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Dear Colleagues,

It is our pleasure to invite all scientists, academicians, young researchers, business delegates 
and students from all over the world to attend the 2nd International Meet & Expo on 
Semiconductors, Optoelectronics and Nanostructures will be held in Barcelona, Spain during 
September 12-14, 2022.

SEMICONMEET2022 shares an insight into the recent research and cutting edge technologies, 
which gains immense interest with the colossal and exuberant presence of young and brilliant 
researchers, business, delegates and talented student communities.

SEMICONMEET2022 goal is to bring together, a multi-disciplinary group of scientists and 
engineers from all over the world to present and exchange break-through ideas relating to 
the Semiconductors, Optoelectronics and Nanostructures. It promotes top level research 
and to globalize the quality research in general, thus makes discussions, presentations more 
internationally competitive and focusing attention on the recent outstanding achievements in 
the field of Semiconductors, Optoelectronics and Nanotechnology.

We’re looking forward to an excellent meeting with scientists from different countries around 
the world and sharing new and exciting results in Semiconductors, Optoelectronics and 
Nanotechnology.
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Super-Semiconducting Behavior at Near Room 
Temperature 
 
Bingqing Wei 
Department of Mechanical Engineering, University of Delaware, Newark, DE 19716, USA

Abstract
Solid state materials can be categorized as conductors, semiconductors, and insulators 
based on their electrical conductivity. For conductors, breakthrough discoveries, such as 
superconductors (FeSe, YBCO, etc.) and topological insulators (HgTe, Bi2Te3, etc.), have led 
the limit of conductivity falling by orders of magnitude or even to zero when certain extreme 
conditions, such as an ultra-low temperature or an ultra-high pressure, are met. Electrons 
can move freely through a superconductor without resistance when it becomes colder than a 
"critical temperature", which is far below room temperature. For semiconductors (Si, GaAs, 
etc.), both negative charge carriers (electrons) and positive charge carriers (holes) contribute 
to semiconductors' conductance, the foundation of modern electric devices and integrated 
circuits, but with a much higher resistance than metallic conductors. Conventional wisdom 
holds that electrons are the dominant charge carriers of metallic conductors (Al, Cu, etc.), 
and holes do not contribute to metals' excellent conductance because they have infinite free 
electrons. In this presentation, I will discuss a transition from metallic conductors to super-
semiconductors (SSCs, their resistivity is lower than the metallic conductors) at near room 
temperature in nanostructured bimetallic arrays where the internal electrons can no longer be 
regarded as infinitely numerous. Hall effect revealed that the dominant carriers have changed 
from electrons (the n-type charge carriers) to holes (the p-type charge carriers) along with the 
transition from metallic conductors to SSCs. The cause of the SSC transition and p-type metal 
formation (the metal with p-type semiconductor behavior) is attributed to the hot electrons and 
holes induced by metal plasmonic resonance in the infrared wavelength range. These results 
reveal nanostructured metals and alloys' unusual and unexplored properties with limited free 
electrons that would have tremendous applications on metal-based ultra-low-power devices, 
such as diodes, transistors, and integrated circuits.



Page- 6

albedo
...let's reflect knowledge

2nd International Meet & Expo on 
Semiconductors,Optoelectronics and Nanostructures

September 12-14, 2022 | Barcelona, Spain

SEMICONMEET2022

Artificial 2D Quantum Materials Created by Design 
 
Guy Le Lay
PIIM-CNRS, Aix-Marseille University, Marseille, France

Abstract
The revolutionary creation of silicene in 2012 was achieved by inspiration and a bit of 
serendipity. In otherwords, it was obtained by leaving the wake of graphene, in reminiscence 
of "Withoutd eviationfrom the norm, progressis not possible", the motto of Frank Zappa.
Nextitengenderedall its filiation, the artificial monoelemental two-dimensional (2D) 
analogues, dubbed the Xenes, fromborophene to tellurene. In my plenary talk, I will describe 
the genesis of silicene and itsvariants, beforesummarizing the last progresses in the growth and 
characterization of the other group IV quantum 2D phases : germanene, stanene and plumbene 
and their heterostructures.
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Tubular (1D) Van Der Waals Heterostructures 
 
Gerard Tobias
Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Campus de la UAB, Carrer 
dels Til•lers, s/n, 08193 Bellaterra, Barcelona, Spain

Abstract
In this talk we will review some recent progress on the design and nanoengineering of carbon 
and inorganic nanomaterials for tailored applications. Special emphasis is paid to exploit the 
synergies of both types of materials by the preparation of nanohybrids with novel or enhanced 
properties. 

A large deal of attention is being devoted towards the isolation and growth of single layers of 
a wide variety of inorganic materials (2D materials) which is of interest for both fundamental 
research and advanced applications. When an individual layer is seamlessly wrapped into 
a cylinder, the resulting single-layered nanotube combines the characteristics of both two-
dimensional (2D) and one-dimensional (1D) materials. Yet, despite their interest, reports on 
single-walled inorganic nanotubes are scarce because their multiwalled counterparts are in 
general favoured during growth. We have reported on a versatile approach that allows the 
formation of high quality, single-crystalline single-layered inorganic nanotubes. These are 
grown using carbon nanotubes as templates resulting in the formation of tubular van der Waals 
heterostructures. A decrease of the resistivity as well as a significant increase in the current 
flow upon illumination has been observed on tubular van der Waals heterostructures of PbI2-
CNTs. Both effects are attributed to the presence of single-walled lead iodide nanotubes in the 
cavities of carbon nanotubes, which dominate the properties of the whole matrix.

Keywords
Filled Carbon Nanotubes; Van Der Waals Heterostructures; Lead Iodide; Optoelectronic 
Properties

Biography
Gerard Tobias obtained the degree in Chemistry (with Honours) from the Autonomous 
University of Barcelona (2000), Master in Materials Science and Ph.D. with European mention 
(UAB, ICMAB, 2004). He was a research visitor at Ames Laboratory (USA) and EMAT 
(Belgium). Between 2004-2009 he was a postdoctoral researcher at the University of Oxford 
(UK). Since 2009 he leads research on "Nanoengineering of Carbon and Inorganic Materials" 
at the Materials Science Institute of Barcelona (ICMAB-CSIC). Dr. Tobias has coordinated the 
FP7 European network RADDEL and has been granted an ERC Consolidator Grant (NEST, 
725743).
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Semiconductor Materials Engineering from the 
Perspective of DFT Calculations 
 
Pawel Scharoch
Department of Semiconductor Materials Engineering, Wroclaw University of Science and 
Technology, Wyb. Wyspianskiego 27, 50-370 Wroclaw, Poland

Abstract
As long as semiconductors are fundamental materials for High Technologies, their engineering 
has become indispensable. Engineering means not only formation but also tuning the properties, 
which is a subject of extended worldwide research. The role of ‘ab initio’ computational 
methods based on Density Functional Theory (DFT) cannot be overvalued. They not only 
provide theoretical evidence which helps to interpret experimental results but also, due to their 
predictive power, the properties of materials can be predicted with high credibility. The examples 
of extended, systematic studies of the whole groups of materials will be presented, focusing 
on various ways of the properties modification, like alloying (within group IV materials), 
alternative crystal structures (group III-V and IV in wurtzite structure), or strains (group IV). 
It will be also shown how the DFT results may serve as a reference to adjust the parameters of 
simpler methods, like kp, for device modelling purposes. Finally, chosen examples of direct 
comparison of DFT results with optical measurements will be presented, the measurements 
which have been performed within the Department of Semiconductor Materials Engineering, 
at Wroclaw University of Science and Technology.

Keywords
DFT; Alloys;  Strains; Wurtzite III-V

Biography
David Wortley is one of the UK’s leading pioneers of Immersive Technologies with a 30+ 
year Pawel Scharoch (PhD hab. eng.). At present, university professor at Wroclaw University 
of Science and Technology, Faculty of Fundamental Problems of Technology, Department of 
Semiconductor Materials Engineering. 1980 – graduated from Wroclaw University of Science 
and Technology (Technical Physics), 1986 – Ph.D. (Auger transitions in semiconductors 
– theoretical), 1919 - habilitation (DFT modelling of semiconductor properties). 1987/88 - 
postdoc at Durham University, Theoretical Physics Group (Auger transitions modelling). 2000 
– 3 month visit in Fritz Haber Institute, Theory Department, Berlin (alkali elements adsorption 
on Al surfaces, DFT modelling). 2014-2019 – Orange Labs Poland, part-time (EM fields 
numerical modelling). Specializes in DFT computational methods applied to semiconductor 
materials engineering. A leader of the DFT calculations group.
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Influence of Magnetic Field on the Two-Photon 
Absorption and Hyper-Rayleigh Scattering of 
Manganese−Zinc Ferrite Nanoparticles 
 
Eduardo S. Gonçalves1, Leandro H. Z. Cocca1, Wagner W. R. Araujo1, 
Kinnari Parekh2, Cristiano L. P. Oliveira1, Jonathas P. Siqueira1, Cleber 
R. Mendonça1, Leonardo De Boni1, Antônio Martins Figueiredo 
Neto1*
1University of São Paulo, São Paulo, Brazil
2Dr. K C Patel R & D Center, Charotar University of Science & Technology, Gujarat, India

Abstract
Magnetic fluids or Ferro fluids are colloidal dispersions of magnetic nanoparticles (MNPs) in 
a liquid carrier. They are also denoted as magnetic colloids. Ferro fluid nanoparticles present 
diameters on the order of magnitude of10 nm and are usually composed of iron oxides as 
maghemite(γ-Fe2O3), magnetite (Fe3O4), or other ferrites (MFe2O4, in which M is a divalent 
cation as Mn, Co, Zn, among others). Ferro fluids combine the fluidity properties of the 
liquid carrier and special magnetic properties of nanoparticles (e.g., the superparamagnetic 
state). Due to that, several applications were developed, in particular, biomedical applications 
as drug delivery, magnetic nanoparticle induced hyperthermia, and magnetic-resonance 
imaging. Furthermore, the development of optofluidic devices as liquid-filled hollow-core 
photonic crystal fibers for sensing, and based on colloids, increasing spectrometer efficiency 
and, for nanoparticle characterization, enabled new ferrofluid applications, such as optical 
magnetometers and magnetic field sensors, for characterization of optical forces.Magnetic 
nanoparticles based on manganese−zinc ferrite presenting spherical and cubic shapes, verified 
by small-angle X-rays scattering, were studied by means of the hyper-Rayleigh scattering, the 
Z-Scan technique in the open-aperture configuration, and a spectrally resolved femtosecond 
transient absorption setup. Hyper-Rayleigh scattering and Z-Scan experiments were performed 
with applied magnetic field parallel to the laser polarization state and in the perpendicular 
direction. The hyper polarizability of spherical nanoparticles was greater than the cubic ones 
due to the higher volume of spherical nanoparticles and, therefore, the increased influence of the 
spin-disoriented layer at the surface on cubic nanoparticles, resulting in a smaller orientational 
average contribution to the hyperpolarizability. The two-photon absorption cross section was 
the same for both samples, since the basic constituents are the same and the light absorption 
is not influenced by the surface anisotropy present on magnetic nanoparticles. For both 
nanoparticles, the measured optical second harmonic and the nonlinear absorption increased 
during experiments performed in the presence of external field in the parallel configuration, 
while a decrease was verified for experiments in the perpendicular case, which demonstrates a 
crystalline anisotropy on the nonlinear optical properties. Transient absorption measurements 
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revealed an ultrafast relaxation process containing at least two separated dynamical processes, 
the faster with characteristic time below 1 ps and a longer one, much higher than 100 ps.For 
both studied nanoparticles, the 2PA cross section measured in the parallel configuration 
presented an increment in the value, while in the perpendicular configuration, the measured 
value decreased when compared to H = 0. These experiments support the anisotropy in the 
nonlinear optical properties on our ferrite nanoparticles, as well as the possibility of controlling 
the scattering of the generated second-harmonic and the two-photon absorption of colloidal 
solutions of magnetic nanoparticles by means of an external magnetic field.1.

Keywords
Nonlinear Optics; Nanoparticles; Ferrofluid

Biography
Professor Antonio M. Figueiredo Neto has more than 220 papers in international journals, 1 
book published by the Oxford University Press, 3 book chapter; more than 300 presentations 
at international conferences. About 2500 citations (WOS), h = 26. Google Academic: h = 35; 
citations 5292. Supervisor of 22 defended Ph.D. students and 17 Master dissertations. Member 
of the Brazilian Academy of Science and the Academy of Science of the State of São Paulo.
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Plasmonic Inverted-Pyramid Arrays for Harvesting 
Infrared Sunlight 
 
Alejandro R. Goñi
Institut de Ciencia de Materials de Barcelona (ICMAB-CSIC), Campus UAB, 08193 
Bellaterra, Spain  
ICREA, Passeig Lluís Companys 23, 08010 Barcelona, Spain

Abstract
In any solar cell, the exploitable spectral range of sunlight is limited by the band gap of 
the active photovoltaic material, which in the case of silicon is 1.1 eV (roughly 1100 nm). 
Thus, nearly half of the solar spectrum remains unabsorbed, namely, the near infrared (NIR) 
part. To alleviate this situation, a common alternative to photoelectric conversion relies 
on the mechanism of plasmon-enhanced internal photoemission of hot electrons at metal/
semiconductor heterostructures. NIR photons with energies below the gap of the semiconductor 
are absorbed by the metal, launching surface plasmons, which, upon relaxation, produce a 
photocurrent of hot carriers into the semiconductor.
The focus of this talk is set on the purposely design of interfaces between a nanostructured 
metal and a semiconductor to efficiently absorb NIR solar light, also including the fabrication, 
characterization and optimization of the photonic/plasmonic nanostructured NIR absorbers. 
Both the far and near-field optical properties are tailored with the final goal of attaining 
sizeable photocurrents. The proposed strategy for harvesting NIR sunlight is based on the 
fabrication of silicon inverted-pyramid arrays, fully or partially covered with thin Au films. 
The textured structures are obtained either by scalable soft nanoimprint lithography (submicron 
size pyramids) or conventional photolithography (few micron-size pyramids), subsequent 
wet KOH etching and thermal Au deposition. The obtained nanostructures show high light 
absorption in the NIR region (in excess of 80%) that can be tuned by modifying their geometric 
parameters. The spectral features are in excellent agreement with computational calculations. 
Photocurrents are still low but already ten times higher than the state of the art.
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Organic Humidity Sensors 
 
Fakhra Aziz
Department of Electronics, University of Peshawar, 25120, Peshawar, Khyber Pakhtunkhwa, 
Pakistan

Abstract
Relative humidity (RH) is a critical parameter, which requires accurate and reliable assessment 
in human life and industry. Moisture that is present everywhere in the atmosphere can be 
adsorbed easily on any surface, hence recently, much effort has been paid to controlling the 
humidity to improve quality of life and strengthen industrial processes. Some of the salient 
features of a humidity sensor are high sensitivity, short response time, low hysteresis, good 
stability, and low fabrication cost. The manufacturing of such sensors requires materials, which 
are not likely to contract, expand or peel off under different RH levels. Presently, the ubiquitous 
humidity sensors are manufactured with inorganic semiconducting materials, which are highly 
efficient but at the same time become more expensive due to high manufacturing costs and 
complex processing technologies. With the advancement in the quest for materials, much 
attention has been paid to substituting the prevalent inorganic materials with their organic 
counterparts for inherent properties of outstanding flexibility, low manufacturing cost, ease of 
fabrication, large production, and decent response to the change in an ambient environment. 
Besides, thin films of organic semiconductors bear the advantage of being deposited by 
cost-effective wet processing techniques such as spin coating, drop-casting, and dip coating 
techniques. The adsorption of moisture on the surface of the sensing material greatly alters 
the electrical properties, i.e. either resistance or capacitance of the sensor. The capacitive 
humidity sensors are capable of being applied in extreme environments. Owing to simplicity, 
low cost, and ease of fabrication, herein, the co-planar structure has been adopted for the 
fabrication of humidity sensors employing low molecular organic semiconductors, polymers, 
and nanostructures. However, sandwich-type sensors are very reliable but way too expensive, 
complex, and prone to shortening the device.

The humidity sensors have been investigated by using low molecular weight organic 
semiconductors, such as Vanadyl 2,9,16,23-tetraphenoxy-29H,31H-phthalocyanine 
(VOPcPhO), Cobalt phthalocyanine (CoPc), and tris(8-hydroxyquinoline) gallium (Gaq3). 
The sensors have also been investigated with polymers including N-butyl-N′-(6-hydroxyethyl) 
perylene-3,4,9,10-tetracarboxylic acid diimide (N-BuHHPDI), poly (9,9- dioctylfluorene) 
(F8), benzo[b]thiophene end-capped dioctyloxy-benzene (PBObzT2), and poly[4,8-bis(5-
(2-Ethylhexyl)thiophene-2-yl)benzo[1,2-b;4,5-b′]dithiophene-2,6-diyl-alt-(4-(2-Ethylhexyl)-
3-fluorothieno[3,4-b]thiophene-)-2-carboxylate-2-6-diyl](PTB7-Th). Since there is a rapid 
advancement in the use of correct material combinations which possess outstanding sensitivity 
and stability while retaining a low manufacturing cost, a simple, and eco-friendly processing 
methods,  the composites of VOPcPhO, tris-(8-hydroxy-quinoline)aluminum (Alq3), 
(VOPcPhO: Alq3); VOPcPhO doped with Titanium-dioxide nanoparticles (TiO2 NPs), 
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(VOPcPhO: TiO2); organic dye methyl orange (MO) doped with TiO2 nanoparticles (MO: 
TiO2) have been employed as an active sensing layer in the co-planar humidity sensors. The 
nanostructures of aluminum 1,8,15,22-tetrakis 29H,31H phthalocyanine chloride (AlPcCl) 
prepared by the template-assisted method have also been explored for a humidity sensor. 
Our findings will help exhaustive understanding of the sensing dynamics of various organic 
semiconductors. A unique approach to fabricating humidity sensors in the co-planar structure 
has proven to be the simplest and most effective architecture for the future. These findings will 
help provide in-depth insight into organic humidity sensors that will pave the way to produce 
them commercially soon

Keywords
Organic Semiconductors; Capacitive Humidity Sensors; Relative Humidity; Co-Planar
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Silicon Electrochemistry for Photovoltaic Applications 
 
Eimutis Juzeliūnas
Centre for Physical Sciences and Technology, Saulėtekio av. 3, Vilnius, Lithuania

Abstract
Silicon is attractive material for use in numerous fields, such as optoelectronics, sensors, batteries, 
optical fibers, photoelectrochemical water splitting, terahertz emitters, and numerous other 
applications. Electrochemistry deals with the chemical transformations, which are induced by 
an electric current, or vice versa– with the transformations, which generate an electric current. 
These processes provide an opportunity to store or produce electricity with a minimum carbon 
footprint. Silicon electrochemistry, therefore, can to significantly contribute to low-carbon 
economy; it offers advancement in sustainable energy solutions and environmentally friendly 
technologies. The experimental work done recently in silicon electrochemistry, highlighting 
subjects of technological significance and future perspectives will be reported. The presentation 
features recent achievements electrochemical silicon extraction, purification and processing in 
high temperature molten salts. Photo electrochemical properties of silicon-oxide electrodes 
coated with ultrathin films of silica (SiO2), hafnia (HfO2) and alumina (Al2O3) will be 
discussed. Significant attention will be given to Si-oxide interfacial stability as studied by 
the quartz crystal nanobalance– a sensitive mass detector, which provided information with 
nanogram resolution in situ and in real time. Electrochemical engineering of silicon surface 
will be covered, including formation of black silicon– a nano-micro-porous material, which 
effectively absorbs the light in a wide range of wavelengths. Perspectives of electrochemical 
synthesis of semiconductors, such as carbides and silicide, will be discussed. Electrochemical 
processing is attractive due to its environmental friendliness, technical simplicity, and cost-
effectiveness.



Page- 15

albedo
...let's reflect knowledge

2nd International Meet & Expo on 
Semiconductors,Optoelectronics and Nanostructures

September 12-14, 2022 | Barcelona, Spain

SEMICONMEET2022

Perovskite Solar Cells by Inkjet Printing 
 
Barbara Wilk1,2*, Sylvester Sahayaraj1, Konrad Wojciechowski1

1Saule Research Institute (SRI),Wrocław, Poland
2Wrocław University of Science and Technology, Wrocław, Poland

Abstract
In recent years, perovskite solar cells have emerged as one of the most promising next- generation 
photovoltaic technologies. Outstanding performances of those devices reaching 25.7%[1] 
power conversion efficiency were obtained for varied perovskite formulations including triple 
cation perovskite containing methylamonium, formamidinium and caesium cation, as well 
as low dimensional Ruddlesden-Popper perovskites. Most of the record efficiencies were 
reported for devices processed by not scalable techniques like spin coating in inert atmosphere 
often using solvent quenching method. Furthermore, the state of the art solution recipes are 
based on dimethyl formamide (DMF) whose toxicity makes it unsuitable to industrial process.
Remarkable lab-scale achievements pushed the research towards development of more scalable 
processes. One of the techniques that can be use in a large scale production of perovskite solar 
cells is inkjet printing. This technique has been widely developed for printed electronics due 
to its high precision and low operation cost. Using inkjet printing for perovskite deposition 
enables to control layer thickness and print customized shapes.
Here, we would like to demonstrate the development of perovskite solar cells fabrication by 
inkjet printing. Firstly, the design of green solvent based ink formulation for triple cation 
perovskite, where the rheology and coordination strength to lead halide species was carefully 
analysed. The study showed that a coordination chemistry occurring in a precursor solution 
plays a vital role for the crystallization process of perovskite layer and defines its morphology 
and optoelectronic properties. As a result of the ink optimization, inkjet printed solar cells on 
flexible substrates reached power conversion efficiency of 11.4% [2].
Secondly, we would like to show the optimization of printing and post-treatment for low- 
dimensional perovskite absorber. Our study shows the impact of different drying conditions 
on the crystallization and specific phase orientation in 2D perovskite film. With the optimized 
drying protocol solar cells reached 13% of power conversion efficiency for the rigid, and 
10.6% for the flexible substrates [3].
Presented results point out the most important challenges on the way to perovskite solar cells 
commercialization as well as great opportunities for this new technology.

Keywords
Perovskite Solar Cells; Inkjet Printing
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Biography
Barbara Wilk Current PhD student at Saule Research Institute/ Wrocław University of 
Science and Technology. My research is focused on developing inkjet printing of perovskite 
and functional materials for solar cells applications. I graduated from Cracov University of 
Technology where I studied Chemical Engineering and Chemical Technology. Currently, I am 
finishing my PhD program which was conducted at Saule Research Institute with the affiliation 
of Wrocław University of Science and Technology. During last 7 years I am engaged in 
development of perovskite solar cells at Saule Technologies and Saule Research Institute. The 
scope of my research includes chemical modifications of the inks, fabrication of perovskite 
solar cells by inkjet printing and spin-coating and thin layers characterization.
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Electron Transport of a Multiply-Resonant Photon-
Cavity Double Quantum Dot System Controlled by 
Photon and Magnetic Field 
 
Halo Anwar Abdulkhalaq1, *, Nzar Rauf Abdullah1, Vidar 
Gudmundsson2

1Division of Computational Nanoscience, Physics Department, College of Science, 
University of Sulaimani, Sulaimani 46001, Kurdistan Region, Iraq
2Science Institute, University of Iceland, Dunhaga 3, IS-107 Reykjavik, Iceland 

Abstract
In this study we investigate the electron transport through double quantum dots (DQD) system 
with a complex multi-level energy spectrum, which is coupled to a single mode photon cavity. 
Two electron reservoirs from left and right are connected to the DQD system which, and 
external magnetic field is applied to the total system.

When tuning the photon energy, at low strength of the magnetic field, several anti-crossings 
between electron and photon dressed states of the DQD-cavity system are found. These anti-
crossings are results of photon exchange between the mentioned states and also identified 
as multiple Rabi resonances. Due to these Rabi resonances the electron transport is affected 
and resulted in producing a dip in the current which, at low photon energy, the dip will be 
dislocated and diminished by increasing the external magnetic field.  This is a confirmation of 
the result that the photon cavity parameters and the magnetic field can control the behaviour 
of electron transport in the DQD-cavity system.

Keywords
Quantum Dots; Cavity Quantum Electrodynamics; Electron Transport; Photon-Dressed 
Electrons

Biography
David Wortley is one of the UK’s leading pioneers of Immersive Technologies with a 30+ 
year Dr. Halo Anwar Abdulkhalaq from university of Sulaimani, Kurdistan region/Iraq. He 
earned my BSc degree in Physics from University of Sulaimani in 2009, and obtained MSc. 
in (gravity, Particles and Fields) at the University of Nottingham, UK. Currently, He is a PhD 
student in the fields of (Theoretical Quantum Transports) at the University of Sulaimani. He 
is a staff member at physics department of college of science at the University of Sulaimani 
since 2009.
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Design of a Nanostructured Metal-Oxide Solid Solution 
Based on Sn, Ti and Nb for Gas Sensing Applications 
 
E. Spagnoli*,1, A. Gaiardo2, B. Fabbri1, M. Valt2, S. Krik3, M. Ardit1, M. 
Della Ciana1,4, C. Malagù1, V. Guidi1

aDepartment of Physics and Earth Sciences, University of Ferrara, Ferrara, Italy
bMNF-Micro Nano Facility, Bruno Kessler Foundation, Trento, Italy
cSensing Technologies Lab, Faculty of Science and Technology, Free University of Bozen-
Bolzano, Bolzano, Italy
dNational Research Council, Institute for Microelectronics and Microsystems, Bologna, Italy

Abstract
Emerging nanotechnologies improved solid-state sensors design and capabilities and enabled 
the use of semiconducting metal oxides (SMOXs)-based gas sensors for new and increasingly 
demanding applications. These new applications require affordable, easy, and precise sensors 
under conditions where interfering agents and complex environments (e.g. high temperature 
and pressure) can affect the detection of the target gas. For these reasons, new strategies have 
been sought to improve the gas sensing performances of common SMOXs. 

Recently, great attention has been paid to nanostructures solid solutions based on SMOXs 
to enhance sensing performance with respect to those of single-oxide counterparts. Tin and 
titanium dioxides (SnO2 and TiO2) are wide-gap n-type semiconductors extensively investigated 
for the fabrication of solid-state devices for gas sensing applications. They would easily form 
solid solutions since they can exhibit a rutile type structure where octahedrally coordinated 
Ti4+ and Sn4+ have similar ionic radii. Such solid solution combines the positive qualities of the 
singles oxides, e.g. high sensitivity towards reducing gases and low influence by humidity [1]. 

Despite the good sensing performances of Sn1-xTixO2, a further improvement has been attempted 
by means of an Nb doping. The incorporation of Nb5+ would increase the conductivity of 
the material, as niobium acts as donor dopant in n-type semiconductors, and inhibit grain 
growth [2]. (Sn,Ti,Nb)xO2 powders were synthetized through co-precipitation by keeping the 
Sn/Ti proportion constant at the optimal value for sensing performance, while changing Nb 
concentrations and calcination temperature. Powder compositions, structures and morphologies 
were investigated by different techniques. Observations at SEM microscopy revealed that the 
morphology consists of rounded nanoparticles and X-ray powder diffraction analyses confirm 
that (Sn,Ti,Nb)xO2 samples were a rutile-type solid solution of tin, titanium and niobium. 
Electrical characterization of the films showed that the niobium concentration and the heating 
treatment of powders are fundamental parameters to optimise the sensing characteristics of the 
film [3]. 
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Synthesis of Two-Dimensional Out-of-Plane 
Asymmetric TMDC Materials 
 
Güven Turgut1,*

Department of Basic Sciences, Erzurum Technical University, 25050 Yakutiye, Erzurum, 
Turkey

Abstract
After the discovery of the Graphene, 2D materials constitute the most important part of scientific 
studies. Two-dimensional (2D) materials, which have an important place in nanotechnology, 
may show different properties according to the bulk form of the material due to the quantum 
confinement in one dimension. Studies on 2D materials have increased especially in the last 
decade. Although Graphene has gained great interest amongst the materials community, due to 
its fascinating properties, the lack of intrinsic band gap has led to the design and development 
of other two-dimensional materials such as transition metal dichalcogenides (TMCDs) with 
formula of MX2 (M=TMs, X=S,Se,Te), black phosphorus and hexagonal boron nitride (h-BN) 
which have been very significant in solar cells, field effect transistors, hydrogen evolution 
reactions (HER), spintronics, valleytronics, and optoelectronic due to their controllable band 
gap, unique mechanical and electronic properties.Due to the lack of inversion symmetry, 
MX2 monolayer shows the spin splitting of the electronic bands via spin-orbit interaction. 
By replacing one of chalcogen layers with another layer, a new structure MXY contains 
extraordinary physics and exhibits phenomenal optical properties due to the lack of an out 
of plane symmetry.  Disruption of this symmetry induces, an extra out of plane intrinsic 
electrical field in MXY structure, from the lesser electronegative chalcogen to higher one 
and it brings about promising spintronic, ferroelectricity, room temperature ferromagnetism, 
piezoelectricity, and photocatalytic activity. Here, it has been reported synthesis of novel 
MoSTe material based on stripping of top S chalcogenide layer using inductively coupled 
plasma then thermally replacing Te chalcogenide layers. The characteristic results indicate 
MoSTe structure predicted from theory.
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TMDCs; MoSTe; Out-of-plane Asymmetry
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Development of Stable CdS Photoanode for Artificial 
Photosynthesis 
 
Masanobu Higashi*

Research Center for Artificial Photosynthesis (ReCAP), Osaka Metropolitan University, 3-3-
138 Sugimoto, Sumiyoshi-ku, Osaka, Japan

Abstract
Recently, global warming due to an increase CO2 and exhaustion of fossil fuels are problems. 
As a method to solve these problems, CO2 reduction to chemical fuels such as CO, formic 
acid, etc. with sunlight. We have recently reported photoelectrochemical reduction of CO2 to 
formate using a sacrificial reagent-free system consisting of TiO2 photoanode and biocatalytic 
formate dehydrogenase (FDH). However, this system cannot utilize visible light owing to 
the wide bandgap of TiO2. In this study, we attempted to fabricate stable metal sulfide CdS 
photoanode and construct a hybrid system consisting of the CdS photoanode, nicotinamide 
adenine dinucleotide (NADH) coenzyme, and FDH for the reduction of CO2 to formate under 
visible-light irradiation.

The CdS photoanode was fabricated by the chemical bath deposition method. The CdS 
electrode was calcined in N2 flow at 200, 300, and 400 °C for 30 min. The stabilities of the 
photocurrents of the CdS electrodes were evaluated at a fixed potential (–0.5 VAg/AgCl) under 
continuous visible light irradiation. For CdS electrodes with and without calcination at 200 and 
300 °C, the photocurrent densities gradually decreased with the start of light irradiation. After 
the reaction, large cubic particles with a particle size of approximately 100–300 nm, reflecting 
the crystal structure of K2Cd[Fe(CN)6], were observed on the electrodes. XRD analysis also 
confirmed the formation of K2Cd[Fe(CN)6]. As previously reported, K2Cd[Fe(CN)6] forms 
spontaneously on the CdS surface during photoirradiation by reaction of dissolved Cd2+ cations 
via photocorrosion and [Fe(CN)6]

4− anions in the solution. Therefore, this gradual decrease in 
photocurrent density was mainly due to the photocorrosion of CdS. In contrast, calcination at 
400 °C positively influenced the CdS electrode, gradually increasing the photocurrent density. 
The number of electrons passing through the outer circuit for over 1 h (19.7 C, corresponding 
to 205 μmol of electrons) exceeded the number of moles of CdS (approximately 22 μmol) in the 
electrode. Although large K2Cd[Fe(CN)6] particles were observed on the CdS electrode after 
the reaction, the amount was significantly lower than that observed on the other electrodes. 
Instead, fine particles of K2Cd[Fe(CN)6] (particle size ~10 nm) were densely formed on the CdS 
surface. Therefore, fine K2Cd[Fe(CN)6] particles generated on the surface effectively scavenged 
photogenerated holes in CdS and enabled the oxidation of [Fe(CN)6]

4− to [Fe(CN)6]
3−. Reduction 

of NAD+ to NADH using [Cp*Rh(bpy)(H2O)]2+ as an electron mediator was examined in two-
electrode system consisting of the CdS photoanode (calcined at 400 °C) and a carbon paper 
counter electrode with no applied bias (0 V). Relatively stable photocurrent (0.2 mA cm–2) was 
observed for 60 min. UV-vis spectroscopy and liquid chromatography analyses revealed that 
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the amount of 1,4-NADH, which functions as a coenzyme, was increased with progression 
of reaction by reduction of NAD+ over the carbon electrode accepting electrons from CdS 
photoanode. The PEC reduction of CO2 to formate was attempted by introducing FDH in the 
system. The amount of produced formate was increased with the increasing irradiation time 
and reached 1285 nmol, which exceeded that of FDH (64 nmol).
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Plasmonic Modulator Based on Extraordinary Electro-
Optic Effect at Degenerately Doped PN++ Junctions 
 
R. K. Vinnakota1*, D. A. Genov2, Z. Dong3, A. F. Briggs3, L. Nordin3, 
S. R. Bank3, D. Wasserman3 
1Troy University, Department of Chemistry and Physics, Troy, USA
2Louisiana Tech University, Department of Physics, Ruston, USA 
3University of Texas Austin, Department of Electrical and Computer Engineering, Austin, 
USA

Abstract
We present a plasmonic electro optic modulator, which we refer to as surface plasmon polariton 
diode (SPPD). SPPD is based on excitation and active control of surface plasmon polaritons 
(SPPs) at lattice-matched indium gallium arsenide (In0.53Ga0.47As) degenerately doped 
pn++ junctions. SPPD is fabricated and characterized both electrically and optically, showing 
external bias assisted far-field reflectivity modulation for mid-IR wavelengths with significant 
3dB bandwidths. Self-consistent electro-optic Multiphysics model is developed to numerical 
characterize the device to uncover the electromagnetic and kinetic mechanisms facilitating 
the extraordinary electro-optic effect at degenerately doped PN++ Junctions, bias dependent 
SPPs modulation and 3dB switching times.  Numerical model shows strong agreement with 
the experimental findings predicting data rates up to 1Gbits/s and 3dB bandwidth as high 
as 2GHz. Current studies also indicate that decreasing the SPPD dimensions can potentially 
lead to higher data rates exceeding 50Gbits/s, possibly providing a new pathway toward fast 
semiconductor based plasmotronic devices.
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Plasmonics; Semiconductor Plasmonics; Electro-Optic; Optoelectronics
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Graphene Oxide: New Opportunities for Photonics, 
Electronics, and Optoelectronics 
 
David Moss
Director, Optical Sciences Centre, Swinburne University of Technology, Melbourne, 
Australia

Abstract
As a derivative of graphene, graphene oxide (GO) was initially developed by chemists to 
emulate properties of graphene, but it was soon recognized as a unique material in its own 
right, with capabilities not achievable with chemical vapor deposition materials. Over the past 
decade, the advances in material fabrication and property control have led to rapid progress 
in GO photonics, electronics, and optoelectronics, paving the way for many technological 
solutions. I review recent advances in this exciting and fast-growing field and present our latest 
breakthroughs. I compare graphene, GO, and reduced GO (rGO) and discuss their relationship 
and differences. I will summarize the approaches used for GO synthesis, device fabrication, 
and property modification and give an overview of the optical, electronic, and optoelectronic 
properties of GO and rGO. I highlight their strong potential for solar energy harvesting, energy 
storage, medical diagnosis, image display, and optical communications, discussing their open 
challenges and future prospects.
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Elastic Strain Engineering of Diamond 
 
Chaoqun Dang1, 2,*

1ZJU-Hangzhou Global Scientific and Technological Innovation Center, Hangzhou 311215, 
China
2Center for X-mechanics, Zhejiang University, Hangzhou 310027, China

Abstract
Diamond is not only the hardest material in nature, but is also an extreme electronic material 
with an ultrawide bandgap, exceptional carrier mobilities, and thermal conductivity. Straining 
diamond can push such extreme figures of merit for device applications. We microfabricated 
single-crystalline diamond bridge structures with ~1 micrometer length by ~100 nanometer 
width and achieved sample-wide uniform elastic strains under uniaxial tensile loading along 
the [100], [101], and [111] directions at room temperature. We also demonstrated deep elastic 
straining of diamond microbridge arrays. The ultralarge, highly controllable elastic strains can 
fundamentally change the bulk band structures of diamond, including a substantial calculated 
bandgap reduction as much as ~2 electron volts. Our demonstration highlights the immense 
application potential of deep elastic strain engineering for photonics, electronics, and quantum 
information technologies.
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Laser-induced Plasma for Vacuum Online Detection of 
Vacuum Interrupter 
 
Huan Yuan, Xiaohua Wang*

State Key Lab of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, 
No.28, West Xianning Road, Xi’an, P. R. China

Abstract
More than 95% of the switchgears used in medium-voltage power system are vacuum 
switches, which using vacuum interrupter as the core component. Accidents occur frequently 
due to the vacuum deterioration, indicating that the online detection of the vacuum degree 
is of significance for enhancing the safety level of the power system. But the current online 
detection technologies commonly have drawbacks of low accuracy and low reliability, and 
consequently they can't meet the application requirements. So, a novel technology for online 
detection of the vacuum degree for vacuum interrupters was proposed, namely laser induced 
plasma (LIP). Preliminary study has found that the vacuum degree has a great influence on the 
LIP signal from 10-3 Pa to 105 Pa, implying that this technology has great potential for such 
application.
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Tunnel Field Effect Transistors: Device Design & 
Applications 
 
Shilpi Birla
Department of ECE, Manipal University Jaipur, Dehmi Kalan, Jaipur, India 

Abstract
Standard “metal oxide semiconductor field effect transistor (MOSFET)” works on the 
mechanism of thermal electron emission which limits its subthreshold slope at room temperature 
to 60 mV/decade. Short channel effect (SCE) also effects subthreshold slope severely. There is 
also the issue of high-power consumption because of high leakage current when transistor size 
decreases. To overcome these obstacles tunnel field effect transistor (TFET) was introduced. 
This structure works on the mechanism of band-to-band tunneling (BTBT). It is a mechanism 
where electrons travel from p-region’s valence band to intrinsic region’s conduction band 
which causes the current to flow in the device. The difference between the structure of MOSFET 
and TFET is that MOSFET has the same type of doping in the source and drain region while 
its body has the opposite doping whereas TFET has opposite doping in the source and drain 
region with its channel being intrinsic. Moreover, this device doesn’t have a minimum of 
60 mV/decade limit of subthreshold slope with the added benefit of reduced leakage current 
under OFF state. Despite its many advantages over MOSFET, TFET has a few problems of its 
own. It has a low ON current and a high miller capacitance. To overcome these challenges as 
well as to simplify complex fabrication process, “Junction less Tunnel Field Effect Transistor 
(JL-TFET)" was proposed. Junction less tunnel field effect transistor (JL-TFET)” which is a 
heavily doped channel- constructed of Si- structure that has two isolated gates (Control gate 
and Polar gate) with distinct work functions that allow it to perform as a “tunnel field effect 
transistor (TFET)”. JL-TFET was introduced to overcome challenges faced by TFET such as 
low ON current and high miller capacitance as well as problems faced by MOSFET such as 
short channel effects and leakage current which led to high power consumption. MOSFET 
works on the mechanism of thermal electron emission whereas TFET and JL-TFET work on 
the mechanism of band-to-band tunnelling and is therefore expected to help in the reduction 
of power consumption.
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Optoelectronic Properties of Modified Donor and 
Acceptor Materials of Organic Solar Cells 
 
Muhammad Imran Malik,*, aMuhammad AzharAnsari, aAnum 
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Abstract
Despite several practical advantages, efficiency of organic solar cell (OSC) is still not up-to-
the-mark for practical ad commercial applications. Improvement in the efficiency of OSC is 
one of the major focuses of modern energy related research. The target is to enhance power 
conversion efficiency (PCE) of OSC to make it an alternative of the commercial inorganic solar 
cells. Improvement of the optoelectronic properties of donor and acceptor materials thorough 
their modifications at molecular levels is one of the most feasible methods to enhance the 
efficiency of OSC. Molecular tailoring can help in better alignment of the energy levels of 
the donor and acceptor materials. Introduction of different functional groups such as chlorine, 
bromine, and nitro  to most widely used donor material poly(3-hexylthiophene) (P3HT) 
produced poly(4-bromo-3-hexylthiophene), poly(4-chloro-3-hexylthiophene), and poly(3-
hexyl-4-nitrothiophene). On the same line, modification of widely used acceptor material, 
fullerene, produced phenyl-C61-pentanoic acid methyl ester, phenyl-C61-pentanoic acid, and 
methyl-2-C61 propionate. The success of modifications to both poly(3-hexylthiophene) (P3HT)
and fullerene is monitored through 1H-NMR spectroscopy. As the major target, optoelectronic 
properties of modified materials are compared in context of their compatibility for their 
applications in OSC. The study opens up new possibilities for tailoring of donor and acceptor 
material for better alignment of their energy levels.
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Multi-Scale Mechanistic Photocatalysis: From 
Semiconductor Material Screening to Reactors 
 
Blaž Likozar1, 2, 3, Miha Grilc1, Matej Huš1, Uroš Novak1
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Abstract
On of main hydrogen disadvantages is its difficult storage under high pressure conditions, 
which calls for physical material adsorption or a chemical catalytic conversion into carriers, 
which are stabile for extended time periods, while also reversibly releasing H2 relatively easily/
mildly. Presentation will overview methanol, ammonia and selected liquid organic hydrogen 
carrier molecules as well-known storage candidates, where extensive catalysis/reactor research 
is underway presently. Multi-scale modelling simulations will be presented as a useful design, 
prediction and optimization tool, addressing simultaneously not only catalysis, but also its 
serial integration into the construction of reactors, starting from atoms to continuum. The 
possibilities of the intensification by temperature, sorption and membranes will be presented, 
as well as the options of electrification, the latter spanning from the induction to plasma, 
electrochemistry or even photo-catalysis, which is emerging, nevertheless, quite challenging 
modelling-wise, which hinders the nexus of high throughput model-based materials discovery, 
let alone to be interfaced with unit operation tailoring. Multi-scale modelling simulations can 
be with a grain of salt prudently applied to understanding, designing and optimising new 
process configurations, linked with techno-economics.
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