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Pentru intreaga perioada a proiectului, au fost realizate obiectivele legate de obtinerea
mai multor serii de probe sub forma de monocristale, policristale si straturi subtiri ale
compusilor Cuz(ZnxCdix)(Ge,Sn)Ss si studiul proprietitilor compozitionale, structurale,
vibrationale, de transport si optice ale acestora. Analiza Raman a compusilor Cuz(ZnxCd1-
x)GeSs a ardtat prezenta in principal a fazelor secundare CdS si CuxS. Din studiul efectului
tratarii termice a probelor asupra caracteristicilor vibrationale si optice s-a determinat ca
tratarea termica duce in special la majorarea calitétii probelor prin reducerea semnificativa a
fazelor secundare in acestea si, respectiv la imbunatatirea notabila a caracteristicilor optice.
Din rezultatele studiului structural (XRD) s-a observat o tranzite de la structura tetragonala
(kesterit sau stanit) la cea ortorombicd, incepand cu Cd/(Cd+Zn) = 0,5. S-a stabilit ca
tendintele de modificare ale parametrului efectiv al retelei cristaline, la introducerea partiala
a Cd-ului, confirma ipoteza incorporarii in mare parte a Zn/Cd in faza secundara, in timp ce
modificarile in faza cuaternard sunt mai slabe. Din analiza dependentelor de temperatura si
camp magnetic a rezistivitatii probelor de Cu2(ZnxCdix)(Sn,Ge)Ss au fost determinate
mecanizmele de transport, au fost calculati un sir de parametri electronici caracteristici precum
si a fost studiatd dependenta acestora de continutul de Cd. Ideea incorporarii Cd-ului in reteaua
compusilor din seria Cu2Zn(Sn,Ge)Ss consta in descresterea concentratiei defectelor
ddundtoare de Cuzn, adicd a concentratiei acceptorilor Na. Totusi, in urma investigatiilor s-a
observat ca valoarea Na este comparabila cu cea din alte kesterite care nu contin Cd. Prin
urmare, pentru descresterea concentratiei defectelor de delocatiune Cuzn, este probabil mai
important de a minimiza deficitul de Zn. S-a determinat faptul ca dezordinea structurala,
cantitatea si tipul de defecte structurale, in special a defectelor de delocatiune Cuz, si a
vacantelor determina, la nivel microscopic, fluctuatii consistente ale parametrilor electronici.
Devierile datelor experimentale de la cele calculate in cadrul modelelor teoretice pentru
studiul proprietatilor optice si de transport sunt atribuite fluctuatiilor structurale si
compozitionale care pot fi legate de variatiile necontrolate ale conditiilor de pregatire a
probelor. La moment, aspectele date sunt dificil de controlat iar acesta este un motiv
convingator pentru care studiul si optimizarea proceselor de obtinere si control al compozitiei
si structurii materialului ar trebui continuat si intensificat. Rezultatele obtinute in cadrul
proiectului au fost publicate in 2 articole n jurnale cu IF > 3, un articol cu IF > 4, iar un alt
articol este in proces de recenzare. Acestea vor contribui la intelegerea compusilor de tip
kesterit, a potentialului de utilizare a acestora in dispozitive noi si eficiente si la progresul
stiintific in general.
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For the entire period of the project, the objectives related to the obtaining of several
series of single crystalline, polycrystalline samples and thin films of Cuz2(ZnxCd1-x)(Ge,Sn)Ss
compounds and those related to the complex study of their compositional, structural,
vibrational, transport and optical properties were achieved. Raman analysis of Cuz(ZnxCd-
x)GeS4 compounds exposed the presence of mainly CdS and CuxS secondary phases. From
the study of the effect of the sample annealing on the vibrational and optical characteristics, it
was determined that the thermal treatment leads to the increase of the quality of the samples
by significantly reducing the secondary phases and, respectively, to a notable improvement of
the optical characteristics. From the results of the structural (XRD) study, a transition from
the tetragonal structure (kesterite or stannite) to the orthorhombic one was observed starting
with Cd/(Cd+2Zn) = 0.5. It was established that the trends in effective lattice parameter confirm
the hypothesis of most of the Zn/Cd incorporation in the secondary phase, while the changes
in the quaternary phase are very subtle. From the analysis of the temperature and magnetic
field dependences of the resistivity of Cu2(ZnxCdix)SnSs single crystals, the transport
mechanisms were determined, a series of characteristic electronic parameters were calculated,
and their dependence on the Cd content was studied. The idea of Cd incorporation into the
Cu2Zn(Sn,Ge)S4 lattice was to decrease the concentration of detrimental Cuz, defects, i.e., Na.
However, in our investigations we have obtained that Na is quite comparable with that in other
kesterite materials, not containing Cd. Therefore, to decrease the concentration of Cuzn
antisites, it is probably more important to minimize the Zn deficit. Also, it was determined
that the structural disorder, the amount and the type of structural defects, especially Cuzn
antisites and vacancies, determine, at the microscopic level, consistent fluctuations of the
electronic parameters. The deviations of the experimental data from those calculated within
theoretical models for the study of optical and transport properties are related to structural
disorder fluctuations that can be related to uncontrolled variations in sample preparation
conditions. At the moment, these aspects are difficult to control and this is a convincing reason
why the study and optimization of the processes of obtaining and controlling the composition
and structure of the material should be continued and intensified.

The results obtained within the project were published in 2 articles in journals with IF
> 3, one article in a journal with IF > 4, and another article is in the review process. They will
contribute to the understanding of kesterite-type compounds, their potential for use in new
and efficient devices, and to scientific progress in general.




