VEDECKOVYSKUMNE CENTRUM EXCELENTNOSTI SLOVAKION

PRE MATERIALOVY A INTERDISCIPLINARNY VYSKUM

O PROJEKTE
UDAJE — PROSTREDIE — SPOLUPRACA S PRAXOU — EXCELENTNY VYSKUM 2019 - 2023

SCIENTIFIC AND RESEARCH CENTRE OF EXCELLENCE SLOVAKION

FOR MATERIAL AND INTERDISCIPLINARY RESEARCH

ABOUT THE PROJECT
DATA — ENVIRONMENT — COOPERATIONS WITH INDUSTRY PARTNERS — EXCELLENT RESEARCH 2019 - 2023






., 1ato broZira vznikla vdaka podpore v ramci opera¢ného programu Integrovana infrastruktdra pre projekt:
Vedeckovyskumné centrum excelentnosti SlovaklON pre materidlovy a interdisciplinarny
vyskum, kéd projektu v ITMS2014+ : 31301TWO85 spolufinancovany zo zdrojov Eurépskeho fondu

. , . u
regionalneho rozvoja.

MINISTRY
OF TRANSPORT

AND CONSTRUCTION
OF THE SLOVAK REPUBLIC

T his brochure was supported by the Operational Programme Integrated Infrastructure for the project:
Scientific and Research Centre of Excellence SlovaklON for Material and Interdisciplinary
Research, code of the project ITMS2014+ : 313011W085 co-financed by the European Regional

Development Fund. “



OBSAH / CONTENTS

Identifikacia projektu Giele projektu Infrastruktira
Identification of Project Project goals Infrastructure

——
Pa—

Veda a vyskum Medzinarodné prostredie Spolupraca s praxou
Science and research International environment  Cooperations with industry partners

O astave O MTF STU Ludské zdroje
About the Institute About the STU MTF Human resources






IDENTIFIKACIA PROJEKTU

Nazov projektu:

Acronym:

Cislo projektu:
Poskytovatel:

Nézov a sidlo prijimatela:

Miesto realizacie projektu:
Kéd vyzvy:
Operaény program:

Spolufinancovany fondom:
Vyska poskytnutého NFP:
Prioritna os:

Investi¢na priorita:
Specificky ciel:

Doba rieenia:

Vedeckovyskumné centrum excelentnosti SlovaklON pre materialovy a
interdisciplindrny vyskum

Teaming

313011W085

MSVVaS SR v zastipeni: Vyskumné agentdra

Slovenska technicka univerzita v Bratislave- Materidlovotechnologicka fakulta so sidlom v Trnave,
Ulica Jana Bottu €. 2781/25, 91724 Trnava

Slovenska technicka univerzita v Bratislave- Materidlovotechnologicka fakulta so sidlom v Trnave
OPVAI-VA/DP/2018/1.1.3-04

Operacny program Integrovana infrastruktira 2014 — 2020

Informécie o Operaénom programe Integrovana infrastruktdra 2014 — 2020 najdete na
www.opii.gov.sk

Eur6psky fond regionalneho rozvoja

Celkové opravnené vydavky: 10 442 177,79 EUR Vyska Ziadaného prispevku: 9 920 068,90 EUR
1 Podpora vyskumu, vyvoja a inovécii

1.1 Roz3irenie vyskumnej a inovaénej infrastruktiry a kapacit na rozvoj excelentnosti v oblasti
vyskumu a inovacii a podpora kompetenénych centier, najma takychto centier eur6pskeho zaujmu
1.1.3 Zvy3enie vyskumnej aktivity prostrednictvom zlep3enia koordinacie a konsolidacie VaV
potencialu vyskumnych institdcii

1.12.2019 - 31.05.2023



CIELE PROJEKTU

Generalnym cielom projektu je vytvorenie udrzatelného excelentného vyskumno-vyvojového, inovaéného a
inStitucionalno-riadiaceho prostredia na realizaciu aktivit v oblasti materialového vyskumu, vyvoj novych materialov,
najnovsie diagnostické metédy, simulacie a modelovanie v materidlovom inZinierstve a materialové vlastnosti a taktiez v
oblasti IKT, kde sa projektové aktivity ststreduji na spracovanie a analyzu signalov, simulacie a modelovanie, strojové
ucenie a integraciu riadenia a signalov. Tato aktivita vznikla vdaka podpore v ramci opera¢ného programu Integrovana
infrastruktdra 2014-2020 spolufinancovaného zo zdrojov Eurépskeho fondu regionalneho rozvoja. Strategickym cielom
je dosiahnut Statit medzinarodne vedecky konkurencie schopného centra najma v oblasti materialového vyskumu
vyuZzivajiceho technolégie i6novych zvazkov a plazmy, ale aj v interdisciplinarnych oblastiach vyskumno-vyvojovych aktivit.

Aktivity projektu:

Hlavna aktivita projektu je ,Rozvoj excelentného pracoviska a posilnenie vedeckého instititu SlovaklON pre etablovanie sa
v ERA v transdicsiplindrnych VaV oblastiach RIS3", realizované v tychto bodoch:

1. Vyskum nanostruktirnych materialov a funkénych tenkych vrstiev

2. lénové technolégie

3. Modelovanie a simulacie v procesnom a materidlovom inZinierstve

4. Rozvoj a modernizacia vyskumno-vyvojovej a technologickej infrastruktiry SlovaklON

SlovakION sa aktivne zaoberé idnovymi a plazmovymi technolégiami, ktoré sa stali klG€ovymi vyskumnymi technolégiami
umoziujicimi eurdpsku inovaciu v réznych oblastiach vratane materialovych vied, aplikovanej elektroniky a inZinierstva
povrchov. Predovietkym existuje obrovsky potencial technolégii i6novych zvazkov a plazmy na podporu inovacie produktov.
Z historického hladiska v eurépskych pracoviskach s iénovymi zvizkami sa prejavuje nedostatona prepojenost s
priemyslom a nerovnomernost dostupnosti v roznych regionoch, ktoré je potrebné prekonat.

Technolégie iénovych zvizkov sa mdzu povaZovat za ,Svajciarsky noz" inZinierstva povrchov, pretoZe sa odvijaji od typu
i6nov, ich energie a davky, pri¢om nimi mozno upravit a zlepsit takmer vietky povrchové vlastnosti (tribologické, optické,
elektronické, magnetické) materialov. TieZ umoZiiuji modifikiciu materialov na nanotrovni, ako aj spracovanie velkych
ploch, pretoZe ionovy zvizok a plazmové metddy s Skalovatelné a reSpektuji rozmery materialov. Navyse rozne dobre
vyvinuté metédy analyzy i6nového zvazku sa schopné charakterizovat elementarne zloZenie materialov. To poskytuje
obrovsky potenciél pre aplikacie v réznych odvetviach.



INFRASTRUKTURA

Vedecké centrum materialového
vyskumu s laboratdériami disponuje
zariadeniami na oblasti technolégie
i6nového zvazku, plazmatické
modifikacie a depozicie, analytické
metddy, pocitacové modelovanie.
Zakladné vybavenie pre depozi¢né
procesy za asistencie ibnového zvizku a
plazmy v centre materialového
vyskumu — SlovaklON pozostéva zo
zariadeni pre:

 reaktivne a nereaktivne nanasanie
za asistencie zvizku iénov (IBAD) s
réznymi nizkoenergetickymi
i6bnovymi zdrojmi,

e univerzalneho systémového
zariadenia pre aplikacie procesov
magnetrénového naprasovania s
moznostou reaktivneho dualneho
magnetrénového naprasovania
alebo radiofrekvenéného
magnetrénového naprasovania a
moznostou diagnostiky plazmy a
diagnostiky hrabky tenkych vrstiev,

e zariadeni umoziiujicich kombinaciu
procesov iénovej implantacie
ponorenim do plazmy a depozi¢nych
procesov s i6nmi o energiach do 40
kV.

Indukéne viazany radiofrekvenény vyboj
vytvéra prevazne plazmu tvorend i6nmi
plynov. PouZzitie vzacnych plynov
umoziiuje implantaciu kovovych iénov
a [ alebo nasledni depoziciu kovovych
vrstiev za asistencie i6nov vzacnych
plynov. PouZzitie i6nov kyslika a dusika
umoziiuje tvorbu oxidickych a
nitridickych filmov. Magnetrény
umiestnené nad drziakom vzorky pri
technike PBII poskytuja vysoké
depozi¢né rychlosti kovovych,
oxidickych alebo nitridickych vrstiev.
Na za&iatku depozicie by mali
magnetrény pracovat v rezime HPIMS,

ked' sa vytvara husta plazma potrebna k
tvorbe vrstvy zo zmieSanym rozhranim
na dosiahnutie dobrej prilnavosti za
asistencie PBIIl. Potom by mali prejst
do bezného médu s vysokou rychlostou
naprasovania.

Zariadenia ziskané v 1. etape:

e 6 MV urychlovaci systém s vysokym
pradom zvazku pre analyzu
pomocou iénového zvizku (IBA) a
i6novd implantaciu — ureny
Specialne pre vyskum v oblastiach
ako: fyzika tuhych latok,
modifikacia materialov pomocou
i6nového zvazku, atémova fyzika,
analyza materialov pomocou
i6nového zvizku (IBA), astrofyzika,
ekolégia.



Zahfna kombinaciu takych funkcif,
ktoré bezne dostupné zariadenia
tohto typu nemaji. Medzi tieto
funkcie patria minimalne: Gplny
rozsah hmotnosti prvkov, Siroky
rozsah dosiahnutelnych energii,
velmi vysoké hmotnostné
rozliSenie, sposobilost pouZzitia
viacnasobne nabitych iénov, ultra
vysoké vakuum, moznost pouZitia
oblasti i6nov s nizkou energiou,
kompletny sortiment i6novych
zdrojov.

Viaciéelovy 500 kV vzduchom
izolovany urychlovaci systém pre
i6novu implantaciu. Zariadenie pre
technolégiu i6novej implantacie je
pouzitelné na dotovanie materialov,
ochranu vod&i opotrebeniu, zvySenie
tvrdosti, antikor6znu ochranu,
nanostruktirovanie, nanovrstvy,
nanopérovitost, modifikovanie
elektrickych, magnetickych,
fyzikalnych alebo chemickych
vlastnosti povrchov.

Plll pre trojrozmerné substraty.
Zariadenie pre i6nova implantaciu
ponorenim do plazmy pre
trojrozmerné substraty rozmerov
max. 200 mm x 200 mm x 200 mm
je vybavené procesnym modulom
(komora z nehrdzavejticej ocele),
Lload lock modulom s
prislusenstvom, systémom
plynového hospodarstva a riadiacim
systémom. Plynna plazma je
excitovana z ICP zdroja (frekvenéna
oblast: 13,56 MHz, vykon: 1 kW),
max. vystupné napatie 40 kV.




PIll pre rovinné substraty.
Zariadenie pre i6novid implantéciu
ponorenim do plazmy (PIll Plasma
Immersion lon Implantation) pre
rovinné substraty priemeru max.
200 mm je vybavené procesnym
modulom (hlinikova komora), load
lock modulom s prislusenstvom,
systémom plynového hospodarstva
a riadiacim systémom. Plynna
plazma je excitovana z ICP
(inductively coupled plasma) zdroja
s dvoma anténami (frekven¢na
oblast: 13,56 MHz, vykon: 1 kW),
max. vystupné napatie 20kV.

Magnetrénovy systém s pulznou
dualnou MS separaciou s vykonom
2,5kW. Jedna sa o reaktivny
jednosmerny impulzovy naprasSovaci
systém.

Zariadenie pre povlakovanie
kovovych targetov reaktivnym i
nereaktivnhym spésobom ,
predovsetkym oxidov a nitridov, pre
optiku, elektroniku (GaN, InN),
fotovoltaiku (ITO, AZO, Ti0,) a pre
technolégiu displejov (ITO, AZO) a
vSetkych vhodnych materialov pre
reaktivne jednosmerné impulzové
naprasovanie (napr. Si wafer, sklo,
kovy, plasty a iné).
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Magnetrénovy systém s pulznou
dudlnou MS separaciou s vykonom
5kW . Ide o radiofrekvenény
naprasovaci systém s predpatim.
Reaktivny jednosmerny impulzovy
rozpraSovaci systém z roznych
materialov teréikov ako st reaktivne
kovové oxidy a kovy je urceny pre
povlakovanie targetov reaktivnym
sposobom. Je vhodny pre sicasné
naprasovanie kovovych oxidov

a izolujucich materialov
prostrednictvom radiofrekvenéného
rozprasovania, resp. kovov
prostrednictvom jednosmerného
naprasovania pre materialy s
vysokym indexom lomu a
kompozity.

Langmuirova sonda — sonda na
elektrostatickom principe, sliZiaca
na diagnostiku plazmy, vybavena
prislusnym softvérom.

1

Elipsometer — zariadenie na
zistovanie hribky tenkych vrstiev zo
zmeny stavu polarizacie svetla po
odraze od vySetrovanej vzorky.




VEDA A VYSKUM

Ustav vyskumu progresivnych
technolégii je zamerany predovsetkym
na materialové inZinierstvo v oblasti
i6novych a plazmovych technolégif,
automatiziciu a zavadzanie
informacnych a komunikaénych
technolégii v priemyselnych procesoch
alebo v oblasti vyskumu vdbec, napr.:
nanotechnoldgie a nanostruktdry,
senzorika, Specificky hardvérovy a
softvérovy vyvoj, poitafové videnie a
spracovanie obrazov, big data,
simulécia a modelovanie. Oblast
materidlového vyskumu zahfiia
teoretické modelovanie pomocou ab-
initio metdd bud' na velmi presnej
Grovni pri malych systémoch (atémov,
molekal), alebo s vyuZitim DFT met6d
v pripade materialov a povrchov.
Oblast automatizicie, informaénych a
komunikaénych technolégii tiez
poskytuje priestor pre vyskum a vyvoj v
Sirokom spektre hardvéru, komunikacii
a riadeni automatizovanych
softvérovych nastrojov, vedomostnych
systémov, archivacii a distribdcii
znalosti nadradenych systémov.
Aplikovany vyskum je zamerany napr.
na oblasti:
« kvantova chémia, materidlové
technolégie a nanotechnolégie

VYSKUMNA CHARAKTERISTIKA
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Ustav vyskumu progresivnych technolégii

» umeld inteligencia, strojové ulenie,
interakcia élovek - robot v
spolupraci s UIAM MTF.

» automatizacia a inZinierstvo
riadenia v priemysle.

Ustav sa vysokou mierou zasadzuje do
projektovej ¢innosti v ramci H2020
ako hlavného nastroja na podporu
vyskumu, vyvoja a inovacii Eurépskej
komisie na roky 2014 az 2020. Vdaka
iniciative Gstavu ziskala Slovenska
technicka univerzita v Bratislave (STU)
financovanie z Eurépskej komisie (EK)

pre strategicky rozvojovy vyskumny
projekt SlovaklON.

Projekt komisia hodnotila v ramci
schémy TEAMING, ktora je jednou zo
schém v kli¢ovom programe Eurépskej
Gnie pre vyskum a inovacie Horizont
2020. Schéma TEAMING je zamerana
na rozvoj kapacit vyskumu v oblasti
materialov a technolégii. Vyskum
materialov v oblasti i6novych a
plazmovych technolégii prinasa nové
mozZnosti v materidlovom inZinierstve a
v nanotechnoldgiach, najma moznosti
modifikacif vlastnosti materialov,
povrchov a ich rozhrani.



Hladanym vysledkom budi vhodnejsie
nové technologické postupy a
vlastnosti produktov, ktoré sa
doterajsimi spsobmi nedaju
dosiahnut.

Tieto technolégie st pre Slovensko
zaujimavé aj z pohladu klG€ového
automobilového priemyslu.
Konzorcium, ktoré projekt riesi, ma
sedem partnerov. STU je hlavnym
koordinatorom celého projektu. Cielom
centra materialového vyskumu —
SlovakION je integracia najlepsich tzv.
» high-end” i6novych technolégii do
vyskumnej kapacity STU. Cinnost
centra je rovnomerne vyuZita nielen na
tGcely domaceho a externého vyskumu,
ale aj na Gcely pomerne Sirokej skaly
sluZieb zameranych na podporu
vyskumu, vyvoja a technologického
transferu novych materialoy,
nanostruktdr, modifikovanych
povrchov prostrednictvom plazmovych
a i6novych technolégii do vyrobnych
procesov. Centrum materialového
vyskumu - SlovaklON vykonava
zakladny a aplikovany vyskum v oblasti
materialového inZinierstva ako aj
modifikdciu a analyzu pevnych
povrchov pomocou technik iénového
zvazku. Vplyv i6nového bombardovania
na tvorbu a modifikaciu vlastnosti
tenkych vrstiev sa pritom skima
experimentalne a prostrednictvom
pocitacovych simulacii. Okrem Stddia
vztahov medzi Struktdrou a
vlastnostami sa vyskum zameriava na
rozne mozné aplikacie. Velmi délezita
stcast vyskumu a vyvoja je pouZzitie
nizkoenergetickych iénov a pouZitie
impulznej plazmy pre tvorbu
metastabilnych faz, Specifickych textdr,
nanostruktar, tenkych filmov s velkou

mernou hmotnostou, & filmov
charakteristickych svojou mimoriadne
dobrou prilnavostou. Uzka spolupraca
s priemyselnymi a ostatnymi partnermi
sa ststreduje okrem technologického
transferu modernych iénovych
technoldgii aj na vyvoj Spickovych
zariadeni v danej oblasti. l6nové
technoldgie umoZiiuja vyuzivat vysoko
urychlené i6ny s rychlostami v rozsahu
medzi 500 km/s a 50 000 km/s, ¢o
zodpoveda kinetickym energiam zhruba
medzi 10 keV a 100 MeV. Centrum
materialového vyskumu — SlovaklON
pouziva Sirokd paletu zariadenfi pre
i6novid implantaciu s maximalnymi
urychlovacimi napatiami 6 MV, 500
kV, 40 kV a 20 kV. Interakcia i6nového
zvazku s povrchom latky vedie k rade
zakladnych javov. V désledku kolizie
urychleného iénu s atémom v materiéli
moZe dojst spatnému rozptylu i6nu s
generovanim pomalého alebo rychleho
odrazeného atému. Dalej méze
urychleny i6n iniciovat jadrovi reakciu,
ktora emituje Castice alebo - Ziarenie.
Okrem toho méZe dojst k interakcii
i6nu s elektrénmi na vnatornych
obélkach elektrénového obalu, v
désledku €oho sa zase emituje
charakteristické rontgenové Ziarenie.
Detekcia a spektroskopia tychto
primarnych alebo sekundarnych ¢astic
Ci Ziareni moZe byt vyuZita na analyzu
chemického zloZenia povrchovych
vrstiev. Priebehom néslednych
interakcii i6nu s atémami a elektrénmi
v materiali sa urychleny ién spomali aZ
sa nakoniec zastavi. Tieto ,zastavené
iony" predstavujd pre materiél
implantat a pri dostatoZne vysokej
koncentrécii implantovanych ¢astic
vzniké moZnost ovplyvitovat chemické
zlozenie daného materialu.
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Kolizie urychlenych iénov s atémami
ter¢ika mozu vyprodukovat
energeticky podmienene kaskadové
procesy medzi atémami na povrchu
tercika. Po dosiahnuti rovnovahy
atémov zhcastnenych sa kaskadovych
procesoch méZu zostat v materiali
trvalé zmeny ako su napr.
neusporiadané Struktary v pevnych
latkach, porusené vazby v polyméroch
alebo v biologickych bunkach.
Nakoniec mdZu spatne odrazené
atéomy opustit povrch, v dosledku
¢oho je dotknuty povrch kontinualne
radiacne poskodzovany. Povrchy mézu
byt Struktirované prostrednictvom
zaostreného zvazku alebo o zvédzku
SirSieho priemeru Standardnymi
litografickymi technikami.




Fyzikalna podstata v3etkych javov
tykajucich sa i6novych technoldgii je
dnes chapana na tak dobrej Grovni, Ze
i6nové technolégie mdZu byt v praxi
aplikované spésobom, ktory je velmi
dobre kontrolovatelny. I6nova
implantacia je metéda vyuZivajlca
urychlené i6ny vhodna na vnesenie
cudzich atémov (vo forme i6nov) do
zakladného materialu alebo na
vytvorenie struktdrnych pordch v
zakladnom materiali. Tymto spésobom
moéZeme cielene menit zakladné
vlastnosti materialov. V principe je
mozné implantovat vSetky chemické
prvky vratane radioaktivnych izotopov.
Material, do ktorého chceme i6ny
implantovat, tzv. substrat moéze byt z
kovu, zliatiny, polovodica, keramiky &
plastu. Implantacia radioaktivnych
izotopov a nasledna dvojdimenzionalna
detekcia kanalovanych a emitovanych
elektrénov umoznuje presné
stanovenie umiestnenia necistot

v mriezke monokrystéalovych
materialoch. Pre praktické acely je
produktivita vysokoenergetickej
ibnovej implantacie &asto obmedzen,
najma pri pozadovanych vysokych
i6novych tokoch na vacsie plochy.
Okrem toho sa pri trojrozmernych
stciastkach vyZaduje mechanicka
manipulécia. Tieto problémy moZu byt
prekonané priamou implantéaciou i6nov
ponorenim do plazmy. Na vzorku sa
privedie impulzné predpatie, ¢im sd
i6ny extrahované s velkého objemu
nizkotlakej plazmy urychlené smerom k
povrchu. V porovnani s vysoko-
energetickou i6novou implantaciou ma
tato technika nevyhodu v znecisteni
i6nového zvazku, na druhej strane ju
mozno realizovat v SirSom spektre
energif i6nov.
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Oblast aplikacii:

» |énova litografia:
mikrostruktirovanie fotocitlivych
materialov, vzorky nanometrickej
mierky pre procesnt diagnostiku,
prototypy a opravy nanostruktir

+ Biomaterialy: nanopordzne
biomateriély, tribologické ochranné
vrstvy, antibakterialne povrchy,
biokompatibilné povrchy, bariérové
vrstvy

e Vrstvy z velmi tvrdych materialov
ako je kubicky nitrid béru a nitrid
titanu

» Nitridacia austenitickych oceli a
hlinika

» Povrchové ochrana titanu a zliatin
na baze TiAl: ochrana vo¢i oxidacii
TiAl zliatin pri vysokych teplotach,
ochrana proti skrehnutiu Tj,
ochranné povlaky pre TiAl zliatiny

» Nanostruktirovanie: nanoporézne
povrchové Struktdry kovov,
nanoporézny polymérovy
membranovy filter

Depozicia za asistencie i6nového
zvazku IBAD - Moderné procesy
depozicie tenkych vrstiev pomocou
ibnového zvazku hraja délezita dlohu
pri vylepSovani a modifikacii vlastnosti
tenkych vrstiev ako st prilnavost,
tvrdost, hustota, morfolégia povrchu,
dalej pri vzniku faz, textdr alebo
nizkoteplotnych depozicidch. Hlavnou
vyhodou kombinovaného procesu
iénovej implantacie ponorenim do
kovovej plazmy a depozicie (MePBIID) v
porovnani s konvenénymi
technolégiami depozicie tenkych
filmov je aterméalna energeticka
depozicia urychlenymi i6nmi, ktora
sposobuje zmieSanie atémov
pritomnych v zénovom rozhrani.
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Tymto sp6sobom sa pripravujd napr. vrstvy vynikajlcej prilnavosti aj pri
izbovych teplotach. Analogicky k depozicii za asistencie i6nového zvazku
je moZné ziskat textdrované tenké vrstvy technikou MePBIID. Zmenou
impulzného napatia a impulznej dlzky sa m6Zu dosiahnut poZadované
prednostné orientéacie v danych vrstvach. Naprasené tenké vrstvy sa
kompaktné, bez pritomnosti pérov aj napriek ich kolumnéarnemu rastu a
priemeru kolumnérneho zrna v rozmedzi 50 az 500 nm. Zakladny princip
IBA - pri analyze tohto typu je na skimany povrch usmerneny
vysokoenergeticky i6novy zvazok s energiami typickymi v rozmedzi 1-100
MeV. V dosledku interakcie i6nov s atémami bombardovaného materialu
moZe do6jst bud' k spatnému odrazu i6nov, ku generovaniu odrazenych
atémov, k emitacii charakteristického réntgenového Ziarenia alebo
interakcia méZe vyvolat spustenie jadrovej reakcie. Za pomoci vhodnych
detektorov energiovej spektroskopie mézeme ziskat z emitovanych castic
alebo foténov informacie o druhu skimanych atémov. Okrem toho,
dopadajice i6ny ako aj emitujlce Castice stracaja ¢ast energie pri
prechode cez material. Potom je moZné opét prostrednictvom energiovej
spektroskopie stanovit hlbku, v ktorej k danej interakcii doslo, &im
ziskame hlbkové profily s priebehom chemického zloZenia. Chemické
zloZenia tenkych vrstiev a vrstiev nachadzajicich sa v tesnej blizkosti pod
povrchom méZu byt stanovené kvantitativnou analyzou bez nutnosti
pouZzitia Standardov. Vo vSeobecnosti je zname, Ze vysledky IBA nie s
ovplyvnené pritomnostou substratu. IBA je nedesStruktivna metéda v tom
zmysle, Ze vzorka nie je narusena, avsak mézu tu byt vplyvy
analyzujdceho zvizku, ktoré ovplyviiuja vysledky vo velmi citlivych
materialoch, ktoré mézu byt minimalizované urcitymi experimentalnymi
prostriedkami. Typické detekéné limity leZia zhruba medzi 100 a 10 000
ppm (v zavislosti od danej metédy) a st dostacujiice pre mnoho aplikacif.
Zariadenia so Standardnym nastavenim umoziujd analyzovat plochy s
priemerom niekolkych milimetrov. IBA méZe byt aplikovana na detekciu
najlah3ich prvkov, najma izotopov vodika, hélia a litia. Vysledkom su
hlbkové profily chemického zloZenia bez erézie povrchu vzorky, ¢ize jeho
poskodenia. Prislusne, mame pri tychto metédach minimélne skreslenie
hlbkovych profilov. Vertikalne rozliSenie IBA je v zavislosti od konkrétnej
IBA metddy vacsinou obmedzené medzi niekolkymi manometrami a
priblizne jednym mikrometrom. Avsak je tu moznost zvysit vertikalne
rozliSenie v oblastiach blizkych k povrchu prostrednictvom Specidlneho
zariadenia na Groveii jednej atémovej vzdialenosti. Prostrednictvom
tychto technik vsak va¢sinou nie je mozné ziskat informacie o stave
chemickej vazby. IBA nie je druhovo vhodné ani na struktdrnu analyzu.
Avsak v savislosti s tunelovym efektom je mozné skimat Specifické
Struktdrne zaleZitosti, ako mriezkové poruchy alebo stanovenie poléh
cudzich atémov.



MEDZINARODNE PROSTREDIE

Ustav sa vysokou mierou zasadzuje do
projektovej &innosti v ramci H2020
ako hlavného nastroja na podporu
vyskumu, vyvoja a inovacii Eurdpskej
komisie na roky 2014 az 2020. Vdaka
iniciative Gstavu ziskala Slovenska
technicka univerzita v Bratislave (STU)
financovanie z Eurépskej komisie (EK)
pre strategicky rozvojovy
vyskumnyprojekt SlovaklON. Projekt
komisia hodnotila v ramci schémy
TEAMING, ktora je jednou zo schém v
kli€ovom programe Eurdpskej Gnie pre
vyskum a inovéacie Horizont 2020.
Schéma TEAMING je zamerana na
rozvoj kapacit vyskumu v oblasti
materialov a technolégii. Vyskum
materialov v oblasti i6novych a
plazmovych technoldgii prinasa nové
moznosti v materialovom inZinierstve a
v nanotechnolégiach, najma moZnosti
modifikécii vlastnosti materidlov,
povrchov a ich rozhrani. Hladanym
vysledkom budd vhodnejsie nové
technologické postupy a vlastnosti
produktov, ktoré sa doterajSimi
spésobmi nedaji dosiahnut. Tieto
technoldgie st pre Slovensko
zaujimavé aj z pohladu kliaéového
automobilového priemyslu.
Konzorcium, ktoré projekt riesi, ma
sedem partnerov.

STU je hlavnym koordinatorom celého
projektu. CGielom centra materialového
vyskumu — SlovakION je integracia
najlepsich tzv. , high-end" iénovych

technolégii do vyskumnej kapacity STU.

Strategickym cielom je dosiahnut
statit medzinirodne vedecky
konkurencie schopného centra
najmi v oblasti materialového
vyskumu vyuZivajiceho technolégie
i6novych zvizkov a plazmy, ale aj v
interdisciplinarnych oblastiach
vyskumno-vyvojovych aktivit.
Najvyznamnej$im Gspechom v
prvom roku rieSenia projektu
TEAMING bola najma realizicia
vypottov z prvych principov (tzv. ab
initio) pre Beta-Nuclear magnetic
resonance (Beta-NMR) experiment
CERN-ISOLDE (Svaij¢iarsko). Pre
chemické a biochemické aplikacie beta-
NMR sa pouziva kvapalny ter¢ pre
implantaciu radioakivnych iénov.
Tento ter¢ je zloZeny z i6novych

16

kvapalin kvéli nizkemu tlaku
nasytenych par. Nase pracovisko
poskytuje CERN-ISOLDE velmi presné
vypolty NMR tienenia v kvapalinach -
voda, i6nové kvapaliny. Pilotnym
spoloénym élankom UVPT s CERN-
ISOLDE je Physical Review X, 10,
041061 (2020),
https://journals.aps.org/prx/abstract/10
.J1103/PhysRevX.10.041061

kde sa po prvy krat podarilo zmerat
magneticky dip6lovy moment
radioaktivneho kratko Zijaceho jadra
*Na s presnostou parts-per-milion.
Tento vysledok bol dosiahnuty
zlepsenim experimentalnych technik a
zlepSenim presnosti nasich ab initio
vypottov. Spolupraca UVPT a CERN-
ISOLDE pokraéuje - stali sme sa
stcastou interného projektového
navrhu na nové experimenty v CERN-
ISOLDE. Dlhodobym cielom je vyvoj
beta-NMR spektroskopie pre chemické
a biochemické aplikacie.

Vyznamna spolupraca okrem CERN-ISOLDE sa prejavila najma so Swiss
Federal Laboratories for Materials Science and Technology, EMPA Dubendorf,
ale i European Space Agency (ESAC Madrid), Spanielsko, Helmholtz-Zentrum

Dresden-Rossendorf, Nemecko, INAF - Osservatorio Astrofisico di Catania,
Taliansko, Institute of Nuclear Sciences Vinéa, University of Belgrade, Srbsko,

Kyoto University, Japonsko a dalsimi.
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Oblasti expertiz
Analyzy materialov pomocouiénovych zvazkov
I6nové implantacia a syntéza
simulacia radia¢ného poskodenia materialov pre jadrovi energetiku

—
‘—

ab-initio predpoved Struktiry a vlastnosti materialov
podpora pre prenos pokrokovych technolégiido praxe,
transfer know-how, inovécii a znalosti z akademického prostredia do praxe a

SPOLUPRACA S PRAXOU poskytovanie podpory pre start-up a spin-off aktivity.

Pre vyskumna univerzitu je
neodmyslitelna intenzivna spolupraca s
praxou. Tato ¢innost vyrazne obohacuje
vzdelavaciu aj vyskumna &innost, pretoze
reflektuje na aktualnu potrebu
poskytovania mnohokrat unikatnych
rieseni akatnych technickych problémov,
urychluje transfer poznatkov a prinasa aj
finanéné prostriedky. Je prispevkom
fakulty k naplianiu Lisabonskej
stratégie. Do tejto vyznamnej Cinnosti sa
popri erudovanych a uznavanych
$pickovych pracovnikov univerzity velkou
mierou zapajaju aj studenti, hlavne
doktorandi, ktori majd takto moZnost
priameho napojenia vyskumnych tém z

priemyslu na svoje projekty. Formy Ponuka pre prax—oblasti spoluprice: 2. Uprava materialov, aktivacia, syntéza
spoluprace fakulty a praxe maju rézny exotickych radionuklidov a izotopov:
charakter: si to Glohy z praxe rieSené na 1. Vysokocitliva analyza obsahu a. lénova implantacia v rozsahu
zaklade priamej zmluvy alebo objednavky, prvkov (od vodika po uréan) a7 s energii 20 keV - 100 MeV v
vyskumné a inovacné projekty riesené moznostou rozliSenia jednotlivych zavislosti od implantovaného
spolu s partnermi z priemyselnej sféry, izotopov pouZitim metéd: prvku

zapajanie malych a strednych podnikov a. Rutherford Backscattering b. vysokodéavkova iénova implantacia
do rieenia medzinarodnych projektov, Spectrometry (RBS) plosnych aj objemovych

praxe a staZe Studentov v podnikoch b. Particle Induced X-ray substratov/sd&iastok

doma aj v zahranidi, podpora vzniku spectrometry (PIXE) c. povlakovanie a syntéza tenkych
malych firiem vychadzajic ich z c. Elastic Recoil Detection Analysis vrstiev.

prostredia fakulty a dalSie. Uzka (ERDA) 3. Testovanie radia¢nej odolnosti a
spolupraca s priemyselnymi a ostatnymi d. Nuclear Reaction Analysis (NRA) vyhodnotenie vplyvu radiacie na
partnermi sa sustreduje okrem material.

technologického transferu modernych 4. Dizajn materialov pomocou

iénovych technolégii aj na vyvoj potitatového modelovania a

$pickovych zariadeni v danej oblasti. experimentélna validacia.



5. Analyza ¢asovych radoy, satelitnych
dat a obrazovych snimkov.

6. Analyza materialov — metalografia,
zloZenie, mikrostruktura,
krystalografia:

a. Elektrénovéa mikroskopia
(riadkovacia aj transmisna)

b. RTG difrakcia

¢. Glow-discharge optical emission
spectroscopy (GDOES)

VyuZitie v priemysle: Centrum
excelentnosti SlovaklON je schopné
vykonavat vyskum v oblasti pripravy
materialov, ktoré najdu uplatnenie v
roznych aplikaciach napr.
automobilového priemyslu, optike,
elektrotechnike, fotovoltaike, prip.
$pecifickych technolégiach displejov,
vyrobnych technolégiach,
informacnych a komunikacnych
technolégiach, optike, senzorike.
Technolégie i6novych zvazkov
umoziiuji modifikaciu materialov na
nanourovni, ako aj spracovanie velkych
pléch, pretoZe i6novy zvazok a
plazmové metddy si skalovatelné a
reSpektuji rozmery materialov. To
poskytuje potencial pre aplikacie v
roznych odvetviach priemyslu. Nepdjde
len o inovaciu novych materialoy, ale
aj automatizované algoritmické
rieSenia v praxi.
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0 USTAVE

Ustav vyskumu progresivnych
technologii (ATRI -Advance
Technologies Research Institute)
vznikol v roku 2013, ako
novovybudovany Gstav
Materialovotechnologickej fakulty v
Trnave, Slovenskej technickej
univerzity v Bratislave. Ustav je taktiez
sticastou a primarnym uZivatelom
prostriedkov a technolégii
Univerzitného vedeckého parku 5
CAMBO v Trnave, vybudovaného zo SF
SR v celkovej hodnote 42 mil. EUR

ATRI je zamerany predovsetkym na
materialové inZinierstvo v oblasti
i6novych a plazmovych technolégif, na
automatiziciu a informacné a
komunika¢né technolégie ako aj na
oblasti chémie, fyziky a astrofyziky.
Okrem toho sa zameriava na
medzinarodne integrovany $pickovy
vyskum, ako zéklad aplikovaného
vyskum a prenosu novych technolégii
do priemyslu, na Gzku spolupracu
najma s regionalnym priemyslom, kde
chcem rozvindt &innosti podporujice
zavadzanie inovacii do praxe.

Oddelenie iénovych zvizkov
Vedecké centrum materialového
vyskumu predstavuje vedecko-
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Popri vzdelavaniu 3. stupia vysokoskolského Stidia v oblasti svojho p6sobenia
pontka ATRI aj odborni vychovu pre pracovnikov priemyselnej praxe, s cielom
podporit transfer a zavadzanie inovacii v priemysle Slovenska, a zéroveii tak

podporit aj ekonomicky rast nasho EU regiénu.

vyskumna zakladiiu pre aplikaciu
i6novych a plazmovych technoldgii vo
fyzikalnom a materidlovom inZinierstve
a v nanotechnolégiach. Je vybavené
$pickovymi technolégiami na
modifikaciu a analyzu povrchovych,
podpovrchovych a tenkych vrstiev
tuhych latok s vyuzitim pésobenia
urychlenych iénov a plazmy.

Oddelenie chémie a fyziky

Vyskum oddelenia fyziky a chémie je
zamerany na oblasti: vyvoja a aplikacie
tzv. "coupled cluster" metédy,
vypoctov vlastnosti kovovych klastrov

"ab initio", presnych vypottov
molekulédrnych NMR vlastnosti vratane
relativistickych a solvataénych efektov,
vypoctov hyperpléch potencialnej
energie pre teoretickd infracervend
spektroskopiu, vypoctov v
atmosferickej chémii, modelovania
materialovych rozhrani a ich vplyv na
termodynamické vlastnosti nano-
vrstiev, rychlych stochastickych variacii
jasnosti "¢erveny Sum" akréénych
procesov v dvojhviezdach a aktivnych
galaktickych jadrach, Monte Carlo
simulacie ¢erveného Sumu a analyza
druZicovych déat misii Kepler a XMM-
Newton.



V rémci aplikovaného vyskumu pre priemysel boli doteraz v ramci oddelenia
rieSené problémy v oblasti vyvoja softvéru pre modelovanie magnetickych poli v
okoli cievok v elektromagnetickych relé (Hengstler/ Danaher) a v oblasti

dizajnovania a optimalizacie vysokovykonnych ultrazvukovych vysielacov
(Kraintek).

Oddelenie vyuziva vypoctové zdroje HPC klastra Slovenskej technickej Univerzity
a Slovenskej akadémie vied.

Oddelenie spolupracuje s viacerymi Univerzitami a vjyskumnymi centrami vo
svete ako napr.: Oddelenie astronémie Kyétskej univerzity, Japonsko;
Ustav organickej chémie, Polska akadémia vied; EMPA, Sva]c1arske
federalne laboratéria pre materialovy vyskum a technolégie,
Dubendorf, Svajéiarsko; ESAC, Eurépska vesmirna agentira (ESA),
Madrid, Spamelsko, Cadarache, Saint-Paul-lez-Durance, Francizsko;
GSMA, Reimska Univerzita Champagne-Ardenne, Reims, Franciizsko.
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Oddelenie simulicie a
modelovania

V oblasti priemyselnej automatizacie,
zberu a spracovania udajov, elektroniky
a mikroelektroniky poskytuje oddelenie
podporu ostatnym zlozkam udstavu i
fakulty. Vybavenie centra umoziiuje
okrem iného vykonavat testy s vyuzitim
analégovo-digitalneho simulatora
pripojitelného na realne zariadenia,
priemyselného kamerového systému a
dal3ich technolégii.

Oblasti zékladného a aplikovaného

vyskumu:

» Automatizacia a inZinierstvo
riadenia v priemysle

e Umeld inteligencia, strojové u€enie,
interakcia élovek - robot, robotika

* Modelovanie, simulacia a
optimalizacia vyrobnych procesov a
systémov

» Big data a ziskavanie znalosti z
vyrobnych databaz v hierarchickom
riadeni procesov

»  Matematické modely a
reprezentacie (systémy s rychlou
spatnou vizbou)

» Potitacové videnie a spracovanie
obrazu

« Viyjvoj softvéru (GIS , telemetrické
systémy, Distribuované riadiace
systémy)
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Kto je MTF STU

Slovenska technické univerzita v Bratislave, ktorej st€astou je
Materialovotechnologicka fakulta so sidlom v Trnave, dlhorocne patri medzi
popredné vyskumné univerzity na Slovensku. Potvrdzuji to aj svetové rebricky

univerzit - QS World University Rankings®, Times Higher Education World
University Rankings a Academic Ranking of World Universities, alebo The Best
Global Universities ranking.

O MTF STU

Vyskumna charakteristika MTF STU
Cielom Materialovotechnologickej
fakulty STU v Bratislave so sidlom v
Trnave je, v kontexte s viziou STU, byt
vyskumne orientovanou a
medzinarodne uznavanou fakultou v
ramci fakalt podobného zamerania vo
svetovom meradle t.j. fakailt, ktoré
rozvijaji moderné trendy vo vyskume a
priemyselnej vyrobe, s dorazom na
progresivne materialy, sofistikované
vyrobné technoldgie a priemyselné
inZinierstvo, automatizaciu a
informatizaciu vyrobnych a
technologickych procesov ako aj
kvalitu, bezpetnost, environmentélne a
manazérske aspekty priemyselnej

 projektov medzinarodnej vedecko-
technickej spoluprace,
e zmluvného vyskumu a vyvoja.

Obsahovo je vedeckovyskumna &innost
fakulty orientovanéa najma na
nasledovné oblasti:

e materialovy vyskum s orientaciou
na vyskum, vyvoj a technologické
spracovanie materialov,

 vyskum a vyvoj novych technolégii
priemyselnej vyroby, orientovanych

produkdie. najma na technologické spracovanie
modernych technickych materialov

Zameranie vyskumnej &innosti a ekologicky €isté produkcie,

MTF STU e priemyselna informatika a

Vyskumna ginnost MTF STU sa automatizacia, riadenie procesov a

informacné zabezpecenie
technologickych a vyrobnych
systémov,

e vyskum v oblasti priemyselného
inZinierstva a manaZzmentu
priemyselnych podnikov,

e bezpecnost a spolahlivost
technologickych zariadeni a
systémov s dorazom na metddy
analyzy a syntézy systémov.

realizuje formou:

» projektov zakladného a
aplikovaného vyskumu s podporou
domacich grantovych agentdr,

+ dopytovo orientovanych projektov,

» projektov rieSenych v ramci
medzinarodnych programov a
zahrani¢nych grantovych schém,



Oblasti a priority vyskumu
Akreditovanymi oblastami vyskumu
MTF STU sa:

e materialy

* strojarske technolégie a materialy

» automatizacia
 priemyselnéinZinierstvo.

V sdlade s definovanym poslanim
Slovenskej technickej univerzity chce
Materidlovotechnologicka fakulta STU
ako univerzitna fakulta aktivne
prispievat k jeho naplneniu - s
prioritou na materialové vedy a
vyrobné technolégie - v
akreditovanych oblastiach vyucby, vedy
a vyskumu v rdmci stanovenych
kompetencif:

o realizovat univerzitny systém

vzdelavania vo vsetkych stupiioch v
akreditovanych studijnych
programoch,

« 3irit, prehlbovat a rozvijat poznanie
nastrojmi vedy a vyskumu,

» zabezpedit prenos vysledkov vedy a
vyskumu do procesu vzdelavania,

» zabezpedit transfer vysledkov vedy a
vyskumu do podnikatelskej praxe,

» chranit vysledky svojho vyskumu.

Sedem univerzitnych vedeckych parkov
na Slovensku predstavuje vyskumné
pracoviské najlep3ich slovenskych
univerzit a SAV, vktorych sa realizuje
$pickovy aplikovany vyskum a prenos
poznatkov z akademickej sféry do
hospodarskej a spolocenskej praxe
prostrednictvom transferu technolégii
(Licencie, spin-off, alebo iné formy
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spracovania poznatkov). Ide o
komplexné celky, ktoré sa zameriavaju
na systematicky rozvoj Gzemia
kli€ovych vedeckych institdcii;
integrujd vyskumnd infrastruktdru do
vadsieho celku a disponuja sietou
unikatnych modernych vyskumnych
pristrojov, laboratérii a pracovisk;
vytvaraji priestor pre akceleraciu idef a
inkubaciu inovativnych firiem
prostrednictvom realizacie
aplikovaného vyskumu; disponuji
velmi kvalitnym, efektivnym vedeckym
manazmentom, ktory vychéadza z
dobrych skdsenosti v renomovanych
vedeckych parkoch a ktory zabezpeduje
kvalitné riadenie a udrzatelnost
univerzitného vedeckého parku.
Maximalna vyska podpory v pripade
UVP mohla dosiahnut 40 mil. EUR.



Na MTF STU vznikol prvy univerzitny vedecky park na Slovensku v roku 2015.

Univerzitny vedecky park je primarne zamerany na oblast materidlového inZinierstva v oblasti i6novych a plazmovych technolégii a
automatizacie a informatizacie priemyselnych procesov.
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Scientificand Research Centre of Excellence SlovakION for Material and Interdisciplinary Research
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Ministry of Education, Science, Research and Sport of the Slovak Republic represented by: Research
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Slovak University of Technology in Bratislava — Faculty of Materials Science and Technology in Trnava,
St. JanaBottu No. 2781/25,91724 Trnava
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Total eligible expenses: 10 442 177.79 EURO. The sum of required contribution: 9920 068.90 EURO
1Support of research, development and innovations

1.1 Enhancement of research and development infrastructure and capacities to develop the excellence
in the field of research and innovations and the support of competence centres, particularly the centres
of Europeaninterest

1.1.3 Increase of research activities by improving the coordination and consolidation of research and

development potential of research institutions
1Dec2019-31May 2023
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PROJECT GOALS

The general goal of the project is to create a sustainable excellent research and development, innovation and
institutional management environment for the implementation of activities in the field of materials research, development
of new materials, the latest diagnostic methods, simulations and modelling in materials engineering, material properties,
and also in ICT, where the project activities are focused on signal processing and analysis, simulation and modelling,
machine learning, control, and signal integration. This activity was developed thanks to the support of the Operational
Program Integrated Infrastructure 2014-2020 co-financed by the European Regional Development Fund.

The strategic goal is to achieve the status of an international scientifically competitive centre, especially in the field of
materials research using ion beam and plasma technologies, but also in the interdisciplinary areas of research and
development activities.

Project activities:

The main activity is "Development of the excellent workplace and the SlovaklON Scientific Institute improvement to
establish in ERA in transdisciplinary research and development in the field of RIS3", conducted in the following:

1. Research in nanostructured materials and functional thin layers

2. lon technologies

3. Modelling and simulations in process and material engineering

4, Development and modernisation of SlovaklON research and development and technological infrastructure

SlovakION actively deals with ion and plasma technologies which have become key research technologies allowing thus
European innovation in various fields including material science, applied electronics and surface engineering. In particular,
there is a huge potential of ion beam technologies and plasma to support product innovations. From the historical point of
view, in the European workplaces dealing with ion beams there appears to be an insufficient interconnection to industry as
well as the unevenness of accessibility in various regions which should be managed.

lon beam technologies can be considered to be a “ Swiss knife” of surface engineering as they relate from the ion type, its
power and amount, while they can be used to modify and improve almost all surface properties (tribologic, optical,
electronic, and magnetic) of materials. The technology also allows material modification on the nanostructure level as
well as processing of large surfaces since the ion beam and plasma methods can be scaled and respect material dimensions.
In addition, the well-developed methods of ion beam analysis are capable to characterise the elementary composition of
materials, which provide a huge potential for applications in various fields.



INFRASTRUCTURE

The scientific centre of materials
research (SlovaklON) with laboratories
has at its disposal the devices in the
field of ion beam, plasma modification
and deposition, analytical methods,
and computer modelling. The basic
equipment for deposition processes by
means of the ion beam and plasma in
the Centre of materials research
(SlovakION) consists of the following
devices for:

* reactive and non-reactive ion beam
assisted deposition (IBAD) with
various low energy ion sources,

 universal system devices for
applying the processes of dual
magnetron reactive sputtering
either or radio frequency
magnetron sputtering with the
possibility of diagnostics of plasma
and thin layers thickness,

» devices allowing the combination
of ion implantation processes via
immersing into plasma and

deposition processes with ion up to
40 kV.

An inductive bound radio frequency
discharge creates prevailingly plasma
made of gases ions. The use of rare
gases allows the implementation of
metal ions and /or subsequent
deposition of metal layers via rare
gases’ ions assistance.

The use of oxygen and nitrogen ions
allows the formation of oxidic and
nitridic films. By PBII technology, the
magnetrons located above the sample
holder provide high deposition speeds
of metal, oxidic, or nitridic layers. In
the beginning of deposition, the
magnetrons should operate in HPIMS
regime, when a thick plasma essential
for the formation of the layer with
mixed interface to achieve a good PBII
assisted adherence is formed.
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Subsequently, they should enter the
common mode with high speed of
sputtering.

The devices obtained in Stage 1:

e 6 MV acceleration system with high
stream of beams for ion beam
assisted (IBA) analysis and ion
implantation — determined
particularly for the research in the
following fields: physics of solids,
ion beam modification of materials,
atomic physics, a ion beam assisted
(IBA) analysis of materials,
astrophysics, and ecology.



It combines the functions not
commonly available with such a
device, e. g. complete range of
weights of elements, wide scope of
accessible energies, very high
weight distinction, capability of
using multi charged ions, ultra-
high vacuum, possibility of using
the field with low energy ions, and
a full range of ion sources.
Multi-purpose 500 kV air isolated
acceleration system for ion
implementation. The device for ion
implementation technology is
applicable for doping materials,
material wear protection, hardness
increase, anti-corrosion protection,
nano-structuring, nano-layers,
nano-porosity, and modification of
electric, magnetic, physical or
chemical surface properties.

PIll for 3D substrates. Device for
ion implantation via immersing
into plasma for 3D substrates with
dimensions max. 200 mm x 200
mm x 200 mm is equipped by the
process module (anticorrosion steel
chamber), load lock module with
accessories, system of gas economy,
and control system. The gas plasma
is excited from ICP (inductively
coupled plasma) source (frequency
area: 13.56 MHz, power: 1 kW),

maximum output voltage is 40 kV.




PIll for planar substrates. The
device Plll — Plasma Immersion lon
Implantation for planar substrates
with a diameter max200 mm is
equipped by a process module
(aluminium chamber), load lock
module with accessories, system of
gas economy, and control system.
The gas plasma is excited from ICP
(inductively coupled plasma) source
with two aerials (frequency area:
13.56 MHz, power: 1kW), maximum
output voltage is 20 kV.

Magnetron system with pulse dual
MS separation with power 2.5 kW.
It is a reactive one direction
impulse magnetron sputtering
system.

Device for coating of metal targets
either by reactive or non-reactive
way, especially the oxide and
nitrides for optics, electronics (GaN,
InN), photovoltaic (ITO, AZO, and
Ti0,), and for the display
technology (ITO, AZO) as well as for
all suitable materials for reactive
one direction impulse magnetron
sputtering (e.g. Si wafer, glass,
metals, plastics, etc.).
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Magnetron system with pulse dual
MS separation with power of 5 kW.
It is a radio frequency sputtering
system with bias voltage. Reactive
one direction impulse sputtering
system of various target such as
reactive metal oxides and metals is
determined for coating the targets
by a reactive way. It is suitable for
simultaneous sputtering of metals
oxides and insulation materials via
radio frequency sputtering, or

metals via one direction sputtering
for materials with high refractive
index and for composites.
Langmuir probe — a probe based on
an electrostatic principle providing
plasma diagnostics. It is equipped
with appropriate software.

Ellipsometer — a device for
measuring the thickness of thin
layers from the changing stage of
light polarisation after reflection
from the measured sample.
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SCIENCE AND RESEARCH

The Advanced Technology Research
Institute is focused mainly on
materials engineering in the field of
the ion and plasma technologies,
automation and implementation of the
information and communication
technologies in industrial processes or
generally in the field of research, e.g.:
nanotechnologies and nanostructures,
sensors, specific hardware and software
development, computer vision and
image processing, big data, simulation
and modeling. The field of materials
research involves theoretical modeling
using ab-initio methods, either at a
very precise level for small systems
(atoms, molecules), or using the DFT
methods for materials and surfaces.
The areas of automation, information
and communication technologies also
provide space for research and
development in a wide range of
hardware, communication and control
of automated software tools,
knowledge systems, archiving and
knowledge distribution of parent
systems. Applied research is focused
on the following areas:
* Quantum chemistry, benchmarking,
material technology and
nanotechnology;

RESEARCH CHARACTERISTICS
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Advanced Technology Research Institute

o Artificial intelligence, machine
learning, human-robot interaction
in cooperation with the MTF
Institute of Informatics,
Automation and Mechatronics.

» Automation and control
engineering in industry.

The Institute is exceedingly involved in

the H2020 project activities, the

major tool promoting the research,
development and innovation of the

European Commission for the years

2014 to 2020. Thanks to the initiative

of the Institute, the Slovak University

of Technology in Bratislava received
funding from the European

Commission for SlovakION, the
strategic development research
project. The project was evaluated by
the Commission under the TEAMING
scheme, which is one of the schemes
within the European Union's key
programs for the Horizon 2020
research and innovation.

The TEAMING scheme aims at
developing the research capacities in
materials and technology. Materials
research in the field of ion and plasma
technologies opens new options in
materials engineering and
nanotechnology, particularly the
possibility of modifying the materials



properties, surfaces and their
interfaces. The result will bring more
suitable new technological processes
and product characteristics, which
cannot be achieved by common
methods. Such technologies are also
interesting for Slovakia, mainly
regarding its key automotive industry.
The Consortium involved in the project
comprises seven partners with STU
being the principle coordinator of the
whole project. The aim of SlovakION,
the Materials Research Centre, is to
integrate the best high-end ion
technologies into the STU research
pool. The activities of the Centre will
be equally utilised for both domestic
and external research, as well as a
relatively wide range of services aimed
at promoting the research,
development and technological
transfer of new materials,
nanostructures and modified surfaces
through plasma and ion technologies
into production processes.

SlovakION, the Centre of Materials
Research conducts the base and
applied research in the field of
materials engineering, as well as
modification and analysis of solid
surfaces using the ion beam
techniques. The effect of ion
bombardment on the formation and
modification of properties of thin films
is being investigated both
experimentally and by means of
computer simulations. In addition to
studying the relationships between
structure and properties, the research
focuses on various possible
applications. A very important part of
research and development is the
application of low-energy ions and the
use of impulse plasma for the

formation of metastable phases,
specific textures, nanostructures, high
density thin films, or the films
characterized by their extremely good
adhesion. Besides the technology
transfer of modern ion technologies,
close cooperation with the industrial
and other partners is focused on the
development of the state-of-the-art
equipment in the field. lon
technologies make it possible to use
highly accelerated ions at the
velocities ranging between 500 km/s
and 50,000 km/s, which corresponds
to the kinetic energies of between 10
keV and 100 MeV.

SlovakION, the Centre of Materials
Research uses a wide variety of ion
implantation devices with the
maximum acceleration voltages of 6
MV, 500 kV, 40 kV and 20 kV.
Interaction of the ion beam with the
surface of the substance generates a
number of basic phenomena. Collision
of the accelerated ion with the atom in
the material may initiate the ion back
scattering thus generating a slow or
fast reflected atom. The accelerated
ion can also initiate a nuclear reaction
emitting particles or y-radiation. In
addition, the ion may interact with the
electrons on the inner envelopes of the
electron sheath, which in turn emits
typical X-rays. The detection and
spectroscopy of these primary or
secondary particles or radiation can be
used to analyse the chemical
composition of surface layers.
Subsequent interactions of the ion
with atoms and electrons in the
material slow down the accelerated ion
until it eventually stops. The “stopped
ions” represent an implant for the
material; a sufficiently high
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concentration of implanted particles
may then influence chemical
composition of the material.
Collisions of an accelerated ion with
target atoms can generate the energy-
conditioned cascading processes
between the atoms on the target
surface. After thermalization of the
atoms involved in the cascade
processes, permanent changes (such
as disordered structures in solids or
broken bonds in polymers or in
biological cells) may take place in the
material. The backscattered atoms
can then leave the surface, thus
letting the affected surface be
continuously damaged by radiation.
The surfaces may be structured via a
focused beam or a beam of a wider




diameter by standard lithographic
techniques. Physical nature of all the
phenomena related to ion technologies
is now understood to such a good
standard that the ion technologies can
be applied in practice in a way that is
very well controllable. lon
implantation is a method using the
accelerated ions suitable for
introduction of foreign atoms (in the
form of ions) into the base material, or
to create structural defects in the base
material. In this way, we can
purposefully alter the basic properties
of materials. In principle, it is possible
to implant all chemical elements,
including radioactive isotopes. The
material to be implanted by ions, so
called substrate, may be of metal,
alloy, semiconductor, ceramics or
plastics. Implantation of radioactive
isotopes and subsequent two-
dimensional detection of the

channeled and emitted electrons allow
precise determination of the
impurities location in the lattice of
monocrystalline materials. For
practical purposes, efficiency of the
high energy ion implantation is
frequently limited, especially with the
desired high ion fluxes over larger
areas. In addition, three-dimensional
components require mechanical
handling. The problems can be
overcome by direct implantation of
ions, i.e. their immersion in plasma.
Impulse bias applied to the sample
causes that the ions extracted from a
large volume of low-pressure plasma
are accelerated towards the surface.
Compared to the high-energy ion
implantation, disadvantage of this
technique is contamination of the ion
beam; on the other hand, the
technology can be deployed in a wider
spectrum of ion energies.
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Application areas:

 lon Lithography: microstructuring
of photosensitive materials,
nanometric scale samples for
process diagnostics, nanostructure
prototypes and repairs;

» Biomaterials: nanoporous
biomaterials, tribological
protective layers, antibacterial
surfaces;

« Nitriding of austenitic steels and
aluminium;

» Surface protection of the titanium
and TiAl-based alloys: protection
from oxidation of TiAl alloys at
high temperatures, protection
against Ti embrittlement,
protective coatings for TiAl alloys;

» Nanostructuring: nanoporous metal
surface structures, nanoporous
polymer membrane filter.

lon-beam assisted deposition (IBAD).
Modern ion-beam thin film deposition
processes play an important role in
enhancing and modifying thin-film
properties such as adhesion, hardness,
density, surface morphology, as well as
in forming the phases, textures or low-
temperature deposition. The main
advantage of the combined metal
plasma immersion and deposition
(MePBIID) process compared to the
conventional thin film deposition
technologies is the nonthermal
accelerated ion deposition, which
causes the mixing of the atoms present
in the zone interface.
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In this way, e.g. the layers of excellent adhesion can be prepared even at
room temperature. Analogically to the ion beam assisted deposition,
textured thin films can be obtained by the MePBIID technique. By
varying the pulse voltage and pulse length, the desired preferred
orientations in the layers can be achieved. Despite their cumulative
growth and columnal grain diameter in the range of 50-500 nm, the
sputtered thin layers are compact, without the presence of pores. The
basic principle of IBA: when analysing this type, a high-energy ion beam
with energies in the range of 1-100 MeV is directed to the investigated
surface. As a result of the interaction of the ions with the atoms of the
bombarded material, the ions can either be ejected back, the reflected
atoms can be generated, the typical X-rays can be emitted, or the
interaction can trigger a nuclear reaction.

Suitable detectors of energy spectroscopy can be used to obtain
information from emitted particles or photons on the type of the atoms
under investigation. In addition, incident ions as well as emitting
particles lose some energy when passing through the material. It is then
possible, again by means of energy spectroscopy, to determine the depth
at which the interaction took place, thus obtaining depth profiles with
the course of the chemical composition.

Chemical composition of the thin layers and the layers located in close
proximity to the surface can be determined by quantitative analysis
without the need for standards. It is generally known that the results of
IBA are not affected by the presence of substrate. IBA is a non-
destructive method as the sample is not distorted. Yet the analysing
beam may affect the results in very sensitive materials. The affect can be
minimized by certain experimental means. Typical detection limits lie
between 100 and 10,000 ppm (depending on the method) and are
sufficient for many applications. Devices with standard settings allow
analysing the areas several millimeters in diameter. IBA can be applied
to detect the lightest elements, especially isotopes of hydrogen, helium
and lithium. The resulting depth profiles of the chemical composition
are without erosion of the sample surface, i.e. its damage.
Correspondingly, these methods enable the minimum distortion of the
depth profiles. Depending on a particular IBA method, vertical resolution
of IBA is usually limited from several manometers to approximately one
micrometer. However, there is the possibility to increase vertical
resolution in the areas close to the surface by means of a special device
to the level of one atomic distance. However, these techniques usually
cannot be used to obtain information on the state of the chemical bond.
IBA is also not suitable for structural analysis. However, specific
structural issues such as lattice defects or foreign atom positions can be
investigated in the context of the tunnel effect.



INTERNATIONAL ENVIRONMENT

The Institute is exceedingly involved in
the H2020 project activities, the
major tool promoting the research,
development and innovation of the
European Commission for the years
2014 to 2020. Thanks to the initiative
of the Institute, the Slovak University
of Technology in Bratislava received
funding from the European
Commission for SlovaklON, the
strategic development research
project. The project was evaluated by
the Commission under the TEAMING
scheme, which is one of the schemes
within the European Union's key
programs for the Horizon 2020
research and innovation.

The TEAMING scheme aims at
developing the research capacities in
materials and technology. Materials
research in the field of ion and plasma
technologies opens new options in
materials engineering and
nanotechnology, particularly the
possibility of modifying the materials
properties, surfaces and their
interfaces. The result will bring more
suitable new technological processes
and product characteristics, which
cannot be achieved by common
methods. Such technologies are also

interesting for Slovakia, mainly
regarding its key automotive industry.
The Consortium involved in the project
comprises seven partners with STU
being the principle coordinator of the
whole project. The aim of SlovakION, the
Materials Research Centre, is to
integrate the best high-end ion
technologies into the STU research pool.
The strategic goal is to achieve the
status of an international
scientifically competitive center,
especially in the field of materials
research using ion beam and plasma
technologies, but also in interdisciplinary
areas of research and development
activities.

The most significant success in the
first year of the TEAMING project was
the implementation of ab initio
calculations for Beta-NMR experiment at
CERN-ISOLDE. Liquid target is used for
radioactive ion implantation in chemical

and biochemical applications of Beta-
NMR.
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lon liquids are used for this purpose
due to low vapor pressure. Our
Llaboratory provides for CERN-ISOLDE
highly accurate ab initio calculations of
NMR shielding in liquids (ion liquids or
water). The first paper from ATRI MTF
STU and CERN-ISOLDE cooperation
[Phys. Rev. X 10, 041061 (2020)],
https://journals.aps.org/prx/references/1
0.1103/PhysRevX.10.041061 reports the
first measurement of nuclear magnetic
dipole moment of short lived
radioactive nucleus with parts-per-
million accuracy. This result was
reached by development of beta-NMR
experimental equipment and by
increased accuracy of ab initio NMR
calculations. Cooperation between ATRI
and CERN-ISOLDE continues - we
participate in an internal ISOLDE
experimental proposal. The long-term
goal of the cooperation is the
development of beta-NMR spectroscopy
for chemical and biochemical
applications.

Apart from CERN-ISOLDE, significant cooperation was manifested
especially with the Swiss Federal Laboratories for Materials Science and
Technology, EMPA Dubendorf, but also with the European Space Agency (ESAC

Madrid), Spain, Helmholtz-Zentrum Dresden-Rossendorf, Germany, INAF -
Osservatorio Astrofisico di Catania, Italy, Vin€a Institute of Nuclear Sciences,
University of Belgrade, Serbia, Kyoto University, Japan etc.
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Fields of expertise
 analysing materials viaion beams
providingion implanting and synthesising
simulating radiation damage of materials for nuclear power plants

=
Pi—

providing ab-initio forecast of structure and properties of materials
supporting transfer of advanced technologies into practice

transferring know-how, innovations and knowledge from academia into
practice and supporting start-ups and spin-offs

COOPERATIONS WITH INDUSTRY
PARTNERS

An intensive cooperation with industry

partners is a must for any research

university type higher institution. Such

activity significantly enhances the

education as well as the research as it

reflects the current need of providing

unique solutions of urgent technical

issues, accelerates knowledge transfer,

and last but not least brings financial

means. It is also contributory in terms

of meeting the Lisbon Strategy

requirements. The cooperation is

carried out not only by knowledgeable

and respected university experts but by

students, particularly doctoral students

who can thus directly connect their

research tOpiCS with industrial practice. other partners is focused on the ERDA)

The Faculty and practice cooperation development of the state-of-the-art d. Nuclear Reaction Analysis (NRA)

can be of a diverse form: tasks from equipment in the field. 2. Modification of materials, activation,
practice investigated on the basis of Expertise and services offered: synthesis of exotic radionuclides and

.contrac'f or ord_er, re§earch.and 1. High--sensitivity analysis of the isotopes:

1tnnovat1on.pr01ects investigated content of elements (from a. lon implantation in the energy
ogether with partners from industrial .

practice, involvement of small and hydrf>g.e.n to ura_nm_um) .up.to the range of 20 keV - 1.00 MeV

possibility of distinguishing depending on the implanted

medium-sized companies into

international projects, students”
practice or internship in national or
foreign companies, support of small
companies originating at the Faculty,
etc.

Besides the technology transfer of
modern ion technologies, close
cooperation with the industrial and

individual isotopes using these

methods:

a. Rutherford Backscattering
Spectrometry (RBS)

b. Particle Induced X-ray
spectrometry (PIXE)

c. Elastic Recoil Detection Analysis

element

b. High-dose ion implantation of
planar and bulk substrates /
components

c. Thin films coating and synthesis

. Testing of radiation resistance and

evaluation of radiation influence on
the material.



4. Designing materials using computer
modelling and experimental
validation

5. Time series analysis, analysis of
satellite data and images.

6. Material analysis - metallography,
composition, microstructure,
crystallography:

a. Electron microscopy (scanning
and transmission)

b. RTG diffraction

c. Glow-discharge optical emission
spectroscopy (GDOES)

Industry application: The SlovaklON
Center of Excellence is able to carry
out research in the field of material
preparation that can be implemented
in various applications, e.g.
automotive industry, optics, electrical
engineering, photovoltaics, or specific
display technologies, production
technologies, information and
communication technologies, optics,
sensors. lon beam technologies allow
nano-level modification of materials,
as well as large areas processing, since
the ion beam and plasma methods are
scalable and with respect to the
material dimensions. This provides
potential for applications in various
industries. This will bring not only new
material innovations, but also
automated algorithmic solutions in
practice.
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ABOUT THE INSTITUTE

The Advance Technologies Research
Institute (ATRI) was established in
2013 as a new build institute of The
Faculty of Materials Science and
Technology in Trnava, Slovak
University of technology in Bratislava.

ATRI is the first and main institute at
the University Science Park (Slovak
University of Technology in
Bratislava), having an interdisciplinary
team of researchers, engineers, PhD
candidates and junior researchers. ATRI
is focused on materials engineering
applying ion and plasma technologies,
solid state physics, astrophysics,
computational chemistry, automation
and ICT implementation in industrial
processes, mathematical modelling
and simulation. The area of materials
research ranges from theoretical
modelling using ab-initio methods at
the atomic and molecular scale, DFT
methods for bulk materials and
surfaces, to experimental work using
accelerators and plasma-based
technologies.
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R&D in the field of Automation and ICT aims at hardware and software
development, knowledge-based systems, process- and high-level automation,
data processing and security systems.

Department of ion-beam
technologies

The Science Centre of Materials
Research represents a science and
research basis for the application of
the ion and plasma technologies in the
physical and material engineering and
in nanotechnologies. It is equipped
with the top technologies for the
modification and analysis of the
subsurface and thin layers of solid
substances by using the effect of
accelerated ions and plasma.

Department of chemistry and
physics

THE CURRENT RESEARCH COVERS
THE FOLLOWING TOPICS:

Development and applications of
coupled cluster methods, ab initio
calculations of metallic clusters
properties, accurate calculations of
molecular NMR properties including
relativistic and solvent effects,
potential energy surfaces for
theoretical infrared spectroscopy,
computational atmospheric chemistry,
ab initio modelling of materials



interface structure and its impact on the thermodynamic properties of nano-
layers, fast stochastic variability (red noise) of accretion processes in the binary
stars and active galactic nuclei, Monte Carlo simulations of red noise and
satellite observation data analysis from Kepler and XMM-Newton missions. The
problems solved by the researchers in the frame of applied research for industry
are e. g. development of computer application for numerical modelling of
magnetic fields in the high reliability relays (Hengstler/Danaher) and design and
optimization of high-performance ultra-sound transducers (Kraintek). The
Laboratory uses computational resources of HPC cluster of the Slovak University

of Technology and Slovak Infrastructure for High Performance Computing.

PARTNERS

Institute of Astrophysics, Kyoto University, Japan; Institute of Organic
Chemistry, Polish Academy of Sciences; EMPA, Swiss Federal
Laboratories for Materials Science and Technology, Dubendorf,
Switzerland; ESAC, European Space Agency, Madrid, Spain; Cadarache,
Saint-Paul-lez-Durance, France; GSMA, Reims University Champagne-
Ardenne, Reims, France.
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Department of simulation and
modeling

In the area of industrial automation,
data collection, electronics and
microelectronics, the department
provides support to other departments
of the institute and faculty. The
center's facilities also enable you to
perform tests using an analogue-to-
digital simulator that connects to real-
world devices, industrial camera
systems and other technologies.

Fields of interest:

e Automation and engineering
management in industry

» Artificial intelligence, machine
learning, human interaction -
robot, robotics

» Modelling, simulation and
optimization of production
processes and systems

» Big data and acquisition of
knowledge from production
databases in hierarchical process
management

* Mathematical models and
representations (systems with high-
speed feedback)

» Computer vision and image
processing

« Software Development (GIS,
Telemetry Systems, Distributed
Control Systems)



41

The Slovak University of Technology in Bratislava, comprising the Faculty of
Materials Science and Technology based in Trnava, belongs to the
prestigious research universities in Slovakia, as confirmed by the QS World
University Rankings®, Times Higher Education World University Rankings and

Academic Ranking of World Universities or The Best Global Universities
ranking.

ABOUT STU MTF

Research characteristics of STU MTF
As part of the Slovak University of
Technology in Bratislava, Faculty of
Materials Science and Technology
based in Trnava endeavours to be a
research-oriented and internationally
recognized faculty developing modern
trends in research and industrial
production, with emphasis on
advanced materials, sophisticated
production technologies and industrial
engineering, automation and
computerization of manufacturing and
technological processes, as well as
quality, safety, environmental and
managerial aspects of industrial
production.

The Faculty research activities are

focused on the following areas:

e Materials research with emphasis
on the materials research,
development and treatment,

* Research and development of new
technologies of industrial
production, oriented mainly on
technological treatment of modern
engineering materials and
ecologically clean production,

 Industrial informatics and
automation, process control and

Focus of the STU MTF research activity information security for the

Research activity of STU MTF takes the technology and manufacturing

forms of: systems,
» Projects of the base and applied « Research into Industrial
research supported by the domestic engineering and management of
grant agendies, industrial enterprises
» Demand-oriented projects, « Safety and reliability of technology
» Projects within the international equipment and systems, with
programmes and international emphasis on the methods of
grant schemes, systems analysis and synthesis.

* Projects of international scientific
and technical collaboration,

+ Contractual research and
development.



Fields and priorities of the STU

MTF research

Accredited research fields of STU MTF

are:

e Materials

e Mechanical Engineering and
Materials

« Automation

e Industrial Engineering.

The Faculty of Materials Science and

Technology strives to actively

contribute to the defined mission of

the Slovak University of Technology by

prioritising materials science and

production technologies in the

accredited areas of education, science

and research within the following

objectives:

e Implement the university education

system at all levels in accredited
study programmes,

» Disseminate, promote and develop
knowledge through the science and
research tools,

» Ensure the transfer of science and
research results into the education
process,

» Ensure the transfer of science and
research results into
entrepreneurial practice,

» Protect the results of the Faculty
research.

Seven university science parks (USP) in

Slovakia represent the research

workplaces of the best Slovak

universities and the Slovak Academy of

Sciences where the top-quality applied

research and knowledge transfer from

the academic sphere into the economic
and social practice through
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technology transfer (licenses, spin-offs,
or other forms of knowledge
processing) take place. USPs are
complex units focusing on the
systematic development of key
scientific institutions via the
integration of the research
infrastructure into a larger unit and
having a network of unique, modern
research devices, laboratories and
workplaces. They provide space for the
acceleration of ideas and incubation of
innovative companies via the
implementation of applied research
and dispose a high quality and
efficient scientific management based
on best practice in renowned science
parks, thus ensuring high quality
management and sustainability of the
University Science Parks. The
maximum amount of support for a USP
can reach € 40 mil.



The first University Science Park in Slovakia established at STU MTF in 2015

The STU MTF University Science Park is primarily oriented on the fields of Materials Engineering, the lon and Plasma
Technologies and Automation, and Informatisation of Industrial Processes.
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HUMAN RESOURCES

PROJECT RESEARCHERS
Last name name
Antusek Andrej
Bajcicakova Ingrida
Beiio Matas
Bezak Pavol
Bohovicova Jana
Bénova Lucia
Borkin Dmitrii
Buransky Ivan
Cuninka Peter
Cuninkova Eva
Caplovit Lubomir
Derzsi Mariana
Degmova Jarmila

Dobrotka Andrej
Dobrovodsky  Jozef

Dubecky Matas
Halanda Juraj
Horvéth Du3an
Janikové Dominika
Janovec Jozef
Krsjak Vladimir
Minarik Stanislav
Moravéik Roman
Moravéik Oliver
Muska Martin
Noga Pavol

Pekar&ikova Marcela
Priputen Pavol

WoS (Researcher ID) Scopus (AuthoriD)
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Q-9250-2018

F-3327-2017
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F-2845-2017
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8530185700
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55771268900
55858008100
23480955200
25824695500
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55620800800
57189005363
57207355942
6507055197
26535817400
6602449531
8956647500
57194150402
56358387500

53663710500
7005456311
24399657800
6507270144
6507499319
6508121153
57194144761
47161344600
7801552354
16022868800

ORCID
0000-0002-4574-2943
0000-0001-9021-2450

0000-0002-0637-2740
0000-0001-9582-5272

0000-0002-7600-9007

0000-0003-2196-5832
0000-0002-2280-008X
0000-0002-4404-0392
0000-0003-3517-1945

0000-0002-3975-1106
0000-0002-9647-4627

0000-0001-7526-0083
0000-0002-6765-6974
0000-0002-6851-0053
0000-0002-6039-2822

0000-0002-4258-2382
0000-0002-4300-6109
0000-0002-6259-5711
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Last name
Riedlmajer
Sahul
Skarba
Sojak
Strémy
Sugar
Sulka
Sulkova
Tanuska
Tokér
Vana
Vazan
Vysko¢
Zavacka

name
Rébert
Miroslav
Michal
Stanislav
Maximilidn
Peter
Martin
Katarina
Pavol
Kamil
Dusan
Pavel
Maro3
Anna

WoS (Researcher ID) Scopus (AuthorID)

AAE-7078-2020

C-7106-2014
S-1823-2016
C-3944-2012
B-7799-2014
0-9478-2019
V-3908-2018

57194147119
37013730700
8890930300
55851947569
55512587000
55096613400
24759724000
55604082400
35811159400
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ORCID

0000-0001-5091-6381
0000-0002-5381-2905

0000-0003-2918-0714
0000-0002-9499-5672
0000-0002-2492-4377

0000-0001-7025-1911
0000-0003-3257-3666

0000-0001-6943-2635
0000-0002-0729-0042
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