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Reprogrammable and adaptive self-assembled materials for edge data processing

Francesca Borghi’

"University of Milan, Physics Department and CIMalNa, via Celoria 16, 20133 Milano, Italy

The brain’s ability to perform efficient and fault-tolerant data processing is strongly related to its peculiar
interconnected adaptive architecture, based on redundant neural circuits interacting at different scales. In such a system,
individual neurons contribute little on their own; it is the collective activity of the population that matters. Part of the difficulty in
understanding population coding is that neurons are noisy, which means that the same pattern of activity never occurs twice,
even when the same stimulus is presented.[l In this context, correlation and simultaneity within spiking activity of different
neurons, as also synchronous population firing,[? may play a crucial role in decreasing/increasing the amount of information
that is decoded, in a non-trivial way.!'!

By emulating brain’s processing and learning mechanisms, computing technologies strive to achieve higher levels
of energy efficiency and computational performance.! Although efforts to address neuromorphic solutions through hardware
based on top-down CMOS-based technologies have obtained interesting results in terms of energy efficiency improvement,
the replication of brain’s self-assembled and redundant architecture is not considered in the roadmaps of data processing
electronics.

In materia computing has been proposed as competitive and alternative strategy, exploiting the complexity and
collective phenomena originating from various classes of physical substrates, to perform unconventional data processing.*!
The leveraging of self-assembled systems with nonlinear dynamics has already been demonstrated as a possible
unconventional strategy for energy efficient data processing tasks, relying on the emerging behavior of stochastic network
activity.*%! However, the proper encoding of the stimulus and the decoding of information in the response of such systems
remain a challenge, in particular for all those systems based on the stochastic activity of the network.

Here | will present and discuss results obtained on the spatial and temporal dynamics of resistive switching (RS)
activity in metallic cluster-assembled networks, employed for neuromorphic data processing, and characterized by a
combined approach based on micro-thermography and electrical measurements. Cluster-assembled films produced by
Supersonic Cluster Beam Deposition (SCBD)® have been widely studied from both experimental and theoretical
perspectives, as resistive switching systems that can be used for data processing tasks.?7-'% The main mechanism at the
nanoscale which causes the reversible changes in electric conductivity (10% to 10%% from its initial value) is the stochastic
reorganization of the grain boundaries in local active sites of the nanogranular matrix of cluster-assembled thin films.['112]

The description and the understanding of the dynamics of local active sites, leading at a larger scale to the
emerging electrical behavior of the network, will be discussed. The control obtained over the adaptive reorganization of the
network, from the nano to the macroscale, will be proposed as an effective strategy to control the reversible connectivity and
the tunable correlation and synchronicity between the activities in micrometric active sites, which drive RS behavior at the
macroscale. This control allows the programmability of these systems, used as reversible electronic switches and
reconfigurable nonlinear threshold logic gates (TLGs),['® implemented on both hardl”l and soft substrates!'¥ as complete
functional systems for Boolean function classification tasks.['®! We also demonstrated the potentiality of the use of these
cluster-assembled systems to classify neuronal traces with high accuracy and in real-time, requiring limited datasets for
training and memory storage, and offering greater interpretability and accuracy compared to artificial neural networks.["6]

We propose hardware implementation of self-assembled neuromorphic materials, featuring controlled and
reversible connectivity and memory mechanisms, to develop novel hybrid, reprogrammable electronic architectures for data
processing in edge systems that interact efficiently with their environment.

Keywords: cluster-assembled materials, resistive switching, reconfigurable nonlinear threshold logic gates, neuromorphic
computing, time-series classification
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Tailored Polymer Thin Films enabled by Initiated Chemical Vapor Deposition -
Fundamentals to Functional Applications

Stefan Schroder'22

'Department of Materials Science, Chair for Multicomponent Materials, Kiel University, 24143 Kiel, Germany
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3Kiel Nano, Surface and Interface Science (KiNSIS), Kiel University, 24118 Kiel, Germany

Functional polymer thin films are of great interest in vast application fields ranging from electronic devices to
biomedical interfaces. Device miniaturization and the consequent need for new polymer films on the nanoscale demand
precise thickness control and defect free films. Solvent-free initiated chemical vapor deposition (iCVD) meets these demands,
because it circumvents de-wetting and surface tension effects encountered in conventional solution-based polymer thin film
fabrication. The process provides conformal polymer coatings on the nanoscale on large-area substrates as well as complex
geometries. In addition, it enables deposition on delicate substrates like flexible organic substrates, copy paper and
biomedical patches at room temperature. This talk demonstrates the versatility of the iCVD process and highlights recent
results from fundamental studies based on density functional theory (DFT) on the underlying reaction processes up to the
application of iCVD films in sensors, biomedicine and electronic devices as well as fabrication of functional nanocomposites.

Keywords: Polymer thin films, Chemical vapor deposition, Nanoscale, Organic surfaces, Nanocomposites




Advances in fundamental ElectroMagnetic properties of 2D materials: piezoelectricity,
ferroelectricity, and magnetic shielding
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The wide variety of properties of 2D materials offers exciting possibilities for integration into nanoscale devices. Much
work has been done to understand their fundamental properties, a crucial aspect for future applications. However, there is a
lack of knowledge about the fundamental electrical and magnetic properties of the most common 2D materials. In this talk, |
will present several studies on these properties, performed using advanced atomic force microscopy (AFM) measurements.

First, | will briefly present our results on 2D hexagonal boron nitride (hBN). Its covalent bonds are highly polar, raising
the possibility of different polarizations in the correct crystal configurations. | will describe the observation of in-plane
piezoelectricity for monolayer (one atom thick) hBN [1], a property that does not exist for bilayer or bulk systems. Next, | will
report on the occurrence of spontaneous out-of-plane polarization and ferroelectric-like behavior at anomalously stacked hBN
interfaces [2].

In the last part of the talk, | will present our recent results on how graphene, graphene oxide (GO), and MoS, interact
with magnetic fields generated by underlying magnetic nanostructures. We find that graphene exhibits a weak but
measurable overall screening effect (~ 0.5% per layer), while GO and MoS, show negligible interaction with the magnetic
field [3]. This suggests that few layer graphene (FLG) could be used for controlled magnetic field modulation, whereas GO
and MoS, provide minimal interference with magnetic functionalities. It is important to note that the screening produced by
FLG should be considered when calculating the effective applied magnetic field when using this material to make electrodes.

All these results highlight the potential of 2D materials for precise control of device properties. For example, the
development of piezoelectric actuators, ferroelectric memories, devices with self-powering potential, or effective protection
while minimally affecting the underlying magnetic functionalities, which is important in spintronics, data storage, and other
nanodevices, where precise tuning of electromagnetic interactions is crucial.

Fig. 1. Schematics of 2D materials piezoelectricity, ferroelectricity, and magnetic field screening probed by atomic force microscopy

Keywords: 2D materials, atomic force microscopy, piezoelectricity, ferroelectricity, magnetic field screening
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Magnetic sensors based on magnetic tunnel junctions (MTJ) used for predictive
maintenance
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"INL — International Iberian Nanotechnology Laboratory, Braga, Portugal

Magnetic sensors are widely used in our daily lives [1], resulting in a significant amount of research on improving
their performance. They can be used non-invasively for condition monitoring and predictive maintenance of the equipment on
a production plant, that is crucial to detect anomalies in the equipment’s behaviour before it fails [2][3], so they can save
money by having a cheaper repair and not stopping the production line.

Current challenges include sensitivity improvement, increased thermal stability for working under harsh conditions
[4], and dimensional reduction while maintaining high performance to achieve better spatial resolution and power reduction
[5][6]. For sensors based on magnetic tunnel junctions (MTJ), the signal to noise ratio depends on the volume of the sensing
layer. In theory, the larger and thicker the sensing layer is, the lower the noise of the sensor. In reality a trade-off has to be
met [7].

The field sensors need to have a linear response with the field. The most common approach to linearize the MTJ
signal is by introducing shape anisotropy, whereby the shortest dimension exceeds a few micrometers. In this work, the linear
response is achieved in continuous thin films, allowing the patterning of large area sensors to decrease the noise. Here, we
will introduce two distinct strategies to control the sensing range of an MTJ circumventing the use of shape anisotropy.

One way is to softly pin the sensing layer of the MTJ with a antiferromagnet (AFM), tuned to have a blocking
temperature lower than the AFM of the fixed layer. Afterwards a multi-step magnetic annealing is employed [8]. We show an
area increase from 103 to 10* um?, with a good linear response.

The second strategy uses a thick layer of an amorphous ferromagnetic material as a sensing layer. Amorphous
materials have shown very soft magnetic characteristics in layers with thicknesses up to few hundreds of nanometers [7] and
delivered competitive noise levels as the sensing layer of an MTJ [9]. We will show that a single magnetic annealing step is
sufficient to linearize.

In the end, we control the linear range from 3 to 54 mT, which determines the sensitivity and the field operation
window. We do so without affecting the tunnel magnetoresistance or the coercive field, thus widening the applications of
these sensors.

Integrating the sensors with a microcontroller and an electronic circuit to condition and digitize the sensor's signal we
developed a portable device that can be used in a lot of different places.

Here we are going to present how we fabricate and optimized the magnetic sensors based on magnetic tunnel
junction (MTJ). And their use in measuring the characteristic signal of an equipment enables advanced machine learning
techniques to automatically identify the characteristic signal and detect deviations that may indicate potential faults or failures,
[8], supporting predictive maintenance.

Keywords: spintronics, magnetic tunnel junction, magnetic sensors, machine learning, predictive maintenance
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Fundamentals and Applications of Porous Nanocolumnar Thin Films Grown at Oblique
Angles

Alberto Palmero

1
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Porous thin films are being extensively studied due to their outstanding morphological features and properties
in comparison with their compact counterparts. They may present singular structural properties such as a high specific
surface, low density or may contain an accessible/occluded pore network, among other features, that make them
suitable for a broad set of applications [1]. In this presentation, an up to date description of the fundamentals and
nanostructuration possibilities of these films when using Physical Vapor Deposition techniques, such as Magnetron
Sputtering or e-beam evaporation, when using the so-called Oblique or Glancing Angle Deposition configuration will
be shown. Different types of available porous structures will be shown (see figure 1a-c for some examples), such as
compact (with or without embedded nanopores), nanocolumnar arrays that may be randomly scattered or that follow
certain geometrical patterns or even sponge-like formations, depending on the experimental conditions [2]. Different
examples of applications based on these type of films will be shown for the development of sensors, e.g. of cholesterol
or glucose, or of implants, in which the film surface energy can be tailored to allow the growth of living cells while
inhibiting bacterial proliferation (see figure 1d-e) [3]. Moreover, the application of these porous films for the
development of smart windows will be also presented, where the existence of an accesible porous structure is key for
the low temperature processing the the coatings and to achieve an optimum optical and electrical response (see figure
1f) [4].

1000 2000
Wavelength (nm)

Fig. 1. Top view SEM image of a thin film formed by randomly scattered nanocolumns (a), well-ordered hole structure (b) and
well-ordered nanopillar array (c). lllustration of a biofilm growing on a nanocolumnar Ti surface (d). Different water contact
angles depending on the film nanostructure(e). lllustration of the optical changes experienced by a thermochromic porous
VO2 thin film produced at low temperatures

Keywords: Physical Vapor Deposition, Oblique Angle Deposition, Porous Thin Films, Smart Windows, Implants, Sensors.
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Advancing Resistive Switching with Nanofluid Engineering: Opportunities and Challenges

Daniil Nikitin', Kateryna Biliak', Mariia Protsak’, Blessing Adejube?, Suren Ali-Ogly’, Katefina Skorvankova',
Veronika Cervenkova', Ronaldo Katuta', Marco Tosca1 Jan Hanus', Zulfiya Cernochova3 Peter Cernoch3, Petr
Stépanek3, Oleksandr Boiko?, Paulina Szymonlak5 Andreas Schonhals5 Franz Faupel?, Hynek Biederman?,
Alexander Vahl? ¢, and Andrei Choukourov!
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Prague, 18000, Czech Republic
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Germany
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Nadbystrzycka St., 20-618 Lublin, Poland
5 Bundesanstalt fir Materialforschung und -prifung (BAM), Unter den Eichen 87, 12205 Berlin, Germany
6 Leibniz Institute for Plasma Science and Technology, Felix-Hausdorff-Str. 2, 17489 Greifswald, Germany

The increasing demand for higher computation speed and reduced power consumption in artificial intelligence
systems is driving the search for alternative computing paradigms beyond the traditional von Neumann architecture.
Inspiration comes from biology, where neural systems efficiently perform complex tasks with minimal energy consumption. As
a result, the field of neuromorphic engineering has been rapidly advancing over the past decade. Most neuromorphic
computing systems rely on crossbar arrays of memristors — devices that adjust their conductivity in response to external
stimuli (such as an electric field), mimicking synapses. However, their operating principles and organization differ significantly
from the self-organized, three-dimensional nature of biological counterparts. Additionally, the top-down fabrication of these
devices is highly complex and technologically demanding. Consequently, researchers continue to explore alternative
approaches.

Percolated systems composed of nanowires and nanoparticles (NPs), fabricated via bottom-up deposition

approaches, have gained attention due to their simple manufacturing process and strong resemblance to complex neural
networks [1]. Networks formed by Sn, Au, Mo, and Ag NPs exhibit dynamic spiking behaviour, akin to neuronal avalanches,
enabling the information processing in a neuromorphic manner. A notable example is the Receptron, a device that leverages
these emergent properties to perform classification tasks efficiently. However, despite these advantages, such systems
struggle to fully replicate the intricate structure of biological neural networks, particularly their ability to form long-range, three-
dimensional (3D) connections, which are crucial for advanced cognitive functions.
Recently, there has been growing interest in the development of wetware neuromorphic systems [2]. Most efforts focus on
liquid memristors, where reversible conductivity changes result from the migration of oppositely charged ions within
electrolytes between two reservoirs separated by an ultrasmall channel. This mechanism closely mimics the potentiation and
depression of biological synapses, and the power consumption of such devices is approaching the biological level. However,
the miniaturization of liquid memristors and their integration into larger computing assemblies remain significant technological
challenges. To address this, our group proposes combining a fluid environment with resistive switching in nanoparticle-based
percolated systems, aiming to fabricate reconfigurable architectures capable of forming long-range connections between
electrodes [3]. As a model system, we selected nanofluids produced by direct deposition of gas-aggregated silver
nanoparticles (Ag NPs) into liquid polyethylene glycol (PEG).

The formation of the long-range connections between the electrodes in nanofluids is essential for the resistive
switching. They grow by self-organization of the negatively charged Ag NPs migrating toward the positively biased electrode,
which is driven by electrophoresis. These connections could potentially be formed in the 3D arrangement. The kinetics of
growth depend on the viscosity of PEG, determining the electrophoretic mobility of NPs. The fitting of the current-time (I-t)
characteristic recorded during the formation step can be used to determine the initial electrophysical parameters of nanofluids,
such as base resistance, capacitance components and temporal constants of their charging.

Following the formation of conductive paths, resistive switching behaviour is characterized through a series of current-voltage
(I-V) sweeps. Three distinct conductive states are identified. In the high-resistance state (HRS), the resistance exceeds 10°
Q, corresponding to a configuration where the distance between individual nanoparticles (NPs) is larger than their diameter.
The low-resistance state (LRS) exhibits Ohmic behaviour with R < 10® Q, indicating the presence of at least one continuous
metallic path bridging the electrodes. Additionally, an intermediate transition resistance state is observed within the range 103
Q < R < 10% Q, attributed to space-charge-limited conduction and electric-field-driven tunnelling, depending on the NP
spacing. This was confirmed through fitting of the resistance-voltage (R-V) characteristics. The occurrence and stability of
these states are governed by nanoconfinement effects, which are, in turn, influenced by the length of macromolecular chains
in PEG.

Environmental conditions and temperature are additional key factors affecting resistive switching in nanofluids. Evacuation
(removal of ambient gases) and thermal treatment were found to significantly influence both the distribution of resistance
states and the threshold voltage required to initiate switching.

Keywords: neuromorphic engineering, nanofluid, electroforming, resistive switching, conductivity mechanism
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Operando experiments at the ALBA synchrotron: the power of x-rays to reveal processes

Lucia Aballe

TALBA Synchrotron Light Facility, Cerdanyola del Vallés, Spain

Synchrotron radiation is a key tool for advanced material characterization and is available to the scientific
community at user facilities through open calls where proposals are evaluated based on scientific merit. The Spanish
synchrotron, ALBA [1], has 13 operating beamlines plus one in construction and three more starting the design phase.
In the beamlines, state of the spectroscopy, scattering, diffraction and imaging in different environments and photon
energy ranges (from infrared to hard x-rays) are used for fundamental and applied research in fields from life sciences
to material sciences or cultural heritage.

The high brilliance of synchrotron light makes it ideal to perform experiments in situ and operando during
relevant processes such as chemical reactions, phase transitions, sample growth, thermal treatment or
electrochemical cycles. The operando methodology provides concurrent and pertinent data on both the
structure/composition of a system and its performance under actual working conditions, which is crucial to understand
its dynamic behaviour. The reaction pathways and intermediates, the role of the environment, and synergistic effects
between different components are a few of the questions which can rarely be answered without operando or at least in
situ experiments. Furthermore, understanding and optimizing complex systems usually requires correlative or
multimodal approaches combined with simulations and advanced data analysis.

| will present the operando capabilities of the ALBA beamlines and selected examples from different scientific
fields where in situ or operando characterization has been key to understand complex challenges, from magnetization
dynamics to heterogeneous catalysis or battery cycling. | will also briefly introduce the new In situ Correlative facility
for Advanced Energy Materials [2] and the opportunities it will bring for the user community in order to trigger
discussions about future experiments and collaborations.

Keywords: x-ray spectroscopy, x-ray diffraction, x-ray imaging, nanomaterials, operando
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RIANA is a Horizon-Europe-funded project to assist research in nanoscience and nanotechnology [1]. Coordinated by
DESY, the project runs from March 2024 for 4 years.

The project supports the entire chain of processes in nanoscience research and technology, from simulation and
synthesis to processing, characterization and analysis.

We support curiosity-driven research in nanoscience with open research questions for long-term impact and
challenge-driven research in nanotechnology with targeted research questions for short- and mid-term impact.

At the core of the RIANA consortium is the ARIE (Analytical Research Infrastructures in Europe, arie-eu.org) network,
which comprises European analytical networks with a focus on large scale research infrastructures:

e League of European Accelerator-based Photon Sources (LEAPS) [2].

e Integrated Initiative of European Laser Research Infrastructures (LaserLab Europe) [3].

e European Distributed REsearch Infrastructure for Advanced Electron Microscopy (e-DREAM) [4].
Research and Development with lon Beams — Advancing Technology in Europe (RADIATE) [5].
League of Advanced European Neutron Sources (LENS) [6].

Academic nanofabrication centers EuroNanoLab [7].

European Soft Matter Infrastructure (EUSMI) [8].

Julich Supercomputing Centre (JSC) [9].

Keywords: transnational access, research infrastructure, nanofabrication, multimodal characterization
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Control of laser-induced periodic nanostructures to improve electrical and
superconducting thin film properties

L.A. Angurel', A. Frechilla', J. Frechilla', S. Martin', L. Porta-Velilla', E. Martinez', A. Badia-Majo6s', G.F. de la
Fuente', N. Lejeune?, E. Fourneau?, A.V. Silhanek?, J. Bonse?, J. del Moral*, V. L6pez-Flores*, F. Nuiiez*, C.
Lopez-Santos*, A.R. Gonzalez-Elipe*, A. Borras*

TInstituto de Nanociencia y Materiales de Aragon (CSIC-Universidad de Zaragoza), Zaragoza, Spain, ?Experimental
Physics of Nanostructured Materials, Q-MAT, CESAM, University de Liége, Liége, Belgium, *Bundesanstalt fiir
Materialforschung und —priifung (BAM), Berlin, Germany, *Instituto de Ciencia de Materiales de Sevilla (CSIC-

Universidad de Sevilla), Sevilla, Spain

When a thin film is irradiated with a fs laser radiation, its surface can be nanopatterned via generation of well-

ordered nanostructures. These are known as Laser-Induced Periodic Surface Structures (LIPSS, ripples). This effect
has been applied to achieve performance improvements in a wide range of thin films by inducing chemical, structural
and physical modifications [1-5]. Application of convenient laser processing parameters enables control of LIPSS
periodicity, orientation and order.
In this work, surface treatments have been applied to induce controlled nanostructures on Nb and ITO thin films. In the
first case, these nanostructures have been used to enhance their superconducting properties, observing that in some
ranges of temperatures and magnetic fields, the samples that have been irradiated with a 343 nm UV 238-fs laser
exhibit an improvement in properties. By controlling the laser processing parameters, it is possible to obtain surface
nanostructures with a high level of anisotropy, which is also transferred to the superconducting properties. Control of
the laser beam fluence and scanning parameters facilitates the generation of a surface nanostructure without
compromising the thin film, as observed using electron and atomic force microscopies. Physical properties, evaluated
using magnetometry and magneto-optical microscopy have confirmed that the critical current density values can
duplicate in comparison with the behaviour of the non-textured samples. This anisotropy on the surface
nanostructures can also be used to define directional flux penetration and with an adequate selection of the
nanostructure domains it is possible to define the geometry of magnetic flux penetration on the sample. Several laser-
patterned geometries have been characterized showing the relevance of the boundaries between different
nanostructure domains. In this communication we will present some examples of different geometries showing the
potentiality and versatility of this technology for controlling how the magnetic field penetrates in the superconducting
thin film.

In the case of the ITO thin film samples, fs laser irradiation has been used to machine microcircuits with
different geometries. The Gaussian energy distribution on the laser beam generates LIPSS-based nanostructures at
the edges of the micromachined electrical paths. Similar phenomena have also been observed in the Nb thin films in
cases where the designed geometry of the Nb layer requires complete removal within specific areas. The influence of
these laser-affected regions on the electrical properties of the ITO path has been evaluated using 515 nm and 343 nm
laser sources. Depending on the orientation of the laser polarization, ripples can be generated parallel or
perpendicular to the direction of the electrical path. UV fs-laser irradiation yields more pronounced transitions between
non-textured and textured regions and narrower LIPSS zones, whereas the use of a green fs-laser wavelength results
in smoother transitions and wider textured regions. The contribution of these nanotextured regions to the overall
electrical resistance of the electrical path has been established. It was found that the electrical resistance of the
micromachined paths are mainly determined by the non-textured region and that, only when the width of the
micromachined region is completely nanotextured, these LIPSS control the path’s resistance of the electrical circuit.

In conclusion, we present herein the opportunities that fs laser irradiation opens for the control of functional thin film
properties and, consequently, for the design of electric and superconducting microcircuits for different application.

Keywords: LIPSS, ITO, Nb, thin films, fs laser processing
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Piezo-Phototronic ZnO/Spiro-OMeTAD devices via Plasma and Vacuum Processing
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Piezophototronic devices represent a cutting-edge class of multifunctional systems that integrate piezoelectric,
photonic, and electronic properties to enable enhanced control over charge carrier generation, transport, and
separation. In particular, the piezopotential generated within piezoelectric semiconductors under mechanical strain
contributes to the overall built-in potential developed at the interface of semiconductor junctions, affecting the band
bending. This provides an additional route for the mechanical actuation over different types of optoelectronic
processes, such as light emission, detection, and energy conversion, with high sensitivity and precision. Thus, the
advantageous coupling between piezoelectric and optoelectronic properties provided by some piezoelectric
semiconductors, such as ZnO, opens new avenues for developing flexible electronics, energy-harvesting technologies,
and advanced self-powered sensors, particularly in environments where mechanical stimuli and optical signals
coexist.

Plasma and vacuum deposition methods are solvent-free fabrication technologies extensively utilised for large-scale
manufacturing in microelectronics and optoelectronics. We have adopted plasma-enhanced chemical vapour
deposition (PECVD) techniques for the nanoengineering of ZnO thin films and nanoarchitectures, enabling
applications in nanogenerators [1][2], sensors [3], and photonics [6]. Additionally, we have demonstrated the vacuum
deposition of high-purity, highly crystalline p-type Spiro-OMeTAD semiconductor with a compact thin film structure that
enhances the environmental stability and performance of perovskite solar cells [7]. This study presents a combined
fabrication approach for flexible, self-powered piezo-phototronic devices, integrating polycrystalline, texturised ZnO
nanocolumns synthesised via PECVD with a vacuum-deposited Spiro-OMeTAD layer forming a piezophototronic
system. Our goal is to highlight the advantages of plasma and vacuum technologies in optimising the interface
between these materials and the high compatibility with flexible substrates.

To ensure reliable mechanical deformation, we employed a four-point bending setup [6]. Our self-powered piezo-

phototronic devices achieved a photocurrent of 1.15 yA/cm? with a competitive responsivity of 3.2 mA/W, providing a
tuning range of ca. 20 % under soft mechanical deformation of 0.2 % longitudinal strain.
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Fig. 1. Left modulation of the generated photocurrent under mechanical actuation. Photosensor responsivity for different fabrication
methods.
Keywords: Piezo-Phototronic ZnO, Spiro-OMeTAD Self Self-powered sensors

References:

1. Nanoworkshop et al., Nanoworkshop Materials 2 (2025).

1. X. Garcia-Casas et al., Nano Energy 91 (2022), 106673.

2. X. Garcia-Casas et al., Nano Energy 114 (2023), 108686.

3. J.R. Sanchez-Valencia et al., J. Phys. Chem. C 118 (2014), 9852.
4. M. Macias-Montero et al., Adv. Funct. Mater. 23 (2013), 5981.

5. A. Barranco et al., Adv. Enery Mater. 10 (2020) 1901524.

6. Hao li, et al. Nano Research 17 (2024), 5317.

Acknowledgements:

EU-H2020 program under agreement 851929 (ERC Starting Grant 3DScavengers) and agreement 958174 (M-ERA.NET ANGSTROM)
AEI-MICINN (PID2022-1431200B-100, TED2021-130916B-100 and PCI12024-153451) funded by MCIN/AEI/10.13039/501100011033 and by
“ERDF (FEDER)” A way of making Europe, Fondos NextgenerationEU and Plan de Recuperacion, Transformacion y Resiliencia”.

AEI-MIU (FPU19/01864). G.P Moreno and X. Garcia-Casas respectively thank the AEI for the PID2019-110430GB-C21 and FPU19/01864
contracts.

14



Conformal deposition of aerogel-like functional oxide films by remote plasma
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Developing new fabrication methods for nanostructural control is crucial for synthesizing rationally designed materials
with enhanced properties.[1] In this context, plasma-activated deposition methods have evolved over the last decade,
shifting from a focus on compact thin films to enabling the controlled deposition of nanoscale materials,

including nanoporous layers, low-dimensional carbon structures, and complex one-dimensional nanostructures.[2,3]
The advantages of these vacuum—plasma methods lie in their straightforward scalability, low deposition temperatures,
compatibility with a wide variety of substrates, and high precision in the control of material composition (including
doping), as well as in morphological characteristics such as microstructure, texture, and alignment.[2,3] However, a
critical bottleneck in applying such techniques to the deposition of nanoscale materials is the limited availability of
volatile metalorganic and metal halide precursors.

Although many examples exist of porous oxide synthesis by plasma-enhanced CVD,[4,5] the fabrication of ultraporous
layers, such as aerogels, has remained limited primarily to wet-chemistry-based methods.

This work establishes the foundation for a vacuum- and plasma-assisted methodology to fabricate
nanostructuredmetal oxide layers with controlled microstructure using solid metal precursors, such as phthalocyanines
and porphyrins.[6-8] By combining remote plasma synthesis with plasma processing of the growing films at low or
room temperature,[9,10] we have deposited conformal, aerogel-like functional films of a wide variety of oxides. These
films are directly applicable in optics, photonics, and optoelectronics.

The most notable strengths of this method include its broad generality in terms of material composition, crystallinity,
and microstructure, as well as its mild temperature and energy requirements. Additionally, it offers straightforward
compatibility with processable substrates and device architectures. Examples of antireflective coatings, omniphobic
surfaces, photoelectrodes for perovskite solar cells, and thermochromic coatings will be presented, demonstrating the
potential of this novel, plasma-based approach for direct industrial-scale implementation.
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Refractory metal nitrides in the form of nanostructures have been in the center of attention because of their
potential applications such as plasmonic, photocatalysis and etc. However, also other metal nitrides are now days
considered. Among them, copper nitride (CusN) prepared by wet chemical procedures has been investigated in the
form of thin films [1] and nanoparticles (NPs) [2]. CusN has relatively narrow band gap (1.2 eV — 2 eV) and possesses
efficient formation of electron — hole pairs. This makes CusN interesting for various applications, namely in optics and
photocatalysis.

In this contribution, a very clean process is presented - so called gas aggregation using sputtering based on
a cylindrical magnetron. Gas aggregation cluster source (GAS) was originally introduced by Haberland et al. [3] in
1991 using a planar magnetron for sputtering. This design possesses certain weaknesses, such as low usage of the
target material, low efficiency of the nucleation/growth of NPs because of the out-diffusion of atomic metal from the
growth region, uncontrollable redeposition on the target surface and escape to the walls. In recent years, new
experimental design was presented- post (cylindrical) magnetron with a rotating magnetic circuit. This cylindrical
magnetron was positioned “in line” i.e. parallel to the gas axis. Magnetic circuit created the two elliptical plasma zones
with associated erosion zones that were on opposite sides of the magnetron cylindrical target. Rotation of these zones
enabled better usage of the target material. Cu NPs creation and deposition have been investigated. Highest values of
deposition rate of around 19 mg/h were reached [4].

In this contribution, post(cylindrical) magnetron was equipped with a new design of magnetic circuit consisting
of a closed loop endless arch [5] and was placed perpendicularly to the GAS axis. This perpendicular arrangement is
preferential as it gives a narrower size distribution of NPs than in the co-axial case. Different mixtures of Ar and N2
have been used to vary the chemical composition of resulting NPs. Also, the influence of the gas mixture pressure on
resulting NPs has been studied. It has been found that the deposition in pure N2 results in cubic-shaped CusN
nanoparticles. They are thermally stable until 200 *C under the ambient atmosphere, transforming to CuO at higher
temperatures. Further perspectives of gas-aggregated CusN NPs are outlined.
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Extracting energy from low-frequency liquid flows is a comparatively new idea when placed alongside the
well-established fields of solar and wind power. Today, it stands as a key research focus in exploiting the potential of
water as a clean, renewable energy resource. In this context, triboelectric nanogenerators (TENGs) have emerged as
very promising players in this field. Yet, even with substantial research investment, droplet energy harvesters still
struggle with limited output. This limitation arises primarily from challenges in finding materials that feature the ideal
combination of triboelectric and wetting properties, as well as from device architectures that are not optimized to fully
convert the kinetic energy of impacting droplets. To overcome these obstacles, it is essential to simulate every stage
of the energy collection process, since each phase contributes critical elements necessary for capturing the energy
stored in the droplets. As part of a broader effort to develop a TENG that can directly extract electrical energy from
high-density droplets in one step, we have introduced a simplified model. Our approach relies on two key factors: the
intrinsic conductivity of the droplet and the instantaneous electrical capacitance that arises from the rapid contact
between the droplets and the active electrode area of the device. We have implemented this model using finite
element simulations in the COMSOL Multiphysics environment. The simulation results offer valuable insights into the
behavior of liquid-solid triboelectric nanogenerators and clarify how the pre-charging effect of the triboelectric surface
influences the timing and dynamics of the energy conversion process.
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Fig. 1. Snapshots of the simulated electrostatic potential distribution (in V) at different
instants during the spreading and recoiling stages of the drop. The PFA Surface has
parasitic surface charges distributed uniformly throughout, and the density of
negative charges is higher in the middle of the top electrodes.
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Materials rich in hydrogen and boron have been considered attractive fuels for laser-driven proton-boron (pB)

fusion since 2005 [1]. In this process, a high energy laser pulse irradiates the material to ionize atoms and accelerate
protons to energies sufficient for fusion with B nuclei, producing energetic alpha-particles without creating neutrons,
thus without radioactive activation or waste [2]. Alpha-particles can then be used in various applications, including
sustainable electricity generation, space propulsion, radiobiology, and cancer treatment. Several experiments have
been performed in recent years using macroscopic materials, such as boron nitride (BN) as a source of boron, and
polymers as a source of hydrogen. The major drawback of these experiments is that the yield of alpha particles is
strongly limited by low energy absorption by the target surface. This problem can be mitigated using nanostructured
and/or porous materials, since structures smaller than the wavelength of the incident laser (< 1 micrometer) could
facilitate absorption of the laser energy.
Performing plasma polymerization of hydrocarbon precursors (hexane, cyclohexane, and benzene) in a gas
aggregation cluster source at different rf powers, we prepared porous, dendrite-structured, micrometer-thick layers of
plasma polymerized hydrocarbon nanoparticles (ppC:H NPs) of the size ranging from tens to hundreds of nanometers.
Variable-energy positron annihilation spectroscopy and N2 sorption analysis found the multiscale porosity in these
coatings, which was given by free volumes in the plasma polymer matrix (with characteristic diameter of 0.4 - 0.7 nm)
and interparticle voids (10 - 100 nm). Elastic recoil detection analysis revealed that ppC:H NPs lose half the amount of
precursor hydrogen, with hexane showing the highest retention. We used ppC:H NPs from hexane and optionally
overcoated them with sputtered boron. Using the TARANIS laser system (10 J per 800 fs pulse, 2 x 10" W/cm?), the
pB fusion was successfully initiated to produce energetic alpha-particle fluxes competitive with the best results
obtained so far.
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Gas-phase synthesis of nanoparticles via magnetron sputtering is a promising method for producing ligand-
free nanostructures with high purity, controlled size, and tuneable properties. However, a fundamental bottleneck in
this approach lies in the low atom-to-nanoparticle conversion efficiency, which limits production yield and scalability.
This work investigates two interconnected aspects of this challenge: the early-stage nucleation mechanism driven by
atomic dimers, and the optimization of plasma discharge parameters to enhance nanoparticle growth.

We first focus on the role of dimer species such as Cu,*, ArCu*, and Ar;" in the initial stages of nanoparticle formation.
Energy-resolved mass spectrometry was employed to probe the plasma species in a magnetron aggregation system
operated under both direct current (DC) and pulsed conditions. The results indicate that sputtered Cu,* dimers—
originating from the target and carrying higher kinetic energy consistent with the Thompson energy distribution—serve
as critical cluster nuclei. These dimers initiate nucleation more effectively than gas-phase-formed ArCu*, although both
contribute to nanoparticle formation. The population of dimers correlates strongly with the nanoparticle mass deposited
on the substrate, highlighting their relevance to overall growth dynamics. The generality of this mechanism was
supported by comparable trends observed in systems using silver targets.

In the second part of the study, we demonstrate how pulsed magnetron sputtering can be tuned to significantly
improve nanoparticle formation efficiency. By adjusting pulse duration and repetition frequency, we achieve an order-
of-magnitude enhancement in nanoparticle yield without increasing material consumption or overall power input.
This is attributed to improved control over plasma density, sputtering kinetics, and aggregation conditions.

Together, these findings contribute to a deeper understanding of gas-phase nucleation mechanisms and offer a
practical strategy for boosting production efficiency. The results are broadly relevant to the scalable synthesis of
functional nanoparticles for applications in catalysis, plasmonic sensing, and nanomedicine.

Enhanced nanoparticle production

DC sputtering vs. Pulse sputtering

—— 1IN

Fig. 1. Representative scheme of enhancing mechanisms for increased efficiency of atom-to-nanoparticle gas conversion.

Keywords: Nanoparticle synthesis, Nanoparticle yield enhancement, Gas aggregation, Atom-to-nanoparticle
conversion, Pulsed magnetron sputtering
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Metal oxide—carbon nanocomposites have garnered significant attention over the past decades due to their
superior properties, which often surpass those of the individual components. Among metal oxides, interest around zinc
oxide (ZnO) has blossomed owing to its antifouling and antibacterial activity. Furthermore, it is widely recognized for
being low-cost, environmentally safe, and biocompatible. As an n-type semiconductor, ZnO exhibits excellent
photosensitivity, with a wide band gap of 3.37 eV that enables strong absorption in the UV region, making it suitable
for photocatalytic applications. However, a key limitation of ZnO lies in its fast electron—hole recombination, which
significantly hampers its photocatalytic efficiency. To address this drawback, ZnO-carbon nanomaterial (CNM)
nanocomposites have been extensively explored in the literature as an effective strategy to enhance charge
separation and improve performance in various photocatalytic processes, including wastewater treatment, degradation
of organic pollutants, and antimicrobial applications. Among carbon-based nanomaterials, a particularly innovative and
promising candidate is Laser-Induced Graphene (LIG), first reported by Lin et al. in 2014 [1]. LIG offers a unique
combination of properties that make it especially attractive for the development of photoactive nanocomposites: it acts
as an efficient electron sink, enhancing charge separation, and serves as a 3D porous solid support with high surface
area, which promotes the adsorption of pollutants and facilitates photocatalytic degradation. Additionally, using LIG as
a support enables easy recovery and recycling of the photocatalyst when coupled with ZnO nanoparticles, thus
providing a sustainable and scalable platform for environmental applications.

Keeping this background as a starting point, we addressed the thermal Atomic Layer Deposition of ZnO on
LIG obtained from polyimide substrates. Two morphologically distinct LIG substrates were used, one that consisted of
a thinner layer with smaller pores and a second one, thicker with larger pores.

XPS analyses indicate that the ALD technique allows to grow ZnO stoichiometrically on the chosen
substrates. Moreover, SEM and EDX show that ZnO is deposited down to the bottom of the pores of the material,
guaranteeing an increasing coverage with increasing number of deposition cycles and preserving the initial 3D
structure. The crystallinity of the deposited ZnO is also proven via XRD analysis. The photocatalytic activity of the
ZnO/LIG nanocomposites has been evaluated by monitoring the discoloration of a 10> M methylene blue (MB)
solution upon UV irradiation (A = 365 nm) over a time span of 120 min. Results indicate that the photocatalytic
performance of the nanocomposites increases with the ZnO deposition time. For nanocomposites showing the higher
ZnO coverage degree, after 120 min of irradiation a net MB photodegradation percentage of 71 £ 4 % and 69 + 4 % is
reached respectively for the less porous and more porous substrate. Conversely, the MB adsorption percentage of the
samples decreases upon ZnO deposition, due to the reduced accessible porosity and the hydrophobicity of the
nanocomposites, confirmed by WCA measurements.

The approach used for the fabrication of these solid-supported nanocomposites is straightforward and
constitutes a promising strategy for the development of efficient, environmentally sustainable photoactive materials.
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The growing interest in loT technologies—such as sensors for environmental and agricultural monitoring or
communication systems in off-grid areas—requires non-conventional, environmentally friendly energy sources. Water,
in the form of droplets or vapor, represents a largely untapped source of ambient energy. In recent years, triboelectric
nanogenerators that harvest energy from rain (TENGs) [1], moisture (MEGs) [2], or evaporation [3] have gained
significant attention, yet dew remains relatively unexplored. Dew droplets can form on surfaces for several hours a day
in specific environments and tend to accumulate in certain areas due to Laplace pressure-driven capillary flows, as
observed in the spines of the Old Man cactus, which feature microgrooves [4].

By combining these capillary flows with triboelectric materials, it is possible to generate usable electrical current. In
this study, we present a novel investigation focused on designing surface micro- and nanostructures, along with
tailored surface chemistry, to guide charged dew droplets through microchannels into a reservoir, thereby inducing an
ionic current. To fabricate the devices, we employed a combination of techniques including spin coating,
nanostructuring (SiO, nanotubes via plasma-enhanced chemical vapor deposition using a soft-template method with
H,Pc as the organic precursor) [5], femtolaser microtexturing, fluorosilane grafting, and electrodes deposition on glass
or PET substrates (Fig. 1). We report and discuss the performance of these surfaces under dew-forming conditions,
along with preliminary results on electrical power generation, with an emphasis on the mechanisms, future
optimization and potential applications.

Fig. 1. SEM image of femto-laser textured microgrooves on glass, covered by SiO, nanotubes.
Keywords: Dew, capillary flow, TENGs, femto-laser, PECVD
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Hydrothermal synthesis of ZnO nanorods [1] has attracted attention over the last years for the fabrication of
piezoelectric nanogenerators [2-4]. This is a simple cost-effective, template-less and surfactant-free aqueous method,
consisting normally of two steps: the growth of a seed layer followed by the hydrothermal synthesis of the ZnO
nanorods array. It is a procedure that takes place at moderate temperatures [1], enabling the fabrication of ZnO
devices on flexible polymeric substrates.

It has been reported that the thickness, roughness and crystallinity of the seed layer has a strong effect on
the ZnO nanorod's growth morphology and crystallinity and thus their properties [4]. In this work, we investigate the
influence of seed layers produced by 3 different deposition methods: Spin-coating, Atomic layer Deposition (ALD) and
Plasma-enhanced Chemical Vapor Deposition (PECVD). The different types of seed layers conduct to the growth of
single-crystalline nanorods with different preferential orientations as revealed by TEM and XRD results. As described
in Figure 1 a), the nanorods grow vertically aligned in the case of spin-coating and ALD seed layers. PECVD-seeded
nanorods instead are not perfectly vertically aligned and show different aspect ratios from the base to the tip of the
nanorods. The influence of the different morphology and crystalline orientation on the piezoelectric properties by PFM
of the fabricated nanorods is reported. These nanorods were also incorporation as active layer in piezoelectric
nanogenerators as the ones in Figure 1b). The nanogenerators were tested in cantilever mode and a higher Voc was
observed under the same experimental conditions for ALD seeded nanorods.
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Fig. 1. a) Morphology of hydrothermally grown ZnO nanorods from different seed layers, b) Schequematics and cross-sectional view
of the devices and piezoelectric response of nanogenerators fabricated with nanorods grown from different seed layers.
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Alloy NPs can be described in terms of their physical ordering (size, shape, crystallinity, etc.) and their
chemical ordering; namely, the pattern in which the different elements are arranged. There are three main parameters
that determine whether a stable structure of an alloy NP falls into a mixing or a non-mixing class [1]: (i) the enthalpy of
mixing; (ii) surface energy differences between various elements; and (iii) strain energy considerations. If all
parameters work together, identifying chemical order is straightforward. However, they often compete with each other,
making the prediction of the final arrangement of atoms challenging; it is difficult to anticipate which parameter is
dominant for every individual nanoalloy, especially since their influence changes with NP size.

Of all three parameters, strain energy is the only one that can be manipulated. Therefore, the key scientific
question of this work is: can we strain-engineer the chemical order of alloy NPs for specific applications?

To this day, the equilibrium structures of multi-elemental NPs have been investigated thoroughly, but always
with the implicit assumption that the particles are in vacuum [1]. For clusters in vacuum the strain energy parameter is
usually less important than the other two; however, for NPs strongly bound on supports it can become dominant.
Indeed, gas-phase deposited clusters can bind strongly on supports, thus introducing strain to their own lattice [3]; a
portion of them (all, if small enough) can become epitaxially aligned with the support even if their lattice-constant
mismatch is significant. So far, this has been demonstrated only for monometallic NPs.

This work combines these two considerations, i.e., investigate supported alloy NPs, revealing design
opportunities which, to this day, have been hiding in plain sight. We propose a strain-engineering method to control
atomic arrangement by anchoring bimetallic clusters to flexible supports and use atomistic computer simulations to
provide initial proof-of-concept validation of our proposal.
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Fig. 1. collection of snapshots for equilibrated 586-atom NiPt nanoalloys under a complete straining routine (including the equilibrium
structures prior to straining). For each group of NiPt nanoalloys with a specified temperature and composition, three columns of
snapshots are presented along the strain axis: the leftmost column shows a top viewpoint, the middle corresponds to a bottom

viewpoint; the third column shows the same bottom viewpoint but with marking fixed atoms (at the bottom layer) in red, to highlight
the leaching atoms.
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The next-generation intelligent sensing demands advanced materials with enhanced sensitivity and
multifunctionality for diverse applications, including wearable electronics, biomedical devices, and environmental
monitoring.[1] In this regard, we present an innovative approach to realise ultrasensitive multifunctional nanosensing
through the synergistic coupling of ferroelectric van der Waals (vdW) monoelemental tellurium (Te) with a ferroelectric
polymer poly(vinylidene fluoride) (PVDF). The non-centrosymmetric crystal structure and anisotropic properties of Te
nanorods have demonstrated interesting piezo and pyroelectric properties in response to mechanical and thermal
stimuli, respectively.[2] Notably, due to the quantum mechanical approach, Born effective charges and in-plane
piezoelectricity significantly enhanced the pyroelectric response of Te. [2,3] Furthermore, we demonstrated the rational
design and fabrication of a composite nanosensor for multifunctional properties where the unique ferroelectric
properties and high chirality of 2D Te are integrated with the robust mechanical flexibility and strong ferroelectric
polarization of a PVDF polymer matrix. As a proof-of-concept, the fabricated flexible hybrid piezoelectric and
pyroelectric nanogenerator (HyNG) promises an excellent electrical output performance as ~ 7.5 V and ~ 4 pA of open
circuit voltage (Voc) and short circuit current (lsc) under a continuous imparted mechanical force of 12 N. HyNG also
exhibits superior output performance of power density (~ 4.5 yW/cm?) and pressure sensitivity of 148 mV/kPa, which
demonstrate the capability to convert very small amount of pressure into electricity. The performance is further verified
by the vital signals of human eye blinking and several physiological signals, to harvest untapped mechanical vibration.
In addition to that, we have also recorded the excellent pyroelectric response of HyNG with a pyroelectric coefficient of
~ 60 yC.m2.K", under periodic temperature oscillation, i.e., AT ~ 7 K. Therefore, due to the intrinsic piezoelectricity
and pyroelectricity of both constituents, this novel hybrid architecture aims to unlock unprecedented sensing
capabilities at the nanoscale. This work highlights a promising pathway for developing high-performance, integrated
nanosensing platforms with broad implications for future smart systems requiring simultaneous and ultrasensitive
detection of mechanical stress and thermal variations.
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Fig. 1. (a) Surface morphology of synthesized Te nanorods. (b) Fibril structure formation in the PVDF thin film. (c) Nucleation of the
spherulitic structure for the B-phase of PVDF. (d) Power density and (e) pyroelectric response, illustrating the output performance of
the HyNG.
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Nanoporous films with porosities of 10-30 vol% and pore sizes around one nanometre or below offer various
interesting effects. Besides a reduced refractive index — as used for low k dielectrics — ultrathin nanoporous films also
yield enhanced surface functionalities due to the penetration and interaction with fluids. Diffusion properties of small
molecules are controlled while larger molecules are blocked, molecules can orient within nanochannels,
adsorption/desorption can be tuned by enhanced surface areas, and nm-range interaction forces are affected [1-3].
Here, a method is presented to deposit nanoporous coatings based on a defined interplay of plasma deposition and
etching processes, avoiding heating of the substrate [4]. In particular, the plasma-surface interaction with energetic
ions is limited on purpose, while plasma chemical deposition and etching processes are advanced based on a novel
method named "Near-Surface Plasma Chemistry" (NPC) [5]. A polymeric mesh with large open space is placed about
2 mm above the substrate, i.e. immersed in the plasma sheath of a low-pressure RF capacitively-coupled plasma, to
filter out part of the ion flux. For example, organosilicon coatings can be deposited from HMDSO plasmas yielding a
defined Si—O-Si cage structure, where residual hydrocarbons are removed by Ar/O2 plasma etching. At low ion
bombardment highly stable nanoporous coatings are produced comprising interconnected nanopores with a porous
volume up to 30%.

100 uym

Fig. 1. a) Depletion of hydrocarbons up to about 20 nm in depth by plasma etching (ToF-SIMS), b) illustration of nanopore size and
distribution (blue-coloured voids) within Si-O—Si cage structures (MD simulation)

The lon Energy Distribution Function is measured by Mass Spectrometry. Porosity is analysed by
ellipsometry and Rutherford Backscattering Spectrometry, while the film structure and penetration of fluids such as
water and hydrogels is characterized by FTIR, ToF-SIMS and Neutron Reflectometry. The obtained nanoporous
plasma coatings enabling enhanced surface functionality are applied for various fields: i) reduced protein adsorption
affected by water structuring, ii) cell attachment on nanocomposite films, iii) antimicrobial efficacy combined with
catalytic active metal oxide supports (metal/polymer nanocomposite), iv) liquid-infused surfaces, v) CO2 sorption for
direct air capture.
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Wettability of surfaces is a continuously growing field were surfaces with special characteristics are of
significant interest from environmental and economical points of view, as they can present properties like self-cleaning
of solar panels. While chemical modifications of surfaces are popular to modify the wettability of the surfaces, less is
known about the physical effect of morphological changes on the wettability. Here we present a multiscale approach
that combines the use of templates by surface microtexturization of titanium (Ti) substrates together with the
subsequent deposition of Ti nanocolumnar coatings and the final decoration with Ti nanoparticles (NPs).

We will first briefly present the (ultra-)high vacuum physical methods used to induce ripples on Ti substrates
by ion beam sputtering (IBS) [1], the growth of tilted nanocolumn arrays by Glancing Angle Deposition (GLAD) [2-3]
and NPs fabricated by means of an lon Cluster Source (ICS) [4], highlighting the control over chemical composition,
shape and dimensions of the fabricated nanostructures at each step. Later, we will present some examples where the
proposed multiscale approach leads to synergic effects on the wettability by following the evolution of the contact
angle at the different stages and with the progressive surface coverage with NPs.
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Nanocapacitors are essential components for power distribution networks and memory devices in
microelectronic industries, as they provide ultrahigh power density and ultra-fast charge/discharge rates. They are
thus widely used in DC/AC convertors, field-effect transistors, flash memory, and dynamic random-access memory
(DRAM). However, charge traps in the insulating layer impact the device’s performance by modifying its capacitance,
threshold voltage, and frequency response. The understanding of charge transport mechanisms in such hybrid
conductive-insulating systems is fundamental for the advancement of microelectronic systems. Despite their critical
role, understanding charge dynamics remains a significant challenge as the majority of electrical characterisations are
based on indirect measurements which can only measure the global response and lack in spatial resolution to probe
the distribution of charge traps at nanometer scale [1-2].

The aim of this work is to fabricate model nanocapacitors with metal nanoparticles (NPs) embedded within
the dielectric layer, achieving precise control over their size, density, and spatial distribution relative to the electrodes.
These NPs will act as charge traps to precisely control the properties of the nanocapacitors. To investigate their role,
operando electron holography will be used for mapping charge distribution within the device. This powerful
transmission electron microscopy (TEM) technique enables real-time visualization of charge distribution during device
operation, which will provide deeper insights of charge-trapping phenomena and electric field behavior at the
nanoscale.

We focus on Ag nanoparticles (AgNPs) synthesized in the gas phase by magnetron sputtering [3], followed
by size selection using a quadrupole mass filter (QMF) before deposition onto a substrate. This original synthesis
technique enables independent control of both the size distribution (ranging from 0.5 to 15 nm) and the density of the
AgNPs by tuning the synthesis conditions. To improve the efficiency of the process, the deposition parameters must
be optimized in order to maximize the nucleation rate. Here, we will discuss the effect of different deposition
parameters such as aggregation length, deposition time and effect of introducing oxygen (O2) [4] into the aggregation
chamber on the nucleation and growth of AgNPs. The resulting nanoparticles are analysed using advanced
transmission electron microscopy (TEM) techniques to obtain the structural properties such as size, surface density,
crystalline structure, and morphology down to the atomic scale. These structural properties are directly correlated with
the specific synthesis parameters. These findings will provide crucial insights about the nucleation and growth
mechanisms of AgNPs for their ultimate integration into microelectronic device applications.

Keywords: metal NPs embedded nanocapacitor, gas-phase synthesis, Ag nanoparticles, nucleation and growth
mechanism
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The aim of this work is to develop optical platforms that exploits the Metal-Insulator Transition (MIT) of
monoclinic vanadium dioxide (VO:) to achieve a tunable optical response.

Initially, we successfully synthesized thermochromic VO thin films using reactive magnetron sputtering
whose thermochromic properties were characterized through optical transmission and resistivity measurements as a
function of temperature [1].

We then conducted experimental research by combining VO: films with gold nanoparticles (AuNPs) to
achieve tunable plasmonic signals in response to temperature change. We demonstrated the successful grafting of
AuNPs onto the VO: film surface thanks to molecular linkers and optimized functionalization protocol. A noticeable shift
in the plasmonic peak wavelength was observed as a function of temperature for two different platforms: one with NPs
positioned on top of the VO: film and another with NPs embedded within the film. The grafting of AuNPs onto VO: films
resulted in a shift in the plasmonic peak wavelength with temperature, enhanced resistivity, transmission drops, and a
reduction of the critical MIT temperature by 5 °C. Embedding NPs within the VO. matrix further reduced the critical
transition temperature to 35 °C, making it promising for smart window applications. Regarding the plasmonic
wavelength, COMSOL simulations allowed us to study and understand the influence of NP penetration inside the VO.
matrix on plasmonic modulation with temperature [2].

In a separate approach, by combining Glancing Angle Deposition (GLAD) with reactive magnetron sputtering,
we successfully synthesized thermochromic VO nanostructures including tilted nanocolumns and helices,.
Ellipsometry analyses revealed that the optical properties show a significant anisotropy with sample rotation.
Transmission analyses highlighted improved visible and infrared modulation compared to “dense” films, reinforcing
their suitability for smart windows [1, 3].

This work paves the way for thin-film materials with high optical tunability and enhanced performance,
potentially applicable in color displays, anti-counterfeiting, optoelectronic chips, and energy-saving smart windows.
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The demand for advanced chemical and biosensing platforms has driven the development of tailored
nanostructured surfaces and functional thin films capable of selective and sensitive interaction with a wide range of
target analytes, including biomolecules, explosives, and chemical warfare agents. Among various surface engineering
methods, low-temperature plasma processes have emerged as powerful tools for nano-engineering and precise
surface functionalization. In this work, we report the development of a novel, flexible electrochemical sensor based on
laser-induced graphene (LIG) fabricated on plasma-polymerized polyimide films.

The fabrication process begins with the deposition of thin polyimide films via magnetron sputtering, a Physical
Vapor Deposition (PVD) technique known for its ability to control film thickness, uniformity, and chemical composition
with high precision. The deposited films serve as the precursor layer for laser-induced graphene formation, a single-
step, maskless technique performed under ambient conditions [1]. The laser photolysis process converts the polymeric
surface into a porous, three-dimensional graphene-like structure, leveraging the localized thermal and photochemical
effects of laser irradiation. This approach offers several key advantages over conventional graphene synthesis
methods: it is scalable, solvent-free, cost-effective, and compatible with flexible substrates [2].

Structural and chemical characterization of the resulting LIG was carried out using Fourier-Transform Infrared
Spectroscopy (FTIR), Raman spectroscopy, and Scanning Electron Microscopy (SEM). These analyses confirmed
successful graphitization of the polyimide surface and a well-developed porous morphology. The developed sensor
platform utilizes voltammetric techniques for analyte detection and is specifically designed for the identification of
nitroaromatic explosives such as 2,4,6-trinitrotoluene (TNT) and 2,4-dinitrotoluene (DNT), as well as other chemical
warfare agents in complex sample matrices.

The enhancement of the properties of deposited polyimide films by employement of catalysis or co-sputtering of
metal nanoparticles is an approach of interest. It is believed that the incorporation of metal nanoparticles helps in
improving electrical, catalytic and electrochemical properties of the LIG treated polyimide films.

Overall, this work highlights the integration of magnetron-sputtered polyimide films with laser-induced graphene
conversion as a promising strategy for the fabrication of next-generation, flexible sensing devices. The combination of
plasma-assisted thin-film engineering with laser-based nanostructuring provides a versatile and efficient route toward
the development of advanced electrochemical sensors for environmental monitoring, security, and defense
applications.

Keywords: Laser-Induced Graphene, electrochemical sensors, plasma polymer

References:
1. Lin, J., et al., Nature Communications, 5, 5714 (2014)
2. Huang, L., et al., Nano-Micro Letters, 12, 1-17 (2020)

29



Anti-fogging and anti-icing transparent glass surfaces by laser treatment and fluorine-
based functionalization

Laura Montes-Montaiiez'!, Fernando Nufiez-Galvez'#, Melania Sanchez-Villa', Luis A. Angurel?, Heli
Koivuluoto?®, German F. de la Fuente?, Victor Trillaud,* Philippe Steyer,* Karine Masenelli-Varlot,* Agustin R.
Gonzalez-Elipe'!, Ana Borras’, Victor Rico', Carmen Lépez-Santos'5

1.- Institute of Materials Science of Seville (US-CSIC) Americo Vespucio 49, Seville, 41092 Spain
2.- Institute of Nanoscience and Materials of Aragén (UNIZAR-CSIC) Maria de Luna 3, Zaragoza, 50018 Spain
3.- Materials Science and Environmental Engineering, FI-33014 Tampere, Finland
4.- Univ Lyon, INSA Lyon, Université Claude Bernard Lyon 1, CNRS, MATEIS, UMR5510, Villeurbanne, 69621, France
5.- Departamento de Fisica Aplicada |, Escuela Politécnica Superior, Universidad de Sevilla, Virgen de Africa Seville,
41011 Spain

Glass surfaces used in outdoor technologies often suffer from fogging, ice accumulation, and surface fouling,

significantly limiting their optical performance and durability, especially in architectural glazing, photovoltaic modules,
and exposed optical or sensing devices. Glass surfaces inherently exhibit partial hydrophilicity. Therefore, the precise
modulation of wetting behavior in transparent substrates has emerged as a critical research area with broad industrial
relevance.
Traditional approaches for modifying surface wettability—such as functional coatings or microscale texturing—often
incur detrimental effects on optical properties, including scattering-induced losses and reduced transmittance.
Consequently, achieving a stable, highly water-repellent (superhydrophobic) response while preserving the inherent
optical clarity of glass remains a central challenge in surface science and materials engineering. This objective
becomes even more demanding in operational scenarios characterized by severe environmental conditions, such as
sub-zero temperatures and high ambient humidity.

We report a novel surface-engineering method that imparts robust superhydrophobic, anti-fogging, and anti-
icing functionalities to borosilicate glass without sacrificing transparency. Our strategy combines femtosecond UV laser
patterning—tuned for precise surface morphology control—with low-energy chemical functionalization using
fluorinated compounds. The resulting microstructured patterned surfaces exhibit high optical transmittance,
exceptional water repellency, and strong environmental durability. Systematic parametrization of the ultrafast laser
treatment was performed on borosilicate glass, whereby variables such as pattern geometry, scanning repetitions, and
motif dimensions were finely adjusted. This enabled controlled manipulation of the surface topography at the micro-
and nano- scales, quantitatively described through metrics such as laser-modified area fraction and root-mean-square
roughness. The resulting hierarchical surfaces were specifically designed to host low-surface-energy fluorinated
molecules, which further ensured water repellence while preserving visible-light transmittance.

Anti-fogging behavior was confirmed via ESEM imaging under condensation conditions, while ice adhesion and
freezing delay tests demonstrated significantly improved anti-icing properties, which remained stable across five
freeze—thaw cycles. The modified glass surface also showed resistance to biofouling agents.

This approach opens new pathways for integrating passive environmental resistance into optical systems,
with potential applications in smart windows, solar panels, autonomous sensors, and microfluidics.
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The ANR GROWNANO is motivated by the need to understand the formation of carbonaceous/organosilicon
dust in the presence of metal atoms (Fe, Ag, Ti, Al, Mg) with expected impact in the field of astrophysics and that of
new materials for nanoelectronics. Astrochemical models currently do not take into account the role of metals in the
nucleation and growth of carbonaceous dust. GROWNANO investigates the role of organometallic complexes and
nanoclusters in these processes (Figure 1). These studies also provide useful guidelines for a better control of
nanoparticle synthesis.

GROWNANO makes use of complementary reactors. The laser vaporization (LVAP) reactor on the PIRENEA 2
setup at IRAP allows us to investigate the first steps of nucleation and growth whereas the formation of the
nanoparticles in the plasma gas phase is studied using the Plasma reactor at LAPLACE, which brings physical and
chemical complexity with respect to LVAP. A variety of in-situ and ex-situ analytical methods are used to characterize
the materials synthesized in the two reactors [1, 2]. In addition, a computational reactor investigates reaction dynamics
and makes the bridge between the two size scales by using DFT methods for small species and approximated DFTB
methods for larger ones [3]. Current challenges and results of this collaborative interdisciplinary work will be presented.

Fig. 1. The different scales explored in the ANR GROWNANO project.

Keywords: carbon/metal nanoparticles, nucleation and growth, nanostructured thin layers, DFT computational
methods
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Functional nanocomposites based on catalytic metal oxide thin films and plasma polymer coatings represent
a promising platform for the controlled generation and delivery of reactive oxygen species (ROS). When properly
coupled with a secondary semiconductor, titanium oxide-based (TiOx) thin films exhibit light absorption in the visible
range and reduced recombination of charge carriers, allowing ROS generation even in the dark for limited periods of
time [1]. Low-pressure plasma technology enables the effective fabrication and functionalization of catalytically active
metal oxide thin films.

In this study, we explore various combinations of AgOx-doped TiOx thin films for ROS production. By
modifying the material’s nanostructure, both the type and rate of ROS produced can be controlled. This fine-tuning of
catalytic activity allows for the specific selection of nanomaterials for diverse applications, ranging from therapy (e.g.,
antimicrobial biomaterials) to sustainability (e.g., water purification from emerging contaminants). The catalytic thin
films can be further functionalized by plasma polymerization, enabling radical chemistry while preventing direct
oxidation at the catalyst surface. The deposition of ultra-thin plasma polymer films, particularly nanoporous SiOx-like
layers, allows additional control over ROS delivery. Recent results from our group demonstrate that the conversion of
superoxide (O2™) to singlet oxygen ('O2) can be selectively modulated by adjusting the thickness of the functional
layers [2] (see Fig. 1a).

Depending on the target application, precise doses and concentrations of ROS are required. For therapeutic
uses, such as the treatment of skin infections, a controlled and stable ROS dose is necessary to eliminate bacteria
without harming skin cells. Conversely, the degradation of emerging contaminants in water, such as dyes,
pharmaceuticals, or surfactants, demands higher ROS levels, with short-lived species like hydroxyl radicals playing a
crucial role. Plasma technology enables the fine-tuning of nanomaterials to address these diverse challenges by
precisely controlling ROS production and delivery.

Finally, although catalytic metal oxides exhibit excellent performance after fabrication, they tend to lose
activity during use and storage, and existing reactivation methods often fail to restore their full functionality.
Atmospheric-pressure plasma (APP) treatment offers a novel and feasible approach to recover high activity levels (see
Fig. 1b). The oxidizing species generated by plasma discharges in air restore the desired oxidized states on the
nanomaterial surface. This treatment also reinstates a more porous nanostructure, restoring the catalytically active

sites for ROS production.
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Fig. 1. a) Plasma-engineered nanocomposites (functionalized metal oxide thin films) for controlled ROS production and delivery. (b)
Atmospheric-pressure plasma (APP) treatment reactivates catalytic materials after use or storage, allowing their long-term use.
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The harvesting of renewable energy has become an important topic in the last few decades in the context of
growing energy demands. [1] Water-droplet triboelectric nanogenerators (WD-TENGs) are promising candidates to
harness the kinetic energy of raindrop impact as the emerging drop energy harvesting methodology. Solid-liquid
contact electrification produces a charge transfer process which generates an output signal that can be harvested. [2]
This mechanism is improved with a nanostructured device with high surface area in comparison with a thin film
reference. For that purpose, the design of the multilayer systems as well as the triboelectric surface material are the
main keys to optimize the conversion efficiency. PDMS, a hydrophobic transparent elastomeric silicone-based polymer
is one of the most used triboelectric layers. This work proposes the use of three-dimensional surface nanostructuration
of TiO2 nanotubes and nanotrees produced by soft-template method [3] assisted by vacuum and plasma techniques
(PECVD, Plasma Enhanced Chemical Vapor Deposition) as porous and flexible hierarchical scaffold embedded in the
triboelectric layer. The D-TENG architecture was inspired by the top-bottom asymmetric electrodes proposed by Z.
Wang et al in reference [4]. This nanostructured system preserves the transparency and pursues to promote a more
stable, robust and durable drop energy harvester under continuous raindrop actions or water flows in addition of a
higher surface area and changes in permittivity. The final device shows a highly transparency (reaching up to the 80%
in visible region) making it compatible with solar and photovoltaic technology. Scaffold is embedded in a 10um PDMS
matrix serving as triboelectric layer by spin-coating method generating up to 100V open circuit voltage and up to 5,1%
of efficiency in comparison with the kinetic energy of a raindrop. For instance, polymers such as PDMS show a loss of
efficiency and malfunction after exposure to ultraviolet light and other atmospheric phenomena. A step forward was
achieved by replacing these polymers with Teflon-like plasma polymers (CFx) with high triboelectric capacity and
conformal coating. These can be combined with third-generation solar cells, such as those based on halide perovskite,
to create hybrid solar-rain panels that capture residual energy regardless of weather conditions.

Perovskite
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Fig. 1. Hybrid solar panel overview.
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The characterization of magnetic textures at the nanoscale, along with their dynamic properties [1,2,3], has
become increasingly reliant on polarized soft X-rays due to their unique capability to provide element-resolved
magnetic domain maps and tomograms with spatial resolution down to a few 10 nm.

A comprehensive understanding of the dynamic behaviour of magnetization in nanostructures often requires
complementary techniques, such as transmission electron microscopy (TEM), to correlate magnetic properties with
crystallographic and chemical structures. To address this, operando-compatible sample environments and advanced
data analysis are essential for true multi-modal and multi-length-scale characterization of magnetic materials. While
(S)TEM techniques offer unparalleled spatial resolution and a diverse range of contrast mechanisms, X-ray-based
methods provide highly specific chemical, electronic, magnetic and orbital information with high efficiency. This allows
the study of larger fields of view, thicker samples, and faster dynamic processes.

In this presentation, | will show how a correlative approach that combines X-ray microscopies, transmission
electron microscopy, and scanning probe microscopy enables the full characterization of the morphology, chemical
composition, crystal structure, and three-dimensional (3D) magnetic configuration of nanostructures [4,5]. Our
approach demonstrates that integrating multiple imaging techniques is key to understand the coupling among different
properties in complex nanostructures.
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Polarisers are ubiquitous components in modern optoelectronic devices, including displays and photographic cameras.
However, achieving efficient control of light polarisation remains an unsolved challenge. The main drawback of the existing
display technologies lies in the substantial optical losses due to the use of polarisers for generating polarised light. In this
context, halide perovskite (HP) nanostructures offer a promising solution owing to their tunable optical properties, including
adjustable bandgap, photoluminescence, and efficient light emission with minimal non-radiative recombination.'- Their
outstanding electrical properties have elevated hybrid perovskites as the material of choice in photovoltaics and
optoelectronics. Among the different HP nanostructures, nanowires and nanorods have lately arisen as key players in
controlling light polarisation for lighting or detector applications.

In this work,* we propose applying an evolved version of the vacuum technique, Glancing Angle Deposition (GLAD), as
an advanced alternative to synthesising anisotropic-supported OMHP nanostructures. Our approach is a two-step fabrication
procedure consisting of the room temperature deposition of Pbl. at glancing angles, followed by deposition of CH3NHsl at
normal incidence (0°). As a result, highly anisotropic perovskite nanostructures resembling “nanowalls” have been fabricated.
Such alignment degree endows the samples with anisotropic optical properties such as UV-visible absorption and
photoluminescence. Moreover, their implementation in n-i-p solar cells can be used to develop self-powered polarisation-
sensitive photodetectors along the visible range. Thus, the use of Glancing Angle Deposition yields HP nanostructures with
high anisotropy, controlled microstructure, and thickness, demonstrating potential for scalable, large-area fabrication. This
technique is fully compatible with microelectronic and optoelectronic processing methods, including CMOS and roll-to-roll
technologies, which opens the path towards developing tunable anisotropic optoelectronic devices based on halide
perovskites.
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Fig. 1. a) Glancing Angle Deposition of Pbl. at different deposition angles (step 1). The transformation to perovskite is achieved by
MAI sublimation onto the Pbl. nanostructures (step 2). b) Top-view SEM images of GLAD perovskite films deposited at different
angles. Photoluminescence emission polarised spectra along the x- and y-polarisation exciting with unpolarized light at 600 nm.
Photocurrent increment response recorded by changing between x- (higher photocurrents) and y-polarisation (lower photocurrent)
every 10 seconds for devices implementing MAPI NWs of 350 (red), 500 (blue) and 700 nm (green) thickness
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Improved continuous feeding evaporator system for gasification of polymers for use in a
gas aggregation source
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Vacuum thermal degradation of polymers is a process in which polymeric materials undergo chemical
breakdown when exposed to elevated temperatures in a vacuum environment. Unlike thermal degradation in
atmospheric conditions, vacuum conditions significantly alter the degradation pathways by minimizing oxidative
reactions and enhancing the removal of volatile degradation products [1].

This method was investigated for several decades [2],[3] but similarly to evaporation of metals the process
was principally a batch method. Although sufficient for some types of processes, batch method is cumbersome to
prepare and to conduct. Also, unlike metals, organic compounds tend to degrade at high temperatures over time and
therefore the material at the beginning of the evaporation is different to the material at the end. To solve both problems,
we have sought to make it a continuous process. Using the technology of now rapidly developing 3D printers we are
continuously feeding the polymeric filament into the evaporator [4]. Therefore, there is always only a small amount of
precursor to be evaporated and the rest is not heated and does not degrade.

This is especially important when we want to use the evaporator in a gas aggregation source, where
stabilized amount of input material — chemically unchanged over time — is crucial for successful and stable formation
of the nanoparticles.
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The controlled deposition of ultra-thin metal films is critical for advancing applications in flexible electronics,
sensors, and optoelectronic devices. In particular, noble metals such as silver (Ag), gold (Au), and copper (Cu) offer
unique advantages due to their outstanding electrical conductivity, optical properties, and chemical stability. Therefore,
the early-stage growth of Ag, Au, and Cu thin films on five different polymers—polystyrene (PS), poly(methyl
methacrylate) (PMMA), polytetrafluoroethylene (PTFE), ethylene glycol dimethacrylate (EGDMA), and
tetravinyltetramethylcyclotetrasiloxane (PV4D4)—using both direct current magnetron sputtering (DCMS) and high-
power impulse magnetron sputtering (HiPIMS).

Scanning electron microscopy (SEM) and in-situ grazing-incidence small-angle X-ray scattering (GISAXS) are utilized
to analyze morphological features such as island formation, cluster density, and surface coverage [1]. Electrical
properties are evaluated via sheet resistance measurements. The results demonstrate that HiPIMS significantly
improves surface coverage and reduces electrical resistance for Ag and Au films compared to DCMS, while exhibiting
a higher density of clusters [2,3]. Among the substrates, PS promotes high surface coverage, whereas PTFE
consistently yields the lowest, underscoring the influence of polymer surface energy on nucleation and growth
dynamics.

By comparing deposition techniques and material combinations, it is revealed that film morphology and functional
properties can be finely tuned through process parameters alone—without the need for additional layers or surface
modifications.
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Fig. 1. SEM images of Ag, Au, and Cu deposited by DCMS and HiPIMS on PS with an effective film thickness of 8 nm and in-situ
evolution of the mean cluster distance of respective depositions derived from GISAXS.
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Exchange bias has been extensively studied both in exchange-coupled thin films [1] and both single-phase [2]
and multiphase nanoparticle systems. However, the role of non-exchange mechanisms in the overall hysteresis loop
bias are far from being understood. Here, dense soft-hard binary nanoparticle composites are used as a novel tool not
only to unravel the effect of dipolar interactions on the hysteresis loop shift, but as a new strategy to enhance the bias
of any magnet exhibiting an asymmetric magnetization reversal. Densely-packed uniform mixtures of equally sized,
6.8 nm, soft maghemite nanoparticles (no bias — symmetric reversal) and hard cobalt-doped maghemite nanoparticles
(large exchange bias — asymmetric reversal) exhibit a hummingbird-like loop, typical of weakly coupled systems [3],
due to the very different magnetic anisotropy of the constituent nanoparticles. For certain fractions of soft particles, the
loop shift of the composite can be significantly larger than the exchange-bias field of the hard particles in the mixture.
Simple calculations indicate how this emerging phenomenon is mainly driven by the asymmetric reversal of the hard
loop and how it can be further enhanced by optimizing the parameters of the hard particles (coercivity and loop
asymmetry) [4].

In addition, the existence of a dipolar-induced loop shift (“dipolar bias”) is demonstrated both experimentally and
theoretically, where, for example, a bias is induced in the initially unbiased soft nanoparticles due to the dipolar
interaction with the exchange-biased hard nanoparticles. These results open novel approaches to tune loop shifts in
magnetic hybrid systems beyond interface exchange coupling.
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Fig. 1. Left: bias field of the binary compacts (such as the example in the inserted TEM picture) and those obtained in superpositions
of the soft and hard components. The main inset shows the hysteresis loops measured for the soft and hard particles (labelled as 100
and 0%, respectively), and the 35% soft binary compact. Top right: schematic explanation of bias generation by simply adding soft
and asymmetric hard loops. Bottom right: Monte Carlo simulations showing the “dipolar transference” of bias from hard to soft particle
in dense assemblies, which causes the discrepancy highlighted in the yellow insert of the left panel.
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Plasma technology applying low temperature plasmas, both at low pressure and atmospheric conditions,

offers a wide range of approaches for material synthesis and surface modification. Plasma printing using locally
confined atmospheric pressure plasmas gained considerable interest in the last decade(s) due to its capability of local
surface treatment and rapid prototyping, opening up particular application potential in microfluidics, biosensing,
microfabrication and emerging electronics. To date, common plasma printing approaches face challenges to reduce
the lateral extension of the processing area, to expand the range of processable materials (polymers, metals,
composites) and the range of attainable surface modifications (activation, deposition, sintering, etching) using a single
type of plasma source.
This contribution presents the recent developments on plasma printing sources and showcases use cases of Surface
Atmospheric Pressure Plasma Printing (SurfAP3®) technology at INP. Employing different atmospheric-pressure
plasma jet-based (APPJ) devices and in particular, MicroPulsar, a state-of-the-art microplasma source, spatially
confined surface treatments with line widths as small as 35 ym can be realized. The high reactivity obtained with
MicroPulsar, allows for plasma polymerization of both liquid- and gas-phase precursors on a broad range of substrates
and enables processing of microscopic features sizes at fast processing speeds [1,2]. It will be showcased how unlike
other microplasma sources, it is possible to treat conductive and non-conductive substrates and samples, including
liquids, as no counter or ground electrode is needed to generate the plasma discharge. In general, INP’s APPJs also
permit the synthesis of hydrogels [3] and NP-based composites, such as plasma polymer thin films with embedded
gold nanoparticles or MXenes.
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Fig. 1. (A) Atmospheric pressure plasma sources such as atmospheric pressure plasma jet (left, APPJ) and MicroPulsar (right),
enable local surface modification and the preparation of a plasma-polymer Au NP nanocomposites (B)
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Low temperature production of VO2 Crystalline Domains in thin films for thermochromic
applications by magnetron sputtering at oblique geometries
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An innovative low-temperature processing method has been developed to synthesize monoclinic VO, thin
films with thermochromic properties [1-2]. It is based on the growth of highly porous and amorphous nanocolumnar
VOx thin films by the magnetron sputtering technique at oblique angles, followed by subsequent oxidation at
temperatures below 300 °C. The incorporation of oxygen into the film throughout the whole pore structure causes an
important structural shift defined by i) an increase of volume and the progressive occlusion of the pores and ii) the
formation of VO: crystalline domains in its monoclinic form in the material along with the V205 and V307 crystalline
phases. It is demonstrated that these structural changes are hastructure, as well as the particular oxidation
temperature. The metal-insulator transition has been characterized by analysing the optical and electrical properties of
these films at temperatures around the transition value, revealing the high efficiency of the proposed methodology to
produce crystalline VO2 in comparison with other approaches that requires temperatures well above 500°C (see
Figure 1).

Keywords: Thermochromic thin films, Porous thin films, Magnetron sputtering, Oblique angle deposition,
Nanocolumns.
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Figure 1. Image of a set of nanocolumnar films with different as-deposited O/V ratios after undergoing an oxidation process at a
temperature of 280°C (top). Optical transmittance spectra of the central film at room temperature and 100°C (left). Hysteresis loop
corresponding to the changes in transmittance measured at a wavelength of 1500 nm as a function of temperature after a single
heating/cooling cycle from 25°C to 100°C and back.
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Development of 3D Printable Lead-Free Polymer Composites with Nanosized Fillers
for Radiation Shielding
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The growing demand for lightweight, lead-free radiation shielding has led to the development of polymer
composites reinforced with high-Z nanoparticles [1]. This study focuses on polymer composites that demonstrate
efficient photon attenuation while maintaining extrudability and 3D printability, allowing reliable fabrication of
customized shielding components. Composites were prepared by reinforcing Acrylonitrile Butadiene Styrene (ABS)
with various nanosized metal and metal oxide (M/MO) fillers, including tungsten (W), tungsten carbide (WC), tungsten
boride (WB), bismuth (Bi), and bismuth oxide (Bi,O3). Filaments were extruded using a 3DEVO Filament Precision
350 extruder (3devo B.V., Netherlands), and test samples were printed with an M300 3D printer (Zortrax S.A., Poland),
ensuring precise geometrical control using additive manufacturing technology. Photon attenuation was evaluated
irradiating samples with 120 keV photons in a GULMAY D3225 X-ray therapy machine (Gulmay Ltd., UK), and using a
Piranha MULTI X-ray meter (RTI Electronics AB, Sweden).

The experimental results (Fig.1) revealed a significant improvement in photon attenuation in composites reinforced
with M/MO nanoparticles as compared with pure polymer.
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Figure 1. Photon attenuation of ABS composites reinforced with different M/MO nanosized fillers

Among the tested fillers, polymers with bismuth oxide (Bi,O3) showed the highest shielding performance, with
up to 91.2% attenuation at 50 wt% of fillers concentration, but it posed noticeable challenges during extrusion and 3D
printing of samples due to poor flowability. In contrast, composites with 30-40 wt% Bi,O3z maintained attenuation rates
between ~61% and 81% while offering better printability. Fillers such as tungsten oxide (WOs) and tungsten boride
(WB) provided a favorable balance between attenuation and processability, making them suitable for additive
manufacturing. These findings demonstrate the potential of nanoparticle-reinforced, lead-free polymer composites as
efficient and customizable materials for radiation shielding applications.
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Organic dielectric materials with both high permittivity and dielectric strength, are highly desirable for their
implementation as gate dielectrics into flexible organic field-effect transistors (OFETs). Achieving optimal performance
requires precise control over dielectric properties, including relative permittivity and dielectric strength, as well as
morphological characteristics such as surface topography and thickness

Plasma deposition and treatment methods are well-established techniques in different industrial sectors, including
mass-scale manufacturing in microelectronics and large-area roll-to-roll processing of flexible and wearable materials.
Amongst other advantages, the plasma synthesis of organic coatings, known as plasma polymerization, is a consolidated
method for growing compact, uniform, and pinhole-free coatings. These coatings typically exhibit a smooth and ultra-flat
topography (surface roughness at the nanometric scale) and offer precise control over the coating thickness (ranging from a
few nanometres to the micrometre). This communication shows the fabrication of high-k organic thin films for gate dielectric
applications using a remote plasma-assisted vacuum deposition (RPAVD) technique.['! This method relies on the vacuum
sublimation of functional molecules within the afterglow region of a remote plasma discharge, providing precise control over
the fragmentation and poly-recombination processes involved in plasma polymerization processes. Advancements in this
technique have enabled the synthesis of plasma-polymer-like thin films that maintain, at some extend, the molecular structure
and integrity of complex precursor molecules, benefiting applications such as photonicsi?, sensing!®, lasing!l, antimicrobial
surfacesl®!, conformal protective coatings!®l, and strain engineering of 2D semiconductorsl’l. Furthermore, it is a room-
temperature and solvent-free procedure compatible with a wide range of flexible and delicate substrates (paper, textiles, and
others)? and the conformal growth over complex nanoarchitectures. In this work, the development of organic coatings with
tailored permittivity is addressed by using a high dipole moment dye (DCM (4-(dicyano-methylene)-2-methyl-6-(4-
dimethylamin-styryl)-4H-pyran) a polymerization precursor. As a result, ultra-flat (RMS roughness < 1 nm) organic thin films
(thickness down to few nm) with controlled relative permittivity (e: = 3.5 to ca. 7.5) are synthesized. Furthermore, dielectric
breakdown results confirm the high dielectric strength with breakdown fields of up to 5 MV/cm. The influence of integer dye
molecules on the optical properties, specifically the refractive index of the films, was examined and correlated with the

observed evolution in permittivity.
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Ice accretion on materials relevant to industrial applications impacts our daily lives and poses critical
challenges in transportation, renewable energy, and telecommunications. Conventional methods that rely on the Joule
effect are insufficient, primarily due to significant losses associated with heat scattering. Recently, using bulk and
surface acoustic waves (AWs) has emerged as one of the most promising solutions to these problems. This approach
also benefits from synergies with advanced passive anti-icing and multifunctional surfaces. Acoustic waves serve as
energy carriers, directing power precisely to where it is needed—specifically, at the ice particles and the ice-substrate
interface. These waves can travel along targeted surfaces and dissipate energy only when they encounter ice
interfaces. While these phenomena have been described in terms of acoustic wave modes following a
phenomenological approach[1-3], there is still a lack of exploration about the influence of the surface properties on the
acoustic de-icing mechanisms. Previous research has demonstrated the potential to combine standing acoustic waves
with thin film technology to reduce energy consumption. In this study, we aim to further investigate this concept by
providing a detailed fundamental description of the de-icing process using standing thickness shear mode acoustic
waves (TSM-AW) and the role of these thin films in it. Depending on the wettability properties of the films, the ice
interface can be modified to weaken its adherence to the surface. Additionally, these films can promote interfacial
cracking, significantly reducing the power required for deicing while their mechanical properties allow for efficient
transmission of acoustic waves from the substrate to the ice with minimal losses. The generation of TSM-AW is
performed on a chip made of LiNbO3 128°Y-X cut crystal plate of 0.5 mm thickness, which is activated by two planar
electrodes in a lateral field excitation (LFE) arrangement, generating ultrasonic waves at a frequency of 3.5 MHz.
These crystals have been coated by three different surface modification approaches: diamond-like coating (DLC), ZnO
nanowires, and fluorinated polymers (CFx). The DLC and CFx films were deposited using Plasma Enhanced Chemical
Vapor Deposition (PECVD). The ZnO nanowires were formed through a soft-template method that involved the growth
of supported Organic Nanowires (ONWSs) followed by the conformal deposition of ZnO polycrystalline shells via
PECVD. While the DLC and CFx coatings have partially hydrophobic and hydrophilic surfaces, the ZnO nanowires can
be UV-activated, allowing them to transition from a superhydrophobic state to a superhydrophilic state. These coatings
play a twofold role: they reduce the interaction between ice and the substrate while also protecting the piezoelectric
substrate.

The acoustic and wetting characteristics of the LiNbO3 film devices were assessed using a vector network
analyzer (VNA) and water contact angle measurements, respectively. Subsequently, a thorough experimental analysis
was conducted on these devices with various types of ice inside a cold chamber. Initial results from in-situ
observations of the de-icing mechanism in an Environmental Scanning Electron Microscope (ESEM) are included to
examine the interaction between the coatings and the ice at a microscopic level. This study is complemented by
simulations using finite element modeling (FEM) to clarify how acoustic waves are transmitted through both the crystal
and the thin film, and how they dissipate into the ice particles.
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Among n-type semiconductors, ZnO stands out for its low cost, environmental friendliness, and
biocompatibility, as well as its remarkable photosensitivity, attributed to its wide band gap (3.37 eV), which enables
strong absorption in the UV region. Nevertheless, its photocatalytic performance is hindered by the rapid
recombination of photogenerated electron—hole pairs. To address this drawback, recent research has been
increasingly focused on ZnO/carbon nanomaterial-based nanocomposites. Among the other carbon-based
nanomaterials, fullerene (Cs o ) can serve as an effective co-catalyst within these systems, thanks to its high work
function (4.70 eV), which facilitates the transfer of photoexcited electrons to its energy levels, thereby prolonging the
lifetime of charge carriers.

In our work, Thermal Atomic Layer Deposition (t-ALD) and Plasma-Enhanced Atomic Layer Deposition (PE-
ALD) are performed in a fixed bed reactor in order to accomplish a controlled and conformal deposition of ZnO on
fullerene powder. The so obtained powders were thoroughly characterized from the chemical and morphological point
of view, to underscore the influence of the applied technique on the characteristics of the resulting material.

Going into detail, XRD and XPS analyses prove the crystallinity and the stoichiometric growth of ZnO,
respectively. SEM analysis reveals the conformality of the coating not only on the surface of the powder grains but
even on the walls of the pores of the material. In the case of PE-ALD, ZnO is found only on the walls of the most
superficial pores, while thermal ALD allows the successful coverage also of deeper ones. The photocatalytic activity of
the ZnO/C 60 nanocomposites obtained at 400 cycles by thermal and PE-ALD has been assessed through monitoring
the discoloration of a 10 -5 M methylene blue solution upon UV irradiation over 180 min. Results indicate that the
photocatalytic performance of the thermal coated C 60 was higher than the one obtained by PE-ALD (54+£12% vs
33+10 %, respectively), in accordance with the higher amount of ZnO retrieved on thermal ALD treated samples.
However, the deposition of ZnO was not uniform on the whole batch of powder treated, thus leading to a high relative
error on the MB degradation percentage.

Both fabrication strategies employed for obtaining these powder nanocomposites are straightforward and
effective,representing a promising avenue for the development of high-performance, environmentally sustainable
photoactive materials. Further enhancement of the deposition process—and consequently of the materials’
photocatalyticperformance—could be achieved through the optimized design of a reactor specifically tailored for
powder-based systems, which would be object of future studies.
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The escalating global demand for sustainable and miniaturized electronic devices necessitates advancements in

energy harvesting technologies.[1] Of particular interests, poly(vinylidene fluoride) (PVDF) stands out as a promising material
for flexible and biocompatible devices due to its excellent piezo- and pyroelectric properties.[2] However, its energy output is
often limited by the crystallization into non-electroactive phases. In this context, we report on the development of a novel
flexible piezo/pyro-electric nanogenerator (PPNG) that significantly enhances energy harvesting capabilities by combining a
uniform film of PVDF infiltrated over vertically supported SiO, nanowires (NWs). The fabrication process employs a low-
temperature, multi-step method, beginning with the soft-template growth of SiO, NWs on a flexible substrate, followed by
PVDF thin film (TF) infiltration. Plasma-assisted synthesis enables precise vertical alignment of the SiO, NWs, allowing fine
control over the surface microstructure, density, and thickness of the confined nanostructures. This engineered architecture
fosters the formation of the electroactive B- and y-phases in the PVDF matrix, crucial for improved electrical output. Electrical
poling further enhances performance by aligning the molecular dipoles of PVDF macromolecular chain, promoting a more
ordered and responsive electroactive phase.
As a proof-of-concept, the fabricated PPNG demonstrated remarkable improvements in output performance compared to
bare PVDF thin film counterparts. The instantaneous piezoelectric output power density exhibited ~ 9-fold amplification,
reaching ~10.8 yW/m? compared to ~1.2 yW/m? for bare PVDF TF-based PPNG. Similarly, the pyroelectric coefficient (p)
showed a 4-fold superior performance, increasing from ~0.35 uC/m2.K for bare PVDF TF to ~1.40 uC/m2.K for the NWs-
based PPNG at a AT of 22 K.[3] This enhanced performance is attributed to the synergistic interplay of several factors: the
high aspect ratio and stiffness of the SiO> NWs acting as effective stress concentrators, and the strong interfacial interactions
(hydrogen bonding and electrostatic interactions) promoting the nucleation and growth of polar phases during
nanoconfinement and subsequent electrical poling. Therefore, the engineered SiO2 NWs@PVDF system offers a promising
pathway towards multisource energy harvesting. These substantially improved piezoelectric and pyroelectric performances,
coupled with the mild conditions employed for device fabrication and poling, open new avenues for applications in self-
powered devices, wearable technologies, and sustainable energy solutions. This work provides a versatile platform for
developing high-performance energy harvesters by exploiting the synergistic interplay between ferroelectric polymers and
rationally designed 1D vertical SiO2 nanostructures.
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Fig. 1. (a) Schematic interaction of PVDF dipoles with SiO2 nanostructures, (b) vertical growth of SiO2 NWs (c) nanoconfinement of
NWs with PVDF thin film (d, e) fabricated nanogenerator and corresponding power output.
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Spacecraft charging is a well-documented phenomenon resulting from the interaction between space vehicles and
the surrounding space environment, including plasma, solar radiation, and high-energy particles. This interaction leads to the
accumulation of electrical charge on spacecraft surfaces, particularly on non-conductive materials such as photovoltaic cover
glasses, which can lead to catastrophic electrostatic discharge (ESD) events. Therefore, spacecraft charging is the root
cause of critical failures that threaten the structural integrity and operational lifespan of spacecraft systems (e.g. solar
arrays).

Under the ESA contract Ref. 40001139513/22/NL/CRS, this research aims to address the spacecraft charging
problem by developing innovative Pt-based transparent nanocoatings. These coatings are composed of percolated
platinum-based nanonetworks fabricated using advanced plasma processing techniques.

The fabrication process integrates two key steps consecutively carried out in a single plasma reactor: the remote
plasma-assisted vacuum deposition (RPAVD) of a hybrid platinum plasma-polymer nanocomposite, followed by room-
temperature plasma etching of the deposited layer.[1]-[3] This entirely vacuum-based method leverages plasma processing
techniques similar to other plasma and vacuum deposition processes widely used in industrial applications, such as the
large-area production of optical coatings for photovoltaics applications. This illustrates the scalability of the technique to
both large-area substrates (up to several square meters) and high-volume production of microelectronic and optoelectronic
components.

Previous studies have demonstrated the successful development of solar cell photoelectrodes using nanoporous
TiO, coatings[2] and nanostructured Pt electrodes[3] fabricated through RPAVD and mild-temperature plasma etching
(~120°C). Building on this foundation, the current work extends the approach to produce highly transparent and
conductive nanoporous coatings at room temperature. These coatings, featuring laterally interconnected Pt
nanonetworks, achieve solar transmittance levels above 85% while maintaining low sheet resistance.

To evaluate their suitability for spacecraft charging mitigation, sheet resistance measurements were performed
under vacuum at various temperatures. These were complemented by advanced assessments of secondary electron
emission yield and vacuum ultraviolet (VUV) photoemission. The resulting data were used in simulations with SPENVIS’
EQUIPOT and SPIS-6 tools to model surface charging and potential behaviour in different orbital environments.
Simulations confirm that the developed Pt-nanonetwork coatings offer effective protection against spacecraft charging,
making them a promising solution for enhancing the durability and performance of photovoltaic solar arrays in space.
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A Robust Alginate Hydrogel Interface via Cryogelation for Highly Reversible and Dendrite-
Free Zinc Anodes
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Aqueous zinc-ion batteries are plagued by dendrite growth and side reactions on the zinc anode." To address this,
we report a robust alginate hydrogel protective layer fabricated via a unique cryogelation and in situ ionic cross-linking
process.? This method involves coating an alginate precursor on the zinc surface, followed by freeze-thaw cycles
where ice crystals act as templates to form a porous polymer architecture. Subsequent immersion in a ZnSQOs solution
introduces Zn# ions, which cross-link the alginate chains, significantly enhancing the gel's mechanical integrity.
Benefiting from this cryo-structured porous network that homogenizes Zn* flux and physically suppresses dendrites,
the protected anode exhibits a dramatically extended lifespan of 261 hours at 5 mA/cm?. This is a stark contrast to the
bare zinc anode, which fails after only 35 hours. Our work presents a facile yet effective cryogelation strategy to
engineer stable interfaces for high-performance zinc anodes.

Keywords: Zinc metal anode; Aqueous zinc-ion batteries; Hydrogel interface; Cryogelation; Dendrite suppression
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Fig. 1. (a) Schematic illustration of the fabrication process of the cryo-structured SA hydrogel, highlighting the formation of a porous
network via freeze-thawing and subsequent Zn?* cross-linking. (b) Schematic illustration of the molecular bonding in the gel formed
after soaking the SA solution in 2 M ZnSO, solution. (c) Comparison of the Zn deposition behavior on a bare Zn anode versus the
protected Zn@SA anode, which promotes uniform Zn?* flux and dendrite-free deposition. (d) Galvanostatic cycling performance of
symmetric cells assembled with the SA-hydrogel-coated Zn anode (Zn@SA) and the bare Zn anode at a current density of 5 mA/cm?
and an areal capacity of 2.5 mAh/cm>.
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Triboelectric nanogenerators (TENGs) have gained significant attention over the past decade as an effective solution for
harvesting kinetic energy to power devices of various scales. These devices include compact, lightweight, and wireless
technologies designed for the Internet of Things (loT) and Wireless Sensor Networks, as well as energy conversion from
natural sources. In this communication we focus on the design and optimization of self-powered triboelectric nanosensors for
their implementation into wearable devices for the detection of low and medium biomechanic vibrations. For this purpose, it is
critical to develop triboelectric architectures on flexible and stretchable substrates able to respond to low amplitude vibrations
with high durability and flexibility. With such an aim, we have advance into the nanoscale modification of stretchable
triboelectric matrixes by integrating core@shell and piezoelectric one-dimensional (1D) nanowires and three-dimensional (3D)
nanotrees with core-shell morphologies [1, 2] as shown in Figure 1. Based on vacuum and plasma-assisted depositions, zinc
oxide (ZnO) has been utilized as its functional piezoelectric material. Polydimethylsiloxane (PDMS) has been implemented as
both substrate and triboelectric polymer due to its soft, mechanically durable, flexible, and stretchable character. A protocol
has been developed to conformally or fully embed the 3D microstructures into the PDMS matrix. Surface plasma treatments
and plasma-assisted perfluorinated grafting on PDMS surfaces have been employed to enhance the TENG voltage output
while also improving long-term reproducibility and durability, even in moist conditions.

This work presents both the characterization of devices and the fabrication steps for manufacturing fully stretchable,
flexible, and highly sensitive triboelectric nanogenerators. These generators can be used as self-powered sensors for
detecting vibrations and movements such as hand movement recognition or recognition of talking, coughing, and swallowing.

Fig. 1. a) Cross-sectional SEM micrograph of 3D functional piezoelectric nanotrees. b) Top view micrograph of PDMS drop-casted
microstructures. c) Photograph of flexible and stretchable devices. d) Electrical output signal under cough activation.

The development of the flexible and stretchable triboelectric nanogenerators could lead to advanced healthcare
monitoring systems that integrate with the human body, enabling continuous health tracking and real-time data collection on
vital signs and physical activity without the need for external power sources or bulky equipment. Furthermore, their ability to
harness energy from everyday movements opens up possibilities for wearable technology, making it easier for patients and
practitioners to adopt these innovations.

Keywords: Flexible electronics, TENG, self-powered sensors, 3D core@shell nanostructures, plasma assisted
deposition
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Magnetron sputtering (MS), known for its scalability and versatility, is a widely used technique for the fabrication of thin
films, both at the industrial and at the academic levels. Its compatibility with glancing angle deposition (GLAD) makes
it interesting for the production of nanostructured surfaces. When sputtering is combined with GLAD, nanocolumnar
films (NCs) are grown by taking advantage of the shadowing effect generated during atomic deposition at grazing
incidence. This results in highly anisotropic and porous films [1]. Among the materials used in MS-GLAD, Fe-based
NCs have attracted attention due to their varying magnetic properties, which strongly depend on the morphology and
orientation of the columns that are due to the deposition geometry and conditions [2,3]. On the other hand, Au NCs
have been of extensive interest because of their optical properties, particularly the presence of localized surface
plasmon resonances (LSPR) [4,5]. In this work, it is shown the integration of both magnetic and plasmonic properties
in a single structure, that is, the combination of Au and Fe NCs to produce magnetoplasmonic nanostructures.
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Fig. 1. Cross-sectional SEM images of (a) scattered electrons and (b) backscattered electrons of Au NCs above Fe NCs. (c)
Hysteresis loops in plane and out-of-plane of Au NCs above Fe NCs. (d) Reflectivity of both Au NCs above Fe NCs and Fe NCs
above Au NCs.

In this study, two different bimetallic structures of gold and iron NCs have been fabricated using GLAD sputtering. The
two types of samples fabricated are bi-layers consisting of: 1- gold NCs layer at the bottom of iron NCs layer, and 2-
the opposite configuration, i.e., iron NCs layer at the bottom of gold NCs layer. Growth parameters remained the
same in bothsamples. Samples were morphologically characterized by means of scanning electron microscopy (SEM),
where backscattered electrons distinguish between the different materials used. The crystalline and electronic
structures were evaluated via X-ray diffraction (XRD). The reflectivity of these films—and the resonance plasmons were
examined using a home-made reflectivity system, and their magnetic properties were analysed using a vibrating
sample magnetometer (VSM).

The findings highlight the potential of these nanostructures for applications in sensing technologies, as well as in
magnetic and photothermal therapies for cancer treatment.
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The growing demand for alternative permanent power sources in portable electronic devices presents a key
challenge in the advancement of the Internet of Things (loT). In this context, piezoelectric, triboelectric, and
pyroelectric nanogenerators have emerged as promising candidates to sustainably power low-consumption loT
nodes. These devices can harvest various forms of ambient energy- mechanical (e.g., vibrations, movement,
pressure changes) and thermal (e.g., temperature fluctuations)- to generate usable electricity. By harvesting these
ubiquitous and otherwise wasted energy sources, nanogenerators are establishing a new paradigm for self-powered,
battery-free loT systems, enabling autonomous and maintenance-free operation in distributed environments [1].

In this work, we utilize lead-free BaTiOs3 (BTO), a ferroelectric perovskite which has been proven as a multi-
source energy harvesting material [2-4]. Over the last years, research efforts have been focused on the synthesis of
BTO in the form of one-dimensional (1D) nanowires as they present potentially higher power-generating capability and
higher energy conversion [5-8]. While most synthesis methods for 1D BTO nanostructures rely on hydrothermal
reactions [5-8], we explore an alternative soft-template route. By combining vacuum and plasma-assisted
deposition techniques [9-11], we achieve the direct growth of vertically aligned BTO nanowires on mica
substrates. This approach is not only compatible with microelectronic industry standards but also environmentally
friendly. The resulting structures exhibit remarkable potential for flexible piezoelectric nanogenerators, with their
piezoelectric response being directly influenced by deposition conditions. Our findings contribute to the development
of next-generation energy harvesting solutions for sustainable electronics.

Keywords: Piezoelectric, Flexible Nanogenerator, BaTiOs, Nanowires, Plasma Technology
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The disposal of large quantities of undesirable substances, originating from both natural processes and human
activities poses serious concern challenging the scientific community in finding effective solutions to enhance water quality.
Adsorption process is usually considered particularly effective, especially when using bio-based adsorbents due to their low
cost, simplicity of design, and reusability [1]. Chitosan-based adsorbents have been widely used as well as their modification
with metal oxides (e.g., Fe20s, ZnO, TiO.) demonstrated to be promising in treating diverse pollutants given their
multifunctionality: enhanced adsorption capacity, photocatalytic and antimicrobial activities [2]. Typically, the fabrication of
such hybrid nanocomposites relies on complex and long procedures like physical blending, chemical grafting, and sol-gel
methods which can also induce coalescence, aggregation, and potential structural damage to the substrate or support. In this
light, atomic layer deposition (ALD) emerges as an outstanding tool for adsorbent and membrane surface engineering due to
its processing capabilities, even on complex 3D structures, although there is still a gap in the current literature regarding the
nanoengineering of chitosan by this approach. In the work herein proposed, millimeter-thick chitosan-based sponges are
engineered with zinc oxide (ZnO) using atomic layer deposition (ALD) to create a multifunctional nanocomposite for the
potential application in water remediation and self-regeneration via solid-state photocatalysis (Fig.1) [3].

Initially, non-porous chitosan films served as control samples to study the ZnO growth mechanism and its impact on
the biopolymer’s optical and chemical properties. Subsequently, porous chitosan sponges are engineered to further explore
the photocatalyst growth and infiltration into the porous matrix. A comprehensive characterization performed via
spectroscopic ellipsometry, X-ray photoelectron spectroscopy, UV-vis, photoluminescence, and infrared spectroscopy
allowed to investigate the growth mechanism of ZnO within the polymeric matrix as a function of the number of ALD cycles.
The ZnO growth extended to several hundred microns within the sponge matrix indicating a reaction-limited growth process.
Covalently bounded ZnO to the chitosan amino groups was found as crucial for the enhanced stability of the sponges.
Notably, adsorption tests employing Direct Blue 78 dye demonstrated high removal efficiency, with capacities up to 2000 mg
g™', surpassing pristine chitosan sponges, which degrade in water. Furthermore, ZnO enabled photocatalytic activity as
demonstrated by preliminary experiments where Naproxen was successfully degraded.

These results encourage the use of ALD for creating nanoengineered chitosan-based adsorbents for water
remediation, providing a novel approach to surface modification that has not been extensively explored. Furthermore, this
study paves the way for the development of multifunctional, sustainable materials for environmental applications, combining
adsorption and photocatalysis for the effective removal of a wide range of water pollutant.
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Fig. 1. Chitosan sponges engineered with zinc oxide (ZnO) using atomic layer deposition (ALD) to create a multifunctional
nanocomposite. Adapted from ref. [3]
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Benzothiadiazole-based donor-acceptor (D-A) conjugated polymers attracted great interest in solar-driven
processes such as hydrogen peroxide production [1] and sensing of dissolved oxygen based on oxygen reduction reaction
(ORR) [2]. This growing interest stems from their intrinsic donor—acceptor character, which induces reduced band gap —a
key requirement for efficient light-harvesting— tunable energy levels and high charge mobility, although the strongly bound
excitons formed upon light absorption may hamper their photo(electro)catalytic efficiency due to the fast recombination of the
carriers. On this ground, the formation of homo- or heterojunctions are usually adopted to promote the dissociation of
excitons into free charge carriers, increasing the photocurrent yield.

The simultaneous synthesis, doping and deposition of benzothiadiazole—oligothiophene D—A conjugated polymer
thin films was recently achieved from the oxidative chemical vapour deposition (oCVD) from 4,7-dithien-2-yl-2,1,3-
benzothiadiazole[3]. oCVD is a versatile deposition technique [4] and emerged as promising to expedite the
commercialization process of conjugated polymers in large-scale applications. Given its gas-phase nature, oCVD obviates
the need for solubilizing groups as well as the need for orthogonal solvents when fabricating multilayered devices, lowering
the complexity of device fabrication.

With these premises, we adopted the oCVD technique for the development of a S-scheme homojunction in
benzothiadiazole-based polymeric photocathodes. Accordingly, a bilayer thin film has been prepared by sequentially
synthesizing two benzothiadiazole-based polymers, namely pDEDOT-BT and pDTBT, from 4,7-Di(2,3-dihydro-thieno[3,4-
b][1,4]dioxin-5-yl)benzo[1,2,5]thiadiazole (DEDOT-BT) and 4,7-dithien-2-yl-2,1,3-benzothiadiazole (DTBT) using triflate salt of
iron(ll), (Fe(OTf)3), and iron chloride (FeCls), as oxidants, respectively.

A comprehensive optochemical and morphological characterization outlined the different polymerization extent and
the resulting optoelectronic properties of pPDEDOT-BT and pDTBT thin films and the band structure of the bilayer thin film was
retrieved. A systematic photoelectrochemical characterization was conducted for the bilayer thin film, pDEDOT-BT, and
pDTBT layers in both Ar-purged and O»- saturated solutions under slightly acidic conditions to evidence the beneficial effect
of the S-scheme homojunction proposed. Electrochemical impedance spectroscopy results supported the hypothesis that it
facilitates the charge separation and transport, as indicated by the lower charge-transfer resistance (57 kOhm cm?) of the
bilayer thin film compared to pDEDOT-BT (179 kOhm cm?) and pDTBT (131 kOhm cm?). The bilayer thin film also showed a
higher double-layer capacitance, suggesting increased charge accumulation at the electrode—electrolyte interface justifying
the higher photoresponse delivered even in the absence of oxygen. Contrarily, pPDEDOT-BT and pDTBT showed negligible
photo-activity. In the presence of oxygen that acts as electron acceptor, the bilayer thin film achieved a photocurrent density
of -250 pyA cm2 (0.35 V vs RHE) while pDEDOT-BT and pDTBT barely reached 20-25 yA cm2. Given the high-lying and
strongly reducing LUMO, these results pointed out that the bilayer thin film could be thermodynamically suitable for driving
the hydrogen evolution reaction, although oxygen reduction appears to dominate the photocathodic process with the highest
photocurrent values reached under O.-saturated condition. Based on the S-scheme proposed, charge carriers with weaker
redox ability likely recombine at the interface, while the photogenerated electrons in pDTBT and holes in pDEDOT-BT are
preserved, enhancing charge separation and retaining strong redox potentials for ORR.

A preliminary evaluation of the stability of the system suggested that further efforts are needed to improve long-term durability
laying the groundwork for the study of protective layers and the integration of co-catalysts, which may enhance reaction
kinetics or potentially shift selectivity toward the hydrogen evolution reaction (HER) over ORR.

This work highlights the potential of oCVD as an effective strategy to fabricate high-performing benzothiadiazole-
based photocathodes where the enhanced charge separation and preserved redox activity achieved by S-scheme open new
opportunities for their integration in ORR-based photoelectrochemical applications, including hydrogen peroxide production
and oxygen-sensing technologies.
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Due to the high environmental impact and critical raw materials constraints, the current battery technology is
inadequate to meet the growing demand for compact, lightweight, and wearable portable devices. To address this challenge,
portable nanogenerators provide a promising solution by scavenging environmental micro-energy at the point of need to
power to low-energy wireless devices. This emerging technology is expected to drive the development of disruptive, self-
sustained electronic systems. One of the most widely adopted solutions for this working concept are Triboelectric
Nanogenerators (TENGs), which efficiently convert low-amplitude and low-frequency mechanical or kinetic stimuli, such as
human movement, into electricity. TENGs systems achieve this by combining friction-induced triboelectrification with
electrostatic induction. The versatility and simplicity of the TENG architectures and diversity of triboelectric surfaces, without
reliance on specific crystalline phases or stoichiometries, make TENG a leading approach for microscale energy harvesting.

Boosting the triboelectric response typically involves a fluorinated surface to improve the friction-induced charge
transfer efficiency. In response to the related environmental concerns, we have explored the Remote Plasma Assisted
Vacuum Deposition (RPAVD) [2-3] of adamantane (ADA) as a high-performance triboelectric organic material. Adamantane
RAPVD coatings are advanced dielectric films originally designed for protective coatings in perovskite solar cells and strain-
engineering applications in 2D nanomaterials [4-5]. As a general characteristic, these coatings hydrophobic, non-soluble, and
transparent in the UV-VIS-NIR range with a continuous and compact microstructure within an ample thickness range from,
few nanometres to several micrometres. On the other hand, the RPAVD synthetic method is industrially scalable and
straightforwardly compatible with photolithography and surface functionalization approaches. It is also environmentally
friendly, making it a reliable and competitive solution to fluorinated-free thin film triboelectric material.
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Fig. 1. Schema of the Remote Plasma Assisted Vapor Deposition.

RPAVD provides broad control over the surface composition, topography, and crosslinking degree, which have been
recently revealed as key parameters controlling the triboelectrification process (6-8). Thus, in the current work, we have
adapted the technique to the development adamantane-based coatings capable of exhibiting both tribopositive and
tribonegative character through simple modification of the synthesis conditions and film morphology without additional post-
synthesis functionalisation steps. Under mechanical excitation, vertical contact separation TENGs devices consisting of
tribonegative and tribopositive ADA RPAVD coatings (2800 and 400 nm of thickness, respectively) are able to generate open-
voltage and short-circuit current outputs as high as 88 V/cm? and 1.05 pA, providing a maximum power density as high as 2.0
MW/cm?2. Additional examples of using RPAVD ADA films as active components in micropatterned solid-solid and top-bottom
drop-TENGs will also be presented.
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To meet the growing energy demands caused by the increasing number of wireless smart devices—many of
which are difficult to power using conventional rechargeable batteries—alternative energy solutions are urgently
needed. In this context, triboelectric nanogenerators (TENGs) have emerged as a promising technology for harvesting
multisource residual energy, particularly from sources categorized as "blue energy"—including low-frequency water
motions, raindrop impacts, microchannel water flows, and moisture-induced water adsorption over porous
nanostructures [1].

To enhance the performance of TENGs and moisture-electric generators (MEGs), the development of tunable
hierarchical nanostructures with high surface area is crucial. These structures can function as either fillers in polymer
matrices or as scaffolds to improve energy conversion efficiency. Therefore, solventless, clean, controllable, and zero-
waste fabrication techniques, such as plasma and vacuum-based methods, are highly desirable. Among these,
Plasma Enhanced Chemical Vapor Deposition (PECVD) stands out for its ability to grow a wide range of
nanostructured scaffolds composed of metal oxides like TiO,, SiO,, or ZnO [2,3], as well as to decorate them with low-
dimensional carbon nanostructures (e.g., carbon nanotubes (CNTs), graphene nanowalls (GNWs)) with precise
morphological control—even at relatively low processing temperatures (<450 °C) [4,5].

In this work, we report the fabrication of highly conformal, GNW-decorated nanostructures—including
nanotubes (NTs), high thickness nanotubes (HT-NTs), and nanostructured trees (Ntrees)—via a multistep PECVD
process. The resulting 3D nanostructures exhibit high surface area and exceptional electrical properties. These
nanomaterials were thoroughly characterized using SEM, XPS, TEM, NEXAFS, and in-situ Raman spectroscopy [6].
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Fig. 1. GNWs@NTs overview
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With the growing demand for portable electronic devices, increasing attention has been directed toward
harvesting electrical energy from ambient sources. Among these technologies, triboelectric nanogenerators (TENGs)
play a critical role in capturing residual energy. [1,2] While most TENGs utilize polymer materials as the triboelectric
layer in solid-liquid contact electrification, slippery liquid-infused porous surfaces (SLIPs) offer an alternative by
enabling liquid-liquid interactions. SLIPs possess several advantageous properties—including antifouling,
anticorrosion, self-lubrication, self-repair, stability, and anti-icing. Notably, their slippery nature creates an ideal
environment for the rolling of raindrops, making them suitable for water-droplet-based TENGs operating in harsh
environments. [3,4,5]

In our device, ultraporous nanostructured scaffolds of TiO, nanotubes are fabricated via plasma-enhanced
chemical vapor deposition (PECVD) using a soft-template method with DAAQ or H,Pc as organic precursors [6].
These scaffolds are subsequently infused with commercial lubricants such as silicone oil or Krytox. This approach
yields surfaces with high roughness, large surface area, and hydrophobic characteristics that enhance charge transfer
efficiency. Key parameters—including nanotube density, lubricant coverage, and wettability—were systematically
investigated. Further characterization involved measuring water contact angles (WCA), tilt angles, and droplet rolling
and sliding behavior across various temperatures. Finally, the triboelectric output performance of the device was
evaluated and presented.
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Fig. 1. SLIPS-TENGSs overview.
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This study presents a detailed exploration of the synthesis, morphological tuning, and physicochemical
characterization of nickel nanoparticles (NiNPs) engineered for catalytic applications in freshwater and saltwater
media. Using a modified polyol method adapted from Couto et al.!, nanoparticles were synthesized under controlled
thermal and chemical conditions with nickel chloride, polyvinylpyrrolidone (PVP) and sodium borohydride in ethylene
glycol according to a synthesis protocol. The reaction temperature and reactivity of the reducing agent were found to
significantly influence particle size. Fresh NaBH, enabled rapid burst nucleation, yielding uniform NiNPs in the 5-
10 nm size range, as shown in Figure 1 through Transmission Electron Microscopy. Aged reagents led to larger,
aggregated structures?. Post-synthesis processing included rigorous washing and sonication to minimize residual
contaminants and enhance colloidal stability. The morphological and chemical characterization of NiNPs was
conducted using transmission electron microscopy (TEM), dynamic light scattering (DLS), energy-dispersive X-ray
spectroscopy (EDS), electron energy loss spectroscopy (EELS), and high-angle annular dark field (HAADF) in
scanning TEM3. We will discuss a variety of surface stabilization approaches, such as carboxymethylcellulose (CMC),
which influence particle dispersion, agglomeration behavior, and chemical accessibility. DLS and zeta potential
analyses further corroborated the role of surface charge in nanoparticle stability>. XPS and EELS helped us quantify
the level of surface oxidation occurring at various reaction temperatures, which could potentially affect the catalytic
activity of NiNPs. The findings provide a systematic foundation for tailoring nickel nanoparticle synthesis and surface
chemistry for various aqueous-phase applications. The work highlights the importance of precursor freshness,
surfactant selection, and reaction temperature as controllable levers for engineering size, dispersion, and stability—
critical factors for future integration into aqueous-phase systems and nanomaterial-based environmental technologies.

Fig. 1. Nickel nanoparticles averaging between 5-10 nm
Keywords: Nickel nanoparticles, nanotechnology, polyol method, characterization, surface modification
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Plasma polymer nanoparticles synthesized via vacuum thermal decomposition of polymers represent a novel
class of nanomaterials with unique chemical and structural properties [1]-[7]. In this method, conventional polymers
such as polylactic acid (PLA) are thermally decomposed in a vacuum chamber, generating volatile monomeric and
oligomeric species, which are subsequently ionized and polymerized in a low-pressure plasma environment.

When used inside a gas aggregation nanoparticle source, the process yields nanoparticles rather than thin
films already known from this process. This combined approach leverages the controlled decomposition of solid
polymers and the highly reactive nature of plasma to produce nanoscale particles with amorphous, tunable cross-
linked structures and adjustable surface functionalities. The process offers solvent-free synthesis of nanoparticles that
have tunable structure in between the classical highly crosslinked plasma polymer (with very low retention of the
original polymer structure) and the linear, non-crosslinked classical polymer.

Nanoparticles were deposited both under inert (argon) and reactive (argon/nitrogen) atmospheres, with
varying plasma power, to investigate the influence of the deposition environment on nanoparticle characteristics.

Fig. 1. Example of the plasma polymer nanoparticles from evaporated PLA
Keywords: Gas aggregation nanoparticle source, Vacuum thermal degradation, Plasma polymer, Nanoparticles
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