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Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v slovenskom jazyku
(max. 20 riadkov)

Projekt bol zamerany na vyskum 2D materialov zo skupiny dichalkogenidov prechodovych
kovov. Hlavhym zamerom projektu bolo ziskat zakladné poznatky o moZznosti rastu velmi
tenkych vrstiev niektorych materialov z tejto skupiny, pri€om cielom bolo dosiahnut hribku
vrstiev pod 10 nm a pripadne pripravit vrstvy s hrdbkou jednej atdmovej vrstvy. Ideou
projektu bol skumat' tie vlastnosti tychto materialov, ktoré s hrubkou suvisia, ako napr. Sirka
zakazaného pasu, alebo skutocnost, ze zakazany pas sa meni z nepriameho na priamy,
ako je to v MoS2. Tento material sme si zvolili ako najvhodnejsi pre naSe experimenty,
kedZe v Case zaCiatku projektu bolo v literature o tenkych vrstvach MoS2 najviac informacii.
KruCovou zalezZitostou pre uspech projektu bol aj vyber vhodnej metddy rastu tenkych
vrstiev. Testovali sme dve, a to rast pomocou pulznej laserovej depozicie a pomocou
sulfurizacie tenkych prekurzorovych filmov molybdénu. Druha metoda sa ukazala pre nas
ako vhodnejSia a technologicky jednoduchS$ia. Podarilo sa nam deponovat’ vrstvy MoS2 s
hrabkou pod 4 nm, avSak ukazalo sa, ze metdda nie je vhodna pre rast monoatomarnych
vrstiev. Na druhej strane umoznovala pripravu tenkych vrstiev na velkej ploche radovo cmz2,
¢o nam dovolovalo urobit experimenty, ktoré sa na mensej ploche nedaju uskutoénit. Tenké
vrstvy sme charakterizovali viacerymi experimentalnymi technikami, z ktorych
najdélezitejSimi sa ukazali Ramanova spektroskopia a rontgenova difrakcia pod malym
uhlom. Pomocou tychto technik sa nam podarilo identifikovat dve mozné orientéacie vrstiev
MoS2 a n3ajst také parametre syntézy vrstiev, ktoré tuto orientaciu ovplyviuju a uréuju.
Podarilo sa nam vypracovat aj metdédu zaloZenu na polarizacnych ramanovskych
meraniach, ktora dokaze spolahlivo a rychlo tuto orientaciu zistit. Okrem MoS2 sa nam
podarilo pripravit’ vrstvy aj inych materialov z tejto skupiny, ako napr. WS2, MoSe2 a najma
PtSe2, ktorému sme sa venovali v poslednom roku rieSenia projektu. Taktiez sme pripravili
Struktary tvorené na sebe deponovanymi vrstvami MoS2 a grafénu, na ktorych sa nam
podarilo zistit, Ze tieto dva materialy su navzajom kompatibilné. To znamena, ze multivrstvy
tychto materialov sa daju pripravit bez toho, aby samotny rast negativne vplyval na kvalitu
jednotlivych zlozZiek. Ako zaujimava heterostruktura sa ukazala kombinacia MoS2 a
organickej molekuly DIP. Dve mozné orientacie vrstvy MoS2 ovplyviuju aj orientacie
molekul DIPu, ktoré su na vrstve deponované. Tento fakt mbze byt zaujimavy pre
elektroniku na baze organickych molekul, pre ktoru je molekula DIP jeden z najvaznejSich
kandidatov.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The project was focused on the research of 2D materials from the group of transition metal
dichalcogenides. The main aim of the project was to acquire basic knowledge of the
possibility of very thin layers of some materials from this group to grow, intending to achieve
a layer thickness below 10 nm and to prepare layers with single atomic layer thickness. The
idea of the project was to investigate those thickness-related properties of these materials,
such as e.g. the width of the electronic gap, or the fact that the electronic gap changes from
indirect to direct, as in MoS2. We chose this material as the most appropriate for our
experiments, as at the time of the project start, there was the most information in the MoS2
thin-film literature. A key issue for the success of the project was also the selection of a
suitable thin film growth method. We tested two, using pulsed laser deposition and
sulfurization of thin molybdenum precursor films. The second method has proved to be more
suitable and technologically simpler for us. We managed to deposit MoS2 layers with the
thickness below 4 nm, but the method proved to be unsuitable for the growth of monoatomic
layers. On the other hand, it allowed the preparation of thin layers on a large area of the
order of cm2, which allowed us to do experiments that could not be performed on a smaller
area. Thin films were characterized by several experimental techniques, the most important
of which were Raman spectroscopy and low-angle X-ray diffraction. Using these techniques,
we have been able to identify two possible alignments of the MoS2 layers and find such
layer synthesis parameters that influence and determine this alignment. We have also
developed a method based on polarized Raman measurements that can reliably and quickly
detect this orientation. In addition to MoS2, we were able to prepare layers of other
materials from this group, such as WS2, MoSe2 and especially PtSe2, which we have been
dealing with in the last year of the project. We also prepared structures consisting of
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superimposed layers of MoS2 and graphene on which we were able to find that these two
materials are compatible with each other. This means that multilayers of these materials can
be prepared without the growth itself adversely affecting the quality of the individual
components. The combination of MoS2 and the organic DIP molecule has also proven to be
an interesting heterostructure. The two possible alignments of the MoS2 layer also affect the
orientations of the DIP molecules deposited on the layer. This may be of interest to organic
molecule electronics, for which the DIP molecule is one of the most serious candidates.
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