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In the application for the competitive examination, the candidate must elaborate a short project on one of
the research topics listed below (only the topic indicated as first choice in the application).

1. Lab-on-Chip technology for predictive maintenance in green energy production field

The activity aims to design and develop Lab-on-Chip systems for real-time analysis of lubricating oils in order
to minimize waste, environmental impact and maximize the efficiency of green energy plants, such as wind
and hydroelectric plants. Lab-on-chip (LOC) systems are miniaturized devices able to integrate multiple
functions or analysis techniques conventionally conducted in laboratories by specialized operators [1][2]. In
other words, LOC devices can be defined as small laboratories built on portable chips that can perform

multiple laboratory analyzes on fluid samples [3].
These systems are based on optical and spectroscopic techniques such as:

1) UV/Vis, NIR, MIR spectroscopy [4][5]
2) Label-free and fluorescent dye based spectrofluorimetry [6]
3) Microscopy and particle tracking methodology [7] for the characterization of micro and nano-debris

in solution using Cloud or on-the-edge Al algorithms.

The project focuses on topics oriented to technologies for smart grids, renewable sources, and distributed
generation. In fact, thanks to innovative Industrial Internet of Things (IloT) technologies, it is possible to avoid
unexpected machine downtime, production losses, breakdowns due to poor maintenance and overestimated
oil changes that cause high environmental impact. In addition, it allows to maximize productivity and to have
control about the state and maintenance of energy plants, with particular attention to wind power plants
where, having characteristics of randomness, an unexpected breakdown/maintenance causes even more

damage.

The planned activity will be carried out in close collaboration with the company, where will be guaranteed a
one-year period of activity in which the doctorate student will work in a dynamic environment with a high
innovative and technological content. On this matter, SanChip has also been the winner of several Innovation
Awards both at national and regional level including the Start Cup Emilia-Romagna 2020 and two special
Marzotto's awards. Mainly the activity will focus on research and development programs and the candidate

will have the opportunity to work inside the company laboratory equipped with various advanced



instruments and in which both the design and prototyping of LOC devices and sensitive components

integration activities are carried out.
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2. Systems for large-scale electrical energy-storage with low environmental impact
deriving from pyrolysis of biomass waste

Efficient storage of electrical energy for large-scale applications is one of the major needs of the near future.
Lithium ion batteries represent the state of the art of current technology, however their use on a large scale
poses serious sustainability and disposal problems. On the contrary, supercapacitors represent an emerging
green technology, which promises to help, or even replace, current batteries for large-scale stationary
storage applications, for example in smart grids for renewable energy, with considerably low environment
impact, if not zero. The candidate will explore novel carbon nanostructures obtained from biomass pyrolysis
as porous electrodes for innovative biocompatible and cost-effective supercapacitors. Part of the activity will
be spent within the company Henesis S.r.l., of the Camlin group (www.camlingroup.com), a leader in the
energy and environment sector.
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3. Towards a new generation of transistors for low-loss power electronics: development
of novel materials and devices.

Power electronic sectors such as automotive, PV inverters, electrical line hubs etc., require more efficient
converters with low losses. Energy losses are especially pronounced during the on-off transients of the power
transistors utilized in converter fabrication. We therefore need new generations of semiconductors, capable
of working at higher voltages, reducing losses, and producing a positive impact on environment and climate.
Semiconducting oxides are very promising in this sense, in particular Gallium Oxide (Ga203) [1]. Thanks to
the very high breakdown voltage and Baliga figure of merit, they exhibit higher performance than traditional
Silicon or other high bandgap compound semiconductors such as GaN and SiC.

The synthesis and study of gallium oxide was started by the proposing group a few years ago [2] and is
currently focused on the epsilon phase [3]. The planned activity for the PhD student will concern, in the initial
phase, the development of Schottky diodes, in vertical and/or lateral geometry, and subsequent extension
to field effect transistors (FET), including the preparation of the material and the study of its physical
properties, device design and simulation, prototype fabrication. These phases of the PhD work will be carried
out in collaboration with national and international partners. A semester in a leading company in the field of
electronic materials and a period abroad are foreseen.
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