Anexa 1l

Rezumatul activititii si a rezultatelor obtinute in proiect in anul 2025

Cifrul proiectului: 25.80012.5007.31TC
Denumirea Proiectului: ,Fotodetectoare de radiatie UV cu structura MSM in baza filmelor
nanostructurate Zn>SnQ4 obtinute prin metoda spray-piroliza”
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Filmele subtiri de ZnSnO au fost obtinute prin metoda spray-piroliza. Prin ajustarea
concentratiei solutiei de precursor in intervalul 0.05 — 0.30 M, se observa o modificare pronuntata
a topografiei suprafetei. Rugozitatea creste gradual de la valori de aproximativ 6 nm pana la 12
nm RMS, iar inaltimea maxima a varfurilor structurale atinge 42 nm. Aceasta evolutie morfologica
influenteaza direct umectabilitatea: pe masura ce suprafata devine mai rugoasa, filmele capata
proprietdti mai hidrofobe, unghiul de contact dintre suprafata materialului si apa crescand de la
119° la 124°. Fenomenul este explicat prin formarea de microstructuri care capteaza aer la
suprafata, reducand astfel zona de contact dintre apa - solid si inducand un efect similar celui
intalnit pe frunzele de lotus. Depunerea controlata a filmelor cu un timp intre 3 si 10 minute duce
la cresterea grosimii de la 80 nm la 320 nm si la o evolutie semnificativa a microstructurii. SEM-
ul releva trecerea de la straturi compacte cu cristalite fine la structuri dense, constituite din granule
mai mari, formate prin conglomerare progresiva. Pe masura ce depunerea avanseaza, competitia
dintre nucleiere si crestere, determina dezvoltarea unor cristale mai mari, ceea ce influenteaza atat
structura internd, cat si modul in care filmul interactioneaza cu lumina.

Analizele structurale XRD arata prezenta fazelor Zn.SnOas si SnO: in toate probele, nsa
intensitatea relativa a acestora se modificad in functie de grosime. Filmele mai groase prezintd o
crestere a intensitatii maximelor asociate ZnSnOs si o reducere a celor aferente SnO-, sugerand o
tendintad de transformare structurald si o stabilizare a filmului de Zn.SnOx cu faza spinel in timpul
cresterii. Acest proces este atribuit difuziei si interamestecarii mai eficiente a atomilor de Zn si Sn
in conditiile unui timp de depunere prelungit.

Proprietatile optice ale filmelor sunt influentate in special de grosime: transparenta in
domeniul vizibil scade treptat de la 84% la 72%, datorita intensificarii proceselor de absorbtie si
dispersie in filmele mai groase. Totusi, marginea de absorbtie se mentine stabila, in jurul valorilor
de 3.7 — 3.8 eV, ceea ce indica o compozitie uniforma si o banda interzisa constanta. Proprietatile
electrice sunt puternic dependente de structura obtinutd in timpul depunerii. Modificarea
concentratiei precursorilor influenteaza densitatea purtdtorilor si mobilitatea acestora, determinand
variatii in curentii masurati la intuneric si sub iluminare. Un echilibru optim intre densitatea
purtatorilor de sarcina si morfologia suprafetei, se obtine la concentratii intermediare, unde
fotocurentul este maxim, iar pierderile sunt minime. Tn filmele cu o rugozitate mai mare,
mobilitatea scade, afectand performantele electrice.

In ansamblu, studiile demonstreaza ca prin ajustarea atenti a concentratiei precursorilor si
a timpului de depunere, proprietatile filmelor ZnSnO pot fi controlate cu precizie. Rugozitatea,
hidrofobicitatea, cristalinitatea, grosimea si transparenta pot fi adaptate pentru aplicatii specifice,
iar performantele electrice pot fi optimizate in functie de cerintele dispozitivului final.
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ZnSnO thin films were obtained using the spray-pyrolysis method. By adjusting the
precursor solution concentration in the range of 0.05 — 0.30 M, a pronounced modification of the
surface topography is observed. The roughness gradually increases from approximately 6 nm to
12 nm RMS, while the maximum peak height reaches 42 nm. This morphological evolution
directly affects wettability: as the surface becomes rougher, the films acquire more hydrophobic
characteristics, with the water contact angle increasing from 119° to 124°. This phenomenon is
explained by the formation of microstructures that trap air at the surface, thus reducing the water
- solid contact area and inducing an effect similar to that observed on lotus leaves.

Controlled deposition of the films for durations between 3 and 10 minutes leads to an
increase in thickness from 80 nm to 320 nm and to a significant evolution of the microstructure.
SEM analysis reveals the transition from compact layers with fine crystallites to denser structures
composed of larger grains formed through progressive conglomeration. As deposition progresses,
the competition between nucleation and growth leads to the development of larger crystals, which
influences both the internal structure and the way the film interacts with light.

XRD structural analyses show the presence of Zn2SnOs and SnO: phases in all samples,
but their relative intensities vary with thickness. Thicker films exhibit an increase in the intensity
of peaks associated with Zn2SnOa and a reduction of those corresponding to SnO2, suggesting a
structural transformation tendency and the stabilization of the Zn2SnOa spinel phase during growth.
This process is attributed to more efficient diffusion and intermixing of Zn and Sn atoms under
extended deposition times.

The optical properties of the films are influenced mainly by thickness: transparency in the
visible range gradually decreases from 84% to 72%, due to enhanced absorption and scattering
processes in thicker films. However, the absorption edge remains stable, around 3.7 — 3.8 eV,
indicating a uniform composition and a constant bandgap.

The electrical properties are strongly dependent on the structure formed during deposition.
Variations in precursor concentration influence the carrier density and mobility, leading to
differences in currents measured in the dark and under illumination. An optimal balance between
carrier density and surface morphology is achieved at intermediate concentrations, where the
photocurrent is maximal and carrier scattering losses are minimal. In films that are too rough,
mobility decreases, negatively affecting electrical performance.

Overall, the studies demonstrate that by carefully adjusting the precursor concentration and
deposition time, the properties of ZnSnO films can be precisely controlled. Roughness,
hydrophobicity, crystallinity, thickness, and transparency can be tailored for specific applications,
while electrical performance can be optimized according to the requirements of the final device.

Conducitorul de proiect M dr. Vadim MORARI

{semndtura) (numele, prenumele)

Ijléta: OZ{ f.,? ,Q 025

10



