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Nazov pracoviska, na ktorom bol projekt rieSeny

Zodpovednym rieSitefom projektu je: Slovenska technicka univerzita v Bratislave - Fakulta
elektrotechniky a informatiky

SpolurieSitelské organizacie su: Slovenska akadémia vied - Centrum pre vyuZitie
pokroCilych materialov a Centrum vedecko-technickych informacii SR

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

Fridrich Alexander University, Erlangen, Nemecko, spolupraca pri navrhu patentu Atomic
Layer Process Printer.

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

Eurdpska patentova prihlaska:

Nazov: Atomic Layer Process Printer

Pbvodca: Ing. Ivan Kundrata, Ing. Karol Frohlich, DrSc.

Cislo patentovej prihlasky: 19178248,1-1103

Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhriiujice
vysledky projektu — uvedte aj publikacie prijaté do tlace

Vysledky boli publikované v 12 karentovanych publikaciach:

1. SAHOO, Prangya - MIKOLASEK, Miroslav - HUSEKOVA, Kristina - DOBROCKA,
Edmund - SOLTYS, Jan - ONDREJKA, Peter - KEMENY, Martin - HARMATHA, Ladislav -
MICUSIK, Matej - FROHLICH, Karol. Si-based metal-insulator-semiconductor structures
with RuO2-(IrO2) films for photoelectrochemical water oxidation. In ACS Applied Energy
Materials. Vol. 4, Iss, 10 (2021), s. 11162-11172.

2. MKOLASEK, Miroslav - ONDREJKA, Peter - CHYMO, Filip - NOVAK, Patrik - PAVUK,
Milan - NOVOTNY, Ivan - REHACEK, Vlastimil - BREZA, Juraj - VINCZE, Andrej -
HOTOWY, Ivan. Potentiostatic electrodeposition under light irradiation for preparation of
highly photoactive Cu20 for water splitting applications. In Applied Surface Science. Vol.
461, (2018), s. 196-201.

3. MIKOLASEK, Miroslav - FROHLICH, Karol - HUSEKOVA, Kristina - RACKO, Juraj -
REHACEK, Vlastimil - CHYMO, Filip - TAPAINA, Milan - HARMATHA, Ladislav. Silicon
based MIS photoanode for water oxidation: A comparison of RuO2 and Ni Schottky
contacts. In Applied Surface Science. Vol. 461, (2018), s. 48-53

4. HOTOVY, Ivan - SPIESS, Lothar - MKOLASEK, Miroslav - KOSTIC, lvan - ROMANUS,
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Henry. Structural and morphological evaluation of layered WS2 thin films. In Vacuum. Vol.
179, (2020), Art. no. 109570 . ; .

5. HOTOVY, Ivan - SPIESS, Lothar - MIKOLASEK, Miroslav - KOSTIC, lvan - SOJKOVA,
Michaela - ROMANUS, Henry - HULMAN, Martin - BUC, Dalibor - REHACEK, Viastimil.
Layered WS2 thin films prepared by sulfurization of sputtered W films. In Applied Surface
Science. Vol. 544, (2021), Art. no. 148719

6. RACKO, Juraj - LALINSKY, Tibor - MKOLASEK, Miroslav - BENKO, Peter - THIELE,
Sebastian - SCHWIERZ, Frank - BREZA, Juraj. Vertical current transport processes in
MOS-HEMT heterostructures. In Applied Surface Science. Vol. 527, (2020), Art. no. 146605
7. REHACEK, Vlastimil - HOTOVY, Ivan - MARTON, Marian - MIKOLASEK, Miroslav -
MICHNIAK, Pavol - VINCZE, Andrej - KROMKA, Alexander - VOJS, Marian. Voltammetric
characterization of boron-doped diamond electrodes for electroanalytical applications. In
Journal of Electroanalytical Chemistry. Vol. 862, (2020), Art. no. 114020

8. BRUNCKO, Jaroslav - MICHALKA, Miroslav - KOVAC, Jaroslav jr. - VINCZE, Andrej. A
low-temperature limit for growth of ZnO nanowires by using of laser ablation processes. In
Applied Physics A. Vol. 126, Iss. 4 (2020), Art. no. 305

9. DAWIDOWSKI, Wojciech - SCIANA, Beata - BIELAK, Katarzyna - MIKOLASEK, Miroslav
- DROBNY, Jakub - SERAFINCZUK, Jarostaw - LOMBARDERO, Ivan - RADZIEWICZ,
Damian - KIJASZEK, Wojciech - KOSA, Arpad - FLOROVIC, Martin - KOVAC, Jaroslav jr. -
ALGORA, Carlos - STUCHLIKOVA, Lubica. Analysis of current transport mechanism in AP-
MOVPE grown GaAsN p-i-n solar cell. In Energies. Vol. 14, Iss. 15 (2021), Art. no. 4651

10. KADLECIKOVA, Magdaléna - BREZA, Juraj - VANCO, Lubomir - MIKOLASEK, Miroslav
- HUBENAK, Michal - RACKO, Juraj - GREGUS, Jan. Raman spectroscopy of porous
silicon substrates. In Optik. Vol. 174, (2018), s. 347-353. o

11. MOSKOVA, Antonia - MOSKO, Martin - PRECNER, Marian - MIKOLASEK, Miroslav -
ROSOVA, Alica - MICUSIK, Matej - STRBIK, Vladimir - SOLTYS, Jan - GUCMANN, Filip -
DOBROCKA, Edmund - FROHLICH, Karol. Doping efficiency and electron transport in Al-
doped ZnO films grown by atomic layer deposition. In Journal of Applied Physics. Vol. 130,
iss. 3 (2021), Art. no. 035106

12. PERNY, Milan - SALY, Vladimir - DURMAN, Vladimir - PACKA, Juraj - KURCZ, Janos -
MIKOLASEK, Miroslav - HURAN, Jozef. Electrical response of silicon heterojunction solar
cells with transparent conductive oxide antireflective coating. In Acta Physica Polonica A.
Vol. 139, No. 1 (2021), s. 39-45.

Uplatnenie vysledkov projektu

V ramci projektu boli optimalizované technolégie rastu tenkych dielektrickych vrstiev TiO2,
SiO2 a katalytickych vrstiev RuO2, RuO2-IrO2, NiO a vrstiev MoS2, WS2 ktoré najdu
priame uplatnenie pri vyvoji MIS Struktar a vyvoji vodikovych a kyslikovych elektrolyzérov.
Vyvinuli sme tieZ technolégiu pripravy tenkych vrstiev ZnO dopovanych Al nanaSanim po
atomarnych vrstvach. Tieto vrstvy mozu byt pouzité pri MIS Strukturach pre fotokatody na
rozklad vody. V projekte bol vyvinuty novy model popisujuci transport nosi¢ov naboja cez
dielektrické vrstvy MIS Strukturu, ktory umozni lepSiu optimalizaciu a vyvoj takychto Struktar
a zaroven je tiez uplatnitelny aj vo vyvoji dalSich typov Struktur, napriklad MOS tranzistorov.
Pripravené fotocitlive MIS Struktury s katalytickymi vrstvami spajaju vyhody sineénych
Clankov a elektrolyzérov v jednej Strukture. Tieto Struktury maju perspektivu vyuZzitia pri
navrhu a konstrukcii generatorov vodika/kyslika pracujucich na principe rozkladu vody, ktoré
vyuzivaju premenu slne¢ného Ziarenia na energiu viazanu vo vodiku. Takto pripraveny
vodik mézZzeme povazovat za zeleny vodik. V projekte sme ukazali vyuzitelnost vyvinutych
foto-citlivych MIS Struktur v spojeni s dodato€nymi sineénymi Elankami s perspektivou
dosiahnutia 15% uc€innosti premeny energie sineéného Ziarenia na vodik.

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

V ramci rieSenia projektu sa podarilo uspesne optimalizovat’ ALD rast tenkych dielektrickych
vrstiev oxidov kovov TiO2 a HfO2 hrubok jednotiek nanometrov. Zaroven sa UspeSne
preskumali pasivatné moznosti SiO2 vrstiev pouzitych na rozhrani kremika a dielektrickej
vrstvy pripravenych viacerymi technolégiami, pricom pre MIS technoldgiu sa ako
najperspektivnejSia ukazala SiO2 vrstva pripravena procesom ozénovania v ALD reaktore.
Transport nosi¢ov naboja cez MIS Struktiru tvorent pasivacnymi a dielektrickymi vrstvami
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bol popisany novym modelom zalozenym na pascami asistovanom tunelovani. V ramci
projektu sa podarilo Uspe$ne narast katalytické oxidové vrstvy RuO2 a RuO2-IrO2 pomocou
MOCVD a vrstvy NiO pomocou magnetronového naprasovania a optimalizovat ich
parametre z hlfadiska dosiahnutia vhodnych optickych vlastnosti a vodivosti.
Prostrednictvom simulacie boli tieto vrstvy analyzované z hladiska antireflexného
prispésobenia ku kremikovému substratu. Skisenosti pri optimalizacii jednotlivych vrstiev
boli vyuzité pri priprave MIS Struktur s RuO2, RuO2-IrO2 a NiO katalytickymi vrstvami.
Pocas rieSenia projektu sa podarilo vytvorit MIS Struktury s parametrami foto-napatia ~0,5V
a foto-prudu ~30 mA/cm2, ktoré vyuzivaju vrstvy RuO2. Tieto Struktury bolo mozné pripravit
s vysokou reprodukovatelnost'ou, ¢o hovori o dobre zvladnutej technolégie. Vrstvy
vykazovali stabilitu pre foto-elektrochemicky rozklad vody pri aplikovani redoxného
potencidlu oxidacie vody v 1M H2S04. Struktury boli vyuzité pre analyzu vhodnej
konstrukcie generatora vodika/kyslika vyuzivajuceho sine¢né svetlo pre rozklad vody.
Simula¢na analyza generatora tvoreného sine€nymi ¢lankami, MIS Strukturou a NiO
elektrolyzérom, ukazala perspektivu dosiahnutia ucinnosti 15 % pre takyto systém.

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

As part of the project solution, the ALD growth of thin dielectric layers of metal oxides TiO2
and HfO2 of nanometer units was successfully optimized. At the same time, the passivation
possibilities of SiO2 layers used at the interface of silicon and dielectric layer prepared by
several technologies were successfully investigated, while the SiO2 layer prepared by the
ozonation process in the ALD reactor proved to be the most promising for MIS technology.
The transport of charge carriers through the MIS structure formed by passivation and
dielectric layers has been described by a new model based on trap-assisted tunneling. The
project succeeded in growing the catalytic oxide layers RuO2 and RuO2-IrO2 using MOCVD
and the NiO layer using magnetron sputtering and optimizing their parameters in terms of
achieving suitable optical properties and conductivity. Through simulation, these layers were
analyzed for anti-reflection adaptation to the silicon substrate. Experience in optimizing
individual layers was used in the preparation of MIS structures with RuO2, RuO2-IrO2 and
NiO catalytic layers. During the project, it was possible to create MIS structures with
parameters of photo-voltage ~ 0.5V and photo-current ~ 30 mA / cm2, which use RuO2
layers. These structures could be prepared with high reproducibility, which indicates a well-
mastered technology. The layers showed stability for photo-electrochemical decomposition
of water when applying the redox potential of water oxidation in 1M H 2 SO 4. The
structures were used to analyze a suitable hydrogen / oxygen generator design using
sunlight to decompose the water. Simulation analysis of a generator consisting of solar cells,
MIS structure and NiO electrolyser showed the prospect of achieving an efficiency of 15%
for such a system.
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