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Uplatnenie vysledkov projektu

Vysledky, ktoré sme dosiahli v ramcirieSenia projektu, budu vyuzivane v naSom dalSom
vyskume v tejto oblasti.

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

Projekt sazameral na rast a charakterizaciu tenkych vrstiev dichalkogenidov prechodnych
kovov (TMD), vratane materialov ako PtSe2, TiSe2 a NbSe2, vybranych pre ich zaujimavé
fyzikalne vlastnosti, ako je supravodivost a stavy vin nabojovej hustoty (CDW). Rozsiahla
charakterizacia bola zamerana na odhalenie vztahu medzi morfologickymi charakteristikami
(napr. hrubka, krystalinita, orientacia vrstvy) a parametrami depozicie s cielom optimalizovat’
vlastnosti vzorky. Okazalo sa, Ze selenizaciou tenkych kovovych vrstiev nie je mozné
syntetizovat niektoré materialy, najma TiSe2. Projekt tiez skimal dalSie vrstevnata 2D
materialy ako MoTe2 a WTe2 so zameranim na ich jedineéné elektronické Struktury.
Dopovanie tenkych vrstiev MoS2 s litiom odhalilo neo€akavany jav: schopnost zmenit
orientaciu vrstvy. Okrem tychto materidlov sa nam v rdmci projektu podarila aj unikatna
syntéza monovrstiev kovovych jodidov. Clanok, v ktorom boli nase vysledky publikovang,
bol SAV oceneny ako vynikajuca publikacia.

Cielom druhej Casti projektu bolo skimanie fyzikalnych viastnosti tenkych vrstiev
dichalkogenidov prechodnych kovov (TMD). Pévodnym zamerom bolo sustredit’ sa na
selenidy, ako su TiSe2 a NbSe2. Kvéli tazkostiam pri priprave tychto materialov sa PtSe2
stal primarnym Studovanym selenidom. Po uspeSnom ziskani tenkych vrstiev teluridov
molybdénu a volframu, sa projekt venoval aj ich fyzikadlnym viastnostiam. Tieto teluridy su
velmi zaujimavé vdaka svojej jedineCnej elektronickej Strukture, ktoré (v zavislosti od
materialu) vykazuju vlastnosti ako topologické izolatory, Diracove alebo Weylove polokovy.
Skumanie zahffialo meranie elektrickych transportnych vlastnosti (vodivost, teplotna
zavislost, pohyblivost nosi€a naboja a magnetorezistencia) a optické merania (odrazivost
tenkej vrstvy, priepustnost a Ramanov rozptyl). Podarilo sa nam ziskat zaujimavé vysledky
vratane pozorovania slabej lokalizacie a antilokalizacie vo vrstvach PtSe2, MoTe2 a WTe2.
Z optickych merani sa ndam podarilo ur€it komplexné indexy lomu a opticku vodivost v
energetickom rozsahu 5 meV az 750 meV pre tenké filmy monoklinického a hexagonalneho
MoTe2, €oje pomerne vzacny prispevok do vedeckej literatury.

Tretia faza projektu, zamerana na heterostruktury s TMD materialmi, bola rozsahom
menSia, ale priniesla cenné poznatky. Skumali sa dva typy heteroStruktur: rast tenkych
vrstiev TMD na nitride niébu (NbN) a graféne. NbN, znamy svojimi supravodivymi
vlastnostami, ma v heteroStrukture ulohu podloZky na nanasanie vrstvy PtSe2 s hrubkou 1
az 10 nm. Depozicia PtSe2 na NbN nebola jednoducha, NbN sa ukazoval ako nestabilny
pri teplotach nutnych na rast PtSe2. Po optimalizacii rastovych parametrov sa na
Strukturalne nezmenenom NbN substrate uspeSne vytvorila suvisla vrstva PtSe2, pricom
kriticka teplota prechodu do supravodivého stavu samotného NbN sa znizilo len 0 2-3 K.
AmbiciéznejSim ciefom projektu bolo vyvolat supravodivost v PtSe2 na vrchu
supravodivého NbN. Litografia umoznila vytvorenie interdigitalnych Struktur s réznymi
hrubkami vrstvy PtSe2. Odpor vzorky sa znizil pri teplote zodpovedajucej kritickej teplote
NbN, ale dalSie zniZzenie odporu vzorky, ktoré by indikovalo supravodivost PtSe2 zatial
nebolo pozorované.

Dalsi na$ vyskum sa zaoberal hetero$truktirou TMD a grafénu. Skimame novt metédu
zahfnajucu oxidovany grafén (GO) aplikovany na kovovy prekurzor a jeho naslednu
sulfurizaciu, o viedlo k vytvoreniu monovrstvy MoS2 pod vlokami GO. Tento poznatok
meni zauzivanu predstavu, pretoZe ukazuje, Ze syntéza monovrstvy MoS2 z relativne
hrubej vrstvy Mo prekurzora je mozna.

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

The project focused on the growth and characterization of thin layers of transition metal
dichalcogenides (TMDs), including materials like PtSe2, TiSe2, and NbSe2, chosen for their
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intriguing physical properties such as superconductivity and charge density wave states.
Extensive characterization aimed to uncover the relationship between morphological
characteristics (e.g., thickness, crystallinity, layer orientation) and deposition parameters,
with the goal of optimizing sample properties. Challenges arose in the deposition process,
especially for TiSe2 and NbSe2, but continuous layers of NbSe2 were eventually achieved.
The project also explored other layered materials like MoTe2 and WTe2, focusing on their
unique electronic structures. Doping experiments with MoS2 revealed an unexpected
phenomenon: the ability to change the layer's orientation. Additionally, the project ventured
into synthesizing monolayers of metal iodides, a method awarded for its innovation and
published in the Advanced Materials journal.

The second part of the project focused on investigating the physical properties of transition
metal dichalcogenide (TMD) materials, building upon the initial sample growth. The goal was
to explore intriguing properties related to their electronic structure, such as charge density
waves (CDW) and superconductivity, with a special emphasis on TiSe2 and NbSe2. Due to
difficulties in preparing these materials, PtSe2 became the primary selenide studied. After
successfully obtaining thin layers of molybdenum and tungsten tellurides, the project delved
into their physical properties. These tellurides are very interesting due to their unique
electronic structures, exhibiting characteristics like topological insulators, Dirac, or Weyl
semimetals.

Investigations encompassed electrical transport properties (conductivity, temperature
dependence, charge carrier mobility, and magnetoresistance) and optical measurements
(thin film reflectivity, transmittance, and Raman scattering). Despite challenges, the project
achieved significant results, including the observation of weak localization and
antilocalization in PtSe2, MoTe2, and WTe2 layers. Moreover, optical measurements,
carried out using advanced equipment, allowed for the determination of complex refractive
indices and optical conductivity in the energy range of 5 meV to 750 meV for thin films of
monoclinic and hexagonal MoTe2, a rare contribution to the scientific literature.

The project's third phase, focused on heterostructures with transition metal dichalcogenide
(TMD) materials, was smaller in scope but yielded valuable insights. Two types of
heterostructures were explored: the growth of TMD thin layers on niobium nitride (NbN) and
graphene. NbN, known for its superconducting properties, was initially targeted for
depositing a 1-10 nm thick PtSe2 layer. This endeavour posed challenges, including NbN
decomposition and oxidation at the required growth temperatures. After refining growth
parameters, a continuous PtSe2 layer was successfully formed on a structurally unaltered
NbN substrate, evidenced by a minor 2-3 K reduction in critical temperature, as reported in
Applied Physics Letters.

The project's more ambitious objective sought to induce superconductivity in the PtSe2 layer
atop superconducting NbN. Lithography enabled the creation of interdigital structures with
varying PtSe2 thicknesses, revealing a transition in resistance corresponding to NbN's
superconducting transition temperature. However, a decrease in the sample resistance that
would indicate the superconductivity of PtSe2 has not yet been observed. Further
investigations in 2023 dealt with TMD material and graphene heterostructures, with a focus
on innovative methods involving oxidized graphene (GO) applied atop a metal precursor and
subsequent sulfurization, leading to the formation of monolayer MoS2 beneath GO flakes.
This discovery challenges conventional wisdom as it achieves MoS2 monolayer synthesis
from a relatively thick Mo precursor, previously considered technologically implausible.
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