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MPEJIMET:

Muuubeme pykosoauouna npojexra o uzoopy ap bopuciasa Bacnha y 3same BuiIn
HAYYHH CAPATHHK

Hp bopucnas Bacuh je ox 01. 06. 2007, roaune 3anocneH y Llentpy 3a ¢du3uky uBpcror
CTama M HOBE Marepujajie, y OKBHPY HalMOHANHOI 1I€HTpAa M3Y3eTHUX BPEJIHOCTH 3a
obnact HaHOHayka M HaHoTexHosoruja, Muceturyra 3a ¢usuxy y beorpany. TpenyrHo
paaM Ha npojeKTiMa MMHHCTapeTBa MpOCBETE, HAyKe W TEXHOJOLIKOr pa3Boja
OU171005: “®usuka ypeheHHUX HAHOCTPYKTYPa M HOBHX Marepujana y (OTOHHLIH™
(pyxoBoampanr ap Papomr Tajuh) ca 8 wuerpakusau-meceun u MHMM45018
“HaHocTpyKTYpHH MYATHQYHKUHOHATHH MaTepHjaaH U HAHOKOMIO3UTH” (pyROBOANIALL
akagemuk ap 3opan [lonosuh) ca 4 uerpaskusay-mecenn.

[Towro wucnymasa cse ycinose npeasuhere [IpaBHIHHKOM O NOCTYNKY, Ha4yuHY
BPE/IHOBakbd W KBAHTMTATUBHOM HWCK43MBamy HAYYHOHCTPAKMBAUKMX pesyirata
HCTpakkBada MUHHCTApCTBa MPOCBETE, HAYKE M TEXHOJOIIKOr pa3Boja, cariacaH cam ca
noKperateM nocTtynka 3a u3bop ap bopucnaBa Bacuha y 3Bame BHILM HaydHH
capaJHHuK.
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2. buorpadgckn noganu KaHaAuAaTAa

bopucnas Bacuh je pohen y BunkoBnmma, PemybGmuka Xpsarcka, 14. anpuma 1982.
roguae. OcHOBHY 1Koy je moxahao y BunkoBumma, beorpamy m CeumajHIly, 0K je
ruMHazujy 3aBpmmo y Ceunajaiy. Ilocie nBe roguHe mpoBeneHe Ha BojHO-TEXHHUYKO]
akazgemuju y beorpany, mkonoBame je HacTaBuo Ha DakynTeTy TEXHHUYKUX HayKa y
HoBom Canmy, Ha cMmepy 3a MuKpopauyHapcKy eneKTpoHHKYy. Ty je ¥ AWUIUIOMHpao
centemMOpa 2005. ronuHEe ca MPOCEYHOM OIEHOM 9,62 M IUINIOMCKUM pajoM Ha TEMY
"Anammza HaHO-IIMOC xommnonentu". JlokTopcke crynuje Ha EIeKTpoTexXHHYKOM
dakynrety y beorpany, cmep Hanoenekrponuka u poToHuka, ynucao je okrodpa 2007.
roguHe. JlokropaT mox HacioBoM ‘‘MopnernoBame TpaaupaHux  (POTOHCKUX H
MJa3MOHCKUX KpHUCTalla KOJjU pajae y pexuMy wMeramarepujaia” ypaheH je mon
MeHTOopcTBOM 1p JeneHe PanosanoBuh u mentopa Ha MHcTtuTyTy 3a Qusuky y beorpany,
np Papgoma I"ajuha. Jloktopcka nucepramuja je ogopamena aenemopa 2012. rogune. Y
nepuoy oA janyapa a0 Maja 2013. roguse 61O je Ha KpaTKOM ycaBpllaBamy Ha JoxaHec
Kemep yauepsurery y Jlunny, y rpynu 3a HaHOPOTOHUKY o7 BohctBoMm ap Tomaca
Knapa. ¥V 3Bame HayuyHH capaJHHK je nzabpan 25. cenremoOpa 2013. rogune.

bopucnas Bacuh je ox 1. jyna 2007. ronune 3amocned y Llentpy 3a ¢usuky uBpcror
CTakba M HoBe Matepujaie, MHctutyra 3a ¢usuky y beorpamy kao uctpaxuBad-
npurpaBHuk. @ebdpyapa 2010. roquHe je m3abpaH y 3Bame HCTpakuBad-capaaHuk. On
2007. romuue nmo 2011. romuHe KaHIWUAAT pagd y OKBHUPY IMPOjEeKTa TaJallliber
MuHucTapcTBa HayKe M TEXHOJOMKOr pa3Boja Op. OMN141047 “Dusuka
HUCKOJIMMEH3MOHUX ¥ HAHOMETAPCKUX CTPYKTypa H MaTepujaynia’ (IIPOjEKTOM je
pykoBonuo 1p 3opan [lomosuh). IToyeBmn o1 HOBOT MPOjEeKTHOT IMKIyca (0 jaHyapa
2011.), 3amocrmeH je Ha TpojeKTy MwuHHcCTapcTBa TMpocBeTe W Hayke Op. OM171005
,,dn3KKa ypeheHuX HaHOCTPYKTypa U HOBHX MaTepHjaia y (oToHHIN (pyKOBOAMIAL P
Panmomr I'ajuh) ca 8 ucrpakuBau-mecernn u npojekty 6p. MMN45018 ,,HanocTpykTypHU
MYATU(QYHKIMOHATHA MaTepHjaJii U HAHOKOMIIO3UTH (PYKOBOAMJIAIl aKaJEeMHUK [Ip
3opan IlomoBuh) ca 4 wucTpakmBay-mMecemu. Y CBOM JIOCATaIlkbeM paay, Y OKBHUPY
MehyHapoaHe capaime, KaHAWJaT jé yYeCTBOBAO Ha JIBa MPOjeKTa U3 CEAMOT OKBUPHOT
nporpama FP7-NMP, NanoCharM — “Multifunctional nanomaterials characterization
exploiting ellipsometry and polarimetry” u NIM_NIL “Large area fabrication of 3D
negative index metamaterials by Nanoimprint Lithography”. Takohe, yuecHuk je y
Hekonuko COST aknuja (MP1303 Understanding and Controlling Nano and Mesoscale
Friction, IC1208 Integrating devices and materials: a challenge for new instrumentation
in ICT), Bume OunatepasHux Impojekata (OunmatepanHe capaime ca HWramujom,
Hemaukowm, [lImanujom, benopycujom), 10k je 60 pyKoBOAMIIAIl OMIATEPATHOT MPOjeKTa
ca AycrpujoMm 3a mepuon 2016-2017 "JIBoguMeH3UOHAIHN MaTepyjall Kao MOJJIora 3a
pacT opraHCKHMX MOJyImpoBoaHUKA" (capaama ca rpynom npod. Kpucrtujana Tajxepra y
JleoGeny, Aycrpuja).

['maBHE TeMe HETOBOT HCTPAKMBaWka Cy MpoydaBame (OCITUKaBame, KapakTepusanuja u
MaHHUITyJIalja) MaTeprjajia Ha HaHO-CKaJIM TeXHUKama CKeHupajyhe MUKpOCKOIuje Ha
0a3um aTOMCKHMX CHJIAa, Ka0 W TMpOydaBamke HOBUX ONTHYKUX CTPYKTypa Ha 0a3u
(GOTOHCKHMX KpHCTalla, MeTamarepujana, ¥ IUIa3MOHCKUX CTPYKYTpa, OIHOCHO



PE30HATHUX METAJHUX CHCTeMa. Y TPEHYTKY MOJHOIICHa OBOT M3BEIITAja, KAaHIUAAT je
KoayTop YyKymHO 43 paga Koju cy muTHpanu ykynHo 534 myta, a 492 myra He
pauyHajyhu camonurare. JloOUTHUK je cTylneHTcKke Harpaae MHcTuTyTa 3a QU3MKY y
beorpany 2013. rogune 3a HajOOJbY TOKTOPCKY AMCEPTAIIN]Y Y TPETXOAHO] TOAUHHU. MiMa
Hay4HY capalmy ca rpynama u3 Aycrpuje, Llnanuje u Uranuje.



3. HPEI'VIEJl HAYYHE AKTUBHOCTH

HayuHo-ucTpaknBauka akTUBHOCT KaHAWIaTa 00yxXxBaTa TEOPH|CKE U EKCIIEPUMEHTATHE
MeTtoze u o0yxBara cieaeche obmactu:

1. nu3ajH, MOJCIIOBakEe W HYMEpPUYKE CHUMYJAIMje ONTHYKUX CTPYKTypa Ha Oa3u
(OTOHCKHMX KpHUCTajla, MeTamaTepHjaja U IJIa3MOHCKUX CTpyKTypa (cekuuje 3.1, 3.2 u
3.3),

2. oclIMKaBamwe, KapakTepu3alyja 1 MaHUIyJalKja MaTeprjaina Ha MUKPO- U HAHO-CKaJIH
KopulIhemeM MeToJla CKeHHpajyhe MUKpOCKoHje Ha 0a3u aTOMCKUX cuiia (cexnuja 3.4).

VY HapeIHUM ceKllMjaMa Cy YKpaTKO MPHUKA3aHU TJIaBHU HAYYHU PE3yNTaTH JOOUjeHU y
OKBHPY OBHX TE€MA.

3.1 CTpykrype ca rpaaMpaHuM HMHIEKCOM MNpejamMama 3a Bojewe U ycmepaBame
€JIeKTPOMATrHeTCKOT M0Jba

3.1.1 Crpykrype Ha 6a3u TpaHchopMaliOHe ONITHKE

Meton TtpaHcopManoHe ONTHKE C€ 3aCHMBAa HAa WHBApUjaHTHOCTH MaKCBEIOBUX
jenHaynHa MPU KOOPJIAWHATHUM TpaHchopmaliijaMa Mmpy 4emMy MOCTOj! jeTHAKOCT u3mehy
METPUYKHX TpaHCPOpMalyja ¥ MPOMEHEe MaTepujalHuX MapaMeTapa mnpocropa. OBaj
METO/I j€ IPUMEEH 3a J13ajH KPUBHHE €JIEeKTPOMAarHeTcKor nosba. MaeamHu napamerpu
KpUBUHE 3aXTEBajy peanu3aldjy aHU30TPOIHE U HEXOMOTeHE JIUeNIeKTpHYHE
MEPMHUTUBHOCTH U MarHeTcke rnepmMeaOuiIHOCTH, IITO j€ MPaKTUYHO HEM3BOAJBUBO. 3aTO
CY OHHM TI0jeIHOCTaBJbEHH OAToBapajyhuM n300poM pelyKOBaHUX IapaMmerapa, 4uMe je
nobujeHa JueNeKTpu4yHa (HeMarHeTcka) kpuBuHa. OHa je 3aTUM  peaqn30BaHa
pPEaTMCTUYHOM, CIJIOJEBUTOM JHMEJICKTPUYHOM XETEPOCTPYKTYpOM ca TpaJupaHoM
JTUEICKTPUYHOM TIEPMHUTHBHOIINY ClI0jeBa WM ca TpaJupaHoM Je0JbUHOM CJIOjeBa
KOHCTaHTHMX TE€PMHUTUBHOCTH. HyMmepuuke cumynamuje peagHOr MpOCTHpama
€JIEKTPOMAarHeTCKOr TMoJba IOKa3yjy Ja JAUENeKTPUYHA eJIEKTPOMAarHeTcka KpHUBHHA
(GYHKIMOHMIIIE TOTOBO HMCTO Kao M wuaeanHa. OBU pe3ynTaTH Cy MpPEICTaBIbEHU Y
cienehenM panoBuma:

e B. Vasi¢, G. Isi¢, R. Gaji¢, and K. Hingerl, "Coordinate transformation based design
of confined metamaterial structures", Phys. Rev. B 79, 085103 (2009),

e B. Vasi¢, G. Isi¢, R. Gaji¢, and K. Hingerl, "Optical design of 2D confined structures
with metamaterial layers based on coordinate transformations", Phys. Scr. T135,
014045 (2009),

e B. Vasi¢, G. Isi¢, R. Gaji¢, and K. Hingerl, "Confined metamaterial structures based
on coordinate transformations", Acta Phys. Pol. A 116, 96 (2009).



3.1.2 CTrpykrype Ha 0a3u rpaaupaHux OTOHCKHX KpPHCTAJIA

JIBOAMMEH3UOHATIHY TpagupaHd (OTOHCKM KPUCTATU Cy IPOYyYaBaHHM y KOHTEKCTY
peanu3anyje onTUIKUX ypehaja ca HEXOMOTeHUM W U30TPOITHUM MHJIEKCOM TIpejlaMarma -
eJIEKTpOMarHeTcke KpUBHMHE (AM3ajHHpaHe KopulthemeM TpaHc()OpMalMOHE ONTHUKE Ha
0a3n KOH(POPMHHX TMpecinKaBama), JlyHeOyproBor um camodokycupajyher codusa.
Peanuzanuja je 3acHOBaHAa Ha NPOCTOPHO] MPOMEHM NOJYNPEYHHKA ITanuha vy
rpagupaHoM (OTOHCKOM KpHCTady Tako Ja €()EeKTHBHA MEPMUTHUBHOCT Y CBAKO] TayKH
Oyze jenHaka NMEPMUTHUBHOCTH 3aaTe ONTHUYKE CTpykType. KopumhemeM HyMepHuKHX
cUMyJlaliija, TIOKa3aHo je Ja rpaaupaHd (OTOHCKH KpucTaau omoryhamajy eduxacHy
peanu3aiyjy rope HaBEICHMX ONTHYKUX CTPYKTypa y IIUPOKOM (HPEKBEHIIN]CKOM
orncery. ['opmu (pekBeHIMjCKH JUMHUT je oxapeheH bparoBum ycioBoOM y Tadku
rpaaupaHor (poTOHCKOTr KpUcTajia ca HajBehuM epeKTHBHUM MHAEKCOM mpenamama. OBU
pe3yiTaTu cy MpeacTaB/beHu y cienehenm panoBuma:

e B. Vasi¢ and R. Gaji¢, "Self-focusing media using graded photonic crystals:
Focusing, Fourier transforming and imaging, directive emission, and directional
cloaking", J. Appl. Phys. 110, 053103 (2011),

e B. Vasi¢, R. Gaji¢, and K. Hingerl, "Graded photonic crystals for implementation of
gradient refractive index media", J. Nanophotonics 5, 051806 (2011),

e B. Vasié, G. Isi¢, R. Gaji¢, and K. Hingerl, "Controlling electromagnetic fields with
graded photonic crystals in metamaterial regime", Opt. Express 18, 20321 (2010).

3.2 IlogecuBe eJIeKTPOMArHeTCKe CTPYKTYype

Peanmne mpumene 3axteBajy onTuuke ypehaje unju ce oa3uB (Kao 1ITo je HIp. peduekcuja
U TpaHCMHCHja) wiu cama (yHKnmja (Kao IITO je Ha MPUMEpP yrao YCMEPEHOCTH
ONITUYKOT CHOMA) MOTY TUHAMHUYKH KOHTpOJHMCAaTH y BpeMmeHy. OCHOBHHM HauWH 3a
KOHCTPYKLIM]y TIOJAECHBUX ONTHYKHX ypehaja je HHXOBO cIpe3ame ca IOJIECHBHM
eIEMEHTHMA, Kao IITO Cy Ha MPUMEp MOJYPIOBOJIHUIM WM Te4HH Kpuctanu. OBaj 1eo
UCTpaKUBama je 0a3upaH Ha HyMEPUUYKUM MPOpavyHUMa U CUMyJalidjaMa. Y OJHOCY Ha
TUI TIOJICCUBUX €JIEMEHATa, OBaj N0 WCTPaKMBama Ce MOXKE MOJCIUTH Ha cieache
JeToBe:

3.2.1 llogecuBe eJIeKTPOMArHeTCKe CTPYKTYpe Ha 0a3u MOJYNPOBOJIHUKA

Peanmzanyja momecHMBHX TepaxepuHHUX CTPYKTypa ca HEXOMOTCHHM HHIECKCOM
npejaMama je pa3MaTpaHa KopuIIhemeM IpaJupaHuX JBOJAUMEH3MOHAIHUX (POTOHCKUX
KpHCTaJia ca IMoJIylPOBOJHIYKIM MITanMhiMa IIPOCTOPHO MPOMEHJBUBHX MOJTYIPEUHHKA.
[IpomensbuBH TONyHpeyHUMIM mTanuha omoryhaBajy peanu3anujy HEXOMOT'€HOT
MHJEKCa TIpejaMama. lIcToBpeMeHO, NPOMEHOM TeMIepaTrype ce€ KOHTPOJIHIIE
KOHIICHTpallKja eNeKTPOHA Yy MOJYNPOBOJHHKY, IITO oMoryhaBa ITUHAMHUYKY NPOMEHY



nepMuTHBHOCTH ImTanuha. Ha Taj HaumH, KopuimhemeM HYMEpPHUYKUX CHMYJalHja,
MpuKazaHe cy Moryhe peaiusaije codywBa ca MOJAeCHBUM (OKYCOM W aHTEHE ca
MOJIECUBHM YTJIOM CKpeTama eleKTpoMarHeTckor nosba. C Jpyre cTpaHe, TepaxeplHU
MOJyJIaTOpU W TPEKHJIauu Cy AW3ajHUpaHH Ha 0a3W JBOJAMMEH3MOHATHUX (POTOHCKUX
KpUCTajga ca IMOJYNPOBOAHWYKUM Inranuhuma. EnekTpuuHo mosjee  ymagaHoT
€JIEKTPOMArHeTCKOT T0Jha jé HOPMAJIHO Ha mTanuhe U y muMa nolyhyje nokanu3oBaHe
MOBPIIMHCKE IJIa3MOH monapuToHe. Kao pesynraTr, ymagHO eJIeKTpOMAarHeTcko OuBa
arcopOOBaHO, IITO TOBOAM JOBOAM JIO CTBapama IUIA3MOHCKHX (DOTOHCKMX 30HCKHX
nporena ca HYJITOM TPAaHCMHUCHjOM YHAJHOT TMoJba. IIpOMEHOM KOHIIEHTpaIyje
EIEKTPOHA Yy TIOJYNPOBOJHUYKHM IITamMhnMa, MeEma C€ CIEKTPATHH II0JIOXKA]
IUIA3MOHCKUX PpE30HaHIMja W IUIa3MOHCKMX 30HCKHMX IIpolena, mTo omoryhasa
MOTEHIMjaJTHy MPHUMEHY OBUX CTPYKTypa Kao TIOJCCHBHX TepaxepuHuX QuiTepa.
Pesynratu cy npukazanu y cienehum pagoBuma:

e B. Vasi¢ and R. Gaji¢, "Tunable gradient refractive index optic using graded
plasmonic crystals with semiconductor rods", J. Opt. Soc. Am. B 29, 79 (2012),

e B. Vasi¢ and R. Gaji¢, "Broadband and subwavelength terahertz modulators using
tunable plasmonic crystals with semiconductor rods", J. Phys. D: Appl. Phys 45,
095101 (2012).

3.2.2 IlopecuBe eleKTPOMarHeTcKe CTPyKType Ha 0a3u rpadena

CanyHO Kao W KOA MOJYIPOBOAHMKA, TPUMEHOM HarloHa u3Mel)y rpadeHa u moszaauHcke
eNeKTpojie, Moryhe je KOHTpojucaTH mojiokaj depMujeBOor HUBOA W KOHIICHTpAIU]y
HOCWJIalla HaelekTpucama y rpadenHy. Ha Ttaj Haumn, moryhe je KOHTpoiucatu H
WHTEpakiujy TrpadeHa ca ymagHuUM eJIeKTPOMAarHEeTCKUM ITOJbeM, IMojeliaBajyhu HHUBO
aricoprije u pedaexcuje/rpancmucuje. ['pader kao 1BOAMMEH3MOHAIAH MaTepHjall je
M3pa3uToO TOTOJAaH 3a CIpe3ame ca IUIAHAPHUM ONTHYKUM CTPYKTypama, Kao IITO CY
®abpu-IlepooBu pe3oHATOPHM M IUIAHAPHUM MeTamarepujaid Ha 0a3u MeTaHUX
eneMeHata (MeTamaTepHjaii Ha 0a3u MPEKMHYTUX METAJTHUX MPCTEHOBAa U abcopOepu Ha
0a3u Mertan-uzosaTop-mMeTan Ccrpykrype). Kopumrhemem HyMepHukuxX NpopadyHa,
MMOKa3aHO je Ja je Ha TepaxepuHuM U OnucKo-mHGpanpBeHUM (peKBEHIjaMa,
JOMHUHAHTHA aMIUITyJHa Monynanuja pediexcuje, Kao IMoOcCIeIuIla HAIOHOM
KOHTPOJIMCAHE afcopIiuje y rpadeHy yclel YHyTap30HCKHUX (TepaxepiiHa o0JacT) u
Mely30HCKuX mpenasza (6nucko-uHdpanpsena oosact). Ca npyre cTpaHe, MoayJamnuja y
cpenmoj-uHppanpBeHoj 001acTH je 3aCHOBaHA Ha CIIEKTPAIHOM MOMEpamy pe30HaHITH]a
momTo ce rpadeH y oBoj 0oOJIacTH MOHAIA KAo JUETEKTPHK ca MaJUM TyOMIIMMa U
MOJIECHBOM TUEJIEKTPHYHOM TIepMHUTHBHOWINY. Pesynratu cy mnpukazanu y cieaehum
pamoBuMa:

e B. Vasi¢ and R. Gaji¢, "Tunable Fabry-Perot resonators with embedded graphene
from terahertz to near-infrared frequencies", Opt. Lett. 39, 6253 (2014),



e B. Vasi¢ and R. Gaji¢, "Graphene induced spectral tuning at mid-infrared
frequencies", Appl. Phys. Lett. 103, 261111 (2013),

e B. Vasi¢, M. M. Jakovljevi¢, G. Isi¢ and R. Gaji¢, "Tunable metamaterials based on
split ring resonators and doped graphene", Appl. Phys. Lett. 103, 011102 (2013).

3.2.3 IlonecuBe eJIeKTPOMArHeTCKe CTPYKTYpe Ha 0a3U TeYHUX KpucTaaa

Hemarcku Teunu KpucTalid TIocenyjy BenuKy OupedpureHIimjy Koja je y3 To U MmojecuBa
eJIEKTpUYHUM TIoJbeM. Kao TakBu, OHM Cy BeoMa IOTOJHU 3a peau3aljy MOJAeCHBUX
Tepaxepunux ypehaja. Jle6sbuna cranmapaHux henmmja ca TEYHUM KPHUCTAJIOM je peaa
TajacHe y>KMHE, IITO Ha TEPaxeplHHM YYECTaHOCTHMA, JIOBOJHM JI0 BHCOKHX HarloHa
HEOIXO/IHUX 3a KOHTPOJY Kao U cIope MoayJamuje. Y Iiby peliaBamba OBOT pobdiiema,
NPEUIOKEHO je Kopuinheme pe30oHaHTHUX MeTamarepHjaja Ha 0a3su MeTal-h30JaTop-
MeTaJl CTPYKTYpe MpU YeMy j€ H30JaTOPCKU CJO0j Yy CTPYKTYpU 3aMEHEeH TEeYHUM
KpUCTAJOM, Tako Ja ce Iela CTPYKTypa I[OHamia Kao TIIOJECUBU TepaxepIHH
rmoJiapu3aTop. YMECTO MPUPOIHE OMpedpHUTEHIIM]e TEUHOT KPUCTala, 3aBUCHOCT OJI3MBa
CTPYKTYp€ OJ TOJapHu3allyje MOTHYE 0/ ONTHYKE aHU30TPOIHje BeOMa TAaHKUX U TyOOKO
MOJATAJaCHUX MEeTaj-hu30JlaTop-MeTal CTpyKTypa. VcTroBpeMeHo, JTUHAMHYKA €JIeKTpo-
ONTHYKAa KOHTpOJIA HHJIEKCAa TMpelaMama TEYHOT KpHUcTala omoryhaBa CHEKTpaIHO
MOMepamke PE30HAHTHUX MOJI0OBA METaj-H30JIaTOp-METajl CTPYKTYpe, U MoJellaBame
¢da3ne paznuke uzMely JBe OpPTOrOHAJIHE KOMIIOHEHTE YMAJHOT mojba. Kao pesynrar
cBera, KopuimhemeM HYMEpUUYKHX IpopadyHa, IMOKa3aHO je Ja ce 3a onaromapajyhe
n3abpaHy JIMHeapHy NoJapu3alyjy ynaaHoT 1oJba, Mojlapu3alrja pedIeKTOBaHOT MoJba
Ha ofabpaHoj pajHO] PPEKBEHIIN]H MOKEe KOHTHHYHpaHO TpedanuBaTi u3mely ceBepHor
u jyxHor noja Ilounkapeose chepe (MpoMeHa o JIEBO 10 JIECHO KPYXKHO IOJIapUcCaHe
CBETJIOCTH), JOK TMPEAJIOKEHU TOJapu3aTop paau Npu HamoHuma ucroa 10V u ca
MUJIMCEKYHIHIM BpeMeHUMa IpeKuama. Pe3ynratu cy npukasanu y cienehem pany:

e B. Vasi¢, D. C. Zografopoulos, G. Isi¢, R. Beccherelli, R. Gaji¢, "Electrically tunable
terahertz polarization converter based on overcoupled metal-isolator-metal
metamaterials infiltrated with liquid crystals", Nanotechnology 28, 124002 (2017).

3.2.4 TlogecuBe ONTHYKE CTPYKTYpe €Ca ONTHYKHUM MOjadyameM

[TonecuBu MeTamarepujaiy U IUIa3MOHCKE CTPYKType cy Hajehum nenom peann3oBaHe
MOJICTIIABAHEM JIETICKTPHHE TIEPMUTHBHOCTH WJIM I'yOUTaKa Y PHAPY>KEHOM I10IECHBOM
eIeMEeHTy. Y OBOM Jelly HCTpaKHBama, MPEIOKEHH Cy ONTHYKHM MOAYJIATOpH ca
BenukuM T3B. ON—OFF omnocom (omHOC peduiekcrje ymajaHor moJba MPU YKIbYYCHOM U
UCKJbYYEHOM CTamy) - IOJECUBH MeTaMaTepHjald CIPETHYTH Ca CPEeIuHOM Koja
moceayje ONTHYKO mojadame. OHM ce cacToje O JAUENEeKTPUYHOT (uiMa JOMUPAHOT
60joM (KOju MMa YJIOTY CpelIMHE ca ONTHYKUM II0jadyareM) KOja je CMEIITeHa YHyTap
MeTal-u30JaTop-MeTal  pe3oHaTopa. [l1a3MOHCKM MOIOBHM OBOI pE30HAaTOpa ca
M0jaYaHUM eJIEKTPUYHUM I10JbeM, 3Ha4YajHO MOOO0JBINABAjy M aICOPILHU]Y U E€MHUCH]Y



CBETJIOCTH O] CTpaHe MoJjekyia 6oje. Kao pesynrar, moryhe je moctuhu ga npenngoxena
CTpYKTypa (YHKIIMOHHUIIIE Ka0 CaBPIICHH aricopoep ca HyJATOM pedIieKCHjoM, a ¢ Ipyre
cTpaHe, Moryhe je mOTIyHO KOMIIEH30BaTH I'YOUTKE y CTPYKTYpU U NOCTHNU jeTUHUYHY
pednekcnjy. Kao pesyrarta, xopumhemeM HyMEpHUYKHX IpopadyHa IMOKa3aHO je Ja ce
noctmke ON-OFF omnoc Behu o 100. Pesynratu cy npukaszanu y cieachem pany:

e B. Vasié¢ and R. Gaji¢, "Optical modulation based on tunable light absorption and
amplification in metasurfaces coupled with gain medium", Opt. Lett. 42, 2181 (2017).

3.3 Onrtuuke CTPyKType 3a JeTeKUHjy

3.3.1 Ilna3moHcke CTPYKType Ha 0a3u rpadeHcKkHMX Tpaka 3a JAeTeKUHUjy
AMeIeKTPHYHE CpeinHe Y HH(PaUPBEeHOM /eIy CieKTpa

Y 0oBOM [Ny HCTpaxKuBama, KOpUIIhemeM HYMEPHUYKUX IMpopadyHa, aHAIM3HPAHU CY
JeIHOAMMEH3MOHAIHNA HU30BU MapajeHUX rpad)eHCKUX Tpaka Kao IUIa3MOHCKH CEH30PH
y uH(ppanpBeHoM aeny criekTpa. Cpykrypucame rpadeHa y Tpake omoryhasa cnpe3ame
YIagHOT eNeKTPOMAarHeTCKOI I0Jha M JIOKAJM30BAHMX MOBPUIMHCKHUX IUIa3MOHA Yy
rpadeny. [loBpmmHCKH Ta3MOHU y rpadeHy uMajy JBe OUTHE KapaKTEPUCTHUKE: jaKo
KOH(QHHUpame U IOJECHUBOCT IOJIOXKaja IUIa3MOHCKE pe3oHaHmuje. IIpBa ocobuna
oMoryhaBa CHa)XHY WHTEpaKIHjy YIIaTHOT 3payerha U CPeIrHE Y OKOJIHHU I'padeHCKUX
Tpaka. [lokaszaHo je 1a je oceTJbUBOCT rpad)eHCKUX Tpaka y HH(PALPBEHOM JIENy CIIEKTpa
yIopearBa ca OCET/PUBOIINY METAJIHUX HaHOUYECTHIA Y BUIJBHBOM JIETy CIEKTpa.
Haj6ospe kapakrepucThke rpageHCKH CEH30pU UMajy y Cpeame HH(PaLpBEHOM AeTy
CHeKTpa rie je Moryhe JeTeKTOBaTH JUENIeKTpuYHEe (PriIMOBE CBera map HaHOMeTapa
ne0JpUHe Ha TalacHOj TYXHHU OJ1 OKO JIeceT MUKpoMeTapa. [[pyra ocobuHa, moJecuBocT
MOJI0Kaja TUIA3MOHCKHUX PE30HaHIM]ja y Tpad)eHCKUM TpakaMa, je uCKopHuIlrtheHa 3a 1u3ajH
IIMPOKOMOjaCHUX M TMOJECHBHUX CYICTpara 3a MOBpUIMHOM yBehaHy wuH(]paipBeHy
arcopriyjy. Pesynraru cy npukasanu y cienehem paay:

e B. Vasié, G. Isi¢ and R. Gaji¢, "Localized surface plasmon resonance in graphene
ribbon arrays for sensing of dielectric environment at infrared frequencies", J. Appl.
Phys. 113,013110 (2013).

3.3.2 I'papenom npexpuBenn Padpu-IlepooBu pe3oHaTOpH 32 ONTHYKY XEMHJCKY
AeTeKUMjy

[Ipumene rpadeHa y XEeMHjCKUM CEH30pHMMa CE€ 3aCHUBA]y Ha HHETOBOM XEMHjCKOM
JonHpamy. Y OBOM MPOLECY, MOJIEKYIH aicopOoBaHN Ha rpadeHy CIIy)Ke Kao JOHOPH
WIH aKIENTOPU HAeJIeKTPUCakha, YUME MEHajy HEroBY MPOBOAHOCT. JIOK cy MpeTxoaHe
cTynuje Omie ycpencpeheHe Ha XeMHUjCKe CEH30pe ca eNEeKTPUIHOM JIETEKIIMjOM, Y OBOM
JeNy WCTPaXHBama, KOPUIINCHEM HYMEPUYKUX MpopadyHa je MpeIIoKEeH METOH
JeTeKurje Ha 0a3M ONTUYKUX CTPyKyTpa npekpuBeHHx rpadenom. Ilocmarpajyhu



XEMHJCKO Jomnupame rpadeHa kao mainy mneprypbanujy, MoKa3aHO je Ja ONTHMaliHe
ONTHYKE CTPYKType (YHKIIMOHHUIIY Ha TepaxepuHUM (QpeKBEeHIMjamMa, MPU YeMy je
MHTCH3UTET pedrekcuje u3Ja3HU CHrHan JeTekropa. Pamu moctuzama edukacHe
XEMHUJCKe JETEKIMje, ONTHYKE CTPYKType Tpeba ma obe3beme yBehame eneKTpuyHOT
noJba Iy’ paBHU rpadena. Kao pesynrar tora, mpemiokeHa CTPYKTypa C€ CacTOjU OJ
METAJHOT Orjiefaja U JUCNEKTPUYHOT cjloja NeOJ/bHHE YETBPTHHE TallaCHE Iy)KHHE Ca
rpadeHOM Ha BpXy. Y3umajyhu pe3omnyiujy 3a Mmepeme peduekcuje o 1%, mokaszaHo je
JTa TpeIIoKeHa CTPYKTypa MOXe Ja JeTeKTyje nponupame rpadena 3a 150
eJIEKTPOHA/IIYIIJbUHA TI0 KBaJIpaTHOM MUKPOMETPY, Y AMHAMHUYKOM oricery o oko 3000
HOCHWJIAIla HaeJleKTpHcama 10 KBAaJPaTHOM MHKpOMeTpy. Pesynratm cy mpukaszaHu y
cnenehem pany:

e B. Vasi¢ and R. Gaji¢, "Graphene covered photonic structures for optical chemical
sensing", Phys. Rev. Appl. 4, 024007 (2015).

3.3.3 ExexkrpoMarHercku amncopdepu Ha 0a3d mMeraMarepujaja Kao IUIA3MOHCKH
CeH30pH

[Tna3moHcke pe3oHaHmMje cy npaheHe BenukuM npoMeHama ¢asze. Kopumrheme oBor
(da3HOr cuUrHaja M TEeHepajHO, HUCKOI MHTEH3MTEeTa IIymMa IpU Mepewmy (aze, Moxe
noOoJbIIATH PE30JIYLIH]y IUIa3MOHCKUX CEH30pa 3a JETEKLHjy IpOoMEeHe HHAEKca
npenaMama. Y OBOM JIeldy HUCTPaXHBama, KOpUIINEHEM HYyMEpPHUYKHX IpopadyHa
MOKAa3aHo je Jla ce MaKCHUMallHa MpoMeHa ¢a3e y (PpeKBEHIIMjCKOM JOMEHY MOCTHXKE y
Tauyku MHUHUMaiIHe (rotoBo Hynre) pednekcuje. [lomTo amcopbepu Ha 0Gasu
eJIEKTPOMAarHeTCKUX MeTamarepujajia uMajy 1no JepuHULUjU peduiekcujy OIu3y HylTe y
OKOJIMHHM PE30HAHTHE YYECTaHOCTH, OJroBapajyhu (a3zHu cUTHaNI ce MOXKe KOPUCTUTH 3a
nerekuujy. [locmatpanu cy ancopdepu Koju ce cactoje of mapajeIHuX METAIHUX Tpaka,
JTUEICKTPUYHOT CJI0ja U JTOHET, ONTHYKUA Ne0enor, MeTajmHor cioja. OnTuMHU3aiujoM
ne0JpUHe JHENIeKTPUYHOr Clioja M IIMPHHE METAJHUX Tpaka, Kao M INpHiarohaBamem
yrila MHIUJEHIM]e, MOKa3aHo je Ja ce Moxke moctuhu ¢aszHa oceT/bUBOCT Beha of 10*
CTENEHH TO JEJMHUYHOM HHJEKCY IpellaMarma y IUHAMHYKOM OICery oja 2 X 107
JeIMHHUIIA MHIEKCa ITpenaMama. Pe3ynraTu cy npukasanu y cienehem pamy:

e B. Vasi¢ and R. Gaji¢, "Enhanced phase sensitivity of metamaterial absorber near the
point of darkness", J. Appl. Phys. 116, 023102 (2014).

3.4 OcaukaBame, KapaKTepu3anHja MeXaHMYKHX H eJEeKTPUYHUX OCOOMHA, M
aurorpadguja rpadena kopumhewem Meroga ckeHupajyhe aromcke
MHMKpOCKONHje

I'paden je jeaHO-aTOMCKH CJIOj KOjU C€ CACTOjU OJl aToMa YIJbeHHKa y XEKCaroHasHOj
pemetku. To je d¢uekcuOunan, MpoBOAaH, ABOJAMMEH3UOHATHH MaTepHjal, KOjU je
TpaHCHApEHTaH y BUIJBUBOM Jieny criekTpa. OBe ocoOuHe unHe rpadeH MOroJHuM 3a



MIPOU3BO/IbY TPAHCTIAPEHTHUX €NIEKTPO/a Ca MPUMEHaMa Y ONTOCIICKTPOHHUIIH, TIPE CBETa
3a conapue henmje. C apyre ctpane, rpadeH uMa M3y3eTHE MEXaHWIKe 0COOMHE, BeoMa
BenMK JyHroB mMomyn emactudHocTd ox oko 1 TPa, rpaden je jeaHOATOMCKH CIIOj
rpadguTa Koju je M00po TMO3HAT JyOpUKAHT y UBPCTOM CTamy, a rpadeH je u
HEMPOIYCTJbUB 32 PA3IMIUTE MOJIEKYJIE U TaCOBE IITO T'a YNHU MOTOJHUM 3a 3AIITUTY O]
pasIMYuUTUX BHUIOBa Koposuje. CBe OBe OCOOMHE MpeCcTaBibajy OMJIUYHY OCHOBY 3a
Kopumrheme rpadeHa Kao 3alITUTHOT OMOTada y pa3slIuYUTHM  HAHO-EJIEKTpPO-
MeXaHU4KuM cucteMuma. O0e npumeHe rpadeHa, Kao TpaHCHMApEHTHE €JIEKTPOJe U Kao
3aIITUTHOT OMOTAa4a, 3aXTEBajy H-ETOBY JETa/bHY KapaKTepU3alldjy Ha MUKpPO- M HAHO-
ckamu. Y Ty CBpXyY, KopumiheHe cy MeToie ckeHupajyhe Mukpockomuje Ha Oas3u
aToMCKuX cuia (eHri. atomic force microscopy).

IIpBu nmeo wuctpaxuBama je Ouo noceehen nurorpaduju rpadena. Kopumrhen je
TUHAMUYKH, Tj. TOJYKOHTAaKTHH MoJ (eHra. tapping mode) mpum jako ysehaHoj
aMIUTUTY/IM OCLMJIALIMja BpXa MUKpPOCKOMa Kao 1 yBehaHoj nnTepakiuju usmely rpadena
U Bpxa MuKpockona. [TokazaHo je 1a ce mpuMEeHOM MEeXaHWYKe CHJIe OCHIJIATOPHOT BpXa
Moke Moau(dukoBaTH rpadeH Ha cymcTpary M TO Ha JBOjaK HAUYMH: MPU CPEIHHM
cuiama Jojla3u 70 JIoKanHe naedopmanudje rpadeHa, JOK MpH BeoMa jaKUM CHiIama
707137 JI0 ceuera rpadena qyx JUHUja JeUHUCAHUX Y TOKY JuTorpaduje. Mako merox
HUje morojaH 3a (abpukanujy TpadeHCKUX HAHOCTPYKTypa 300T HEKOHTPOJIUCAHOT
nenama rpadena (uBuie rpadena HuUCy g00po neduHHCaHE), TOKa3aHo je Ja ce BeoMa
YCIIEIITHO MO>K€ KOPHCTHTH 3a TeHEepHCame JOKAIHOT Hamnpe3ama y rpadeny. Pesynararu
cy nmpukaszanu y ciaenehem pany:

e B. Vasi¢, M. Kratzer, A. Matkovi¢, A. Pavitschitz, U. Ralevi¢, Dj. Jovanovi¢, C.
Ganser, C. Teichert, and R. Gaji¢, "Atomic force microscopy based manipulation of
graphene using dynamic plowing lithography", Nanotechnology 24, 015303 (2013).

Xemujcka aeno3unuja u3 nape (enri. chemical vapour deposition) je jemHocTaBaH M
jedTuH Meton 3a cuHTe3y rpadeHa Benwke moBpiuHe. Mnak, rpadeH mobuwjeH OBUM
METOZOM j€ TOJMKPUCTAIHH MaTepujai, KOjH C€ CacToju OJf MOHOKPHCTAJIHHMX 3pHA
pasnBojeHMx rpaHuinama 3pHa. llopen oBux gedekara, oBaj Tunm rpadeHa je
KapakTepUCTUYaH M Mo HaOOpUMa KOjH HacTajy HMPUWIMKOM Ipoleca pacta (pazIuuuTH
TePMUYKH KOCPHUIIMJEHT Mmupema TpadeHa W Oakpa Ha KojeM TpadeH pacte) Win
TpaHcgepa ca Oakpa Ha KEJbEHH CyNcTpaT (Habopu caMor Oakpa OCTajy YTHCHYTH y
rpadeny u mocie TpaHcdepa). Enektpuune ocoOuHe rpadeHa mo0MjeHOT XEMH)jCKOM
JCTIO3UIINjOM U3 Tape, €JEKTPUYHHM MOBPIIMHCKH TMOTEHLHMjal U JIOKaHAa eJeKTPUYHA
MMPOBOJIHOCT, TpoydaBaHe cy momohy ckenmpajyhe KenBuHOBE MHUKpOCKOMHUje (€HTIIL.
Kelvin probe force microscopy) u ckeHupajyhe MHUKpPOCKONHje MPOBOAHOCTH (€HII.
conductive atomic force microscopy). Ilokazano je ma HaGopu nerpamupajy eIeKTpuIHe
ocobuHe rpadena goojaehu a0: 1. HEXOMOreHe pacmojesie eISKTPUIHOT MOBPIIMHCKOT
MOTEHIMjajia, yClIe] Tora LITO J0Ja3d 10 JEIMMHUYHE JIOKalu3alyje HaeJIeKTpucama y
JIOMEHUMa KOjH Cy MOTIYHO OMBHYEHH HabopuMa y rpadeHy, U 2. CMambemha eIIeKTPUIHE
MIPOBOJHOCTH U MoBehama KOHTaKTHE OTIIOPHOCTH HM3Mely rpadeHa u Bpxa MUKPOCKOIa
TayHO Ay Habopa. O0e mpoMmeHe Cy IHUCKYTOBaHE Yy CBeTNy Aedekara M IPOMEHE
xuOpuauzanuje AyX Habopa, YuMe OHHM IIOCTajy LEHTPH pacejama HaeJeKTpUcamba



noBojehn 1o nenwMuYHE JOKAlW3aldje HAeJIeKTpHCamkha W CMambeHE MPOBOIHOCTH.
Pesynraru cy nmpukasanu y cienehem pauay:

e B. Vasié, A. Zurutuza, R. Gaji¢, "Spatial variation of wear and electrical properties
across wrinkles in chemical vapour deposition graphene", Carbon 102, 304 (2016).

MexaHnudka CTaOMITHOCT W OTHOPHOCT Ha xabame rpadeHa Cy MHpeayclioB 3a HEroBe
MpUMEHe Yy HaHO-MeXaHW4kuM ypehajuma. Xabame camor rpadeHa W epUKaCHOCT
rpadeHa 3a 3amTUTy momiore (Ha Kojoj Jexu rpadeH) on xabama je HUCHUTHBAHO
KopumhemeM MUKPOCKOTIHje Ha 0a3W aTOMCKHX CHJIa Y KOHTaKTHOM MOXY INpHu yBehaHO]
HopMmanHoj cwid. [lokazaHo je nma ce xabame rpadeHa cacToju on ABa mporeca: 1.
mIacTU4He jaedopMmalidje 3a Mama HOpMainHa onrtepehema, HakoH dYera ciegu 2.
M3HEHA/IHO LieTame rpadeHa 3a TOBOJPHO BeIHMKa HOpMasiHa onrTepehema, y3 HaKHaJIHO
JpymTeHEe TpadeHa ca momyiore. TokoM oBUX mporieca, nmpaheHa je ¥ IpoMeHa Tpema U
YOUEHO je Ja Tpeme MOYHIE O]l HUCKMX BPEIHOCTH Ha IUIACTUYHO JAedopMUCaHOM
rpadeHy, a 3aTUM ce€ CHa)XHO moBehaBa 3a KpaTko BpeMe TOKOM KuJama TpadeHa u
3aBpIllaBa C€ Ha HIDKUM BPEIHOCTUMA Ha HEMOKPHUBEHO] TOAJO03M HAKOH JhbYIITEHA
rpadena. Hakon oBe ananuse camor rpadena, mpoydaBaHa je ¥ 3alTUTa IoJyiore moMohy
rpadeHa U Mokas3aHo je J1a rpa)eHCKH cJ0jeBU Ae0JbHHE OKO 5 nm (IPEKo JECEeT ClI0jeBa)
3ancTa 00e30ehyjy 3amTuTy o7 Xabama mojuiore. Y OBOM cCiIy4ajy om0ojHE BaH Jep
Bancose cuiie m3mel)y ciojeBa rpadena crpedaBajy TpaHchep aedopmanuje ca Bpxa
MHUKpPOCKOIIa Ka YHyTpammbocTu mnomiore. C apyre cTpaHe, TaHKH TPa@eHCKH CIIOjeBH
ne0JpuHe 071 OKO caMo 1 nm (jeTHOCIIOJHH M IBOCJIOJHH TpadeH) MOy caMo MOOOJBIIATH
MEXaHWYKH KalmamuTeT mojyiore (moBomehu 1m0 cmameHe AyOMHE Xxalama), aiu HHje
Moryhe 3alITUTUTH TOAJIOTY off caMor Xabama. Ilopen pasmarpama xabama XOMOTCHUX
rpadeHCKUX CJI0jeBa, MpoyvyaBaHe Cy M Irpad)eHCKe UBHUIIE Kao U TpadeHCKH HAOOpH KOju
J0IaTHO CMambyjy OTHOPHOCT Ha Xalame. Pesynrarn cy mnpukazanu y cieaehum
pamoBuMa:

e B. Vasi¢, A. Matkovi¢, R. Gaji¢, 1. Stankovi¢, "Wear properties of graphene edges
probed by atomic force microscopy based lateral manipulation", Carbon 107, 723
(2016).

e B. Vasi¢, A. Matkovi¢, U. Ralevi¢, M. Beli¢, R. Gaji¢, "Nanoscale wear of graphene
and wear protection by graphene", Carbon 120, 137 (2017).

Takohe, mokazano je ma rpadeH Bpiao A006po permuiupa obmuk JHK opuramm
HAHOCTPYKTYpa U JIa C€ MOXE KOPUCTUTH Kao 3aIITUTHHU CJOj 32 MOOOJbIIAmEe HUXOBE
CTPYKTYpPHE CTaOMJIHOCTH, Ka0o M Ja eHKamncymanuja rpadeHom mpyxa 3amtuty JJHK
OpUTaMU HAaHOCTPYKTYpa Yy BOIH, 300T MPOAYKEHE M3I0KEHOCTH Yy J€jOHU30BAHO] BOAH
MIpU BUIIECTPYKUM ypamamuMa. Kpo3 oBe pesynrare je mokazano na cy JJHK opuramu
HAHOCTPYKTYpE CHKAICyaupaHe TrpadeHoM [OBOJBHO jake Jda W3ApKE pas3IuduTe
mutorpadceke mporece Ha 0a3M CaMO-HU3TPAIEbe YUME C€ MPOIINPY]y TPAHUIIE TPUMEHE
OBHX HaHOCTPYKTypa Kao CyICTpaTa 3a HaHouecTulle. Pe3ynratu cy mnpukazaHu y
cnenehem pany:



e Matkovi¢, B. Vasié, J. Pesi¢, J. Prinz, 1. Bald, A. R. Milosavljevi¢, R. Gaji¢,
"Enhanced structural stability of DNA origami nanostructures by graphene
encapsulation", New J. Phys. 18, 025016 (2016).

VY najbeM HCTpakMBamy, MOKA3aHO je Ja CHHUMame ()a3HOT KOHCTpacTa TOKOM MeEpema
rpadeHa y MOTYKOHTAaKTHOM MOJY CKeHHpajyhe aTOMCKe MHKpPOCKOIHUje Ha 0a3u
ATOMCKHUX CHJIa MOXe OMOTyhuTu no0ujame ciiika BUCOKOT KOHTpACTa, KOju HUje Moryhe
noctuhu KOHBEHIIMOHATHUM, TomorpadckuM Mepemuma. @daszHe wmame Ccy 3aTUM
TpanchopMHUCaHe y Mare JUCHIAIje MEXaHUIKe eHepruje, Koje Cy BakKHEe 3a NMPUMEHE
rpadeHa 'y pa3NIMYUTHM  HAHO-MEXaHWYKMM CcUcTemuma. lcToBpemeHo, ca
dbyHIaMeHTalHe Tadyke TJEAWINTa, AUCHIAIMja CHepruje aaje JOJaTHU YBUA Y
MeXaHW4Yka cBojcTBa. lloy3maHa Mepema, M0OHMjeHa y pexuMy OJ00jHE HHTEpaKIuje
n3Mely Bpxa MUKpocKorna U rpadena, mokasyjy Ja je IUCHIanuja eHepruje Ha Tpadeny
MOKPUBEHOM CYIICTpATy HHUXa OJI OHE Ha HEMOKpUBEHOM cyrctpaTry. OBH pe3ynTaTH
MOoKa3yjy na ce rpadeH monaia kao oapeheHn MTUT y HHTEPAKIIU]H BpXa MUKPOCKOTA 1
cymcrpara. JloOujeHH pe3yiaTatd Cy AMCKYTOBAaHHW y KOHTEKCTY MpPOMEHE BaH Jep
BancooBe wuHTepakmuje, aaxe3uje W KBalllekha came TOBPIIMHE, W TPUKa3aHU Cy Y
cnenehem pany:

e B. Vasi¢, A. Matkovi¢, R. Gaji¢, "Phase imaging and nanoscale energy dissipation of
supported graphene using amplitude modulation atomic force microscopy"”,
Nanotechnology 28, 465708 (2017).



4. ENEMEHTH 3A KBAJIMTATUBHY OLIEHY HAYYHOT JJOITPUHOCA
KAHJIMJIATA

4.1 KBasuTeT HAYyYHHUX pe3yJTara
4.1.1 Hayynu HUBO M 3Ha4aj pe3yJaTara, yTuuaj Hay4HuX pajoBa

Hp bopucnas Bacuh je y cBoM nmocamammem pagy oOjaBuo 43 pama y melhyHapoIHUM
yaconucuma ca ISI smcre. Ox ykymHor Opoja pamoBa, 6 je objaBjbeHo y M2la
KaTeropuju, 28 je o0jaBjbeHo y M21 kateropuju, 7 je 0o6jaBibeHo y M22 kareropuju u 2
je objaBipeHo y M23 kateropuju.

VY nepuony HakoH omryke Hayunor Beha o mpeasory 3a cTuliame IPETXOAHOT HAyYHOT
3Bama, ap bopucnas Bacuh je o6jaBuo 26 pagoa y mehynaponnum yaconucuma ca ISI
mucte. On Tor Opoja panoBa, 5 je o0jaBibeHO y M21a kareropuju, 16 je 00jaBJbeHO y
M21 kareropuju u 5 je o6jaBsbeHO y M22 Kateropuju.

Kao ner Haj3Ha4ajHUjUX paZoBa KaHAUAATa MOTY CE y3€THU:

1. B. Vasi¢, G. Isi¢, R. Gaji¢, and K. Hingerl, "Coordinate transformation based design
of confined metamaterial structures", Phys. Rev. B, 79, 085103 (2009), M21, nuutupan
40 myra,

2. B. Vasié, G. Isi¢, R. Gaji¢, and K. Hingerl, "Controlling electromagnetic fields with
graded photonic crystals in metamaterial regime", Opt. Express, 18, 20321 (2010),
M21a, nutupan 82 nyra,

3. B. Vasié, G. Isi¢ and R. Gaji¢, "Localized surface plasmon resonance in graphene
ribbon arrays for sensing of dielectric environment at infrared frequencies", J. Appl.
Phys. 113,013110 (2013), M21, nutupan 57 myTa,

4. B. Vasi¢, A. Zurutuza, R. Gaji¢, "Spatial variation of wear and electrical properties
across wrinkles in chemical vapour deposition graphene", Carbon 102, 304 (2016),
M21a, mutupan 9 nyra,

5. B. Vasié¢, A. Matkovi¢, U. Ralevi¢, M. Beli¢, R. Gaji¢, "Nanoscale wear of graphene
and wear protection by graphene", Carbon 120, 137 (2017),
M21a, nutupan 2 nyra.

Y mpBom pany, MeTon TpaHChOpPMAIIOHE ONTHKE je MPUMEHCH 3a JIU3ajH KPUBUHE
€JIEKTPOMAarHeTCKOr MoJba. 3aTHM Cy HapaMeTpH HJealHe KPHBHHE I10jeTHOCTaB/HEHU
Tako Ja je Jo0ujeHa HEMarHeTcka KPHUBHMHA KOja j€ 3aTHUM peaJu30BaHa CJI0jeBUTUM
IUENeKTPUYHUM ~ CTpPyKTypama. Hymepuuke cuUMynaiyje pearHor MpoCTHpamba
€JIEKTPOMArHeTCKOT TMM0Jba TIOKa3yjy Ja IHENeKTPUYHA EJIEKTPOMAarHeTcKa KpPHBHHA
(yHKIIMOHMIIIE TOTOBO UCTO Kao M HU7eaHa.

Y npyrom pamy je TOKa3aHO Kako C€ JBOJUMEH3HOHAIHH TpagupaHd (HOTOHCKH
KPUCTAJIM MOTY KOPHUCTHUTH 3a peajH3alMjy IIMPOKOINOjaCHMX ONTHYKuX ypehaja ca
HEXOMOTCHUM W HM30TPOIIHMM HHJEKCOM Ipelamama. Peanm3anuja je 3acHOBaHa Ha



MIPOCTOPHO] IPOMEHH MONYIPEYHHKa mTanuha y rpagupaHoM GOTOHCKOM KPUCTATy TaKo
Ja peann3oBaHa e(QEKTHMBHA TEPMUTUBHOCT Y CBAaKOj Tauykud Oyjae jeaHaka
MEPMHUTUBHOCTH 33JaTOT ONTHYKOT ypehaja.

Y Tpehem panmy je mokazaHO Aa c€ JETHONMMEH3WOHAIHM HH30BU TapalieHUX,
rpadeHCKHUX Tpaka MOHAIAjy Kao OJUIMYHU TIa3MOHCKH CEH30pU Y HHPPALPBEHOM JIETy
cnektpa. CeH30pH ce MOTy KOPHUCTHTH 3a ACTEKIHjy MPOMEHE WHJAEKCca mNpejaMama
IMETIeKTPUYHE CpenHEe U3HAJ rpad)@HCKUX Tpaka MU Kao IIUPOKOINOjaCHU M MOJIECHBH
CYIICTpPAaTH 3a MOBPITMHOM yBehaHy uH(paIpBeHy arncopmiujy.

VY 4eTBpPTOM pajy je MOKa3aHo Kako HabopH y rpadeHy 1oOujeHMM METOJIOM XEMH]jCKe
Jeno3uiidje u3 nape (Koju je MpakTUYHO TJIaBHU METOJI 3a MPOU3BO/IKY IrpadeHa BEIUKE
MOBPIIMHE), ACTPagupajy HEroBe eeKTpUYHEe M MEeXaHWuke ocobwHe moBoaehm mo: 1.
HEXOMOI'€HE pacrojiefie eJIEKTPUYHOr TOBPIIMHCKOr MOTEHLHWjasla, 2. CMambeHe
eJIEKTPUYHE MTPOBOTHOCTH, U 3. CMaleHEe OTIIOPHOCTH Ha Xalame.

Y metoM pany Cy aHaJdM3UpaHe MeXaHHYKe OcoOMHe TpadeHa Ha HAHO CKalH
KOopuIThemeM MHKPOCKOTHje Ha 0a3um aTtoMmMckux cwia. I[lokasaHo je ma rpadeHcku
cliojeBu 1e0spbMHE OKO 5 nm 00e30el)yjy moTIyHy 3amTuTy nojuiore o xabama. Y 0BOM
cinydajy onbojHe BaH nep Bancose cune u3zmely ciojeBa rpadena cnpedaBajy TpaHchep
nedopmarje ca Bpxa MUKPOCKOIA Ka YHYTPAIIkOCTH TIOJIOTE.

4.1.2 Ilo3uTHBHA HUTHPAHOCT HAYYHHUX PAI0BA KAHAUIATA

ITpema Scopus 6a3u Ha gan 15. pebpyapa 2018. rogune, pagoBu KaHAUTATA Cy TUTHPAHH
534 nyra, mok je Opoj murtata Oe3 ayrouurtara 492. Ilpema wmcroj 6a3um, h-ungekc
kaHauaara je 12. CBu momanu o IMUTUPAHOCTH ca MHTEPHET CTpaHUIle Scopus 6aze cy
JTaTH HAKOH CITMCKA CBHX pajioBa (cekimwuja 6).

4.1.3 [lapameTpu KBaJIUTETA Yaconuca

butan enemeHT 3a mpolEHY KBaJUTETa HAYYHHUX PE3yNTara jeé W KBAJIUTET 4acoluca y
KOjUMa Cy paJioBU 00jaBJ/bEHU, OAHOCHO HHXOB UMMAKT (hakrop — UD. V kareropuju
M21la, M21, M22 u M23, xanauaar je 00jaBuO paJioBe y cliefiehuM yacomucuma, e cy
MOJIBYYE€HH OHHU YaCOIMCH Y KOjuMa je KaHAMJIAT 00jaBJbUBAO y MEPHUOIY HAKOH OJUTYKe
HayuyHoT Beha o mpenory 3a cTulame IPEeTXOJHOT HAyuHOT 3Bamba:

1 pan y Nano Letters (M®=13.198),

1 pan y 2D Materials (M9=9,611),

3 pana y Carbon (UDP=6,337),

2 pana y Physical Review Applied (UD=4.,061),

3 pana y Applied Physics Letters (U®=3.844 3a 2 pana, Ud=3.844 3a 1 pan),
e 1 pany Optics Express (M1d=3.88),

e 1 paxy New Journal of Physics (UD=3.786),

e 3 panay Nanotechnology (U®=3.573 3a 2 pana, UD=3.979 3a 1 pan),
e 1 pany Physical Review B (M®=3.475),

e 2 panmay Optics Letters (UD=3.416 3a 1 pan, UD=3.385 3a 1 pan),

e | pany Applied Surface Science (UD=3.150),




e 4 panay Journal of Physics D: Applied Physics (UD=2,772 3a 2 paga, UDP=2.721 3a
1 pan, U®=2,544 3a 1 pan),

e 6 pamosa y Journal of Applied Physics (U®=2,068 3a 1 pax, UP=2,185 3a 1 pan,
Nd=2,2103a 1 pax, UD=2,210 3a 2 paga, UD=2,168 3a 1 pan),

e | pany Journal of Biotechnology (M®=2.871),

e | pany Biotechnology Progress (U®=2,167),

e 2 panay Journal of Optical Society of America B (M®=2,210),

e 3 panay Journal of Nanophotonics (M®=1,899),

e 1 pany Journal of Vacuum Science and Technology B (M®=1,358),

e 2 panay Optical Materials (UD=2,238),

e 2 panay Physica Scripta (Md=1,088),

e 2 panay Acta Physica Polonica A (M®=0,767).

VYkynan Qakrop yTtuiaja pamoBa kKaHmumara je 142.25, a y mepwoay HaKOH OJUTyKe
Hayunor Beha o mpemjory 3a cTULame NPETXOAHOT HAydyHOT 3Bama, Taj (akTop je
104.113. Yacomnucu y kojuma je Kauauaat o0jaB/bUBa0 Cy 1O CBOM YIVIEy BeoMma IeHhEeHU
y obnacTuma kojuma npunanajy. Mehy muma, nocebno ce uctuuy: Carbon, Nano Letters,
Physical Review Applied, Physical Review B, Applied Physics Letters, Optics Express,
Nanotechnology u Optics Letters.

Jonatan OMOIMOMETPHJCKHM TOKa3aTe/bl KBAJIMTETA 4YacOMHCa y KOJUMa j€ KaHAHUaaT
o0jaBspMBao pagose je aar y cineaeheoj tabemn. OHa canpku uMmmakt ¢akrope (UD)
pagoBa, M moeHe pajoBa IO CPIICKO] KaTeTOPU3aIijH HAyYHOUCTPAKMBAYKHUX PE3yIITara,
Ka0 ¥ WUMMAKT (aKTop HOPMAJHM30BaH MO0 MMMNAKTy uuTHpajyher uwmanka (CHUII). ¥V
Tabenu cy fgare yKymHe BPETHOCTH, KaO M BPEOHOCTH CBHX (DaKTOpa yCpeameHHX II0
Opojy wiaHaka u 1o 0pojy ayropa 1o YWIaHKY.

o M CHUII
YKynHO 104.1130 203 32.9440
YepenmeHo 1o YiaHKy 4.0043 7.8077 1.2671
YcpenameHo o ayropy 24.5795 51.0847 8.6127

4.1.4 CreneH caMOCTAJTHOCTH M cTeneH y4yemha y peajqu3anyju pagoBa y Hay4YHUM
LHEeHTPUMA Yy 3¢MJbH U HHOCTPAHCTBY

Kanmunar je Bogehm ayrop 22 pama, apyru aytop S5 pamoBa u Tpehu ayrop 4 pana
(ykyman Opoj pamoBa kangunaata je 43). Ha pagoBuma koju cy 00jaB/beHH y HEPUOIY
HakoH oryke HayuHor Beha o mpemiory 3a cTuiame MpPETXOMHOT 3Barba, KaHIHUIAT je
Boaehu ayrop 11 pagosa, npyru ayrop 3 paga u Tpehu ayrop 3 pazxa (ykymHu 6poj panosa
KaHJIuJaTa Koju Ccy 00jaBJbe€HHU y IMepuoay Hako omiayke Hayunor Beha o mpemmory 3a
CTHIIahE MIPETXOMHOT 3Bamka je 206).

VY cnyyajy unaHaka 1€ je KaHauaar Boaehu aytop, KaHAunar je GopMmysaHrcao mpooiem,
CaMOCTaJHO JI0OMO CBE eKCIEpUMEHTAJIHE pe3yiTare KopullhemeM CckeHupajyhe
MUKpOCKOIUje Ha 6a3u aroMmckux cuna [1-3, 7, 24], camoctanso [5, 13, 18, 20, 28, 29,




30, 31] wiu y capagmwu ca koayropuma [6, 8, 9, 22, 23, 26, 34, 41, 43] uzBpmmo
HyMEpHUUKe IpopadyyHe, u camoctainso [1-3, 5, 7, 8, 13, 18, 20, 26, 28, 29, 30, 31] uiu y
capaamy ca koayropuma [6, 9, 22, 23, 24, 34, 41, 43] nanucao paj.

VY caydajy mpeocTaiMx uYilaHaka JIOMPUHOC KaHAWaara je cienaehwm: dopmynanuja
npobieMa, eKCHepUMEHTAIHH pe3yaTatd JoO0ujeHH KopulthemeMm ckeHHupajyhe
MHUKpPOCKOIIMj€ Ha 0a3W aTOMCKUX CHJIa, ydemhe y TUCKYCHJU U Tucamy paaa [10],
yuemthe y d¢opmynanuju mpobiema, go0ujarby eKCIEpUMEHTATHUX — pe3ynrara
kopuihemeM cKkeHupajyhe MUKpockonuje Ha 0a3u aTOMCKHX CHIIa, U mucamy paaa [11],
yuemthe y ¢opmynanuju npobiema, IUCKyCHjU U aHAIHM3M pesyarara [14, 15, 19, 27, 32,
39, 42]. Panosu [4, 12, 16, 17, 21, 25, 35-38, 40] cy HacTanu Kao pe3yirar capajme ca
ApYyrUM KoJieramMa W Tpylama y 3eMJbHM M HMHOCTPAaHCTBY Ha TeMaMa KOjeé Cy OHH
neduHUCAIH, JOK TONPUHOC KaHIWJAaTa y OBUM paJoBHMMa 0OyXBaTa Mepema y3opaka
KOopHIIhemeM pa3TUuuTHX METO/1a CKeHHpajyhe MUKpOCKonHje Ha 0a3u aTOMCKUX CHJIa U
onarosapajyhy ananu3sy 1oOujeHUX eKCIIEpUMEHTATHUX pe3yiTara.

Kannunaoar mma akTUBHY capalmby ca HUCTpaXHBaYKMM rpynama y Ayctpuju (ap
Kpucrujan Tajxept u np Mapkyc Kpauep, Monran ynusepsuret y Jleobeny), Llnanuju
(mp An6epro ITomap, Muactutyr ULIMAB y bapcenonn), u Utanuju (np Pomeo beuepenu
u np Humutpuc 3orpadonynoc, Uucturyr LIHP y Pumy). Kao pesyarar oBe capasime
Hactanu cy panoBu [24, 39] (capamma ca rpynom y Jleobeny), [9, 15] (capanma ca
kojerama u3 Puma), pax [21] je HacTao TokoM OOpaBKa KaHAWTATa Ha yCaBpIIaBamy Ha
Joxanec Kemep ynuBep3uteTy y JIMHIlY, TOK je HEKOJHMKO paJoBa HACTAIUX Kao
pe3ynTaT OBHX capaJiby TPEHYTHO Y MPUIPEMH U yckopo he OUTH MmociaTu Ha peleH3H]Y.
Ocum pesynrara y pany [21], cBU OCTalM €KCIEPUMEHTATHU U HYMEPUYKH pPE3ylITaTh
KaHAuJara cy nocturuytu Ha Mucturyry 3a ¢pusuky y beorpany.

4.1.5 Harpane

Kanmunar je mobutHuk ctymeHTcke Harpaae Muctutyra 3a ¢usuky y beorpamy 2013.
TOAMHE 3a HAj0OJbY JOKTOPCKY AUCEPTAIIH]y TOKOM ITPETXOIHE TOANHE.

[Tpurnor 1: quruioma crynentcke Harpaae MHctutyra 3a ¢pusuky y beorpany.

4.2 AHra:koBaHocT y (popMupamy HAyYHUX KaJpoBa

Kanmunar bopucnas Bacuh je capahuBao u momarao (kpo3 oOyKy M aHalM3y pe3ynrara)
CTyAEHTY JOKTOopcKux ctyauja bojany CrojagunoBuhy, y HCTpaXuBamky TAHKUX (PHIMOBA
ousmyT-depura kKopuimhemeM MeTona CKeHupajyhe MHUKPOCKOomHje Ha 0a3u aTOMCKHX
cuna. Pesynrar oBe capaname je pan

B. Stojadinovi¢, B. Vasi¢, D. Stepanenko, N. Tadi¢, R. Gaji¢, Z. Dohcevi¢-Mitrovié
"Variation of electric properties across the grain boundaries in BiFeO3 film", J. Phys. D:
Appl. Phys 49, 045309 (2016),

rne je bopucmaB Bacuh u oaroBopHu ayrop mopen MEHTOpKE CTyneHTa bojaHa
CrojagunoBuha, np 3opane JloxueBuh-MutpoBuh, HaydyHOr caBeTHHMKa MHCTUTyTa 3a
¢usuky y beorpany.



[Tpusor 2: HacioBHA cTpaHa rope MOMEHYTOI paja ca JIMCTOM CBHUX ayTopa M JIMCTOM
OATOBOPHUX ayTopa.

bopucnar Bacuh je capahuBao u momarao (kpo3 oOyKy W aHaIu3y pe3yirara) ap YpoIry
PaneBuhy (Tama cTymeHTy MAOKTOPCKHX cTyauja EnekrporexHuukor Qakynarera y
beorpany) y uctpaxkuBamy rpadena kopumhemeM aMOujeHTaTHOT MUKPOCKOTa Ha 0a3u
aroMckux cuna. Kao pesynrar oBe capaame, npousaiao je onespak 4.2.2 "Kelvin Probe
Force Microscopy Study of Graphene", ctp. 55-65, y Te3u np Ypoma Panesuha.

[Tpunor 3: 3axBanHMu@a y Te3u Op Ypouma PaneBuha, kao W moyeTHa cTpaHa rope
MMOMEHYTOT ofieJbka 4.2.2.

Takohe, bopucnas Bacuh je capahuBao u momarao (kpo3 o0yky, popmynaiujy npoodiema,
Mepema U aHanuzy pesynrrara) CnaBeny Temmmhy, (Taga Macrtep CTYIGHTY
Enexrporexnuukor ¢akynrera y beorpany, cama mokropanty Ha UIIDO wmHCTHTYTY Yy
bapcenonn, Illmanuja) y wucTpaxuBamy rpadeHa kopuinhemeM aMOHjeHTaTHOT
MHUKpOCKola Ha 0a3u aromMckux cuia. Kao pesynrar oBe capaime, Mpou3amiao je
CnaBenoB wmactep pan "Kapakrepusanuja MeEXaHMYKUX M EJIEKTPUYHUX CBOjCTaBa
rpadena kopunthemeM MUKPOCKOIIH]e aTOMCKUX criia", ogOpameH jyna 2016. rogune.

[Tpunor 4: omnyka o Komucuju 3a ycmeny onOpany macrep paaa Cnasena Tenmuha, kao
Y HacJIOBHA CTpaHa M 3axBaJiHUIIA Y MacTep panay Cmaena Temmuha.

4.3 Hopmupame 0poja KoayTOPCKHMX pPajioBa, NATEHATA U TEXHUYKHUX pellermha

26 wiaHaka KaHAWaaTa, MyOJIMKOBaHMX HakoH ojuryke Haydynor Beha o mpemiory 3a
CTHUIaE TIPETXOJHOT HAYYHOT 3Bama, Crajajy y cienehe kareropuje:

® y KaTeropujy eKCIepuMEHTAIIHUX PajoBa y MPUPOJHO-MAaTEMAaTUYKUM HayKama Koju
ce TpU3Hajy ca IMmyHUM Opojem 0oji0Ba 110 cefaam KoayTopa cranajy paaosu [1-3, 7,
10, 11, 21, 36, 39], a no1iTo cBaku OJ] OBUX pajJioBa MMa CeAaM WJIU Mame KoayTopa,
CBU OHU C€ MPU3HAJy ca IMyHUM Opojem 00/10Ba,

® Yy KaTeropujy pajaoBa ca HyMEpPHUYKUM CHMYJalljaMa KOjU Cce MPU3HAjy ca MyHUM
OpojeM OomtoBa 70 MET KoayTopa crajajy pamoBu 6poj [5, 8, 9, 13-15, 18-20, 22], a
MOIIITO CBAaKU OFf OBHX PaJioBa MMa IeT WU Mamke KOayTopa, CBH OHU C€ MPHU3HAjy ca
MyHUM OpojeM 00/10Ba,

® y KaTeropwjy eKCIepUMEHTAHUX pajoBa y MPUPOIHO-MATEMAaTHUYKHUM HaykKama ca
BUIIIE O] celaM KoayTopa cnana pajn [4] u3 kareropuje M21a, pagosu [12, 16, 17] u3
kateropuje M21, u pamosu [35, 37, 38] u3 kareropuje M22, u OHU Cy HOpPMHUPAHU y
CKJIaJy ca IPaBHIIOM O HOpMHpamy Opoja KOayTOPCKHX PajoBa.

[Tpema Tome, HOpMHpameM npeMa [IpaBuinHuKy, 6poj 60/10Ba Koje je KaHAUIAT OCTBAPHO
HakoH ouryke Haydnor Beha o mpeasory 3a cTHIame NPETXOAHOT HAYYHOT 3Bamba I0
ocHoBY Kkateropuja M20 je 185,67 (npe Hopmupama, oBaj 6poj je 203).



4.4 PyxoBoljeme npojekTumMa, NOTHPOjeKTHMA H NIPOjeKTHUM 3ajalumMa

Kanaunar je pykoBomno mpojekroM "JIBOAMMEH3MOHAIHM Marepujajd Kao IMOIora 3a
pacT OpraHCKMX MOJYNPOBOAHHMKA" Yy OKBHpPY IporpaMa OWiarepajHe HaydyHe W
TEXHOJIOIIKE capaame u3Mehy penyonuke CpbOuje u penyOnuke AycTpuje 3a TMEepUOT
2016-2017, mox MOKpOBHUTELCTBOM MUHHCTApPCTBA MPOCBETE, HAYKE U TEXHOJOIIKOT
pas3Boja Peny6nuke CpOuje, onHOCHO AyCTpHjcKe areHiuje 3a MelhyHapoaHy MOOMITHOCT
U capaamy y oOpa3oBamy, Hayl U ucTpaxuBamy (eHr1. OeAD-Austrian Agency for
international mobility and cooperation in education, science and research). PykoBonumnai
ca aycTpHjcke cTtpane je 6mo npod. Kpuctujan Tajxepr.

[Tpusor 5: 3BaHUYHO 0OaBeUITEHE 0 0100paBamy (hUHAHCHPaka OHIIATepaHOT IPOjeKTa
0J] TOKPOBUTEJHCTBOM MUHHCTApCTBa MPOCBETE, HAYKe M TEXHOJIOMIKOT Pa3Boja.

4.5 AKTHMBHOCT Y HAYYHMM U HAYYHO-CTPYYHUM JAPYIITBUMA

e Kanaupar je pereH3eHT y ciiefiehiuM gaconucruma:
Nanoscale, ACS Applied Materials and Interfaces, Carbon, Nanotechnology, Applied
Physics Letters, Annalen der Physik, Advanced Optical Materials, Optics Letters,
Optics Express, Scientific Reports, Physical Chemistry Chemical Physics, Journal of
Materials Chemistry C, Journal of Optical Society of America B, Applied Optics,
Journal of Optics.

[Tpuor 6: W3BOAM ca PELEH3EHTCKHX CTPaHMIA KaHIWAaTa Kao M MHCMa eIuTopa o
U3BPIIEHUM peIeH3HjaMa.

e Kanaunar je Ouo 3amMeHUK y YnpaBHOM on0opy (enr. Managing Committee - MC)
COST Axmmje MP1303 "Understanding and Controlling Nano and Mesoscale
Friction" y 4ujuM akTHBHOCTHMMA j€ PEIOBHO y4eCcTBOBAaO ca koyierom aAp Mropom
Crankxosuhem ca Muctutyra 3a ¢usuky y beorpany. 3a nerasbe akiuje BUaeTu
http://www.nanofriction.org/,
http://www.cost.eu/COST _Actions/mpns/MP1303.

[Tpunor 7: xommja 3BanmvHe umHTepHET crpanuie COST Axmmje MP1303 ca nmucrom
YJIaHOBA aKIIHje.

4.6 YTHIAjHOCT HAYYHHX pe3yJITaTa
VYTunaj HaydHUX pe3yaTara KaHAuara je HaBeleH y ofesbKy 4.1 oBor mokymenTta. [lyn

CIHCaK paJioBa je NIar y CeKUWju 6, a MoAald O IUTUPAHOCTH Ca WHTEPHET CTPaHUIIC
Scopus 6a3e cy 1aTu HaKOH CIKCKA CBUX Pa/ioBa.



4.7 KonkpeTraH 10NpPHHOC KAHAMIATA Y peaju3alMju pPaJoBa Y HAYYHUM LEeHTPUMAa
y 3eM/bH M HHOCTPAHCTBY

Kanmunar je 3nadgajHO JOMPUHEO CBAKOM paay Ha KojeM je ydecTtBoBao. Kao mro je Beh
MOMEHYTO, KaHAMJAT je Bojxehu ayTop ca KJbyYHHM JIOTNPUHOCOM Ha 22 pana (apyru
aytop Ha 5 pagoBa u Tpehm ayrop Ha 4 pama) ox ykymHo 43 pana KaHauaara.
HcTtoBpeMeHo, TOTOBO cBe pesyarare (ocuM jenHor, paxa [21]), kaHauaar je MOCTUTao
panehu Ha UHCTHTYTY 32 Qusuky y beorpany. [letasban mperien (1at 3a cBe paloBe U3
MOTJIaBJba 6) KOHPETHOT JONMPHUHOCA KaHAWAATa y peau3alliji HAyYHHX Pe3yliTara Koju
Cy OCHOB 3a CTHIIaF-€ 3Bamha BUIIET HAYYHOT capaJHuKa je aar moj tadkoM 4.1.4 "Crenen
CaMOCTAJIHOCTH U CTEMEH ydenrtha y peanu3anuju pajgoBa y HAyYHHM LIEHTPUMA y 3eMJbU
Y UHOCTPAHCTBY".

Kannunar je caMmocTanHo MOKPEHyo M HOBY €KCIIEpUMEHTAIHY TeXHUKY Ha MHcTHTYTY 32
¢u3uky y beorpany, ckenupajyhy MUKpOCKOIHjy Ha 0a3M aTOMCKHUX cuja (€HIJI. atomic
force microscopy). bpojHm wMeToaM 3acHOBaHM Ha OBOj TEXHHWIM omoryhaBajy
OCIIMKaBamke IMOBPIIMHE HAa MHKPO- M HaHO-CKanu (Tomorpadcka BU3yalIH3aluja
MOBPIIMHE Y30pKa), KapakTEepH3allfjy MEXaHWYKHX M eJNeKTPHYHHX OCOOMHA, Kao H
pa3nuYuTe MAaHMITyIalldje caMe TMOBpIIMHE Y30pKa, y CMHCIY IIPOMEHE HeHe
tonorpaduje win (U3HMYKO-XEeMHUJCKUX ocobmHa. Ha Taj HauWH, OBE TEXHHKE
omoryhagajy ekcriepuMeHTallHa HCTPaKUBamkba Ha MUKPO- M HAHO-CKaJI Y HAIllO] 3eMJBH.

4.8 YBonHa npefaBama Ha KOH()epeHIHjaMa U Ipyra npeiaBamba

VY nepuony HakoH omnyke Haywunor Beha o mpemiory 3a CTHIame MPETXOTHOT 3Bamba,
KaHIUIaT je oapkao u cinenehe npenaBame (eHr. Progress Report):

e Borislav Vasi¢, "Graphene based tunable metamaterials", Progress Report, IV
International School and Conference on Photonics, Photonica2013, 26-30 August
2013, Belgrade, Serbia.

[Tpunor 8: cnucak mpexasada y cekiuju "Progress Reports", kao u pacropen npenaBamba
Ha koHbepeHuju Photonica2013.

Haxon mperxomHor m30opa y 3Bame, KaHIUIAT je oapkao cieaecha mpemaBama TOKOM
MOCEeTa HCTPAKUBAYKUM MHCTHTYIIH]jaMa:

e Borislav Vasi¢, "Mechanical and electrical properties of graphene studied by atomic
force microscopy", ICMAB Periodical Lectures, Institut de Ciéncia de Materials de
Barcelona, Barcelona, Spain, 29. 01. 2018.

e Borislav Vasi¢, "Nanoscale properties of graphene studied by atomic force
microscopy", Seminar aus Halbleiterphysik und Nanotechnologie, Institut fiir Physik,
Montanuniversitit Leoben, Austria, 07. 12. 2017.



[Ipunor 9: mosuBHa mucMa np Kpuctujana Tajxepra (3a moceTy M TpenaBame Yy
Wuctutyty 3a ¢usuky y Jleobeny, Aycrpuja) u np Aunbepra [lomapa (3a mocety u
npenaBambe y UILIMADB unctutyry y bapcenonu, [llnmanuja).



5. EJIEMEHTHU 3A KBAHTUTATUBHY OLHEHY HAYYHOI" TOITPUHOCA

KAHJIMJIATA

OcTBapeHu pe3yJITaTH y Nepuoay HaKkoH oajyke Hayunor Beha o npensiory 3a
CTHLAHe MPETX0AHOT HAYYHOT 3Bama:

Kareropuja M 0OopoBa no Bpoj paxosa Yxkynno M Hopmupanu
pany 0o10Ba opoj M 0onoBa
M2la 10 5 50 44,5
M21 8 16 128 120,4
M22 5 5 25 20,77
M34 0.5 7 3.5 3,18

IMopehewe ca MUHUMAJIHUM KBAHTUTATUBHUM YCJI0BMMA 32 U300p y 3Bam-€¢ BUIIN
HAYYHHU CAPAHHK:

OctBapeno, | OctBapeHo,

o6poj M HOPMHPAHU
Munumanau 6poj M 6ooBa 0o10Ba 6e3 opoj M
HOPMUPAHA 00110Ba
YkynHO 50 206,5 188,85
M10+M20+M31+M32+M33+M41+M42+M90 40 203 185,67
M11+M12+M21+M22+M23 30 203 185,67

VYkynan Opoj uurtarta pagoBa KaHauaata Ha gaH 15. ¢ebpyapa 2018. roaune mpema
Scopus 6a3u je 534, omHocHO 492 He pauynHajyhu ayrtommrare. [Ipema wmcroj 0asw,
Hirsch-oB nnekc kanaugaTa uctor gana je 12.




6 CIIMCAK PAIOBA JIP BOPUCJIABA BACURA

6.1 PagoBu y mel)ynapoagunm yaconucuma usy3eTHux BpeaHoctu (M21a)

PagoBu 00jaB/LeHH HAKOH MPETXOIHOI H300pa V 3BalL€
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Sapsenovi¢, D. Jovanovi¢, B. Vasi¢, C. Deeks, R. Panajotovi¢, M. Beli¢, R. Gaji¢,
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B. Vasi¢ and R. Gaji¢, "Tunable Fabry-Perot resonators with embedded graphene
from terahertz to near-infrared frequencies", Opt. Lett. 39, 6253 (2014) (MD=3.385).

PanoBu 00jaB/beHH Npe NPETXOAHOT U300pa y 3Bame

6.

B. Vasi¢, G. Isi¢, R. Gaji¢, and K. Hingerl, "Controlling electromagnetic fields with
graded photonic crystals in metamaterial regime", Opt. Express 18, 20321 (2010)
(ND=3.88).

6.2 PanoBu y BpxyHckum Mel)ynapoaaum yaconucuma (M21)

PagoBu 00jaB/LeHH HAKOH MPETXOIHOI H300pa V 3BalLE

7.

B. Vasi¢, A. Matkovi¢, R. Gaji¢, "Phase imaging and nanoscale energy dissipation of
supported graphene using amplitude modulation atomic force microscopy"”,
Nanotechnology 28, 465708 (2017) (M®=3.573).

B. Vasi¢ and R. Gaji¢, "Optical modulation based on tunable light absorption and
amplification in metasurfaces coupled with gain medium", Opt. Lett. 42, 2181 (2017)
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B. Vasi¢ and R. Gaji¢, "Graphene covered photonic structures for optical chemical
sensing", Phys. Rev. Appl. 4, 024007 (2015) (MD=4.061).

U. Ralevi¢, G. Isi¢, B. Vasié, and R. Gaji¢, "Role of waveguide geometry in
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355102 (2015) (MD=2.772).

G. Isi¢, B. Vasié¢, D. C. Zografopoulos, R. Beccherelli, and R. Gaji¢, "Electrically
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Liquid Crystals", Phys. Rev. Appl. 3, 064007 (2015) (M1®=4.061).

A. G. Kovacevié, S. Petrovi¢, B. Boki¢, B. Gakovi¢, M. T. Bokorov, B. Vasi¢, R.
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Sci. 326, 91 (2015) (MD=3.150).
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20.B. Vasi¢ and R. Gaji¢, "Graphene induced spectral tuning at mid-infrared
frequencies", Appl. Phys. Lett. 103, 261111 (2013) (MD=3.844).
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13, 5672 (2013) (MD=13.198).

PanoBn o0jaBsbeHu HakoH oaiayke Hayuynor Beha o mnpemiory 3a cruname
NMPETXOHOT 3Baba, a Mpe MPeTX0IHOT n300pa y 3Bame

22. B. Vasié¢, M. M. Jakovljevi¢, G. Isi¢ and R. Gaji¢, "Tunable metamaterials based on
split ring resonators and doped graphene", Appl. Phys. Lett. 103, 011102 (2013)
(MD=3.844).

PanoBu o0jaB/beHH npe NpeTX0HOT H300pa y 3Bame
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6.3 PagoBu y ncrakuyrum mel)ynapoaaum yaconucuma (M22)

PagoBu 00jaB/LeHH HAKOH MPETXOIHOI H300pa V 3BalLE
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PanoBu oGjaBbeHH HakoH oajdyke Hayunor Beha o mpeasory 3a cruname
NPETXOAHOT 3Bama, a NIpe NPETXOAHOT H300pa y 3Bambe
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(ND=1.204).

41. B. Vasié, G. Isi¢, R. Gaji¢, and K. Hingerl, "Optical design of 2D confined structures

with metamaterial layers based on coordinate transformations", Phys. Scr. T135,
014045 (2009) (MD=1.088).
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6.5 Caonmrema ca Mel)yHapoAHUX CKYNOBa IITamMnana y ussoay (M34)
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Caonmrewa HakoH omiayke HayuyHor Beha o mpemiory 3a cruuname NPeTXOAHOT
3Bamba, a Mpe NPeTXoIHOr u300pa y 3Bame
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11. G. Isi¢, U. Ralevi¢, B. Vasi¢, M. Jakovljevi¢, R. Gaji¢, "Plasmons in arrays of
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Abstract

CrossMark

Stark differences in charge transport properties between the interior and the boundary regions
of grains in an undoped BiFeQs thin film have been found. The material is ferroelectric

and each grain is a single domain. A spatial resolution that distinguishes between the grain
interior and the boundary between the grains has been achieved by using piezoelectric force
microscopy and conductive atomic force microscopy measurements. The local electric
properties, as well as the local band gap show hysteresis only when probed in the grain
interior, but do not show hysteresis when probed in the region around the boundary between
two grains. The leakage current is more pronounced at the grain boundaries, and the region
that carries significant current increases with the applied voltage.

Keywords: multiferroics, thin films, electrical properties, grain boundaries,

scanning probe microscopy

Online supplementary data available from stacks.iop.org/JPhysD/49/045309/mmedia

(Some figures may appear in colour only in the online journal)

1. Introduction

Multiferroic materials exhibit at least two ferroic properties
among magnetic, electric, and elastic responses. Simultaneous
presence of at least two hysteretic responses and interac-
tion between the associated orders has spurred interest in the
mechanisms that govern the phase transitions in multiferroics
[1-3]. The explanation of the multiferroic order remains an
interesting open problem of condensed matter physics. A
pair of ferroic propertics causes nonlincar and nonstandard
responses, e.g. a material will produce electric polarization
when exposed to an external magnetic field. Such responses
make the multiferroics interesting from a practical point of
view by allowing for novel forms of control. The most sought-
after applications of multiferroics are electrically controlled
magnetic memories [4], and emerging spintronic devices
based on the simultaneous use of electric polarization, based
on the orbital order, and magnetization, based on the spin
order [2, 5].

0022-3727/16/045309+9$33.00

The properties of multiferroic materials structured at the
nanoscale can be drastically different from the corresponding
properties of the bulk. Integration of materials into current
semiconductor technology requires fabrication and struc-
turing of thin films, leading to the interest in variation of the
material properties with the nanoscale structure, as well as to
the development of methods for their synthesis [6, 7]. In addi-
tion to reduced dimension, the thin films often show granular
structure on the characteristic length scale of the order of
10nm. Details of the grain structure contribute to the variation
of the properties of both the material and the devices.

One of the most well-known multiferroic materials is the
bismuth ferrite (BiFeOs). It shows high critical temperatures,
both for the ferroelectric ordering below 1104 K [8] and the
antiferromagnetic ordering below 643 K [9]. The interest in
BiFeO; stems from the possibility of having all the techno-
logically desirable properties of multiferroics at and above the
room temperature. A major obstacle for the applications of
BiFeO; is the existence of relatively large leakage currents

© 2016 IOP Publishing Ltd  Printed in the UK



[Ipuior 3:

3axBaJHUIIA Y JOKTOPCKOj AUCepTanuju ap Ypoia Panesuha, kao u moyetHa crpana
oneipka 4.2.2.



Acknowledgements

This thesis was done in the Center for Solid State Physics and New Materials
(CSSPNM), Institute of Physics Belgrade, under the supervision of Dr Goran Isic.
The completion of this thesis would not be possible without his support, guidance and
help. T am grateful to Goran for teaching me a good scientific practice and for giving
me a chance to participate in a number of interesting scientific projects.

I would like to thank Prof. Dr Rados Gagji¢ for accepting me in his group and
for giving me the opportunity to work within the OI 171005 project.

I am very grateful to Prof. Dr Zoran Popovié for giving me the opportunity to
work in the CSSPNM and for including me in the project dealing with charge density
waves. I would like to thank Prof. Dr Popovié for useful discussions about charge
density waves physics and for invaluable help in completing the charge density waves
manuscript.

I would like to express my gratitude to Dr Borislav Vasié for teaching me how to
use the ambient scanning probe microscope and for general help and useful advices
regarding projects related to graphene and scanning probe microscopy.

I am very grateful to Dr Nenad Lazarevi¢ for useful discussions about charge
density waves physics and for invaluable help in completing the charge density waves
manuscript.

I would like to thank to Prof. Dr Cedomir Petrovié¢ and Prof. Dr Ian. R. Fisher
for fabricating high-quality cerium tritelluride samples.

I would like to thank to Prof. Dr Rudi Hackl, Andreas Baum and Dr Hans-
Magrtin Fiter for performing Raman measurements of cerium tritelluride and for
analysing the results. Specially, I am very grateful to Prof. Dr Rudi Hackl for useful
discussions about charge density waves physics and for invaluable help in completing
the charge density waves manuscript.

1 would like to thank Dr Marko Radovié for teaching me how to operate the UHV
scanning probe microscope.

I am grateful to my CSSPNM colleagues Dr Aleksandar Matkovié, Dr Milka
Jakovljevi¢, Jelena Pesié, Angela Beltaos, Marijana Milicevié, Milenko Musié, Dr
Tvana Milosevic, Dr Radmila Panajotovié, Dr Marko Spasenovié, Dr Igor Popov,
Tijana Tomasevié-1lié, Jasna Vujin, Dr Sonja Askarabié¢, Dr Novica Paunovié, Bo-
jan Stojadinovié, Natasa Tomié and Marko Opacié for more than pleasant working
atmosphere, help in the lab and more than useful collaborations.

I would like to thank Bojana Laban, Una Bogdanovié, Dr Vesna Vodnik and Dr

Vesna Vasi¢ from the Vinca Institute Belgrade for synthesizing colloidal nanoparti-

i



Height

Figure 4.7:  Atomic force microscopy (tapping mode) topographs of graphene/few-
layer graphene samples, with the corresponding phase images shown in the insets.

without pronounced features. Similarly, phase jumps can be observed in the corre-
sponding phase images, which are displayed in the insets. Since both the amplitude
(from which the height is obtained) and the phase of the tip-cantilever oscillations
depend on the dissipative tip-sample interactions [87], we suspect that these sudden
changes are, in fact, due to the water or other similar adsorbates from the environ-
ment which are covering the sample’s surface. In some cases, such as those shown
in panels (d) and (e), the amplitude is not disturbed by the adsorbates, whereas
the phase variations are so random that the whole phase image becomes corrupt.
The presence of the water layer below and on top graphene was independently con-
firmed by the means of spectroscopic imaging ellipsometry [88]. Hence, in contrast
to the clean HOPG surface [see figure 4.3], thin graphite flakes produced by exfolia-
tion usually have their surfaces contaminated by various adsorbates and fabrication
residues, well known for the ability to modify electronic and optical properties of
graphene [89)].

Finally, the majority of the exfoliated samples consist of segments with different
thicknesses, which are occasionally mechanically deformed/wrinkled at the edges,

as witnessed by figures 4.1 and 4.7.

4.2.2 Kelvin Probe Force Microscopy Study of Graphene

4.2.2.1 Introduction to Measurements of Graphene’s Surface Potential
by KPFM

As explained in Chapter 2, KPFM is used for accessing the potential of surfaces
and it is, hence, an ideal technique for studying materials such as graphene [90]. In
this introductory part we will define the necessary quantities and discuss the basic

problems encountered by applying KPFM to study graphene. Therefore, let us start
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with a pristine graphene sample on the SiO4/Si substrate. If we recall, in KPFM one
needs to apply an electric field between the tip and the sample in order to assess the
surface potential of the sample. In the considered case, the electric field is applied

between the tip and the heavily p-doped Si support, as it is illustrated in figure 4.8.

= Si,0
— S

==== Graphene

VoD
Vdc_"_

-

Figure 4.8: Kelvin probe microscopy scheme in case of graphene/SiO5/Si sample.

Figure 4.9(a) shows an AFM topograph of the considered system. The triangle
shaped object in the middle of the image represent graphene, whereas the sur-
rounding area represents the SiO,/Si substrate. The small objects residing on both
graphene and the substrate are, as explained, fabrication residues. The thickness of
this particular flake is overestimated, having a value of about ~1.15 nm. Histogram
in panel (c) is used for estimating the thickness of the flake. Following the conclu-
sions reached in the previous discussion, we have performed Raman spectroscopy

measurements which confirmed that the investigated flake indeed is graphene.
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Figure 4.9:  (a) Atomic force microscopy (tapping mode) topograph of graphene on
SiOy surface. (b) The corresponding contact potential difference map. (c) Height
histogram obtained from the map in panel (a). (d) Contact potential histogram
obtained from the map in pane (b).

The corresponding KPFM map is shown in panel (b). Each pixel of this map

represents the contact potential difference (CPD) measured between the tip and the
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Onnyka o Komucuju 3a ycmeny on0Opany mactep paga Cnasena Temmuha, kao u
HacJIOBHA CTpaHa U 3aXBaJHHIIA Yy MacTep pany Cnasena Temmuha.
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3BaHUYHO 00aBeIITEHE 0 0100paBamy (PUHAHCHpaa OMIIaTepaIHOT MPOjeKTa ca
AycTpHjoM IO TOKPOBUTEIFCTBOM MUHHCTApCTBA IPOCBETE, HAYKE U TEXHOJIOIIKOT
pasBoja.



PenyGauka Cpbuja
MHUHHUCTAPCTBO [TPOCBETE,
HAYKE U TEXHOJIOLIKOT
PA3BOJA
bpoj: 451-03-01039/2015-09/40
Hartym: 18.12.2015.
beorpan, Hemamwuna 22-26

HHcTuTyT 32 QUusuxy
- Bopucnas Bacuh -

[Tperpesuna 118
11 080 Beorpax

[Tomrrosanu rocnoauue Bacuhy,

ObapemraBamo Bac na je y oxkeupy Ilporpama Omiatepasne HayuyHe o
TexHonouke capaawme udmehy Penybnuke CpOuje n PenyGnuke AycTtpuje, a Ha OCHOBY
CIIPOBEAICHHX TIpOLleJypa OIeHe IIpojekata y o0e apxaBe, Ha IIpBom cacTaHKy
3aje/IHUYKE CPIICKO-ayCTpHjcKe KomucHje, oapxkaHoM 17. meuemOpa 2015. romume y
bBeorpany, ycojena nucta 3a (uHaHCHpame IMpojekaTa Y JABOTOJAHUIILEM TEPHOIY ca
noyeTKoM peanusanije ox 1. janyapa 2016. roaune.

Ca 3anoBosbeTBoM Bac oGaserwrtaBamo na je Baimn npojexat “/[eéodumensuonantu
mamepujanu Kao hnooioeda 3a pacm 0peanckux noaynposoonuxa’ onoOpeH  3a
(huHaHCHpame.

3akspyqak [IpBor cacranka 3ajeJHHYKE CPIICKO-ayCTPHjCKEe KOMHCH]E je Ja CBpXa
OopaBka uctpaxkupava y PenyGaumu CpOuju, ogHocHOo PenyGiui AycTpuju, 1Mo 0BOM
JaBHOM mo3mBy, Tpeba aa JonpHHece JaskeM yHanpehemy capalhe W KOHCTHTYHCAY
[POjeKTHOr THMA, y3 ydemhe MJIaauX HCTpaKuBa4ya, H ICHCPHUCARY HOBOT MPOjEKTHOT
npemiora kojum Om ce kKonkypucano y nporpamy HORIZON 2020 wnu apyram
nporpaMuma ca MehyHapoTHHM (pHHAHCHPAHEM.

Kao pesynrar oBe akTHBHOCTH, MHHHCTApPCTBO NPOCBETE, HAYKE H TEXHOJIOLIKOT
pazeoja Penybnauke CpOuje, ¢unancupahe myTHe TPOIIKOBE H IYTHO 3JIpaBCTBEHO
ocurypame ucrpaxuBada u3 Cpbuje, mpu omnacky y Pemybmuxy AycrtpHjy, Kao u
TporikoBe GopaBka ucTpaxuBada 3 PemyGmuke Ayctpuje, y PenyGmuum Cpbuju, y
yKynHoM u3Hocy a0 2000 Espa (y auHapckoj NMPOTHBBPEIHOCTH) IO JEHO] IOJMHH



peanmu3anuje npojexra. Tpoukosu GopaBka aycTpHjCKHX HCTpakMBaya 110 JaHy OopaBka
y PenyOmuim CpOuju Mory u3HocutH a0 75 EBpa, y IHHApCKO] IPOTUBBPEIHOCTH.

3axTeBu 3a pedyHAALH]y TPOLIKOBA IyTOBabha CPICKUX UCTPaKMBava, 0JHOCHO
TPOLIKOBA OOpaBKa ayCTPHjCKUX HCTPaXXMBaya, JJOCTABIbajy ce Ha obpacily KOju MOXKeTe
npey3eTH Ha HWHTEpHeT aapecd MunuctapcTBa, y orpaHky MehyHapojaHa HayuyHa
capamba, y3 oaroapajyhy npatehy nokymeHnTauujy.

Pyxosomuonu ono0peHux mpojekara 3a ¢uHAHCHpPalbe, AYXKHH Cy Ja J0CTaBe
FOAMIIILA W 3aBPIIHKA W3BEIITA] O peajM3aliiju MpojeKTa, ¥ poky oa 15 naHa HakoH
3aBpIIETKA MPOjeKTHE rOJMHe, OJHOCHO HAKOH 3aBpIIeTKa Mpojekrta, y ¢opmu koja ce
taxohe, Hanasu Ha wHTepHeT anpecu MummcrapcetBa. CacTaBHM Jieo H3BeEIITaja Cy H
MPHJIO3X KOjH cajpke pesyirare OMIaTepaiHOr MPOjeKTa: JIMCTY YYECHHKA 3ajeHHYKe
PaJMOHHIIE ¥ areH/1y; paJHy Bep3Hjy ancTpakra pojeKTa ca JIMCTOM yYeCHHMKA, Ha3UBOM
MPOjeKTa W HA3WBOM MMOTCHIIH]ATHOT [TPOrpamMa WK JaBHOr MO3HBA HA KOJU C€ allJIMIHpa
ca OBOM TEMOM; pajiHy Bep3ujy MM Komujy oOjaBbeHOr pama y MelyHapoaHom
4acoIuey.

Mudopmanmja o cBuM og00peHuM mnpojekruma o0jaB/beHa je Ha HHTEPHET
cTpanuilH MHHHCTapCTBa POCBETE, HAYKe M TEXHOJOIIKOTr pa3Boja.

Hcrospemeno Gux xeseo fa Bav yectutam Ha 0100peHOM MPOJEKTY H MOKEIUM
YCIEIIHY peali3alnjy NpojeKTHUX aKTHBHOCTH.

C moluTOBamEeM,




[Ipuior 6:

W3Boam ca pelieH3eHTCKUX CTPaHMIIA KaHIUAaTa Kao U MUCMa eIUTOpa O U3BPIICHUM
pereH3ujama.
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From <scientificreports@nature.com>
To <bvasic@ipb.ac.rs>
Date 2016-11-27 23:35

Subject Receipt of reviewer's report for || IIEIENIGz<GE I * webmail

Dear Dr. Vasic,

Many thanks for submitting your referee report on
We appreciate the time you have taken to review this manuscript for

Scientific Reports. A copy of this report is attached below for your reference.
Best regards,

Manuscript Administration

Scientific Reports

4 Crinan Street

London N1 9XW

E-mail: scientificreports@nature.com
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If you have received this email in error please notify our Manuscript Tracking System Helpdesk team at
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From Physical Chemistry Chemical Physics
<onbehalfof+pccp+rsc.org@manuscriptcentral.com>

Subject Thank you for your review of I I m we b ma | l

Sender <onbehalfof+pccp+rsc.org@manuscriptcentral.com>
To <bvasic@ipb.ac.rs>
Reply-To <pccp@rsc.org>
Date 2016-07-29 14:34

29-Jul-2016
Dear Dr Vasic:

TITLE:

Thank you for your recent review and your support as a reviewer for Physical Chemistry Chemical
Physics.

Do you have an ORCID iD? ORCID (Open Researcher and Contributor iD) is a unique researcher
identifier that allows you to link your research output and other professional activities in a
single record. If you associate your ORCID iD with your account on our system, and you
publish an article in any of the Royal Society of Chemistry’s journals, your ORCID will be
linked to the article and displayed alongside the final published version. You may also choose
to have your ORCID record updated automatically with details of the publication.

To create a new ORCID iD record or to link your user account to an existing ORCID iD, simply
click this link: https://mc.manuscriptcentral.com

/pccp?URL MASK=7e429e3e19364455b8234ff95a6dad37

As a reviewer you are entitled to a 25% discount on books published by the Royal Society of
Chemistry. To receive this discount, enter the promotional code JLREF25 when purchasing from
our online bookshop (pubs.rsc.org/bookshop). Please contact booksales@rsc.org if you have any
problems.

Thank you for your support as a reviewer for the Royal Society of Chemistry. By providing a
review for Physical Chemistry Chemical Physics you are part of the world’s leading chemistry
community.

Best wishes,
Hedi Mattoussi
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From <MaterialsC@rsc.org>
Sender <onbehalfof+MaterialsC+rsc.org@manuscriptcentral.com>
To <bvasic@ipb.ac.rs>
Date 2015-11-06 17:46

Subject Thank you for your review of IIIIIIIININEGEGEGEGGG——— I * we b ma 1

06-Nov-2015
Dear Dr Vasic:

TITLE:

Thank you for your recent review and your support as a reviewer for Journal of Materials
Chemistry C.

As a reviewer you are entitled to a 25% discount on books published by the Royal Society of
Chemistry. To receive this discount, enter the promotional code JLREF25 when purchasing from
our online bookshop (pubs.rsc.org/bookshop). Please contact booksales@rsc.org if you have any
problems.

Thank you for your support as a reviewer for the Royal Society of Chemistry. By providing a
review for Journal of Materials Chemistry C you are part of the world’s leading chemistry
community.

Best wishes,

Yadong Yin

Associate Editor - Journal of Materials Chemistry C
Professor

Department of Chemistry

University of California

yadong.yin@ucr.edu
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From Journal of Optics
<onbehalfof+jopt+iop.org@manuscriptcentral.com>

Sender <onbehalfof+jopt+iop.org@manuscriptcentral.com>
To <bvasic@ipb.ac.rs>
Reply-To <jopt@iop.org>
Date 2017-04-1317:23

Subject Thank you for reviewing for I I m webma i|

Dear Mr Vasic,

Re:

Article reference: [N

Thank you for your report on this Paper, which is being considered by Journal of Optics.

We appreciate the time and effort that you have spent reviewing this manuscript and we are very
grateful for your assistance.

We hope that we will be able to call upon you again to review future manuscripts.
Yours sincerely

On behalf of the IOP peer-review team:
Emma Chorlton - Editor

Miriam Howland - Associate Editor
Thomas Farrell - Associate Editor
Lara Covill - Editorial Assistant
joptliop.org

IOP Publishing
Temple Circus, Temple Way, Bristol
BS1 6HG, UK

www.lopscience.org/jopt

2015 Impact Factor = 1.847

We are always looking for ways to improve our service and would appreciate it if you could take
five minutes to complete a short survey (https://freeonlinesurveys.com/s/ZByIJi02) about your
experience of refereeing an article for IOP Publishing. All of your feedback is incredibly
valuable to us, and we would like to thank you in advance for your help.

Letter reference: [
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MC Chair Prof Nicola MANINI (IT)

MC Vice Chair Prof Michael URBAKH (IL)
Working Group Leaders

WG Leader Prof Eran BOUCHBINDER

WG Leader Prof Ernst MEYER

WG Leader Dr Susan PERKIN

WG Leader Prof Andre SCHIRMEISEN

m Data registration in e-COST pending subject to online registration and nomination acceptance by nominee.

COST Participants

Country MC Member

Austria Prof Andras VERNES
Austria Ms Zoe AMIN-AKHLAGHI
Bulgaria Dr Evgeni IVANOV

Czech Republic Dr Tomas POLCAR
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Denmark Prof lon Marius SIVEBAEK
Denmark Dr Jens LAURSEN
Estonia Dr Rynno LOHMUS
Estonia Dr Sergei VLASSOV
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Greece Dr Stephanos NITODAS
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Ireland Prof Graham CROSS
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Latvia Dr Boriss POLAKOVS
Latvia Dr Jelena BUTIKOVA
Lithuania Prof Juozas PADGURSKAS
Netherlands Prof Annalisa FASOLINO
Norway Prof Nuria ESPALLARGAS
Norway Dr Sergio ARMADA
Poland Dr Artur WOJCIK

Poland Dr Joanna KORZEKWA
Portugal Prof Rui VILAR

Serbia Dr Igor STANKOVIC
Serbia Prof Aleksandar VENCL
Spain Prof Ruben PEREZ

Spain Dr Carlos PINA

Sweden Dr Astrid DE WIJN
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Prof Michael URBAKH (IL)
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Administrative officer of the Action:
Ms Milena STOYANOVA

Downloads*

Action Fact Sheet
Download AFS as .RTF

Memorandum of Understanding
Download MoU as PDF

Annual Progress Conference Report
Download Annual Progress Conference Report as PDF

Poster
Download Poster as PDF

http://www.cost.eu/COST_Actions/mpns/MP1303?management

2/14/2018, 4:50 PM



[Ipuor 8:

Crniucak npegaBada y cexnuju "Progress Reports", kao u pacrmopen npeaaBama Ha
koH(pepenju Photonica2013.



Contributed Talks & Progress Reports

Vladimir Vaks

Institute for Physics of Microstractures RAS, Nizhny Novgorod, Russia
"THz spectroscopy based on guantum cascade lasers and its applications”
Gregory Goltsman

Mocsow State Pedagogical Unversity, Russia

"New genetation of superconducting NbN single-photon defectors”
Vojislav Milosevié

Institute of Physics, Belzrade, Serbia

"Retrieval and validafion of the effective constitutive parameters of
banizotropic metamaterials”

Anrelie Béssier

Chimie-ParizTech, Laboratoire de Chimie de la Matiére Condenszée de Paris,
UMR - CIRS, Paris, France

"Urnuveiling Long-Lasting Phosphorescence mechanism of ZnGaz20q:0r . an
outstanding domarker for long-ferm in vive imaging "

Antun Balaz
Institute of Physics, Belgrade, Serbia

"Nonlinear Excifafions in Tiwo-Component Bose-Emstein Condensates:
Faoraday Wames"

Jasna Crnjanski
ETF, Belgrade, Serbia

"Spectral propertics of mid-infrared quantum dashes” "Propagation of light in
complex photonic ™

Petra Belicev

Institut Vinca. Belgrade, Serbia
"Propagation of light in complex photonic ™
Goran Isic

Institute of Physics, Belzrade, Serbia

"Lifetime and propagation length of visible light in nanoscopic metallic slots”

Borislav Vasic
Institute of Physics, Belzrade, Serbia

"Graphene based tunable metamaterials "
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Franz Josef Strafte 18
A8700 L E O B EN

Inst. of Physics AUSTRIA

Montanuniversitat Leoben Tel: (+43 3842) 402-4663

Fax:(+43 3842) 402-4602

e-mail: teichert@unilecben.ac.at
http://www.unileoben.ac.at/~spmgroup/

Ao.Univ.Prof. Dr. Christian Teichert

Leoben, October 20", 2017

Dr. Borislav Vasi¢
Institute of Physics
University of Belgrade
Pregrevica 118
Belgrade 11080
Serbia

Dear Dr. Vasic,

hereby 1 invite you for a talk in our Seminar of Semiconductor Physics and Nanotechnology at
the Institute of Physics, Montanuniversitéit Leoben. It would be nice if you can present a 45 min
lecture in English highlighting your recent results on nanomechanical charaterization of two-

dimensional materials. As a possible date for your presentation I suggest December 7 201 7
I would be happy if you can accept this invitation.

With kind regards,

g g e A
A/ ( ) o A
Cle. J_<-ny.

A.o0. Prof. Dr. Christian Teichert



Institut flir Physik

Montanuniversitat Leoben

A-8700 LEOBEN, Franz Josef Stralte 18, Austria
MONTAN Tel: +43 3842 402-4601, Fax:+43 3842 402-4602 INSTITUTE
UNWEHS'TﬂT e-mail: physics@unileoben.ac.at nr P“YS“:S
WWW.UNILEOBEN.AC.AT PHYSIK.UNILEDBEN.AC.AT
SEMINAR
aus

Halbleiterphysik und Nanotechnologie

Do, 07.12.2017, 13:00 Uhr, Horsaal fur Physik

“Nanoscale properties of graphene studied by atomic force
microscopy”

Dr. Borislav Vasi¢
Graphene Laboratory of Center for Solid State Physics and New Materials,
Institute of Physics, University of Belgrade, Belgrade, Serbia

Prerequisite for graphene technological applications is a good understanding of its properties at
nanoscale. Atomic force microscope (AFM) is an appropriate tool for this purpose since it allows not
only imaging. but also characterization and various mechanical and electrical manipulations of graphene
with a high resolution. This talk will cover our recent results in AFM based research of graphene.
Chemical vapour deposition (CVD) is a simple and cost-effective method for the production of large-
area graphene necessary for applications. However, properties of CVD graphene are degraded due to
grain boundaries and wrinkles. Here, the negative influence of wrinkles in CVD graphene on its
electrical and wear properties will be explained [1]. Free graphene edges are studied by AFM based
lateral manipulation. The following stages will be discussed with increasing normal load: small barriers
at graphene-substrate interface, elastic deformation of graphene edges, stable wrinkle formation causing
plastic deformation of graphene edges, and finally, wear initiated from graphene edges [2].

Nanoscale wear of graphene is addressed by AFM based scratching. It will be shown that the graphene
wear consists of the following processes: the plastic deformation for lower normal loads, followed by a
sudden tearing of graphene for sufficiently high normal load, with subsequent graphene peeling off from
the substrate [3]. Efficiency of graphene as a protective coating will be demonstrated on several
examples: mechanical protection of fragile DNA origami nanostructures by graphene encapsulation [4].
enhancement of the mechanical load capacity and complete wear reduction of substrate beneath
graphene [3], and reduction of friction [3] and energy dissipation [5] by graphene coatings.

Finally, our latest results on AFM based manipulation of organic nano-needles on graphene and
hexagonal boron-nitride will be presented. It will be shown that there exist preferential sliding directions
for needle movement, as well as anisotropic friction during needle rotations.

[1] B. Vasi¢, A. Zurutuza, R. Gaji¢, Carbon 102, 204-310 (2016).

[2] B. Vasié, A. Matkovi¢, R. Gajié, 1. Stankovi¢, Carbon 107, 723-732 (2016).

[3] B. Vasi¢, A. Matkovi¢, U. Ralevi¢, M. Beli¢, R. Gaji¢, Carbon 120, 137-144 (2017).

[4] A. Matkovié, B. Vasi¢, J. Pesi¢, J. Prinz, I. Bald, A. R. Milosavljevi¢, R. Gaji¢, New J. Phys.
18, 025016 (2016).

[5] B. Vasié, A. Matkovi¢, R. Gaji¢, Nanotechnology. 28 465708 (2017).
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H2020-MSCA-RISE-2014: Marie Sklodowska-Curie Research and
Innovation Staff Exchange (RISE) — Grant No 645658

Designing Advanced Functionalities through controlled
NanoElement Integration in Oxide thin films

Borislav Vasic

Institute of Physics of Belgrade
Pregrevica 118

Belgrade (Serbia)

20th December 2017

Dear Dr Vasic,

It is my great pleasure to invite you to visit the Institut of Materials Science of Barcelona
(ICMAB-CSIC) for the period from 28" January 2018 and 8™ February 2018. Your stay will
be covered by the European Project H2020-MSCA-RISE DAFNEOX, Grant No 645658.
During your stay we will expect to advance in the scheduled work programme of the project,
specifically concerning the tasks involved in Work Package 3.

I very much hope that you are able to accept the invitation, and I am looking forward to
welcoming you.

Yours sincerely, ,

Dr. Alberto Pomar
Coordinator of DAFNEOX Project
Instituto de Ciencia de Materiales de Barcelona

http:/f'www.icmab.es Campus de la Universitat Autonoma de Barcelona
08193 Bellaterra, Catalunya, Espanya
Telf.: +34 935 801 853
Fax.: +34 935 805 729
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Mechanical and electrical properties of

graphene

studied by atomic

Dr. Borislav

Vasic

Center for Solid State Physics and New
Materials, Institute of Physics Belgrade,
Serbia

Prerequisite for graphene technological applications is a good
understanding of its properties at nanoscale. Atomic force
microscope (AFM) is an appropriate tool for this purpose since it
allows not only imaging, but also characterization and various
mechanical and electrical manipulations of graphene with a high
resolution. This talk will cover our recent results in AFM based
research of graphene. Chemical vapour deposition (CVD) is a
simple and cost-effective method for the production of large-area
graphene necessary for applications. However, properties of CvVD
graphene are degraded due to grain boundaries and wrinkies.
Here, the negative influence of wrinkles on electrical and wear
properties of CVD graphene will be explained [1].

Free graphene edges are studied by AFM based Iateral
manipulation. The following stages will be discussed with
increasing normal load: small step-edge increase at graphene-
substrate interface, elastic deformations of graphene edges,
stable wrinkle formations causing plastic deformations of
graphene edges, and finally, wear initiated from graphene edges
(2.

Nanoscale wear of graphene is addressed by AFM based
scratching. It will be shown that the graphene wear consists of
the following processes: the plastic deformation for lower normal
loads, followed by a sudden tearing of graphene for high enough
normal load, with subsequent graphene peeling off from the
substrate [3].

Efficiencyofgrapheneasaprotective coating willbe demonstrated
on several examples: mechanical protection of fragile DNA origami

force microscopy

Monday, 29 January 2018
12:.00 PM

SALA D'ACTES CARLES MIRAVITLLES, ICMAB-CSIC

nanostructures by graphene encapsulation [4], enhancement of
the mechanical load capacity and complete wear reduction of the
substrate beneath graphene [3], and reduction of friction [3] and
energy dissipation [5] by graphene coatings.

Finally, our latest results on AFM based manipulation of organic
nano-needles on graphene and hexagonal boron-nitride will
be presented. It will be shown how complex epitaxial relations
between them deterine preferential sliding directions for needle
movement, as well as anisotropic friction during needle rotations.

[1] B. Vasi¢, A. Zurutuza, R. Gaji¢, “Spatial variation of wear
and electrical properties across wrinkles in chemical vapour
deposition graphene”, Carbon 102, 204-310 (2016).

[2] B. Vasi¢, A. Matkovic, R. Gaji¢, |. Stankovi¢, "Wear properties of
graphene edges probed by atomic force microscopy based lateral
manipulation”, Carbon 107, 723-732 (2016).

[31B. Vasit, A. Matkovit, U. Ralevic, M, Beli¢, R. Gajit, “Nanoscale wear
of graphene and wear protection by graphene”, Carbon 120, 137-
144 (2017).

[4] A. Matkovit, B. Vasic, J. PeSic, J. Pringz, I. Bald, A. R. Milosavljevic, R.
Gaji¢, "Enhanced structural stability of DNA origaminanostructures
by graphene encapsulation”, New J. Phys. 18, 025016 (2016).

[5] B. Vasit, A. Matkovic, R. Gaji¢, "Phase imaging and nanoscale
energy dissipation of supported graphene using amplitude
modulation atomic force microscopy”, Nanotechnology, 28 465708

(2017).



