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Program Day 1 - October 1, 2024

Place: Meeting Room Kronan, Studenthuset, Linkdping University, Campus Valla
11:30 — 12:45 Registration and Lunch (Studenthuset)

12:45 — 13:05 Welcome & Opening
Jan-Ingvar Jonsson, Vice-Chancellor, Linkdping University
Augusto Marecelli, Science Attaché, Embassy of Italy in Stockholm

13:05 — 13:30 Edwin Jager, Linkdping University

Electroactive polymer actuators from wearable haptic devices to micromechanical stimulation of cells
13:30 — 13:55 Costanza Toninelli, CNR-INO Italian National Institute of Optics, Florence

Single molecules detection for enhanced sensing and quantum technologies

13:55 — 14:15 Coffee break

14:15 — 14:40 Jens Eriksson, Linkdping University and VOC Diagnostics AB

Yes, we will! Make an impact through DeepTech transformation of cancer diagnostics
14:40 — 15:05 Antonio Ciarlo, Gothenburg University

miniTweezers2.0: smart optical tweezers for health and life sciences

15:05 — 15:25 Niclas Roxhed, KTH Royal Institute of Technology, Stockholm
Patient-centric sampling is the enabler for future diagnostics

Closing 1st day

15:45 LiU Campusbussen from Universitetet to CMIV at Campus US (US S6dra Entrén) - Transfer by
Ii(L;:SZO —17:50 Visit at the Center for Medical Image Science and Visualization (CMIV)

17:50 — 18:10 Walking to the City Hall (1.5 km, ~20 min)

18:10 — 19:30 Reception at the City Hall



Program Day 2 - October 2, 2024

Place: Meeting Room Kronan, Studenthuset, Linkdping University, Campus Valla

9:00 — 9:15 Welcome & Opening
H.E. Michele Pala, Ambassador of Italy to Sweden

9:15 — 9:40 Davide Esposito, Italian Institute of Technology, Genoa

Devices for inclusion: science and technology

9:40 — 10:05 Roberto Bresin, KTH Royal Institute of Technology, Stockholm
Sound and music as a source of innovation

10:05 — 10:30 Massimo Basile, Wsense srl, Rome

Digitization of subsea infrastructures using the “Internet of Underwater Things”
10:30 — 10:55 Lorenza Ferrario, FBK Fondazione Bruno Kessler, Trento (online)
Acting as an Open Nanofabrication Facility, the FBK experience

10:55 — 11:15 Coffee break

11:15—11:40 Barbara Fabbri, University of Ferrara

Metal-oxide gas sensors: current advances in science and technology to meet challenges

11:40 — 12:05 Qin Wang, RISE Research Institutes of Sweden

Graphene and graphene-based hybrids for bio/chemical and industrial sensing applications

12:05 — 12:30 Maria Rosaria Plutino, CNR Italian National Research Council, Messina

Smart and innovative multifunctional materials: from design and synthesis to sustainable applications

12:30 — 13:45 Lunch (Universitetsklubben)

13:45 — 14:05 Domenico Caputo, Sapienza University, Rome

Thin and thick film technologies for smart and eco-friendly sensors and systems
14:05 — 14:30 Yang L.iu, Linképing University

Sustainable smart manufacturing: Current reality and future prospects

14:30 — 14:55 Olof Kordina, Xtal-works, Vikingstad

Building bridges boosts businesses

14:55 — 15:15 Coffee break

15:15 - 17:00 Roundtable
Sensoristics: a world of technologies and applications for a sustainable future

17:00 Final and closing remarks



Edwin Jager

Biography

Edwin Jager is Professor and head of the division of Sensor and Actuator
Systems. He received his M.Sc.Eng. degree (ir) in Applied Physics at
University of Twente, The Netherlands in 1996, specializing in transduction
science. In 2001, he received his PhD in Applied Physics at Linkoping
University, Sweden.

His PhD-work was continued in the spin-off company Micromuscle AB, now
acquired by Creganna Medical, of which he was a co-founder and where he
worked as CTO from 2000 to 2007. Micromuscle commercialized and
developed medical applications of the polypyrrole actuator technology in
collaboration with large medical device companies.

Thereafter, he returned to academia as assistant professor in the Organic
Electronics group at the Department of Science and Technology at the
Norrkdping campus, focussing on Organic Bioelectronics. In the summer of
2011, he moved to the Biosensors and Bioelectronics Centre to assist building
up this newly established Centre, where he became associate professor in
March 2012, and which merged into the division of Sensor and Actuator
Systems in 2017. He became Full Professor in Applied Physics in March 2023.
His research interests include electroactive polymers, electroactive surfaces
and scaffolds, bionics, and polymer actuators for applications in textile
actuators, cellular mechano-biology (mechanotransduction), medical devices
and soft microrobotics.

Electroactive polymer actuators from wearable haptic devices to micromechanical
stimulation of cells
Edwin Jager"”

!Department of Physics, Chemistry, and Biology (IFM), Link6ping University, Sweden

Email: edwin.jager@liu.se”
Keywords: actuators, wearables, mechanostimulation

lonic electroactive polymers, such as polypyrrole (PPy) and PEDOT, can be used as soft
actuators from micrometre-sized robots!* 2 and mechanostimulation devices for single cellst!
to textile actuators for macroscopic wearables.”*! They are driven at low potentials (1<V),
biocompatible, and can be operated in any aqueous electrolyte, including salt solutions, full
blood and cell culture medium, which makes them interesting for biomedical devices. We are
developing bionic devices with a focus on biomedical applications, such as single cell
mechanostimulation and bone-on-chip. Traditional microfabrication technology, including
photolithography, and novel additive manufacturing methods such as 3D printing are used to
create new soft microrobots comprising conducting polymer microactuators to drive the
microrobots. We have developed new biohybrid materials based on gels and Plasma Membrane
Nanofragments that induced bone formation.[®! By combining these new biohybrid materials
with the CP microactuators we have created microrobotic devices that create their own bone.
The same conducting polymers, now shaped as fibres or yarns are used to make macroscopic
textile actuators, by merging advanced textile technology with conducting polymer
processing.[®! Using knitting and weaving, we are developing soft textile actuators ("Knitted



Muscles™) for use in wearable devices such as haptic communication garments and textile
exoskeletons.
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Costanza Toninelli

Biography

After a master thesis in atomic physics including one year at the Ecole Normal
Superiéure in Paris, and a PhD in nanophotonics and complex systems in
Florence, she is a postdoc fellow at ETH in Zirich, studying single molecule
spectroscopy. Costanza then receives the Caroline von Humboldt prize in 2011
and becomes Researcher at INO-CNR and group leader at LENS. In 2023
Costanza is awarded the ERC consolidator grant for the project
QUINTESSENCE. Her interest focuses on the development of quantum
technologies based on the coupling between single-molecule based quantum
emitters to nanostructured materials, yielding on-chip single photon sources as
well as quantum sensors. She also likes to play with light transport in complex
systems and fluorescence-based sensors.

Single molecules detection for enhanced sensing and quantum technologies
Costanza Toninelli***, Hugo Levy-Falk, Rocco Duquennoy?, Ramin Emadi*?, Daniele De Bernardis*?,
Maja Colautti?, Mario Agio'*

National Institute of Optics (CNR-INO), Via Nello Carrara 1, Sesto F.no 50019, Italy
2LENS, Via N. Carrara 1, Sesto F.no, Italy

3Physics Department, University of Naples, via Cinthia 21, Fuorigrotta 80126, Italy
4Department of Physics, Siegen University, Siegen Germany

Email: toninelli@lens.unifi.it”
Keywords: fluorescence sensing, single molecule, quantum states of light

In my contribution, I will show how the manipulation of single molecules in solids is a key
resource for disruptive technologies, ranging from quantum communication and sensing to
fluorescence diagnostics.

Single organic molecules in the family of polycyclic aromatic hydrocarbons (PAH), embedded
in suitable host matrices, offer competitive properties and key advantages [1]. Being very small
and with well-defined transition dipole moments, they can be used as nanoscopic sensors e.g.
of pressure, strain, temperature, electric and magnetic fields, as well as optical fields.
Furthermore, PAH molecules can be easily fabricated and exhibit strong zero-phonon lines,
which reach their Fourier-limited natural linewidth at liquid helium temperature, thus providing
very bright and stable sources of coherent photons in the solid state [2,3,4].

I will present our recent advances on the use of these molecules as single photon sources for
photonic quantum technologies [5,6]. In particular, I will show how it is possible to use the non-
classical photon statistics for the distribution of a secret key over long distances [7]. Then we
will discuss the prospects for scaling up the operations on chip.

Additionally, the presentation explores the use of organic molecules as nanoscopic thermal
sensors, enabling semi-invasive local temperature measurements in a temperature range (3 K
to 30 K) unattainable by most commercial technologies. These results offer insights into the
local phononic environment in complex structures and an unexplored temperature regime [8].
Finally, 1 will show how pushing the efficiency in the photon extraction can be vital in
fluorescence diagnostics. Here, we present a planar antenna that is able to redirect the emission



of fluorophores thereby decreasing the limit of detection for sepsis CRP biomarker to 1.5
ng/mL, showing a 50x enhancement with respect to the case of standard glass chips. This is
attained in a lensless fiber microscope (shown in the figure below), that has been prototyped
for such application [9].
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Figure 1. Schematic drawing of the installation for enhanced fluorescence detection. The whole setup
fits in a 30-cm size plexiglass cage.
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Jens Eriksson

Biography

Associate professor in applied physics. CTO of VOC Diagnostics. After a PhD
in materials science, | have worked mostly with research on 2D materials and
environmental sensors. Since 2021 my focus has shifted to life science
applications of sensors, especially commercial development of diagnostic
instruments based on chemical sensors.

Yes, we will! Make an impact through DeepTech transformation of cancer
diagnostics
Jens Eriksson®?*, Ivan Shtepliuk?, Christer Borgfeldt®, Donatella Puglisi?

vOC Diagnostics AB, Linkoping, Sweden

2Linképing University, department of physics, chemistry and biology, Linkdping, Sweden

3 Department of Obstetrics and Gynecology, Skane University Hospital (SUS), Lund University,
Sweden

Email: jens.eriksson@liu.se”

Keywords: cancer, diagnostics, electronic nose,

The concept of electronic noses was first introduced in the 80s. Already in the early 2000s a
group of chemists at the university of Illinois demonstrated the first e-nose application in
diagnostics when they showed a colorimetric assay based on color dyes [1] that was later used
to detect lung cancer (along with other conditions) in breath. However, despite some liberal
representations as detect-all-things-in-all-scenarios on shows like CSlI, e-noses have struggled
to reach practical implementations in society. Rapid advances in several machine learning
toolboxes and programming platforms, along with improved sensor hardware, have removed
several of the main obstacles, whereby the time for efficient and practical use of e-noses is now!

Here we introduce an e-nose for use in cancer diagnostics based on odor detection from 1 ml
of blood(plasma). It’s raison d'étre is early detection of ovarian cancer, one of the “silent
killers”, but the technology can be applied also to other cancer types and diseases.

Endogenous volatile organic compounds (VOCs) are products of metabolic activity. Metabolite
concentrations are affected by tumor necrosis, resulting in cancer-specific VOC patterns. The
results shown here are from measurements of 169 blood samples from cancer patients (124
ovarian cancer patients and 45 endometrial cancer patients in stages | — IV) together with 161
negative controls.

Instrument: 32 MOX sensors (TGS2X series) are arranged in four banks at different
temperatures. Samples (liquid, 1 ml) are placed in a holder which is inserted into the e-nose at
the start of a measurement. After an initial equilibration step where VOCs are emitted from the
sample into the headspace of the instrument, a fan downstream moves the VOCs over the
sensors. The sensor signals are logged at 10 Hz for ten minutes per measurements.
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How the sensor data is processed to determine the nature of the sample is critical for the final
performance and for fidelity. Here, preprocessing, feature extraction, classifier training and
testing, were performed independently by different teams. Three independent approaches all
show overall accuracies higher than 98%. The results of binary classification as either “cancer”
or “healthy” based on 85 features and a random forest classifier are shown in Figure 1.
Additional classifiers were implemented sequentially for further division into cancer type and
stage, allowing distinguishing ovarian cancer stage | with a sensitivity of 98.5%.

There are currently no viable screening methods available for ovarian cancer, which is often
non-symptomatic even to stage IV, resulting in a very poor prognosis upon diagnosis. A
reliable, rapid (10 min), diagnostic test could save many lives, with associated socio-economic
benefits.
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Figure 1. Confusion matrices (a) pertaining to 169 cancers (124 OC and 45 EC) and 161 negative
controls using 10-fold cross validation (left panel) and omitting 25% of the data during training for
testing (right panel); the ROC-AUC (b) during validation.
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Antonio Ciarlo

Biography

Antonio Ciarlo is a physicist with expertise in optics, optical trapping,
diffusion process analysis, artificial intelligence, and manipulation of
microparticles. He is a postdoctoral researcherat the Soft Matter Lab within the
Physics Department at the University of Gothenburg. Currently, his research
involves studying non-trivial diffusion processes using a random force field,
investigating inertial effects on particles trapped in air, developing an optical
tweezers system utilizing artificial intelligence to perform experiments
autonomously, and exploring new exotic optical tweezers setups.

miniTweezers2.0: smart optical tweezers for health and life sciences

Antonio Ciarlo'*, Martin Selin!, Giuseppe Pesce?!, Lars Bengtsson?, Joan Camunas- Soler®#, Vinoth
Sundar Rajan®®, Fredrik Westerlund®, L. Marcus Wilhelmsson®, Isabel Pastor’®, Felix Ritort”#, Steven
B. Smith®, Carlos Bustamante!0:11:1213.1415.16 ' Gjovanni Volpe?

Physics Department, University of Gothenburg, 412 96 Gothenburg, Sweden ?Department of Physics,
Universita degli studi di Napoli “Federico I ComplessoUniversitario Monte S. Angelo, Via Cintia,
80126 Napoli, Italy

*Department of Medical Biochemistry and Cell Biology, Institute of Biomedicine,University of
Gothenburg, Gothenburg 405 30, Sweden

“Wallenberg Centre for Molecular and Translational Medicine, Sahlgrenska Academy, University of
Gothenburg, 405 30 Gothenburg, Sweden

*Department of Life Sciences, Chalmers University of Technology, 41296 Gothenburg,Sweden
®Department of Chemistry and Chemical Engineering, Chalmers University of Technology, 41296
Gothenburg, Sweden

'Small Biosystems Lab, Condensed Matter Physics Department, University of Barcelona, 08028
Barcelona, Spain

8Institut de Nanociéncia i Nanotecnologia (IN2UB), Universitat de Barcelona,Barcelona 08028, Spain
°Steven B. Smith Engineering, Los Lunas, New Mexico, USA

Ypepartment of Molecular and Cell Biology, University of California, Berkeley,Berkeley, CA 94720,
USA

Ycalifornia Institute for Quantitative Biosciences, University of California, Berkeley,Berkeley, CA
94720, USA

12Jason L. Choy Laboratory of Single-Molecule Biophysics, University of California,Berkeley,
Berkeley, CA, USA

BDepartment of Physics, University of California, Berkeley, Berkeley, CA, USA **Howard Hughes
Medical Institute, University of California, Berkeley, Berkeley, CA,USA

Kavli Energy Nanoscience Institute, University of California, Berkeley, Berkeley, CA,USA
Department of Chemistry, University of California, Berkeley, Berkeley, CA, USA

Email: antonio.ciarlo@physics.gu.se”

Keywords: optical tweezers, automation, life-science

Optical tweezers have become indispensable tools in various scientific fields such as biology,
physics, chemistry, and materials science. Their wide range of applications has attracted the
interest of scientists with limited expertise in opticsand physics. Therefore, it is crucial to have
a system that is accessible to non- experts. In this study, we present miniTweezers2.0, a highly
versatile and user- friendly instrument enhanced by artificial intelligence. We demonstrate the
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capabilities of the system through three autonomous case study experiments, as shown in
Figure 1. The first is DNA stretching, a fundamental experiment in single-molecule force
spectroscopy [1]. The second experiment focuses onstretching red blood cells, providing
insight into their membrane stiffness [2]. The final experiment examines the electrostatic
interactions between microparticles in different environments [3]. Our results highlight the
potential of automated, versatile optical tweezers to advance our understanding of nanoscale
and microscale systems by enabling high-throughput, unbiased measurements.

The miniTweezers2.0 system successfully demonstrates the integration of artificial intelligence
and automation to make optical tweezers more accessible and versatile, especially for health
and life sciences. The adaptability of miniTweezers2.0 underscores its potential as a powerful
tool for future scientificexploration across multiple disciplines.

a) b) c)

Figure 1. Schematic representation of the case study experiments. a) Stretching a singleDNA molecule,
where the red beam represents the trapping laser, and the two light bluespheres represent particles
between which a DNA molecule is attached. b) Stretching a single red blood cell. ¢) Measuring the
electrostatic interaction between two particles, where the red circles around the particles represent the
cations and the blue ones the anions.

References

1. Smith, S.B., Cui, Y., Bustamante, C., (1996) Overstretching B-DNA: the elastic response of
individual double-stranded and single-stranded DNA molecules. Science, 271 (5250), 795-
799.

2. Mills, J.P., Qie, L., Dao, M., Lim, C.T., Suresh, S., (2004) Nonlinear elastic and viscoelastic
deformation of the human red blood cell with optical tweezers. Molecular & Cellular
Biomechanics, 1(3), 169.

3. Gutsche, C., Keyser, U.F., Kegler, K., Kremer, F., Linse, P., (2007) Forces between single
pairs of charged colloids in aqueous salt solutions. Physical Review E—Statistical,
Nonlinear, and Soft Matter Physics, 76(3), 031403.

14



Niclas Roxhed

Biography

Niclas Roxhed is Associate Professor and a team leader of biomedical
microsystems at KTH Royal Institute of Technology, Stockholm, Sweden and
an affiliated researcher with Bob Langer’s lab at the Koch Institute of
Integrative Cancer Research at MIT in Boston, USA. He is the director for
MedTechLabs, a joint KTH/Karolinska Institutet/Region Stockholm
interdisciplinary center for translational medical technology. He is a member
of the international steering committees of the Microneedle conference, the
IEEE MicroElectroMechanical Systems conference and was the general co-
chair of IEEE MEMS 2021, and an editor of the IEEE Journal of
Microelectromechanical Systems. He is initiator and co-founder of the blood
microsampling company Capitainer and several other startups. His main
research fields are microneedles, microsystems for medical diagnostics, and
MEMS-based drug delivery systems. Dr. Roxhed has authored more than 150
scientific papers and is an inventor of over 40 patents.

Patient-centric sampling is the enabler for future diagnostics
Niclas Roxhed!?", Claudia Fredolini®, Olof Beck?, Jochen Schwenk?3

'Micro and Nanosystems, School of Electrical Engineering and Computer Science, KTH Royal
Institute of Technology Stockholm, Sweden

2MedTechLabs, BioClinicum, Karolinska University Hospital, 171 64 Solna, Sweden

3Science for Life Laboratory, School of Engineering Sciences in Chemistry, Biotechnology and Health,
KTH Royal Institute of Technology, 171 65 Solna, Sweden

*Department of Clinical Neuroscience, Karolinska Institutet, 171 77 Stockholm, Sweden

Email: roxhed@kth.se”

Keywords: microsampling, proteomics, healthcare

Patient-centric sampling strategies, where patients collect their samples themselves at home and
ship them to a healthcare facility gained enormous attraction during the covid-19 pandemic.
With obvious merits such as convenience, simplicity and avoiding loading and exposing
healthcare facilities, these sampling strategies were predominantly employed for viral nucleic
acid testing in sputum and pharyngeal samples. However, patient-centric serological testing of
blood was also implemented in Sweden.
Recent advancements in advanced molecular analysis techniques have pushed sensitivities to
extreme levels where only tiny samples are sufficient for analysis. By simplifying the sampling
procedure, we can leverage on these new advancements and obtain better insights into
biological procedures than before. These new methodologies will be essential in future
diagnostics and guide pharmaceutical interventions in the future.
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Davide Esposito

Biography

Davide Esposito graduated in bioengineering (BSc) at Politecnico di Torino in
. 2015 and in bionics engineering (MSc) at Universita di Pisa and Scuola
- , , Superiore Sant’Anna in 2018. He then entered the IIT-UVIP group, led by Dr.
\ . Monica Gori, as PhD student, where he obtained his PhD in 2022 studying how
the brain encodes space at different ages and in different populations (e.g.
young children, visually impaired individuals, psychiatric patients). He is
currently post-doc in the IIT-UVIP, where he contributes to the coordination
of multiple projects on the use of technology to foster inclusion in urban
environments. He is also involved in the startup project SoBu, trying to bring

on the market the results of the 1IT-UVIP scientific production.

Devices for inclusion: science and technology
Davide Esposito!”, Alice De Luca', Monica Gori*

Unit for Visually Impaired People, Fondazione Istituto Italiano di Tecnologia, Genoa, Italy

Email: davide.esposito@iit.it"
Keywords: visual impairment, inclusion, multisensory integration

In 2014, the number of blind children below 15 years was estimated to be 19 million. Research
is for the people, and it should be accessible. In the past 20 years, the Unit for Visually Impaired
People of IIT have worked to understand child development and find new science-based
technological solutions by joining psychology, neurophysiology, and technology. In our work,
we have found a new connection by studying the multisensory development of children and
understanding the deficits and mechanisms that can lead to the reorganization of behavior and
brain function. We have designed, developed, validated, and proposed for commercialization
new multisensory systems such as ABBI and, more recently, SOBU. These are the first
multisensory technologies for easy, intuitive, and accurate stimulation of space and body
representations in visually impaired children and adults. In this talk we will present ABBI and
SOBU and new VR devices and applications for visually impaired children. We will also
present the work done within the RAISE project that aims to improve the quality of life and
inclusion of individuals in urban settings. Working at the intersection of neuroscience and
technology, the current goal of the UVIP work is to move towards earlier intervention, even
within the first three years of life and to breakdown the barriers for all.
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Roberto Bresin

Biography

From the KTH Royal Institute of Technology, Roberto is working as Professor
of Media Technology at the Division of Media Technology and Interaction
Design (MID), School of Electrical Engineering and Computer Science
(EECS), since 2014, and he has been heading the Sound and Music Computing
group. He isthe Director of Studies for the KTH Master of Science in
Engineering, Degree Programme in Media Technology. Since June 2019, he
has been the Director of NAVET, a KTH centre for research in the intersection
of art, technology and design, including schools of art, design and museums.
His main research interests are expressive music performance, emotion in
sound and music performance, sound in interaction, robot sound design, and
sonification. For more information, please visit Roberto’s profile page at
KTH: https://www.kth.se/profile/roberto

Sound and Music as a Source of Innovation
Roberto Bresin'”

'KTH Royal Institute of Technology, Stockholm, Sweden

Email: roberto@kth.se”
Keywords: emotions, sonification, interaction

During this talk, 1 will introduce some projects which stem from basic research results in two
fields: communication of expression in music performance and data sonification. In previous
studies, we have shown how expression, including emotions, can be communicated with music
and sound by manipulating some acoustical parameters, and how the relationship in data sets,
for example of physical parameters, can be achieved by mapping them to specific acoustical
categories through sonification [1,2].

Projects that I will briefly introduce include some of the following ones: the Sound Forest — a
large-scale Digital Musical Instrument (DMI) situated at the Swedish Museum of Performing
Arts in Stockholm [3], applications of sound design for humanoid robots [4], Nebula — an
interactive garment designed for functional aesthetics [5], interactive sonification of
spontaneous movement of children [6], sound feedback for best body posture in running [7],
sonification of computer shutdown and idle mode [5], communication of climate change data
through sonification and dance, and the impact of vessel traffic on the Baltic Sea environment

[8].
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WSense places itself at the center of the entire ocean data ecosystem, as an "enabler" of the
Blue Economy supply chain: through revolutionary proprietary technology, it offers the
backbone on which to build a future sustainable and interconnected ocean ecosystem, based on
continuous connectivity and real-time data exchange.

WSense's technologies enable the implementation of "Underwater WiFi" to connect robotics,
sensors, actuators, and professional divers into a single unified communication ecosystem, to
provide support for the underwater domain control and critical infrastructures’ protection.
WSense's underwater “Internet of Things" systems are "wireless observatories”, easily
deployable, capable of continuously monitoring, launching alarms and providing real-time data
not only on the water column in the coastal area but also up to 3000 meters deep on various
aspects and parameters - from biodiversity, to noise, to the solidity of structures located in a
marine environment.

WSense platforms are Sensor Agnostic loUT.
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These systems can find application in all areas of the Blue Economy: study and protection of
biodiversity and climate change, optimization of production processes in the context of the
energy transition, environmental monitoring and protection of critical infrastructures.
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Figure 1. WSense field of applications overview.

Examples of field of applications are:

- Noise monitoring

- Marine conditions monitoring (waves, tiles, currents, temperature, etc.)

- Environmental/ geochemical/ pollution monitoring (e.g. chlorophyll, bacteria, pH,
Dissolved oxygen, Salinity, etc.)

- Real-time data and monitoring of hazardous gases, methane and currents (CO.), salinity,
and volcanic activity

- Early warning systems based on infrastructure sensors (vibration, accelerometer,
inclinometers) to provide real-time structural monitoring for bridges, dames, and ports

- Underwater critical infrastructure monitoring

- ROVSs/AUVs real-time underwater connectivity

As July 2024, WSense underwater developments include:
- 1,6 million real-time transmitted datapoints
- 24 monitored areas from Northern Norway to Mediterranean and Red Sea
- 37 measured water and infrastructure parameters
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Acting as an Open Nanofabrication Facility, the FBK experience
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This talk will present MNF, the Micro-Nanon Facility of the Fondazione Bruno Kessler, and its
role in enabling state of the art research as well as industrial innovation in micro-
nanoelectronics and nanotechnologies.

The evolution from “pure” research laboratory to Open Facility, unique at National level: from
ISO 9001-2015 certification, to guarantee research on silicon sensors and MEMS happily living
together with small prototype production. The continuous improvement of the technology, from
the 1990 first cleanroom, to the current facility, including 4 cleanrooms and laboratories
completing the “value chain” from sensor fabrication to integration setup to develop fully
functional prototypes.

The evolution of the facility will also be presented in terms of access policies, to manage
quality, safety, and IP, in consideration of the numerous collaborations with companies. A 360°
perspective, with attention not only to research and technology, but also to organization,
accounting, quality, and sustainability. The presentation will end with some considerations
about involvement of FBK in recent strategic European actions: IPCEI projects, Chips Act Pilot
Lines.

21



Barbara Fabbri

Biography

Dr. Barbara Fabbri obtained her Master’s degree (2011) and PhD (2015) in
Physics at the University of Ferrara. She has experienced since more than ten
years with gas sensing technology at the Department of Physics and Earth
Sciences, working on the key factors involved in gas sensors research, i.e.
innovative sensing materials, their characterization by advanced techniques
and their application, from environmental monitoring to medical diagnosis and
precision agriculture. She is author of 40 peer-reviewed articles (H-index 18)
and she was recently awarded with the Eurosensors fellow 2024.

Metal-oxide gas sensors: current advances in science and technology to meet
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Due to their tunable physico-chemical properties and their robustness, metal oxides (MOXs)
are still the most used functional materials for fabrication of solid-state gas sensors. However,
several attempts have been pursued to increase their sensitivity exploiting the broad palette of
precursors and synthetic techniques that enable MOX properties to be tailored. Moreover, the
development of humidity-independent devices for atmospheric real-time gas measurements is
extremely challenging because water can easily yield hydroxyl groups, negatively affecting the
electrical properties of the sensitive film while limiting target gas adsorption. Additionally, the
low selectivity of standard MOX sensors, induced by kinetic competition in redox reactions
between different gaseous species on the surface-active sites, is a crucial obstacle for the
detection of the analyte in gas mixtures, especially when present at sub-ppm concentrations.
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Figure 1. Overview of challenges and addressed cutting-edge strategies for printable metal oxide-based
gas sensors [1].
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The combination of unsuited sensitivity and selectivity restricts the range of gas detection and
the sensor calibration linearity. Among the difficult gases to detect, CO> and oxygen are the
most critical, since COz has been inert for detection by MOXs, while elevated temperatures of
exhausts require oxygen sensors working in a harsh environment.

Here, we provide multiscale strategy to address the challenges mentioned above (Figure 1) [1].

(i) Sustainable solutions aimed to lower long-standing MOXs power consumption and to
enhance sensitivity by cost-effective materials: the use of visible light to activate gas sensitivity
in MOXs combined with sustainable doping with alkali metals [2].

(i) New mechanistic studies leading to overcome lack of selectivity and to accomplish a
feasible calibration: machine learning and artificial neural networks as pioneering data-
processing approaches to improve selectivity and to compensate for signal drift and non-linear
sensitivity.

(iii) Advanced theoretical and experimental techniques to provide new insights into gas sensing
mechanisms: chemisorption analyses and simulations by molecular dynamics would be
valuable tools to support experimental operando investigations, e.g. DRIFT spectroscopy [3],
studying the dynamics of physical/chemical adsorption of gaseous molecules on metal-oxide
surface.
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Sensors are widely used in our daily life, and further development and improvement of current
sensing technologies are continually demanded. They are driven by applications and markets
in various areas including health, wellbeing, green energy, sustainable cities, as well as
promotion of industry innovation and infrastructure worldwide. As an atomically thick
monolayer with remarkable optoelectronic tunability, graphene and its derived materials have
shown unique potential as a tunable platform to enable new functionalities of various desired
Sensors.

This talk presents an overview of the graphene-based R&D work at RISE with a focus upon
sensing applications. Two sensor examples will be highlighted. One is based on the integration
of graphene with asymmetric metal meta-surfaces as shown in Figure 1 to sense CO> and/or
alcohol in IR regimes [1-2]. The work was carried out by the collaborations with the Institute
of Solid-State Physics (ISSP), Latvia, in the frame of the EU CAMART? project [3]. The results
revealed the promise to enable simple and ultimate minimization sensing solutions for
environmental monitoring, threat detection, and point of care diagnostics.
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Figure 1. The sensor concept illustration of graphene with hybrid metal meta-surfaces.

Another highlight is the development of graphene-based THz detectors for sensing of illicit
material for postal services and express courier flows within our ongoing EU project IFLOWS
[4]. It aims to enhance detection capabilities of dangerous and illicit goods transported within
post and parcels flows in EU.
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Nowadays, nanotechnologies have shifted toward the development of hybrid nanomaterials and
functional nanocomposites, which are distinguished by the presence of functional nanometric
components or nanofillers dispersed in a polymeric matrix, resulting in improved properties
over their starting components. The original concept is to create an enhanced nanohybrid or
nanocomposite material that is suitable for surface coatings or other sustainable applications
due to increased properties such as: 1) antifouling or antibacterial; 2) flame retardant; 3) drug
release; 4) sensing; 5) mechanical resistance; and 6) pollutant absorption and degradation [1].
In particular, incorporating sensing functions into fabric textiles is a powerful approach toward
the development of so-called "smart textiles,” allowing for the development of wearable
sensors, i.e., novel systems characterized by main textile characteristics such as flexibility,
biocompatibility, comfort, and mechanical resistance, capable of reacting and adapting to
specific external stimuli from their surroundings [2].

This work will show in detail the design, synthesis, and characterization of hybrid organic-
inorganic materials (HOIM) and multifunctional, innovative, and smart nanocomposites based
on functional nanostructured compounds in combination with sol-gel or blended polymeric 3D-
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matrices and/or with suitable dopants, used as-is or as coatings of various substrates, for uses
in optoelectronic devices, sensors, catalytic processes, cultural heritage, environmental
remediation, construction, blue growth, biomedicine.
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Figure 1. Overview of structure and property correlation, implemented performance, synthesis
and functionalization, and applications of multifunctional hybrid materials.

The establishment of completely green and environmentally friendly synthesis techniques
based on natural components or wastes to make functioning products that can also be recycled
will be highlighted as a critical step toward sustainability.
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The talk focuses on the use of thin (below 1[1m) and thick (above few microns) film
technologies for development of portable lab-on-chip (LoC) systems and of nanoparticles-
based sensors deposited on cotton for volatile organic compounds detection.

LoC technology has gained great interest due to the many possibilities that it offers in the fields
of genomics, medical diagnostics, and agriculture. Formerly, lab-on-chip devices essentially
consisted of a microfluidic network that miniaturized the analytical and biochemical procedures
leading to faster reaction kinetics and lower sample and reagents consumption. Recent devices
integrate several functional modules, that allow all the functions of a human-scale test
laboratory including transferring samples, drawing off a precise volume of a chemical product,
reagent mixing, DNA extraction, detection, and quantification of biomolecules. Our group has
developed a compact and portable lab-on-chip, where thin film sensors and actuators are
combined in a multifunctional optoelectronic platform [1]. In particular, the platform integrates
amorphous silicon sensors for on-chip detection and temperature control and optical filters for
selection of specified wavelength. This platform has been coupled with different microfluidic
networks and has been proved to be able to detect ochratoxin A down to 1.56 ppb [2], analytical
sensitivity of 10 in analysing tenfold dilutions of RNA solutions for extracted watermelon and
Sars-Cov 2 viruses and 100% of analytical specificity in testing different non target plant
viruses [3].

The second part of this talk is focused on the preliminary development of an eco-friendly sensor
deposited on cotton for detection of volatile organic compounds (VOCs), with the purpose of
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serving as diagnostic tool in smart medicine applications [4]. Cotton functionalization and
embroidery techniques for conductive patterning paved the way for the development of the
mentioned smart textiles. They are based on gold nanoparticles (AuNP) and carbon nanotubes
(CNT) to create a lock-and-key system between the target molecules and the sensing layer,
whose interaction determines a change of electrical impedance and allow VOC concentration
to be traced. The sensor has been exposed to different VOCs (ethanol, acetone, and ammonia)
at different solution concentration and the impedance variation has been monitored in the 1 Hz
- 1 MHz frequency range. Even though a detailed campaign needs to be carried out, the results
demonstrate the possibility to discriminate the effect of different VOCs on the sensor response
and to achieve calibration curves.
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Innovations in smart technologies, such as the Internet of Things, Cyber-Physical Systems,
Cloud Computing, Artificial Intelligence, Big Data Analytics, Digital Twin, etc., have enabled
the progress of smart manufacturing. There is a lot of existing research on smart manufacturing
and sustainable manufacturing. However, some problems are difficult but have not been
adequately addressed so far. Sustainable smart manufacturing aims to integrate and apply
various smart technologies in the entire lifecycle and decision-making processes, discover the
real potential of lifecycle big data, achieve data and knowledge sharing among all lifecycle
stages, and support the achievement of sustainable smart manufacturing in a lifecycle
perspective. The work provides a comprehensive system view of sustainable solutions,
especially in production and operations management, and emerging technologies in
digitalization and modelling to create a new paradigm of sustainable smart manufacturing in a
broader range of product lifecycles. The current state of the art and challenges are examined,
and future research directions are suggested.
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this is not how VCs nor funding agencies see it... &
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The Christian writer Tertullian asked: What does Athens have to do with Jerusalem? [1]
“Athens”, representing science, philosophy, and reason was at the time seen as a threat to
Christianity. Over the years, Tertullian’s conundrum has gradually been settled and a working
relationship between “Athens” and “Jerusalem” has been established, however, Luke Burgis
argues that had Tertullian lived today he would add one more city with the ascent of “Silicon
Valley”, representing greed [2].

“Silicon Valley” is taking a lot of space — too much space some may think, and it is not
surprising because if you google “What is the objective of a business?” you receive the answer
that the objective of any business is to make a profit. Naturally, in line with this definition, the
KPIs of any business are related to profits and revenues. Yet these KPIs are shortsighted and
damaging for deep-tech startups with little near-term hope of selling anything. KPIs such as:
number of patents filed per year; number of TRL levels passed; knowledge increase of
employees; or the Value Creation Rate (VCR) would be a lot more helpful for these companies.
Though not recognized, these KPIs are forward looking (or long-term greedy) which inspires
setting long-term plans. “Silicon Valley” must not be ignored, but it should be tempered.
“Jerusalem” has cast off its “cloak of Christianity” and adopted a modern view characterized
by soft endeavors that do not generate immediate profit: Employee care (fulfilment of dreams),
training employees (lifelong learning — the goal is to make them better that yourself), helping

31



the community, or solving environmental problems. Undeniably, “Jerusalem” is an inevitability
to achieving a sustainable business, yet little is done in deep tech companies, incubators, and
VCs to realize this. Instead, they cast eyes on “Silicon Valley” and cling to past millennium
practices such as extreme compartmentalization, excessive confidentiality, and noncompetes
aiming to hinder employees following their calling or to hinder collaborations. This is counter-
productive as many of the societal problems today cannot easily be solved by one entity alone
but require collaborative (bridge-building) efforts.

A softer, more humane approach is proposed by the entrepreneur Uno Alfredéen [3] who argues
that you must treat your employees well and allow them to leave if they must and they will
become ambassadors for your company at their new workplace. He also recommends
businesses to adopt an “open window policy” arguing that some ideas may fly out, but this is
well compensated by a wealth of ideas coming back from the collaborative effort.

Xtal.works is an environmental deep-tech company eager to collaborate and build bridges. We
treat problems as currency and are working on solving the problem of growing large diameter
silicon carbide (SiC) crystals. Silicon carbide is advantageous to use in high-power applications
on account of the huge energy savings. Replacing Si with SiC in an EV saves 7% of energy
without tapping into the full potential of SiC’s abilities. Silicon carbide is also enabling fast
chargers which is another anxiety for the environmentally conscious vehicle buyer. However,
the current manufacturing technique, Physical Vapor Transport (PVT) cannot keep up with the
demand and there is a need for a different manufacturing technique. This consequently
prompted us to develop a technique we call Fiammetta, that surpasses the PVT technique in
every aspect: production rate, cost, quality, energy consumption, and use of raw materials. The
energy consumption and cost are for instance 50 and 10 times lower, respectively. The method
is versatile; we saw that that a modification of the Fiammetta method can be used to generate
Fermi level engineered quantum grade material needed for the quantum computer scientists
searching for qubits in SiC.
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