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. LABORATORY 10
O & O1 A ONanostrActures 0
Head of laboratory: $ 08 3 EI OEO 0/, / ¥! . h 3ikdidind) 2A0AAOAEA

Personnel: 36 membersz 11 x SR1, 1 x SR2, 10 x SR3, 3 x SR, 10 x RA, and 1 x techni§ian (*
stands for SenioResearcher; RA stands for Research Assidtant

Beyond its scientific endeavours, the group actively participates in educational and training
initiatives.

27 team members hold PhD titles in physics (12), chemistry (2), chemical engineering (6),
biochemistry (3), materials engineering (1), energy engineering (1), biotechnology (1), and
biomechanics (1). Additionally, the team includé$hD students and 1 MStudent.

Main research directions:
The group deals with nanostructures and nanostructured materials preparation and
development of applications. Both chemical/electrochemical (chemical bath deposition,
electrochemical deposition with and without a templde, chemical vapor deposition) and
physical (sputtering, thermal evaporation in vacuum, electrospinning and forcespinning)
methods are employed for nanostructures and nanostructured materials preparation. Different
types of materials are used, including e metals, metal oxides, organometallic compounds
and polymers. The nanostructures developed by this approach are used as building blocks for
different types of functional devices €.g, transistors or diodes, biosensors, actuators). Several
specific exampes follow:
Nanostructures and devices based on nanostructuregphysical and chemical methods
are employed for preparing nanostructures. Electrochemical or chemical deposition is
used for preparing nanowires of zinc oxide with diameters down to 10 nm. Thmal
oxidation of metal foils is used for obtaining metal oxide nanowires with diameters
down to 20 nm. Further, the nanowires can be employed as building blocks for electronic
devices such as diodes and transistors using microlithographic (photolithograghand
electron beam lithography). Devices complexity can be employed.g, core shell devices
can be fabricated) by covering the nanowires with thirfilms employing methods such
as magnetron sputtering or thermal evaporation. Chemical vapor deposition is
employed for preparing thin nanostructured films such as metal oxides or graphene.
Materials for applications in optics, optoelectronics and photonics for devices which
include diodes and transistors for light emitting applications, glasses or modular
composition fibres for photonic applications.
Biosensors and biomedical devices based on nanostructures or on devices containing
nanostructures as building blocks.

Nanostructures and nanostructured materials can be exploited successfully in biosensors,
mainly due to the high specific surface but also due to other specific functionalities induced by
the low dimensionality. Electrochemical sensors are developed based on nanostructured
materials and are functionalized with different types of biomolecules in such way in which
both the desired sensitivity and selectivity are obtained. In this context, different types of
substrates and configurations of functionalization are investigated with the goal of optimizing
device performances. Novel applications are consided, including wearable sensors for
physiologic parameters monitoring. Several specific examples follow:

Submicrometer fibres; biomimetic devices based on microfiber web electrodes. In our
group, methods of fabricating polymer submicrometric fibres were deeloped namely:
electrospinning and forcespinning. By further functionalization, transparent and flexible
electrodes based on metal covered polymer fibre webs are obtained. These electrodes
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can be applied on a wide range of substrates including here matal$ such as textiles
and paper and can become the functional element of devices such as biosensors or for
applications such as artificial muscles. Functionality can be increased by covering with
electroactive polymers, leading to devices with highly supeor performances when
compared to classic architectures.

Biocompatible materials represent another research direction of the group, several
approaches being developed, including both biopolymeric fibres (collagen or cellulose),
natural membranes (eggshell rambrane) or nanostructured materials such as
hydroxyapatite. Further functionalization includes covering with different compounds
or nanostructures or doping and leads to multiple fields of applications, the main one
being that of medical devices.

The research directions of Lab. 10 are mostly interconnected for developing devices with
direct applications. Equipment for fabricating fibres by means of electrospinning and
forcespinning were designed and developed in the laboratory with the support of the engeers
from the application department.

Relevant infrastructure:
The activity of Lab. 10 relies on several fulhequipped chemistry and electrochemistry
laboratories (dedicated to different types of applications) as well as clean room infrastructure,
essential for devices fabrication:
Electron-beam nanolithography equipment with Raith Elphy systems with laser
interferometers and Hitachi S3400 and Zeiss Merlin compact electron microscopes;
Lithography/Mask Alignment EVG®620 NT system with nanoimprint cpabilities;
CVD equipment for preparation of carborbased nanostructures;
CVD equipment for deposition of semiconducting materials;
Laboratory for optical characterization including UVz Vis absorption spectrometers
(Carry 5 and Perkin Elmer 35), photolummescence spectrometers (Edinburgh and
Perkin Elmer LS55), near field photoluminescence microscope, plasmonic resonance
spectrometer with potentiostat;
Ligquid chromatography equipment with mass spectroscopy;
Laboratory for cytocompatibility testing, including cell culture facilities and multt
parametric analysis methods (flow cytometry, spectrophotometry, fluorescence
microscopy).

Available services:
Scanning electron microscopy characterization of materials (micromorphology,
composition);
Optical characterization by means of optical spectroscopy;
Development of equipment for producing micrometric and submicrometric fibres by
means of electrospinning and forcespinning.

Main results:
6 research projects (2 x PNRR; 2 x PCE; 1 x PED; and 1 x PD);
35 articles published in Web of Science@ndexed journals with impact factor (of
which 14 with main author from Lab. 10);
1 EPO patent application;
1 OSIM granted patent;
9 OSIM patent applications.
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Highlights:
Electronic and optical properties of ZnO nanowes/graphene nanohybrids[seel. Alloys
Compd. 976 (2024) 173109 |,
Multiferroic_materials based on Mhexaferrites [seeJ. Alloys Compd. 983 (2024)
173897 ];
Submicron electrospun polymeric fibres coated with palladium for wearable sensors
[seeACS Appl.Polym. Mater. 6 (2024) 2274 72283 & Talanta 280 (2024) 126684 |;
Metallic thin films with various applications obtained by innovative techniqueqseeJ.
Magnes. Alloy 12 (2024) 3115 z3134];
Hydroxyapatites for biological and environmental application§seeMater. Chem. Phys.
324 (2024) 129690 ; Micron 184 (2024) 103661 & Ceram. Int. 50B (2024) 1742 7
1755];
Electrospun nanofibers and fibrillary scaffold for electrochemical cell biomarkers
detection [seeSmart Mater. Struct. 33 (2024) 015009 & Microchimica Acta 191
(2024) 435 ].
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LABORATORY 20

O#1 1 Pl A (AOAOTI OOOOAOOOAO AT A -
HeCoMat

Head of laboratory: Dr. George STAN, Senior Researcher rankgegrge_stan@infim.rd

Personnel: 33 membersz 9 x SR1, 3 x SR8,x SR3, 2 x SR, 7 x RA, 2 x srijineer/engineer,

and 2 x technician.

Beyond its scientificendeavours the group actively participates in educational and training
initiatives.

23 team members hold PhD titles in physics9§1chemistry (2), electrical engineering (2), and
materials engineering (1), including 1 PhD supervisor. Additionally, the team includes 4 PhD
students and 2 MSc students.

Main research directions:
Ferroelectric materials and related structures for electronic, optoelectronic and sensing
applications (including non-volatile memories, UV and IR detectors, piezoelectric
devices);
Materials and devices with application in microelectronics, photovoltaiconversion and
light/particle detection (including field -effect transistors, hybrid perovskite and
chalcogenidesolar cells, and silicorbased particle detectors);
Superconducting and magnetic materials, strongly correlated electron systems;
Dielectric and ferroelectric materials for microwave devices €.g, dielectric resonators,
ferroelectric varactors, filters, antennas);
Materials for healthcare applications.

Relevant infrastructure:

HeCoMat possesses a noteworthy infrastructure, covering the entitechnological chain
from the preparation of materials in the form of powders, bulk and thin layers and their
complex physicachemical characterization, to the integration of the optimized materials into
functional devices. Amongst the most important systas and equipment one can mention:

SURFACE SCIENCE pulsed lased deposition (PLD) work statiéig.(20z1a) equipped
with: 2 deposition chambers, each with 4arget carousels; a KrF excimer laser with 248
nm wavelength, repetition rate of 1z 10 Hz, and maxinum energy of 700 mJ; control of
laser fluence; substrate heating up to 1000 °C; control of working gases pressuresitu
reflection high-energy electron diffraction (RHEED) capabilities. One reaction chamber
is used to deposit ferroelectric layers basedn perovskites and other metal oxides€.g,
doped ZnO, Hf@), whilst the other chamber is used to prepare superconductor thin
films.

SURFACE SCIENCE hybrid system for tfiims synthesis from temperature-sensitive
materials by (i) matrix assisted pulsed laser evaporation (MAPLE) and i() PLD,
constituted of: a deposition chamber within-situ freezing facilities for targets .g,
frozen suspensions of organic materials or inorganic nanoparticles in a support matrix);
a KrF excimer laser with 248 nm waveingth, 1z 10 Hz repetition rate, and 700 mJ
maximum power; maximum heating temperature of the substrate: 500 °€ MAPLE &
700 °Cz PLD.

Multi-cathode radiofrequency (RF), direct current (DC) and pulsed direct current (p
DC) magnetron sputtering (MS) systims with various facilities: bias, etching and heating
(up to 800 ° C) of substrates; vacuum loatbck for sample transfer; vacuum systems
(down to ~10-6 Pa); computerized control and process automation. The latest MS
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equipment, AJA PHASE Il J, purchase&d2016, is shown inFig. 20z1b. Each MS system
in Laboratory 20 is dedicated to a distinct class of materials: metallic contacts;
semiconductor and dielectric materials; biocompatible materials.

Chemistry laboratory for the preparation of powders, bulk magrials and thin-films by
chemical (wet) methods, equipped with hightemperature annealing furnaces; spin
coating systems; fume hoods, aggregate mills; weighting scales;hause made glove
boxes; glasswareetc.

Doctor blade/Slot-die MTI system for large area deposition equipped with 100 mm
width adjustable micrometre applicator, a slotdie head and an adjustable speed syringe
pump. Additionally, two in-house built Doctor blade/Slotdie systems are also available.
Spray pyrolysis facilities.

Professional Glovebox MBraun with two chambers (3 and 4 gloves), with integrated
spin-coater and closed cycle gas purification system capable of maintaining an
atmosphere with HO and Q under 0.1 ppm and with a solvent filtet

Laboratory for the preparation of piezoelectric and superconducting materials,
polycrystals and single crystals.

Ceramic materials 3D printing laboratory, equipped with a NORDSON EFD, EV series,
robocasting (direct ink writing) printing system, with Ulti mus V dispenser; an ANTON
PARR MCR302e modular rheometer; and a THINKY ARED ceramic mixing &
degassing machine.

PHRSEN Y

2 // :-!'y‘» i’ —— - _‘.7:,;1:.\; : ‘
Fig. 20z1a PLD workstation assembly, SURFACE Fig. 20z1b RF, DC and {bC magnetron
SCIENCE, for the deposition of ferroelectric thifilms. sputtering system, AJA PHASE II, for the

deposition of semiconductor thinfilms.

X-ray diffraction systems for structure analysis of thinfilms (a RIGAKU SmartLab 3
kwW/2017 from room -temperature to 1100 °C and a BRUKER D8 Adwei2006) and
powders (ANTON PAAR XRDynamic509 from 600 °C toz180°C and a BRUKER D8
Advance/2007).

Optical and structural characterization systems, including a i) variable angle
spectroscopic ellipsometer (WOOLLAM) with wavelength range 209 1700 nm (6.27
0.73 eV), angle of incidence (3% 90°), automated sample translation stage (for
mapping) 150 mm x 150 mm, and an Instec temperature control stagel@0 z 600 °C)
and (i) a near infrared (NIR), infrared (midIR) and far infrared (farlR) Fourier
transform infrared (FTIR) JASCO spectrometry platform, encompassing the 1209®0
cnk? spectral range. VASE Woollam can be used in the following modeg:réflection
ellipsometry on semiconductor/dielectric thin-films or multilayers (inferred sample
parameters. thicknesses, refractive index, extinction coefficient, absorption coefficient,
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dielectric function, band gap, critical point energies, electrical parameters for
degenerate semiconductorg resistivity/conductivity, carrier density, scattering time,
carrier mobility, phase transition in the temperature range-160 z 600 °C); and (i)
transmission ellipsometry on uniaxial/biaxial crystals, glasses and glass ceramics
(derived sample parameters: linear birefringence and linear dichroism, Verdet
constant/ Faraday rotation).

Surface investigation by scanning probe microscopy (SPM) in contact or naontact
mode with piezoelectric (PFM), magnetic (MFM) or conductive (BFM) response.
Electrical measurements laboratory, including: 2 LAKE SHORE crpmobers for
eledrical measurements in the temperature range of 1 400 K; one with vertical
magnetic field up to 2.5 T, and one with horizontal magnetic field up to 1.5 T, each with
at least 3 micromanipulated arms with contact needles allowing electrical
measurementsfrom liquid helium to 400 K under various electric/magnetic fields and
illumination conditions; 4 cryostats, covering a temperature range between 19800 K;
DLTS (deeplevel transient spectroscopy) and TSC (thermally stimulated current)
systems for the nvestigation of electrically active defects (charge carrier traps) in
materials and MOSlike structures; setup for pyroelectric measurements; ferritesters;
various instruments for measuring currents, resistances and voltages (electrometers,
nanovoltmeters, LockIn amplifiers); voltage and current sources; RLC bridges; and
impedance analysers. These facilities are used to perform complex characterization of
electrical (hysteresis loops; €V and +V characteristics; impedance spectroscopy; defect
spectroscopes; etc) and superconductive properties (electron transport,
thermodynamics, magnetiefield penetration depth measurements); determination of
the dss piezoelectric coefficient Kelvin probe and Hall measurements.

Solar cells testing laboratory Fig. 20z2), with two Newport LED solar simulators
(aperture 50 mm x 50 mm), VeraSeR AAA Class and a MiniSol ABA Class), with AM 1.5G
solar spectrum and adjustable power coupled with a Keithley source 2601. A system for
measuring the Quantum Efficiency (EQE and @E) with accessories, working in the 250
Z 2500 nm spectral range, is available.

Microwave dielectric materials and devices testing laboratory, including:

o Vector Network Analyser PNA 8361A from Agilent (0.0% 67 GHz) for two-ports
complex S parameterslt uses electronic calibrator Agilent N469460001 in the
range of 0.01z 67 GHz. For access, 1.9 mm, 2.9 mm, 2.4mm, 3.5 mm, SMA or N
connectors or adaptors are used.

0 Vector Network Analyser PNAX N5245A from Agilent (0.1z 50 GHz standalone)
with 4 ports and dual sources. It allows measurements of the S and X rlamear
parameters. By using thamillimetre wave extensions, the system covers a wide
frequency band up to 500 GHz. Each extension pair allows the measurement of
the two-ports parameter of waveguice devices. Themillimetre wave extensions
are from Agilent/OML (N5260A V10 VNA2, WRO0, 75110 GHz; N5260A V06
VNA2, WR06, 110-170 GHz; N5260A V05 VNA2, WB5, 140-220 GHz; N5260A
V03 VNA2, WR03, 220-325 GHz; N5260A V02.2 VNA2, WeR.2, 325500 GHz).

o0 Anechoic chamber with internal dimensions 3040 mm x 4100 mm x 2800 mm,
for antenna characterizations €.g, directivity parameter) in the range of 0.9 40
GHz.

0 Microprobe station for direct on-wafer measurements of tweports in the
frequency range 0.1z 67 GHz by using GSG probes with 150 pym and 100 pm
pitches.

0 THzTDS spectrometer from AISPEC Pulse IRS 2000 Pro, operating in the range
of 200 GHz 5 THz.
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In the framework of collaborative researchactivities, HeCoMat can access other NIMP
infrastructures, such as: TEM and SEM equipment; XPS characterization (including at
Elettra Synchrotron Trieste); magnetic measurements (SQUID, PPMS); other optical
spectroscopy technigues (Raman, UVis-NIR, Iuminescence); clearroom
(photolithography, dry etching); andin-vitro preliminary biological testing of materials.

Fig. 20z2 Solar‘ cells tig laboratory.

Available services:

Preparation of materials (nanepowders; bulk ceramics; fabrication ofthin-films by
various techniques, including chemical methods, CVD and PVD techniques);
Investigation of charge carrier traps by DLTS and TSC;

Electric characterization of materials in a wide temperature range, under electric and
magnetic fields;

Investigation of pyroelectric properties;

Fabrication and characterization of materials by electrochemistry;

Fabrication and characterization of perovskite solar cells;

Fabrication and characterization of microelectronic devicesd.g, FET, MOS);
Characterization of microwave millimetre waves and terahertz materials and devices;
Antenna characterization (antenna directivity) in anechoic chamber in the frequency
band from 900 MHz to 40 GHz;

Electromagnetic design for microwaves devices/structuresby using high accuracy
software packages such as CST Studio Suite, Ansoft HFSS, and Ansoft Designer;
Deposition of biocompatible (ceramic and glass) coatings on metallic implants;
Characterizations by &) reflection ellipsometry on semiconductor/dielectric thin -films
or multilayers (thicknesses, refractive index, extinction coefficient, absorption
coefficient, dielectric function, band gap, critical point energies, electrical parameters for
degenerate semiconductorg resistivity/con ductivity, carrier density, scattering time,
carrier mobility, phase transition in the temperature range-160 z 600 °C); and b)
transmission ellipsometry on uniaxial/biaxial crystals, glasses and glass ceramics
(optical constants, linear birefringence andinear dichroism, Verdet constant/ Faraday
rotation).

XRD characterizations for crystalline phase identification and their quantitative
analysis; determination of the lattice parameters, average size of crystallites, maesnd
micro-strains, preferred orientation, etc, analysis of home and hetero-epitaxial
structures; Xray reflectometry analyses for inferring the thickness, density and
roughness of the surface and interfaces of amorphous and crystalline layers and multi
layers; etc.

FTIR spectroscopy aalyses in transmission, specular reflectance (including at grazing
incidence), attenuated total reflectanceg ATR (RTz 180 °C), diffuse reflectancg DRIFT
(RTz 500 °C) and integrating sphere modes.

Morpho-compositional analyses by HFSEMz EDXS;

Surfacecharacterization of materials by AFM, PFM, MFM, andAEM.
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Main results:
12 research projects (1 x PD; 1 x PCE; 1 x PED; 1 x PTE; 3 x CERN; 1 x SEE; 1 x RONAQCI,;
1 x Sectorial; 1 x MERA.NET; and 1 x PNRR);
34 articles published in Web of Science@ndexed journals with impact factor (of which
14 with main author from Lab. 20);
3 OSIM granted patents;
7 OSIM patent applications.

Highlights:
Successful execution of theconomic contract with Swarm European Servicegocused
on research inmemristors for cryptographic key applications
Successful completion of theEeEANorway funded project PERLAPV, which aimed to
develop costeffective, largearea printing technologies for perovskite solar cells (PSCs)
while addressing toxicological and environmental conerns associated with hazardous
elements and solvents in the fabrication process. PERIEA/ brought together five
research institutions: National Institute of Materials Physics (Romania, coordinator),
University of Oslo (Norway), Reykjavik University (Icelad), Horia Hulubei National
Institute for R&D in Physics and Nuclear Engineering (Romania), and Tritech Group
(WATTROM, Romania, SME enger). The project focused on:X) Developing scalable
printing technologies for large-area deposition of all PSC layers(2) Engineering
perovskite compositions to diminish degradation effects and enhance stability of PSCs
while implementing environmentally friendly solvent strategies; 3) Investigating
degradation mechanisms in PSCs through experimental and theoreticalugies of
materials and interfaces to enhance device durability.
Key outcomes of PERLARV include thedevelopment of fully printable, costeffective
PSC fabrication techniques, which are readily scalable for industrial productiof the
knowledge gained on he chemistry, physical properties, and charge transport
mechanism in PSCsThe project successfully produced largarea perovskite solar cells
and mini-photovoltaic panels, with fully printing-like and costeffective techniques for
all of the different layers in a PSC (inorganic, hybrid, and organic compounds). The
printing technologies developed in PERLAV are readily scalable to an industrial level,
representing a significant achievement for both the scientific community and industry
by advancing fundanental knowledge and practical applications in the field. PERERV
resulted in 10 scientific articles, 1 patent, and functional PSC devices and photovoltaic
modules. Project details, reports, and outputs are freely accessible fitps://perla -
pv.ro/ . Recognizing its impact, the project was selected among the top five EEA projects
with notable results.
We demonstrated theferroelectric switching at both the nanoscale and macroscopic
levels by producing Ba.sSr.2TiOs ceramics down to 77 nmz an achievement not
previously reported for this composition. The study feeProg. Solid State Chem. 74
(2024) 100457 ] showed a significant decrease in permittivity and a stable Curie
temperature. Grain size reduction was attained throuly spark plasma sintering of
TATTBPI xAAOO j 1 AAT DAOOGEAT A OEUA Byxym -1i Qq
structured samples exhibited stronger ferroelectric properties than ultrafine ceramics,
xEEAE AAT AA Agbpl AET AA AU A 11000 0 0A OAERBA A
non-ferroelectric boundaries. These findings expand the understanding of graisize-
AADPAT AAT O DEAT T {bdsédAsystEns ard AoffeE hgw perspectives for
optimizing lead-free, fine-grained ferroelectric ceramics for highperformance energy
storage, sensing, and actuation applications.
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Advances toward energyefficient neuromorphic computing were made with the
demonstration of anovel ferroelectric memristor based on an epitaxial HZO/SrTi&) / Si
structure. The device operates aflow-OT | OACA | S¢ 6 v enBrgyE EAE O
consumption (~8 fJ per event), and supports multievel conductance states. Structural
and electrical characterizations confirm robust ferroelectricity and synaptic plasticity.
By incorporating a semiconductorelectrode, this approach enhances device stability
and scalability, addressing key challenges in ferroelectric newolatile memories. These
findings contribute to the development of brairinspired hardware with power-
efficient, bio-realistic learning capablities [see Adv. Funct. Mater. 34 (2024)
2311767 ].

Research was focused on the critical analysis of the wetting properties and
DEI OT AAOAT UOEA AsFAEAEAT AU 1T £ AT CET AAOAA ¢CI
self-cleaning applications The TiQ layers were obtained using a simple spraying
method, a technique weHsuited for industrial processing of largearea substrates,
regardless of the material type (plastic, metal, glass, or ceramic). Its caxffectiveness
stems from the accessibility and asy maintenance of its components. As highlighted in
our study, the selfcleaning functionality of TiQ layers is predominantly influenced by
their surface topography. We demonstrated that optimizing spraying pressure during
deposition and adjusting postannealing temperatures effectively enhances these
properties. Our results showed an impressive 100% cleaning efficiency in both thick and
thin TiO2 films while maintaining optical transparency between 60% and 80% in the
visible spectrum. Furthermore, we esablished the dual capability of these engineered
TiOz surfaces for highefficiency cleaning and effective disinfection. These findings offer
valuable insights for the development of advanced materials applicable in construction,
automotive, healthcare, sar energy, and environmental protection feeCeram. Int.
50B (2024) 42264 742275];

Efforts to combine osteogenic and piezoelectric stimulvithin hydroxyapatite (HA) and
barium titanate (BT) ceramic couples have been pursuefbr a new generation of
synthetic bone graft substitutes In a multi-parameter study, we demonstrated that in a
conventional sintering regime, the reactivity of BTHA mixture constituents cannot be
avoided at temperatures exceeding 800 °C, regardless of their ratio, crystalline quality,
or particle size. This not only resulted in a decline in piezoelectric properties but also
led to poor cytocompatibility. To address this, a simple and costffective solution was
proposed and validated: deposition of HA coatings on the surface of psintered BT
discs using industriatready radio-frequency magnetron sputtering technology. This
approach proved to be highly promising for successfully and uncompromisingly
coupling the piezoelectric and osteogenic properties of ceramicsgeCeram. Int. 50
(2024) 29711 z29728].

We explored new manganites for roomtemperature micro-scale magnetic cooling
highlighting two promising compositions. Lao.67Bao.13K0.20MNOs prepared bythe Pechini
method, showed a relatively large magnetic entropy change (MCE) and relative cooling
power (RCP) of 4.23 JKKM and 225 Jkdt, respectively, ata magnetic transition
temperature (Tc) of 316 K undera5 T applied magnetic field §eel. Alloys Compd.976
(2024) 173257]. Similarly, Lao.sKo.1Pho.1MnOs bulk perovskite, synthesized by flash
combustion reaction followed by a sintering process at 1200C, exhibied a high and
sharp peak inMCEof 5.5 JkétKM and RCP of 219 JRY, ataTcof 289 K also under 5T
[seed Mater. Sci.zMater . Electron . 35 (2024) 2138].

We investigated the impact of sulfurization and thermal treatment on the
microstructure and composition of quinary/quaternary chalcogenide light absorbers
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for _photovoltaics, obtained via solution-based approaches (i) using spin-coating of
guasi-protic molecular ink, we examine the solubility limits of cobalt in CeZnSnS [see
Appl. Surf. Sci. 672 (2024) 160848 |; (ii) employing co-electrodeposition, we identified
the most suitable additive for obtaining CeCoSn% at fixed applied potential [seeJ.
Electroanal. Chem. 959 (2024) 118177 ]; and (iii) through spray pyrolysis, we
explored the effect of different substrate temperatures on the formation of singlphase
CwBaSng[seeMaterialia 36 (2024) 102178]

We conducted an ehaustive characterization of potassium phosphates for energy
storage obtained by solidstate reaction Our findings revealed thatcopper-based
chromium phosphates exhibit the most efficient chargenobility and the highest a.c.
conductivity compared to those with nickel or cobalt feel. Alloys Compd.1009 (2024)
176870 ], Furthermore, substituting Ba2* by S+ in KBaixxSxCr2(PQw) 3 Langbeinite-type
phosphate led to the highest specific capacitance of 3.86 F/g for KB&Sr.sCr2(PQy)3,
with an energy density of 343 mWh/kg and a power density of 30.9 kW/kg. This
composition also presentedthe lowest impedance highlighting its potential for energy
storageapplications [seeMaterialia 36 (2024) 102147].
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Head of laboratory : Dr. Victor KUNCSER, Senior Researcher rank 1, Hakilncser@infim.ro)

Personnel: 34 membersz 7 x SR1, 7 x SR2, 7 x SR3, 3 x SR, 3 x RA, 2 x technological
development engineer (1 x TDE2 and 1 x TDES3), 1 engineer, and 4 x technician.

Beyond its scientificendeavours the group actively participates in educational and training
initiatives.

27team members hold PhD titles in physics and chemistry, including 2 PhD supervisors coordinating
17 2 PhD students annually. In addition, the team includes 3 PhD students.

Main research directions:
Fundamental and applied research in the field of magnetic and magnetonctional
materials for actuator and sensoristic applications as well as in the field of
superconductivity, mainly targeting materials with superconducting properties with
potential for practical applications. The research process covers all stages, from
preparation (bulk materials, thin-films or nanostructures) to structural and electronic
characterization, completed with a deep analysis of the magnetic and superconducting
properties, respectively.
Related to the magnetic behaviour, mainly the functionalities mediated by magnetic
reconfiguration controlled by temperature, magnetic and electric fields, applied or from
interface interactions, are envisaged. The research is focused espdlgian the study of
0D, 1D and 2D nanostructures. In the case of magndimctional structures, magnetic
systems of nanoparticles, thiafilms and multilayers, materials for colossal
magnetoresistance (CMR), giant magnetoresistance (GMR) and tunnelling
magnretoresistance (TMR), soft and hard magnetic materials, Heusler compounds with
spin polarization, heterogeneous multiferroic systems, magnetoaloric materials,
diluted magnetic oxides/semiconductors, thermeelectric systems.etcare envisaged. In
addition, bulk materials, advanced hybrid systems and composites/nanocomposites
destined to operate in extreme conditions such as the ones in fusion and fission reactors,
particle accelerators and in space, are investigated. Interactioret the interface and
functionalities induced by them in nanostructured hybrid systems such as soft
magnet/hard magnet (exchangespring), ferromagnet/antiferromagnet (exchange
bias), ferromagnetferroelectric (magneto-electric coupling) represent other fidds of
interest related to fundamental and applicative aspects of smart mukHiunctional
systems. In specific cases, the experimental studies are completed by theoretical studies
approaching electronic configurations based on Density Functional Theory (DF&and
magnetic configurations based on finiteelement simulation programs.
Related to the superconducting behaviour, studies of vortex matter, dynamics and
pinning and nanoengineering of artificial pinning centres for highmagnetic field
applications areenvisaged. Exploration of fields of applicability of these materials and
related ones considering, beyond superconductivity, other that may be important for
applications, such as mechanical, biological, optical are also considerdthe studied
materials are mainly cuprate high temperature superconductors Y (rare earth)
BaCwOr (RE123) with nano-engineered pinning centres, Bi and Labased
superconducting cuprates, MgB (with various additions for increasing pinning
properties), iron-based pnictide and chatogenide multicomponent superconductors
and low temperature (classic) metallic and intermetallic superconductors. Other
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materials of interest are Ce®@ SrTiQ, LiPdPtB, PdO, boron/carbide composites, selected
steels, and archaeological ceramic materials.ddt of the materials are obtained in the
laboratory in various forms: powders, polycrystalline bulk samples, single crystals,
wires/tapes, nanostructures, heterostructures and nanocomposites. The group uses
advanced techniques for obtaining or processing aterials: conventional powder
synthesis in controlled atmosphere, cryochemistry or energy milling, crystal growth in
flux or by melting zone, growth of thin films by laser ablation, sintering by spark plasma,
lamination, arc melting,etc.

Relevant infras tructure:

Amongst important research equipment, considering preparation facilities as well as

characterization ones, the following can be listed:
Spark plasma sintering, hot pressing sintering, microwave sinteringg. 30z1);
Melt-spinning and variousball mills;
Nanoparticle preparation systems by hydrothermal / solvothermal synthesis in
autoclave and centrifugation for separation by sizes);
RF/DC sputtering deposition system for magnetic thifilms and multilayers with 4
sources and base pressure irhe range of 18° mbar;
Facility for inducing thermal transfer in radiofrequency magnetic field to determine
specific absorption rates in dispersed nanoparticle systems;
Thermogravimetric and differential scanning calorimetry systems;
Vibrating Sample Magngometry system in magnetic fields up to 9 Tesla;
Mossbauer spectrometers with different accessories to perform measurements at
variable temperatures (4.5 Kz 1000 K) and in applied fieldsyia the detection of gamma
radiation / X- rays / conversion electrons (the only group in Romania active in
Mossbauer Spectroscopy)Kig. 30z1);
Complex system for measurements of physical properties (PPMS) with magnetic fields
up to 14, DynaCool System in up to 9 T and a SQUID type magnetomekeg.(30z71)
working in 7 T down to 2 K from Quantum Device with the corresponding facility for
liquid He production (18 L/24 h);
Magnetic texturing of thin-films is investigated by vectorial MOKE magnetometry;
For high temperature domain, the laboratory possesses a Laser Flash Arsar system
that allows the determination of thermal diffusivity, specific heat and thermal
conductivity of the volume materials or multilayers (3 layers, including liquids) in the
range 25z 1100 °C, a dilatometer (Netzsch 402 C, 2015) to determine therdexpansion
coefficients (25z 1600 °C) and an equipment (Netzsch, Nemesis 2015) to determine
electrical conductivity and Seebeck coefficient (23 800 °C);
In order to determine the composition in bulk / powder systems, an Xay fluorescence
device is avdable, while for very low concentrations/quantities the group possesses an
inductively coupled plasma mass spectrometer (IGRS) (Fig. 30z1), with an extension
for thin film analysis by laser ablation (LA), the last one being acquired in 2019;
Mechanical properties are determined in quasistatic regime up to 1700C, using a
recently-acquired equipment (INSTRON).
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i

F.ig. 30z1 ICPR-MS with LA for thin-films (upper left), Mossbauer spectrometers with closed circuit He
cryostats (lower left) and SQUIDevicez Quantum Design, of high sensitivity (middle). Spark plasma
sintering plant (FCT Systeme GmbH) used to obtain high density bulk materials (right).

Available services:
Preparation of metallic and intermetallic compounds in the geometry othin-films,
ribbons or bulk;
Synthesis of materials that are important for applications using statef-the-art powder
metallurgy techniques;
Lyophilization from frozen materials;
Treatment of powders and thinfilms at high pressures and temperatures in no-
corrosive gas atmosphere (hydrogen, nitrogen, methane, carbon dioxide, helium) and
measurement of the formation kinetics and thermodynamics of the materials obtained
by gassolid reaction;
High sensitivity magnetometry to characterize the magnetic propdies of the elements
(bulk, powders and nancepowders, ribbons and nanocomposites, Q9 1- and 2-
dimensional nanostructures);
Characterization of the thermodynamic and transport properties (thermal, electric) of
the materials in a large temperature domain;
Determination of the Debye temperature, specific heat and entropy variation of solid
materials in the temperature range of 2 300 K and in a magnetic field between 0 and
14 T,
Determination of thermal conductivity of solid materials in the temperature rang of 2
Z300 K and in a magnetic field between 0 and 14 T;
Complex characteristics and specific local configurations and magnetic interactions in
materials containing iron, evidenced by all techniques of Mossbauer spectroscopy;
Specific temperaturedependent properties evidenced by modern differential thermal
analysis methods, differential calorimetry and mass spectrometry;
Atomistic simulation within the DFT of the materials for advanced applications and
finite element micromagnetic modelling;
Preparation/processing by various techniques of powders, singkerystals, thin
films/heterostructures/nanostructures, bulks, composites;
Magnetic and transport measurements on superconducting materials;
Analysis of experimental data obtained on superconductors witthe determination and
modelling of critical parameters (critical temperature, critical current density,
irreversibility field, pinning force and pinning mechanisms, trapped field, vortex pinning
energies, Debye temperature, and others);
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Mechanical measuements in quasistatic regime up to 1700C (bending/compression
of hard materials);

Analysis of mechanical properties and correlation with fractography aspects;
Targets fabrication for thin film deposition.

The group also develops materials and technologg for a number of applications:
superconducting thin layers and coated conductors from high critical temperature cuprates
containing nano-engineered pinning centres; superconducting MgBwires/tapes in metallic
sheath; MgB-based magnetic storage devicesmagnetic concentrators and magnetic
shieldings; MgB-based powders, coatings and bulks for biomedical applications; bordmased
super-hard materials for tools and extreme high temperature applications, integrated
multifunctional devices.

Main results:
17 research projects (1 x SOL; 1 x SEE; 4 x EURATOM; 4 x PED; 1 x PCE; 2 x TE; 2 x PD;
1 x SNFR; and 1 x INUMMAT);
34 articles published in Web of Science@ndexed journals with impact factor (of which
19 with main author from Lab. 30);
1 OSIM granted patnt;
9 OSIM patent applications.

Highlights:
Design _and characterization of novel REfee based exchange spring magnetic
nanocomposites with enhanced magnetic performancgseeSci. Rep. (2024) 17029];
Investigation of the magnetic behaviour and exchangéias effects in FeFeGZnO
nanocomposites[seeResults Phys. 58 (2024) 107469 |;
Investigations of image potential states of 2D materialfseeAppl. Mater. Today 39
(2024) 102304 ;
Investigation of local structure and magnetic interactions in_norstoichiometric Mgo.s
CasFexOs nanoferrites by magnetometry and Méssbauer spectroscofgeeCeram. Int.
50 (2024) 6025 |;
Magnetocaloric properties of bulk perovskite manganite§seeJ. Mater. ScigMater.
Electron. 35 (2024) 2138 |;
Evidence of skyrmion phase inFe-CoSi systems obtained by mechascthemical
activation [seePhysica B Condens. Matter 688 (2024) 416153 ].
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Head of laboratory : Dr. Cristian Mihail TEODORESCU, Senior Researcher rdnkHabil.
(teodorescu@infim.ro

Personnel : 22 membersz 2 x SR1, 4 x SR2, 6 x SR3, 1 x TDE3, 4 x SR, 3 x RA, and 2 x technician.
Beyond its scientific endeavours, the group actively participates in educationaind training
initiatives.

17 team members hold PhD titles in physics (12), chemistry (1), materials engineering (3), and
electronics (1), including 1 PhD supervisor. Additionally, the team includes 3 PhD students in
physics.

Main research directions:
SufAAA AT A ET OAOEAAA AT AT UOGEO AU bDEIT O1T Al AA
spin-resolved PES, PEDIn situ electron diffraction (LEED, RHEED), AES, scanning
OOTTAITEI ¢ I EAOT OAT PU AT A OPAAOOIT OAl PU 34-
lowenergyandE |1 OT AT EOOETT Al AAOOIT 1 EAOT OAT PU j
Surfaces, thinfilms and heterostructure preparation by molecular beam epitaxy (MBE);
Theoretical aspects of ferroic systems.

New subjects:
Analysis of ferroelectric surfaces, band bending in heterostructures;
Molecular reactions at ferroelectric surfaces;
In plane conduction properties of 2D systems on ferroelectric surfaces;
O¢s$ TATT OAAAOT OOGoh 111 AAOI AO OAAAOQGEIT O xE
layers and substrates;
Spin asymmetry in band structureof 2D systems;
Photocatalysts with internal junctions;
Multiferroic  structures with indirect exchange or coupling through charge
accumulation;
Theoretical developments in the area of ferroic thirfilms (ferroelectric, ferromagnetic);
Ferromagnetic andferroelectric domains;
Development of new devices operating in ultrahigh vacuum (effusion cells, evaporators,
manipulators);
Development of software packages for data analysis.

Relevant infrastructure:
A complex cluster for surface and interface science (Spe€sy. 40z1), composed by: i)
a chamber for photoelectron spectroscopy (XPS, ESCA, UPS, AEBY iholecular beam
epitaxy (MBE) chamber within situ follow-up by low energy electron diffraction CLEED)
and reflection high energy electron diffraction (RHEED) and residual gas analysisi)Ya
chamber for scanning tunnelling microscopy and spectroscopy (STM/STS) and ron
contact atomic force microscopy (AFM) with atomic resolution; iy) load-lock and
storage of samples in ultrahigh vacuum
An installation for X-ray photoelectron spectroscopy with possibilities of restricted area
analyses (lateral resolution 2 um) and automated change of samples / measuring areas,
coupled to a reaction cell at high pressures and temperatures (Kratdsig. 40z2);
A complex cluster for surface and interface science (Spedsg. 40z3), delocalized
actually on the SuperESCA beamline at the Elettra synchrotron radiation facility in
Trieste (Combined Spectroscopy and Microscopy on a Synchrotrop CoSMoS),
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composed ly: (i) a chamber for photoelectron spectroscopy (XPS, ESCA, UPS, AES) with
angle and spin resolution (ARPES, XPD, ARUPSUUBR); {i) a molecular beam epitaxy
(MBE) chamber with in situ follow-up by low energy electron diffraction (LEED) and
reflection high energy electron diffraction (RHEED) and residual gas analysidii) a
chamber for scanning tunnelling microscopy and spectroscopy (STM/STS)y) load-
lock and storage of samples in ultrahigh vacuum. This installation has allocated each
semester fromB AOOOA uv-EARDOB OAOABRIOAESG AAAI OEI A Al
allocated based on research projects, reserved only from projects from Romania. In
addition to synchrotron radiation beamtime, photoelectron spectroscopy using
laboratory sources, or otheé experiments STM/STS, LEED, RHEED, Augetc are
possible at any time, provided the personnel is able to travel at Elettra;

An installation for low energy and photoemission electron microscopy: LEENIPEEM,
micro LEED, micro ARUPS (Specs). The instaltatiis able to perform simultaneous
imaging (.e, without scanning) of surfaces by using low energy electrons or
photoelectrons produced by UV radiation. In the LEEM mode, the lateral resolution is
about 5 nm, and in the PEEM mode about 50 nm. The advargagof using this
installation are: (i) the possibility to record immediate imaging, to realize movies, to
follow-up in realtime surface modifications; (i) the fact that one uses low energy
electrons makes this method suitable for delicate surfaces, whiattherwise would be
damaged by high energy electrons such as the ones used in scanning electron
microscopy (SEM); {ji) one may obtain structural or electronic structure (densities of
states, dispersion laws) information onnanometre scale.

Setup for extended Xray absorption fine structure (EXAFS). Excitations: Mo [
(17479.34 eV), W L. p(8397.6 eV), power 3 kW (40 kV, 75 mA); Ge(220), Ge(400),
Ge(840) monochromators; detectors: proportional counters, scintillation detectors;
measurement in transmisson or fluorescence; simulation and analysis software.
Produced by Rigaku, Tokyo, Japan.

Magneto-optical Kerr effect microscope with possibilities of inplane and outof-plane
magnetic fields up to 1 T, resolution 500 nm

{
Mﬁonunu‘i
AKX &y Source

Fig. 40lehef|rsthusterof OOFEAAAO AT A EI-OAOEAAAOUPOEARGORDDOEAA OI
NIMP. With red, the principal components are denoted (XPS, STM, MBE). With yellow, the main devices. Other
photographs from this panel plot the working pressures, the quality oKPS spectra, LEED and STM images.
Produced by Specs, Berlin, Germany.
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dual A1/ M,

Fig. 40z2 The installation for photoelectron spectroscopy with possibilities of analysis on micrometre areas and
provided with a cell for sample treatment at elevated pressures and temperatures (4 bar / 1000 °C). Produced by
Kratos, Manchester, United Kingdom.

r Hcvﬁt&p erical
‘e(tron

enerqy

Fig. 4023 The CoSMoS (combmed spectroscopy and microscopy on a synchrotron) cluster coupled to the
SuperESCA beamline at Elettra, Trieste. Produced by Specs, Berlin, Germany.

Available services:
Photoelectron spectroscopybased techniques: Xay photoelectron spectroscopy (XPS)

and diffraction (XPD), ultraviolet photoelectron spectroscopy (UPS), anglesolved UPS

(ARUPS), spirresolved ARUPS;
Auger electron spectroscopy (AES) and diffraction (AED);
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Low energy electron diffraction (LEED) andeflection high energy electron diffraction
(RHEED) characterization of surfaces;

Scanning tunnelling microscopy (STM) and spectroscopy (STS) at variable temperature;
Non-contact atomic force microscopy (AFM) with atomic resolution;

Sample depthprofiling by ion sputtering assisted by XPS or AES;

Surface cleaning and synthesis of epitaxial thifilms by molecular beam epitaxy (MBE);
Thermally-programmed desorption of molecules from surfaces by residual gas analysis
(RGA);

Low energy electron microscopy (LEE!) and photoemission electron microscopy
(PEEM), micreLEED and micreARUPS;

Extended Xray absorption fine structure (EXAFS).

Main results:
4 research projects (1 x PCE; 1 x TE; 1 x ELI; and 1 x IOSIN);
36 articles published in Web of Science@ndexed journals with impact factor (of which
7 with main author from Lab. 40);
1 OSIM granted patent;
3 OSIM patent applications.

Highlights:
Evidence of the interplay between substrate polarization and reversible molecular
adsorption/desorption processes for COon BaTiG(001) [seeMater. Adv. 5 (2024)
570975723], CGH4/BaTiO3(001) |[see Heliyon 5 (2024) 5709 z5723] and
CQ/BaTiO3(001) [seeMater. Adv. 5 (2024) 8798 z8811]. In the latter case, the carbon
coverage was nearly one monolayer, which is a promising resufor using barium
titanate in carbon capture, utilization and storage (CCUS) technologies.
Evidence of surface spin asymmetry of O 2p states in Srg{A01) [seePhysica Scripta
99 (2024) 105925 ] and in_SrTi®3(011) [seed. Chem. Phys. 162 (2025) 054707]. In
the latter case the spin asymmetry is considerably larger, since the surfacel®yer must
have a lower negative ionization state in order to stabilize the surface, according to
4AOEAOB8 O AOEOAOEAS
Theory of Floguet topological insulators with timereversal symmetry broken by light
irradiation (FTI) with spin -orbit coupling [see Phys. Rev. B 109 (2024) 075121] and
of related Floquet topological spin filters based on an FTI realized by irradiating a
honeycomb lattice with circularly polarized light, in the presence of intrinsic spirorbit
coupling [seePhys. Rev. B 110 (2024) L241113].
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Head of laboratory: Dr. Valeriu MOLDOVEANU, Senior Researcher rankvalim@infim.ro)

Personnel: 6 membersz 1 x SR1, 1 x SR2, 3 x SR3, 1 x SR, and 1 x RA.

Beyond its scientific endeavours, the group actively participates in educational and training
initiatives.

All 6 team members hol@hD titles in physics.

Main research directions:
Topological and transport properties of 2D materials and lattices;
Hybrid quantum systems for naneelectronics and naneoptomechanics;
Correlation effects in 2D lattices and artificial molecules.

Main resu Its:
4 articles published in Web of Science@ndexed journals with impact factor (of which
2 with main author from Lab. 50).

Highlights:
Stacking model of a 3D higheorder topological insulator. We presented a 3D tight
binding model for a higherorder topological system, built by stacking square diatomic
Chern insulator layers. Our analysis highlighted the role of chiral and antiunitary
symmetries in shaping electronhole symmetry and energy speitum degeneracy. By
exploring different geometriesz bulk, slab, and nanowirez we revealed the emergence
of zero-energy surface states and chiral hinge states that support a 3D quantum
anomalous Hall effect. Notably, we demonstrated that hinge state loation,
determined by the number of layers, gives rise to fractional Hall plateaus in a four
terminal transport setup. Our findings provide valuable insights into realizing 3D Chern
insulators in platforms such as magnetic topological materials, photonicrystals, and
topolectrical circuits [seePhys. Rev. Res. 6 (2024) 023168];
QEDDFT-TP approach to cavityquantum dot arrays. In two recent articles we adapted
the so-called QEDDFT-TP theoretical method to investigate the equilibrium properties
and the exitation spectrum of a square quantum dot array embedded in a cylindrical
cavity. We first report the modelling of the equilibrium properties of a twedimensional
electron gas (2DEG) in a square lateral superlattice of quantum dots in a GaAs
heterostructure subject to an external homogeneous perpendicular magnetic field and
a far-infrared circular cylindrical photon cavity with one quantized TEO11 mode. We
accomplished this with a DFT model of the 2DEG delivering the current and the charge
densities. The desities are used in the paraand the diamagnetic electrorphoton
interactions that are updated within each iteration of the DFJcalculation. With basis
states constructed as a tensor product of the electron DFStates (orbitals) and the
eigenstates of thecavity-photon number operator we thus obtain states and energy
spectra of the Coulomb and photon interacting 2DEG selbnsistently. This approach
allows us to include the electromphoton interaction to high order and observe the
complex formation of Rabiresonances in the reciprocal space of the superlattice.
Fundamental to our method to describe the electroiphoton to any order is the choice
of the TEO11l cylindrical cavity mode which spatial symmetry conforms with the
complex symmetry of the superlattican an external magnetic field. The electrosphoton
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coupling polarizes the charge density and tends to reduce the Coulomb exchange effects
as the coupling strength increases. In the? article we added a timedependent
excitation to the same system and miel the magnetically active photon processes
controlling the ratio of virtual and real para- and diamagnetic transitions. The reatime
excitation method provides results beyond the traditional linear response regimesge
Phys. Rev. B 109 (2024) 235306 & Phys. Rev. B 110 (2024) 205301 ].
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Head of Laboratory: Dr. Mihaela BAIBARAC, Senior Researcher rank 1, Habil.
(barac@infim.ro)

Personnel: 28 membersz 8 x SR1, 3 x SR2, 5 x SR3, 3 x SR, and 9 x RA.

Beyond its scientific endeavours, the group actively participates in educational and training
initiatives.

21 team members hold PhD titles in physics (20) and chemistry (1), includiiRhD supervisor.
Additionally, the team includes 7 PhD students.

Main research directions:
Optical properties of composite materials based on macromolecular compounds and
carbon nanoparticles (graphene, including graphene oxide and reduced graphene oxide,
carbon nanotubes, fullerene) and phosphorene, respectively, for applications in the field
of econanotechnologies, health and energy storage (supercapacitors, rechargeable
batteries);
Photoluminescence of 2D inorganic materials (including dichalcogenides) and their
applications in information technology, sensors and energy storage;
Optical properties of plasmonic materials, quantum dots and their applications in the
fields of econano-technologies and the pharmaceutical field;
Optical properties of the inorganic micro/nano-particles for applications in the fields of
heritage and optoelectronics.

Relevant infrastructure:
An UMVISNIR spectrophotometer, Lambda 950 model, from Perkin Elmer;
A FTIR spectrophotometer, Vertex 80 model, from Bruker;
A FT-Raman spectrophotometer, MultiRam model, from BrukerKig. 60z1);
A Fluorolog FL-3.2.2.1 model with upgrade for the NIR range, from Horiba Jobin Yvon;
A triple Raman spectrophotometer T64000 model, from Horiba Jobin Yvon, equipped
with the lasers for the excitation in visible range;
A FTIR imaging microscope SPOTLIGHUDO0 from Perkin Elmer;
A thermoluminescence reader Harshaw TLD 3500;
A system for photoconductivity and ¢V characteristics;
A Scanning Near Field Optical Microscope (Multiview 4000 SNOM/SPM system from
Nanonics) coupled with Atomic Force Microscope (AFM
A Fluoromax 4P with quantum efficiency and colorimetry options, for luminophores
characterization, o system to measure surface/interfacial tension, contact angle and
density;
A Langmuir-Blodgett instruments, KSV 2000 system and KSV 5003 model;
A potentiostat/galvanostat, Voltalab 80, from Radiometer Analytical;
A multi-channel potentiostat/galvanostat, Origaflex model, from Origalys;
An equipment for deposition by vacuum evaporation of organic materials;
A broadband dielectric spectroscopy systenrém Novocontrol;
An infrared spectro-microscope, Carry 600, from Agilent Scientific;
A surface plasmons resonance (SPR) equipment from Reichéfid. 60z2);
A hybrid Magnetron Sputteringz Pulsed Laser Deposition equipment for thirfilms (Fig.
6023);
APhysical Vapor Transport equipment for transition metal dichalcogenidesHg. 60z4).
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Available services:
Development of composite materials based on the conducting and insulating polymers
and carbon nanoparticles of the type carbon nanotubes, graphenmxide, reduced
graphene oxide, graphene quantum dots, fullerene and carbon nanohorns;
Development of organic/inorganic hybrid materials based on conducting polymers and
inorganic nanoparticles of the type ZnO, ZnS, CdS, 7;iO
Chemical and electrochemical functionalization of 2D materials (reduced graphene
oxide, phosphorenegtc) with the organic and macromolecular compounds;
Synthesis of transition metal dichalcogenides (TDMSs) of the type MgSVS, etc;
The preparation of thesurface-enhanced Raman scattering (SERS) supports of the type
of rough metallic (Ag, Au, Cu) films, the colloidal suspensions of the metallic
nanoparticles and the graphene sheets decorated with metallic nanopatrticles;
Deposition of thin layers using magetron sputtering and Langmuir Blodgett;
Realization of organic/organic and organic/inorganic structures by vacuum
evaporation and from solution;
Controlled crystallization of thin-films in various atmospheres;
Functionalization of metallic surfaces for @velopment of optical sensorsvia surface
plasmons resonance;
Analyses by the UWISNIR and IR absorption spectroscopy, Raman scattering, surface
enhanced Raman scattering (SERS), surfaeehanced infrared absorption (SEIRA)
spectroscopy, photoluminescene, atomic force microscopy and broadband dielectric
spectroscopy;
Structural characterization and phase identification in crystalline materials;
Contact angle analysis for assessment of hydrophobic/hydrophile properties;
Measurements of surface/interfaceension and of the density of liquids;
Colorimetry and quantum yield measurements for the characterization of phosphors;
Calculated absorption coefficient of inorganic and macromolecular chain with denskiy
functional theory (DFT);
Electrochemical  analysis by cyclic  voltammetry,  chronoamperometry,
chronopotentiometry, electrochemical impedance spectroscopy, Tafel polarizations;
Surface nanepatterning by UV Nano Imprint lithography (UVNIL);
Characterization of organic heterostructures for opteelectronic devices;
Galvanostatic chargedischarge measurements for the testing nanomaterials as
electrode active materials in supercapacitors and rechargeable batteries;
The preparation of electrodes with the application in the field of the electrochemical
Sensors;
Analysis concerning the stability of the drugs in the presence of UV light and various
chemical agents by UWIS spectroscopy, photoluminescence, Raman scattering and
FTIR spectroscopy.
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Fig. 60z1 MultiRam FT-Raman spectrophotometer Fig. 60z2 Surface Plasmon Resonance equipment
from Bruker. from Reichert.

) JU %
Fig. 60z3 Hybrid Magnetron Sputteringz Pulsed Laser Fig. 60z4 Physical Vapor Transport equipment for
Deposition equipment for thin-films. transition metal dichalcogenides.
Main results:

7 research projects (4 x MERA.NET; 2 x PED;and 1 x PNRR)n addi ti on, L 8
involved in 2 COST actions;

26 articles published in Web of Science@ndexed journals with impact factor (of which

16 with main author from Lab. 60);

1 EPO patenapplication;

4 OSIM granted patents;

4 OSIM patent applications.

Highlights:
Rare-earth doped GdE nanocrystals in silicate glass matrix: Crystallization processes
and photoluminescence propertiefseeCeram. Int. 50 (2024) 37518 |;
MAPLEdeposited perylene diimide derivative based layers for optoelectronic
applications [seeNanomaterials 14 (2024) 1733 ];
Fabrication of direct FLGMoS heterostructures [seeMater. Chem. Phys. 322 (2024)
1295301];
Carbonaceous structureshased composites for applicationgor applications in the fields
of biomedical, energy storage and conversion, and fieetardant building materials [see
J. Therm. Anal. Calorim. 149 (2024) 2805 ; Polymers 16 (2024) 53 ; & Materials 17
(2024) 6127 ].
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Head of laboratory: Dr. Corneliu GHICA, Senior Researcher rank dghica@infim.rg

Personnel: 25 membersz 2 x SR1, 9 x SR2, 3 x SR3 SRpH x RA, and 3 x engineer.

Beyond its scientific endeavours, the group actively participates in educational and training
initiatives.

19 team members hold PhD titles in physics (18) and chemistry (1). Additionally, the team includes
3 PhD students.

Main research directions:
Fundamental research
Atomic scale structurefunctionality correlations in  advanced materials
(nanostructures, thin-films, ceramics and special alloys);
Paramagnetic point defects, either intrinsic or induced by impurities or radiationsn
insulators and wide-bandgap semiconductors;
Applied research
Investigation of the physicalchemical mechanisms underpinning the detection process
in nanostructured materials for gas sensing applications;
Dielectric and semiconductor thinfilms for microelectronic applications of interest for
environment, security, space, biomedicine, food safety;
Cellular and noncellular in vitro interactions and biomedical applications of inorganic
nanomaterials and hybrid nanostructures;
Nanostructured materials for post-Li-ion solid-state batteries;
Al-based algorithms for TEMgenerated data analysis.

Main research infrastructure:
Aberration-corrected analytical transmission electron microscope (HRTEM/HRSTEM)
provided with EDS and EELS microanalytical facilities for suBngstrém resolution
imaging and atomicresolution elemental mapping;
High-resolution analytical electron microscge for electron tomography,in situ and
operandoexperiments by specimen heating/cooling/electrical biasing;
SEMFIB dual analytical system used for morphetructural and microanalytical
investigations (SEM, EDS, EBSD) as well as for ion beam mienod nano-processing;
Continuous wave (cw) Xband (9.8 GHz) EPR spectrometer with variable temperature
(VT) accessories in the 8¢ 500 K range; cw Gband (34 GHz) EPR spectrometer with
ENDOR (ElectrorNuclear Double Resonance) and VT accessoriesz(300 K);
Pulse Xband (9.7 GHz) EPR spectrometer equipped with pulse ENDOR, pulse ELDOR
(Electron-Electron Double Resonance) and VT accessoriesz300 K);
Automatic liquid He plant completed with a helium recovery system;
Computer-controlled gas mixing stationand associated electrical measurements chains
for materials testing under controlled atmosphere;
Chemical reactor and autoclave for hydrothermal and eprecipitation chemical
synthesis;
Magnetron sputtering installation for thin-films deposition, with in situ
characterization/monitoring by Auger electron spectroscopy (AES), lovenergy
electron diffraction (LEED) and ellipsometry;
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Installation for rapid thermal annealing, oxidation and nitriding; horizontal furnace with

3 temperature zones for thermal treaments and physical vapor deposition (PVD);
Measurement chains for electrical, ferroelectric and photoelectric characterization, Hall
effect and magnetoresistance measurements.

Fig. 70z1 (a) JEM ARM200F aberratiortorrected analytical transmissionelectron microscope; o) Bruker EPR
spectrometer in CW Gband with ENDOR accessoryr) Setup for electrical measurements under controlled
atmosphere gas mixing station; ) Magnetron sputtering installation for thin-films deposition, equipped within
situ AES, LEED, and ellipsometry.

Available services:

SEM morphological characterization of advanced materials;

TEM characterization of nanostructured materials, thirfilms, ceramics, alloys;

Chemical elemental composition and elemental mapping by SEEDSand STEMEDS,;

Multifrequency EPR characterization of bulk and nanostructured insulating and

semiconductor materials: nature, concentration, localization, formation mechanism and

stability of the paramagnetic centres in materials; chemical processes, structl or

magnetic transitions;

Controlled simulation of toxic and explosive gas environments (CO, GHNQ, HS, NH,

SQ) for gas sensors testing and calibration; temperatureoltage calibration for the

optimization of power consumption for substrates andgas sensors.

Growth of thin-films and multilayers by magnetron sputtering;

Rapid thermal annealing (RTA) and controlled oxidation (RTO) at temperatures within

200 z 1250 °C, heating rates up to 200 °C/s in gas flow {§NQ, Ar, i) and thermal

treatments using the horizontal furnace with 3 temperature zones up to 1200 °C in

vacuum or flow of Ar, N;

Electrical characterization under dark/illumination conditions, Hall effect

measurements and modelling of experimental curves currentoltage (IzV) at varying
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temperature, in DC and AC, capaciyoltage (&V), capacityfrequency (f), capacity
time (&), polarization-voltage (ZV), KT and RT; spectral characteristics of the ~
photocurrent I22 @ ET 11T AOI AOAA AT A AT 1 OET O1 6g EIi 1 C
curves as a function of current, magnetic field and temperature.

LASDAM operates as Partner Facility within CERERIC fttps://www.ceric _-eric.eu/) on

behalf of NIMP, the Romanian Representing Entity in the ER#bNg with research institutes
and universities in Austria, Croatia, Czech Republic, Hungary, Italy, Poland, or Slovenia.

Main results:
6 research projects (1 x MERA.NET; 1 x PCE; 1 x PED; and 3 x TE);
45 articles published in Web of Science@ndexed journals with impact factor (of which
13 with main author from Lab. 70);
1 OSIM granted patent;
6 OSIM patent applications.

Highlights:
p-type NiO semiconductor nanopowders have been explored as a potential material for
CO sensingA combination of EPR, XPS, HRTEM, and electrical measurements under
situ heating or operando conditions on nanopowders synthesized at various
temperatures have been has been used to investigate the role of oxygen vacancies and
paramagnetic N#* ions in the sensing mechanism. The morphstructural,
spectroscopic, and gasensing data illustrate the complex interplay between
nanopatrticle size, morphology, and the shallow defects near the grain surface, which are
correlated with the thermal history of the samples[seeAppl. Surf. Sci. 651 (2024)
159252].
Trilayer Al2Os/Ge/Al 20z memory structure was fabricated by magneton sputtering and
analysed with respect to the influence of annealing on the chargirgjscharging
mechanism. The behaviour of the capacitaeeDT | OACA j #M6q AEAOAAOQAC
of the annealing temperature is explained in correlation with the structure and
morphology of the films. The best memory performances were obtained for samples
annealed at an intermediate temperature of 600 °@vith a maximum memory window
of 5.6 V and retention time with only 2% charge loss after BOs [see ACS Applied
Electron. Mater. 6 (2024) 978 7986].
3AIL AAOGEOAI U COI xdonsistifig of- 1] Z0F 3 aloinid Mdnbla@eds on Mo
patterned substrates was achievedbyaM® 6 $ | AOET Ah xEAOA -1/ F |
Mo pattern and S powder served as growth precursordevices for measuring the
photosensitivity of the selectively grown 2D Mo& with electrostatic doping controlled
by the field effect, were fabricated directly by contacting the large Mo pads of the finger
contact structures as sourcedrain electrodes and using the doped Si substrates as gate
electrodes.” U EEAT A A ££AMN & phdtdsedLivity df 102 vEE obtihed
with a Vsqof 0.5 V and Yof z5 V, under 4.5 x 18 mW/cm2 650 nm monochromatic light
[seel #3 1 PDPI 8 . AlT -AOAOB x jc¢ngtq vnmupMumoc
A short-wavelength infrared (SWIR) photosensitive coating based on SiGeSn
nanocrystals embedded in a Hf©amorphous matrix has been achieved by magnetron
co-sputtering deposition, showing a spectral photosensitivity extended to 2000 nm.
Microstructural and spectroscopic investigations, combined with photoelectrical
measurements, confirmed that the addition 6 Si improves the thermal stability of
SiGeSn NCs with respect to similar results obtained with GeSn NEgrthermore, the use
I £ (£ F EI OOAAA 1 £ 3E/F 1 AOCOE® OAOOI OO EI
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photosensitivity for optoelectronic applications at roomtemperature [seeSci. Rep. 14
(2024) 3532 ].

High-resolution TEM investigations have revealed a novel growth mechanism for
ADEOAGEAI . O/ F OEEIT /E | dy Goméid matEHng &pitady. Thé& O A£E (
strain imposed by a (111}cut Nb:SrTiQ substrate determines the epitaxial growth of a

8 nm thin film of ZrQ&: in a metastable rhombohedral phase with ferroelectric properties
for CMOS compatible applicationsseeEnergy Environ. Mater. 7 (2024) 12500 ].

Deep learning methods are beingleveloped for a fast and reliable analysis of large
amounts of data provided by multiple TEM techniguesA fully automated software,
based on You Look Only Once (YOLO) type neural networks for data segmentation and
identification, as well as on EasyOCR dp learning Python, has been developed for real
time analysis of nanopatrticle size and shape distribution.
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MATCA

Head of Ilaboratory: Dr. Mihaela FLOREA, Senior Researcher rank 1, Habil.
(mihaela.florea@infim.rg

Personnel: 6 membersz 3 x SR1, 2 x SR3, and 1 x RA.

Beyond its scientific endeavours, the group actively participates in edational and training
initiatives.

6 team members, including 1 PhD supervisor and 1 PhD student.

The MATCA group possesses expertise in the materials preparation with various properties,
tailored to suit the applications for which they are designed.

Main research directions:
Pioneering advancements in catalytic and photocatalytic material@ddressing pressing
challenges in sustainability, energy, and environmental protection. With a strong focus
on the development, preparation, and characterization of terogeneous catalytic
materials, the group explores innovative solutions that enhance efficiency and
performance in key chemical transformations.
A significant part of their research is devoted to catalytic reactions, encompassing
selective oxidation and lydrogenation processedhat enable the synthesis of higkvalue
compounds. Their work extends to thedevelopment of polymers derived from
renewable and alternative resources fostering sustainable materials for industrial
applications. Moreover, MATCA resaahers are at the forefront of depolymerization
technologies, seeking efficient methods to break down plastics and contribute to circular
economy strategies. In parallel, they investigate the reduction of volatile organic
compounds (VOCs), aiming to mininzie environmental pollutants and improve air
quality.
Photocatalysisrepresents another core research direction, harnessing solar energy to
drive essential chemical reactions. The group is actively engaged in water splitting for
green hydrogen production, akey component in the transition to clean energy.
| AAEOET T AT T UR OEAEO OOOAEAO 111 PEI OT AAOA
photosynthesis explore ways to convert carbon dioxide into valuable fuels and
chemicals, offering innovative approaches to caon capture and utilization.
In the field of energy, the MATCA team focuses on the synthesis of advanced materials
for electrocatalysis in fuel cells. Their work aims to enhance the performance and
durability of fuel cell components, contributing to the deelopment of efficient, next
generation energy technologies that support decarbonization efforts.

Relevant infrastructure:
Lab. 80 has an infrastructure covering various methods of catalytic material preparation and
physico-chemical characterization. Amog the important infrastructures one can mention:
Chemistry laboratory (Fig. 80z1q ANOEDPPAA xEOE All 1T AAAOOA
catalytic materials synthesis (ovens working in air or vacuum, rotavapors, magnetic
stirrers, autoclaves for hydrothermal treatments, chemical niche, apparatus for milliQ
water production, centrifuge, balances) and catalytic reactors (in house reactors for
solid-gas phase and liquiesolid phase reactions);
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Thermo-programmed desorption and reduction equipment (TPBTPR) z for
determining the adsorption capacity and redox properties [Fig. 80z2);

Spectroscopy analysis: UWis and Raman portableig. 80z2);

Thermal analysis z to study the relationship between a sample property and its
temperature as the sample is heated or cooled & controlled manner (Fig. 80z2);
Analysis of the reaction productsz gas chromatograph with three detectors (TCD, FID,
and BID) gas chromatograph coupled with mass spectrometeFig. 80z2);

Adsorption analyser with high performance capabilities utilized to quantify the surface
area, pore size, and pore volume of powders and particulate materials. The equipment
is outfitted with a chemisorption feature that expands the scope of its application to
encompass both physical and chemical adsorption. This enalslthe characterization of
catalyst texture and active surface properties in catalyst supports, sensors, and several
other materials. By including an automated injection loop, the TCD analytical range can
be expanded through the utilization of pulse chemizrption;

Catalytic flow reactorz is a highly advanced modular laboratory system for determining
in real time the selectivity and activity of catalysts for different catalytic applications
through different configurations and options.

The group has access$o other infrastructures located at NIMP, through collaborative
research activities, such as: SEM; TEM; XPS; optical spectroscopies (RamaryisWIR,
FTIR); Xray diffraction; ICP-MS; photoluminescence.

Reaction systems Materials preparation

Magnetic stirrer Balances
i igu [ I3 -

Milli-Q
[' e Centrifuge

e

Materials charaterization

UV-Vis si Raman portable

Fig. 80z2 Equipment for materials characterization and analysis.
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Available services:
Catalytic materials preparation;
Gassolid and gasliquid catalytic reaction;
H2 production through water splitting;
Surface characterization;
Structural and textural characterization of the catalytic materials;
Investigation of acidbase and redox properties;
Determination of acid and basic properties (qualitatively and quantitatively).

Main results:
2 research projects (1 x PTE and 1 x PCE);
9 articles published inWeb of Science®indexed with high-impact factor (of which 3
with the main author from Lab. 80).

Highlights:
The development of active and selective materials for lowemperature oxidative
activation of methane into valueadded products remains a key chaknge for the
scientific community. We are actively involved indesigning catalysts for selective
methane oxidation to formaldehyde using molecular oxygen over MXes®sed
catalysts at lowtemperature and ambientpressure conditions Moreover, the dynamics
of the structural and surface changes that these systems go through during catalysis
were studied at the Swiss Light Source (SLS) synchrotron under: @nd/or CHa

AT GEOTTI1 AT OO AO AEAEEAOAT O OAI PAOAOOOAOS
reversible surface modifications were observed, indicating the presence of a possible
Oi Ai T oue PEATTIATTT8 4EEO xAO ATTA ET ATI

the Paul Scherrer Institute, Switzerland;

Making 1D filaments of materials containing Ti, C, and @ split water under
photocatalytic conditions and create H gas is a straightforward, lowcost, and
economically viable strategy thanks to a collaboration with a team of researchers at
Drexel University, led by Prof. M. Barsoum and a team from the Uniséy of Strasbourg,
France, led by Dr. D. Constantin. This partnership will continue into 2025;

New photocatalytic systems based onMXenesemiconductor composites for hydrogen
production via photocatalytic water splitting reaction are the main focus of the PGE
funded project;

Plastics are indispensable materials for packaging and many products from our daily
life, and their recycling is essential to ensure a circular economy. Thereforge
developed acidic heterogeneous catalystof upcycling of polyethylene terephthalate
(PET) to terephthalic acid (TPA) and ethylene glycol by hydrolysisThrough this study,
we obtained acidmodified MXene catalysts that can break down PET at a temperature
of 180 °C, which is 40 °C lower than theemperature required by other already used
catalysts under comparable reaction conditions. Moreover, our catalysts are stable at
least for 3 cycles. These findings suggest that both the acidity of the catalysts and the 2D
features are important for the depdymerization of PET and, thus, acknodified MXenes
can be promoted as valuable catalysts for upcycling PE3eeACS Sustain. Chem. Eng.
12 (2024) 9766 z9776].

Through their multidisciplinary approach, the MATCA research group is driving
innovation in catalytic science, bridging fundamental research with practical applications that
promote sustainability, cleaner energy solutions, and environmental resilience.
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Advances in Materials and
Devices
for
Electronics, Photonics &
Optoelectronics
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2) Laboratoire de Physique du Solide, Namur Institute of Structured Matter, University
Namur, 5000, Namur, Belgium
3) Laboratory of SolidState Physics, Faculty of Sciences Dhar el Mahraz, University
Mohammed Ben Abdellah, 30 000, Fez, Morocco
4) Faculty d Chemical Engineering and Biotechnologies, National University of Science
Technology Politehnica Bucharest, 011061, Bucharest, Romania
5) Department of Nanotechnology and Advanced Materials, Graduate School of Appliec
Natural Science, Selcuk Univetsgi42030, Konya, Turkey
6) Science and Technology Research and Applicati@entre (BITAM), Necmettin Erbakar
University, 42090, Konya, Turkey
7) Laboratory of Materials, Electrical Systems, Energy and Environment (LMS3E), Depatrtt
of Physics, Faculty of Appli Sciences, Ibn Zohr University, 86153, Agadir, Morocco

A ZnO/Graphene (G) heterostructure is a promising material combination, as both components exhibit
excellent optoelectronic properties, enabling diverse applications in photocatalysis, supercapamis,
sensors, and solar cellglz3]. Moreover, the strong electronic combination between the nanostructured
ZnO and the low dimensionality carbon material in a nanohybrid system can dramatically change the
ZnO band structure. By tuning the process paramatgfor the ZnO growing on top of a graphene covered
substrate, the morphology/aspect ratio, the orientation, and the density of the resulting ZnO
nanostructures can be controlled 4]. In this work [5], a ZnO nanowiresGnanohybrid was synthesized

by a three steps approach. Copper substrates were covered with graphene by chemical vapor
deposition, further ZnO nanowires were electrochemically deposited on the agown graphene on
copper and finally a transfer process was employed for moving the heterostructaronto a Si@'Si
substrate via electrochemical delamination ¢ig. 1).

XRD and Raman measurements-(0. 2a,b) revealed that the ZnO nanowires crystallize in a wurtzite
structure with a preferred orientation along the c-axis (002), perpendicular to the grafmene. This
process results in the formation of a nanohybrid heterostructureFig. 2cshows SEM images of ZnO
nanowires grown onG/Cu substrates, revealing uniform and dense, completely covering the substrate.
The nanowires have diameters of 2840 nm and lengths of 100300 nm. Most exhibit a hexagonal cross
section, with their orientations influenced by the wavy graphene structure formed during CVD growth
Despite the challenges of depositing materials on graphene's hydrophobic surface, electrochemical
depostion enabled successful ZnO nanowire growth.Fig. 2d illustrates the transferred ZnO
nanowires/graphene layer onto SiQ/Si after delamination from Cu and PMMA removapreserving its
uniform architecture and maintaining high-quality graphene over a largearea[5].

To further understand the interaction between the graphene surface and adsorbed ZnO molecules,
charge density difference calculations were performed for three adsorption positions: bridge, top, and
hollow sites (Fig. 29. The charge redistribution, shown by yellow (charge loss) and skylue (charge
gain) lobes, indicates significant electron transfer between ZnO molecules and the graphene monolayer.
4EA "AAARO AEAOCA AT AT UOGEO OAOAAT O OOAT OFEAO®DAA AEA
bridge, top, and hollow sites, respectively, with the top site being the preferred adsorption site due to
the strongest interaction.
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Fig. 1: Synthesis process of ZnO NWs/G/#8D nanohybrid.Reproduced from Ref5].
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NWs/G/SiQ/Si nanohybrid; €) modelstructures of ZnO adsorbtion on &),total and partial density of states
(DOS) of ZnO NWs/®eproduced from Ref5].

The total density ofstates (TDOS) and partial density of states (PDOS) reveal that the valence band is

mainly influenced by Zn 3d and O and C 2p and 2s orbitals, while the conduction band is dominated by
C 2p and 2s, O 2p, and Zn 4s and 3d orbitals. The introduction of theygiiene monolayer modifies the
Al AAOOITEA DPOI PAOOEAO EI

OEA OAIl CA

I £ Mcm

Oi

level. These defects are attributed to electron transitions from graphene to ZnO due to carbrmaiated
defects ig. 2).
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Fig. 3: Optical properties: &) imaginary part of the dielectric function,§) absorption, €) reflectivity; the
calculated @) real part and (€) imaginary part of the complex optical conductivity of ZnO NWs and ZnO
NWs/G nanohybridReproduced fronRef. b].

Further, using the DFT study, under GG " %C' 5 /DR feth®d®,4he optical properties of ZnO
NWs/G, such as the complex dielectric function, reflectivity, absorption coefficient and optical
conductivity were calculated (ig. 3zze). The adsoption energy shows that the structure of the ZnO top
site on graphene layer is more stable. Further, it was found that ZnO NWs/G nanohybrids have an
enhancement in optical properties and optical conductivity in the UV and visible light ranges compared
to ZnO.We believe that this study[5] provides a solid foundation for understanding the potential of ZnO
NWSs/G nanohybrids in optoelectronic devices, particularly for sensor applications, and will inspire
further research in this field.
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In this work [ 1], magneto-optical measurements enabld the identification of Fe+ and Fé+in the R and
S blocks of BaFeOi9s M-hexaferrite powder, which was obtained by solgel processing followed by
thermal annealing at 900°C for 3 hours. The ferromagnetic phase is evidenced by the spimgjority
configuration (Fe3+) due to their unpaired electrons between ed orbitals, while the F&+*in the low spin
possesses diamagnetibehaviour strongly dependent on the surrounded crystal field. Additionally, the
irradiation with gamma rays changes the ratio between Re/Fe3+, mainly on the surface of BaReOio
nanocrystals. These changes were cadnhed by Xray photoelectron spectroscopy (XPS)
measurements, whichshowed that the concentrationof Fe*increased from 69% to 82%, while the
concentration of Fet+ decreased from 31% to 18%. The thermoluminescent measurements reveal
similar changes in he Fe3+in Fe2* conversionby electron capturing during irradiation, which is released
as a red emissiorfollowing recombination processesThese changes are attributed to the increase in
FezO bonds along thes-axis, primarily resulting from the breaking of a part of these bonds

The Xray diffraction (XRD) analysis (Fig. 1) confirmed changes inthe parameters of the BaFe;019
hexagonal structure [L,2]. Furthermore, the XRD patterns of the sefjel powder revealed the formation
of the hexagonal structure ofBaFeg.0;9 after thermal annealing at 900 °C, along with traces of F&;
resulting from the raw powders during the synthesis processKig. 1).
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Fig. 1: XRDpatterns of the BaFeO1s powder sample calcinated at 908C. Reproduced from Refl].

The high-resolution transmission electron microscopy HR-TEM) allowed for the validation of the
crystalline phase and provided detailed insights into the shape and distribution of the particleSThe
sample consised of BaFe.Oi9 nanoparticles exhibiting both rod-like and irregular shapes. The
irregularly shaped nanoparticles tend to have larger dimensions, typically below 100 nm, while the red
shaped nanoparticles have a diameter of less than 50 nfRig.2a). The phase was identified by indexing
the selected aea electron diffraction pattern (SAED). The planes corresponding to the Bak©:s (space

5|Page



2024 ACTIVITY REPORT OF THE NATIONAL INSTITUTE OF MATERIALS PHRGMASNIA

group P63/mmc) phase were identified, in agreement with XRD patternsl[3]. Moreover, this has also
been confirmed by indexing the FFT pattern corresponding to highesolution images of the
nanoparticles, where the crystalline planes were clearly visiblel4]. In each case, the axis parallel to
the electron beam has been identified, and the FFT pattern was compared to the SAED simulation
performed on a crystal with the same orientation. The two patterns showed excellent agreemeni(.
2b).

S5 nm*! [=1101)

Fig. 2: (a) HRTEM image of the Bak£xs nanoparticles;(b) FFT transforms taken in the two regions indicate:
on the HR imageReproduced from Refl].

New features arerevealed in the XPS spectra of the Fe 2p and Fe 3p regions after ganrmairradiation

(Fig. 3a,h. The Fe 3p binding energy is reduced by more than 1 eV, accompanied by a considerable
decrease in peak width. A minor shift is also observed for the Fe 2pdis (Fig. 39. The irradiation caused

the reduction of Fé+ions to Fe+ ions, and both the energy shift and the decrease in peak broadening
are apparent, resulting from the change in the RBeto Fe2* ion ratio.

a) b)
FeSp Fezp — mitial

1.0+ — after irradiation
— initial
—— after iradiation

0.8 1

Cps
Cps

0.6

0.4

0.2

00 T T T T T T T 1 T T T T T T 1
64 62 60 58 56 54 52 50 735 730 725 720 715 710 705 700

BE(eV) BE(eV)

Fig. 3: The XPSpectra of &) Fe2p a) and(b) Fe3p core electron levelsecordedfor the BaFa 2019 powder
sample before and after gammeay irradiation . Adaptedfrom Ref. 1].

The magnetic circular dichroism (MCD) spectra confirmed the presence of ferromagnetic phases. The
spin-majority configuration (Fes3*) is given by the paramagnetic transition from 530 nm (2.34 eV)
seconded by the liganeto-metal charge transfer (LMCT) between the oxygen atomsaqrbital to Fe in an
octahedral position, centred at 480 nm [fig. 4). After the gammairradiated of the BaFea.0i9 powder,
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thermoluminescence measurements confirmed the conversion of Feto Fe* by electron capture,
releasing a red photon during the thermally activated recombination processes. This reduction process
leads to the breaking of some Feér(i) 7O22zFe3+(j) bonds (where j=1, 2, 3, 4, 5) and the creation of hole
centres (e.g, 0% near the Fe3+ion), which, in turn, weakens the superexchange interactions responsible
for the magnetic properties of BaFeOxs.

BaFe,,0,, annealed at 900°C (3h)

80 06
e —— Magnetic Circular Dichroism 1.5 T
] 354367 : ”

- ]— Thin film absorption dos
401 0.4 =
oy ‘@
(] [ =4
e (]

0.3
E 20- 0
- 3
g 023
0 O
0.1
-20 4
480 100
-40

T T T T . T . T . T : T :
300 350 400 450 500 550 600 650
Wavelength (nm)

Fig. 4: Absorption and MCD spectra of Bak@1o annealed at 900FC and spircoated on glassReproduced
from Ref. 1].
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A longterm goal of the research community is to develop energgfficient systems using inmemory or
brain-inspired neuromorphic computing. Nonvolatile memories (NVMs), such as OxRAM, PCM, and
CBRAM, are promising candidates for this pur®. Ferroelectric NVMs, being voltagdriven, offer the
potential for ultra-low power computing platforms. Among different types of ferroelectric memories,
the ferroelectric tunnel junction (FTJ) is attractive due to its simple structure and nowlestructive
readout. FTJs function as voltagdriven memristors, with conductance states modulated by the
ferroelectric polarization. However, challenges exist, such as the instability of ferroelectricity in thin
HZO films and high programming voltages. This workl] proposes a novel ferroelectric fieldeffect
diode, with a thin HZO layer, that promises low voltage operation, low energy consumption, and
improved reliability. The device uses a doped oxide semiconductor as the bottom electrode, offering
advantages overresistive metallic oxides, and demonstrates synaptic behaviours with low energy
consumption, comparable to biological synapses.

A memristor based on a metal/ferroelectric/semiconductor configuration using a thin epitaxial HZO
layer (~5 nm) is demonstrated, with synaptic plasticity, including symmetric potentiation/depression,
pair pulse facilitation, and spiketiming dependent plasticity across several time scales (ns to ms)]
The key element of the design is an ultrathin 4type SrTiQy semiconductor (10 Z 20 nm), grown
epitaxially on Si(001), which not only serves as an electrode but also enables epitaxy for HZO. This
structure enhances the device's functionality by facilitating nosvolatile conductance modulationviathe
ferroelectric field effect. The motion of oxygen vacancies in SrTiQimproves the dynamic range of the
OuUl ADOAO AOOET ¢ biI OAT OEAOCETT AT A AAPOAOOEIT 1 0AO
xEOQOE 11 x O11 OAGdw epeyy cos@inptibi (A8 fXpdr Qréyamming event), similar to
biological synapses.

The HZO films were grown on epitaxial SrTi§/Si substrates using molecular beam epitaxy (MBE),
with SrTiOsy intentionally oxygen-deficient to function as an ntype semiconductor bottom electrode
High-resolution transmission electron microscopy (HRTEM) verified the orthorhombic ferroelectric
phase of HZO and its domatmatching epitaxy with SrTiQy . Fast Fourier transform (FFT) analysis
highlighted the nearcoincidence lattice matching, reducig the effective lattice mismatch and
promoting high-quality epitaxial growth. These findings support the structural integrity and functional
properties of the fabricated devices.ig. 1).

TherVandi6 AEAOAAOAOEOOEAO | £ ADEKEZA @kok pristhddaOEnaked | v 1
states, are shownirFig. 2ai8 ! OAI T AT O PI 1 AOEUAOQGETT T &£ xpt1 t#TA
voltage (~1 V), enabling programming below 2 V.Fig. 2cpresents FV characteristics inpolarization

upward and dowvnward states, with an’O 7O ratio of 3 at Vleas = +0.4 V. Due to the relatively thick

HZO barrier (<5 nm, ~2 eV), direct tunneling currents remain low (~0.1zp D! 7t i 06Qq8 2A0E
memory loops (Fig. 2d were recorded using 1 ms pulses of varyig amplitudes, with resistance

extracted as’Y @ FOThe resistance ratio is ~200%, with over 16 stable intermediate states,
corresponding to 4bit memory. Switching occurs near 1 V, in line with the coercive voltage, confirming

a ferroelectric-driven mechanism ig. 2.
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Fig. 1: (a) HRTEM crossection image of the stackb) magnified view of an HZO crystallite with the atomic
structural model of the orthorhombic phase in the [101] zone axis superimposed, along with the simulat
HRTEMimagh O A AA&EI AOO 1T £ cx 1 1 d) FadFolirieiATragstonARET) Aahedn

from the area marked by the blue square in)( containing both HZO and STO thin films, along with an
additional FFT pattern (top left) from an HZO crystallite viewedong the [101] zone axis; (d) Fouriefiltered
micrograph using (020)HZO and (200)STO reflections indexed in the FFT imagg.in (
Reproduce from Ref[1].
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Fig. 2: Ferroelectric properties and resistance states of the W/HZO/SrRiOSi memristivedevice: @,b)
Displacement current and polarization versus applied voltage at 1 kHz.1§V characteristics for two
polarization states of the ferroelectric film.d) Resistance variation under pulses with amplitudes ranging
from 0.7 to 2.0 V (inset), aeonstrating multiple intermediate states. ¥ad (+0.4 V) is the applied voltage for
resistance measurement. Reprodutieom Ref[1].
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Fig.3a,bpresents the evolution of conductance as a function of the number of applied pulses for different

DOi COAi T ET ¢ OAEAI AGs 7EAT bDOI OAO xEOE OEA OAI A Al

applied, a large number of intermediate states are accessibtkiring potentiation, while depression
remains more limited, resulting in asymmetry. Extending the pulse width range to 50 ns improves
symmetry (Fig. 30, highlighting the importance of pulse sequence optimization.

10O OET OO0 OEi AOAAI AiationjisOmlueraéd by frequency@isper&idn @kﬂed)to the
AFAOOT A1 AAOOEA OxEOAEEIT C AUT AIi EAO8 " AUl vt t Oh
effects in the HZO/SrTi@, system. Using identical pulses instead of variableidth pulses is preferable
for circuit design but has rarely been demonstrated in HZ®ased devices. Here, it is shown that
W/HZO/SrTiOsz4 / Si synapses can achieve multiple stable states with identical pulses and nédeal
characteristics (Fig. 3. The HZO/SrTiQy ferroelectric memristors exhibit Spike Timing Dependent
Plasticity (STDP), where synaptic strengthening or weakening depends on the timing between pasad
posti AOOI T OPEEAO8 7EAT ) bd&wkeniiseshis stdiiptihed Averiap [badsj te
polarization switching, causing changes in synaptic weights=(g. 3c,d. This effect is observed across
different pulse widths, demonstrating that STDP can be observed not only at biological timescalBsr(s)
AGO Al 061 AO | OAE &HI@HAIO OEI AOGAAT A0 j Bpm

(a ) Variable Pulse Width Pulses 65 ( b) 6.5
lonic w‘nn ribution: Short Pulses
—~1500] | 6.0 7 1500 {6.0
2 w c <
P 1375-“0“;' ‘ s { 55 © 13.75 4 {ss
£ 3 l sc |8 2 l
512501 | | 7 ) g [‘E‘Q g 502 51250 {802
3 ' 8 l S | 3
> 1125 3 i i | ! % J ‘ “" \ 453 E 1125 {45 3
2 Vo] 11 ) ' P =
£ 1000 y[ e EE R R 403 £ 10.00 1403
-y [ 2 rY & o — 3 -
b-] k! a7 Q1 %
£ 8754 JI Y ; 7 ‘\j 7% 35 2 g75] | \ {3s
S § ¢ N NN S - \[J
7504 * ? 30 750 |~ ~ {30
S ——
0 50 100 150 200 250 300 20 0 20 40 60 80 100 120 140 160 180
Number of Pulses N Number of Pulses N
+2v1ps 1ms V=404V 2vSOns 1ms V +0.4V
= W=+
IHHREE . - (111! P
Illlll V=2V IIIIII V=2V
lps 1ms 50 ns 1ms
< V=VEv Mol o M
Prenewron | SYmPe Postneuron NG o) o) 5 P
Vi W = £ Vo204V 1} 04V, 1V
o & | ------- \ 0.4V, 04v
AEE £ 2
v 2 s .l s - S——
e R - S I g |
P & pEToN
® b 1
414 \
3 \
B L\ | WF---
&2 R ]
V=V7r V["‘O’
T ¢ .
-10 5 0 5 10

Spike timing At = Loslye (MS)

Fig. 3: Potentiation andDepression of W/HZO/SrTi& / SiSynapse for Different Pulse Sequences

(abq #1171 AOAOAT AA AOiI 1 OOEITT AO A AEOTAQGEITT 1T £ O&AEA

ms in @) and 50 n 1 ms in ). Insetsin (b) show the combined pulse exceeding the threshold voltage V
Spike TimeDependent Synaptic Plasticity (STDP) of the W/HZ®TIQy / Sisynapse.
(c) Schematic of preand postneuron pulses applied to the HZGTiQy synapse(d) Synapticweight
AEAT CA AO A £&EOT A O Ebetwedn e addEphstsgnadtictpuldes far Aiftef@rt pulse-duration
jioh tOh ATA vttt 1O OEIi A OAARI AOh OAOD/
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Dubourdieu, A. DimoulasElectronicsynapses enabled by an epitax@iTiQz /Hf 0.5Zr0.5Cz ferroelectric
field-effect memristor integrated on siliconAdv. Funct. Mater. 34 (2024) 2311767.
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solutions have been investigated1z3]. However,the specific effects of grain size oBay sSto 2 TiOs where
strontium substitution shifts the ferroelectric zparaelectric transition to lower temperatures, remain
unclear. Conflicting reports exist on whether the Curie temperature increases or decreases with
decreasinggrain size. Thisuncertainty highlights the need for a detailed investigation into how finely
tuned fabrication processes and grain size manipulatiorcan optimize ferroelectric and dielectric
properties of these promising materials.

In this study [4], fine-grained BaysSr2TiOs; ceramics were synthesized starting from a higiguality
nanopowder produced by anacetate solgel process. The preparation method is schematically
illustrated in Fig. 1 Three different sintering regimes were employedthe first sample (1BST) was
OET OAOAA AO pmnmm J# A O tv [ EI OOAOh OEA dqfBAT) atA
ptonn J# A O 1t [ ET OOAOS

e 2
¥ Titanium isopropoxide - .
v Strontium acetate =
¥ Acetic acid ) G d - precursorpowder ‘34\2“@;/, ,
z Smin, « £ /A 900 Ba, 4Sr,,, TiO; ,\E )
P> v oxidic powder v2h
7 £ /A 450°C
Y " * V2h . +
1 Y 25 AV 255
> £ /A 100°C
N v Pressing
12h method
Sok
g~ /A 1000°C <
» GS ~77 nm g 7 4 min
v 2 min
€ /v 800°C
K v3on 35MPa
- £ /A 1050°C <« 100°C/min
GS ~234nm
Post-sintering re-oxidation Z v 4 min

Sintering

Fig. 1: Schematic representation of the processing stages for preparing densegfiamed ceramics.
Reproduced from Ref4].

X-ray diffraction (XRD)analysis confirmed that the ceramics are singkphase BSTHowever, detailed
Rietveld refinements indicated that a diphase modek incorporating both cubic and tetragonal
modifications zbest fitted the experimental data. As the sintering temperature and time increased, the
grain size grew and the proportion of the tetragonal phase increased from 67.3% in 1BST to 89.9% in
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3BST, accompanied by an enhancement in tetragonality (c/a ratio). Fiekmission scanning electron
microscopy (FE3 %- q OAOAAT AA OEAO p" 34h GEhibi@dadnse, vidrm p Tt T Tt

I EAOT OOOOAOOOA xEOE TAAOIU OPEAOEAAI COAET O AOAOA
ATA cot 11 h. AAGbDtARkd Entidodal) grain size distributions. Highresolution
transmission electron microscopy (HRTEM) further demonstrated that individual grains are
structurally heterogeneous, showing pseuddA OAEA OAAAA6 1 AUAOO AO OEA C¢
relaxed tetragonal caes z a finding that supports the "brick-wall* model. This compositelike grain

structure is believed to influence the observed scaling of dielectric properties with grain size in these

ferroelectric ceramics(Fig. 2.

N (e) Ba, Sr, . TiO, - SPS ceramics (f)
W BE 1050°C /4 min @00

4
i 1 3 giné Eg:’gz R o
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Fig. 2: (a) Roomtemperature XRDpattern of the solgel powder calcmed at 900C for 2 h: inse€detail (pink
rectangleof@qq 1T £ OEA OACEI 1T AT OOAODPI 1T AET C; () FESEM ifhagd E
insetz particle size distribution histogram; ¢) TEM image revealig isolated particles: inset SAED pattern;
(d) HRTEM image; €) Roomtemperature XRDpatterns of the soigel ceramics consolidated by SPS afid (
detail (the light-yellow regionineqq 1T £ OEA OACEI 1T Al OOAODPI 1 AEd6E, |
(9zi) FEESEM images in fracture of the sgkl ceramics consolidated by SPS a&f) &t 1000°C/4 min (1BST);
(h) at 1050°C/2 min (2BST and (i) at 1050°C/4 min (3BST); in the bottonrleft corners of (gh) histograms
indicating the grain size distibution in the samples under investigation were depicted,-FiIRM images and
FFT patterns related to the HREM images for thej(k) grain boundary regions andl(m) grain core regions.
Insetsof( @ € ET OAODPI AT AO AE OO0A IniCAdiarfed viety 6fGnd ardaiddliritedibly
the red squareReproduced from Ref4].

The dielectric properties of the dense finegrained Bav sSro.2TiOs ceramics were investigated over a wide
frequency range of 102z p T 9 F(gus) The significant grain size reduction was found to affect the
DAOI EOOEOGEOU AT A OEA 1T AOOOA T &# OEA PEAOA OOAT OEOE
across all samples. By systematically reducing the grain size, the ferroelecgparaelectric (TzC)
transition becomes broader, while the lowertemperature orthorhombic z tetragonal and
rhombohedral-orthorhombic transformations (OzT and RO) are flattened and can even vanish in
ultrafine grains. Tetragonal and cubic phase coexistence is achievén the proximity of room-
temperature. Although the maximum permittivity decreases in the ultrafine ceramic and the Maxwell
Wagner relaxation becomes more evident at high temperatures and low frequencies, the dielectric
losses remain low (below 5% for 1B3). Analysis using modified CurieWeiss laws reveals that, as the
grain size grows, both the CurigWeiss temperature and the Curie constant increase, whereas the
diffuseness of the transition diminishes. These findings are consistent with a composili&e structural
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model, where nonferroelectric (cubic) boundary regions grow in relative volume as the grain size
shrinks, diluting the overall ferroelectric response.
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Fig.3:(aq 4EA OAAl DPAOO T £ PAOI EOOEOEOU of teampefatude lat/ fixed
frequency of 2 x 10Hz; analyses according to the) classical and d) modified CurieWeiss law for 1BST,
2BST, and 3BST compositions; Polarizatpelectric field (ZE) hysteresis loops of the firgrained BST
ceramics atroom-temperature: (e) 1BST, {) 2BST and (g) 3BST at the maximum field andhj all the samples
in a comparative representation at the same electric field of 30 kV/ci,schematic representation of

microstructures in finegrained Ba.sSro.2TiOz ceramics Reproduced from Ref4].

I O Aval' Aédel with cubic grain boundary regions and tetragonal grain cores is proposed. When

the grain size decreases into the nanometre range, the increasing amount of cufviodification causes
anincreasingtrendintth 011 01 A 1T £ OEA OT EO AAI 1l OAI AGAA O1 OE
temperature (Tc) in Bay St 2TiOs remains unaffected by grain size withinthe 72 ¢ ot 1 1 . TOIAT CA

is a result of competing factorsz internal stresses that tend to lowerTcvs.the larger unit cell volume of

the cubic boundary phase that tends to increase i leading to a net balance and a stablecTAll fine-

grained BST ceramics exhibit switchable spontaneous polarizatiorAs thegrain size increases the

maximum polarization rises, while the coercive field decreases, reflecting enhanced tetragonality in the
larger-grained samples.
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Image Potential States (IPS) are quantized twdimensional (2D) unoccupied electronicstates that are
formed in front of the surface of a material due to the attractive electrostatic force between an electron
and its induced image charge within the material located symmetrically with respect to the surface. The
guantized energy levels of PS follow a Rydberdike series and the binding energy decreases for higher
order states as the electron is farther from the surface. The IPS have a fadectron like dispersion
parallel to the surface and are described by:

Y 2 .

pP®E O qa

z

where O is the energy of the rth level of the Rydberglike series,Y is the Rydberg constant, n the
guantum number, a (aN [0, 0.5]) is the quantum defect that corrects the penetration of the wave
function into the bulk, & * is the effective mass and the momentum component parallel to the surface.
Experimentally, IPS are mainly investigated by Inverse Photoemission Spectroscopy (IPES), Two
Photon Photoemission (2PPE) or multPhoton Photoemission (mPPE) andscanning tunnelling
microscopy and spectroscopy (STM/STS) techniques. Timeand angleresolved (TR and AR)
photoemission methods allow the detection of the binding energy, lifetime, effective mass, and the
dispersion of the unoccupied states, discriminating between suaste states, interface states or IPS.
IPS states are important in understanding surface physics, charge dynamics, and phenomena such as
field emission, electron scattering, charge transfer, charge injection, and work function.
In 2D materials, IPS exhibitunique characteristics influenced by the reduced dimensionality and
electronic properties of these systems, offering important information for potential applications
especially for nanoscale electronic and optoelectronic devices.
The work published in Rd. [1] based on a collaboration with Professor Harold J.W. Zandvliet, review
recent developments in the detection and analysis of IPS in singland multilayered 2D materials,
heterostructures and nanostructures thereof Fig. 1), addressing several issuethat can have an effect
on IPS, including the preparation method, quality of the material, defects, interfacial interactions, and
interactions with the substrate.
The review highlighted the utilization of IPS spectra to characterize:

i.  single-layer 2D matrials (such as graphene, BN, Xenes, MXenes, chalcogenides) deposited or

transferred on various substrates
ii. single-layer 2D materials with various materials (such as NacCl, Se, S, O, Au, Cu, Co) intercalated
at the interface with the substrate

iii.  heterostructures of hybrid 2D materials

iv.  heterostructures of 2D selfassembled monolayers of organic molecules and 2D materials

V. nanostructures of 2D materials, such as nanoislands and nanoribbons.

The article [1] summarizes IPS studies that provide valuable inforation on the coupling strength
between the 2D layer and the substrate; the appearance of new interfacial electronic states; the
decoupling from the substrate by intercalation or insulating layers; the effects of functionalization,
doping, and defects; thelateral modulation of electronic properties; and the size, and lateral
confinement effects of quantum dots or nanoislands.

14| Page



2024 ACTIVITY REPORT OF THE NATIONAL INSTITUTE OF MATERIALS PHRGMASNIA

electronic
properties
2D-assembly/graphene
heterostructures
MoSe,/h-BN
PtSe,/PtTe,
interface 2D-assembly/h-BN graphene electrostatic
interaction potential
h-BeO
2D-like
' h-ZnO se Au
h-FeO
% |mage ﬂ NaCl Cu

single-layer Potential intercalated-layer

M”zM’zcg(OH)z oxygen

M-Xenes

Fe,N h-FeN
F, OH, O -

functionalization

Y,C Co

chalcogenides

germanene
Bi,Te,Se;

work function

Xenes modulation

borophene L,
Moire

super-structures

nanostructures

nano-islands

confinement

Fig. 1: Schematic representation of the reviewed 2D systems. Figure taken fronj Reider the Creative
Commons license CCBIC 4.0.

A free-standing 2D material is expected to exhibit, owing to its two surfaces, mirresymmetry-induced
splitting of the IPS to two IPS series for each side of the material. When a single layer of a 2D material is
deposited on a substrate, thenirror symmetry is broken and usually only a single series of IPS peaks is
observed. These IPS, which are trapped in a potential well in front of the surface of the 2D material, are
modified by interfacial interactions. Therefore, IPS typically serve astastimony of the interaction with

the substrate. A lattice parameter mismatch of the 2D material with the substrate, frequently leads to a
moiré superstructure. These moiré structures can result in a lateral modulation of the interfacial
interaction that leads to a modulation of the electronic states, IPS, and work function. These
electronically corrugated 2D materials can serve as templates for heterostructures with complex
properties. Furthermore, nanoislands and quantum dots of 2D materials often lead katerally confined

IPS and quantum dots. In Reffl] are included theabove-mentionedissues for the materials schematized
in Fig. 1.

Reference:
[1] B.Borca, H.J.W. Zandvliéinage potential states of 2D material#\ppl. Mater. Today 39 (2024) 102304.
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The exchange biagEB) is an important effect used in technological applications such as spbased
electronic devices including magnetic sensorse(g, spin valves) and magnetic media for (ultra)high
density data storage €.g, read-heads). Enhancement of the coercivity (of fine particles) to improve the
performance of materials for permanent magnets is another application d¢fie EB effect.
Depending on the preparation technique, the composites or the mixtures (FM) (or ferrimagnetic, FIM)
and antiferromagnetic (AFM) nanoparticles can be classified into three representative groups:
mechanical milling, reduction (or overoxidation), and methods such as drying (colloidal) suspensions
of the particles. (1) The main challenges of composites or mixtures produced using these techniques
are the minimal or absent exchange bias and the tendency of the particles to coarséne solution for
EBsystems similar to FeFeO would be to use the method of partial reductio(by annealing in a reducing
atmosphere) of the FeO to Fe nanoparticles embedded in the nonmagnetic/nonreactive (oxide)
environment, which ensures () disordering at FM/AFM interfaces with stronger exchange coupling and
(ii) prevention of magnetic nanopaticle agglomeration and excessive coarsening2) Another poorly
addressed aspect is the influence of different processing parameters on the EB effect or the quality of
exchange coupling between the AFM and FM spins at the FM/AFM interface3) There are few
systematic investigations of the FM component (apart from having its spins pinned by AFM in an EB
system) in terms of its coexistence in different magnetic regimese(g, superparamagnetic, blocked or
multidomain) and relatively broad particle size and coercivity (Hc) distribution. (4) Another
unaddressed aspect refers to the origin of &buppression in anEB system atroom-temperature (RT)
(or above Ty) after cycling thefield-cooled (FQ hysteresis loop. ) There are no (systematic) studies
on the FeFeGZnOEBsystems.
All the issues mentioned above were addressed in our stig$ [1,2]. The complex systems of randomly
oriented EB interfaces,i.e, the composites of nanosized AFM FeO, RvFFe, and ZnO, were prepared
under non-identical conditions involving the reduction of sotgelderived precursors of various Zn:Fe
atomic ratios (0.97:0.03, 0.8:0.2and 0.4:0.6) in a hydrogercontaining atmosphere {(Table 1). We
investigated the magnetic behaviour of exchangbiased Fe(FM)FeO(AFM}ZnO nanocomposites ath
explored their relationship with the processing conditions particularly in terms of the systemstability,
including FM/AFM interfaces.To interpret the EB effect in these complex systems, we applied a spin
glass (SGJike model.

The main findings ofthe study[1] are summarized below

a. ZnO can serve as a suitable nonmagnetic/nonreactive environment EB systems, preventing
the agglomeration and coarsening of Fe (and FeO) particles at the preparation stage.

b. A superposition of superparamagnetic and fewmagnetic behaviours in thevas observed in the
M vs H (Fig. 1&d) and Mvs T (Fig. 19 curves for all samples This was assigned to the
coexistence of lowcoercivity multidomain and superparamagnetic Fe particleslongsidehigh-
coercivity Fe in the bloked state Fig. 1).

c. All samplesexhibited the EB effect Fig.2azd), ascribed to the exchange coupling between the
AFM and FM spins at the FeO/Fe interfaceShe EB field and coercivity enhancementeached
valuesas high as 243 Oe and 223 Oe, respectiy¢Fig. 29.

d. A larger loop shift and coercivity enhancemeniwere observed in samples prepared under
conditions of higher non-equilibrium . These promote the formation otinstable/disordered FeO
and Fe phasesresulting in FeO/Fe interfaces with stronger eghange coupling This trend can
be seenby comparing Figs. 2aand 2d with Figs. 2band 2c.

e. The training effect (Fig. 3ab) obeyed a SGlike model.

( (® A 1A (1)
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consisting of the relaxation of twocomponents of disordered spins at the Fe/FeO interfaces towards
their equilibrium configuration: the uncompensated (1) low anisotropy interfacial (rotatable) AFM
spins and (2) frozen AFM spins. Component (1) explains the observedikhprovement, whereas (2 the
EB shift, vertical shift and open loop along the cooling direction field.

f. The reduction of H (and wasp-wasting of the hysteresis loop), observed in the 3300 K range
after the FC measurement procedureNig. 3c,d, was tentatively assigned to thdrreversible
reconfiguration of a metastable FM state consisting imn increase of the fraction of low
coercivity relative to high-coercivity Fe nanoparticles.

Table 1: The calcination and annealing condition3he degreef stability of the systems after annealing at 60C.
The as-prepared powders derived The samples studied in this work, derived from the as -

from Zn -Fe-carboxylate precursors prepared powders
Sample | Calcination conditions (Final| Sample | Annealing conditions.| The degree of stability
product: ZnFeOs + ZnO) (Final product: Fe + FeO 4 (equilibrium) inferred
Zn0) from the processing
conditions
ZF3 Heated with a 20°C/min rate | ZF3- Annealed at 500 C for 15| 3
AP1 to 400 °C and calcined for 20| 500-15 min in Ar-5 %H; (kept at
min 405 "C in the air for 60 min
during heating)
ZF3 Heated with a rate of 1.5 ZF3- Annealed at 500 C for 120 2
AP2 °C/min to 400 "C, calcined for| 500- min in Ar-5 %H;

20 min, then heat treated at| 120
370 C in the air for 30 min
ZF20- Heated with a rate of 1.5 ZF20- Annealed at 500 C for 60 | 1 (most stable)
AP “C/min to 400 °C, calcined for| 500-60 min in Ar-5 %H.
20 min, then heat treated at
370 C in the air for 60 min

ZF60- Heated with a 20" C/min rate | ZF60- Annealed at 500 "C for 30| 4 (most unstable)
AP to 400 "C and calcined for20 | 500-30 | min in Ar-5 %H;,
min
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Fig. 1: M vs. H curves measured at/or between 5 K and 300 K for annealed samp)esE60500-30; (b)
ZF606700 and F700;¢) ZF3500-120; and @) ZF3500-15. Insets shownagnified curves at the origin.€)
Zerofield-cooled (ZFC) and fieldooled (FC) magnetization curves measured between 5 K and 300 K for
°C annealed samples, with an example shown for sample&JB15. Inset: Imaginary component of AC
magnetic suscptibility vs. temperature at a frequency of 2 HZ) Dependence of theddn the average Fe
particle size.Reproduced from Refl].
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The current two studies recently reported are a continuation of previous synthetic explorations started
in 2020 by Baragauet al. [1], when thecontinuous hydrothermal flow synthesis CHF$ methodology
was optimised for carbon quantum dots synthesis, being for the first report in the literature. This article
was followed by three more studies using glucose as carbon sourd also suceeeding thesulphur [4]
and nitrogen [4] doping of these glucoseaderived carbon quantum dotsvia CHFS. The nitrogen doping
process of carbon quantum dots is usually employed to enhance their physical and chemical properties,
but there are no established requirements in the selection process of the nitrogen sources in producing
high-quality nitrogen-doped carbon quantum dots (NCQDs). Also, the carbon source can play arodsy

in obtaining high quality nitrogen-doped carbon quantum dots. The current two studies explore the
effect of nitrogen source nature when the carbon source was citric ac{®] and the influence of the
carbon source when urea was used as nitrogen source dopditt] (see the CHFS reaction setup and
synthetic process schematics irrig. J).

The report from Small [5] explores the influence of various nitrogen dopants on the morphology, optical
features, and band structure of NCQDsitric acid is used as the carbon source, and urea, trizma base,
beta-alanine, L-arginine, and EDTA are used as nitrogen sourcesotdbly, urea and trizma produced
NCQDs with excitationindependent fluorescence, high quantum yields (up to 40%), and uniform dots
with narrow particle size distributions. Density functional theory (DFT) and timedependent DFT
modelling established that ddects and substituents within the graphitic structure have a more
OECT EEZEAAT O EIi DPAAO 11 OEA . #1 $citainiRd flnationall gropd. OO OC
Importantly, for the first time, this work demonstrates that the conventional approach of mdelling
single-layer structures is insufficient, but two layers suffice for replicating experimental data. This study,
therefore, provides essential guidance on the selection of nitrogen precursors for NCQD customization
for diverse applications. These fidings highlight the critical role of precursor reactivity, solubility, and
molecular structure in the carbonization process. Urea and trizma facilitated the decarboxylation and
dehydration of citric acid, which proved crucial for the formation of an optimagraphitic carbon core.
On the other hand, amino acids primarily led to polymerization pathways, resulting in a larger particle
size distribution. Interestingly, we achieved excitationindependent emission for samples synthesized
with urea and trizma, sugyesting a uniform, single emissive state. A theoretical analysis further
corroborated these findings, indicating that at least two layers of the graphitic structure need to be
considered in any models to accurately reflect these experimental results. Furartalizing groups such
aszNH,, zCOOHzCONH, zOH,zNO, were found to have a relatively minor impact on the properties of
NQCDs, suggesting that these groups can be utilized to finme the emission properties, including
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colour of the NQCDs. This effeatas observed for a singldayer structure and is expected to remain
consistent irrespective of the number of layers. Supporting this, electron analysis showed no significant
activation or charge redistribution around the functionalizing groups upon excitabn. In contrast,
defects and substitutions, such as carbon vacancies or graphitic and pyrrolic nitrogen atoms, exerted a
more pronounced influence on the properties of NQCDs.
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Fig. 1. CHFS reactor representation and nitrogesroped carbon quantum dotsysthetic process schematics.
Adapted from Ref.g].

The report from Carbon[6] explores the CHFS synthesis of nitrogedoped carbon quantum dots (CQDs)
from various biomass derived carbon sources, including high molecular weight polymeric sources like
chitosan, lignin, and humic acid, observing that the carbon source structure sigadintly affects the size

of the fabricated NCQDs and their optical properties. Citric acid, a low molecular weight precursor,
yields NCQDs with excitatiorindependent emission, higher quantum vyields, and low nonadiative
losses, while NCQDs derived fromgbymeric precursors exhibit excitation-dependent, redshifted, and
lower efficiency emission. Theoretical calculations, performed to understand the configuration and
distribution of nitrogen dopants within the NCQD structure, show that pyridinic and graphic nitrogen
atoms exhibit a strong preference to aggregate near the centre of the edge of the NCQD and not in the
vertices nor in the graphitic core, thus affecting the HOMO and LUMO, bandgap, and light absorption
and emission wavelengths. Comparing theistinct optical properties of the assynthesised NCQDs
provides key findings into their complex photoluminescence mechanisms and the role of molecular
fluorophores. Citric acid stands out in producing NCQDs with excitatieimdependent emission, and
higher quantum yield. In contrast, NCQDs derived from the polymeric precursors exhibit excitation
dependent, redshifted, lower efficiency emission consistent with carbon coreonfined states. These
results highlight that the carbon source strongly influences théalance of molecular versus carbonized
emitting states in NCQDs produced under same flow synthesis conditions. The optical properties of the
NCQDs, including their fluorescence, depend on the particle size as well as the configuration of nitrogen
dopants. Theoretical calculations show that the configuration of the nitrogen is not random. Instead,
pyridinic and graphitic nitrogen atoms exhibit a strong preference to aggregate near the centre of the
edge of the NCQDs and not in the vertices or the graphitiore. This is also shown to be the most active
part of the NCQDs, as HOMO and LUMO are located there. Moreover, nitrogen dopants impact the work
function and bandgap, thus influencing the light absorption and emission wavelengths, especially
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pyridinic nitr ogen. The weak fluorescence exhibited by these NCQDs correlates with their limited
pyrrolic nitrogen content. Furthermore, the electronic structure of the NCQDs agrees with the other
characterisation results and the principles of quantum confinement effest Therefore, this study
provides molecular-level insights into the interplay between carbon sources and unique NCQDs
PET O 1 Oi ET AGAAT AA 1T AAEAT EOI 68 1101l h OEA | #!
producing NCQDs over batch methods. CHFS etsbvalues below 20% for climate change, resource
use, and freshwater eutrophication impacts, compared to over 60% for batch hydrothermal processes.
Overall, this work demonstrates the power of continuous hydrothermal flow reactors to sustainably
generate NCQDs from waste biomass streams with tailored properties based on the precursor
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chemistry.
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A novel class of nanostructured materials are represented by the glassy nanocomposites where optically
active nanocrystals are well dispersed within the amorphous matrix. They have high potenti&br
various applications such as optical amplifiers, photovoltaic devices, scintillators, optical waveguides,
optical refrigerator, and high-power white light-emitting diodes. Precipitation of a specific
nanocrystalline phase within the amorphous glassy ntax is reached during a subsequent thermal
processing [L]. Lanthanide doped Gdgpresent a special interest for multicolour emitting phosphors
including white light applications. The overlapping between the 4f energyevels of the G& and UV
excited staes of RB-ions, promote an efficient energy transfer between them?].
For the preparation of REB*(1%)-doped 94SiQz5GdR(mol%) glassy nanocomposites (RE=Pr, Sm, Eu,
Dy, and Th) and cedoped with Li we have used the sefjel synthesis B]; the glassceramisation was
obtained after calcination of the dried xerogel at 530C for 60min.
The Li, REdoped nanocomposites XRD patterns revealed the diffraction peaks assigned to the &dF
nanocrystalline phase precipitation. Fig. 1). The GdEgexhibits two crystalline structures, orthorhombic
(Pnma(No. 62)) and hexagonal (P63/mcm(No. 193)) which differ significantly in coordination number,
lattice volume, etc. and the patterns showed both crystalline phases
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Fig. 1: The XRD patterns recordesh REdoped glass ceramic samples GRE; the structure and XRD
patterns of orthorhombic Gdi(ICDDPDF 0120788) and hexagonal GARKICDDPDF no. 07@249) are
included. Reproduced from Reg]]

XRD pattern analysis show a good correlation between thenic radii of RB* ions [4] and structure of

the Gdk nanocrystals. The structure is hexagonal for Prand Sn$* ions, whose ionic radii are larger

than that of G@*, and orthorhombic the Dy+, YI$+, and E#+, whose ionic radii are smaller. A mixture of

AT OE PEAOAO xAO T AOGAOOAA I O %00 ¢ AT AHAdstimatiox EA OA
of the Gdk hexagonal/orthorhombic ratio from the XRD pattern analysis revealed a monotone
transition between the nanocrystalline phases. This transion is dependent on the REon size, with

selective formation of the orthorhombic or hexagonal Gdfhanocrystalline phases. The observed phase
OOAAEI EOU EO T ETEAA O OEA O1I AT OEATEAA Ai 1 OOAAOQEI
phase structure of the REEnanocrystalline materials [5]. As can be seen, in the present case, the3RE

dopant ions are responsible for the stabilization of the specific Gdphase, whether orthorhombic or
hexagonal. The RE ions, whose ionic radii are lar@r than that of Gd* ions, expand the crystal lattice

and increase the distance between fluoride anions. This results in a decrease in the repulsive energy

between fluoride anions, ultimately favouring the formation of hexagonal GdFnanocrystals.
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Conversely, the doping of smaller RE ions leads to the formation of orthorhombic phase GdF
nanocrystals [3].

alpha GdF3 (hexagonal phase)
beta GdF 3 (orth phase)

Size distribution

Ma—» <+ 1118

011a—» . -4—020a

No. of particles

o -
002a "\00213

10 20 30 40 50 60 70
Dimension (nm)

Fig. 2: Low magnification TEM image of Bb-doped Si@:Gdk sample (GCETb) and the corresponding SAEI
pattern recorded on two different eeas. The size distribution of the nanocrystals is showed in the bottorr
right corner. Reproduced from ReB][

The occurrence of the Gdfhanocrystals dispersed in the silica glassy matrix is revealed by the
transmission electron microscopy (TEM) imagesecorded on Tk+-doped SiQ-GdF glassceramic
sample (GCLiTb). These micrographs showed a large number of wellispersed, quasispherical
nanocrystals with size of tens of nhanometres. The selected area electron diffraction (SAED) pattern
confirmed the presence of dominant orthorhombica-GdFR nanocrystals, accompanied by hexagonat
GdFR nanocrystals (Fig. 2.

Under UMlight excitation at 273 nm, we observed sharp Gd UV luminescence at 310 nm (8S7/2
6PJ) accompanied by the typical REions luminescence peaks, indicating an energy transfer (ET)
process from Gd* sensitizer to RB+ activator. The Stark splitting of the luminescence bands, due to the
degeneracy lifting by the local crystal field (of Gdfnanocrystals) in which the RB* ions are
incorporated, is also evident Fig. 3. The efficiency of the G- RB*energy transfer process KET) has
been evaluated from the G& luminescence lifetime at 310 nm in undopedt(Gd) and RE+*-doped glass
ceramics. The higheshET @80% was observed fothe GCLiTb sample, and the lowe&tET of @21% for
the GCLiSm sample.
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Fig. 3: Normalized photoluminescence spectra recorded on undoped ant-B&ped glass ceramic samples
recorded under G¥ ions 273 nm excitation. Possible energy transfer path§*GdRB* are shown.
Reproduced from Ref3[.

Finally, we observed that the relatively high ET values were not accompanied by intense luminescence
signals, except for the T# ions, where the luminescence was weakly visible. We propose several
contributing factors: (i) high absorption by the silica glass matrix in the UV region of the &dons
absorption; (ii) a high local REons concentration within the nanocrystals (up to 20%), leading to a high
rate of nonradiative transitions between close pairs andhe luminescence concentration quenching;
and (iii) effective matching between the Gt and RB+ energy levels, which occurs only for Eu and Tb
dopant ions.

Hence, our experimental results demonstrated the precipitation of the Gdfanocrystalline phase
within the silica matrix, where the Lt ions act as promoters of the crystallization process, and the RE
dopant ions drive the formation of the particular Gdk crystalline phase. The whole process can be
described as an autocatalytig¢ype reaction, where a econd metastable phase, Lilacts as a catalyst by
lowering the energy barrier for the crystallization of the Gdgnanocrystalline phase.
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Broadband photodetectors (PDs) with ultrasensitive responses across the ultraviolet (UV), visible (Vis),
and nearinfrared (NIR) spectral ranges have extensive applications in optical communications,
environmental monitoring, imaging systems, medicine, and multispectral detectiorl]. Recently, seH
powered PDs based on the photovoltaic (PV) effect irpjunctions have gained significant attention, as
they can operate without external power, reducingoverall energy consumption P]. The potential for
self-driven PDs makes them highly attractive for applications in the Internet of Things and wearable
electronics [3].

In particular, wide-bandgap semiconductorbased PDs for UV to visible (UVis) detection offer
advantages such as simple structures, easy miniaturization, and strong resistance to radiation in harsh
environments [4¥8 ! 111 ¢ OEAih [ AOAl 1 @EAAO T EEA :1/h . E/|
due to their non-toxicity, natural abundance simple synthesis, and excellent stability, making them ideal
for self-powered U\Vis photodetection. Specifically, in Znased PDs, the photovoltaic effect can be
enhanced through the pyreDET 01 00T 1 EA AZAZEFAAOh xEEAE AOEAO A£AOI
properties with light absorption. Consequently, numerous studies have reported the UV detection
capabilities of ZnO nanowires, thin films, and heterostructures. However, due to its wide bandgap, ZnO
primarily absorbs UV light, posing a challenge fdsroadband photodetection applications.

Recent studies have demonstrated that integrating metal nanoparticles (NPs), such as gold (Au) or silver
(Ag), with ZnObased PDs can significantly enhance UV detection by leveraging the localized surface
plasmon (L) effect alongside the pyroelectric effect. However, the impact of metal NPs on self
powered PDs for visible light detection remains unexplored. Given that plasmonic metal NPs strongly
influence visible light absorption, our study investigates the role oAg NPs of varying sizes at the
interface of p-SnO and AZnO in an RSIi/p-SnO/nN-ZnO heterojunction, aiming to enhance broadband
photodetector performance [5]. The photoresponse of the fabricated photodetector under 650 nm
pulsed laser illumination was sysematically analysed. Compared to previously reported studies on-Si
based heterojunctions, this work demonstrates a selpowered photodetector with superior
responsivity, sensitivity, and rapid rise and fall times. A key aspect of our investigation is th&éraction
between the LSP effect and the pyrphototronic effect, which significantly enhances the performance

of the n-Si/p-SnO/Ag NPs/rZnO heterojunction.

To fabricate the Si/SnO/Ag NPs/ZnO structure, a thin Ag film was deposited with varying depositio
times of 10, 20, 40, 80, and 160 seconds before the ZnO layer was applied. The deposition process was
carried out using the ion beam sputter deposition (IBSD) technique on top of the pexisting n-Si/p-
SnO structure. In order to obtain both structural ad spectroscopic information about the ZnO deposited
thin films and Ag nanoparticles, transmission electron microscopy (TEM) studies have been performed.
Moreover, by combining the structural and spectroscopic TEM techniques we can corelate the
distributio n and the size of the Ag nanoparticles with the quality of the photodetection properties.
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Fig. 1: (a) Conventional Transmission electron microscopy (CTEM) image at low magnification of the
Si/SnO/Ag NPs/ZnO multilayered structure correspondinggample Ag@40 andb| selected arealectron
diffraction (SAED)diagram performed on an area from the TEM image shown &).((c) High-angle annular
dark-field scanning transmission electron microscopd AADFSTEM) image of the Si/SnO/Ag NPs/ZnO
multilayered structure. @) Energy dispersive -Xay spectroscopyEDXS)map obtained by overlapping the Si
Ag, Zn, Sn elemental maps. The inset shows a detail of the HSABM image shown irc), highlighting the
existence of the Ag NPs at the SnO/ZnO interfédapted from Ref.5].

Fig. lais a low magnification CTEM imagedisplaying the morphology of the sample in diffraction
contrast. The samplecontains the following layers: ITO layer with an average thickness of 12+3 nm, ZnO
layer with an average thicknes®f 1155 nm, Ag nanoparticles, a SnO layer with a thickness of 2243 nm
and the Si substrateFig. 1bis aSAEDpattern performed on the CTEM image fromFig. 13 revealng the
crystallinity of the sample. It contains a set of strong peakassigned to thecubic Si structure of the
substrate (space group FeBm), along with a series of diffraction rings, indicating the presence of
polycrystalline materials. From the measurements performed on the SAED pattern, we indskand
assigred a set of diffraction ringsas follows: two of them were assigned to the tetragonal SnO structure
with space group P4/nmm and a=b=0.3849 nm, c=0.4894 nm lattice constants, with Miller indices (101)
and (002) and the other two were assigned to the wurtzite structure (hexagonal struate) of ZnO with
space group P63mc and a=b=0.3237 nm, ¢=0.522 nm lattice constants, with Miller indices (100) and
(002).

In order to show the presence and the morphology of the Ag nanopatrticles at the SnO/Zn0O interface, we
performed EDXS mapping on theHAADRSTEM image from Fig. 1c This technique enables the
acquisition of an EDXS spectrum at each pixel of the HAABKFEM image, generating elemental maps
that illustrate the spatial distribution of the elements present in the sampleAlthough the EDXS lines for
Sn and Ag are quite close, this issue can be mitigated by selecting a weaker line for the Ag elemental map
(L line) and the M line for the Sn elemental mapfhe EDXS map shown inFig. 1dwas obtained by
overlapping the Si, Sn, gy andZn maps anctlearly indicates a sharp interface with no perceptible atomic
interdiffusion between the layers, within the resolution limits of the EDXS spectrometetn addition,the

Ag NPs exhibited a spheroidal morphology with a diameter of aroun@0z70 nm, which is in good
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agreement with the SEM measurementd he inset of the same figure shows a zoomed portion of the
HAADFSTEM image froni-ig. 1¢ highlighting the formation of the Ag NPs at the SnO/ZnO interface. The
enhanced pyrophototronic effect can be understood as a result of the coupling between the
photovoltaic effect at the Si/SnO junction, the pyroelectric effect in ZnO, and the plasmonic effect, which
generates an additional electric field at the SnO/ZnO junction to facilitate chargearation. The PD
exhibited a responsivity of 210.2 mA/W, a detectivity v T 8 X p p Tt ‘ahd & densifividyhof 15.0xp T w h
along with rise and fall times of 2.3 and 51.3 ps, respectively. T work demonstrated that the
combination of plasmonic Ag NPs with arzO pyroelectric film and a rSi/p-SnO heterojunctionoffers a
promising solution for highly responsive, sensitive, and ultrafast photosensing
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For the development of memory devicesand continued progress of IT engineering, a deep

O1 AAOOOAT AET ¢ T £#/ OEA AEAOCEIT CMAEOAEAOCET C | AAEATE
AOOGAEAIT OI 1T OAOATI ET ¢ OEA AOOOAIN DAE LI EQIAOET T '08F /4
trilayer memory structures, obtained by magnetron sputtering deposition was investigated as a

function of the postdeposition rapid annealing temperature, up to 900 °G1].4 EA AEAT CA EI
hysteresis curves due to annealingwas observed, transitioning from a clockwise type at low
temperatures to acounter clockwisetype in samples annealed in the intermediate temperature range

of 550 to 650 °C, and then returning to a clockwise type for annealing at higher temperatures of 8800

°C(Fig. 7). Up to 700 °C, memory performances constantly improvedith the 600 °C annealed samples
achievingA [ AT T OU xET AT x | &£ v8¢ 6 . He®0Fpan@dled Stpaures OFT 1
exhibited good retention characteristics for which the charge lossisonfp¢ b A £ZOAO pmnY 08
annealing temperature was increased above 700 °C, a rapid decrease in the memory performanes

observed The annealinginduced changes arattributed to the Ge fast diffusion and nanocrystaliation

process, in correlation with the morphological and structural high-resolution transmission electron
microscopy results.
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Fig. 1: (a) Sketch of the electrical measurement devicdscf Schematicrepresentation of the bias/oltage
dependence of thimjectedO OT OAA AEAOCA ET AAOA T &£ OEA #c6 [
(d,e) Retention evolution properties of the trilayer structure by monitoring the flat band voltage after
programming at negative and positive voltaged annealing tempeature of (d) 650 °C and(e) 900 °C.

Adapted from Ref.1]].
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devices. In this work IiYh OAT AAOEOAIT U C Qitterhed sulistrated, tadflitatihg the - 1
formation of intimate metallic contact, was achieved usingaM# 6 $ | AOET A8 -1/ F A&£OI I
Mo pattern and S powder seres as the growth precursors. Mo films were deposited by magnetron
OPOOOAOET ¢ 11 OI-Si Qubstrafes am tsubseduehify Apatterned by photolithography
techniques to obtain Mo strips and finger contact structures, with the gap between the strips afidger
OAOEAA &EOIiT v O ¢m ti8 4EA EEITEIC 1T &£ OEA CAD Al
monolayers (MLs) was demonstrated by scanning electron microscopy (SEM) and atomic force
microscopy (AFM) imaging. Field effect devices for theharacterization of the photosensitivity of

OAl AAGEOGAT U cOil x1 -1T3F EAOA AAAT FEAAOEAAOAA EOI I
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OA1T OAOG T &£ puMcu ' 77 AO gdamendrgiyonséA G AE Al s GBEMpl8i xAx ONBBI XA
Oi AAT OO ¢ -, -wdp@ng &ffect rEsponsible @OtReSIOW part of the device response

can beattributed to structural defectsas well asadsorbed molecules similar to the behaviour observed

in gas sensorgFig. J).
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SiGeSn nanocrystals (NCs) in oxides are of considerable interest for phatifect applications due to the
fine-tuning of bandgap by quantum confinement in NCs. Thecrease inbandgap due tothe quantum
confinement effectcan becompensated by Sn alloyingVe thoroughly studied [1] SiGeSn NCs embedded
ET A 1T AT T AOUOOA tabriéated usingAhagnetronAcdspuiteding deposition at room:
temperature (RT) followed byrapid thermal annealing (RTA). The NCs were formed at temperatures in
the range of 50800 °C. RTA was performed to passivatihe surfaces ofSiGeSn NCs by embedding
theminthe( £/ F | AOOE @8 4 EA /EinGégledatiohias discdssed i @elatdnl tdither
deposition and processing conditionsusing HRTEM, XRDand Raman spectroscopy studies. Spectral
photosensitivity was extended to 2000 nm inthe short-wavelength infrared (SWIR). Compaed to

OEI EI AO OAOOI 6O 11 ' A3Tonoffsiénhdnhtes tBethérmal staldilify 0FS@eSn O E A

. #0h xEEI A OEA plddds béttd pgssilzatibn ofthé B3 Eh@easingthereby increasing

the SWIR photosensitivityaRT8 4 EA EECE DAOOEOAOEI 1T 1T £ZFAOAA AU

losses, enhancing device efficiency by the weak decrease of the photosensitivity from low (100 KIRiD
Furthermore, the increased thermal stability allows for higher processing temperatures without
inducing Sn segregation, ensuring longerm reliability in practical applications. These results suggest

OEAO 3E' A31T . #0 Ai AAAAAA EIT Alsfor(SHIRPptdeldcGoDiE dgvicdsO A
(Fig. D).
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orientation; (b) Normalized deconvoluted XRD diffractograms for the samples annealed at different
temperatures; €) Spectral photosensitivity measured for zero bias voltage on ITO/SiGe38/ ZiTAbdiodes
for RTA at 500 and 550 °C showingtended IR sensitivity to 2000 nm (Inset: Raman spectraheflaser-

annealed asdepositedsampleand the 500, 520, 550 and 800 °C Rreated films).Adapted from Ref.1].
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The recent developments in the Thermionic Vacuum Arc (TVA) and the Laskerduced Thermoelectric
Vacuum Arc (LTVA) technologies e for the deposition of magnesium (Mg) have been reviewed]
Mg and Mgbased alloy films deposited using a TVA method have multiple applications in the fields of
metallic electrodes for diodes and batteries, as well as in active corrosion protectiorig4]. The
improved laser-induced TVA (LTVA) method favours the crystallization processes of the deposited Mg
based films. This is because the interaction between laser and plasma discharge changes the thermal
energy during photonic processes due to the locémperature variation. The morphology and surface
properties of the obtained thin films differ between these two methodswWhile the amorphous character
dominates in TVA thin films, resulting in a smooth surface, the LTVA method leads to rougher surfaces
with pronounced crystallinity, and reduced surface energy. Both methods enable the production of
uniform magnesium alloys, but the laser in the LTVA process, when interacting with the discharge
plasma, plays a crucial role in controlling the ratio of addednetals or elements.Thereby, the main
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quality films with unique characteristics, such as smoothness and uniformity. In comparison, the
thermal evaporation method provides a good evaporation rate but may not offer the same level of
control over the structural features of the films. Increasing the evaporation rate results in more material
reaching the sample surface within the same deposition time. This leads achigher local temperature,
which enhances the mobility of the atoms on the surface, promoting a more pronounced crystallization
process. Consequently, films with better crystallinity and improved structural properties are obtained.
Fig. 1apresents Scanmnig Electron Microscopy (SEM) micrographs of pure magnesium deposited on the
BET3E/ F OOAOOOAOA OOEIFQ. 16displays midographsfoDptiie AnhgnesilE 1 A
deposited on the same substrate by evaporation, both with a thickness of approximatel® nm. At first
glance, the evaporation method produces larger Mg hexagons, but without any apparent connection. In
contrast, the LTVA sample exhibits a crystallinamorphous structure with electrically conductive
properties.
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Fig. 1: SEM images of magnesium deposited(By LTVA and(b) thermal evaporation
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Fig. 2ashows the Xray diffraction (XRD) patterns of Mg and Mg:Ag samples obtained by TVA and LTVA
methods. The samples obtained by the TVA method confirm the formation of thegMtrystalline
EAGACI T Al DPEAOA O¢eoTii A jpwtq xEOE OEA [ AET DAAE
magnesium along thec-axis. The cell parameters for the Mg sample were refined using the hexagonal

Mg structure as provided by the ICDBPDF (cardno. 351 ¢ ¢ p aqh xEOE A E A E o8 pw
wnJh AT A r E pgmnlJ8 4EA 1T AAT AOUOOA 45 ED Ror theldinple x AO
obtained by LTVA, in addition to the two peaks corresponding to [002], the hump cantered aroud°

confirmed the partial amorphous character of these samples. The presence of Ag is indicated by the peak

at 38.1°, which corresponds to the formation of the second crystalline phase, cubic silver (Fm3m) [106]

or AgMgsz crystalline structure. In this ca®, themean crystallite is approximately 38 nm.
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Fig. 2: (a) XRD patternsand (b) superposed EDXS spectrathe Mg:Ag deposited by T\&hd LTVAmethods.
Adapted from Ref.1]].
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For the LTVA sample, the hexagonal structure of Mg is slightly deformesiiggesting a mixture of
hexagonal Mg with cubic Ag or AgMg3. This was further confirmed by energy dispersiveray
spectroscopy (EDXS) analysis, where the composition shows significant intermixing between the Mg
and Ag metals Fig. 28. The atomic composiion determined by EDXS for the LTVA sample is provided
in Table 1

Table 1: EDXS results for the LTVA sample.

Element At. number Netto wt. (%) at. (%)
Ag 47 11076 62.18 27.03
Mg 12 25896 37.82 72.97
4AEA OAI PI AGS 11 OPEITIT T CEAA]I GomiBeiSENdithdgestitisivident haf AA O

the TVA sample exhibits higher crystallinity, with the dominant phase being the Mg structuré-(g. 3a,

b). This result aligns with the hexagonal structure®f metallic magnesium nanocrystals observed for

this sample, which was the main finding from the XRD measurements.

The sheet resistance of magnesium and magnesium binary alloys could be crucial if used as-fitim
electrodes in electroluminescent diodes or batteries. The dependence of the inner voltagethe applied
current for TVA and LTVA is shown irFig. 4 ForaODEEAET AOO 1T £ pnn 11 h OEA OA
£ O OEA 46! OAi PI A AT A mEypo8e 1T mg¢i £ O OEA |, 46!
resistivity of the TVA sample indicates a less electrically conductive thin film due to the structured Mg
surface, whereas the lower resistivity of the Mg:Ag film suggests better conductivity owing to the
presence of silver.
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Fig. 3: SEM micrographs recorded on Mg:Ag samples deposited by(lB#tAhand sidg and LTVA(right hand-
side). Reproduced from Rel][

0.024 -
= LTVA
e TVA
0.020 slope 0.1662
——slope 0.1177
0.016
>
£0.012-
O
)
0.008 -
0.004 -
0.000 X T J T ¥ T T T ¥ T Y T T T T
0.00 002 004 006 008 010 0.12 0.14
Iinner(A)

Fig. 4: Current-voltage characteristics othe Mg:Ag thin films Reproduced from Refl].
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The mixedvalence perovskitetype lanthanum manganites LamMnQOs (A = Sr, Ca, Ba) with strong
electron-spin lattice correlations which leads to ferromagnetism, metallic conductivity, orcolossal
magnetoresistance, are proposed as emerging materials in magnetic refrigeration technology and
applied spin-electronic devices. The doublexchange (DE) mechanism is the source of magnetic
coupling in these materials, where the localized Mn t2gpins are mediated by itinerant eg electrons
hopping via oxygenmanganese metallic bonds (eg(M); P A +ef(Kqn)). The overlap between Mn 3d
and O 2p orbitals depends on various parameters such as the oxidation state of the manganese ions,
MnzOzMn bond angleand the bond lengths of Mn@octahedra, which eventually affects the interactions
between spin and lattice degrees of freedom. Stoichiometry, particle size, dimensionality, structure
defects, and chemical disorder collectively impact the magnetic propees. Among the differently doped
lanthanum manganites whose properties canbe influenced by Bsite (divalent alkali metal) and Asite
(trivalent alkali metal) substitutions in the ABG; perovskite structure, La.s7Bay.3sMnQ; is of particular
interest due to its ferromagnetic behaviour and significant magnetocaloric effect (MCE) above room
temperature (RT). Therefore, further exploration and research on optimizing this material through
appropriate chemical substitution are needed to enhance its magnetic andQ¥& properties while tuning
the transition temperature (Curie temperature, To) closer to RT.

Magnetic refrigeration (MR) may be quantitatively characterized in terms of the isothermal magnetic
AT 00T PU A)mAdicaplhng gffisiéncy (the relative cooling power, RCP), which are typically found
to be the highest across magnetic transitions, while a secofmtder magnetic phase transition (SMPOT)
can also be an important criterion in deciding the practical use dhese materials. Controlled doping of
the A-site with simultaneous doping of monovalent, divalent, and trivalent elements is challenging,
yet it holds the potential for outstanding results

In our recent work [1], the modified Pechini method was useda prepare Las/Bar s o KxMNO; material,
where Lays7/Bap3sMnO; with Tc above RT was used as a matrix, andigns were doped into the Asite.
Regarding the electronic structure, due to the valence difference in thesie, the number of Mg*/Mn 4+
pairs in the materials is affected, leading to a significant change in thesite ionic disorder of the crystal
structure and the magnetic properties.The novelty of the presented report 1] lies in two key aspects:
first, the correlation between the distortion of the MnQs octahedron, Mr+/Mn 4+ pairs, magnetic
properties, and electron paramagnetic resonance as a function of the molar content ofikping (x) (up

to 20%). The second proposes a sample with optimized potassium doping concentration (x = 0.20) as a
candidate for room temperature micro-scale magnetic cooling.

The LasBans o KeMNOs (with x = 0, 0.05, 0.1, and 0.2; in the following abbreviated with LBKO, LBK5,
LBK10, and LBK20, respectively), belong to the™Bt (no. 167) space group having a crystallograjit
rhombohedral crystal structure, no secondary phases being discerned within the XRD limitsi(. 1). The
peaks shift to higher angles with increasing K content, indicating a decrease in the unit cell volume.
Rietveld refinement of the experimental datashowed that by substituting the B&+* ions with K*

j T8 M S indreaSes thedveragd Asite ionic radius from 1.299 to 1.316 A andaisesthe A-site ionic
AEOT O%ffofd 14.30x 10" t0 20.78x 10 A2). The MgOz- 1 AT T A AT CI A g #AAOAA
inverse trend is seen in the bond length dMgO. Increased randomnes the displacement of oxygen
atoms from their average crystallographic positions due to lattice straingnore precisely, theincreasing
the distortion of the MnQ; octahedra, favours he egelectrons localization, while attenuating the
strength of the double exchange (DE) interaction between Mhand Mr#+ ions.
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The temperature-dependent DC magnetizaton (Mt @ AO A vnntu/ A APDPI EAATI+ACT .
temperature range is measurd in the field-cooled mode {ig. 1). A transition from a low-temperature
ferromagnetic phase to a hightemperature paramagnetic phasevas evident. The Eis the temperature
corresponding to the derivative of the magnetization as a function of temperaturd - 9A48 4EA OAI
Tcare lower when K concentration is larger, inferring that the existence of the*{ons in the Asite of

the crystal lattice tends to weaken the double exchange (DE) magnetic interactions. The enhancement

of the size mismatch of the Aations induces the localization of eglectrons, thereby decreasing the &

values of the compounds.
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Fig. 1: (a) XRD patterns of the LBKO, LBK5, LBK10, and LBK20 samples. The inset enhancegtb112
region of the 238 diffraction line;(b) Schematicrepresentation of the adimensional structure of the LBKO
and LBK20 compoundgslerived fromthe Rietveld refinement results. The atoms within the crystal structur:

are represented as follows: regdG; greenz La, Ba, Kwhite z Mn; (c) Temperaturedependent DC
magnet|zat|on Maq AO A wtt /A ADDIBAA I+A ORAAORD AAEBEIAA C

from Ref. 1].

The inverse magnetic suseptibility (?!) as a function of the temperature for the LBK5, LBK10, and

LBK20 samplesalong with the calculated curves deduced fromthe Cuié AEOO ANOAQEIDH p 2?
and the CurieWeiss parameters(g, and Q, as well as he experimental value ¢ the effective
paramagnetic moments are presentedin Fig. 2 The obtained effective magnetic moment values are
considerably lower than the experimental ones Table 1), underlying the presence of shordrange FM
interactions in the paramagnetic statgabove Tc), which is commonly observed in manganites. Selecting

the sample with Tcclosest to RTis crucial for studying the effect of K substitution of the MCE in the LBK

system.
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Fig. 2: (azc) Temperature dependence of the inverse of magnetic susbéjpyi j ) for LBK5, LBK10, and
LBK20. The green line presents the linear fit at high temperaturel;I6othermal magnetization curves
measured at different temperatures arounihe Te; (€)! OOT OO T T Q ZindEdmppund LBK20;f]
I £ Winder diffédrént apphadl Aagheticdiéds @iU
LBK20.Adapted from Ref.1].
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studied compound is promising forRT micro-scale magnetic coling.

paramagnetic moment, MpO bond length, MpOzMn bond angle, Mft/Mn3+* ratio, and intrinsic size disorder

(obtained from Rietveld refinement) for Les/Bar s x &G (with x = 0, 0.05, 0.1, and 0.2).

Sample Tc Ip pexpeff pexpeff dwmnzo J Mnzozmn Mn4+/Mn 3+ A2

(K) (K) (1B) (1B) (A) ) (1022 A)
LBKO 348 352 5.43(2) 4.58(2) 1.959 173 0.4 14.31
LBK5 344 342 5.58(2) 4.53(2) 1.961 170 0.5 15.98
LBK10 335 337 6.02(2) 4.49(2) 1.965 167 0.6 17.61
LBK20 316 319 6.48(2) 4.17(2) 1.966 164 0.9 20.68
Reference:

[1] M. Oumezzine, A.M. Rostas, A.E. Bocirnea, E.K. Hlil, A.C. Gadite, kdoped lanthanum manganite
nanocrystalline La.s7/Bao.33MnQ for room-temperature microscale magnetic coolingl. Alloys Compd.
976 (2024) 173257.
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higher than that of polycrystalline manganites doped with Kions at A sites. Our results indicate that the
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