Rezumatul activititii si a rezultatelor obtinute in subprogram in anul 2024

MATERIALE SI STRUCTURI iN BAZA ELEMENTELOR ABUNDENTE PENTRU
DETECTAREA RADIATIILOR SI CONVERSIA EFICIENTA A ENERGIEI
(denumirea subprogramului)
Codul subprogramului 011207

A fost elaborata instalatia si optimizata tehnologia de preparare a nanostraturilor subtiri de oxizilor
NiO:(Ga, V, La, In), VO2, TiO2, ZnO si ZnO:(Al, Ga) prin metoda Metalorganic Aerosol Deposition
(MAD) ce permite rate de crestere ale straturilor de 0,1-10 nm/s. Variatiile tehnologice permit
dirijarea cu concentratiile dopandului in solutiile destinate aplicarii, tipul dopantului, temperatura
suportului si tipul suportului. Dimethylformamide, in calitate de principalul agent de transport a fost
Al203 au fost folosite in calitate de suporturi. Temperatura suportului a variat intre 450-650°C.
Analiza de faza cantitativa si precizarea parametrilor retelei cristaline a presupus utilizarea difractiei
de raze X in configuratie Grazing Incidence si folosirea metodei Rietveld, considerandu-se factorii
ce aduc un aport in tabloul de difractie si functia Pseudo-Voight. Pentru caracterizarea morfologiei
suprafetelor oxizilor au fost folosite SEM si AFM. Analiza compozitionald a fost realizata cu
folosirea EDXS, XRF si XPS. Proprietdtile electronice ale straturilor formate au fost caraterizate
prin folosirea Kelvin Probe (KP) si Photoelectron Yield Spectroscopy (PYS).
Au fost preparate filme subtiri nanometrice de ZnSnNz, utilizand DC reactive magnetron Sputtering.
A fost realizatd o analiza detaliata a structurii, morfologiei si proprietatilor electronice ale filmelor
subtiri de ZnSnN3 (cu grosimi de 15-44 nm)preparate in functie de raportul [Zn]/([Zn]+[Sn] in filme
si conditiile de sinteza. In limita adancimii de caracterizare a metodei PYS, modificarea tipului de
conductibilitate din p in n-type este influentat de raportul [Zn]/([Zn]+[Sn]) si temperatura suportului.
Straturi subtiri cu compozitia stoichiometrica 1:1:2 au fost preparate la Tsypor = 200°C si au
conductibilitate de tip p-in timp ce filmele preparate la Tsuport >300°C si supuse tratamentului termic
la 350°C in Ar sunt de tip n. Filmele tratate post-depunere demonstreaza proprietati fizice aplicabile
in dispozitive fotovoltaice si fotodetectoare.
A fost elaborat un model teoretic al tranzitiilor fotoluminescente (FL) in regiunea impuritara si cea
excitonica pentru filmele subtiri de CdTe. A fost efectuata o analiza teoretica a structurii fononice a
benzilor de fotoluminiscentd excitonicd si impuritara. Factorul Huang-Rhys (HR) pentru
interactiunea exciton-fonon in CdTe a fost calculat prin utilizarea datelor experimentale de FL. in
aproximatia a doud benzi, replicile fononice ale excitonilor legati si liberi sunt caracterizate de
elementul de matrice al interactiunii Frohlich Mis5(q) = (1S(e"™ — €'")1S) Factorul HR al
interactiunii excitonului cu fononii LO este:
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In aproximarea interactiunii Frohlich, N1is este determinati de ecuatia:
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The experimental set-up and the technology for preparing thin nanolayers of NiO:(Ga, V, La, In),
VO, TiO2, ZnO and ZnO:(Al, Ga) by the Metalorganic Aerosol Deposition (MAD) was developed
and the method was optimized. Growth rates of 0.1-10 nm/s have been achieved. Technological
variations allow to control the dopant concentrations in the solutions, the type of dopant, the
substrate temperature and the type of support. Dimethylformamide, as the main transport agent, was
used due to its full compatibility with the requirements for MAD. SiOx/Si(111) and r-cut Al,Oz were
used as supports. The substrate temperature varied between 450-650°C.

The quantitative phase analysis and the crystal lattice parameters’ value tuning involved the use of
X-ray diffraction in Grazing Incidence configuration and the Rietveld method, considering the
factors that contribute to the diffraction pattern and the Pseudo-Voight function. SEM and AFM
were used to characterize the morphology of the oxide surfaces. The compositional analysis was
performed using EDXS, XRF and XPS. The electronic properties of the layers were characterized
using Kelvin Probe (KP) and Photoelectron Yield Spectroscopy (PYS).

Nanometer-sized thin films of ZnSnN> were prepared using DC reactive magnetron sputtering. A
detailed analysis of the structure, morphology and electronic properties of ZnSnNz thin films (with
thicknesses of 15-44 nm) prepared as a function of the [Zn]/([Zn]+[Sn] ratio in the films and the
synthesis conditions was performed. Within the characterization depth limit of the PYS method, the
change in conductivity type from p to n-type is influenced by the [Zn]/([Zn]+[Sn]) ratio and the
substrate temperature. Thin layers with the stoichiometric composition 1:1:2 were prepared at
Tsubstrate=200°C and have p-type conductivity, while films prepared at Tsubstrate >300°C and subjected
to heat treatment at 350°C in Ar are n-type. The post-deposition treated films demonstrate physical
properties applicable in photovoltaic devices and photodetectors.

A theoretical model of photoluminescencent (FL) transitions in the impurity and excitonic regions
for CdTe thin films was developed. A theoretical analysis of the phonon structure of the excitonic
and impurity photoluminescence bands was performed. The Huang-Rhys (HR) factor for the
exciton-phonon interaction in CdTe was calculated using experimental FL data. In the two-band
approximation, the phonon replicas of bound and free excitons are characterized by the matrix

element of the Frohlich interaction Mis(q) = (1S(e'¥™ — €'7")1S) The HR factor of the
interaction of the exciton with LO phonons is determined as:
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In the Frohlich interaction approximation, N1s is determined by the equation:
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