Skolitel/Supervisor: RNDr. Martin Hulman, PhD

Jazyk zaverecnej prace: anglictina

Topic title: Electrical transport in thin layers of some TMDC materials

Nazov témy: Elektricky transport v tenkych vrstvach niektorych TMDC materialov
Goals:

1. Optimize the growth process of selected TMD materials.
2. Characterize the structural and morphological properties of the grown thin films.
3. Analyze the effect of temperature and doping on their transport and magnetic properties.

1. Optimalizujte proces rastu vybranych TMD materidlov
2. Charakterizujte Strukturalne a morfologické vlastnosti narastenych tenkych vrstiev
3. Analyzujte vplyv teploty a dopovania na ich transportné a magnetické vlastnosti

Abstract:

In the past two decades, materials characterised by significant dimensional anisotropy have become
one of the most extensively studied subjects in solid-state physics and materials research. This
category encompasses transition metal dichalcogenides (TMDCs), compounds composed of
elements such as S, Se, and Te, in conjunction with metals like Mo, W, and Pt. Substances with the
chemical formula MX2 can be synthesised in extremely thin layers.

At the Institute of Electrical Engineering, a team is dedicated to preparing thin layers of TMDC
materials and characterising them. The proposed dissertation would complement the endeavours of
this group. The dissertation focuses on the electrical transport properties of (ultra)thin layers of
TMDC materials, particularly those within the subgroup that exhibit semimetallic and metallic
characteristics. The work predominantly entails experimental research. While it involves some
involvement in thin-layer growth, the primary emphasis is on measuring transport characteristics. In
addition to transport characterisation, the dissertation will explore the impact of temperature,
doping, and structure on the conductivity of 2D materials.

Throughout the dissertation, the student will engage with vacuum and low-temperature facilities.
The experimental findings will be analysed using various models from solid-state physics.
Furthermore, the student is expected to present their results at both domestic and international
conferences, requiring proficiency in spoken and written English.

Anotacia:

Materidly, ktora sa vyznacuju vyraznou rozmerovou anizotropiou predstavuju v poslednych dvoch
desatrociach jednu z najviac skimanych skupin materidlov vo fyzike tuhych latok a materidlovom
vyskume. Do tejto skupiny patria aj dichalkogenidy prechodovych kovov (angl. TMDC) — zluceniny
prvkov S, Se a Te s kovmi ako st Mo, W a Pt. Latky s chemickym vzorcom MX2 sa daju pripravit vo
forme velmi tenkych vrstiev.



Na Elektrotechnickom Ustave SAV je skupina zaoberajuca sa rastom tenkych vrstiev TMDC
materialov a ich charakterizaciou. Dizertaéna praca by dopltiala aktivity tejto skupiny.

Témou dizertacnej prace je skimanie elektrickych transportnych vlastnosti (ultra)tenkych vrstiev
TMDC materidlov. A to Specificky tej podskupiny materidlov, ktoré maju polokovovy a kovovy
charakter, resp. tato ich vlastnost zavisi od hrubky vrstvy. Praca ma experimentalny charakter.
Ciasto¢ne zahffia aj rast tenkych vrstiev a fabrikdciu Struktur, ale taZisko prace je meranie
transportnych charakteristik. Ciefom prace je charakterizacia materidlov a vySetrovanie vplyvu
teploty, dopovania a struktiry na vodivost 2D materidlov.

V ramci dizertacie bude student/Studentka pracovat s vakuovymi a nizkoteplotnymi zariadeniami.
Experimentalne vysledky sa budu analyzovat z hladiska r6znych modelov fyziky tuhych latok.

Pocas dizertacie sa predpoklada aj prezentacia vysledkov na domacich a zahraniénych konferencidch,
takze dobra znalost angli¢tiny slovom aj pismom je potrebna.



Skolitel/Supervisor: Mgr. Bohumir Zatko, PhD.
Jazyk zaverecnej prace: anglictina

Topic title (EN): Study and optimization of detectors of ionizing detectors based on wide bandgap
semiconductors SiC and diamond

Nazov témy (SK): Stadium a optimalizdcia detektorov ionizujuceho Ziarenia na baze
Sirokopasmovych polovodicov SiC a diamantu

Goals (EN):

1. Preparation and optimization of detection layers based on 4H-SiC epitaxial layers and single-
crystal diamond substrates with blocking contacts.

2. Testing of electrical properties (I-V, C-V) at various temperatures from -50 to 300 °C and
evaluation of the obtained data.

3. Use selected detection structures for detected different types of ionizing radiation (alpha
particles, gamma radiation, neutrons, protons).

4. Evaluate the spectrometric properties of the detection structures as well as their radiation
resistance and compare them with standard detectors.

Ciele (SK):

1. Priprava aoptimalizacia detekénych wvrstiev na bdze 4H-SiC epitaxnej vrstvy
a monokrystalickych diamantovych substratov s blokujucimi kontaktami.

2. Testovanie elektrickych vlastnosti (I-V, C-V) pri roéznych teplotdich -50 — 300 °C
a vyhodnotenie ziskanych dat.

3. Vybrané detekcéné Struktary pouZit pre detegovanie roznych typov ionizujiceho Ziarenia (alfa
Castice, gama Ziarenie, neutrény, protony)

4. Vyhodnotit spektrometrické vlastnosti detekénych Struktir atiez ich radiaénej odolnosti
a porovnanie so Standardnymi detektormi.

Abstract:

The aim of the thesis is the technological preparation of ionizing detectors, the study of electrical
and detection properties and the influence of radiation dose on their performance. The detection
materials used are high-quality epitaxial layers of 4H-SiC, polycrystalline, and monocrystalline
diamond layers. The work will initially focus on the design and fabrication of Schottky-contact-based
detection structures. This will be followed by electrical characterization (current-voltage,
capacitance-voltage measurements at different temperatures). SiC and diamond are wide-bandgap
materials that can operate at elevated temperatures. Suitable detection structures will be connected
to a low noise spectrometric setup, and their properties for particle detection at room and elevated
temperatures will be evaluated. Subsequent structures will be irradiated with high doses of electron,
proton or neutron-based radiation and their properties after irradiation will be investigated. Finally,
the radiation hardness will be evaluated and compared with standard silicon detectors.

The work will be carried out at the Institute of Electrical Engineering Slovak Academy of Sciences,
which has modern technological equipment necessary for the preparation and testing of various
types of semiconductor structures. The PhD student will acquire knowledge in the preparation of
semiconductor detector structures and will be actively involved in teamwork on national and
international projects focused on the preparation and testing of radiation detector structures.



Anotacia:

Praca sa zaobera technoldgiou pripravy detektorov ionizujliceho Ziarenia, studiom ich elektrickych a
detekénych vlastnosti a vplyvu radiacnej zataze na ich charakteristiky. Detekénymi materialmi su
vysokokvalitna epitaxnd vrstva na baze 4H-SiC a monokrystalickd diamantova vrstva. V prvej faze sa
praca sustredi na navrh a pripravu réznych typov detekénych Struktur so Schottkyho kontaktom.
Nasledne sa vykona elektricka charakterizacia (IV a CV merania pri r6znych teplotach). SiC a diamant
su Sirokopasmové polovodi¢e schopné pracovat aj pri zvySenych teplotach. Vybrané vhodné
detekéné Struktdry sa pripoja k nizkoSumovej spektrometrickej aparatire a vyhodnotia sa ich
vlastnosti pri detekcii ¢astic nielen pri izbovej ale aj zvy$enej teplote. Struktiry budd nasledne
ozarované roznymi davkami ionizujuceho Ziarenia generovaného elektrénmi, protédnmi alebo
neutrénmi a skiumané zmeny ich charakteristik. V zavere sa vyhodnoti ich radiaéna odolnost a
porovnd so Standardnymi detektormi na bdaze kremika.

Praca bude realizovand na EIU SAV, ktory disponuje modernymi technologickymi zariadeniami
potrebnymi pre pripravu a testovanie polovodicovych Struktur. Doktorand ziska znalosti z pripravy
polovodicovych Struktdr a bude aktivne zapojeny do timovej spoluprdce v ramci domacich a
medzinarodnych projektov zaoberajucich sa pripravou a testovanim detektorovych sStruktur.



Skolitel/Supervisor: Ing. Filip Gucmann, PhD.
Konzultant/Consultant: RNDr. Dagmar Gregusova, DrSc.
Jazyk zaverecnej prace: anglictina

Topic title (EN): Fabrication and characterization of Ga,0s-based rectifying diodes for high-voltage
applications

Nazov témy (SK): Priprava a charakterizécia usmerriovacich didd na baze Ga203 pre vysokonapatové
aplikacie

Goals (EN):

1. Prepare test structures based on epitaxial Ga,Os layers and evaluate their electrical
properties (carrier concentration, carrier mobility).

2. Fabricate Schottky-barrier rectifying diodes based on Ga,0s using established UV
photolithography processes.

3. Investigate electrical transport in the fabricated diodes. Analyse electrical breakdown under
reverse-bias blocking conditions with respect to various approaches for optimizing electric
field distribution and reducing current crowding.

4. Develop a finite element (FE) model of a Ga,0s rectifying diode and use thermal simulation
to study the influence of the substrate on device self-heating.

Ciele (SK):

1. Pripravte testovacie Struktlry na baze epitaxnych vrstiev Ga,0; a vyhodnotte ich elektrické
vlastnosti (koncentracia nosicov, pohyblivost)

2. Pripravte usmernujuce diédy so Schottkyho kontaktom na baze Ga,0; pomocou zauZivanych
procesov UV fotolitografie.

3. Skumajte elektricky transport v pripravenych diédach. Analyzujte elektricky prieraz
v blokovacom reZime sohladom na rbzne pristupy koptimalizacii rozloZenia el. pola
a znizeniu ,,prudového zhustovania“ (current crowding)

4. Pripravte FE model usmernujicej diédy na baze Ga,0; a pomocou fyzikdlnej tepelnej
simulacie sledujte vplyv substratu na jej samoohrev.

Abstract:

Gallium oxide (Ga,0s) is a novel ultra-wide-bandgap semiconductor material with a bandgap energy
(Eg) of approximately 5 eV and a theoretical critical breakdown field (E.;) exceeding 8 MV/cm, which
makes it highly suitable for high-power and high-voltage rectifying and switching applications.
Devices based on monoclinic B-Ga,03 have the potential to significantly extend the capabilities of
currently established semiconductors such as GaN and SiC and to enable reliable operation at
voltages >6 kV, where suitable alternative is currently unavailable. Such devices are expected to find
applications in high-efficiency power conversion systems, for example in fast battery chargers for
electromobility, renewable energy sources (solar, wind), as well as in the defence sector.

This work will focus on the optimization of fabrication technology for Schottky-barrier diodes in
vertical and semi-vertical configurations, as well as on a detailed study of transport mechanisms and
degradation processes in these devices. The Ga,03 semiconductor material will be grown by MOCVD
at the Institute of Electrical Engineering of the Slovak Academy of Sciences (IEE SAS), v. v. i., on



various substrates (Ga,0s, SiC, Si, sapphire), enabling the investigation of self-heating effects. The
research will also include an investigation of the impact of various edge termination and protection
structures (field plates, guard rings, etc.) on the reverse breakdown voltage of the diodes. The
devices will be fabricated using advanced photolithographic processes and other technologies
available at IEE SAS, in collaboration with the Taiwan Industrial Technology Research Institute (ITRI).

Anotacia:

Oxid gality (Ga,03) je novy tzv. ultrasirokopasmovy polovodi¢ovy materidl so Sirkou energetickej
medzery (E;) priblizne 5 eV a teoretickym kritickym prieraznym polom (E,) >8MV/cm, ¢o tento
material predurcuje k aplikdciam pre usmerfovanie a spinanie vysokych vykonov a napati. Suciastky
na baze Ga,0; monoklinickej fazy (B) maju potencidl vyznamne rozsirit schopnosti suéasnych
etablovanych polovodi¢ov ako GaN a SiC a umoznit rozsirenie spolahlivo riadenych napéti v oblasti
nad 6 kV, kde vhodna aternativa v sticasnosti nie je dostupna. Takéto suciastky najdu uplatnenie vo
vysokoucinnych zariadeniach pre konverziu el. vykonu napr. v rychlonabijackach baterii pre
elektromobilitu, elektrarfiach produkujucich energiu z obnovitelnych zdrojov (sInko, vietor), resp. v
obrannom segmente.

Tato praca bude zamerana na optimalizaciu technoldgie pripravy spinacich diéd so Schottkyho
kontaktom vo vertikdlnom, resp. semivertikalnom usporiadani a detailnom Studiu transportnych a
degradacnych dejov v tychto suciastkach. Zakladny polovodi¢ovy material Ga,0; bude pripraveny
technikou MOCVD na Elektrotechnickom Ustave SAV, v. v. i. (EIU SAV) na réznych podlozkach (Ga,0s,
SiC, Si, zafir), ktoré umoznia sledovat rézny vplyv samoohrevu. Sucastou vyskumu bude sledovanie
vplyvu réznych ochrannych Struktur (field plate, guard rings,..) na zaverné prierazné napatie didd.
Suciastky budu pripravené za vyuZzitia modernych vyrobnych procesov fotolitografie a dalSich
technoldgii dostupnych na EIU SAV a v spolupraci s taiwanskym Indtititom pre vyskum
priemyselnych technoldgii (ITRI).



