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Abstract — This report serves to inform the UniPi community on the activities carried out by the CISUP CrossBeam 550 FIB-
SEM laboratory in 2024. Activities include: i) laboratory implementation; ii) hours worked; iv) research products; vi)
education; vii) issues and objectives. During the year 2024, the laboratory worked for over 857 hours for testing, research and
education, providing support to several national and international research projects (n = 9) and many PhD, MSc and BSc thesis
(n=11).

Laboratory web-page: https://cisup.unipi.it/labs/zeiss-crossbeam-550-fib-sem/
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Cover image: Infra-Red-in chamber-camera image featuring the geometric setting of the Zeiss XBeam 550 during the
welding of a cross-section on a TEM Cu-grid. Clockwise from the top: the pole piece of the electron gun, the pole piece of the
Ga ion gun, the Gas Injection System, the > ”Al clump holding a TEM Cu-grid (too small to be visible), the
micromanipulator. The stage is tilted at 10",

1. Laboratory implementation/management

We have calibrated the microanalytical EDS system for semiquantitative analyses. We have generated several
standard libraries for various matrices. This was accomplished using 53 synthetic and natural mineral standards
provided by Astimex Standards Ltd., as well as several other matrices of known composition.

The e-beam lithography tool has been upgraded with a new version of the software, with improved sample
positioning and stage navigation. Moreover, the precision of multiple writing alignment has been improved.
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The SmartSEM software has been upgraded providing a better ion beam extraction strategy in the Capella FIB
column.

We have finalized a two-year service contract with ZEISS for the years 2025 and 2026. The total cost is 49k. The
contract covers the replacement of the electron and ion sources, consumable columns parts, two on site services
per year, etc.

2. Hours worked
The number of hours worked by the CrossBeam 550 FIB-SEM laboratory in 2024 is 933. The machine has been
used mainly for service (683 hrs), testing (174 hrs) and teaching activities (22 hrs).

3. Users

In 2024, the users of the CISUP CrossBeam 550 FIB-SEM laboratory include internal (UniPi) researchers, PhD
and MSc students from the DII, DF, DST, INFN-Pisa, but also researchers from other Universities and Research
institutes, e.g., Universita di Milano Bicocca, Universita degli Studi Firenze, Universita di Cagliari, Museo
Nazionale dell’ Antartide, CNR-Nano, VIRGO-INAF, IAPS-INAF, California Institute of Technology (USA),
Université de Lille (France).

Figure 1. A TEM image of ~60 nm thick FIB lamella from the shocked carbonaceous chondrite Frontier Mountain
90006 (Antarctica) prepared for TEM analysis using the CISUP ZEISS XBeam 550. Courtesey of R. Borriello
(DST, UniPi).

4. Research products

In 2024, the CISUP CrossBeam 550 FIB-SEM laboratory has provided analytical support to several research
groups, PhD and MSc students involved in material analyses and nanofabrication. Few papers acknowledging the
lab have been published, including one with a dedicated journal cover (Figure 2); several are under preparation.



They are:

Musolino A., Suttle M.D., Folco L., King A.J., Poggiali G., Bates H.C., Brucato J.R., Brearley A. (2024) Early
fluid migration and alteration fronts in the CM chondrite Reckling Peak 17085. Meteoritics and Planetary
Science 59, https://doi.org/10.1111/maps.14261

Conconi R., Merlini M., Fumagalli P., Mugnaioli E., Folco L., Capitani G. (2025) Average Structure and
Microstructure of Synchysite-(Ce) from Cuasso al Monte (Varese, Italy). European Journal of Mineralogy,
(accepted 3.2.2025).

Del Rio M., Folco L., Mugnaioli E., Goderis S., Masotta M., (2025) Loss and accretion of moderately volatile
elements K and Na in Australasian microtektites from Antarctica. Geochimica et Cosmochimica Acta. 1D#
GCA-D-24-01032. Accepted (27.2.2025).

Folco L., Mugnaioli E., Masotta M., Glass BP (2025) Coesite Discovered in Australasian Microtektites. Geology.
ID# G53131. Under review.

Pignatelli E., Mugnaioli E., Folco L., Y Marrocchi (2024) Constraints on the fluid alteration of Nakhla meteorite
inferred from Fe-rich phyllosilicates characterization. Meteoritics and Planetary Science. ID# 4061220).
Under review.

Dimaggio E., Masci A., De Seta A., Salleras M., Fonseca L., Pennelli G. (2024) On-chip thermoelectric devices
based on standard silicon processing, Small 2405411, 2024 (DOI: 10.1002/smll.202405411).

Capello C.R., Masci A., Dimaggio E., Canetta A., Pennelli G. (2024) A room temperature thermal diode fully
integrated on a silicon chip, Materials today physics, under review.

Lucchesi F., Capello C.R., Masci A., Pennelli G. (2025) Thermal conductivity and phonon localization in
periodically carved silicon nanowires, to be submitted.
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Figure 2. The cover of the November 2024 issue of Meteoritics and Planetary Science features a close up view (right panel,
BSE image) of aqueous alteration fronts in the CM chondrite RKP 17085. The image was obtained at the CISUP ZEISS XBeam
550 laboratory by one of our former MSc Student Anna Musolino (currently at CEREGE, France).

Remarkable is also the number of research projects that are benefitting of the service produced by the CrossBeam
550 FIB-SEM laboratory. They are:

e PRIN 2022 Cosmic Dust II: Cosmochemistry and Space Tweezers Technologies for Solar System Science
and Exploration. Luigi Folco (DST-UniP1i).

e PRIN 2022 Trampolines as Ultra-Sensitive Thermomechanical bolometers (TRUST) — Stefano Roddaro
(DF-UniPi).

e  PRIN 2022 NanoHeatTransport. Giovanni Pennelli (DII-UniP1i).
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e  PRIN 2022 Nano-focus on metamorphic garnet. Bernardo Cesare (DG-UniPd), Enrico Mugnaioli (DST-
UniPi).

e PRIN 2022 PNRR Mid-Infrared Nanophotonics for Sustainability (MINAS). Alessandro Tredicucci (DF-
UniPi)

e ASI-MUR exPEILS5 SpaceltUP!. Luigi Folco (DST-UniPi).

o JAXA 2022 First Ryugu sample announcement of opportunity. Marco Ferrari (IAPS-INAF-Roma), Luigi
Folco, Enrico Mugnaioli, Matteo Masotta (DST-UniP1).

e CNR-nanoscience — UniPi collaboration Crescita e caratterizzazione di nanostrutture di materiali
semiconduttori. Valentina Zannier (CNR-N Pisa), Enrico Mugnaioli (DST-UniPi).

e PNRA, Antarctic Meteorites classification. Sonia Sandroni and Alfonso Fiorelli (Museo Nazionale
dell’ Antartide).

6. Education and Outreach
In 2024, the laboratory has provided analytical support to the following PhD, MSc, BSc students, trainees:

e Sofia Lorenzon (PhD, DST, UniPi)

e Roberto Conconi (PhD, DISAT, UniBicocca)
Roberto Borriello (PhD, DST, UniPi)
Niccolo Magnani (MSc, DST, UniPi)
Miriam Gizzi (BSc, DST, UniP1i)

Eleonora Pace (trainee, DST, UniPi)
Karina Semonova (MSc, DST, UniP1)
Antonella Masci (PhD, DII, UniPi)
Carlotta Capello (PhD, DII, UniPi)

e  Francesca Lucchesi (MSc, DII, UniPi)
Elisabetta Dimaggio (trainee, DII, UniPi)

In 2024, the laboratory has been used for the following UniPi courses:

e FElectron Microscopy of Nanomaterials (laurea magistrale in Materials and Nanotechnology)

e Cosmochemistry — laboratory activities (laurea magistrale in Scienze e Tecnologie Geologiche)
Planetary Geology — laboratory activities (laurea Triennale in Scienze Geologiche)
Advanced Electronic Devices and Nanotechnologies (laurea magistrale in Ingegneria Elettronica)

6. Issues and objectives
Performance — We would like to increase the performance of the CISUP CrossBeam 550 FIB-SEM laboratory
through the implementation of the 3D tomography service in 2025.

Cite our lab in your work — The papers benefitting of the work carried out in our CISUP CrossBeam 550 FIB-
SEM laboratory must acknowledge our lab accurately in the methodology chapters and acknowledgements. We
strongly encourage to carry on with this fair practice because beneficial to the entire CISUP community. Please
check our laboratory web page, to correctly cite our lab/instrument in your papers using — for instance - a sentence
like the following one:

“TEM films were prepared using a ZEISS CrossBeam 550 FIB-SEM at the Centro per la Integrazione della
Strumentazione della Universita di Pisa (CISUP)”
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