from current-voltage (I-
V) measurements, while deep-level transient spectroscopy (DLTS) is employed to characterise the nature of the
defects, and the extent to which they increase recombination [3].

2. Results

Soon after metallisation DLTS was employed and the defect level observed was H(0.40). The apparent capture cross-
section was1.4 X 10~17¢m?2. This defect was observed by Chabane-Sari et.al [4] in boron-doped silicon after rapid
thermal annealing between 900 and 1100 °C.
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Fig. 39: Arrhenius plot of Ti SBD soon after sputter-deposition
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1. Introduction

Metal nanoparticles (MNPs) were synthesized via a bio-reduction method using phycocyanin (PC), an extract of
cyanobacterium Synechocystis sp. PCC 6803. The formation of the synthesized MNPs was first confirmed by visual
inspection as the colour changed to yellowish and purple for both silver (Ag) and gold (Au) nanoparticles (NPs),
respectively. The structural characterization of synthesized MNPs was done using transmission electron microscopy
(TEM), X-ray diffraction (XRD) and Fourier transform infrared (FTIR) spectroscopy. The optical properties were
studied using UV-Visible spectrophotometry (UV-Vis) and Photoluminescence (PL) spectroscopy.

TEM analysis revealed spherical MNPs and XRD revealed peaks which were related to crystallographic planes (111),
(200), (220), and (311). FTIR spectra indicated interactions between the MNPs and phycocyanin due to the presence
of amines, alcohol and carbonyl functional groups which acted as capping and stabilizing agents during the synthesis
of MNPs. UV-Vis analysis showed strong surface plasmon resonance absorption peaks of both AgNPs and AuNPs.
Photoluminescence emission spectra from PC overlap with the MNPs’ absorption spectra, which may suggest that
there is energy transfer from the protein to the MNPs. The biosynthesized MNPs may be useful in making optical
devices as well as for other applications.

2. Results

Figure 1 shows the absorption and emission spectra of fluorescent phycocyanin (PC) with absorption spectra of Au
and Ag MNPs. The overlap between the absorption spectra of biosynthesized MNPs and the emission spectra of PC
may suggest energy transfer from the protein to MNPs.

254
Ag+ PC Au+PC

20 -

Normalized Signal

0,5

0,0 . T . T v T . r . 1
300 400 500 600 700 800
Wavelength (nm)

Fig. 40: Absorption and emission spectra of fluorescent phycocyanin
(PC) with absorption spectra of Au and Ag metal nanopatrticles.
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1. Introduction

Ultra-high bandgap semiconductors have been increasingly important for high-power and high-frequency device
applications. SiC and GaN have emerged as interesting materials offering very high breakdown voltage, almost one
order larger than the commonly used semiconductors like Si or GaAs. A lot of efforts have also been spent on exploring
new materials aiming at enhancing breakdown voltage of the power devices. Adding aluminum (Al) into GaN to make
high-Al AlGaN alloy or switch to completely new materials such as 3-Ga,Os is already proved to increase the device
breakdown voltage [1, 2]. However, there are several unsolved problems that raise a question about the possibility for
practical devices applications. Alloy scattering in AlGaN due to the incorporation of Al element strongly degrades
thermal conductivity of AlGaN. Very low thermal conductivity was found for §-Ga,O3 even it possesses relatively
high phonon velocity which is comparable to GaN. Our study is aiming at determining and shedding the light on the
physics behind the thermal conductivity of high-Al AlGaN and 8-Ga;Os.

2. Results

Our study on AlGaN [0001] and 8-Ga0s3 [-201] thin films using time-domain thermoreflectance (TDTR) technique
with the assistance of modeling based on Callaway-Debye formalism [3] found that AlGaN becomes more heat-
resistive and its thermal conductivity is minimized at high-Al content ([Al] = 0.5-0.8) (Fig. 1a). The thermal
conductivity value is reduced more than 10 times for sub-micrometer high-Al AlGaN film compared with GaN film
of the same thickness. 5-Ga;Os layers show comparable value to high-Al AlGaN (Fig. 1b). Our analysis points out
high thermal boundary resistance at heterojunctions of AlGaN and B-Ga,O3; with other materials (Au transducer in
our sample structure). Phonon mismatch model cannot explain for the thermal boundary resistance of these two
materials. Because of strong alloy scattering in high-Al AlGaN and strong normal scattering in f-GazOs, their phonon
mean-free paths get closed to 10 nm comparable to surface roughness that might be the reason of remarkably
increasing thermal boundary resistance.
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Figure 1. a) The measured and modeled data for Al composition dependent thermal conductivity of AlGaN,
the thickness of 1 pm is used. b) A comparison of modeled thickness-dependent thermal conductivities between
A|o_55Gao_45N [0001] and ﬂ-Gazoa [-201].
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1. Introduction

a-Fe;0s is an environmentally friendly n-type semiconductor with the band gap of ~2.1 eV. It is the most stable iron
oxide under ambient conditions. It is widely used in gas sensing, high density magnetic recording media, clinical
therapy, Magnetic resonance imaging and diagnosis [1-2]. Rare earth (RE) atoms recently have been introduced into
the iron oxide matrix which leads to a material that shows multiple interesting effects. Recently, the design of
nanostructured materials containing RE elements, either as major or as dopant, has paved a way for the development
of new applications. There are some desirable requirement that the nanoparticles intended for bioimaging applications
should fulfill. Thus, uniform size, shape, composition and surface chemistry are essential [3].

2. Results

Er®* doped a-Fe,O3 nanoparticles were successfully synthesized by microwave synthwave using PEG as polymerizing
agent. The powders were doped with different concentrations of the Er3*. The structural, size, optical and luminescence
studies of the synthesized powder were characterized by XRD, SEM, UV-Vis and PL spectral techniques. Fig 1 shows
and enhancement of luminescence emission as Er®* is added into the matrix and quench as the concentration of Er3*
is increased.

f% Age =350 nm @ O%E’
9, @ 1.25%Er”
o °° @ 14%Er"
° %
o
%
o
o
e
2
‘©
c
2
=
400 450 500 550 600

EM Wavelength (nm)

Fig. 1: Photoluminescence spectra of un-doped and Fe,Os:Er®* nanoparticles at different doping concentration annealed at 600°C. The insert is
the magnified region of (116) peak
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1. Introduction

Organic-inorganic semiconductors are the main focus of tremendous research activities due to their promising
prospective in optoelectronic device application [1]. Hybrid heterostructure based on pristine P3HT-conjugated
polymer with an inorganic ZnO:RE nanoparticles are said to enhance optoelectronic properties owing to the
advantages offered by the high electron mobility of ZnO [2].

In this work, we incorporated ZnO:RE nanoparticles in the pristine P3HT-conjugated polymer and systematically
studied the effect of the ZnO:RE nanoparticles on the structure, morphology and optical properties for organic solar
cells application. Rare-earth ions doped zinc oxide (ZnO:RE) up-conversion materials were prepared using sol-gel
method at room temperature. Thioglycerol was used as capping agent during the synthesis and its concentration was
varied to control the nanoparticles uniformity. Different doping concentrations (1 — 9 mol%) of ytterbium (Yb®*) were
varied while keeping erbium (Sm®*) concentration at 3% to investigate the up-conversion luminescence. The
synthesized ZnO:RE nanoparticles were characterized using field emission scanning electron microscopy (FESEM),
X-ray diffraction (XRD), photoluminescence (PL), ultra violet to visible (UV-Vis) techniques. FESEM showed
uniform well dispersed spherical nanoparticles while the XRD data revealed that ZnO has the hexagonal wurtzite
structure. PL and UV-Vis showed that 1 mol% of Yb®* has the higher intensity and absorption, respectively. These
particular heterostructures are of interest as absorbing layers in organic-inorganic bulk heterojunction solar cells, thus
opening perspectives for applications in various optoelectronic devices, including solar cells.
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1. Introduction

Phosphors or luminescent materials are mostly solid inorganic materials consisting of a host lattice that is intentionally
doped with “impurities” [1]. The host lattice in this instance was amorphous SiO, that was used because of its chemical
stability, non-hygroscopic nature, the possibility of incorporating larger amounts of luminescent ions and the
opportunity of cost reduction [2]. The sol-gel was the preferred method of preparation since it is considered as an
efficient technique for the synthesis of phosphors due to the good mixing of starting materials and relatively low
reaction temperature [3]. Th®" ions exhibit a characteristic green luminescence (due to the 5D4 — "Fs transition at 540
nm) which is important in the LEDs. Thus, in this study, a series of SiO, doped with 0.4 mol% Sr?* and co-doped with
different mol percentages of Th3* was synthesized using sol-gel method. All the samples were annealed under N; at
800°C for 2 hours. X-ray diffraction, scanning electron microscopy, Uv-vis absorption and photoluminescence were
used to determine the morphology, structural and luminescent properties of the nanopowders.

2. Results

The XRD patterns for all the nanopowders show a broad amorphous peak typical of SiO,, which show that the dopants
concentration did not have any effect of the structural properties of the nanoparticles. The PL-results on the other hand
indicate that the luminescent intensity (for the strongest emission peak around 540 nm) increases with increasing mol
percentage Th®* concentration.
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Fig. 1: XRD patterns of SiO,:Sr?*: Th%* Fig. 2: Emission spectra of SiO,:Sr?*:Th%*
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1. Introduction

Photovoltaic (PV) devices operate at a variety of different temperatures. Semiconductor parameters are often assumed
to be homogeneous and one dimensional but, this assumption can be particularly problematic when applied to large
area devices such as solar cells. Spatial device inhomogeneities have been well documented; using techniques such as
Electroluminescence (EL) imaging [1], Lock-in Thermography (LIT) [2] and Light Beam Induced Current (LBIC)
measurements [3].

The general assumption that the temperature dependence of device parameters is homogeneous in nature has recently
become a topic of interest [4]. The effect of local temperature dependencies of specific parameters on the global
temperature dependencies is not well documented or studied. In this paper, LBIC is used to study the basic linear
temperature dependence of opto-electric parameters such as light beam induced photo-potential and photo-current.

2. Results

The preliminary results shown in fig 1 and 2 show the temperature dependent LBIC (T-LBIC) measurements of a
mono-crystalline back contact Si PV cell designed for highly concentrated light. The light beam probe consisted of a
660nm laser probe with beam diameter of 50um and intensity of 1000 W/m?2. The data was collected at seven
temperatures, ranging from 303 K to 363 K. At each point the photo induced current at various temperatures were
collected. A temperature coefficient for each point was calculated using simple linear regression. Fig. 1 is the map of
the temperature coefficient of the photo induced current for the device. Fig. 2 contains the data used in the linear
regression to determine the temperature coefficients of the local sites indicated in Fig. 1.
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1. Introduction

Due to the importance of monitoring and control of hazardous gases in our living spaces, gas sensors have become
vital in our life. The need to develop affordable and high performance gas sensors has triggered the focus of research
into enhancing the performance of these sensors mostly with regard to sensitivity and selectivity. One common
technique is morphology engineering where different morphologies have been reported for enhancing sensor
performance [1]. Of particular interest is one-dimensional (1D) nanofibers as they possess high surface area for
adsorption-desorption reactions and the presence of nanograins provide large grain boundary areas, ensuring high
sensitivity in the sensors [2]. Amongst many of the sensing materials used for gas sensing, perovskite oxides (ABO3)
have emerged as excellent candidates due to their catalytic activity and chemical and thermal stability [3]. The gas
sensing properties of the perovskite materials are strongly dependent on the choice of the B-site cation, which can
significantly affect the electronic conductivity of the perovskite oxide [4].

In this work; 1D nanofiber lanthanum - based perovskite oxides LaBOs (B= Fe, CO) were synthesized through
electrospinning followed by calcination at 600 °C. X-ray diffraction (XRD) was used to determine the crystalline
phases of the LaBO3 samples. The morphology of the samples was determined through scanning electron microscopy
(SEM) studies. Nitrogen adsorption-desorption analysis was performed to determine the surface area and pore volume
of the samples. Ultraviolet—visible absorption spectroscopy (UV-Vis) and photoluminescence (PL) were used to
examine the optical properties. X-ray photoelectron spectroscopy (XPS) was employed to examine the chemical
composition and valence state of the elements in the LaBO3 samples. Further characterization includes testing the
LaBOs nanofibers for gas sensing performance under different concentrations of NHs, CO, CH4, CO2, NO; and CsHgO
in operating temperatures ranging from room temperature to 200 °C and in different humidity conditions. Selectivity,
reproducibility and stability measurements of the sensors were also carried out.

2. Results
Fig. 1 displays the SEM images which revealed nanofibers composed of loosely packed nanograins ranging from
~20-60 nm in grain size for (a) LaFeO3 and (b) LaCoOs, respectively.
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Fig. 1: SEM images of (a) LaFeO3 and (b) LaCoOs nanofibers
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1. Introduction

Thin films used for nuclear fuel encapsulation applications in advanced nuclear reactors should exhibit a good
radiation tolerance and retention of fission products. We have shown that nanocrystalline ZrC films maintained their
structure and chemical composition when irradiated with 800 keV Ar or 1 MeV Au ions up to fluences of 1x10%%/cm2,
We investigated Pd diffusion, one of the most radioactive fission products through thin films of ZrC. A film of Pd was
deposited using magnetron rf sputtering at room temperature on a Si wafer. Without breaking the vacuum, a thin ZrC
film was then deposited using pulsed laser deposition on top of the Pd film. The structure and density of the deposited
films were investigated using X-ray reflectivity and grazing incidence X-ray diffraction. After deposition, the sample
was transferred to a Time of Flight Secondary lon Mass Spectroscopy (ToF SIMS) system. The sample was mounted
on the heating stage of the ToF SIMS. A depth profile was obtained at room temperature, where after the sample was
heated to 400 °C at a rate of 1 K/s. The temperature was maintained at 400 °C for 10, 20, 40, 80 and 160 minutes,
respectively. In between each heating cycle, a depth profile was obtained. The ToF SIMS analysis was performed
with a pulsed Bi* primary ion beam and its energy was 30 keV and the beam current was 1 pA. All the analyses were
performed in the positive spectroscopy mode. A Cs* sputter gun (1 kV, 75 nA) was used together with the Bi* gun in
the non-interlaced mode for depth profiling and the sputter interval was 10 s. The analysis area was 100 x 100 pm
(with 512 x 512 analysis points) and the sputtering area was 450 x 450 um. The base pressure was ~1 x 10 mbar.
Upon heating the sample the surface of the sample changed from a uniform surface to a surface covered with black
and white spots. Using the selective region of interest (ROI) mode of the analysis software depth profiles were
extracted from both the smooth part and the black and white spot parts of the heated films. Interdiffusion between the
Pd and Si occurred during annealing. From the depth profiles, it was clear that the ZrC formed a diffusion barrier that
prevented the Pd to diffuse towards surface. The diffusion rate was different in the areas that appeared as black and
white spots. The Si diffused up to the ZrC diffusion barrier and was blocked by the ZrC layer.

2. Results

Examples of the ToF SIMS depth profiles are shown in fig. 1(a) and (b). The profile in fig. 1(a) was obtained from
the unannealed ZrC/Pd/Si layer and the profile in fig 1(b) of the thin film after annealing at 400°C for 160 min. It is
clear from the intermixing of the Si and Pd signal at the Pd/Si interface that diffusion has taken place during the
annealing process and a silicide formed during the interdiffusion. The profiles obtained at the other annealing times
clearly showed that the diffusion and silicide formation were a function of annealing time. Also clear is that no

diffusion took place between the Pd and ZrC. The different diffusion rates in the different areas and silicide formation
will be discussed in detail.
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Figure 1: ToF SIMS profiles of (a) unannealed ZrC/Pd/Si film and (b) 160 min annealed film at 400 °C.
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1. Introduction

Since the beginning of the 21% century there has been a growing global need for energy. The worlds energy supply
for electricity and transportation, primary comes from fossil fuel resources. Fossil fuels are limited and their use causes
the release of environmentally harmful greenhouse gas (GHG) emissions.

While using renewable forms of energy is good for the environment, there are two major drawbacks namely: it is
difficult to provide similar volumes of electricity that are generated by fossil fuels, and the sources of the energy aren't
reliable [1]. The most promising candidate currently is to use hydrogen as an alternative energy carrier. Hydrogen is,
easily accessible, it produces zero GHG emissions when implemented in hydrogen fuel cells (HFC), it has a high
energy yield, and has fuel efficiency of 40-60% [2]. Hydrogen however is, hard to store in its pure form, HFCs have
been reported to release nitrogen dioxide emissions, and to produce hydrogen on a large scale will require the use of
fossil fuels [3]. At present, hydrogen is mainly produced from fossil fuels such as natural gas by steam reforming.
Considering the environmental and energy issues, hydrogen needs to be produced using natural energies such as
sunlight and water. There are several ways of solar hydrogen production; however a powdered photocatalyst system
will be advantageous for large-scale application.

The research I am conducting will be looking into creating a powdered photocatalyst system, in the hopes of creating
a fossil-fuel-free way to produce hydrogen on a large scale. I will be attempting to split water using artificial
photosynthesis. Artificial photosynthesis systems usually consist of a photosensitizer, coupled with an inorganic,
organometallic or enzymatic catalyst. Water splitting can be achieved when a photocatalyst is modified with a suitable
cocatalyst; it is therefore important to develop both photocatalysts and cocatalysts. The photocatalysis system will
consist of a CdX quantum dots and a bi-iron chalcogenide.

2. Results

The UV-Vis absorption spectra of the Oleic Acid capped CdS (Fig.1) shows a peak at around 450nm, while the
stripped QDs peak has moved to around 440nm. For the CdSe (Fig.2) you will notice to peaks at approximately 425nm
and 524nm for the Oleic Acid capped QDs, while the stripped QDs shifts to 450nm and 550nm. The shifts imply that
the nanoparticles size have changed, confirming that the ligand stripping has occurred.
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Fig. 42: Solution phase UV-Vis absorption Fig. 2: Solution phase UV-Vis absorption spectra
spectra CdS QDs of CdSe QDs
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1. Introduction

In search for the new two-dimensional (2D) materials competitive to graphene for future electronics, hydrogenated
bilayer graphene (bilayer graphane) attracted a lot of research attention owing to its unique structural arrangement
and wide band gap[1] . This composite in any case has a potential of being used in a wide range of nanotechnological
devices such as optoelectronic, photovoltaic and spintronic. The electronic characters of bilayer graphane are similar
to those of experimentally synthesised single layer graphane,[2] in which the magnitude of the band gap depends on
the exchange correlation functional used. There are defects noted in a single layer graphane mostly vacancies occurred
during synthesis. Defects can improve or deteriorate the performance of a material during the electronic operation. In
this work, various vacancies such as the hydrogen Vy, carbon V¢ and hydrogen-carbon pair Vcy vacancies, as well as
the nearest neighbour carbon-carbon pair Vc.c divacancy are investigated using the density functional theory approach.
These vacancies usually leave dangling bonds on the nearest neighbour atoms that induce states within the band gap
which mainly affect the electronic and magnetic characters of the material. We further alter the vacancy induced
electronic properties through the charge states modulation.

2. Results

To examine the electronic properties, the density of states plot of V¢ vacancy shows the induced spin polarised defect
states within the bilayer graphane band gap suggesting a transition from semiconducting to metallic. The Vcn vacancy
is ferromagnetic having the magnetic moment of 1 pg. We find that the injection of charge states -1 or +1 alters the
electronic character and fine tunes the magnetic moment of the vacancies, suitable for application in electronic and
optical devices.
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Fig.1: The density of states of bilayer graphane, Vcn vacancy in bilayer graphane, -1 charge Vcn vacancy and +1
charge Vcn vacancy in bilayer graphane. The dashed line represents the Fermi level.
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1. Introduction

Over the last couple of decades, as a result of rapid growth in industrialization, vehicle usage, and high energy
demands, understanding the gases released to the environment from these sources has become more important.
Therefore, designing the nanostructure-based gas sensors which possess a relatively high sensitivity, selectivity,
stability, and enhanced response and recovery times is one of the most important branches of nanotechnology [1].
Among them, p-type NiO based gas sensors display morphology and structure-dependent gas sensing properties,
which urge the researchers to exhaust other facile routes to synthesize NiO nanostructures with novel morphologies
and unique structures. Luminescent properties verified the existence of defects on nanostructures, and NiO with more
presence of nickel vacancies and oxygen interstitials and/or vacancies displayed a relatively high gas sensing
characteristics. The role of these defects they act as adsorption active sites towards target gases.

Herein, we report on gas sensing characteristics of transformation of 1D to 0D NiO nanostructures induced by ramping
rate during heat treatment. Structural analyses revealed that the nanostructures were polycrystalline, displaying
average crystallite sizes of 10 + 4 nm. Brunauer, Emmett and Teller (BET) revealed the surface area in the range of
20.98 to 67.89 m?/g. Scanning electron microscopy images revealed the nanorods and agglomerated nanoparticles,
before and after heat treatment, respectively. The photoluminescence studies showed blue broad emission due to nickel
vacancies and oxygen interstitials and/or vacancies. The effects of morphology on the luminescence and gas sensing
characteristics of NiO based sensors have been investigated towards various gases at various working temperatures
and relative humidity.

2. Results

Fig, 1 shows a transformation of morphology from smooth behaviour to nanorods surrounded with nanoparticles. This
supported by the BET surface area (see Fig. 2), which increased with transformation of morphology with an increase
in ramping time. According to the studies, a higher BET surface area resulted to an improvement in the sensing
response.
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1. Introduction

Gallium nitride (GaN) is a wideband gap semiconductor on which devices can be fabricated for space, military and
industrial applications. It is a strong contender for optoelectronic devices as it can operate at high temperature, voltage
and frequency [1]. It also operates well in caustic environments due to its high mechanical strength and relative
resistance to radiation from particles [2]. The bombardment of particles on a semiconductor device can have a
detrimental or beneficial effect on the characteristics of the device. In particular, defects can be induced in the device
due to exposure to this radiation. In this study, the electrically active defects related to the exposure of GaN to Kr ion
irradiation are investigated. The GaN sample was irradiated with Kr ions at room temperature with energy of 107
MeV to a fluence of 10'° cm. Deep level transient spectroscopy (DLTS) measurements were then performed to
characterize the defects before and after irradiation.

2. Results
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Fig. 1: DLTS spectra of Ni/Au Schottky diodes fabricated on GaN. One
sample was irradiated with Kr while the other was used as a control sample.

The DLTS spectra before and after Kr irradiation are compared in Fig.1. The spectra were measured at a rate window
of 80 s. The DLTS spectrum of the Kr irradiated sample exhibit a broad peak. This broad peak is due to extended
defects [3].
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1. Introduction

Since the refinement of the famous Dieke diagram (DD) [1] to include all higher energy levels, not much progress has
been made in this field. It is now clear, though, that the purely theoretical methods have still a long way to go to yield
the 4fN (or 5fV) energy levels in any accuracy. This is necessary because new applications, e.g. up- and down-
conversion, require energy levels that are ever more accurate. In fact, these processes are the most efficient when
quasi-resonant condition is reached. The proven phenomenological methods to calculate the energy level schemes
(and wave functions required by many applications) are still the most reliable, accurate and fastest way. Unfortunately,
some of the published data [2] is so inaccurate that it is of little or no use.

2. Results

The energy level schemes (Figs. 1 & 2) for the di-, tri-, and tetravalent lanthanides were calculated taking into account
the crystal field effects as well. The effect of the host was synchronised for both the R?* and R* series by the use of
isomorphic crystal structures (BaFCI and ROCI, respectively) facilitating the comparison between them. Utmost care
was taken to compare the calculated data with the experimental one which was easy for the R3* but much more scarce
for the R?* series. For the R" series, experimental data is virtually inexistent. The energy level schemes for the R%*
are the most useful ones whilst the 4fN levels of the R?* series are often masked in practice by the low-energy 4fN-15d*
configuration. The 4fN levels of the R'V series are practically inaccessible because of the low-energy charge transfer

transitions and the initial low-energy positions of the 4fN levels of R'V species.
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High energy theory Private Bag X20, Hatfield, 0028
Quantum resonances theory

« Quantum information theory Email: Chris.Theron@up.ac.za

Tel:  +27 12 420 2455
Fax: +27 12 362 5288
Web: http://www.up.ac.za/physics

Computational solid state physics
Symmetries and group theory

UNIVERSITEIT VAN PRETORIA

UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA
e

Faculty of Natural and Agriculiural Sciences

Universiteit van Pretoria ¢ University of Pretoria ¢ Yunibesithi ya Pretoria

Privaatsak/Private Bag/Mokotla wa Poso X20 ¢ Hatfield « 0028 e Suid-Afrika/South Africa/Afrika-Borwa
Tel:+27 12 420 4111 » Faks/Fax/Fekse: +27 12 420 4555




Don’t stop dreaming. V)
Department of Physics

T: +27(0)51-4012531 | natagri@ufs.ac.za | www.ufs.ac.za/natagri
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Inspiring excellence. UNIVERSITY OF THE UFS-UV
Transforming lives. UNIVERSITEIT VAN DIE NATURAL AND

VRYSTAAT AGRICULTURAL SCIENCES
YUNIVESITHI YA NATUUR- EN
FREISTATA LANDBOUWETENSKAPPE






