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Message from the SAIP President

Dear colleagues and the international photonic materials community:

The forthcoming 7" South African Conference on Photonic Materials will be held from
27 to 31 March, 2017 in Amanzi Private Game Reserve, South Africa. | am delighted
to welcome you for what is sure to be an exciting week of oral and poster presentations
as well as discussions on the current issues related to photonic materials. This year’'s
conference follows on the success of six previous conferences in the series. The
chosen venue for this year’s conference is at a new and unique location.

South African Institute of Physics (SAIP) is proud of this initiative by the Division for
Physics of Condensed Matter and Materials and the Applied Physics Forum to host
this excellent conference series. This falls within SAIP’s strategy which encourages
and supports Divisions and Forums to organize their activities outside the annual SAIP
Conference.

Photonics as the science of light is a challenging and very productive research field. It
underpins technologies of daily life: consumer electronics, telecommunications, health
manufacturing industry, defense and security, entertainment, etc. All around the world,
scientists, engineers and technicians perform cutting edge research surrounding the
field of Photonics. South African researchers are playing an active leading role in the
photonics and photonic materials research.

| am excited by the prospect of more interactions between the local and international
delegates. | also encourage students to take this opportunity to interact with our
international delegates. This will ensure sustainable capacity development within
SAIP's Division for Physics of Condensed Matter and Materials, the Applied Physics
Forum, and the Photonics Division.

On behalf of the South African Institute of Physics, it is my honour to welcome you to
this momentous event. | am confident that with the help of your contributions and

participation, it will be an unforgettable experience.

Azwinndini Muronga
SAIP President
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Invited Speakers

Ashutosh Tiwari
Linkoping University (Sweden) and Tekidag AB

“Programmable bioelectronic devices and
systems” (p. 2)

Prof Ashutosh Tiwari is Chairman and Managing Director of
Tekidag AB (AAA Innotech); Associate Professor and Group
Leader, Smart Materials and Biodevices at the world premier
Biosensors and Bioelectronics Centre, Linkdping University;
Director, Vinoba Bhave Research Institute; Editor-in-Chief,
Advanced Materials Letters and Advanced Materials Proceedings;
Secretary General, International Association of Advanced Materials; a materials chemist and docent in
the Applied Physics with the specialisation of Biosensors and Bioelectronics from Linkoéping University,
Sweden. Dr. Tiwari has several honorary and visiting positions worldwide including visiting professor at
the National Institute for Materials Science, Japan; University of Jinan, University of Jiangsu, China; and
DCR University of Science and Technology, and Chairman (Academics) of Dr. G. P. Law College, India.
Just after completed his PhD, he joined as young scientist at National Physical Laboratory, India and
later moved to University of Wisconsin, USA for postdoctoral research. He obtained various prestigious
fellowships including Marie Curie, The European Commission; JSPS (regular and bridge fellow), Japan;
SI, Sweden; and from INSA, CSIR & DST, India. His research focus is on the design and advanced
applications of cutting edge stimuli-responsive materials for smart biodevices. He is actively involved in
the undergraduate, post graduate and PhD teaching in the field of intelligent materials, nanomaterials
and atom-thick materials for biomedical, biosensing and bioenergy devices. Dr. Tiwari is recipient of
prestigious ‘The Nano Award’, ‘Innovation in Materials Science Award’ and ‘Advanced Materials Medal’
for his notable contributions to smart materials and biomedical nanotechnology. He has more than 300
peer-reviewed publications in the field of materials science and nanotechnology with h-index of 33. He
has edited/authored over 40 books on advanced materials and technology for esteemed publishers in
USA. He is the editor of the Advanced Materials series that is published by Scrivener Publishing and
co-published with John Wiley & Sons; and a founder member and chair of Advanced Materials World
Congress, American Advanced Materials Congress, European Advanced Materials Congress, Asian
Advanced Materials Congress, Smart materials and surfaces, Smart Energy Technologies, European,
American, Asian and Global Graphene Forum and World Technology Forum famous international
events of materials science and technology and also bilateral events such as Sweden-Japan Nano,
Indo-Swedish Advanced Materials Forum, etc. Prof. Tiwari serves as scientific evaluator and member
of panels of experts to various governmental and non-governmental agencies; member of PhD
committee, and have been invited for plenary, keynote and invited lectures in the more than 20 countries.
His current research on zipper-like bioelectronics, nanobioreactors, programmable super-thin
bioelectronics, smart theranostics, and affinity/MIP surfaces realised by the integration of smart
architecting has emerged as a versatile platform for building a new age technological outlets to tackle
key challenges in medical, energy supply and environmental issues.
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Peter Deék
University of Bremen (Germany)

“Calculating the optical properties of defects and
surfaces in diamond and TiO2” (p. 6)

Prof Peter Deéak is professor of theoretical semiconductor physics at
University Bremen and is head of the Electronic Materials Group at
the Bremen Center for Computational Materials Science. He has
obtained his Ph.D. in Physics from the Lérand Eo6tvds University
Budapest in 1984 and the Doctor of Science title from the Hungarian
Academy of Science in 1993. After research at SUNY/Albany and a
Humboldt Fellowship at MPI Stuttgart, he became Professor at the Budapest University of Technology
and Economics in 1993, heading an applied surface physics laboratory. He has organized a European
PhD program in Applied Physics, with the support of companies like Siemens, General Electric Lighting
and Thales. In 2003 he moved to Germany. His research experience is in computer simulation of atomic
processes in electronic materials and in surface related materials problems. He is (co)author and editor
of several scientific collections and university textbooks and published ~190 scientific papers. He is
member of the editorial board of physica status solidi (a).

David Rogers
Nanovation (France)

“Zinc oxide based photonics” (p. 7)

Dr. David Rogers (CTO) received his PhD from the University of
Glasgow (Scotland) and his MBA from the Open University
(England). His early research career was involved with the growth
and characterization of magnetic materials for data storage. This was
first of all at Philips Research Laboratories (Netherlands), Carnegie
Mellon University (US) and Nippon Telephone and Telegraph
(Japan). Dr. ROGERS was later Project Manager of a cuprate
superconductor start-up company based in Paris. In 2001 he co-
founded Nanovation, which is a French start-up specialised in the development, fabrication and
commercialisation of ZnO thin films and nanostructures tailored for energy conversion applications. Dr.
Rogers is the author/co-author of 15 patents and 96 publications and has received numerous prizes
(including the NTT Distinguished Research Award & the Magnetics Society of Japan award). He is also
an organiser and a regular invited speaker at numerous international conferences. In parallel with
developing Nanovation, Dr. Rogers has also been a lecturer at the University of St Andrews (UK), an
Associate Professor at the Universite de Technologie de Troyes (France), a visiting professor at the
Indian Institute of Technology (Jodhpur) and a visiting Professor at the University of Technology of
Sydney.
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Susanne Siebentritt
University of Luxembourg (Luxembourg)

“Why do we make CIGS solar cells off-
stoichiometric?” (p. 14)

Susanne Siebentritt is a physics professor and heads the
laboratory for photovoltaics at the University of

: Luxembourg since 2007. Her research interest is twofold:
the development of new thin film solar cells and the semiconductor physics of the materials used in
these cells. She studied physics at the University of Erlangen and received her doctoral degree from
the University of Hannover. After several postdoc positions at the University of Los Angeles, the Free
University of Berlin and the Hahn-Meitner-Institute (now Helmholtz-Zentrum Berlin), she led a group at
Hahn-Meitner-Institute for nearly 10 years, which focused on the physics of chalcopyrite solar cells,
before building the laboratory in Luxembourg. She is the author of nearly 160 peer reviewed
publications, with more than 2900 independent citations. In 2014 she received the FNR Outstanding
Publication Award, together with three co-authors. In 2015 she was awarded the "Grand Prix en
Sciences Physique - Prix Paul Wurth" of the Luxembourgish Institut Grand Ducal. She is a regular topical
organiser at the international photovoltaics conferences in Europe and the US. She is vice chair of the
scientific council of Science Europe and a board member for the Kopernikus projects, a 10 year research
programme for the energy transition of the German Ministry of Education and Research.

Vladimir Dyakonov
University of Wirzburg (Germany)

“Charge carrier recombination in
perovskite solar cells” (p. 18)

Professor Vladimir Dyakonov holds the Chair of
Experimental Physics (Energy research) on the Faculty
of Physics and Astronomy of Julius-Maximilian University
of Wirzburg, Germany since 2004 and he is the Scientific
Director of the Bavarian Centre of Applied Energy
Research (ZAE Bayern) since 2005. He studied physics at the University of St. Petersburg and received
his doctorate at the A. F. loffe Physico-Technical Institute in 1996. Since 1990, he has been a visiting
researcher at the universities of Bayreuth (Germany), Antwerp (Belgium) and Linz (Austria). He finished
his habilitation in experimental physics at the University of Oldenburg (Germany) in 2001. In 2007-2009
he was the Vice-dean of the Faculty of Physics and Astronomy, in 2010-2011 the managing director of
Institute of Physics and in 2013-2015 he was the Dean of the Faculty of Physics and Astronomy at the
University of Wurzburg. Dyakonov’s main research interests are in the fields of thin-film photovoltaics,
semiconductor spectroscopy and functional energy materials, in general. He is a member of several
committees including the Board of Directors of German Renewable Energy Research Association
(FVEE), the Advisory Board of Bavarian Energy Technology Cluster and the Board of Trustees at
German Plastics Centre (SKZ).
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Vladimir Kolkovsky
Fraunhofer Institute IPMS in Dresden (Germany)

“Carbon-hydrogen-related complexes in Si” (p. 19)

Dr. Vladimir Kolkovsky has received his Ph. D. degree at the Institute of
Physics, Polish Academy of Sciences in Warsaw. Afterwards he spent two
years as a post-doc in the group of Prof. A. N. Larsen in Aarhus. In 2009 he
joined the group of Prof. Weber at the Technical University of Dresden where
he spent three more years. At the moment he is a member of the scientific
staff at the Fraunhofer Institute IPMS in Dresden. His research interests are mainly focused on:
characterization and identification of point and extended defects in semiconductors and isolators; large
lattice relaxation effects (the negative-U effect); transport in low-dimensional systems (quantum dots
and nanowires), photovoltaic materials and their application, MEMS and MOEMS, bipolar and ion
sensitive field effect transistors. He has published more than 50 papers in peer reviewed international
journals.

Martin Geller
University of Duisburg-Essen (Germany)

“Spectroscopy on self-assembled quantum dots:
transport meets optics” (p. 25)

Martin Paul Geller received his PhD degree from the Technical
University of Berlin in 2007 in the group of Dieter Bimberg. After a Post-
doc at the University of Duisburg-Essen in the group of Axel Lorke and
a research visit at the ETH Zurich (Switzerland) he joint as a Post-doc
the group of Mete Atature at the University of Cambridge. Since 2012 he
is back at the University of Duisburg-Essen working on transport and
optical on low-dimensional quantum systems. He is mainly interested in
quantum phenomena in such quantum systems, using time-resolved transport and high-resolution
resonance fluorescence measurements on ensembles and single self-assembled quantum dots. He has
authored more than 50 papers in physical journals and conference proceedings, has two patents and
published two book chapters. He received the Carl-Ramsauer-Preis from the “Physikalischen
Gesellschaft zu Berlin” and the Nanosience award from the “Working group of the Centers of
Competence of Nanotechnology”.
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Sanjay J. Dhoble
R.T.M. Nagpur University (India)

“Luminescence behaviour of lanthanide ions in
different host lattices and their application in LED
for lighting” (p. 30)

Dr. S. J. Dhoble obtained his M.Sc. degree in Physics from Rani
Durgavati University, Jabalpur, India in 1988. He obtained his Ph.D.
degree in 1992 on Solid State Physics from Nagpur University,
Nagpur. He is presently working as an Associate Professor in
Department of Physics, R.T.M. Nagpur University, Nagpur, India.
During his research career, he has been involved in the synthesis and characterization of solid state
lighting nanomaterials as well as development of radiation dosimetry phosphors using
thermoluminescence, mechanoluminescence and lyoluminescence techniques. Dr. Dhoble has
published more than 553 research papers in international and national reviewed journals on solid-state
lighting, LEDs, radiation dosimetry and laser materials. He has 3116 research papers citations, an h-
index of 25 and a patent. He recently received the Prof. B.T. Deshmukh Research Award 2016 and Prof.
B.P. Chandra Research Award 2016 in NCLA-2016, Nagpur. He also received Outstanding Scientist-
2015 award in outstanding research contribution in Solid State Physics at Chennai from Venus
International Foundation and he has received Advanced Materials Scientist Letter Awards-2011 for
outstanding contribution in Advanced Materials Letter presented by VBRI Press in International
Conference on Nanomaterials and Nanotechnology, Delhi University, 2011. His academic achievement
includes best research paper awards for 37 research papers in conferences and reviewer of 29
international and national journals. He has a teaching experience of 26 years and has served as a
Principal of a College for five years. He visited abroad to the countries viz. Italy, Egypt, Greece, Australia,
China, South Africa, South Korea, Sweden, Japan and Malaysia for research and education purpose
and as a participant in the conferences and other activities. He has successfully guided 28 students for
Ph.D. degree, 5 submitted Ph.D. thesis and 5 are currently registered for Ph.D. degree with him. He has
successfully completed 4 research projects of BRNS, DAE, IUAC and UGC to his credit. He is co-author
of 22 books/chapters. He is life member of Society for Materials Chemistry, Luminescence Society of
India, Indian Association for Radiation protection, Indian Laser Association, Indian Physics Association,
International Association of Advanced Materials (IAAM), Vidarbha Environment Society, Nuclear Track
Society of India, Society for Technologically Advanced Material of India (STAMI) and Indian Physics
Teachers' Association. He is Vice President of the Luminescence Society of India and Director of the
Inter Institutional Computer Centre, R.T.M. Nagpur University. He is editor of Luminescence: The
Journal of Biological and Chemical Luminescence.
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Lucas C.V. Rodrigues
University of Sdo Paulo (Brazil)

“Designing infrared persistent luminescence
materials” (p. 34)

Prof. Lucas C.V. Rodrigues obtained its Bachelor in Chemistry from the
Universidade de S&o Paulo (2006) and Ph.D. in Chemistry from
Universidade de Sdo Paulo (2012). Worked as Senior Researcher at
the Department of Chemistry of University of Turku, Finland during
2012-2013 and occupies a professor position at the Department of
Fundamental Chemistry of the Universidade de S&o Paulo. His main
research interest is rare earth doped materials, in special those presenting persistent luminescence and
up- and down-conversion properties for application in solar converters.

Philippe Smet
Ghent University (Belgium)

“Enhancing the performance of persistent
phosphors: focus on the trapping defects and
detrapping processes” (p. 35)

Prof Philippe Smet obtained his PhD in Physics at Ghent University
(Belgium) in 2005 in the field of thin film electroluminescence, based
on impurity doped sulfide compounds. Between 2007 and 2010 he
was a post-doctoral fellow of the FWO-Flanders. Research then
focused on the photo- and thermoluminescence of rare earth doped compounds and research stays
were performed at the Otto-von-Guericke Universitat in Magdeburg and at TU Delft. In 2010 he was
admitted to a tenure track position in the field of “Physics and chemistry of condensed matter”. In 2015,
he was appointed as associate professor at Ghent University. Currently, the main research topics
include persistent and mechanoluminescent phosphors, cathodoluminescence spectroscopy and LED
conversion phosphors. He is coordinating a SBO-IWT project on remote phosphors (2013-2017).
Together with Dirk Poelman he heads the LumiLab research group (http:/lumilab.ugent.be) at the
Department of Solid State Sciences. The research group is currently formed by seven PhD students,
one post-doc and five master thesis students. Philippe Smet is author of 110 peer-reviewed,
international publications, with an h-index of 27. In the past five years, he gave 10 invited presentations
at international conferences, including two keynote lectures. Since end 2013 he is associate editor for
the open access journal ‘Optical Materials Express’. He is involved in the physics teacher training
programme, as well as in regular Bachelor (‘Waves and optics’, ‘Material Physics’, ’Introduction to atomic
and molecular physics’) and elective Master courses (‘Luminescence’). In 2014 he obtained the first
prize in the Belgian heat of the Famelab competition on science communication. He is involved in many
science communication events, such as lectures for ‘Children University’, Science Fairs and during the
past Ghent Light Festival, for which he received the UGent Hermes award in 2015.
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Programmable bioelectronic devices and systems

Ashutosh Tiwaril?
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1. Introduction

Biodigital devices are emerged an interdisciplinary field of research in the biosensors and bioelectronics [1,
2]. Today, smart bio-interfaces are applying a renewed influence on bioelectronics beyond the incorporation
of few or single atom(s)-thick two dimensional (2D) materials, which fuses the benefits of extraordinary
stimuli-controlled interior and exterior catalytic atomic surfaces with those of super-thin digital biotechnology
[3, 4]. The development of switchable and/or tunable interfaces of 2D materials endowed with desirable
functionalities, and incorporation of these interfaces into on/off-switchable bio-devices [5-7], fig. 1. The aim
of talk is to demonstrate various strategies of stimuli-enabled programming of enzymatic super-thin digital
systems answer by a considerable control in their biochemical behavior with uni- and multi-model triggering
of interfaces via temperature, pH, light, etc. These smart bioengineered atom-thick approaches are being
formulated that sense specific biochemical changes and regulate in a liable manner, making them useful super-
thin biotechnological tools. The progress in this field would make significant contributions to new age
biodigital energy and medical technologies.
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Fig. 1: Stimuli-enabled ‘built-in’ super-thin smart digital bioelectronic devices.

2. References

[1] A. Tiwari, A.P.F. Turner, (Eds.), In Biosensors Nanotechnology, Wiley - Scrivener, USA, MA, (2014).

[2] O. Parlak, S. Beyazit, M.J. Jafari, B.T.S. Bui, K. Haupt, A. Tiwari, A.P.T. Turner, Advanced Materials Interfaces, (2015).

[3] O. Parlak, A.P.F. Turner, A. Tiwari, Advanced Materials, 26 (2014) 482.

[4] A. Tiwari, M. Syvdjarvi, (Eds.), In Graphene Materials: Fundamentals and Emerging Applications, Wiley - Scrivener, USA, MA, (2015).
[5] H. Patra, R. Imani, M. Pazoki, A. Iglic, A.P.F. Turner, A. Tiwari, A.; Nature — Scientific Reports, 5 (2015) 14571.

[6] Onur Parlak, Selim Beyazit, Bernadette Tse-Sum-Bui, Karsten Haupt, Turner Anthony P. F., Ashutosh Tiwari, Nanoscale, 8 (2016) 9976.
[7] Sachin Mishra, Md. Ashaduzzaman, Prashant Mishra, Hendrik C. Swart, Anthony P.F. Turner, Ashutosh Tiwari; Biosensors and
Bioelectronics, 89(1) (2017) 305.

7t South African Conference on Photonic Materials — Amanzi 2017 2



An assessment of theoretical models for the calculation of the refractive
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1. Introduction

The binary InkGaixAs alloy finds application as HEMT transistors, laser and photodiodes, triple-junction
photovoltaic devices and infrared detectors, due to its advantageous band gap, which varies from 0.36 to 1.425 eV
[1, 2]. In particular, the band gap is advantageous for use of the alloy in optical fibre communication systems. A
knowledge of the optical parameters of the alloy, in particular the refractive index n, is thus a requirement for the
design of the required optical devices. While the refractive index for InyGai-xAs is known in the visible and
ultraviolet regions (0.5 — 6 eV = 2480 — 207 nm = 4033 — 48 395 cm™?) of the electromagnetic spectrum, a literature
survey revealed only four papers referring to work done in the mid-infrared region of the spectrum.

The current investigation reports on an assessment of the refractive index of InyGai.xAs. Four theoretical models
for the calculation of the refractive index will be reviewed, viz. single [3] and modified oscillator [4, 5], the
Sellmeier [5] and the dielectric function [6] model. The single and modified oscillator equations contain terms
related to the energy of the oscillator, E,, and the dispersion energy Eq. The latter is a function of the band gap
energy Eg, which in turn depends on the doping concentration x. Various different expressions have also been
proposed to calculate E,. Problems experienced with some of the models will be reported, and a comparison will
be made of the refractive indices obtained by these various models. The models were also extended into the mid-
infrared region (4 000 — 400 cm™ = 0.5 - 0.05 eV) of the electromagnetic spectrum. A comparison will be made
between refractive index values published for the mid-infrared region, and values calculated values from the
various theoretical models.

2. Results

The influence of the various parameters (Eo, Eq) contained in the expression for the band gap of InyG1.x<As as
function of composition x, is depicted in Fig. 1. Clearly three of the models reflect a reverse trend than the
others. The values for Eq from the various models have a maximum deviation at x = 0, viz. from 0.77 to 0.89,
with least variations for 0.8 < x <0.2. In Fig. 2, the variation of the refractive index n as calculated from the
model by Afromowitz [7] is shown.
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Fig. 1: Variation of the band gap energy E, for InyGa;xAs Fig. 2: Variation of the refractive index n with wavelength
as obtained from the various theoretical models proposed. and composition, according to the model by Afromowich [4]
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1. Introduction

Surface enhanced Raman spectroscopy (SERS) is greatly dependent on the optical properties of nanostructured
materials. Known to enhance weaker Raman signals by a factor of 104 to 108 through surface plasmon resonance
(SPR) in metallic nanostructures, SERS may be employed to detect and identify molecules up to single molecule
detection levels. Thus, this technique holds great promise for in vitro early cancer detection devices [1].

However, understanding how this enhancement is obtained, is no trivial task [2]. Metal nanoparticles exhibit a
SPR adsorption that is dependent on many factors including the dielectric constant of metals and their surfaces,
the inter-particle, distances as well as the size and shape of the nanoparticles, to name a few. The excitation of the
SPR absorption results in a strong, local electromagnetic field enhancement in the vicinity of the NPs, as it is
responsible for the major enhancement in the Raman spectra of molecules near or attached to the surface of metal
nanoparticles.

In this investigation, we report on the effect of changing the HS-(CHz)11-NHCO coumarin to stabilizing surfactant
HS-PEG(CH)1:COOH ratio on the Raman signal intensity. We draw our conclusions from both an experimental
as well as a theoretical simulation investigation. We report further on the theoretical investigation of the interaction
of a cancer causing mutagen molecule such as benzo(a)pyrene with gold and paramagnetic nanoparticles.

2. Results

Figure 1 shows the experimentally calculated enhancement factors for Au nanoparticles coated with different ratios
of HS-(CH>)1:.-NHCO coumarin and HS-PEG(CH2)1:COOH. The effect of different sized nanoparticles is also
clear from this figure. This was obtained after nanoparticles were synthesised and a ligand exchange facilitated.
The experimental data was compared to similar, modelled and dynamically simulated Au nanoparticles, (figure 2)
where it can clearly be seen that, for much smaller nanoparticles, a severe overlap of electromagnetic hotspots
occur whereas these hotspots are fairly spread out in physical space for larger nanoparticles. It was also observed
that the positions in both energy and physical space of the highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) greatly affect the Raman signal intensity.
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Fig. 1: Experimentally calculated enhancement factors Fig. 2: Simulated Au nanoparticles of 2.80 and 9.60
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1. Intoduction

Energy crisis in the world is causing a lot of problems for every one and it has a negative impact on the growth of
developing country economy. There is a dire need to implement and harness the renewable energy. For South
Africa as a developing country, there is a dire need to implement the 2020 strategies to harness renewable energy
and the country need evident of the knowledge of the amount of solar energy falling in different areas of SA. Since
the discovery of dye sensitized solar cells, which uses TiO, as a semiconductor, TiO, has attracted extensive
attention as an ideal photocatalytic material because of its excellent properties such as high activity, good stability,
nontoxicity and low cost. However, as a wide band gap oxide semiconductor (Eg=3.14 eV), brookite TiO» can
only show photocatalytic activity under UV light irradiation that accounts for only a small portion of solar energy,
in contrast to visible light for a major part of the solar energy. Therefore, how to effectively utilize sunlight is the
most challenging subject for the extensive application of TiO; as a photocatalyst.

Transition metal doping is one of the most effective approaches to extend the absorption edge of TiO; to the visible
light region, which either inserts a new band into the original band gap, improving the photocatalytic activity of
TiO; to some degree.

In this work, the structural optimizations, band structure, and electronic density of states of doped and undoped
TiO; brookite surfaces were performed using the first-principles calculations based on Density Functional Theory
(DFT) using a plane-wave pseudopotential method. The generalized gradient approximation (GGA) was employed
in the scheme of Perdew-Burke-Ernzerhof (PBE) to describe the exchange-correlation functional. All calculations
were carried out with CASTEP (Cambridge Sequential Total Energy Package) code in Materials Studio of
Accelrys Inc. From the doping of the transitional element Ruthenium, we observed that the absorption of TiO, to
be tuned into the visible-light range with high stability.
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1. Introduction

Defects and surfaces modify the electronic and optical properties of non-metallic solids, so these effects have to
be known and taken into account in materials engineering for optical applications. Since both the bulk and the
surface contain many defects, disentangling the consequences requires the help of quantum mechanical model
calculations. Theoretical defect physics, using the standard local or semi-local approximations of density
functional theory, has been quite successful in traditional semiconductors, however, wide band gap materials are
a serious challenge. In this talk |1 show how range-separated non-local hybrid functionals can be used to overcome
earlier problems, leading to an unprecented accuracy in describing optical excitations [1,2]. Two examples will be
considered: the single photon emitter NV/(-) center in diamond [3,4] and photocatalytic wattersplitting by TiO;
[5,6] .

2. Results

The photoluminescent NV(-) center of diamond is being under intense investigation lately due to its potential in
quantum information technology, for nano-sensing and bio-labeling. Since these applications require the NV(-)
center to be near the diamond surface, the effect of the latter can be critical. Based on calculations using a screened
hybrid functional on a (001) slab of diamond, I show that the completely hydrogenated or hydroxylated surface
leads to bleaching, while a much too strong oxygenation to blinking of the luminescence. Ideally, the surface
should be terminated by a mixture of H, OH and bridging O, which can be achieved by mild oxidation of a
hydrogenated surface or by oxidation with an acid.

TiO; is a typical oxide used in energy-related applications. By far the most important is photocatalysis, where
efficiency depends on the separation of the photo-generated electron-hole pairs. One possibility for that is offered
by the staggered band-alignment between rutile and anatase in mixed TiO. powders. The direction of the charge
transfer depends on the sign of the band-offset, which is hotly debated in the literature. Based on theoretical studies
I show that, in case of a direct rutile/anatase interface, both band edges of the former lie higher in energy. However,
in for rutile and anatase, both in contact with an aquaeous electrolyte, the relative position may be reversed due to
the absorption of OH~ and H* ions. This phenomenon also explains the observed differences in the efficiency of
water splitting, and our results show how the latter can be improved.
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1. Introduction

Zinc oxide (ZnOQ) is a remarkable, multifunctional semiconducting material with a direct, wide bandgap (Eg ~ 3.4
eV), intrinsically high transparency over the whole visible range, and a resistivity that can be tuned from semi-
insulating right through to semi-metallic by doping. It also presents one of the highest piezoelectric responses of
any semiconductor and has a relatively high thermoelectric figure of merit. Moreover, it has been judged to be
biocompatible and has been approved for human consumption (in products such as vitamin pills) by the U.S. Food
and Drug Administration.

The figure below shows that ZnO is currently one of the hottest topics in materials science, with over 8000
publications in 2015:
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Fig. 1. Number of annual publications vs. year according to a search of the www.scopus.com database for the term “ZnO” in the abstract,
title, or keywords.

Zn0 has become a hot topic because of its’ distinctive property set plus a number of recent breakthroughs.

Also of note is that a recent Thomson-Reuters study, recorded more publications dedicated to nanostructured ZnO
than to carbon nanotubes. This was attributed to the multifunctional nature of ZnO, the ease of fabricating
nanostructures by various techniques (including wide-area, low cost chemical growth) and the extremely large
family of nanostructure shapes that can be obtained. In this talk, we will give an overview of the advances in the
field and present some of the wide range of ZnO-related photonics devices and applications being researched at
the moment with illustrations from the work of the French ZnO start-up, Nanovation (www.nanovation.com).
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Structural and plasmonic properties of noble metal doped ZnO
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1. Introduction

Zinc oxide (ZnO) is a multifunctional material having unique physical properties as well as chemical and photo-
stability. It has a large bandgap (3.27 eV) and large exciton binding energy (60 meV) at room temperature, giving
it great importance in the field of optoelectronic devices and solar cell applications [1]. The effect of noble metal
(Ag, Au and Pd) nanoparticles (NPs) on the structural and optical properties of ZnO has been investigated in this
study, due to the localized surface plasmon resonance (LSPR) which may occur for such metallic NPs. LSPR is
an optical phenomena generated by light when it interacts with metal nanoparticles (NPs) that are smaller than the
incident wavelength [2]. Samples of pure and noble metal doped ZnO (2 mol%) were synthesized by the
combustion method. Zinc nitrate, silver nitrate, chloroauric acid and potassium tetrachloropalladate were used as
the source materials for Zn, Ag, Au and Pd respectively, while urea was used as the fuel.

2. Results

X-ray diffraction patterns for the samples are presented in Fig.1. For the undoped ZnO all the diffraction peaks
matched the hexagonal wurtzite structure of ZnO (PDF 01-075-0576). For the doped samples the additional peaks
marked with asterisks (*) matched the expected positions of the doped noble metals. Scanning electron microscopy
results (not shown) revealed spherical NPs of the noble metals. Diffuse reflectance spectra (Fig. 2) were measured
in the range 300-800 nm using a UV-vis spectrophotometer in combination with an integrating sphere. In the
doped samples dips in the reflectance spectra centred at 468 nm, 483 nm and 566 nm were attributed to LSPR
absorption of the Ag, Au and Pd NPs, respectively [3, 4]. The doping also affected the optical bandgap of ZnO
which varied from 3.02 to 3.14 eV as calculated using Tauc plots. Photoluminescence measurements were made
using a He-Cd laser emitting at 325 nm as the excitation source. For pure ZnO the near-band-edge (NBE) exciton
recombination peak was observed at 384 nm as well as visible luminescence in the range 500-750 nm attributed
to oxygen and zinc related defects [5]. The NBE was significantly enhanced in the presence of Pd NPs
comparatively to Ag and Au NPs. The visible emission was most enhanced by the addition of Au NPs. The
experimental results show that the addition of noble metals (Ag, Au and Pd) may enhance the NBE and visible
emissions of ZnO which is generally attributed to transfer of energetic electrons from the metallic NPs to the ZnO
as a result of plasmonic effects, even when excited at 325 nm far from their LSPR absorption bands.
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Fig.1: X-ray diffraction pattern of noble metal Fig. 2: Diffuse reflectance spectra of noble
doped ZnO. metal doped ZnO.
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1. Introduction

Nanostructured zinc oxide is one of the mostly used metal oxides in gas sensing applications. This is due to its
high electron mobility, good chemical and thermal stability and also sensitivity to wide variety of oxidizing and
reducing gases [1]. ZnO is one of the historically earliest materials used for the detection of several gases; it
however has some shortcomings such as high operating temperatures, poor sensitivity and selectivity [2].
Researchers have devoted determined attempts such as doping with other metal oxides, incorporating noble metals
on the surface of the ZnO nanostructures and post annealing treatment to overcome such challenges. Amongst the
attempts to improve the sensing performance of the ZnO nanostructures, the loading of noble metals on the surface
of the nanostructures have been proved to be effective. It has been established through research that different sizes
and morphologies has profound influence on the sensing performance of the ZnO nanostructures [1]. Hierarchical
Zn0 nanostructures have recently receiving tremendous attention due to them possessing a high surface area which
provides a larger surface where the reactions can take place [3].

In this study, ZnO roses-like hierarchical structures obtained through the microwave-assisted method were
successfully prepared. Their crystallinity, morphology and optical properties were studied using X-ray diffraction
(XRD), scanning electron microscopy (SEM) and Photoluminescence (PL) respectively. The interest was to also
study the influence of Au nanoparticles on the gas sensing properties of these hierarchical nanostructures .to
different concentrations of CH4, CO, NH3 and H at different temperatures.

2. Results

Fig.1 presents the XRD patterns of the as prepared ZnO and ZnO loaded with Au nanoparticles. All peaks
correspond to the hexagonal wurtzite phase of ZnO (JCPDS no. 36-1451), with new diffraction peaks belonging
to the face centred cubic Au (JCPDS no. 01-1172) appearing as soon as Au was introduced. Fig.2 shows the SEM
image of the ZnO rose-like structures.
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Fig. 1: XRD patterns of the ZnO and Au/ZnO nanoroses structures. Fig. 2: SEM image of the ZnO nanoroses structures.
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1. Introduction

Lanthanide doped upconversion (UC) nanophosphors through decades, have been used in various fields of science
and technology [1]. The technological advancements in upconversion nanophosphors are shaping the boundaries
shared by the various fields of physics, chemistry, engineering and materials science. Recently, much interest has
been focused on core-shell upconversion nanophosphors based on different materials because their properties
noticeably differ from their bulk counterparts [2]. One motivation for using core-shell nanostructures is to achieve
multiple functions. Another important motivation for utilizing core-shell is to enhance the photoluminescence by
protecting the luminescent ions in the core from non-radiative decay due to the surface defects, vibrational
deactivation attributed to solvent molecules and ligands captivated on the nanocrystals surface. Among all the rare
earth fluorides, cubic and hexagonal phases of NaYF,4 are considered to be excellent luminescent host materials
for UC because of low phonon energy, which is very favourable for high UC. However, one of the major obstacles
lies in the poor absorption and emission efficiency of such nanocrystals. This problem can be overcome if one can
concentrate the local electromagnetic field around them by means such as plasmonic nanostructures. The core-
shell nanoparticles can also be combined with Ag/Au nanoparticles. The addition of Ag/Au nanoparticles
improved excitation rates through local field magnification and amplify emission efficiency by enhanced radiative
decay rates, both of which add to the overall increase in emission intensities [3]. Information on the progress made
in the plasmon enhanced UC luminescence of lanthanide-doped NaYF4 core-shells for solar cell applications is
given. It also provides a couple of interesting features of these materials that have meticulous significance in the
performance of these materials in the various fields of science and technology. We bring to light recent advances
in general synthetic approaches, prospect for fabricating core-shell upconversion nanoparticles, their properties,
the characterizations and applications in a single platform. It offers a short overview of cutting-edge research on
plasmon enhanced upconversion luminescence of lanthanide-doped NaYF, core-shells. We also convey the
primary challenges for the upcoming study.

2. Results

Remarkably, the intensity of UC emission from the NaYF4:Yb,Er/NaYF4 core-shell nanocrystals is 16 times
greater than that of the core-only nanoparticles, which lead to their applications in bioimaging and bio-analysis
[4]. 1t is reported that the UC intensity of NaYF4:Yb,Er/SiO2/Ag core-shell nanocomposites was 14.4 times higher
than that of only NaYF4:Yb,Er/SiO, core-shell nanocomposites [3]. Yin and co-workers compared the UC
luminescence spectra between the NaYF4:Yb®* Er®* nanoparticles deposited on the molybdenum trioxide/ gold
nanorods and the molybdenum trioxide/gold nanorods film hybrid and NaYF4:Yb®, Er®* nanoparticles deposited
directly on the glass substrate (Fig. 1) [5]. They have been found that the UC intensity of
NaYF4:Yb® Er¥*/MoOs/gold nanorods arrays hybrids have increased more than 35 folds after 980 nm excitation.
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Fig. 1: The UC emissions of NaYF,:Yb®, Er** films, NaYF./molybdenum trioxide/gold nanorods array
hybrids and NaYF./molybdenum trioxide/gold nanorods film hybrids under 980 nm excitation.
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1. Introduction

Nanocomposites are considered as a different form of composite materials, involving the inclusion of nano sized
particles into organic polymer, metal or ceramic matrix materials[1-2] . Embedding of these nanoparticles in the
matrices creates a great change in the mechanical, electrical, optical or magnetic properties of these materials.
Since, a large number of polymers are available, but poly (methyl-methacrylate) (PMMA) represents a particularly
suitable matrix for embedding nanophosphors because of its outstanding mechanical, chemical, and physical
properties. Alkaline earth borates are cost effective, easy to handle, possesses long duration phosphorescence
characteristics, high quantum efficiency and hence have a wide range of applications in the field of luminescence.
In the present work, a detailed study of structural and optical properties of the Sr;B,0g: Dy**/PMMA has been
carried out. Solution casting method has been employed for the synthesis of the Sr3B,0s: Dy**/PMMA. It has been
observed that the embedding of the nanoparticles in the PMMA matrix preserves their typical phosphorescence
emission.

2. Results

From the PL emission spectra (figure 1) the SrsB.0s: Dy**/PMMA, it is clear that the emission peak corresponding
to 486nm and 546nm wavelength give a bluish and yellowish emission peak due to the characteristic emission of
the Dy3* ion, respectively. The photoluminescence (PL) spectra showed less intense phosphorescence, but no shift
in the wavelength of the emission peak for all the composites. The optical properties of the composite were studied
using UV-VIS Spectrophotometer. A band gap of 4.91 eV was calculated from the diffused reflectance spectrum
using K-B function (figure 2). FTIR studies confirm the presence of functional groups in the nanocomposite and
also it is confirmed that mixing the nanophosphors with PMMA does not change the properties of the host
polymer.
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Fig. 1. Photoluminescence excitation and emission spectra Fig. 2: Band gap determination of SrsB;0s: Dy**/PMMA
Sr3B,06: Dy*/PMMA nanocomposite. nanocomposite.
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1. Introduction

Amorphous indium zinc oxide (1ZO) films have excellent opto-electronic properties and smoothness (Rrms < 0.5
nm) [1]. Pulsed laser deposition (PLD) is one technique that can be used to easily grow thin films of 1ZO with
In/(In+Zn) values from 0.1 to 0.9, In1xGaxZnO., and HfO, that are used to fabricate thin films transistors. We
deposited by the PLD technique films on Si and glass substrates from room temperature up to 200 °C. The grown
films were irradiated by gamma and UV radiation to investigate the effects of radiation on the structure and
properties of the films.

2. Results

The surface morphology of the deposited films, investigated by atomic force microscopy, was very smooth with
rms values below 1 nm, allowing for the use of surface sensitive characterization techniques such as X-ray
reflectivity, X-ray diffuse scattering, and grazing incidence X-ray diffraction. In addition, we also used optical
reflectometry and photoluminescence (PL) to characterize the optical properties of the irradiated films. The results
showed that after gamma irradiation, the surface morphology changes, the rms values increased to 2-3 nm. Also,
the density decreased by a few percentage points, which resulted in a small thickness increase. The refractive index
also decreased by 1-2 percentage points, consistent with the changes in density. The optical band gap values,
extracted from Tauc plots, slightly decreased by few tenths of eV, while the resistivity was almost unchanged. PL
measurements for different ratios of In/(In+Zn) showed that the light emission increased dramatically due to defect
formation after gamma radiation. The emission peaks, however, deviated from the normal expected defect
emission peaks. For example, Figure 1 shows the PL emission of the 0.3 value sample excited with a He-Cd laser
at 325 nm, (a) as deposited and (b) gamma irradiated. Interesting was that a regular shift in the wavelength of peak
positions was also observed during measurements at different spots on the films due to changing film thickness.
PL can heavily be distorted by interference. One reason for the pronounced interference may be the low
reabsorption of the PL emission that typically occurs below the band gap. Figure 1 shows possible (c) wide angle
interference and (d) multiple beam interference that may occur in the samples [2]. The results showed that these
amorphous transparent oxide films could tolerate a high level of various radiation without adverse effects upon
their structure, stoichiometry or optical and electrical properties.
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Fig. 1: (a) As deposited and (b) gamma irradiated InZnO thin films with In/(In+Zn) ratio of 0.3 and a schematic of the (c)
wide angle interference and (d) multiple beam interference that may occur in the thin films [2].
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1. Cu-poor and Cu-rich Cu(In,Ga)Se:

Cu(In,Ga)Se; is an alloy of CulnSe; and CuGaSe; based on the chalcopyrite structure. It is used as absorber in thin
film solar cells, which present a new generation of photovoltaic technologies. The advantages of thin film solar
cells are low cost based on their low material and energy consumption, short energy pay back times, flexibility in
design and light weight (see e.g. the White Paper on http://cigs-pv.net). Solar cells have reached 22.6% of certified
power conversion efficiency [1], commercial modules reach 16% efficiency (see [2] and the websites of various
producers).

Cu(In,Ga)Se; solar cells are usually based on Cu-poor material, i.e. material with a sub-stoichiometric Cu content.
simply, because solar cells based on Cu-poor material always show better efficiencies [3-5]. However, Cu-rich
material shows the better semiconductor properties with lower defect concentrations and better transport properties
[6]. It has been long understood that the lower efficiency is due to recombination at or near the interface, which
limits the open-circuit voltage [3]. This recombination can be suppressed by an In-Se surface treatment [4] or by
a potassium treatment [7]. In pure CulnSe; solar cells (without Ga) the surface treatment leads to efficiencies of
Cu-rich solar cells equal to Cu-poor ones [8], whereas in Ga-containing absorbers the surface treatment leads to
an improvement of the open-circuit voltage, but not to a complete recovery of the values obtained in Cu-poor
absorbers [5]. It was only recently understood that this difference is not in the first place due to a difference in
interface properties, but to bulk properties of Cu(In,Ga)Sez: in pure CulnSe; the quasi-Fermi level splitting, which
is a measure of the open-circuit voltage an absorber could achieve, is higher in Cu-rich material than in Cu-poor
[9], whereas in Cu(ln,Ga)Se, (with Ga) the quasi-Fermi level splitting is lower in Cu-rich material than in Cu-
poor, already in the absorber without any interface [10]. It has been proposed that the difference is due to a deep
Gacy antisite defect [11, 12], which forms a less detrimental pair with copper vacancies in Cu-poor material. A
deep defect with the expected composition dependence has been observed [12].
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1. Introduction

The global energy consumption is increasing and is expected to double by the year 2050. Most of our energy
supply comes from fossil fuels; however, their exhaustibility and the environmental concerns associated with fossil
fuels have triggered the search for alternative renewable energy sources. The sun is the largest source of renewable
energy on earth. It freely provides 120,000 TW of solar power to the Earth's surface. It has been reported that the
Earth's surface receives nearly 10,000 times more solar power than the global power consumption. There is an
urgent need for cheap energy from clean and abundant sources. As a result, research efforts are underway to find
low cost and high efficiency photovoltaic devices to convert sunlight to electricity. In recent years, wavelength
dependent spectral converters have been explored for enhanced energy conversion in solar cells [1]. The up-
conversion (UC) of sunlight has two possible routes for improving energy harvesting over the whole solar
spectrum. Via such processes it could be possible to enhance the efficiency of solar cells. One of the materials
more extensively studied for this purpose have been the rare earth (RE) materials, due to the suitability of their
discrete energy levels for photon conversion inside a wide variety of host materials. Semiconductors doped with
RE elements such as Eu, Er, Yb, and Th have been intensively pursued for the synthesis of UC solar cells. There
are two main factors leading to the stable and sharp luminescence in RE elements: one is that the 4f orbital of RE
ions is shielded by the outer 6s, 5p and 5d orbitals, which weakens its coupling with the surrounding ligands; the
other is that the f-f transitions are parity forbidden. In this work, UC nanophosphors (NPrs) were prepared by
different synthesis technique for solid state lighting and solar cell application. The effect of the dopant
concentration on the structural, morphological, chemical and photoluminescence properties of doped UC NPr is
reported. The optimized up conversion nanophosphors are investigated to improve the performance of solar cells.
The effect of coating up conversion layers (etc - TiO2:Eu NPr) onto the front and inside of a solar cell is evaluated.
So up conversion nanophosphors based material can be used as a new future approach for solar cell.

2. Results

The current density-voltage (J-V) curves of the dye sensitize solar cells (DSSCs) with and without UC NPr for the
solar cell are shown in Fig. 1. Short-circuit current density (Jsc) of 17.56 mA/cm?, an open-circuit voltage (Voc)
of 0.68 V, a fill factor (FF) of 0.70 and an overall PCE of 8.29% were recorded for the cell without UC layer and
a Jsc of 18.55 mA/cm?, Voc of 0.68 V and FF of 0.70 with a PCE of 8.76% were recorded for the cell with UP
layer. A DSSC with UP layer shows the higher Jsc due to the increase in the number of photo-generated photons
in the visible region converted from NIR region due to the doping of RE materials [2]
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Fig. 1: J-V characteristics of with and without UC NPr based solar cell.
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1. Introduction

Device material quality plays an important role in the efficiency and longevity of photovoltaic (PV) cells. During
operation of a PV module, local shading of the module can cause shaded PV cells to be reverse biased. This can
lead to localised heating and therefore possibly leading to irreversible damage to the PV module [1]. Cells under
reverse bias experience localised heating through sites of junction breakdown [2] and shunting [3].

In this study, a combination of spatially-resolved, non-destructive techniques, electroluminescence (EL), infrared
thermography and light beam induced current (LBIC) measurements, were used to identify specific defects and
features of a poly-crystalline (p-c) Si PV cell. EL is the technique associated with electrically stimulated emission
of light from the PV cell. The EL emitted under forward bias is related to recombination, optical, resistive and
material properties of the cell [4]. The EL emitted under reverse bias is related to various breakdown mechanisms
[5]. Dark IR thermography (electrically stimulated) is used in the identification and characterisation of shunts [6],
and that of breakdown sites [2] of p-c Si PV cells. LBIC measurements are used to spatially resolve local cell
parameters [7, 8].

2. Results

Fig. 1 shows the reverse biased EL (ReBEL) image of a p-c Si cell at -17.901 V and -2 A. Fig. 2 shows reverse
modulated dark IR thermal image of the same cell at the same bias and current. Features A and B appear in both
the Fig. 1 and Fig. 2, indicating there is an optically active, thermally responsive site of the cell. These features are
most likely due to localised junction break down. Features C and D appear Fig. 2 and not in Fig. 1, indicating there
is an optically inactive, thermally responsive site of the cell. These features are most likely due to localised
shunting.
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1. Introduction

Silicon based solar cells are currently the most common form of photovoltaic cells used to convert solar energy to
electrical energy. Unfortunately silicon solar cells suffer from low conversion efficiencies, due to the mismatch
between the solar spectrum and the maximum absorption spectrum of silicon [1]. This may be improved by coating
the solar cell with a down-converting phosphor such as Y,03:Bi®*,Yb?* that absorbs the sun’s ultraviolet light and
emits in the infrared where the silicon solar cell is most efficient. The effect of Yb®* ion concentration on the
morphological and luminescent properties of these co-doped phosphors was investigated. The samples were
prepared using the co-precipitation technique where yttrium oxide (Y203, 99.99%), bismuth oxide (Bi,O3, 99.9%)
and ytterbium oxide (Yb20s3, 99.995%) were used as starting materials. These were dissolved in nitric acid and
diluted with ammonium hydroxide in order to control the pH during synthesis. After annealing the samples at 1000
°C, they were characterised using X-ray diffraction and photoluminescence spectroscopy.

2. Results

The X-ray diffraction spectra for the (Yo.9s-xBio.02Y0x)203 samples (x = 0.01, 0.02, 0.03, 0.04 and 0.05) shown in
Fig. 1 revealed that they had a simple cubic structure with a a3 space group which matched the JCPDS file number
83-0927. The crystallite size for the prepared nanophosphors varied between 20 nm to 35 nm with the x = 0.04
sample having the smallest crystallite size. The luminescence spectra shown in Fig. 2 were obtained using
excitation with a 325 nm He-Cd laser. The results show a broad near-infrared emission band with a sharp maximum
situated at 976 nm due to the Yb®*": 2Fs;, —2F7; transition, accompanied by several other weaker emission peaks
due to Stark splitting of the 2Fs;, and 2F7; levels [2]. A sample doped only with Bi®* ions shows no emission in
the NIR region. This result demonstrates UV to near-infrared down-conversion optimised in the phosphor with x
= 0.03 (maximum emission intensity) which may be used to modify the solar spectrum with the aim of improving
the efficiency of silicon solar cells.
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Fig. 1: X-ray diffraction spectra of (Y o.9s-xBio.02YDx)203 Fig. 2: Near-infrared emission of (Y.s-«Bio.o2Ybx)203 phosphors
phosphors (x = 0.01, 0.02, 0.03, 0.04 and 0.05). (x=0.01, 0.02, 0.03, 0.04 and 0.05).
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1. Introduction

Perovskite solar cells are progressing very fast, showing extraordinary performance exceeding 22%. The charge
carrier lifetime is an important parameter in solar cells as it defines, together with the mobility, the diffusion length
of the charge carriers, thus directly determining the optimal active layer thickness of a device. Here, we address
the recombination dynamics in planar solar cells made of methylammonium lead iodide perovskites MAPbI; and
compare them with bromine-containing perovskites.

2. Results

Most of the recombination studies presented so far have been focused on perovskite films or crystals but only a
few have studied the charge carrier lifetime in complete devices. [1] We report on charge carrier lifetime values
in bromine containing planar perovskite solar cells with varying the bromine content by using different precursor
materials. The lifetime and corresponding charge carrier density has been derived from transient photovoltage
(TPV) and charge carrier extraction (CE) experiments. To study the impact of different bromine-to-iodine ratios,
we varied the precursors in the well-established interdiffusion approach. Starting from Pbl, and methylammonium
iodine (MAI), bromine was introduced in the perovskite lattice by replacing the salts with MABr or PbBr;
(MAPDB(1;«Bry)s).

Fig. 1: TPV decays at a background illumination intensity of 1 sun
for the three different devices measured at 300 K. The single
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Fig. 2: TPV lifetime plotted versus the charge carrier density
determined with CE for the three investigated devices.

exponential fits are shown as dashed lines. Inset shows dark J-V.

Normalized TPV transients for the three devices are plotted in Fig. 1, measured under illumination conditions
equivalent to 1 sun. To determine the small perturbation decay lifetime, the signal was fitted with a single
exponential function. It is also important to note that TPV experiments should be conducted in the exponential
diode regime of a solar cell to correctly study the bulk material properties of the active layer, instead of
recombination losses via parasitic shunt pathways (see inset to Fig.1). Here, we conducted measurements in the
range of 0.0056 up to 2 suns accordingly by changing the current of the LED and using different neutral density
filters. This light intensity span resulted in corresponding Vo values ranging from 692 mV to 856 mV for the
MAPDbI; device, clearly being in the exponential diode regime. From these measurements, we calculated charge
carrier lifetime values T in dependence on the applied illumination intensity. Performing CE experiments at the
same conditions as TPV allows us to determine the corresponding charge carrier density n at each background
illumination intensity, and subsequently correlate it with the charge carrier lifetimes 1. The obtained charge carrier
lifetimes from TPV plotted versus the carrier density from CE is shown for the three perovskites in Fig. 2.

To summarize, we observed an increased charge carrier lifetime from 0.39 ps for the MAPbI3 device to 1.07 ps
for MAPb(lo.46Bros4)3 at an illumination intensity of 1 sun. We discuss the increased lifetime in a picture, in which
bromine act as dopants introducing shallow defects to the MAPbI; lattice which may lead to a reduced second
order recombination and hence increased carrier lifetime due to carrier trapping-and-release events. [2]
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1. Introduction

The performance of electronic devices is greatly influenced by the presence of unintentionally introduced
electrically active defects in silicon. Some impurities such as carbon or oxygen which are electrically inactive in
Si can create electrically active complexes only after interaction with other crystal imperfections and impurities.
Nowadays the technological processing of devices often includes heat treatments of Si wafers in hydrogen (H)
containing atmosphere in order to reduce the density of interface states or to passivate the electrical activity of the
surface. As a result hydrogen also penetrates into the bulk of Si wafers and this can lead to the appearance of a
number of H-related defects in the active region of Si devices. Among those traps the electrical and structural
properties of CH-related defects attract significant attention since carbon is always present in Czochralski (Cz)
and float-zone (FZ) Si. The presence of oxygen in high concentrations in such samples could also result in the
appearance of novel defects compared to hydrogenated samples with a low oxygen content. In this study our recent
findings, which shed light on the origin of carbon-hydrogen related complexes in n-type and p-type Si samples
with different oxygen concentrations, are presented.

2. Results

Figs. 1 and 2 show deep level transient spectroscopy (DLTS) spectra recorded in n- and p-type Cz Si after
hydrogenation by a dc H plasma treatment. Several DLTS peaks (E42, E65, E75, E90, E262, and H180) are
observed in these samples. The concentrations of E65 and E75 are below the detection limit of our DLTS setup
(around 5x10** ¢cm®) in hydrogenated FZ Si whereas E42, E90, and E262 also appear in these samples. Until now
the charge states and the origin of the defects presented in Figs. 1-2 are unknown or controversial in the literature.
We employ the high-resolution Laplace DLTS technique in order to study the activation enthalpy, the capture
cross section, the charge state, and the annealing properties of these traps. By analysing the depth profiles of these
defects in samples with different carbon, oxygen, hydrogen, and doping concentrations we conclude that all these
traps belong to carbon-hydrogen related defects that contain one carbon and one hydrogen atom. The origin of
these defects is discussed. Our results on the carbon-hydrogen-related complexes give a first conclusive
explanation of some previously reported controversial experimental data.
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Fig. 1: DLTS spectrum recorded in n-type Cz Si Fig. 2: DLTS spectrum recorded in p-type Cz Si subjected
subjected to hydrogenation by a dc H-plasma treatment to hydrogenation by a dc H-plasma treatment
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1. Introduction

Significant progress has been recorded in the power conversion efficiency (PCE) and device stabilization of
organoplumbate-trihalide (MAPbX3, (MA = methylammonium, X = I, Br, CI) perovskite solar cells. From the
humble 4% reported in 2009 to a certified [1] 22% efficiency in 2015; these developments are spectacular. Interest
in the transport properties of the MAPbX3’s was triggered as soon as the first high efficiency devices appeared. A
remarkable feature in MAPbX3 devices is the low diffusion coefficients and mobility: 0.05-0.2 cm? s* and 1-30
cm? V1 st respectively, in polycrystalline material [2]. Mobilities in single crystalline material are marginally
higher than 100 cm? V- st [2]. This is in spite of the low effective masses that are comparable to those in
prototypical Si and GaAs solar cells. Structural defects and not impurities are thought to be responsible for the low
mobility figures. Defects are also implicated in the hysteresis typical of these materials and in the intrinsic doping.
Bandgap engineering has been demonstrated by introducing Sn and Ge to partially substitute the Pb in this
materials system. Again, the effect of defects introduced in this manner on the transport properties is still unknown.
Knowledge about defects is critical for further improvements in materials properties.

We have studied highly resistive single crystal lightly p-type methylammonium lead-bromide using admittance
spectroscopy and current-mode deep level transient spectroscopy (I-DLTS). Multi-frequency capacitance-
temperature (C—T) scans reveal a phase transition around 150 K and the presence of a defect with activation energy,
Ev+0.60 eV, around 275 K (Fig. 1); the same defect does not appear in the C—T spectra when the sample is cooled
and measured under forward bias. The C-T spectra also reveal anomalous capacitances profiles: capacitance
decreases with increasing temperature, suggesting deeper acceptor-like defects. Light on/off C—T measurements
support the acceptor-like characterization. Using I-DLTS, we detect a trap at Ey+0.80 eV (Fig. 2) but are
unsuccessful in splitting it using Laplace-DLTS. This defect becomes almost un-detectable by I-DLTS post
vacuum-annealing at 380 K.
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Fig. 1: C-T scans showing phase transition at 150 K, anomalous Fig. 2: I-DLTS spectra showing the Ey+0.7 eV hole trap
C-T’s at T>150 K and frequency dispersion around 275 K. recorded at various biases at 2000s rate window.
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1. Introduction

Arguably the most commonly used electrical defect spectroscopic techniques in condensed matter physics are
Admittance Spectroscopy (AS) and the Deep Level Transient Spectroscopy (DLTS). Based on Shockley Read
Hall statistics, the thermal activation energies, the capture cross sections (for both minority and majority charge
carriers), as well as the densities of deep level centres could be obtained using these techniques. AS measures the
frequency (and temperature) dependence of both the real (conductance) and the imaginary component
(susceptance) of the complex admittance of the space charge region of a p-n junction or a Schottky device [1]
while in DLTS, the capacitance transient due to the thermal emission of trapped carriers in the space charge region,
is recorded.

In DLTS, empty traps within the space charge region of a reverse biased junction are filled up to a point, defined
by the magnitude of a periodically applied filling pulse. The time constant (inverse thermal emission rate) of the
thermally induced relaxation (to equilibrium) is then measured. It should be clear that accurate determination of
the defect parameters (i.e. defect density, depth profiles, and electrical field dependence of activation energy)
requires particular knowledge of the bias dependent space charge properties. AS evaluates the energy levels of
majority carrier traps, in close proximity to the point where the energy level intersects the Fermi level, the so called
cross-over point [2]. In contrast to DLTS, the underlying observed physical effect is not the thermal emission of
trapped carriers but rather a frequency dependent variation in the admittance of the device due the charging and
discharging of traps, a consequence of the applied ac voltage, located at the cross-over point. Depending on the
junction temperature, and for a given energy level, the trap occupation could adiabatically follow the ac test
frequency [3]. Similar to the dielectric relaxation response of an ideal, no interacting population of dipoles to an
alternating external electric field (Debye relaxation model) the conductance shows a maximum for wt = 1; with
w = 2nf, with f, the ac test frequency and t, the characteristic time constant of the defect. In parallel the
capacitance changes by AC = C(wt <K 1)- C (wt > 1).

2. Results

In this paper AS and DLTS measurements on SiC diodes will be used to address the following critical questions:

(1) Are the detection limits of AS and DLTS comparable?

(2) What is the spectroscopic resolution of AS?

(3) How does one estimate defect densities from AS measurement? (i.e., is depth profiling of deep level defects
possible using AS?)

(4) How should one interpret results if the defect densities approach or exceed the doping densities?

(5) What is the emission rate limit for AS?

(6) Should the activation energies obtained from AS and DLTS be similar?

(7) How does the field effect, critical in DLTS, impact the thermal emission rate of defect states as determined by
AS?

One remarkable result is that in AS the sensitivity depends on both the cross-over point position (w;) and the
total space charge width (w¢). Consequently, the smaller the applied bias the higher the sensitivity of the
measurement. For low defect densities:

where, Ny is the trap density, N, 4, the shallow doping density and C, = C(wt > 1), the junction capacitance
without trap response.
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1. Introduction

Fluorinated chemistry in chemical vapor deposition (CVD) of silicon carbide (SiC) using SiF4 as Si precursor has
been shown to fully eliminate formation of silicon clusters in the gas phase [1] making SiFs an interesting Si
precursor. Before a fluorinated CVVD chemistry can be adopted, the effect of fluorine on the both defects and dopant
incorporation must be understood since this is of great importance for the performance of semiconductor devices.
Here, we present defects and dopant incorporation studies for n-type doping with N using N2 and p-type doping
with Al using TMA in fluorinated CVD of homoepitaxial SiC characterized by capacitance-voltage (CV)
measurements for doping incorporation and photoluminescence (PL) and deep level transient spectroscopy
(DLTS) for defect studies.

2. Results

We find that it is possible to control the doping in SiC epitaxial layers when using a fluorinated CVD chemistry
for both n- and p-type material using the C/Si ratio as in standard SiC CVD as the site competition theory suggests
[2] and no stagnation in dopant incorporation was seen (Fig. 1). However, large area doping uniformity seems
challenging for the fluorinated CVD chemistry, most likely due to the very strong Si-F and Al-F bonds. We also
find that some epitaxial p-type layers show no Qo line at 3821 A from N in their PL spectra (Fig. 2).
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Fig. 1: Net carrier concentration by CV Fig. 2: PL spectrum from a p-type epitaxial layer
measurements from Al and N doping using N, and doped to ~10%® with Al. No Qq line at 3821 A from
TMA. No stagnation in dopant incorporation was N is observed in the spectrum.

observed.
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1. Introduction

In the recent years there is a sudden increase in the use of phosphors in the field of light emitting diode (LEDs),
cathode ray tubes (CRTSs) display panels and in field emission displays (FEDs). This developments demand new
phosphors with high efficiency, a stable chemical and thermal stability, easy preparation method with practical
applications [1]. Various scientific groups are struggling to get a red emitting phosphor which meets the above
conditions. Among all phosphors silicate phosphor shows a high chemical and thermal stability with good
photoluminescence properties. Thus in the present study we synthesized a red emitting Ba;SisO10 [2] phosphor
that contained Sm®* ions by the solid state reaction method. We investigate the structure, the photoluminescence
(PL) spectra, fluorescence lifetime and quantum yield as a function of the concentration of the Sm** ions.

2. Results
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Fig. 1: XRD pattern of Ba,Si,O1 phosphor prepared at 1200° C Fig. 2: Emission spectra of Ba.»25i:010:xSm*" phosphor
for 10 hrs

Fig. 1 shows the X- ray diffraction (XRD) patterns of the Ba,SisO10 phosphor prepared at 1200° C for 10 hrs and
the ICSD standard. All the diffraction patterns were well indexed as monoclinic Ba;SisO1 with space group of
C2/c, and the lattice parameter values were a= 23.202 A, b=4.661 A and c=13.6.13 A (PDF: 83-1446) [3]. Fig. 2
shows the emission spectra of the Ba;SisO10 containing different concentration of Sm® ions at an excitation
wavelength of 402 nm. As expected the host samples did not show any emission at this excitation wavelength.
Sm®* ions containing phosphor shows three emission bands at 561 nm, 601 nm and at 646 nm. These transitions
correspond to “Gs/z—®Hsjz, “Gs—8Hz72 and *Gs;z—°Hgyo. The *Gs,—8Hzy, transition was the strongest transition in
the present study. The synthesized glasses emitted an intense reddish orange color because of the *Gs;,—®Hz2 and
4Gs;p—°Hgy2 transitions, respectively. The emission intensity has also increased with the addition of more Sm3*
ions in the Ba,SisO19 matrix. These results show that the Ba,SisOi0 phosphor is quite useful for display
applications.
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1. Introduction

Lanthanide ions with 5d-4f transition including Ce and Eu ions are interesting ions owing to their high absorption
strength compared to their 4f-4f counterpart. They have great impact on the field of phosphor application in solar
cells [1]. In a previous investigation done by the authors, Ce®* doped SrF, was found to emit broadband emission
due to the 5d level decay to 2F72 and 2Fs; of the 4f state. It was also reported that Eu exhibited two oxidation states
that enhance the emission of the system. In this work, the study of the photoluminescence (PL) of these ions at
low and room temperature were studied. The Ce and Eu doped SrF, material were synthesis by hydrothermal
method. In the synthesis procedure, all the chemical reagents were of analytical grade and were used without
further purification. The phosphors were characterized by X-ray diffraction (XRD) to identify the crystalline
structure of the samples. The PL at low and room temperature analysis are discussed.

2. Results

Figure 1 shows the XRD patterns of un-doped and doped SrF; as well as the standard data for SrF, from card 00-
086-2418. Doping with Eu- and Ce ions (up to 10 mol%) did not change the structure of the SrF, host in this study.
The calculated SrF; lattice parameter was found to be (5.785 + 0.005) A and this agrees well with the reported
value in the literature. The XRD peaks broadened with increasing the dopants ions. The broadening of the XRD
peaks were also observed by other groups [2, 3]. Therefore we assigned the XRD broadening as a result of a
decrease in crystallite size of the matrix, which agrees well with F. Wang et al. [3]. The emission and excitation
spectra at room temperature of the Eu?* doped SrF, nanophosphor are shown in figure 2. The emission of Eu?*
consisted of a broad emission band which is a characteristic of the Eu?* ion in the SrF, crystal. From the inset graph
of figure 3 the decay lifetime of Eu?* was significantly altered during the low temperature measurement.
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Fig. 1: XRD patterns of Ce and Eu doped SrF; crystal. In the bottom

Fig. 2: The excitation and Emission of Eu?* doped SrF
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crystal. The insert graph is the decay lifetime of Eu?* in
SrF, at low and room temperature.
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1. Introduction

Self-assembled quantum dots (QDs) are nanoscopic semiconductor islands inside a crystalline GaAs matrix and
the “workhorse” for zero-dimensional nanostructures. Like an atom, self-assembled QDs show energy
quantization, direct and indirect (exchange) Coulomb interaction as well as angular momentum and spin dependent
optical and electrical properties. | will summarize the transport (like capacitance-voltage spectroscopy) and optical
methods (like p-Photoluminescence) to investigate the atomic-like structure in self-assembled InAs QDs and show
recent new results on high-resolution resonance florescence (RT) measurements and time-resolved transport
spectroscopy.

2. Results

The most-established methods to study the level structure of electrons and holes independently are based on
capacitance (C-V) measurements. C-V spectroscopy allows studying the many-particle ground states for electrons
and holes. However, the static C-V measurements cannot resolve the excited, i.e. non-equilibrium many-particle
charge and spin states. In a newly-developed all-electrical spectroscopy technique on an ensemble of self-
organized InAs QDs we use the Coulomb coupling to a nearby two-dimensional electron gas (2DEG) to detect
and prepare excited charge and spin configurations and observe their evolution in a time-resolved measurement
scheme [1,2], see Fig. 1(a). We demonstrate a controlled initialization of excited spin states and measure their
relaxation time; which is in the order of tens of microseconds.

Furthermore, we combined “transport and optics” in an optical detection scheme to observe single electron
tunneling into a single self-assembled QD. The detection scheme is based on driving the excitonic transition in
resonance fluorescence [3]. The time-resolved resonance fluorescence signal is measured, while non-equilibrium
tunneling between the charge reservoir and the QD is switch on and off. We are able to tune optically the relaxation
rate [4] and observe in a real-time measurements quantum jumps of electrons tunneling into and out of the dot, see
Fig. 1(b) and (c).
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Fig. 1 (a) Time-resolved spectrum of the evolution of the density of states for initially empty QDs from a non-equilibrium situation of
QD hydrogen towards the equilibrium situation., (b) Quantum jumps of electron tunnelling between a single dot and a charge reservoir
(c) Statistical analysis the time-traces in (b), yielding the tunnelling time into yi, and out of the QD you.
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1. Introduction

Incorporating quantum structures such as quantum dots into the active region of a conventional solar cell junction
has been successfully demonstrated as a means of extending the spectral response beyond the absorption edge of
the host material. Depending on the band structure, these structures could localise both electrons and holes within
the region of the nanostructures, i.e. type-l heterostructures, or localise one carrier type, leaving the other only
weakly bound by Coulomb forces i.e. type-Il structures. The unique stress relaxation mechanism whereby GaSh
island structures transform into nano-rings also facilitate the incorporation of a large density of nanostructures
without the need for strain compensation. This report sets out to relate the unusual ring geometry of embedded
GaSb nanostructure to their strain and associated optoelectrical characteristics. Generally, the strain produced by
a flat in-plane profile, such as a disk or flat island produces little mixing of the heavy and light hole states, as
compared to significant mixing in structures with a tapered profile, i.e. pyramidal shaped [1]. The optical
absorption characteristics of embedded quantum structures is therefore closely related to the geometry and
localised strain. In addition to the in-plane orbital angular momentum associated with the lateral confinement
within quantum dots, the coupling between heavy and light hole states also directly impacts the spectral
characteristics of the quantum structures [2].

2. Results

The electronic characteristics of the quantum ring (QR) were simulated using the software package, nextnano. The
quantum mechanical determination of the electronic structure was realised using an effective mass and 6-band kxp
model for the conduction and valance bands, respectively. The local strain was obtained by minimizing the total
elastic energy within the structure, with the resulting strain tensor used to obtain the piezoelectric charge density
and local deformation potentials present within the ring structure. The geometry of the three-dimensional model
of the quantum rings was based on high resolution scanning transmission electron microscopy performed on
structures used for the solar cell device fabrication. For our simulations, the model consisted of an outer ring
diameter of 24 nm, a thickness of 2 nm and ring band width of 2.5 nm. Figure 1 depicts the simulated hole and
electron probability distributions for the quantum ring ground state. As anticipated for the type-1l GaSh/GaAs
bandstructure, the hole distribution is localised within the GaSbh quantum ring, whereas the electron distribution is
localised within the GaAs filled ring center. In the case of quantum rings embedded within a GaAs barrier layer,
the electron-hole interband transition energy is found to be 1.03 eV, which coincides with the observed
photoluminescence and absorption spectra of these structures. Increasing the aluminium content of the barrier
layer raises the hole confinement energy and the associated transition energies of the hole states.

top view side view

Fig. 1: False colour map of (a) the simulated hole (b) and electron probability densities. The planar hole
distribution in (a) is found to be aligned with the [110] direction of the piezoelectric field within the ring.
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1. Introduction

AlyGai«N tertiary alloys have unique material properties, causing the material to be useful in a range of electronic
and UV optoelectronic devices due to the variation of the band gap of the alloy with varying aluminium content
[1,2]. In particular, AlGaN has a large direct band gap, ranging between 3.39 and 6.0 eV which covers the UV
spectrum UVA (340-400nm), UVB (290-340nm) and UVC (200-290nm) [3,4]. Mechanical hardness, chemical
stability at high temperatures, high thermal conductivity and good carrier mobility additionally make material
especially useful [4]. Prominent applications fueling much of the research include UV light emitting diodes, high
field effect transistors, diode laser cladding as well as deep visible and solar blind UV detectors [3,4].
Determination of the physical, optical and electrical properties of the material is therefore important in achieving
optimum material parameters. In this work we will report on the characterization of the grown Al Gai.xN epilayers
grown by the metal organic chemical vapour deposition (MOCVD) technique on sapphire substrates. The epilayers
having Al composition varied from x=0.15 to 0.78. The characterization techniques used in this study include
photoluminescence (PL) and infrared (FTIR) spectroscopy to determine optical properties and microanalysis by
transmission electron microscopy (TEM) coupled to an energy dispersive spectrometer (EDS) to determine the
thickness, crystalline quality and composition of the layers.

2. Results

The epilayer thickness and the band gap for different Al compositions were obtained by infrared reflectance spectra
as shown in figure 1. The values for the band gap, measured in the range 3.6eV to 5.1eV, using FTIR, will be
shown to be in good agreement with PL measurements and theoretical calculations for Al content in the range
x=0.15-0.78. Optical measurements for the epilayer thickness calculated from the infrared reflectance spectra are
in good agreement with high angular annular dark field (HAADF) STEM measurements (Figure 2), as well as
calculated values using the formula proposed by Engelbrecht et al [5]. TEM characterization as shown in figure 2
revealed a columnar type growth morphology for all the epilayers. Cracks in the epilayers are also observed
(indicated by red ellipse) and can possibly be attributed to strain in the layers. However, it is observed that the top
surface of the epilayer become facetted for Al content greater than x=0.5 which is not observed in layers of lower
Al content having smooth surface layers.
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Fig 1: Infrared reflectance spectra for AlyGaixN epilayers of varying Al Fig 2: HAADF STEM image of epilayer grown on
content and thickness sapphire substrate
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1. Introduction

There is a strong global need for secure communication as recently reflected by the vast media and political
attention given to eavesdropping. Quantum cryptography, if established, is a form of secure communication that
is conjectured to be impossible to intercept, in contrast to classical cryptography. Based on the global need, there
have been significant efforts over the last decades to realize quantum cryptography schemes experimentally. For
such a realization of quantum cryptography, there is a need to generate a flow of single photons to forward the
information, where the message by each photon, in terms of wavelength and polarization coding, has to be well
controlled. Further, for an efficient high capacity communication, i.e. a flow of a large number of individual
photons per time unit and area, one needs multiplexing combined with a high frequency photon generation. Another
crucial parameter for efficient and high-capacity communication is a low loss factor for the flow of single photons.

2. Results

In our approach, elongated nanopyramids of 111-N materials are employed (Fig. 1). These nanopyramids are
fabricated by means of a patented method using a unique hot-wall CVD technique developed at Linkoping
University. Highly controlled mask etching, combined with the nature of I11-N crystalline growth, make the
fabrication a highly deterministic process, allowing custom arrays to be grown with high precision and material
quality across whole wafers. On top of the buffer layer and the thin SiN film with etched circular holes, GaN
pyramids with six equal facets are grown by Selective Area Growth (SAG). Subsequently, the pyramids are
overgrown by a thin optically active InGaN quantum well and finally capped with a thin GaN layer. On top of the
slightly truncated GaN pyramids, InGaN quantum dots (QDs) will evolve due to the accumulated strain caused by
the lattice mismatch between the GaN and InGaN well. In the next step, the circular holes are replaced by elongated
holes. As a result, elongated pyramids with six unequal facets are formed. From extended QDs on top of the
elongated pyramid, an excitonic emission with a FWHM down to 0.3 meV and a strong degree of linear
polarization, about 85% in the direction of the elongation, is monitored (Fig. 1). The exciton lifetimes have been
studied in ap-PL set-up with a high spatial resolution equipped with a streak-camera detector for recording of ultra-
fast emission decays (down to 7 ps). The exciton lifetimes were measured to be 320 ps and 130 ps for the neutral
excitons and the negatively charged excitons, respectively, i.e. consistent with theoretical predictions of a ratio
close to 2 between the lifetimes for a QD size close to the exciton Bohr radius. In addition, the lifetimes remain
essentially constant with increasing excitation power, consistent with a weak effect of the built-in field, as
predicted for small QDs.

For demonstration of the single photon characteristics of the QDs, temporal photon correlation spectroscopy has

been performed. The ultimate proof of QD formation on these pyramidal microstructures has been demonstrated,

as evidenced by photon antibunching with g®=0.24 confirming the sound single photon properties of these QDs.
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Fig. 1. An illustration of the elongated pyramidal quantum structures (lefthand figure). The resulting polarization
dependence for pyramidal quantum structures elongated in different directions (righthand figure)
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1. Introduction

Light-emitting diodes (LED) have been in the higher demands for the solid-state lighting technology in recent
years [1, 2]. The technological advancements in the LED industry are rapidly growing with improvement in the
quality and reliability of phosphors. Most of the times, the key to efficient solid state lighting lies in the proper
selection of high efficiency phosphors capable of giving good visible light emission. The route of synthesis plays
an important role for the development of good phosphors with proper morphology and desired characteristics. The
lanthanide ions have a distinct ability to produce visible light emission by absorbing in the UV or near-UV region.
Most of the lanthanides are capable of producing emission by virtue of f-f transition that are considered to be
forbidden by selection rules. However, their introduction in some suitable host lattice can remarkably relax these
forbidden transitions. If the lanthanide ion occupies a site with non-inversion symmetry, the probability of
achieving intense electric dipole transitions increases. The Eu?* and Ce®* ions show their emissions by virtue of
5d—4f transitions and are spectroscopically allowed transitions. These ions vary their emission bands depending
on the host in which they are incorporated.

2. Results

The objective of the present abstract is to summarize the trends in the synthesis, characterization and potential
areas of application of lanthanide activated phosphor in the field of luminescence. This is supposed to be a step
forward towards the next generation lamp phosphor. Non-absorbing hosts, doped with impurities to act as
absorption and emission centers, provide useful phosphors. Here, I am discussing some selective results of LED
phosphors which were prepared in our laboratory. Our approach is to describe the possible classes of rare earth
activated phosphors, which are characteristically associated with its luminescence study. Different low cost
synthesis routes were considered for preparation of phosphors for lamp industry. Synthesis and luminescence
characterization of some of the phosphors are discussed in this abstract, such as: Eu?* doped Srs(PO,)sCl; Ce3*
doped Nas(PO4)SO4. Dy and Ce doped MgBPsO2 (Where M=Sr and Ca), NasAlx(PO4)3:RE (RE=Ce®*, Eu’* and
Mn?*), NaySr(PO4)F:Dy?*, Cas(PO4)2:Eu, Cas(PO4)2:Dy phosphors.
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1. Introduction

Currently, the increasing demands of low cost, energy saving, high efficiency and durable lighting devices have
attracted the attention of researchers to develop new phosphor converted LEDs that can effectively be excited in
the blue, near ultraviolet and ultraviolet range [1-2]. In particular, white light-emitting diodes (w-LEDs) are now
rapidly replacing the traditional incandescent, fluorescent and discharge lamps because of their highly desirable
characteristics [3]. A lot of attention has been given to alkali-alkaline doped with the trivalent rare-earth (RE)
orthovanadate due to their unique luminescence properties under near-UV excitation for different potential
applications in lighting devices. In this communication, we report the structural and optical properties of
nanocrystalline LiSrVO,4 doped with varying concentrations of Sm3* synthesized by combustion method. These
properties of this phosphor are considered to explore their importance to fill yellow amber gap in solid state
lighting and LED displays based on near-UV (300-400 nm) LED chips.

2. Results

The optimized LiSro.¢775V04:0.015Sm3* phosphor displayed orange-red emission in the range of 500—750 nm with
a maximum peak at 601 nm upon excitation with 317 nm. Figure 1 shows the emission spectra with four sharp
peaks attributed to the *Gs/» to ®H; (J = 5/2, 7/2, 9/2, 11/2) transitions of Sm**. The emission has CIE chromaticity
coordinates at (0.59, 0.41). The band gap and Urbach energy of a typical LiSrg775V04:0.015:Sm** phosphor
sample, using DRS studies, ware estimated to be 3.65 eV and 165.5 meV. The results indicated that the
LiSrVO4:Sm3* phosphor is a potential orange-red phosphor candidate for near-Ultra violet light emitting diode
chips reliant white light emitting diodes. The emission has CIE chromaticity coordinates at (0.59, 0.41) as shown
in figure 2. The band gap and Urbach energy of a typical LiSro.9775V04:0.015:Sm3* phosphor sample, using DRS
studies, ware estimated to be 3.65 eV and 165.5 meV. The results indicated that the LiSr\VO4:Sm3+ phosphor is
a potential orange-red phosphor candidate for near-Ultra violet light emitting diode chips reliant white light
emitting diodes.
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1. Introduction

Strontium phosphate is considered as a promising host for efficient upconversion due to its short distance between
positions that can be occupied by the dopants, high solubility of ytterbium ions and it exhibit close ionic size to
lanthanides [1]. For upconversion luminescence, the ionic radius of lanthanides needs to match with the host [2].
Intense visible upconversion luminescence can be obtained from lanthanides such as Yb3*/Er®*, Yb%*/Ho%" and
Yb3*/Tm?3* by excitation of near infrared (NIR) light [3]. Yb®* has a high and broad absorption band (ranging from
850-1050 nm), which makes it an excellent sensitizer. In this study, strontium phosphate co-doped with Er¥*/Yb3*
was successfully synthesized by urea combustion method. Phase structure analysis was carried out using x-ray
diffraction (XRD) Bruker AXS D8 ADVANCE X-ray diffractometer. Particle morphology was analysed using
Jeol JSM 7800F thermal field emission scanning electron microscope (FE-SEM). The chemical composition
analysis was carried out using an Oxford Instruments AzTEC energy dispersive spectrometer (EDS), with X-
Max80 silicon drift detector (SDD) system, attached to the FE-SEM. Upconversion emissions were measured by
using a FLS980 Spectrometer consisting of 980 nm NIR laser as the excitation source, photomultiplier (PMT)
detector.

2. Results

The XRD data of Srs(PO4)3sOH powder exhibited characteristic diffraction patterns of hexagonal structure
referenced in standard JCPDS card number 00-033-1348. The sharp peaks revealed formation of Srs(PO4);OH
with fine crystallinity. Rods and spherical shapes were formed. The enhanced red emission due to the *Fgp—*l15/2
transitions of Er* was observed and attributed to energy transfer from Yb3*. Upon addition of Yb®*, the green
emission is suppressed and red emission is enhanced, this is due to energy transfer process between Eré* and Yb®*,
Figure 1 shows the luminescence spectra of Srs(PO4)30H:Er®* and Srs(PO4)30H:Er®*,Yb® phosphor powders .
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Fig. 1: Up-conversion luminescence spectra of (a) Srs(PO4):0H:Er®* and (b) Srs(PO4)sOH:Er¥*,Yb% phosphor powders

3. References

[1] A. Stefan, O. Toma, S. Georgescu, Journal of Luminescence, 180 (2016) 376.

[2] J. Fu, R. Pang, Y. Jia, W. Sun, L. Jiang, S. Zhang, Journal of Luminescence, 181 (2017) 240.
[3] Z. Liang, S. Zhao, Z. Xu, B. Qiao, Y. Yang, W. Zhu, X. Xu, Optical Materials, 62 (2016) 255.

7t South African Conference on Photonic Materials — Amanzi 2017 32



Co-operative energy transfer in Yb®" -Tbh*" co-doped SrGd.O7 upconverting
phosphor

Ashwini Kumar®®, Trilok K. Pathak?, S. J. Dhoble?, J. J. Terblans?, H. C. Swart!”

1Department of Physics, University of the Free State, PO Box 339, Bloemfontein 9300, South Africa
2Department of Physics, RTM Nagpur University, Nagpur 440033, India
“Corresponding author e-mail address: Ashwini Kumar (ashwinikumar.vnit@gmail.com); H. C. Swart (swarthc@ufs.ac.za)

1. Introduction

Upconversion nanoparticles (UCNPs) have shown considerable anticipation in many fields; however, low
upconversion efficiency of UCNPs is still the most severe limitation of their applications. Herein, we report for
the first time, Yb®" and Tb** co-doped SrGd,O; (Strontium Gadolinium Oxide) upconversion (UC) phosphors
synthesized by a modified co-precipitation process [1].

2. Results

The upconversion properties were investigated by direct excitation with a 980 nm laser, Figurel, it was observed
that the as prepared materials show relatively weak green emission, whereas after calcination, there is an increase
in the upconversion luminescence intensity and the intensity of the red component found to decrease relatively.
The effect of different calcination temperatures on the emission spectra and X-ray diffraction patterns of the heat
treated upconversion materials have also been studied. Thermal analysis (TG-DTA) was later used further for the
optimization of suitable temperature for heat treatment. The luminescence lifetimes and International Commission
on lllumination (CIE) coordinates for these as prepared and heat treated samples were also determined to
understand the energy transfer (ET) mechanisms occurring between Yb3* and Th** in SrGdsO7 host matrix. Also,
the upconversion luminescence intensity as a function of laser pump power was monitored and it was confirmed
that the upconversion process in SrGdsO7: Yb3*/Th®* is a two-photon absorption mechanism. The findings reported
here are expected to provide a better approach for understanding of ET mechanisms in oxide based Yh3*/Tb%* co-
doped UC phosphors. This study might be helpful in precisely defined applications where optical transitions are
essential criterion and this can be easily achieved by smart tuning of the emission properties of Yb3*/Th** co-doped
UC phosphors.
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Fig. 1: SrGd,O7: Yb**/Tb®" crystal structure, UC emission spectrum and colour image of the excited
phosphor.
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1. Introduction

Despite the huge amount of publications about persistent luminescence, there is a lack of materials with emission
in the near infrared (NIR) region of the electromagnetic spectrum. NIR persistent luminescence materials can be
potentially applied as in vivo nanoprobes and as solar cells sensitizers by reducing the spectral mismatch losses
[1-3]. Among many activator ions for NIR persistent luminescence, the Yb®'-activated materials are good
candidates due to their unique 980 nm emission [4].

According to the lanthanide ions (Ln?* and Ln®*) ground level diagram, the energy levels of trivalent Eu®* and
Yb® are similar [5]. We expect that the substitution of Eu®* for Yb%* ion should not change the persistent
luminescence mechanism, creating persistent luminescence material activated by the NIR emission of Yb®*. In this
work, the R20,S:Yb%* Mg?, Ti**V materials (R%": La, Gd, Y) are presented as an efficient NIR persistent
luminescence phosphor.

2. Results

After irradiation at the O%(2p)—Yb*(4f) and S?(3p)—Yb**(4f%) charge transfer bands (310 nm), the
R20,S:Yb%* Mg?*, Ti**V materials exhibit NIR photoluminescence arising from the Yb3®* ?Fs;,—2F7), transitions.
The NIR emission of La;0,S:Yb% Mg?*, Ti®*V material could be visualized from fluorescence micrographs essays
(Fig. 1). When ceasing the irradiation on the materials, both Ti%* and Yb®* persistent luminescence can be observed,
ranging from the red (600) to the NIR (980 nm) region of the spectrum, respectively (Fig. 2). The persistent
luminescence mechanism of Yb®* probably involves a hole trapping process as the proposed to Eu®* materials,
followed by the hole feeding to the Yb®—e pair. The infrared persistent luminescence involving the Yb3%*
2Fs;,—2F72 transition makes this new material suitable for future applications.
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Fig. 2 Persistent luminescence emission
Fig. 1  Fluorescence  micrograph  of spectra  of  Y,0,S:Yb% Mg? Ti*V
Y,0,S:Yb¥* Mg, Ti**"V material, showing the material, registered immediately from
NIR emission from Yb** ion. ceasing the excitation.
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1. Introduction

Persistent phosphors, also called glow-in-the-dark materials, are a specific type of luminescent materials. They
can emit light long after the excitation ended, which is realized by temporarily storing energy in the crystal lattice
[1,2]. Ambient heat can release the trapped charge carriers, after which recombination and light emission can
occur. Several materials are known to emit light for tens of hours after the end of the excitation, not only in the
visible part of the electromagnetic spectrum, but also in the infrared, opening novel applications in the field of bio
imaging.

2. Optically stimulated detrapping

For many applications, such as in emergency signage, the storage capacity of persistent phosphors should further
be increased, which would open new application areas, such as glowing road marks [3]. We show that the
excitation of the europium center in the blue emitting Sro.MgSi>O7:Eu,Dy by near-UV light not only leads to charge
trapping — essential to the persistent luminescence - but also to optically stimulated release of previously trapped
charges and subsequent luminescence (OSL) [4]. Furthermore, the optical detrapping is observed to be
significantly more important when a larger fraction of the traps is already filled, suggesting OSL is the limiting
factor in the storage capacity of persistent phosphors. The impact of this OSL process on the quantum efficiency
of the persistent phosphor is demonstrated, which has implications for phosphors used in high brightness
applications (e.g. laser based illumination).

3. Mechanical detrapping

Also mechanical pressure can in certain (mechanoluminescent (ML)) phosphors lead to light emission, allowing
their use as pressure gauges or stress indicators [5]. Here we focus on the use of ML phosphors as a visualisation
tool for ultrasound pressure fields [6]. In the case of BaSiO;N2:Eu, a bluish green ML signal is observed
proportional to the ultrasound intensity which can be used to build a three dimensional representation of the
ultrasound pressure field. The obtained results are validated by comparison to numerical simulations, showing an
excellent match [6].

4. Nature of the trapping defects

Based on the insights from the temperature dependency of trapping and detrapping processes, in combination with
the chemical nature of the defects, an empirical model is constructed to understand the trapping and detrapping
mechanisms in persistent phosphors. A key element is the careful use of x-ray absorption spectroscopy to proof
and evaluate the extent of valence state changes for the rare earth (co)dopants in persistent phosphors [7].
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1. Introduction

The drive of luminescent materials with superior optical and photoluminescent properties in a wide range of areas
have shared the research efforts in this sector aimed in the direction of achieving better material features. Rare
earth ions are considered as primary activators luminescent centres in large numbers of host materials and
expressed by a partially filled 4f shell that is covered by 5s? and 5p°® electrons therefore, generally combined to
synthesize luminescent materials with better properties. RE ions doped phosphor materials have been the subject
of scientific interest due to their significant applications in a variety of fields such as, display devices, temperature
sensors, solar cell, bio-imaging, optoelectronics devices, etc. The RE?* doped calcium aluminates are prospective
persistent luminescence candidates [1-2]. The aluminates exhibit strong luminescence at the blue/green region
which is categorized by a fast decay of Eu?* ion followed by very long after glow [1-3]. The afterglow can be
further improved by co-doping the aluminates with some RE3* ions [3-4]. In this work, long persistent Eu?*, Dy%*
doped CaAl,O7 was prepared using a solution combustion method with urea as organic fuel. The objectives of this
study were (1) to prepare Eu?*, Dy** doped CaAl.O; phosphors and to characterize them with different techniques
such as X-ray diffraction for phase identification, morphology was studied using Field Emission Scanning Electron
Microscope and the optical study was carried out using Photo luminescence Spectrophotometer; and (2) to study
the effect of co-dopants on the optical and luminescence properties. Probable mechanisms of long persistent in the
synthesized phosphors were discussed in the light of the existing literature. The obtained results point out that
Eu?*, Dy** doped CaAl4O7 phosphor has the potential to be used for real applications in the area of long-lasting
phosphors for the uses in fingerprint and lip mark detection. An effort has been made to compare the results with
the earlier existed literature on the synthesis, characterization and applications of long-lasting phosphors based on
rare earth doped inorganic materials in turn to make this work more enlightening.

2. Results

The emission spectrum was recorded with an excitation wavelength of 326 nm (figure 1) and the major bands were
recorded at 447 nm corresponding to the blue color and two minor bands were recorded at 577 nm and 616 nm.
Using the prepared phosphor, different latent fingerprints were developed, where the present nano-powders have
successfully developed the finger marks on various surfaces. For the first time in the present research work, the
use of nanophosphor in developing latent lip print was performed successfully. Cheiloscopy is the science which
deals with identification of humans based on lips traces, and aids in forensic investigation (figure 2). The aim of
this study is to develope the lipmarks to establish the uniqueness of lip prints which aids in personal identification.
The results showed that the developed fingerprints and lip prints are quite good in contrast.
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Fig. 1: PL emission spectra of CaAl,O7:Eu®*, Dy*" at 326 nm Fig. 2: Fingerprint and lip print developed using the
synthesized nanophosphor excited under UV light.
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1. Introduction

The defects and impurities are as old phenomena as luminescence. In fact, the dopants are nothing else than
impurities. The famous luminescence material, the Bologna Stone, is obtained by chemical reduction of barite
(BaSO4 to BaS) while retaining a copper (Cu*) impurity intact [1]. The valence impurities, i.e. the same element
but with a different valence, are found in materials when the dopant can be easily reduced or oxidized. Such a
common dopant as Eu®* may thus show Eu?* luminescence [2], too, albeit with different features and decay times
which makes the identification challenging. The band emission of Eu?* is easily taken as a “host” or “lattice” or
“defect” emission; strictly speaking the last one is true though only unwittingly. The blue-green emission due to
Ti% from oxidic Zr/Hf materials [3] is frequently ascribed incorrectly to “defect” emission. The almost constant
color irrespective of the actual oxide host is yet posing a theoretical challenge. Other elemental impurities
frequently encountered include Cr3* in aluminates and Er®* (or Tm®*) in the Yb®" (,Er®*) up-conversion phosphors.
The role of Er®* in the build-up of other Yb®*,R®* (e.g. Th®*) up-conversion needs further elaboration.

2. Results

Genuine defect emission due to charge compensation can be observed from e.g. the R®* doped CdSiO; [4] though
the defect emission is usually obtained only at low temperatures with short lifetime. Due to the specific crystal
structure of CdSiOs, the R®* doping promotes dopant pair formation due to aliovalent (i.e. charge mismatch, R3*
vs Cd?*) substitution, also involving unstable oxide intermediate between the two R3* ions. This kind of pair (or
cluster) may result in the quenching of luminescence from higher excited levels offering a possibility to tune the
emission color as observed for e.g. the Th® or Pr3* doped CdSiOz; where the blue and green emissions from the
D3 and 3P4 levels, respectively, are quenched. Unintentional pair formation due to imperfect materials
preparation can, as well, result in unexpected quenching despite very low (below 1 mol-%) doping levels of Pr3*,
Eu®*, or Th* in Lu,O3 [5]. One thus needs to master not only the amount but also the distribution of the different
types of defects, i.e. dopants, co-dopants and defects, with a priori hostile effects on luminescence. Another
blunder (oxygen in gas phase) in materials preparation lead to a cheerful result: weak Th®" emission in MS (CaS,
ZnS) was enhanced due to the presence of Th,0,S [6]. Due to low Th3* concentration, no quenching is observed.

The bright sides of the defects and impurities include the persistent luminescence. Some highly priced materials,
i.e. artificial gemstones, may benefit from impurities, as well. Let alone the banal colored diamonds, the colorless
YAG (Y3Als012) crystals can be given a bluish hue using the isovalent Eu®* and aliovalent Hf"Y doping [7]. Both
dopants occupy the Y3* site in YAG though due to charge compensation, part (or all) of Eu®* is reduced to Eu?*
the amount of which depends on the relative concentrations of the dopants. The charge compensation scheme
(using the Kroger-Fink notation) can be written: Hf,, + Eu\, suggesting that these two sites act as electron and hole
traps, respectively. Although absorption of light by Eu?* may yield the bluish hue to Y3AlsO12:Hf,Eu, persistent
luminescence from the Hf'V stabilized Eu?* may be a more appropriate explanation. In the end, Eu?* is by far the
most efficient persistent luminescence center and the electron and hole traps furnish the components for energy
storage. Since the Ce®* doped YAG is an efficient persistent phosphor [8], the Eu?* doped YAG should be similar
as well. Y3AlsO:Eud* Hf'" is thus the first persistent gemstone reported so far. Eventually, a detailed time-
resolved and VUV excimer laser excited luminescence study revealed, in addition to the ostensible Eu?* and Eu®*
species, the UV and red Gd** impurity emission. Their spectral properties should be elaborated in the future.
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1. Introduction

In a world suffering from energy crisis and the environmental impact occasioned by high energy consumption
from conventional lighting technologies, significant reduction in energy wastage through efficient lighting
technologies is crucial for human development and health. Solid state lighting technology using white light
emitting diodes (WLEDs) holds this promise. The common WLED phosphor is the YAG: Ce®" and it produces
white light with poor colour rendition index (CRI) due to the absence of the red spectrum. Multi-phase phosphors
provide poor/diminished luminous efficiency because of the different decay time of the constituent phases. To
overcome these challenges, rare-earth ions such as Th3*, Eu®*, Ce®* and Dy®* have been incorporated into different
hosts in various configurations in order to achieve single-phase white-light phosphors with CRI greater than 90.
Some examples include; sodium germanate co-doped Th%*and Eus*[1], zinc-sodium-aluminosilicate glass doped
with Tb%and Eu®[2] and Th*/Eu* co-doped oxyfluoride glass[3] and zirconium oxide films co-doped with
Tb3*and Eu®* [4].

In this work, we investigate the spectroscopic properties of Li,BaZrO, nanoparticles, a novel phosphor host matrix
for application in white light emitting diodes. The host matrix was singly- and co-doped with Ce** and Eu®" at
varying activator ions concentration in order to achieve white light.

2. Results

Excitation of the singly doped phosphors with UV and blue light emitting sources show the characteristic red
(Figure 1a & 1b) and blue-green luminescence of Eu®* (Figure 1a) and Ce®* ions, respectively. A broad
photoluminescence (PL) emission spectrum comprising of emission bands from the host and the dopant ions
obtained from Ce®*/Eu®* co-doped systems of these host gave white light. Concentration quenching phenomenon
is discussed in the light of energy transfer, electron-phonon coupling and ion-ion interactions. The influence of
ligands on the luminescence intensity of the dopant ions is discussed on the bases of Judd-Ofelt parameters using
PL emission spectra. Photometric characterization such as colour temperature and CIE coordinates show the
suitability of these phosphors for both red and blue-green emissions in LEDs and their potentials as complementary
colours for white LED application.
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1. Introduction

Recently, the two-dimensional (2D) materials such as graphene, graphane, hexagonal boron nitride and various
transition metal dichalconides monolayers have attracted great research interests owing to their special properties.
These materials have a potential of being used in a wide range of nanotechnological devices such as optoelectronic,
photovoltaic and spintronic. Graphane, a fully hydrogenated graphene, firstly synthesized by Elias ez al.[1], is a
wide band gap semiconductor with a large exciton binding energy according to density functional theory (DFT)
predictions[2]. The magnitude of the band gap greatly depend on the method employed, for example the 3.5 eV
and 4.4 eV values were obtained from the standard DFT and hybrid functional respectively[2], as such, the later
has been employed in our calculations. Just like in any material, controlling the electronic behaviour of graphane
should be necessary for technological devices. Doping is the most successful way to engineer the electronic
properties of nanomaterials. The B and N atoms substituting the C atoms in a graphane material create the p-type
and n-type hybrid systems [3]. The other possible defect that has not yet reported is the B atom replacing a CH
pair Bcu. Removal of a CH pair from graphane leaves the three C atoms surrounding the vacancy (Vcn), and each
have a dangling bond. The substitution of B or Al having three valence electrons should saturate the C dangling
bonds through pairing. In this work, the electronic properties of Becy and Alcn defects involving their multiple
charge states were investigated using the hybrid DFT.

2. Results

The density of states (DOS) plot reveals that the band gap of graphane is slightly tuned down due to the Ben
doping. The dramatic change is noted on the Alcy DOS plot shown on Fig.1, where the metallic character has been
revealed. An addition of the electrons into a Alcy defect yield the n-type systems, while the positive charges re-
open the band gap of graphane, although with a small values. Our findings suggests possibility of fine tuning the
band gap of graphane through the defects and charge dopings, for suitable in nanoelectronic applications.
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Fig. 1: The density of states (DOS) of Alcy in graphane monolayer.
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1. Introduction

Two-dimensional (2D) material such as transition metal dichalcogenides (TMDs) are attracting interest due to
their applications in nano electronic devices [1]. Two-dimensional material have advantage over one-dimensional
material, because it is easy to fabricate complex structures such as quantum wells, multilayer superlattices, and
heterostructures. MoS; MoSe> MoTe,,WS, WTe; and WSe; are good examples of TMDs that have been attracting
attention in recent years. The Te is expensive, less abundance in the earth crust and has high concentration than
Se [2, 3], to obtain a TMD with less Te atom(s), we change the TMD of the WTe, for single layer to WTeSe and
WTeS, and for bilayer to (WSSe), (WSeTe) and (WSTe),. Further more, we calculated the new structural and
electronic properties of mixed dichalcogenide using the PBE and HSE hybrid functional [4].

2. Results

Fig. 1 shows the relaxed geometric structure of the mixed TMDs. The bond distant between a W and Se atom is
the the same as the the bond distant between a Te and W atom. Fig. 2 displays the plot of the electronic band
structure showing the indirect gap of the mixed TMD of WTeSe. Fig. 3 shows the plot of the partial density of
states for the WTeSe.

The band gap and density of states of the WTe,, WSe, and WS, with their various combinations exhibit properties
of indirect gap. While the band gap of the WSeS is 1.14 eV that of the WSeTe is 1.45 eV, as predicted by the PBE.
The energy of the band gap show that replacing one Se atom with Te in WSe, does not change the band gap
contrary to the WTe,, where we observed a decrease in the band gap. The orbital ground state of the WSeTe, WSeS
and WSTe, show evidence of orbital hybridization. Further more, the density of states plots show that the single
and double layer of the WTe2, WSe2 and WS2 are not spin dependent.
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1. Introduction

Intrinsic and extrinsic diffusion of P, As, and Sb in Ge results reveal evidence of interactions between the dopants
and the vacancies leading to the formation of dopant—vacancy pairs [1]. The diffusion activation enthalpy of P,
As, and Sb, respectively, show a decreasing activation enthalpy and increasing binding energies with increasing
size of the dopant element [1, 2]. The formation energy and the charge state transition levels created in the band
gap are important parameters that determine how defect influences a semiconductor material. In this report, we
present an ab initio study results of the X (P, As, Sb and Bi) substitutional (Xge) and interstitials (Xi) in Ge. We
used the hybrid functional of Heyd, Scuseria, and Ernzerhof (HSE) [3, 4] under the framework of density
functional theory to calculate the structural and electronic properties of the Xg. and the X;. We calculated the
formation energies of both the X, and the X; with a view to finding the most energetically favourable defect. The
charge state transition levels induced by the Xge and the X; within the band gap of Ge were obtained and compared
with available experimental data.

2. Results

Fig. 1 shows the relaxed geometric structure of the Asge The results of the structural properties of X, show that
the bond distace between the X and Ge atoms after structural relaxation is within 0.24 A, while for the X; the bond
length of the X and G atoms is within 0.15 A . The formation energies of the P, As Sb and Bi substitutions in Ge
varied from 0.61 to 1.90 eV, and for the interstitial, the formation energies varied from 3.53 to 6.69 eV. The double
substitution in Ge (Xag.) was not stable for all X. The charge state transition levels induced by the P, As, Sb and
Bi in Ge for both the X, and X; were not stable in the band gap of Ge. The +2 (as shown in Fig.2) and the neutral
charge states are stable for all Fermi energies for the Xg. and X, respectively.
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1. Introduction

The discovery of graphene, a single sheet of graphite, in 2004 [1], transpired the studies of other two dimensional
(2D) materials. Since then, 2D materials have become the focus of many researches in materials science due to
their unique properties. The 2D transition metal dichalcogenides (TMDs) have particularly attracted a lot of
attention due to their high mechanical strength, direct band gap and optical transparency [2]. TMDs monolayer
vary from metal to semiconductor materials. A molybdenum disulfide (MoS,) monolayer is an example of TMDs
semiconductor that is widely studied. Compared to other TMDs monolayer, a MoS, monolayer has a large direct
band gap. The electronic and optical properties of a 2D semiconductor material are usually controllable by tuning
the band gap. Thus, engineering the band gap of a 2D material is essential for designing nanoelectronic devices.
The band gap of a MoS, monolayer can be tuned by creating alloys either at the molybdenum (Mo) sites or sulfur
(S) sites. Computing all the possible alloy configurations in a large supercell is impossible. Different alloy isomers
such as clusters (in the shape of triangle-like, square, circular, etc.), lines and randomly scattered away from each
other, can be formed at each concentration. The most popular studied alloys are the random and cluster alloys
which successfully fine tuned the band gap of a MoS; monolayer. The line ordered alloy can appear in different
configurations and can affect the properties of a MoS; monolayer. In this work, a theoretical study based on density
functional theory (DFT) methods as implemented in the Vienna ab-initio package (VASP) [3] has been performed
to study the effect of Tellurium (Te) line ordered alloys in a MoS; monolayer. Different configurations of the Te
line ordered alloys at the S sites are identified and characterized. The thermodynamic stability, structural and
electronic properties of the system are investigated. Based on the formation energies analysis, we predict the most
thermodynamically stable line configuration at each concentration, and further characterize their electronic
properties.

2. Results

In order to understand the effect of the Te line ordered alloys in a MoS, monolayer, the physical properties of the
pristine MoS, and MoTe, monolayers need to be known first. Both MoS, and MoTe, monolayers are
semiconductor materials with the band gaps of 1.65 eV and 1.06 eV, respectively. All the possible Te line ordered
alloy configurations at each concentration are explored. Calculated formation energies suggest that these alloys
are thermodynamically stable at room temperature (see Fig. 1). The increase in Te concentration rises the lattice
constants of the systems linearly (see inset of Fig. 2), since the S atoms have small atomic radii compared to the
Te atoms. The density of states (DOS) analysis show that the electronic properties of the MoS, monolayer are
greatly affected by the Te line ordered alloys. The band gap of a MoS, monolayer is tuned and the magnitude
decreases with the increase of the Te concentration (see Fig. 2). Our results show that the driving forces of the
band gap tuning are the Te concentration and configurations. Note that the band gap magnitudes of the Te line
ordered alloys are suitable for the application in electronic and optoelectronic devices.
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1. Introduction

Silicon(Si) is one of the most important semiconductor materials and it has been studied extensively [1]. This is
mainly due to its low cost, thermal stability and good durability [2]. These properties have enabled researchers to
make major advances towards reliable and cost-effective silicon-based photonic—electronic integration [3]. The
study of radiation-induced defects in semiconductors comprises a significant area of research on semiconductors
for essential reasons as well as from the point of view of device applications [4]. Alpha-particle-induced defects
are a cause of principal concern for the in-use failure of electronic applications of Si devices. Not many studies on
alpha-particle radiation induced defects exist in literature to the best of our knowledge [5].

In this paper, we report on defects introduced in epitaxially grown boron-doped p-type Si after irradiation by alpha-
particles at room temperature. We identified the carbon interstitial and a boron-related defect using deep level
transient spectroscopy technique (DLTS) and Laplace-DLTS. DLTS has been considered to be one of the most
sensitive and reliable tools to measure the variety of electrically active defects in semiconductors [6-8].

2. Results

After exposure to alpha-particles with a fluence of 5.1x10'° cm™, the energy levels of the hole traps measured are
shown in Fig 1. : H(0.16), H(0.33) and H(0.52).The trap H(0.33) was identified as the interstitial carbon (C;) related
defect. It was a result of irradiation damage and could only be explained by the presence of donor-like traps [9].
H(0.52) was a boron-related defect [10]. The identity of (0.16) was not clear.
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Fig. 1: DLTS spectra illustrating the as-deposited sample
and defects obtained after alpha-particle irradiation at a
fluence of 5.1x10"%cm Al/p-Si.
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1. Introduction

The influence of alpha-particle irradiation from Am-241 radio-nuclide on Pd/ZnO samples has been investigated
over the temperature range of 80-350 K. Current-voltage (IV), capacitance-voltage and deep level transient
spectroscopy (DLTS) were used characterize the devices before and after irradiation. For both devices, the IV
characteristics were well described by thermionic emission (TE) in the high temperatures but deviated from TE
theory at low temperatures [1]. The current flowing through the interface at a bias of 2.0 V from pure TE to
thermionic field emission within the depletion region with the free carrier concentration of the devices decreases
after alpha-particle irradiation. The modified Richardson constants were determined from the Gaussian distribution
of the barrier height across the contacts. New defects appeared after alpha-particle irradiation.

2. Results

Figure 1 shows DLTS spectra of as deposited and alpha-particle irradiated Pd/ZnO Schottky barrier diodes. The
spectra show three prominent (E1, E3 & E4) defects which are common defects in ZnO regardless of the growth,
processing and contact fabrication techniques [2]. The E2 defect (have been found to) be introduced with further
irradiation. Temperature dependent current voltage measurements were performed to analyse the diode parameters
with increasing radiation dosage.
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Fig. 1: DLTS spectra of as deposited and after alpha-particle irradiation on Pd/ZnO Schottky barrier diodes.
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1. Introduction

ZnO has been identified as a novel material for numerous opto-electronic, ferromagnetic and piezoelectric
applications. Recent advances in ZnO nanostructures presented added advantages in ferromagnetic and
piezoelectric properties, with specific applications for sprintonics and piezoelectric nanogenerators [1].
Furthermore, it is characterized by having multi-colour emissions [2,3] adding substantial advantages to its uses.
Recently, Schottky diodes based on ZnO thin films/nanostructures have been reported [4]. However, further
studies on the effects of surface morphology of ZnO nanostructure Schottky diodes need to be conducted. In this
study we have synthesized ZnO nanostructures using chemical bath deposition. The effects of surface morphology
on the optical and electrical properties of Schottky diodes based on ZnO nanostructures were demonstrated.

2. Results

In this study, three samples having different morphologies were used. It was found that the shape, size, density
and orientations of the nanostructures are crucial for the optical and electrical properties of ZnO nanostructures.
Fig. 1 shows high magnification FESEM image of ZnO nanorods with hexagonal flat tops originating from a single
point and Fig. 2 show its corresponding room temperature Raman spectrum with strong characteristic peaks for a
wurzite structure of ZnO crystal. Other physical properties like electrical and optical properties including PL, UV-
Vis transmittance and absorbance will be discussed.
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Fig.1: High resolution FESEM image of ZnO nanorods. Fig. 2: Room temperature Raman spectrum taken
with excitation wavelength of 514.5 nm
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1. Introduction

The drive towards cleaner renewable energy has become inevitable due to fast depletion and the carbon footprint
associated with fossil fuels. This has led to extensive research on semiconductor materials that can be used in solar
technologies. Although several materials are already in use for solar energy technologies, the materials being used
as yet have low energy conversion efficiency. Hematite, best known as a-Fe,Os3, has a relatively small bandgap of
2.14-2.2 eV and can thus absorb substantially in the visible spectrum of the solar radiation reaching the earth’s
surface [1]. Hematite also has some desirable properties, which include low toxicity, easy synthesis as well as
being a naturally abundant material. a-Fe,O3 nonetheless also comes with its deficits, most notably being ultrafast
electron-hole recombination rates, short hole diffusion lengths, and low conductivity. These shortfalls
consequentially lead to low photocurrent. It is without doubt that the rate of electron—hole recombination following
photo-illumination of a semiconducting material is an important indicator of whether a material can be sustainably
used in solar technology, either in photovoltaics or in solar water oxidation. Hematite has been shown to undergo
rapid electron-hole recombination rates in the order of a few hundred femtoseconds to a few microseconds. These
measurements were performed on nanostructures of different geometries, such as nanowires, nanorice, spheroidal
nanoparticles, and also with different dopants to prolong the carrier lifetimes. Sufficiently high pump intensities
lead to the creation of multiple excitons, leading to processes such as Auger recombination and exciton—exciton
annihilation (EEA).

Not much work has as yet been done to determine the effect of excitation intensity variations on the decay lifetimes
in hematite nanostructures. Cherepy et al. carried out a power-dependent study up to a total fluence of 1.2
mJ/(pulse-cm?) and did not observe any intensity-dependent decay, owing to the high density of trap states [2]. In
this work, we carried out femtosecond pump—probe spectroscopy on a-Fe,O3 nanostructures grown on thin films.
We show that using higher fluences than previously reported (i.e. from 1.40 to 4.19 mJ/(pulse-cm?)), results in a
significant amount of EEA, which noticeably affects the spectral decay lifetimes. A kinetic model was applied to
determine exact electron—hole recombination channels and associated rate constants.

2. Results

Fig. 1 shows a typical 3D graph of data obtained from a pump probe measurement of hematite nanostructured thin
films. We observed the occurrence of EEA in a-Fe,O3 nanostructures after high pump intensities from annihilation
calculations. Using target analysis, we developed a model that shows the electron—hole recombination channels
that likely dominate following a pump pulse.
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Fig. 1: Transient absorption difference spectra Fig. 2: Model for the decay dynamics following a 3.2 eV pump excitation with a fluence
obtained after a pump intensity of 4.19 of 1.40 mJ/(pulse-cm2). The excitation is taken to populate the excited state bands
mlJ/(pulse-cm?) centered at 387.5 nm. within the conduction band (CB). The decay compartments include mid-gap (MG) states

at low energies and the valence band (VB). k| — ks denote rate constants.

3. References
[1] B. G. C. Frandsen, E.R. Maxey, D.M. Sherman. Phys. Rev. B 79 (2009) 035108.
[2] N.J. Cherepy, D.B. Liston, J.A. Lovejoy, H. Deng, J.Z. Zhang., J. Phys. Chem. B 102(1998) 770.

7t South African Conference on Photonic Materials — Amanzi 2017 50



Activation energy and mechanism of the annealing of Sb-vacancy and E’
complex’s in n-type germanium

Abraham Barnard!", Danie Auret!, Walter Meyer!

"University of Pretoria, Private Bag X20, Hatfield Pretoria,
*Corresponding author e-mail address: Abrahamwillembarnard@gmail.com

1. Introduction

Deep-level transient spectroscopy was used to study the defects induced n-type germanium by alpha-particle
irradiation from an Am?*! source. Previous investigations of the well know Sb-vacancy defect has led to the
discovery of a second defect, known as the E’, with only slightly different emission rates, but different annealing
properties. In this study we investigated further properties of this E’ defect. The annealing activation energy was
determined through isothermal annealing profiles for both the Sb-Vacancy and the E’. The Sb doped samples were
irradiated at 270 K with an Am?*! source, while Laplace deep level transient spectroscopy was used to determine
the concentration of each defect. An isothermal annealing study of the E” was carried out in the temperature range
300 K to 325 K in 5 K increments, while the Sb-vacancy was annealed out at 390 K onwards, long after the E’
was completely annealed out

2. Results
Isothermal annealing of the E-centre and E’ concentrations follow a first order annealing rate described as:

Nz (t) = Np(t)e Mt e8]
However the emission rates of the two defects are very similar making the concentration indistinguishable. Since
the E’ anneals at a lower temperature than the E-centre, the isothermal annealing concentration of the E’ can be
described as:

N (t) = A+ Np(t)e <™t (2)
where A is the concentration of the E-centre. In this case A is assumed to be a constant as the temperature difference
is too great to affect each other. Figure 1 shows some of the isothermal annealing profiles of the E’ after these
conditions are taken into consideration. The implications of these results will be discussed in the paper.
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Fig. 1: Isothermal annealing of E’ at different temperatures
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1. Introduction

In the search for a stable and affordable semiconductor photoelectrode for hydrogen production from
photoelectrochemical water splitting, hematite (a-Fe,O3) has emerged as one of the promising materials for solar-
fuel applications[1, 2]. The absorption band of hematite allows absorption of photons from near infra-red region
into the UV region. Nevertheless, its maximum capacity in photoelectrochemical (PEC) water splitting systems is
limited by the low absorption coefficient due to indirect (phonon assisted) transitions. Optical properties of the
photoanode play an important role in a PEC system. Hematite films were prepared by a simple and economic dip
coating on fluorine doped tin oxide (FTO) substrate, followed by sintering at 450 to 600 °C. The influence of film
thickness and treatment temperature on optical and photoelectrochemical properties was investigated. UV-vis
spectrophotometer and Raman scattering spectroscopy are used to probe the optical and vibrational properties of
the thin films.

2. Results

X-ray diffraction revealed increased crystallinity with both increasing treatment temperature and film thickness.
The XRD diffraction in Fig. 1 shows increased peak intensity with film thickness. Optical absorption of the films
reveals a shift on the fundamental band gap edge to higher wavelength region with increasing thickness. The
measured photocurrent density (Fig. 2) increased from 0.094 to 0.36 mA cm™ versus RHE, for films annealed at
450 and 550 °C respectively, after which it decreased.
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Fig. 1: XRD diffractions of hematite films of Fig. 2: Current density as a function of external bias
different thicknesses prepared on FTO substrate, from a hematite photoelectrode annealed at different
showing increasing peak intensity with film temperatures, measured under dark and illumination
thickness. (1.5 AM).
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1. Introduction

The 4H-SiC, a wide band gap semiconductor material of 3.26 eV [1], is a promising polytype for vertical type
high-voltage devices due to its higher bulk and small anisotropy. SiC has drawn attention of many researchers
because of its outstanding properties such as high thermal conductivity, high breakdown field and high saturated
drift velocity [2]. It has offered economically substantial benefits to aircraft, power, communications and energy
production industries because of the aforementioned characteristics.

We have successfully studied the effect of annealing temperature on the electrical and structural characteristics of
Au/Ni/4H-SiC Schottky barrier diodes (SBDs).

The Ni ohmic and Au/Ni Schottky contacts of thicknesses 3000 A and 200 A/800 A, respectively, have been
thermally evaporated on highly doped (1.9 x 10'¢ cm™) n-type 4H-SiC. The SBDs were isochronally annealed
under Ar ambient in 100 — 600 °C in steps of 50 °C. In this study, current-voltage (/-V), capacitance-voltage (C-
V), scanning electron microscopy (SEM), X-ray diffractometer (XRD) and deep level transient spectroscopy
(DLTS) were employed to determine the thermal dynamics of deep level defects present in as-deposited Au/Ni/4H-
SiC SBDs.

2. Results

Prior to the thermal annealing of Schottky contacts, the /-J measurements results confirmed the good rectification
of SBDs with ideality factor, Schottky barrier height and series resistance of 1.07, 1.20 eV and 7 Q, respectively.
A decrease in contact’s quality with increasing annealing temperature was observed from the /- and C-V results
showed in Figs 1 and 2. The SBDs maintained their high rectification quality up to the annealing temperature of
500 °C before the contacts started deteriorating with increase in annealing temperature. The Schottky barrier height
of as-deposited contacts was less than after annealing at 500 °C which was due to the metallurgical reactions taking
place at the interface and probably reduced the interfacial oxide layer. We observed four defects with energies
0.10, 0.12, 0.16 and 0.65 eV below the conduction band before the isochronal annealing. There was no difference
in the number of deep level defects present after annealing at 600 °C but the DLTS signal was reduced in height.

10 F——m———————— ———— —— - 24 — T
-2 L -~ ] =

:1]8-3 L ASVW.“..QO ] § 2211 —&— ldeallity factor ]

o ;goo’oogi....'“. j < .

105 £ ng ‘0;:)0.‘ 3 '% 2 ( | —®— C-V Schottky barrier height (eV) i
< 105 F 0? .’00 ‘. ® Asdeposited < 18t ]
< 107 ¢ oo .00 ] % .
< 108 ogV % ¢ v 200°C i 2
€ 409} o9 % v 300°C I g1er ]
5 10-10F £% ] 90 9 ] i
o o 8 e 450 °C S 14F ]

1011 o B _o® < 3 2

10-12% ox7 gee*® * 500°C -

103p  oX'e® o 550°C 8127 ]

] 600 °C 3
1014 e ° i 210F ]
-10-15 I S S R RS ST ST SR A T ST S S ST S SRR g

00 05 10 15 20 - 08 1 1 1 1 1 1 1 1 i 1 i 1

0 100 150 200 250 300 350 400 450 500 550 600

Forward valtage, V' (V) Annealing temperature (°C)

Fig. 1: Logarithmic forward /-V’ characteristics of Aw/Ni/4H-SiC Fig. 2: The variation of ideality factor and Schottky barrier height
Schottky barrier diodes before and after isochronal annealing from a5 a function of annealing temperature for Au/Ni/4H-SiC Schottky
100 to 600 °C. barrier diodes.
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1. Introduction

Recent observations point at silicon carbide as the ideal material for use to build electrically driven single photon
emitting devices [1]. These are promising in the fields of quantum computing and cryptography. Quantum
computing requires that all devices be made on the same material [2]. The selection of the right substrate for device
fabrication demands a thorough understanding of how the material properties vary during operation.

We investigated how the current-voltage (I-V) characteristics of Schottky diodes on 4H-SiC are affected by the
degree of nitrogen doping in the 10 to 10'® cm™ range. The measurements were carried out in the 300 — 600 K
temperature range.

2. Results

The forward /-V characteristics were strongly dependent on the doping concentration. The zero-bias barrier height
decreased and the ideality factor increased with decreasing temperature and increasing doping concentration; the
changes are quite significant at low temperatures. The significant decrease in barrier height and increase in ideality
factor at low temperatures and high doping concentrations can be explained by thermionic field-emission theory.
According to Tung's approach of lateral inhomogeneities, the homogeneous barrier height and the effective barrier
heights are closely matched, which demonstrates the good quality of the 4H-SiC films. The barrier height
inhomogeneities at the interface also explain the results of barrier height and ideality factor change at low
temperatures at all doping concentrations.
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Fig.1: Semi-logarithmic forward I-V curves as a function of temperature for Ni/n-4H-SiC Schottky barrier diodes for a doping density 7 x 10'*cm.
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1. Introduction

Deep Level Transient Spectroscopy (DLTS) developed by Lang in 1974 [1], is a high frequency technique based
on metal semiconductor junction capacitance that is used to study the electrical properties of defects in
semiconductors [2]. In this study we used high resolution Laplace DLTS, introduced by Dobaczewski [3], to study

the thermal emission of carriers from E3 defect in GaAs. We irradiated four different carrier densities of Si-doped
GaAs with electrons from a *°Sr source.

2. Results

From Laplace DLTS results we found that the well-known E3 defect consists of three different components which
we labeled E3a, E3b and E3c. From the Arrhenius plots we calculated the energy levels and apparent capture cross
sections of these defects. The introduction rates of the E3 defects were identical for all four carrier densities used,
indicating the E3 defect structures do not include the dopant, Si. Electric field dependent measurements revealed
that the field enhanced emission that was observed was caused by phonon assisted tunneling.
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Fig. 1: Introduction rate of E3a for electrons from a *Sr radionuclide
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1. Introduction

In this work, the Ec-0.58 defect in bulk grown n-type gallium arsenide was studied using highly sensitive Laplace
DLTS technique. The presence of the defect was observed by series of conventional DLTS scans, carried out
within the temperature range of 20K to 300K. The samples were chosen from three bulk wafers, each having free
carrier concentrations between 2x10'¢ and 4x10'6 cm™.

Field enhanced emission study is a Laplace DLTS based technique that can provide information regarding the
charge state of deep levels [1]. Through this type of measurement, it is possible to obtain necessary information to
determine the dominant emission mechanism of a deep level when it is subjected to an electric field. This is
achieved through observation of the level of enhancement to the emission rate as a function of applied field. Two
dominant mechanisms are the phonon assisted tunneling, also known as Ganichev-Prettl emission [1], and Poole-
Frenkel emission [2]. Eq. 1, describes the phonon assisted tunneling while Eq. 2 corresponds to Poole-Frenkel
emission. Depending on how the acquired data fit to each model (equation), the dominant mechanism can be
determined.

log(e) = log(eo) + LLE-

(M)
log(e) = log(e) + [ ()12

@

2. Results

Fig.1 demonstrates the position of the Ec-0.58 peak in the conventional DLTS signal and also the shift in the
emission rate as a result of increasing electric field. After the data is fitted to both the Ganichev-Prettl and Poole-
Frenkel models, as is shown in Fig.2, the results indicate that the dominant emission mechanism in the case of Ec-
0.58 is phonon assisted tunnelling.
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1. Introduction

GaN is a wide direct bandgap semiconductor with a wurzite crystal structure. GaN based material systems have
been studied for various optoelectronic applications including detectors [1]. The bandgap of GaN based materials
can be varied from 1.9 eV (InN) to 6.3 eV (AIN) whereby GaN has a bandgap of 3.4 eV. This property makes
them good candidates for fabrication of devices in a wide spectral range. GaN is also a radiation hard material.
The implantation of protons, electrons and ions has been performed on it with the aim of understanding the defects
induced in it [2-4]. In this study, Schottky contacts of Ni (200 A)/ Au (600 A) were fabricated onto a GaN sample
by using a resistive evaporation system. The sample was then implanted with Cs ions with energy of 360 keV. The
ions were implanted at room temperature at a fluence of 10'" cm™. We report on the electrical characterization of
this Cs ion implanted GaN using deep level transient spectroscopy (DLTS).

2. Results
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Fig. 1: Arrhenius plots of Ni/Au Schottky diodes fabricated on GaN. One
sample was implanted with Cs while the other was used as a control
sample..

Arrhenius plots of the defects obtained from DLTS measurements are shown in Fig. 1. The intrinsic defect has an
energy level of 0.26 eV below the conduction band while the apparent capture cross section is 9.39 x 10716 cm?.
Cs irradiation induced a defect which has energy of 0.19 eV below the conduction band and a capture cross section
of 1.11 x 1015 cm?. The induced defect is similar to the electron beam deposition induced defect reported by Auret
etal. [5].
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1. Introduction

Total dose ionizing radiation is known to alter the threshold voltage in MOSFET devices. We present a technique
which can be used to monitor the degradation of threshold voltage by means of independent voltage output
readings. The output voltage of the threshold reference circuit is shown to be only sensitive to variation in threshold
voltage. Using I-V characterization it can be determined if the proposed circuit does measure the change in
threshold voltage correctly. Using C-V combined with deep level transient spectroscopy (DLTS) the damage due
to irradiation caused due to irradiation may be measured and correlated with the change in threshold voltage. We
have implemented and tested this circuit using silicon MOSFETs.

2. Results
From Fig. 1, the gate source voltage of M5 is given by
21
V=V + |—r. )]
#ncox(T)l
Similarly, the gate source voltage M6 is
1 21
Vp =V +—= |—- 2)

VK HnCox (%) 1

With K the ratio between the gate widths of M6 and M5, K = Wys/Wys while equal Vy, is assumed for M5 and
M6. Thus the current through R, can be described by

[ = Va—Vp _ i HnCOX(T)1 (\/E— 1) (3)

R VK R

This enables the independent extraction of Vy;, as the output if the resistor relationship condition R, = ﬁ Ris

met, then

Vour = Vp — IR3. 4)
Vout = Ven- (5)

The circuit in Fig. 1 can, therefore, be used to monitor the simultaneous change in Vy, in MS and M6. As
expected, the results shown in Fig. 2 indicate near-perfect representation of V;, at Vo, and below 0.06% variation
in V, for a sweep in p, from 8.389x107 to 8x10*m? Vs

Fig. 1: Schematic of the threshold reference circuit used Fig. 2: Simulation showing the
to measure the change in threshold voltage during measured output voltage to a variation
irradiation in threshold voltage and mobility
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1. Introduction

Cobalt-SiC Schottky contacts have been fabricated on 5 x 10" cm™ nitrogen doped 4H-SiC. IV and CV
characteristics were carried out on the diodes. A Deep Level Transient Spectroscopy (DLTS) was used to
characterize the devices. Defects were identified at 0,10 eV; 0,12 eV; 0,17 eV and 0,67 eV below the conduction
band. The diodes were irradiated by alpha radiation from a 5,4MeV, AM-24I radioactive source at time intervals
up to 18 hours. DLTS measurements were carried out for each exposure time to identify any new defects. New
defects were identified at 0,40 eV and 0,65 €V below the conduction band. The diodes were annealed for 20
minutes at temperatures starting from 200 °C in steps of 100 °C until the defects vanished. The carrier
concentration of the defects decreased with annealing temperature until they completely vanished at 400 °C. The
optimum temperature to erase induced defects is 400 °C.

2. Results
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1. Introduction

Nickel, cobalt, palladium and tungsten Schottky contacts have been fabricated on 5x10'3 cm™ nitrogen doped 4H-
SiC. The current voltage (/V) and capacitance voltage (CV) measurements were carried out to investigate the
characteristics of each of the diodes in the 300-800 K temperature range. Results derived from the /7 measurements
showed that barrier height, ideality factor, reverse leakage current and series resistance were all temperature
dependant. Schottky barrier height increased with temperature with tungsten maintaining the highest level
throughout the whole temperature range. Series resistance generally decreased with increasing temperature with
tungsten deviating from this behavior after 600 K. Ideality factor decreased with increase in temperature with
tungsten maintaining low values for most of the 300-800 K temperature range while reverse leakage current
increased with increasing temperature. Tungsten had the highest values of reverse leakage current while nickel
registered the lowest values.

2. Results
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1. Introduction

BaB30;3 compound is reported to be excellent host for rare earth ion doping due to its suitable structural
properties.BaBgO,3 is made up of two separate interlocking three-dimensional networks as triborate and
pentaborate groups and forms BOs; and BO, tetrahedral units. It consists of tetragonal BO4 and trigonal BO;
group. In such big anion rare earth ions has sufficient place for substitution. Rare earth ions get isolate from one
another and the energy loss due to ion-ion interaction is becomes less. BaBsO3: Sm**, Yb?*, Eu?*, Tb*", Tm?". [1-
3] A series BaBsO;; compound doped with different concentrations of Gd** ions and co-doped with Pr’* ions was
synthesized by solid state synthesis method. The photoluminescence excitation spectra of the phosphor show
excitation peaks at 246 nm, 252 nm and 274 nm. The prominent emission peak was observed at 313 nm which is
near UVB range. Energy transfer was done by co-doping Pr’" with Gd*". Photoluminescence decay time was
measured for BaBgO13: Gd**, Pr** phosphor. The intense emissions can be used to produce phototherapy lamps to
use in the treatment of skin diseases.

2. Results

Fig.1 shows photoluminescence excitation spectra of BaBgO,3: Pr, Gd phosphor obtained by monitoring emission
wavelength at 313 nm. Broad excitation peak centred at 220 nm can be assigned to 4f-4f5d transition. Sharp peak
at 274 nm corresponds to 3S7, — °I; transition of Gd*" ions. Emission spectra were recorded by monitoring
excitation wavelength at 220 nm shown in Fig. 2. A single emission peak is obtained at 313 nm corresponds to
8P75 -8S7, transition of Gd>* ions. Emission peak is very intense and intensity enhances with increase in
concentration of dopant. This emission is useful for phototherapy applications.
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1. Introduction

In this work, we report a cheap sol-gel technique used to prepare ALO; and Ce*"Cu?*:Al,O3 nanoparticles.
Powder X-ray diffraction (XRD), scanning electron microscopy (SEM), high resolution transmission electron
microscopy (HR-TEM) and ultraviolet visible spectroscopy (UV-vis) measurements were used to characterize the
powders. The chemical composition of the powders was measured using energy dispersive spectroscopy (EDS).
Ab initio calculations were carried out to confirm the experimental findings. The structural, electronic and optical
properties of a 80 atom supercell were investigated by use of density functional theory (DFT) with the Hubbard
correction term U and plane wave pseudopotentials as implemented in quantum ESPRESSO code.
Computationally, the photoluminescence (PL) levels were calculated from the thermodynamic transition levels
corresponding to defect levels [1]. Where, each of thermodynamic transition levels usually has an associated
optical transition. An optical transition was arrived at using the Frank-Condon principle [1]

EPL = Eg _gtherm(+ 1/+ 2)_El‘€1 (1)

therm

where £, is the optical transition, Eg is the band gap energy, & + 1/ + 2 is the thermodynamic transition

level between +1 and +2 charges. E, is the Frank-Condon shift. Experimentally the PL peaks under excitation

236 nm were found at 430 nm and 458 nm. The electronic structure calculations showed that the valence band
maximum consists of filled O 2p orbitals while the conduction band has empty Al 3p and Al 3s orbitals.
Structural strain was realized computationally on doping due to reduced bond lengths which was revealed by the
use of the XCRYSDEN program and confirmed experimentally by the XRD results.

2. Results
XRD findings showed the presence of }/-Al>O; phase with peaks located at 2 0=131.99,37.71,39.45, 45.88, 60.84,

66.89 degrees. From the SEM micrographs, it was realized that the powder particles grew into sheet forms while
nano regime and high crystallinity could be realized from HR-TEM results as well as an average particle size of
approximately 20 nm. EDS analysis indicated that the synthesized powders had 60% oxygen and 40% aluminium
in the presence of Ce*"Cu?" as dopants which indicates a stoichiometry close to the expected one for alumina.
From computational point of view, DFT is known to under estimated the band gap [2]. This was the case in our
findings that the experimental band gap of 5.25 eV reduced to 4.0 eV as shown in Fig. 1 and 2 below.
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Fig. 1: Calculated band structure and projected density Fig. 2: The Kubelka-Munk structure.
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1. Introduction

Alkali oxide modified borophosphate glasses doped with Eu®*, Tb*" ions with the chemical composition of 69.5
B,03+10P,0, + 10CaF; + 5 Li,O+ 5ZnO+ R+ 0.5 Eu,03 [where R = 5 (Li0,/Na,O/K,0)] have been prepared by
conventional melt quenching technique and the spectroscopic properties of the prepared glasses have been studied
by XRD, FTIR, DSC, absorption, excitation and emission spectral analysis. XRD pattern shows amorphous nature
of the glasses has been observed. From the DSC profile, the glass transition temperature (Tg), melting temperature
(Tm) and crystallization temperature (T ) have been evaluated. From the measurements of FTIR spectra, the
functional groups of Eu*", Tb*" ions doped boro phosphate glasses have been identified.

2. Results

The red emission corresponding to >Dy — ’F, (614 nm) transition is measured at excitation of 396 nm of the Eu*
ions doped glasses. In the case of Tb* ions doped glasses four emission transitions such as *Ds— ("Fs, ’Fs, 'F4 &
'F;) that are located at 489,545,584 and 622nm respectively have been measured with Aexei =374nm ("Fe—3Gy).
Based on the excitation and emission spectral properties such as fluorescence intensity ratio, J-O Intensity
parameter peak emission wavelength peak emission wavelength, effective linewidth, radiative transition
probabilities, stimulated emission cross-section , experimental branching ratios and gain bandwidth parameters
were calculated. Based on the spectral results, Eu and Tb glasses were potential candidates for the red and green
color centers in display devices as well as red and green emission lasers at 614 nm and 545nm.
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1. Introduction

Energy transfer from Ce* to Tb*" ions in a single crystal of CaF, has been analyzed for down-conversion
application in Si solar cells. Inorganic hosts doped with the Tb**-Yb*" couple have been extensively investigated
for solar cell application [1]. The Tb*" ion absorbs a UV photon and feeds the Yb*" ions with two photons. This
gives rise to the emission of two near infrared photons that can be used to generate electron-hole pairs. However,
the weak absorption cross-section of the 4{-4f transition of the Tb*" ion limits the application of such promising
materials. A suggestion to this limitation is to add a third sensitizer with dipole-allowed 4f-5d transitions, such as
Ce*", Eu?" and Yb*" [2, 3]. This transition strongly depends on the crystal field of the matrix. Efficient energy
transfer between a sensitizer and a donor can only occur when the emission band of the sensitizer overlap with the
excitation band of the donor. CaF; is one of the fluoride compounds that is widely used as a phosphor material
because of its stability, non-hygroscopic and transparency behavior. In this investigation, the possibility of using
the Ce* ion as a sensitizer for the Tb*" ion in the CaF; single crystal, for solar cell application, are discussed.

2. Results

The CaF,:Ce,Tb nanophosphor samples were successfully synthesized by the co-precipitation method. Results
obtained with x-ray diffraction indicated that the crystallite size were in the range of 30-40 nm. The patterns
crystallized in cubic structures of CaF, (file number ICSD 00-075-0363), and no impurity peaks are observed. This
indicate that the Ce and Tb ions did not change the structure of the CaF lattice. X-ray photoelectron spectroscopy
confirmed the formation of the matrix and the presence of the dopants. The luminescence data obtained clearly
indicate that energy transfer between Ce** and Tb*" takes place inside the crystalline matrix. The emission of Ce**
in the co-doped sample was quenched and an enhancement of the Tb emission was observed, Fig. 1a). The Tb*"
emissions were enhanced steadily with an increase Tb*" concentration, see fig. 1b). The calculated energy transfer
efficiency is relatively efficient at a high Tb*" concentration. This process can occur because the emission of Ce>*
overlaps the excitation spectra of Tb**. The energy transfer from the Ce>* to Tb*" ions feeds the “Dy4 level of the
Tb*" ion where the quantum cutting process towards the Yb*" is likely to occur. The results suggested that Ce>*
may therefore be used as an efficient sensitizer to feed the Tb*" ions in a CaF; crystal.
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1. Introduction

Trivalent-lanthanide ions doped phosphor materials have gained massive attention owing to their wide application
in the field of fluorescent lighting, white light emitting diodes (W-LED), display devices, bio-imaging,
phototherapy, radiation dosimetry etc. [1-4] Red emitting phosphor can be used along with green and blue emitting
phosphor to enhance the colour rendering index of the W-LED. Sm*" ions show different type of behaviour in
different hosts since the ratio of intensities of magnetic dipole transition to electric dipole transition varies from
host to host. In some host it gives red emission and in some host it gives orange-red emission. [5]
Na,Sr,ALLPO4Clo:Sm** has not been studied yet for its photoluminescence and thermoluminescence properties.
This compound belongs to the orthophosphate family which is a broadly studied system. Bonding of tetrahedral
PO.* group to other structural units provides diversity to this class of materials. These are well tolerant host lattices
for the substitution of activator ions. In this paper we report photoluminescence and thermoluminescence
properties of Na;SrALPO4Cly:Sm3* phosphor synthesized by solid state synthesis.

2. Results

Fig. 1 shows an excitation spectrum of Na,Sr,AlLPO4Cly:Sm*" (Sm*" = 1 mole %) obtained by monitoring its
emission wavelength at 595 nm. Excitation spectra consist of several peaks at 365 nm, 379 nm, 398 nm, 406 nm,
419 nm and 443 nm . These peaks can be attributed to interconfiguration f-f transition of Sm** rare earth ions.
Emission spectra obtained by monitoring excitation at 406 nm for different mole % of Sm’" ions as shown in Fig
2.
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Fig. 1: PL excitation spectra of Na;Sr,AL(PO4)Cly:Sm™* Fig. 2: PL emission spectra of Na,Sr,Al,(PO4)Cly:Sm**
at e = 595 nm at Ay = 406 nm

3. References

[1] S. R. Anishia, M. T. Jose, O Annalakshmi, V Ramasamy, J. Lumin. 131 (2011) 2492.

[2] A. A. Setlur, Electrochem. Soc. Interface 18 (2009) 32.

[3]J. Wang, F. Zhang, J. Zhang, W. Tang, A. Tang, H. Peng, Z. Xu, F. Teng, Y. Wang, J. Photochem. Photobiol. C Photochem. Rev. 17 (2013)
69.

[4] R. Liang, M. Wei, D. G. Evans, X. Duan, Chem. Commun. 50 (2014) 14071.

[5] G. B. Nair, S. J. Dhoble, J. Fluoresc. 26 (2016) 1865.

65 7t South African Conference on Photonic Materials — Amanzi 2017



Synthesis and characterization of MV5Po504:Sm**, Tm** (Ln = Gd, La, Y)
for solar cells application

Selepe J. Motloung', Mantwa A. Lephoto!, Kamohelo G. Tshabalala' Odireleng M. Ntwaeaborwa?

!Department of Physics, University of the Free State, QwaQwa campus, Private Bag X13, Phuthaditihaba, 9866, South Afiica
2School of Physics, University of the Witwatersrand, Private Bag 3, Wits, 2050, South Africa
“Corresponding author e-mail address: tshabalalakg@ufs.ac.za

1. Introduction

Lanthanide orthovanadates (LnVO,) have been extensively studied and applied as promising inorganic materials
due to their potential uses in different fields such as catalyst, laser host materials, magnetic materials, and
phosphors. They have two crystalline polymorphs, one is monoclinic monazite type (m-LnVOy), and the other is
tetragonal zircon type (t-LnVOs) [1]. On the other hand, lanthanide phosphates (LnPO4) have attracted much
attention due to their novel promising applications in several fields of science and technology like lanthanide
orthovanadates, LnPO4 compounds have either a monoclinic structure (monazite-type, space group P2i/n) for the
lighter Rare Earth Elements (REE) (from La to Gd) or a tetragonal one (xenotime-type, space group 14:/amd) for
the heavier REE (from Tb to Lu) [2]. Lanthanide orthovanadates and orthophosphates can be combined together
to form a multicomponent structure of lanthanide phosphovanadate. This is achieved by partial replacement of
[VO,]* by [PO,]* in LaVOy ([PO4]* by [VO,]* in LnPOy). Several synthesis method have been used before to
prepare LnV/PO,. For this work, a simple, straightforward, cost effective and time saving solution combustion
process was used for the preparation of samarium and thulium co-activated MV, 5Pys0, (M = Gd, La, Y) for
possible application in dye sensitized solar cells (DSSC).

2. Results

Samarium and thulium co-activated MV P50, phosphors were synthesized by solution combustion method
using urea a fuel. The preparation temperature was set at 600 + 10 °C. The samples were then annealed at 900 °C
for 2 hours. Fig 1. Shows XRD pattern of YV 5Py 504 Sm*", Tm?" together with JCPDS file of YVO, (17-0341)
and YPOy (11-0254). The results indicate that the peaks for YV 5Py s0,: Sm*", Tm** are intermediate between that
of YPO, and YVO,. Fig. 2 shows the emission spectra of GdV P50, Sm**, Tm**, and LaV 5Py 504 Sm*", Tm**
and YV 5Py504: Sm*", Tm** respectively. In all cases, five emission peaks are observed. The broad band extending
from 400 to 650 nm originates from the host while the sharp peak at wavelength 477 nm is due to (!G4 — 3Hp)
transition of Tm?" ions. The other three emission peaks observed at 566 nm (*Gs,— %Hsy2), 603 nm (*Gs,— SH7p)
and 648 nm (*Gs;, — ®Hoy,) are due to transitions of Sm*>" ions.
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Fig. 1: XRD pattern of YV 5P;50,: Sm*", Tm** powder Fig. 2: Emission spectra of MV 5Py 50,: Sm**, Tm**
and JCPDS files of YVO, and YPO,. (M=Gd, La, Y)
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1. Introduction

Most luminescent materials (i.e. phosphors) consist of a host with a deliberately added dopant. The latter is a defect
(or impurity) albeit a beneficial one - until proven otherwise. Awkwardly, the two most common rare earth dopants,
Eu and Tb, exist at two oxidation states, Eu?"** and Tb*"!V. Their detection is difficult with optical methods and
most chemical ones are helpless with valence impurities, i.e. the same element but with an unlike valence. A small
amount of Eu' can be detected in a quantitative manner in a material containing predominantly Eu*" by measuring
the temperature dependent paramagnetic susceptibility of the material [1]. The opposite Eu*" in Eu?* case is much
more difficult, however. The analysis of a Tb'V content in a Tb’" material is also possible. In both cases the
paramagnetic susceptibility of both Eu?" and Tb'Y was assumed to evolve identically to Gd*". In the end, all three
have the same 4f” electron configuration. The present contribution verifies this hypothesis, using both theoretical
and experimental studies of the paramagnetic susceptibility of the EuAl,04, Gd,O3 and TbO, materials. Moreover,
no systematic and meticulous studies for Eu?>" and Tb'Y magnetism exist to facilitate a comparison to Gd**.

2. Results

The main challenge with Eu*" and Tb' systems is the preparation of pure materials. Gd>O; was, in contrast, got
by heating a high-purity oxide for 2 h @ ca. 1000 °C to chase off H,O and CO, absorbed from air. EuAl,O4 was
prepared as described earlier [2]. The HTHP methods failed to produce pure TbO,, so the ingenious soft chemistry
method by dissolving Tb** from Tb4O7 with acetic acid @ <100 °C was used. The sonochemical treatment may be
more effective though [3]. The temperature evolution of the paramagnetic susceptibility of EuAL,O4 (white body
color), Gd,O; (white) and authentic TbO, (bright red) powders was measured from 1 to 350 K. The 41’ energy
levels and paramagnetic susceptibilities were calculated with a parametric model using a program REEL [4].

The calculated paramagnetic susceptibilities of EuALO4 and TbO, gave a Curie type temperature behaviour
indistinguishable from that of Gd,Os (Fig. 1). The 417 level scheme has an isolated 3S7,, ground multiplet with a
energy difference of ca. 27 000 cm™! (Eu?*) but larger for Gd** and Tb'V (Fig. 2). Due to this large difference and
the restrictions of the crystal field, the mixing of wave functions is decimated, and the susceptibility depends only
on the 8S7, multiplet (splitting <2 cm™). The identical Curie type curves are thus no wonder, though, if not found
experimentally, mixing of S7, with the low-energy 4£°5d! and charge transfer states (CTS) should be blamed.

1§ = 6, _
120 Inverse Paramagnetic Susceptibility of the lons 3 S— b, —
L " N 4 S e — e
with the 4f' Configuration: Eu®’, Gd™, 2 prm— LY =
——Gd0, 8, site >
100 | 273 6 i A
° Gd0,C,site ) o
_ v o D 4
S . Eﬁz e 1 8 w 5= N
G E 8 o
5 o ] === P
£ M i — J
@ >
- o
g ) [
F Inverse Paramagnetic o B c o
Susceptibility of EUZ??/ o w § L Eu2+ Gd3+ Tb|v
2 o, ste g - 4f Energy Level
-~ Eu0,C,site Schemes
Below VUV Range
0 200‘ 400 GPO 800 ‘1000 |
8, 8,
0 200 400 600 800 1000 e S, S,,
Temperature / K E —
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1. Introduction

Persistent luminescence has several important applications such as lighting, photocatalysis, biological markers,
sensors and detectors, harvesting solar energy as well as security markers [1]. At present, these materials should
show their true potential in practice. The Pr’* doped CaTiO; materials are among the most studied persistent
phosphors [1] especially due to quenching of the characteristic blue-green emission of Pr’* and subsequent feeding
of the red emission instead (Fig. 1). The Pr3* dopant is also much cheaper than the traditional Eu?>" dopant though
its performance leaves a lot to hope for. The Zn?" co-dopant should introduce special features into the persistent
luminescence behaviour because of, for example, the high volatility of zinc. This work focuses on how to improve
the performance and chemical stability as well as to disclose the effects of the phosphor particle size and selective
excitation with blue diodes.
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Fig. 1: Emission spectra of CaTiO:Pr’",Zn*", Fig. 2: Excitation spectra of CaTiOs:Pr**,Zn*",

2. Results

The CaTiO3:Pr**(,Zn?" or Sr**) materials were prepared with the sol-gel, solid state reaction, and co-precipitation
methods and their properties characterized with the usual methods (EDS mapping, SEM imaging, X-ray powder
diffraction as well as luminescence emission and excitation spectroscopies). CaTiO3:Pr*" has interesting features
such as the low host absorption threshold energy and the Inter-Valence Charge Transfer (IVCT) region at ca. 3.76
and 3.26-3.49 eV [2,3], respectively (see also Fig. 2). These should have an important role in its persistent
luminescence properties.

The Sr?* co-dopant weakens the persistent luminescence and, at all times, decreases the average crystallite size of
CaTiO;:Pr*" as well. This suggest that incorporation of Sr?>* causes structural disorder and imperfections resulting
in a trap structure not favouring persistent luminescence. As to Zn*" co-doping, despite isovalent (Zn**—Ca®")
substitution the solid solubility of Zn*" in CaTiOs is limited as evidenced at higher (>0.15) Zn concentrations by
the appearance of a Zn,Ti;Og impurity phase. This may be due to the size difference between Ca?* and Zn*", clearly
larger (ca. 20) than the one (ca. 15 %) proposed by the Vegard’s rules as a prerequisite for complete solid solubility.
ZnO is the worst Zn source; Zn>" was not incorporated into the CaTiOs lattice when the solid state method was
used. Instead, zinc acetate yielded better results. A zinc source freshly prepared may evidently be better than an
aged one. The most homogeneous materials (particle size, dopant distribution) were obtained by using the co-
precipitation. The persistent luminescence can thus be enhanced with a Zn?* co-dopant though the effect is difficult
to predict, at least partially due to the volatility of zinc. This factor brings a new dimension to the present studies.
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1. Introduction

In the recent years, the luminescence properties of materials has been widely investigated for the applications in
light emitting diode (LED), scintillators, medical application and in the laser industry. Glasses are excellent host
for the rare earth ions because of its easy preparation method and excellent solubility of rare earth ions in it. Glasses
also offer the wide range of composition which allow one to tune the physical and optical properties according to
specific application. Rare earth ions are known for their emission due to 4f-4f and 4f-5d electronic transitions.
Also one can use specific rare earth or co-doped rare earth ion containing materials with specific application [1].
By keeping in mind the advantage of rare earth ion and glasses we prepared the glass series with general formula
30 LiO-70[1/7 Si0,:6/7B»0s] by conventional melt quench technique. The prepared lithium borosilicate glasses
were doped with Dy,0Os;. We analyzed the density of glasses by Archimedes principle. Thermal study was
performed by using Differential Thermal Analysis (DTA). We also analyzed the optical absorption spectra and
luminescence properties of the prepared glasses. Finally we tried to correlate physical and optical properties of the
prepared glasses for LED application.

2. Results

Figure 1 shows the excitation spectra of 0.5 mol % Dy,Oj3 containing glass measured at excitation wavelength of
573.5 nm as representative. The excitation spectra show seven prominent peaks due to transition from the ground
state to excited state. These peaks are *Hisp—*Mi72 (324 nm), *Hisp—°P75 (349 nm), °H,sp—°Psp (365 nm),
6H15/2—>4113/2 (387 nm), 6H15/2—>4G11/2 (426 Ill’l’l), 6H15/2—>4I15/2 (4521111’1) and 6H15/2—>4F9/2 (470 nm) [2] Out of these
the transition °H;s,—°P7,2 (349 nm) is the most prominent and was used to study the emission properties of the
glasses.

Figure 2 shows the emission spectra of all Dy,Os doped glasses under excitation at 349 nm. Emission spectra of
glasses show two sharp bands centred at 482 nm (blue) and 573 nm (yellow). These bands are assigned to
*Fop—°Hs and *Fop—> °Hjs, transitions, respectively. The glass with 0.5 mol % Dy,O; shows the maximum
emission and the emission intensity decreased with further addition of Dy»Os in the glass matrix. This effect can
be termed as luminescence quenching and an increased number of Dy** ions in the glass matrix is responsible for
this behaviour. From the excitation and emission properties it is clear that the glasses can be excited by near UV-
light and they are further useful for LED applications [1,2].
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Fig. 1: Excitation spectra of 0.5 mol % Dy,O; doped Fig. 2: Luminescence spectra of different concentration
lithium borosilicate glasses. Dy,0; doped lithium borosilicate glasses.
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1. Introduction

Pr’* doped matrices have shown two prominent emission lines in the visible region emanating from the 3P, (green)
and the 'D; (red) energy levels. Depending on the crystal field strength of the host material, Pr’* can show either
the 3Py or the D, or the two emission lines [1-3]. Furthermore, the branching ratio of the *Py to !D, emission lines
of Pr** can vary when doped into different host materials [3, 4]. Unlike Pr**, Dy*" doped matrices have two
dominant emission bands usually observe around 484 nm (*Fo,—°®Hs2) and 573 nm (*Fop—°H)3). These two
emission lines are observed in every Dy*" doped matrices. However, the branching ratios of the two emission lines
can vary depending on where Dy?" ions are located in the symmetry of the host [5-8].

2. Results

We have prepared two sets of powder phosphors, Lay xY,SiOs:P3* (x=0, 0.5, 1.0, 1.5 and 2.0) and La, xYxSiOs:P**,
Dy** (x=0, 0.5, 1.0, 1.5 and 2.0) using solution combustion method. The structure, morphology and the elemental
compositions of the phosphors were studied using X-ray diffractometer (XRD), field emission scanning electron
spectroscopy (FE-SEM) and energy dispersive X-ray spectroscopy (EDS), respectively. Time-of-flight secondary
ion mass spectroscopy (ToF-SIMS) was used to study the distribution of the atomic and molecular ionic species
on the surface of the samples. The photoluminescence emission spectra of La,<Y,SiOs:P>*, Dy*" (x =0, 0.5, 1.0,
1.5 and 2.0), shown in Fig. 1, were recorded by exciting the phosphors using a 325 nm He-Cd laser. The colour
purity of the phosphors calculated using the CIE co-ordinates (Fig. 2) showed tunable emission as the ratio of L:Y
were varied in the matrix.
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1. Introduction

The synthesis of functional nanocomposites for various applications has been a subject of great interest in recent
years. One such nanocomposite material is Ag doped with SnO,. Where SnO; has a range of different
functionalities like sensor, photocatalysis, and solar cell applications [1], silver, on the other hand, is known for its
antimicrobial properties. Therefore, when doped with a metal oxide such as tin oxide, this nanocomposite has a
range of different synergistic properties. For example, silver doped tin oxide has been used for contact welding
and gas sensing due to its low contact resistance [2]. Materials based on silver doped tin oxide are generally used
in air contractors of low voltage, high current equipment, within a switching current range of 100 - 3 000 A [2].
The present study evaluates another important property of this nanocomposite: the photoluminescence (PL) and
antimicrobial properties. It is envisaged that the synergistic effect of silver and tin oxide may be exploited to
develop effective and efficient bacterial sensors as well as to employ biorational management of E.Coli for
treatment of waste water. Therefore, a proper, systematic and thorough investigation into the synergistic properties
of this nanocomposite is invaluable.

2. Results

Silver doped and undoped nanocomposites were synthesized via a sol-gel technique [3]. It was annealed at 1000 °C
and further characterized by transmission electron microscopy, x-ray diffraction, photoluminescence and UV—
visible spectroscopy. Figure 1 shows the UV spectra of undoped and silver doped tin oxide. The absorbance
increases when pure tin oxide is doped with silver. The band gap was calculated from Tauc’s formula and it
decreases after silver doping from 3.4 eV to 3.2 eV. Figure 2 shows the PL spectra which shows the two bands
when silver was doped in tin oxide.
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Fig. 1: UV spectra of doped and undoped SnO, Fig. 2: PL spectra of doped and

undoped SnO,

To investigate the antibacterial activity of the prepared nanocomposites, the microbial count of escherichia coli
was recorded on an hourly basis. The antimicrobial assay against E.Coli shows the synergistic effect of silver
with tin oxide: the microbial count decreased more in silver doped nanocomposites compared to pure tin oxide
nanomaterial. The colony forming unit decreased in both doped and undoped tin oxide after every hour. Thus,
silver doped tin oxide may possibly be used for the biorational management of E.Coli for treatment of waste
water before discharge, when all other related factors are thoroughly considered.
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1. Introduction

a-Fe;O3 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 [1-3]. Rare earth atoms recently have been introduced
into the iron oxide matrix which leads to a material that shows multiple interesting effects.

Rare-earth doped a-Fe,O; nanoparticles were successfully synthesized by sol-gel method using PVA as
polymerizing agent. The main advantage of PVA is to provide long stability for nanoparticles and by preventing
the particles agglomeration. The powders were doped with different concentrations of the rare-earth. The
structural, size, purity and luminescence studies of the synthesized powder were characterized by XRD, FT-IR,
UV-Vis and PL spectral techniques. The doped a-Fe,O3 samples were subjected to radiation from the 980 nm laser
beam source to investigate anti-stokes luminescence.
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Fig. 1: XRD pattern of un-doped and Fe,0;:Ho*" nanoparticles at different doping concentration annealed
at 600°C. The insert is the magnified region of (116) peak
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1. Introduction

Fluorescent materials are useful in applications varying from lighting and display technologies to document
security features and medical research, amongst many others. While the emission wavelength (colour) of a
phosphor is critical, it is also vital to consider its excitation range: for example a red emitting phosphor to be used
as a component in a white light emitting diode may need to be effectively excited in the near ultraviolet (360-400
nm), but for use in a fluorescent light bulb it must absorb the 254 nm emission of mercury, and for use in a plasma
display panel effective excitation is required from the emission of xenon between 140-180 nm [1]. For liquids the
absorbance may be determined by transmission measurements using an ultraviolet-visible (UV-vis)
spectrophotometer, but for powders this is not possible and instead the absorption bands are revealed by a decrease
in the measured reflectance of the material and may be interpreted using the Kubelka-Munk theory [2]. For this
purpose UV-vis spectrophotometer may be upgraded with an integrating sphere to allow measurement of the
diffuse reflectance of powders. Although such data is useful and often reported in the literature, it may be
problematic for luminescent materials which do not merely reflect or absorb the incident light but also emit light
at a different wavelength.

2. Results

Fig. 1 shows the reflectance of a 1 mol% Tb doped silica powder measured with a PerkinElmer Lambda 950 UV-
vis spectrophotometer fitted with a 150 mm Spectralon™ integrating sphere, which appeared to exceed 100% at
short wavelengths below 250 nm. In fact the Tb** ions absorb strongly in this region due to an allowed f-d transition
and therefore may be effectively excited for green luminescence (Fig. 2, top panel). To obtain a more reliable
measurement of the reflectance, only the light from the sample having the original incident wavelength must be
measured, which can be achieved by means of a synchronous scan with a zero wavelength offset using a
fluorescence spectrometer. The key difference is that the additional emission monochromator of the fluorescence
spectrometer prevents the luminescent light from reaching the detector. Fig. 2 (bottom panel) shows the reflectance
of the same sample measured with an Edinburgh Instruments FLS980 fluorescence spectrometer fitted with a 120
mm Benflect™ integrating sphere, obtained by taking the ratio of the steady state Xe lamp light signal reflected
from the sample relative to a Benflect™ standard. The reflectance values remained physically reasonable and the
f~d absorption band below 250 nm corresponding to a strong excitation of green emission from the Tb doped silica
sample was revealed. This alternative method of measuring powder reflectance may therefore be used to eliminate
artefacts which may occur due to the luminescence of phosphor samples when measured using a UV-vis
spectrophotometer with integrating sphere but having no emission monochromator.
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excitation spectrum for the green Tb emission at 542 nm.
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1. Introduction

Lanthanide ions are widely used in luminescent materials. In particular, Ce** ions have many applications due to
the unique properties of their emissions [1], which make Ce*" ions good activators as well as useful sensitizers [2].
On the other hand side, the possibility of Ce ions to be found in the tetravalent Ce*" oxidation state, which is non-
luminescent, creates some difficulties to use these ions as luminescent centres in phosphors. X-ray photoelectron
spectroscopy (XPS) is a suitable technique to investigate the oxidation state [3] and we have previously made use
of it to investigate the ratio of Ce**/Ce*" in two different samples of SiO,:Ce, one annealed in air and the other in
a hydrogen containing reducing atmosphere [4]. Similar to Ce, the lanthanide Eu can also occur in two different
oxidation states (Eu?"/Eu®"), and although both of these are luminescent, their emission properties are very
different. Eu** has emission from an allowed d-f transition which is host dependent, whereas Eu*" has emission
from forbidden f-f transitions at wavelengths that do not vary with the host material. The success of Swart et al. to
successfully differentiate between the oxidation states of Eu?" and Eu*" in Srs(PO4);F:Eu phosphor material using
time of flight secondary ion mass spectrometry (ToF-SIMS) [5] led us to investigate in this study whether this
technique could also be applied to differentiate the oxidation state of Ce ions, which would be of great importance
in the study of Ce-based phosphors as well as other industries, such as catalysis, where Ce is employed.

2. Results

ToF-SIMS spectra were collected from two samples of 4 mol% Ce doped silica, one sample annealed in air and
the other one annealed in (H»/Ar) reducing atmosphere in order to investigate the capability of ToF-SIMS to
determine the oxidation state of Ce ions in these two different samples. The obtained spectra shown in Fig. 1 are
very similar; hence no significant difference was observed that could lead to differentiate between the oxidation
states of Ce ions in the two samples, despite previous results from XPS, diffuse reflectance and PL measurements
revealing that annealing in a reducing atmosphere favours the formation of trivalent Ce** ions. Since we could not
readily distinguish the Ce ion oxidation state in the Ce doped silica samples, possibly due to the relatively low Ce
concentration (4 mol%), the results of ToF-SIMS analysis on CeF3 and CeF4 will also be presented to assess the
possibility of distinguishing the Ce ion oxidation state using ToF-SIMS further.
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Fig. 1: The positive ToF-SIMS mass spectra of SiO,:Ce(4 mol%) for the
full mass range: (a) sample annealed in air (b) sample reduced in Hy/Ar.
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1. Introduction

This study was focused on the measurements of the optical thermometry properties of Lanthanum Oxysulphide
doped with Europium (La,0,S:Eu) commercial phosphor material by utilising an in-house modified photo-
luminescence (PL) system. La,0,S:Eu is a well-known thermographic phosphor. The outermost shell of the Eu**
ions is a closed shell and therefore absorption and emission of photons occur via electronic transitions within the
4f shell that is partially filled and is contained within the completed external 5s and 5d shells. These outermost
close shells are important because they shield the emitting 4f shell from effects of the La,O,S host that tend to
influence the emission and absorption. However, there still exist interactions between the La,O,S and the states of
the Eu®" ion which render this phosphor’s emission temperature-sensitivity and give it thermometry properties.
Optical thermometry properties of thermographic phosphor materials can be measured by several techniques,
however the techniques focused on in this study are the fluorescence intensity and intensity ratio techniques.

2. Results

For this study the emission spectra of La;0,S:Eu were obtained from 30 to 200 °C (Fig. 1) and the intensity ratio
between two thermally coupled levels was monitored (Fig. 2). This was done by studying the peak intensities of
the different PL peaks due to the different transitions from Eu’" in La,0,S:Eu at different temperatures.
The inset in Fig. 1 also shows the In of the different peaks as function of 1/temperature (1/T). It was clear that
La,0,S:Eu can be used as a temperature sensor by using the calibration data. The viability of this phosphor
as a stable and accurate temperature sensor was also evaluated by investigating it’s structural and chemical
properties by utilising the modified PL system, X-ray Diffraction and X-Ray Photo-electron Spectroscopy systems.

Fig. 1 Emission spectra of La,0,S:Eu. Inset shows the
In(intensity) of the different peaks as function of 1/T..
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1. Introduction

Rare earth fluorides normally possess a high refractive index and low phonon energy. Furthermore, they exhibit
adequate thermal and environmental stability and therefore are regarded as excellent host lattices for down-
conversion (DC) and up-conversion (UC) luminescence of lanthanide ions [1]. Among the investigated fluorides,
NaYF4, as one of the most efficient DC and UC host lattices, has attracted more and more attention in the field of
materials science over the past two decades [2]. The crystal structure of NaYF4 exhibits two polymorphic forms,
namely, cubic (a) and hexagonal (B) phases, depending on the synthesis conditions and methods. Eu*" ions are
excellent red emitters and famous structural probes under UV light excitation. Thus, it is attractive to explore the
impact of annealing on the structure and on the spectra of Eu*" ions in a NaYF4 matrix. In this work, Eu’" was

doped in nanocrystalline NaYF4 to investigate the structure, morphology and luminescence properties.

2. Results

Analytical grade yttrium nitrate hexahydrate, europium nitrate hexahydrate, ammonium fluoride, sodium nitrate,
urea, 1-octadecene and oleic acid were obtained from Sigma Aldrich. The yttrium nitrate, ammonium fluoride and
urea were dissolved in double distilled water with an appropriate amount of europium nitrate replacing yttrium
nitrate for the doped samples. Sodium nitrate solution was added drop-wise and the solution then stirred thoroughly
to obtain a homogeneous solution. When placed inside a pre-heated muffle furnace at 600 °C the mixture ignited
with a flame and the rapid evolution of enormous amounts of gases produced a voluminous foamy black ash which
turned white after about 15 min. This was ground to produce the final powder. Scanning electron microscopy
showed that this as-synthesized sample consisted of a large quantity of hexagonal micro prisms with great
uniformity. However, x-ray diffraction patterns (Fig. 1) showed mixed cubic (JCPDS 01-77-2042) and hexagonal
(JCPDS 16-0334) phases of NaYF4. No other impurity peaks were detected. Annealing the samples at 600°C for
3 h favoured the hexagonal phase. Red photoluminescence from the samples excited at 394 nm is associated with
transitions of Eu*" ions from the excited Dy-; levels to the 'F,levels [3, 4]. The luminescence intensity increased
with increasing Eu concentration up to the maximum (9%) used in this study, and also increased significantly for
all samples after annealing (Fig. 2). Lifetime measurements were also made for the Dy —’F, emission at 616 nm.
The excitation wavelength of these samples (394 nm) makes them suitable for red phosphors in UV-pumped white
LED devices.
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Fig.1: X-ray diffraction patterns of NaYF, and Eu doped NaYF,. Fig.2: Luminescence spectra of Eu doped NaYF, excited at 394 nm.
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1. Introduction

Lithium secondary batteries have been considered as an attractive source for a wide variety of applications, such
as cellular phones, notebook computers and electric vehicles, etc. The LiMn,O4 materials are environmentally
friendly and thermally stable, and shows very good electrochemical performance. It is well known that the
electrochemical performance of lithium ions materials is strongly affected by particle sizes, morphology, specific
surface area, crystallinity, and composition [1]. In order to increase the charge capacity and to improve the
conductivity of LiMn,O4, many works on its preparation method were performed. However, to the best of our
knowledge, there is no report on synthesises of LiMn,O4 nanoparticles synthesized by chemical bath deposition
method (CBD). The CBD is a large area production process, simple in instrumental operation [2], cheap and
convenient process to prepare semiconducting materials. The more recent interest in all things ‘nano’ has provided
a boost for CBD, since it is a low temperature, solution (almost always aqueous) technique, crystal size is often
very small and it gives better homogeneity. The CBD process has been used extensively to synthesize
semiconductor powders and thin films.

2. Results

LiMn,O4 powders were prepared by chemical bath method using citric acid solution (CAS) as a catalyst. The effect
of CAS on the thermal analysis, structure and morphology of LiMn,0O4 nanostructures were investigated. The CAS
were varied from 20 up to 90 mL. The X-ray diffraction (XRD) patterns of the LiMn,O4 nanostructures correspond
to the various planes of a spinel LiMn,O4 phase as shown in Fig. 1. From Fig. 2, it was observed that the diffraction
peaks increase in intensity with an increase in CAS. The estimated average grain sizes calculated using the XRD
spectra were found to be in the order of 48 + 1 nm. Scanning electron microscopy (SEM) observations showed the
presence of the irregular nanoparticle. The irregular nanoparticle increased in size with an increase in CAS. The
thermogravimetric analyses (TGA) and differential scanning calorimeter (DSC) showed that the final yield
decreases with an increase in the CAS.
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Fig. 1: X-ray powder diffraction patterns for LiMn,0O4 Fig. 2: X-ray powder diffraction patterns at (311) for
nanostructures prepared by CBD method. LiMn,0, prepared by CBD method.
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1. Introduction

Development of phosphor materials has been accelerated with the expansion of lighting and display applications
as well as the progress on material science [1]. Lately light emitting device (LED) has attracted many attentions
because of its success as a new light source to the incandescent lamp and fluorescent [2]. Vanadates (vanadium
oxide) base materials such as Zn3V,03, CsVOj3 have attracted special attention due to their unique structural and
optical properties which might render a possible substitute in near future. These vanadates show an efficient and
broad emission from 400 to 700 nm which are due to the charge transfer (CT) of an electron from the oxygen 2p
orbital to the vacant 3d orbital of V>* in tetrahedral VO, with Ty symmetry [3]. In this study Zn,V>07 nano
phosphor doped with the different dopands were synthesized by combustion method and material properties
investigated. In contrast to previous studies it was found that the XRD structure obtained was single phase at low
and higher synthesis temperature and the best luminescent intensity was obtained for samples synthesized at 600°C.

2. Results

A self activated yellow emitting Zn,V,07 was synthesized by combustion method. The influence of the processing
parameters such as synthesis temperature and dopants concentration on the structure, morphology and
luminescence properties was investigated. The X-ray diffraction analysis shown in Fig. 1 confirmed that the
samples have a tetragonal structure and no significant structural change was observed in varying both the synthesis
temperature and the dopants concentration. The estimated average grain size was 78 nm for the samples
synthesized at different temperatures and 77 nm for the doped samples. Scanning electron microscope images
show agglomerated hexagonal-like shape particles with straight edges at low temperatures and the shape of the
particles changed to cylindrical-like structures at moderate temperatures but were destroyed at higher temperatures.
The microstructure retained its original structure when the phosphor was doped with Ba, Ca and Sr. The
photoluminescence of the product (Fig. 2) exhibited broad emission bands ranging from 400 to 800 nm. The best
luminescence intensity was observed for the undoped Zn,V,0; samples and those synthesized at 600 °C. Any
further increase in synthesis temperature, type and concentration of dopants led to a decrease in the luminescence
intensity. The broad band emission peak of Zn,V,07 consist of two broad band’s corresponding to emission from
the Em; (°T,—'A}) and Em, (°T;—'A)) transitions.

—_— o«
= N - -~ — - o
.- 8 Esd %@ s g 600°C
(S S L a3y a8 g z
s = T e e
R L 3
= S a i NN <
= 2 700°C
@ %
c 5 g
g 500°C g
(ICSD 70-1532) ‘
— 'I ] | . |||_||ll 'I Ilu_lllulllﬂ_m_m_
— 1 ++7—
10 2 30 40 50 60 400 450 500 550 600 650 700 750 800
20 (degrees) Wavelength (nm)
Fig. 1: XRD patterns of Zn,V,0; phosphor prepared at Fig. 2: Effect of synthesis temperature on the PL emission spectra
different synthesis combustion of Zn,V,07 nanophosphors
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1. Introduction

Ln-doped near-infrared (NIR) emitting phosphors are particularly interesting for their applications as active
material in telecommunication components, lasers and polymer displays. In particular, NIR luminescence is used
as a fluorescent label in bioassays due to the possibility of achieving high sensitivity of detection as a result of
absence of interfering with background fluorescence. Nd3* is one of the most popular and efficient ions for
obtaining NIR emission at 1.06 pm which is useful for high peak power laser applications, in addition to the
possibility of lasing at other wavelengths such as 1350 and 880 nm at room temperature (RT) [1]. Also, its
absorption in the UV-VIS—NIR regions allows efficient pumping either with a broad band sources (Xenon lamp)
or with sources of selected wavelength using diode lasers. As an important family of luminescent materials,
orthophosphates are generating interest because of their excellent fundamental properties such as large band gap
and the high absorption of POs*~ in the VUV region, moderate phonon energy, the high thermal and chemical
stability, and the exceptional optical damage threshold [2]. In the present work, the effects of different alkaline
(Mg, Ca, Sr and Ba) ions on morphology, luminescence and absorption spectra as well as decay kinetics of
MNa[PO4]-Nd*" phosphors have been investigated, showing that they could explore their potential applications in
NIR light amplification.

2. Results

The X-ray powder diffraction peaks of the studied samples are consistent with the standard CGPS data, which is
a o—monoclinic phase with space group pn21a for MgNa[PO4] and SrNa[PO4] and orthorhombic phase with space
group P-3m1(164) for CaNa[PO4] and BaNa[PO4]. As shown in Fig. 1 the wider FWHMs of excited state
absorption bands of Nd** in MNa[PO4]-Nd3* are helpful to tolerate the excitation wavelength shift of blue LED
chips. Fig. 2 displays that the emission peak intensity of NIR emission has been varied with the variation of matrix
composition in the order of: CaNa[POQ4]>SrNa[PO4]>BaNa[PO4]>MgNa[PO,]. The substitution of Nd** at a Ca>*
site in CaNa[PO4] will comparatively lead to less distortion and induced more oxygen vacancies in the host. These
oxygen vacancies (crystal defects) will produce and result in the different luminescent properties and splitting of
different peaks. However, among all the prepared samples the CaNa[PO4]-Nd*" phosphors emit the highest PL
brightness, therefore the Nd*" doped calcium phosphate phosphors can be regarded as promising candidates for
the potential applications in near-infrared light amplification. The values of average lifetime (z4,) were 2285, 257,
316 and 384 us for MNa[PO4]-Nd*" where M= Mg, Ca, Sr and Ba phosphors (Inset Fig. 2), respectively, as
calculated from the non-exponential fitted curves. The life time value of the “Fs;» level measured for the
MgNa[PO,]-Nd3* phosphor was higher than the rest, suggesting that the magnesium phosphate host is suitable for
the Nd3* doping with low non-radiative energy.
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Fig. 1: Excitation spectra of MNa[PO4]-Nd** (M= Mg, Fig. 2: Emission spectra of MNa[PO,]-Nd*". Inset
Ca, Sr and Ba). Shows the decay curves of the 4Fs), levels.
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1. Introduction

Growing of thin films by the Pulsed laser deposition (PLD) technique has become a widely used method in many
areas of scientific and technological applications. The dominant application has become film deposition of
metallic, insulating, ferroelectric, magnetic properties as well as inorganic materials. Since this method has turned
out to reproduce the chemical composition of the target very well [1]. In addition, PLD revealed particular features
such as preferential sputtering of more volatile element, molecular emission, and existence of a fluence threshold
separating the domain of defect-initiated sputtering from the regime of true ablation [2]. In the case of compound
or multi-component targets for example, the stoichiometry of the target surface will differ from that of the bulk
[3]. This modified stoichiometry will then be reflected in the plume generated in any subsequent ablation events
and, conceivably, in the composition of the deposited film [3].

Y3(Al,Ga)sO12:Tb thin films (70 nm) have been prepared by PLD on a Si (100) substrate at the substrate
temperature of 300°C. The effect of annealing time on the structural, morphological and luminescence properties
of Y3(Al,Ga)s0,2:Tb thin films at 800 °C were studied. The crystal structure of the samples was studied by X- ray
diffraction (XRD) and showed shifts in the peak positions to lower diffraction angles for the annealed film
compared to the XRD peak positions of the commercial Y3(ALGa)sO1,:Tb powder. The peak positions of the
XRD peaks for the annealed thin films have shifted to lower diffraction angles with respected to the commercial
powder of Y3(Al,Ga)sO12:Tb (Fig.1). A new excitation band different from the original Y3(Al,Ga)sO1,:Tb powder
was also observed for the annealed films (Fig. 2). The shift in the XRD pattern and the new excitation band for the
annealed film suggested that the films were enriched with Ga after annealing. The Atomic Force Microscope
images showed the presence of a smooth ultra-thin film in some regions on the surface of the Y3(Al,Ga)sO,:Tb
thin films.
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angles compared with the powder.
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1. Introduction

Quantum structures for low dimensional electron confinement in semiconductors offer significant potential for the
development of unique optoelectronic devices. In particular, nitrogen containing alloys such as, amongst others,
GaNAs and GalnNAs are interesting for fundamental research as well for the potential development of long
wavelength optoelectronics, vertical-cavity surface-emitting laser diodes and intermediate-band solar cells. It is
well known that the bandgap of GaNAs is inversely correlated with the nitrogen concentration through the
lowering of the conduction band minimum. This results in strong confinement of electrons in GaNAs/GaAs
quantum well structures (QWs) and consequently in reduced electron-hole recombination rates. Moreover, carrier
generation-recombination mechanisms are strongly influenced by defects. A thorough understanding of the
electronic behavior of defects is therefore a vital requirement for the enhancement of solar cell efficiency [1-4].

In this study, deep level transient spectroscopy (DLTS) and admittance spectroscopy (AS) have been used to study
the properties of electrically active deep level centers present in GaNAs/GaAs quantum well (QW) embedded p-
i-n solar cells. The structures were grown by molecular beam epitaxy (MBE). In particular, the effect of Si (n-
type) and Be (p-type) doping of the QWs on the electrical properties were investigated. For this purpose, four
samples: a) no embedded QWs (reference), b) un-doped QWs, ¢) Be-doped QWs and d) Si doped QWs, were
prepared and characterized.

2. Results

Current-voltage (IV) measurements, performed on all the p-i-n diodes, show rectification of around 3 orders of
magnitude (at £ 1V) with a reverse current below 10nA at -4V. Capacitance-voltage (CV) measurements were
used to obtain doping profiles. Admittance spectroscopy (Fig. 1) revealed two traps in the p-doped samples with
activation energies (Fig. 2) of 127 meV and 243 meV. A comparison of the electronic properties of these samples
(a-d), as obtained by DLTS and AS respectively, will be presented.
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Fig. 1: Admittance spectra obtained at a reverse Fig. 2: Arrhenius plots for defects detected in in Be
bias of 1V in the temperature range 20K-300K for doped GaNAs QWs in GaAs.

Be doped GaNAs QWs in GaAs.
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1. Introduction

First discovered by E.T. Hall in 1879 [1], the Hall Effect is a phenomena where if a material is placed in a magnetic
field and a current is flowing through the material, an electric field is produced. Measuring the electric field a
transverse potential is recorded, known as the Hall voltage and in turn used to calculate the Hall coefficient. The
Hall coefficient is then used to calculate the mobility, carrier density and resistivity of the material. The Hall
mobility describes the effectiveness of how these charge carriers move through the material and is given by
equation (1)

Uy = Ryo (1)

where Ry is the Hall coefficient given by equation (2) and ¢ is the conductivity, the inverse of the resistivity p.
Ri = (5) (Rasae" = Rusaz® + Razas™ — Raas™ + Rizaz” — Ravaz” + Raass™ — Razas?) @)
H = \55) 31,42 13,42 42,13 24,13 13,42 31,42 24,13 42,13

where d is the thickness of the studied sample and Rz, s indicates the resistance measurement for the different
configurations. In this project we have used n- and p-type GaAs, PEDOT:PSS, Al,O; and n-type Si. All these
materials with GaAs are material widely used in photovoltaic technology to produce highly durable and efficient
solar cells [2].

Using the Van Der Pauw method a LabVIEW program was designed to automate the temperature dependent hall
measurement (TDH) system. Environment temperatures from 25K to 300K were measured and the effect of the
temperature on the semiconductor properties was measured. A constant magnetic field of 0.5T and current of ImA
was supplied to ensure accurate measurements.

2. Results

The Hall mobility for p-type and n-type GaAs are very different and seen from figures 1 and 2. One factor for this
difference is the dependence on the effective mass of the mobility. The peak shape of the mobility is a result of
impurity scattering and optical-phonon scattering. Impurity scattering is typically only seen at lower temperatures.
From the experiment a difference of 10? was measured between the n-type and p-type GaAs. P-type and n-type
GaAs measured a carrier density at 300K of 10'® and 105 and a freeze out region below 30K and 25K
respectively. Resistivity of 1.2 Qm.cm and 0.2 Q.cm was measured for p and n-type GaAs respectively. Samples
also studied in this project include PEDOT:PSS, n-type Si and Al, 0.
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Fig. 1:Hall mobility as a function of temperature for Fig. 2: Hall mobility as a function of temperature
p-type GaAs. for n-type GaAs.

The TDH method is an effective and resourceful technique to measure electrical properties of materials and the
effect of temperature on these properties.
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1. Introduction

Building on the development done on Copper indium gallium (di)selenide (CIGS) and CdTe solar cells, Copper
zinc tin sulfide (CZTS) might provide a solution for sustainable solar cell production. They are made from
common, non-toxic materials that are already produced on a large scale.[1] However, to really make this an
environmentally friendly solar cell, the production methods also need to be developed with that aim in mind. The
first and most important part of the photovoltaic cell that is being made is the CZTS (Cu,ZnSnS4) photo absorber
layer. In this study the first step was the deposition of Mo on glass using electron beam evaporation (EB). Then
Cu, Zn and Sn were deposited in three different ways, pulsed laser deposition (PLD), electron beam evaporation
(EB), and electroplating (EP). The EP was done in an environmentally friendly and inexpensive deep eutectic
solvent called Reline. Reline is easily made using choline chloride and urea, and is well suited for use as an
electrolyte. [2] The CZT (Cu-Zn-Sn) precursor layer then underwent sulfurization to form the desired CZTS
crystalline structure.

2. Results

Characterisation of the thin films were done using several techniques, such as Auger electron spectroscopy (AES)
and time of flight secondary ion mass spectrometry (TOF-SIMS). A depth profile of the CZT precursor layer
before annealing was done with AES using an argon ion gun for sputtering, see figure 1. The CZT precursor layers
deposited on Mo covered microscope glass were annealed in a vacuum at different temperatures. Some of the
TOF-SIMS results after the annealing is shown in figure 2. It is clear that diffusion occurred during annealing.
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Fig. 1: Depth profile of the CZT layer deposited by Fig. 2: TOF-SIMS analysis of the CZT precursor layer
PLD. deposited using electron beam evaporation, before and

after annealing.
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1. Introduction

Cu(InGa)Se;-based solar cells have often been touted as being among the most promising of solar cell technologies
for cost-effective power generation [1, 2]. This is partly due to the advantages of thin films for low-cost, high-rate
semiconductor deposition over large areas using layers only a few microns thick and for fabrication of
monolithically interconnected modules. In classical two-step growth processes, Cu-In-Ga metallic precursors
deposited by sputtering are selenized in elemental Se vapor or a H,Se/Ar gas mixture to form Cu(In,Ga)Se,. A
seemingly insurmountable disadvantage of these processes is that the resultant semiconductor absorber films are
heterogeneous. Due to the difference in the reaction rates between the binary selenides, the bulk of the material
contains discrete CulnSe, and CuGaSe, phases. Alternatively, graded film structures are obtained with most of the
gallium located at the back of the film [3]. In this study Cu(InGa)Se; thin films were prepared on soda lime glass
substrates by selenization of sputtered Cu-In-Ga metallic precursors. Selenization was performed at three different
selenization times of 45 minutes, 60 minutes and 90 minutes for a fixed selenization temperature of 515 °C. The
effects of selenization time (Fig. 1) on the surface morphology of the grown films were analysed using scanning
electron microscopy (SEM). The structures of precursor and selenized thin film were investigated by X-ray
diffraction and the PL spectroscopy using a photoluminescence spectrophotometer.

2. Results

The surface morphology revealed the plate like particles grown uniformly over the substrate surface. The X-ray
diffraction pattern as shown in Fig 2 indicated that the films grown for 60 minutes delivers single-phase Cu(In,
Ga)Se; films with a high degree of surface compositional uniformity. This was nicely highlighted by the PL
spectrum showing CIGS peaks, with largest shifts, indicating films with higher gallium incorporations. These
results were supported by Electron profile microprobe analysis (EPMA), revealing a uniform distribution of the
elements (Cu, In, Ga and Se) through the entire depth of the alloy. All the films showed an intense peak at 26=26.7°
which corresponds to the (112) plane. The crystallite size is calculated using the (112) peak of the XRD pattern
and varies with the selenization time.
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1. Introduction

Potential profiling of semiconductor devices and semiconductor heterostructures on a nanometer scale has long
been an important challenge for material and device engineers [1]. Several measurement techniques have been
developed for these purposes. Among these, Kelvin Probe Force Microscopy (KPFM) proposed in 1991 by
Nonnenmacher et al. [2] appears as the most powerful. It extracts simultaneously the 3D topographic information
(with 1 nm in the x-y plane and 0.1 nm in the z direction resolution) [3] as well as the surface electrical properties
of materials on the nanometer scale [4]. In principle, KPFM measures the sample surface potential, by minimizing
the interaction force between a sharp conducting tip and the sample surface. The measurement is usually carried
out in one of two different modes: Frequency Modulation (FM) or Amplitude Modulation (AM) KPFM. In FM-
KPFM mode, the electrostatic force gradient is minimized, while in AM-KPFM mode the electrostatic force itself
is minimized. In this study, AM-KPFM is used to study the contact potential difference (CPD) across the interface
between semi-insulating GaAs and GaAs epilayers with different dopant densities. Four samples with electron
densities (room temperature) as obtained from Hall measurements, of ~4.9 X 10%¥cm™3, ~6 x 10¥cm™3,
~6.5 X 108 cm™3 and ~6.8 X 10'8cm~3 have been considered for investigation. The samples were grown by
metalorganic chemical vapour deposition.

2. Results

Figure 1 shows the CPD between the semi-insulating GaAs substrate and n-type GaAs epilayers with different
dopant densities. It is clear that the CPD changes with electron density. The variation in CPD as a function of
dopant density is summarized in figure 2. A detailed discussion of these results and the underlying theory will be
presented in this paper.
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Figure 1: Cross-sectional potential imaging of 3um n-type GaAs/SI- ~ Figure 2: Evolution of the CPD across n-type GaAs/SI-GaAs versus
GaAs. Four samples with same the layer thicknesses, grown on the same ~ electron density. Vertical bars indicate the fluctuation of the
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for the studies. n is the electron density

3. References

[1] T. Muzutani, T. Usunami, S. Kishimoto and K. Maezawa. Jpn. J. Appl. Phys. 37 (1999) 767.
[2] M. Nonnemacher, M. P. O’Boyle and H. K. Wickramasingle. Appl. Phys. Lett. 58 (1991) 2921.
[3] R. Bozek. Acta Phys. Pol., A. 108 (2005) 541.

[4] W. Melitz, J. Shen, A. Kummel and S. Lee. Surf. Sci. Rep. 66 (2011) 1.

85 7t South African Conference on Photonic Materials — Amanzi 2017



Patterned growth of ZnO nanorods for organic/inorganic hybrid solar cell

Z.N. Urgessa'”, J. R. Botha!, C. Coleman?, S. Bhattacharyya?

!Department of Physics, Nelson Mandela Metropolitan University, P.O. Box 77000, Port Elizabeth 6031, South Africa
2 Nano-Scale Transport Physics Laboratory, School of Physics, and DST/NRF Centre of Excellence in Strong Materials, University of
Witwatersrand, South Africa
*Corresponding author e-mail address: zelalem.urgessa@nmmu.ac.za

1. Introduction

Vertically aligned ZnO nanorods have a variety of applications in optoelectronics as well as nano-scale devices,
such as solar cells, UV lasers and light emitting diodes [1-3]. In convectional solar cells, sol-gel synthesized
nanoparticles of TiO; or ZnO are often used as electron collecting layer in different organic/inorganic hybrid soar
cells, such as dye sensitized solar cells (DSSCs) [2], bulk heterojunction [3] and perovskite [4] cells. However, the
grain boundaries between nanoparticles that result in electron-hole recombination, low charge collection efficiency
and hence a low solar to electrical conversion efficiency become an issue. Therefore, one dimensional
nanostructures such as nanorods have drawn attention because of their geometry that guide carriers during
conduction [2-3]. Also, densely packed nanorods provide limited area for loading the active materials
(dyes/polymers) for solar absorbance. In this study, the growth of ordered ZnO nanorods using chemical bath
deposition on a patterned seed layer is demonstrated. Electron beam lithography (EBL) was employed to generate
a patterned mask made of poly(methyl methacrylate) (PMMA), over the ZnO seed layer[1]. The pit diameter and
pitch were set at 300 nm and 1um, respectively.

2. Results

Fig.1 shows a scanning probe microscopy (SPM) topography image of EBL-patterned PMMA on silicon coated
with a ZnO seed layer. The patterning is clearly illustrated. Fig.2 (a) shows a low magnification scanning electron
micrograph (SEM) of ZnO nanorods subsequently grown on the PMMA-patterned surface, whereas Fig. 2(b)
shows a higher magnification of a region in (a). As the diameters of the openings to the ZnO seed layer in this
preliminary study were all greater than 300 nm, thus exposing a number of ZnO grains in the seed layer, it is clear
that multiple nanorods grow from a single pit (see red circles). Detailed results showing the effect of the patterning
parameters on the subsequent growth of ZnO nanorods for application as ECL in organic/inorganic hybrid solar
cells, will be presented in the paper.

Fig. 1: scanning probe microscopy
(SPM) topography image of EBL Fig. 2: SEM micrograph of ZnO nanorods grown on EBL-patterned ZnO seed

patterned PMMA on a ZnO seed layer layer at (a) low magnification and (b) higher magnification.
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1. Introduction

ZnO is one of the few semiconductors which exhibit quantum confinement effect. As such the nanoparticles have
a unique characteristic of size dependent electrical and optical properties. It is well documented that the shape and
size of materials strongly affect their properties and the applications. Hence much effort is dedicated on controlling
the size and shape of the particles by varying different growth parameters such as time, temperature, concentration,
precursors, capping molecule, solvents, and others [1, 2]. Growth temperature is a key factor in controlling the
morphology, optical and electrical properties of nanostructures. Optimization of growth temperature is therefore
a key procedure to obtain high quality ZnO nanostructures.

2. Results

ZnO nanoparticles (ZnO NPs) were synthesized by the sol-gel method at different temperatures. The effects of
growth temperature on the structure and optical properties of ZnO NPs were investigated in detail. Temperature
is an important thermodynamic factor that plays a key role in controlling the growth rate of a crystal, the
morphology and aspect ratio of ZnO nanostructures. The characterization of the nanoparticles with scanning
electron microscopy (SEM) showed that at low temperatures (35 and 45° C) needle like particles were observed.
As the growth temperature increased to 75 °C, spherical particles were formed. SEM results also showed increased
ZnO NPs sizes with increase in growth temperatures. The particle size, lattice parameters and crystal structures
of the nanoparticles were characterized by X-ray diffraction (XRD). The average crystallite sizes have been found
to increase from 28 to 35 nm with the increase in growth temperatures. Results of XRD (Fig. 1) showed a
systematic shift in peak positions towards lower 26 values with the increase in growth temperatures caused by
change in lattice parameters. The intensity of the DLE band, as observed from photoluminescence spectra (Fig.
2) decreased with the increase in growth temperature. FTIR measurement illustrated the highest % transmittance
at all wave numbers to be at room temperature. The trend of % transmittance of ZnO NPs, generally declined with
the increase in growth temperature. The estimated band gap reduced from 3.31 to 3.24 eV with the increase in
the growth temperature due to tensile strain while compressive strain results into an increase of the band gap. The
band gap from reflectance curve; however, was observed to be lower than that of the bulk ZnO (3.37 eV). This
band gap reduction may be due to surface defects density of undoped ZnO.
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Fig. 1: X- ray powder diffraction pattern for ZnO nanoparticles Fig. 2: PL emission spectrum for ZnO nanoparticles prepared at
prepared at different growth temperature. different growth temperatures.
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1. Introduction

Nano-crystalline TiO, have been intensively investigated in recent years, because of their different potential
applications including water purification [1] and solar cell devices [2]. Heterogeneous solar photocatalysts
effectively utilize the ultraviolet (UV) energy from the sunlight, a renewable energy, for the photocatlytic
reactions that can potentially reduce the water treatment costs. Normally, TiO» exhibits polymorphs with three
phases; anatase, rutile as tetragonal whereas brookite is orthorhombic. While rutile phase is optically active and
the most stable of these three; anatase phase has attracted much attention because of its higher photocatalytic
activity. Sol—gel process is one of the most common methods used for producing photocatalytic TiO, material in
the form of powder or coatings. In this study the effect of tetra-n-butyl-orthotitanate on the structure, morphology
and optical properties of the synthesized TiO, nanoparticles was investigated. The primary aim of the investigation
was to evaluate the effect of tetra-n-butyl-orthotitanate on the stability of TiO» nanoparticles.

2. Results

Figure 1 shows the XRD patterns of TiO, powder prepared using the sol-gel solution. It is proven that all TiO,
powder exhibit anatase phase (JCPD file No. 84-1286). The crystallite sizes were estimated using (101)
diffraction peaks according to the Scherrer equation and was found to be 16, 17, 25 and 41 nm when grown using
3,5, 9 and 17 ml of tetra-n-butyl-orthotitanate, respectively. Scanning electron microscopy (Fig. 2) studies depicts
small spherical shapes that become agglomerated. as the concentrations of precursors increases. Whenever the
concentration of precursor was low, the samples were less agglomerated with small voids between nanoparticles.
The observed voids were due to degassing during the annealing process. The diffuse reflectance spectra of pure
TiO; prepared at different concentrations of tetra-n-butyl-orthotitanate was found to decrease in the visible region
and absorption band edge red shifts to the longer wavelengths. The TiO, sample revealed a broad intensity band
centered at 460 nm with a weak band at higher wavelength of 560 nm. These two emissions were assigned to
photon incident lines and oxygen defect trap, respectively. The synthesized TiO, nanomaterials band gap energy
(3.7, 3.6, 3.3, 3.3 V) are larger than the value of 3.2 eV for the bulk TiO, nanomaterials. This is due to quantum
confinement as the particle sizes decrease.
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1. Introduction

White light production, using light emitting diodes (LED) with high efficiency, high color rendering index and
low cost is the current challenge for scientific community, as the demand of energy is growing day by day. In this
respect currently, tri-color (Red, Green, Blue) phosphor plus ultraviolet LED based strategy had been followed by
the researchers because of the advent of InGaN based LEDs, in which there is a possibility to vary the emission
wavelength of the GaN-based blue LEDs between 370 nm (band gap of pure GaN) and 470 nm by increasing the
In (Indium) content in the InGaN devices [1]. Tb** is a suitable choice among rare earth ions for green emission
as it has relatively large absorption and bright green emission. Recently, alkali-alkaline borate based phosphor
captured the scientific interest because of high melting point, low thermal conductivity, high thermal expansion
coefficient, high thermal and chemical stability and strong absorption in the near-ultraviolet region and hence
investigated for diverse application such as solid state lightning, display applications, photoinduced nonlinear
optics etc [2]. A potential green emitting NaSrBOs:Tb*" (1-9 mol%) phosphor was synthesized by citrate gel
combustion method and had been investigated for its potential applications. X-ray diffraction patterns confirmed
the monoclinic phase of the phosphor. The phosphor emits intense green emission under near-UV and electron
excitation. X-ray photoelectron spectroscopy was carried out to analyze the chemical states of the elements.

2. Results

Figure 1 presents the excitation and emission spectrum of the NaSrBO3:Tb** phosphor. The phosphor emits intense
green emission under 375 nm excitation due to the characteristics transitions *D,—’F§ (488 nm), "Ds—"F’s (544
nm), >D4—"F, (586 nm) and °D,—"Fs (622 nm) of Tb>" ions. The optimal molar concentration of Tb*" ions was
found to be 7 mol%, after that concentration quenching occurs. The dipole-dipole interaction was found to be
accountable for energy transfer between the Tb>* ions [3]. Figure 2 presents the cathodoluminescence (CL) spectra
for different emission current and accelerating voltage by keeping the one constant at a time. The spectra shows
the same characteristic emission peaks as found in the PL spectrum. Instead of that we also observed some weak
emission peaks at 382 nm, 415 nm and 437 nm that correspond to the transitions from higher excited stated of Tb>*
(°D3) which were attributed to the low vibration energy of the BOs* groups. These weak emission peaks from the
3Ds level arose because of the inability of the BO3> groups to bridge the gaps between the higher levels of the Tb**
ion. The increase in the CL intensity with accelerating voltages is a good indication that this phosphor may also
be used in field emission displays in addition to its possible application in LEDs. X-ray photoelectron spectroscopy
results demonstrated that terbium was mostly presented in the (+3) valance state in the phosphor. The
approximated Commission Internationale de I’Eclairage coordinates for the PL (0.31, 0.61) and CL (0.33, 0.57)
were found to be very close to the well known green emitting phosphors. The obtained results suggest that the
studied phosphor could be an ultimate choice for green emission in display applications.
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1. Introduction

Photoluminescence has found several applications in the industry, ranging from Light emitting diodes, Display
devices, biological mapping and dosimetry, to mention a few. Luminescence can either be spontaneous or
stimulated, where the earlier emerges from extrinsic defects or intrinsic defects with an activation energy that is
equal or smaller than the thermal energy of the ambient temperature [1]. The latter, emerges from intrinsic defects
with an activation energy that is greater than the thermal energy of the ambient temperature. In this case we are
referring to these defect centers as F-centers, which have the capacity to trap and hold electrons. This phenomenon
is important in dosimetry devices, and its characteristics are investigated through a thermoluminescence
spectroscopy. Different models have been put to place to investigate the kinetics of the trapped electrons and to
compute for the activation energy of the electrons. Such models include Chen’s peak geometry, Initial Rise and
Variable heating rate model, just to mention a few [2].

2. Results

A rare-earth free luminescent material was fabricated via solid state reaction method at 1200 °C for 5 Hrs. The
starting reagents were Ga,Os and BaO, which were mixed together into a slurry using ethanol, then fired inside a
furnace. A single phased compound was obtained, which matched with the BaGa,O, standard with a JCSPDS —
000 card numbers. The surface morphology and the distribution of the corresponding ions were probed using a
Scanning Electron Microscopy (SEM) and an Energy Dispersive X-Ray Spectroscopy (EDX). The spontaneous
and stimulated luminescence was measured using the Photoluminescence and Thermoluminescence Spectroscopy.
Furthermore, the electron kinetics involved under stimulated luminescence were determined and the corresponding
activation energy was approximated using the initial rise and the variable heating rate model.
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1. Introduction

CdO is an n-type II-VI semiconductor with a direct band gap (~2.3 eV) which is characterized by a high
transmission, a wide band gap [1] and high conductivity due to moderate electron mobility and high carrier
concentration contributed by shallow donors resulting from an inherent non-stoichiometry [2-3]. Structural and
optical properties of highly oriented transparent CdO thin films of different molarity, synthesized by the sol-gel
spin coating on glass were studied at room temperature. X-ray diffraction (XRD) patterns indicated that the CdO
films from 0.2 M to 0.8 M solutions (with 0.2 M =M, 0.5 M = M, and 0.8 M = M) have a stable cubic structure
with a (111) preferred orientation. Scanning electron microscopy images revealed that the films adopted a
rectangular to cauliflower like morphology. The optical transmittance of the thin films was observed in the range
200-800 nm and it was found that the 0.2 M CdO (M) thin films showed about 83% transmission in the visible
region. The optical band gap energy of the thin films was found to be a direct allowed transition that varied from
2.10 to 3.30 eV with the increase in concentration. The photoluminescence spectra of the samples have violet to
blue emission peaks centred at 435 nm. High conductivity CdO thin film may be used in solar cell and gas sensing
applications.

2. Results

XRD analysis was performed to investigate the crystal phase as well as the average particle size of the CdO thin
films. Fig. 1 displayed all the diffraction peaks of M;, M, and M3 films. XRD spectra can be indexed as the face-
centred cubic (FCC) CdO, which is well consistent with the JCPDS [Card No. 05-0640]. Intense peaks were
observed at 20 values of 33.54°, 38.76" and 55.65° corresponding to the (111), (200) and (220) crystal planes. Fig.
2 shows that the transmittance was the lowest in the visible region - about 50 to 60% for the M, film. This may be
due to the largest grain size. The transmittance of the M, films was the highest (85%) in the visible region with
respect to air due the smallest particles size. The average transmittance of the M3 sample was 60% in the visible
region with respect to air.
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Fig 1:X-ray diffraction pattern of CdO thin film. Fig. 2:Transmittance of CdO thin film with respect to air.
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1. Introduction

Luminescent materials are in continuous demand owing to their broad area of application fields [1]. Several studies
reported on luminescence characteristics via changing the materials components, preparation methods, pumping
source, etc. Among them molybdate based materials are very attractive due to broad absorption band of Mo-O
bond near ultraviolet region. In this contest, we have selected CaMoO4 as host matrix because of its versatile
features [2]. On the other hand holmium is chosen as activator because of its strong emission transition in visible
region. Various studies are available on lanthanides activated CaMoQO4 phosphors but no reports were available on
holmium activated CaMoO4 phosphors pumped by electron beam. Facile auto combustion route is adopted to
prepare the phosphor sample by using the (NH4)sM07024.4H,0, Ca(NO3),.4H,0 and Ho(NO3)3.5H,Oof highly
pure (99.90-99.99%) analytical grade (Sigma Aldrich) as raw materials while urea was used as the organic fuel.

2. Results

We have prepared a well known and efficient CaMoQO4:Ho*" phosphor by solution combustion method. The
structural morphology of the present phosphor material is detailed on the basis of X-ray diffraction and Scanning
electron microscopy studies (Fig. 1). Diffuse reflectance spectrum exhibits several transitions of dopant holmium
ions whereas the band gap calculated was in well agreement of actual one of the host matrix. The
photoluminescence investigations were done by recording excitation and emission spectra display strong green
emission from the phosphor while cathodoluminescence spectra and decay profile (Fig. 2) shows degradation in
observed luminescence intensity. The results were explained on the basis of X-ray photo electron spectroscopy
observations before and after irradiation of sample.
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Fig. 1: SEM and EDS images of the CaMoO4:Ho*" Fig. 2: CL spectra and corresponding decay
phosphor. profile of CaMoO,:Ho*" phosphor.
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1. Introduction

The structural and photoluminescence (PL) characterization of InGaSb quantum well (QW) structures grown on
GaSb substrate (100) using atmospheric pressure Metalorganic Vapor Phase Epitaxy (MOVPE) is presented in
this work. Both structures (single and double-InGaSb QWs) were inadvertently formed during an attempt to grow
capped InSb/GaSb quantum dots (QDs). This study is inspired by the significant interest and controversy over the
years concerning the emission wavelength of InSb/GaSb QDs, with some groups [1-3] having reported emission
in the near-infrared (0.70 — 0.75 eV) region, and others [4] in the mid-infrared (0.3 — 0.5 eV) region. The quenching
of the PL from the QWs at ~ 0.74 eV (see Figure 1) with increasing temperature, which can be described by a
thermal activation energy (see Arrhenius plots of the 0.74 eV-lines for the two samples in Figure 2) will be
discussed in detail in this paper. Bright field cross-sectional TEM of the sample containing two QWs revealed the
presence of threading dislocations in contrast with the single QW sample for which no evidence of structural
defects was found. The effect of spacer thickness on the optical properties of the double QWs will also be
demonstrated in this work via simulation, by applying a model which makes use of the self-consistent Schrodinger-
Poisson-current calculation to simulate a 1D band alignment representation of the energy levels and wave functions
of the samples using the information (composition and thickness) obtained from TEM.
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Fig. 1: PL spectra of both single and double
InGaSb/GaSb QWs, GaSb substrate and substrate
with buffer layer.

Fig. 2: Arrhenius plot of the integrated PL intensity
of the low energy PL for both samples.
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1. Introduction

Quantum dots (QDs) formed through the creation of GaSb nanostructures in a GaAs matrix have some unique and
appealing properties that are being continually exploited. This system has a type-II band alignment, providing
strong spatial confinement for holes, and only binding electrons via Coulomb interaction [1, 2]. This leads to
optical properties different from type-1 QDs, such as a long radiative lifetime, a dot-shape dependent oscillator
strength, and large tunability of emitted/absorbed photons. It has been shown recently that GaAs based p-i-n solar
cells containing layers of GaSb quantum dots/rings fabricated by molecular beam epitaxy (MBE) have improved
efficiency at longer wavelengths of up to 1.5 pm [3]. In order to improve this device functionality there is a need
to understand the formation of these dot structures in order to control/tune their structural properties and therefore
improve their optical and electrical properties.

Just like MBE, metalorganic vapor phase epitaxy (MOVPE) in principle also provides the control over the
deposition conditions required to systematically study QD formation. In this work we show the fabrication of GaSb
QDs in a GaAs matrix using an atmospheric pressure (AP) MOVPE system. Tertiarybutylarsine, triethygallium
(TEG), and trimethylantimony (TMSDb) are used as arsenic, gallium, and antimony sources, respectively. The
influence of TMSb/TEG ratio and growth temperature on the size, morphology and density of uncapped QD
structures, as well as on the optical properties of capped QD structures, will be presented in this paper.

2. Results

For the best uncapped dots (Fig. 1), the average dot height, base diameter and density are 5 nm, 45 nm and 4.5x10'°
cm?, respectively. Photoluminescence (PL) measurements of a capped QD sample (Fig. 2) showed peaks for the
QDs at 1.13 eV and for the wetting layer (WL) at 1.26 eV, proving the successful fabrication of GaSb/GaAs
quantum dot structures [4]. Variable temperature PL. measurements of the QD sample showed the decrease in the
intensity of the WL peak to be faster than that of the QD peak. The WL peak also shifted more strongly to lower
energies compared to the QD peak. An increase in excitation power caused the QD and WL peaks to shift to higher
energies. This is attributed to the electrostatic band bending leading to triangular potential wells, typical of type 11
alignment between GaAs and strained GaSb.
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Fig. 1: AFM image of GaSb self-assembled QDs on a Fig. 2: Temperature dependent PL of AP-MOVPE grown
GaAs buffer grown on GaAs substrate. capped GaSb/GaAs QD structure.
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1. Introduction
The alloy InAsSb has the lowest band gap energy among all III-V semiconductors and therefore has received a

great deal of attention as an important material for infrared optoelectronic devices. InAsSb photodetectors have
the potential to reach wavelengths of up to 8.5 um (bandgap energy of 146meV, with a bowing parameter of 670
meV) [1]; however, to reach these wavelengths requires high quality thin films with few defects and impurities. A
key issue is the lack of substrates available that provide lattice matching to the various compositions of InAsSb
that will operate at these longer wavelengths. To date, the best performing InAsSb devices are lattice matched to
GaSb substrates. This requires a composition of InAsg.¢11Sbo.ose, allowing for device operation between 3 um and
4 pm [2]. The purpose of this study is to produce high quality thin films, between 2 um and 4 pm in thickness, of
InAso.911Sbo.oso on 2-inch diameter GaSb and GaAs substrates. Growth is conducted via metal organic chemical
vapour deposition (MOCVD). An initial buffer layer of GaSb or InAs is grown (in the nanometer thickness range)
in order to ensure strain free InAsSb thin films. High resolution X-ray diffraction (HRXRD) is used to precisely
determine the composition of the thin films and also investigate uniformity across the wafer. Photoluminescence
(PL), using a Fourier-transform infrared (FTIR) spectrometer, is employed to further explore the quality and purity
of the InAsSb thin films.

2. Results

Photoluminescence spectra (PL) of InAsSb grown on GaAs substrate with an InAs buffer, are shown in figures 1
and 2. The composition obtained from HRXRD (insert to figure 1) is InAs.914Sbo.oss, Which gives the same lattice
parameter as GaSb. The PL spectra contain two clear peaks, the lower energy peak being ascribed to donor-
acceptor pair (DAP) recombination and the higher energy peak to band-to-band (B-B) recombination.
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Fig. 1: Power dependent PL spectra of InAsSb Fig. 2: Temperature dependent PL spectra of
matched to GaSb, taken at 4K. Top left includes InAsSb matched to GaSb. PL shows two peaks,
an XRD image showing an InAsxSb related to B-B recombination and another related to
composition of x~0.086. DAP.
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1. Introduction

Photoluminescence (PL) and Raman spectroscopy are powerful tools to study the optical properties in self-
assembled type-II quantum dot (QD) structures, which are potentially attractive for device applications such as
memories [1] and spin-qubit [2] because of characteristics arising from their specific band alignment [3, 4]. One
of the type-II QDs obtained through the Stranski-Krastanov growth mode with conduction states localized in the
band-gap, is AlIn;.xAs deposited on another material with different lattice parameter, e.g., Al;Ga;yAs. AllnAs is
a I1I-V semiconductor, having the zinc blende crystal structure. The lattice parameter of AlyGa;.xAs can be written
ay(x) = 5.656 + 0.00809x in units of A at 300K [5]. However, AlAs has a larger lattice parameter than GaAs,
thus thin AlAs films deposited on GaAs substrates are compressively strained. GaAs and InAs are direct-gap
semiconductors, while AlyGa;.xAs has a direct bandgap for x < 0.46, and an indirect one at higher aluminium
composition [6]. The maxima of the uppermost (heavy and light holes) valence bands of all I1I-V semiconductors
are situated at the I" point; however, there are three conduction band minima (at the I', L and X points). The relative
arrangement of these minima determines the nature of the bandgap. The bottom of the conduction band is located
at the I point, the semiconductor has a direct bandgap.

2. Results

High resolution X-ray diffraction investigations showed that the multilayer structure is epitaxial, having the in-
plane lattice parameters equal to those of the substrate. High resolution transmission electron microscopy
confirmed that the multilayer structure was epitaxial. The PL spectra of the samples obtained at low temperature
(T=6K) are shown in Fig. 1. The broad PL signal comes from optical transitions within the Al ssIng4sAs QDs. We
clearly showed the existence of the two indirect type-II transitions: X-Sy and X-Py [7]. The X-Sy transition was
observed at lower energies, around 1.926eV. We have also analyzed the Raman shift of the QD with different
aluminum concentrations (see Fig. 2). The narrow line systematically measured at 382-397 cm, is attributed to
the LO AlGaAs (AlAs-like) phonon of the upper AlGaAs layer [8]. The LO phonon shifts toward lower frequency
with the increase of the Al content.
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Fig. 1: Low-temperature (6 K) PL spectra Fig. 2: Raman spectra of the studied samples
of the studied samples. obtained at low temperature (T=6 K).
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1. Introduction

The scientific society acknowledged 2015 as the International Year of Light and Light-based Technologies owing
to the significance of lighting and display devices in every part of the mankind evolution [1]. The light-based
technologies have changed different phases of science and technology to a greater extent. Noteworthy research
endeavours have been aimed to discover for eco-friendly, better performance, cost and energy efficient phosphor
materials for the application in the solid-state lighting devices [1-2]. The drive of luminescent materials with
superior optical and photoluminescence properties in a wide range of areas has shared the research efforts in this
sector aimed in the direction of achieving better material features.

Recently, the alkali-alkaline earth borates have gained profound interest due to their low phonon energy, unique
spectroscopic behaviour, chemical durability, high thermal stability, cost effective synthesis procedure and high
absorption in the UV region, etc. These properties make them better candidates to be utilized in specific
technological applications such as in display devices, temperature sensors, solar cell, bio-imaging, optoelectronics
devices, etc. This review will cover the broad aspects of rare earth (RE) doped mixed borates for tuneable colour
emissions, and will be beneficial to the researchers involved in this area. Much of the material is drawn from the
personal experience in synthesizing, characterizing, and applying luminescent solids since the twentieth century
to the modern development of the practical devices. In addition, this review will be of huge interest to researchers
who are working towards their doctorate degrees in these areas. A platform for all researchers is also made
available as it will cover considerable background from past to current literature, together with acronyms used.
This article envelops the fundamental knowledge and latest innovations of the research and development in the
areas of RE doped mixed borates for light-based technologies.

2. Results

Till date, a large number of methods have been used for obtaining RE doped mixed borate phosphors that are used
for making devices for different applications [2-4]. Because of the large number of crystal structures, alkali-
alkaline earth borates are potential host to investigate phosphors with better luminescence properties [3]. In this
regard, a group from China investigated that Dy*", Tm*" and Eu*" codoped showed a great potential for use as
single-component phosphors for warm ultraviolet white light-emitting diodes [3]. Later, the same group has
synthesized Sm*" doped KSrs (BOs); phosphors by using a solid state reaction method [4]. They have proposed an
energy transfer from one Sm®" ion to another Sm*" ion by a simple energy level diagram as shown in Fig. 1 [4].
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Fig. 1. Schematic diagram of cross relaxation process in the self-concentration quenching of Sm** ions in KSr, (BO3);:Sm*".
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1. Introduction

Aluminum oxide thin films, which provide excellent surface passivation of n- and p-type Si, can be used in
different applications of modern microelectronics and photovoltaics. The atomic layer deposition (ALD) technique
allows to grow the alumina layers on large wafers with a high degree of homogeneity, reproducibility and a
considerably lower defect concentration in comparison to the sputtering techniques. However, the growth of Al,O3
films by the ALD technique is inseparably linked with the unintentional introduction of hydrogen into these layers
since di-ionized water is used as a precursor. The presence of hydrogen can modify the electrical properties of
alumina layers and lead to undesirable effects in microelectronic and photovoltaic devices. Until now no
experimental data about the influence of H on the electrical properties of Al,O3 grown on n-type Si exists in the
literature. In the present study we analyze the electrical properties of Al,O3 films grown with different thicknesses
by the ALD technique before and after annealing in Ar and H atmospheres at different temperatures. We show that
the introduction of H results in the formation of a negative charge in alumina layers.

2. Results

The electrical and structural properties of alumina films grown by the atomic layer deposition technique on n-type
Si with different thicknesses varying from 15 nm to 150 nm are analyzed. We show that alumina layers with a
thickness of more than 60 nm indeed provide an excellent surface passivation with a density of interface states
below 1x10'° cm? eV-!. The role of a post-deposition annealing in hydrogen and argon atmosphere and the
influence of a dc H plasma treatment performed at different temperatures on these layers is investigated. The heat
treatments in H atmosphere result in the introduction of negatively charged defects in the alumina films (see Fig.
1) while these defects are not observed after annealing at low temperatures (around 320 K-370 K) in Ar
atmosphere. The concentration of these defects increases with a higher H content in the alumina films. The origin
of these traps is discussed. The presence of the additional negative charges in the AlO; films can be beneficial for
photovoltaic applications. However, it can be undesirable for the microelectronic devices such as capacitive
micromachined ultrasonic transducers or bimorph actuators.
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Fig. 1: C-V characteristics recorded at 100 kHz for the structures with 15 nm (a), 60 nm (b), and 150 nm (c) AL,O5 before
and after various heat treatments in Ar and H atmosphere.

7t South African Conference on Photonic Materials — Amanzi 2017 98



Effect of Sm doping on the structural and optical properties of ZnO
nanorods grown by chemical bath deposition

Mustafa Ahmed" %", Walter Meyer!, Jackie Nel'

'Department of Physics, University of Pretoria, Private bag X 20, Hatfield 0028, South Africa
’Departments of Physics, University of Khartoum, Faculty of Education, P O Box 406, Sudan
*Corresponding author e-mail address: Mustafa.ahmed@up.ac.za

1. Introduction

Recently, one-dimensional (1D) semiconductor nanomaterials such as nanowires, nanorods, nanotubes and
nanobelts have attracted much interest due to their unique properties and potential use in a wide range of device
such as photodiodes [1], single electron transistors [2] and sensing applications [3]. 1D structures of ZnO having
a wide band gap (3.37 eV) and large exciton binding energy (60 meV) at room temperature have been studied
intensively [4]. One of the most effective ways to enhance the electrical and optical properties of ZnO is the doping
with some cations. For example, rare-earth (RE) elements are usually used as cations in some of the host materials,
because of their high fluorescence efficiencies and very sharp fluorescence bands [5]. In this work, we report on
the synthesis and characterization of RE samarium (Sm) doped ZnO nanorods with doping concentrations ranging
from 0 to 5 at. %. These nanorods were synthesised and deposited on an indium tin oxide (ITO) substrate using a
simple two step chemical bath deposition method at 85 — 90°C. The effects of doping on the structural and optical
properties were investigated.

2. Results

The room temperature X-ray diffraction spectroscopy (XRD) pattern of as-prepared ZnO and Sm doped ZnO
nanorods are shown in Figure 1. The XRD pattern shown in Figure 1 revealed that the ZnO nanorods have the
wurtzite crystal structure. Figure 2 shows the morphology of as-prepared samples obtained using scanning electron
microscopy (SEM). Furthermore, results from photoluminescence spectroscopy (PL), UV-visible spectroscopy
(UV-vis), and Raman spectroscopy as well as X-ray photoelectron spectroscopy (XPS) will be described in more
detail.
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Fig. 1: XRD spectra of pure and Sm doped ZnO Fig. 2: SEM images of pure (top left) and Sm doped ZnO
nanorods with different concentrations doping. nanorods (top right, bottom left and bottom right) with
concentrations doping.
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1. Introduction

ZnO is a direct wide band gap (3.37 eV) semiconductor and has a large exciton binding energy of 60 meV. These
unique properties provide a solid platform for optoelectronic applications such as light emitting diodes (LEDs) [1].
However, stable p-type doping still remains challenging and therefore ZnO homojunction devices are still not
commercially available. Different p-type substrates (GaN, SiC,...) have been combined with n-type ZnO to build
heterojunctions[2-3]. Due to its availability and cheaper price, Si substrate is an attractive alternative for ZnO-
based devices. However, the large difference between its band gap (1.12 eV) and that of ZnO leads to a large
valence band offset and a small conduction band offset. This leads to the injection of electrons into the silicon
substrate, and minimize emission on the ZnO side of the heterojunction. Some wide band gap materials (MgO,
AIN) have been investigated as electron-blocking layer between silicon and ZnO [4-5]. In the present study, NiO
is used as intermediate layer. In addition to acting as an electron-blocking layer, NiO is native p-type and may also
supply holes to the ZnO. This paper focuses on the structural and optical properties of ZnO/NiO/Si.

2. Results

Ni was resistively evaporated onto p-type Si substrate and subsequently annealed in oxygen, which produced NiO
films. Chemical bath deposition was then employed to prepare ZnO nanorods. Fig. 1 shows the XRD patterns of
Zno/Si and ZnO/NiO/Si. Peaks resulting from diffraction in both ZnO and NiO can be seen. The (002) ZnO peak
is found to be the most dominant, which indicates that the ZnO grows preferentially with its c-axis perpendicular
to the substrate. The (111) and (200) peaks observed for NiO is ascribed to its polycrystalline nature. Fig. 2 displays
the room temperature photoluminescence of ZnO/Si and ZnO/NiO/Si. Both spectra exhibit two distinct peaks. The
UV emission at around 3.29 eV is associated with free exciton recombination, whereas the broad visible emission
band around 2.25 eV is usually ascribed to defect-related emission [6]. The intensity ratios Iyv/lvis were found to
be ~9 for both samples, which indicate that the concentrations of native defects are almost the same. The electrical
properties (current-voltage) have also been investigated and will be presented in this paper.
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Fig. 1: Normalized XRD patterns of ZnO/Si and ZnO/NiO/Si Fig. 2: PL spectra of ZnO/ Si and ZnO/NiO/Si
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1. Introduction

ZnO is a promising material for emissive semiconductor and piezoelectric applications [1, 2]. It is stable at or
above room temperature because of its large exciton binding energy [3]. ZnO has a direct and wide band gap near
the UV region [4]. Pulsed laser deposition (PLD) technique is a popular technique that has been used for thin films
deposition. ZnO:Zn thin film were deposited on Si substrates at different substrate temperatures, and then post
annealed in air at different temperatures. The structure, surface morphology and optical properties of the deposited
and post-annealed films were investigated.

2. Results

ZnO:Zn PLD thin films were deposited at different substrate temperatures of 50 °C, 200 °C and 400 °C. The films
deposited at the substrate temperature of 50 °C and 200 °C were post-annealed in air at 400 °C and 600 °C for two
hours. The films all have a preferred orientation with the c-axis perpendicular to the substrate surface. The nature
of stress was found to be compressive with values -3.289 GPa, -4.864 GPa and -4.425 GPa for the film deposited
at 50 °C, 200 °C and 400 °C, respectively. After post-annealing treatments, the stress of the films was almost
completely released and free-stress films were obtained. The crystallite sizes were 19 nm, 25 nm and 39 nm, while
the average particles sizes were 95 nm, 85 nm and 129 nm for the film deposited at 50 °C, 200 °C and 400 °C
respectively. The crystallite sizes and particles sizes seemed to increase with the increase in the substrate
temperature. Contrary to this, the change in crystallite sizes were inversely proportional to the particles size when
increasing the post-annealing temperatures. Deconvoluted X-ray photo electron spectroscopy peaks of the Ols
showed that the films deposited at different substrate temperatures contained oxygen-related defects.
Photoluminescence studies revealed that the films all emitted ultra-violet luminescence around 379 nm. The film
deposited at 50 °C emitted a broad green emission centred at ~ 524 nm. By increasing the substrate temperature
up to 200 °C and 400 °C a new orange emission around 621 nm and 634 nm as well as weak emissions around
416 nm and 500 nm were observed, respectively. After post-annealing treatments, new bands over the visible
region (blue, green and orange-red) were observed. The orange-red emissions at ~ 626 nm to 681 nm were
dominant for the annealed samples. The mechanism of defect-related visible emission was discussed in detail and
it was in good agreement with previous studies.
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Fig. 1: PL emissions of ZnO:Zn films deposited at (a) different substrate temperatures, (b) deposited at 50 °C and annealed, (c) 200 °C
and annealed.
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1. Introduction

Group III doped ZnO nanostructures have been intensively studied as a kind of low resistivity n-type semi-
conductor used for transparent conducting oxide (TCO) applications. Compared to other metals in group III,
gallium is a preferred dopant to improve the electrical conductivity, crystal quality and optical transmittance of
ZnO in the visible and near UV range [1]. Basically, gallium-doped zinc oxide (GZO) is more stable with respect
to oxidation due to gallium’s greater electronegativity in comparison with aluminium and because the ionic and
covalent radii of Ga are nearly equal to that of Zn. Thus, Ga** can be substituted for Zn?* over a larger doping
range without any lattice distortion and so has a lower defect induced concentration. The solution pH is known to
play a crucial role in influencing the properties of nanostructures. For instance, it was reported that acidic nature
prevents the growth of high-quality ZnO nanofilms and solution conditions have a particular effect on ZnO particle
size powders [2]. For this reason, in the present study, effect of pH of precursor solution on the structural, optical
and luminescence properties of ZnO:Ga (2 mol.%) NPs were studied. We were able to produce better quality GZO
NPs with high crystallinity, improved morphology, highly enhanced photoluminescence and largest band gap at
pH of 8. This investigation aims for the improvement of the properties of a photo electrode seed layer for a Dye
Sensitized Solar Cell based on thin films, where the improvement of conductivity and the decrease of resistivity is
the main issue.

2. Results

Gallium-doped zinc oxide nanoparticles (GZO NPs) were synthesized by reflux method for different pH values
(3, 5,7 and 8 pH) and a control sample (GZO) was synthesized without adjustment of pH. From the analysis of
X-ray diffraction (XRD) spectra, Fig. 1, it was found that the diffraction peak intensities and crystallite sizes of
GZO NPs increased with an increase in pH of the precursor solution. The samples synthesized at a pH of 3 and 8
had crystallite sizes of 13 and 27 nm respectively. The control sample had a crystallite size of 11 nm. Scanning
electron microscopy micrographs showed agglomerated tiny particles that formed on big slabs of nanorods in
acidic conditions, but fine and enlarged particles on nano-spherical bases at higher pH. The cathodoluminescence
(CL) analysis of GZO NPs exhibited a decrease in peak full width at half maximum (FWHM) and red shift of peak
positions with the increase in pH values. However, the relative intensities of CL increased with the increase in pH
in conformity with XRD results. The photoluminescence exciton peak intensities and FWHM of the GZO NPs
increased to a maximum at a SpH and then reduced as the solution became basic. Interestingly, the increase of the
deep level peak intensities with the increase in pH followed the XRD and CL results. UV-vis analysis, Fig 2, also
demonstrate that the optical properties of GZO NPs improved with the increase of pH as shown by the blue shift
of the absorption edge of the reflectance spectra. The band gap energy was tuned from 3.18 eV at a pH of 3 to 3.31
eV at pH of 8.
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Fig. 1: X-ray diffraction patterns for GZO NPs at Fig. 2: UV-Vis reflectance % for GZO NPs at
different pH values. different pH values.
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1. Introduction

Titanium oxide (TiO,) is an important compound which has been used in applications like photovoltaic cells and
photocatalysts [1]. Nanoparticles of this compound are often used as electron collectors in dye sensitized solar
cells. Because of the grain boundaries between nanoparticles, however, the electron collection becomes inefficient
[2]. As the result, the collection of electrons compete with the recombination and leads to a low charge collection
efficiency and hence a low solar to electrical conversion efficiency [3]. Nanostructured TiO,, such as
nanowires/rods and nanotubes have received attention because their geometry facilitates efficient conduction in
devices [4]. In order to obtain TiO, nanotubes, zinc oxide (ZnO) nanorods can be used as templates [5].

2. Results

The growth of ZnO nanorods using solution methods on a lattice mismatched substrate typically suffers from a
random orientation of the rods relative to the substrate. In this study, the use of block copolymer films as a template
for the oriented growth of ZnO nanorods, which in turn can be used for the growth of TiO, nanotubes, is
presented..Block copolymers have the tendency to self-assemble into various nanoscopic structures such as
lamellae, spheres or cylinders on a nanometer scale. Poly (styrene-block-methylmethacrylate) (PS-b-PMMA) has
been investigated as a potential nano-mask for semiconductor growth. For this study, diblock copolymer thin films
are grown on a silicon substrate coated with a random polymer (poly (styrene-random-methylmethacrylate) (PS-
r-PMMA)), which permits a non-preferential interaction between the diblock constituents and the substrate.
Subsequent thermal annealing of PS-b-PMMA of an appropriate thin film thickness leads to perpendicular
cylinders of PMMA within a PS matrix. Finally, the vertically oriented PMMA cylindrical micro domains in PS
thin films are easily removed, leaving vertically aligned cylinders in which ZnO nanorods is subsequently grown.
Samples are characterized using scanning probe microscopy to determine the surface topography and phase
morphology of the annealed PS-b-PMMA thin films. Film thicknesses are measured by X-ray reflectometry.
Preliminary results on the growth of ZnO nanorods, both before and after coating in TiO,, will be presented.
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1. Introduction

Barium titanate (BaTiOs) has been of practical interest for more than 60 years because of its attractive and useful
properties in electronic and electrical industries. BaTiOj; is chemically and mechanically very stable, it is easily
prepared and can be used as polycrystalline ceramic samples, and it exhibits ferroelectric properties at room
temperature [1]. Due to its high dielectric constant and low loss characteristics, barium titanate has been used in
applications, such as capacitors and multilayer capacitors (MLCs). Doped barium titanate has found wide
application in semiconductors and piezoelectric devices, and has become one of the most important ferroelectric
ceramics. BaTiO; is ceramic material with a perovskite structure are very significant electronic materials. Barium
titanate is a member of a large family of compounds with general formula ABOj3 called perovskite. The general
crystal structure is a primitive cube, with the Ba-larger cation in the corner, the Ti-smaller cation in the middle of
the cube and oxygen, in the centre of the faces edges [2]. Barium titanate is the first discovered ferroelectric
perovskite. Its ferroelectric properties are connected with a series of three structural phase transitions. The most
investigated phase transition is from tetragonal ferroelectric to cubic paraelectric structure which occurs at Curie
point TC =120°C. The synthetic methods of BaTiO3; nanopowders have attracted extensive attention; in particular,
the sol-gel process [3] has been intensively studied, because it provide high crystallinity, high purity, narrow
particle size distribution, and well-controlled morphology of the powders, and has become a focus in the last
decade in the field of ceramics powders preparation [4] at relatively low temperature. BaTiOs powders synthesized
by sol-gel process are easy to form agglomerates, while the organic acids (surfactant) are used to prevent
agglomeration of particles.

2. Results

Metal titanate of BaTiOs; was successfully fabricated by the sol-gel route. Barium titanate (BaTiOs) with a
perovskite structure is one of the most important materials in the electronic industry due to its high piezo-
electricity, good dielectric, ferro-electric and optic electric properties. The photoluminescence results show a red
emission peak at Aem= 617 nm when excited at Aexe= 310 nm, which corresponds to the intra-4f transition from the
excited state 'D; to the ground state *Hy of Pr**. The SEM micrographs, fig. 1, show the change in morphology of
undoped, doped and co-doped BaTiO;. As the content of ethylene glycol (EG) also known as ethylene alcohol
increased, the particle shape changed from non-uniform to a uniform spherical shape. Fig. 2 shows the X-ray
diffraction patterns of the obtained phosphor powders. The results indicate that the material crystallised to a cubic
phase, the crystallite size of the BaTiOs is within a range of 10-30 nm.
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Fig. 1: SEM images for (a-c) undoped, Pr** doped, and AI** co- Fig. 2: XRD patterns of pure cubic crystal structures of
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1. Introduction

Undoped and Co-doped Titanium dioxide nanotubes were fabricated using the Tubes Fiber Templating
(TUFT) approach in which electrospun polylactide (PLA) nanofibers were used as exo-templates. Cobalt
(II) ions dissolved in titanium isopropoxide were deposited as colloidal suspensions onto electrospun polymer
fibers to yield PLA-Co-TiO, coaxial fibers with diameters ranging between 350 100 nm. Thermal degradation
of PLA template core, yielded hollow Co-TiO2 nanotubes with diameters ranging between 250 £100 nm. The

walls of the tubes ranged between 100+ 50 nm based on size difference between coaxial fibers and nonotubes.

2. Results

From the optical properties results, maximum absorption occurred at =325 nm for CoTiO, nanotubes which was
blue shifted relative to macro-crystalline. Co doping shifted the absorption edge of the TiO, nanotubes to
longer wavelengths consistent with a charge-transfer transition between the d-electrons of the dopant and the
TiO, conduction band. The emission spectrum of Co-TiO, nanotubes was obtained in the range of 350 — 560 nm
following excitation wavelength at 325 nm at room temperature. This spectrum exhibited three emission peaks
located at 374 nm, 420 nm and 470 nm in Figure 1. The emission transition at 374 nm and 420 nm were
attributed to highest energy direct photoemission band gap and the lowest energy indirect transition respectively.
The reduction in intensity observed in Co-TiO; nanotubes direct transition with Co doping, is ascribed to
the introduction of Co?* 3d states in the conduction band. This was due to charge-transfer transition between
the d-electrons of the dopant and the TiO, conduction band with n-type consistent with n-type doping. Magnetic
susceptibility measurements as a function of temperature for Co doped TiO, nanotubes were done at different
dopant concentrations. Low concentrations of Co below 4 % resulted in a homogeneous solid solution curve A
in Figure 2. As the concentration of Co dopant increased a magnetic phase transition was observed at 38 K.
This was attributed to formation of CoTiOs impurity with a Néel temperature of 38 K, corresponding to
antiferromagnetic-paramagnetic transition. The observed transition temperature was independent of Co content
and field applied consistent with formation of a magnetically ordered CoTiO; phase.
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Fig. 1: Photoluminescence spectra of undoped Fig. 2: Magnetic susceptibility curve for Co-TiO2
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1. Introduction

The net effect depositing metal nanoparticles on the surface of metal oxide nanofibers and their resultant influence
on photophysical and photochemical properties of these materials has not been understood. Photoluminescence
studies are useful in understanding the mechanism behind the increased photocatalytic efficiency in the
photocatalysts. Previous studies show that charge carrier recombination limited the efficiency of TiO, as
a photocatalyst. This works aims at establishing photochemical and photo-physical interactions between Au
nanoparticles deposited on TiO» nanofibers. The TiO, nanofibers were fabricated via electrospinning polymer
infused with titanium isopropoxide followed by calcination. Au nanoparticles were deposited TiO, nanofiber
surface by wet chemical deposition method.

2. Results

The resultant TiO, nanofibers had diameters in the range 150+50 nm while the Au nanoparticles had diameters
50+10 nm, Figure 1. The absorption spectra for the TiO; nanofibers and the Au/TiO, photocatalyst gave an
absorption maxima at ~35042 nm that could be attributed to the optical band gap. These spectra were blue shifted
by 30 nm compared to the bulk titania absorption maxima of 380 nm reflecting widening of the band gap as a
result of quantum confinement effects. The absorption peak at ~540 nm can be attributed to Au nanoparticles
due to surface plasmon resonance effect. The emission spectrum of TiO, nanofibers gave a characteristic peak
at an emission maximum of 370 nm following excitation at 300 nm in Figure 2. This has been attributed to the
band gap emission. It was red shifted relative to the absorption maxima by 20 nm. The emission of Au/TiO,
photocatalyst was shifted by 35 nm (A, 405 nm) relative to the pure TiO; nanofibers. The decreased
Au/TiOz photocatalyst band gap emission can be attributed to the presence of surface trap states due to the
presence of the Au nanoparticles.
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1. Introduction

Blending of inorganic semiconductor nanostructures with organic conjugated polymers to form hybrid
heterostructures for solar cell applications has attracted much attention owing to its cost effective synthesis and
tunable photophysical properties. In the current report, we demonstrate a novel hybrid heterostructure of poly(3-
hexylthiophene) (P3HT) using inorganic ZnO:RE3* electron acceptor. It has been found that the inclusion of the
inorganic semiconductor in the organic conjugated polymer harvest light absorption which resulted in an
enhancement of the absorption coefficient associated with higher optical conductivity (order of ~2). Moreover,
charge-transfer was effectively enhanced as revealed by singlet exciton lifetime analysis performed using time-
correlated single photon counting (TCSPC), which correlated very well with photoluminescence quenching.
Finally, these results pave the way for the fabrication of novel class of hybrid photoactive layers for organic
photovoltaic solar cells with improved chain ordering and tunable photophysical properties.

2. Results

Fig. 1 shows typical broad absorption spectra ranging from 350-750 nm of P3HT due to intermolecular n-m*
ordering. The ZnO nanocrystals exhibits strong band-to-band absorption peak at about 369 nm. For the samples
containing P3HT, both spectra were similar in shape and exhibited three vibronic features at 482, 550 and 604 nm
[1,2].
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Fig. 1: Absorption spectra.
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1. Introduction

This investigation describes the synthesis of ZnO nanostructures doped with Ho*" ions by using a conventional
sol-gel synthesis method. The nanostructured produced exhibited a wurtzite hexagonal structure in both ZnO and
ZnO:Ho3" samples. The change in morphology with addition of Ho*" dopants was observed, which was assigned
to Ostwald ripening effect occurring during the nanoparticles growth. The photoluminescence emission properties
of the doped samples revealed that Ho** was emitting through its electronic transitions. Moreover, reduced surface
defects were observed in the Holmium doped samples which analysis was undertaken using X-ray Photoelectron
Spectroscopy (XPS) technique. Finally, enhanced room temperature ferromagnetism (RT-FM) for Ho**-doped
ZnO samples with a peak-to-peak line width of 452 G was detected and found to be highly correlated to the UV-
Vis transmittance results.

2. Results
Fig. 1 shows the number of spins (Ns) contributing to the ferromagnetic resonance. The calculated values were
1.576 x 108,2.906 x 108, 3.35 x 108, 0.284 x 108 for 0, 0.25, 0.5 and 0.75 mol% Ho*" samples, respectively [1].
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Fig. 1: Peak-to-peak line width and number of spins as a function of Ho®* concentration.
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1. Introduction

The determination of precise thickness of an ultra-thin film of SiO, on Si substrate is crucial in the fabrication of
high efficiency silicon inversion layer solar cells. XPS can be employed to determine the thickness, d,, of a thin
film less than 2 nm by measuring the Si 2p peak in Si and SiO» of a sample using the equation [1]:

doy = Aoy sin @ ln(l‘”‘ + 1) @8]

Bls;
where A,, is the attenuation length of the Si 2p photoelectrons in SiO, © is the photoelectron take-off angle § =

15, /157 (where I35 and Ig; are the Si 2p intensities of infinitely thick SiO, and Si layers, respectively) and I,,, /I;
is the ratio of Si 2p intensities from a film under investigation [1,2].

ZnO and Al doped ZnO thin films were prepared using the sol-gel method and deposited on Si by spin-coating.
The films of the device structure samples were pre-heated during deposition and later post-annealed to ensure
crystallisation.

2. Results

For the 1 at.% Al in ZnO films on Si, the XPS Si 2p peak intensities were positioned at 99.3 and 103.3 eV for Si
and SiO,, respectively. The resultant thickness of the interfacial SiO, ultra-thin film was determined as 0.69 nm.
XPS depth profiling was used to obtain the thickness of the undoped and doped ZnO films on Si.
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1. Introduction

Rare earth (RE) ion doped luminescent materials have been generating interest for many decades due to their wide
range of applications as electronic displays, light sources, advertising boards and theft prevention devices. Rare-
earths ions possess excellent luminescent characteristics due to their inner shell electronic transitions between the
4f-4f energy levels [1]. In many rare-earths ions, particular attention was always paid to Eu**, which often shows
high fluorescence efficiency and its hypersensitive transition of *Do—F; in the red part of the spectrum. On the
other hand, Sm*', whose ionic radius is very similar to that of Eu®", also gives a red emission and sometimes
enhance the emission intensity of Eu** when co-doped or even shift their emission peaks to longer wavelengths
[2]. This study, is aimed at investigating the ion—ion interactions and energy transfer between Eu** and Sm** ions
in borates. During the past years, many borates were chosen as host lattices for phosphors because of their large
band gap, high thermal and chemical stability, high luminescence efficiency and low cost [3].

Eu®**- Sm*" co-doped BaBsO,3 powder phosphors were prepared by solution combustion method using urea
(CH4N;O) as a fuel. The powders were prepared at 600°C and annealed for 3 hours in a muffle furnace at 800°C.
The resulting powders were then characterized using different techniques.

2. Results

Shown in Fig. 1 are the X-ray diffraction spectra of BaBsO; single-doped Eu*'/Sm*" and co-doped powder
phosphors. Comparing the prepared powders with the literature (JCPDS no: 20-0097), the strong peaks of the XRD
patterns can be indexed to the orthorhombic structure with cell parameters a = 8.550 A, b = 17.350 A and ¢ =
13211 A. The additional peaks (marked with *) may be attributed to the unreacted precursors during the
combustion reaction. The excitation spectra of Ba;..,BgOi3: xEu; ySm powder phosphors showed that the
phosphors can be excited efficiently by wavelengths of 394 nm and 400 nm due to "Fp—>Ls and *Hs, — *Ki12
transitions of Eu*" and Sm** ions, respectively. Photoluminescence emission (PL) spectra of Ba;.,,BsO3: xEu;
ySm (x = 0.05 and y = 0.03) under the excitation of 394 nm and 400 nm is shown in Fig. 2. The emission spectra
exhibit both emissions from Eu*" and Sm®" ions. This can be considered as a clear evidence of energy transfer
from Sm** to Eu’* ion and from Eu®" to Sm*".
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1. Introduction

Semiconductor quantum dots (QDs) have attracted much attention over the past decades due to their novel size-
dependent optical properties displayed by excellent luminescent properties, broad excitation spectra, narrow
emission bandwidth, high quantum yields and reduced tendency to photo bleaching compared with organic dyes
[1]. With these enthralling properties QDs devices have been developed targeting applications in biological
imaging, optoelectronic, photovoltaic devices and optical amplifier media for telecommunication networks [2]. In
varying different parameters such as reaction time, reaction temperature, pH and molar concentration, the
nanoparticles (NPs) can be tuned to suit the desired applications. In this study L-cysteine capped CdO4Te; and
CdTeSeix nanoparticles were prepared by a facile wet chemical route using potassium telluride,
sodiumselenosulphate as stable tellurium and selenium (Se) sources respectively and L-cysteine as a capping
agent. Capping with L-cysteine is intended to enhance the QDs stability and act as antioxidant and impurity
removal reagent. The red shift observed in the emission spectra is attributed to the larger particle size [3].

2. Results

Fig. 1 shows the spherical monodispersed scanning electron microscope (SEM) images of the representative
CdOTeix NPs prepared at 30 minutes of reaction time. The X-ray diffraction pattern corresponded to the
hexagonal structure of the bulk CdTe nanocrystals with some cubic phases of CdO. There was however change in
phase to cubic when Se was injected into the CdTe at 60 minutes. The average crystallite sizes of the NPs calculated
using Scherrer equation were in the range 10-36 nm. Fig. 2 (a) and (b) display photoluminescence (PL) emission
spectra of the as-prepared CdO4Te;.xand CdTexSe;« NPs respectively. With increase in reaction time the emission
band red shifted from approximately 508 to 566 nm. On Se injection, the emission drastically shifted to a region
from 650 to 693 nm followed by a continuous decrease in the peak intensity. The emission spectra display a good
symmetry and sufficiently narrow full width at half maximum ranging from 41 to 80 nm in both cases. Ultraviolet-
visible analysis displayed well-resolved maxima which generally shifted to longer wavelengths for prolonged
duration of synthesis. The band gaps of the as-prepared NPs decreased with increase in reaction time.
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Fig. 1: Representative SEM image of CdOxSe;.x Fig. 2: PL emission spectra of CdOxSe;.x and CdTexSe;.x

nanoparticles prepared at different reaction times
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1. Introduction

As a new type of fluorescence materials, quantum dots (QDs) have attracted great scientific interests due to their
unique properties and advantages over traditional organic fluorophores [1]. It is known that CdTe nanocrystals of
different sizes have tuneable emission from green to red due to quantum confinement. They have been widely
studied in industrial and biomedical applications such as light-emitting devices, photonic crystals, nonlinear optical
devices, biological labels and neuroplastic cells following conjugation with some bio-active moieties. This is due
to their optical and chemical properties which include high photoluminescence (PL) intensity, narrow emission or
broad excitation band and good photo-chemical stability [2, 3]. Surface coating has been widely used to prevent
QD oxidation and thereby reduce the cytotoxicity of the particles. Here in we report L-cystine capped CdTe QDs
using potassium telluride as stable tellurium sources while sodium borohydride was used as a reductant. The aim
of this work is to produce near-infrared (NIR) emitting CdTe QDs because they possess many superior properties
for instance, NIR light traveling in biological tissues is hardly weakened due to the relatively low absorbance of
photons by biological tissues [4]. Most importantly the QDs produced using simple and less expensive method is
stable and highly crystalline.

2. Results

The representative high resolution transmission microscopy (HRTEM) images (Fig. 1), shows that the as-obtained
CdTe QDs appeared as spherical particles with excellent monodispersity. From its analysis it showed clear lattice
fringes which are an indicative of good crystallinity of the as prepared sample. X-ray diffraction (XRD) pattern
correspond well to zinc blende phase of bulk CdTe with diffraction peaks shifting to lower angles as reaction time
increase. Increase in reaction time caused increase in crystallinity of the sample as explained by increase in peak
intensity of the XRD peak at 120 minutes. For much longer reaction time, the crystallinity of the sample starts to
decrease. The crystallite sizes calculated from the Scherrer equation were in the range 8 - 30 nm for different
reaction times which were in accord to the particle sizes calculated from HRTEM. This is also supported by the
PL emission spectra which show highest intensity at longer growth time. Fig. 2 display PL emission spectra of the
as prepared CdTe QDs at different reaction times achieved when excited at single wavelength of 350 nm. It is
clearly seen that for prolonged growth time the emission band is shifted to longer wavelength due to increase in
particle sizes. Ultra violet visible analysis display well resolved absorption maxima which are red shifted upon
increase in reaction time. There was an inverse relation between the bandgap and reaction time. However, the band
gap was larger than the bulk band gap of CdTe (1.5 eV).
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Fig. 1: Representative HRTEM micrograph for Fig. 2: PL emission spectra for CdTe QDs
CdTe QDs prepared at 30 minutes of reaction time. prepared at different reaction times
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1. Introduction

Nanocrystalline lead sulphide (PbS) thin films were deposited on glass substrates by chemical bath deposition
method from two baths with different compositions. The first bath was complexed by sodium hydroxide (NaOH)
and the effects of lead concentrations were investigated, while the second bath was complexed by triethylamin
(EtsN) and the effects of bath pH were studied. The deposited thin films were characterized by variety of techniques
to investigate the influence of lead concentration and pH on the material properties. The X-ray diffraction analyses
revealed that all the films were polycrystalline in nature with a face centered cubic crystal structure. The XRD
results also verified that the crystalline size decreased with increasing lead concentration. Moreover, pH and lead
concentration had strong influences on the preferred orientation of the crystallites as well as other structural
parameters such as microstrain, dislocation density and texture of coefficients. The surface roughness and
morphology of PbS thin films were examined by AFM and FESEM. The elemental analyses were performed by
EDAX and it was confirmed that a better stoichiometric ratio was found for higher pH value. The optical absorption
study revealed that the optical band gap of the PbS thin films decreased from 1.15 eV to 0.85 eV when lead
concentration increased from 0.1 M to 0.3 M. Room temperature PL was applied to study the emission properties
of PbS thin films.
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energy for PbS thin films for various lead concentration
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1. Introduction

Graphene based hybrid nanostructures have received special attention in both the scientific and technological
development due to their unique and unusual physicochemical behavior, which make them attractive in various
applications such as, batteries, supercapacitors, fuel cells, solar cells, photovoltaic devices and bio-sensors. Many
theoretical and experimental studies have been performed to improve the optical and photocatalytic activity of
graphene-based semiconducting oxide-based materials (such as ZnO, SnO,, TiO,) by doping noble metals,
changing the shape and size of nanoparticles. Although the study of the graphene-based hybrid nanostructures
materials has achieved much progress, there are still many challenges in this field. Further developments and
studies of graphene-based hybrid materials in the field of science and technology are still needed to find the various
applications.

2. Results

In the present study, the role of plasmonic metamaterials in light trapping photovoltaics for inorganic
semiconducting materials by a simple and low cost spray pyrolysis technique has been studied. A glass substrate
was used as a matrix for the deposition of silver nanoparticles followed by the deposition of a titanium dioxide
(TiOy) thin film by a simple thermal pyrolysis method [1]. Then the graphene-TiO- based plasmonic metamaterials
thin film has been fabricated, figure 1, which has a low resistivity and a low electron—hole recombination
probability. Confinement and manipulation of light also occurred at this nanoscale which is beyond the diffraction
limit. The localized surface plasmon resonance (LSPR) at the metal-dielectric interface for the silver nanoparticles
has been observed at 404 nm with a transmittance of over 70% at a wavelength of 500 nm for the thin film. The
results suggest that stacking of Ag-graphene-TiO, did not change the band gap of TiO, while it changed the
conductivity of the film. Thus the diffusion of the noble metals in the glass and TiO, matrices based thin films can
significantly trap the light of a particular wavelength by mean of plasmonic resonance and may be useful for
superior photovoltaic and optoelectronic applications.
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Figure 1: The stacking details of a thin film grown by thespray pyrolysis method.
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1. Introduction

Transparent conductive oxides (TCO) are wide bandgap semiconductors; they are useful in many applications
such as transparent electronics, UV photodetectors and solar cells. In these applications, electrical and optical
properties of TCOs are combined in a device [1]. Some of the TCOs such as indium tin oxide (ITO) and zinc
oxide, which have been studied extensively are n-type semiconductors [2], since it is difficult to achieve p-type
conductivity by doping in these materials and rectifying junctions are essential for the study of electrical
characteristics of TCOs [3], therefore research efforts are focused on p-type TCO. Nickel oxide (NiO) is a TCO
with p-type properties; it has a stable wide bandgap of 3.5 to 4.0 eV [4] . In this work, thin films of NiO are
produced from simple and economical methods; chemical bath deposition and spin coating. The films were
characterized with scanning electron microscope (SEM) and X-ray Diffraction (XRD) using Co Ka radiation,
Attempts were made to characterise the heterojunction between NiO and other n-type materials, such ZnO and n-
Silicon for optical and electrical properties.

2. Results

The porous and wormlike morphology of the film as revealed by SEM is shown in figure 1, figure 2 shows the
XRD pattern of the annealed film at different temperatures, this indicates that the films are crystalline. Optical
characteristics obtained from Raman spectrometer and UV-VIS spectrophotometer and electrical characteristics
of the films will also be discussed.
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1. Introduction

To date, fabrication of low-cost, ultra-sensitive and selective chemiresistive sensors that are able to detect toxic,
flammable and explosive gases have become indispensable for environmental monitoring, industrial and
biomedical applications [1]. One possible application is an ultra-sensitive gas sensor that can operate at low
temperature with high selective to detect the harmful gases, liquids, and chemicals released to the air by industrial
wastes, agricultural chemicals, etc. The current promising materials are semiconductor metal oxide-based sensors
which have displayed substantial potential by their noticeable change in their electrical resistance upon exposure
to either reducing or oxidizing gases. Moreover, metal oxides (MOX) are very stable and they can be easily
synthesized in various forms using different synthesis routes (e.g. chemically or in the vapour phase) [2]. Herein,
we report on the effect of annealing temperature on the morphology, structure, optical and magnetic properties of
TiO; nanostructures prepared using microwave assisted hydrothermal method. Upon annealing the nanostructures
at various temperatures, their morphology transformed from nanotubes to nanorods. Moreover, their gas sensing
behaviour towards NO», H»S, CH4 and CO gases was also investigated and correlated with their defect states and
surface area.

2. Results

The Focused Ion beam scanning electron microscopy (FIB-SEM) images in Fig.1 display a change in morphology
as the annealing temperature was increased to 900 °C. Before annealing (as-synthesized) a web of nanotubes with
average diameter of 22 nm was observed. After annealing in air at 900 °C, the nanotubes transformed to “nanorods-
like” structures with an average diameter of 87 nm as displayed in the insert of Fig. 1. It was observed that the
higher temperature favours the formation of nanorods by virtue of enhanced thermal stability as compared to that
of nanotubes. Structural analyses demonstrated a transformation from anatase to rutile upon annealing. Moreover,
the rutile percentage improved with annealing temperature. The as-synthesized TiO, nanotubes showed a surface
area of 124.86 m?g’!, while those annealed at 450, 700 and 900 °C, disclosed smaller surface areas of 81.73, 13.08
and 2.71 m?g™! respectively (see Fig. 2). The desorption branch of the isotherm was used to determine the Barrett—
Joyner—Halenda (BJH) pore size distributions of the nanostructures, displaying an increase in the pore diameter
from 15 nm for the as-synthesized and 24 nm to 74.5 nm for the annealed samples.
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Fig. 1: SEM micrographs of un-annealed TiO, nanotubes Fig. 2: Nitrogen adsorption isotherms
and those annealed at 900 °C (insert) for the TiO, nanostructures.
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