Anexa 2
Rezumatul activitiitii si a rezultatelor obtinute in proiect in anul 2025
Cifrul proiectului 25.80012,5007.39TC
Denumirea Proiectului_Dezvoltarea Microscopului Holografic Digital cu Polarizare Bazat pe

Eibre Optice pentru Imagistic Cantitativa de Fazi Aplicatd in Stiinta Materialelor si Biomedicini

Rezumat in limba romana pentru anul 2025

In anul 2025, proiectul dedicat dezvoltarii microscopiei holografice digitale sensibile la
polarizare (FO-MHDP) a finregistrat progrese semnificative in directia modernizarii
instrumentatiei optice, dezvoltarii algoritmilor de procesare si caracterizarii avansate a
elementelor optice difractive (EOD) fabricate pe nanomultistraturi de sticle calcogenice As,Ss-Se.
Activitdtile realizate in aceastd perioadd au contribuit la consolidarea infrastructurii
experimentale, la extinderea colaborarilor nationale si internationale si la formarea tinerilor
cercetdtori in domeniul opticii moderne si al fotonicii.

Un rezultat major al etapei il constituie dezvoltarea prototipului de microscop FO-MHDP,
bazat pe o arhitecturd interferometrica Mach—Zehnder in configuratie off-axis, cu iluminare prin
fibre optice monomod si componente optice polarizante integrate. Schema optica a fost proiectata
pentru a permite inregistrarea hologramelor digitale in doud orientdri ale analizorului (0° si 90°),
necesare pentru reconstruirea matricii Jones locale pentru fiecare pixel. Au fost stabilite
protocoalele experimentale de inregistrare, iar componentele optice si mecanice necesare au fost
achizitionate si integrate treptat in sistem. In pofida intérzierilor in livrarea unor echipamente,
asamblarea initiala a configuratiei a fost dusa la bun sfarsit.

Pe plan metodologic, a fost initiatd dezvoltarea unui algoritm FFT de reconstructic a
hologramelor digitale, in colaborare cu grupul de procesare a semnalelor de la Tampere
University (Finlanda). Acest algoritm permite extragerea cdmpului optic complex si reconstructia
distributiei spatiale a fazei (obiectului studiat), facilitind caracterizarea cantitativi a birefringentei
si a fenomenelor de modificare a polarizirii in EOD. Pe baza hologramelor inregistrate, a fost
realizatd o analiza preliminara a EOD fabricate prin doud tehnici distincte: inregistrare holografica
digitald si litografie cu fascicul de electroni pe microscopul TESCAN VEGA.

Activititile de diseminare au inclus participarea echipei la 7th International Conference on
Nanotechnologies and Biomedical Engineering (ICNBME 2025), unde au fost prezentate trei
lucréri stiintifice indexate Springer. De asemenea, a fost inaintat un articol intr-o revista
internationald cu factor de impact. Colaborarea internationali a fost consolidatd printr-o viziti de
lucru la Tampere University, unde au fost stabilite noi directii de dezvoltare, inclusiv utilizarea
retelelor neuronale pentru analiza hologramelor digitale si o mobilitate viitoare pentru un tanir
cercetator.

La nivel national, colaborarea cu laboratoarele din cadrul Institutului de Fizicd Aplicati
ale Universitatii de Stat din Moldova a contribuit la testarca materialelor fotosensibile,
optimizarea proceselor de inregistrare si instruirea personalului tanir.

Per ansamblu, etapa 2025 a proiectului a pus bazele tehnice si stiintifice pentru dezvoltirile
ulterioare, consolidand instrumentatia, metodologia si colaboririle necesare pentru obtinerea
rezultatelor finale in etapele urmitoare.
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Rezumat in limba englezd pentru anul 2025

During. the year 2025, the project focused on developing a fiber-optic
po!auzatlon—sensuwe digital holographic microscope (FO-PDHM) has made substantial progress
in advancing optical instrumentation, hologram-processing algorithms, and the quantitative
characterization of diffractive optical elements (DOEs) fabricated on As,S;—Se chalcogenide
nanomultilayers. The achievements of this period strengthened the experimental infrastructure,
expanded national and international collaborations, and contributed to the training of young
researchers in modern optics and photonics.

A major accomplishment of the reporting year is the development of the FO-PDHM
prototype, based on an off-axis Mach—Zehnder interferometer architecture with single-mode fiber
illumination and integrated polarization-controlling components. The optical design enables
dual-frame digital hologram acquisition (0° and 90° analyzer orientations), required for the
pixel-wise reconstruction of the Jones matrix. Experimental protocols for hologram acquisition
were established, and the necessary optical and mechanical components were procured and
gradually integrated. Although some delays in equipment delivery were encountered, the initial
assembly of the system was successfully completed.

Methodologically, a FFT-based reconstruction algorithm for digital holograms was
initiated in collaboration with the signal-processing research group at Tampere University
(Finland). The algorithm extracts the complex optical field and phase maps, enabling
high-resolution birefringence mapping and the analysis of polarization-altering phenomena in
DOEs. Using this framework, preliminary characterization was performed for DOEs fabricated
using two different approaches: digital holographic recording and electron-beam lithography with
a TESCAN VEGA scanning electron microscope.

Dissemination activities included participation in the 7th International Conference on
Nanotechnologies and Biomedical Engineering (ICNBME 2025), where three peer-reviewed
papers were presented and published in the Springer IFMBE Proceedings series. An additional
manuscript was submitted to an international journal with impact factor. The international
collaboration was strengthened through a research visit to Tampere University, where joint
algorithm development was advanced, and a scientific mobility program for a young researcher
was planned. New directions were also mltrated such as integrating neural networks for enhanced
holographic data analysis.

At the national level, collaborations with local laboratories from the Institute of Applied
Physics, Moldova State University supported the testing of photosensitive materials, optimization
of holographic recording procedures, and training of early-career researchers.

Overall, the 2025 stage of the project established a solid technical and scientific foundation for
future progress, enabling the development of advanced optical instrumentation, robust analytical
methods, and strong collaborative frameworks essential for achieving the project’s final

objectives.
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